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Course Outcomes (COs):

At the end of the course the student should be able to:

1. Explain robotic operating system concepts like publisher, subscriber and
messages.

2. Use the perspective of machine learning and also to apply computer programming
skills to solve the problems.

3. Apply concepts of decision trees, Bayesian learning, instance based learning and
computational learning theory for identifying all relevant Constraints and
requirements to formulate an accurate description of the problem while designing
the machine learning based systems.

4. Apply cluster and kernel dimensionality reduction concept to categorize
unsupervised data to design learning system.

5. Explain learning task for designing a system using Q-learning, non-deterministic
rewards and actions.

6. Explain neural network from the available knowledge in the form of information
and to select the most relevant among them with the help of  Multiplayer

perceptron.




KLE TECH. |

K l Technological
sUniversity

Department of Automation and Robotics

Course Articulation Matrix: Mapping of Course Outcomes (CO) with Program

Outcomes

Course Title: Machine learning and ROS

Semester: 5

Course Code: 18EARC301

Year: 2021-2022

Course Outcomes (CO) / Program
Outcomes (PO)

14

1.Explain  robotic  operating  system
concepts like publisher, subscriber and
messages.

2.Use the perspective of machine learning
and also to apply computer programming
skills to solve the problems.

3.Apply concepts of decision trees,
Bayesian learning, instance based learning
and computational learning theory for
identifying all relevant Constraints and
requirements to formulate an accurate
description of the problem while designing
the machine learning based systems.

4.Apply cluster and kernel dimensionality
reduction concept to categorize
unsupervised data to design learning
system.

5.Explain learning task for designing a
system using Q-learning, non-deterministic
rewards and actions.

6.Explain neural network from the available
knowledge in the form of information and
to select the most relevant among them with
the help of Multiplayer perceptron.

Degree of compliance L: Low M: Medium H: High
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Competency addressed in the Course and corresponding Performance Indicators

Competency

Performance Indicators

1.1 -Demonstrate the competence in mathematical
modeling.

1.1.1 - Apply mathematical techniques to solve
problems

1.1.2-Apply discipline
mathematical techniques
problem solving.

specific  advanced
to modelling and

1.3-Demonstrate competence in engineering
problem

1.3.3- Apply computer programming skills to
solve problems by building algorithm, flowchart
and debugging.

2.1-Demonstrate an ability to identify and
characterize an engineering problem

2.1.3-1dentifies all relevant constraints and
requirements and formulate an accurate
descriptions of the problem.

2.1.4-Gathers engineering knowledge from the
available literature and selects the most relevant

2.2- Demonstrate an ability to formulate a
solution plan and methology for an engineering
problem

2.2.2-Partitions the problem, processes or systems
into manageable elements for the purposes of
analysis modeling or design.

2.3-Demostrate an ability to formulate and
interpret the model

2.3.1-Evaluates the analysis for accuracy and
validity of assumptions made.

3.2 Demonstrate an ability to generate a diverse
set of alternative design solutions

3.2.3 Identify the suitable criteria for evaluation of
alternate design solutions

4.3 Demonstrate an ability to critically analyze
data to reach a valid conclusion

4.3.1 Use appropriate procedures, tools and
techniques to collect and analyze data

5.2Demonstrate an ability to select and apply
discipline specific tools, techniques and resources

5.2.1 Identify the strengths and limitations of tools
for (i) acquiring information, (ii) modeling and
simulating, (iii) Monitoring system performance,
and (iv) creating engineering designs.

Eg: 1.2.3: Represents program outcome ‘1’, competency ‘2’ and performance indicator ‘3’.
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Course Content

Course Code:18EARC301 Course Title: Machine learning and ROS

L-T-P: 3-0-0 Credits: 3 Contact Hrs: 40

ISA Marks: 50 ESA Marks: 50 Total Marks: 100

Teaching Hrs: 40 Exam Duration : 3 hours

Content

Hours

UNIT -1

Chapter 1:Introduction to Robot operating system

ROS concepts, creating ROS packages writing a minimal ROS publisher, compiling
ROS nodes, running ROS nodes, examining running minimal publisher node,
scheduling node timing, writing a minimal ROS subscriber compiling and running
minimal subscriber, minimal subscriber and publisher node summary writing ROS
nodes more ROS tools: catkin simple, ROSlaunch, simplifying cmakelists.txt with
catkin simple automating starting multiple nodes viewing output in a ROS console
recording and playing back data with ROSbag.

5hrs

Chapter 2:Messages, Classes and Servers in ROS

Defining custom messages, ROS services- service messages, ROS service nodes,
manual interaction with ROS services, example ROS service client, running, example
service and client, using C++ classes in ROS creating library modules in ROS,
introduction to action servers and action clients- creating an action server package,
defining custom action-server messages, designing an action client

running the example code, introduction to parameter server.

5 hrs

Chapter 3: Introduction to machine learning

Introduction Machine Learning ,Well posed learning problem, Types of learning,
supervised learning ,unsupervised learning and reinforcement learning, Learning
Associations, Designing of learning system, perspectives & issues in  machine
learning, Concept learning task, concept learning search, Find-S: Finding a
maximally specific hypotheses, version spaces & candidate elimination algorithm,
Remarks - version spaces & candidate elimination algorithm, inductive bias.

5 hrs

UNIT -2

Chapter 4: Computational learning theory and decision tree learning

Motivation, Estimating hypotheses accuracy, Basics of sampling theory, general
approach for deriving confidence intervals, comparing learning algorithm. Probably
learning an approximately correct hypothesis, sample complexity for finite hypnosis
spaces, sample complexity for infinite hypothesis spaces, instance based learning-K
nearest neighbor learning, locally weighted regression, Representation, decision tree
algorithm, hypotheses space search in decision tree algorithm inductive bias in

decision tree algorithm, issues in DTL, Bayesian decision theory classification.

8 hrs
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Chapter 5:Kernel methods and Graphical models 7 hrs
Embedding’s into feature spaces, the kernel trick, Multiple kernel learning, Kernel
dimensionality reduction Canonical Cases for Conditional Independence, Example
Graphical Models, Naive Bayes’ Classifier, Hidden Markov  Model, Linear

Regr

ession, d-Separation Belief Propagation, Linkage—Based clustering algorithms-

means and other cost minimization clustering.

UNIT -3

Chapter 6:Reinforcement Learning 5 hrs

The

difference learning, generalizing from examples, relationship to dynamic
programming.

learning task,Q-learning,Nondeterministic  rewards & actions, temporal

Chapter 7: Artificial neural network 5 hrs

Biological motivation, neural network representations, and appropriate problems for
neural network learning, perceptron’s, multilayer networks and the back propagation,
algorithm, an illustrative example: face recognition

Text

Book (List of books as mentioned in the approved syllabus)

1. Wyatt S. Newman “ A Systematic Approach to Learning Robot Programming with
ROS” CRC Press Taylor & Francis Group, 2018

2. Tom Mitchell “Machine Learning” McGraw-Hill Science/Engineering/Math ( March
1, 1997).

References

1. Shai shalev-scwartz and Shai Ben David “Understanding Machine Learning” First
Edition, Cambridge Press, USA, 2014.

2. Anis Koubaa “Robot Operating System” The Complete Reference (Volume 1),

Springer publications,2016

Evaluation Scheme

ISA Scheme
Assessment Weightage in Marks
Minor Exam-1 15
Minor Exam- 2 15
Course project 20
Total 50
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Course Unitization for Minor Exams and Semester End Examination

. . No. of No. of No. of
Topics / Chapters Teaching | Questions | Questions | Questions in
hours in Minor | in Minor ESA
Exam-1 Exam -2
UNIT |
Chapter 1:Introduction to Robot operating 5 1 - 1
system
Chapter 2:Messages, Classes and Servers in 5 1 - 1
ROS
Chapter 3: Introduction to machine learning 5 1 - 1
UNIT [l
Chapter 4: Computational learning theory and 8 15 15
decision tree learning
Chapter 5:Kernel methods and Graphical 7 15 15
models
UNIT 11l
Chapter 6:Reinforcement Learning 5 1
Chapter 7: Artificial neural network 5 1

Note

1. Each question carries 20 marks and may consist of sub-questions.
2. Mixing of sub-questions from different chapters within a unit (only for Unit | and Unit I1)

isallowed in ISA I, Il and ESA.

3. Answer 5 full questions of 20 marks each (two full questions from Unit I, 11 and one full
questions from Unit I11) out of 8 questions in ESA.

Date:22/09/2020

Head of Department
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Course Assessment Plan

Course Title: Machine learning and ROS Course Code:18EARC301

Course outcomes (COs)

Weightage
in
assessment

Assessment Methods

Minor
Exam-1

Minor
Exam-2

Course
project

End semester
assement

1.Explain robotic operating system
concepts like publisher, subscriber
and messages.

25%

v

v

2.Use the perspective of machine
learning and also to apply computer
programming skills to solve the
problems.

13%

3.Apply concepts of decision trees,
Bayesian learning, instance based
learning and computational learning
theory for identifying all relevant
Constraints and requirements to
formulate an accurate description of
the problem while designing the

machine learning based systems.

20%

4.Apply  cluster and kernel
dimensionality reduction concept to
categorize unsupervised data to
design learning system.

17%

5.Explain  learning task for
designing a system using Q-
learning, non-deterministic rewards
and actions.

13%

6.Explain neural network from the
available knowledge in the form of
information and to select the most
relevant among them with the help
of Multiplayer perceptron.

12%

Weightage

15%

15%

20%

50%
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Chapter-wise plan

Course Code and Title:18EARC301 Machine learning and ROS

Chapter Number and Title:1:Introduction to Robot operating Planned Hours: 5 hrs
system

Learning Outcomes:

At the end of course student should be able to:

TLO's CO's| BL | CA Code

1. ROS concepts, creating ROS packages writing a minimal| CO1 | L2 1.1
ROS publisher, compiling ROS nodes, running ROS nodes,
examining running minimal publisher node, scheduling node
timing, writing a minimal ROS subscriber compiling and
running minimal subscriber

2. minimal subscriber and publisher node summary writing ROS| CO1 | L2 1.1
nodes more ROS tools: catkin simple, ROSlaunch,
simplifying cmakelists.txt with catkin simple automating
starting multiple nodes viewing output in a ROS console
recording and playing back data with ROSbag

Lesson Schedule
Class No. - Portion covered per hour

1. ROS concepts, creating ROS packages writing a minimal ROS publisher, compiling
ROS nodes, running ROS nodes

2. running ROS nodes, examining running minimal publisher node, scheduling node
timing

3. writing a minimal ROS subscriber compiling and running minimal subscriber

4. minimal subscriber and publisher node summary writing ROS nodes more ROS tools:
catkin simple

5. ROSlaunch, simplifying cmakelists.txt with catkin simple automating starting multiple
nodes, viewing output ina ROS console recording and playing back data with

ROShag
Review Questions
Sr.No. - Questions TLO BL | PI Code
1. Explain the procedure for creating ROS packages with an TLO1 L2 1.1.2
example.
2. How to examine the running minimal publisher node? Write TLO3 L2 112
the procedure for the same.
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Course Code and Title:18EARC301 Machine learning and ROS

Chapter Number and Title:2:Messages,classes and servers in ROS

Planned Hours: 5 hrs

Learning Outcomes:

At the end of course student should be able to:

TLO's CO's| BL | CACode
1. Defining custom messages, ROS services- service messages, COl| L2 1.1
ROS service nodes, manual interaction with ROS services,
example ROS service client
2. Running, example service and client, using C++ classes in CO1 | L3 1.3
ROS creating library modules in ROS,
3. Introduction to action servers and action clients- creating an CO1 | L2 1.1

action server package, defining custom action-server
messages, designing an action client running the example
code, introduction to parameter server

Lesson Schedule
Class No. - Portion covered per hour

1. Defining custom messages, ROS services

2. service messages, ROS service nodes, manual interaction with ROS services,

3. example ROS service client, running, example service and client, using C++ classes in

ROS creating library modules in ROS,

4. introduction to action servers and action clients- creating an action server package,

defining custom action-server messages

5. designing an action client running the example code, introduction to parameter server

Review Questions

Sr.No. - Questions TLO | BL | PICode
1. Explain the ROS services. TLO1| L2 1.1.2
2.Explain the method of defining C++ classes in ROS with an TLO3| L3 1.3.3
example program

3. How to create library modules in ROS? Write an example for the TLO3| L3 1.3.3

same.
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Course Code and Title:18EARC301 Machine learning and ROS

Chapter Number and Title: 3. Introduction to machine learning

Planned Hours: 5 hrs

Learning Outcomes:

At the end of the course student should be able to:

TLO's

CO’'s

BL

CA Code

1. Introduction Machine Learning ,Well posed learning problem,
Types of learning, supervised learning ,unsupervised learning
and reinforcement learning, Learning Associations

CO2

L2

1.1

2. Designing of learning system, perspectives & issues in
machine learning, Concept learning task, concept learning
search, Find-S: Finding a maximally specific hypotheses

CO2

L3

1.3

3. Apply Version spaces & candidate elimination algorithm,
Remarks - version spaces & candidate elimination algorithm,
inductive bias.

CO2

L3

1.3

Lesson Schedule
Class No. - Portion covered per hour

1. Introduction Machine Learning ,Well posed learning problem, Types of learning,

2. supervised learning ,unsupervised learning and reinforcement learning, Learning

Associations

3. Designing of learning system, perspectives & issues in machine learning, Concept

learning task

4. concept learning search, Find-S: Finding a maximally specific hypotheses, Version
spaces & candidate elimination algorithm, Remarks - version spaces

5. Candidate elimination algorithm, inductive bias.

Review Questions

Sr.No. - Questions TLO | BL Pl
Code

1.Discuss the perspectives & issues in machine learning TLO1 | L2 | 1.1.2

2.Write an algorithm for Find-S: Finding maximally specific | TLO4 | L3 | 1.3.3

10
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hypotheses.

3. Write candidate elimination algorithm. TLOS | L3 | 133
4.Consider the problem of marketting agent who is trying to infer which| TLOS | L3 | 2.2.2
books or articles the user reads based on keywords supplied in the

article. Suppose the learning agent has the following data:

article Crime Academic Local Music Reads

AlTFFTT

a2 T F F F T

a3 F T F F F

a4 F F T F F

ab T T F F T

The aim of the given problem is to learn which articles the user reads.

Apply candidate elimination algorithm to achieve the specified aim.

5.Apply Find-S algorithm for the following problem. TLO4 | L3 ]| 2.2.2

Target Concept: Learning the concept of "Japanese Economy Car"
,Features: ( Country of Origin, Manufacturer, Color, Decade, Type )

Origin Manufacturer | Color Decade Type Example Type
Japan Honda Blue 1980 : Economy Positive
Japan Toyota Green 1970 | Sports Negative
Japan Toyota Blue 1990 | Economy Positive

USA Chrysler Red 1980 | Economy Negative
Japan Honda White 1980 \ Economy Positive

11
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Model Question Paper for Minor Examination — | (ISA)

Course Code: 18EARC301 | Course Title: : Machine learning and ROS

Duration(H:M): 1:15 Max. Marks:40

Note: Answer any two questions.

Q.N Questions Marks | CO | BL| PO| PI
0. Code
la How to examine the running minimal publisher node? Write | 8 CcCol (L2 |1 1.12
the procedure for the same.
1b Explain the method of defining C++ classes in ROS with an 8 CO2 |L3 |1 1.3.3
example program
1c List the application of ROS . 4 Ccol|L2 |1 1.1.2
2a Explain the procedure for creating ROS packages with an 8 Ccol|L2 |1 1.1.2
example.
2b How to create library modules in ROS? Write an example for | 8 CO1|L3 |1 1.3.3
the same.
2c Explain ROS services. 4 Ccol|L2 |1 1.12
3a Apply Find-S algorithm for the following problem. 8 CO2 L3 |2 2.2.2
Target Concept: Learning the concept of "Japanese Economy
Car" ,Features: ( Country of Origin, Manufacturer, Color,
Decade, Type)
Origin Manufacturer | Color Decade Type
Japan Honda Blue 1980 Economy
Japan Toyota Green 1970 Sports
Japan Toyota Blue 1990 Economy
USA Chrysler Red 1980 Economy
Japan Honda White 1980 Economy
3b .Consider the problem of marketting agent who is trying to 8 CO2 |L3 |2 2.2.2
infer which books or articles the user reads based on keywords
supplied in the article. Suppose the learning agent has the
following data:
article Crime Academic Local Music Reads
al T F F T T
a2 T F F F T
a3 F T F F F
ad F F T F F
ab T T F F T
The aim of the given problem is to learn which articles the user
reads. Apply candidate elimination algorithm to achieve the
specified aim.
3c | What is machine learning? 4 COo2 |L2 |1 1.1.2

12
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Course Code and Title:17EARC305 Machine learning and ROS

Chapter Number and Title: 4 : Computational learning theory and
decision tree learning

Planned Hours: 8 hrs

Learning Outcomes:

At the end of course student should be able to:

TLO's CO's | BL | CA Code
1. Explain Estimating hypotheses accuracy, Basics of sampling CO3| L2 2.2
theory, general approach for deriving confidence intervals
2. ldentify difference in error of two hypotheses, comparing CO3| L3 2.1
learning algorithm. Probably learning an approximately
correct hypothesis
3. Interpret sample complexity for finite hypnosis spaces, CO3| L3 1.3
sample complexity for infinite hypothesis spaces, Apply
instance based learning-K nearest neighbor learning, locally
weighted regression
4. Apply decision tree algorithm, hypotheses space search in C03 | L3 1.3

decision tree algorithm inductive bias in decision tree
algorithm, Discuss issues in DTL, Bayesian decision theory

classification.

Lesson Schedule
Class No. - Portion covered per hour

1. Explain Estimating hypotheses accuracy, Basics of sampling theory, general approach

for deriving confidence intervals

2. ldentify difference in error of two hypotheses, comparing learning algorithm. Probably

learning an approximately correct hypothesis

3. Understand sample complexity for finite hypnosis spaces, ldentify sample complexity

for infinite hypothesis spaces

4. Explain the mistake bound model of learning.

13
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5. Explain instance based learning-K nearest neighbor learning, locally weighted

regression

6. Problems for decision tree, Decision tree algorithm Analyze hypotheses space search

in decision tree algorithm inductive bias in decision tree algorithm.

7. Understand issues in DTL

8. Understand Bayesian decision theory classification

Review Questions

Sr.No. - Questions TLO | BL | PI Code
1.Discuss the general approaches for deriving confidence intervals TLO1([L2 |222
2.Explain Probably learning an approximately correct hypothesis TLO2(L2 |211

3. Write mistake bound for Halving algorithm. TLO4|L3 |133

4. Write ID3 algorithm for decision learning trees. TLO6|L3 |[133

5. Explain capabilities & limitations of ID3 algorithm in terms of its TLO6|L2 |222
search space & search strategy.

6. Discuss the issues of decision tree learning. TLO7|L2 |133

7. Train a decision tree using the following instances With the help TLO6|L3 |133

of ID3 algorithm and also generate the final decision tree

Yéi;ﬁgg) Weather Parents Money (D(?;tlzlg(;)onry)
w1 sunny  Yes Rich  Cinema
W2 Sunny  No Rich  Tennis
W3 Windy  Yes Rich  Cinema
vz Rainy  Yes Poor Cinema
W5 Rainy No Rich  Stayin
W6 Rainy  Yes Poor Cinema
W7 Windy No Poor Cinema

14
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Course Code and Title:18EARC301 Machine learning and ROS

Chapter Number and Title: 5:Kernel methods and Graphical Planned Hours: 7 hrs

models

Learning Outcomes:

At the end of course student should be able to:

TLO's CO's| BL | CA Code

1. Understand Embedding’s into feature spaces, the kernel trick, CO4 | L2 2.1

Multiple kernel learning

2. Apply Kernel dimensionality reduction,Implementating soft CO4 | L3 1.3

SVM with kernels, Canonical Cases for Conditional

Independence, Example Graphical Models

3. Apply Naive Bayes’ Classifier, Hidden Markov Model,| CO4 | L3 1.3

Linear Regression, d-Separation Belief Propagation, Linkage—
Based clustering algorithms-means and other cost

minimization clustering.

Lesson Schedule
Class No. - Portion covered per hour

1.

Understand Embeddings into feature spaces, the kernel trick, Multiple kernel learning

Apply Kernel dimensionality reduction, Implementing soft SVM with kernels

Understand Canonical Cases for Conditional Independence

Example Graphical Models, Naive Bayes’ Classifier, Hidden Markov Model

Linear Regression, d-Separation Belief Propagation

Linkage—Based clustering algorithms-means.

Cost minimization clustering

15




K l Technologic*il
Q ] U n iversity
| KLETECH. / ) Creating '\ -

Department of Automation and Robotics

Review Questions

Sr.No. - Questions TLO | BL | PICode
1. Describe Multiple kernel learning. TLO1|L2 |21.3
2. How to apply Kernel dimensionality reduction?. TLO2|L2 |21.3
3. Write d-Separation Belief Propagation algorithm TLO5|L3 [1.3.3
4. Write Linkage—based clustering algorithm. TLO6|L3 [1.3.3
5. How to identify cost minimization method for other clustering’s? TLO7|L2 [21.3

16
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Model Question Paper for Minor Examination —11 (ISA)

Course Code: 18EARC301 | Course Title: : Machine Learning and ROS

Duration(H:M): 1:15

Max. Marks:40

Note: Answer any two questions.

Q.No | Questions Marks |CO |BL |PO |PI
Code
la Write WEIGHTED-MAJORITY algorithm. COo3|L3 |1 1.3.3
1b Explain the concept of k nearest neighbor learning COo3 (L3 |1 133
algorithm with an example.
1c How to find out the difference in error of two 4 CO3|L2 |2 2.1.3
hypotheses?
2a Write mistake bound for Halving algorithm. CO4 L3 |1 1.3.3
2b Train a decision tree using the following instances With CO4 L3 |1 1.3.3
the help of ID3 algorithm and also generate the final
decision tree
Weekend Mone Decision
(Example) Weather Parents y (Category)
w1 Sunny  Yes Rich  Cinema
W2 Sunny  No Rich  Tennis
W3 Windy Yes Rich  Cinema
Wz Rainy  Yes Poor Cinema
W5 Rainy  No Rich Stayin
W6 Rainy  Yes Poor Cinema
W7 Windy No Poor Cinema
2c Explain the following 4 Co4|L2 |1 1.1.2
1.Naive bayes classifier
2. Hidden Markova model.
3a List and explain Canonical Cases for Conditional 8 CO4 L2 |1 1.1.2
Independence.
3b With two independent inputs ina classification 8 CO4 L3 |1 1.3.3
problem, that is, p(x1, x2|C) = p(x1|C)p(x2|C), how can
we calculate p(x1[x2)? Derive the formula for p(xj |Ci)
~N(ij o %ij).
3c How to setup clustering model? 4 CO4 L2 |1 1.1.2

17
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Course Code and Title:17EARC305 Machine learning and ROS

Chapter Number and Title: 6. Reinforcement Learning Planned Hours: 5 hrs

Learning Outcomes:

At the end of course student should be able to:

TLO's CO's| BL | CA Code

1. Understand learning task,Q-learning,Nondeterministic rewards & CO5| L3 1.3

actions

2. Understand temporal difference learning, generalizing from CO5 | L2 2.3

examples, and relationship to dynamic programming.

Lesson Schedule
Class No. - Portion covered per hour

1. Learning task

2. Q-learning

3. Nondeterministic rewards & actions

4. Temporal difference learning

5. Generalizing from examples, relationship to dynamic programming, Learning task

Review Questions

Sr.No. - Questions TLO | BL | PI Code
1. Write Q-learning algorithm TLO1| L3 | 1.3.3
2. What is reinforcement learning? TLO1| L2 | 23.1
3. Explain temporal difference learning with an example. TLO2| L2 | 23.1

4. Explain reinforcement learning scenario based on  sensory|Tlo2 | L2 | 2.3.1
perceptions where in the agent seeks to maximize cumulative reward
by performing actions in the local scope.

18
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Course Code and Title:17EARC305 Machine learning and ROS

Chapter Number and Title: 7 Artificial neural network

Planned Hours: 5 hrs

Learning Outcomes:

At the end of course student should be able to:

TLO's CO's| BL [ CA Code
1. Apply Feed forward neural networks, learning neural CO6 | L3 1.3.3
network.
2. Understand expressive power of neural network, the sample CO6 | L3 1.3.3
complexity of neural networks
3. Apply runtime of learning neural networks,SGD and | CO6 | L3 1.3.3

backpropogation

Lesson Schedule
Class No. - Portion covered per hour

1. Define neural network

2. Apply Feed forward neural networks, learning neural network.

3. Understand expressive power of neural network, the sample complexity of neural

networks.

4. Apply runtime of learning neural networks,SGD and backpropogation

5. Define neural network

Review Questions

Sr.No. - Questions TLO |BL| PI
Code

1, What is neural network? Explain Feed forward neural networks TLO1(L1([1.1.2

2. Discuss of multilayer network & back propagation algorithm. TLO4(L3|1.3.3

19
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Model Question Paper for End Semester Assessment (ESA)

Course Code :18EARC301

Course : Machine Learning and ROS

Duration :3 Hours

Maximum Marks :100

Note :Answer Five Questions: Any two full questions from each Unit I and Unit Il and

one full question from Unit 111

UNIT-I
Q.No Questions Marks | CO | BL Pl
Code
la How to examine the running minimal publisher node? 8 COl | L2 112
Write the procedure for the same.
1b Explain the method of defining C++ classes in ROS 8 CO1 | L3 1.3.3
with an example program
1c List the application of ROS . 4 COl ]| L2 1.1.2
2a Explain the procedure for creating ROS packages with 8 COl | L2 1.1.2
an example.
2b How to create library modules in ROS? Write an 8 COo1l] L3 1.3.3
example for the same.
2c Explain ROS services. 4 COol | L2 1.1.2
3a Apply Find-S algorithm for the following problem. 8 Co2 | L3 2.2.2
Target Concept: Learning the concept of "Japanese
Economy Car" ,Features: ( Country of Origin,
Manufacturer, Color, Decade, Type)
Origin Manufacturer Color Decade Type
Japan Honda Blue 1980 Econom
Japan Toyota Green 1970 Sports
Japan Toyota Blue 1990 Econom
USA Chrysler Red 1980 Econom
Japan Honda White 1980 | Econom
3b .Consider the problem of marketing agent who is 8 CO2 | L3 2.2.2

trying to infer which books or articles the user reads
based on keywords supplied in the article. Suppose the
learning agent has the following data:

article Crime Academic Local Music Reads
alTFFTT

a2 T F F F T

20
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a3 F T F F F

ad F F T F F

aSTTFFT

The aim of the given problem is to learn which articles
the user reads. Apply candidate elimination algorithm
to achieve the specified aim.

3c What is machine learning? 4 coz2jlLz2| 1112
UNIT-1I
Q.N Questions Marks | CO | BL| PO | PI
0 Code
4a [ Write WEIGHTED-MAJORITY algorithm. 8 CO3| L3] 1] 133
4b | Explain the concept of k nearest neighbor learning 8 CO3| L3] 1] 133
algorithm with an example.
4c How to find out the difference in error of two 4 Co3| L2 2] 213
hypotheses?
5a | Write mistake bound for Halving algorithm. 8 CO3| L3] 1] 133
5b | Train a decision tree using the following instances 8 Co4| L3 1 ]133
With the help of 1D3 algorithm and also generate the
final decision tree
Weekend Weather Parents Mone Decision
(Example) y (Category)
w1 Sunny  Yes Rich  Cinema
W2 Sunny No Rich  Tennis
W3 Windy Yes Rich  Cinema
Wz Rainy Yes Poor Cinema
W5 Rainy |No Rich Stayin
W6 Rainy Yes Poor Cinema
W7 Windy No Poor Cinema
5¢ Explain the following 4 Co4| L2 1 ]112
1.Naive bayes classifier
2. Hidden Markova model.
6a | List and explain Canonical Cases for Conditional 8 Co4| L2] 1 ]112
Independence.
6b | With two independent inputs in a classification 8 CO4| L3] 1] 133

problem, that is, p(x1, x2|C) = p(x1|C)p(x2|C), how
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can we calculate p(x1|x2)? Derive the formula for p(xj
ICi) ~N(uij ,o %ij).

6¢ How to setup clustering model? 4 co4|L2 |1 1.1.2
UNIT-I1I
Q.No Questions Marks | CO | BL| PO | PI
Code
7a Write Q learning algorithm. 8 Co5|L3 |1 1.3.3
7b Explain the learning task. 8 cos5|L2 |1 1.1.2
7c What is reinforcement learning? 4 Co5|L2 |1 112
8a Explain feed forward neural network. 8 co6|L2 |2 2.3.1
8b Write backpropogation algorithm. 8 co6|L3 |1 1.3.3
8c What is artificial neural network? 4 Coe6|L2 |1 1.1.2

22
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FMTHO0301/Rev.5.3
Course Plan
Semester: 111 Year: 2021-22
Course Title: Analog and Digital Electronic Circuits Course Code: 18EARC201
Total Contact Hours: 50 Duration of ESA: 3 Hours
ISA Marks: 50 ESA Marks: 50
Lesson Plan Author: Mrs. C B Kolanur Date: 01-09-2021
Checked By: Prof. Rakesh Tapaskar Date: 04-09-2021

Course Outcomes (COs):

At the end of the course the student should be able to:

Vi.

Apply knowledge of analog abstraction applied to electric circuits, perform network analysis and
their problems like transients.

Develop the concepts of transistors and operational amplifiers along with ability to solve complex
circuits involving active and passive elements. viz. Ohms law, KCL, KVL, Thevenin’s, Norton’s,
Superposition theorems etc.

Apply the knowledge of digital abstraction applied to logic gates, digital integrated circuits and
their operations.

Construct digital sequential and combinational logic circuits using theorems and reduction
techniques of Boolean expressions like and DE Morgan’s theorem and K-Maps.

Identify the application of the analog and digital electronics in the robotic subsystems with the
help of case studies.

Demonstrate conceptual and practical skill in modelling and solving real world intricate problems
with design, simulate and development of analog, digital or combinational logic subsystem for

assigned course project.
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Course Articulation Matrix: Mapping of Course Outcomes (CO) with Program Outcomes

Course Title: Analog and Digital Electronic Circuits

Semester: 3

Course Code: 18EARC201

Year: 2021-2022

Course Outcomes (CO) / Program 112
Outcomes (PO)

3|14)|5)|6|7|8)]|]9]10]11]12]13

14

i. Apply knowledge of analog abstraction |H
applied to electric circuits, perform network
analysis and their problems like transients.

ii. Develop the concepts of transistors and | M
operational amplifiers along with ability to
solve complex circuits involving active and
passive elements. viz. Ohms law, KCL, KVL,
Thevenin’s, Norton’s, Superposition theorems
etc.

iii. Apply the knowledge of digital abstraction|H | H
applied to logic gates, digital integrated
circuits and their operations.

iv.Construct digital sequential and|M |H
combinational logic circuits using theorems
and reduction techniques of Boolean
expressions like and DE Morgan’s theorem
and K-Maps.

v. Identify the application of the analog and| M | H
digital electronics in the robotic subsystems
with the help of case studies.

vi. Demonstrate conceptual and practical skill | M | M
in modelling and solving real world intricate
problems  with  design, simulate and
development of analog, digital or
combinational logic subsystem for assigned
course project.

Degree of compliance L: Low M: Medium H: High




P KL

|_ KLETECH. |

Technological
University

Creating Valu

|j||\u

DEPARTMENT OF AUTOMATION AND ROBOTICS

Competency addressed in the Course and corresponding Performance Indicators

Competency

Performance Indicators

1.1 Demonstrate the
mathematical modeling.

competence in

1.1.2 - Apply discipline specific advanced mathematical
techniques to modeling and problem solving

1.3 Demonstrate competence in
engineering fundamentals

1.3.2 - Apply basic electrical and electronics engineering
principles and laws to solve problems

2.1 Demonstrate an ability to identify and
characterize an engineering problem

2.1.3 - Identifies all relevant constraints and requirements and
formulate an accurate description of the problem

2.1.4 - Gathers engineering knowledge from the available literature
and selects the most relevant

2.2 Demonstrate an ability to formulate a
solution plan and methodology for an
engineering problem

2.2.1 - Develops from the qualitative description of the problem
mathematical, physical or computational models/solutions based
on fundamental principles and justifiable assumptions

2.2.2 - Partitions problems, processes or systems into manageable
elements for the purposes of analysis, modeling or design

3.1 - Demonstrate an ability to define a
complex  open-ended problem in
engineering terms

3.1.6 - Determines design objectives, functional requirements and
arrives at specifications

4.2 - Demonstrate their ability to design
experiments to solve open ended problems

4.2.1 - Develop and design experimental approach, specify
appropriate  equipment and procedures, implement these
procedures, and interpret the resulting data to characterize an
engineering material, component, or system.

5.1 - Demonstrate an ability to identify/

5.1.1 - Identify modern engineering tools, techniques and

create  modern  engineering  tools, | resources for engineering activities

techniques and resources

10.1 - Demonstrate an ability to] 10.1.1 - Read, understand and interpret technical and non-technical
comprehend technical literature and | information

document project work.

Eg: 1.2.3: Represents program outcome

‘1, competency 2

> and performance indicator ‘3°.
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Course Content

Course Code: 18EARC201 Course Title: Analog and Digital Electronic Circuits
L-T-P: 4-0-0 Credits: 4 Contact Hrs: 50
ISA Marks: 50 ESA Marks: 50 Total Marks: 100
Teaching Hrs: 50 Duration of ESA: 3 hrs

Content Hrs

Unit-1
1.0 Introduction of PN junctions and analog electronics
Diode theory, forward and reverse biased junctions, reverse- bias breakdown, load line analysis, diode
applications — limiters, clippers, clampers, voltage multipliers, half wave and full wave rectification, v
voltage regulators, voltage dividers, pull up, pull down, optocoupler, special purpose diodes — Zener
diode, varactor, light emitting diodes, photodiodes. Network theorems and applications: KVL, KCL,
Node Method, Loop Method, Superposition, Thevenin’s Theorem and Norton’s Theorem.
2.0 Transistors
Bipolar Junction Transistors and introduction to MOSFET:
Operating point, Fixed bias circuits, Emitter stabilized biased circuits, Voltage divider biased, Bias 7
stabilization, BJT transistor modeling, , Emitter follower, CB configuration, Collector feedback
configuration, analysis of CE configuration using h- parameter model; Relationship between h-parameter
model of CE,CC and CB configuration, Introduction to MOSFETs, MOSFET as a switch.
3.0 Operational Amplifiers
Op-Amp Basics, practical Op-Amp circuits, differential and Common mode operation, Inverting & Non-
Inverting Amplifier, differential and cascade amplifier, Op-Amp applications: Voltage follower, 6
Comparator, summing, integrator, differentiator, instrumentation amplifiers, Schmitt trigger, Op-amp
based oscillators.

Unit - 2
4.0 Number system and digital logic gates
Decimal, binary, octal, hexadecimal number system and conversion, binary weighted codes, signed
numbers, 1s and 2s complement codes, Binary arithmetic. 6
Logical Operators, Logic Gates-Basic Gates, Other gates, Active high and Active low concepts,
Universal Gates and realization of other gates using universal gates, Gate Performance Characteristics
and Parameters.
5.0 Boolean algebra and combinational logic circuits
Binary logic functions, Boolean laws, truth tables, half adder, full adder, subtractor, associative and
distributive properties, DE Morgan’s theorems, realization of switching functions using logic gates. 7
Switching equations, canonical logic forms, sum of product & product of sums, Karnaugh maps, two,
three and four variable Karnaugh maps, simplification of expressions.
6.0 Design of combinational logic circuits and sequential logic
Introduction to combinational circuits, code conversions, decoder, encoder, priority encoder, multiplexers
as function generators, binary adder, subtractor, BCD adder, Binary comparator, arithmetic logic units. v
Sequential circuits, flip-flops, clocked and edge triggered flipflops, timing specifications, asynchronous
and synchronous counters, counter design with state equations, Registers, serial in serial out shift
registers, tristate register, timing considerations.

Unit - 3
7.0 Data conversions
Introduction to data conversions, R/2"R DAC, R/2R, Flash, Digital ramp ADC, Successive 5
approximation ADC, Slope (integrating) ADC, Delta-Sigma (AX) ADC, Practical considerations of ADC
circuits.
8.0 Digital integrated circuits
Logic levels, propagation delay time, power dissipation fan-out and fan-in, noise margin, logic families 5

and their characteristics TTL, LSTTL CMOS and ECL integrated circuits and their performance
comparison, open collector and tristate gates and buffers.

4
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Text Books:

1. Anant Agarwal, Foundations of Analog and Digital Electronic Circuits, 1, Morgan Kau, 2005
2. Thomas L. Floyd, Digital fundamentals, 9, Pearson Ed, 2006

3. Robert L. Boylestad, Electronic Devices and Circuit Theory, 10, Pearson Ed, 2008

Evaluation Scheme for ISA

Assessment Weightage in Marks
ISA-1 20
ISA-2 20
Activity 10
Total 50

Course Unitization for ISA Exams and ESA

_ _ No. of No. of No. of No. of
Topics / Chapters Teaching | Questions | Questions | Questions | Questions
hours in ISA-1 in ISA-2 | in Activity | in ESA
Unit |
1.0 Introduction of PN junctions and analog 7 1.00 -- 0 1
electronics
2.0 Transistors 7 1.00 -- 0 1
3.0 Operational Amplifiers 6 1.00 -- 0 1
Unit 11
4.0 Number system and digital logic gates 7 -- 1.00 1
5.0 Boolean algebra and combinational 7 -- 1.00 1
logic circuits
6.0 Design of combinational logic circuits 6 -- 1.00 0 1
and sequential logic
Unit 111
7.0 Data conversions 5 -- -- 1
8.0 Digital integrated circuits 5 -- -- 1

Note

1. Each Question carries 20 marks and may consists of sub-questions.
2. Mixing of sub-questions from different chapters within a unit (only for Unit | and Unit I1) is allowed

in ISA-1, 1l and ESA.

3. Answer 5 full questions of 20 marks each (two full questions from Unit I, 11 and one full question

from Unit 111) out of 8 questions in ESA.

Date: 04/09/2021

Course Assessment Plan

Head of Department
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Course Title:

Code:

Course outcomes (COs)

Weightage

in

assessment

Assessment Methods

ISA-1 | ISA-2 | ACTIVITY

ESA

i. Identify, analyze and design basics
of the electronics circuits with
network theorems.

5

ii. Analyze the various biasing
methods of BJTs using CB, CE and
CC configurations and modeling
parameters of each configuration
using h parameter model.

iii. Design Op-Amp circuits to
perform  operations such  as
integration,  differentiation  and
filtering on  electronic signals.

15

iv. Discuss the number systems and
their conversions also understand the
operations of logic gates.

15

v. ldentify, analyze various
combinational, synchronous and
asynchronous  sequential  circuits
from simple to complex form with
their truth tables using Boolean
algebra and K-map techniques.

15

vi. Design combinational and
sequential logic circuits and analyze
their practical applications.

15

vii. Design and analyze signal
conversion circuits — Analog to
digital vice versa.

10

viii. Discuss the critical parameters
associated with the digital integrated
circuits determining their
performance.

10

ix. Solve in a team of four students,
the assignment problems on each of
the chapter with regular interaction
with team leaders and Course
instructor and students to undergo
assessment of their performance
based on surprise tests planned on
assignments

10

Weightage

20 20 10

50
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UNIT I
Chapter-wise Plan

Course Code and Title: 18EARC201 / Analog and Digital Electronic Circuits

Chapter Number and Title: 01. Introduction of PN junctions and analog electronics

Planned Hrs: 7hrs

Learning Outcomes:
At the end of the topic the student should be able to:

TLO's CO's | BL | CACode
1. Explain the concept of PN Junction and biasing. CO1 | L2 1.1
2. Discuss the various wave shaping circuits, voltage regulators and diodes. CO1l | L3 1.1
3. Apply Kirchhoff’s current and voltage laws to solve for branch current and voltage| CO1 | L3 1.1
in the circuit.
4. Discuss and understand the concepts of pull down, pull up and special purpose| CO1 | L2 1.1
diodes.
5. Apply network theorems to simplify circuit analysis, and provide substantial | CO1 | L3 1.1
insight about how circuits behave.
Lesson Schedule
Class No. Portion covered per hour
1. PN Junction and diode theory — biasing, diode characteristics.
2. Wave shaping networks — clippers, clampers, voltage regulators, voltage divider.
3. Special purpose diodes — Zenner diode, Photodiodes.
4. Discussions on Voltage dividers, KVL and KCL and their applications.
5. Network theorems: Node Method, Loop Method.
6. Superposition theorem.
7. Thevenin’s Theorem and Norton’s Theorem.
Review Questions
Sr.No | Questions TLO BL Pl Code
1 What is biasing? Briefly explain forward and reverse biasing of PN 1 L2 1.1.2
junction.
2 Briefly explain the difference between ideal and practical diode | 1,2 L3 1.1.2
characteristics.
3 Explain clippers and clampers and their applications. 3 L3 112
4 What are voltage multipliers explain with suitable circuit diagram? 4 L3 1.1.2
5 What is the significance of pull-up and pull-down resistors in electronic 4 L3 112

circuits
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6 Explain Node and Mesh method of solving electronic networks? 4 L3 1.1.2
! State and explain Thevenin’s theorem and Norton’s theorem?? 4 L3 1.1.2
8 State and explain Superposition theorem? 5 L3 1.1.2
9 Explain Zenner diode with its applications as voltage regulator. 4,5 L3 1.1.2
10 1 Explain KVL and KCL. 45 | L3 112
A voltage divider circuit shown in Fig. below has V = 10 V and R2
=1 kQ. Choose R1 such that v2 is 10% of V.
1 R, % 45 | L3 1.1.2
+
R, % v
Find all branch currents in the network shown in Fig. below
5N a
;—— L L—
2 | f 20 " g 5 13 | 112
320 350 $6n $:0
L < 4 r
13.7 A
b
Obtain the current in each branch of the network shown in Fig. using
the mesh current method.
2o B
13 5 L3 1.1.2
:E n n
mu() =‘ 10 C:)uv
Y
a
Compute the current in the 23ohm resistor of Fig. (a) by applying the
superposition principle. With the 200-V source acting alone, the 20-A
current source is replaced by an open circuit, Fig. (b).
- $0
1 - oo l = 5 | 3 | 112
iE-vn 20 A SE!I 0 370 oc $2x0
20 V ) 200V T 1
(a) - (5)
15 | Obtain the Thevenin and Norton equivalent circuits for the active 5 L3 112

network in Fig. (a).
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Course Code and Title: 18EARC201 / Analog and Digital Electronic Circuits

Chapter Number and Title: 02. Transistors

Planned Hours: 7 hrs

Learning Outcomes:

At the end of the topic the student should be able to:

TLO's

CO's

BL

CA Code

1. Describe the need for biasing and obtain the operating point from AC and DC
Load lines.

CO4

L2

2.1

2. Analyze the biasing stability of Fixed bias, collector to base bias and voltage
divider bias circuits.

CO4

L3

2.1

3. Describe the h-parameter model and analyze the transistor amplifier using h-
parameters.

CO4

L2

2.1

4. Analyze Small signal BJT Amplifiers at low & high frequency.

CO4

L3

2.1

Lesson Schedule
Class No. Portion covered per hour

Operating point, Fixed bias circuits,
Emitter stabilized biased circuits, Voltage divider biased,

Collector feedback configuration,

analysis of CE configuration using h- parameter mode

Relationship between h-parameter model of CE, CC and CB configuration.
MOSFETS introduction, fundamentals and importance.

MOSFET as switch.

N bR

Bias stabilization, BJT transistor modeling, Emitter follower, CB configuration,

Review Questions

Sr.No | Questions

TLO

BL

PI
Code

1 Explain the purpose of dc bias. Do the following

Define Q-point and describe how it affects the output of an
amplifier

Describe and draw a dc load line

State the conditions for linear operation

L3

2.14
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Explain what causes waveform distortion

Explain the working of a voltage divider biased amplifier, L3 214
highlighting on bias stabilization. With its circuit diagram.
Sketch the typical i/p and o/p characteristics of an NPN transistor L3 214
and explain the three regions of operation
Calculate adc and Bac for the transistor if Ic is measured as 1mA L3 2.1.4
and s is 25pA. Also determine the new base current to give
Ic=5mA
Calculate the voltage gain and the ac voltage of the following L3 214
emitter follower if =150 and Vi=1V
£ Ve =20W
56 kL2
v e——)k
—
£
5.2 ki
What is the value of IC for IE =5.34 mA and IB =475 mA? Find L3 2.14
VCE, VBE, and VCB in both circuits.
Ry é EL IR ]
RI! (_\ + 1 e ey 1‘
5 _,-L.wm 50‘(‘ TEY. vy 37 k0 Bpe=125| T0
-
Derive the expression for voltage gain of single stage CE voltage- L3 2.1.4
divider bias amplifier using h-model
Explain the operation of MOSFET as switch? L3 2.1.4

10
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Course Code and Title: 18EARC201 / Analog and Digital Electronic Circuits

Chapter Number and Title: 03. Operational amplifiers Planned Hours: 6 hrs

Learning Outcomes:
At the end of the topic the student should be able to:

TLO's CO's | BL | CA Code
1. Understand Operational amplifiers — fundamentals and importance. Co4 | L2 2.1
2. Discuss practical applications of Op-amps. CO4 | L3 2.1
2. Build Inverting, Non inverting, differential and cascade amplifier. Co4 L2 2.1
3. Discuss and apply concept of Op-amp applications- Summing, Integrator CO4 | L3 2.1
4. Understand importance of Schmitt trigger, instrumentation amplifiers. CO4 | L3 2.1
6. Discuss the importance of Op-amp based oscillators CO4 | L3 2.1

Lesson Schedule
Class No. Portion covered per hour

1. Operational amplifiers — fundamentals and importance.

2. Applications of Op-amps - Inverting, Non inverting, differential and cascade amplifier
2. Problems on Inverting, Non inverting, differential and cascade amplifier.

3. Discuss and design of Op-amp applications- VVoltage follower, Summing, Integrator.
4. Discuss Schmitt trigger, instrumentation amplifiers.

6. Discussions on Op-amp based oscillators

Review Questions

Sr.No Questions TLO | B Pl
L | Code

1 Describe following electrical parameters of an op-amp: CMRR, open-loop | > 3 | |2
voltage gain, maximum output voltage swing, input offset voltage, input bias '
current, input impedance, input offset current, output impedance, slew rate.

2.2.1

2 . i : : 1 JL2]221
Draw and explain the circuit model that approximates the Op Amp behavior.

Calculate Vo in terms of I, Vi, and V2 in Figure. You may assume the
operational amplifier has ideal characteristics.

R 2
— A

4 |L3|221

4 Draw the circuits of inverting amplifier and non- inverting amplifiers. Obtain | © L3221
the expression for voltage gain, input and output resistances

11
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5 Explain the following with their applications: Voltage follower, Summing, 6 L3 | 221
Integrator.
6 Draw the circuit diagram and output wave form of Schmitt trigger for a sine wave 2 L3 | 214
input and also give the expressions for UTP and LTP.
7 What are instrumentation amplifiers? How do you use Operational amplifier as an 3 L3 | 2.14
instrumentation amplifier?
8 Calculate the output voltage of an op-amp summing amplifier for the following sets | 3 L3 | 214
of voltages and resistors. Use Rf = 1Mohm in all cases.
a. Vi =+1V, V, = +2V, V3 = +3V, R; = 500kohm, R, = 1Mohm, Rz = 1Mohm.
b.V1=-2V, V, = +3V, V3 = +1V, R; = 200kohm, R, = 500kohm, Rs = 1Mphm.
9 For an op-amp having a slew rate of SR = 2 V>ms, what is the maximum 4 L3 | 214
closed-loop voltage gain that can be used when the input signal varies by 0.5 V in
10ms?
10 | What is the output voltage in the circuit of Fig. below? 5 L3 | 214
. 250 ki
¥ SV —m——q.—_
-|F —%
11 | What is the range of the voltage-gain adjustment in the circuit of Fig. below? 3 L3214
0k ‘\;\A' ez i
-
12 | Calculate the output voltage developed by the circuit of Fig. below for 5 L3214
R = 330kohm.
v SV 'C\X;\., +
+
13 | Calculate the output voltage for the circuit of Fig. below 3 L3 | 214
L- 100 kQ
f*
14 | Determine the output for the circuit of Fig. below with components: 4 |L3|214

Rf = 1IMohm, R1 = 100kohm, R2 = 50kohm and R3 = 500kohm.

12
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Model Question Paper for In-Semester Assessment (ISA-1)

Total Duration (H:M):1.15 Course: Analog and Digital

Electronic Circuits (18EARC201)

Maximum Marks :60

Note: Answer any two full questions

Q.No. Questions Marks| CO | BL |PO| PI
Code
la Obtain the current in each branch of the network shown in Fig.
using the mesh current method.
2 2o B
r r 5 cCol| L3 | 11112
wov(? 1 gwoa 1 t)Rv
\j
1b Compute the current in the 23ohm resistor of Fig. (a) by applying
the superpaosition principle. With the 200-V source acting alone, the
20-A current source is replaced by an open circuit, Fig. (b).
a0 an
] ) J || 10 [cot| 3| 1 |112
a7 n
%E $no $a0 oc $xa0
200 V ] 200V T ]
(b)
1c Find the Thevenin’s equivalent for the circuit in Fig. below, at the
terminals AA’
2kQ 1 k02
S B )1 e Y
I 5 Col| L3 | 11112
(Dm v $k0
|
2a With neat graphs, show, what is the effect of variation in position of
BJT DC operating point affects the output waveform of an 5 Co4|1 L2 | 2 |214
amplifier.
2b Derive the expression for Zi, Zo and voltage gain (Av) for an
Emitter follower circuit (Common collector) using h-parameter 10 CO4|1 L3)| 2 ]214
model.
2c Determine Vce and Ic in the voltage-divider biased transistor circuit 5 Co4l L3 ]| 2 ]214

13
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in Fig.3.b), if foc =100.

3a Explain the following with their applications: Voltage follower, 5 cosl L2 214
Summing, Integrator and Schmitt trigger? o
3b Calculate the output voltage developed by the circuit of Fig. below
for Rf =330kohm.
\I 2V ﬁ:/:&
Vi 05V AN + 10 |[coa| L3 2.1.4
v 3V IM\‘A”I v
+
3c Calculate the output voltage for the circuit of Fig. below
[ b 100k
— = 5 |co4| L3 2.14
r+
-

14
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UNIT 11

Course Code and Title: 18EARC201 / Analog and Digital Electronic Circuits

Chapter Number and Title: 04 Number systems and logic gates

Planned Hours: 6 hrs

Learning Outcomes:
At the end of the topic the student should be able to:

Explain the term gate performance with respect to logic gates.

TLO's CO's | BL | CACode
1. Understand the various number systems and conversions CO5 | L1 2.2
2. Describe ones and twos compliment with their importance CO5 | L2 2.2
3. Apply arithmetic operations on binary and hexadecimal numbers. CO5 | L2 2.2
4. Learn the basic of digital logic - logic gates, symbols and truth table. CO5 | L2 2.2
5. Understand the realization of universal gate with basic gates CO5 | L3 2.2
6. Describe the terminologies — Gate performance, Characteristics and Parameters. CO5 | L3 2.2
Lesson Schedule
Class No. Portion covered per hour
1. Introduction to various number systems and conversions
2. Ones and twos compliment with their importance
3. Binary arithmetic operations
4. Logic gates, truth table and Boolean laws.
5. Understand the realization of universal gate with basic gates
6. Describe the terminologies — Gate performance, Characteristics and Parameters.
Review Questions
Sr.No Questions TLO BL Pl
Code
1 Describe the following number systems such as binary, octal, | 2,3 L2 | 221
hexadecimal and decimal number systems.
2 Explain how one’s and two’s compliment can be found for a given 1 L2 2.2.1
number.
3 List and explain various binary operations that can be carried out given 4 L3 2.2.1
inputs.
4 Write the basic logic gates with their respective symbols and truth 5 L3 2.2.1
tables.
5 . : . : : 6 L3 | 221
Realize the universal logic gates with the help on basic gates.
6 6 L3 | 221

15
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Course Code and Title: 18EARC201 / Analog and Digital Electronic Circuits

Chapter Number and Title: 05. Boolean Algebra and Combinational logic circuits Planned Hrs: 7 hrs

Learning Outcomes:
At the end of the topic the student should be able to:

TLO's CO's | BL | CACode

1. Write Boolean logic for a given problem statement. CO5 | L1 2.2
2. Realization of half and full adders using logic gates CO5 | L2 2.2
3. Understand the associative & distributive properties applied to digital logic CO5 | L2 2.2
4. Realization of switching functions using logic gates CO5 L2 2.2
5. Construct combinational circuits from truth tables using basic gates and only| CO5 | L3 2.2
NAND/NOR gates.

6. Understand the canonical forms, SoP, PoS CO5 | L3 2.2
7. Construct the K Map for simplification of logical expressions CO5 | L3 2.2

Lesson Schedule
Class No. Portion covered per hour

. Boolean logic for modelling a given problem statement.

. Half and full adders using logic gates

. Associative & distributive properties applied to digital logic

. Realization of switching functions using logic gates

. Combinational circuits from truth tables using basic gates and only NAND/NOR gates.
. Canonical forms, Sun of Products, Product of Sum

. Construct the K Map for simplification of logical expressions

~N o o 0oDN B

Review Questions

Sr.No Questions TLO BL | PICode

1 Write the symbol and truth tables for the below mentioned gates: 1 L2 2.2.2
a.AND bh.OR c.NOR d.EXOR

2 1
Develop a half adder using universal logic gates L2 2.2.2

3 2
Develop a full adder using universal logic gates L2 2.2.2

4 Demonstrate associative and distributive properties applied to a digital 2 L2 2.2.2
logical expression.

5 Explain the following terms with an example: 2 L2 2.2.2
a. Canonical Form b. Sum of Products c. Product of Sum

6 What is K-Map and how do you simplify the given logical expression 2 L2 2.2.2
using K-Map?
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Course Code and Title: 18EARC201 / Analog and Digital Electronic Circuits

Chapter Number and Title: 6.0 Design of Combinational logic circuits and sequential logic | Planned Hrs:
6 hrs
Learning Outcomes:
At the end of the topic the student should be able to:
TLO's CO's| BL | CA Code
1. Understand the concepts of combinational circuits COo7| L2 2.2
2. Demonstrate use and importance of code conversion, decoder and encoders CO7| L3 2.2
3. Understand the use of multiplexer and using them to construct function | CO7 | L2 2.2
generators
4. Understand concepts of BCD adders, binary comparators & Arithmetic logic | CO7 | L2 2.2
units
5. Describe the sequential circuits, flip flops, edge triggering, timing specifications | CO7 | L2 2.2
6. Design of Asynchronous and Synchronous counters with sate equations COo7| L2 2.2
7. Hlustrate the use of registers, serial in serial out, tristate register and timing | CO7 | L2 2.2
considerations
Lesson Schedule
Class No. Portion covered per hour
1. Introduction to combinational circuits
2. Demonstrate code conversions, decoder and encoders
3. Multiplexer and function generators using multiplexers
4. BCD adders, Binary comparators & Arithmetic logic units
5. Introduction to sequential circuits, flip flops, edge triggering, timing specifications
6. Explanation of Asynchronous and Synchronous counters with sate equations
7. Registers, serial in serial out, tristate register and timing considerations
Review Questions
. Pl
Sr.No Questions TLO BL Code
1 What are combinational circuits? Explain with an example. 1 L3 2.22
2. What are decoders and encoders and where do you use them? 2 L3 2.22
3. Explain multiplexer and its application. 2 L3 2.22
4 What are sequential circuits? Explain with an example. 2 L3 2.22
: What are flipflops? Also explain edge triggering? 2 L3 2.2.2
6 What is the difference between Asynchronous and Synchronous 2 L3 2.2.2
counters?
7 Convert the binary whole number 1101101 to decimal also find 2’s 2 L3 2.2.2
complement of 10110010.
8 Convert the following binary numbers to hexadecimal: 2 L3 2.2.2
(a) 1100101001010111 (b) 111111000101101001
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Model Question Paper for In-Semester Assessment (ISA-2)

Total Duration (H:M):1.15 Course: Analog and Digital

Electronic Circuits (18EARC201)

Maximum Marks :60

Note: Answer any two full questions

Q.No. | Questions Marks | CO |BL|PO |PI
Code
la Descrlbe_ the foIIovx_/lng number systems such as binary, octal, 5 cosl 2| 2 | 221
hexadecimal and decimal number systems.
1b | Explain how one’s and two’s compliment can be found for a given 5 cos| i3] 2 | 221
number.
1c | Realize the universal logic gates with the help on basic gates. 10 CO5|L3| 2 | 221
2a | Develop a full adder using universal logic gates 5 CO4|L3| 2 |214
2b | Explain the following terms with an example:
a. Canonical Form b. Sum of Products c. Product of Sum 5 Co4|l2] 2214
2c | What is K-Map and how do you simplify the given logical 10 coalial 2 | 214
expression using K-Map?
3a | What are combinational circuits? Explain with an example. 5 CO6|L3| 1 ]112
3b | Convert the binary whole number 1101101 to decimal also find 2’s
complement of 10110010. 5 CO6|L3| 1112
3c | Convert the following binary numbers to hexadecimal: 10 coslial 1 112
(a) 1100101001010111 (b) 111111000101101001 o

UNIT I

Course Code and Title: 18EARC201 / Analog and Digital Electronic Circuits

Chapter Number and Title: 7.0 Data Conversions

Planned Hours: 5 hrs

Learning Outcomes:
At the end of the topic the student should be able to:

TLO's CO's | BL | CACode
1. lllustrate the use of data conversion and its importance CO6 | L2 1.1
2. Design of Analog to digital conversion circuits — ADC CO6 | L2 1.1
3. Analyze and understand the concepts of R/2Rn, Digital Ramp ADC. CO6 | L3 1.1
4. Analyze and understand the concepts of Successive approximation ADC. CO6 | L3 1.1
5. Demonstrate the practical consideration of ADC for a specific application COo6 | L2 1.1
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Course Code and Title: 18EARC201 / Analog and Digital Electronic Circuits

Chapter Number and Title: 8.0 Digital Integrated circuits

Planned Hours: 5 hrs

Lesson Schedule
Class No. Portion covered per hour

1. Data conversion and its importance

2. Analog to digital conversion circuits — ADC example

3. Design and understand R/2R", Digital Ramp ADC.

4. Design and understand Successive approximation ADC.

5. Discussion of the practical consideration of ADC for a specific application

Review Questions

Sr.No Questions TLO BL Pl
Code
1 How do you convert data/signal from analog to digital and vice versa? 1 L3 1.1.2
Explain the various schemes in which the data/signal can be
converted.
2 Explain with an example the working of ADC? 2 L2 1.1.2
3 What is Successive approximation ADC? 3 L3 1.1.2
4 Explain ADC and DAC with a practical example modelling a real- 4 L3 1.1.2
world problem.
5 Explain the principle of operation of R/2R"and digital ramp ADC. 5 L3 1.1.2
Learning Outcomes:
At the end of the topic the student should be able to:
TLO's CO's | BL | CACode
1. Understand the critical logic circuit parameters — propagation delay, power| CO7 | L3 2.2
dissipation, fan in, fan out.
2. Understand the logic families and characteristics — TTL, LSTTL, CMOS CO7 | L3 2.2
3. Explain the underlying concepts of performance comparison, open collector| CO7 | L3 2.2
and buffers.

Lesson Schedule
Class No. Portion covered per hour

1. Introduction to digital integrated circuits and its importance

2. Discuss logic circuit parameters — propagation delay, power dissipation,
3. Discuss the concepts of fan in, fan out, noise margin

4. Discuss logic families and characteristics — TTL, LSTTL, CMOS

5. Explain the underlying concepts of performance comparison, open collector and buffers.
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Review Questions

Sr.No Questions TLO BL Pl
Code
1 What is propagation delay in context of digital integrated circuits? 1 L3 229
2 Explain the following terms: 2 L3 229
a.Fanin b.Fanout c. Noise margin
3 Explain briefly various logic families and their respective 2 L3 229
characteristics.
4 Explain the below mentioned terms in context of digital integrated 2 L3 299
circuits: -
a. Performance comparison b. Open Collector c. Buffer

Model Question Paper for End Semester Examination (ESA)

Total Duration (H:M): 3:0 Course: Analog and Digital Maximum Marks :100
Electronic Circuits

(18EARC201)

Note: Answer five questions; any two full questions from each unit-1 and unit-11 and one full
question from unit-111

PART- A
Q.No. | Questions Marks| CO | BL| PO |PI Code
la | Find all branch currents in the network shown in Fig. below
5N a
lr. l ~—5 "’_" I f.l
Ei'm E'sn 5:"“ 350 5 co1|L3] 1 1.1.2
13.7 A
b
1b | Compute the current in the 23ohm resistor of Fig. (a) by
applying the superposition principle. With the 200-V source
acting alone, the 20-A current source is replaced by an open
circuit, Fig. (b).
- $0
10 |co1|L3| 1 1.1.2
4758 70 l
%E EE PAN Y :E 27 0 oc b
200 V ) Sy T 1
(b)
1c | Obtain the Thevenin and Norton equivalent circuits for the 5 coilisl 1 112

active network in Fig. (a).
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(a)
2a | What is the value of IC for IE =5.34 mA and IB =475
mA? Find VCE, VBE, and VCB in both circuits.
= fm s R = 30041
iy Q@ ' v o (I)\ =| 5 |[coz2|L3| 1 | 132
,_L 1ok 2 IT Y . l 27 k0 ‘-—1’}1r-T
2b Derive the expression for voltage gain of single stage
CE voltage-divider bias amplifier using h-model 10 JCO3fL3| 2 2.1.3
2c | Explain the operation of MOSFET as switch?
5 COo3(L3| 2 2.1.3
3a | For an op-amp having a slew rate of SR =2 V>ms, whatis
the maximum closed-loop voltage gain that can be used when 5 coq|Lz2| 2 2.1.4
the input signal varies by 0.5 V in 10ms?
3b | What is the output voltage in the circuit of Fig. below?
ISV ——AA——2 10 [coa|L3| 2 | 214
[ ®
3c | What is the range of the voltage-gain adjustment in the circuit
of Fig. below?
| i 5 cCo4 (L2 2 2.14
-
PART-B
Q.No. | Questions Marks| CO [ BL| PO Pl
Code
4a Descrlbg the foIIOW|r_1g number systems such as binary, octal, 5 cos | Lo 2 291
hexadecimal and decimal number systems.
4b | Realize the universal logic gates with the help on basic gates. 5 CO51 L3 2 2.2.1
4c | Explain the term gate performance with respect to logic gates. 10 | CO5| L3 2 2.2.1
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5a Develop a full adder using universal logic gates 5 CO4 | L3 2 2.1.4

5b | Demonstrate associative and distributive properties applied to

a digital logical expression. 5 coaflL2 2 2.1.4

5¢ | What is K-Map and how do you simplify the given logical

expression using K-Map? 10| CO4 L3 2 2.1.4

6a | Explain multiplexer and its application. 5 CO6 | L3 1 1.1.2

6b | What are sequential circuits? Explain with an example. 10 | CO6] L3 1 1.1.2
6¢c | Convert the following binary numbers to hexadecimal:

(a) 1100101001010111 (b) 111111000101101001 S co6| L3 1 112

PART-C
Q.No. Questions Marks | CO [BL| PO PI
Code
Ta What is Successive approximation ADC? 10 7 |13 1 112

7b Explain the principle of operation of R/2R"and digital ramp

ADC. 10 7 | L3 1 1.1.2

8a Explain the following terms:

a. Fanin b.Fan out c. Noise margin 10 8 |L3 2 2.2.1

8b Explain the below mentioned terms in context of digital
integrated circuits: 10 8 | L3 2 2.2.2
a. Performance comparison b. Open Collector c. Buffer
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FMTHO301/Rev.5.3
Course Plan
Semester: IlI Year: 2021-2022
Course Title: Mechanics of Materials Course Code: 18EARC204
Total Contact Hours: 40 Duration of ESA Hours : 3
ISA Marks: 50 ESA Marks: 50
Lesson Plan Author: Mrs Shilpa V Tanvashi Date: 5/10/21
Checked By: Mr.Amit Talli Date: 7/10/21

Course Outcomes (COs):

At the end of the course the student should be able to:

1.

Determine the mechanical behavior of structural members subjected to different types of loads
such as tension, compression, torsion, bending and combined loads by using fundamental concepts
of stress, strain, elastic and inelastic behavior.

Determine the mechanical properties of materials by using stress versus strain curves for different
classes of homogenous, isotropic materials.

Evaluate the allowable loads and associated allowable stresses for a particular structure type before
mechanical failure by using the method of allowable stress design.

Calculate the stresses and strains in axially-loaded members, circular torsion members, and
members subject to flexural loadings.

Analyze the behaviour of slender members subjected to transverse loads by determining the stress
distribution in, and the deflection of beams.

Demonstrate the skill of interpreting the behaviour of an engineering structural member for a given
application as a course project by analyzing stresses, strains and deflections in structural members
under load.
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Course Articulation Matrix: Mapping of Course Outcomes (COs) with Program Outcomes (POSs)

Course Title: Mechanics of Materials

Semester: Il

Course Code: 18EARC204

Year: 2021-2022

Course Outcomes (COs) / Program Outcomes
(POs)

14

Determine the mechanical behavior of structural
members subjected to different types of loads
such as tension, compression, torsion, bending
and combined loads by using fundamental
concepts of stress, strain, elastic and inelastic
behavior.

Determine the mechanical properties of materials
by using stress versus strain curves for different
classes of homogenous, isotropic materials

Evaluate the allowable loads and associated
allowable stresses for a particular structure type
before mechanical failure by using the method of
allowable stress design

Calculate the stresses and strains in axially-
loaded members, circular torsion members, and
members subject to flexural loadings.

Analyze the behaviour of slender members
subjected to transverse loads by determining the
stress distribution in, and the deflection of beams.

Demonstrate the skill of interpreting the
behaviour of an engineering structural member
for a given application as a course project by
analyzing stresses, strains and deflections in
structural members under load.

Degree of compliance L: Low M: Medium H: High
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Competency addressed in the Course and corresponding Performance Indicators

Competency Performance Indicators
1.3 Demonstrate competence in 1.3.1 Apply elements of mechanical engineering principles and
engineering fundamentals laws to solve problems
5.1 Demonstrate an ability to 5.1.1dentify modern engineering tools such as computer aided
identify/ create modern engineering | drafting, modelling and analysis; techniques and resources for
tools, techniques and resources engineering activities.




l< l Technological
University
Creating Value

Le

KLE TECH. - 3
. ) veraging Knowledge

DEPARTMENT OF AUTOMATION & ROBOTICS

Course Assessment Plan

Course Title: Mechanics of Materials Code: 18EARC204

Course outcomes (COs) Weightage Assessment Methods
in
Determine the mechanical 13% v/ v/ v/ v/

behavior of structural members
subjected to different types of
loads such as tension,
compression, torsion, bending
and combined loads by using
fundamental concepts of stress,
strain, elastic and inelastic
behavior.

Determine the mechanical 6% v/ v/ v
properties of materials by using
stress versus strain curves for

different classes of
homogenous, isotropic materials
Evaluate the allowable loads and 5% v/ v v

associated allowable stresses for
a particular structure type before
mechanical failure by using the
method of allowable stress design

Calculate the stresses and strains 38% v/ v/ v v/
in axially-loaded members,
circular torsion members, and
members subject to flexural
loadings.

Analyze the behaviour of slender 38% v v v
members subjected to transverse
loads by determining the stress
distribution in, and the deflection
of beams.

Demonstrate the skill of v
interpreting the behaviour of an
engineering structural member
for a given application as a
course project by analyzing
stresses, strains and deflections
in structural members under load.

Weightage 20% 20% 10% 50%
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Course Content

Course Code: 18EARC204 Course Title: Mechanics of Materials
L-T-P: 3-0-0 Credits: 3 Contact Hrs: 40
ISA Marks: 50 ESA Marks: 50 Total Marks: 100
Teaching Hrs: 40 Exam Duration: 3 hrs
Content Hrs
Unit -1
Chapter No. 1.Stress & Strain 5 hrs
Introduction, Normal Stress Under Axial Loading, Direct Shear Stress, BearingStress, Stresses on Inclined
Sections, Equality of Shear Stresses on Perpendicular Planes,Strain,Displacement, Deformation, and the
Concept of Strain,Normal Strain,Shear Strain
Chapter No. 2.Mechanical Properties of Materials 5 hrs
The Tension Test,The Stress—Strain Diagram,Hooke’s Law,Poisson’s Ratio,Design Concepts,Types of
Loads,Safety,Allowable Stress Design,Load and Resistance Factor Design
Chapter No. 3.Axial Deformation 5 hrs
Introduction,Saint-Venant’s Principle,Deformations in Axially Loaded Bars,Deformations in a System of Axially
Loaded Bars,Statically Indeterminate Axially Loaded Members
Unit - 2
Chapter No. 4.Torsion 5 hrs
Introduction, Torsional Shear Strain, Torsional Shear Stress, Stresses on Oblique Planes, Torsional
Deformations, Torsion Sign Conventions, Power Transmission, Statically Indeterminate Torsion Members.
Chapter No. 5. Equilibrium of Beams 5 hrs
Introduction, Shear and Moment in Beams, Graphical Method for Constructing Shear and Moment Diagrams,
Discontinuity Functions to Represent Load, Shear, and Moment
Chapter No. 6.Bending 5 hrs
Introduction, Flexural Strains, Normal Stresses in Beams, Analysis of Bending Stresses in Beams,
Introductory Beam Design for Strength, Flexural Stresses in Beams of Two Materials, Bending Due to
Eccentric Axial Load, Unsymmetrical Bending
Unit - 3
Chapter No. 7. Shear Stress in Beams 5 hrs
Introduction, Resultant Forces Produced by Bending Stresses, The Shear Stress Formula, The First Moment
of Area Q, Shear Stresses in Beams of Rectangular Cross Section, Shear Stresses in Beams of Circular
Cross Section.
Chapter No. 8. Beam Deflections 5 hrs

Introduction, Moment-Curvature Relationship, The Differential Equation of the Elastic Curve, Deflections by
Integration of a Moment Equation, Deflections by Integration of Shear-Force or Load Equations, Deflections
Using Discontinuity Functions
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Text Books (List of books as mentioned in the approved syllabus)

Timothy .A. Philpot, Mechanics of Materials, An Integrated Learning System, 4th edition, Wiley.

References
Roy R., Craig, JR. Mechanics of Materials, Third edition, JOHN WILEY & SONS

Evaluation Scheme

ISA Scheme
Assessment Weightage in Marks
ISA-1 20
ISA- 2 20
Activity 10
Total 50
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Course Unitization for Minor Exams and End Semester Assessment

No. of No. of No. of
Topics / Chapters Teaching | Questions | Questions | Questions
Credits in ISA- 1 in ISA- 2 in ESA
Unit |
1.Stress & Strain 5 1.00 - 1.00
2.Mechanical Properties of Materials 5 1.00 - 1.00
3.Axial Deformation 5 1.00 -- 1.00
Unit Il
4.Torsion 5 -- 1.00 1.00
5. Equilibrium of Beams 5 -- 1.00 1.00
6.Bending 5 -- 1.00 1.00
Unit 1l
7. Shear Stress in Beams 5 0 0 1.00
8. Beam Deflections 5 0 0 1.00

Note

1. Each Question carries 20 marks and may consists of sub-questions.
2. Mixing of sub-questions from different chapters within a unit (only for Unit | and Unit 1l) is allowed in
Minor [, Il and ESA.
3. Answer 5 full questions of 20 marks each (two full questions from Unit I, Il and one full questions from
Unit 11I) out of 8 questions in ESA.

Date: 7/10/21

HOD
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Course Code and Title: 18EARC204 / Mechanics of Materials

Chapter Number and Title: 1.Stress & Strain

Planned Hours: 5 hrs

Learning Outcomes:-
At the end of the topic the student should be able to:

Topic Learning Outcomes COs BL CA Code
Interpret, analyse and evaluate types of loads that exist in any components or| CO1 L2 1.3
engineering system
Apply the basic principles of engineering mechanics to translate engineering problemsto | CO1 L3 1.3
free body diagrams
Explain the concept of normal stress , shear stress and bearing stress under axial| CO1 L2 1.3
loading .
Explain the concept of normal strain and shear strain under axial loading. Cco1 L2 1.3
Determine the internal effect caused by external loads acting on real bodies and compute | CO1 L3 1.3
the deformations experienced by the real body as a result of internal stress.
Lesson Schedule
Class No. - Portion covered per hour / per Class
1. Introduction, Normal Stress Under Axial Loading
2. Direct Shear Stress, BearingStress, Stresses on Inclined Sections
3. Equality of Shear Stresses on Perpendicular Planes
4. Displacement, Deformation, and the Concept of Strain
5. Normal Strain, Shear Strain
Review Questions
Sl.No. - Questions TLOs | BL Pl
Code
1. A solid 0.5-in.diameter steel hanger rod is used to hold up one end of a walkway support | TLO1 | L3 | 1.3.1

beam. The force carried by the rod is 5,000 Ib. Determine the normal stress in the rod.

(Dis-regard the weight of the rod.)
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Hanger
o

support
beam

2. Rigid bar ABC is supported by a pin at A and axial member (I), which has a cross-sectional
area of 540 mm?2 The weight ofrigid bar ABC can be neglected. (Note: | kN = 1,000
N).Determine the normal stress in member (I) if a load of P = 8 kN is applied at C. If the
maximum normal stress in member (I) must be limitedto 50 MPa, what is the maximum load
magnitude P that may be applied to the rigid bar at C?

TLO1

L3

13.1

3. A 50-mm-wide steel bar has axial loads ap-plied at points B, C, and D. If the normal stress
magnitude in the bar must not exceed60 MPa, determine the minimum thickness that can be
used for the bar.

TLO1

L3

131

4. Two solid cylindrical rods (1) and (2)are joined together at flange B and loaded, asshown in
Figure P1.3/4. If the normal stressin each rod must be limited to 40 ksi,determine the minimum
diameter requiredfor each rod.

TLO1

L3

131
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FIGURE P1.3/4

5. Two solid cylindrical rods (1) and (2) are joined together at flange B and loaded, as shown in| TLO1 | L3 | 1.3.1
Figure P1.3/4. The diameter of rod (1) is 1.75 inland the diameter of rod (2) is 2.50 in.
Determine the normal stresses in rods (1) and (2).
ili kips
FIGURE P1.3/4
6. An axial load P is applied to the rectangular bar shown in Figure P1.36. The cross-sectional | TLO2 | L3 | 1.3.1

area of the bar is 400 mm2. Determine the normal stress perpendicular to plane AB and the
shear stress parallel to plane AB if the bar is subjected to an axial load of P = 70 kN

10
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FIGURE P1.36

7. A rigid bar ABCD is supported by two bars as shown in Figure . There is no strain in the
vertical bars before load P is applied. After load P is applied, the normal strain in rod (1) is -
570um/m. Determine:(a) the normal strain in rod (2),

(b) the normal strain in rod (2) if there is a 1mm gap in the connection at pin C before the load
is applied,

(c) the normal strain in rod (2) if there is a 1mm gap in the connection at pin B before the load
is applied.

240 mm 360 mm

Rigid bar

TLO2

L3

131

8. When an axial load is applied to the ends of the bar shown in Figure, the total elongation of
the bar between joints A and C is 0.15 in. In segment (2), the normal strain is measured as
1,300uin./in. Determine:

(a) the elongation of segment (2).

(b) the normal strain in segment (1) of the bar.

L @) P

. I =b

A B C
L 40 in. J 90 in. J
1

Ly I

TLO2

L3

131

11




l < l Technological
) University
Creating Value

KLE TECH. |

Leveraging Knowledge

DEPARTMENT OF AUTOMATION & ROBOTICS

Course Code and Title: 18EARC204/ Mechanics of Materials

Chapter Number and Title: 2.Mechanical Properties of Materials

Planned Hours: 5 hrs

Learning Outcomes:-
At the end of the topic the student should be able to:

Topic Learning Outcomes

COs

BL

CA Code

Discuss the experimental methods to determine the stress—strain diagram for a
specific material

Cco1

L2

13

Determine the mechanical properties and discuss the tests that are related to the
development of mechanics of materials.

CcO2

L3

13

Lesson Schedule
Class No. - Portion covered per hour / per Class

1. The Tension Test

2. The Stress—Strain Diagram

3. Hooke’s Law, Poisson’s Ratio

4. Design Concepts, Types of Loads

5. Safety, Allowable Stress Design, Load and Resistance Factor Design

Review Questions

Sl.No. - Questions

TLOs

BL

PI
Code

1. A tensile test specimen of 1045 hot-rolled steel having a diameter of 0.505 in. and a gage
length of 2.00 in. was tested to fracture. Stress and strain data obtained during the test are
shown in Figure .Determine(a) the modulus of elasticity.(b) the proportional limit.(c) the ultimate
strength.(d) the yield strength (0.20% offset).(e) the fracture stress.(f) the true fracture stress if
the final diameter of the specimen at the location of the fracture was0.392 in.

TLO2

L3

131

12
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Strain (in./in.)

2. A tensile test specimen of stainless steel alloy having a diameter of 0.495 in.and a gage
length of 2.00 in. was tested to fracture. Stress and strain data obtainedduring the test are
shown in Figure .Determine:(a) the modulus of elasticity.(b) the proportional limit.(c) the ultimate
strength.(d) the yield strength (0.20% offset).(e) the fracture stress.(f) the true fracture stress if
the final diameter of the specimen at the location of the fracture was 0.350 in.

160

Upper scale

Lower scale

Stress (ksi)

L l L) ' T ' Al l L] l L]
0.020 0.040 0.060 0.080 0.100
0.002 0.004 0.006 0.008 0.010

Strain (in./in.)

0.120

0.012

0.0
0.0

TLO2

L3

131

3. At the proportional limit, a 2-inch gage length of a 0.375-in.-diameter alloy bar has

TLO2

L3

13.1
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elongated0.0083 in. and the diameter has been reduced 0.0005 in. The total tension force on
the bar was 4.75 kips. Determine the following properties of the material:(a) the modulus of
elasticity.(b) Poisson’s ratio.(c) the proportional limit.

4. A solid circular rod with a diameter of d = 16 mmis shown in Figure P3.2. The rod is made of | TLO2 | L3 | 1.3.1
an aluminium alloy that has an elastic modulus of E = 72GPa and Poisson’s ratio of 0.33. When
subjected tothe axial load P, the diameter of the rod decreases by0.024 mm. Determine the
magnitude of load P.
J
P P
- T._ - —
FIGURE P3.2

5. At an axial load of 22 kN, a 45-mm-wide x 15-mme-thick polyimide polymer bar elongates 3.0 | TLO2 | L3 |1.3.1
mmuwhile the bar width contracts 0.25 mm. The bar is 200 mm long. At the 22-kN load, the stress
in thepolymer bar is less than its proportional limit. Determine:(a) the modulus of elasticity.(b)
Poisson’s ratio.(c) the change in the bar thickness.
6. Draw the Stress-strain curve for Mild Steel and explain the properties associated with it. TLO1| L2 |1.3.1
7. Explain Hooke\'s Law & Poisson's ratio. TLO1| L2 |1.3.1
8. Explain Stress - strain test with neat sketch. TLO1| L2 |1.3.1

14
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Course Code and Title: 18EARC204/ Mechanics of Materials

Chapter Number and Title: 3.Axial Deformation

Planned Hours: 5 hrs

Learning Outcomes:-
At the end of the topic the student should be able to:

Topic Learning Outcomes COs

BL

CA Code

Determine the deformation of axially loaded members. CcOo3

L3

13

Lesson Schedule
Class No. - Portion covered per hour / per Class

1. Introduction

2. Deformations in Axially Loaded Bars

3. Deformations in a System of Axially Loaded Bars

4. Saint-Venant’s Principle

5. Statically Indeterminate Axially Loaded Members

Review Questions

Sl.No. - Questions

TLOs

BL

PI
Code

1. The compound axial member shown consists of a20-mm-diameter solid aluminium [E = 70
GPa] segment (1), a 24-mm-diameter solid aluminium segment (2), and a 16-mm-diameter solid
steel [E = 200 GPa]segment (3). Determine the displacements of pointsB, C, and D relative to end

25 m L 3.0m
e

TLO1

L3

131

2. The assembly shown consists ofrigid bar ABC, two fibre-reinforced plastic (FRP) rods ( 1) and
(3), andFRP post (2). The modulus of elasticity for the FRP is E = 18 GPa. Determine the vertical

TLO1

L3

deflection ofjoint D relative to its initial position after the 30-kN load is applied.

131
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v
' |. 24 m 3 1.8 m y

| Rigid bar TB ’] C .

3) ’
3.0m

36m A5= 500 mm*
D
4,= 1,500 mm?
Y P=30kN
R S

3.

A 1.5-m-long rigid beam ABC is supported by three axial members. A concentrated
load of 220 kN is applied to the rigid bar directly under B.

The axial members (1) connected at A and at C are identical aluminum alloy [E =
70 GPa] bars each having a cross-sectional area of A; = 550 mm?” and a length of L, =
2 m. Member (2) is a steel [E = 200 GPa] bar with a cross-sectional area of A> =900
mm” and a length of L, = 2 m. All members are connected with simple pins.

If all three bars are initially unstressed, determine (a) the normal stresses in the alu-
minum and steel bars and (b) the deflection of the rigid beam after application of the
220-kN load.

-

220 kN ‘

0.75 m O.75 m

TLO1

L3

13.1

4. An axial member consisting of twopolymer bars is supported at C as shown inFigure P5.5. Bar

TLO1

L3

131
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(1) has a cross-sectional area 0f540 mm2 and an elastic modulus of 28 GPa. Bar(2) has a cross-
sectional area of 880 mm2 and elastic modulus of 16.5 GPa. Determine thedeflection of point A
relative to support C.

50 kN
—_—
35 kN
-~ (2)
A —
50kN | (D c
0.85m LIS
? e
FIGURE P5.5

5.AnAluminum [E = 70 GPa] member ABC supports aload of 28 kN, as shown in Figure P5.7.
Determine:(a) the value of load P such that the deflection of joint Cis zero.(b) the corresponding

deflection of joint B.
' 28 kN

C
32-mm
1.0 m diameter
(2
— B
1.3 1 50-mm
diameter
.

TLO1

L3

13.1
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Question Paper Title: Minor Exam - 1

Total Duration (H:M):1:15 Course :Mechanics of Materials

(18EARC204)

Maximum Marks :40

Note : Answer any two full questions

Q.No Questions Marks | CO | BL Pl
Code
la Two solid cylindrical rods (1) and (2) are joined together at flange B and 10 CO1 ]| L3 131
loaded, as shown in Figure . If the normal stressin each rod must be
limited to 40 ksi,determine the minimum diameter required for each rod.
llﬁ kips
1b The compound axial member shown consists of a20-mm-diameter solid 10 CO3| L3 | 131
aluminium [E = 70 GPa] seg-ment (1), a 24-mm-diameter solid aluminium
segment (2), and a | 6-mm-diameter solid steel [E = 200 GPa]segment (3).
Determine the displacements of point C, and D relative to end A.
2a Explain material properties associated with stress-strain diagram. 10 Co2 | L2 131
2b The assembly shown consists of rigid bar ABC, two fibre-reinforced plastic 10 CO3 | L3 131

18
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(FRP) rods ( 1) and (3), and FRP post (2). The modulus of elas-ticity for
the FRP is E = 18 GPa. Determine the vertical deflection of joint D relative
to its initial position after the 30-kN load is applied.

)
24m 1.8 m

T

Rigid bar

(1) (2) (3)
3.0m

3om A= 500 mm? Ay = 500 mny? i

D

A,= 1,500 mm?

Y rP=30kN

3a A 1035 hot-rolled steel specimen with adiameter of 0.500 in. and a 2.0-in. 10 CO2 | L3 1.3.1
gage length wastested to fracture. Load and deformation dataobtained
during the test are given. Determine:(a) the modulus of elasticity.(b) the
proportional limit.(c) the ultimate strength.(d) the yield strength (0.05%
offset).(e) the yield strength (0.20% offset).(f) the fracture stress.(g) the
true fracture stress if the final diameter ofthe specimen at the location of
the fracture was0.387 in.

Change in Change
Load Lengrgh Load i Length
(Ib) (in.) (Ib) (in.)
0 0 12,540 0.0209
2.690 0.0000 12,540  0.0255
5.670 00018 14930 0.0487
8.360 0.0028 17.020 0.0835
11.050 0.0037 18,220 0.1252
12,540 0.0042 18.820 0.1809
13,150 0.0046 19,110 0.2551
13,140 0.0060 19,110  0.2