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 “It doesn’t matter how beautiful your theory is, it doesn’t matter how smart you are. 
If it doesn’t agree with experiment, it’s wrong.” - Richard Feynman 

 

Analog Circuits Lab: A primer 

Fundamental philosophy of experimentation in electronics labs 

Human beings love to tinker with things and push back the boundaries of limitation. The electric force 

provides structure to everyday objects, energy for most of our activities, and the flexibility to create 

complex circuitry to contour, manage, and exploit electrons to make them do our bidding. 

In this lab students work slowly and systematically with electronic components and meters to build 

circuits, measure and monitor electric properties, and construct meaningful explanations for the 

powerful interactions taking place in their systems. 

 

Objectives of EC010 307 Analog Circuits Lab: 

After completion of this Lab course the student should be able to achieve the following measurable 

outcomes: 

(a) an ability to apply knowledge of mathematics, science and engineering in scientific inquiry,  

(b) an ability to design and conduct scientific investigation and experiments, as well as to gather 

analyze and interpret data, 

(c) an ability to identify, formulate, and solve an engineering problem, through scientific investigations 

(d) an ability to develop descriptions, explanations, predictions and models using evidence 

(e) an ability to communicate effectively scientific procedures and explanations in formal technical 

presentations/reports 

And in addition, the students are expected to become:  

 1. thoroughly familiar with basic electronic components and how to design and develop electronic 

circuits. 

2. Thoroughly familiar with computer simulation of Electronic Circuits and how to use it proficiently 

for design and development and later aid circuit measurements in the lab.  

3. Thoroughly familiar with proper lab documentation, including notebook record keeping and formal 

written lab report presentation that conforms to industry standard. 

 



 

Pa
ge

4 

It is important that students read about the Design Cycle and become familiar with the different 

components of the model and how different lab activities have been arranged around the Cycle. 

 

This learning model aims to: 

1. improve students' understanding of concepts and their applications in solving engineering challenges; 

2. improve the laboratory learning environment and enhance student achievement and satisfaction; and 

3. maximize lab efficiency and productivity. 

Learning cycle is designed to help students organize and manage learning activities in the lab in a 

meaningful way. The model starts with a real engineering "challenge" problem. The challenge can be 

presented in either video, audio or text format.  This is basically what happens in the real world. The 

customer could come to the engineer and present the problem that needs solving. 

Then the students reflect on the challenge and "Generate Ideas". Once they have articulated their 

thoughts, they can go on to learn from different experts in "Multiple Perspectives & Resources". 

Experts provide hints about things to think about when solving the challenge problem. However, these 

hints do not provide a specific solution to the problem. This allows the learners to compare their naive 

first impressions with the experts to help them notice their lack of differential knowledge. Now they are 

ready to proceed to "Research and Revise". This stage of the learning cycle organizes online tutorials 

and help facilities, online tests, simulations (if any), and other resources into meaningful learning 

activities designed to help them focus on issues related to the initial challenge. Once they think they 

have learned enough, they can go to "Test Your Mettle". Here they engage in a set of activities that 

helps them explore the depth of their knowledge. In the lab, this is basically carrying out and testing the 

laboratory procedures. Once they have completed this, students can progress to the "Go Public" stage 

after proving to themselves that they understand the content well enough to express a solution to the 

challenge. This is the formal write up. 

 

Instructions to students:  

The cover page figure shows the flow of activities that take place. There are Pre-lab assignments in the 

different areas of activities shown. These are requirements that you must complete before the lab class. 

The instructor may ask to see your pre-lab work in class and anyone in the lab without their pre-lab 

work will not be prepared for the lab and will be excused from the lab.     
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1. You will start the lab at The Challenge by reading a problem scenario presented. The Goals and 

Deliverables of the lab are presented there. The challenge is the problem definition. This is where a 

practicing engineer would be presented with an engineering problem. The problem definition can be in 

either verbal or written form. 

 

2. You then proceed to "Generate Ideas". Here you will think about the problem and develop your 

own thoughts and think of ways to resolve it. You can discuss "your initial thoughts" on the challenge 

and how you think the problem could be solved. These thoughts must be written down and included in 

your formal lab report. After this, you are ready to go to the next activity. 

 

3. The next stage is to read about views from experts and look at resources that are available for you in 

"Multiple Perspectives & Resources" is the stage where, after defining the challenge problem, the 

engineer consults different resources, expert opinions, and collect relevant information on the problem. 

These are used in the design of a solution. Resources may include reports and records on similar 

projects done in the past, books, etc. In the case of a student lab challenge, they can be tutorials on 

theoretical concepts, on-line tests, links to other resource sites, etc. These activities and resources 

provide the background needed to design a solution to the challenge problem. There are online 

"resources" that will help you with background information that may be useful to solve the challenge. 

These include tutorials on theoretical concepts, pre-lab calculations and design, on-line tests, links to 

other resource sites, etc. These activities and resources are designed to prepare you to address the 

problem in the Challenge. All theoretical designs, calculations and graphs showing the important 

parameters must be shown and included in your formal lab report. 

 



 

Pa
ge

6 

4. "Research and Revise" is the stage where the actual design of the solution of the problem takes 

place. Depending on the type of challenge problem, some level of computational activities will be 

involved. The design and computation are done to meet set criteria and specifications in the challenge 

problem definition. These design and computational activities are known as "Before-lab" or "Pre-lab" 

activities. 

 

5. "Test Your Mettle" is the actual experimental stage. This is the stage the final design is physically 

realized and tests carried out in a Lab environment. This is where the actual physical assembly, 

construction, and testing of the designed solution takes place. This is where you carry out the practical 

lab experimentation. You will construct the test circuit (s) that you designed using the components and 

parameters you calculated in the "Research and Revise" stage. You may follow the procedures to make 

measurements, analyze, evaluate and interpret the results. 

 

5.  "Publish Your Work" is the formal lab report write up stage. The Formal Technical Lap Report 

structure will be in the "Publish Your Work" stage of the cycle. You should follow the instructions and 

include all sections of that formal technical lab report. In the discussions and conclusions sections, be 

sure to compare your theoretical solutions from "Research and Revise" work with the actual 

experimental results from "Test Your Mettle". Do try to explain differences and their causes. The 

formal technical lab report is due a week from the date of experimentation. 

 

REQUIREMENTS 

There are challenge-driven explorations on electronic circuits that are required to be completed during 

the semester. The student is required to bring a lab notebook to record all experimental work done in 

the lab. A formal written report is expected on each laboratory experiment. Also, there are Pre-lab 

activities on each lab experiment that are required to be completed before coming to the lab. The Pre-

lab activities are designed to help students familiarize with the purposes, theory, techniques and 

components that are required to carry out the experiments. Please note that all Pre-Lab activities 

associated with each experiment are required to be completed before coming to class. More on Pre-Lab 

later. 

 

BRING TO CLASS 

You will be required to keep a lab note book to record discussions, measurement results and other 
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things related to the lab you are carrying out. 

 

GENERAL PROCEDURES 

It is the responsibility of the student to get familiar with the experiments before coming to the 

laboratory. This include reading the lab procedures, online tutorials and other related web-based 

resources, and doing any on-line pre-lab test, calculations and designs. Familiarity with the procedures 

will save considerable time in the execution of the work. The pre-lab work is very important to the 

success of your experiment in the lab. 

At the beginning of each lab period, a short written exercise may be conducted to insure that the student 

has studied the procedure to be performed and, in some cases, has performed any calculations related to 

lab preparations. This will often take the form of a written question or two based on the Lab procedures 

and the handouts. 

The students, in three-person teams, will then perform the assigned work, carefully recording all 

experimental procedures, data, results and relevant information as the lab progresses. If any anomalies 

appear in the data that are difficult to explain, check the data by re-measurement or by a using different 

method of measurement. 

After completing the lab, students are required to return all equipment, components and materials to 

their original places before being dismissed. 

Lab Challenges: 

There are(n) challenge driven explorations which are required to be completed in the semester (one 
lab/week). These lab challenges are intensive and students will be required to put in the effort necessary 
to complete them. 

The challenge-driven labs anchor lab concepts to realistic engineering problems. They present a 
problem scenario and guide students through the engineering process of  problem identification / 
specification, information, designing, construction, testing, making measurements, processing data, 
analyzing results, drawing conclusions, and recommending a solution to the problem. 
The Lab Exploration Challenges are evolved from EC 010 305: Analog Circuits – I, EC 010 307 
Analog Circuits Lab, EC 010 406 : Analog Circuits – II threaded and bonded in the framework of EC 
010 304 Solid State Devices and EC 010 303 Network Theory 

 
Challenge #1: (continued) from EC 010 307 Analog Circuits Lab 

 Exploration of components, devices, instrumentation and measurement platforms and Circuit 

Design Using PSpice 
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 Understanding physical and SPICE models of resistor, capacitor, inductor, energy sources 

(VCVS, CCVS, Sinusoidal source, pulse, etc) and transformer, DIODE, BJT, FET, MOSFET, 

etc 

 

Challenge #2: “All about Transistors: Part II”:  

It shall also include as a subset the following experiments listed in the syllabus: 

Simulation of following circuits using spice (Schematic entry of circuits using standard 

packages) and Analysis- (transient, AC, DC, etc.): 

 Multiple transistor circuits 

 Multi stage Amplifier Design 

 Feedback amplifiers (current series, voltage series) - Gain and frequency response 

 Power amplifiers (transformer less), Class B and Class AB. 

 Cascade amplifiers - Frequency response. (Exp No.2 in syllabus) 

 Cascode amplifiers (using BJT and MOSFETs) - Frequency response (Exp No. 3 in syllabus) 

 Differential amplifiers (using BJT and MOSFETs) - Measurement of CMRR (Exp No.1 in 

syllabus) 

Challenge #3: “All about MOSFETs: Part I”: Investigation of N- and P-Channel MOSFET Parameters, 

Design, Implementation and Evaluation of a MOSFET Matching Amplifier Circuit, Design, 

Implementation and Evaluation of a CMOS Active-Loaded Amplifier Circuit 

It shall also include as a subset the following experiments listed in the syllabus: 

Simulation of following circuits using spice (Schematic entry of circuits using standard 

packages) and Analysis- (transient, AC, DC, etc.): 

 FET Characteristics. 

 MOS characteristics. 

 FET & MOSFET amplifiers. 

Followed by appropriate experimentation for the following: 

 Characteristics of MOSFET. 

 MOSFET amplifier (CS) - frequency response characteristics 

Challenge #4: “All about Operational Amplifiers Part I” 

 Familiarization of Operational amplifiers- Inverting and Non inverting amplifiers, frequency 

response, (Exp No. 4 in syllabus) 

 Measurement of Op-Amp. parameters. (Exp No. 5 in syllabus) 
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Challenge #5: “All about Operational Amplifiers Part II: Linear applications of Operational 

Amplifiers” 

 Difference Amplifier and Instrumentation amplifier. (Exp No. 6 in syllabus)  

 Adder, Integrator (Exp No. 4 in syllabus) 

 Active second order filters using Op-Amp (LPF, HPF, BPF and BSF) (Exp No. 11 in syllabus) 

 

Challenge #6: “All about Operational Amplifiers Part III:  Non Linear applications of Operational 

Amplifiers” 

 Comparator and voltage level detector (Exp No. 4 in syllabus) 

 Astable, Monostable and Schmitt trigger circuits (Exp No. 7 in syllabus) 

 Triangular and square wave generators using Op- Amplifier. (Exp No. 8 in syllabus) 

 Wien bridge oscillator using op-amplifier with amplitude stabilization and amplitude control, 

RC Phase shift Oscillator. (Exp No. 9 in syllabus) 

 Study of 555 and Astable, Monostable multivibrator using 555. (Exp No. 10 in syllabus) 

 A/D converters- counter ramp and flash type. (Exp No. 12 in syllabus) 

 D/A Converters- ladder circuit. (Exp No. 13 in syllabus) 

All lab challenges consist of three phases (Pre-lab activities, In-lab experimentation, and Post-lab 
formal technical Lab report). 
 
Pre-Lab Activities: 

There are Pre-lab activities associated with each lab challenge. These Pre-lab design work are an 

integral part of the lab experimentation process and they must be completed before the lab class. The 

Lab staff with appropriate guidance from teachers will grade students' completed Pre-Lab work at the 

beginning of each lab. The reasons why Lab courses place much emphasis on Pre-Lab design work are 

given below: 

It is important for students to understand the importance and significance of Pre-lab design and analysis 

in the context of the engineering process: 

 

1. The Lab is arranged around an actual engineering design and development cycle (model) that takes 

place in industry. It involves problem definition, information gathering, design and analysis of a 

solution, physical construction of the solution, carrying out test measurements on the solution and data 

collection; analysis of the data, error analysis, drawing conclusions/recommendations, and formal 

reporting/presentation. This is what the Lab is designed to impart and instill in students as future 

engineers. 
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The Lab places the student in a position of responsibility, i.e., an engineer. In each lab, an engineering 

challenge is presented. The student should seek the necessary information, carry out design work, and 

analyze the solution BEFORE he/she can take it to the Lab to construct and carry out tests. If the 

student does not complete the required Pre-lab design and analysis of a solution, then there would be 

nothing (designed) to construct and test in the laboratory. So, would there be a point in an engineer 

going to a lab to construct and carry out tests on "something" if he/she did not carry out the design of 

that "something"? 

2. Engineers do not know everything. But in order to design a solution to a problem, engineers seek out 

the information they do not have in order to complete the design work. In the same way, if student 

engineers have problems in their Pre-Lab design and analysis, they should consult textbooks, their 

teachers for assistance. Students usually have a week between Lab classes and this should be amble 

time to seek necessary assistance and complete any Pre-lab design and analysis activity. 

3. Engineering is a “doing” profession. The heart of the profession involves (when given a problem) the 

use of our knowledge of science, mathematics, and engineering to design a solution, analyze the 

solution, use resources appropriately to construct the solution, test the solution, take measurements, 

process measurement data, analyze results, compare results with the designed values, analyze errors, 

draw conclusions/recommendations, and make formal reports. These abilities form the heart of 

engineering and these are what the Lab is designed to instill in future engineers 

It is the students' responsibility to prepare in advance for lab classes. Students are required to read the 

online lab procedures, tutorials and resources, and complete all Pre-lab calculations and design work. 

There are web-based tutorials and resources provided at appropriate stages of the Cycle to help 

students. However, these resources are limited and one should consult textbooks, the TA, or course 

instructor if more assistance is needed. Familiarity with the procedures will save considerable time in 

the execution of the work. 

Note: Completion of the Pre-lab design assignments is the requisite for a student to attend the lab 

for the experimental  work. Any student without fully completed Pre-lab work is unprepared to 

carry out the experiment. The Lab Staff will dismiss the student from attending the lab. The 

student can return to the lab after completing the Pre-lab design assignments. 

 

In-Lab Experimentation: 

During the lab class, the students, in three-person teams, will perform the experimental work. They will 

construct their designed circuit (from Pre-lab) and carry out the necessary tests, carefully recording 

descriptions of all procedures and relevant information as the lab progresses. Descriptions, data and 

results must be recorded. If any anomalies appear in the data that are difficult to explain, check the data 
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by re-measurement or by different measurements. 

After the completion of the lab experimentations, students should get their measurement data by the 

teacher. Then they should clean up and tidy their lab workstation by putting away all equipment, 

components and materials before being dismissed. 

Post-Lab: Formal Technical Lab Report 

Each student will write his/her own formal technical lab report, which is due in one week after the 

experiment. The formal report should include, but not limited to: 

 

                                        Time, date, place of experiment and names of team members. 

                                        Preliminary work (pre-lab calculations and design work) 

                                        Purpose of the work 

                                        Precise specification of all equipment, components and material used. 

                                        Procedures followed 

                                        Relevant circuit diagrams 

                                        Tabulation of all measurement data taken 

                                        Data analysis and Results 

                                        Conclusions                                       

When writing up the formal report, students are asked to pay close attention to the format, layout, and  

technical details expected in the various sections of their presentations. These are given at 

"Documenting Your Work". 

Grading: 

Grading in the Lab is based both on the performance in three lab phases and the formal technical lab 

report. Each lab is graded on the basis of 100 points. The Formal Technical Lab Report structure and 

the break down of points for each section are show in the "Documenting Your Work". 

     

Lab Conduct and Safety: 

The labs must be taken seriously. It is through lab work and hands-on experimentations that basic 

theories are physically realized and applied to real problems. The labs will provide you with many 

basic engineering hands-on skills and practical knowledge. So, do take your lab work seriously. 

No food. No drinks. No boisterous behavior. Keep a quiet professional setting. 

Always consider the safety aspects of what you are doing. Although the voltages you will encounter for 

the lab exercises will be low and probably harmless, develop good habits of treating electrical circuits 

with precautions. Do not routinely touch bare wires. Do not reach into things you cannot see. Turn off 

power before working on circuits. THINK SAFETY ALWAYS. 
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Respect your lab partner, work as a team, and share the workload. 

Respect your lab staff and teachers. They are there to help you learn and complete the lab.  

 

Documenting Your Work  

 

This is where and how you write up a formal technical report on the outcomes of the Challenge you just 

completed. 

 

Deliverables 

In general, the formal report should show your initial thoughts on the Challenges, any design and 

experimental procedures followed, measurements, any analysis carried out using the measurements, 

and the set after lab activities. The experimental results should be compared with the theoretical results 

computed in the Research & Revise section and discrepancies discussed. Conclusions should address 

the problems of the challenge. 

Be sure to include all plots, data, and calculations from the laboratory in your report.  Label all plots, 

tables, etc., appropriately so that the teacher can easily understand what you did.  Answer all questions 

in the lab procedures and do a % error analysis between measured and calculated values wherever 

appropriate. 

 

Formal Lab Report Format  

The Formal Report must follow the standard industry format which includes the following sections: 

1. Title Page with Title of Work, Date of Work, Team Members, and your course instructor 

2. Objective(s) of the work 

3. List of Equipment/Components and specifications  

            - Specify all test instruments used by their manufacturer's Type Number 

            - Specify all components used by their values 

            - Specific other materials used 
 

4. Summary of procedures followed 

             - Outline the experimental steps you used (do not reproduce the procedures given here at the 

site in every detail. Outline them  

5. Diagrams  

            - Do a neat job 
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            - Show correct schematics, components and circuit interconnections 

            - Component values must be shown on the circuit diagrams 

 

 
 

6. Data analysis and presentation  

            - Neat tables of measurements showing all variables measured 

            - Graphs (Title of graph, label axes appropriately with correct units, neat, show all measured 

data points) 

            - Interpretation of Graphs (show how you determined the cut-off frequency, the bandwidth, the 

phase angle at the cut-off, etc. on your graphs) 
 

7. Discussions/Conclusions/Summary  

            - Do not generalize (be specific and describe the outcomes on this lab) 

            - Write about what you have learned from this lab and relate them to the Objective (s) of the 

lab. 

            - Draw your conclusions and address them to the Challenges of this lab, 

            - Compare your practical results with the theoretical pre-lab calculations and comment on the 

differences and what caused them 
 

8. The report should be neat and clearly written 

             - The overall presentation must be neat and professional looking. 

             - Pay attention to the order and organization of your report 

             - Pay attention to neatness of diagrams and graphs 

             - Be clear and to the point in your explanations (do not beat around the bush)  

 
The final report must be delivered by the due date set by your instructor. 

Grading Scheme 

 

The following Grading Scheme will be used to evaluate and assess your lab performance  

1. Pre-lab and Post-lab Activities 

            - Initial Thoughts (10 pts)  

            - Research & Revise Calculations (10 pts) 

            - Post-lab Discussions (10 pts) 
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2. Written (Formal) Lab Report 

            - Title Page with Title of Work, Date of Work, Team Members, and TA (5 pts) 

            - Objective (s) of the work (5 pts) 

            - List of Equipment/Components and specifications (5 pts) 

            - Summary of procedures followed (10 pts) 

            - Diagrams (10 pts) 

            - Data analysis and presentation (20 pts) 

            - Conclusions (5 pts) 

            - Overall Order/Neatness/Clarity (10 pts) 

 


