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Experiment No. 1

Aim: Demonstration of PMMC, Moving Iron, Electrodynamometer Type
Indicating Instruments.

Instruments required:
e Demonstration Kit
Theory:

As far as the measurement of electrical parameters such as Current,
Voltage and Power is concerned, the first thing that comes in mind is
about measuring instruments. Electric measuring instruments and
meters are used to indicate directly the value of voltage, current, energy
or power. There are a variety of measuring instruments available on the
market. The digital instruments use electronic circuitry, whereas analog
instruments have an electromechanical arrangement (i.e. Input is an
electrical signal results mechanical force or torque as an output). This
arrangement can be connected with suitable components

to act as an Ammeter or a Voltmeter. Our aim is to be familiar with the
analog measuring instruments

and their principle of operation. The analog measuring instruments are
classified as follows:

e Permanent Magnet Moving Coil Instruments.
e Moving Iron or Iron Vane Instruments.
e Dynamometer type Instruments.

The instruments can be calibrated to measure quantities like current,
voltage, power and many more. The Voltmeter, Ammeter and
Wattmeter are generally used to measure Voltage, Current and Power of
any electrical or electronics circuit respectively. Before we deal with the
classifications of measuring instruments, firstly take a view of the
terminologies used in the description.



Deflecting torque/force:

The deflection of any instrument is determined by the combined effect
of the deflecting torque/force, control torque/force and damping
torque/force. The value of deflecting torque must depend on the
electrical signal to be measured.

Controlling torque/force:

This torque/force must act in the opposite sense to the deflecting
torque/force, and the movement will take up an equilibrium or definite
position when the deflecting and controlling torque are equal in
magnitude. Spiral springs or gravity usually provides the controlling
torque.

Damping torque/force:

A damping force is required to act in a direction opposite to the
movement of the moving system. This brings the moving system to rest
at the deflected position reasonably quickly without any oscillation or
very small oscillation. This is provided by i) air friction ii) fluid friction iii)
eddy current. it should be pointed out that any damping force shall not
influence the steady state deflection produced by a given deflecting
force or torque.



Permanent Magnet Moving Coil (P.M.M.C.) Instruments:

A moving coil instrument consists basically a permanent magnet to
provide a magnetic field, and a small lightweight coil is wound on a
cylindrical soft iron core that is free to rotate around its vertical axis.
When a current is passed through the coil windings, a torque is
developed on the coil by the interaction of the magnetic field and the
field set up by the current in the coil.

Aluminum pointer is attached to rotating coil and the pointer moves
around the calibrated scale indicates the deflection of the coil. To reduce
parallax errors a mirror is usually placed along with the scale. A balance
weight is also attached to the pointer to counteract its weight.

Hairspring is provided to return the coil to its original position in no
current conditions.

Hairspring not only supply a restoring torque but also provide an electric
connection to the rotating coil. With the use of hairsprings, the coil will
return to its initial position when no current is flowing though the coil.
The springs will also resist the movement of coil when there is current
through coil. When the developing force between the magnetic fields
(from permanent magnet and electromagnet) is exactly equal to the
force of the springs, the coil rotation will stop. The coil set up is
supported on jeweled bearings to achieve free movement.

Two other features are considered to increase the accuracy and
efficiency of this meter movement. First, an iron core is placed inside the
coil to concentrate on the magnetic fields. Second, the curved pole faces
ensure the turning force on the coil increases as the current increases.



The Permanent Magnet Moving Coil Instruments are used to measures
only D.C. As it is known that the average value of full wave rectifier
current is 0.637 times actual current.

Principle of operation:

It has been mentioned that the interaction between the induced field
and the field produced by the permanent magnet causes a deflecting
torque, which results in rotation of the coil.
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Advantages:

e The scale is uniformly divided (steady state ¢= (G/C) Is).

e The power consumption can be made very low (25uW to 200uW).

e The torque-weight ratio can be made high with a view to achieve
high accuracy.

e A single instrument can be used for multi-range ammeters and
voltmeters.

e The errors due to stray magnetic field is very small.



Limitations:

e Suitable for direct current only
e High cost
e Variation of magnet strength with time.

Errors:

Frictional error

Magnetic decay
Thermo electric error

Temperature error

Errors can be reduced by following the steps given below:

e Proper pivoting and balancing weight may reduce frictional
errors.

e Use of resistance in series can nullify the effect of variation of
resistance of the instrument circuit due to temperature
variation.

e The stiffness of spring, permeability of magnetic core
decreases with increases in temperature.



Moving Iron (M.1.) Instruments:

The deflecting torque in any moving-iron instrument is due to
forces on a small piece of magnetically 'soft' iron that is magnetized
by a coil carrying the operating current.

Repulsion type M.I. instrument consists of two cylindrical soft iron
vanes mounted within a fixed current-carrying coil. One iron vane
is held fixed to the coil frame and other is free to rotate, carrying
with it the pointer shaft. Two irons lie in the magnetic field
produced by the coil that consists of only few turns if the
instrument is an ammeter or of many turns if the instrument is a
voltmeter. Current in the coil induces both vanes to become
magnetized and repulsion between the similarly magnetized vanes
produces a proportional rotation.

The deflecting torque is proportional to the square of the current
in the coil, making the instrument reading true RMS quantity.
Rotation is opposed by a hairspring that produces the restoring
torque. Only the fixed coil carries load current, and it is constructed
so as to withstand high transient current. Moving iron have non-
linear scales and somewhat crowded in the lower range of
calibration.

Attractive types of M.I. instrument this instrument consists of a few
soft iron discs that are fixed to the spindle, pivoted in jeweled
bearings. The spindle also carries a pointer, a balance weight, a
controlling weight and a damping piston, which moves in a curved
fixed cylinder. The special shape of the moving-iron discs is for
obtaining a scale of suitable form.



M.l. instruments may be used for DC current and voltage
measurements, and they are subject to minor frequency errors
only. The instruments may be effectively shielded from the
influence of external magnetic fields by enclosing the working
parts, except the pointer, in a laminated iron cylinder with
laminated iron end covers.
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Advantages:

Suitable for both A.C. & D.C. circuits.
e Instruments are robust, owing to the simple construction of
the moving parts.
e Low cost compared to moving coil instrument.
e Torque/weight ratio is high, thus less frictional error.



Errors:

e Errors due to temperature variation.

e Errors due to friction are quite small as torque-weight ratio is
high in moving-iron instruments. Stray fields cause relatively
low values of magnetizing force produced by the coil. Efficient
magnetic screening is essential to reduce this effect.

e Error due to variation of frequency causes change of
reactance of the coil and changes the eddy currents induced
in neighboring metal.

e Deflecting torque is not exactly proportional to the square of
the current due to non-linear characteristics of iron material.

Dynamometer Type Instrument

Electrodynamic type instruments are similar to the P.M.M.C.
instruments except the magnet is replaced by two serially
connected fixed coils that produce the magnetic field when
energized. The fixed coils are spaced far enough apart to allow
passage of the shaft of the movable coil. The movable coil carries a
pointer, which is balanced by counterweights. Its rotation is
controlled by springs.
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The motor torque is proportional to the product of the currents in
the moving and fixed coils. If the current is reversed, the field
polarity and the polarity of the moving coil reverse at the same
time, and the turning force continues in the original direction. Since
reversing the current direction does not reverse turning force, this
type of instruments can be used to measure AC or DC current,
voltage, or its major application as a wattmeter (in our case) for
power measurement.

For power measurement, one of the coils (usually the fixed coils)
passes the load current and other coil passes a current proportional
to the load voltage. Air friction damping is employed for these
instruments and provided by a pair of aluminum-vanes attached to
the spindle at the bottom. These vanes move in a sector shaped
chamber.

Cost and performance compared with the other types of
instruments restrict the use of this design to AC or DC power
measurement. Electro-dynamic meters are typically expensive but
have the advantage of being more accurate than moving coil and
moving iron instrument, but its sensitivity is low.

Similar to moving iron vane instruments, the electro dynamic
instruments are true RMS responding meters. When electro
dynamic instruments are used for power measurement, its scale is
linear because it predicts the average power delivered to the load
and it is calibrated in average values for AC. Voltage, current and
power can all be measured if the fixed and moving.

Advantages:
e Free from hysteresis and eddy current errors.
e Applicable to both dc and ac circuits.
e Precision grade accuracy for 40 Hz to 500 Hz.



e Electrodynamic voltmeters give accurate r.m.s values of
voltage irrespective of waveforms.

Limitations:

e Low torque/weight ratio, hence more frictional errors.

e More expensive than PMMC or Ml instruments.

e Power consumption is higher than PMMC but less than Ml

instruments.

For these reasons, dynamometer ammeters and voltmeters are not
in common use (except for calibration purposes) especially in dc
circuits. The most important application of dynamometer type
instruments used as dynamometer wattmeter

Notes:
e The moving iron type meters can be used to measure DC
supply, but the reading will have some
e The moving coil type meters do not give any deflection to the
AC supply, rather buzz furiously.
e The dynamometer type instruments can be subjected to both
AC and DC supply but generally used for AC measurement.



Experiment 1(A)
Objective

Study the connection of a voltmeter in network and measure voltage
through it.

Items Required

1. Patch chords
2. One 100W bulb as AC load
3. One 6V bulb as DC load

Connection diagram

(a) AC Voltmeter Connection (MI TYPE)
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Note: Readings shown by the meters in the panel may be some error. Purpose of
this panel is only for understanding the basic concepts, construction details as
well as the working principle of the all the meters.



Procedure
1. Connect 230V AC supply to the Meter Demonstrator.
2. Keep the AC voltage adjust knob in OFF position.

3. Now connect Variable AC supply to AC/DC supply input i.e. terminals
1 and 2 to terminal 5 and 6 respectively.

4. Connect voltmeter across the load (i.e. VI and V2 output of the AC
voltmeter to terminals 9 and 10 respectively).

5. Connect a 100W bulb to the AC load section.

6. Now connect terminals 9 and 10 to the terminals 14 and 15
respectively.

7. Connect terminals 5 and 6 to the terminals 9 and 10 respectively.

8. Compare these connections with the connections given in the circuit
diagram.

9. Switch ON the mains Supply.

10. Slightly move the AC voltage adjust knob so that it become ON.
11. Measure the reading that is pointed by the AC voltmeter.

12. The least count of scale is 10V (0.2V in case of DC Voltmeter).

13. Now move the voltage adjust knob and take various readings of
voltages.

14. Switch Off the mains Supply and remove all the connections from the
control panel.



(b) DC Voltmeter Connection (MC TYPE)
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Note: Readings shown by the meters in the panel may be some error. Purpose
of this panel is only for understanding the basic concepts, construction details as
well as the working principle of the all the meters.

Procedure
1. Keep the DC voltage adjust knob in OFF position.

2. Connect Variable DC supply to AC/DC supply input i.e. terminals 3 and
4 to terminal 5 and 6 respectively.

3. Connect terminals 5 and 6 to the terminals 9 and 10 respectively.

4. Connect voltmeter across the load (i.e. V3 and V4 butput of the DC
voltmeter to terminals 9 and 10 respectively).

5. Now connect terminals 9 and 10 to the terminals 16 and 17
respectively.



6. Connect a 6V bulb to the DC load section.

7. Compare these connections with the connections given in the circuit
diagram.

8. Switch ON the mains Supply.
9. Slightly move the DC voltage adjust knob so that it become ON.
10. Measure the reading that is pointed by the DC voltmeter.

11. Now move the voltage adjust knob and take various readings of
voltages.

12. Switch Off the mains Supply.
Result

As the voltage adjust knob is rotated, the voltmeter shows more
voltage on its scale.



Experiment 1(B)
Objective

Study the connection of Ammeter in network and measure current
through it.

Items Required

1. Patch chords
2. One 100W bulb as AC load
3. One 6V bulb as DC load

Connection diagram

(a) AC Ammeter Connection (MI TYPE)
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Note: Readings shown by the meters in the panel may be some error. Purpose
of this panel is only for understanding the basic concepts, construction details as
well as the working principle of the all the meters.



Procedure

1. Connect 230V AC supply to the Meter Demonstrator. 2. Keep the AC
voltage adjust knob in OFF position.

3. Now connect Variable AC supply to AC/DC supply input (i.e. terminals
1 and 2 to terminal 5 and 6 respectively).

4. Connect Ammeter in series to the load i.e. Al and A2 output of the AC
Ammeter to terminals 7 and 8 respectively.

5. Connect a 100W bulb to the AC load section.
6. Connect terminal 6 and 8 to the terminal 15 and 14 respectively.
7. Connect terminal 5to 7.

8. Compare these connections with the connections given in the circuit
diagram.

9. Switch ON the mains Supply.

10. Slightly move the AC voltage adjust knob so that it become ON.
11. Measure the reading that is pointed by the AC Ammeter.

12. The least count of scale is 0.05A.

13. Now move the voltage adjust knob and take various readings of
Current.

14. Switch Off the mains Supply and remove all the connections from
the control panel.



(b) DC Ammeter Connection (MC TYPE)
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Note: Readings shown by the meters in the panel may be some error. Purpose of
this panel is only for understanding the basic concepts, construction details as
well as the working principle of the all the meters.

Procedure
1. Keep the DC voltage adjust knob in OFF position.

2. Now connect Variable DC supply to AC/DC supply input i.e. terminals
3 and 4 to terminal 5 and 6 respectively.

3. Connect terminals 8 and 6 to the terminals 16 and 17 respectively.

4. Connect Ammeter in series to the load i.e. A3 and A4 output of the
DC Ammeter to terminals 7 and 8 respectively.

5. Connect a 6V bulb to the DC load section.
6. Connect terminal 5 to 7.

7. Compare these connections with the connections given in the circuit
diagram.

8. Switch ON the mains Supply.



Experiment 1(C)

Objective

Study the connection of a Wattmeter in network and measure of power
through it.

Items Required

1. Patch chords
2. Two 100W bulbs as AC load

Connection diagram (EDM)
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Note: Readings shown by the meters in the panel may be some error. Purpose

of this panel is only for understanding the basic concepts, construction details as
well as the working principle of the all the meters.



Procedure
1. Connect 230V AC supply to the Meter Demonstrator.
2. Keep the voltage adjust knob OFF.

3. Now connect Variable AC supply to AC/DC supply input i.e. terminals
1 and 2 to terminal 5 and 6 respectively.

4. Connect Wattmeter across the load ie. WI, W2 and W3 to terminals
11, 13 and 12 respectively.

5. Connect a 100W bulb to the AC load section & Connect terminal 5
and 6 to the terminal 11 and 12 respectively.

6. Now connect terminal 13 and 12 to the terminal 14 and 15
respectively.

7. Compare these connections with the connections given in the circuit
diagram.

8. Switch ON the mains Supply.
9. Slightly move the AC voltage adjust knob so that it becomes ON.

10. Measure the reading that is pointed by the AC Wattmeter. The least
count of scale is 20W.

11. Now move the voltage adjust knob and take various readings of
Power.

12. After that keep the voltage adjust knob OFF.

13. Now connect another 100W bulb to the AC load section and take
readings. 14. Switch ON the mains Supply.

Result :The power measured by the wattmeter increases with two
bulbs as compared with one bulb, because of the increased current.



QUESTIONS

1. Write one example for absolute instrument?

2. Write any two qualities of spring used in indicating instrument?

3. Write the classification of resistance on the basis of their values

N o Uk

o0

10.
11.

Classification of resistance?

What is meant by creeping error?

Damping torque is necessary in an indicating instrument. Why?
Explain the working of rectifier type instrument?

Write various sources of errors in dynamometer type
instruments?

Explain the working Of Ml attraction type instrument?

. Write the various mechanisms for the production of controlling

torque?
Working principle of PMMC instrument?
Working principle of dynamometer type wattmeter?
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EXPERIMENT NO.2
AIM:- Calibration of energy meter by rotating type substandard meter

INSTRUMENTS REQUIRED :-

Instrument Type Range
Ammeter Ml 0-10A
Voltmeter Ml 0-300V

Energy meter - -
Substandard meter - -
Connecting leads - 16Nos.

THEORY: -

The current coils of energy meter under test and substandard test are
connected in series with the load. Hereafter knowing constants of both
meters the error for meter under test can be calculated.

Constant of substandard meter = 1000 rev/kwhr

Constant of energy meter = 600 rev/kwhr

Gear train
to dinls

Voltage
coil

Copper Magnetic
shading ring brute
Rotating aluminium
dise

Current
colls

Watt-hour meter,




A single-phase induction type energy meter consists of driving system,
moving system, braking system and registering system. Each of the
systems is briefly explained below.

Driving system: - This system of the energy meter consists of two silicon
steel laminated electromagnets. M1 & M2 as shown in fig.! The
electromagnet M1 is called the series magnet and the electromagnet M2
is called the shunt magnet. The series magnet M1 carries a coil consisting
of a few turns of thick wire. This coil is called the current coil (CC) and it
is connected in series with the circuit. The load current flows through this
coil. The shunt magnet M2 carries a coil consisting many turns of thin
wire. This coil is called the voltage coil (VC) and is connected across the
supply it consist of current proportional to the supply voltage. Short
circuited copper bands are provided on the lower part of the central limb
of the hunt magnet.

By adjusting the position of these loops the shunt magnet flux can be
made to lag behind the apply voltage exactly 90°. These copper bands or
called power factor compensator (PFC).

A copper shading band is provided on each outer limb of the shunt
magnet (fcl &fc2) these band provides frictional compensation.

Moving system: - The moving system consists of a thin aluminum disc
mounted on a spindle and is placed in the air gap between the series and
the shunt magnets. It cuts the flux of both the magnet forces produced
by the fluxes of each of the magnets with the eddy current induced in
the disc by the flux of the other magnets. Both these forces act on the
disc. These two forces constitute a deflecting torque.

Braking system: - The braking system consists of a permanent magnet
called brake magnet. It is placed near the edge of the disc as the disc
rotates in the field of brake magnet eddy current are induced in it. These
eddies current react with the flux and exert a torque. This torque acts in



direction so that it' opposes the motion of disc. The braking torque is
proportional to the speed of the disc.

Registering system: - the disc spindle is connected to a counting
mechanism. This mechanism records a number which is proportional to
the number of revolutions of the disc the counter is calibrated to indicate
the energy consumed directly in kilo watts-hour (kWh)
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Fig.1
Fcl=Fiction Compensators
PFC = Power factor compensator
CC = Current coil

VC=Voltage coil



REGISTERING OR RECORDING SYSTEM

The disk spindle is connected to a counting mechanism. This mechanism
records a number which revolution of the disk the counter is calibrated
to indicate the energy consumed directly in kilowatt-hour (KWH)

In this experiment the purpose is to calibrate the energy meter. It means
we wish to find out the error in the energy meter. This calibration is
possible only if some other source or instrument to know the reading
available. Here we are calibrating this energy meter with the help of
voltmeter, Ammeter and wattmeter.

The actual energy consumed
= VIt watt-Sec.
= (VIt/ 3600 x 1000) KWh

This time't' is measured in seconds for a given number for revolution (say
2) of the disk of the energy

Indication type energy meters have a constant marked on the meter. It
is in terms of number of revolutions per KWh

Let us say 750 revolutions per KWH. Then the energy recorded by the
energy meter is given by 13/ 50 KHW .The error in the instrument can be
calculated as under

Error = Actual energy - Recorded energy.

A graph of error vs the load current is plotted. This is also known as the
calibration curve of the energy meter.

Voltmeter 0-300
Ammeter 0-10A

Variac 230/0-270, 10A



DIAL TEST

Adjust the load resistance so that 8-9 A flows in the circuit to flow half
an hour. Take voltmeters and ammeter readings at regular intervals say
each 5 minutes. Note the dial reading in the beginning of the test and at
the end of half an hour. The difference of the two readings give the
energy indicated by energy meter. Calculate the actual amount of energy

consumed by using

Calculate error % age using

P = (VI 0.5/ 1000) KWhr

% age = 100 x Actual Energy - Recorded Energy/ Actual Energy
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Fig. (2) Circuit diagram for Energy Meter Testing



PROCEDURE

Connect the measuring instruments to the circuit diagram terminal.
Correct manner voltmeter to the voltmeter terminals, Ammeter to the
Ammeter terminals, Wattmeter to the Wattmeter terminals on the panel
respectively with help of patch cord.

Connect energy meter to the energy meter terminals on the panel circuit
diagram with correct polarity 1 M.L.N1 and N2 to the panel terminals M,
L, N1 and N2 respectively with help of patch cord.

Also connect load to the load terminals on right hand side of panel and
single phase AC power supply of 230V/50HZ

Keep the load OFF Position and switch ON the power supply and Move
the MCB/DP in upward direction i.e 'ON' postion & adjust voltage 230V
by means of variac.

CALIBRATION OF ENERGY METER :-

Now put some load say 1000W disk of energy meter starts Impulse at A
certain speed.

Record the time taken for Impulse with the help of stop watch.
Take Voltmeter and Ammeter readings

Repeat this process for more number of readings and note down these
readings in observation table.

DIAL TEST:-

Adjust the load so that a current of flows in the circuit. Allow this current
to flow for One hour

Take voltmeter and ammeter readings at regular intervals say after 5
minutes.



Note the dial reading in the beginning of the test and at the end of one
hour.

The difference of the two readings give the energy consumed by using
indicated by energy meter Calculate the actual value of the energy
consumed by using

E=(Vx 1/1000) KWhrs
Calculate the error % using

%age = 100 x Actual Energy Recorded Energy/ Actual Energy

OBSERVATION TABLE
\" | t(time for | Actual Recorded Error
(Voltage) | (Current) | impulse) | Energy Energy
VI KWhr KWh
PRECAUTIONS
1. All meters should be connected in correct polarity.
2. Supply should be switched OFF while making connections.
3. Do not touch terminals on panel while supply is ON.
4. Load should be introduced in steps.
5. Do not exceed beyond rated values.
6. All connections should be tight and clean.
7. The number of revolutions of the disk of the energy meter should

be counted with reference to the red mark on the disk.
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QUESTIONS

What is a substandard meter?

What is the load capacity of a sub meter?

How can consumers identify if their meter is substandard?

What are the common causes of meters becoming substandard?

What are the economic implications for consumers and utility companies
when substandard meters are in use?

Are there any technological advancements or innovations aimed at
improving meter accuracy and reliability to combat the issue of substandard
meters?
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EXPERIMENT NO.3

AIM- MEASUREMENT OF POWER IN THREE PHASE CIRCUIT BY TWO
WATTMETER METHOD

Measurement of Power in three phase circuit by Two Wattmeter method
apparatus is a versatile & control panel to study the following
experiment.

Experiment No. 1:- Measurement of apparent power in three phase
circuit by two wattmeter method.

Experiment No. 2:- Measurement of real power (Active & Reactive
Power)

INSTRUMENTS REQUIRED:

To conduct the above-mentioned experiment we require three phase
electrical connector 1 No. resistive amp load 1.2KW & 1No. of three
phase inductive load 6 Amp., patch cord & instruction manual.

The Control panel consists of the following Built in parts :-

1. Three Nos. of Moving Coil Voltmeter of Range 500VAC of size
96*96mm provided with Input Terminals.

2. Three Nos. of Moving Coil Ammeter of Range 3AAC of size
96*96mm provided with Input Terminals.

3. Two Nos. of Single-Phase Wattmeter of Range 500W of size
96*96mm provided with Input Terminals.

4. One No. of Power Factor Meter of size 96*96mm provided with

Input Terminals.



5. One No. of Miniature Circuit Breaker of Range 415V/ 10 Amps
(MCB/ TPN) Provided on the Input Side.

6. Circuit Diagram printed on Bakelite Sheet front panel With
Instruments Connecting Terminals.

7. Housed in wooden box is in a Tapered 'shape for better view angle.

8. Dimension (mm): 470(L) x 460(B) 620(H)

9. Power Requirement: Three Phase 415VAC.

THEORY:

In a three phase three wire system: we require three elements, but if we make the
common points of the pressure coils coincide with one of the lines, then we will
require only n - 1 = 2 elements.

Instantaneous power consumed by load = V; [; + V2 I2+ V3/3
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FIG. (1) TWO WATT METER METHOD(STAR CONNECTION)
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FIG. (2) TWO WATT METER METHOD (DELTA CONNECTION)

Let us consider two wattmeter connected to measure power in three phase
circuit as shown in Fig.(1) as Star Connection and Fig. (2) as Delta Connection.

Star Connections:
Instantaneous reading of P; wattmeter, P; =11 (V1- V3).
Instantaneous reading of P>wattmeter, P> =12 (Vz- V3).
Sum of instantaneous reading of two wattmeter’s = P; + P>
=11 (Vi-V3) + 12 (V2-V3).
From Kirchoff’s Law as shown in Fig. (1)
[1+D+13=0
Or I3 =-(11+12)
Therefore, the sum of instantaneous readings of two wattmeter’s
=Vili + V2124 Vsl

Therefore, the sum of the two-wattmeter reading is equal to the power consumed
by the load. This is irrespective of whether the load is balanced or unbalanced.



Delta Connection:
Instantaneous reading of P; wattmeter, P; =- V3 (11 - I3)
Instantaneous reading of P>wattmeter, P> = V> (Iz-11)
Therefore Sum of instantaneous reading of watt meters P; & Pz:
Pr+P: =-Vs(li-13) +V2(Iz-11)

=Volz+ Vsls-11 (V24 V3)
Current through wattmeter P:is |
and voltage across its pressure coil is Vas. l2lags Va3 by an angle.
Reading of P>wattmeter

P>=V2z3l2Cos (30°+ Q)
=v3VI Cos (30°+0 )

Sum of reading of two wattmeter’s:
P;+ P2 =+3VI[Cos(30°-0)-Cos (30°+0)]
= 3VICos®

This is the total power consumed by load.
Therefore, total power consumed by load:

=P; + P>
Difference of readings of two wattmeter’s:

P;-P; =~/3VI[Cos (30° @) - Cos (30° + B)]
= V3 VISing

Therefore,

P1-P2 _\3VISin® _ tan®

P1+ P2 3VICos® 3




P1-P2
P1+P2

@ =tan"1/3

Power Factor
P1 — P2

_ -1
Cos® = Cos tan E—P1+P2

Effect of power factor on the readings of wattmeter’s:
With unity power factor Cos =1 and @ = 0.
The readings of two wattmeter’s are:
P; =+/3VICos (30°- 0)
=3 VI Cos 30°
=(3/2) VI
P, =3VICos(30°- @)
= V3 VI Cos 30°
= (3/2) VI

Pr+P; =3VI

At unity power factor, total power= P=3 VI Cos @ & =3 VI

Thus, at unity power factor, the readings of the two wattmeter’s are equal, each
wattmeter reads half of total power.

When PF = 0.5
@ = 60
Therefore, Pr = 3VICos(30°-0 )

= /3 VICos (30°- 60°)



(3/2) VI

Py V3VICos (30°+ @)

V3 VI Cos (30° + 60°)
0

Pi+P; = (3/2)VI+0

(3/2) VI

Total power P= 3VICos=(3/2)VI

Therefore, when the power factor is 0.5, one of the wattmeter’s reads zero and the

other reads total power

When PF =0

Have @ =90°

Therefore  P; = V3 VI Cos (30°- ¢)
= V3 VI Cos (30°- 90°)
- (3/2) VI

P =+/3VICos(30°+ Q)

V3 VI Cos (30° + 90°)

- [V3/2]1 VI
P +P = 0.

Power P=3VICos=0
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Therefore, with zero power factor, the readings of the two wattmeter’s
are equal but of opposite sign negative. It should be noted that when the
power factor is below 0.5, one of the wattmeter will give indication.
under these conditions in order to read the wattmeter, we must either
reverse the current coil or the pressure coil connections. The wattmeter
will then give a positive reading but this must be taken as negative for
calculating the total power.

PROCEDURE

Experiment No. 1:- Measurement of power in three phase circuit using
two wattmeter method & calculation of apparent power.

e Connect the meters with circuit on panel as per diagram with the
help of connecting wires.
e Connect the external three phase supply to the left hand side of the

panel marked R1, Y1, B1 & N1.



Connect the external three phase resistive load 1.2KW
arrangement to the terminals provided at the fight hand side of the
panel marked R2, Y2, B2 & N2.

Ensure that load is at minimum or OFF state.

Switch ON the supply and measure the Line Voltage across three
phase supply.

Vary the load in each phase, so that equal readings are obtained in
three ammeter & in three voltmeters.

Note down the readings of wattmeter, voltmeters & ammeters.
Calculate the total power consumed from these readings and verify

the method.

Total power consumed is equal to the sum of two wattmeter’s i.e.

P=W1+W2

Calculate the power factor of the circuit by using the formula:

wi1l-wa2

C = Costan " 1V3 ————
0sQ 0s tan \/_W1+W2

Repeat the process and take different readings for calculation purpose.



OBSERVATION TABLE No. :-1

OBSERVATION CALCULATIONS
Phase Voltage Phase Current Watts Watts Measured | Calculated
SR NO. cos d = costan-1v3 W1-W2
Vphl Vph2 Vph3 Iphl Iphl Iphl w1 w2 W1+W2 V3 Vi cos ¢ W1 +W2
(Volts) (Volts) (Volts) (Amps) | (Amps) | (Amps) | (Watts) | (Watts) (Watts) (Watts)
Experiment No. 2:- Measurement of power factor, active & reactive
power
Procedure :-1 Repeat steps four to ten by connecting inductive load in
stand of resistive lamp load & observation in table No. 2. at the process
& take different reading for calculation purpose.
OBSERVATION TABLE No. :- 2
OBSERVATION CALCULATIONS
Phase Voltage Phase Current Watts Watts Measured | Calculated
SRNO cos ¢ = costan-1vV3 W1-W2
Vphl Vph2 Vph3 Iph1 Iph1 Iph1 w1 w2 W1+W2 V3 Vi cos ¢ W1 +W2
(Volts) (Volts) (Volts) (Amps) | (Amps) | (Amps) | (Watts) | (Watts) (Watts) (Watts)
PRECAUTIONS

1. The current should not exceed the rated value.

2. Don't touch naked wire.

3. Check for the proper connections with the optional accessories.

4. Do not short the phase to phase or phase to neutral connections.




Questions
1.What is a two-wattmeter method?
2.What are the key components of a typical wattmeter?
Current Coils:
Potential Coils:

3.If the reading of the two wattmeter’s is equal and opposite while measuring
power in a 3-phase induction motor then the power factor of the load will be?

4.In a 3 phase power measurement by two wattmeter method, both the
wattmeter’s had identical readings. The power factor of the load was?

5.Two wattmeter method is used to measure three-phase load.

6. The wattmeter method is used to measure power in a three-phase load. The
wattmeter readings are 400W and -35W.

Calculate the total active power
Find the power factor.

Find the reactive power.
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Experiment No. 4

Aim: To study the Input-Output Characteristics of LVDT
Apparatus:

e LVDT kit
e Patch cords
e Digital multi-meter

Theory:

LVDT stands for Linear Variable Differential Transformer. It is most widely used
inductive transducer that converts input displacement to an electrical signal. It
consists of single primary winding and two secondary windings having equal
number of turns and placed identically on either side of the primary winding. A
movable soft iron core is placed inside a former upon which the windings are
wound. The block diagram of LVDT is as follows:

Signal
Generator
P1
= £ £ P} £ o ) y Y
/ V/ \/ \/ \/ \/ J V/ \/
1 s2
5 Phase
g | Detector

o/p to DPM

_I——



oflp Yoltage
A

Displacement

The primary is excited by an A.C voltage of frequency 50Hz to 20 KHz. The
secondary are connected in series opposing when the core is placed in the null
position and the output voltage is zero as equal voltages induced in the secondary
cancel each other.

LVDT primary, secondary windings are connected such that applied voltage
on primary and induced voltage on secondary are 180° phase opposition as shown
in the figure. If the core is moved to the left of null position more flux will link S1
than that of S2. A resultant voltage (Es1 - Es2) which is in phase with primary voltage
will appear across the output.

If the core is moved to the right of null position, the resultant voltage (Es1 -
Es2) is 180° out of phase with primary voltage which will be the output. Thus the
output voltage is a measure of displacement. The variation of output voltage with
the displacement is as shown below:

The significant features and advantage of LVDT are high sensitivity, high
range, ruggedness, low hysteresis, and low power consumption, friction-free
operation, infinite resolution, unlimited mechanical life, over travel damage
resistant, single axis sensitivity, separable coil and core, environmentally robust,
null point repeatability, fast dynamic response, absolute output.



Procedure:
1. Switch ON the trainer.

2. Make micrometer to read 10 mm i.e. rotate thimble till O of the circular scale
coincides with 10 of main scale.

3. Display will indicate 00.0. This is the position when core is at center i.e. equal flux
linking to both the secondary.

4. If display is not 00.0 then adjust display reading to 00.0 with the help of
hexagonal nut arrangement given with the LVDT.

5. *Connect USB Cable between trainer and PC.
6. *Open the software and click on start button.

7. *Select Port where you connect USB cable and click on start button. If USB port
connects beyond com10, it will not be showing in drop down list. Go on Device
manager, change its property, and assign USB port between com2 to com9.

8. Rotate thimble clockwise so that micrometer read 9.9 mm. It will move core 0.1
mm inside the LVDT and simultaneously observe reading on display. It will indicate
displacement from 10 mm position in positive direction. The reading will be
positive. It indicates that secondary | is at higher voltage than secondary Il. User
can see Resulting Waveforms on real time software window or Oscilloscope.

9. Repeat above step by rotating thimble again clockwise by 0.1mm. Reading will
be taken after each 0.1 mm rotation until micrometer read 0 mm.

This is positive end. At this point secondary | have highest voltage and secondary |l
has lowest voltage (not Zero).

10. Rotate thimble anticlockwise so that micrometer read 10 mm. The display will
be 00.0.(Centre or null position).

11. Rotate thimble anti clockwise so that micrometer read 10.1 mm. It will move
core 0.1 mm outside the LVDT and simultaneously observe reading on display.

It will indicate displacement from 10 mm position in negative direction. The
reading will be negative. It indicates that secondary Il is at higher voltage than
secondary I.



12. Repeat above step by rotating thimble again anticlockwise by 0.1 mm. Reading
will be taken after each 0.1 mm rotation until micrometer read 20 mm. This is
negative end. At this point secondary Il has highest voltage and secondary | have
lowest voltage (not Zero). Sensitivity of real time software is 0.5mm (i.e on real time
software window, readings will change after every 0.5mm displacement).

13. Compare above results with the observation table.

14. Plot the graph between displacement (mm) indicated by micrometer and
Display reading (mm). The graph will be linear as shown in above figure.

Observation table

Sr no. 1 2 3 4 5
Displacement
(mm) By
Micrometer
Display
Reading
(mm)

Result:

The characteristics of LVDT are studied and plotted.




Questions

1.The Output of LVDT is in the form of-

2. Which of the following quantity can be directly measured by LVDT?
3. LVDTis ___ type of transducer.

4. State the advantages of LVDT.

5. State the disadvantages of LVDT?

6. What is the working principle of LVDT?

7. Real case Applications of LVDT



Experiment 4(A)

AIM: Study of Input Output characteristics of LVDT

Apparatus Required:

LVDT Trainer (MI-IN0O2).
Patch Cords

Power cable

Digital Multimeter(DMM)

Safety Precaution:

Make all the connection before power on the trainer.

All connection should be tight.

The circuit should be off while changing the connections.

Switch off the supply of trainer and remove all connections after
completing the experiment.

Theory:

The smallest core position change that can be observed in the output of an
LVDT is called resolution. Since an LVDT Linear Position Sensor operates on
electromagnetic coupling principles in a friction-free structure, it can
measure infinitesimally small changes in core position. This infinite
resolution capability is limited only by the noise in an LVDT signal conditioner
and the output display's resolution. In practice, the limitation on system
resolution is the ability of the associated electronic equipment to sense the
change in output of the LVDT Linear Position Transducer, which is called the
signal-to-noise ratio of the system. With a properly designed LVDT measuring
system, micro-inch resolution is not uncommon.

The ratio of the change in LVDT output to a change in the value of the
measure and (displacement). Sensitivity is the smallest change in
displacement, which LVDT is able to detect. The output of LVDT is an
alternating signal which is rectified and filtered to give DC output (Signal



conditioner output). The DC output is proportional to amplitude of
alternating signal of LVDT.

Sensitivity S = AC output / Displacement (Vpp/ mm) OR
= DC output/ displacement (Vdc/mm)

Procedure:-
1. Make Connection Diagram as shown below figurel.1.
Connection Description

e Excitation Generator Output connected to LVDT Primary (P1).
e LVDT Primary (P2) connected to Ground.

e LVDT Secondary (S1) connected to Buffer Amplifier 1 (Input).
e LVDT Secondary (S2) connected to Buffer Amplifier 2(Input).
e LVDT Secondary (COM) connected to Ground.

e Buffer Amplifier 1 (Output) connected to Rectifier 1 (Input).
e Buffer Amplifier2 (Output) connected to Rectifier2(Input).

e Rectifierl (Output) Connected to Filterl (Input).

e Rectifier2 (Output) Connected to Filter2 (Input).

e Filterl (Output) connected to Display (+).

e Filter2 (Output) connected to Display (-).

2. Power ON Trainer.
3. Set Excitation Frequency 4Kz and ..... Vpp approx. Amplitude.

4. Set Display at 00.0. This is the position when core is at center i.e equal flux linking
to both the secondary for doing this, make micrometer to read 10 mm i.e. rotate
thimble till 0 of the circular scale coincides with 10 of main scale.

5. If display is not 00.0 then adjust display reading to 00.0 with the help of
hexagonal nut arrangement given with the LVDT.

6. Rotate thimble clockwise so that micrometer read 9.9 mm. It will move core 0.1
mm inside the LVDT and simultaneously observe reading on display. It will indicate



displacement from 10 mm position in positive direction. The reading will be
positive. It indicates that secondary | is at higher voltage than secondary Il. User
can see resulting Waveforms on Oscilloscope.

7. Repeat above step by rotating thimble again clockwise by 0.1mm. Reading will
be taken after each 0.1 mm rotation until micrometer read 0 mm. This is positive
end. At this point secondary | have highest voltage and secondary Il has lowest
voltage (not Zero).

8. Rotate thimble anticlockwise so that micrometer read 10 mm. The display will
be 00.0. (Centre or null position).

9. Rotate thimble anti clockwise so that micrometer read 10.1 mm. It will move
core 0.1 mm outside the LVDT and simultaneously observe reading on display. It
will indicate displacement from 10 mm position in negative direction. The reading
will be negative. It indicates that secondary Il is at higher voltage than secondary I.

10. Repeat above step by rotating thimble again anticlockwise by 0.1 mm. Reading
will be taken after each 0.1 mm rotation until micrometer read 20 mm. This is
negative end. At this point secondary Il has highest voltage and secondary | have
lowest voltage (not Zero).

11. Compare above results with the observation table.

12. Plot the graph between displacement (mm) indicated by micrometer and
Display reading (mm).
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Figl.1: Connection circuit LVDT )

Observation table

Sr no. 1 2 3 4q 5

Displacement
(mm) By
Micrometer

Display
Reading
(mm)

Calculate:

Sensitivity(S) =f(x) = (Vdiff at 9mm-Vdiff at 10mm) =.............. mV/mm
10mm - 9mm

Result:

The characteristics of LVDT are studied and plotted.



Questions :

1.Full form of LVDT is?

2. Which of the following quantity can be directly measured by LVDT?
3. What is LVDT?

4.Types of LVDT?

5.Construction of LVDT?

6.Working principle of LVDT?
7.Characteristics of LVDT Graph?
8.Advantages and Disadvantages OF LVDT?
9.Applications of LVDT?

10. List the limitations of LVDT?


https://www.geeksforgeeks.org/lvdt/#what-is-lvdt
https://www.geeksforgeeks.org/lvdt/#types-of-lvdt
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https://www.geeksforgeeks.org/lvdt/#advantages-and-disadvantages-of-lvdt
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Experiment No. 5

Aim: To determine the unknown Capacitance using Schering bridge method.

Apparatus:

1. Schering bridge Trainer
2. Patch cords
3. Multimeter

Theory:

The Schering bridge is used for measuring an unknown electrical capacitance and
its dissipation factor. The dissipation factor of a capacitor is the ratio of its
resistance to its capacitive reactance. The Schering bridge is basically a four-arm
alternating current (AC) bridge circuit whose measurement depends on balancing
the loads on its arms.

Schering Bridge



In the above shown Schering Bridge, the resistance R, and R, are known, while
the resistance value of resistor R3 is unknown. The capacitance values of C;and
C, are also known, while the capacitance of C; is the value being measured. To
measure R; and (3, the values of C, and R, are fixed, while the points A and B
becomes zero. This happens when the voltages at points A and B are equal. In this
case the bridge is said to be balanced.
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When the bridge is balanced,

Z, R,
C, Zs

Where,

Z,is the impedance of R, in parallel with C;

7, = R,[27fC, (ijcl + R1>]

Zl ES R1(1 + 27TfC1R1)

Zsis the impedance of R; in series with C;



Zy = R
3 an63+ 3

The capacitors present in AC circuit contribute capacitive reactance to the
impedance.

As the bridge is balanced, the negative and positive reactive components are equal
and cancel out.

R.=C Ry
= X —
3T ¢,

Similarly, the purely resistive components are equal.

C; R
C3 Ry
C
C3:R1*R_2

2

Thus, from above equation, the unknown capacitance placed in the arm can be
calculated for the following figure as

C3
Cx=R4_*R_

3
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Note that the balancing of a Schering bridge is independent of frequency. Its
application is measuring of dielectric of insulation material.

Procedure:
1. Connect mains to the Trainer.
2. Connect terminal 15 to 12 (for evaluating unknown capacitor Cx,).
3. Rotate variable Resistance R; towards anticlockwise direction.
4. Connect null detector (terminal 9 to 11 and 10 to 18).
5. Keep toggle of null detector towards ‘off ‘ condition.
6. Select frequency selector for any desired range of frequency.
» 500 Hzto 1 kHz
» 1kHzto 10 kHz
» 10 kHz to 60 kHz

7. For example 2 kHz frequency, select frequency selector between the ranges 1
kHz-10kHz.

NOTE: chose any ambient frequency (let it be 500Hz)

8. Use frequency variable knob to set 2 kHz frequency on display screen.



9. Connect terminal 19 to 16 and 20 to 17.

10. Now switch 'on' the power supply.

11. Turn toggle of null detector towards 'on' condition.

12. Vary Amplitude Variable for enough sound of speakers.

13. Vary resistances R5 towards clockwise direction slowly (sound diminishes).

14. Keep varying R; until you get very low sound or null sound (null condition).
Further varying R; in the same direction speakers starts sounding.

15. Finally adjust the value of R; to get null point (where sound completely
diminishes).

16. Now remove the patch cord between terminal 12 & 15 and record the value of
R; in the observation table using multimeter.

17. Repeat above procedure for different value of frequency and different value of
unknown capacitors (i.e. Cxs and Cxg).

18. Tabulate all the retrieved data in observation table below.

Observation Table:

S. No | Unknown Frequency Resistance | Resistance | Capacitance
capacitor R; (Q) R;3 (Q) C3 (MF)
f1
1. Cx, f2
f3
f1
2 Cxs f2
f3
f1
3 Cxg f2
f3




Calculations

1. For unknown Capacitance Cx, on frequency f1:

C R Cs
= ¥ —
x4 4 R3

Similarly calculate capacitance Cx, on frequency f2 and f3 and take the
mean value.

2. For unknown Capacitance Cx; on frequency f1:

Similarly calculate capacitance Cxs on frequency f2 and f3 and take the
mean value.

3. For unknown Capacitance Cxg on frequency f1:

Similarly calculate capacitance Cx, on frequency f2 and f3 and take the
mean value.



Precautions:

1. Connect the circuit diagram with proper connection and take the
measurements without error.
2. Calculate the value of capacitor without any error

Result:

The capacitance of given capacitor is ya

Questions :

A Schering bridge can be used for the measurement of
What is Schering Bridge?
Advantages of Schering Bridge?

Disadvantages of Schering Bridge?

iR wWNR

Applications of using Schering bridge are?
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Experiment No. 6

Aim: To measure inductance of a given coil by Anderson's bridge method.

Apparatus Required:

e Anderson's Bridge Trainer (MI-INO6D)
e Patch cards
e Power Cable.

Theory:-

The Anderson's bridge gives the accurate measurement of self-inductance of the
circuit. The bridge is the advanced form of Maxwell's inductance capacitance
bridge. In Anderson bridge, the unknown inductance is compared with the standard
fixed capacitance which is connected between the two arms of the bridge.

)

¥

>

Figl: Anderson's bridge Circuit diagram

This method requires a standard capacitor in terms of which the self-inductance is
expressed. It is actually a modification of Maxwell's method of comparing an
inductance with a capacitance. The method is applicable to the precise



measurement of inductances over a wide range of values & is one of the
commonest & the best bridge methods. Fig. 2 gives the bridge connections.

Where'

Lx = Unknown inductance'

R, = Variable resistance

R = Variable resistance

R, = constant resistance (value 1500Q)
R, = constant resistance (value 1000Q)
R; = constant resistance (value 1000Q)
Cx = Variable capacitor

Formula for calculating unknown inductance by Anderson's bridge: -

R
Lx = Cx * (R_2> * [Rs(R3 + Ry) + R3 * Ry]
3

Safety Precaution:

1. Make all the connection before power on the trainer.

2. All connection should be tight.

3. The circuit should be off while changing the connections.

4. Switch off the supply of trainer and remove all connections after completing the
experiment.

Procedure: -

1. Output and GND terminal of sine wave oscillator is connected to A &D terminal
of Anderson's bridge.



2. Variable resistance R, two terminals (A&B) are connected to R,;and Ry, of Ry,
block.

3. Unknown inductance Lx two terminals (B&C) connected to Lx; and Lx
common of Lx block.

4. Resistance R,, R; and R, has a constant value that is 1500, 1000, and 10002
respectively.

5. Other variable resistance Rs terminals (F &E) is connected to R;; &
R,, terminals of R, block.

6. Capacitor Cx terminals F & D is connected to C,; and C,, of Cp block.
7. Meter or Oscilloscope is connected to bridge (F &G).

8. Switch on board supply and set the bridge at balancing condition with the help
of Resistance R, and Oscilloscope/Meter.

9. After getting Balance Condition, turn off supply.

10. Measure and note down all the component values (remove patch cord of
particular component and measure through multimeter).

11. Calculate the value of unknown inductance Lx with the help of formula that is

R
Lx = Cx * (R_2> * [Rs(R3 + Ry) + R3 * Ry]
3

and compare with practical value.
12. Repeat the procedure for different value of Lx i.e (Lx;, Lx, and Lx3)

Observation table

Frequency | R{(KQ) | R, (KQ) | R4 (KQ) | R (KQ) | R3 (KQ) | Cx (uF) | Lx (Obtained)
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Fig 2: Connection diagram of Anderson’s bridge

Calculation:-

Formula for calculating unlen'own inductance:-

Lx = Cxx(R2/R3)x [RS(R3+R4)+RIXR4] —

Freq |[R1 J [R2 [R4" [R5 v |R3 |Cx V/
2K IKQ | 1.5Q | 1kQ | 490Q | 1kQ |0.033uf
2K 1KQ [1.5Q |1k | 1870 | 1kQ [0.033uf
2K IKQ | 1.5Q-[ 1kQ [ 1100Q [ 1kQ [0.01pf

Lx Ideal ‘Lx obtain
100mH(Lx1) | 98.01lmH(Lx1)
68mH(Lx2) [ 68.0IlmH(Lx2)
50mH(Lx!1) .| 48mH(Lx3)

Conclusion:

The values of unknown inductances have been calculated and when compared with
standard values were found close to each other



Questions

1. Andersons Bridge Working?
2. Advantages of Andersons Bridge?

3. Disadvantages of Andersons Bridge?
4. Applications of Andersons Bridge?
5. Anderson bridge is a modified form of

6. Anderson’s bridge is basically used for
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Experiment No. 7

(A) Maxwell Inductance Bridge Method

Aim: To determine the unknown inductance using Maxwell's inductance bridge

method.

Apparatus:

1. NV6533 Trainer Board
2. 2 mm patch cords
3. Digital multimeter

Theory:

The Maxwell's inductance bridge is used for only determining medium inductance
of given coil. Q factor cannot be measured by this method since we cannot bring
the bridge to resonance condition. When the bridge is balanced, the equations for
given circuit diagram are

21*24=22*1273
Where Z is impedance of each branch
[R1 + jwL1]* R4 = [R3 + jwL3] * R2

Equating real and imaginary parts, we get

1_R2>|<R3
R4
&

L3 x R2
1=——

R4



Circuit diagram:

Maxwell’'s Inductance Bridge

E1 = Ez
______ E
7 '1(1)[.1 = |2(UL2
7
/ /
7

1 I, I>
-’ - 2

Es=Es I1R; =13(R; + )

- |1R3 - |2R4

Phasor Diagram of Maxewell Inductance Bridge




Procedure:

1. Connect a patch cord between socket '13' of Vin terminal of Maxwell's
inductance bridge and socket '29' Of Vou: terminal of the 1 KHz sine wave generator.

2. Connect a patch cord between socket '14' of Vin terminal of Maxwell's
inductance bridge and socket '30' Of Vou: terminal of the 1 KHz sine wave generator.

3. Connect a patch cord between socket '1' and '2'and connect another patch cord
between socket '8' and '11' to determine the value of Lx1 and Rx1.

4. Connect a patch cord between socket '15' and '17' and socket "16 and '18' for
the purpose of null detection.

5. Set the potentiometer R2 in counter clockwise direction.
6. Switch on the power supply and the null detector.

7. Set the amplitude or loudness of the audio detector as per your requirement by
rotating amplitude control knob of 1 KHz sine wave generator.

8. Rotate the potentiometer R2 toward clockwise direction very precisely to find a
condition where null (or a minimum sound) is generated.

9. Switch Off the power supply and null detector.
10. Remove the patch cord between socket '1' and '2".

11. Take the reading of resistance R2 between test -point '5' and '6' using a digital
multimeters.

12. Calculate the value of inductance Lx1 and resistance Rx using the formula

[ L1 * R2
X=—"—
R4

Where, Lx=Lx1, L1=12pH, R4=100Q

13. Calculate the value of unknown resistance using the formula



o R2:E3
Y= TR

Where, R3=470Q), R4=100Q

14. Connect a patch cord between socket '1' and '3' and another patch cord
between socket '10' and '8' to determine the value of Lx2 and Rx2.

15. Repeat the above step from 5 to 9.
16. Remove the patch cord between socket '1' and '3".

17. Take the reading of resistance R2 between test-point '5' and '6' using a digital
multimeter.

18. Calculate the value of inductance Lx, and resistance Rx using the formula

L1xR2

Lx =
R4

Where, Lx=Lx,, Li=12uH, R4=100Q

19. Calculate the value of unknown resistance using the formula
R R2 + R3
X=——

R4

Where, R3=470Q), R4=100Q

20. Now Connect a patch cord between socket '1' and '4' and another patch cord
between socket '9' and '8' to determine the value of Lx2 and Rx2.

21. Repeat the above step from 5 to 9.
22. Remove the patch cord between socket '1' and '4'.

23. Take the reading of resistance R2 between test -point '5' and '6' using a digital
multimeter.

24. Calculate the value of inductance Lx2 and resistance Rx using the formula

[ L1« R2
X=———
R4



Where, Lx=Lx,, Li=12uH, R4=100Q
25. Calculate the value of unknown resistance using the formula

R R2 « R3
X=—-
R4
Where, R3=470Q, R4=100Q
Observation table:-
S No. R2(Q) Ra(Q) Rs3(Q) Li(pnH) Lx (nH) Rx (Q)
1.
2.
3.
Calculation:
Measured value of R2 is Q
Now measured value of Lx by the formula
L L1 « R2
X=—-"
R4
Measured value of resistance Rx by multimeter between sockets Q

Now measured value of Rx by the formula

o R2E3
Y= "Ra

Precautions:

1. Connect the circuit diagram with proper connection and take the

measurements without error.
2. Calculate the values of inductor without any error
Result:

The unknown value of inductance Lx1= KuH

The unknown value of inductance Lx2= uH




(B) Maxwell Inductance Capacitance

Bridge Method

Aim: To determine the unknown Inductance and Q-factor using Maxwell's
Inductance Capacitance bridge method

Apparatus:

1. NV6533 Trainer Board.
2. 2 mm patch cords.
3. Digital Multimeter.

Theory:

The Maxwell's inductance capacitance bridge is used for determining inductance
and Q factor of given coil. As the variable capacitor is difficult to manufacture, thus
this bridge is used to measure low Q factor (less than 10). When the bridge is
balanced, the equations for given circuit diagram are

21*24=22*1273
Where Z is impedance of each branch

Equating real and imaginary parts, we get

1_R2>|<R3
R4

L1=R2*R3 *C4
And Q factor is given by

*L1
Q=“’R1 =  * C4 = R4




Circuit Diagram :-

/ A
Unknown
elements Rz
R4
@: ° @ / B
Ca
R3
R4
C

Maxwell inductance Capacitance Bridge

[ i e >
E
pl—p——p’ » |1
|1R1 IR E3 - |1R3 = E4=
l/wCq = IgE,

Phasor Diagram of Inductance
Capacitance Bridge



Procedure:

1. Connect a patch cord between socket '26' of Vin terminal of Maxwell's
inductance capacitance bridge and socket '29' of Vout terminal of the 1 KHz sine
wave generator.

2. Connect a patch cord between socket '27' of Vin terminal of Maxwell's
inductance capacitance bridge and socket '30"' Of Vout terminal of the 1 KHz sine

wave generator.

3. Connect a patch cord between socket '19' and '17' and connect another patch
cord between socket '20' and '18' for null detection purpose.

4. Connect the unknown inductor Lx4 with internal resistance from socket '22' to
arm consisting resistances R5 at socket '21".

5. Set the amplitude or loudness of the audio detector as per your requirement by
rotating amplitude control Knob of 1 KHz sine wave generator.

6. Set the potentiometer R7 in full counter clockwise direction.
7. Switch on the power supply and the null detector.

8. Now vary the resistance R7 towards clockwise direction very precisely with the
help of pot till null position (or the first minimum sound position) is achieved.

9. Switch Off the power supply and null detector.

10. Remove the patch cord between socket '22"' and '21' measure the resistance R7
across '25' & '28"' with the help of multimeter.

11. Calculate the value of inductance Lx1 and resistance Rx using the formula
Lx = R5* R7*C1
Where, Lx= Lx4, R5=221Q, C1= 330 puf

12. Calculate the value of unknown internal resistance by using the following
equation



R5%R7
R6

Rx =

Where, Rx= Rx1, R5=2210Q), R6=1.122 KQ

13. Calculate the value of Q-factor by using the following equation

w*xLx
Rx

Q= =w * C1 * R6

Where, w=2nf

14. Verify the result for the calculation of Q-factor using both the formula in the
above step.

15. Connect the unknown inductor Lx5 from socket '23' to arm consisting resistance
R5 at socket '21".

16. Repeat the above step from 5to 9.

17. Remove the patch cord between socket '23"' and '21' measure the resistance R7
across '25' and '28' with the help of multimeter.

18. Calculate the value of unknown inductance using the formula
Lx = R5* R7*C1
Where, Lx=Lx4, R5=221Q, C1=330uf

19. Calculate the value of unknown internal resistance by using the following
equation

o R5*RT
*="Re

Where, Rx= Rx1, R5=221Q, R6=1.122 KQ

20. Calculate the value of Q-factor by using the following equation



wx*xLx

Q= ™ =w * C1 * R6

Where, w=2nf

21. Verify the result for the calculation of Q-factor using both the formula in the
above step.

22. Connect the unknown inductor Lx5 from socket '23' to arm consisting resistance
R5 at socket '21".

23. Repeat the above step from 5 to 9.

24. Remove the patch cord between socket '24' and '21' measure the resistances
R7 across 25 & 28 with the help of multimeter

25. Calculate the value of unknown inductance using the formula
Lx = R5* R7*C1
Where, Lx=Lx4, R5=221Q, C1=330uF

26. Calculate the value of unknown internal resistance by using the following
equation

Where, Rx Rx1, R5-2212, R6=1.122KQ

27. Calculate the value of Q-factor by using the following equation

Q:

Where, w=2nf

wx*xLx
Rx

=w*C1 *xR6

28. Verify the result for the calculation of Q-factor using both the formula in the
above step.

Observation Table:

S.No R7(Q) |R5(Q) |R6(Q) |Cl(uF) |Lx(uH) |[Rx(Q) | Qfactor
1,
2.
3.




Calculation:

Measured value of R7 is Q

Now measured value of Lx by the formula
Lx = R5* R7*C1
Measured value of resistance Rx by Multi-meter between sockets Q

Now measured value of Rx by the formula

_ R5%R7

R
*="Ré6

Now measured value of Q factor by the formula

w*Lx

Q= ™ =w * C1 * R6

Precautions:

1. Connect the circuit diagram with proper connection and take the

measurements without error.
2. Calculate the values of inductor and Q factor without any error.
Result:

The unknown value of inductance Lx4, Resistance Rx1 and Q factor are
The unknown value of inductance Lx5, Resistance Rx2 and Q factor are

The unknown value of inductance Lx6, Resistance Rx3 and Q factor are



Questions:

1. What are the Types of Maxwells Bridge?

2. List the Advantages of Maxwells Bridges?

3. List the Disadvantages of Maxwells Bridge?

4. what are the Applications of Maxwells Bridge?
5. Describe the detectors used for AC bridge?

6. What is the range of Q.?

7. What is meant by Q factors of the coil?



Department of Electrical Engineering
facga i fasmer

INSTRUMENTATION LAB
SCHCYH Od

Experiment Number 8
YT HT TSI 8

Study of LM35,RTD, Thermocuple using Temperature

transducer Kit

dTIHT SiasyaR fdhe &1 ITaRT Hvd TauHss,
IARETSY, YATHUA BT AT



Experiment No. 8
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Experiment 8(A)
Objective: Characteristics of IC Temperature Sensor (LM 335)
Equipment’s Required:

1. ST2302 with power supply cord.
2. Multi Meter.
3. Connecting cords.

Connection diagram:

R AR RS e S e B S
perature Transducers Trainer

INSTRUMENTATION AMP Ve

Figure 8(A).1



Procedure:

1. Connect just the digital multi-meter as voltmeter between
O/P socket of IC temperature sensor. See Figure 8(A).1.

2. Switch 'On' the Power Supply and note the output voltage,
this (X100) representing the ambient temperature in K.
(Record the value in table below).

3. Connect +12 supplies to the heater input socket and take
the voltage reading every minute.

Note: °C (K-273)

4. Switch 'Off Power Supply and disconnect heater element
supply (+12V). This exercise illustrates the characteristics of
the LM 335 transducer, indicates the maximum
temperature rise possible using the heater supplied at
+12V, and also gives you an idea of the time scale required
for the unit to reach stable condition.

Observation Table:

Time (minutes) 0/11/2 |3 /4|56 |7 8 9|10
Voltage (V)

°K
Temperature |°C




Questions:

Q1. What are the conditions are considered for Output
Characteristics?

Q2. What are temperature sensors?
Q3. Give the types of temperature sensors?
Q4. What is LM 3357

Q5. What are the characteristics of LM 3357



Experiment 8(B)
Objective: Characteristics of Platinum RTD
Equipment Required:

1. ST2302 with power supply cord
2. Multi Meter
3. Connecting cords

Connection diagram:

' Figure 8(B).1

Note: Connect/disconnect dotted link as instructed in
description.



Parameter Minimum Type Maximum
Resistance 99.9 Ohm 100 Ohm 100.1 Ohm
Temperature +.385 Ohm/°C
coefficient

The Platinum RTD transducer is already connected as under:

o/r

=0 O

RTD

oV

Figure 8(B).2
Procedure:

1. Connect the circuit as shown in Figure 8(B).1.

a. The Socket 'C' of Slide Potentiometer to +5V.

b. The Socket B of Slide Potentiometer to output of Platinum
RTD.

c. Connect digital multi-meter as voltmeter on 200 mV or 2V
DC range in between output of Platinum RTD & ground.

2. Set the 10K slider resistance midway.

3. Switch 'on' the instrument, check the output of IC
temperature sensor for ambient temperature by
temporarily connecting DMM on 20V DC range (refer to



chart given at the end of experiment 8(A)) and find out the
resistance in ohms for this particular temperature.

. Say for example ambient is 25°C then platinum RTD reading
as per chart (see in the end of Experiment. 8(B)) is 109.73.

. Switch 'On' Power Supply adjust the slider control of the
10K Ohm resistance to the voltage drop across the platinum
RTD is 109 mV (0.109V) as indicated by digital multi-meter.
This calibrates the platinum RTD for an ambient
temperature of 25°C since the resistance at 25°C will be 109
ohms. Note that the voltage reading across the RTD in mV
is the same as the RTD resistance in ohms, since current
flowing must be 0.109/109 =1 mA

. Connect the +12V supply to Heater Element input and note
the values of the voltage across the RTD with the voltmeter
to its 200mV or 2V range, (this representing the RTD
resistance) and the output voltage from the IC temperature
sensor with the voltmeter set to its 20V range (this
representing the temperature of the RTD) after each
minute given in below table.

. Switch 'Off the Power Supply and disconnect Heater
element supply (+12)

. Convert RTD temperature into °C & add in above table.

. Plot the graph of RTD resistance in ohms against
temperature in °C. It should resemble the one given below.
Figure 8(B).3.



Temperature Vs Resistance Table:

°C Resistance in ohms °C Resistance in ohms
0 100.00 31 112.06
1 100.39 32 112.44
2 100.78 33 112.83
3 101.17 34 113.22
4 101.56 35 113.61
5 101.95 36 114.99
6 102.34 37 114.38
7 102.73 38 114.77
8 103.12 39 115.15
9 103.51 40 115.54
10 103.90 41 115.93
11 104.29 42 116.31
12 104.68 43 116.70
13 105.07 44 117.08
14 105.46 45 117.47
15 105.85 46 117.86
16 106.23 47 118.24
17 106.62 48 118.63
18 107.01 49 119.01
19 107.40 50 119.40
20 107.79 51 119.40
21 108.18 52 120.17
22 108.57 53 120.55
23 108.95 54 120.94
24 109.34 55 121.32
25 109.73 56 121.70
26 110.12 57 122.09
27 110.51 58 122.47




28

110.89

59

122.86

29

110.28

60

123.24

30

111.67

Observation Table:

Time (minutes)

10

RTD

Temperature |°C

°K

RTD

Resistance

Ohm

122
118
114

RTD 110

Resistance

)

108
106
104
102
100

40

RTD Temperature °C

Figure 8(B).3

50

60




Questions:
Q1. What is the full form of RTD?

Q2. What is PTC?

Q3. What is the requirement of a conductor material to be
used in RTD?

Q4. What is the characteristic of RTD?
Q5. What is the PT-100°?

Q6. What is the property of PT-100?
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Experiment 9

Aim: Study various blocks and functioning.

Apparatus Required:

e Optical Transducer Trainer (MI-INO5).

e Patch Co

rds

e Main cord
e CRO/DSO

1) DC Voltmeter: -

DC Voitmeter

e B B

Figl.1: DC Voltmeter

DC Voltmeter is provide in trainer to
measure voltages of sensors or any
kind of circuit, there is a dual range
digital voltmeter can be able to read
voltage with +1% accuracy.

2) Moving Coil phA ammeter:-

Moving Coil LA Ammeter

&

Moving Coil phA Ammeter is a DC

% ammeter, capable to read up to

uA

250uA.

.

O

O

Figl.2: Moving Coil Ammeter



3) DC ammeter :-

D Ammeter

U

[
E
0
-

o=
-
e
—
Ko
-
-

A4
4+ 200mA= _
@) 0O

DC Ammeter is provide in trainer to
measure current from sensors or any
kind of device, there is a dual range
digital Ammeter can be able to read
voltage with +1% accuracy.

Figl.3: DC Ammeter

4) Fixed DC power supply: -

+12V
0

Fixed DC Power Supply
GND

b

)

O

Fixed DC power supply has three
terminals for +12v, +5v and GND.

Figl.4: Fixed DC Power Supply

5) Sensor Block:

Photovoltaic Celi Photo-Transistor
o/ O j/ O o/pP
Photo Diode \\ Photoconductive
e -
o/f O = O O o/f

Lamp I/P

Figl.5: Sensor Block

Sensor Block having four different types of optical sensors, a
sensor is basically a transducer which converts physical energy



to electrical energy, in trainer Optical sensors will convert Light

intensity into proportion electrical voltage.

List of Optical Sensors mounted in trainer.

a. Photovoltaic cell
b. Photo diode
c. Phototransistor

d. Photoconductive cell

We can see in trainer that at center of Sensor Block a filament

lamp is mounted; by using lamp we can control light intensity.

6) Intensity controller: -

To

/P
Q

Lamp

Intengity Controller

Fxt. o

6 int, 4

Ext.
Control O

-

Intensity Controller Block is used to
control light intensity of filament lamp it
can also controlled (ON/OFF) by external
signal. Switch mounted on this block will
decide the controls of intensity
controller.

Figl.6: Intensity Controller



7) x200 Amplifier:-

X2 to X200 Amplifier

' .
| i

/P o/P

GND

1

Figl.7: x200 Amplifier circuit symbol

An amplifier is an electronic device that increases the voltage,
current, or power of a signal. Amplifiers are used in wireless
communications and broadcasting, and in audio equipment of all
kinds. They can be categorized as either weak- signal amplifier or
power amplifiers.

Here x200 is used to amplify a weak signal to 200 times.

For example, if we feed a signal of 20mv then this amplifier this
input and produces an output of 1v approx...

This amplifier is range limited. It only amplifies a weak signal of
range between 10 mv to 100 mv. If we feed a signal of above
50mv range then it shows an amplified output of approx., 10V.

Connection: -

e 1K Potentiometer connected to Fixed DC Power Supply.

e X200 Amplifier Input connected to 1K Potentiometer (2).

e Temperature Display (+) connected to input to X200
Amplifier and (-) to Ground.



Digital Multimeter (+) Connected to Output of X200
Amplifier and (-) to Ground. Switch on Trainer Board.

Set 0.05V(50mV) Reading to DC Voltmeter Display Meter by
using 1K Potentiometer

By using X200 amplifier gain adjusting pot, Set 5V at output
of X200 amplifier, you can use Digital Multimeter for
reading voltage.

Now X200 Amplifier is set to 100X gain, we can verify.
Formula for calculating gain: - Gain = V0/Vin

=2V/0.02V =100

Set OC Voltmetler on

Set Multimeter on | &
20V Range

Fig1.8: 200 Amplifier circuit connection



7) Opto Coupler: -

OptoCoupler(MCT2E)

—rO ¢
B
2 & 4

Figl.9: Optocoupler

An Optocoupler, is an electronic component that interconnects
two separate electrical circuits by means of a light sensitive
optical interface Optocoupler or also known as opto-isolators
are the components that use a beam of light for transmission of
the signals or data across two parts of an electronic device. They
are mainly used to prevent the damage of electronic
components by isolating them from the high voltages.



Experiment 9(C)

Objective: Characteristics of NTC Thermistor
Equipment’s Required:

1. ST2302with power supply cord
2. Multi Meter
3. Connecting cords

Connection diagram:

RCSCIBNTECH - Temperature Transducers Tralner
=VeST2302 Uk e s T e S PG

+ || THERNOCOUMLE 1C TEMPERATURE
1.5 =¥

B R in B T AT X
i ' RN - Iy
I A DT,
*£, X <
BLIDE FOTENTIOMETER 3 .
. A % e
& q Pl AT SLITh Rt s (! LJ o
b o W R R :
Q' oat ; 0 : e

Figure 9(C).1

Note: Connect/disconnect dotted link as instructed in
description.



Procedure:

1. Connect the circuit as shown in Figure 9(C).1.

a. The A output of NTC Thermistor to C socket of 10 turn
potentiometer.

b. Connect a digital multi-meter as voltmeter between
socket B of 10 turn potentiometer and ground.

c. Connect socket A of 10 turn potentiometer to Gnd.

2. Switch “On” the Power Supply and note the temperature-
by-connecting the voltmeter temporarily to the IC
temperature sensor output adjust the 10 turn
potentiometer until the voltage indicated by voltmeter is
2.5V and then note the dial reading.

Note: Since there is a 1K resistance in the output lead of the
Potentiometer the total resistance will be 10 x Dial reading
+1K ohmes.

3. Connect the +12V supply to the heater element input
socket and at 1 minute intervals note the values the dial
reading to produce 2.5V across the resistance and also the
temperature from the IC temperature sensor. Record the
values in above Table.

4. Record the values of dial reading & temperature in below
Table.

5. Switch Off the Power Supply and disconnect the Heater
element supply (+12V).

6. Plot the graph of thermistor against temperature. It should
resemble the graph below in Figure 9(C).2



Observation Table:

Time (minutes)

10

Temperature
(fromIC
Temperature
sensor)

°K

°C

Dial reading for
25V

Thermistor
resistance = (10 x
dial reading + 1K
Ohm)
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(%)}

3
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k
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Figure 9(C).2
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Questions:

Q1. What is NTC?

Q2. What is Thermistor?

Q3. Name the material used for making Thermistor?
Q4. What are the applications of Thermistor?

Q5. How the analogue resistance can be converted into
electrical voltage?

Q6. Thermistor are............. (active/passive transducer).



Experiment 9(D)
Objective: Characteristics of NTC Bridge circuit
Equipment’s Required:

1. ST2302 with power supply cord.
2. Multi Meter.
3. Connecting cords.

Connection diagram:

 Temparaice Tranaticars e

! INSTAUMENTATIONAMP.

Figure 9(D).1

Note: Connect/disconnect dotted link as instructed in
description.



Procedure:

1.

Connect the circuit as shown in the Figure 9(D).1

2.Socket C of slide potentiometer & wire wound

potentiometer to +5V.

. Socket A of wire wound potentiometer to OV.
. Connect a digital voltmeter between socket B of wire

wound potentiometer and ground.

. Connect socket B of slide potentiometer to B Thermistor
output.
. Connect a thermistor output to A of 10 turn

potentiometer.

. Connect B of 10 turn potentiometer to OV.
. Switch 'On' the Power Supply and adjust the wire wound

Potentiometer so that the voltmeter reading is 2.5V. The
fixed branch of the bridge is now set for center balance.

. Remove DMM and connect it between Thermistor B

output and OV and adjust 2.5 V with slide potentiometer.

10. Now Bridge A and B both are balanced to read 0OV

difference. Bridge A is point J and K and Bridge B is point
L and K. Swing the arm of volt meter between these two
bridges and the bridge output for thermistor A and B will
be recorded as below table.

11. Now connect +12V supply to the heater input. Note

the temperature by measuring the voltage output from
the O/P. Socket of the IC temperature sensor & record
the value in above Table.



12. Note the temperature & voltages from each bridge
circuit at a interval of 1 minute. The bridge 1 output is
from NTC output A and socket B of wire wound
potentiometer. The bridge 2 output is from Thermistor A
O/P and Thermistor B output.

13. Record the values in Table 4.

14. Switch 'Off the Power Supply and disconnect the
Heater element supply (+12V).

15. Draw graphs of output voltage against temperature for
two bridge circuits on the same axes. They should
resemble the Figure 9(D).2

Observation Table:

Time (minutes) 01234 5/6/7 8|9 |10
Temperature °K
(from IC °C
Temperature
sensor)

1
active
NTC

Bridge output |2
(V) active
NTC




1
9
8
i g
Output 6
Voltage 5
yolts
@ ) A4
3
2
By
0 10 20 30 40 650 60
Temperature °C
Figure 9(D).2
Questions

Q1. Give examples of primary and secondary transducers?
Q2. Give examples of active and passive transducers?

Q3. To convert resistance to electrical signals which bridge is
used?

Q4. What is bridge circuit?

Q5. What are the Characteristics of Transducer?

Q6. What is NTC bridge circuit?



Experiment 9(E)

Objective: Characteristics of K Type Thermocouple
Equipment’s Required:

1. ST2302with power supply cord.
2. Multi Meter.
3. Connecting cords.

Connection diagram:

nlmntd-x ]
ST2302 .

" Temperature Transducers Trainer °

)t INSTRUMENTATION AMP

orrser DCAMPLIFIER - 7

c—>—o

Figure 9(E).1

Note: Connect/Disconnect dotted link as instructed in
description.



Procedure:

1. Connect the circuit as shown in Figure 9(E).1

a. The '+ output of thermocouple to 'B' input of
instrumentation amplifier.

b.The '-' output of thermocouple to 'A' input of
instrumentation amplifier.

c. Output of instrumentation amplifier to input of X100
amplifier.

d. Connect a digital multi-meter as a voltmeter on 200mV DC
range between output of DC amplifier and ground.

2.Switch 'On' the Power Supply and then set the Offset control
of amplifier as follows:

a. Short circuit the input connections to the instrumentation
amplifier and adjust the Offset control for zero indication
on voltmeter.

b. Reconnect the thermocouple output to the
instrumentation amplifier. The output voltage should still
be zero with the 'hot' & 'cold' junction at the same
temperature.

3.Find the temperatures of the inside and outside of the
enclosure Cold Junction) by using the digital multi-meter on the
20V DCrange to measure the output voltage from the O/P socket
of the IC temperature sensor and then from the REF output
socket of the LM 335 provided on the type 'K' thermocouple.

4.Record the values in below Table.



5.Connect the +12V supply to the heater and at 1 minute
intervals, note the values of the thermocouple output voltage
(mV), and the voltages representing the temperature of the 'hot'
and 'cold' junctions of the thermocouple.

6.Record the values in Table 5.

7.Switch 'Off the Power Supply and disconnect the heater
element supply (+12V).

8.Construct the graph of thermocouple output voltage against
temperature difference between the 'hot' and 'cold' junctions.
Your graph should resemble the one given in Figure 9(E).1



Thermocouple Reference Chart

°C EMF in puV °C EMF in uV
0 0 26 1041
1 39 27 1081
2 79 28 1122
3 119 29 1162
4 158 30 1203
5 198 31 1244
6 238 32 1285
7 277 33 1325
8 317 34 1366
9 357 35 1407
10 397 36 1448
11 437 37 1489
12 477 38 1529
13 517 39 1570
14 557 40 1611
15 597 41 1652
16 637 42 1693
17 677 43 1734
18 718 44 1776
19 758 45 1817
20 798 46 1858
21 838 47 1899
22 879 48 1940
23 919 49 1981
24 960 50 2022
25 1000
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TR FHolerelet:

P; ArcAIET &1 dicehlfelen AT, P =17 (Vi- V3).
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P; aredex & drcepifares QfSer, Pr=- Vi (11 - 13)
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Fig 2: Connection diagram of Anderson’s bridge
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Phasor Diagram of Maxewell Inductance Bridge
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iR 109 30T gl &are & fF TaaY & 3REE W dlecst dfFar
INH FH IRES 9faAeT & JHAT &, Fife gadAsT garg 0.109/109 =
1 TAT gl aifge

6. +12V HTTS &l €Y TfAHT oY & Felde Y IR dlecHAI
% FTY RTD W dlecol & AT & 3T 200mV AT 2V IS & Al
a, (Ig RTD 9feRkIYr &1 gfafafca &ar g) 3R dlecdler & ary
IC ATIAT HEX @ 3M3¢Ye dtees A & 318 drfes & feu arw




YA THeC & d1¢ TR 20V IST (I§ 3REBT & dTIHTT &l
giafafiica &ar g) W dC |

7. TaSTel MYt dg Y 3R e dcd 3MYfd SEhaae & (+12)
8. IREET dAT & 33l afcaad & scol 3R 3T arfersr H
SIS

9. f3ai Afewad & dAAR & fa%ey 3MH 7 RS Fiarer
IqH FA0| 38 A fGw v S fe@er arfgel & 8(sh).3.

aTqATT dATH gfaRier aiferer:
°C A # gfady °C 3T 7 gfady
0 100.00 31 112.06
1 100.39 32 112.44
2 100.78 33 112.83
3 101.17 34 113.22
4 101.56 35 113.61
5 101.95 36 114.99
6 102.34 37 114.38
7 102.73 38 114.77
8 103.12 39 115.15
9 103.51 40 115.54
10 103.90 41 115.93
11 104.29 42 116.31
12 104.68 43 116.70
13 105.07 44 117.08
14 105.46 45 117.47




15 105.85 46 117.86
16 106.23 47 118.24
17 106.62 48 118.63
18 107.01 49 119.01
19 107.40 50 119.40
20 107.79 51 119.40
21 108.18 52 120.17
22 108.57 53 120.55
23 108.95 54 120.94
24 109.34 55 121.32
25 109.73 56 121.70
26 110.12 57 122.09
27 110.51 58 122.47
28 110.89 59 122.86
29 110.28 60 123.24
30 111.67

gclhel dATToIT:

AT (fAeTe) 4 6 |7 |8 10

REEY °K

SIEEIGH °C

3TREET gfaRrer
A




122
118
114
RTD 110
Resistance 108
()
106
104
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100
0 1.0 20 30 40 50 60
RTD Temperature °C
R 8(d.3
YRl
Q1. 3REST #T qOT & &A1 872
Q2. 4T Far g?

Q3. IREL F GIFd @l aTell e THM H FAT RIS
g?

Q4. FRED B ReaT FT &2

Q5. 91100 FT &2

Q6. WE-100 & F9fT &1 872



g 8(°T)

3EaeT: UASHT UTATIT & oafor
HTARIF ITFHIT:

1. faSTelr 3mqfd &S & @Y ST2302
2. #edr M

3. Sz arelr Sl

FAFAT IR

12302

‘N sCienTECH

THERNOCOUMLE

dAte: fqaRor # T 10 ACATAR Sies foieh &l dolere/SEhoiae
Gy



gfshaT:

1. = 8(@)1 # eWv 317aR |fthe &l Foee |

a. TAS UTATET &1 T 313eqe 10 o qrielRiaiee] & &

dihe dh|
b. 10 ToT GIEfAMAIC & Fiche & 3R AT & OIT Th
f3fScer AE-FHeT &l dlecHIcy & & H Folde Y|

.10 o7 AERATHACT & Hihe AP Gnd F Fedc H|
2. TaSTel 1 3mqfed & "Ire” Y 3R alecHY I NEARN T 4
HSET ATIATT HE HB3CYE @ SIS d9AT A &Y, 10 T
AR @l dd deh ARG & S T & dlecAler garT
ST dlecor 2.5V g T 3R Y srer §fser sl #1|
Ate: I IR & 3m3ege s F 1K 9fad §, safaw g
gty 10 x 3rer AT +1K 313 g
3. +12V 3MYfd @l §eX ded $aIYe Hishe § delde Y IR 1 A
& IR I I & 2.5V 3cdood I & foIT el ST &
AT 3R IC ATIAT T & g\ dt Al Y| IIRASd difeler &
AT Repls Y|
4. S & I8 drferdl & 3ol ST 3R argaa & #A Reprs |
5. faotell &1 3mqfd dg Y 3R X dea & 3l (+12V) @
fS¥daiee FI|
6. dTIATT o Ta%cy UTATY &1 IH Iif@d HY| 38 T 8(I)2
H o QU 91w o ot fe@er anfge




Hgcllhel dTToIhT:

THY (fAeTeT) 01(2/3|4/5/6|7 |8
dTIHT (3TSEY
dIIATT 8 8) °K
°C
253" & foIT sRIoT
EC
TAE Fiaer = (10
x 31T AT + 1K
3719)
7k
6k
Thermistor 9K
Resistance m
K()
3k
2k @.(;2;:-
1% 5 @

0O 10 20 30 40 50 60

Temperature °C

s 8().2



geeT:

Q1. TASHHT Fr §?

Q2. UfAT T g7

Q3. YTAER e & fAv g ATHA &1 ATH TAST?

Q4. ITATER & JHgoier &1 &7

Q5. TATANT T &l fdegd aleest # & qRafd foar S

Q6. gFTR.......... (Ffsra/fATHT Tasg) &



garer 8()

3gaed: TS foor |fdhe &7 fadame
AT IYHI:

1. faSTel 3mqfd &S & @y ST2302|
2. FeT HeX.

3. SIgeT arelr 3NN

Folaeled IN:

l‘.’thECH S TemparatureTranstcers Trainer
s ST2302 e o e A

R 8(3).1
Are: faaRor 7 fqu arv fAden=aR sies foidh #T Hade/Sehaae
|



gfsa:

1. A7 4.1 # RRET 38R Ak F Fadde |

2. TA88 GIERAHA 3R aR grg qiefRgsdex &1 diche 1 +5V
de |

3. dR °1d WIEAIIHARCT & Hishe T OV dh|

4, AR g1g NERAHIR 3R T & Flche o & &g v Bfoed
dlecHICT helde H|

5. T3S UERIAAIET & Fiche o T o YFAT A3CYE @ dolere
|

6. UTATET 33eqe & 10 T GERAHAT & T & Felde |

7. 10 o7 GIEfAMACY & BH OV Feddc H|

8. Tasrel &1 3mqfd & '=rel & 3R AR & =19 arel GfRAHET
I FARNSAT H dlfeh dlecdet 1 AfSer 2.5V @11 g dr AfRed
AMET 3 g Aol & Tov AR g

9. SvATH fAwrel AR 3@ yffeer & 3m3eqe 3R 3 & &
FoAFc Y AR TEs GERAIAACK & @iy 2.5 & FARNST F|
10. 3 st @ 3R & =t &l OV AR Ueel & faT dgiora faar
a7 Bl 9T T foig o 3R & § 3R 9T o f§g ve AR & gl o5
el et & e dlee e T e @ gATT AR affieer v ik @
& fow foier 3m3eyqe @ &) 18 drfdieT & 3TER &of foham Sirear|

11, 31 +12V FCells &l §eX SoA9C & Fadere il /A & dlees
3MM3EYE I ATGRY TIHATA Al HY| IS dGHTH FEX I Tiehe
3R 3WFT arfesr § AT Rapis |




12. 1 fAeie & IRl W T foeT Afdhe § d9ART 3N dleds
ale Y| oo 1 3M3eYe TASRR 3M3eye T 3R aRR d13s
qERAACT & dihe O A &1 It 2 3m3eqe afAwey v avdr 3R
affTeT & 3mEce & ¢

13. A @ arferr 4 7 Reps ¥

14, T9STel 1 3Mqfd d¢ At AR geX dea T 3l (+12V) @t
[EfE Ty

15. Teh €1 3787 W & a7 |ihe & AT A9 & favey 3m3eye
diecsT & ATH §AT0| 3¢ T 8(3N)2 Siar fewsm =nfgw

gt difersr:
THT (Hee) 0/1 23 4/5/6/7 8|9 10
dTaHT (ST °K
dIHTT W 1) °C
1
afer
TACIHT
foet 3mseqe (v) |2
afer




1
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7
Output 6
Voltage 5
volts
( ) s
3
2
A
0 10 20 30 40 50 60
Temperature °C
T 8(2).2
9RAeT

Q1. FrfAeh AR gfaedarsh THsgER & IaTeXor A

Q2. afshT IR fATSHT TEsTET & 3amEIor &7

Q3. 9feRIY F1 Riega ehel & aRafdd w & v fea o &
39A1eT foRam SITar g7

Q4. foor dfehe FaT 8?2

Q5. TEsgER Hr faAvdam ar §?

Q6. TSR foeT wfehe Far &7



93T 8(3)

3aT: K TR YHATRTT & oI8Tor
HTERIF STYSHIT:

1. faSTel 3mqfd &S & @y ST2302|
2. Hedl HIX.
3. ST arelr SN

FAFUAA NG

CIBNTECH - Temperature Transducers Trainer
ST2302 S L ST

1 ;' INSTRUMENTATION AMP

dte: f[aeRor # QU v [FEATER sies foidh @l daac/SEmade |



gfsrar:
1. = 8(3).1 # QWU 31]8R Hihe &I dedde Y

o STZAYT TFTRBIIY & ‘' geIqe & U y#fhder &1 '+ 313eye|

o SEZHNUA THIBRY & 'T' SoAYC & folv YHAfhTer &7 - H13eye|

e X100 TFINHRR & 3oYc & [T STTHRAT TFINBIIR FHT
3M3eYe|

o S THIIHRRY AR M35 & HBCYE & & 200mV Sl &7 |
T f3foicel ACE-AIeY &l dlecHiic & &7 H Folde |

2. T9STelr 3mgfct & Aol A 3R Y TFIeliRR & 3iihde fa=or
H [HAFEIER AT A

o STZHIAA TFIAHRIY & FAYC Falarelel &l AC Hihe N AR
dlecHIEY WX Yo Hehd & flT 3ThdAC 0T S FARMTSIT |
o YHTFTUC HBCYC I SELHUTA TFINHRR § QERT Folehe |
Teh &1 AT 9 ‘I 3R ‘33! ST & AT 13T dlecst 37el
A =g gle =A1fET
3.3M$Hr A HEX & 3/ Aie ¥ HR T IRSTw 3m3eqe ¥
33eqe dleest A AT & faT 20V S I W e #cd-dAex &7
39T ek 13 Fles JTHUed & e AR @Y I dTIHA ATd H|
TAUH 335 & Hiche '&' YR & YAfGRIA I Yl fohar amm gl

4. i & IS Arferr & AT RPrs |



5.+12V 3Mqfd & gleT & ol A AR 1 fAele & AN |,
yHfeRTel 3M3eYe alecst (VAN & AT 3R YAfHT & I3 3R 'S’
STl & dTIHATT & Ifafifticd @¥el alel dlecal @l Al HY|

6.ATAT I difasr 5 H RS |

75957l 1 3Mgf | A 3R e ded @ AL (+12V) H
Srhaige Hi|

8. "I 3 '3’ STeREAT & &I ATIH HT & Taecy YHAfHT
313eYC dledsT i AW SATT| 39T AMH T 8(3).1 # fGw v o
SIET gl =1fgT



yAfRIT Hedr are

°C EMF in uV °C EMF in uV
0 0 26 1041
1 39 27 1081
2 79 28 1122
3 119 29 1162
4 158 30 1203
5 198 31 1244
6 238 32 1285
7 277 33 1325
8 317 34 1366
9 357 35 1407
10 397 36 1448
11 437 37 1489
12 477 38 1529
13 517 39 1570
14 557 40 1611
15 597 41 1652
16 637 42 1693
17 677 43 1734
18 718 44 1776
19 758 45 1817
20 798 46 1858
21 838 47 1899
22 879 48 1940
23 919 49 1981
24 960 50 2022
25 1000




HIAHT STATE AP HRIT W=Nfrest Ware
faggdta sifimifaet faumT

g A9

TART HHI® 9
35arT: TaffesT sollehl 3 FHRYUMET &1 JEqTT |
ATAIGh 3IYhIUT:
¢ 3iftewel TSI o] (MI-INO5)
o g Fr afar
.ﬂ@ﬁ
o TWHRIN/ATTIN
1) A AecHET:-
FET a1 RREl o 9 & Wfbe & dioest &1
EEIEE AT & T R # S deeer e
” [&] frar Srar €, e Qiedl T RRfSed diecHiex
- g ST +1% TERAT & TTY dlecst Hl Tgat
= = H&TH g Gohdll g

T 1.1: A dreeAY
2) AT Figea pA THET-

AGinE Coml 1A Ammeter ;,:@W PISd YA THIX T DC THeT g,
\&:;t:c% ST 250pA T TeA H TEH T
uA
S it =

1%?1.2:?@?4131%?12%



3) 3 THeT -

BC Ammeter IR a7 el off UhR & 3UROT & e
] (] (1 ) A & foT ¢k & 3R weliex gei e
) Dl Dl D ST &, =ad v Al to s whex &

o ST +1% Tl & ATY ool l Tged &

. ot HaTH g Hehell gl

O O

= 1.3; ST THeY

4) ez S graX FodTs: -

Fixed DC Power Supply Thereg SraT Tostel 3-]thﬁ P2} +12v, +5v 3R

2V GND V1 GND & faw die cfiea &
o) Q O

o 1.4: TR S faegd 3

5) AT scllh:
Photovoltaic Celi Photo-Transistor
o/ O ./ O o/p
Photo Diode \ Photoconductive
&
o/ O = O O o/e
Lamp ![P

=T 1.5; IO solich



YO selleh H IR TAET-3709T ThR & 3Hifteshel THT &1d 8, Teh TET A
T U Uh HSIE gl § ot difds a1 & fagga ot # aRafdd
T 8, ¢oR H 3MCeehel AHT Teh1r & AT 1 3TedTiceh fdegd ateest
H gRafdd s

¢o #H ol Hifteshel HHT T T

o PIeIalecse dol
o WIer 38

o WIeIeIoiEel

o WIelehsided A
€8 Lo & 2 Wb § o AT Seileh & hg A Uk fheldie 9 o9 37
g o9 & 39T FE g T T digdr & I # gea

6) digar fAa=: -

digdr [@d=3e sdle &7 39IET harde of g &1

TRl gl &l Aaf¥d et & o fohar arar
ﬂ ot g, ¥ aed Read ganr o FRifya (ameyee)
O foram ST Gaar &1 39 sl W o@m g Jdigar
g9 &1 =T ag |

Intensity Controller

T0

Lamp
AP Fxt.
0 Control O

= 1.6: digar g



7)%200 TFAIGRIT: -

X2 to X200 Amplifier

I/P o/pP

GND

'

=T 1.7: x200 TFgelprRRY gfehe vdie

TFIATPRR Udh Soldcifoleh 3UaUT § ol [&ddel & dlecsl, dic IAT ITaR
P FGIdT g1 TFTeBRRI & 39T dRRT FIR 3R garor, ik gafr
g o HSAT 3URON H fRAT ST §1 308 FHAAR-THIAT TFThra
T Gre TFAelhrIY & &9 H adfiehed foham ST HeveTr &

Tl x200 T 39T HASR [{IeTer A 200 AT T deld & v fomar
ST 8l

3GTe0T & fow, Ife g7 20mv &1 @7 I8 aXd & dl I§ TFTelhrT
I SAYC Yl ¢ 3R ST 1v T 33CYS 3ceed AT ...

SH TeECollBIX I TAT AT &1 I§ dhael 10 THAT & 100 THAT & &I
Fr AT & FAAR FIAT I FeIdr gl I g 50 THAT I & FW FT
ffster frs @ed § ar Ig wrster 10 o &1 yafdid 3mseqe fewrar &



FAFUT -

1K 9fAeR ftheres ST 91X Fears & ST B

* X200 TFINHRR $aqe 1K GieRIEEH (2) & ST &

* TI9AT fSEel (+) X200 UFCHRR & $aqe @ 3 (-) I35 & ST
gl

* f3foica AT (+) X200 TFICNHRR & 33cye & 3N (-) A133
¥ 3T ¢l Lo §1S dre |

o 1K URTAIRAAICY &7 39IANT Fdh AT dlecHly f3Fca Ay W
0.05V(50mV) ST AT

* X200 TUFTATPRR T USSAEEI Ui I 3UIRT Fah, X200
TFIBRR & 313¢qe W 5V Fe &Y, AT dlecsl oo & fav
fBfoce AcdIHer &1 39AeT aX Thd 8l

* 3§ X200 TFTHRR 100X oM WX AT §, &5 IANud a Thd
gl

* OIS T ITUTAT el T G-

TH=VO0/Vin
=2V/0.02V =100



Set DC Voltmeter on
2V Range

DC Voltmeler

EEIEEE
(=]

26V
& Vel

22 I

v 4

Potgnt!qm!er Bank

X2 to X200 Amplifier

/
A

Set Multimeter on
20V Range

b T
L €€ BRI

=

=
yASS
X

i
TOMTAL 18R
IMALTRTNRE el

&7 1.8: 200 TFINHRR Afhe HaaleT



7) TR FY:-

OptoCoupler(MCT2E)

_|—06

1C }u —0 5
2 O E»;_.

4

=T 1.9; 3ATeIhceR

3TEIPICoR, Udh Soldciioleh Tceh § ol Wehlel HdgaAed 3fifCeardl ey
& HATEIH § al IHoldT-3elel Tdegd Hiehel &l Siisdr &l 3ieeihicer a1 o
AHTCI-3MSAIeiey & ¥ & 8 S ST §, 9 9¢ah g oif U & af feedr
H {9dAer A1 3T & TWROT & [T Yehrer T fheoT HI 39T X &l
golagiielch 3UHIUT| Solehl UL HET § § Solociioleh HChl &l I=d
dlecsl | el Heh 3edhl &7fa &l kel & forw fhar Srar gl



