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Electronics & Telecommunication Department

Vision of the Department: 

To develop GREAT technocrats and to establish centre of excellence in the field of 
Electronics and Telecommunications. 
 Global technocrats with human values 
 Research and lifelong learning attitude,
 Excellent ability to tackle challenges
 Awareness of the needs of society
 Technical expertise

Mission of the Department:

1. To provide good technical education and enhance technical competency by 
providing good infrastructure, resources, effective teaching learning process and 
competent, caring and committed faculty. 
2. To provide various platforms to students for cultivating professional 
attitude and ethical values.
3. Creating a strong foundation among students which will enable them to 
pursue their career choice.

Program educational objectives:

Graduates will be prepared 
1. To cultivate the skills & attitude required to pursue career choices in 
Electronics and Telecommunication, allied fields and be able to contribute to the 
advancement of knowledge. 
2. For deep insight in Electronics and Telecommunication concepts, 
mathematical, scientific and multidisciplinary engineering fundamentals required to 
solve engineering problems and pursue higher studies.
3. With good scientific and engineering knowledge in the field of Electronics 
and Telecommunication so as to comprehend, analyze, design and develop products 
and solutions for the real life problems.
4. To exhibit professional attitude, effective communication skills, leadership 
roles, project management and an ability to relate engineering issues to broader 
social context.

5. To continue professional and personal development with awareness of 
excellence and the life-long learning.



Program Specific Outcome: 

1. Comprehend, analyze, design and implement electronic circuits and 
applications.
2. Apply knowledge in the field of Embedded and VLSI technology.
3. Apply knowledge in the field of image processing and telecommunications.

Program Outcomes:

1. Engineering knowledge: Apply the knowledge of mathematics, science, 
engineering fundamentals, and an engineering specialization to the solution of 
complex engineering problems. 
2. Problem analysis: Identify, formulate, review research literature, and 
analyze complex engineering problems reaching substantiated conclusions using first
principles of mathematics, natural sciences, and engineering sciences. 
3. Design/development of solutions: Design solutions for complex engineering 
problems and design system components or processes that meet the specified needs
with appropriate consideration for the public health and safety, and the cultural, 
societal, and environmental considerations. 
4. Conduct investigations of complex problems: Use research-based knowledge 
and research methods including design of experiments, analysis and interpretation 
of data, and synthesis of the information to provide valid conclusions. 
5. Modern tool usage: Create, select, and apply appropriate techniques, 
resources, and modern engineering and IT tools including prediction and modeling to 
complex engineering activities with an understanding of the limitations. 
6. The engineer and society: Apply reasoning informed by the contextual 
knowledge to assess societal, health, safety, legal and cultural issues and the 
consequent responsibilities relevant to the professional engineering practice. 
7. Environment and sustainability: Understand the impact of the professional 
engineering solutions in societal and environmental contexts, and demonstrate the 
knowledge of, and need for sustainable development. 
8. Ethics: Apply ethical principles and commit to professional ethics and 
responsibilities and norms of the engineering practice. 
9. Individual and team work: Function effectively as an individual, and as a 
member or leader in diverse teams, and in multidisciplinary settings. 
10. Communication: Communicate effectively on complex engineering activities 
with the engineering community and with society at large, such as, being able to 
comprehend and write effective reports and design documentation, make effective 
presentations, and give and receive clear instructions. 
11. Project management and finance: Demonstrate knowledge and understanding 
of the engineering and management principles and apply these to one’s own work, as 
a member and leader in a team, to manage projects and in multidisciplinary 
environments. 



12. Life-long learning: Recognize the need for, and have the preparation and 
ability to engage in independent and life-long learning in the broadest context of 
technological change.



FOREWORD

It  is  my  great  pleasure  to  present  this  laboratory  manual  for  second  year
engineering students for the subject of Electrical Machines and Instrumentation
keeping  in  view  understanding  required  for  designing,  testing  and  working  of
different Electrical Machines and Instrumentation circuits.

As a student, many of you may be wondering with some of the questions in your mind
regarding the subject and exactly what has been tried is to answer through this
manual.

Faculty members are also advised that covering these aspects in initial stage itself,
will greatly relived them in future as much of the load will be taken care by the
enthusiasm energies of the students once they are conceptually clear.

  

                                                                                              

 H.O.D. 



LABORATORY MANUAL CONTENTS

This manual is intended for the Second year students of Engineering in the subject
of  Electrical  Machines  and  Instrumentation.  This  manual  typically  contains
Practical/Lab Sessions related to Electrical Machines and Instrumentation covering
various aspects related to the subject to enhance understanding.

Students are advised to thoroughly go through this manual rather than only topics
mentioned  in  the  syllabus,  as  practical  aspects  are  the  key  to  understanding
conceptual visualization of theoretical aspects covered in the books.

Good Luck for your Enjoyable Laboratory Sessions.

Prof. J.S.Solanke



SUBJECT INDEX:

1. Do’s and Don’ts in Laboratory.

2. Pre-requisite:

1. Dc machine power supply

2. Study of electrical apparatus with specifications.

3. Lab Exercise:
3. Study of DC generator/motor. 
4. To perform Speed control of Dc motor. 
5. To perform Speed control of induction motor. 
6. To study of starter in electrical machine. 
7. To study of stepper, servo, synchronous motor. 
8. To perform temperature measurement using thermocouple. 
9. To perform displacement measurement by LVDT.
10. To perform Speed measurement using magnetic pick up.
11. Study of strip chart recorder.
12. Measurement of PH using Conductivity meter
13. Smoke operated alarm

4. Quiz on the subject

5. Conduction of Viva-Voce Examinations

6. Evaluation and marking system

1. Do’s and Don’ts in Laboratory:



1. Understand the equipment to be tested and apparatus to be used.

2. Select proper type (i.e. A. C. or D. C.) and range of meters.

3. Do not touch the live terminals.

4. Use suitable wires (according to type and size).

5. All the connection should be tight.

6. Do not leave loose wires (i.e. wires not connected).

7. Get the connection checked before switching ‘ON’ the supply. 

8. Never exceed the permissible values of current, voltage, and / or speed of 

any machine, apparatus, wire, load, etc.

9. Switch ON or OFF the load gradually and not suddenly.

10. Do not handle any equipment before reading the instructions/Instruction 

manuals

11. Read carefully the power ratings of the equipment before it is switched on 

whether ratings e.g. 230V/50Hz or 115V/60Hz. For Indian equipments, the 

power ratings are normally 230V/50Hz. If you have equipment with 

115/60Hz ratings, do not insert power plug, as our normal supply is 230V/50 

Hz, which will damage the equipment.

12. Observe type of sockets of equipment power to avoid mechanical damage

13. Do not forcefully place connectors to avoid the damage

14. Strictly observe the instructions given by the teacher/Lab Instructor

Instruction for Laboratory Teachers:

1. Submission related to whatever lab work has been completed should be done

during the next lab session.  
2. The promptness of submission should be encouraged by way of marking and

evaluation patterns that will benefit the sincere students.

2. Pre requisite:



Experiment No.1: (2 Hours) – 1 Practical

Aim: DC machine power supply

Theory: 

1. Explain types of supply?

2. What are differences in between AC and DC power?

3. What is difference between 1-phase and 3-phase supply?

4. Advantages and Limitations of using DC supply

Experiment No.2: (2 Hours) – 1 Practical

Aim: Study of electrical apparatus with specifications.

Theory:

 1. What is the function of rectifier and inverter?

 2. What is function of switchgears?

 3. Define load? Give example for residential, commercial, industrial load?

 4. Ratings of DC Motor and Generator

2. Lab Exercises:



Experiment No.3: (2 Hours) – 1 Practical
[Purpose of this exercise is to introduce the students to different D. C.] 

Aim- Study of d. c. motor/generator Construction

Theory:

An electric generator is a device used to convert mechanical energy into electrical 
energy
To change the Simple Generator into a direct-current generator, we have to do the 
following:

  1. The current must be made to move in only one direction

  2. The current must be conducted from the rotating loop of wire

Circuit Diagram:

A DC generator consist of the following components

Rotor:

http://www.k12.nf.ca/gc/scienceweb/physicsweb/Physics3204/studentprojs/Project26/principles.htm


In its simplest form, the rotor consists of a single loop of wire made to rotate 
within a magnetic field. In practice, the rotor usually consists of several coils of 
wire wound on an armature.

Armature:
The armature is a cylinder of laminated iron mounted on an axle. The axle is carried 
in bearings mounted in the external structure of the generator. Torque is applied to
the axle to make the rotor spin.

Coil:

Each coil usually consists of many turns of copper wire wound on the armature. The 
two ends of each coil are connected either to two slip rings (AC) or two opposite 
bars of a split-ring commutator (DC).

Stator:
The stator is the fixed part of the generator that supplies the magnetic field in
which the coils rotate. It may consist of two permanent magnets with opposite poles
facing and shaped to fit around the rotor. Alternatively, the magnetic field may be
provided by two electromagnets.

Field electromagnets:
Each electromagnet consists of a coil of many turns of copper wire wound on a soft 
iron core. The electromagnets are wound, mounted and shaped in such a way that 
opposite poles face each other and wrap around the rotor.

Brushes:
The brushes are carbon blocks that maintain contact with the ends of the coils via 
the slip rings (AC) or the split-ring commutator (DC), and conduct electric current 
from the coils to the external circuit.

Pole Core and Pole Shoes:

The Pole Core and Pole Shoes are fixed to the magnetic frame or yoke by bolts.
Since the poles, project inwards they are called salient poles. Each pole core has a
curved surface. Usually, the pole core and shoes are made of thin cast steel or
wrought iron laminations which are riveted together under hydraulic pressure. The
poles are laminated to reduce the Eddy Current loss.



Magnetic Frame and Yoke:

The outer hollow cylindrical frame to which main poles and inter-poles are fixed and
by means of which the machine is fixed to the foundation is known as Yoke. It is
made of cast steel or rolled steel for the large machines and for the smaller size
machine the yoke is generally made of cast iron.

The two main purposes of the yoke are as follows:-

1. It supports the pole cores and provides mechanical protection to the inner parts
of the machines. 

2. It provides a low reluctance path for the magnetic flux

Conclusion: 

Experiment No.4: (2 Hours) – 1 Practical



AIM:  Speed control of a d. c. shunt motor.
a) By varying field current with armature voltage kept constant.
b) By varying armature voltage with field current kept constant.

APPARATUS:- 
1) Rheostat (100Ω 1.2 amp) --------------------- 1no
2) Rheostat (100Ω 6.0 amp) -------------------- 1no
3) D. c. voltmeter (0-300volt) -------------------1no.
4) D.C. Ammeter (0-1A) ----------------------- 1no

THEORY:
1. What is effect of voltage on D. C. shunt motor?
2. What are different factors which affect the speed of D. C. shunt motor?

PROCEDURE: - 
1) Make the connections as per circuit dia.
2) Set up the field and armature rheostat to their maximum value.
3) Switch on the D.C. Supply start the motor with the help of starter. Adjust the field
current to rated value.
4) Note the speed with the help of tachometer, the voltage across armature and the
field current.
5) Change the speed by varying the rheostat in the armature circuit.  Note the speed
and armature voltage, the field current remaining constant.
6) Repeat steps 4. And 5. Above, for different field currents. 
7) Plot speed V/s armature voltage 
8) Keep the rheostat in the armature circuit to some fixed value. Note the voltage
across armature. Note the field current and speed.
9) Vary the field current.

 OBSERVATION TABLE:-

a) Armature voltage variation.

Field current (constant) = _______amps.

Sr. no. Armature voltage
(Va in volts)

Speed (r.p.m)

1.
2.
3.
4.
5.
6.

b) Variable Field current 



Armature voltage (constant) = _____volts.

Sr. no Field current (If in amps) Speed (r.p.m.)
1.
2.
3.
4.
5.
6.

 

GRAPH:

CONCLUSION:- 

The variation of speed with armature
voltage  and  field  current  has  been
studied.  The  speed  of  d.  c.  Shunt
motor is directly proportional to the
armature  voltage  and  inversely
proportional  to  the  field  current.
Thus, to increase speed above rated
speed  field  current  should  be
decreased  &  to  decrease  the  speed
below rated  speed armature  voltage
should decrease.

SPEED

V
O
L
T
S







Experiment No.5: (2 Hours) – 1 Practical

Aim- To perform the Speed control & effect of voltage variation on performance of
3-phase  Induction Motor.

Apparatus:- 

Meter                                        Range                                              quantity
Ammeter 0-10 A                                                         1
Voltmeter 0-500 V                                                       1
Tachometer 0-1500                                                         1

Theory-

The  performance  electrical  machines  particularly  working  on  DC  supply  system
depends on voltage & frequency variation.  It is  expected that the m/c shall  be
capable of delivering the rated o/p at the rated p.f. within the variation of voltage
+5% to -5% &in such variation the tempt. Shall not exceed more than specified limit.
The variation of voltage & frequency beyond their limit affected the performance
of m/c.

             1) Effect of change in supply voltage on starting,

Tst = (K1E2
2R2)/Z2

But €0 is directly proportional to the supply voltage
Tst α V2

Therefore starting torque is in the square proportional of supply voltage.

      2) Effect of change in supply voltage on the torque under running condition
        
                 Trun= (KφS2€0R2)/(R2

2+(SX2)2)

Therefore T is directly proportional to SV2 if the supply voltage decreases then the
torque under running condition decreases. Hence to maintain same torque slip 
increases i.e. speed (full).hence slightly change in efficiency as the supply voltage 
changes.

Observation table:

Sr no. VL W1   W2 W IL N P.F



PROCEDURE:

1) Make the connection as per ckt diag.
2) Switch on the supply.
3) With the help of 3φ variac supply vary voltage in steps carefully.
4) Load the induction motor by mechanical loading arrangement till  the ammeter
shows reading.
5) Note down ammeter, voltmeter reading & speed of induction motor.
6) Reduce the voltage in steps & note down the readings of various meters.
7) Plot speed vs voltage characteristics.  
  
Circuit Diagram

CONCLUSION:-
  
Thus we can conclude from the above experiment

1 As the voltage decreases the torque decreases.
2 As voltage decreases speed also decreases. 

Experiment No.6: (2 Hours) – 1 Practical



Aim: Study of D.C. motor starter

At starting,  Eb =0 because speed of motor is  zero.  Armature current of
motor is equal to,

 Ia = V- Eb / Ra
          
      So, Ia =V/ Ra (Eb = 0)

Since Ra is very small so motor will draw large armature current.  To limit
the armature current in safe value we add some external resistance in armature
circuit.  A mechanism which adds resistance during  starting  only  is  known as
starter. 

THEORY:

There are two types of starters which are commonly used for d.c. shunt  motor
1) 3-point starter 
2)  4 - point starter 

3- POINT STARTER
Three point starters is shown in the figure 1, when motor is started, starting
arm is moved slowly towards the ON position 
 1) As soon as arm touches the stud no. 1 full starting resistance gets connected

in the armature   circuit.
1)  Field current receives supply directly  
     The starting armature current is equal to,

                                                                           Ia = V / (Ra + Rst)
2) The arm is moved against the spring force towards the ON position.
3) When  the  arm  travels  towards  ON  position,  the  starting  resistance  is

gradually  removed  from  armature  circuit.  Since  motor  takes  full  speed,
motor develops full back E.M.F. the starting arm carries a soft iron piece
which is held by attraction of the hold on coil. starter remains in ON position
because  the electromagnetism  formed by NO VOLT COIL

FUNCTION OF HOLD ON (NO VOLT COIL)
1) In case of supply failure NO VOLT COIL gets de-energized and the starting

arm will be released to OFF position. This is automatically done by spring
action.

2) It hold the plunger in ON position 
3) It gives the protection against field failure 

 



 FUNCTION OF OVERLOAD COIL
 Overload coil is a electromagnet connected in series with armature. When
current  exceeds  beyond  certain  predetermined  value  the  electromagnet  will
become strong and it attracts plunger. Due to this voltage across NO VOLT
COIL becomes zero.  This will make hold on coil de –energized due to which arm
gets to OFF position and motor gets disconnected from supply.

LIMITATIONS OF THREE POINT STARTER 
1) When motor is  in  ON position  the starting  resistance  gets  remove form
armature circuit at the same time it gets attached to field circuit, which is
dangerous to the motor.

2)When we control speed of motor by field control method, resistance in field
circuit reduces field current which increases the speed of motor at the same
time there is chance under ON condition motor could disconnect from supply
due to de energisation of HOLD ON COIL, due to less field current.

4- POINT STARTER 

4- Point starter with brass arc covers limitations of 3- point starter; using
brass arc covers first limitation. Making field circuit path independent of hold
coil circuit by making forth point in addition with 3-point circuit covers second
limitation.

When  field  current  is  reduced  while  controlling  speed  of  motor  will  not
effect on magnetic field of hold on coil because circuit of hold coil is separate
than field coil circuit as shown in the fig.2.  







Experiment No.7: (2 Hours) – 1 Practical
.
AIM: To study of stepper, servo, synchronous motor. 

APPARATUS:- 
1) Stepper motor
2) Servo motor
3) Synchronous motor

THEORY:

Stepper Motor 
Stepper Motor is a brushless electromechanical device which converts the train of
electric pulses applied at their excitation windings into precisely defined step-by-
step mechanical shaft rotation. The shaft of the motor rotates through a fixed
angle for each discrete pulse. This rotation can be linear or angular. It gets one
step movement for a single pulse input.
When a train of pulses is applied, it gets turned through a certain angle. The angle
through which the stepper motor shaft turns for each pulse is referred as the step
angle, which is generally expressed in degrees.

The number of input pulses given to the motor decides the step angle and hence the
position  of  motor  shaft  is  controlled  by  controlling  the  number  of  pulses.  This
unique feature makes the stepper motor to be well suitable for open-loop control
system wherein the precise position of the shaft is maintained with exact number
of pulses without using a feedback sensor.

If the step angle is smaller, the greater will be the number of steps per revolutions
and higher will be the accuracy of the position obtained. The step angles can be as
large as 90 degrees and as small as 0.72 degrees, however, the commonly used step
angles are 1.8 degrees, 2.5 degrees, 7.5 degrees and 15 degrees.                                                     

Like all electric motors, it has stator and rotor. The rotor is the movable part which
has no windings, brushes and a commutator. Usually the rotors are either variable
reluctance  or  permanent  magnet  kind.  The  stator  is  often  constructed  with
multipole and multiphase windings, usually of three or four phase windings wound for
a required number of poles decided by desired angular displacement per input pulse.



Servo motor:

A servo motor is an electrical device which can push or rotate an object with great
precision. If you want to rotate and object at some specific angles or distance, then
you use servo motor. It is just made up of simple motor which run through servo
mechanism. If motor is used is DC powered then it is called DC servo motor, and if
it is AC powered motor then it is called AC servo motor. We can get a very high
torque servo motor in a small and light weight packages. Doe to these features they
are being used in many applications like toy car, RC helicopters and planes, Robotics,
Machine etc.



Working principle of Servo Motors

A servo consists of a  Motor (DC or  AC),  a potentiometer,  gear  assembly and a
controlling circuit. First of all we use gear assembly to reduce RPM and to increase
torque of motor. Say at initial position of servo motor shaft, the position of the
potentiometer  knob  is  such  that  there  is  no  electrical  signal  generated  at  the
output port of the potentiometer. Now an electrical signal is given to another input
terminal  of  the  error  detector  amplifier.  Now  difference  between  these  two
signals, one comes from potentiometer and another comes from other source, will be
processed in  feedback mechanism and  output  will  be  provided in  term of  error
signal. This error signal acts as the input for motor and motor starts rotating. Now
motor  shaft  is  connected  with  potentiometer  and  as  motor  rotates  so  the
potentiometer  and  it  will  generate  a  signal.  So  as  the  potentiometer’s  angular
position changes, its output feedback signal changes. After sometime the position
of potentiometer reaches at a position that the output of potentiometer is same as
external signal provided. At this condition, there will be no output signal from the



amplifier to the motor input as there is no difference between external applied
signal and the signal generated at potentiometer, and in this situation motor stops
rotating

Construction of Synchronous Motor

The construction of a synchronous motor (with salient pole rotor) is as shown in
the figure at left. Just like any other motor, it consists of a stator and a rotor. The
stator core is constructed with thin silicon lamination and insulated by a surface
coating, to minimize the eddy current and hysteresis losses. The stator has axial
slots inside, in which three phase stator winding is placed. The stator is wound with
a three phase winding for a specific number of poles equal to the rotor poles. 
The rotor in synchronous motors is mostly of salient pole type. DC supply is given to
the rotor winding via slip-rings. The direct current excites the rotor winding and
creates electromagnetic poles. In some cases permanent magnets can also be used.
The figure above illustrates the construction of a synchronous motor very briefly.

Working Of Synchronous Motor

The stator is wound for the similar number of poles as that of rotor, and fed with
three phase AC supply. The 3 phase AC supply produces rotating magnetic field in
stator. The rotor winding is fed with DC supply which magnetizes the rotor. 

 Now,  the  stator  poles  are revolving  with  synchronous  speed (lets  say
clockwise). If the rotor position is such that, N pole of the rotor is near the N
pole of the stator (as shown in first schematic of above figure), then the poles
of the stator and rotor will repel each other, and the torque produced will be
anticlockwise.

http://www.electricaleasy.com/2014/02/production-of-rotating-magnetic-field.html
http://www.electricaleasy.com/2014/02/production-of-rotating-magnetic-field.html
http://www.electricaleasy.com/2014/01/losses-in-dc-machine.html


 The  stator  poles  are  rotating  with  synchronous  speed,  and  they  rotate
around very fast and interchange their position. But at this very soon, rotor
can not rotate with the same angle (due to inertia), and the next position will
be likely the second schematic in above figure. In this case, poles of the stator
will attract the poles of rotor, and the torque produced will be clockwise.

 Hence, the rotor will undergo to a rapidly reversing torque, and the motor
will not start.

But, if the rotor is rotated upto the synchronous speed of the stator by means of
an external force (in the direction of revolving field of the stator), and the rotor
field is excited near the synchronous speed, the poles of stator will keep attracting
the opposite poles of the rotor (as the rotor is also, now, rotating with it and the
position  of  the  poles  will  be  similar  throughout  the  cycle).  Now,  the  rotor  will
undergo unidirectional torque. The opposite poles of the stator and rotor will get
locked with each other, and the rotor will rotate at the synchronous speed.

Conclusion:

http://www.electricaleasy.com/2014/02/production-of-rotating-magnetic-field.html


Experiment No.8: (2 Hours) – 1 Practical
Temperature Measurement Using Thermocouple

Aim: To study the temperature measurement Using Thermocouple, it’s 
characteristics .

Apparatus: -

 Thermocouple: 

i. Copper – Constantan 

ii. Iron - Constantan 
 Electric Heater 

 Water Container 

 Multimeter 

 Thermometer 

 Temp. Measurement Trainer. 

THEORY: -

 Thermocouples. 

 Thermoelectric Effect. 

 Seeback Effect and its circuit diagram. 

 Practical Thermocouple and its circuit diagram. 

 List Standard Thermocouples and its comparison. 

Circuit Diagram:-



Procedure: -

1. Connect the Thermocouple supplied to you, at the input terminals. If Copper

constantan thermocouple is used copper wire must be connected to positive

terminal and constantan wire must be connected to negative terminal. 

2. Deep the junction in water container. 

3. Hold the thermometer in water container. 

4. Switch ON the electric water heater. 

5. Note down the temp. on thermometer, temp. of the measuring instrument

and note down the voltage output at the end terminal of both metal wire

using multimeter. 

6. Plot the Temperature vs. output characteristic. 

Observation table:-

Sr.no. Thermometer Instrument reading Output voltage

reading  (c) ( c)

Precaution: - While connecting the thermocouple to the input terminals, observe 
the polarity.

GRAPH: - Output voltage Vs Temperature(c).

CONCLUSION:-



Experiment No.9: (2 Hours) – 1 Practical

Aim: - To study the characteristics of LVDT using ANSHUMAN LVDT trainer kit.

Apparatus: - ANSHUMAN LVDT trainer kit,

Theory:-

The basic structure of LVDT is a movable core of a permeable material & three

coils  as shown in  fig.  The inner core is  a primary,  which provides magnetic  flux

through its excitation by some AC source. The two secondary coils have voltages

induced do to flux linkage with the primary. When the core is centrally located the

voltage induced in each secondary is same & when the core is displaced, the change

in flux linkage causes one secondary voltage to increase & other to decrease. The

secondary windings are generally connected in series opposite so that the voltage

induced in each are out of phase with the other. In this case, as shown in the fig.2,

the output voltage is zero when the core is centrally located & increases as the core

is moved in either direction in or out.

The voltage amplitude is linear with the core displacement over some range of

core travel. Furthermore there is a phase shift as the core moves both to & from

the central location.

Block diagram:-



Procedure:-

A) Connect the PIN- D-PIN type male connector of LVDT box to the PIN D-

type female connector of LVDT signal conditioning circuit. 

B) Connect the main cords of the LVDT signal conditioning board in the main
supply socket. 

C) Rotate the micrometer screw such that the reading in micrometer is exactly

10 mm. Because this is our null or zero position. The reading below the 10 mm

is considered as +ve displacement reading above the 10 mm is considered as –

ve displacement. 

D) For e.g. , If the reading is 7 mm then, Displacement =10 – 7= 3mm & If the

reading is 14 mm, then, displacement =10 – 14= -4 mm. 

E) Make the power ON. 

F) Now display should show 00.00, If not, 

G) If the error is above +/- 00.10 mm, then adjust the coil such that the display

matches exactly with the reading i. e. 00.00. 

H) If the error is below +/- 00.10 mm, If the error is above +/- 00.10 mm, then
adjust the coil 

such that the display matches exactly with the reading i.e. 00.00.

9.  Now rotate the micrometer such that the reading on the micrometer is   
displacement = 10 –

0.0 = 10.00 mm. 

1. Now the reading on display must be 10.00, if not Adjust the SPAN POT of

signal conditioning circuit such that the reading in display must be 10.00. the

display actually shows the core displacement. 

2. Now  again  rotate  the  micrometer  screws  such  that  the  reading  on

micrometer is 10 mm. Now the display must show 00.00 mm. 

3. If not, repeat the steps 5 to 9 again. 

4. Now again rotate the micrometer so that the reading on micrometer is 20.00
mm. 



5. Displacement = (10.00 - 20.00) = - 10.00 mm. 

6. Now check the display reading. In this case the reading on the display is
around – 10.00 mm. 

7. Now LVDT trainer kit is ready for the experiment. 

8. Now again rotate the micrometer screw such that the displacement of core
is zero. 

9. Now move the core of the LVDT IN THE +VE & -ve direction with respect to

the null position & observe the readings on the display & enter your readings

in the observation table.

Observation Table:-

Least count of micrometer = value of smallest division on main scale

Total no of divisions

= 0.01 mm

Sr. Core Display Secondary

No. displacement reading Voltage

Graph:-1. Core displacement Vs display reading

2. Core Displacement Vs Secondary Voltage

Conclusion:- Distance on display depends upon core position in +ve & -ve direction.



Experiment No.10: (2 Hours) – 1 Practical

AIM: To study Proximity Magnetic Pick up, its principle of operation & 
characteristics.

APPRATUS:
a) Magnetic Pickup Trainer.
b)Oscilloscope with Probes.
c) 230 V AC 1Ø, 50 Hz mains supply.

THEORY:

Inductive  sensor:  An  inductive  sensor  is  an  electronic  proximity  sensor,
which detects metallic objects without touching them. The sensor consists
of  an  induction  loop.  Electric  current  generates  a  magnetic  field,  which
collapses generating a current that falls asymptotically towards zero from
its initial level when the input electricity ceases. The inductance of the loop
changes according to the inside it and since metals are much more effective
inductors than other materials, the presence of metal increases the current
flowing through the loop. This change can be detected by sensing circuitry
which can be given as a signal to other devices.

CALCULATION OF THE SPEED (RPM) = Pulses per sec x 60
                                                                      No of teeth

PRECAUTIONS:

1) Ensure main supply is 230 V AC, 50 Hz, 1Ø Only.
2) Ensure the trainer is in proper condition, sensor is rigidly mounted & 

placed near to gear teeth.
3) Turn the speed pot to anticlockwise ( min speed )
4) Do not short the banana sockets.



5) Do not disturb/change the scale factor /DIP switches on indicator.

PROCEDURE:

1) Keep speed pot to min speed.

2) Connect the magnetic pickup trainer to 230 V AC mains.

3) Turn on mains. The motor will slowly gain the speed.

Note : There is speed ramp up circuitry, ensures smooth start.

4) Ensure the digital indicator is ON, Motor rotates and sensor LED Flickers.

5) Connect the oscilloscope to banana socket.

Connection details – Black - OV Ground.

- Red - Pulse O/P.

6) Observe the pulses on CRO

7) Slowly increase the motor speed.

8) Repeat step ‘ 7 ’ till full speed i.e.1500 RPM ( Pot to most clockwise )

9) Reduce the speed to min speed.

Note: Encoder generates 40 pulses/revolution.



BLOCK DIAGRAM OF SPEED MEASUREMENT SIGNAL CONDITIONIING CKT.



OBSERVATION TABLE :-

Sr.No. Actual Speed 
Indicated (in RPM)

Tachometer 
Speed (in RPM)

Calculated Speed 
(in RPM)

Error in %

Graph:

Conclusion:



Experiment No. 11 :( 2 Hours) – 1 Practical

Study of Strip Chart Recorder.
 
Aim: To study Principle, Construction and Working of Strip Chart Recorders. 

Apparatus: Strip chart recorder, function generator. 

Theory: 
It is often necessary to have a permanent recorder. In many of industrial  & research
processes  it  is  necessary to  monitor  continuously  the condition,  state  or  value of  the
process variables such as flow, force, pressure, temperature, current voltage, electrical
power etc. A recorder thus records electric & non-electric quantities as a function of
time. This record may be written or printed & later on, can be examined & analyses to
obtain a better understanding & control of processes. Currents & voltages can be recorded
directly while the nonelectrical quantities are recorded directly by first converting them
to  equivalent  currents  or  voltages  with  the  help  of  sensors  or  transducers.  Every
increasing emphasis on automation, continuously recording instruments are finding many
applications in industry.
 
There are two types of recording devices. 
1. Analog recorders. 
2. Digital recorders. 

ANALOG RECORDRES: There are numerous types of analog recorders. 
They  are  broadly  classified  into:  a.  Graphic  recorders  b.  Oscillographic  recorders  c.
Magnetic Tape recorders 
GRAPHIC RECORDERS: 

i. Strip chart recorder: 
A strip chart records one or more dependent variable with respect to time. It is X-t
recorder. ii. X-Y recorders: An X-Y recorder records one or more dependent variable With
respect to an independent Variable.
 
STRIP CHART RECORDERS:

Construction: 

A strip chart recorder consists of: I. A long roll of graph paper moving vertically. II. A
system for driving the paper at some selected speed. A speed selector switch is genera1ly
provided. Chart speeds of 1 -100 mm/s are usually used. III. A stylus for making marks on



the moving graph paper. The stylus moves horizontally in proportional to the quantity being
recorded. IV. A stylus driving system, which moves the stylus in a nearly exact replica or
analog of the quantity being recorded. 

Fig No.1: -  Strip Chart Recorder A range selector switch is used so that input to the
recorder drive system is within the acceptable level. Most recorder use a pointer attached
to the stylus. This pointer moves over a calibrated scale thus showing the instantaneous
value of the quantity being recorded. An external control circuit for the stylus may be
used. A. Paper Drive Systems. The paper drive system should move the paper at a uniform
speed. A spring wound mechanism may be used but in most of the recorders a synchronous
motor is used for driving the paper. B. Marking Mechanisms. 

In general red ink is used but other colours are available and in instrumentation display a
colour code can be adopted. The stylus,  moving over the paper with preprinted scales,
traces  the  variations  of  the  input  signal.  This  method  is  most  commonly  employed  as
ordinary paper can be used and therefore the cost is low. Other advantages are that with
this system, operation over a very wide range of recording speeds is possible and also
there is little friction between the stylus tip and the paper. These disadvantages of this
method are that ink splatters at high speeds, batches at low speeds and clogs when the
stylus is at rest. The frequency limit of recorders incorporating this method of writing is
only a few Hz.  2. Marking with Heated Stylus. Some recorders use a heated stylus, which
writes  on  a  special  paper.  This  method  overcomes  the  difficulties  encountered  in  ink
writing systems. The heated stylus melts a thin, white wax like coating on a black paper



base. Since the paper required is a special one, the cost is high. This method cannot be
used  for  recording  certain  processes  which  produce  heat  which  indirectly  effect  the
recordings.  But  this  method  is  quite  reliable  and  offers  high  contrast  traces.
Sophisticated  recorders  using  papers  with  waxed  surfaces  and  special  pens,  have  a
frequency response upto 40 Hz are available 3.  Chopper Bar.  If a chart made from a
pressure sensitive paper is used a simple recording process is possible. A V -shaped pointer
is passed under a chopper bar which presses the pen into the paper once per second (or
any other selected interval) thus making a series of marks on the special paper. In fact
this system is not purely continuous and hence is suitable for recording some slowly varying
quantities, for example those which have a variation of 1 cycle per hour. This type of
marking has the advantage of a straight line horizontal scale without the use of complex
linkage  arrangement.  4.  Electric  Stylus  Marking.  This  method  employs  a  paper  with  a
special coating which is sensitive to current. When current is conducted from the stylus to
the paper,  a  trace appears  on  the paper.  It  is  clear  that  the electric  stylus  marking
method has a wide range of marking speeds, has low stylus friction and a long stylus life.
The disadvantage is  that  the cost  of paper is  very high.  5.  Electrostatic  Stylus.  This
method  uses  a  stylus,  which  produces  a  high  voltage  discharge  thereby  producing  a
permanent trace on an electrosensitive paper. This arrangement has been incorporated in a
recorder having a 50 mm wide chart nine voltage ranges from 10 mV/mm to 5 V/mm; eight
chart  speeds  from  300  mm/s  to  10  mm/min  and  a  frequency  response  of  60  Hz  at
maximum amplitude of I db. 6. Optical Marking Method. This method uses a beam of light
to write on  a  photosensitive paper.  Thus  this  method allows higher frequencies  to  be
recorded  and  permits  a  relatively  large  chart  speed  with  good  resolution.  The
disadvantages are that the paper cost is  very high.  Secondly the writing process is  a
photographic one, the paper must be developed before a record is available and hence this
method is not suitable for processes where instantaneous monitoring is to be done.  C.
Tracing Systems.  There are two types  of  tracing systems used for  producing  graphic
representations. 1. Curvilinear System. In the curvilinear system, the stylus is mounted on
a central pivot and moves through an arc, which allows a full-width chart marking. If the
stylus makes a full range recording, the line drawn across the chart will be curved and the
time intervals will he along this curved segments. This type of system is used on many
records, with PMMC galvanometers actuating the stylus filled with ink as shown in Fig.no.3.
The disadvantage of this method of tracing is the charts are difficult to analyze because
of curved time base lines. 2. Rectilinear System. It is noticed that a line of constant time
is perpendicular to the time axis and therefore this system produces a straight line across
the width of the chart. Here the stylus is actuated by a drive cord over pulleys to produce
the forward and reverse motion as determined by the drive mechanism. The stylus may be
actuated by a self-balancing potentiometer system, a photoelectric deflection system, a
photoelectric potentiometer system, or a bridge-balancing system. This system is usually
used with thermal or electric writing.



Conclusion:-
Experiment No. 12 :( 2 Hours) – 1 Practical

AIM:- To study measurement of Conductivity meter, its principle of operation & 
Characteristics.

APPRATUS:-
a) Conductivity Trainer 
b) Conductivity Cell 

THEORY:-
PRINCIPLE OF OPERATION
A Conductivity cell  in a measuring solutions is placed in the inverting input path of an
‘Operational Amplifier‘. When AC voltage of constant amplitude and suitable frequency is
applied to the system then for a given feedback resistance Rf the output eo is linearly
proportional to the solution. The conductance value is normally required to be multiplied by
the  cell  constant  to  convert  into  Conductivity  unless  provision  already  exists  in  the
instrument to compensate for the same. This provision is made in the next part of the
amplifier after conditioning is displayed on a 3½ digit display, this indicate directly, the
Conductivity of solution under measurement referred to the reference measurement i.e.
250 C

INTRODUCTION
Digital  Conductivity  meter  is  a  solid  state  instrument  design  to  provide  the  precise
conductivity measurement. The instrument is ideal for monitoring salt contents in natural
water, Drinking water, Treated water, Waste water, Brine water, Sea water and soluble
salt  in  solids.  A  multi-position  selector  switch  quickly  sets  the  digital  display  to  the
desired test range. The LED display is easy to read even in the dark. The uses of the solid
state IC circuitry makes the model versatile and is used in various lab applications like soil
analysis laboratories, swimming pools, water quality control  in boiler feed water, water
works  departments,  fertilizer  planets,  petroleum  refineries,  transport  undertakings,
breweries, textile plants, rayon &silk mills etc.

TECHINICAL SPECIFICATIONS
Range ; 200 μMhos/cm to 1000 mMhos/cm in 5 ranges
Accuracy ; + 0.3% F.S. 200μMhos to 200 mMhos/cm, + 1% F.S 1000 Mhos/cm
Resolution ; 0.1Mhos μMhos/cm.



Measuring Frequency ; 1000 Hz
Temp. Compensation ; 0 to 50o c
Cell Compensation ; 0.2 to 1.6 adjustable
Function selector ; CHECK/ COND/ CELL CONST.
Digital Display ; 3½ digit LED display
Power Supply ; 220V + 10% 50Hz AC
Dimensions ; L 275 x B 175 x H 75 mm.
Weight ; 2kg.

CALIBRATION OF THE INSTRUMENT
1. Dip the sensor in standard solution of known conductivity at 25oc 
2. Select the RANGE switch to the range of standard solution. 
3. Switch the FUNCTION SWITCH to the CHECK Position and see that display reads

1.000. 
4. If not adjust display reading to 1.000 by CAL at the back of the instrument. 
5.  Select  the  function  switch  to  Conductivity  position  and  set  the  display  to  the
Conductivity of known solution by means of the CELL CNSTANT control. 
6. Check the cell constant value mark new cell constant . if it does not match the value on
the Conductivity cell. 
7.  The instrument is  calibrated &  is  ready to  determine  the  Conductivity  of  unknown
solution. 

PROCEDURE:

CONDUCTIVIY MEASUREMENTS
10) Rinse the cell with solution whose Conductivity is to be measured . 
11) Dip the Conductivity cell in the solution under test. 
12) Set the FUNCTION SWITCH to check position. 
13) Display must read 1.000, if not set it with cal. control at the back panel 
14) Set the cell constant control to the cell constant value of the conductivity cell 
15) Set the FUNCTION switch to cond. Position 
16) Connect the conductivity cell at the rear of the instrument 
17) Set the temp control to the actual temperature of the solution under test 
18) Bring the range switch at a position where maximum resolution is obtained 
19)       Red the display which shows conductivity at 25°c 



OBSERVATION TABLE:- Conductivity of unknown solution

GRAPH:- Conductivity Vs PH of solution



CONCLUSION:-
Experiment No. 13: (2 Hours) – 1 Practical

Smoke operated alarm.

AIM :- Study of Smoke operated alarm.

APPARATUS :- 1. Kit,
2. power supply, 
3. connecting wires etc. 

THEORY:-

Figure shows a socket of smoke operated alarm that works on light beam principle.
Here the LDR is illuminated by a light beam and is wired in a bridge network formed by R1-
R2-RV1 and LDR and bridge output is detected and used to provide gate driver to SCR. A
transistor  detector  is  used  in  circuit,  circuit  is  adjusted  so  that  bridge  is  closed  to
balance when LDR is normally illuminated and transistor Q is conducting slightly but not
sufficiently to drive the SCR ON.

When smoke enters light, light beam LDR illumination decreases and LDR resistance
increases bridge goes out of balance in such a way that Q is triggered further ON. Thus
causing SCR and alarm to turn ON. The socket then function as smoke operated alarm.
When reset button is pressed, diode D1 is reverse biased. Reverse potential is applied
across the alarm and it gets turn off.

PROCEDURE :-

1. Make power ON to the unit. 
2. Use incense stick to create smoke. 
3. Keep enlightens incense stick from bottom side of sensor. 
4. As smoke occupies chamber, alarm sounds. 
5. To make alarm OFF first remove smoke from chamber and thus press RESET switch. 

CONCLUSION :-

When smoke enters into chamber, LDR resistance increases and causes SLR and 
alarm to turn ON. Thus it works as smoke alarm.





4. Quiz on the subject:

1. What is the working principle of D. C. Generator? 
2. What are the different types of D C Generator? 
3. What is the working principle of D. C. Motor? 
4. What are the different types of A.C. Motor? 
5. What is the working principle of AC. Motor? 
6. Write different applications of A.C. Motor. 
7. Load characteristics of D.C. Compound Generator. 

a. What are the different types of D.C. compound Generator?
b. What is the difference between flat compounded & over compounded  generator.
c. Why the terminal voltage drops when the generator is loaded? 
d. What happens if we connect the shunt field of compound generator in series
with the armature & series field across the armature? 
e. What are the applications of d. c. compound generator? 
f. How to identify the series field & terminal at the terminal box? 

8. Speed control of D.C. Shunt motor 

a. What are the factors on which speed of D.C. Shunt motor depends? 
b. Name the different speed control methods. 
C. What is the disadvantage of armature rheostat method?
d. Where the D.C. Shunt motor is applicable? 

9. Load test on d. c. shunt motor. 

a. What is the purpose of Load test on d. c. shunt
motors? 
b. What is the relation between Ia and Armature
Cu loss? 
c. What are different losses in D.C. shunt motor?

10. Answer following in Brief. 

A. How energy conversion takes place in D C Generator. 
B. Why D C Motor is known as constant speed motor? 



C. Why starter is necessary for starting of D C motor? 
D. Explain the disadvantage of 3pt. Starter. 
E. How to reverse the direction of rotation of D C shunt Motor. 
F. What is the use of commutator & brushes in D C Motor? 

5. Conduction of VIVA-VOCE Examinations: -

Teacher should conduct oral exams of the students with full preparation. Normally the
objective questions with guess are to be avoided. To make it meaningful, the questions
should be such that depth of the student in the subject is tested. Oral Exams are to be
conducted in co-cordial situation. Teachers taking oral exams should not have ill thoughts
about each other & courtesies should be offered to each other in case of opinion, which
should be critically suppressed in front of the students.

6. Evaluation and marking system: -

Basic honesty in the evaluation and marking system is essential and in the process impartial
nature of the evaluator is required in the exam system. It is a primary responsibility of
the  teacher  to  see  that  right  students  who  really  put  their  effort  &intelligence  are
correctly awarded.
The marking  pattern  should  be  justifiable  to  the  students  without  any  ambiguity  and
teacher should see that students are faced with just circumstance.
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