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Preface 

 
The primary focus of any engineering laboratory/ field work in the technical education 

system is to develop the much needed industry relevant competencies and skills. With this in 

view, MSBTE embarked on this innovative ‘I’ Scheme curricula for engineering diploma 

programmes with outcome-base education as the focus and accordingly, relatively large amount 

of time is allotted for the practical work. This displays the great importance of laboratory work 

making each teacher; instructor and student to realize that every minute of the laboratory time 

need to be effectively utilized to develop these outcomes, rather than doing other mundane 

activities. Therefore, for the successful implementation of this outcome-based curriculum, every 

practical has been designed to serve as a ‘vehicle’ to develop this industry identified competency 

in every student. The practical skills are difficult to develop through ‘chalk and duster’ activity in 

the classroom situation. Accordingly, the ‘I’ scheme laboratory manual development team 

designed the practical to focus on the outcomes, rather than the traditional age old practice of 

conducting practical to ‘verify the theory’ (which may become a byproduct along the way). 
 

This laboratory manual is designed to help all stakeholders, especially the students, 

teachers and instructors to develop in the student the pre-determined outcomes. It is expected 

from each student that at least a day in advance, they have to thoroughly read through the 

concerned practical procedure that they will do the next day and understand the minimum 

theoretical background associated with the practical. Every practical in this manual begins by 

identifying the competency, industry relevant skills, course outcomes and practical outcomes 

which serve as a key focal point for doing the practical. The students will then become aware 

about the skills they will achieve through procedure shown there and necessary precautions to be 

taken, which will help them to apply in solving real-world problems in their professional life.  

 

This manual also provides guidelines to teachers and instructors to effectively facilitate 

student-centered lab activities through each practical exercise by arranging and managing 

necessary resources in order that the students follow the procedures and precautions 

systematically ensuring the achievement of outcomes in the students.   
 

Operational Amplifier (Op-Amp) is the most versatile Linear Integrated Circuit (IC) used 

to develop various application in electronic circuits and equipment. Hence this course is intended 

to develop the skills to build, test, diagnose and rectify the Op-Amp based electronic circuits. 

This course deals with various aspects of Linear Integrated circuits used in various industrial, 

consumer and domestic applications. 

 

Although all care has been taken to check for mistakes in this laboratory manual, yet it is 

impossible to claim perfection especially as this is the first edition. Any such errors and 

suggestions for improvement can be brought to our notice and are highly welcome 
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Programme Outcomes (POs) to be achieved through Practical of this Course: 

Following programme outcomes are expected to be achieved through the practicals of this course  

PO1. Basic knowledge: Apply knowledge of basic mathematics, sciences and basic engineering 

to solve the broad-based Electronics and Telecommunication engineering problems. 

 

PO2. Discipline knowledge: Apply Electronics and Telecommunication engineering knowledge 

to solve broad-based Electronics and Telecommunications engineering related problems. 

 

PO3. Experiments and practice: Experiments and practice: Plan to perform experiments and 

practices to use the results to solve broad-based Electronics and Telecommunication engineering 

problems. 

 

PO4. Engineering tools: Apply relevant Electronics and Telecommunications technologies and 

tools with an understanding of the limitations 

 

PO5. The engineer and society: Assess societal, health, safety, legal and cultural issues and the 

consequent responsibilities relevant to practice in field of Electronics and Telecommunication 

engineering. 

 

PO6. Environment and sustainability: Apply Electronics and Telecommunication engineering 

solutions also for sustainable development practices in societal and environmental contexts. 

 

PO7. Ethics: Apply ethical principles for commitment to professional ethics, responsibilities and 

norms of the practice also in the field of Electronics and Telecommunication engineering. 

 

PO8. Individual and team work: Function effectively as a leader and team member in diverse/ 

multidisciplinary teams. 

 

PO9. Communication: Communicate effectively in oral and written form. 

 

PO10. Life-long learning: Engage in independent and life-long learning activities in the context 

of technological changes also in the Electronics and Telecommunication engineering and allied 

industry. 

 

Program Specific Outcomes (PSO) (What s/he will be able to do in the Electronics and 

Telecommunication engineering specific industry soon after the diploma programme). 

 

PSO1. Electronics and Telecommunication Systems: Maintain various types of Electronics 

and Telecommunication systems. 

 

PSO2. EDA Tools Usage: Use EDA tools to develop simple Electronics and 

Telecommunication engineering related circuits. 
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List of Industry Relevant Skills 

 The following industry relevant skills of the competency ‘Maintain electronic circuits 

consisting of Linear Integrated Circuits’ are expected to be developed in students by 

undertaking the practical of this laboratory manual. 

 

1. Select the appropriate IC with the help of data sheet. 

2. Testing of the different IC’ 

3. Select the electronic component of proper value as per the requirement. 

4. Mount the electronic component on breadboard as per circuit diagram. 

5. Test the circuit for the given application. 

6. Compare the observed output with the expected output. 

7. Find faults and trouble shoot the given circuit 

8. Use of relevant EDA tool for Simulation of analog electronics circuits 
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Practical- Course Outcome matrix 

Course Outcomes (COs) 

 a. Use Op-Amp in linear electronic circuits.  

 b. Use various configurations of Op-Amp for different applications. 

 c. Troubleshoot various linear applications of Op-Amp for the given specifications.  

 d. Maintain filters and oscillators used in various electronic circuits. 

 e. Troubleshoot specified applications using various linear ICs. 

Sr. 

No. 
Practical Outcomes(PrO) 

CO 

a. 

CO 

b. 

CO 

c. 

CO  

d. 

CO 

e. 

1.  Use relevant instruments to measure input offset 

voltage, output offset voltage and common mode 

rejection ratio (CMRR) of IC741. 

√ - - - - 

2.  Use relevant instruments to measure the Output 

voltage swing parameter of op-amp IC741 
√ - - - - 

3.  Use relevant instruments to determine gain of  the 

Inverting amplifier and Non Inverting amplifier 

consist of IC741. 

-   √ - - - 

4.  Build/Test adder and subtractor circuit consist of 

IC 741. 
- √ - - - 

5.  Build/Test Integrator circuit consist of IC741. - √  - - 

6.  Build/Test differentiator circuit consist of IC741.
 

- √ - - - 

7.  Build/Test Voltage to Current converter and 

Current to Voltage converter circuit consist of IC 

741. 

- √ - - - 

8.  Build/Test comparator circuit consist of IC741 as 

Zero crossing detector and active positive peak 

detector. 

- √ - - - 

9.  Build/Test Instrumentation amplifier circuit using 

IC LM324. 
- - √ - - 

10.  Use relevant instruments to measure  the 

bandwidth and cutoff  frequency  of the given first 

order low pass Butterworth filter . 

- - - √ - 

11.  Use relevant instruments to measure the bandwidth 

and cutoff  frequency  of the given first order high 

pass Butterworth filter . 

- - - √ - 

12.  Use relevant instruments to measure the cutoff 

frequency of the given notch filter. 
- - - √ - 

13.  Use relevant instruments to measure the frequency 

of oscillation of the given RC Phase shift oscillator 

circuit using IC741. 

- - - √ - 

14.  Measure the frequency of oscillation of the given 

wien bridge oscillator circuit using IC741. 
- - - √ - 
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15.  Build/Test astable multivibrator using IC555 for  

the given specifications. 
- -  - √ 

16.  Build/Test monostable multivibrator using IC555 

for  the given specifications. - -  - √ 
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Guidelines to Teachers  
 

1. Teacher is expected to refer complete curriculum document and follow guidelines for 

implementation 

2. Teacher should provide the guideline with demonstration of practical to the students with 

all features. 

3. Teacher shall explain prior concepts to the students before starting of each practical 

4. Involve students in performance of each practical. 

5. Teacher should ensure that the respective skills and competencies are developed in the 

students after the completion of the practical exercise. 

6. Teachers should give opportunity to students for hands on experience after the 

demonstration. 

7. Teacher is expected to share the skills and competencies to be developed in the students. 

8. Teacher may provide additional knowledge and skills to the students even though not 

covered in the manual but are expected the students by the industry. 

9. Give practical assignment and assess the performance of students based on task assigned 

to check whether it is as per the instructions. 

10. Assess the skill achievement of the students and COs of each unit. 

11. To achieve the PSO2 certain practical’s can be conducted using EDA Tools. 

12. At the beginning Teacher should make the students acquainted with any of the simulation    

    software environment as few practical may be performed using EDA tools. 

 

Instructions for Students 
 

1.  Listen carefully the lecture given by teacher about course, curriculum, learning structure, 

skills to be developed. 

2.  Before performing the practical student shall read lab manual of related practical to be 

conducted. 

3.  For incidental writing on the day of each practical session every student should maintain 

a dated log book for the whole semester, apart from this laboratory manual which s/he 

has to submit for assessment to the teacher. 

4.  Organize the work in the group and make record of all observations. 

5.  Students shall develop maintenance skill as expected by industries. 

6.  Student shall attempt to develop related hand-on skills and gain confidence. 

7.  Student shall develop the habits of evolving more ideas, innovations, skills etc. those 

included in scope of manual 

8.  Student shall refer technical magazines, IS codes and data books. 

9.  Student should develop habit to submit the practical on date and time. 

10. Student should well prepare while submitting write-up of exercise. 
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Page 
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8* 

Build/Test comparator 

circuit consist of IC741 as 

Zero crossing detector and 

active positive peak 

detector. 

9 

Build/Test Instrumentation 

amplifier circuit using IC 

LM324. 
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12 
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frequency  of the given 
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13 
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oscillation of the given RC 

Phase shift oscillator circuit 

using IC741. 

14 

Measure the frequency of 

oscillation of the given 

Wien bridge oscillator 

circuit using IC741. 

15* 

Build/Test astable multi 

vibrator using IC555 for  the 

given specifications. 

16 
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 The practical  marked as ‘*’ are compulsory,

 Column 6
th

 marks to be transferred to Proforma of CIAAN-2017.
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96

105

114

123

130

139



Linear Integrated Circuits (22423) 

 

Maharashtra State Board of Technical Education  1 

Practical No.1: Use relevant instruments to measure the input offset 

                                     voltage, output offset voltage and common mode  

                                     rejection ratio  (CMRR) of IC 741 

 
I Practical Significance  

Op-Amps are very popular building blocks in electronic circuits. Op-Amps are used for a 

variety of applications such as AC and DC signal amplification, filters, oscillators, 

voltage regulators, comparators and in most of the consumer and industrial devices. Op-

Amps exhibit little dependence on temperature-changes or manufacturing variations, 

which makes them ideal building blocks in electronic circuits. The performance of above 

mentioned circuits depends on various parameters of Op-Amp. 

II Relevant Program Outcomes (POs) 

 Basic knowledge: Apply knowledge of basic mathematics, sciences and basic 

engineering to solve the broad-based Electronics and Telecommunication engineering 

problems. 

 Discipline knowledge: Apply Electronics and Telecommunication engineering 

knowledge to solve broad-based Electronics and Telecommunications engineering 

related problems. 

 Experiments and practice: Plan to perform experiments and practices to use the 

results to solve broad-based Electronics and Telecommunication engineering 

problems. 

 

III Competency and Practical Skills 

This practical is expected to develop the following skills for the industry identified 

competency ‘Maintain electronic circuits consisting of linear Integrated Circuits.’ 

 Test Analog IC-741C. 

 Mount the electronic component on breadboard as per circuit diagram. 

 Use DC power supply to provide power to the given circuit 

 

IV Relevant Course Outcome(s) 

 Use Op-Amp in linear electronic circuits. 

 

V Practical Outcome 

 Use relevant instruments to measure the input offset voltage, output offset voltage 

and common mode rejection ratio (CMRR) of IC741. 

 

VI Relevant Affective domain related Outcome(s) 

 Follow safe practices. 

 Follow ethical practices 

 Demonstrate working as a leader/a team member 

 

VII Minimum Theoretical Background  

Operational amplifiers are a direct coupled high gain amplifier usually consisting of one 

or more differential amplifier followed by level shifter and output stage. An Op Amp is 

available as a single integrated circuit package .There are various parameters of Op-Amp 

is to be measured are necessary for faithful amplification. Op-Amp has different 
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electrical parameters like differential input resistance, input offset voltage, output offset 

voltage and common mode rejection ratio . 

Differential input resistance (Ri): It is equivalent resistance measured at either input 

terminal with other terminal grounded. 

Input offset voltage (Vio):It is the voltage applied between two terminals to Op-Amp to 

null Voo.    Vio = |Vdc1-Vdc2|   

Output Offset voltage(V00):It is the output of the Op-Amp when the input terminals are 

grounded. 

Common mode rejection ratio (CMRR): The ability of differential amplifier to reject a 

common mode signal is expressed by its common mode rejection ratio. It is the ratio of 

differential mode gain Ad to the common mode Acm.   CMRR= Ad/ Acm 

It is usually expressed in decibel.(db).  

The IC is identified by marking the device Type Number on the face of the IC. This 

number is usually    

accompanied by the date code, indicating the year and week the device was 

manufactured. 

     
   

Figure 1.1  Nomenclature of IC741 

 

 

    Figure 1.2  Pin diagram of IC741 
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VIII Practical Circuit diagram : 
 

a) Sample circuit diagram 

 

 
 

 
Figure 1.3Input offset voltage (Vio) 

 

 
 

 
 

Figure 1.4 Output offset voltage (Voo) 

 

 

 
 

Figure 1.5 Common mode rejection ratio (CMRR) 
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b) Actual Circuit diagram 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

c) Sample Experimental set up 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

d) Actual Experimental set up 
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IX Resources Required  

 

S. No. Instrument /Components Specification Quantity 

1.  
Variable DC power supply  0- 30V, 2A Dual tracking power 

supply 

2 No.  

2.  Analog IC tester Suitable to test l analog ICs 1 No 

3.  IC-741C Dual-In-Line or S.O. Package 1 No. 

4.  Resistors Ra 10KΩ, 2 No 

5.  Potentiometer 10KΩ 1 No. 

6.  Breadboard 5.5 cm X 17cm 1 No. 

7.  
Connecting wires  Single strand  Teflon coating 

(0.6mm diameter) 

As per 

requirement 

 

X Precautions to be Followed 

1. Ensure proper connections are made to the equipment. 

2. Ensure the power switch is in ‘off’ condition initially. 

3. Ensure the use of proper settings of input DC voltage 

 

XI Procedure  

 

Procedure for measurement of Input offset voltage (Vio) 

1. Test and mount the IC741 on the bread board. 

2. Make connections per given circuit diagram. 

3. Connect dual  power supply to pin No.7 (+ Vcc)  and pin No.4 (- VEE) and DMM to 

pin No. 6 shown in figure no.1.1 

4. Apply DC voltage Vdc1 and Vdc2, in 1V to 15V range to the two input terminals of 

an Op-Amp to get zero output voltage. (Vo = 0V). 

5. Calculate Vio = |Vdc1-Vdc2|   

6. Using DMM measure Vio in  between two input terminals (that is between pin No.2 

and pinNo.3) 

 Note: Practically Vio varies in between 20mV to 80mV 

 

Procedure for measurement of output offset voltage (Voo) 

1. Make the connections as per given circuit diagram. 

2. Connect dual  power supply to pin No.7 (+ Vcc)  and pin No.4 (- VEE) and DMM to 

pin No. 6 shown in figure no.1.2 

3. Ground both input terminals of Op-Amp. 

4. Measure the output voltage using DMM at pin No.6 

5. Adjust 10KΩ potentiometer connected in between pin-1 and pin-5 of IC 741 to get 

output voltage equal to 0V. 

6. Measure Voo range by varying the potentiometer. 

 

Procedure for measurement of common mode rejection ratio (CMRR) 

1. Make the connections as per given circuit diagram. 

2. Connect dual  power supply to pin No.7 (+ Vcc)  and pin No.4 (- VEE) and DMM to 

pin No. 6 shown in figure no.1.3 

3. Apply common voltage Vcm to both the input terminals of IC741. 

4. Measure the output voltage Vocm by using DMM at pin No.6 
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5. Calculate ACM = Vocm / Vcm 

6. Calculate CMRR =Ad/Acm 

        Where Ad= A =Large signal voltage gain specified in data sheet. 

 

XII Resources Used  

S. No. Instrument /Components Specification Quantity 

1.     

2.     

3.     

4.     

5.     

 

XIII Actual Procedure Followed (use blank sheet provided if space not sufficient) 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

 

XIV     Precautions Followed (use blank sheet provided if space not sufficient) 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

 

XV       Observations and Calculations(use blank sheet provided if space not sufficient) 
 

Table No: 1.1 Observation Table for Input offset voltage (Vio) 

 

S.No. Vdc1 

Volts 

Vdc2 

Volts 

Vio = |Vdc1-Vdc2| 

Volts 

1.     

2.     

3.     

4.     

 
 

Table No: 1.2 Observation Table for Output offset voltage (Voo) 

 

Sr.No. Vcm Voo 

1.    

2.    

3.    

4.    
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Table No: 1.3 Observation Table for Common mode rejection ratio (CMRR) 

 

Sr.No. Vcm Vocm Acm Ad=A CMRR=Ad/Ac 

1.       

2.       

3.       

4.       

 

Ad=A= Large signal voltage gain specified in datasheet 

 

          Calculations: 
 

 Vcm= 

  Vocm= 

 Acm=Vocm/Vcm= 

       Ad=A= Large signal voltage gain specified in datasheet 

 CMRR=Ad/Acm= 

 CMRR in dB-20log10 Ad/Acm= 

 

 

XVI Results 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

 

XVII Interpretation of Results (Give meaning of the above obtained results) 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................  

................................................................................................................................................ 

 

XVIII  Conclusions and Recommendation   
................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

 

XIX Practical Related Questions   (Note: Teacher shall assign batch wise additional          

one or two questions related to practical) 

1. Using data sheet find the equivalent IC for IC 741 

2. Write various parameter values using data sheet of IC 741 

3. State different packages available for IC 741 

4. State significance of level shifter circuit of IC 741  

 

[Space for Answers] 
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............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 
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............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................  

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 
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XXI    Assessment Scheme 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

        Name of Team Members 

1. ………………………...... 

2. ………………………...... 

3. ………………………….. 

4. ………………………….. 

 

 

 

 

Performance Indicators Weightage 

Process related: 15 Marks 60% 

1  Handling of the components 10 % 

2  Mounting of component 20 % 

3  Measuring value using CRO 20 % 

4  Working in team 10 % 

Product related:10 Marks 40% 

5  Calculate  various parameters 10 % 

6  Interpretation of result 05 % 

7  Conclusions  05 % 

8  Practical related questions 15 % 

9  Submitting the journal in time 05% 

Total (25 Marks) 100 % 

Marks Obtained 
Dated signature of 

Teacher 

Process 

Related 

(15) 

Product 

Related 

(10) 

Total 

(25) 

 

   

https://www.youtube.com/watch?v=NEiVSbPYWNE
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           Practical No.2: Use relevant instruments to measure the Output voltage  

                                       Swing parameter of Op-Amp IC741. 

 

I  Practical Significance  

The output voltage swing is the range of voltage that an Op Amp physically provide at its 

output. Output Voltage Swing defines how close the op-amp output can be driven to 

saturation voltage under defined operating conditions where the op-amp still can function 

correctly. To design the preferable amplifier circuit used in industry measurement of 

voltage swing is necessary to enhance the performance of amplifier circuit using IC 

741.This practical will enables student to measure the output voltage swing of Op Amp 

using IC741 

 

II  Relevant Program Outcomes (POs) 

 Basic knowledge: Apply knowledge of basic mathematics, sciences and basic 

engineering to solve the broad-based Electronics and Telecommunication 

engineering problems. 

 Discipline knowledge: Apply Electronics and Telecommunication engineering 

knowledge to solve broad-based Electronics and Telecommunications engineering 

related problems. 

 Experiments and practice: Plan to perform experiments and practices to use the 

results to solve broad-based Electronics and Telecommunication engineering 

problems. 
 

III  Competency and Practical Skills 

This practical is expected to develop the following skills for the industry identified 

competency ‘Maintain electronic circuits consisting of linear Integrated Circuits.’ 

 Select relevant electronic components IC 741 and resistor value for specified gain 

 Mounting of the electronic component on breadboard as per circuit diagram. 

 

IV  Relevant Course Outcome(s) 

 Use Op-Amp in linear electronic circuits. 

 

V  Practical Outcome 

 Use relevant instruments to measure the Output voltage Swing parameter of op-amp 

IC741. 

 

VI  Relevant Affective domain related Outcome(s) 

 Follow safe practices. 

 Demonstrate working as a leader/a team member 

 Follow ethical practices 

VII  Minimum Theoretical Background  

The ac output is the maximum unclipped peak to peak output voltage that an OpAmp can 

produce. Since the quiescent output is ideally zero, the ac output voltage can swing 

positive or negative. This also indicates the values of positive and negative saturation 

voltages of the OPAMP. The output voltage never exceeds these limits for a given supply 

voltages +VCC and –VEE. For a 741C it is ± 13 V. 
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VIII  Practical Circuit diagram:  

 

a) Sample circuit diagram 

 

 

 

 

 
 

 
Figure 2.1 Output voltage swing. 

 

 

 

b) Actual Circuit diagram 

 

 

 

 

 

 

 

 

 

 

 

 

 

c) Actual Experimental set up 
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IX  Resources Required  

 

S. 

No. 
Instrument /Components Specification Quantity 

1.  Dual Power supply 0- 30V, 2A Dual tracking power supply 1 No. 

2.  IC-741C Dual-In-Line or S.O. Package 2 No. 

3.  Resistors Rin1 1KΩ 1  No. 

4.  Resistors Rin2 1KΩ 1 No. 

5.  Function Generator 20MHz 2 No. 

6.  Analog IC tester  Suitable to test analog IC 1 No. 

7.  CRO 20MHz Dual Trace Oscilloscope 1  No. 

8.  Breadboard 5.5 cm X 17cm 1 No. 

9.  
Connecting wires  Single strand  Teflon coating (0.6mm 

diameter) 

Asper 

requirement 

 

X  Precautions to be followed 

1. Ensure proper mounting of IC 741 and Resistor on Breadboard. 

2. Ensure proper connection of Circuit 

3. Ensure proper Input Voltage and Supply voltage to the Circuit. 

 

XI  Procedure  

1. Assemble the circuit on breadboard as per circuit diagram given in figure number 2.1.  

2. Connect dual power supply to pin No. 7 (+Vcc) and pin No. 4 (-VEE) of IC 741. 

3. Set two function generator to produce a sine waveform of 1V pp amplitude at 1 KHz.  

4. Check the output of the function generator on CRO before applying it as input. 

5. Apply input signal Vin1 to pin No. 3 and Vin2 to pin No.2 from function generator. 

6. Vary input voltage Vin1 and Vin2 till the output waveform is clipped. 

7. Observe input and output ( pin No. 6) waveforms on CRO.  

8. Note down the reading of peak to peak voltage of output waveform. 

9. Plot the graph for input and output waveforms observed on CRO. 

 

XII  Resources Used  

S. No. Instrument /Components Specification Quantity 

1.     

2.     

3.     

4.     

5.     

 

XIII  Actual Procedure Followed (use blank sheet provided if space not sufficient) 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 
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XIV  Precaution Followed (use blank sheet provided if space not sufficient) 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

 

XV  Observations and Calculations (use blank sheet provided if space not sufficient) 

 

Table No: 2.1 Observation Table for output voltage swing 

 

Sr. No. Vin1(p-p) Vin2 (p-p) Vo (p-p) 

    

1.     

2.     

3.     

4.     

 

            Calculations: 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

 

 

XVI  Results 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................  

................................................................................................................................................ 

 

XVII  Interpretation of Results (Give meaning of the above obtained results) 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................  

................................................................................................................................................ 

 

XVIII Conclusions and Recommendation  

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................  

................................................................................................................................................ 

 

XIX  Practical Related Questions (Note: Teacher shall assign batch wise additional        

one or two questions related to practical) 

 

1. Change the IC 741 and note the output voltage swing. 

2. State the value of Vin1 and Vin2 for output voltage swing. 
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[Space for Answers] 

 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 
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............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................  

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 
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XX     References / Suggestions for further reading 

1. K.R.Botkar, Integrated Circuits, Khanna publication,10
th 

edition,2005,ISBN NO :81-

7409-208-0 

2. Ramakant A.Gayakwad, Op-Amps and linear Integrated Circuits, Prentice -Hall 

India,3
rd 

edition, 2001,ISBN NO : 81-203-0807-7 

3. Tower’s International data book for OpAmp 

 

XXI    Assessment Scheme 
 

Performance Indicators Weightage 

Process related: 15 Marks 60% 

1.  Mounting of IC 741 and resister on breadboard 10 % 

2.  Connection of circuit diagram 20 % 

3.  Measuring the values of output voltage for different 

frequency 

20 % 

4.  Working in team 10 % 

Product related:10 Marks 40% 

5.  Calculate  parameter value 10 % 

6.  Interpretation of result 05 % 

7.  Conclusions  05 % 

8.  Practical related questions 15 % 

9.  Submitting the journal in time 05% 

Total (25 Marks) 100 % 

 

       Name of Team Members 

1. ………………………...... 

2. ………………………...... 

3. ………………………….. 

4. ………………………….. 

 

 

 

 

 

 

Marks Obtained 
Dated signature of 

Teacher 

Process 

Related 

(15) 

Product 

Related 

(10) 

Total 

(25) 
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Practical No.3: Use relevant instruments to determine gain of the Inverting 

      amplifier and Non Inverting amplifier consist of IC741. 

 
 I  Practical Significance  

Op-amps are among the most widely used electronic devices today, being used in a vast 

array of consumer, industrial, and scientific devices. Op-amps may be packaged as 

components or used as elements of more complex integrated circuits. 

The inverting operational amplifier configuration is one of the simplest and most 

commonly used op amp topologies.  

The non-inverting amplifier configuration is one of the most popular and widely used 

forms of operational amplifier circuit. 

The op amp non-inverting amplifier circuit provides a high input impedance along with 

all the advantages gained from using an operational amplifier. 

This practical will enables student to use Op Amp in inverting and non inverting 

configuration and find its output. 

II  Relevant Program Outcomes (POs) 

 Basic knowledge: Apply knowledge of basic mathematics, sciences and basic 

engineering to solve the broad-based Electronics and Telecommunication 

engineering problems. 

 Discipline knowledge: Apply Electronics and Telecommunication engineering 

knowledge to solve broad-based Electronics and Telecommunications engineering 

related problems. 

 Experiments and practice: Plan to perform experiments and practices to use the 

results to solve broad-based Electronics and Telecommunication engineering 

problems. 
 

III  Competency and Practical Skills 

This practical is expected to develop the following skills for the industry identified 

competency ‘Maintain electronic circuits consisting of linear Integrated Circuits.’ 

 Select relevant electronic components IC 741 and resistor value for specified gain 

 Mounting of the electronic component on breadboard as per circuit diagram. 

 

IV  Relevant Course Outcome(s) 

 Use various configurations of Op-Amp for different applications. 

 

V  Practical Outcome 

 Use relevant instruments to determine gain of the Inverting amplifier and Non 

Inverting amplifier consist of IC741. 

VI  Relevant Affective domain related Outcome(s) 

 Follow safe practices. 

 Demonstrate working as a leader/a team member 

 Follow ethical practices 
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VII  Minimum Theoretical Background  
Inverting amplifier is one in which the output is exactly 180

0
 out of phase with respect 

to input(i.e. if you apply a positive voltage, output will be negative). Output is an 

inverted(in terms of phase) amplified version of input: Vo= -(Rf/R1) *Vi 

Non Inverting amplifier is one in which the output is in phase with respect to input(i.e. if 

you apply a positive voltage, output will be positive). Output is an Non inverted(in terms 

of phase) amplified version of input. Vo=(1+Rf/R1)*Vi 

VIII  Practical Circuit diagram:  

a) Sample circuit diagram 

 

 
 

Figure 3.1 Inverting Amplifier 

 
Figure 3.2 Non Inverting Amplifier 
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b) Actual Circuit diagram 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

c) Sample Experimental set up 

 

 
 

Figure 3.3 Inverting amplifier 

 

 
 

Figure 3.4 Non Inverting amplifier 
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d) Actual Experimental set up 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

IX  Resources Required  

Sr. 

No. 

Instrument / 

Components 

 

Specification 
Quantity 

1 
Dual Power supply 0- 30V, 2A Dual tracking power 

supply 

1 No. 

2 IC-741C Dual-In-Line or S.O. Package 2 No. 

3 Resistors R1 1KΩ 2 No. 

4 Resistors Rf 10KΩ, 2 No. 

5 Function Generator 20MHz 2 No. 

6 Analog IC tester Suitable to test analog ICs 1 No. 

7 CRO 20MHz Dual Trace Oscilloscope 2 No. 

8 Breadboard 5.5 cm X 17cm 2 No. 

9 
Connecting wires  Single strand  Teflon coating 

(0.6mm diameter) 

As per 

requirement 
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X  Precautions to be followed 

1. Ensure proper mounting of IC 741 and Resistor on Breadboard. 

2. Ensure proper connection of Circuit 

3. Ensure proper Input Voltage and Supply voltage to the Circuit. 

 

XI  Procedure  

Inverting amplifier  

1. Test IC741 with analog IC tester. 

2. Make the point of supply voltage +15V, -15V and Ground on the Breadboard. 

3. Connect pin No. 7 to +15V and pin No. 4 to -15V and pin No. 3 to Ground. 

4. Connect R1 and Rf as shown in Figure 3.1 

5. Select Sine wave Vin of (1V, 500 Hz) from Function generator, Check the wave on 

CRO. 

6. Apply the selected Sine wave input to pin No. 2. 

7. Keep the amplitude constant and change input frequency from 100Hz to 1MHz. 

8. Measure VOut on CRO from pin No.6 and note down the reading. 

9. Plot graph of frequency versus gain on semi log. 

10. Find out band width and cut off frequency from semi log 

 

Non Inverting amplifier  

1. Test IC741 with analog IC tester. 

2. Make the point of supply voltage +15V, -15V and Ground on the Breadboard. 

3. Connect pin No. 7 to +15V and pin No. 4 to -15V and pin No. 2 to Ground. 

4. Connect R1 and RF as shown in Figure 3.2 

5. Select Sine wave Vin of (1V, 500 Hz) from Function generator, Check the wave on 

CRO. 

6. Apply the selected Sine wave input to Pin No. 3. 

7. Keep the amplitude constant and change input frequency from 100Hz to 1MHz. 

8. Measure Vout on CRO from pin No. 6 and note down the reading. 

9. Plot graph of frequency versus gain on semi log. 

10. Find out band width and cut off frequency from semi log 

 

XII  Resources Used  

S. No. 
Instrument / 

Components 
Specification Quantity 

1.     

2.     

3.     

4.     

5.     

 

XIII  Actual Procedure Followed (use blank sheet provided if space not sufficient) 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 
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XIV  Precaution Followed (use blank sheet provided if space not sufficient) 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

 

XV  Observations and Calculations (use blank sheet provided if space not sufficient) 

 

Table No: 3.1 Observation Table For inverting amplifier Vi = 1V pp. 

Sr. 

No. 
Input Frequency(Hz) 

Output Voltage, 

Vout(Volts) 

Voltage Gain 

(A= Vout/Vi) 

 

Gain in dB 

20 log(Vout/Vi) 

1.  100Hz    

2.  500Hz    

3.  1K    

4.  3K    

5.  6K    

6.  10K    

7.  20K    

8.  30K    

9.  40K    

10.  50K    

11.  60K    

12.  70K    

13.  80K    

14.  90K    

15.  100K    

16.  200K    

17.  300K    

18.  400K    

19.  500K    

20.  1M    
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Table No: 3.2 Observation Table For Non Inverting amplifier Vi = 1V pp. 

 

Sr. 

No. 

Input 

Frequency(Hz) 

Output Voltage,Vo 

(Volts) 

Voltage Gain 

(A= Vo/Vi) 

Gain in dB 

20 log(Vo/Vi) 

1.  100 Hz    

2.  500 Hz    

3.  1K    

4.  3K    

5.  6K    

6.  10K    

7.  20K    

8.  30K    

9.  40K    

10.  50K    

11.  60K    

12.  70K    

13.  80K    

14.  90K    

15.  100K    

16.  200K    

17.  300K    

18.  400K    

19.  500K    

20.  1M    

 

Calculations: 
 

i. Voltage Gain: Vo/Vi = 

 

 

ii. Voltage Gain in dB : 20log (Vo/Vi) = 

 

 

XVI  Results 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 
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XVII  Interpretation of Results (Give meaning of the above obtained results) 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

 

XVIII Conclusions and Recommendation  

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................  

 

XIX  Practical Related Questions (Note: Teacher shall assign batch wise additional        

one or two questions related to practical) 

 

1. Draw the nature of output waveform for inverting and non-inverting amplifier which is   

shown in figure 3.1 and 3.2 for given sine wave. 

2. State  the effect of negative feedback in inverting amplifier? 

3. Design a non-inverting amplifier for gain =5 

4. State the maximum input signal voltage that can be applied in experimental circuit for 

linear operation? 

[Space for Answers] 

 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................  

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................  

............................................................................................................................................................ 

............................................................................................................................................................ 
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............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................  

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................  

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................  

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................  

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................  

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 
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............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

XX References / Suggestions for further reading 

1. Electronics Component Handbook; Jones, Thomas H., Reston Publishing, Resto, 

Virginia, USA, ISBN: 978087909222 

2. Tower’s International data book for OpAmp 

3. Ramakant A.Gayakwad, Op-Amps and linear Integrated Circuits, Prentice -Hall 

India,3
rd

edition, 2001,ISBN NO : 81-203-0807-7 

4. K.R.Botkar, Integrated Circuits, Khanna publication,10
th 

edition,2005,ISBN NO :81-

7409-208-0 

 

XXI    Assessment Scheme 

 

Performance Indicators Weightage 

Process related: 15 Marks 60% 

1.  Mounting of IC 741 and resistor on breadboard 10 % 

2.  Connection of circuit diagram 20 % 

3.  Measuring the values of output voltage for different 

frequency 

20 % 

4.  Working in team 10 % 

Product related:10 Marks 40% 

5 Calculate  Gain and Bandwidth 10 % 

6 Interpretation of result 05 % 

7 Conclusions  05 % 

8 Practical related questions 15 % 

9 Submitting the journal in time 05% 

Total (25 Marks) 100 % 

 

           Name of Team Members 

1. ………………………...... 

2. ………………………...... 

3. ………………………….. 

4. ………………………….. 

 

 

 

 

 

 

Marks Obtained Dated signature of 

Teacher 

Process 

Related 

(15) 

Product 

Related 

(10) 

Total 

(25) 
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Practical No. 4: Build/Test adder and subtractor circuit consist of IC 741. 

 

I Practical Significance  

In adder and subtractor circuit the input signal can be added and subtracted to the desire 

value by selecting appropriate values for the external resisters. These arithmetic functions 

employed in analog circuits. This circuit can be used to add ac or dc signals. This circuit 

provides an output voltage proportional to or equal to the algebraic sum of two or more 

input voltage each multiplied by a constant gain factor. This practical will enable student 

to add and subtract signals using IC 741 

II Relevant Program Outcomes (POs) 

 Basic knowledge: Apply knowledge of basic mathematics, sciences and basic 

engineering to solve the broad-based Electronics and Telecommunication 

engineering problems. 

 Discipline knowledge: Apply Electronics and Telecommunication engineering 

knowledge to solve broad-based Electronics and Telecommunications engineering 

related problems. 

 Experiments and practice: Plan to perform experiments and practices to use the 

results to solve broad-based Electronics and Telecommunication engineering 

problems. 

 

III Competency and Practical Skills 

This practical is expected to develop the following skills for the industry identified 

competency ‘Maintain electronic circuits consisting of linear Integrated Circuits.’ 

 Select relevant electronic components IC 741 and resister value for specified gain. 

 Mounting of the electronic component on breadboard as per circuit diagram. 

 

IV Relevant Course Outcome(s) 

 Use various configurations of Op-Amp for different applications. 

 

V Practical Outcome 

 Build/Test adder and subtractor circuit consist of IC 741. 

 

VI  Relevant Affective domain related Outcome(s) 

 Follow safe practices. 

 Demonstrate working as a leader/a team member. 

 Follow ethical practices 

VII  Minimum Theoretical Background  
Adder and subtractor circuit using Op Amp is used to perform arithmetic operations like 

addition, subtraction etc. it is always used in close loop mode with negative feedback and 

the voltage gain is controlled by external component R1 and Rf when the power supply is 

connected there is output even when the two inputs are grounded this is called offset. It 

can be made zero by connecting 10KΩ POT between pin 1 and 5 and connecting wiper to 

pin 4. In inverting configuration of an op-amp if more than one input is given to inverting 

terminal then resultant circuits work as summing amplifier or adder. 

Vout = -(Rf/ R) * (V1 + V2) 

Using a basic differential OpAmp configuration a subtractor can be designed. A 

difference amplifier has an output proportional to difference between the inputs. In 
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difference amplifier resistors are of same value. Hence gain of difference amplifier is 

one. 

Vout = (Rf / R)* (V1 -V2) 

 

VIII  Practical Circuit diagram:   
 

a) Sample circuit diagram 

 

 
 

Figure 4.1  Inverting Adder 

 

 
 

Figure 4.2  Subtractor 

 

b) Actual Circuit diagram 
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c) Sample Experimental set up  

 

 
 

Figure 4.3  Subtractor 

 

 
 

Figure 4.4 Adder 

 

d) Actual Experimental set up 
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IX Resources Required Inverting Adder and subtractor 

 

Sr. 

No. 

Instrument 

/Components 
Specification Quantity 

1. Dual Power supply 0- 30V, 2A Dual tracking power supply 1 No. 

2. IC-741C Dual-In-Line or S.O. Package 2 No. 

3. Resistors R1 , R2 1KΩ 4 No. 

4. Resistors Rf 1KΩ, 2 No. 

5. Analog IC tester Suitable to test analog ICs 1 No. 

6. DMM 0-30V,2A 2 No. 

7 Breadboard 5.5 cm X 17cm 2 No. 

8 
Connecting wires  Single strand  Teflon coating (0.6mm 

diameter) 

As per 

requirement 

 

X Precautions to be followed 

1. Ensure the proper value of resistor for specified gain. 

2. Ensure proper connections are made to the equipment. 

3. Ensure the power switch is in ‘off’ condition initially. 

4. Ensure the input voltage is in proper value. 

 

XI Procedure  

  Inverting Adder 

1. Test and mount the IC on the breadboard. 

2. Make connection as per circuit diagram. 

3. Connect dual power supply. 

4. Apply input voltages V1 and V2 using regulated power supply. 

5. Connect DMM to the output of circuit pin No.6 

6. Perform offset nulling (Ground both the inputs and measure output on DMM. Adjust 

10KΩ Potentiometer Connected between 1 and 5 to get 0 volt at the output) 

7. Adjust input voltages V1 and V2 using regulated power supply. 

8. Calculate (V1 + V2) and the theoretical output voltage using the formula 

9. Vout = -(Rf/ R) * (V1 + V2)  Note: R=R1=R2 

10. Using DMM, measure V0and record it in the observation table 

11. Compare theoretical and observed output. 

12. Repeat steps 5 and 8 for different values of V1, V2. 

 

  Subtractor 

1. Test and mount the IC on the breadboard. 

2. Make connection as per circuit diagram. 

3. Connect dual power supply. 

4. Apply input voltages V1 and V2 using regulated power supply. 

5. Connect DMM to the output of circuit pin No.6 

6. Perform offset nulling (Ground both the inputs and measure output on DMM. Adjust 

10KΩ Potentiometer Connected between 1 and 5 to get 0 volt at the output) 

7. Adjust input voltages V1 and V2 using regulated power supply. 

8. Calculate (V1 - V2) and the theoretical output voltage using the formula 

9. Vout = Rf/ R* (V1 - V2)  Note: R=R1=R2=Rf 

10. Using DMM, measure V0 and record it in the observation table 

11. Compare theoretical and observed output. 

12. Repeat steps 5 and 8 for different values of V1, V2. 
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XII Resources Used  

 

Sr. 

No. 
Instrument /Components Specification Quantity 

1.     

2.     

3.     

4.     

5.     

 

 

XIII    Actual Procedure Followed (use blank sheet provided if space not sufficient) 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

 

XIV    Precautions Followed (use blank sheet provided if space not sufficient) 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................  

................................................................................................................................................ 

 

XV     Observations and Calculations (use blank sheet provided if space not sufficient) 
 

Table No: 4.1 Observation Table for Inverting Adder 
 

SR 

No. 

Input 

Voltage 

(volts) 

(V1 + V2) 

 

Vout = -(Rf/ R)  

* (V1 + V2) 

(theoretical) 

Output voltage  

Vout 

 (practical) 

 

Practical Gain = 

Vout /(V1 + V2) 

 

V1 V2 

1.       

2.       

3.       

4.       

5.       

 

Note: R1= R2= Rf =R 
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Table No: 4.2 Observation Table for Subtractor 

 

SR 

No. 

Input 

Voltage 

(volts) 
(V1 - V2) 

 

Vout = (Rf/ R) * (V1 -V2) 

(theoretical) 

Output 

voltage 

Vout 

(practical) 

 

Practical Gain = 

Vout /(V1 - V2) 

 V1 V2 

1.       

2.       

3.       

4.       

5.       

 

                Note: R1= R2= R3= Rf =R 

 

       Calculations: 

 

            Inverting Adder 

 

1. (V1 + V2) =  

2. Vout = -Rf/ R* (V1 + V2) 

3. Practical Gain =Vout /(V1 + V2) 

 

         Subtractor 

 

1. (V1 -V2) =  

2. Vout = Rf/ R* (V1 - V2) 

3. Practical Gain =Vout /(V1 - V2) 

 

 

XVI Results 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

 

XVII  Interpretation of Results (Give meaning of the above obtained results) 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

 

XVIII Conclusions and Recommendation  

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 
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XIX  Practical Related Questions 

1. Can the given adder circuit  be used for averaging? If yes, how? Justify 

2. Why it is necessary to null the offset voltage before using the OPAMP? 

3. Draw the circuit diagram of non-inverting Adder. 

4. State the expression for output voltage of non-inverting summing amplifier? 

5. Draw the circuit for the define output equation Vo = 2(V1 + V2 + V3) 

6. Suggest the circuit and value of input and feedback resistor for given output equation 

Vo = -3(Va- Vb) 

7. State two basic differences between inverting and non inverting averaging amplifier. 

 

[Space for Answers] 
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............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 
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............................................................................................................................................................ 

............................................................................................................................................................ 
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............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

XX      References / Suggestions for further reading 

1. Electronics Component Handbook; Jones, Thomas H., Reston Publishing, Resto, 
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XXI    Assessment Scheme 

 

Performance Indicators Weightage 

Process related: 15 Marks 60% 

1  Mounting of IC 741 and proper value of resistor on 

breadboard 

10 % 

2  Connection of circuit diagram 20 % 

3  Measuring the values of output voltage for different 

value of input voltage 

20 % 

4  Working in team 10 % 

Product related:10 Marks 40% 

5  Calculate theoretical value of output 10 % 

6  Interpretation of result 05 % 

7  Conclusions  05 % 

8  Answer to practical related questions 15 % 

9  Submitting the journal in time 05% 

Total (25 Marks) 100 % 

 

Name of Team Members 

1. ………………………...... 

2. ………………………...... 

3. ………………………….. 

4. ………………………….. 

 

 

 

 

 

Marks Obtained 
Dated signature of 

Teacher 

Process 

Related 

(15) 

Product 

Related 

(10) 

Total 

(25) 
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Practical No. 5: Build / Test Integrator circuit consist of IC741 
 

I Practical Significance  

Operational amplifier can be configured as integration. In an integrating circuit, the         

output is the integration of the input voltage with respect to time. An integrator circuit 

which consists of active devices is called an Active integrator. An active integrator 

provides a much lower output resistance and higher output voltage than is possible with a 

simple RC circuit.  Integrator circuits are usually designed to produce a triangular wave 

output from a square wave input. Integrating circuits have frequency limitations while 

operating on sine wave input signals. This practical will enable student to convert the 

square wave to triangular wave using IC 741 

 

II Relevant Program Outcomes (POs) 

 Basic knowledge: Apply knowledge of basic mathematics, sciences and basic 

engineering to solve the broad-based Electronics and Telecommunication 

engineering problems. 

 Discipline knowledge: Apply Electronics and Telecommunication engineering 

knowledge to solve broad-based Electronics and Telecommunications engineering 

related problems. 

 Experiments and practice: Plan to perform experiments and practices to use the 

results to solve broad-based Electronics and Telecommunication engineering 

problems. 

 

III Competency and Practical Skills 

This practical is expected to develop the following skills for the industry identified 

competency ‘Maintain electronic circuits consisting of linear Integrated Circuits.’ 

 Select relevant electronic components IC 741 and resistor and capacitor value for 

specified gain  

 Mounting of the electronic component on breadboard as per circuit diagram of 

integrator 

 

IV Relevant Course Outcome(s) 

 Use various configurations of Op-Amp for different applications. 

 

V Practical Outcome 

 Build/Test Integrator circuit consists of IC741. 

 

VI Relevant Affective domain related Outcome(s) 

 Follow safe practices. 

 Demonstrate working as a leader/a team member. 

 Follow ethical practices 

 

VII Minimum Theoretical Background  
An integrator is a circuit that performs a mathematical operation called integration. 

Integration is a process of continues additions. The most popular application of an 

integrator is to produce a ramp of output voltage which is linearly increasing or 

decreasing voltage. It is similar to inverting amplifier circuit except that the feedback is 

through capacitor C instead of register RF. If the input voltage is step voltage then output 

voltage will be ramp or linearly changing voltage. Integrators are widely used in ramp or 

sweep generator, in filter, analog computer etc.  

VO= -1/RC ∫Vi dt 
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VIII Practical Circuit diagram :  

a) Sample Circuit diagram  

 

 
Figure 5.1  Active Integrator 

 

 

b) Actual Circuit diagram 
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c) Sample Experimental set up 

 

 
 

Figure 5.2  Active Integrator 

 

 

d) Actual Experimental set up 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

IX Resources Required  
 

Sr. 

No. 

Instrument 

/Components 
Specification Quantity 

1. 
Dual Power supply ± 15 V 2A  Dual tracking power 

supply 

1 No. 

2. IC-741C Dual-In-Line or S.O. Package 1 No. 

3. Resistors R1 10KΩ 1 No. 

4. Resistors Rf 100KΩ, 1 No. 

5. Capacitor CF 0.01µF  1 No. 

6. Function generator  02 Hz to 2 MHz 1 No. 

7. CRO  0 to 20 MHz 1 No. 

8. Analog IC tester Suitable to test  analog IC  1 No. 

9. Breadboard 5.5 cm X 17cm 1 No. 

10. 
Connecting wires  Single strand  Teflon coating 

(0.6mm diameter) 

As per requirement 
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X Precautions to be Followed 

1. Ensure proper connections are made to the equipment. 

2. Ensure the power switch is in ‘off’ condition initially. 

3. Ensure the use of proper settings of function generator and CRO. 

4. Insure the proper value of resistor and capacitor.  

 

XI Procedure  

1. Assemble the circuit on breadboard as per circuit diagram. 

2. Connect dual power supply to pins No.7 (+Vcc) and pin No.4 (-VEE) of IC 741. 

3. Set the function generator to produce a sine waveform of 1V pp amplitude at 1 KHz 

to pin No. 2 

4. Check the waveform on CRO before applying it as input. 

5. Observe input and output (pin No.6) waveforms on CRO for 1 KHz frequency and 

check the phase shift for the given input from function generator and CRO. 

6. Vary the input frequency from 100 Hz to 10 KHz keeping input voltage 1V.  

7. Measure the output voltage for each frequency and note the output voltage in 

observation table. 

8. Plot the graph gain vs. frequency on semi log paper. Calculate gain for different input 

frequency in decibels. 

 

XII Resources Used  

 

S. 

No. 
Instrument /Components Specification Quantity 

1.     

2.     

3.     

4.     

 

XIII Actual Procedure Followed (use blank sheet provided if space not sufficient) 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................  

 

XIV    Precaution Followed (use blank sheet provided if space not sufficient) 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................  

................................................................................................................................................ 
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XV  Observations and Calculations(use blank sheet provided if space not sufficient) 

Table No: 5.1 Observation Table for Integrator Input Voltage Vi = 1 V pp 

 

Sr. 

No. 

Input 

Frequency 

(Hz) 

Output Voltage, 

Vo (Volts) 

Gain in dB 

20 log10(Vo/Vi) 

1.  100 Hz   

2.  200 Hz   

3.  300 Hz   

4.  400 Hz   

5.  500 Hz   

6.  600 Hz   

7.  700 Hz   

8.  800 Hz   

9.  900 Hz   

10.  1 K   

11.  2 K   

12.  3 K   

13.  4 K   

14.  5 K   

15.  6 K   

16.  7 K   

17.  8 K   

18.  9 K   

19.  10 K   

 

Calculations: 
 

 i. Voltage Gain : Vo/Vi 

 

 

 ii. Voltage Gain in dB : 20 log10( Vo/Vi) 

 

 

iii. 3 dB Bandwidth, B/W = FH-FL 

 

XVI Results 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

 

XVII Interpretation of Results (Give meaning of the above obtained results) 

 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 
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XVIII Conclusions and Recommendation  

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

 

XIX Practical Related Questions 

1. Apply different inputs: sine wave, square wave and triangular wave to the integrator 

and observe the output. Draw input and output waveforms on graph paper.  

2. Repeat the integrator  practical for  R1= 10K, Cf = 0.02µf and the input voltage is V 

in = 4 Vpp 

3. Can integrator act as low pass filter? Justify your answer with the help of frequency 

response. 

4. State the effect on output of an integrator circuit for a condition T<RfCf? Give reason.  

 

 

[Space for Answers] 
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............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................  

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 
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............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

XX      References / Suggestions for further reading 

1. Electronics Component Handbook; Jones, Thomas H., Reston Publishing, Resto, 
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2. Tower’s International data book for OpAmp 
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XXI    Assessment Scheme 

 

Performance Indicators Weightage 

Process related: 15 Marks 60% 

1.  Mounting of IC 741 and proper value of resistor and 

capacitor on breadboard 

10 % 

2.  Connection of circuit diagram 20 % 

3.  Measuring value using CRO 20 % 

4.  Working in team 10 % 

Product related:10 Marks 40% 

5.  Calculate theoretical value of output 10 % 

6.  Interpretation of result 05 % 

7.  Conclusions  05 % 

8.  Answer to practical related questions 15 % 

9.  Submitting the journal in time 05% 

Total (25 Marks) 100 % 

 

Name of Team Members 

1. ………………………...... 

2. ………………………...... 

3. ………………………….. 

4. ………………………….. 

 

 

 

 

 

Marks Obtained 
Dated signature of 

Teacher 

Process 

Related 

(15) 

Product 

Related 

(10) 

Total 

(25) 
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Practical No. 6: Build/Test differentiator circuit consists of IC741. 

I Practical Significance  

In differentiator circuit  the position of the capacitor and resistor have been reversed and 

now the reactance, XC is connected to the input terminal of the inverting amplifier while 

the resistor, Rƒ forms the negative feedback element across the operational amplifier. The 

differentiator circuit performs the mathematical operation of and “produces a voltage 

output voltage which is directly proportional to the input voltages rate-of-change with 

respect to time”. The faster or larger the change to the input voltage signal, the greater the 

input current, the greater will be the output voltage change becoming more of a “spike” in 

shape. The input signal to the differentiator is applied to the capacitor. The capacitor 

blocks DC content so there is no current flow to the amplifier summing point. Resulting 

in zero output voltage. The capacitor only allows AC type input voltage changes to pass 

through and whose frequency is dependent on the rate of change of the input signal. This 

practical will enable student to convert the square wave to spike wave using IC 741. 

 

II Relevant Program Outcomes (POs) 

 Basic knowledge: Apply knowledge of basic mathematics, sciences and basic 

engineering to solve the broad-based Electronics and Telecommunication 

engineering problems. 

 Discipline knowledge: Apply Electronics and Telecommunication engineering 

knowledge to solve broad-based Electronics and Telecommunications engineering 

related problems. 

 Experiments and practice: Plan to perform experiments and practices to use the 

results to solve broad-based Electronics and Telecommunication engineering 

problems. 

 

III Competency and Practical Skills 

This practical is expected to develop the following skills for the industry identified 

competency ‘Maintain electronic circuits consisting of linear Integrated Circuits.’ 

 Select relevant electronic components IC741, resistor and capacitor value for 

specified gain  

 Mounting of the electronic component on breadboard as per circuit diagram. 

 

IV Relevant Course Outcome(s) 

 Use various configurations of Op-Amp for different applications. 

 

V Practical Outcome 

 Build/Test differentiator circuit consist of IC741  

 

VI Relevant Affective domain related Outcome(s) 

 Follow safe practices. 

 Demonstrate working as a leader/a team member. 

 Follow ethical practices 

VII Minimum Theoretical Background  
The differentiator circuit performs the mathematical operation of differentiation i.e. the 

output waveform is the derivative of the input waveform. The differentiator may be 

constructed from a basic inverting amplifier if an input resistor R1 is replaced by a 

capacitor C1 . 
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The expression for the output voltage can be obtained as  the output V0 is equal to RF C1 

times the negative rate of change of the input voltage Vin with time. The (–) sign 

indicates a 180 phase shift of the output waveform V0 with respect to the input signal.  

Since the differentiator performs the reverse of the integrator function. 

VO= -RC dvi/dt 

VIII Practical Circuit diagram :  

 

a) Sample circuit diagram 

 
 

Figure 6.1 Active differentiator 

 

b) Actual Circuit diagram 
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c) Sample Experimental set up 
 

 
 

Figure 6.2 Active differentiator 

 

d) Actual Experimental set up 

 

 

 

 

 

 

 

 

 

 

 

 

IX Resources Required  
 

Sr. 

No. 

Instrument 

/Components 
Specification Quantity 

1. 
Dual Power 

supply 

0- 30V, 2A Dual tracking power supply 1 No. 

2. IC-741C Dual-In-Line or S.O. Package 1 No. 

3. Resistors R1 82Ω 1 No. 

4. Resistors Rf 1.5KΩ, 1 No. 

5. Capacitor CF 0.01µF  1 No. 

6. Capacitor C1 0.1µF  1 No. 

7. Resistors Rl 10 KΩ, 1 No. 

8. Resistors RROM 1.5KΩ, 1 No. 

9. 
Function 

generator  

02 Hz to 2 MHz 1 No 

10. CRO  0 to 20 MHz 1 No 

11. 
Analog IC tester All analog IC tester 1 No. 

12 Breadboard 5.5 cm X 17cm 1 No. 

13 
Connecting wires  Single strand  Teflon coating (0.6mm 

diameter) 

As per 

requirement 
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X Precautions to be Followed 

1. Ensure proper connections are made to the equipment. 

2. Ensure the power switch is in ‘off’ condition initially. 

3. Ensure the use of proper settings of function generator and CRO. 

4. Ensure the proper value of resistor and capacitor.  

 

XI Procedure  

1. Assemble the circuit on breadboard as per circuit diagram. 

2. Connect dual power supply to  pin No.7 (+Vcc) and pin No.4 (-VEE ) of IC 741. 

3. Set the function generator to produce a sine waveform of 1V pp amplitude at 1 KHz.  

4. Check the waveform on CRO before applying it as input. 

5. Observe input and output waveforms ( at pin No.6) on CRO for 1 KHz frequency and 

check the phase shift for the given input from function generator and CRO 

6. Vary the input frequency from 100 Hz to 10 KHz keeping input voltage 1V.  

7. Measure the output voltage for each frequency and note the output voltage in 

observation table 5.1 

8. Plot the graph gain vs. frequency on semi log paper. Calculate gain for different input 

frequency in decibels. 

 

XII Resources Used  

Sr. No. Instrument /Components Specification Quantity 

1.     

2.     

3.     

4.     

5.     

 

XIII Actual Procedure Followed (use blank sheet provided if space not sufficient) 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

 

 

XIV   Precaution Followed (use blank sheet provided if space not sufficient) 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 
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XV  Observations and Calculations(use blank sheet provided if space not sufficient) 

  

 Table No: 6.1 Observation Table for differentiator Input Voltage Vi = 1 V pp 

 

Sr. No. 
Input Frequency 

(Hz) 

Output Voltage, 

Vo (Volts) 

Gain in dB 

20 log10(Vo/Vi) 

1.  100 Hz   

2.  200 Hz   

3.  300 Hz   

4.  400 Hz   

5.  500 Hz   

6.  600 Hz   

7.  700 Hz   

8.  800 Hz   

9.  900 Hz   

10.  1 K   

11.  2 K   

12.  3 K   

13.  4 K   

14.  5 K   

15.  6 K   

16.  7 K   

17.  8 K   

18.  9 K   

19.  10 K   

 

Calculations: 
i. Voltage Gain : Vo/Vi 

 

ii. Voltage Gain in dB : 20 log10( Vo/Vi) 

 

iii. 3 dB Bandwidth, B/W = FH-FL 

 

XVI Results 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

 

XVII Interpretation of Results (Give meaning of the above obtained results) 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 
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................................................................................................................................................ 

 

XVIII Conclusions and Recommendation 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

 

 

XIX Practical Related Questions 

1. Apply different inputs: sine wave, square wave and triangular wave to the 

differentiator and observe the output. Draw input and output waveforms on graph 

paper. 

2. Can the active high pass filter acts as differentiator? Justify 

3. State the effect of time constant on the differentiator waveform? 

4. Draw the output of differentiator if the input is symmetrical triangular waveform? 

 

[Space for Answers] 
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............................................................................................................................................................  
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............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 
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............................................................................................................................................................ 

............................................................................................................................................................ 
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............................................................................................................................................................ 
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............................................................................................................................................................ 

............................................................................................................................................................ 
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............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

 

XX References / Suggestions for further reading 

1. Ramakant A.Gayakwad, Op-Amps and linear Integrated Circuits, Prentice -Hall 

India,3rd edition, 2001,ISBN NO : 81-203-0807-7 

2. Electronics Component Handbook; Jones, Thomas H., Reston Publishing, Resto, 
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3. Tower’s International data book for Op Amp 

 

XXI    Assessment Scheme 

 

Performance Indicators Weightage 

Process related: 15 Marks 60% 

1.  Mounting of IC 741 and proper value of resister 

and capacitor on breadboard 

10 % 

2.  Connection of circuit diagram 20 % 

3.  Measuring value using CRO 20 % 

4.  Working in team 10 % 

Product related:10 Marks 40% 

5.  Calculate theoretical value of gain 10 % 

6.  Interpretation of result 05 % 

7.  Conclusions  05 % 

8.  Practical related questions 15 % 

9.  Submitting the journal in time 05% 

Total (25 Marks) 100 % 

 

Name of Team Members 

1. ………………………...... 

2. ………………………...... 

3. ………………………….. 

4. ………………………….. 

 

 

 

 

 

Marks Obtained 
Dated signature of 

Teacher 

Process 

Related 

(15) 

Product 

Related 

(10) 

Total 

(25) 

 

   



Linear Integrated Circuits (22423) 

 

Maharashtra State Board of Technical Education  58 

 



Linear Integrated Circuits (22423) 

 

Maharashtra State Board of Technical Education  59 

Practical No.7: Build/Test Voltage to Current converter and Current to    

Voltage converter circuit consist of IC 741. 

I Practical Significance  

In voltage to current convertor the current is proportional to certain voltage, even though 

the load resistance may vary, the feedback resistor Rf is replaced by a load resistor 

RL.Voltage to current converter is useful to convert transducer output signal (which is 

generally in voltage form) into current.  

In current to voltage convertor the current is converted into a proportional output voltage. 

The current to voltage used in digital to analog convertor circuit .This practical will 

enable student to convert the voltage to current and current to voltage using IC 741 

II Relevant Program Outcomes (POs) 

 Basic knowledge: Apply knowledge of basic mathematics, sciences and basic 

engineering to solve the broad-based Electronics and Telecommunication 

engineering problems. 

 Discipline knowledge: Apply Electronics and Telecommunication engineering 

knowledge to solve broad-based Electronics and Telecommunications engineering 

related problems. 

 Experiments and practice: Plan to perform experiments and practices to use the 

results to solve broad-based Electronics and Telecommunication engineering 

problems. 

 

III Competency and Practical Skills 

This practical is expected to develop the following skills for the industry identified 

competency ‘Maintain electronic circuits consisting of linear Integrated Circuits.’ 

 Select relevant electronic components IC 741 and resistor and capacitor value for 

specified gain  

 Mounting of the electronic component on breadboard as per circuit diagram. 

 

IV Relevant Course Outcome(s) 

 Troubleshoot various linear applications of Op-Amp for the given specifications 

 

V Practical Outcome 

 Build/Test Voltage to Current converter and Current to Voltage converter circuit 

consist    of IC 741. 

VI Relevant Affective domain related Outcome(s) 

 Follow safe practices. 

 Demonstrate working as a leader/a team member. 

 Follow ethical practices 

VII Minimum Theoretical Background  
Voltage to current convertor in which load resistor RL is floating .The input voltage is 

applied to the non-inverting terminal and the feedback voltage across R1 drive the 

inverting input terminal .this circuit also called as current-series negative feedback 

amplifier because feedback voltage across R1 depends on the output current Io and is in 

series with the input difference voltage Vid. 

Current–to-voltage convertor was presented as a special case of the inverting amplifier in 

which an input current is converted into a proportional output voltage. 
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VIII Practical Circuit diagram :  

a) Sample circuit diagram 

 
 

Figure 7.1 Voltage to Current converter 

 
 

Figure 7.2 Current to voltage converter 

 

b) Actual Circuit diagram 
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c) Sample Experimental set up 

 

 
 

Figure 7. 3 Voltage to Current converter 

 

 
 

Figure 7.4 Current to Voltage  converter 

 

d) Actual Experimental set up 
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IX Resources Required  
 

S. No. 
Instrument 

/Components 
Specification Quantity 

1. 
Dual Power supply ± 15 V 1 A Dual tracking power 

supply 

1 No. 

2 
D C  Power supply 0 to 30 V 1 A with SC protection 

Digital meter 

1 No. 

3. IC-741C Dual-In-Line or S.O. Package 2 No. 

4. Resistors R1 1KΩ 2 No. 

5. Resistors RL 1KΩ, 1 No. 

6. Resistors Rf 3KΩ, 1 No. 

7. DMM 0 to 20 mA,10V 2 No. 

8. Analog IC tester Suitable to test l analog IC  1 No. 

9. Breadboard 5.5 cm X 17cm 2 No. 

10. 
Connecting wires  Single strand  Teflon coating 

(0.6mm diameter) 

Asper requirement 

 

X Precautions to be Followed 

1. Ensure proper connections are made to the equipment. 

2. Ensure the power switch is in ‘off’ condition initially. 

3. Ensure the use of proper settings of input voltage.  

4. Ensure the proper value of resistor. 

 

 

XI Procedure for voltage to current convertor 

1. Test and mount IC 741, resistor on breadboard. 

2. Connect dual power supply to pin No. 7 (+Vcc) and pin No.4 (-VEE) of IC 741 as 

shown in circuit diagram 

3. Connect power supply to input of circuit diagram Vary input voltage in the range of 1 

to 5 volt in step of 1 volt. 

4. Vary input voltage in the range of 1 to 5 volt in step of 1 volt. 

5. Measure the corresponding current using Ammeter record reading in the observation 

table No.7.1. 

6. Calculate theoretical value of current using Io= (Vo-Vin) /R1. 

7. Compare theoretical current and practical current values. 

 

 Procedure for current to voltage convertor 

1. Test and mount IC 741,resistor on breadboard. 

2. Connect dual power supply to pin No. 7 (+Vcc) and pin No. 4 (-VEE) of IC 741 as 

shown in circuit diagram 

3. Connect power supply to input of circuit diagram Vary input current in the range of 1 

to 5 mA in step of 1 volt.  

4. Vary input current in the range of 1 to 5 mA in step of 1 mA. 

5. Measure the corresponding current using Ammeter. 

6. Measure the corresponding output voltage using voltmeter and record reading in the 

observation table no.7.2. 

7. Calculate theoretical value of current using Vo= -IR 

8. Compare theoretical values of voltage and practical values of voltage 
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XII Resources Used  

S. No. Instrument /Components Specification Quantity 

1.     

2.     

3.     

4.     

5.     

 

XIII Actual Procedure Followed (use blank sheet provided if space not sufficient) 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

 

XIV    Precaution Followed (use blank sheet provided if space not sufficient) 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

 

XV Observations and Calculations(use blank sheet provided if space not sufficient) 

 

Table No: 7.1 Observation Table for voltage to current convertor 

Sr.No. DC Input voltage 

(Vin)V 

 

Output current 

(Io)mA 

Theoretical Practical 

1.  1V   

2.  2V   

3.  3V   

4.  4V   

5.  5V   

 

Calculations: 
 

i. Io = (Vo-Vin) /R1 

 

Table No: 7.2 Observation Table for current to voltage convertor 

 

Sr. 

No. 

DC Input current 

(Iin)mA 

 

Output Voltage 

(Vo)V 

Theoretical Practical 

1.  1mA   

2.  2mA   

3.  3mA   

4.  4mA   

5.  5mA   
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Calculations: 
 

i. Vo= -Iin*R1 

 

 

 

 

 

 

XVI Results 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

 

XVII Interpretation of Results (Give meaning of the above obtained results) 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................  

................................................................................................................................................ 

 

XVIII Conclusions and Recommendation  

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

 

XIX Practical Related Questions 

1. Design a low voltage DC voltmeter with full scale voltage range of 1 to 10 volt using 

IC 741 

2. Give output expression for I to V convertor.  

3. Give output expression for V to I convertor with floating load 

 

[Space for Answers] 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................  

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 
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............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 



Linear Integrated Circuits (22423) 

 

Maharashtra State Board of Technical Education  66 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................  

XX    References / Suggestions for further reading 

1. Ramakant A.Gayakwad, Op-Amps and linear Integrated Circuits, Prentice -Hall 

India,3rd edition, 2001,ISBN NO : 81-203-0807-7 

2. Electronics Component Handbook; Jones, Thomas H., Reston Publishing, Resto, 

Virginia, USA, ISBN: 978087909222. 

3. Tower’s International data book for OpAmp. 

 

XXI    Assessment Scheme 

 

Performance Indicators Weightage 

Process related: 15 Marks 60% 

1.  Mounting of IC 741 and proper value of resistor on 

breadboard 

10 % 

2.  Connection of circuit diagram 20 % 

3.  Measuring value using CRO 20 % 

4.  Working in team 10 % 

Product related:10 Marks 40% 

5.  Calculate theoretical value of gain 10 % 

6.  Interpretation of result 05 % 

7.  Conclusions  05 % 

8.  Practical related questions 15 % 

9.  Submitting the journal in time 05% 

Total (25 Marks) 100 % 

 

Name of Team Members 

1. ………………………...... 

2. ………………………...... 

3. ………………………….. 

4. ………………………….. 

 

 

 

 

 

Marks Obtained 
Dated signature of 

Teacher 

Process 

Related 

(15) 

Product 

Related 

(10) 

Total 

(25) 
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Practical No. 8: Build/Test comparator circuit consist of IC741 as Zero  

                            crossing detector and active positive peak detector. 

 

I Practical Significance  

A zero crossing detector can be used to measure the phase angle between two voltages. 

when an input signal Vin crosses zero volts in positive direction  the output V0 is driven 

into negative saturation. when an input signal Vin crosses zero volts in negative direction  

the output V0 is driven into positive saturation. This practical will enable student to 

measure phase and peak value of input signal using IC 741 

II Relevant Program Outcomes (POs) 

 Basic knowledge: Apply knowledge of basic mathematics, sciences and basic 

engineering to solve the broad-based Electronics and Telecommunication 

engineering problems. 

 Discipline knowledge: Apply Electronics and Telecommunication engineering 

knowledge to solve broad-based Electronics and Telecommunications engineering 

related problems. 

 Experiments and practice: Plan to perform experiments and practices to use the 

results to solve broad-based Electronics and Telecommunication engineering 

problems. 

 

III Competency and Practical Skills 

This practical is expected to develop the following skills for the industry identified 

competency ‘Maintain electronic circuits consisting of linear Integrated Circuits.’ 

 

 Select relevant electronic components IC741 and resistor and capacitor value for 

specified gain  

 Mounting of the electronic component on breadboard as per circuit diagram. 

 

IV Relevant Course Outcome(s) 

 Troubleshoot various linear applications of Op-Amp for the given specifications 

 

V Practical Outcome 
 

 Build/Test comparator circuit consist of IC741 as Zero crossing detector and active 

positive peak detector.  

  

VI Relevant Affective domain related Outcome(s) 

 Follow safe practices. 

 Demonstrate working as a leader/a team member. 

 Follow ethical practices 

VII Minimum Theoretical Background  
Comparator is a circuit which compare the input signal (Vin) with a reference signal 

(Vref.), which are applied at the input terminal and depending on its comparison it gives 

the result at the output terminal of Op-Amp. In comparator circuit, when reference signal 

(Vref.) is given as zero volt i.e. grounded Comparator then acts as a zero crossing 

detector. The output changes very rapidly from one saturation level to another level 

through zero. This circuit is also called as square wave convertor. 
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Square, Triangular, Saw tooth and pulse waves are examples of non-sinusoidal 

waveforms. A conventional ac voltmeter cannot be used to measure these sinusoidal 

waveforms because it is designed to measure the rms value of the pure sine wave. 

Therefore active Peak detector is used to measures the positive peak value of the square 

wave input.  

 

VIII Practical Circuit diagram :  

a) Sample circuit diagram 

 

 
Figure 8.1 Zero crossing detector 

 

 

 
 

Figure 8.2 Active Peak detector  

 

b) Actual Circuit diagram 
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c) Sample Experimental set up 

 
 

Figure 8.3 Zero crossing detector 

 

 

 
 

Figure 8.4 Active Peak detect 

 

d) Actual Experimental set up 
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IX Resources Required  
 

Sr. 

No. 

Instrument 

/Components 
Specification Quantity 

1. 
Dual Power supply 0- 30V, 2A Dual tracking power 

supply 

1 No. 

2. IC-741C Dual-In-Line or S.O. Package 2 No. 

3. Resistors R1 1KΩ 1No. 

4. Resistors R2 1KΩ 1 No. 

5. Resistors RL 10 KΩ, 2 No. 

6. Resistors R 10 KΩ, 1 No. 

7 Resistors RCOMP 10 KΩ, 1 No. 

8. Diode IN4007 2 No. 

9. Capacitor 1µf 1 No 

10. Function generator  02 Hz to 2 MHz 1 No 

11. CRO  0 to 20 MHz 2 No 

12. Analog IC tester Suitable to test  analog IC 1 No. 

13 Breadboard 5.5 cm X 17cm 2 No. 

14 
Connecting wires  Single strand  Teflon coating 

(0.6mm diameter) 

As per 

requirement 

 

X Precautions to be Followed 

1. Ensure proper connections are made to the equipment. 

2. Ensure the power switch is in ‘off’ condition initially. 

3. Ensure the use of proper settings of function generator and CRO. 

4. Ensure the proper value of resistor, capacitor and diode.  

 

 

XI Procedure for Zero crossing detector 

1. Assemble the circuit on breadboard as per circuit diagram. 

2. Connect dual power supply to pin No. 7 (+Vcc) and pin No. 4 (-VEE) of IC 741. 

3. Set the function generator to produce a sine waveform of 1V pp amplitude at 1 KHz.  

4. Check the waveform on CRO before applying it as input. 

5. Apply input signal Vin from function generator to input pin No.2 and vary upto value 

as per variation given in observation table no.8.1. 

6. Observe input and output ( pin No. 6) waveforms on CRO.  

7. Plot the graph for input and output waveforms observed on CRO. 

 

 Procedure for active peak detector 

1. Assemble the circuit on breadboard as per circuit diagram. 

2. Connect dual power supply to pin No. 7 (+Vcc) and pin No. 4 (-VEE) of IC 741. 

3. Set the function generator to produce a square waveform of 10V pp amplitude at 1 

KHz.  

4. Check the waveform on CRO before applying it as input. 

5. Apply input signal Vin (square wave) from function generator shown in figure no.8.2 

to pin No. 3 

6. Observe input and output (pin No. 6) waveforms on CRO.  

7. Plot the graph for input and output waveforms observed on CRO. 
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XII Resources Used  

S. No. Instrument /Components Specification Quantity 

1.     

2.     

3.     

4.     

5.     

 

XIII Actual Procedure Followed (use blank sheet provided if space not sufficient) 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

 

XIV   Precaution Followed (use blank sheet provided if space not sufficient) 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................  

................................................................................................................................................ 

 

XV Observations and Calculations(use blank sheet provided if space not sufficient) 

 

Table No: 8.1 Observation Table for Zero crossing detector 

 

Sr. 

No. 

Apply Input 

Voltage 

(Volts) 

Applied Voltage 

(Vin) 

Difference Voltage, 

Vid=V1-V2 (Volts) 

Output Voltage, 

Vo (Volts) 

1.  Vin=0    

2.  Vin>0    

3.  Vin<0    

 

 

Table No: 8.2Observation Table for active peak detector 

 

Sr. No.  Input Voltage 

(Volts) 

Output 

Voltage, 

Vo (Volts) 

1.    

2.    

3.    

 

XVI Results 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 
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XVII   Interpretation of Results (Give meaning of the above obtained results) 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

 

XVIII Conclusions and Recommendation  

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................  

................................................................................................................................................ 

 

XIX Practical Related Questions 

1. Apply the given input signal to non inverting terminal of Op Amp and compare it 

with inverting zero crossing detectors. 

2. Why comparator is sometimes also called as voltage level detector? 

3. In given figure no.8.2, connect the diodes D1 and D2 in reverse direction and 

observe the waveform. 

 

[Space for Answers] 
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............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 
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............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

XX      References / Suggestions for further reading 
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XXI    Assessment Scheme 

 

Performance Indicators Weightage 

Process related: 15 Marks 60% 

1.  Mounting of IC 741 and proper value of resistor and 

capacitor on breadboard 

10 % 

2.  Connection of circuit diagram 20 % 

3.  Measuring value using CRO 20 % 

4.  Working in team 10 % 

Product related:10 Marks 40% 

5.  Calculate theoretical value of gain 10 % 

6.  Interpretation of result 05 % 

7.  Conclusions  05 % 

8.  Practical related questions 15 % 

9.  Submitting the journal in time 05% 

Total (25 Marks) 100 % 

 

       Name of Team Members 

1. ………………………...... 

2. ………………………...... 

3. ………………………….. 

4. ………………………….. 

 

 

 

 

Marks Obtained Dated signature of 

Teacher 

Process 

Related 

(15) 

Product 

Related 

(10) 

Total 

(25) 
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Practical No.9:  Build / Test instrumentation amplifier circuit using IC 

LM324. 
 

I Practical Significance   

In measuring instruments the output of the transducer is generally a low level signal 

which is insufficient to drive the display indicators for displaying Physical quantities like 

temperature, pressure, so the Instrumentation amplifier is connected to the output of 

transducer through the bridge circuitry to amplify the low level signals in any of the 

measuring instruments. In this practical student will assemble IC LM324 as 

instrumentation amplifier and observe the amplification of low level signals.  

II Relevant Program Outcomes (POs) 

 Basic knowledge: Apply knowledge of basic mathematics, sciences and basic 

engineering to solve the broad-based Electronics and Telecommunication 

engineering problems. 

 Discipline knowledge: Apply Electronics and Telecommunication engineering 

knowledge to solve broad-based Electronics and Telecommunications engineering 

related problems. 

 Experiments and practice: Plan to perform experiments and practices to use the 

results to solve broad-based Electronics and Telecommunication engineering 

problems. 

 

III Competency and Practical Skills 

This practical is expected to develop the following skills for the industry identified 

competency ‘Maintain electronic circuits consisting of Linear Integrated Circuits’: 

 Testing of relevant active and passive electronic components required to assemble 

instrumentation amplifier. 

 Mounting of the electronic components on breadboard as per circuit diagram of 

instrumentation amplifier.  

 Trouble shoot instrumentation amplifier. 

 

IV Relevant Course Outcome(s) 

 Use various configurations of Op-Amp for different applications. 

 

V Practical Outcome 

 Build/Test Instrumentation amplifier circuit using IC LM324. 

 

VI Relevant Affective domain related Outcome(s) 

 Follow safe practices. 

 Follow ethical practices 

 Demonstrate working as a leader/a team member 

VII Minimum Theoretical Background  

Instrumentation amplifier is configured for high input impedance, high CMRR and have 

single ended output.  

Instrumentation amplifier is used for precise, low level signal amplification where low 

noise, low thermal and temperature drifts, high input impedance and accurate closed loop 

gain is required.  
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Instrumentation amplifier is having adjustable gain. 

Output voltage is given by 

 

Gain can be changed varying  as shown in the Figure 9.4. 

IC LM324 is quad Op-Amp. 

 

Figure 9.1 Pin connection diagram of IC LM324 

 

Figure 9.2 Pin diagram of IC LM324 

 
Figure 9.3 IC LM324  

(https://www.xcluma.com/lm324-quad-operational-amplifier-14-pin-dip) 

 

https://www.xcluma.com/lm324-quad-operational-amplifier-14-pin-dip
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VIII Practical Circuit diagram:   

a) Sample Circuit diagram  

 
Note: Use “Rgain” as Variable resistor 

Figure 9.4 Circuit diagram of Instrumentation amplifier 

 
b) Actual Circuit used in laboratory  

 

 

 

 

 

 

 

 

c) Sample Experimental set up 

 

 
 

Figure 9.5Instrumentation amplifier 

 

d) Actual Experimental set up  
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IX Resources Required  
 

 
 

 

 

 

 

 

 

 

 

X Precautions to be Followed 

1. Ensure proper connections are made as per the given setup. 

2. Ensure the power switch is in ‘off’ condition initially. 

3. Ensure the use of proper settings of input DC voltage. 

 

XI Procedure  

1. Test IC LM324 using IC tester and mount it on breadboard.  

2. Make the connections as shown in the Figure 9.4. 

3. Apply voltage  and  using DC power supply to pin no 4 and 

pin no 11 respectively,   and  in the range from 100mvolts to 500mvolts. 

4. Measure the output voltage   for the given corresponding input voltage, using 

DMM. 

5. Calculate theoretical and practical gain. 

6. Repeat steps from 4 to 7 for different values of  and  DC input voltage. 

7. After the completion of practical switch off the supply, remove the connections and 

submit wires and equipment’s. 

XII Resources Used  

Sr. No. Instrument /Components Specification Quantity 

1.     

2.     

3.     

4.     

5.     

6.     

7.     

8.     

 
 

 

Sr. 

No. 
Instrument /Components Specification Quantity 

1.  
Variable DC power supply  0- 30V, 2A Dual 

tracking power supply  

1 No.  

2.  IC-LM324 14 pin, DIP 1 No. 

3.  Resistors 10KΩ, 4 No 

4.  Potentiometer 1 KΩ,10KΩ 1 No. 

5.  
Analog IC tester  Suitable to test analog 

ICs, 

1 No. 

6.  

DMM DC VOLTAGE Ranges 

: 200mV, 2V, 20V, 

200V 

1 No. 

7.  Breadboard 5.5 cm X 17 cm 1 No. 

8.  

Connecting wires  Single strand  Teflon 

coating (0.6 mm 

diameter) 

As per 

requirement 
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XIII Actual Procedure Followed (use blank sheet provided if space not sufficient) 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

 

XIV Precautions Followed (use blank sheet provided if space not sufficient) 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

 

XV Observations and Calculations (use blank sheet provided if space not sufficient) 
 

Table No: 9.1 Observation Table for gain of instrumentation amplifier. 

 
 

Sr. 

No. 

DC Input Voltage Input 

Difference 

 

Output Voltage Gain 

  Practical Theoretical Practical Theoretical 

1.  
 

 
      

2.  
 

 
      

3.  
 

 
      

4.  
 

 
      

 

           Calculations:  
 

i. Theoretical output voltage  

 

ii. Theoretical Gain  

 

iii.  

 

 

XVI Results 

1. Measured output voltage =………………….. 

 

2. Theoretical Gain =………………………….. 

 

3. Practical Gain = …………………………… 
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XVII Interpretation of Results (Give meaning of the above obtained results) 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

 

XVIII Conclusions and Recommendation   
................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

 

XIX Practical Related Questions 

1. Repeat the above experiment procedure for  

2. Find practical output for output given at V1 and V2. 

3. Explore internet and draw internal diagram of LM 324 IC. 

 

[Space for Answers] 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................  

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 
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............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 
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............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 
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............................................................................................................................................................ 
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Process related: 15 Marks 60% 

1  Handling of the components 10 % 

2  Mounting of component 20 % 

3  Measuring value using DMM 20 % 

4  Working in team 10 % 

Product related: 10 Marks 40% 

5  Calculate  Gain and Theoretical output voltage  10 % 

6  Interpretation of result 05 % 

7  Conclusions  05 % 

8  Practical related questions 15 % 

9  Submitting the journal in time 05% 

Total (25 Marks) 100 % 
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(15) 
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(10) 
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Practical No. 10: Measure the bandwidth and cutoff frequency of the given 

 first order low pass (LPF) Butterworth filter. 

 
I      Practical Significance  

A low-pass filter (LPF) is a filter that passes signals with a frequency lower than a 

certain cutoff frequency and attenuates signals with frequencies higher than the cutoff 

frequency. LPF is used in Audio Applications for Equalization purposes. In medical 

instrumentation LPF is used in ECG/EEG to eliminate ambient noise. This practical will 

enable student to view LPF exhibit low gain after certain cut off frequency. 

II Relevant Program Outcomes (POs) 

 Basic knowledge: Apply knowledge of basic mathematics, sciences and basic 

engineering to solve the broad-based Electronics and Telecommunication 

engineering problems. 

 Discipline knowledge: Apply Electronics and Telecommunication engineering 

knowledge to solve broad-based Electronics and Telecommunications engineering 

related problems. 

 Experiments and practice: Plan to perform experiments and practices to use the 

results to solve broad-based Electronics and Telecommunication engineering 

problems. 

 

III Competency and Practical Skills 

This practical is expected to develop the following skills for the industry identified 

competency ‘Maintain electronic circuits consisting of Linear Integrated Circuits’: 

 Testing of relevant active and passive electronic components required to assemble the 

first order low pass (LPF)Butterworth filter. 

 Mounting of the electronic components on breadboard as per circuit diagram of first 

order low pass (LPF)Butterworth filter. 

 Trouble shoot first order low pass (LPF) Butterworth filter. 

 

IV Relevant Course Outcome(s) 

 Maintain filters and oscillators used in various electronic circuits. 

 

V Practical Outcome 

 Use relevant instruments to measure the bandwidth and cutoff frequency of the given 

first order low pass Butterworth filter. 

 

VI Relevant Affective domain related Outcome(s) 

 Follow safe practices. 

 Demonstrate working as a leader/a team member 

 Maintain tools and equipment’s 

VII Minimum Theoretical Background  

A low-pass filter is a filter that allows signals with a frequency lower than the cut-off 

frequency (the frequency at which the output voltage is 70.7% of the source voltage) to 

pass through it. It also attenuates those signals whose frequency is higher than the cut-off 

frequency. Low-pass filters help in removing short-term fluctuations, and provide a 

smoother form of signal. Low pass Butterworth filter is designed to have a flat frequency 

response in pass band and stop band.  Hence called as flat-flat filter. 

https://en.wikipedia.org/wiki/Filter_(signal_processing)
https://en.wikipedia.org/wiki/Signal_(electrical_engineering)
https://en.wikipedia.org/wiki/Frequency
https://en.wikipedia.org/wiki/Cutoff_frequency
https://en.wikipedia.org/wiki/Attenuate
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Depending on the Roll of Rate of the LPF it is classified as first order ,second order 

filters and so on. 

Roll of rate is defined as the rate at which the gain of the filter changes with frequency in 

stop band. In First order Low pass Butterworth filter gain  roll of at . In 

second order Low pass Butterworth filter gain  roll of at . 

 
Figure10.1  Frequency response of First order Low pass Butterworth filter 

[Courtesy:http://www.eeeguide.com/first-order-low-pass-butterworth-filter/] 

Output voltage for First order low pass butterworth filter is given by 

               

Where  

  

  

Magnitude of the voltage gain is given by  
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VIII Practical Circuit diagram :   

a) Sample Circuit diagram 

 

 
Figure 10.2  Circuit diagram of First order Low pass Butterworth filter 

 

b) Actual Circuit diagram 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

c) Sample Experimental set up  

 

 
 

Figure 10.3 First order Low pass Butterworth filter 
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d) Actual Experimental set up  

 

 

 

 

 

 

 

 

 

 

 

IX Resources Required  

 

Sr. 

No. 

Instrument/ 

Component 

Specification Quantity 

1.  Cathode Ray 

Oscilloscope (Analog 

type) 

20/30/100 MHz Frequency 

 

1 No.  

2.  Function Generator  0-2 MHz with Sine, square and 

triangular output with variable 

frequency and amplitude 

1 No. 

3.  Regulated DC Power 

Supply 

0-30V, 2Amp SC protection Dual 

tracking power supply 

1 No. 

4.  Op-Amp IC IC 741C 1 No. 

5.  Resistors R1=10KΩ, R=20KΩ pot, Rf=10KΩ  2 No. 

6.  Capacitor C1=0.01µf  2 No. 

7.  Analog IC tester  Suitable to test  analog ICs, 1 No. 

8.  Breadboard 5.5 cm X 17 cm 1 No. 

9.  Connecting wires  Single strand  Teflon coating (0.6 

mm diameter) 

As per 

requirement 

 

X Precautions to be Followed 

1. Ensure proper connections are made to the equipment. 

2. Ensure the power switch is in ‘off’ condition initially. 

3. Ensure the use of proper settings of function generator and CRO. 

 

XI Procedure  

1. Test and mount the IC741 on breadboard. 

2. Connect the circuit as per the circuit diagram show in fig 10.2. 

3. Apply voltage  and  using DC power supply to pin no 7 and 

pin no. 4 respectively. 
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4. Connect the (1volt peak to peak, 100Hz)   sine wave input from function generator 

and observe the corresponding output of pin number  6 on CRO.  

5. Measure the output voltage of LPF on CRO for the applied signal as in step 4. 

6. Vary input signal frequency step by step as shown in observation table and note down 

the corresponding output voltage. 

7. Repeat step 4 to 6 up to frequency 1MHz. 

8. Calculate gain in decibels using formula: . 

9. Calculate the cutoff frequency theoretically using formula:  

10. Plot the frequency response on semi log paper for frequency on x axis and gain in dB 

on y axis. 

11. Find practical cutoff frequency from graph and compare theoretical and practical 

cutoff frequency. 

12. Calculate roll-off rate from graph plotted in step 10 by considering any two 

consecutive gain values and corresponding frequency values. 

13. After the completion of practical switch off the supply, remove the connections and 

submit wires and equipment. 

 

XII Resources Used  

S. No. Instrument /Components Specification Quantity 

1.     

2.     

3.     

4.     

5.     

6.     

7.     

8.     

9.     

 

XIII Actual Procedure Followed (use blank sheet provided if space not sufficient) 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................  

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

 

XIV    Precaution Followed (use blank sheet provided if space not sufficient) 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 
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XIV Observations and Calculations (use blank sheet provided if space not sufficient) 

 

Table No: 10.1 Observation table for Gain of LPF 

 

            Input Voltage in Volts (To be kept Constant),Vi = 1Volt Peak to Peak(Sine Wave)  

 

Sr. 

No. 

Input 

Frequency(Hz) 

Output Voltage,    

Vo (Volts) 

Voltage Gain               

(A= Vo/Vi) 

Gain in dB 

=20 log(Vo/Vi) 

1.   100 Hz       

2.   200Hz       

3.   400 Hz       

4.   500 Hz       

5.   600 Hz       

6.   800 Hz       

7.   1KHz       

8.   2KHz       

9.   4KHz       

10.   6KHz       

11.   8KHz       

12.   10KHz       

13.   20KHz       

14.   40KHz       

15.   60KHz       

16.   80KHz       

17.   100KHz       

18.   500KHz       

19.   800KHz       

20.   1MHz       

 

Calculations :  
 

i. Cutoff frequency  

 

 

ii. At . 
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iii.  

 

 

iv. Bandwidth =………………………… 

 

 

 

XVI Results 

1. Cutoff Frequency =………………….. 

2. Roll of rate =…..…………………… 

 

XVII Interpretation of Results (Give meaning of the above obtained results) 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

XVIII Conclusions and Recommendation   
................................................................................................................................................ 

................................................................................................................................................  

................................................................................................................................................ 

................................................................................................................................................ 

 

XIX Practical Related Questions 

1. Design LPF at a cutoff frequency of 1 KHz and pass band gain of 2. Assume 

 

2. Plot frequency response on semi log graph of the filter designed in question-1  and 

calculate practical cutoff frequency.   

3. …………………… ……………………………………………………………………. 

 

[Space for Answers] 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 
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............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................  

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 
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............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 
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XXI    Assessment Scheme 

 

Performance Indicators Weightage 

Process related: 15 Marks 60% 

1.  Handling of the components 10 % 

2.  Mounting of component 20 % 

3.  Measuring value using CRO 20 % 

4.  Working in team 10 % 

Product related: 10 Marks 40% 

5.  Calculate theoretical value of output 10 % 

6.  Interpretation of result 05 % 

7.  Conclusions  05 % 

8.  Practical related questions 15 % 

9.  Submitting the journal in time 05% 

Total (25 Marks) 100 % 

 

 

             Name of Team Members 

1. ………………………...... 

2. ………………………...... 

3. ………………………….. 

4. ………………………….. 

 

 

 

 

 

Marks Obtained 
Dated signature of 

Teacher 

Process 

Related 

(15) 

Product 

Related 

(10) 

Total 

(25) 
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Practical No. 11:  Use relevant instruments to measure the bandwidth and 

cutoff frequency of the given first order high pass Butterworth filter. 

 
I Practical Significance  

A High-pass filter (HPF) is a filter that passes signals with a frequency higher than a 

certain cutoff frequency and attenuates signals with frequencies lower than the cutoff 

frequency. HPF is used in blocking DC from circuitry sensitive to non-zero average 

voltages or radio frequency devices. Active High Pass Filters are used in audio 

amplifiers, equalizers or speaker systems to direct the high frequency signals to the 

smaller tweeter speakers or to reduce any low frequency noise or “rumble” type 

distortion. This practical will enable student to view HPF exhibit high gain after certain 

cut off frequency. 

 

II Relevant Program Outcomes (POs) 

 Basic knowledge: Apply knowledge of basic mathematics, sciences and basic 

engineering to solve the broad-based Electronics and Telecommunication 

engineering problems. 

 Discipline knowledge: Apply Electronics and Telecommunication engineering 

knowledge to solve broad-based Electronics and Telecommunications engineering 

related problems. 

 Experiments and practice: Plan to perform experiments and practices to use the 

results to solve broad-based Electronics and Telecommunication engineering 

problems. 

 

III Competency and Practical Skills 

This practical is expected to develop the following skills for the industry identified 

competency ‘Maintain electronic circuits consisting of Linear Integrated Circuits’: 

 Testing of relevant active and passive electronic components required to assemble 

first order high pass (HPF) butterworth filter. 

 Mounting of the electronic components on breadboard as per circuit diagram of first 

order high pass (HPF) butterworth filter. 

 Trouble shoot first order high pass (HPF) butterworth filter. 

 

IV Relevant Course Outcome(s) 

 Maintain filters and oscillators used in various electronic circuits. 

 

V Practical Outcome 

 Use relevant instruments to measure the bandwidth and cutoff frequency of the given 

first order high pass Butterworth filter. 

 

VI Relevant Affective domain related Outcome(s) 

 Follow safe practices. 

 Demonstrate working as a leader/a team member 

 Maintain tools and equipment’s 

 

 

https://en.wikipedia.org/wiki/Filter_(signal_processing)
https://en.wikipedia.org/wiki/Signal_(electrical_engineering)
https://en.wikipedia.org/wiki/Frequency
https://en.wikipedia.org/wiki/Cutoff_frequency
https://en.wikipedia.org/wiki/Attenuate
https://en.wikipedia.org/wiki/Radio_frequency
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VII Minimum Theoretical Background  

A high-pass filter is a filter that allows signals with a frequency higher than the cut-off 

frequency (the frequency at which the output voltage is 70.7% of the source voltage) to 

pass through it. It also attenuates those signals whose frequency is lower than the cut-off 

frequency. High-pass filters are used for AC coupling at the inputs of many audio power 

amplifiers, for preventing the amplification of DC currents which may harm the 

amplifier, rob the amplifier of headroom, and generate waste heat at 

the loudspeakers voice coil.  

Output voltage for First order high pass butterworth filter is given by 

 

Where  

  

  

Magnitude of the voltage gain is given by  

 

 
Figure 11.1  Frequency response of First order High pass Butterworth filter 

[Courtesy:http://www.eeeguide.com/wp-content/uploads/2016/09/First-Order-High-Pass-Butterworth-Filter-9.jpg] 

 

 

 

 

https://en.wikipedia.org/wiki/AC_coupling
https://en.wikipedia.org/wiki/Audio_power_amplifier
https://en.wikipedia.org/wiki/Audio_power_amplifier
https://en.wikipedia.org/wiki/Loudspeaker
https://en.wikipedia.org/wiki/Voice_coil
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VIII Practical Circuit diagram :   

a) Sample Circuit diagram 

 

 
 

Figure11.2  Circuit diagram of first order high pass butterworth filter 

 

b) Actual Circuit diagram  

 

 

 

 

 

 

 

 

 

 

 

 

c)  Sample Experimental set up 

 
Fgure 1132 First order high pass butterworth filter 
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d) Actual Experimental set up  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

IX Resources Required  

 

Sr. 

No. 

Instrument/ 

Component 
Specification Quantity 

1.  Cathode Ray 

Oscilloscope (Analog 

type) 

20/30/100 MHz Frequency 

 

1 No.  

2.  Function Generator  0-2 MHz with Sine, square and 

triangular output with variable 

frequency and amplitude 

1 No. 

3.  Regulated DC Power 

Supply 

0-30V, 2Amp SC protection Dual 

tracking power supply 

1 No. 

4.  Op-Amp IC IC 741C 1 No. 

5.  Resistors R1=10KΩ, R=20KΩ pot, Rf=10KΩ  2 No. 

6.  Capacitor C1=0.01µf  2 No. 

7.  Analog IC tester  Suitable to test  analog ICs, 1 No 

8.  Breadboard 5.5 cm X 17 cm 1 No. 

9.  Connecting wires  Single strand  Teflon coating (0.6 

mm diameter) 

As per 

requirement 

 

X Precautions to be Followed 

1. Ensure proper connections are made to the equipment. 

2. Ensure the power switch is in ‘off’ condition initially. 

3. Ensure the use of proper settings of function generator and CRO. 

 

XI Procedure  

1. Test and mount the IC741 on breadboard. 

2. Connect the circuit as per the circuit diagram shown in fig 11.2. 

3. Apply voltage  and  using DC power supply to pin no 7 and 

pin no. 4 respectively. 

4. Connect the (1volt peak to peak, 100Hz)   sine wave input from function generator 

and observe the corresponding output of pin number 6 on CRO.  

5. Measure the output voltage of HPF on CRO for the applied signal as in step 4. 
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6. Vary input signal frequency step by step as shown in observation table and note down 

the corresponding output voltage. 

7. Repeat step 4 to 6 up to frequency 1MHz. 

8. Calculate gain in decibels using formula: . 

9. Calculate the cutoff frequency theoretically using formula:  

10. Plot the frequency response on semi log paper for frequency on x axis and gain in dB 

on y axis. 

11. Find practical cutoff frequency from graph and compare theoretical and practical 

cutoff frequency. 

12. Calculate roll-off rate from graph plotted in step 10 by considering any two 

consecutive gain values and corresponding frequency values. 

13. After the completion of practical switch off the supply, remove the connections and 

submit wires and equipment. 

 

XII Resources Used  

Sr. No. Instrument /Components Specification Quantity 

1.     

2.     

3.     

4.     

5.     

6.     

7.     

8.     

9.     

 

 

XIII Actual Procedure Followed (use blank sheet provided if space not sufficient) 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

 

 

XIV    Precaution Followed (use blank sheet provided if space not sufficient) 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 
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XV      Observations and Calculations (use blank sheet provided if space not sufficient) 

Table No: 11.1 Observation table for Gain of HPF 

            Input Voltage in Volts (To be kept  Constant),Vi = 1Volt Peak to Peak (Sine Wave)  

Sr. 

No. 

Input 

Frequency(Hz) 

Output Voltage,    

Vo (Volts) 

Voltage Gain               

(A= Vo/Vi) 

Gain in dB 

=20 log(Vo/Vi) 

1.   100 Hz       

2.   200Hz       

3.   400 Hz       

4.   500 Hz       

5.   600 Hz       

6.   800 Hz       

7.   1KHz       

8.   2KHz       

9.   4KHz       

10.   6KHz       

11.   8KHz       

12.   10KHz       

13.   20KHz       

14.   40KHz       

15.   60KHz       

16.   80KHz       

17.   100KHz       

18.   500KHz       

19.   800KHz       

20.   1MHz       

 

Calculations :  
 

        i.  Cutoff frequency  

 

        ii. At . 

 

iv.  

 

 

XVI Results 

1. Cutoff Frequency =………………….. 

2. Roll of rate =…..…………………….. 

 

XVII Interpretation of Results (Give meaning of the above obtained results) 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 
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XVIII Conclusions and Recommendation   
................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

 

XIX Practical Related Questions 

1. Design first order HPF at a cutoff frequency of 1 KHz and pass band gain of 1.  

      Assume  

2. Plot frequency response on semilog graph for above designed HPF and calculate 

practical cutoff frequency.   

3. …………………….…………………………………………………………………... 

 

[Space for Answers] 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 
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............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................  

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 
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XXI    Assessment Scheme 

 

Performance Indicators Weightage 

Process related: 15 Marks 60% 

1.  Handling of the components 10 % 

2.  Mounting of component 20 % 

3.  Measuring value using CRO 20 % 

4.  Working in team 10 % 

Product related: 10 Marks 40% 

5.  Calculate theoretical value  10 % 

6.  Interpretation of result 05 % 

7.  Conclusions  05 % 

8.  Answer to practical related questions 15 % 

9.  Submitting the journal in time 05% 

Total (25 Marks) 100 % 

 

              Name of Team Members 

1. ………………………...... 

2. ………………………...... 

3. ………………………….. 

4. ………………………….. 

 

 

 

 

 

Marks Obtained 
Dated signature of 

Teacher 

Process 

Related 

(15) 

Product 

Related 

(10) 

Total 

(25) 
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Practical No. 12: Use relevant instruments to measure the cutoff  frequency 

of the given notch filter. 

 
I Practical Significance  

A band reject filter produces a sharp notch in the frequency response curve of a system. It 

is used for the rejection of a single frequency such as 60Hz power line frequency hum. It 

is also used in television transmitters to provide attenuation at the low frequency end of 

the channel, to prevent possible interferences with the sound carrier of the next lower 

channel. This practical will enable student to view notch filter exhibit low gain for certain 

cut off frequency. 

 

II Relevant Program Outcomes (POs) 

 Basic knowledge: Apply knowledge of basic mathematics, sciences and basic 

engineering to solve the broad-based Electronics and Telecommunication 

engineering problems. 

 Discipline knowledge: Apply Electronics and Telecommunication engineering 

knowledge to solve broad-based Electronics and Telecommunications engineering 

related problems. 

 Experiments and practice: Plan to perform experiments and practices to use the 

results to solve broad-based Electronics and Telecommunication engineering 

problems. 

 

III Competency and Practical Skills 

This practical is expected to develop the following skills for the industry identified 

competency ‘Maintain electronic circuits consisting of Linear Integrated Circuits’: 

 Testing of relevant active and passive electronic components required to assemble 

narrow band reject filter. 

 Mounting of the electronic components on breadboard as per circuit diagram of 

narrow band reject filter. 

 Trouble shoot narrow band reject filter. 

 

IV Relevant Course Outcome(s) 

 Maintain filters and oscillators used in various electronic circuits. 

 

V Practical Outcome 

 Use relevant instruments to measure the cutoff  frequency of the given notch filter. 

 

VI Relevant Affective domain related Outcome(s) 

 Follow safe practices. 

 Demonstrate working as a leader/a team member 

 Maintain tools and equipment’s 
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VII Minimum Theoretical Background 

A band reject filter is also called as band stop filter. In this filter, frequencies are 

attenuated in the stop band while they are allowed to pass outside this band. 

Band reject filters are classified as wide band reject filter and narrow band reject filter.  

The narrow band reject filter is also called as notch filter. Bandwidth of narrow band 

reject is very much smaller than wide band reject filter. 

Passive band reject filter composed of two T-shaped networks. One T-network made up 

of two resistors and one capacitor, while other uses one resistor and two capacitors. 

The notch frequency is the frequency at which maximum attenuation occurs, it is given 

by 

 

The passive twin T network has low figure of merit Q. The Q of the network can be 

increased by if it is used with voltage follower. 

 
Figure 12.1  Frequency response of Narrow band reject filter 

 

 

VIII Practical Circuit diagram :   

a) Sample circuit diagram 

 
Figure 12.2  Circuit diagram of Narrow band reject filter 
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b) Actual Circuit diagram 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

c) Sample Experimental set up 

 
Figure 12.3Narrow band reject filter 

 

d) Actual Experimental set up  
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IX Resources Required  

 

Sr. 

No. 

Instrument/ 

Component 
Specification Quantity 

1.  Cathode Ray 

Oscilloscope (Analog 

type)/DSO 

20/30/100 MHz Frequency 

 1 No. 

2.  Function Generator  0-2 MHz with Sine, square and 

triangular output with variable 

frequency and amplitude 

1 No. 

3.  Regulated DC Power 

Supply 

0-30V, 2Amp SC protection Dual 

tracking power supply 
1 No. 

4.  Op-Amp IC IC 741C 1 No. 

5.  Resistors R= 39KΩ,  3 No. 

6.  Capacitor C=0.01µf  3 No. 

7.  Analog IC tester Suitable to test analog ICs, 1 No 

8.  Breadboard 5.5 cm X 17 cm 1 No. 

9.  Connecting wires  Single strand  Teflon coating (0.6 

mm diameter) 

As per 

requirement 

 

X Precautions to be Followed 

1. Ensure proper connections are made to the equipment. 

2. Ensure the power switch is in ‘off’ condition initially. 

3. Ensure the use of proper settings of function generator and CRO. 

 

XI Procedure  

1. Test and mount the IC741 on breadboard. 

2. Connect the circuit as per the circuit diagram show in fig 12.2. 

3. Apply voltage  and  using DC power supply to pin no 7 and 

pin no. 4 respectively. 

4. Connect the (10volt peak to peak, 100Hz)   sine wave input from function generator 

and observe the corresponding output of pin number  6 on CRO.  

5. Measure the output voltage of LPF on CRO for the applied signal as in step 4. 

6. Vary input signal frequency step by step as shown in observation table and note down 

the corresponding output voltage. 

7. Repeat step 4 to 6  up to frequency up to 100K Hz. 

8. Calculate gain in decibels using formula: . 

9. Calculate the cutoff frequency theoretically using formula:  

10. Plot the frequency response on semi log paper for frequency on x axis and gain in dB 

on y axis. 

11. Find practical notch frequency from graph and compare theoretical and practical 

cutoff frequency. 

12. After the completion of practical switch off the supply, remove the connections and 

submit wires and equipment. 
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XII Resources Used  

Sr. No. Instrument /Components Specification Quantity 

1.     

2.     

3.     

4.     

5.     

6.     

7.     

8.     

9.     

 

 

XIII Actual Procedure Followed (use blank sheet provided if space not sufficient) 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

 

XIV    Precaution Followed (use blank sheet provided if space not sufficient) 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................  

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................  

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 



Linear Integrated Circuits (22423) 

 

Maharashtra State Board of Technical Education  110 

XV Observations and Calculations (use blank sheet provided if space not sufficient) 

Table No: 12.1 Observation table for Gain of notch filter 

 

           Input Voltage in Volts (To be kept Constant),Vi = 10Volt Peak to peak (Sine Wave)  

Sr. 

No. 

Input Frequency 

(Hz) 

Output Voltage,     Vo 

(Volts) 

Voltage Gain 

(A= Vo/Vi) 

 

Gain in dB 

=20 log(Vo/Vi) 

1.  100 Hz    

2.  200Hz    

3.  300 Hz    

4.  400 Hz    

5.  500 Hz    

6.  600 Hz    

7.  700Hz    

8.  800Hz    

9.  900Hz    

10.  1KHz    

11.  1.5KHz    

12.  2KHz    

13.  3KHz    

14.  5KHz    

15.  10KHz    

16.  20KHz    

17.  40KHz    

18.  80KHz    

19.  100KHz    

 

Calculations :  
 

 i. Notch frequency  

 

 

ii. At . 

 

 

XVI Results 

1. Notch Frequency =………………….. 

 

XVII Interpretation of Results (Give meaning of the above obtained results) 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 
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XVII   Conclusions and Recommendation 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

 

XVIII Practical Related Question 

1. Design a 400Hz active Notch filter. 

 

 [Space for Answers] 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................  

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................  

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................  

............................................................................................................................................................ 
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............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 
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XXI Assessment Scheme 

 

Performance Indicators Weightage 

Process related: 15 Marks 60% 

1.  Handling of the components 10 % 

2.  Mounting of component 20 % 

3.  Measuring FN value using CRO 20 % 

4.  Working in team 10 % 

Product related: 10 Marks 40% 

5.  Calculate theoretical Notch frequency. 10 % 

6.  Interpretation of result 05 % 

7.  Conclusions  05 % 

8.  Practical related questions 15 % 

9.  Submitting the journal in time 05% 

Total (25 Marks) 100 % 

 

      Name of Team Members 

1. ………………………...... 

2. ………………………...... 

3. ………………………….. 

4. ………………………….. 

 

 

 

 

Marks Obtained 
Dated signature of 

Teacher 

Process 

Related 

(15) 

Product 

Related 

(10) 

Total 

(25) 
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Practical No.13: Use relevant instruments to measure the frequency of 

oscillation of the given RC phase shift oscillator circuit using IC741. 

 

I Practical Significance   

Oscillators are circuits that produce periodic waveforms without any input signal. They 

generally use some form of active devices like transistors or Op-Amps as amplifiers with 

feedback network consisting of passive devices such as resistors, capacitors, or Inductors. 

A RC Phase shift oscillator is an oscillator that generates sine waves. RC Phase shift 

oscillator is used for audio frequency generator in the radio receiver. RC Phase Shift 

Oscillators are used in musical instruments, voice synthesis and in Global Positioning 

System. This practical will enable student to view RC phase shift oscillator generates 

oscillations of certain frequency. 

 

II       Relevant Program Outcomes (POs) 

 Basic knowledge: Apply knowledge of basic mathematics, sciences and basic 

engineering to solve the broad-based Electronics and Telecommunication 

engineering problems. 

 Experiments and practice: Plan to perform experiments and practices to use the 

results to solve broad-based Electronics and Telecommunication engineering 

problems. 

 Engineering tools: Apply relevant Electronics and Telecommunications 

technologies and tools with an understanding of the limitations 

 

III Competency and Practical Skills 

This practical is expected to develop the following skills for the industry identified 

competency ‘Maintain electronic circuits consisting of Linear Integrated Circuits’: 

 Testing of relevant active and passive electronic components required to assemble 

RC Phase shift oscillator.  

 Mounting of the electronic components on breadboard as per circuit diagram of RC 

Phase shift oscillator.  

 Trouble shoot RC Phase shift oscillator.  

 

IV Relevant Course Outcome(s) 

 Maintain filters and oscillators used in various electronic circuits. 

 

V Practical Outcome 

 Use relevant instruments to measure the frequency of oscillation of the given RC 

Phase shift oscillator circuit using IC741. 

 

VI Relevant Affective domain related Outcome(s) 

 Follow safe practices. 

 Follow ethical practices 

 Demonstrate working as a leader/a team member 

 

VII Minimum Theoretical Background  

A RC phase shift oscillator consists of Op-Amps as the amplifying stage and 3-RC 

cascaded network as the feedback circuit. The feedback circuit provides feedback voltage 

from the output back to the input. This voltage is the input to the Op-Amps. The Op-

https://en.wikipedia.org/wiki/Electronic_oscillator
https://en.wikipedia.org/wiki/Sine_wave
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Amps is used in inverting mode, therefore any signal appears at the inverting terminal is 

shifted by the 180° at the output. An additional 180° phase shift required for oscillation is 

provided by cascaded RC network. 

For RC phase shift oscillator the frequency of oscillation is given by 

 
 

At this frequency, the gain Av must be at least 29. 

 

Or 

 
 

VIII Practical Circuit diagram :   

a) Sample Circuit diagram  

 
  Figure 13.1 Circuit diagram of RC phase shift  oscillator 

[Courtesy:http://www.eeeguide.com/wp-content/uploads/2016/09/Sine-Wave-Generators-Using-Op-amp-7.jpg] 

b) Actual Circuit diagram 
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c) Sample Experimental set up  

 
Figure 13.2 RC phase shift  oscillator 

 

d) Actual Experimental set up 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

IX Resources Required  
 

Sr. 

No. 
Instrument /Components Specification Quantity 

1.  
Variable DC power supply   0- 30V, 2A Dual tracking power 

supply 

1 No.  

2.  
Cathode Ray Oscilloscope 

(Analog type) 

20/30/100 MHz Frequency 

 

1 No.  

3.  Capacitors C=0.1µF  3 No. 

4.  Potentiometer RF=1MΩ 1 No. 

5.  IC-LM318/LM741 Op Amp Ic 1 No. 

6.  Resistors R1 =33KΩ ,R= 3.3KΩ 4No. 

7.  
DMM DC VOLTAGE Ranges : 200mV, 

2V, 20V, 200V 
1 No. 

8.  Analog IC tester Suitable to test analog ICs, 1 No 

9.  Breadboard 5.5 cm X 17 cm 1 No. 

10.  
Connecting wires  Single strand  Teflon coating (0.6 

mm diameter) 

As per 

requirement 
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X Precautions to be Followed 

1. Ensure proper connections are made as per the given setup. 

2. Ensure the power switch is in ‘off’ condition initially. 

3. Ensure the use of proper settings of CRO and DC Power supply. 

 

XI Procedure  

1. Test and mount the IC 741 on breadboard. 

2. Connect the circuit as per the circuit diagram as shown in figure 13.1 . 

3. Apply voltage  and  using DC power supply to pin no 7 and 

pin no. 4 of IC 741  respectively. 

4. Connect CRO at the output terminals of the circuit (Pin no. 6 of IC 741). 

5. Vary potentiometer to get stable sine wave output. 

6. Observe the sine wave output on CRO. 

7. Measure the frequency of sine wave output on CRO. 

8. Calculate the frequency of sine wave theoretically using formula:  

9. Compare theoretical and practical frequency of sine wave output. 

10. After the completion of practical switch off the supply, remove the connections and 

submit wires and equipment. 

 

XII Resources Used  

Sr. No. Instrument /Components Specification Quantity 

1.     

2.     

3.     

4.     

5.     

6.     

7.     

8.     

9.     

10.     

 

 

XIII Actual Procedure Followed (use blank sheet provided if space not sufficient) 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

 

XIV   Precautions Followed (use blank sheet provided if space not sufficient) 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 
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XV Observations and Calculations (use blank sheet provided if space not sufficient) 

 

Table No: 13.1 Observation table for Frequency of RC phase shift  oscillator 

 

Sr.No. R    C 

Practical 

Frequency 

Hz 

Theoretical 

Frequency(Hz) 

 

1     

 

   Calculations:  
  Output frequency           

 
  

 

XVI Results 

1. Output frequency         =…………………… 

 

XVII Interpretation of Results (Give meaning of the above obtained results) 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................  

................................................................................................................................................ 

 

XVIII Conclusions and Recommendation   
................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

 

XIX Practical Related Questions  

1. Give the values of slew rate of IC: LM 318,LM: 351 and LM:741 (Refer Data sheet) 

2. Design a RC phase shift oscillator using Op-Amp for F=1KHz. 

3. …………………………………………………………………………………........ 

[Space for Answers] 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 
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............................................................................................................................................................  

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 
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............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 
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XXI    Assessment Scheme 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

Name of Team Members 

1. ………………………...... 

2. ………………………...... 

3. ………………………….. 

4. ………………………….. 

 

 

 

 

Performance indicators Weightage 

Process related: 15 Marks 60% 

1  Handling of the components 10 % 

2  Mounting of component 20 % 

3  Measuring value Frequency using CRO 20 % 

4  Working in team 10 % 

Product related: 10 Marks 40% 

5  Calculate Theoretical frequency.  10 % 

6  Interpretation of result 05 % 

7  Conclusions  05 % 

8  Practical related questions 15 % 

9  Submitting the journal in time 05% 

Total (25 Marks) 100 % 

Marks Obtained 
Dated signature of 

Teacher 

Process 

Related 

(15) 

Product 

Related 

(10) 

Total 

(25) 
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Practical No.14:  Measure the frequency of oscillation of the given Wien 

bridge oscillator circuit using IC741. 

 

I       Practical Significance   

Oscillators are circuits that produce periodic waveforms without any input signal. They 

generally use some form of active devices like transistors or OPAMPs as amplifiers with 

feedback network consisting of passive devices such as resistors, capacitors, or Inductors. 

A Wien bridge oscillator is an oscillator that generates sine waves. Wien bridge oscillator 

is used in audio and acoustics applications. This practical will enable student to view 

Wien bridge oscillator generates oscillations of certain frequency 
 

II       Relevant Program Outcomes (POs) 

 Basic knowledge: Apply knowledge of basic mathematics, sciences and basic 

engineering to solve the broad-based Electronics and Telecommunication 

engineering problems. 

 Experiments and practice: Plan to perform experiments and practices to use the 

results to solve broad-based Electronics and Telecommunication engineering 

problems. 

 Engineering tools: Apply relevant Electronics and Telecommunications 

technologies and tools with an understanding of the limitations 

 

III       Competency and Practical Skills 

This practical is expected to develop the following skills for the industry identified 

competency ‘Maintain electronic circuits consisting of Linear Integrated Circuits’: 

 Testing of relevant active and passive electronic components required to assemble 

Wien bridge oscillator.  

 Testing of relevant active and passive electronic components required to assemble 

Wien bridge oscillator.  

 Trouble shoot Wien bridge oscillator. 

 

IV      Relevant Course Outcome(s) 

 Maintain filters and oscillators used in various electronic circuits. 

 

V      Practical Outcome 

 Measure the frequency of oscillation of the given wien bridge oscillator circuit using 

IC741. 

 

VI       Relevant Affective domain related Outcome(s) 

 Follow safe practices. 

 Follow ethical practices 

 Demonstrate working as a leader/a team member 

VII Minimum Theoretical Background  

A Wien bridge oscillator is based on a bridge circuit originally developed for the 

measurement of impedances. The bridge comprises four resistors and two capacitors. Op-

Amp is used as the amplifying device and the Wien bridge is used as the feedback 

element. The Op-Amp is used in noninverting mode that provides a phase shift of 00 and 

the phase shift introduced by the feedback network is also 00.  

https://en.wikipedia.org/wiki/Electronic_oscillator
https://en.wikipedia.org/wiki/Sine_wave
https://en.wikipedia.org/wiki/Bridge_circuit
https://en.wikipedia.org/wiki/Electrical_impedance
https://en.wikipedia.org/wiki/Resistor
https://en.wikipedia.org/wiki/Capacitor
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The feedback network provides gain of 1/3. Hence, the amplifier gain in inverting mode 

should be slightly greater than 3. 

Under the condition that R1=R2=R and C1=C2=C, the frequency of oscillation is given  

by:  

 

and at this frequency the gain required for sustained oscillation is given by 

 
That is, 

 
Or 

 
 

VIII Practical Circuit diagram :   

a) Sample Circuit diagram  

 
 

  Figure 14.1: Circuit diagram of wien bridge oscillator 
[Courtesy:http://www.eeeguide.com/wp-content/uploads/2016/09/Wien-Bridge-Oscillator-1.jpg] 

 

b) Actual Circuit diagram 

 

 

 

 

 

 

 

 

http://www.eeeguide.com/wp-content/uploads/2016/09/Wien-Bridge-Oscillator-1.jpg
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c) Sample Experimental set up  

 
Figure 14.2: Circuit diagram of wien bridge oscillator 

 

d) Actual Experimental set up  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

IX Resources Required  
 

Sr. 

No. 
Instrument /Components Specification Quantity 

1.  
Variable DC power supply  0- 30V, 2A Dual tracking power 

supply 

1 No.  

2.  
Cathode Ray Oscilloscope 

(Analog type) 

20/30/100 MHz Frequency 

 

1 No.  

3.  Capacitors C=0.1µF or 1 µF 1 No. 

4.  Potentiometer 50KΩ 1 No. 

5.  IC-741 Dual-In-Line or S.O. Package 1 No. 

6.  Resistors R1 =12KΩ ,R= 3.3KΩ 3No. 

7.  
DMM DC VOLTAGE Ranges : 200mV, 

2V, 20V, 200V 
1 No. 

8.  Analog IC tester Suitable to test analog ICs, 1 No 

9.  Breadboard 5.5 cm X 17 cm 1 No. 

10.  
Connecting wires  Single strand  Teflon coating (0.6 

mm diameter) 

As per 

requirement 
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X   Precautions to be Followed 

1. Ensure proper connections are made as per the given setup. 

2. Ensure the power switch is in ‘off’ condition initially. 

3. Ensure the use of proper settings of CRO and DC Power supply. 

 

XI Procedure  

1. Test and mount the IC741 on breadboard. 

2. Connect the circuit as per the circuit diagram show in fig 14.1. 

3. Apply voltage  and  using DC power supply to pin no 7 and 

pin no. 4 respectively. 

4. Connect CRO at the output terminals of the circuit (Pin no. 6 of IC741). 

5. Vary potentiometer to get stable sine wave output. 

6. Observe the sine wave output on CRO. 

7. Measure the frequency of sine wave output on CRO. 

8. Calculate the frequency of sine wave theoretically using formula:  

9. Compare theoretical and practical frequency of sine wave output. 

10. After the completion of practical switch off the supply, remove the connections and 

submit wires and equipment. 

 

XII Resources Used  

Sr. No. Instrument /Components Specification Quantity 

1.     

2.     

3.     

4.     

5.     

6.     

7.     

8.     

9.     

 

 

XIII Actual Procedure Followed (use blank sheet provided if space not sufficient) 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................  

................................................................................................................................................ 

 

XIV     Precautions Followed (use blank sheet provided if space not sufficient) 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 
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XV      Observations and Calculations (use blank sheet provided if space not sufficient) 
 

Table No: 14.1 Observation table for Frequency of Wien bridge oscillator 

 

Sr. 

No. 
R C 

Practical 

Frequency 

Hz 

Theoretical 

Frequency(Hz) 

 

1     

 

 

Calculations:  

i. Output frequency   

 
  

 

 

 

XVI Results 

1. Output frequency         =…………………… 

 

 

 

XVII Interpretation of Results (Give meaning of the above obtained results) 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................  

................................................................................................................................................ 

 

XVIII Conclusions and Recommendation   
................................................................................................................................................ 

................................................................................................................................................  

................................................................................................................................................ 

................................................................................................................................................ 

 

XIX Practical Related Questions  

1. Why variable resistance is connected in the feedback of OP-Amp used in Wien bridge 

oscillator? 

2. Design a Wien bridge oscillator using Op-Amp for F=965Hz. 

 

[Space for Answers] 
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............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................  

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 
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XX I    Assessment Scheme 

    

 

 

 

 

 

 

 

 

 

 

 

 

 

Name of Team Members 

1. ………………………...... 

2. ………………………...... 

3. ………………………….. 

4. ………………………….. 

 

 

 

Performance Indicators Weightage 

Process related: 15 Marks 60% 

10  Handling of the components 10 % 

11  Mounting of component 20 % 

12  Measuring value Frequency  using CRO 20 % 

13  Working in team 10 % 

Product related: 10 Marks 40% 

14  Calculate Theoretical frequency.  10 % 

15  Interpretation of result 05 % 

16  Conclusions  05 % 

17  Practical related questions 15 % 

18  Submitting the journal in time 05% 

Total (25 Marks) 100 % 

Marks Obtained 
Dated signature of 

Teacher 

Process 

Related 

(15) 

Product 

Related 

(10) 

Total 

(25) 
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Practical no.15:  Build/Test astable multivibrator using IC555 for the given 

specifications. 

 

I Practical Significance   

Astable multivibrator is a rectangular wave generating circuit. It has two quasistable 

state. This circuit is used in square wave oscillators, Electrical control panel used for 

industrial drives often used Pulse width Modulation (PWM) techniques and astable 

multivibrator is one of the active block for PWM.    They are also used in decorative 

lighting systems(running LEDs) and timing applications. In this practical students will be 

able to construct astable multivibrator on bread board and measure % duty cycle of the 

output waveform.        

II       Relevant Program Outcomes (POs) 

 Basic knowledge: Apply knowledge of basic mathematics, sciences and basic 

engineering to solve the broad-based Electronics and Telecommunication 

engineering problems. 

 Experiments and practice: Plan to perform experiments and practices to use the 

results to solve broad-based Electronics and Telecommunication engineering 

problems. 

 Engineering tools: Apply relevant Electronics and Telecommunications 

technologies and tools with an understanding of the limitations 

 

III Competency and Practical Skills 

This practical is expected to develop the following skills for the industry identified 

competency ‘Maintain electronic circuits consisting of Linear Integrated Circuits’: 

 Testing of relevant active and passive electronic components required to assemble 

Astable Multivibrator. 

 Mounting of the electronic components on breadboard as per circuit diagram of 

Astable Multivibrator. 

 Trouble shoot Astable Multivibrator. 

 

IV Relevant Course Outcome(s) 

 Trooubleshoot specified applications using various linear ICs. 

 

V Practical Outcome 

 Build/Test astable multivibrator using IC555 for the given specifications. 

 

VI Relevant Affective domain related Outcome(s) 

 Follow safe practices. 

 Follow ethical practices 

 Demonstrate working as a leader/a team member 

VII Minimum Theoretical Background  

Astable multivibrator is also called as Free Running Multivibrator. It has no stable states 

and continuously switches between the two states without application of any external 

trigger. The IC 555 can be made to work as an astable multivibrator with the addition of 

three external components: two resistors (RA and RB) and a capacitor (C).  

The pins 2 and 6 are connected and hence there is no need for an external trigger pulse. It 

will self trigger and act as a free running multivibrator. Output is available at pin-3. Pin 4 
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is the external reset pin. A momentary low on this pin will reset the timer. Hence when 

not in use, pin 4 is usually tied to VCC. 

The control voltage applied at pin 5 will change the threshold voltage level. But for 

normal use, pin 5 is connected to ground via a capacitor (usually 0.01µF), so the external 

noise from the terminal is filtered out. Pin 1 is ground terminal.  
 

 

 
 

Figure 15.1 :Waveforms of Astable multivibrator using IC 555 
[Courtesy:https://www.electronicshub.org/wp-content/uploads/2015/06/Waveforms-in-Astable-mode-of-operation.jpg] 

 

Duty cycle of the astable multivibrator is determined from the values of  RA, RB and C. 

The value of TON or the charge time (for high output) TC is given by 

 
The value of TOFF or the discharge time (for low output) TD is given by 

 
Therefore, the time period for one cycle T is given by 

 

 
Duty cycle is the ratio of the time TON during which the output is high to the total time 

period T. 

The duty cycle % D is given by 

 

 
If    , then the frequency  is given by 

 

https://www.electronicshub.org/wp-content/uploads/2015/06/Waveforms-in-Astable-mode-of-operation.jpg
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VIII Practical Circuit diagram :   

a) Sample Circuit diagram  

 
 

 Figure 15.2 Circuit diagram of Astable multivibrator using IC 555 

 

 

b) Actual Circuit diagram 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

c) Sample Experimental set up  

 

 
Figure 15.3 Astable multivibrator using IC555 
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d) Actual Experimental set up  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

IX Resources Required  
 

Sr. 

No. 
Instrument /Components Specification Quantity 

1.  
Variable DC power supply  0- 30V, 2A Dual tracking power 

supply  
1 No. 

2.  
Cathode Ray Oscilloscope 

(Analog type) 

20/30/100 MHz Frequency 

 
1 No. 

3.  Capacitors C1=0.1µF,C2=0.01 µF 1 No. 

4.  IC-555 8 Pin, DIP 1 No. 

5.  Resistors RA =15KΩ and12KΩ ,RB=10KΩ 3No. 

6.  
DMM DC VOLTAGE Ranges : 200mV, 

2V, 20V, 200V 
1 No. 

7.  Analog IC tester Suitable to test analog ICs, 1 No 

8.  Breadboard 5.5 cm X 17 cm 1 No. 

9.  
Connecting wires  Single strand  Teflon coating (0.6 

mm diameter) 

As per 

requirement 

 

X Precautions to be Followed 

1. Ensure proper connections are made as per the given setup. 

2. Ensure the power switch is in ‘off’ condition initially. 

3. Ensure the use of proper settings of CRO and DC Power supply. 

 

XI      Procedure  

1. Test and mount the IC 555 in breadboard and make the connections as shown in fig. 

15.2. 

2. Apply DC supply voltage  to pin number 8 of IC555 using DC power 

supply. 
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3. Observe the output waveform (pin no.3) and waveform across capacitor (pin no. 6) on 

CRO.  

4. Measure the TON, TOFF and frequency of output waveform. 

5. Calculate theoretical TON, TOFF and frequency. 

6. Compare theoretical and practical values of TON, TOFF and frequency. 

7. Repeat steps from 4 to 7 for RA=12KΩ 

8. Plot output waveform and waveform across capacitor on graph paper (only for RA = 

15KΩ). 

9. After the completion of practical switch off the supply, remove the connections and 

submit wires and equipment. 

 

XII Resources Used  

Sr. No. Instrument /Components Specification Quantity 

1.     

2.     

3.     

4.     

5.     

6.     

7.     

8.     

9.     

 

XIII Actual Procedure Followed (use blank sheet provided if space not sufficient) 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

 

XIV    Precautions Followed (use blank sheet provided if space not sufficient) 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................  

................................................................................................................................................ 

XV      Observations and Calculations (use blank sheet provided if space not sufficient) 
 

 

Table No: 15.1 Observation Table for Duty cycle  

Sr. 

No. 
RA TON TOFF T=TON + TOFF 

Frequency  

 Practical Theoretical 

1        

2        
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         Calculations :  

i.  

ii.  

iii.  

iv. Percentage Duty Cycle     

v. Output frequency   

XVI Results 

1. Percentage Duty Cycle =…………………… 

2. Output frequency         =…………………… 

 

XVII Interpretation of Results (Give meaning of the above obtained results) 

 

 

 

 

 

 

 

 

 

 

 

 

XVIII Conclusions and Recommendation   
................................................................................................................................................ 

................................................................................................................................................  

................................................................................................................................................ 

 

XIX Practical Related Questions  

1. Design Astable multivibrator using IC555 for 50% duty cycle. 

2. Mount the circuit designed in Q-1 on breadboard and draw observed output 

waveforms. 

[Space for Answers] 

............................................................................................................................................................ 
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............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................  

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................  

............................................................................................................................................................ 

............................................................................................................................................................ 
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............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 
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XX I    Assessment Scheme 

 

 

         Name of Team Members 

1. ………………………...... 

2. ………………………...... 

3. ………………………….. 

4. ………………………….. 

 

 

 

 

Performance Indicators Weightage 

Process related: 15 Marks 60% 

1  Handling of the components 10 % 

2  Mounting of component 20 % 

3  Measuring values  of TON, TOFF and Frequency  using CRO 20 % 

4  Working in team 10 % 

Product related: 10 Marks 40% 

5  Calculate Theoretical values of TON, TOFF and % Duty cycle.  10 % 

6  Interpretation of result 05 % 

7  Conclusions  05 % 

8  Practical related questions 15 % 

9  Submitting the journal in time 05% 

Total (25 Marks) 100 % 

Marks Obtained 
Dated signature of 

Teacher 

Process 

Related 

(15) 

Product 

Related 

(10) 

Total 

(25) 

 

   

https://www.youtube.com/watch?v=75hYqRtLJTQ
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Practical No.16:  Build/Test monostable multivibrator using IC555 for the 

given specifications. 

 

I Practical Significance   

A Monostable multivibrator is a pulse generating circuit. It has only one stable state. 

Monostable Multivibrator is used in timer, delay line, synchronization circuits in video 

communications equipment. . In this practical students will be able to construct 

monostable multivibrator on bread board and measure pulse width of the output 

waveform. 

 

II       Relevant Program Outcomes (POs) 

 Basic knowledge: Apply knowledge of basic mathematics, sciences and basic 

engineering to solve the broad-based Electronics and Telecommunication 

engineering problems. 

 Experiments and practice: Plan to perform experiments and practices to use the 

results to solve broad-based Electronics and Telecommunication engineering 

problems. 

 Engineering tools: Apply relevant Electronics and Telecommunications 

technologies and tools with an understanding of the limitations 

 

III Competency and Practical Skills 

This practical is expected to develop the following skills for the industry identified 

competency ‘Maintain electronic circuits consisting of Linear Integrated Circuits’: 

 Testing of relevant active and passive electronic components required to assemble 

Monostable Multivibrator.  

 Mounting of the electronic components on breadboard as per circuit diagram of 

Monostable Multivibrator. 

 Troubleshoot Monostable Multivibrator. 

  

IV Relevant Course Outcome(s) 

 Troubleshoot specified applications using various linear ICs. 

 

V Practical Outcome 

 Build/Test monostable multivibrator using IC555 for the given specifications. 

 

VI Relevant Affective domain related Outcome(s) 

 Follow safe practices. 

 Follow ethical practices 

 Demonstrate working as a leader/a team member. 

 

VII Minimum Theoretical Background  

In a Monostable multivibrator a pulse is produced at the output and  returns back to the 

stable state after a time interval. The duration of time for which the pulse is high will 

depend on the timing circuit that comprises of a resistor (RT) and a capacitor (CT). 

The pulse width of the output rectangular pulse is  
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Figure 16.1 waveforms of Astable multivibrator using IC 555 
[Courtesy:https://www.electronicshub.org/wp-content/uploads/2015/06/Waveforms-in-Monostable-Mode.jpg] 

The 555 Timer is available in 8-pin Metal Can Package, 8-pin Mini Dual in-line Package 

(DIP) and 14-pin DIP. The 14-pin DIP is IC 556 which consists of two 555 timers.The 8-

pin DIP is most commonly used. The pin out diagrams of 555 Timer 8-pin package  is 

shown below. 

 

Figure 16.2 Pin diagram of IC 555 
[Courtesy:https://www.electronicshub.org/wp-content/uploads/2015/06/8-Pin-Dip.jpg] 

https://www.electronicshub.org/wp-content/uploads/2015/06/Waveforms-in-Monostable-Mode.jpg
https://www.electronicshub.org/wp-content/uploads/2015/06/8-Pin-Dip.jpg
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Table No: 16.1 Pin Functions of IC555 

 

[Courtesy:https://www.electronicshub.org/wp-content/uploads/2015/06/table-11.jpg] 

 

VIII Practical Circuit diagram :   

a) Sample Circuit diagram  

 

 
 Figure 16.3: Circuit diagram of Monostable multivibrator using IC555 

https://www.electronicshub.org/wp-content/uploads/2015/06/table-11.jpg
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b) Actual Circuit diagram 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

c) Sample  Experimental set up 

 
Figure 16.4 Monostable multivibrator using IC555. 

 

d) Actual  Experimental set up 
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IX Resources Required  
 

Sr. No. Instrument /Components Specification Quantity 

1.  
Variable DC power supply  0- 30V, 2A with SC protection 1 No.  

2.  
Cathode Ray Oscilloscope 

(Analog type) 

20/30/100 MHz Frequency 

 

1 No.  

3.  Capacitors CT=0.1µF,C2=0.01 µF 2 No. 

4.  IC-555 8 Pin, DIP 1 No. 

5.  Resistors RT =10KΩ and 20KΩ  2No. 

6.  
DMM DC VOLTAGE Ranges : 

200mV, 2V, 20V, 200V 
1 No. 

7.  Analog IC tester Suitable to test analog ICs, 1 No 

8.  Breadboard 5.5 cm X 17 cm 1 No. 

9.  
Connecting wires  Single strand  Teflon coating 

(0.6 mm diameter) 

As per 

requirement 

 

X Precautions to be Followed 

1. Ensure proper connections are made as per the given setup. 

2. Ensure the power switch is in ‘off’ condition initially. 

3. Ensure the use of proper settings of CRO and DC Power supply. 

 

XI Procedure  

1. Test and mount the IC 555 in breadboard  

2. Connect the circuit as per the circuit diagram show in fig 16.3. 

3. Set trigger pulse from function generator (Use DC Offset and Symmetry controls on 

function generator) and observe it CRO. 

4. Connect  of 5 volt to pin no.8 and trigger signal to pin no.2 of  IC 555. 

5. Connect trigger signal to channel 1 and output of IC 555 to channel 2 of CRO. 

6. Observe two waveforms on CRO. 

7. Measure pulse width TON, for RT = 10 KΩ. 

8. Now connect the voltage drop across CT  to channel 1 and output of IC 555 to channel 

2 of CRO and compare the two waveforms. 

9. Draw labeled waveforms of input trigger, output at pin no.3 and voltage across 

capacitor CT on graph paper. 

10. Calculate the theoretical value of TON using the formulae and compare with practical 

value. 

11. Change the value of RT = 20 KΩ and repeat the above procedure. 

12. After the completion of practical switch off the supply, remove the connections and 

submit wires and equipment. 
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XII Resources Used  

Sr. No. Instrument /Components Specification Quantity 

1.     

2.     

3.     

4.     

5.     

6.     

7.     

8.     

9.     

 

XIII Actual Procedure Followed (use blank sheet provided if space not sufficient) 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................  

................................................................................................................................................ 

 

XIV     Precautions Followed (use blank sheet provided if space not sufficient) 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

 

XV    Observations and Calculations (use blank sheet provided if space not sufficient) 
 

Table No: 16.2 Observation table for Pulse Width  

Sr. 

No. 

RT in 

(KΩ) 

TON 

Practical 
Theoretical 

 

    

    

 

                  Sample calculation:  
 

1. Pulse width  

 
 

XVI Results 

1. Pulse Width =………………….. 

 

XVII Interpretation of Results (Give meaning of the above obtained results) 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 
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XVIII Conclusions and Recommendation   
................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

 

XIX Practical Related Questions  

1. Find the range of supply voltage for IC SE555(refer datasheet). 

2. Design a Monostable mulivibrator using IC55 for a pulse width of 1ms 

3. State the function of Pin no.4 of IC SE555( refer Datasheets) 

4. Explore internet and find other timer IC name them and give their IC number also.  

[Space for Answers] 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................  

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................  

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 
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............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................  

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................  

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 
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............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 
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XX I   Assessment Scheme 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Name of Team Members 

1. ………………………...... 

2. ………………………...... 

3. ………………………….. 

4. ………………………….. 

 

 

 

 

 

 

 

 

Performance Indicators Weightage 

Process related: 15 Marks 60% 

1  Handling of the components 10 % 

2  Mounting of component 20 % 

3  Measuring pulse width using CRO 20 % 

4  Working in team 10 % 

Product related: 10 Marks 40% 

5  Calculate Theoretical pulse width. 10 % 

6  Interpretation of result 05 % 

7  Conclusions  05 % 

8  Practical related questions 15 % 

9  Submitting the journal in time 05% 

Total (25 Marks) 100 % 

Marks Obtained 
Dated signature of 

Teacher 

Process 

Related 

(15) 

Product 

Related 

(10) 

Total 

(25) 

 

   

https://www.youtube.com/watch?v=-SbTyRpWdcI
http://www.ti.com/product/na555/description?keyMatch=NA555&tisearch=Search-EN-Everything
http://www.ti.com/product/na555/description?keyMatch=NA555&tisearch=Search-EN-Everything
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