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Unit 1
Units & Dimensions

1 Units

To specify and perform calculations with physical questi, the physical quantities
must be defined both in time and magnitude.

The std. measure of each type of physical quantitibetmeasured is called unit.
Mathematically the procedure of measurement can be sxgres
Magnitude of measurand = numerical ratio * unit
Where numerical ratio = number of times the unit og@uany given amount of
same quantity. Hence it is also called no. of measutrésalso called numerical
multiplier.

Hence, process of measurement is to find numerical. rahie ‘'numerical ratio has no
physical meaning without the unit.

Ex: If we say the weight of 5kg means well defined weiglatnis kg and 5 such
units are there in the measured weight. Thus, thednurheatt@a is 5/1 while the unit is

kg.

1.1 Fundamental Units

The units which are independently.chosen and not dependemtyonther units
are called fundamental units. These are also callesiibats.

The length, mass and time‘are fundamental to mogheophysical quantities.
Hence the units which are the<measures of length, maksirae are called primary
fundamental units.

Ex:m, kg, s

The measures’ of certain physical quantitative relatechumerical, therma,
illumination etc. are<called auxiliary fundamental units.
Ex: k, candelagampere

1.2 Derived‘/Units
All the units which are expressed in terms of the fundamhantits using the
physical equations are called derived Units.
Ex: Area of rectangle = |*b
Each of | & b is measured in m. Thus the product becam&sn = m2.
Hence the new unit which is derived as sq. m. for exprgsbm area is called derived
units

2. Dimensions

Every physical quantity has its own identity. Such amtitie is nothing but its
guality with which it can be distinguished from all thdnext quantities . Such a unique
guality possessed by a quantity is called its dimension. &yealbly, the dimension is
expressed in the characteristic notation which is []
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For Ex: the dimension of length is expressed as [E]dilmension of mass is [M].

The dimension of time is [T].
Similar to fundamental unit , each derived unit also hasigue dimension associated
with it.
Ex: The volume , V = | * b* h where the dimension of e§dh and h is [L]. Hence the
equation is dimensional form becomes,

V = [L][L][L]

V =[L3]
Any constants existing in the equations are always dimenssorless, it can be said the
complete algebraic formula to obtain the derived umitnfrthe fundamental units is
nothing but the dimension of the derived unit. Thus the egualiterms of dimensions
and should not be mixed up with actual numerical values

2.1 Dimensional Equations
The equation obtained by replacing each quantity in thhenadtical equation by
respective dimensions is called dimensional equations.

2.2 Dimensional equations help
¢ In conversion from one system of units to another gysteunits
e In derivation of equations for physical quantities
¢ In checking the accuracy of an equation

Dimensions of Mechanical Quantitites
For deriving the dimensions , let us'use therequality sigmeiknown relations in
terms of dimensions

Force Force=m*a= [MPLT=2] = [MLT-2]
a = velocity/time = “[LT-1)/[T] =[LT-2]
v = distanceftime = [IJ/[T] = [LT-1]

Work work = force * distance

= [MLT-2][L]

= [ML2T-2]
Power =work /time =[ML2T-2]/ [T] = [ML2T-3]
Energy = Power * Time = [ML2T-3)/[T-1] = [ML2T-2]
Momentum, = mass * velocity = [M][LT-1] = [MLT-1]
Torque = Force * distance = [MLT-2] [L] = [ML2T2]
Stiffness = Torque/ angle =[ML2T-2]

Surface tension= force / length = [MLT-2)/[L] = [MLOT-2]

3 C.G.S. System of Units
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The CGS system of units was used earlier during tH2 chtury in the
development of the electrical theory In cgs systemndf length , mass and time are the
centimeter, gram, the second respectively. In this sysfaunits, in addition to [LMT] an
additional fourth quantity is used. Such a fourth fundaalamit is used on based on
either electrostatic relations or electromagnetiations.
Electromagnetic units
In this system of units the fourth fundamental unit used is p which is
permeability of the medium . all dimensions are derivedeirms of these 4 basic
dimensions L,M, T, p. The permeability of free space is assumed to be 1 in such systems.
Such a system is called electromagnetic system of units.

Electrostatic units

In this system of units the fourth fundamental unit used is € . which¢is permittivity
of the medium, in addition to 3 basic units L,M and T. dlhensions are derived in
terms of these 4 basdimensions L,M,T and e. The permittivity of free space i.c.,
vacuum is assumed to be 1 in such system. Such a sygstaitet electrostatic system
of units

4. Dimensions in electrostatic system of units
Charge Q = Q2/ed2

Q = IWF ed2

Q=d\Fe
[L][MLT-2]1/2[ €1/2]
[L][M1/2L1/2T-1][ €142]
[M1/2L.3/2T-1e1/2]

Current | =Q/T = [M1/2L3/2T-k1/2)/[T] =[T] = [M1/2L3/2T-21/2]
Potential difference E'= workdone / charge = W/ Q =[M1/2 L1/21Te-1/2]
Capacitance C =g/v =[M1/2 L3/2 T-%1/2])/ [M1/2L1/2T-1k-1/2] = [eL]
Resistance’” "R = VI = [M1/2L1/2 T-1e-1/2]/[M1/2L3/2T-21/2] = [L-1Te-1]

Inductance> L = E / dildt = [M1/2L1/2T-2-1/2)/[ML/2L3/2T-21/2)/[T] = [L-
1T2¢-1]

5. Sl Units

For the sake of uniformity of units all over the world, amernational
organization the general conference of weights and mesasacommended a unified
systematically constituted system of units. This systémnds is called Sl system of
units.

The Sl system of units is divided into 3 categorasaly
Fundamental units
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Supplementary units
Derived units

5.1 Fundamental units
The units which are not dependent on any other unit iscc&lindamental unit.
Seven such base units form Sl units
Meter
Kilogram
Second
Ampere
Kelvin
Mole
Candela
Supplementary units
In addition to the fundamental units , there are twgpementary units added tp
Sl system of units they are
Radians for plane angles
Steradian for solid angles

5.2 Derived units

The units other than fundamental and“supplementarydarved from the
fundamental and supplementary units . hence these ueitsaled derived units.. they
are mainly classified as
Mechanical units such as mass, velocity etc.
Electric and magnetic units such as power, energy, webslg etc
Thermal units such as talent heat., calorific valge et

5.3 Advantages of Sl system of units
The advantages of Sl system of units are

e The Sl system of \units use decimals and powers of 10 wimcplifies the
signification of any quantity.

e Thewalue of any particular quantity in S| system of uceéts be further simplified
by the use of prefixes

e_/The various'SI prefixes such as milli, micro, nano etpkfy the expressions of
the units-of various quantities

e As the current | is used as fourth fundamental quantitg, dbrivation of
dimensional equations for various quantities are sinagllifi

Questions

1. Discuss briefly on these i) SI Units ii) Dimensional éigunes— Jan/ Feb 2004

2. Explain the terms ¢ dimensions of a physical quality’ and the significance of the
dimensional equations July/Aug 2004
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3. Explain the usefulness of dimensional equations July/Aug 2005
4. Derive the dimensions of resistance , inductancecitapee and permeability in MTI
system July/Aug 2006
5. Mention the advantages of S| system of units July/Aug 2007
6. Derive the dimensions of MMF, EMF, magnetizing éand flux density in LMTI
system Jan/ Feb 2008
7. Mention the uses and limitations of dimensional analysis Jan/ Feb 2012
July/Aug 2011
B. Measurement of Resistance
1. With a neat sketch explain the working of a megger JulyfAug 2004
2. Explain the fall of potential of measurement of eagistance July/Aug 2005
3. Delive the expression for the measurement of unknown resistance using Kelvin’s
double bridge. How the effect of connecting lead rewistés eliminated in this
arrangement Jan, [Feb 2005, July/Aug 2006
4. Write short notes on Megger July/Aug 2008
5. Explain how a megger is used for the measurementibtf resistance
July/Aug 2007
6. Define voltage sensitivity of a galvanometéer.and @aritain an expression for
whetstone’s bridge sensitivity. When will be*Sb maximum? Jan / Feb 2008
7. State and explain sensitivity of whetstone’s bridge?
Jan/ Feb 2012, /Bulg 2008
Problems:

1. Deriving equation/ for resistance is Hay’s bridge, the following expression is
obtained. R = iR1R2é/ 1+wW’R,°C Find whether the equation is dimensionally
correct ormnot. Incase there is an error find the eeamd correct equation
accordingly Jan/ Feb 2012

In MKSA rationalized system, [R] = [MIT217]
[C] = [ML2T4?
[w] = 1/[T]

R.H.S. = WRiR:R:¢? /| 1+WR,’C
= [T-1] [ML2T3I?3 [MIL2TH42 /1 1+ [T-1]2 [ML2T3142 M
lL—2-|-4|2]

[T-1] [M3LSTOI8) [M2LT81Y /1 1+ [TE [MALTOI 92 M

1L—2-|-4|2
= [M1L2T31?] 1 [MAL2T)

L.H.S. = [ML2T3?]

IMILAT®I?] = [MILPT31%] 1 IMILPT1]

[S—
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Multiply [M -'L-2T*%?] to Dr

[M 1L2T-3|-2] — [M1L2T-3|-2]
[MAL2TY?] =C
Therefore multiply the equation by C
R = WR1R2é/ 1+WR,*C?

Thus , dimensionally equation is not correct. It candemghat-numerator
dimension of R.H.S> are same as the dimensions ofSli:HHence, to
satisfy the equation dimensionally , denominator of R:HMBISt be
dimensionless. So, to balance the denominator of R.H.Saust be
multiplied by [M *L->T*?] . Theses are the dimensions of capacitor C.
this indicates the term W,°C must be multiplied by one more C to
satisfy the equation dimensionally correct.

The expression for mean torque of an electrodynamorigier wattmeter may be
written as T o MP E? Z'. Where M = mutual inductance between fixed and moving
coils. E = applied voltage , Z = impedence of lead d@rcdetermine the values of
p,q,t performing dimensional analysis July/Aug 2007

[T]
M]

[ML?T2]
[ML2T 7]

[E]
[Z]

IML2T317
IML2T3172]

T= kKME'Z.
IML2T2] = k [MLATA2]PIMALA T3 M ALAT 312

- [Mqﬁ L 2p+2q+2t -|--2p-3q-3t I-2pq-2t ]

By comparing and solving p=1,q=2,t=-2

2. Derive the dimensional equation for resistance R, indoetand capacitance C.
hence check for dimensionally correctness of the sgfe below obtained for
inductance from ac bridge measurements , point out tloe, éfrany in the
expression and suggest the required correction that middeesexpression
dimensionally valid

L =C (R/R4) (RtRs+RRy)
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L= [M'L*TA?)
[R :[MlLZT'Srj
[C] = [M L2T47]
RH.S. = [ML2T42] IMILAT317) 1 [MILAT3?) (IMILA T3] + [MILAT31E) +
[M 1L2T-3| -2]
[M 1L2T-3|-2] )

[M 1L-2T4|2] ([M 1L2T-3|-2] + [M 1L2T-3|-2] )

= [T] [T] + [ML*T*7]
But dimensionally addition is valid only if all the termslkie added are dimensionally
same. Thus the given eq is dimensionally incorrect.
To have it correct, multiply R and R4 by another resistance: Thus the correct
eguation becomes
L =C (RR4) (Rr +Rsr +R:Ry)

4, bExpression for eddy current loss p/meter lengthicé wiay be written as m
Bm" d°p?
Where f = frequency, Bm = Max. flux density, d=diameter of'wire, p — resistivity of
material. Find the values a, b,c,and g using L;Myistem

P=kfBm’ d°p?

[P] = [I1L1'1]

[fl =[T7]

[Bm] = [M*T?4?]

[d] = [L]

[p]=[M"L° 1319

[I 1L-1] = k [T-l] a[M 1T-2|-1 ] b [L] Cc [Ml L3 T-3|-2] g
[P = KT [MPT21P ] [L© 1 [M9 L3 T39 29

By.comparing and solvinga=2,b=2,9=1,c=4

kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk

Dept of EEE, SJBIT 11



Electrical & Electronics Measurements 10EE35

Unit 2
Measurement of resistance, inductance and capacitance

Introduction:

A bridge circuit in its simplest form consists of @work of fourresistance arms
forming a closed circuit. A source of current is appliedvo opposi te junctions. The
current detector is connected to other two junctions.

The bridge circuits use the comparison measurementoa®tand operate on
null-indication principle. The bridge circuit compares thealue of an unknown
component with that of an accurately known standard caemo Thusthe accuracy
depends on the bridge components and not on the nulbtndidHence high.degree of
accuracy can be obtained.

2 Advantages of Bridge Circuit:

The various advantages of the bridge circuit are,

1) The balance equation is independent of the magnituithe afiput voltage or its source
impedance. These quantities do not appear in-the:balance acpgir@ssion.

2) The measurement accuracy is high as<the measuresndoneé by comparing the
unknown value with the standard value.

3) The accuracy is independent of the characteristiesroiil detector and is dependent
on the component values.

4) The balance equation is independent of ‘the sensitdfityhe null detector, the
impedance of the detector or anysimpedance shunting the detector

5) The balance condition remains unchanged if the s@andeletector are interchanged.

2.1.Wheatstone’s bridge:

Thebridge consists of four resistive arms togethér wisource of e.m.f.
and a null
detector. The galvanometer is used as a null detector.

Dept of EEE, SJBIT 12
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The arms consisting the resistances R] and R2 diedaatio arms.” The arm
consisting the standard known resistance R3 is called sthada«The resistance R4 is
the unknown resistance to be measured. The batteryigcted between A and C while
galvanometer is connected between Band D.

2.2. Kelvin bridge:

<
1

.

[

|

LA

zd

gl

In the: Wheatstone bridge, the bridge contact and leastarse causes significant

error, while measuring low resistances. Thus for measthiegalues of resistance below
1 -n, the modified form of Wh~tstone bridge is used, knowrKelvin bridge. The

consideration of the effect of contact and lead rascss is the basic aim of the Kelvin

bridge

The resistance Rv represents the resistance ebtivecting leads from R., to R,.
The resistance Rx is the unknown resistance to be negasur
\ The galvanometer can be connected to either termitmbaterminal c. When it
is connected to a, the lead resistance Ry gets added to Rx thenealue measured by
the bridge, indicates much higher value of Rx.
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If the galvanometer is connected to terminal c, then Ry géded to R3. This
results in the measurement of Rx much lower thandheabvalue.

The point b is in between the points a and c, in suchyathe the ratio of the
resistance from c to b and that from a to b is equal teeti®of R] and R2.

2.3. A.C. Bridges:

An a.c. bridge in its basic form consists of four siransource of excitation and a
balance detector. Each arm consists of an impedancesolinee is an a.c. supply which
supplies a.c. voltage at the required frequency. For highuéncies, the “electronic
oscillators are used as the source. The balance deteotoreonly used for a.c:” bridge
are head phones, tunable amplifier circuits or vibragjalvanometers. The ‘headphones
are used as detectors at the frequencies of 250 Hz to 3 to_4-kiile, Wdrking with
single frequency a tuned detector is the most sensitive tdeteChe vibration
galvanometers are useful for low audio frequency range BdHz t0 1000 Hz but are
commonly used below 200 Hz. Tunable amplifier.detectors are asdeduency range
of 10 Hz to 100 Hz.

2.4. Hay’s Bridge:

In the capacitance comparison.bridge the ratio armseamistive in nature. The
impedance Z 3 consists of the- knewn standard capacitar &3ies with the resistance
R3. The resistance R3 is variable, used to balance thgebiThe impedance Z4 consists
of the unknown capacitor Cx.and its. small’leakage resistRX.

2.5. Maxwell'sBridge «

Maxwell's bridge canbe used to measure inductance by coampaiiker with a
variable standard 'selfrinductance or with a standard varizdgecitance. These two
measurements can be done by using the Maxwell's bridge iditfeent forms.
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(a) Circuit diagram (b) Phasen diagram
Maxwell's inductance capacitance bridge

2.6. Methods of Measurement of Earth Resistance

2.6.1 Fall of Potential Method

Fig below shows the circuit diagram used for the measemeof earth resistance
by fall of potential method. E ‘is.the earth’ electrodee Electrode Q is the auxillary
electrode. The current | is passed through the electiodef) with the help of external
battery E. another auxillary electrode P is introducedeirween the electrodes E & Q.
the voltage between the electrodes’E & P is measuthdhei help of voltmeter.
Thus if the distance_ of electrode P is changed frootrelde E electrode Q, the electrode
P experiences changing . potential near the electrodes wtilestéant potential between
the electrodes.E & Q but away from the electrodes from Q.
The potential ‘rises near’'the electrodes E & Q due to higheent density in the
proximity ofthe electrodes. By measuring the potential betwbe electrodes E & P as
Vep, the earth resistance can be obtained as

Re = Vep/l

2.6.2 Shielding and grounding of bridges

This is one way of reducing the effect of stary capacéa. But this technioque does not
eliminate the stray capacitances but makes them comstsitie and hence they can be
compensated.

One very effective and popular methode of eliminating they stapacitances and the
capacitances between the bridges arms is using a ground tonneglled Wagner
Ground connection.

Questions from Question Paper:
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1. Explain maxwell’s bridge?June/July2009

2
3
4

. Explain kelvin’s bridge? Dec/Jan2008, Jan/ Feb 2012

. Explain the importance of Wheatstone bridge? May/June2010

. Explain the Capacitance Comparison Bridge? Dec/Jan2010

. Explain the Maxwell’s bridge?June/July 2009

. Explain the Wagner’s earth connection? Dec/Jan08, Jan/ Feb 2012

Derive the balance equations of the Schering bridgeittonfiguration .used for
measurement of capacitances and hence derive at thestxpries loss angle of
the test capacitor. Draw the phasor diagram at balance.

Jan/Feb-2004, July/Aug 2004, Jan/.EFeb- 2008
Write a short note on the Wagner earthing device

July/Aug-2004/2010,Jab/2011

Derive the expression for the measurement of capaeitand loss angle of a
lossy capacitor using Schering bridge. Draw.<the phasor diagtaimalance
condition. What modifications are introduced ' when thelg®i is used at high
voltages Jan/Feb-2005, July/Aug 2004

10.Write briefly on the significance of shields used in” a@de circuit. Hence

discuss on the shielding of resistors and capacitofgeafitcuit
July/Aug 2005, Jaet) 2005

11.Draw a neat sketch to explain the theory and measurenfeninknown

inductance and resistance by.-Anderson bridge. What is typellafetector used
in this bridge? What are the‘sources of errors? Drawoplagsgram at balance
July/Aug 2006, Jan/ Feb 2006, Jan/ Feb 2012

12.Write short notes on source'and detectors /Aluy2008, Jan/ Feb 2007

Unit 3

Extension of Instrument ranges

Introduction

Moving.coil instruments , which are used as ammeters amhet@rs are designed
to carry max.current of 50mA and withstand a voltage oh0Hence, to measure
larger currents” and voltages , the ranges of thesersmetee to be extended. The
following methods are employed to increase the ranfj@smeters and voltmeters

By using shunts the range of dc ammeters is extended

By using multipliers, the range of dc voltmeter is egtsh

By using current transformers the range of ac ammetetasdad
By using potential transformer the range of ac voltmeter

3.1 Shunt
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When heavy currents are to be measured , the major fpautrent if bypassed
through a low resistance called shunt. It is shown in ¢fenbfig

The shunt resistance can be calculated as ,
Let Rm = internal resistance of coil

Rsh = shunt resistance
Im = full scale deflection current
Ish = shunt current
| = Total current

Now, | = Ish +Im

Ish Rsh = ImMRm

Rsh = ImRm/Ish

Rsh =Rm/ (I/lm -1)
Rsh =Rm / m-1 where m =I/Im

And m is called multiplying power of shunt and s defined/asr#tie of total
current to the current through the coil

3.2 Multirange ammeters

The range of basic dc ammeter can be extended by usingf sbunts and a
selector switch, such a meter is called multirange,amraateis shown in the fig

3.3 Range extension of voltmeter

Multiplier

The resistance is required to be connected in seribsbagic meter to use it as a
voltmeter. This series resistance is-called a multiplie

The main function of the multiplier is to limit theircent through the basic meter,
so that meter current does notexceed full scale deffecslue.

The multiplier.resistance can be calculated as

Let Rm'is the internal resistance of the coil.

Rs = series multiplier resistance

Im = full scale deflection current

V = full range voltage to be measured

V =IImRm + ImRs
ImRs = V- ImRm / Im

Rs =V/Im -Rm
The multiplying factor for multiplier is the ratio aflf range voltage to be

measured and the drop across the basic meter
M = Vv
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3.4 Instrument Transformers
They are divided into two types
e Current transformers
e Potential transformers

3.4.1 Current transformer

CT is the one which is to be measure a large currerkt using low range
ammeter.
The primary winding of CT which has few no of turns is cmtad in series with load.
The secondary of transformer is made up of large nunfirms. This is connected to
the coil of normal range ammeter, which is usually ravedA. the representation of CT
is as shown fig.

3.4.2 Potential Transformer
P.T. is the one which is used to measure a large voliagw.a low range
voltmeter. The representation of P.T. is as showharfig.

The primary winding consists of large number of turns wégleondary has less
number of turns. The primary is connected across+ higlagmiline while secondary is
connected to low range voltmeter coil.

The high voltage Vp being measuredds given by, Vp =nVs

Where, n =Np/Ns = turns ratio\

3.4.3 Why secondary of C.T. should/not be open?

It is very important that secondary of C.T. should lbetkept open. If it is left
open, then current through secondary becomes zero. Hbecampere turns produced
by secondary which generally. oppose primary ampere turnsngscaero. As there is no
counter m.m.f., unopposed primary mmf produces high flux encitre. This produce
excessive core loss , heating the core 'beyond limits. Similarly heavy emf’s will be
induced on the primary and secondary side. This may darhagesulation of winding
and this is danger’from operator point of view as well

Hence, never open, secondary winding ckt of a CT, whilpriteary winding is
energized.

3.5-Ratios of instrument transformers
The various ratios defined for instrument transforraees

Actual ratio® :

The actual transformation ratio is definedtlzes ratio of the magnitude of actual
primary phasor to the corresponding magnitude of actual dacpphasor

C.T. R =magnitude of actual primary current / magnitudectfal sec. current

P.T. R = magnitude of actual primary voltage / magnitude tokhsec.voltage
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Nominal ratio ( Kn)

The nominal ratio is defined as the ratio of rated quantity to rated
sec.quantity, either current or voltage

C.T. Kn =rated pri.current / rated sec. current

P.T., Kn = rated pri.voltage/ rated sec. voltage

Turns ratio( n )
C.T., n=no.of turns of sec. winding / no. of &uaf primary winding

P.T., n =no. of turns of primary winding / no. of tugisec. winding

3.5.1 Burden of an instrument transformer

The permissible load across sec. winding expressedtiamperes and the rated
sec. winding , voltage or current such that errors do nmeskthe limits is called burden
of an instrument transformer.

Total sec. winding burden = ( sec/winding.induced voltage¢oral impedance

of sec. ckt including load and winding

Derivation of actual ratio R

Consider triangle BAC as'shown in small section where

BC /AC =sin(908-a)
BC =-AC sin(908-a)
BC =AC cos(6+a)

AB/.AC "= cos(9®-a)
AB =/AC cos(903-a)
AB”= AC cos (909+a))
AB = AC sin(6+a)

OC* = OB + BC?
IP?> = (OA +AB)? + BC?

Also,

Ip? = [nls + bsin(8+a)] 2 + lo cos(5+a)] 2
= nI$ + 2nls bsin(8+a) + Io°sir? (3+a) + Io°cos (3+a)]

Ip? = nIs’ + 2nls bsin(8+a) + Io°
Ip = nIs® + 2nls bsin(8+a) + Io?

R =1Ip/Is = nls® + 2nlIsbsin(8+a) + Io? sirf (5+a)
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V[ nls+ Iosin (8+a)]?/ Is
nis+ §sin (6+a)/ Is
n + §,1s sin 6+a)

n+ §,1Is (simd .cos + cosd sim)

R= n+/sim Ic.coss/ Is

Errors in C.T.

There are 2 types os errors in instrument transforifleey are

e Ratio error
e Phase angle error

Ratio error
The ratio error is defined as %ratio error-=-nominabratactual ratio / actual
ratio *100

Ratio error = K- R /R *100
Phase angle error

The phase angle error is given'by.. 6 =180/7 [ Imco$ -1c.sind /nis ]

Question paper.Problems

1. Designsa multirange dc milliammeter with a basic meter having a resistance 75Q

andfull scale deflection for the current of 2 mA. Taquired ranges are 0-10mA,
0<560mA, 0-100mA\

Rm=75Q, Im=2mA

Rsh= =Rm/ l/lm-1
75/10/2-1=75/5-1 = 18.7®

Rm=75/50/21 = 75/25-1

3.128
75/ 10021 = 75/49

1.58
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2. A moving coil meter takes 50mA to produce fullscale deflectitime p.d.across
its terminals be 75mV. Suggest a suitable scheme for usingdtrament as a
voltmeter reading 0-100V and as an ammeter reading 0-50A Jan/ Feb 2012

As an ammeter
V=IR
Rm=V/Im =5Q
Rsh=Rm/l/iIm-1 =1.501n
As an voltmeter

Rs =V/Im -Rm = 6.661 kQ

3. Ac.t. has a single turn primary and 400 secondary, tiesmagnetizing current
is 90A while coreloss current is 40A. secondary ckt phasgge is 28. calculate
the actual primary current and ratio error when secondarsent carries 5A
current

Ip =nls
Ip =(Ns/Np) Is

% ratio = Kn- R /AR * 100
n =Ns/Np= 400
R = n+ },sin lc.cosd/ Is

= 400 + 90sin28 + 40cosB

= 415.513
%ratio error = 400 415.513/415.513 *100 = -3.733%

Ip=nls
Ip = Ns/Np(5) =400(5) =2000A

R =1Iplls
Ip = RIs =415.513(5) = 2077.57A

4. Atits rated load of 25VA, a 10/5 current transformer hasamoss of 0.2W and

magnetizing current of 1.5A. calculate its ratio errod gphase angle when
supplying rated o/p to a meter having a ratio of resistanaatance of 5
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% ratio = Kn-R /R *100

R = n +ylsind Ic.cosd/ Is

To find Ic
Eplp =25VA
Ep = 25/100 = 0.25V
lc=P/Ep=0.2/0.25 =0.8A

To find 6
0= tan-1 Xs/Rs =11.309

R = n+ J,sim Ic.cosd/ Is
20+ 1.5(0.1961) + 0.8(0.9805)/5 =20.214
% ratio = KhR/R *100

20-20.215/20.2154% 100 = -1.063%

To find 6 0=180/m [ InCcOD «Ic.sind /fnis |

=180 /7 [ 1.5(0.9805) =:0:8(0.1961)/ 20(5) |

= 0.752

5. A C.T. of turns ratio 1:199is-rated as 1000/5A, 25VA. The cora®o8s1Wand
magnetizing current is 7.2A, under rated conditions . deber the phase angle
and ratio errors for rated burden and rated sec.currentf.Olapging. Neglect
winding resistance and reactance

R =" n+ J,sim lc.cosd/ Is
199 + 7.2(0.6) + 4(0.8) / 5 = 200.504
% ratio error= Kn-R/R *100

= 200200.504/20.504 *100
= 0.251%

0=180/7m [Inco® -lc.sind /nls ]

0=180/n [7.2(0.8) - 4(0.6 /199*5 ]
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= 0.1934

Descriptive Questions

1. Discuss briefly on the shunts and multipliers used fqression of meters in
electrical measurements July/Aug 2005, Jan26@#,2007
2. Write a note on the turns compensation used in instrutrergformers
July/Aug 2010, Jan/ Feb 2004, Jdn2B&2
3. Discuss the various methods generally adopted for rangesexteof -ammeters
and voltmeters July/Aug 2004, JulgyA2009
Briefly explain the design features of a CT July/Aug 2004
What are the disadvantages of shunts and multipliedsingeeasurement system
Jan/.Feb 2005

ok

6. What are the differences between CT and PT
Jan/ Feb 2005,Jan/Feb 20042007,2009,2010
7. What happens if the secondary of a CT is open circuitedewhe primary is

carrying normal load current Jan/ Feb 2006
8. Explain clearly how shunts and multipliers.are used tterek the range of
instruments July/Aug 2007

9. Explain with circuit diagram Silsbee’s method.of testing of current transformer
July/Aug 2007dan/ Feb 2012
10. Explain the principle of range extension ofiammeter Jan/ Feb 2008
11.What are the advantages of instrument transformers
July/Aug 2008, Jeeth 2009,2011

Unit 4

Measurement of power and Energy

4.1 DYNAMOMETER TYPE WATTMETER

In this type there will not be any permanent magnedsiagre will be a pair of fixed coils
connected in series when energized gives the same affébat of the permanent magnets. In
the field of these fixed coils there will be a movingl eaiich when energized acted upon by a

torque by which it deflects
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F1 F: Fixed coils

M: Moving caoil

R: High resistance in series with m

l1 : load current

I2: current through

The two fixed coils in series act as the current cadl #i@ moving coil in series with'R act as
the potential coil. The moving coil is pivoted between tile fixed ¢oils carries a current |
proportional to V. This current is fed to m through two sprimggch also provides the
necessary controlling torque. This instrument can be usdih ac and dc circuits as both the
coils are energized simultaneously by a common sourceéodukich a unidirectional torque is

produced.

4.2 Energy meter

It works on the principle of induction i.e. on the produttid eddy currents in the
moving system by the alterpating. fluxes. These eddy cusrrieduced in the moving
system interact with each_other.to produce a driving torque dwaith disc rotates to
record the energy.

In the energy meter there is no @diimg torque and thus due to driving torque
only, a continuous.rotation of the disc is produced. To larestant speed of rotation
braking magnet is provided.

Construction:
There are four main-parts of operating mechanism
1) /Driving system 2) moving room 3) braking system 4) registering system.

1) Driving system: It consists of two electromagnets whose core is nugdef
silicon steel laminations. The coil of one of the eletignets, called current
coil, is excited by load current which produces flux furth€he coil of
another electromagnetic is connected across the sapglyt carries current
proportional to supply voltage. This is called pressure chilese two
electromagnets are called as series and shunt magepéxtively.

The flux produced by shunt magnet is brought in exact quadratith
supply
voltage with the help of copper shading baviusse position is adjustable.
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2) Moving system: Light aluminium disc mounted in a light alloy shadtthe

main part of moving system. This disc is positioned in betwseries and
shunt magnets. It is supported between jewel bearingsmblng system
runs on hardened steel pivot. A pinion engages the slidftthe counting
mechanism. There area no springs and no controlling torque.

3) Braking system: a permanent magnet is placed near the aluminium disc f
barking mechanism. This magnet reproduced its own field. Hrendoves in
the field of this magnet and a braking torque is obtaim&d. position of this
magnet is adjustable and hence braking torque is adjustediftipgsthis
magnet to different radial positions. This magnet iseddtiraking magnet.

4) Registering mechanism: It records continuously a numberswhich is
proportional to the revolutions made by the aluminium dg.a suitable
system, a train of reduction gears, the pinion onstiedt drives a series of
pointers. These pointers rotate on round dials whickaually marked with
equal division.

Working: since the pressure coil is carried' by shunt” magnetwMich is
connected across the supply, it carries current propattiorthe voltage. Series magnet
M, carries current coil which carries the loadcurrenbthBthese coils produced
alternating fluxesb; and @, respectively. These fluxes are proportional to curramts i
their coils. Parts of each of these fluxes link the disd induces e.m.f. in it. Due to these
e.m.f.s eddy currents are induced in the‘disc.” The eddsertuinduced by the
electromagnet Mreact with magnetic field produced by; Meact with magnetic field
produced by M Thus each portion of the disc experiences a mechdoica and due to
motor action, disc rotates. The speed of disc is ctedrby the C shaped magnet called
braking magnet. When discrotates in. the air gap, edagrtsrare induced in disc which
oppose the cause producing them J.e. relative motion of with respect to magnet.
Hence braking torque’sTis generated. This is proportional to speed N of disc. By
adjusting position ofithis magnet, desired speed of disbtained. Spindle is connected
for recording mechanism through gears which record the esapplied.

4.3 Electronic Energy Meter

The function of the Electronic Energy Meter is to quoe a pulse of precision
charge content. The polarity of this charge is opposittab of capacitor charge. Thus
the pulse generated by the Electronic Energy Meter lyapidcharges the capacitor.
Hence the output of the op-amp again becomes zero. Thissprometinues so as to get a
sawtooth waveform at the output of op-amp. The frequensydi waveform is directly
proportional to the applied input voltage. Thus if the inputage increases, the number
of teeth per unit time in the sawtooth waveform also am@e i.e. the frequency
increases.

Each teeth produces a pulse at the output of the pulsragenso number of
pulses is directly related to the number of teeththe. frequency. These pulses ar
allowed to pass through the pulse transformer. Thesapateed at one input of the gate.
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Gate length control signal is applied at the other inpué. ddte length’ may be 0.1 sec,
Isec, 20 msec etc. The gate remains open for this muehperiod.

The wavefoms of integrator output and output of a pulse gewesre shown In the Fig

Foy|tom
\v‘ ollage
J

T

Wtegrator
Guiput

Pulse
I output

|
From the analysis of dual slope technique, we canwrite,

ta
[;

V. = V,

But in this type, both V1 and t2 are constants.
l\’. ) — \;I l 2

|
)/ 1)
\7’“ = 1\")‘ t— | == K:(L,) ;

Accuracy: The accuracy of voltage to frequency conversidmiqae depends on the
magnitude .and stability of the charge produced by the pulse gendtatis the, accuracy
depends-on the precision of the charge fedback in evésg pod also on the linearity,
between voltage and frequency.
To obtain the better accuracy the rate of pulsegrgésd by the pulse generator is kept
equal to,

i) the voltage time integration of the input signal ii) tb&al voltage time areas of

the feedback pulses.
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When input voltage polarity is positive i.e. for the periodt totl and t5 to t6
the output of the pulse generator is high.-For other peré@d it is low. This is shown in
the Fig . When the input voltage polarity is negativefaethe period t 1 to t 4 the output
of the pulse generator ishigh. This‘is due to other pulsergim used for the bipolar
voltages. This is shown in the Fig. For the period tO tdt %, positive counting up. For
the periodt2 to t3 it«is\positive counting down. For t 3 to t 4 negativentmg up while
for the period t 5 td6,qt'is negative counting down. To increase the operafeged of
this type of Electronic Energy Meter
the upper frequency‘can be increased i.e. increadimgdnversion rate. But this results
into reduced accuracy and design cost of such circuis@ \ary hidn. Hence another
method inwhich 5 digit resolution is available, is usedtogase the speed of operation.
This is 'the ‘modified version of IMf integrating type Electronic Energy Meter and is
called interpolating integrating Electronic Energy Meter

Questions

1. With a neat diagram explain the construction and workingcpie of a single
phase induction type energy meter
July/Aug 2004, Jan/ Feb 2004, July/Aug 2009, JarZ@as Jan/ Feb 2009
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2.

3.

9.

Explain the advantages of electronic energy meters thee conventional disc
type induction energy meters Jah/ Feo4
With a neat diagram explain the construction and operatof an
electrodynamometer type wattmeter. Derive expressiothéosame
Jan/ Feb 2004, Jan/ Feb 2308@,Feb 2011, Jan/ Feb 2009
What is creep in energy meter? How is it prevented? July/Aug -2004
With a neat circuit arrangements, explain how thebcation of single phase
induction type energy meter is carried out in laboratorieplaih the need for
adjustments to be followed earlier to calibration analysi
July/Aug -2005, Jaeid 2011
Write a short note on low power factor wattmeter July/Adg -2005
What are sources of errors in energy meter and hothayeeliminated?
May/June-20J@n/"Feb-2006
Explain the principle of operation of low power factortene
July/Aug -2009, Jan/ Feb -2006, Jan/ Feb -2004
Discuss with a block diagram the principle of operatibelectronic energy meter
May/June-2010, July/Aug=2006, July/Aug -2008

10. Explain the working of single phase induction type energyemand discuss its

errors. How can the errors be initialized
July/Aug -2007, July/A2@08, Jan/ Feb -2007, Jan/ Feb 2012

11.Discuss the adjustment required in energy:-meter for atecueading

Jan/ Feb -2008

12.Write a note on measurement of reactive power.in 3 pstem

July/Aug -2009, /Jeeb 2012

*kkkkkkkkkkkkkkkkhkkhkhkkhkhkkkkhkkkkx

Unit 5

5.1 Weston Frequency Meter
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This is a moving iron type instrument and is used to medseguency.

Construction

It consists os a fixed coil each split into 2 equal p#1& B and there 2 coils are
mounted perpendicular to each other .

Force acting on the soft iron needle depends upontiearia current distribution
between 2 coils. Values of resistances and inuctancesoar®elected that at nrmal
frequdency of supply .

If the frequency increases above the normal valuerdamstances increases while
R and remains same . hence current through colil A is eedddderefore current through
coil B increases. And this makes magnetic field produceaiyBc

When frequency decrease than normal value the oppasite sakes place and
pointer deflects to left indicating lower frequency.

5.2 Phase sequence Indicator

This type of indicator works on the principle of inductioit consists of 3
stationary coils which are connected in the formtaf sonnection . the 2 ends of these
coils are brought out for connection purpose. And 3 phasdyswppse sequence is to be
determined is given to these ends star connected."Whetostaected coils are excited
by a 3 phase supply, then each coil produces an altermatmdue to the interaction of
these 3 fluxes a rotating magnetic field“is produceés@motating flux passed over the
disc and there is rotating. Hence emf’s gets induced in this disc which circulates eddy
current through disc. These eddy currents produce a fluxwhieracts with the rotating
flux to produce a torque and thedisc starts rotating. Treetdin of the disc indicates the
phase sequence of the supply.

If the disc rotates .in\ the same) direction as inditdiy arrow on the disc, then
phase sequence of thefsupply isssame as the that marldgidcoire. RYB. If the disc
rotates in the reverse‘direction , phase sequence di/sspiBY

5.3 Electrodynamo meter type Power factor Meter

The basic construction of Electro dynamo meter tiypsver factor Meter is
shown in‘the fig.

The F1-F2 are the two fixed coild which are rigidiywnected in series. The B-
are the two moving coils which are connected to each sthénat axes are at 90 to each
other. The moving coils A-B move together and carrypgbeter which indicates the
power factor of the circuit.

The moving coils are connected in parallel across the swyaittygge and hence
called pressure coils. The currents through coils A &r8 proportional to the supply
voltage. The coils A has non inductive resistance Retiies with it while the coil B has
an inductance L in series with it. The values of R &rk so adjusted that the coils A & B
carry equfal currents at normal frequency.
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The currents in the coils A & B are equal and produeearhgnetic fields of equal
strength, which have phase difference of 90 between themcdilseare also mutually
perpendicular to each other.

Part B
5.4 Electronic Instruments

Introduction :

The measurement of any quantity plays very importalet mot only in
science but in all branches of engineering, medicine aathiost all the -human day to
day activities.

The technology of measurement is the base of advanteoh science. The role
of scienceard engineering is to discover the new phenomena, neworedhiips; the laws
of nature
and to apply these discoveries to human as well as stetific:needs. The science and
engineering is also responsible for the design of new.equismBme.operation, control
and the maintenance of such equipments and the processiee bne of the important
functions of the science and engineering branches. édletlactivities are based on the
proper measurement and recording of physical, chemical,anealh optical and many
other types of parameters.

The measurement of a given parameter or quantity isatheor result of a
guantitative comparison between a predefined standard andkanwn quantity to be
measured. The major problem with’any measuring instruisethie error. Hence, it is
necessary to select the appropriate measuring instrumenmeasurement procedure
which minimises the error. The ' measuring instrument shaatl@dffect the quantity to be
measured.

An electronic' instrument is the one which is based @ctreinic or
electrical principles for/its measurement functiohe Tneasurement of any electronic or
electrical quantity orwvariable is termed as an eleatromeasurement.

Advantages of Electronic Measurement

The advantages of an electronic measurement are

1. Mostrof'the quantities can be converted by transducershia electrical or electronic

signals.

2. An electrical or electronic signal can be amplifigltered, multiplexed, sampled and
measured.

3. The measurement can easily be obtained in or ceavieito digital form for automatic

analysis and recording.

4 The measured signals can be transmitted over longckstavith the help of cables or
radio links, without any loss of information.

5. Many measurements can be carried either simultanemusslyapid succession.
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6. Electronic circuits can detect and amplify very weaanais and can measure the
events of very short duration as well.

7. Electronic measurement makes possible to build analogigital dignals. The digital
signals are very much required in computers. The moderelagewent in science and
technology are totally based on computers.

8. Higher sensitivity, low power consumption and a higher @egfeeliability are the
important features of electronic instruments and mea®nesn But, for any
measurement, a well defined set of standards and calibranit® is essential. This
chapter provides an introduction to different types of eriarsmeasurement, the
characteristics of an instrument and different calibrastandards.

5.5 Voltmeters and multimeters

Basic meter:

A basic d.c. meter uses a motoring principle for its afg@m. It stntes that any current
carrying coil placed in a magnetic field experiencesras;, which is_proportional to the
magnitude of current passing through the coil. This! \movenegntoil is called
D'Arsonval movement and basic meter is called D'Arsenval gaivater.

D.C instruments:

a) Using shunt resistance, d.c. current can be. measured.inBtrument is d.c.
microammeter, milliammeter or ammeter.

b) Using series resistance called multiplier; d:c. voltagebe measured. The instrument
is d.c. millivoltmeter, voltmeter or kilovoltmeter.

¢) Using a battery and resistive network; resistancebeameasured. The instrument is
ohmmete.

A.C instruments:

a) Using a rectifier, a.c. voltages can be measuredyve¢rpand audio frequencies. The
instrument is a.c. voltmeter.

b) Using a thermocouple type meter radio frequency (RRpg® or current can be
measured.

¢) Using a thermistor in_a resistive bridge network, expdusdale for power line voltage
can be obtained.,

Basic ,voltmeter:

The basic d.c. voltmeter is nothing but a permanent etagwving coil (PMMC) 0
Arsonval galvanometer. The resistance is required to fmeected in series with the basic
meter to use it as a voltmeter. This series resistancalled amultiplier. The main
function of the multiplier is to limit the current thrgh the basic meter so that the meter
current does not exceed the full scale deflection valiee voltmeter measures the
voltage across the two points of a circuit or a g@tacross a circuit component. The
basic d.c. voltmeter is shown in the Fig.
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t Multiplier l L

+
V ( f ) Rm
~| Basic
mete

v
- O \
The voltmeter must be connected across the two poirasco nent, 53 easure the
potential difference, with the proper polarity. \ &
The multiplier resistance can be calculated as: -
Let R,, = internal nc® of coil 1.e. meter

ler resistance
deflection current

ange voltage to be measured
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et drop across the basic meter = [, R,
= V
m multiplving ractor = —
\
il B + R )
fs Ry

R |

m = |+—-— |

i R m ]

5.6 Multirange voltmeters:

The range of the basic d.c. voltmeter can be extendegibg number of multipliers cind
a selector switch. Such a meter is calfealtirange voltmeter

‘ Basic meter

|

The R:;:R2, R) and R~ are the four series multipliersem#onnected in series with the
meter, they can give four different voltage ranges as\W21V3, and V4. The selector
switch S is multiposition switch by which the requimadltiplier can be selected in the
circuit.

The mathematical analysis of basic dwoltmeter is equally applicable for such
multirangevoltmeter. Thus,
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B = = R, R+ = - R, and so on.

Sensitivity of voltmeters:

In a multirange voltmeter, the ratio of the totasistance R r to the voltage range
remains same. This ratio is nothing but the reciprocathef full scale deflection
current,of the mete.e. 1/101. This value is called sensitivity of the voltmeTdus the
sensitivity of the voltmeter is defined ,

]
S = =

Full scale detflection current

S = | Q/V or kE/\ ?

5.6.1 True RMS Responding voltmeter

The voltmeters can be effectively used in.a.c. vaiemse The rectifier is used to convert
a.c. voltage to be measured, to d.c. This d.c.<if requsrachplified and then given to the
movement. The movement gives the deflection propottidmathe quantity to be

measured.

The r.m.s. value of ansalternating quantity is given kat gteady current (d.c.) which
when flowing through a given eircuit for a given time progkithe same amount of heat
as produced by thealternating current which when flowingutitvahe same circuit for
the same time. The rim.s value is calculated by meastimnguantity at equal intervals
for one“complete eycle. Then squaring each quantityatieeage of squared v,llues is
obtained. The square root of this average value is the. value. The r.m.s means root-
mean square i.e. squaring, finding the mean i.e. averagéatiy foot.

If the waveform is continuous then instead of squariryaaiculating mean, the
integratioll is used. Mathematically the r.m.s. valfi¢he continuous a.c. voltage having

time period T is given by,
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V rms —

\,.% [ vz at
£

T

The i term indicates the mean value or average value.

For purely sinusoidal quantity,

Vies = 0007 Vs

where Vi = peak value of thésinusgidal quantity

If the a.c. quantity is continuous then average:valuebeaexpressed mathematically
using an integration as,

-~ /2
Vav = :—I; j\/n'\ dt
o
The interval T /2 indicates(the average over half a cycle.

For purely sinusoidal guantity,

VA /S VY = 0.636 Vi

~4(N

where VR = DPeak wvalue of the sinusoidal guantity.

The form factor isthe ratio of r.m.s. value to therage value of an alternating quantity.

: . m. e value

K& = : = form factor
average value

r“
L

When the a.c. input is applied, for the positive halfleythe diode 01 conducts
and causes the meter deflection proportional to theageeralue of that half cycle. In the
negative cycle, the diode O2 conducts and 01 is reversalbifise current through the
meter is in opposite direction and hence meter movensebiypassed. Thus due to

diodes, the rectifying action produces pulsating d.c. andnideer indicates the average
value of the input.

5.7 Electronic multimeter:
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For the measurement of d.c. as well as a.c. voltagecamdnt, resistance, an
electronic multimeter is commonly used. It is also knowiValtage-Ohm Meter (VOM)
or multimeter The important salient features of YOM arésasd below.

1) The basic circuit of YOM includes balanced bridge d.c. di@pli

2) To limit the magnitude of the input signal, RANGE switsiprovided. By properly
adjusting input attenuator input signal can be limited.

3) It also includes rectifier section which converts eugut signal to the d.c. voltage.

4) It facilitates resistance measurement with the bélmternal battery and additional
circuitry.

5) The various parameters measurement is possible lofisgleequired function.using
FUNCTION switch.

6) The measurement of various parameters is indicatedhvthelp of indicating Meter

Use of multimeter for D.C measurement:

R, R, R, R, R M

’ l
{ . \5 O vV
| 250V 10 V

L

1000 V 2.5/
O

selecior switch

: D.C. Voitage o
5000 V dg! +

For getting different ranges of voltages, different seriesistances are connected in
seriesswhich can be put in the circuit with the randecser switch. We can get different

ranges to measure the d.c. voltages by selecting the pegigtance in series with the

basic meter.

Use of multimeter as ammeter:

To get different current ranges, different shunts armnected across the meter
with the help of range selector switch. The workingaims as that of PMMC
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The rectifier used-in the circuit rectifies a.c. agk into d.c. voltage for measurement of
a.c. voltage‘before current passes through the meter. Tike dibde is used for the
protection purpose.

Use'of multimeter for resistance measurement:

The Fig shows ohmmeter section of multimeter for @esenultiplication of 1.
Before any measurement is made, the instrument is shodited and "zero adjust”
control is varied until the meter reads zero resigamc it shows full scale curreritiow
the circuit takes the form of a variation of the shiype ohmmeter. Scale multiplications
of 100 and 10,000 can also be used for measuring high resstafwtages are applied
the circuit with the help of battery.
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5.8 Digital Voltmeters

Performance parameters of digital voltmeters:

1. Number of measurement ranges:

The basic range of any DVM is either 1V or 10 V. With tkeélof attenuator at the

Input, the range can be extended‘from few microvolts to ey

2. Number of digits in readout: The number of digits of DVMs varies from 3 to 6. More
the number of digits, more-is the resolution.

3. Accuracy: The accuracy depends on resolution and resolution on nuoflzbgits.
Hence more number of digits_means more accuracy.atharacy is as high up to +
0.005% of the reading.

4. Speed of the'readingin the digital voltmeters, it is necessary to cohasalog signal
into digital .signal. The~various techniques are used to acht@seconversion. The
circuits which are used to achieve such conversion aledcdigitizing circuits and the
process ‘is called digitizing. The time required for thisvawsion is called digitizing
period. The maximum speed of reading and the digitizing peniedinterrelated. The
instrument .user must wait, till a stable reading is obthas it is impossible to follow the
visual readout at high reading speeds.

5. Normal ' mode noise rejection:This is usually obtained through the input filtering or
by use of the integration techniques. The noise presém atput, if passed to the analog
to digital converting circuit then it can produce the erespecially when meter is used
for low voltage measurement. Hence noise is required fittdred.

6. Common mode noise rejection This is usually obtained by guarding. A guard is a
sheet metal box surrounding the circuitry. A terminahat front panel makes this 'box’
available to the circuit under measurement.
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7. Digital output of several types:The digital readout of the instrument may be 4 lines
BCD, single line serial output etc. Thus the type of digitutput also determines the
variety of the digital voltmeter.

8. Input impedance : The input impedance of DVM must be as high as possiblehwhi
red I1ces the loading effects. Typically it is of thder of 10 :M.ohm.

5.8.1 Block diagram of DVM

Any digital instrument requires analog to digital convesteits input. Hence first block
in a general DVM is ADC as shown in the Fig.

Signa

processing

Every ADC requires a reference. The reference is gewematernally and reference
generator circuitry depends on the type of ADC technique Usedoutput of ADC is
decoded and signal is processed in the decoding.stage. 8Secbding is necessary to
drive the seven segment display. The data from decedeen transmitted to the display.
The data transmission element may be a latches, esuetic. as per the requirement. A
digital display shows the necessary.digital restiihe measurement.

5.9 Ramp type DVM:

5.9.1 Linear ramp technique:

The basic principle<of such measurement is basedeoméasurement of the time taken
by I1 linear ramp|to rise from’'a V to the level of thput voltage or to decrease from the
level of the input voltage to zero. This time is measuwvitd the help of electronic time
interval counter.and the count is displayed in the micnierm with the help of a digital

Dept of EEE, SJBIT 39



Electrical & Electronics Measurements 10EE35

Gating time

interval

i
MM Aarnlk lenne
UI0OCK pulses i
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Basically it consists of a linear ramp which is posit@eng or-negative going. The range
of the ramp is £ 12 V while the base range is £ 10 V."Thearsion from avoltage to c1
time interval is shown in the fig

At the start of measurement, a rangbtage is’initiated.which is continuously compared
with the input voltage. When these two voltages-are sfimecomparator generates a
pulse which opens a gate i.e. the input comparator genexradtest pulse. The ramp
continues to decrease and finally reaches to 0V or ground jpbt&his is sensed by the
second comparator or ground comparator. At exactly 0 V, tmsparator producea
stop pulse which closes the gate. The number of clock pslsesasured by theounter.
Thus the time duration forawhich the\gate is opened, is priopaltto the input voltage.
FN the time interval between starts’ and stop pulsesg#te remains open and the
oscillator circuit drives the counter. The magnitudehaf count indicates the magnitude
of the input voltage; which is displayed by the display. Bloek diagram of linear ramp
DVM is shown inithe Fig

o—-—1 REPGing

Nngut
whitage

Properly attenuated input signal is applied as one input taphé comparator. The ramp
generator generates the proper linear ramp signal whichppdea to both ten
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comparators. Initially the logic circuit sends a resghal to the counter and the readout.
The comparators are designed in such a way that when betlinput signals of
comparator are equal then only the comparator changeatis Ehe input comparator is
used to send the start pulse while the ground comparator isousexad the stop pulse.
When the input and ramp are applied to the input comparatdr,at the point when
negative going ramp becomes equal to input voltages tmparator sends start pulse,
due to which gate opens. The oscillator drives the countercd@inter starts counting the
pulsesreceived from the oscillator. Now the same ramp is applied to gheund
comparator and it is decreasing. Thus when ramp becomes lx#th the inputs of
ground compactor becomes zero (grounded) i.e. equal agnblg & stop pulse to the gate
due to which gate gets closed. Thus the counter stops receigipgliges from the local
oscillator. A definite number of pulses will be countedthy counter, during the start
and stop pulses which is measure of the input voltage. Thispsayed by.the digital
readout.’'

The sample rate multivibrator determines the rate athwiiie measurement cycles are
initiated. The oscillation of this multivibrator is usuallgjasted by a front panel control
named rate, from few cycles per second to as high as 1000reraycles per second.
The typical value is 5 measuring cycles/second with<@unracy of #/0.005% of the
reading. The sample rate provides an initiating pulsegeamp generator to start its next
ramp voltage. At the same time, a reset pulse isgdaerated which resets the counter to
the zero state.

5.9.2 Dual slope integrating type DVYM

This is the most popular method of‘analog. to digital conmershn the ramp techniques,
the noise can cause large errors butin dual slope chétlkeonoise is averaged out by the
positive and negative ramps using. the process of integréaflee basic principle of this
method is that the input signal is integrated for a fikgdrval of time. And then the
same integrator is used.to integrate the reference volidgaeverse slope. Hence the
name given to the techniquedaal slope integration technique.

The block diagram of dual slope integrating type DVM is showthe Fig.It consists of
five blocks, an op-amp.used as an integrator, a zero cotmpasiack pulse generator, a
set of decimal.counters and a block of control logic.
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When the switch Sl is in position 1, the capacitor @isteharging from zero level. The
rate of charging is proportional to the input voltage leVéle output of the op-amp is
given by,

After the interval t I, the input voltage is disconnelcnd a negative voltage -Vref is
connected by throwing the switch S1 in paesition 2."In ploisition, the output of thep-
ilmp is given by, '

' Constapl slope

pRapdFtianal to V,

4

proportional

¥ \“/
o\ n

' * Siope
|
1
1
[
|

Thus the input voltage is dependent on the time periodsltizaand not on the values of
R] and C. This basic principle of this method is showthéFig

At the start of the measurement, the counter is exbé&dtzero. The output of the flip-flop
is also zero. This is given to the control logic. Td¢estrol sends a signal so as to close an
electronic switch to position 1 and integration of il@ut voltage starts. It continues till
the time period t.
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As the output of the integrator changes from its zeroeyahe zero comparator output
changes its state. This provides a signal to cofagi¢ which inturn opens the gate and
the counting of the clock pulses starts.

The counter counts the pulses and when it reaches to 99@9erates a carry mdand
all digits go to zero. The flip flop output gets activated tololgec level T. This activates
the control logic. This sends a signal which changesiwhith 5\ position from 1 to 2
Thus -Vref gets connected to op-amp. As Vref polarity is sjpppthe capacitor starts
discharging. The integrator output will have constant megalope as shown in éFig.
3.5"1. The output decreases linearly and after the inte2yaltiains zero value, when the
capacitor C gets fully discharged.

From eguation (3) we can write,

Let time period of clock oscillator be T and digitaboter has counted the counts nl1 and
n2 during the period t] and t2 respectively.

no | _ ng \\
T AR | T L TN

S

Thus the unknown voltage measurement is not dependetiiteoclock frequency, but
dependent on the counts measured by the counter.

The advantages of thig'technique are:

i) Excellent noise rejection as. noise and superimposedasgcaveraged out during the
process of integration.

i) The RC time'constant does not affect the input voltagasurement.

iii)The capacitor is connected via an electronic swifthis capacitor is an auto zero
capacitor and avoids the effects of offset voltage.

iv)The, integrator responds to the average value of the hgnde sample and hold circuit
is not necessary.

v) The accuracy is high and can be readily varied aaogtdi the specific requirements.

Questions:
1. Explain the construction and working of i) Phase sequiieators
i) Electrodynamometer type power factor meters
July/Aug -2007, Jan/ R0l 1, July/Aug -2009, Jan/ Feb -2012
2) With a neat sketch explain the construction and workfray\Weston frequency meter
July/Aug -2004, Jarid F2005
3) What is a rotating type phase sequence indicator and hewsed
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July/Aug -2008, Jan/ Feb -2009, Jan/ Feb 2012
4. Explain the principle of operation of a static typepbhse sequence indicator
July/Aug -2006, Jeel -2011
5. Discuss about the working principle of digital voltmetenploying the successive
approximation technique
July/Aug-2005, Jan/Feb-2005, July/Aug-2009, JantZast, Jan/ Feb -2010
6. Discuss the different practical method of connectienuhknown components to
the test terminals of a Q meter Jah/-B2604
1. With a block diagram explain the working of a True RMSponding voltmeter
July/Aug-2004, Jan/Feb-2007, July/Aug-2009, JantZafb, Jan/ Feb -2008
July/Aug-2008, Faaii-2009, July/Aug-2010, Jan/ Feb -2011
2. With a block diagram explain the working of a Ramp type DVM
July/Aug-2004, July/Aug-2010
3. List the elements of the basic circuit of an elesic multimeter
July/Aug-2004
4. What is a Q meter? Discuss how the unknown compoenentsecaonnected to its

test terminals July/Aug-2005
5. Explain with the help of block diagram the function ofegrating type digital
voltmeter and Feb -2006

6. Explain the principle of operation of electronic. mukir@r
July/Aug-2007n/Feb-2006
7. Explain with block diagram any one type of digital vadter
July/Aug-2006
8. What are the advantages of using electronic measuringnmsnts
July/Aug-2007
9. Explain the operation of a electronic multimeter to soea current, voltage and

resistance an/JFeb -2011
10.What is the working principle .of Q=-Meter? How can thdrihsted capacitance of
the coil be measured using Q-Meter? July/2Q@p , Jan/ Feb 2012

11.Mention the salient features-of'digital voltmeter
July/Aug-2007
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Unit 6

Introduction

In studying the various electronic, electrical networks sysflems, signals which
are functions of time, are often encountered. Suchagmay be periodic or non
periodc in nature. The device which allows, the amplitude of suchatsgrio be
displayed primarily as " function of time, is calledthode rayoscilloscope, commonly
known as C.R.O. The CR.Qvgs the visual representation of the time varying signals.
The oscilloscope has become an universal instrument gmdbably most versatile tool
for the development of electronic circuits and systdimis an integral part of electronic
laboratories.

The oscilloscope is, in fact, a voltmeter. Instead efrtiechanical deflection of a
metallic pointer as used in the normal voltmetersog®lloscope uses the movement of
an electron beam against a fluorescent screen, which @®the movement of a'visible
spot. The movement of such spot on the screen is proparto.the varying magnitude
of the signal, which is under measurement.

Basic Principle
The electron beam can be deflected in two‘directions hthrizontal or x-direction
and the vertical or y-direction. Thus an electron beamaucing a spot can be used to
produce two dimensional displays, Thus CRO. can be regardedass x-y plotter.
The x-axis and y-axis can be used to study the variatiem@fvoltage as a function
of another. Typically the x-axis ofsthe oscilloscope repnts the time while the y-
axis represents variation of the input voltage signal. Thus if the input voltage
signal applied to the y-axis.of CRO. is sinusoidally varyind @ x-axis represents
the time axis, then the spot moves sinusoidally, and thaida sinusoidal waveform
can be seen on the screen of the oscilloscope. ThBssupe is so fast device that it
can display the periadic signalsswhose time perioalsismall as microseconds and
even nanoseconds.. The . CRO. Basically operates on wlthge it is possible to
convert current; pressure,-strain, acceleration aner gthysical quantities into the
voltage using transducers and obtain their visual reprégerg@an the CRO.

6.1 Cathode Ray Tube (CRT)

The cathode ray tube (CRT) is the heart of the CRh®.CRT generates the
electron

beam,- ,accelerates the beam, deflects the beam lamdhas a screen where beam
becomes

visible ,as a spot. The main parts of the CRT are:

i) Electron gun ii) Deflection system iii) Fluoresceonteen

iv) Glass tube or envelope v) Base

A schematic diagram of CRT, showing its structure anith s@mponents is shown in
the Fig.
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Electron Gun

The electron gun section of the cathode ‘ray tube prowadsbkarply focused
electron bam directed :towards the fluorescent-coated screen. Thi®gestarts from
theqllally heatedccahode, limiting the.electrons. The control grid is giveBgative
potential with respect to cathode.dc. This grid- controlsnilmaber of electrons in the
beam, going to the screen.
The momentum of the electrons (their number x thpéed) determines the intensity, or
brightness, of the light emitted from the fluorescestteen due to the electron
bombclrdillent. The light-emitted is/usually of the greetour. Because the electrons
are negatively charged; arepulsive force is created byiagph negative voltage to the
control grid (in CRJ; voltages applied to various grids éaeed with respect to cathode,
which is taken as common point). This negative contrithge can be made varia

Deflection System

When the electron beam is accelerated it passes thtbegteflection system
with which beam can be positioned anywhere on the scidendeflection system of the
cathode-ray-tube consists of two pairs of parallel plaiferred to as the vertical and
horizontal deflection plates. One of the plates' icheset is connected to ground (0 V),
To the other plate of each set, the external deflectmitage is applied through an
internal adjustable gain amplifier stage, To apply théedgbén voltage externally, an
external terminal, called the Y input or the X input, isikade.

As shown in the Fig. , the electron beam passes thrihagie plates. A positive
voltage applied to the Y input terminal (Vy) Causes therbtadeflect vertically upward
due to the attraction forces, while a negative voltage egpopdi. the Y input termad will
cause the electron beam to deflect vertically downward, duine repulsion forces.
When the voltages are applied simultaneously to verticdl taorizontcll deflecting
plates, the electron beam is deflected due to the resolftdéhese two voltages.
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Fluorescent Screen

The light produced by the screen does not disappear immediatedn
bombardment by electrons ceases, i.e., when the signaimes zero. The time period for
which the trace remains on the screen after the sigpedbnies zero is known as
"persistence”. The persistence may®short as a few microsecond, or as long as tens of
seconds ~en minutes.

Long persistence traces are used in the study.. ofierass Long persistence
helps in the study of transients since the trastilisseen on the screen after the transient
has disappeared.

Phosphor screen characteristics

Many phosphor materials having different excitationesnand colours as'well as
different phosphorescence times are available. The type2? PI1 or P3| are‘the short
persistence phosphors and are used for the general pugaidkescope

Medical oscilloscopes require a longer phosphor.decaynande phosphors like
P7and P39 are preferred for such applications. Very slow ¢sike-radar require long
persistence phosphors to maintain sufficient flickee fpicture. Such phosphors are P19,
P26 and, P33.

The phosphors P19, P26, P33 have low burnresistance. dsehains Pl, P2, P4,
P7, Pl have medium burn resistance while P1S, P3l. he\reburn resistance.
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This is the cathode ray tube which is the heart of CR.@: used to emit the rlectrons
required to strike the phosphor screen to produce the sptidforisual display of the
signals.

Vertical Amplifier

The input signals are generally not strong to provide the nedalsudeflection on the
screen. Hence the vertical amplifier. stage is usedndolifg the input signals. The
amplifier stages used are generally wide band ampls@ias to pass faithfully the entire
band of frequencies to be measured. Similarly it conthiesattenuator stages as well.
The attenuators are used when very high voltage signate aeeexamined, t0 bring the
signals within the proper range of operation.

It consists of several stages’with overall fixed sersitsit The amplifier can be
designed for stability and required bandwidth very easily dukedixed gain. The input
stage colrtsists of an attenuator followed. by FET sowbtewer. It has vel' high input
impedance required to isolate the amplifier from the attenu#t is followed by BJT
emitter follower to match the output impedance of FET duiMith input of phase
inverter. The phase inverter provides two antiphase outpuiélsi which are required to
operate the push pull output.amplifier. The push pull operatisradvantages like better
hum voltage cancellation, even harmonic suppression iefigelarge 2nd harmonic,
greater power_ output per tube and reduced number of defocusimpaimear effects.

Delay line

The delay line is'used to delay the signal for some timtbe verticCll sections. When
the .delay line is not used, the part of the signal getis Ihus the input signal is not
applied directly to the vertical plates but is delClyed dowme time using a delay lina+
cuit:as.shown in the Fig.
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If the trigger pulse is picked off at a time t = to aftiee signal has passed through the
main amplifier then signal is delayed by XI nanosecondslewsweep ‘takes. YI
nanoseconds to reach. The design of delay line is suchhéhaelay time Xkis higher
than the time YI' Generally Xl is 200. nsec while tl;1.eY1 isr) thus the sweep starts
well in time and no part of the signal is lost.

There are two types of delay lines used in CR.O. which are;

i) Lumped parameter delay line

i) Distributed parameter delay line

Trigger circuit

It is necessary that horizontal deflection startshatsame point of the input vertical
signal, each time it sweeps. Hence to synchronize horizaetidéction with vertical
deflection a synchronizing or triggering-Circuit.is used.dibwerts the incoming signal
into the triggering pulses, which are used for the synchromiza

Time base generator

The time base generator is used'to_generate the sawtootleyatguired to deflect the
beam in the horizontal section. This'voltage defldmsspot at a constant time dependent
rate. Thus the x-axis' on‘the screen can be represastéme, which, helps to display
and analyse the time varying signals.

6.2 Dual trace Oscilloscope

Another methad”of studying two voltages simultaneously enstiteen is to u
special cathode ray tube having two separate electron gueiatjeg two separate beami
Each electron beam has its own vertical deflectiatep.
But'the two beams are deflected horizontally by the comset of horizontal plate\ The
time base'\circuit may be same or different. Such saillescope is calledual Beam
Oscilloscope.

Dept of EEE, SJBIT 49



Electrical & Electronics Measurements 10EE35

The oscilloscope has two vertical deflection platestaro separate channels A andd f
the two separate input signals. Each channel consistprafaanplifier andan attenuator.
A delay line, main vertical amplifier and a set of velt@aflection plates together forms
a single channel. There is a single set of horizontdkpland single time base circuit.
The sweep generator drives the horizontal amplifier whiarandrives the fates. The'
horizontal plates sweep both the beams across tkersat the-same)rate. The sweep
generator can be triggered internally by the channel Aasigr_.channel B signal.
Similarly it' can also be triggered from an externahalgr line frequency signal. This is
possible with the help of trigger selector switch, antr@anel control. Such an
oscilloscope may have separate timebase gircuit émarate channel. This allows
different sweep rates for the two channels but incraagsesize and

weight of the oscilloscope.

The comparison of two or more voltages is very muwtessary in the analysis and
study of many electronic circuits.and systems. This isiptesby using more than one
oscilloscope but in such a case Ituis difficult to trigger shwveep of each oscilloscope
preciselyat the same time«<A common)and less costly method te shis problem is to
use dual trace or multitrace dssscopes. In this method, the same electron beamds use
to generate two traceS which.can be deflected from two indepé vertical sources. The
methods are used’to'generate two independent traces \Whicliteérnate sweep method
and other is chop method.

The block.diagram of'dual trace oscilloscope is shown ifridpe

There are two separate vertical input channels A and &parate preamplifier
and/ -attenuator stage exists for each channel. Hencetaaeplhf each input can be
individually controlled. After preamplifier stage, both tignals are fed to an electronic
switcha,The switch has an ability to pass one channel at a timalefay line to the
vertical amplifier.The time base circuit uses a trigger selector switch 52hndilows the
circuit to be triggered on either A or B channel, on lireguency or on an external
signal. The horizontal amplifier is fed from the sweepeayator or the B channel via
switch 5! and 51. The X-Y mode means, thellbsscope operates from channel A as the
vertical signal ad the channel B as the horizontal signal. Thus in tludervery accurate
X-Y measurements can be done.
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Dual“eam ‘CRO with separate time bases

Method of Measuring

Measuring ostlioscope has a single tube but several beam producing systems
inside. Each system has separate vertical deflecting gfaplates and generally (|
common time base system.

The triggering can be done internally using eith.er of hdtiple inputs or
externally by an external signal or line voltages.

The comparison of two or more voltages is very muchesgary in the analysis
and study of many electronic circuits and systems. iBh@ossible by using more than
one oscilloscope but in such a case it is difficultrigger the sweep of each oscilloscope
preciselyat the same time. A common and less costly method te sbis problem is to
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use dual trace or multitrace dssscopes. In this method, the same electron beamds use
to generate two traces which can be deflected from two indepé vertical sources. The
methods are used to generate two independent traces \ubictitdérnate sweep method
and other is chop method.
The block diagram of dual trace oscilloscope is shown ifridpe

There are two separate vertical input channels A and gparate preamplifier
and -attenuator stage exists for each channel. Hencetaaleplbf each input can be
individually controlled. After preamplifier stage, both gignals are fed to an electronic
switch. The switch has an ability to pass one channel at a timelefay line to the
vertical amplifier. The time base circuit uses ageigselector switch 52 which allows the
circuit to be triggered on either A or B channel, on lireguency or on an external
signal. The
horizontal amplifier is fed from the sweep generatorherB channel via switch'5} and
51. The X-Y mode means, the deescope operates from channel A as the vertical signal
and the channel B as the horizontal signal. Thus in thaxlenvery accurate X-
measurements can be done.
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Due to triggering of time base by input signal, sweep starismtine and when input
appears at vertical sections, the sweep is triggered angeded(\ dorm is displayed.
The delay ensures that no part of the waveform gets lost.

In c1 delayed time base oscilloscope, a variable time daleyit is used in the
basic time base circuit. This allows the triggering of egvéime after the delay time.
Thus the delay time is variable. This time is denoteddasAfter this, the sweep is
triggered for the time t,. Then the portion of the wax@ for the time t x gets expanded
on the complete () oscilloscope screen, for the dstizdly.

If inpu, t is pulse waveform and leading edge is used to triggedelag time,
thenlagging edge can be displayed to fill the entire oscilloscopees. This'is. shown in
the Fig (a). Similarly if the lagging edge is used to trigter delay time then: leading
edge Glen be displayed on the entire screen forrietti This is shown in thEig:(b). If
the time delay is perfectly adjusted, then any portioih@® waveform can be’extended to
fill the entire screen. This is shown in the Fig. (c).

(a) Study
of lagging
B edge

! "“"‘*""‘Jx (b) Study
Al . P of leading
v .4 edge
! =
t i

§~._J_-V—~—I\) E (c) Study
S A ,/—\—’/ of any portion

of waveform

. S ]
S _\u
€<,

- —

Use of addigional time delay
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Delayed time base oscilloscope

The normal time base circuit is main time base{MgB)uit which functions same &4
conventional oscilloscope. The function of \MTB. blankiogcuit is to produce an
unblanking pulse which is applied to CRT.grid to turn-on an reledteam in the CRT,
during the display sweep time. The rampoutput 'of MTB iemgito the horizontal
deflection amplifier via switch S. It issalso givenat input to the voltage comparator.
The other input to the voltage comparator is derived fizarpbtentiometer whose level
is adjustable.

The unbalancing pulses from MTB“and DTB are addedusgming circuit and
given to the CRT grid. The un blanking pulse of MTB producdsaee of uniform
intensity. But during ramp time of:DTB, the addition wbtpulses decides the intensity
of the trace on the screen. Hence during DTB time, tii@ge applied to CRT grid is
almost twice thansthe voltage corresponding to MTBetifhhis increases the brightness
of the displayed waveform, for the DTB time.

When«the part of the waveform to be brightened is ifledtithen the DTB ramp
output is connected to-the input of the horizontal daflacamplifier through switch S.
The DTB ramp time.is much smaller than MTB period bsitainplitude (- V to + V) is
sames@s MTB ramp. llence it causes the oscilloscopea@iebeam to be deflected from
one(side of the screen to the other, during short DTB.tBy adjusting DTB time/ div
control, the) brightened portion can be extended, sto d8l the entire screen of the
oscillescope. The horizontal deflection starts onlierathe delay time t d from the
beginning of the MTB sweep. Thus very small part of the wawefman be extended on
the entire screen.
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6.3 Digital Storage Oscilloscope

10EES35

In this digital storage<oscilloscope, the waveform to toeed is digitized ,md
then stored in a digital memory. The conventionahadé ray tube is used in this
oscilloscope hence the.cost is less:“The power to Heedgp memory is small and can
be supplied by small battery. Due to this the stored imagéealisplayed indefinitely as
long ,15 power is-supplied to-memory. Once the waveformgsiztid then it can be

further loaded into the'computer and can be analyzed iil. deta

Block Diagram:
The block diagram.of digital storage oscilloscope is shiovthe Fig.
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As done in all the oscilloscopes, the-input'signal is appbethe ampllfler and
attenuator section. The oscilloscope uses same type difiarmgnd attenuator circuitry
as used in the conventional oscilloscopes. The jattenuated sgtizn applied to the
vertical amplifier.

The vertical input, after passing through the vertical dmapliis digitized by an
analog to digital converter to create a data set tisibred in the memory. The data set is
processed by the microprocessor and then sent to theydispla
To digitize the analog signal, analog/to digalD) converter is used. The output of the
vertical amplifier is applied to thalD converter section. The main requirementAbD
converter in the digital storage oscilloscope is iteesh while in digital voltmeters
accuracy and resolutionswere-the main requirements. Bitezdd output needed only in
the binary form and not in/BCD. The successive approximaype ofAlD converter is
most often used in the digital storagescilloscopes.

Modes'of operation:
The(digital storage oscilloscope has three modes of tigera
1.. Rollmode ii) Store mode iii) Hold or save mode.

Roll mode

This mode is used to display very fast varying signaésarly on the screen. The fast
varying signal is displayed as if it is changing slowly,tbe screen. In this mode, the
input signal is not triggered at all.

Brief note on current probe
It is a primary electrical which is used to measueedhange in the t. It is commonly
known as resistance thermometer. The resistance thetacs are based on the principle
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that the resistance of the conductor changes when ripetature changes. Basically the
resistance thermometer determines the' change in tlotricdé resistance of the
conductor subjected to the temperature

changes. The temperature sensing element used in thimsotheter should exhibit a
relatively

large change in resistance for a given change in temoper@lso the sensing element
should not undergo permanent change with use or age. Arddhiegable characteristic
for

the sensing element is the linear change in resistatbemange in temperature. When
the sensing element is smaller in size, less heaqjisregl to raise its temperature. This is
suitable for measurement of rapid variations in tentpesaPlatinum, nickel, and copper
are the metals most commonly used to measure temperBibereslationship-between
temperature and resistance of conductor is given by equation

Almost all metallic conductors have pasitive temperature coefficient so. that
their
resistance increases with an increase in temper#tingh value’of a is desirable in a
temperature sensing element so that a substantial charegstance occurs for a
relatively small change in temperature. This changesistancg L\ R] can be measured
with a Wheatstone bridge, the output of which can be'tthrealibrated to indicate the
temperature which caused the change is resistance.

Most of the metals show an increase in resistivith wemperature, which is first
linear and then increases in an accelerated fashion.nfdtals that exhibit good
sensitivity
and reproducibility for temperature measurement,purposesppers nickel, and
platinum. Among these, copper has the highest tempe@afiécient with the most
linear dependence. However, copper.is generally not used due ta peataial
problems. Because of its low resistively, the sizehefriesistance element increases to
get
reasonable sensitivity. In_the range below 400 K, a goldrsililey can be used which
has
the same characteristics as platinum.

The wire resistance thermometer usually consis® @il wound on a mica or
ceramic
former, as shown inthe Fig. The coil is wound in bifieam so as to make it
non inductive. Such coils are available in different saed with different resistance
values
ranging fram.10 ohms to 25,000 ohms.

To avoid corrosion of resistive element, usually epts are enclosed in a
protective
tube of Pyrex glass, porcelain, quartz or nickel, dependirtherange of temperature
and the nature of the fluid whose temperature is to l@suned. The tube is evacuated
and sealed or filled with air or any other inert gas aqd &eund atmospheric pressure
or in some cases.

Questions

1. With a neat block diagram explain the working of a digitarage oscilloscope

Dept of EEE, SJBIT 57



Electrical & Electronics Measurements 10EE35
Jan/ Feb -2008, Jan/ Feb 2012
2. Explain the significance of lissajous pattern
Jan/ Feb -2008, July~2068,2009
4) Explain the panel details of a dual trace oscilloscope
July/Aug-2008, 2010
5) Write a note on CRO and its applications
Jan/ Feb -2009
6) Explain with the help of block diagram of dual trace ksstope
Jan/ F2b10, July/Aug-2009
7) Explain the working of digital storage oscilloscope
Jan/ Feb -2010,2011, July/Aug-2010, Jan/ Feb 2012
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Unit 7
Transducers

Introduction:

The primary objective of process control is to cdnthe physical parameters
such as temperature, pressure, flow rate, force, legelTée system used to maintain
these parameters constant, close to some desiredispadik is callegrocess control
system. These parameters may change because of internal xagichad disturbances
hence a constant corrective action is required tp Keese parameters constant or within
the specified range.

It consists of four elements,
1. Process 2. Measurement 3. Controller 4. Control element

A device which converts a physical quantity into the propoal electrical signal is
called a transducer.

The electrical signal produced may be a voltage, curoenfrequency. A
transducer uses many effects to produce such conversiorprdbess’ of transforming
signal from one form to other is called transduction@hsducer is also called pick up.
The transduction element transforms the output o$émsor to an‘electrical output,
as shown in the Fig.

Non-electrical " SeaAsor T i Electrical
o : Sensing ransduction -
quantity element response element signal

The common range of an electrical signal used to represatog signal in the
industrial environment is @to 5\ or 4 to 20 mA. In industrial appiins, nowadays, 4
to 20 mA range is mast commonly-used to represent analogl.s@§ current of 4 mA
represents a zero output and current of 20 mA represdéultseale value i.e. 5 V in case
of voltage representation. The zero current conditégmesents open circuit in the signal
transmission line. "Hence the standard range is offset Zeyo.

Many<@a times, the transducer is a part of a circuitvaoiks with other elements
of that cireuit to-produce the required output. Such a tiiswalled signal conditioning
circuit.

7.1 Passive transducer:

In“electrical circuits, there are combinationshwée passive elements : resistor,
inductor and capacitor. These three passive elements arédédseith the help of the
primary parameters such as resistance, self or mutual indactamd capacitance
respectively. Any change in these parameters can be obsenyefl they are externally
powered. We have studied that the passive transducers dgenetate any electrical
signal by themselves and they require some external ptovgenerate an electrical
signal. The transducers based on variation of paranmiehnsas resistance, self or mutual
inductance capacitance, due to an external power are knswassive transducers.
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Hence resistive transducer, inductive transducer and capdacaiv&ucer are the basic
passive transducers.

7.2 Resistive transduce
In general, the resistance of a metal conductor isi\gwye

i i
} .

>
I\
A
"
where p = Resistivity of conauctor (€2 m)
. = Length or conauctor (m)
A = Area O CrOSsS-SeCtion O coOnaucia i s~

The electrical resistive transducers are designed obatie of the \methods, of "arintioll
of anyone of the gnantities in above equation; such asgehin/length; change in iueil of
cross-section and change in resistivity. The sensingeslemhich’is resistive in nature,
may be in different forms depending upon the mechanicahgeraent. The change in
pressure can be sensed by Llsing ~nsitive resistive eleniBmsresistance pressure
transducers may use Bellow, Diaphragm or Bourdon.tube.

7.3 Resistance Position Transducer: ,

In many industrial measurements and._control applicatiing necessary to sense
position of the object or the distance that object tsavieor such applications, simple
resi~tanceposition transducer is«very useful. It wonkghe principle that resistance of
the sensing element changes due to the wiations in physiaatity being measured
simple resistance position transducer is ‘as shown iRithe

Conductyfg St

s A
- “ - e == |
ona Hor—y - I’ |
L_’-:.—'r:f—.( Wiper |
- - ! ‘
Bianlacoment I < R,
visplacement B\ " AN NN n | < W
T | T 1 ! \/ ! S
; O
f ' f < '
: ’ KA. 2R “
% S S R . B i © 1 = !
[ W ‘ | V
| Vv |
| | ,l l
[ |
o 6 | SR T _.____L_,,__ _i
8 A B
(a) Resistance position transducer (b) Equivalent circuit

The transducer consists a sliding contact or wiper. Atresislement is mounted with
the sliding contact which is linked with the object whosetmrsis to be monitored.
Depending upon the position of the object, the resistarteesbn slider and the one end
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of resistive element varies. The equivalent circu#s shown in the Fig. 8.18 (Ghe
output voltage Vout depends on the position of the wiper. @apsnding upon position
of the wiper, the output voltage is given by,

R,

Thus You | is proportional to R2 i.e. wiper position. Towetput voltage is
measured
using voltmeter which is calibrated in centimeters andwaslidirect readout of the object
position.

7.4 Strain gauges:

The strain gauge is a passive resistive transducer whidseél. on the principle
of conversion of mechanical displacement in to théstasce change. A knowledge of
strength of the material is essential in the design @mbstruction-of machines and
structures. The strength of the material is normallyagtiarized. in terms of stress, which
is defined as the force experienced per unit area; amecdpressed in pressure units.
Stressas such cannot be directly measured. itistnermally deduosdthe changes in
mechanical dimensions and the applied load. The'mechanfoahdion is measured
with strain-gauge elements. Thaain is defined as the'changgd), in length, (1), per
unit length and is expressedtas{ in microstrains.The most common materials used for
wire strain gauges are constantan alloys containing 45%eNacid 55% Copper, as they
exhibit high specific resistance, constant gauge facter awide strain range, and good
stability over a reasonably large‘temperature range (fromt®<80°C). For dynamic
strain measurements, Nichrome alloys, containing 80% Nake& 20% Chromium are
used. They can be compensated for temperature with piatinu

Bonding cements are adhesives used to fix the strailgegy onto the test
specimen. This cement serves the important functionaosinitting the strain from éh
specimen to the gauge-sensing element. Improper bonding gétige can cause many
errors.

Basically, the cement can be classified under twogoaies, viz, solvent-setting
cement and chemically-reacting cement. Duco cement example of solvent-setting
cements which is eured by solvent evaporation. Epoxieplagnolic bakelite cement are
chemically-reacting cements which are cured by polymerizai@nylic cements are
contact cements that get cured almost instantaneousdyprbiper functioning of a strain
gauge is wholly dependent on the quality of bonding which hb&lgauge to the surface
of the structure undergoing the test.

Derivation of Gauge Factor:

The gauge factor is defined as the unit change in resigb@naeit change in length.
It is denoted as K or S. It is also called sensitivitthe strain gauge.
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AR/R
S L
Alfl
S = Gauge factor or sensitivity
R = Gauge wire resistance
AR = Change in wire resistance
| = Length of the gauge wire in unstresse@ycoRgition
Al = Change in length in sticssed cogdilden.

Derivation: Consider that the resistance wire is unelasite stress and it is deformed
by ~I as shown in the Fig.
When uniform stress (J is applied to th.is wire alongehgth, the resistance R

Let p = Specificdesistangg of wire material in Q-m
| = LenpgHgpl W/ vire in m

A = QrosRsedtion of the wire in m”

changes to R + ~R.“because 'of change in length and @csAsl
Al

F

o = Stregf<

Al/l A (Perginit ¢iange in length
A A A = Pegrit change in area
80/p =PPer unit change in resistivity
(specific resistance)
,)/
IR
A

area.

7.6 Types of Strain Gauges

Depending upon the principle of operation and their cortginat features, strain
gauges are classified as mechanical, optical, or eldcthitthese, the electrical strain
gauges are most commonly used.
1. Mechanical Gauges : In these gauges, the change in ledgts,magnified

Dept of EEE, SJBIT 62



Electrical & Electronics Measurements 10EE35
mechanically using levers or gears. These gauges are conglgrarger in size,
and as such can be used in applications where sufficientsaagailable on the
specimen for fixing the gauge. These gauges are employedtiorsstain
measurements only.

2. Optical Gauges: These gauges are similar to mechanicalgatgjes except that
the magnification is achieved with multiple reflectassng mirrors or prisms. In
one type a plain mirror is rigidly fixed to a movable krafgge. When stress is
applied, the mirror rotates through an angle, and ttectetl light beam from the
mirror subtends an angle twice that of the incident lifhe measurement
accuracy is high and independent of temperature variations.

3. Electrical Strain Gauges : The electrical strain gangesure the changes-that
occur in resistance, capacitance, or inductance due sorte transferred from

the specimen to the basic gauge element. The most comus®dystrainigauge 1s
the bonded resistance type of strain gauge. The othewrizvocapacitance and
inductance type are used only in special types of applrsatio

7.7 Basic Forms of Resistance Wire Strain Gauges:

The resistance wire strain gauges of metallic type aarallable in two basic
forms; bo,r/ded and intoned type Tire banded metallic‘strain gauges are further classified
as fiat grid, helical grid and thin foil type strain gauges.

7.7 .1 Resistance temperature detector (RTD)

Resistance temperature detector.is a primary eledirgedducer which is used to
measure the change in the temperature. It is commonly kaswesistance thermometer.
The resistance thermometers<are based on the peinthipt the resistance of the
conductor
changes when ~he temperature changes. Basically thamesisthermometer determines
the' change in the electrical resistance of the cctodsubjected to the temperature
changes. The temperature sensing element used in thmsotheter should exhibit a
relatively large change in resistance for a given chamgemperature. Also the sensing
element should ‘not<undergo permanent change with usegear Another desirable
characteristic’for the sensing element is the lineangdhan resistance with change in
temperature. When the sensing element is smaller inlsgzeheat is required to raise its
temperature. This_is suitable for measurement of rapidatons in temperature.
Platinum, ‘nickel, and copper are the metals most comnuselg to measure temperature.
The relationship  between temperature and resistance ddictom is given by equation:

e
|
==
)
f
-_—
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\\.'ht‘l'(,‘

R : Resistance of the conductor at temperature t°C,

Ri¢ : Resistance of the conductor at the reference temperature, usually 0°C,

o : Temperature coefficient of the resistance,

At : Difference between the temperature to be measured & reference temperature.

Almost all metallic conductors have @ositive temperature coefficient so that their
resistance increases with an increase in temperatunghAvalue of a is desirable in a
temperature sensing element so that a substantial charggstance occursfor.a
relatively small change in temperature. This changesistanc¢L\ R] can be measured
with a Wheatstone bridge, the output of which can be tiijirealibrated to indicate the
temperature which caused the change is resistance.

Most of the metals show an increase in resistivith wemperature swhich is first
linear and then increases in an accelerated fashiondnfétals that exhibit good
sensitivity and reproducibility for temperature measurerpenposes.are copper, nickel,
and platinum. Among these, copper has the highest/tatpercoefficient with the most
linear dependence. However, copper is generally not used due ta peatzical
problems. Because of its low resistivity, the size efrgsistance element increases to get
reasonable sensitivity. In the range below 400 K.a goldrsiiley can be used which
has the same characteristic as platinum,

Construction of RTD

The wire resistance thermometer usually consis® @il wound on a mica or
ceramic former, as shown inithe Fig.. The coil is woartifilar form so as to make it
no inductive. Such coils/are available in different siaed with different resistance
values ranging from 10 ohms to 25,000 ohms. To avoid corradioesistive element,
usually elements are enclosed in a protective tube oikpyless, porcelain, quartz or
nickel, depending on_the range of temperature and the nafutbe fluid whose
temperature is40 be measured. The tube is evacuateskaled or filled with air or any
other inert gas and kept around atmospheric pressure anie sases at a higher
pressure,
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Mica strip

\ Platinum wire

Thermistors:

Basically thermistor is a contraction of aworefhal resistors’, The resistors
depending on temperature are thermal resistors. Thusargsshermometers are also
thermistors having positive -temperature coefficients.ggumerally the resistors having
negative temperature coefficients (NTC) are calledntigtors. The resistance of a
thermistor decreases as temperature«dncreases. The NA€ mistors can be as large as
few percent per degree Celsius change in temperature. Thtisetimistors are very
sensitive and can detect very small changes in temperiato.

Construction of thermistor

Thermistors are composed of a sintered mixture of hitetaides, such as manganese,
nickel, cobalt, copper, iron, and-uranium. Their resigtarat ambient temperature may
range from 100, n to 200ill. Thermistors are available inde wariety of shapes and
sizes as shown in the Fig. Smallest in size are éadwith a diameter of 0.15 mm to
1.25 mm. Beads may be sealed in the tips of solid glasstooform probes. Disks and
washers''are made by pressing thermistor materia~ under pnagsure into Hat
cylindrical" shapes.” Washers can be placed in series parallel to increase power
dissipation rating.
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Thermistors are well suited for precision temperaturasmement, temperature
control, and temperature compensation, because ofvheilarge change in resistance
with temperature. They are widely used for measureneti® temperature range
-1000 C to +2000 C. The measurement of the change in resigtéhd¢emperature is
carried out with a Wheatstone bridge.

7.8 Linearwvariable differential transformer (LVDT)
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When an externally applied force moves the core téethdand position, more
magnetic flux links the left-hand coil than the riglatald coil. The emf induced in the
left-hand coil, ES], is therefore larger than thduced emf of the right-hand [oil, ES2’
The magnitude of the output voltage is then equal to tHeréifce between the two
secondary voltages and it is in phase with the voltagieedeft-hand coil.

4 Output
voltage
'B
A [
T s
: O Core positian

Core Coreat Core
at M O Nl position at B
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Dept of EEE, SJBIT 67



Electrical & Electronics Measurements 10EE35
7. Explain the Thermistor Resistance thermometer? Dec/Jan2008

8. Explain the Inductive transducer? May/June2010
9. Explain the Differential output transducers and LVDT? Dec/Jan2010

10.With a neat sketch explain the unbonded strain gauge dan2B04
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Jan/ Feb 2012,Jan/ Feb -2009,2010, July/Aug-2004,2010
13. Briefly explain photoconductive and photovoltaic cells?
Jan/ Feb -2009,2010, July/Aug-2004,2009,2010
14.What is the principle of electric resistance stiganige? Derive<an.expression for
the gauge factor in terms of the ohn’s ratio
July/Aug-2005, Jalyg-2010
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transformers in a closed loop servo system July/Aug-2005
16. Explain the principle of operation of LVDT in translatinginear motion into an
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18. Explain the classification of electricaltransducers
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July/Aug-2007

21.Explain the advantage of electric'transducer. Also desdhib classification of

transducer Jan/ Feb -2008
22.Differentiate between a sensor and a transducer? Whaha factors affecting

the choice of.transducers? July/Aug-2008
23.Explain the principle and working of LVDT July/Aug-2008
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July/Aug-2009
25.Derive the expression for gauge factor for a strain gauge

July/Aug-2008
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Unit 8

Display devices and Signal generators

Introduction:

Signal generator provides variety of different signalgdsting various electronic
circuits at low powers. The signal generator is an ingninwhich provides several
different output waveforms including sine wave, square weangular wave, pulse
train and an amplitude modulated waveform.

8.1 Requirements of Laboratory Type Signal Generator

There are different types of signal generator. But thairements are common.to all

the types.

i) The output frequency of signal generator should be staiyle .

i) The amplitude of output signal of signal generator stdad controllable from low
values to relatively large values.

iii) The amplitude of output signal must be stable. the harenoontents in the output
should be as low as possible. The output signal shoudéstmtion free.

v) The signal generator should provide very low spurious outpat; means effect of
hum, noise, jitter and modulation should be negligible:

8.2 A F oscillator

The signal generators which provide_sinusoidal waveforms irfrélggiency range of 20
Hz to 20 kHz are called audio frequency(A.F,) signal generatgoering upon the
load, in modern AF signal generators. a provision is madeelkect output impedance
either 50 n or 600 n. To generate audio’ frequency sigmalpractice RC feedback
oscillators are used. The most.commonly used RC feedlzadlators are Wien Bridge
oscillator and RC phase’shift oscillator. Let us discusgh Hwe types of oscillators in
detail.

8.3 Wien Bridge Oscillator, using Op-am

The Fig shows the Wien“bridge oscillator using an op-amp.
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.e Feodback Op-amp noninvertin
-amp nanin i
network f e I 9
amplifier

== wien bridge

The resistance R and capacitor C are the componentsopfeiney sensitive arms of
the bridge. The resistance Rf and R1 form the parteofedback path: The' gain of
noninverting op-amp can be adjusted using the resistangBd=R1. The gain of op-amp
R
A = 7 ==

1

8.4 Standard signal generator

It is extensively used in the testing of radio receivecsteansmitters. This is basically
a radio frequency (RF) signal generator. The standgnaisjenerator produces known
and controllable voltages.

Principle of working

The output of the generator'is'amplitude modulated or frequendylated. The
frequency modulation is‘possible using a carrier signal fRénoscillator. The amplitude
modulation can be done using internal sine wave oscilldte modulation may be done
by a sine wave, square wave, triangular wave or a pulselTalssetting on the front
panel indicates the carrier frequency to be used for maxtulat

Block Diagram

The bloek diagram of conventional standard signal geneigastiown in the
Fig.
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Signal for modulationdis. provided by an audio oscillatdre Trequency given by
this oscillator is in the range 0f 400 Hz to 1 kHz The modhriatakes place in main
amplifier, in power amplifier stage."The level of modulatean be adjusted upto 95% by
using control devices.

The lowest’ frequency range obtained by using frequency diwdtrei highest
frequency range divided 29 or 512. Thus, frequency stabilitygbielst range is imparted
to the lowest frequency.range. The effects of frequeange selection is eliminated as
same oscillator.is used for all frequency bands. The masdeillator is tuned
automatically or ‘manuallyin automatic controller for tuning master oscillator, a motor
driven  \variable cgoacitor used. This system is extensively used in programmable
automatic frequency control devices. The oscillator camnleetdined by means of a large
rotary-switch with each division corresponding to 0.01 %»ain dial setting.

The internal calibration is provided by 1 MHz crystal ostltaThe small power
consumption of the instruments makes output with very lppleéi The supply voltage of
the master oscillator is regulated by temperature comphgaference circuit. The
output of the main amplifier is given to an output attenudtbe attenuator controls the
amplitude level and provides the required st&ifeoutput.

8.5 AF sine and square wave generator:
The block diagram of an AF sine-square wave generator ioassh the Fig
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As per our previous discussion, Wien bridge oscillator-ih#@et of an AF
sine-square wave generator. Depending upon the position ofiswie get output as
square wave output or sine wave output. The Wien bridge ¢scifjanerates a sine
wave. Depending upon the position of switch, it is.swilicteeeither circuit. In the square
wave generation section, the output of the Wi en 'bradgdlator’is fed to square wave
shaper circuit which uses schmitt trigger circuit. The aters in both the sections are
used to control output signal level. Before attenuatiansitnal level is made very high
using sine wave amplifier and square wave amplifier.

8.6 Square wave and pulse generator
The square wave generator and pulse generator are generalgsusedsuring
devices in combination with the oscilloscope. The bdsierence between square wave
generator and pulse generatoris in the duty cycle. Thecgiale is defined as the ratio of
average value of a pulse‘over one cycle to the peak Valsalso defined as ratio of the
pulse width to the period of one cycle.
 FE
Duty, gl _T_ ulse w |Llith
Pulse period

t g

Amplityd® a5 g
e el e e, HFeax
1 J alue
0 172 T 1
Period Average value = 1/2 Peak value

The average value is half of peak value. Both the aver@ge and peak value are
inversely proportional to time duration. The average vaftepulse is given as,
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1
Average value = 1/2 Peak value
Duty cycle of square wave = 0.5

Thus square wave generator produces an output voltage withGad@and OFF
periods as duty cycle is 0.5 or 50% as the frequency ofaigmillis varied. Then we can
state that irrespective of the frequency of operatloa positive and negative half cycles
extend over half of the total period

Laboratory type square wave and pulse generator

| - i
SCNImi f
i ‘?f l AL[ -
trigger >
t = [
)] [ ' 1
5 P —C 1 1 }
tan [ e i 1
current ol 3 == 0= I i

source i = j—Period—j

The circuit consists of two curresburces J a ramp capacitor, and Schmitt trigger circuit
as well as circuit. The twaurrent-sources provide a capacitor for charging and
discharging. The ratio ohe charging and discharging current is' determined by getfin
symmetry control. The symmetry.control determines dutyecgt output waveform. In
the current source, an appropriate ‘control voltage isexppdi current control transistors
which controls the frequengy i.e..sum of two currents.

The multiplier switch provides decade switching contrapatfrequency. While
Frequency dials provides cantinuous control of output frequency
The block diagram of laboratory type square wave and putsgager is as shown in fig:
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The is an instrument which generates different types véwams

The frequency of these wave forms can be vane overrardge. le most required
common waveforms are sine wave, saw tooth wave, triangula, wquarevave. These
Various Outputs of the generator are available simultahed¥e may require square
wave for testing linearity measurements in audio systdrthe same time, we mal’
require!"Sawtooth output to drive horizontal deflection &fiep of an oscilloscope
which

gives visual display of the measurements. The purpogewiding simultaneous waves
Fulfilled by the function generator

Block Diagram

l
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constant

1 wconwol | ] —_—
§ Ay l \ i Ay
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The frequency controlled voltage is used to regulate tweicusources namely upper
current_source and-lower current source. The upper cuoerdessupplies constant
current to an.integrator. The output voltage of integrator itimeases linearly with time.
If the current, ¢harging the capacitor increases aiedses, the slope of output voltage
increases or ~ decreases respectively. Hence this corfredsiency. The voltage
comparator multivibrator circuit changes the state ohitevork when the output voltage
of integrator equals the maximum predetermined upper level. Beoétisis change in
state, the upper current source is removed and the lowentgource is switched ON.
This lower current source supplies opposite current to thgratte circuit. The output of
integrator decreases linearly with time. When this outpuagelequals maximum
predetermined upper level on negative side, the voltage catopanultiviorator again
changes the condition of the network by switching OFHa¥wer current source and
switching ON the upper current source.
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The output voltage of the integrator has triangular vaawvef The frequency of
this triangular waveform is determined by the magnitudes ottneents supplied by
upper current source and lower current source. To get square, the output of the
integrator is passed through comparator. The voltage cotopatelivers square wave
output Voltage of same frequency as that of input triangudeaseform. The sine wave is
derived from triangular wave. The triangular wave istlsgsized into sine wave using
diode resistance network this shaper circuit, the slope of triangular wave is ghdras
its ampitude changes. This results in a sine wave with lessi¥adistortion. The two
output amplifiers provide two simultaneous, individually seddcoutputs of any of the
waveform functions.

The function of a signal generators is to supplyagonf known amplitude and
known frequency. The signal generators are used to supply $éwyedd at very low
levels for the testing of receivers. But it is veryfidiflt to measure and.calibrate‘a signal
at a very low level. Thus attenuators are used in funggmerators. It IS'a device - which
reduces power level of a signal by fixed amount.

8.7 Sweep-Frequency Generators:
The sine wave generator discussed in earlier.sectionsateseutput voltage at a
known and stable frequency.

) .
- N BF
.
\/ tama-rontroller \Jut
»Dltmjz,, (',_() trolled (% = /\itenuaiur o s
Oscillator \
/
\_/

AJ
T

®

—A—¢ Control Voitage

sweep

X 2l s

Voltage
2

Generator

& Sweep
Voltage
Output

The development of solid state variable capacitanoded{varycap diode) helps in
building sweep frequency generators. These are extensivety thae any other
electronic devices. These varicap diodes provide theadeathelectronically tunning an
oscillator. The block diagram of simple sweep frequencyegeor is as shown in Fig
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The sweep generator is very much similar to the simsigieal generator. Tn the
simple signal genera tor, an oscilla tor is tuned to fixegle frequency.

Tn the sweep generator, an oscillator is electrdgit@hed and by using voltage
controlled oscillator variable frequency is obtained. Asi@andicates, a sweep voltage
generator provides voltage, known as control voltage,gwadltage controlled oscillator
(VeO). The function of voltage controlled oscillatort provide various frequency
sweeps according to voltage provide by sweep voltage generator.

8.8 Frequency Synthesizers

The frequency generators are of two types.

1. One is free running frequency generators in which the outpot-be tuned
continuously either electronically or mechanically ovewide frequency range. The
generators discussed uptill now are of this type.

2. The second is frequency generator with frequency systteehnique. The synthesis
means to use a fixed frequency oscillator called referesciéator orclock and to derive
the wide frequency range in steps from the ou tpu t ofefieeence oscilla tor.

The stability and accuracy of free running frequency-genergtpoor while
frequency synthesizers provide output which is arbitrarilgcsable, stable and accurate
frequency. The reference oscillator used in frequencthegizers is-generally precision
crystal oscillator with an output at some cardinafj@iency such as 10 MHz. Various
signal processing circuits then operate in synchronisprdvide a large choice of the
output frequencies.
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In digital instruments, the output device of the instemt indicate the value of
measured quantity using the digital display device. Thisalidisplay device may receive
the digital information in any form but it converts théormation in decimal form. Thus
the digital display device indicates the value in decihgits directly. The basic element
in a digital display is the display for a singl@itli By grouping such displays for single
digits, we can get multiple digit display. In genedadjital display is classified as planar
and non-planar display. A planar display is a disjpayhich entire characters are
displayed in one plane. A non-planar display is alaysm which characters are
displayed in different planes. In this chapter we wiltdss different display dl:\'icem
general, LED's are most commmonly used in the digitalayspThe LED's have
advantages such as low voltage, long life, high reliability,dost, fast swi~ching
characteristics.

8.9 Display devices
In the digital electronic field, the most commonly uskgplays-include cathode

ray

tube (CRT), light emitting diode (LED) and liquid crystiplay (LCD),/gas discharge

plasma displays, electro-luminescent displays, incsuede displays.. liquid vapour

displays etc.

A] Classification on the basis of conversion oRelé@eitical signal into the visible light:

[here are two types of such displays
a) Active Displays - CRT, gas discharge phasma di',\p]n\, LED
b) Passive Displays - LCD, elea@Sphoteilc Mxage displays

B] Classification on the basis of\appligations :

a) Analog Displays - B gRApQ Jisp;m_ CR1

b) Digital Displaygfl¢ WiXie tubes, alphanumeric display, LED

C] Classification g the basig/of physical dimensions and sizes :
a) SymbolE\DiSptays /) Alphanumeric, Nixie tube, LED
b) Confgle@isplays - LED, CRT

c) Large ScreeWDisplays - Enlarged projectors

D] [Ciassification on the basis of display format

PR izgot View Type (Flat Panel) - Segmental display, dot matrix
b) Stacked Non-planar Type - Nixie tube

E] Classification on the basis of resolution
) Simple single element indicator

) Multielement u,i!\,}‘!.l\“-
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8.10LED

The LED is an optical diode, which emits light whenwfard biased.«The Fig.
shows the symbol of LED which is similar to p-n junctiood# apart from the twe arrows
indicating that the device emits the light energy.

Basic Operation:

p-n junction is forward biased, the electrons crbssg<n junction from till' 11
type semiconductor material c1nd recombine with the holdee p type
"ellliconductor material. The free electrons are indbaduction band:while the holes are
prl“ent in the valence bcllld. Thus the free electrans at higher energy level with
respect to the holes. When a free electron recombirteshale, it falls from conduction
band to a valence band. Thus the energy level assbaiate it changes from higher
value to lower value. The energy corresponding to therdiice between higher level and
lower level is released by an electron while traveling fritin conduction band to the
valence band. Indiodes, this energy released is the form of neat. 5ut LED j-s made up
some special material which release this energy ifdima of photons which emit the
light energy. Hence such diodes are called light emittindes.

Construction of LEDs:

°© Hole
¢ Electron

e——— n-type

Substrate
One of the methods used for the LED construction is to deptisee semiconductor

layers on the substrate as shown in the Fig In betwdgpepand n type, there exists an
active region.

LED Driver Circuit
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Digital "

!

The output of a digital circuit is logical i.e. le#r'O’ or '1'. The '0' means low
while '1' means high. In the high state the output volimgearly 5 V while in low state, it
is almost O V. If LED is to be driven by such digital circutitcan be connected as shown
in the Fig. 10.10. When output of digital circuit is highttbends of LED are at 5 V and it
can not be forward biased hence will not give light. Whiteen output of digital circuit is
Inw, then high current will flow through LED as it becomes famvaiased, and.it will
give light.

To improve the brightness of display, a dynamic ldiggystem‘is.used. In thiS,
the LEOs are not lit continuously but are sequentiallgpyliscanning in a "vertical strobe”
or "horizontal strobe” mode. This is similar to "running tgfruseddi1 modern
advertisements. In the vertical strobe mode, a single is/selected at a time, the
appropnatp LEOs are energized in that row, and thenghalss applied to next row. On
the contrary, in horizontal strobe mode, a singleimmi is selected at a‘time.

Alphanumenc displays using LEOs employ a number’ of sqaace oblong
emitting areas, arriJnged either as dot matrix omeeged bar matrix. Alphanumeric
LEOs are normally laid out on a single slice of semiconduugierial, all the chips being
enclosed in a package, similar to an IC; 'except thatpérekaging compound is
transparent, and not opaque

8.11 Liquid Crystal Displays (LCDs)

The liquid crystals are one of the.most fascinatingenmtsystems in nature, having
properties of liquids as well as,of asolid crystal. Tdrens liquid crystal refers to the fact
that these compounds have a crystalline ‘arrangement etutes, yet they flow like a
liquid. Liquid crystal displays do not emit or generate lidpoit rather alter externally
generated illumination.Their ability to modulate light whéacwical signal is applied has
made them very useful in flat panel display technology.

The crystal is made up.ef.oarganic molecules which ardikedn shape with a length

of -20 A ° - 100°A 0. The orientation of the rod like mailecdefines the "director” of the
liquid crystald The different arrangements of theselita@'molecules leads t( three main
categories of liquid crystals.

1. Smectic 2. Nematic 3. Cholesteric

Types-of LCDs
There are‘two types of liquid crystal displays (LCDs)admg to the theory of operation:
1. Dynamic scattering 2. Field effect.

Dynamic Scattering Type LCD

Fig. shows the construction of a typical liquid crysliaplay. It consists of two
glass plates with a liquid crystal fluid in betweeneack plate is coated with thin
transparent layer of conductive material, where at fptate has a photoetched
conductive coating with seven segment pattern as sholig in
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Field Effect Display

In these displays nematic liquid crystals areusggdsitows operation of field
effect liquid crystal display with pneumataystals. It.consists of two glass plates, a
liquid
crystal fluid, polarizer and transparent conductors. Thadicrystal fluid is sandwiched
between two glass plates. Each glass plate is assdeth light polarizer. The light
polarizer are placed at right angle to each othehdmabsence of electrical excitation, the
light coming through the front polarizer is rotated throu@h/in the fluid and passed
through the rear polarizer. It is then reflected tovieever by the back mirror as shown
in Fig. (a).

On the application of electrostatic field, the Idjudrystal fluid molecules get
aligned
and therefore light through the molecules is not rotate@Dbyand it is absorbed by the
rear polarizer as shown in Fig. (b). This causes theaappee of dark digit on a
light background as shown in Fig. (c).
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?\ — Polarizer

e
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(a) Field effect display "ON state"

T
Rul
==

(b)

Advantages of LCDs
1. Less power consumption
2. Low cost
3. Uniform brightness with good contrast

Nixie tubes

10EES35

=

(c)

The operation of this display'is based onthe prin¢h@é under breakdown
condition, a gas near cold cathode gas filled tube emiit [The cold cathode indicators
<Ire called Nixie Tubes. These are.basedon the prenoipjlow discharge in a cold
cathode gas filled tubes. The construction of the nixie igias shown in the Fig..It
consists 10 cathode and<one anode; all are made of thes.\idut only difference is

anode
is in the form of thin“frame.

When a gas near cathode breaks down, a glow discharge is gaodbe guaze
electrodes with-a positive supply voltage work as an anodgreral this voltage is
selected greater thanithe worst case breakdown voltalge gas within tube. When the
cathode.s connected to ground potential, the gas which & tda@scathode glows.
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8.13 Data Acquisition system

Introduction

The primary objective of industrial process control is tontoa physical
parameters such as temperature, pressure, flow rate, flenesd, light intensity, and so
on. The process control system is designed to maikeise parameters near some
desired specific value. As these parameters can cletige spontaneously or because
of external influences, we must constantly provide comecaction to keep these
parameters constant or within the specified range.

To control the process parameter, we must know the vakllmatoparameter and
hence it is necessary to measure that paranietgeneral, a measurement refers to the
transduction of the process parameter inta 'some correésoanalog of the parameter,
such as a pneumatic pressure;.an electric voltage,r@ntuA transducer is a device
that performs the initial measurement/and energy ceivepf a process parameter into
analogous electrical .or pneumatic information. Many tirhesher transformation or
signd enhancement. may be required to complete the measurenmtiofu Such
processing is known asgnal conditioning.

Data aided’‘measurement:
For any measurement system., the first stage detegidyseal quantity to be
this is,done with the help of suitable transducer. The skage converts this sig into
an electrical form. The second stage is used to ampkfyconverted signal such that it
becomes usable and suitable for the last stage whicel signditioningstage. The last
stage includes various elements used for different purposésas indicating, recording,
displaying, data processing and control elements.

I\ typical electronic aided measurement system ghaw/n in the Fig
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The first stage is the input device which is nothing but“asthacer which
converts measured into an usable form i.e. electsigalal. In other words; the quantity
measured is encoded as an electrical signal. The tagd¢ modifies the electrical signal
in the form suitable for the output or read-out deviGenerally the.most frequently used
electronic circuits are amplifiers, with parameter“uatinents 'and automatic
compensation circuits specially used for temperature ti@miaof the“input device and
nondinearity’s of the input device. The output is obtained from readdewices such as
meter, recorder, printer, display units etc. In genghal,quantity ' which is measured by
using transducer can be encoded in different. ways. Fonmga as a physical or
chemical quantity or property, as a
characteristics of the electrical signal,. as:a numbkEhe property or different
characteristics used to represent a data is ca#tealdomain.

The electronic aided measurement system represents dsen@ent of physical
guantity faithfully in the analog or/digital form of it tatined from the signal conditioning
circuits. For passive transducers, thesignal conditgpntcircuit mainly' includes
excitation and amplification circuitry, while for aati transducers, only amplification
circuitry is needed and<the excitation is not needed. Dapgrmh the type of the
excitation either a.c..or d.c. source, we have agmak conditioning system and d.c.
signal conditioning.system.

8.14 D.C. Signal Conditioning System

The block diagram of d.c. signal conditioning system @ashin the Fig

n A
D.C Power
excitatior _

source

Measurand ™

o————| Transducer p—= B':"}-](‘ -
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The resistance transducers are commonly used for thgygtems. The resistance
transducers like strain gauge forms one or more arm&\dfeamtstone bridge circuit. A
separate d.c. supply is required for the bridge. The bridggasiced using potentiometer
and can be calibrated for unbalanced conditions. Thireifuinction of Calibration and
zeroing network. Then there is d.c. amplifier which also regwseparate d.c. supply.
The d.c. amplifier must have following characteristics:

1. Balanced differential inputs.

2. High common mode rejection ratio. (CMRR)

3. Hlgh input impedance.

4. Good thermal and long term stability.

The d.c. system has following advantages:

1. Itis easy to calibrate at low frequencies.

2. Itis able to recover from an overload condition.

But the main disadvantage of d.c. system is that fegifrom the problems of
drift. he low frequency spurious unwanted signals are avaikdbley with the required
data signal. For overcoming this, low drift d.c. amplgiere required.

The output of d.c. amplifier is given to a low pass filfene function of low pass
filter s to eliminate unwanted high frequency components Berdoom the required data
signed. Thus the output of low pass filter is the sequdiad signal. Thus the output of
low pass filter is the required d.c. output from the'dgnaiconditioning system.

The applications of such system are in usewwith commsistamce transducers
such as potentiometers and resistance strain‘gauges.

A.C. Signal Conditioning System

The limitation of d.c. signal conditioning” system canovercome upto certain
extent, sing a.c. signal conditioning system. The bloajrdia of a.c. signal conditioning
systemasshown in the Fig

AL

amplifier

oO—» ransduter

Carrier

This is carrier type a.c. signal conditioning system. Tiamsducer used is
variable resistance or variable inductance transducer.cahi@r oscillator generates a
carrier signal of the frequency of about 50 Hz to 200 kHz. ddreer frequencies are
higher and are altleadi to 10 times the signal frequencies.

The bridge output is amplitude modulated carrier frequencgakigrhe a.c.
amplifier is used to amplify this signal. A separate posugply is required for the a.c.
amplifier. The amplified signal is demodulated using plsesesitive demodulator. The
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advantage of using phase sensitive demodulator is that tleitypadf d.c. output
indicates the direction of the parameter change ibtidge output.

Unless and until spurious and noise signals modulate thercatey will not
affect the data signal quality and till then are not ira. Active filters are used to
reject mains frequency pick up. This prevents the ovemngaolf a.c. amplifier. Filtering
out of carrier frequency components of the data sighalone by phase sensitive
demodulator.

The applications of such system are in use with varieddctance transducers and
for the systems where signals are required to berntiesl through long cables, to
connect the transducers to the signal conditioning syfiiether processing of signals is
required which includes linear and nonlinear operations Thisdiyp&nal conditioning
includes the circuits like sample and hold, multiplexarslog to digital converters. etc.

Questions:
1. Discuss different .considerations of power measurementanous frequency
ranges. Dec09/June2010

2. Explan briefly the techniques used for power measurement at higheineies.
June/July2009/ Faip 2012
3. Write a note on-power measurement at audio frequency.

4. .What are basic requirements of load 7 Write diffefenins of the dummy load

satisfying above requirements. Dec09/June2010
5. Explain R.F. power measurement.
6. Write notes on :1) data acquisition systems May/June2010, Jan/ Feb 2012
7. Explain power measurement using Draw I1leat schematic diagram.
8. Explain power measurement using unbalanced bolometer bridgme/July2009
9. What is meant by signal conditioning? Will! is it ne@ys? Dec/Jan2009

10.Write n node on data aided measurement system.
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11.Explain d.c. signal conditioning system with the helfplotk diagram.

Dec/Jan2009
12.Draw block diagram of signal conditioning system. Explaiefhyi
May/June2010

13.Explain with block diagram , the essential functioopérations of a digital data
acquisition system. Compare the digital and analog fosfndata acquisition
systems Jan/ Feb -Z®g, July/Aug-2004, Jan/ Feb 2012
14.Explain with block diagram the essential functional rapien of a digital data
acquisition system
Jan/ F2b037,2009,2010, July/Aug-2006,2008,2009,2010
15. Explain the interfacing of frequency counter with IEEB88 BUS with the help
of a block diagram Jan/ Feb -2004,2005,2007, Jan/. Feb 2012
16. Write a note on digital to analog multiplexing
July/Aug-2004,2005
17.Explain the timing relationship of signal in a IEEE-488 bus
July/Aug-2005, 2006
18. Briefly discuss on the instruments used in computer othedir instrumentation
July/Aug-2005
19. Explain the working of IEEE 488 electrical.interface tosigartesting of computer

controlled instrumentation system Jan/ Feb -2006
20.What is the function of instrumentation amplifier? Whas @&s characteristic
features? Jan/ Feb -2Qdy/Aug-2007

21.Briefly explain the instruments-used in computer contrafisttumentation
July/Aug-2007, Jan/ Feb 2012
22.Write short notes on the“following | /(a) objective of DR acquisition system
(b)LCDdisplay Jan/ F2608
23.With a neat sketch,explain the working of a X-Y Recorder
Jan/ Feb -2008,2010.2011, July/Aug-2008,2009,2010
24.Write short note on'LCD display Jan/ Feb -2008
25. Write short.note on the various display devices viz. LECD, Nixie tube
July/Aug-2008
26.Explain-the classification of displays
July/Aug-2009
27.write a note.on LED and LCD display July/Aug-2010
28:Explain the working of signal generator with the help a@trddagram
Jan/ Feb -2010ly/Aug-2009
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