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LABORATORY SAFETY INFORMA I'MON

Introduction

esent while
that you
1s an

fire. or explosion is pr
impnrl;ml
t to do if there

The danger of injury or death from clectrical shock
conducting expenments 1n this laboratory. To work safely, 1
~tand the prudent practices necessary to minimize the risks and wha

15

unde
accident.
Electrical Shock

Avoid contact with conductors in energized electrical circuits. Electrocution has hcc.rt
reported at de voltages as low as 42 volts. Just 100ma of current passing through the chest L\'
usually fatal. Muscle contractions can prevent the person from moving away whllc‘ being
electrocuted. Do not touch someone who is being shocked while still in cnnmct'wnh the
clectrical conductor or you may also be electrocuted. Instead. press the Emergency Disconnect
This shuts off all power, except the lights.
\Make sure vour hands are dry. The resistance of dry, unbroken skin is 1¢
thus reduces the risk of shock. Skin that is broken, wet or damp with sweat has

latively high and
a low resistance.

When working with an energized circuit, work with only your right hand, keeping your
left hand away from all conductive material. This reduces the likelihood of an accident that
results in current passing through your heart.

Be cautious of rings, waiches, and necklaces. Skin beneath a ring or watch is damp,
lowering the skin resistance. Shoes covering the feet are much safer than sandals.

If the victim isn't breathing, find someone certified in CPR. Be quick! [f the victim
is unconscious or needs an ambulance, contact the Department Office for help.

Fire

Transistors and other components can become extremely hot and cause severe burns if
touched. If resistors or other components on your proto-board catch fire, tum off the power
supply and notify the instructor. If clectronic instruments catch fire, disconnect the power supply

im.mcdialcly. 'These small electrical fires extinguish quickly after the power is shut off. Avoid
using fire extinguishers on electronic instruments.

Explosion

mlhen using clectrolytic capacitors, be careful to observe proper polarity and do not exceed
lo((:: vo(}tage rating. Electrolytic capacitors can explode and cause injury. A first aid kit is
ated on the wall near the door. Proceed to Student Health Services, if needed
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EXP NO: 1
STUDY OF DISPLACEMENT TRANSDUCER - LVDT

M

—

rmer

To study the operation of Linear Variable Differential Transfo

E( QUIPMENT

—
S.No Apparatus

LVDT kit

2 Multimeter

THEORY:

The most widely used inductive transducer to translate the linear motion into electrical

signals is the linear variable differential transformer (LVDT).The transformer consists of a single

primary winding ‘P* and secondary winding ‘S’ wound on 2 cylindrical transformer. The
inding is connected to an alternating current source. A movable soft iron core is placed

primary W
ment to be measured is applied to the arm attached to the soft iron

inside the former. The displace

core.
The output voltage of secondary S is ES, and that of secondary S is ES,.To convert the

output from S; and S; into a single voltage signal, the two secondary Sy and S, are converted into

series.
When the core is at normal (NULL) position the flux linking with both the secondary

windings is equal and hence the equal emf is induced. Now the core is moved in the left of the
NULL position, more flux links with winding S, and less with S, The output voltage of an LVDT

is a linear function of core displacement within a limited range of motion.



MODEL GRAPH:

output
voltage,Eg
Linear
\ range .
180> s P60
:' !
i :
X | Residual
LR, - voltage
8 " 0 f A

< Displacement —~

TABULATION:

Voltage(in milli volt)
S.NO Core position

Bellow null Above null




sition.

PROCEDURE:
1. Adjust the micrometer to read 200m. This position is called as end of transducer po
2. Adjust the span adjustment pot to read 10mm. L.
3. Now adjust the micrometer. This position is called negative end of transducer position:
4. No need to adjust any further for this as the displacement automatically
reads -10.
5. Repeat steps 3 and 4 repeatedly till we get the absolute value.
RESULT:

Thus the operation of LVDT was studied.



HARDWARE DIAGRAM:

Sr. No. Water Level (ml) _
! (ml) e !

T . ""3_;} (Volts
VYol Voits)

N "
———
R ——
T ——



EXP NO: 2

MEASUREMENT OF WATER LEVEL USING CAPACITIVE TRANSPUCER

AIM:

S 4 ) 4 N ALY s o
Study of water level measurement using capacitive transducer

3123 K . L
ST2309 with power supply cord, Water Level Sensor, Measuring [ank,
Ammeter. 2mm Patch Cords (SNos).

HE

Capacitance pressure transducers were originally developed for use in low
vacuum research. This capacitance change results from the movement of a diaphragm element.
The diaphragm is usually metal or metal-coated quartz and is exposed to the process pressure ofl
one side and to the reference pressure on the othere principle of «Girain Gauge™ 1.€ when any
pressure (force) is exerted on the strain gauge, there is corresponding change in its resistance.
This change in resistance will produce an electrical output in the range of millivolts that 1s

proportional to the applied pressure. Depending on the type of pressure, the capacitive
transducer can either be an absolute, gauge.

PROCEDURE:

]. Connect a Water Level sensor across the Sensor Input provided on the Trainer

2. Make the connection in the trainer as shown in the figure. .

3. Connect the output of Voltage to Current Converter to the positive terminal of an
Ammeter.

4. Ground the negative terminal of the Ammeter.

5. Switch ‘On’ the power supply.

6. Gradually add water to the Measuring Tank.

7. Note the change in Current after every 100ml rise in water level inthe measuring tank.

8 Note the Current Readings and corresponding Water Level change in the observation
table. '

9. Shift the Gain amplifier to least, middle & maximum position & repeat the above
Procedure to get different readings.

10. Sketch a graph between voltage & water Level.

RESULT: ‘

Thus the water level measurement was done using capacitive transducer.



HARDWARE DIAGRAM
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EXP NO: 3

MEASUREMENT OF STRAIN USING STRAIN GAUGE

AIM:

L

L. . . ; in sensor
To study the characteristics between strain applied to the cantilever beam stra

and the bridge voltage.
APPARATUS REQUIERD:

ITB — 17 — CE trainer kit
multimeter ( in V)

cantilever beam strain sensor setup
weight ( 100g * 10 no’s )

power chord

Al ol ol adl

FORMULA USED:
Theoretical strain

_ 6PL 6%1x21.58
Bt2Y ~ 2.8%0.252 2+ 108

— 370u strain

Where,
Applied load to the beam (p) =1 Kg
Thickness of the beam (t) =0.25cm
Breath of the beam (B) =2.8cm
Length of the beam (L) =21.58 cm
Young’s modulus (Y) of the beam = 2*¥10°6 Kg /cm?
actual strain — theoritical strain . 100
theoritical strain

Operror =

THEORY:

The change in the value of resistance by resistance by straining the guage may be partly
explained by the normal dimensional behavior of elastic material.if a strip of elastic material is
subjected to tension or in other words positively strained, its longitudinal dimension will increase
while there will be a reduction in the lateral dimension. So when a guage is subjected to a
positive strain, its length increases while its area of cross-section decreases.

Since the resistance of a conductor is proportional to its length and inversely proportional
1o its area of cross-section , the resistance of the gauge increases with positive strain. The change

i1 the value resistance due to dimensional changes.the extra change in the value of resistance is



EXP NO: 3

MEASUREMENT OF STRAIN USING STRAIN GAUGE

AlM:

SR

Qal -
- 151 i \ ileve »y gtrain {enso
To study the characternisties between strain applied 1o the cantilever beam

and the bridge voltage.
.\Pl‘.\R.\Tl‘lS REQUIERD:

1B - 17 -~ CL trainer kit
multimeter ( in V)

cantilever beam strain sensor setup
weight ( 100g * 10 no's)

power chord

N e 's4 ¥d —
LA i adi i

FORMULA USED:
Theoretical strain

_6PL _ 6x1x2158
Bt2Y 2.8 +0.252 2 x 10°

— 370 strain

Where,
Applied load to the beam (p)=1Kg
Thickness of the beam () ~ =0.25cm
Breath of the beam (B) =2.8cm
Length of the beam (L) =21.58 cm
Young’s modulus (Y) of the beam = 2*1076 Kg /em®
actual strain — theoritical strain . 100
theoritical strain

%error =

THEORY:

The change in the value of resistance by resistance by straining the guage may be pa;ﬂy
explained by the normal dimensional behavior of elastic materialif a strip of elastic material is
subjected to tension or in other words positively strained, its longitudinal dimension will increase
while there will be a reduction in the lateral dimension. So when a guage is subjected to a
positive strain, its length increases while its area of cross-section decreases.

Since the resistance of a conductor i proportional to its length and inversely proportional
{0 its area of cross-section , the resistance of the gauge increases with positive strain. The change

in the value resistance due to dimensional changes.the extra change in the value of resistance is



JABULATION:

APLLIED STRAIN VERSES BRIDGE VOLTAGE:
| APPLIED LOAD(GRAM) | THEORETICALSTRAIN (us) | BRIDGE VOLY AGE
1 !
[ |
. : N
APELIED STRAIN VERSUS THE SIGNAL CONDITIONED SENSOR OUTPUT VOLTAGE:
Iheoretical straint s | Sii’r;,;l .cond_x?mncd ’ ‘ A -
| strain(pus) | | : |
l' Hs) | sensor output Actual strain (4s) | oCTTOr
| |
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Y

attributed 10 2 change in the value of resistivity of a conductor when strained. This property is
. ac 16 _-‘.' s a wolfon . .

known as piezo resistive effect. Let us consider a strain gauge made of circular wire as shown

The wire has the dimensions L=le - ; . . .

I'he 1s the dimensions L=length, A=arca,D=diameter before being strained.the

figl.
This produces

material of the wire has a resistivity p.Let a tensile stresss s be applied to the wire.
en the wire

a positive strain causing the length to inercase and arca to decrease as shown.thus wh
area,

is strained there are changes in its dimensions. Let AL=change in length, AA=change in

AD=change in diameter and AR=change in resistance.

PROCEDURE:
Install the cantilever strain sensor setup and interface the 9 pin D connector with 1TB- 17 —

1.
CE kit.

5 Connect the multimeter in mill volts mode across T2 and T3 for bridge voltmeter
measurement.

3. Switch ON the module.

4. Initially, unload the beam and nullify the bridge voltage by using zero adjustment POT.

> N(-)w apply the load to the beam, strain will develop applied on the beam and measure the
bridge volt?ge (mV) across T2 and T3.

6. Grz:;i)ually increase the load on the beam and note down applied load and the bridge voltage
(mV).

d the bridge voltage (mV).

7. Tabulate the values of applied load, theoretical strain an
Plot a graph between theoretical strain versus bridge voltmeter (mV).
onnector with ITB- 17 =

Install the cantilever strain sensor setup and interface the 9 pin D ¢
CE kit.
Connect the multimeter in mill volts mode across T2 and T3 for bridge voltmeter

go

10.
measurement.
11. Switch ON the module.
12. Initially, unload the beam and nullify the bridge voltage by using zero adjustment POT.
lied on the beam and measure the

13. Now apply the load to the beam, strain will develop app
bridge voltage (mV) across T2 and T3. .
14. Gradually increase the load on the beam and note down applied load and the bridge voltage

(mV).
15. Tabulate the values of applied load, theoretical strain and the bridge voltage (mV).
16. Plot a graph between theoretical strain versus bridge voltmeter (mV).

RESULT:
Thus the characteristics between strain applied to the cantilever s

voltage was studied and graph was plotted.

train sensor and the bridge



CIRCUIT DIAGRAM:

SINGLE AND
TEMPERATUR
WATER

E
HEATER CONTROLLER

TABULATION:

INDICaTe,

—

S.No TEMPEERATURE in C , VOLTAGE in Vit

| A

MODEL GRAPH:
ATl

Voltage (volts)

Te
mpel‘ature o



EXPNO: 4
MEASUREMENT OF TEMPERA TURE USING THERMO COUPLE

A\

l'o find the temperature using Y-type thermo couple

L'_\)_l_ll‘\llf.\ I
' S No z

' : %
Apparatus i Range Ouantity i

! f Y- type thermo couple - ! '1

SE—— - — S - - i |

|

| 2 |] ON/'OFF controller - ‘ “
Jp—

.| . | | |

3 ! Water heater . ;
I

———————————— e ————————— — e ——————————————— S ————— — ’
-4 Multimeter - ‘ '1‘
— — |
5 Voltmeter (0-3)V ‘ !l
L R

THEORY:
When

two different metals having different work functions are placed together, a voltage
is generated at a junction which is nearly proportional to temperature. This temperature junction
is called a thermocouple. This principle is used to convert heat energy into electrical energy at
the junction of two conductors.

The heat at the junction is produced by the electrical current flowing in the heater
element while the thermocouple produces an emf at its output terminals which can be measured
with the help of PMMC instrument .The emf produced is proportional to the temperature and
hence to the rms value of the current. Therefore the scale of the PMMC instrument can be

calibrated to read the current passing through the heater. The thermocouple type of instruments
can be used for both DC and AC appliances.

PROCEDURE:

1) Connections are made as per the circuit diagram

2) After controlling the temperature for various values of temperature increases the

voltages equivalent values are noted.

3) The graph is plotted between the voltage and temperature.
RESULT:

Thus the temperature was found using Y type thermo couple.



AM FOR ANDERSONS BRIDGE:

CIRCUIT DIAGR:
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EXP NO: 5
AC BRIDGES

1. MEASUREMENT OF SELF INDUCTANCE USING ANDERSON’S BRIDGE
AIM:

A

To find the unknown self inductance of the coil using Anderson’s Bridge.

i\l,p_.\R,\TUS REQUIRLED:

" SL.No Apparatus Quantity _\
1. Andecrson’s Trainer kit 1
-
2 CRO 1
3. Decade Inductance Box 1
4. Connecting wires As required
THEORY: .

In the Anderson’s bridge trainer, the value of the resistance Ra, Ry & Ry are 300 ohms
each. For these values of resistance the range of inductance that can be measured is 150 mH to
350 mH. To measure any other value of inductance the resistance T & 1, have to be
correspondingly changed either by increasing or decreasing the resistance. The resistance in any
of the arms of the bridge is increased by externally connecting some resistance in series or
decreased by connecting in parallel for which the provision has been given in the trainer. The

bridge consists of a built in power supply, 1 kHz oscillator & a detector.,

Balance equations:

Let
L,=self-inductance to be measured
R =resistance of self-inductor
ri=resistance connected in series with self-inductor
R, R,. R;, R4 = known non-inductive resistances
C=fixed standard capacitor

At balance 1,=1; and I,=Ic+]4



CALCL ’L.‘\'l'l()NS:
Jue)* 100

T snere ¢ )/ c vil
o, Frror = ((True \':IfllL‘-J\-k.anLd value)/True Vi

' . v
LR, = lox——— le = /,_/‘"( l‘,_t
Ja(
I riting the other balance eqiu wions

wC

have

|
5 + R+ jol,) = LR, + fe.r and /c(/‘ +—/——7J=(/2 —Ilc) R,

Substitutingthevalueoflc int heaboveequations, we

L(r+ R+ jlay)=1,R, + 1, joCR.r or 1 (n

and JoCR, [ | r L ; : :
- 3 :(’ +ij)—(]2 ~1,joCR) R, or 1, (ja)CRJr+ja)R3R4 +R3) =LR,

Fromequations (1) and (2). we obtain

L (r+R + joL, - joCRr) = 11(16133 + JOCRAT + joCR R ]
3442
Equating the real and imaginary parts 4 4
R R,
R = Z STl e €)

and lecﬁ .
R [7(R+R)+ RR ]~ o -

+R + jLo, — joCRy)= 1R, -



procedure:

1. Switch on the trainer & connect the unknown inductance in the arm marked Ry
2. Observe the sine wave at the secondary of the isolation transformer by using CRO.
3. Vary the resistance R from minimum position in a clockwise direction.

4. Conncct the CRO between the ground & the output point and check for the balance

condition.

5. For further fine balance vary the resistance r; which will compensate for the resistive

component of the inductor.,
6. Remove the wiring and measure the values of R and 1 using DMM.

7. The above steps are repeated for different values of unknown inductance,

esult:

I'hus the unknown inductance has been found using Andersons Bndge.
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2- \ O N n '
MEASUREMENT OF CAPACITANCE USING SCHERING BRIDGE

To find the - , : i
1¢ unknown capacitance value using Schering Bridge kit.
\
EQUIPMENT:
oul —
S.No C ’
Apparatus Range ! Quantity ﬂ\
- .- - i P--___—-_—_—_-_-—_-
1 Schering Bridge kit | |
l
2 Multimeter 1 i
- !
3 Unknown capacitance ) 1
4 Connecting wires i

5 CRO(cathode ray oscilloscope) -

6 Function generator -

7. DCB(Decade capacitance box) :

8. | Resistance \ (470 Q,10 Q) % Each 1 no. ‘.\
]

—

THEORY:
ment of unknown capacitance of a capacitor. Here

sistor R2. In the third arm

It is an A.C. bridge used for measure

one ratio arm has R1 parallel to G, the other ratio arm has variable re

a very stable value and very small electric field for insulation

we have pure capacitor, has

ment. This bridge is used to measure t
in element to the power dissipated. .

measure he quality of capacitor. The storage factor 18

defined as the ratio of power stored



TABULATION:

Obtained [Qu\

et

Given

" Resistance Resistance Given . alitv .
Capacitance Capacitance Capacitance Facty,
Ry (kQ) R, (k) r




pROCEDURE: |

AT ra

L

Connections as per the circuit diagram.

Set the value of given capacitance.

Set the fixed resistance R2

Vary the resistance value or R l.

Switch off the kit removes the terminals from

Calculate capacitance and quality factor.

Rl&mcasuffm-

Jormula 1 sed

¢, (REZR) G

Quahty Tactor (Q) = :.nf[ (‘1\\

Ry

RINULTL:

bndge

The value of unknown capacitance Was found experimentally by using the Schenng

| nknown Capacitance, OX =
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FARBULA TTON:

. ,‘(;\i\lallt‘(‘ "' Resistance Caleulated Fevistance

R| ('\(’) | R; (LU) R,"‘Rg:‘lk.’)‘k]

Formuyly U sed:

g 2 T ) & ) ) \ "
{ nm-\'m:-rc.x:\:.g,xﬂ R.= (R R)*R.



EXP.NO: 6

DC BRIDGES B
WIIEATSTONE BRIDGE

. MEASUREMENT OF RESISTANCE USING

AIM:

R
1 S 01 . . .0 { ns an(l
To find the given medium resistance value by suitable bridge connectio

compare with the value measured by the multimeter.

EQUIPMENT:
S.No Apparatus Range Quantity
1. |
Wheat stone Bridge kit 10k
2.
Unknown resistance - 1
3. Multimeter - 1
4. Connecting Wires. As required '
5. RPS - (0-30)v 1
THEORY:

The bridge consists of four resistive arms together with a source of emf and null detector.
The galvanometer is used as a null detector. The current through the galvanometer depends
on the difference point C and D. The bridge is said to be balanced when the potential across
the galvanometer is zero volts. So that there is no current through the galvanometer. Hence

the bridge is balanced when the potential difference between C and D is equal.



PROCEDU RE

1. Connections are given as per the circuit diagram.
o

2. The unknown resistance Ry

3.

is connected. to make the bndge under
-anometer 7ero

The variable resistance i varied to show the galv =

balanced condition.

, . lue
: > resistance va
- and find the vanable res
4. After getting nuj) indication, switch off the supply -

using multimeter

5. Repeat the same sle

ps for various resistance values.

RESULT:

! & Y 1l &t % S
\ \ \‘- \‘ . \ g ih I'K'.‘ﬁ A‘m b ] bf‘.l..lc » R



CIRCUIT DIAGRAM FOR KELVINS DOUBLE BRIDGE:

% Err0r




/
’ YGE
) . nOUBLE BRIl
2. MEASUREMENT OF RESISTANCE USING KELVIN'S DO :

AR idge kit
To find the given low resistance values using Kelvin's double bridge Kit.
EQUIPMENT:
- S.No Apparatus Range ,,____99————1
L - - 1
Jf 1 Kelvin Double bridgc kit - I
- I
|2 Unknown resistance 1kQ,56k€2,560€2 ]
| N
-f_ 3 Multimeter - 1
1
4 Connecting wires. - As required
5. | RPS (0-30)v I ‘
6. Galvanometer ) 1
THEORY:

Kelvin’s double bridge is a modification of Kelvin’s bridge and provides more accuracy
in measurement of low resistances It incorporates two sets of ratio arms and the use of four

terminal resistors for the low resistance arms, as shown in fig .

Rx 1s the resistance under test and § is the resistor of the same higher current rating than
one under test. Two resistances Rx and S are connected in series with a short link of as low value

of resistance r as possible. P, Q, p, q are four known non inductive resistances, one pair of each

(P and p, Q and q) are variable. A sensitive galvanometer G is connected across dividing points

PQ and pq . The ratio P/Q is kept the same as p/q , these ratios have been varied until the

galvanometer reads zero.



BALANCE EQUATION:

» +Qv~.
y \ o " = k + -m. + H\w |||| _———
Eab = 70 Fac and Eac=1 prgir =~~q)
+q)r pr
and Eamd =1| R+—£— ( ) =I[ R+ TT T
p+qlptg+r ptg+r Gv
For zero galvanometer deflection, Eab = Eamd
or ? / x+%+||0c+3x =/ R+ Pr
P+Q ptq+r pHq+r
or g=Lge_9 |2 p(_____________
Q" p+g+r|Q ¢ =)
Now. if Nw = & Equation (3) becomes, R = m S A 3 i

PROCEDURE:

2 ——

—

Connections are given ag per the circuit diagram.
Supply is switched on,

The bridge becomes unbalanced when unknown resistance R is connected.
The bridge is balanced by varying standard resistance.

BowoD

Unknown resistance is calculated using balance equation.

Al

The above steps are repeated for various values of unknown resistance.

FORMULA USED:

Rx = (P/Q) * S ohms

RESULT:

The value of unknown resistance was found experimentally.
Values measured (Rx) are,

1.

2.



o

\TATION LIFIER:
CIRCUIT DIAGRAM FOR INSTRUMENTAT JON AMPLI

EXP NO: 7

INSTRUMENTATION AMPLIFIER.
AlM: g gtin
o . h > VO J L >
T'o construct an instrumentation amplifier using [C741 and to calculate the

EQUIPMENT:

R2- 1 Ell(nhrn

n —_— Qu.mutv
S.no Apparatus Ranﬂ’-e
. .. - n
! Operational Amplifier cT
2 Resistors 10Kohm o
3 DRB
4 Bread board -|
S Dual power supply (15-0-15)v _\
6 Voltmeter (0-10)V 5
7 Multimeter - l__/ _,___!
. e |
Connecting wires. ) As required __Il

THEORY:

The instrumentation amplifier is a dedicated amplifier with extremely high input

<

‘I vl = gy

impedance. Its gain can be precisely set by a single internal or external resistor. The high
common mode rejection makes this amplifier very useful in recovering small signals buried in
large common mode offsets and noise.

Instrumentation amplifier consists of two stages .The first stage consists of very high
input impedance to both input signals and allows to set the gain with a single resistor. The
second stage is a differential amplifier with constant negative feedback output and ground

connections are brought out,




QIRC it

A CONVFE
INVERTER AND /A CONVERTERS

1. AN, )
ANALOG TO DIGITAL CONVERTER

39 To convert the gjy ales ©
s ‘ © 2iven analog input intg i1s equivalent digital output
EQUIPMENT:
[l

470 ohm —S.No |  Amm————— '

| S.No Apparatus Range Q‘]‘;,,_"Tv_d_#j

— — | ]

Op Amp c7ar | 3 :

. ‘

phm -15 2 Dual " 2

al power supply | (15-0-15V | ! l

esistors [ 1KQ [ 4

l ,

. —2 { 1 —

L 470 ohim LED 470Q | 3 .

L | —

~ 5 RPS (0-30)V l ! -,
-1€ T 4]

15 6 Bread board = \ 1 .
a5 7. Connecting wires - l As required |
|
‘ {

0
l 470 ohm
"Forem THEORY

«

Important factors in the design of an analog-to-digital converter are the speed of
conversion and the number of digital bits used to represent the analog signal level. The minimum
NO: § EXP number of bits used in analog-to-digital converters is eight. The use of eight bits means that the
analog signal can be represented to a resolution of 1 part in 256 if the input signal is carefully
scaled to make full use of the converter range. However, it is more common 10 use cither 10 bit

or 12 bit analog-to-digital converters, which give resolutions respectively of 1 part in 1024 and |
) part in 4096. Several types of analogue-to-digital converter exist. These differ in the technique

used to effect signal conversion, in operational speed, and in cost.




PIN DIAGRAM :1C741

NC
OFFSET NULL
V+
INVERTING INPUT
OUTPUT
NON-INVERTING INPUT
Ve OFFSET NULL
TABULAR COLOQUM:
/ S-NO/ Analog I/P ] X X, Xo

t— |
—
S
——

/ |
i —
/

—
—

——
P

pROCEDURE:

1. The connect;
5 ™ r‘\ngcunns are made as shown in diagram
N ¢ voltage is j .
: ™ £¢ 1S Increased in steps. The analog input is also given
- € truth table is verified
RESULT:

Thus the analog to digital convertor was implemented and the truth

table was venfied.



1 LR:
CIRCUIT prassass poR A CONVERTERS

TABULATION

=2l TON:

|
| o |
D3 D2 o oo ] Output Voltage
. ]
T

BYALH

) .
To convert thy grven digital NPUtINto its equivalent

EQUIPMENT.

LGy AL TO AN \Log

+CONVERTFR

analog output.

S.Ne !, T Apparstes T T Range | Quantity

| \ —
T | (lp amplifier o * 1C741 T
| .
‘ ! ; . |
—r | R —
¢ 2 | Dual power Suppl\ i (15-0-13)V | \
L A — | 13KQ i

{ : L - e 1

4 » Resistor { 1 KQ >
i I

e .
‘! 3 | Voltmeter \ 10-30)V

| 4 quired |

1 mnulmg wires | N Asreq {
| A {
| — E=SE S, S ———— i ‘
l 7 1|' RPS | (0-)” )Y 1[

| { \

| = '




PIN DIAGRA Al

. OFFSET NULL

MODEL GRAPH:

MODEL GRAPH:
Ly ——
f digital input

Decimal cquivalent ©

Output Voltage

Digital

~to-analo . 1
€ conversign is much simpl d'\gua\
pler

conversion and the cost of byilg: to achicve than analog ™ g
ired wt ilding the necessary hardware circuit is considerably tess. It 18
equired wherever a digj ¢
req ‘ digitally Processed signal has 1o be presented to an analogue control actuator
an analoguc signal disnl. . ’ i
ar g gnal display device, A common form of digital-to-analogue converter 19
ijlustrated here. This is shown w

. X . ice 10
ith 8 bits for simplicity of explanation, although in PrCtE

i 1) T <
and 12 bit DA converters are used more frequently. This form of D/A converner consists of 2
resistor-ladder network on the input to an operational amplifier.

PROCEDURE:

Make the connections as per the circuit diagram
Apply the binary input by closing appropriate switches
Measure the analog output using a multimeter.

1.
2.
3.
4. Tabulate the measured values.
5.

Plot a graph between digital input Vs analog output.

RESULT:

L. ] og output.
Thus the given digital input was converted into 1ts equivalent analog OUIP



EXNO:9

CIRCUIT DIAGRAM:
rie OSTAT Ir ___— CALIBRAT
A R S ION
(A e e OF CURRENT TRANSFORMER
330 VaC //.ﬁ; — M_
v e )"'"”’ CT« ~ v
c';‘f“ w SRR F T ’_’7___,—,——"_ rSEC I To determine the percen .
{ = ] I ‘—T/ gransformer by comparison Wi:}":i;?;:o ¢rror and the phase angle error of the given current
€T current tran ; .
(. - APPARATUS: sformer whose error are known
) 5 SNo | Fogmme——
'§ —‘ quipment Range Type Quantity
i 1 Serdogr——t—— | I
::Af‘ngg n:l: — andard CT 03A —AC
- —
PHAg 2 Testing CT |
ShEas 0-300V AC
TRANS RS
s ORMER )
. 3 Wattmeter PF v
4 Ammcter Mty AC ol
TABULAR COLUMN: ype =
= I
) Rheostat AC
I
6 Phase shifting
transformer
J I

f a standard

etermined in terms of that 0

ﬁ‘\ﬁl This is a comparison type of test employin

and phase angle of the test transformer X are d

J I I transformer s having same nominal ratio.

’ g deflect ional methods. Here the ratio
i

B
L ! | ’ I / ’ —|| The errors are as follows say:

[
CT Error Ratio Error

Phase Angle Error




the primaties of the two (
o C .
I\ are L»(\““C(h\\‘ IN <eres \|\‘ th '
VoA o curren

|!1l““l'-l‘ them is say 110 The press
saure cotls
re cotls of two wattmeters are suj pli | with
1 anliet

_pyetant volage \ from ¢
cond! pe Vfrom a phase shifting tranef
ansiormer.

”\L‘ current © \ "
cotl of watt
attmeter W1 s Q
. s “(\lm(‘(h‘(‘ to S thr | ‘ etet
1 he c\llT\‘m C\‘I‘ of watl - v rough an amnu tet
attmeter W2 s
X Y is connected as <hown n fig and carners A

current B

ST 1ss - Tsx (Vi 1
§ - 1sx (Victorian difference)

Where in i
118 1]‘ > .y 3 .
he current in the current coil of W1 and lsx is the current

fowing through the en. T
gh the burden. The phase shifting transformer i3 adjusted 5O that the

wattmeter W1 reads zero.
W lq =
Vpeglss — cos
90 =0 W2q =
Vpeq SI cos
(0X - 0s)
=V Jsx sin (0X —~0s)

Where Vpeg is the voltage from
current coil of W1.

the phas¢ shifting transformer, which 18

in quadrature with the Iss inis

e voltage from 10 phase shifting transformer 18

Then the phase of th
re, now V is in phase with the current Iss.

shifted through 90°. Therefo

Wip=VIss
w2p = VSI sin (0X —0s)

=V [Iss — 15X COS (0X - 0s)
Therefore VIsx = wip- W2p



’ QC!;!)('RPZ:

| The & tions arc made as per the circuit diagram. The burden 18
adjusted to have a suitable current In. the phase angle is adjusted using the

phasc shifting transformer will wattmeter W reads zero. Reading of the
other wattmeter (W2gq) s noted.

Tt

A phase shift of 90 1s obtained by the phase sulfating rransformer. The two

wattmeter readings W Ip and W 2p are then observed

3 The ratio error 1s calculated using the formula Rx = Rs

4 The phase angle error is calculated using the formula

alues tor 1ss.

¢ The experiment is repeated by arying the burden snd sctting different ™

t 1he average values of Rs and are then oktained.

)ISLLL

' P P, ¥
1 hus the Current | ransformer Was caliprated.



EXNO: 10

CALIBRATION OF 10 ENERGYMETER

To calibr. . .
ate the given single phase encrgy meter at unity and other power factors

EQUIPMENT:

Apparatus Range ‘ Quantit \
Energy meter — v “\\
2
3 At 300V/10A UPF ‘ \1
4. Stop watch ! 'l,
) \
Ammeter (0-1MA ! l‘
1
Voltmeter (0-300)V l \
THEORY: ‘

[nergy meter is an integrating instrument which measures quantity of electricity. 1t
works on the principle of induction ie. on the production of eddy currents in the moving
System by the alternating flux. These alternating currents induced in the moving system . interact
With each other to produce a driving torque due to which disc rotates to record energy. In
energy meter there is no controlling torque and thus due to driving torque only a continuous
rotation of the disc is produced. To have constant speed of rotation braking magnet is provided.
There are four main parts of operating mechanism of single phase energy meter. (i) Driving
system, (ii) Moving system, (iii) Braking system, (iv) Registering system. Every energy meter

has its own characteristic constant specified by the manufacturer which the energy relates the

energy measured in joules and the number of revolutions of the disc.



PROCEDUREFE,:
I. Connections are given as shown in the circuit diagram.
2. Supply is given by closing the DPSTS switch.
1nuics.
The num of revolutions of standard and testing energy meters are noted for 3 1%

TARULATION: — )
- 2 ms
f - emam '1 —77 7 Numol Num of revolutic .
| . - - " .
f ' l' ~volutions of of testing cnerey “rror
( urrent(A) g['"ld'lr\’ energy meter . 3.
— 4. e step § ,
[he above step is repeated for various loads and the error is noted

meter

|
CSENO [ Volage(V)

[ Tf

MODEL GRAPH:

Error
o Urror

|

|

[

|

4 -

Lune Current

R
RESULT:
I'hus the single phase energy meter was calibrated
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EXNO: 11

CALIBRATION OF THREE PHASE EXERGY METER
AIM: '
To caly e .
O calibrate 3 phase Chergy meter using standard 3 phase wattmeter.
E!!l'l".\lEN'r:
— e - — Tty |
SL.NO [ NAME OF APPARATUS | TYPE RANGE. | @ !\—‘-Jk
l. 3(p \ﬂriac o o _—\->—v-7 T A‘i“()ﬁu-k‘.‘())\' K ‘ {
2 [Ammeter [T \ OAOA \ ] ‘,g
3 Velmeter M T (0-600)V v
n
T e e S SN BUS— R
3+ energy meter 600rev/hr \ 30A37 240V \ | \i
S, | Watmeter ERIT \ T0AL 600V A
I ———T
6. Rheostat [oad - \ )
\_T “Connecting Wires

THEORY:

In a three phase four wire system, the measurement of energy is to be carned out b)\J_
three phase energy meter. For three phase three wire system, the energy measurement can . e
carried out by two element energy meter, the connections of which are similar to l‘f\‘ connecthions
of two wattmeter for power measurement in a three phase, three wire system, classified as.

1) Three element energy meter.

2) Two element energy meter.

I . | . . Py and
This meter consists of three elements. Pressure coils are denoted by PPy Pyand
current coilsas C,, C,, C,.



"ABU N: 1
TABULATION: T Num of
olutions of revolutions Error
rev { testing
SL.NO | Voltage(V) Current(A) standard of te "
nergy meter energy n
(o =/
]
.——-""'—-——‘—/ \
.———’f’ﬂ
| - ~
| —
]
] ———
MODEL GRAPH:
4
w
=A
/ =
I
I
b
| | | |
l (. |
' Lo I
- I (. |
R . + 3
* + 4 —

e Cugr=yg




PROCEDURE:

1. Connectio .
. Q! ~ "s
nsare piven as shown in the circuit diagram
2. Supphy is pive . U
PPIY IS given by closing the DPSTS switch
ntes.

Y

'I‘]‘C ‘nll‘\ Y ) : 1
N \ t YV . N ; 1 1
e “l‘“l(‘n.\ (\' \,'h\“(h“‘(‘ I\I\d lL‘.\‘lil\;_‘ CNer L‘ y ‘“(_"C‘ 3 are n(‘l (‘ ('”r - I e

,rhc "“0\' - .
: s ¢ step s repeated for vari .
peated for vanous loads and the error 18 noted.

RESULT:

Thus the three phase energy meter was calibrated.
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EXNO: 12

MEASUREME N 4
MENT OF 3 priask powen ann powrR FACTO

Iofi .
ind !htgg '\h"lgc power and o ) ) th()(l
and power factor using two wattmeter me

p
EQUIPMENT:
TSNel  —— . —
{ . J— antity
Apparatus 1 Range i Type | Qua
S et . Coana | M L
2. Noltmeter _ b 1
— O-60mv | oMb
J. L Wattmeter ——— — e |
— ¢ 600V.20A Pk
- =D resistive load - -r—f—i—d’ | ] B
5. 3, — T
| Auto transformer 315/0-470v | Ml ‘ﬂd‘

6. | Connecting wire

THEORY:
Watt meters generally used to measure power in the circuits. A watt meter principally

consists of two coil one coil is called the current coil, and other the pressure and voltage coil.

The load voltage is impressed the pressure coil. The terminal M denotes main side. L
| and pressure coil, and V denotes the

denotes

load side. common denotes common point current coi
second terminal of the pressure coil. When the current flow through the two coils, they set up
magnetic fields in space. An electromagnetic torque is produced by interaction of the two
magnetic fields. Under the influence of the torque, one of the coil moves on the calibrated scale
against the action of the spring. The instantaneous torque produced by electromagnetic action 1S

proportional to the product of the instantaneous values of the currents in the two coils. The small

current in the pressure coil is equal to the input voltage divided by the impedance of the pressure

coil. The inertia of the moving system does not permit it to flow the instantaneous fluctuations in

torque. The wattmeter deflection is therefore, proportional to the average power delivered to the

circuit.



TABULAR COLUMN:

),
[
/ S.NO |

Current 1
(Amps)

/

in

Waltt mefter

readin

o Wi




FORMULA USED:

1. Total power P = Wiiw» (W)
o) ~ . / s
4. s: ‘ Fan-1 V3[W 1w wg W2
3. P.F = CosO. =
Variations in wattmeter readings:
We know that W, = 5, I} Cos (30-9p)

Wa =11 Cos (30+¢)
n the

From the above it is evi
o ¢ itis evident that individual readings of the wattmeters not only depends ©
oad but also u i y
. upon its power factor.Let us take up the following cases:
(1 When ¢=0
1.e. p . .
e. power factor is unity ( load is resistive)
Then. W, =W, =E], Cos 30

The reading of each wattmeter will be equal.

(11)  When ¢=0
i.e, power factor is 0.5(lag)
Then, W, =E;I Cos (30+60)=0

Hence, the power measured by Wi only.

(iii)  When 90>¢>60

i.e, 0.5>p.f>0
itive but reading of W is reversed. For a lea
e ,W, will read negative because the phase a
al power ,the reading of W2 1s 10 be

i.e. backwards. Hence

ding power factor conditions

Then W, is still pos
ngle between

are just opposite of this. In that cas
d voltage is more than 90.For getting the tot
nder this condition, W2 will read downscale
e either its pressure coil or current coil,

o be taken as negative.

current an

subtracted from that of w,.U
it is necessary to revers

to obtain a reading on W,
gs taken after reversal of pressure coil are t

usually the former. All readin
(iv)When ¢ = 90

i.e., power factor is 0O(loa

W, = ELI Cos (30-90)

Wjy = E I, Cos (30+90)
qual In magnitude but opposite in sign

d is pure inductive or capacitive)

= E[JL sin 30

Then,
= —ELlL sin 30

-

Those two readings arc €
W+Wsy= 0



SO fal' we h'—lV
ave consid .
readings of Wattmet ered lagging angles (1aken as positive). Now let us discuss how the
N ers change when the power factor is leading one-
® = +60 (lag); W>=0
® = -60 (lead); W= 0

Thus we {in
d -
that for angles of lead the readings of the tw

) , ce
o Wattmeters ar¢ mtcrcha\’\bed hen

when the power is leading

W| = E]__lLCOS (30+(P)

W, =E I Cos (30-9) |
nitial

PROCEDURE:
ve load in the 1

keeping the resisti

Ifone of the
nd readings

position.
attmeter are noted

2. S wi ; W
upply switch is closed and reading of ammeter and
are interchanged a

wattme i i
ter reads negative, then its potential coils (C and V)

are taken in negative.

3. Ti > '
1e above procedure is repeated for different values of load.

RESULT:
using two Wattmeters.

Thus the power and as measured by

power factor w



