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1-2E (EC-Sem-5) Electrical Measurements

PART-1

Measurement System, Characteristics of Instruments, Methods of
Measurement, Errors in Measurement and Measurement
Standards, Measurement Error Combination.

|
Questions-Answers |

Long Answer Type and Medium Answer Type Questions |I

Que 1.1, | Discuss measurement system.
Answer |

A measurement system comprises of the following elements :
L A transducer is one which converts the measurand (quantity) into a
usable electrical output.
A signal conditioner, which converts the transducer output into an
electrical quantity suitable for control, recording and/or display,

B2

3. Display or read out devices to display the required information about
the measured, generally in engineering units,

4. Anelectrical power supply which provides the required excitation to the

transducer and the necessary electrical power to the signal conditioners

and display devices.

The output signal may be an analog or digital quantily. The read oul or

display device may be in analog or digital form,

o

I Analog
nput i H
il 4 Transducer 31.5’_“*‘ d’SF!*?f" To process
Guantity , conditioney remr.dmg contral system
imeasurand) devices
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recording
devices

To digital controller/computer interface

Fig. 1L.1.1LA generalised measuremen tsvslem.
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Que 1.2 I What is an instrument ? Classify various types of

electrical instruments.

Answer l

£

Instrument : It is defined as a device {or determining the value or
magnitude of a quantity or variable.

Various types of electrical instruments are :

Absolute instruments :

These instruments give the magnitude of the quantity under
measurement in terms of physical eonstants of the instrument.
Examples are Tangent Galvanometer and Rayleigh's Current Balance,
Secondary instruments :

These instruments are so constructed that the quantity beimng menaured
can only be measured by observing the output indicated by the
instrument.

These insiruments are calibrated by comparison with an absoiute
instrument or another secondary instrument which has already been
calibrated against an absolute instrument.

Examples are voltmeter, glass thermometer and pressure gauge,
Defleciion type:

|1y instruments of this type, the deflection of the instrument provides a
hasis for determining the guantity under measurement.

The measured quantity produces some physical effect which deflects or
produces a mechanical displacement of the moving system of the

msirument.

An opposing effect is built in the instrument which tries Lo oppose the
deflection or the mechanical displacement of the moving gvstem,

The cpposing effect is closely related to the deflection or mechanical
displacement which can be directly obgerved.

The opposing effect is so designed that its magnitude increases with the
‘nerease of deflection or mechanical displacement ol'the moving syslem
caused by the guantity under measurement.

The balance is achieved when opposing effect equals o cause producing
the deflection or mechanical movement.

The value of the measured quantity can then be inferred from the
deflection or mechanical displacement at the point of balance.

Null type:
in a null type of instrument, a zero or null indication leads to
determination of the magnitude of measured quantity.
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2. The nul] condition is dependent upon some other known conditions.

3. In contrast to deflection type of instruments, a null type instrument
altempts to maintain the deflection at zero by suilable application of an
effect opposing that generated by the measured quantity.

€. Analog type:

1. Signals that vary in a continuous fashion and take on infinite number of
values in any given range are called analog signals.

2. The devices which produce these signals are called analog devices.

f.  Digital type:

L The signals which vary in discrete steps and thus take up only finite
different values in a given range are called digital signals,

2.

The devices that produce such signals are called digital devices.

Que 1.3. | Distinguish between the null type and deflecting type of
instruments. Give examples to support your answer.

Answer |

5.No.| Null type instrument Deflection type instrument
- ;

It uses null detector, the effect | In this instrument the
produced by measured quantity gquantity of the measured
und opposite effect to obtain null | produces some effect which
condition. deflects the pointer against

. | controlling torque.
I 2. The accuracy is high. The accuracy is low.
3. Highly sensitive ag null detector | Less sensitive. '
has to cover a small range around
the null point, I
4. | Not suitable for the dynamic and | Preferred for the dynamie |
rapid measurements, | measurements, '
= = = I
5. The example is DC ' The example is moving coil

putentiometer. | ammeter.

%21;4.1 Discuss with block diagram, generalized

instrumentation system.
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Answer |

Generalized instrumentation system :

Quantity to |Primary| | Variable Vuriable Data Data
| cpnsing H{conversion—# manipulation ~#=|transmission = presentation
be measured | gloment element element, element element

Data conditioning element
Fig. 1.4.1. Functional elements of an instrumentation system.

A. Primary sensing element :
1. The quantity under measurement makes ils first contact with the
primary sensing element of a measurement system.

2. This act is then immediately followed by the conversion of measurand
into an analogous electrical signal.

3. This is done by transducer, The first stage of measurement system is
known as detector transducer stage,

B. Variable conversion element :

1. The output of the primary sensing element may be electrical signal of
any form. It may be a voltage, a frequency or some other electrical
parameter,

2, Sometimes this oulput is not suited to the system. For instrument to
perform the desired function, it may be necessary to convert this output
to some other suitable form while preserving the information content of
the original signal.

C. Variable manipulation element :

1. The function of this element is to manipulate the signal presented to it
preserving the original nature of the signal.

2. Manipulation here means only a change in numerical value of the signal.
It i3 not necessary that a variable manipulation element should follow
the variable conversion element. It may precede the variable conversion
element in many cases.

D. Data transmission element :

1. When the elements of an instrument are actually physically separated,
it hecomes necessary to transmit data from one to another. The element
that performs this function is called data transmission element.

E. Data presentation element :

1. The information about the quantity under measurement has to be
conveved to the personnel handling the instrument or the system for
monitoring control or analysis purposes.

2. The information conveyed must be in a form understandable to the
personnel or to the intelligent instrumentation system. This function is
done by data presentation element.
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In case data s to be monitored, visual display devices are needed. These

devices may be analog or digital indicating instruments like ammeters,
voltmeters, ete,

In case the data is to be recorded, recorders like magnetic tapes, high
speed camera and T.V. equipment, storage type CRT, printers, analog
and digital computers or microprocessors may be used.

The final slage in a measurement system is known as terminating
stage.

Que 1.5. I What are the different characteristics being used in
measurements ?

Answer |

Performance characteristics are of two types:

Static characteristies : It focuses on the measurement of quantities

which are either constantly or very slowly varying with time. There is
linear relation with time,

Dynamic characteristics : It involves the measurement of quantities

that vary with time but maintains a second order or third order
differential equation with time.

Que 1.6. | What are the desirable static characteristics in a
measurement system ?

Answer I

They are of different types as follows :
Accuracy :

Accuracy refers to the closeness of a measured value to a standard or
known value.

For example, if you obtain a weight measurement of 3.2 kg for a given
substance, but the actual or known weight is 10 kg, then your
measurement is not accurate. In this case, your measurement is not
close to the known value.

Precision !

Precision refers to the closeness of two or more measurements to each
other.

Using the example above, if you weight a given substance five times,
and get 3.2 kg each time, then your measurement is Very precise.

Sensitivity : It is the ratio of change in output with re spect to change in
input.

Sensitivity = Changes m Output
Changes in Input
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4.

B

Reproducibility : 1t indicates that the same output will be shown on

the same input conditions.

Resolution :

a. Changes in output are achieved only aller making a change in
pitch value of a specific instrument.

b, Example: A voltmeter of 100 Vwitha pitchof 1V, change in output

value from 50 V¥ to next value only when there is smallest of 1 V.
Otherwise it will indicate 50 V{previous reading.
Dead zone : A zone in which instrument never shows change in output
with respect to change in mnput.
Hysteresis : Hysteresis is defined as the magnitude of error caused in
the output for a given value of input.
Static error : Errors which varies linearly with respect to changes in
input.
Drift : It is undesirable change in output over a period of time. It means
that with a given input the measured value vary with time.

Que 1.7. | List some dynamic characteristics of instrument.

Answer '

They are of different types a3 follows :

1.

[

Fidelity: It indicates a degree to which an output changes with respect
to change in input without comsidering dynamic errors.

Lag : It indicates the delay in outpui response. whenever there is change
in input parameters.

Speed of response ! 1t refers to rapidity efinstrument response towards
the changes in input quantities.

Dynamic errors : It is difference between the value indicated by
instrument and the true value changing with time, if there is no static
error assumed.

Que 1.8. | Explain the methods of measurement.

Answg_r '

A

We classify this generally into two broad categories

Direct measurement :

These are made by measuring the unknown quantity to some cah brated
standard and eomparing the two.

It is done by human being, so it is quite possible that an error can be
introduced during measurement.

Example : Dip a thermometer mn hot water container and read the
temperature directly.
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B. Indirect measurement :

L. These are made by measuring some other quantity that is in relation

with the actual unknown quantity.

b3

Example : We can measure the temperature of a point on a wall that is
filled with melting metal. Thermometer is used to measure the
temperature of the wall of furnace at outer side because it may get

damaged ifit is inside the furnace, Furnace wall temperature is related
to the interior temperature by a certain factor.

Que 1.9, | What are the various types of errors occurring in

electrical measurements ? Explain them.

OR
What are different types of systematic error ? Discuss.

Answer |

Gross errors :

e

These errors oceur due to human mistakes in reading instruments,
recording and calculating results of measurement.

[

These errors can be avoided hy adopting two means :

Immense care should be tuken while taking the reading and recording
the data.

i Two, three or even more readings should be taken for the quantity
heing measared.

Systematic errors :

1. "The systematie errors are due to the shorteoming of the instrument
and the characteristic of the material used in the instrument,

These errors cannot be determined by direct and re petitive observations
ol the measurand made each time using same technique.

3. These errors can be located only by having repeated measurements

under different conditions with different equipment and where possible
b an entirely different method.

4. These errors may be instrumental. environmental or observational
errors.

a. Instrumental errors :

1. These errors arise due to :

i Inherent shortcomings in the instrument.
i.  Misuse of the instrument.

ni.  Loading effect of instrument.

L3

Instrumental errors are inherent due to eonstruction, calibration or
operations of the instrument. These errors may cause the instruments
reading too low or too high.
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3.

1.

These errors can be avoided by following methods :

Selecting a proper instrument and planning a proper procedure for
measurement.

Calibrating the instrument carefully againsi a standard.
ui.  Loading effect can be avoided by using an instrument intelligently and
correctly. |

b. Environmental Errors :

1. The EHT‘]TDHII]EI]JLE] errors are due to external conditions to the
measuring device, These errors are much more troublesome than
assembly errors,

2.

Thes_etermrs can be reduced by using the instrument in controlled
conditions of pressure, temperature, humidity in which it was originally
assembled and calibrated.

¢. Observational errors :

1. It can be due to wrong scale reading, wrong recording of data,
maccurate estimates of average reading, incorrect conversion of units
in between consecutive readings.

2

To eliminate such observational error, one should use the instrument
with mirror, knife edged pointers ete. Now-a-days, the instruments

with digital display are available which can largely eliminate such
observational error.

G e l.ID.l Explain limiting errors / guarantee errors in

measurement.

Answer |

Limiting errors/guaraniee errors are those errvors which are defined hy
manufacturer.

2. Such errors exist in instruments due to utilization of different part in
manufacturing an instrument.

Each part has some errors, which combined together will be large.

Such errors can be found by comparing the instrument against the
standard quantities and accordingly are specified by the manufacturer.
The value of limiting error largely dependent upon design constraints of
component used in instruments.

b

g w

1

Que 1.11. | What do you understand by absolute error and relative

error 7

Answer |

Absolute errors ;

1. The difference between the measured value and the true value of
quantity iz known as absolute error.
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2. Absolute error = Measured value — True value
MH = Am = ﬂ-‘
A, — Static error of measurement/absolute error
A — Measured value of quantity
A, = True value of quantity
Relative errors :

L. 1t is defined as the ratio of absolute error to the true value of the
quantity under measurement is known as relative error.

9 _ Absolute error _ 34,

True value A
€, — Relative value

r
t

The relative error can be positive or negative.

Que 1.12.| Differentiate between gross errors and systematic

errors. List a few ways of minimizing the effect of errors in

measurement. AKTU 2014-15, Marks 05
Answer I
A Difference:

Gross errors Systematic errors _‘

These errors occur due to human | The systematic errors are due to |
mistakes in reading instruments, | the shortcoming of the instrument
recording and calculating results | and the characteristic of the
of measurement. material used in the instrument. |

B. Minimization the effect of errors : Refer Q. 1.9, Page 1-8E, Unit-1.

Que 1.13. | A thin wire has a length of 21.7 em and radius 0.46 cm.

Calculate the volume of the wire correct to required significant

figures. | AKTU 2014-15, Marks 05

Answer

Given: R =046 cm H=21.7cm
To Find : Volume of wire

Volume of wire = n R*H
n(0.46)% x 21,7
14,42 em®
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Since, the radius of the wire is given in the significant figure of two. So
the result is also rounded off in two digits.

Que 1.14, | Define measurement. Calculate percentage error in

determination of time period of a pendulum given by

|1
Vg
where [ and g are measured in £ 2 % and = 3 % errors.

AKTU 2014-15, Marks 05
Answer |

Measurement : I is the process by which one can convert physical
parameters to meaningful numbers.

T=2n

Numerical :
H
1. (Given, T=2n |!
Ve
" i :
2. Percentlage error in g = (Percentage errorin /)
+ (Percentage error in g)
=+[2%+B3%))=26%
/ 172 1 |i|
3. Percentage error in —] = — [Percentage error in E
g
1
=+ — [b%]
2
=+25%

Que 1.15. | A bateh of resistors each having a nominal resistance

of 330 O are to be tested and classified as £ 10 % components at 25 °C.
If their temperature coefficient is - 300 ppm/ °C, caleulate the
maximum and minimum resistance for these components at 100 °C.

AKTU 2014-15, Marks 05

Answer 0

Given : B = 330 (2 at 25°C with error = = 10 %
Temperature coefficient = ~ 300 ppm/*C
ToFind:R__andR_, at 100°C

Tolerance x Nominal resistance
100

19 Absolute error =
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. 10x330
100
2

Largest possible resistance at 25 °C

. R...=3304+33=3630
3. Minimum possible resistance at 25 °C

R,in=330-33=9970

£33 0

4. For RmM :

Resistance change per °C

. 363
- 30 =
300 ppm of B... 1000000 x 300
= -0.108¢)/ °C
Temperature increase = 100 °C — 25°C=T75°C
Total resistance increase, AR = -0.108 0/ °C x 75 °C = — 510
Maximum resistance at 100 °C = R+ AR

=363 -81=35490
5. For Rmi“ 3

Resistance change per °C

—300 ppmof R, = —_12{]9 ;u;{:];[?g =-0.089 0/ °C

Total resistance increase, AR =—0.089 Q/°C x 75 °C = -6.675 0
Minimum resistance at 100°C = B + AR

=297 -6.675=290.3Q
Que 1.16. 1 Define systematic errors in details. A batch of resistors

each has a nominal resistance of 330 Q) are tobe tested and classified
as = 5% and + 10%, components are specified at 25 °C, and their
temperature coefficient is - 300 ppm/°C. Calculate the maximum
and minimum resistance for these components at 100 °C and
caleulate the maximum and minimum absolute resistance for each

case.

Answer |

Systematic error : Refer Q. 1.9, Page 1-8E, Unit-1.
Numerical :

Given: R = 3300 at 25°C with errors + 5% and + 10 %
Temperature coefficient = - 300 ppm/°C

To Find : R;n“ and R . at 100°C

AKTU 2015-16, Marks 10

Case 1 : When, error = + 5%

1. Absolute error = + 330 x % =+1650Q
2 Rma: =330 + 16.5=346.5 0 lat 25 °C]
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R_. =330-16.5=313.560 [at 25 °C)
" , . —300 :
3. AR, AR/PC = 346.5 ET S =—(1,10395 Q/ °C

on

- 300

J'"'I.tR ."HRJ"IUC = 313.5x ﬁh_ =—0,09405 1 o(:

nint

AT =100-25=T5°C

AR, =—0.10395 x 75 = - 7.79625 Q)

AR ., = —0.09405 x 75 = — 7.0537 Q)
R .= 3465-7.79625=338.703756Q  [at 100°C]
R, ., = 813570537 = 306.4463 Q |at 100 °C]

Case2:R=3300,at T=25°C, error = 10 %

Absolute error = £330 x % =+330

R =330+0.1x330=23630 lat 25 °C]
R_. =330-0.1x330=2970 [at 25 °C]
Resistance change per °C :
AtR__, ARFPC = 363 x _1?]{3[] =-0.10891 ¥/ °C
AtR .. AR/ C = 297 x — 'i;{:{} =-0.0891 ¢/ °C

[where temperature coeflicient = - 300 ppm/°C]
Temperature increase :

AT =100-25=T5°C

Total resistance increase :

AR =-0.1089 x 75 =—8.1675Q
AR_. = -0.0891 x 75 = — 6.6825 02
R = 363-8.1675=35483Q lat 100°C]

R_. =297-6.6828 =290.31 Q [at 100 °C] [at 100 °C]

Que 1.17. ' Define systematic errors in details. A batch of resistors

that each have a nominal resistance of 330 {2 are to be tested and
classified as = 10 % components at 25 °C. If their temperature
coefficient is - 300 ppm/ °C, calculate the maximum and minimum

resistance for these components at 75 °C. | AKTU 2017-18, Marks 07
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Answer

A. Systematic errors : Refer Q. 1.9, Page 1-8E, Unit-1.
B. Numerical : The procedure is same as Q. 1,15, Page 1-11E,

Unit-1.
(Ans.R__ =3575550,R . =292.545Q)

max i min

Que 1.18. ] Explain the term “Standards” in measurement system.

Also mention the various types of standards used in industry.

Answer |

—t

e

Standards of measurement :
A standard 1s a physical representation of unit under measurement.

The standards are used for the purpose of abtaming the value of a
physical quantity,

e.g., the fundamental unit of mass in the international standard (S11 s
the kilogram.

The types of standards are classified by their function and
application as :

International Standards :
These are defined on the basis of international agreements,

These standards are designed 1o represent certain units of measuremen
to the closest possible accuracy.

These standards are checked and evaluated regularly against absolute
measurement in terms of the fundamental units.

These are maintained at the international bureau of weights and
measures and are not available to ordinary user,

Primary Standards :

These are absolute standards of such a high accuracy that they can be
used as the ultimate reference standards.

The primary standards are maintained in national standards laboratories.

Main function of primary standard is the verification and calibration of
the secondary standards.

Secondary Standards :

These are the basic reference standards used in industrial measurement
lahoratories.

These are maintained by the industries working on these standards and
checked locally against other reference standards in that area.

A particular industry is responsible for the maintenance and calibration
of secondary standards,
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4,

:..‘_.‘1

=

T

Que 1.19. | Discuss the measurement error combination.

2 h] i “
T'hese standards are sent to the national standards laboratories on
periodic basis for calibration and comparison against the primary
standards,

These are always verified in terms of primary standards.
Working Standards :

These are used to check and calibrate general laboratory instruments
for their accuracy and performance.

Manufacturer of precision resistance may use a standard resistor in the
qualily control department of his plant o check the values of resistors
that are being manufactured,

By this way, manufacturer verifies that his measurement setup performs
within the limits of aceuracy that are specified.

Answer

Answer |

When a quantity is calculated from measurements made on two
(or more) instruments, it must be assumed that the errors due to
instrument inaccuracy combine in the worst possible way, The resulting
error is then larger than the error in any one mstrument.

Sum of Quantities : Where a quantily is determined as the sum of two
measurements, the total error ig the sum of the absolute errors in each
measurement. It is shown in Fig. 1,19.1.

E=(V AV +(V, £ AV)
E=(V, +V,) z AV, £ AV,)

o
B

1‘Iflllz:t .""I.vu % H‘j
| ™

Fig. 1.19.1. Error in sum of quantities equals sum of errors.

Difference of quantities:

Fig. 1.19.2 illustrates a situation in which a potential difference is
determined as the difference between two measured voltages, Here
again, the errors are additive :

E=V,-V,
(V,+ AV )= (V, + AV,
E=(V, -V, £(aV, - AV,
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V£ AV, 3 R, R,= Vpt 4V,

b3 !

Fig. 1.19.2. Error in difference of quantities
equals sum of errors.

Product of quantities:

When a calculated quantity is the product of two or more quantities, the
percentage error 1s the sum of the percentage errors in each quantity
Fig. 1.19.3,

P=FEl
(E+AEV(]+ Al'=EI+ E Al +1 AE + AE DI
Since AE Al is very small,

P=El+ (EAl + AE)

E A + ] AE
Percentage error =5 100 %

EAN 1AE)
| =+ —= | x 100 %
\EIr T Er

= (AL AR o
I E

It

Percentage error in P = (Percentage errorin 1) + (Percentage error in E)

—_Hli_".l

2

E +AE Ry

v

Fig. 1.19.3.

Quotient of quantities : [t can be shown that the percentage error is
the sum of the percentage errors in each quantitv, It is shown in
Fig. 1,19.3,

Percentage error in £/l = (Percentage error in £
+iPercentage error in I

Quantity raised to a power: Whep a quantity A is raised to a power
EB. the percentage error in A® can be shown to be
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Percentage error in A® = B (Percentage error in A)

For a current [ with an accuracy of + 3 %, the error in s 2(+ 3 %)
=4 6%,

l PART-2

Review of Indicating and Integrating Instruments PMMC
Instrument, Galvanometer, DC Ammeter,
DC Voltmeter, Series OChmmeter.

Questions-Answers

Long Answer Type and Medium Answer Type Questions

Que 1.20. | Describe the principle of operation, advantages,
disadvantages and applications of PMMC,

Answer
A. Construction :

1 A PMMC meter mechanism is the basic mechanism for most analog
measuring instruments. This movement is also called D’Arsonval
maovement.

9 Main components of a PMMC instrument are moving coil, permanent
magnet, spring control mechanism, damping system, scale and pointer

ete.
Scale
hat

Mirror Pointer

Soft iron Moving

eylinder cail

Permanent
S I
magnet

Radial field |_—_||;:|+~ Balancing weight
 Fig: 1201 PMMC.
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3.

—

=

L2 b2 = Ty

o

| v [ I R =

Moving coil is wound with many turns of enamelled wire on a real
angular aluminium former which is pivoted on jewelled bearings.

Magnetic system consists of a long U-shaped permanent magnet having
soft iron pole pieces. Fig. 1.20.1 shows the basic structure of PMMC.

Principle of operation :

The permanent magnet applies a strong magnetic field across the space
vecupied by the moving coil. Therefore magnetic field of moving coil
interacts with field of the permanent magnet,

When no current flows through the coil, resulting magnetic field does
not disturb the magnetic field of the permanent magnet, therefore there
is no deflection in the PMMC.

When the current flows through the coil, a controlling electromagnetic

torque is provided by the interaction of two fields which is responsible
for rotating the coil.

A pui{iter is attached to the coil which is extended out to a seale. The
scale is calibrated to indicate the amount of current through the coil that
18 proportional to deflection in the coil.

A pair of hair springs is attached (of phosphor bronze material) to each
end of the coil. These springs force the coil to return to its initial position
when the applied current is zero.

The relationship between the electromagnetic torque is
Tu = BANT
where, T, — Developed or deflecting Lorque, in N-m
B — Flux density in air gap, in Wh/m? (Tesla)
A — Effective coil area, in m?
N -3 Number of turns of coil
I — Current in the movable eoil, in amperes (A)
Advantages :
Low power consumption.
No hysteresis loss.
Very effective and reliable eddy current damping.
High torque / weight ratio,
Small operating current,
Very accurate and reliable.
Very high sensitivity.
Uniform scale,
Disadvantages :
It cannot be used for AC measurement.

Friction and temperature might introduce some errors.
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3. Aging of control springs and the permanent magnet may be responsible

for wrong readings,

4. Itscostis high.

E. Applications of PMMC :

L Ammeter : When PMMC isused as an ammeter, excepl for a very small
current range, the moving coil is connected across a suitable low
resistance shunt, so that only small part of main current flows through
the coil.

2. Vﬂlltmeter : When PMMC is used as a voltmeter, the coil is connected in
series with high resistance.

3.

Galvanometer : It is used to measure small value of current along with

its direction and strength. It is mainly used on board to detect and
compare different circuits in a system.

4. Ohmmeter : It is used to measure resistance of the electric circuit by
applying a voltage to a resistance with the help of battery.
Que 1.21, | Explain the construction of a PMMC instrument.

Mathematically prove that the scale of such an instrument is linear.

AKTU 2014-15, Marks 05

| AKTU 2015-16, Marks 10

| AKTU 2016-17, Marks 10 |

AKTU 2017-18, Marks 10 |

Answer

A, Permanent magnet moving coil (PMMC) meters : Refer Q. 1.20,
Page 1-17E, Unit-1.

B. Proof:

1. When a current / flows through a one-turn coil situated in a magnetic
field, a force F is exerted on each side of the coil,

F=BIl newtons
where, B is the magnetic flux density in tesla, I is the current in amperes,
and ! is the length of the coil in meters.
9 Since the force acts on each side of the coil, the total force for a coil of N
turns is
F=2BIN newtons
2. The force on each side acts at a radius r, producing a deflecting torque,
T;, = 2BIINr (N-m)
= BIIN(2r}
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T, = BIIND L(1.21.1)

where, [ is the coil diameter.
The controlling torque exerted by the spiral springs is directly proportional
to the deformation or “windup” of the springs. Thus, the controlling
torque is proportional to the actual angle of deflection of the pointer
T.=K0
where, K i3 a constant.
For a given deflection, the controlling and deflecting torques are equal,
K 6= BIND
Since all quantities except § and ] are constant for any given instrument,
the deflection angle is
B=CI ..{1.21.2)
where, C is a constant.
Eq. (1.21.2) shows that the pointer deflection is always proportional to
the coil current. Consequently, the scale of the instrument is linear, or
uniformly dividedi.e., if 1 mA produces a 1 em movement of the pointer
from zero, 2 mA produces a 2 em movement, and so on.

Que 1.22, | Explain the concept of swamping resistance. What are
the materials generally used for manufacturing these resistances ?

Answer |

1

AKTU 2014-15, Marks 05

The moving coil in a PMMC instrument is wound with thin copper wire,
and its resistance can change significantly when its temperature changes.

The heating effect of the coil current may be enough to produce a
resistance change. Any such change in coil resistance will introduce an
error in ammeter current measurements.

To minimize the effect of coil resistance variation, a swamping resistance
made of manganin or constantan is connected in series with the shown
in Fig. 1.22.1. Manganin and constantan have resistance temperature
coefficients very close to zero.

Swamping resistance  Coil resistance

= AMA
R

2

' Fig. 1.221. A swamping resistance connected in series with the coil.
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4.

The ammeter shunt must also be made of manganin or constantan to
avoid shunt resistance variations with temperature.

In Fig. 1.22.1, the swamping resistance must be considered part of the
meter resistance B when calculating shunt resistance values,

Que 1,23, ‘ Explain construction and working in galvanometer, A

PMMC instrument with FSD of 100 pA and a coil resistance of 2 kQ is
to l’fe converted into a voltmeter. Determine the required multiplier
resistance if the voltmeter is to measure 35 V at full scale. Also

calculate the applied voltage when the instrument indicates 0.8, 0.5
and 0.2 of FSD with neat circuit diagram.

AKTU 2015-16, Marks 15

OR

Describe the principle of operation and use of galvanometers.

Answer

Construction ;

A
1.

A galvanometer is essentially a PMMC instrument designed to be
sensitive to extremely low current levels.

The simplest galvanometer is a very sensitive instrument with the type
of center-zero-scale as shown in Fig. 1.23.1{a).

Suspension

core

ribben f/ll,/’
Soft iron \161 Mirror p >
'; Coil %

\ 7

» RO

If ’\/ E Mirror ,L -.:‘
1 Lamp —h\@/ 11[\

1
Permanent Seale ,——((g/\/

magnet

ib} Basic deflection system of a galvanometer uging a light beam

Fig. 1.23.1,
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3. The deflection system is arranged so that the pointer can deflect
depending on the direction of current through the moving coil.

B. Working :

1. The deflecting torque is proportional to the number of coil turns, the coil
dimensions, and the current flowing in the coil.

2. The most sensitive moving coil galvanometers use taut-ban suspensliﬂﬂ*
and the controlling torque is generated by the twist in the suspension,
ribbon. Eddy current damping may be provided by winding the coilon a
non-magnetic conducting coil former.

6. Sometimesa non-conducting coil former is employed, and the damping
currents are generated solely by the moving coil. In this case, the coil is
shunted by a damping resistor which controls the level of eddy currents
generated by the coil movements.

7. Frequently, a critical damping resistance value is stated, which gives
just sufficient damping to allow the pointer to settle down quickly with
only a very small short-lived oscillation,

C. Numerieal :

Given:R =2k0, V=35VFSD, 1, =100 pA
To Find : R, and V at 0.8, 0.5 and 0.2 of FSD.
1 V=1I,(R +R)
R +R = *
ST
o
Bet ors BV ovoumigko
1. " 100 A
2 AtOBFSD: f,,= 0.8 x 100 A = 80 pA
V=1 (R +R )=80puA(348 kO + 2kQ) = 28 V
3. At0.5FSD: I, =0.5x% 100 uA =50 uA
V=50pAB48kQ+2k0)=175V
4 At02FSD: I, =20pA
V=20 1A 348k +2kO0) =7V

. Uses of galvanometers :

1. Ir measurement of emall currents.

2.  Sometimes used as a null meter or null detector for detecting zero
current or voltage in a circuit rather than to measure the actual leve] of
voltage or current.

3. In measurement of low level voltages.

’Qﬁﬁ *134* f Explain the concept of swamping resistance. What are

the materials generally used for manufacturing these resistances ?
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A PMMC instrument with FSD of 0.2 mA and the coil resistance of
10 Q is to be converted into a voltmeter, Determine the required
multiplier resistance if the voltmeter is used to measure 100 V at
full scale. Also determine the applied voltage when the instrument

indicates 0.75, 0.5, 0.25 and 0.1 of FSD. | AKTU 2017-18, Marks 07

Answer ]

A. Swamping resistance : Refer Q. 1.22, Page 1-20E, Unit-1.
B. Materials used : Refer Q. 1.22, Page 1-20E, Unit-1.
C. Numerical : The procedure is same as Q. 1.23, Page 1-21E, Unit-1.
(Ans. R, =5 MW; At 0.75: V =500 V; At 0.25:V=250V;
AL01:V =100V)

:

Que 1.25. | Discuss the construction and working of DC ammeter.

Also write the advantages and disadvantages.

Answer i

A. Construction :
1. A DC ammeter consists of a PMMC instrument and low resistance
shunt as shown in Fig. 1.25.1.
2. The shunt or very low resistance is connected in parallel with instrument
coil. Here R _ is the meter resistance and R is the resistance of shunt.
B. Working:
1. Since the coil winding of a basic PMMC movement is small and light
therefore it can carry a very small current.
1 — _
i
| m
Input C ;{h* Meter
DC current *) sh
R,
F‘igb 1525;1.

9. When large current is required to be measured then a resistance is
connected in parallel with the meter to bypass additional current. This
resistance is called a shunt B

sh”

3. Qut of the total input current, I current equal to meter current I, passes
through the meter and the balance shunt current /; =T -1, flows
through shunt resistance as per Kirchhoff's current law (KCL).

4. Since the shunt resistance R, is in parallel with the meter movement,
the voltage drop across the shunt and meter movement must be same.
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Vxhum. = Vmuw'ml*m
"ish Rs.-h = Iru Rm
i R I R
Huh g o, o SO o
. ‘ruk "r 2 'r"ﬂ
R
R, S e
. T =1
5. Therefore ammeter range could be varied by varying the shunt resistance

R, ie, times the meter resistance .

(T7T =1

C. Advantages:
Scale 15 uniformly divided.
2. Very low power consumption,
3. Torque/weight ratio is high so giving high accuracy.
4. Errors due to stray magnetic field are small.
D. Disadvantages :

1. They can be used for DC only. If connected to AC, readings are zero due
to finite inertia of pointer.

2. These instruments are costly.

Que 1.26. | Explain the construction and working of DC voltmeter.

OR
Explain the working procedure of DC ammeter and voltmeter.

AKTU 2016-17, Marks 05

Answer |
A. DC ammeter: Refer Q. 1.25, Page 1-23E, Unit-1.
B. DC voltmeter :
a. Construction :
1. A DCvoltmeteris made up of a PMMC instrument and a series multiplier

resistor as shownin Fig. 1.26.1,

2. The D'Arsonval movement can be converted into a DC voltmeter
when a low current flowing through coil is multiplied with its internal
resistance. But the voltage measured is of very low amplitude.

b. Working:

1. To measure high voltages, a resistor should be connected in series with
the meter that will drop the excess voltage across it thus the meter
movement does not cross its safe ratings.

[

This series resistor is called as multiplier resistor because it multiplies
the working ranges of the meter movement.
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3. The value of multiplier, required to extend the voltage range can be
found out by applying Kirchhofts voltage law (KVL) across the loop.

Fm = Im [‘Rh * Rm}

T
or RS = h 3 Rr.ll
I,
where, R_=Multiplier resistance

V.. = Full range voltage of the instrument
I = Deflection current of the movement (/5¢,)

R _ = Internal resistance of the movement

R."'u
P
T ¥
DC input Voltmeter
vin R

3 '"

Fig. 1.26.1. Basic DC voltmeter cireuit.

H

Que 1.27. | How would you convert ammeter into voltmeter ?

AKTU 2016-17, Marks 10

Answer. |

Converting an ammeter to a volimeter involves increasing the
resistance of the ammeter. This is done by adding a high resistance in
series with the ammeter.

(=)

b=

Let the range of the ammeter be 0 — I, ampere and we converi il to a
voltmeter of range 0V, volt.

3. To calculate the series resistance E_, we first determine the ammeter
resistance using the circuit of Fig. 1.27.1(a).

Cocutidt s R
volimeter | @ R, HEW;H |
EI“ R

H
: -V B | A
= ‘ E v
— At
{an) ()

Fig. 1. 97.1. (o) Circuit for deter mination of ammeter rematazme -
' (b1 Circuit for using the ammeter‘ a8 mltmetar
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4.

Let R be the internal resistance of the ammeter, then ‘thﬂ' current
flowing through the circuit is i = EAR + R, ), where E is the input
voltage.

The voltage drop across R is V, and the current is i = V, / R. Since
i =1, the ammeter resistance K, is obtained as,

_E-V)R
JTI“- ';'fr

R

To calculate R_, we note that the voltage drop across the ammeter,
showing full scale reading I, is V, =1, x R . To make ammeter
full-scale to read full-scale voltage V,, the remaining voltage

V_=V,-V, should drop across R_ and from this consideration we
calculate series resistance as,

Yo _Y
R.;s ) Rm
V
R.-=R -=
= &5 m 1":“

Que 1.28, | Describe the working of series chmmeter.

Answer i

1.

Series chmmeter :

The resistance reading is indicated by meter movement. A battery is
connected in the circuit to produce required current for meter movement.

1 l:;'l A
= AW —e -
d o
R, ?ﬂ’
Rngf) gﬂx
| .
I -
e + ] = B
Fig. 1.28.1. Series type ohmmeter.
where, R = Internal resistance of D'Arsonval movement

R, = Zero adjust resistor

Resistance marking on the meter display is inversely proportional to
current marking because

Ra1/

When R, =0 (short circuit), the resistance R, is adjusted to get full-scale
current through the movement. Thus at [ = I'tap, the pointer will be
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deflected to its maximum position. Therefore, at the full scale deflection
current (Iqp,) is marked for 0 ohms.

i. WhenR_=«({open circuit), the pointer will not deflect from its position
and will read zero in this condition. Therefore, the zero current reading
18 marked for = ochms.

3. Resistance is marked at logarithmic pattern on the scale, i.e., expanded
at low end and compressed at high end.

4, letR i be the desired resistance for the half scale deflection.
(e, I=1pe/2)

R, = Internal resistance of the circuit looking from
terminals A and B.

R.R
= —r B
B, R +R,
5. Battery current is required to produce half scale deflection.
1otem_ B
T8 B8R
6. Total current I, to produce full scale deflection 1s
I, =1psp =21,
E
L= =

h
7. By applying KCL in the circuit
I =1+ Ingp

I =1, =1y
8. Using Kirchhoff's voltage law
IR, :IFSD'Rm

R = IFS_DL M ﬁ'_.iﬂlﬁm
. I 2 P I FED

Bo= Tesp R, 'Eu_
“ E-I FS.I)'R&

R s Rzﬁm_ e I!"Sﬂ ! E_m : R't
1" "% R +R ; E
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PA R'I:"- 1.

Electronic Instruments : Transistor Voltmeter Circuits,
AC Eiecfmnic Vaitmetgr, Current Measurement
with Electronic Instruments, Probes.

—
Questions-Answers |

Long Answer Type and Medium Answer Type Questions ‘

Que 2.1, Describe the emitter-follower voltmeter.,

Aﬂ'ﬂﬁre_r : |

1. Fig 2.1.1shows the emitter-follower voltmeter circuit which consists of

a PMMG instrument and a multiplier resistance R_connected in series
with the emitter of transistor. '

i
E —»
Vi By,
R-E
1 IH

&
Fig. 2.1.L Emitier-follower voltmeter.
2. Here, emitter-follower offers a high input resistance to voltages being

measured and a low output resistance to drive current through the coil
of a deflection meter.

3. The DCsupply V. is connected positive to the transistor collector and
negative to the deflection meter.

4. The positive terminal of voltage E (to be measured) is supplied to the
basze of the transistor and its negative terminal is connected to the same
terminal as the power supply is negative.

5. Here, the base current of transistor is lower than the meter current J G
IB = Im"rﬂ
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=1

10).

11

12.

where, [} is transistor current gain.

The circuit input resistance is given by,

R = Eil,
which is much larger than meter circuit resistance (R + R )
Le., R >> (R +R)

In simple emitter-follower voltmeter, the voltage drop Vi, introduces
an error in the measurement.

This error can be eliminated by using a potential divider and an additio nal
emitter-follower as shown in Fig, 2.1.2,

A dual polarity supply (typically, + 12 V) is used in this practical
emitter-follower voltmeter cirewt.

Fig. 2.1.2. Practical emitter-follower voltmeter circuit.

In this circuit, potential divider (R, R, and R} provides an adjustable
bias voltage V' Lo the base of transistor @,. Transistor @, has itz base
biased to ground via R,. Here, meter circuil i connected between the
emitters of the transistor @, and Q..
When E = 0V, the base voliage of @, is adjusted to give zero meter
current. This makes V= 0and Vi, = Vi, ==07V
Hence, meter circuit voltage, V=V, - Vig = =07 =(~ 0.7 =0V
When input veoltage, E =5V is applied to base of ¢, then

V= Vg ~ Vi = (B = Ve~ Vago
(5071 -(0.71=36V

Que 2.2. | Explain the working of a source follower electronic

voltmeter ? Describe how the range of this voltmeter can be
extended ? Explain the use of zero adjustment and calibration

resistors. [AKTU Eﬂ'lﬁ- 17, Marks 10 |
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Answer |

I;

The source follower electronic voltmeter is shown in Fig. 2.2.1. Two

FETs form the upper arms of the bridge circuit, and the source resistors
form the lower arms,

When the input voltage is zero, the bridge is balanced and no current
flows through the ammeter. If v, 1s positive input voltage, current
flows through the ammeter in the direction indicated,

+Vion
FET T
FET
Q

A PMMC %

X Rm ¥

o =
23 +
i

10 i
MO % Rs ?HS
L

}

T
“"nn

I<—+ N —-
MWW

-I'I]I!

Fig. 2.2.1. The source follower eleetronic voltmeter.

Since the gate of right FET (@,}1s grounded, no signal is applied to its
gate and therefore, no signal appears at terminal ¥, The lefi FET ¢ Q)
however, 18 a source follower.

This is a negative feedback with a feedback factor B = 1. Therefore,
the closed loop gain can be expressed as :

A A g R)r + R )

g T

- E.+R? *é-’_-n’:eE (2.2.1)
The output voltage from a source follower is,
;
[ -‘"1
i e 3
vy= — Ena B ol 1)
’ i tg BV ¥ 3 Y
L' ! —J+R¢
gm ra' +l ’
L2222

Voltage under open circuit condition i,

[ r, R, |

vy = En

- [\rd+.
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7. Comparing eq. (2.2.2) with eq. (2.2.3), for the gain of common source
cireuit shows that they are of the same formifr /(g r,;+ 1)replacesr,
in common ource equation. Thus r, /(g r,+ 1) can be considered to
be the output resistance of the FET when used in source follower
circuit.

8. The output equation is in the simple form as that of the common
source amplifier, except that r, as specified in the data sheet is replaced

by
rg =rgllg,rg+ 1)
{ r'R I
or = Bl == |8 A2.2.4)
l r R
9. The Thevenin source gererator voltage looking into terminals X and ¥
i8:
2R '

]

_ gl 2R
B Rs-l.r:u'llr[gm r:l'+1::| Ra+i".l

10. The circuit of Fig. 2.2.2 shows the Thevenin equivalent circuit with the
ammeter connected between terminals X and Y.

.12.2.5)

11. In order to obtain an approximate expression, we have
g, iR, >>r or R_for most FETSs. Further, R, >>r,/(g, ry+1). Under
these conditions, eq. (2.2.5), can be simplified as :

T Reerren ..(2.2.6)
I z.llll{gr”} T R||'|
_ ERS i'"ul'l
ko= Re+ry ; X
AW -—
[
Uy = —d, _h"vl_-_ Hm
v

Fig. 2.2.2. Equivalent circuit of a source follower electronic volimeter,
12. The practical circuit of a source follower type of electronic voltmeter is
shown in Fig. 2.2.3. The circuil of Fig. 2.2.3 includes a zero adjustment,
a calibration adjustment and a potential divider circuit for extension of
voltage range.
13. The input resistance seen from measuring terminals is 9 M(} at every
position of the selector switch.
Yy

I+ RO+
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RCﬂ.] . ﬂ il _2 _"Rm
[ g,
where, R, = Calibrating resistor

1V Range
selector
switch

Vi 0.6 MD

210 kQ

Zero

Ay adjustment
+ & ___;L -
Fig. 2.2.3.

m-l Draw and explain the FET input volitmeter circuit with

range changing. AKTU 2014-15, Marks 05
AKTU 2017-18, Marks 10

OR
Design a multirange FET volimeter circuit and explain its working
with diagram. AKTU 2015-18, Marks 10

Answer -

A. Voltmeter range changing :

1. The potential divider constituted by resistors R , R, R,and R, in
Fig. 2.3.1 allows large input veoltages to be measured on an
emitter-follower voltmeter.

2. This network, called an input attenuator, accurately divides the voltage
to be measured before it is applied to the input transistor. Calculation
shows that the @, input voltage (E ) is always 1 V when the maximum
input is applied on any range. For example, on the 5 V range,

R, +R +R,

E,=5Vx
' R +R +R +R,
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100 kQ + 60 ki1 + 40 kQ

SDD kQ + 100 kQ + 60 kQ + 40 kO

I
=1}

= LY
3. The input resistance offered by this circuit to a voltage being measured
is the total resistance of the attenuator, when 1s 1 MQ.

4. A 9 MQ resistor could be included in series when the input terminal to
raise the input resistance to 10 MCQ.

5. This would further divide the input voltage by a factor of 10 before it is
applied to the gate terminal of @,

B. FET input voltmeter :
The circuit diagram for FET input voltmeter is shown in Fig. 2.3.1.

bn =

In this circuit, an additional emitter-follower is connected at the base of
transistor ), to increase the input resistance of simple Lransistor
voltmeter circuit.

3. The FET source follower gives a higher input resistance than that of
BJT. A voltmeter input attenuator is used as potential divider that
accurately divides the voltage to be measured.

4. Consider the voltage levelsin the circuits of Fig, 2.3.1. When E=0V, the

FET gate is at the zero voltage level.

The gate of an n-channel FET must always be negative w.r.r. its source

terminal, This means that the source must be positive w.r.l. the gate.

65 IV, istobe—5V,and E; =0V, the source terminal voltage must be
+5 ‘J This means that t,he- base terminal of @, s at+5V, and since @,
base voltage must be equal to @, base voltage, @, base must also be at

il

+5V.
FET
| Input | Emitter-follower
= _-'T"‘ e pp——— |
: altenuator i mpus | voltmeter
| stage |
[ |
| |
| 1 ;
oy d| W
| R |
10 ‘J,-' .": 4 ¥ o
| * B
R
i Eg "'.7—@1 Qs ‘ i
- ———
Lyl Vs [R+R, Vp T
ok L
= T = T = ’
RiZ i 1, mA | =Ry VEE
Ly é R, Iy ¥ TRH ]
& L

Fig. 2.3.1, FET input voltmeter,
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When a voltage to be measured, it is applied to the circuit input with the
attenuator E, will be a maximum of 1V, This causes the FET source
terminal to increase until Vg is again — 5 V, i.e., V, goes from
+ 5 to + 6 V to maintain Viogequalto-5V,

TheVy increase of 1 Vis also a 1 Vincrease in the base voltage of @,. All
of this (1 V) increase appears across the meter circuit.

Que 2.4. \ Describe difference amplifier voltmeter using transistor.

Answer |

1.

Transistors @, and @, together with R 1181, , and R in Fig, 2.4.1 constitute
a differential amplifier or emitter-coupled amplifier. The circuit as a
whole is known as a difference amplifier voltmeter.

This is because when the voltage at the base of &, is zero, and an input
voltage (E) is applied to the @, base, the difference between the two
base voltages is amplified and applied to the meter circuit.

When a small positive voltage is applied to the base of &, in Fig. 2.4.1, the
current through @, is increased, and that through @, is decreased,

An increase in /., causes IR, | to increase and thus produces a fall in
voltage V. Similarly, a decrease in I, produces arise in V.

The consequence of this is that the voltage across the meter circuit
increases positively al the right hand side and negatively at the left hand

side. This meter voltage (V) is directly proportional to the input voltage
(E).

Potentiometer R, in Fig. 2.4.1 is an alternative method of providing
meter zero adjustment,

+\r'f o

|
|

-
Rg Igy
0-Vep

Fig. ﬁ:g;'ilfﬁ.@ﬁﬁgrgmé amplifier ng's'l'i_;rﬁg_j;a;:%

When the movable contact of R, is adjusted to the right, the portion of R,

added to R, , is increased and portion of R, added to R 1218 reduced. When
the contact is moved left, the reverse is true.

Thus, Vi, and Vo, can be adjusted differentially by means of R, and the
meter voltage can be set to zero.

i
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Q_“ﬂ.ﬁ_-ﬁ_- | Write a short note on ¢

i.  Op-amp voltage-follower voltmeter
ii. Op-amp amplifier voltmeter.

Answer |

i.  Op-amp voltage-follower volimeter :

The circuit diagram of Op-Amp voltage-follower voltmeter is shown in
Fig, 2.5.1.

| I | i
rt— Inpul ——mra— Voltage-follower —-ra— Il',hte_r -
I attenualor I | ciremit
I I | |
I i I
! |
I |
|
[
1
E I
1
I
| Re+ Ry,
I
I
|
I

5 VF
Fig. 2.5.1. An IC operational amplifier voltage-{'uﬂdwer voltmeter,
2. The voltage-follower provides much higher input resistance than the
emitter-follower. Unlike the emitter follower, there is no base-emitter

voltage drop from input to output.

3. In this circuit, the voltage-follower input (Eg) is applied to the non-
inverting terminal of the Op-Amp and the feedback from the output goes
to the inverting input terminal.

4. The very high voltage gain of Op-Amp, combined with the negative
feedback, tends to keep the inverting terminal voltage exactly equal to
that at the non-inverting terminal. Thus, output voltage follows the
mput.

5. The attenuator is used for selecting the range of voltmeter.

ii. Op-Amp amplifier voltmeter :

1. An IC Op-Amp can also be used to amplify low voltages to levels,

measurable by a deflection meter. Op-Amp amplifier voltmeter circuit is
used for this purpose as shown in Fig. 2.5.2.

2. The input voltage (E) is applied to the non-inverting terminal and voltage
Vg, is feedback to the inverting terminal of the Op-Amp. The internal
voltage gain of Op-Amp causes V, to be always equal to E. The output
voltage 1s

V,=E R, +R,
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| Non-inverting Meter
amplifier circuit

|
|
I
|
|
I
|
!
I
|
|
I
[
|
I
|
|
|
i
[

Fig. 2.5.2. An operational amplifier non-inverting amplifier voltmeter.

Que 2.6. | A half wave rectifier op-amp based voltage amplifier

circuit has a feedback resistance of 2.4 k( and a resistance between
the ground and the inverting terminal of 4.9 kQ. If the rms input
voltage to be measured is 89.40 mV at the FSD of the deflection
instrument with R, = 100 Q and R, = 200 Q. Find the FSD of the

meter. AKTU 201415, Marks 05
Answer

Given:R, =24k, R, =4.9k0, E=8940mV, R, =100Q,

R, =200Q

ToFind:! i at full scale.

1. From the circuit of Fig. 2.6.1,
E  89.40x10°

Bl i s =126.456 mV
0707 0.707 "

: Precision rectifier amplifier
o —
|

|

+V

(R, +R,,)
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R, 2.4
2. Voltage gain, A=1+ f_;j =g T 1.49
E
A A il
I EF
QOutput voltage,

E, = 149 x 126.45= 188.4 mV
E, 1884x10"

3. I = = = (.628 mA
R A Rm 100 + 200
4, IH‘-}:= UE;ST b Iﬂ = w « 0.628

= 0.2 mA (full scale)

Que 2.7. | Explain the principle of operation of electronic voltmeter.
OR
Sketch half wave rectifier AC electronic voltmeter using a voltage

follower and a precision rectifier. Explain the operation of each
circuit.

OR
Explain the working of precision rectifier based voltmeters.

AKTU 2014-15, Marks 06

Answer

A Working principle of electronic voltmeter :

1. An Op-Amp voltage-follower AC voltmeter can be converted into an AC
clectronic voltmeter by connecting a rectifier in series with the meter
cireuit, Such a cireuit is shown in Fig, 2.7.1.

Lnupllmg 'ﬁttenuatur: Vaoltage [ollower : Rectifier : Meter :
capacitor g - - : I
i I I | |
. I I I |
: [ [ I I
[ [ I I
[ 1 I I
1 I I
E
iR+ R,
waveform
e Input
H T waveform

Fig. _2;7.1'. An AC electronic voltm eter. g
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2.

An AC input signal (to be measured) is applied to non-inverting
terminal input of Op-Amp. The coupling capacitor C, in this circuit is
used to block unwanted DC vollages.

The output from the voltage follower is exactly the same as the AC
input signal,

This output voltage is fed to the rectifier which gives a half-wave

rectified version of the input signal. This rectified voltage is applied to
the meter cireuit.

The limitation of this circuit is that the voltage drop (V) across the
rectifier acls as an error which must be taken into account in design
calculation when the instrument is indicating full seale.

This error can be avoided by using a precision rectifier.
AC electronic volimeter using precision rectifier :

A precision rectifier is used to improve the aceuracy of AC electronic
voltmeter.

C

| Precision rectifier I

G h >
I

1

]

|

c,i

(R,+R_)

Fig. 2.7.2. AC electronic voltmeter using precision rectifier,

Fig. 2.7.2 shows an AC electronic voltmeter using precision rectifier,

In this circuit, the voltage-follower feedback connection to the inverting

terminal is taken from cathode of rectifier D, instead of from the amplifier
ouiput.

Due to this, half-wave reclified output precisely follows the positive

half-cycle of the input voltage and hence there is no rectifier voltage
drop eccurs from input to output.

Que 2.8, | Explain how an electronic analog voltmeter can be used
to measure alternating current ?

Answer [

1.

In order to measure AC current on the voltmeter a series registance is
added. The unknown current causes g voltage drop across this resistance.
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9. This voltage is measured by the voltmeter. Fig. 2.8.1 shows the basic
circuit for measurement of very low current.

3. In this circuit, the small voltage drop across the shunt resistance R, is
amplified before being applied to the deflection instrument.

4, For medium or high current measurements, there is no need to use
electronic amplifiers. By measuring the voltage drop acress a shunt
resistor R, current measurement is made.

Ammeter terminals
Fig. 2.8.1. An electronic voltmeter.

Que 2.9. | What do you mean by loading effect ? How does

electronic voltmeter help in minimizing the loading effect ?

AEKTU 2014-15, Marl_is 05
Answer
A Loading effect:
1. Avoltmeter is always connected across, or in parallel with the points in

a circuit at which the voltage ig to be measured.

If its resistance is too low, it can alter the circuit voltage. This is known
as voltmeter loading effect.

bo

3. Loading effect especially occurs in electronic and communication circuits
where low levels are to be measured.
Electronic voltmeter :

Electronic voltmeters avoid the loading effects by supplying power
required for measurement by using external circuits like amplifiers.

~ @

9. The amplifiers not only supply power for the operation but make it
possible for low level signals also.

3. Electronic voltmeters utilize the amplifying properties of vacuum tubes
and transistors and therefore the power required for operating the
deflecting element of PMMC instrument can be supplied from an awdliary
source.
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4.

=

Thus, while the circuit whose voltage is being measured controls the
sensing element of the voltmeter, the power drawn from the circuit
under measurement is very small or even negligible.

This can be interpreted as that the voltmeter circuit has very high input
impedance.

This feature of electronic voltmeters is indispensible for voltage

measurements in many high impedance circuits such as encountered in
communication equipment.

Que 2.10. | Write a short note on multimeter probes.

AKTU 2014-15, Marks 05

Answer

=

[

i,

iv.

A probe is used to establish a connection between the circuit under test
and the measuring instrument.

A probe can be any conductor and this conductor could be a piece of bare
wires, a multimeter lead or a piece of unterminated coaxial cable.

A probe simply extracts minimal energy from the circuil under test and
transfers it to a measuring instrument with maximurn fidelity.

The ideal probe provides the following key attributes :

Ease of connection,

Absolute signal fidelity.

Zero signal source loading.

Complete noise immunity.

There are many probes for use with multimeters that can extend the
range of measurement. Some of these are given as :

High voltage probe :

Ahigh voltage probe is essentially a potential divider.

The voltage to be measured is usually divided by a factor of 1000, so that
the instrument scales are effectively multiplied by 1000. Due to this, a
10 V scale becomesz a 10 kV scale.

e

$
v
¥

Fig. 2.10.1. A high-voltage probe uses a resistive divider.
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ii. High current probe:

1. The AC current probes reduce the high levels of aliernating current by
the use of current transformer.

2. The core of transformer is open and close to the conductor carrying
the current to be measured.

3. The secondary windings of transformer determine the measurable
F:urrent level. Thus, a 1 mA AC scale on the multimeter is converted
Into a 1 A scale by the use of the current probe.

Fig. 2.10.2. A high-current probe uses a current transformer.

Que 2.11. | Explain the following in detail with their diagram :

:

i.  Attenuator probe.
ii. 1:1probe. [AKTU 2015-16, Marks 15

[AKTU 2017-18, Marks 07

Answer I

Attenuator probe:

Attenuator probes attenuate the input signal, usually by a factor of 10.
They also normally offer a much larger input impedance than a 1: 1
probe, thereby minimizing loading effects on the circuit under test.

.

9. Compensation is included for oscilloscope input capacitance and coaxial
cable capacitance.

3 Because of the 10-fold attenuation, these probes are usually referred to
as 10 : 1 probes, however, other probes are available with different

attenuation factors.
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e Probia o scilloscope
I ) | 3

Signal 'r”i [ Input

-

source | [ AT ;

: ME |'
9 MO
Rg

-
Fig. 2.11.1, Circuit of 10 : 1 probe. :
Rg
K % Oy =C+ Gy
Vy L T
1 1 }

Fig. 2,11.2. Equivalent vireuit,

At low and medium frequencies, the capacitive impedances are too large
to be effective, and the oscilloscope input voltage is

R
V=1, P
[ SR1 "'R!_‘I'RI_
When R <<R,,
R
Vg V—l_=
f "R +R
With R =9 MQ and R, = 1 MQ
Vey_  1MQ
! TOMO+1 MO
=Y
10

The attenuation of the signal due to the capacitors acting alone can be
calculated from

X,

r X + X,
BachelorExam.com




BachelorExam.com

Electronic Instrumentation and Measurements 2-17E (EC-Sem-5)

=

1

1/aC, +1 / mCE

Vo 1
(C,/C)}+1
C
v.=V L
¢ "G+ G,

When the capacitive network attenuates the signal in the same

proportion as the resistive network attenuation, C, across R, equals V.
across C, and

RJ — C'I

R, + R C,+C,

The value of C, required to compensate for C, is determined from
following equation as

{:_‘1 = Cz E

R]

1:1 probe:

The coaxial cable consists of an insulated central conductor surrounded
by a braided circular conductor which is covered by an outer layer of
insulation.

The central conductor carries the input signal, and the circular conductor
is grounded so that it acts as a screen to help prevent unwanted signals
being picked up by the oscilloscope input.

This types of probe is usually referred to as a 1: 1 (one to one) probe,
because it does not contain resistors to attenuate the input signal.

The coaxial cable connecting the probe to the oscilloscope has a
capacitance (C_) which can overload a high-frequency signal source.

The input impedance of the oscilloscope at the front panel is typically
1 MO in parallel with 30 pF. The coaxial cable can add another
100 pF to the total input capacitance.

The circuit of a signal source, probe, and oscilloscope input is shown in
Fig. 2.11.5.

The total impedance offered by the coaxial cable and the oscilloscope
input should always be much larger than the signal source impedance.

At frequencies where the reactance of (Cpe + C)) is very much larger
then R, and R, the capacitances have a negligible effect and the
oscilloscope terminal voltage 1s
R
V=V ‘
i H Rg 1 RI.
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I ; I
Signal | ' Coaxial cable | Oscilloscope
source | [ input
P & ' &
i i
I
RsZ | ! J
1 |
v i i o) gﬁi
I
I |
|+

Fig. 2.11.3. Equivalent circuit of signal source, probe,
and oscilloscope input.
The capacitive reactance becomes progressively smaller as the signal

frequency increases, so that the signal may be significantly atlenuated
at the oscilloscope terminals.

10.  An attenuation of 3 dB will aceur at the frequency at which the capacitive
reactance equal B,
11. There is also a 45° phase shift at this frequency. To avoid significant

attenuation and phase shift, the signal frequency should not exceed
one-tenth of the 3 dB attenuation frequency.

PART-Z |

Digital Voltmeter Systems : Digital
Multimeter, Digital Frequency Meter.

Questions-Answers

—

Long Answer Type and Medium Answer Type Questions

Que 2.12. | How are digital voltmeters classified ? What are the
operating and performance characteristics of a digital voltmeter ?

d

Answer

A Digital voltmeter :

1. Digital volimeters are essentially analog-to-digital converters with
digital display to indicate the measured voltage.

R

A digital voltmeter (DVM) digplays measurement of DC or AC voltage

as discrete numerals instead of pointer deflections on a continuous
scale as in analog instruments.
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3. It is a versatile and accurate instrument that is employed in many
laboratory measurement applications,

=

Classification of digital voltmeter :
Ramp-type DVM.

Dual-slope type DVM.

Integrating type DVM.

Successive approximation DVM,
Characteristics features of DVM :

Input range : From + 1.000 V to = 1000 V with automatic selection
and overload indication.

Absolute accuracy : As high as £ 0.005 % of the reading.
Resolution : 1 part per million.

Stability : Short term, 0.002 % of the reading (for a 24 hour period),
long term, 0.008 % of the reading (for a 6-month period).

5. Input resistance : Typically 10 MQ.
Input capacitance : 40 pF.

i Tt e

6. Calibration : Internally from stabilized reference sources, ind ependent
of measuring circuit.

Qutput signals : In BCD form, for print output and further digital
processing,.

=

Que 2.13. | Define in brief about ramp type DVM and dual slope

DVM.

Answer

Ramp type DVM :

The principle of operation of ramp type DVM iz based on the
measurement of the time it takes for a linear ramp voltage to rise from

0V to the level of the input voltage, or decrease from the level of the
input voltage to zero.

0

9 At the start of measuring cycle, a ramp voltage is initiated; this voltage
can be positive going or negative going. The negative going ramp is
continuously compared with the unknown input voltage.

3 At the instant when the ramp voltage equals the unknown voltage, a
comparator generates a pulse which opens a gate. The ramp voltage
conlinues to decrease with time until it finally reaches 0V and a second
comparator generates an output pulse which closes the gate.

4 Anoscillator generates a clock pulses which are allowed to pass through
the gate to a number of decade counting units which totalize the number
of pulses passed through the gate.
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5. The decimal number, displayed by the indicator tube associated with the
DCU’s is a measure of the magnitude of the input voltage.

6. The sample rate multivibrator determines the rate at which the
measurement cycles are initiated,

Input

DC input — ;
voltage @ Ranging and —» Nty
I"- attenuator l

¥
Oscillator l—lb Gate
Ramp i
generator
™ (Ground

]

T comparator
Digital
Sample rate
multivibrator readout
Fig. 2.13.1. Ramp type DVM,
b. Dual slope integrating type (DVM) :
1. Dual-slope integrating type DVM has five basic blocks :
.. Op-Amp, used as an integrator
. Alevel comparator
iit. A basicblock, for generating timing pulses
w. A set of decimal numbers
v.  Ablock of logic circuitry.
I~ " " integrator | 1
» g 5 : — Control
x o—0 i C | logic  Counter
1EIIFref o—0 I : i
: : " 0 00a
: i : L. Comparator
r |-
"""""" nnr

2. The unknown voltage V, 1s applied through switch S to integrator for a
known period of time T This period iz determined by counting the clock
frequency in decimal counters.

3. During time period T, €' is charged at the rate proportional to V.
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X Slope = V_;

- . s —p-""

E Time -
Fig. 2.13.3.

At the end of the interval T, S is shifted to the reference voltage V,  of
opposite polarity. |

The capacitor charge begins to decrease with time and results in
downward linear ramp voltage.

During the second period a known voltage is observed for an unknown
time ¢. This unknown time { is determined by counting timing pulses
from the clock until the voltage across the capacitor reaches its basic
reference value.

From similar triangle shown in Fig. 2.16.3.

V. Y
T = ¢
or, Vrz—’ixT

¢

The count after ¢ which is inversely proportional to the input voltage V.,
is displayed as the measured voltage.

This instrument can be used to measure currents, resistances, and AC
voltage by using appropriate aignal conditions.

Que 2.14. | Define dual-slope integrator and zero crossing detector.

Sketch the block diagram and system waveforms for a digital
voltmeter that uses a dual slope integrator.

-A_ljlﬁ_'ﬁ'#r - |

A
B.
1L

[AKTU 2017-18, Marks 07|

Dual-slope integrator : Refer Q. 2.13, Page 2-19E, Unit-2.
Zero crossing detection :
The basic comparators can be used as zero crossing detector by making

Vegp =0 .
Whenever the input voltage crosses the x-axis, V, changes from
+V  to-V, o0~ V, to+V a8 shown in Fig. 2.14.1.
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——————

i
-
+
=
B

5
Ve

Fig. 2.14.1,

3. Zero crossing detector is also called sine to square wave generator.
4. There are two types of zero crossing detector :
a. Non-inverting zero crossing detector :

L. Ina non-inverting zero crossing detector, the Op-Amp is used in open
loop configuration. Inverting terminal of the Op-Amp is grounded and
input is applied to the non-inverting terminal. The circuil is shown in
Fig. 2.14.2.

Reference voltage is set by zero

/

.1||----

T H
Fig. 2.14.2. Non-inverting zera crossing delector.

2. During the positive half cycle, the input voltage is positive i.e., above
the reference voltage (0 V). Hence the output voltage is
+ ¥

3. During negative half cycle, the input voltage V., isnegative, i.e., below
the reference voltage. The output voltage is then —Vﬁal.

4. Thus the output voltage switches between +V_ and =V, Wwhenever
the input signal crosses the zero level. This is shown in Fig, 2.14.3,
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V. 2BT0 CTOSZing point
in
] — |
N N
| | |
| | [
l P
Vi 1 | |
| | I
L I [ |
0 — |
- vsat |" - —

Fig. 2.14.3,

' Inverting zero crossing detector :
In the inverting zero crossing detector, input is directly applied to the
inverting input terminal while the non-inverting terminal is grounded.
The circuit is shown in Fig. 2.14.4.

i —_—

\ Révﬂ

Reference voltage
set by zero,

—
-

Fig. 2.14.4. Inverting zeor corssing detector.
2. During positive half cycle, inverting terminal is more positive than
non-inverting terminal, so output is -V, while for negative half cycle,
the output is +V_, . This circuit is called an inverter. The waveforms

are shown in Fig. 2.14.5.

Zero crogsing point
Vin N
0 ,\_>/\ >t
|
+ Vo fk SRS
Bt

0
- HH.LL_-_"___ e

Fig. 2.14.5.

BachelorExam.com




BachelorExam.com

2-24 E (EC-Sem-5) Electronic Instruments

Que 2.15. | Explain the working of integrating type DVM.

Answer i

Integrating type DVM (voltage-to-frequency conversion) :

L. Thisvoltmeter indicates the true average value of the unknown voltage
over a fixed measuring period. It employs an “Integration technique”
which uses a voltage-to-frequency conversion.

2. The V/F converter functions as a feedback control system which governs

the rate of pulse generation in proportion to the magnitude of the input
voltage,

3. In V/F conversion technique, a train of pulses, whose frequency depends
upon the voltage being measured, is generated. Then the number of
pulses appearing in a definite interval of time is measured,

4. The unknown voltage, V is applied to the input of the integrator and the
output voltage V_starts to rise, The slope V, is determined by the value
of input voltage V.

5. This voltage is fed to a level detector and when V, reaches a certain
reference level, the detector sends a pulse to pulse generator gate. The
level detector is a device similar to a voltage comparator.

6.  The output voltage from integrator, V, is compared with the fixed voltage
of an internal reference source and when V_ reaches that level, the
level detector produces an output pulse,

=]

This output pulse opens the pulse level gate, permitting pulse from a
fixed frequency clock oscillator to pass through the pulse generator.

Input
voltage Integrator |~ ™ Level Detoctor

re— Lotk
Pulse generator o
g * ( . | Clock
ascillator

Fulse generator gate

Start stop gatglq—_. Time hase
Y selector
Counter  f—— 0000

Fig: 2.15.1. Block Diagram of integrating type DVM.

8. The output pulse whose polarity is opposite to that of V. and has greater
amplitude which is fed back to the input of the integrator. The output of
the integrator is of reversed polarity, The output V_drops back to its

original level.
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9.

10.

11.

Q

Since V is now below the reference level of the level detector, there is

no output from the detector Lo the pulse generator gaie and gate geis
closed.

Wlllgn pulse generator passes the pulse generated, V, is restored to its
original value and V starts rising again. When it reaches the level of
reference voltage again, the pulse generator gate is opened.

The entire cycle is repeated again when the pulse generator is triggered

by the pulse from the clock generator, thus the waveform of V. isa
sawlooth wave,

Th‘e Irequency of sawtooth V, is a function of the value V, the voltage-
bm_ng measured. It can be measured by counting the number of pulse in

a gven interval of time. Pulses from clock oscillator are applied to a time

base seleclor.

The drawback of the DVM is that it needs excellent characteristics in

the linearity of the ramp. The AC noise and supply noise are averaged
out.

:

ue 2,16, | Explain digital multimeter. A 4; Digit voltmeter is

used to measure voltage. Find (i) Resolution (ii) How would 16.58

be displayed on a 10 V range. AKTU 2017-18, Marks 07

Answer |

Al
1.

Digital multimeter :

Flectronic multimeter ig a device which 13 widely used in electrical and
plectronics measurements.

Tt is used for the measurement of AC as well as DC voltages, currents
and resistances. It is called voli-ohm-milliammeter (VOM) meter.

The digital multimeter (DMM) uses a digital display device with
electronics circuit to display the measured quantity.

DMMs are more popular than analog multimeter because of their easy
readability, numerical display and improved accuracy.

The block diagram of a DMM is shown in Fig. 2.16.1.

In a commercial digital multimeter several A/D converters are used. In

order to measure unknown current, current to voltage converter is
used. This can be done by using an Op-Amp circuit for 1 V conversion.
To measure unknown resistance a constant current source is used. The
current is allowed to pass through unknown resistance and hence
proportional voltage is obtained.

To measure AC voltage, a rectifier and filter is used. Rectifier converts

AC signal into DC signal, DC signal is applied to A/D converter and to
the digital display. The output from the digital multimeter can be used to

interface between other equipment.
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8 T vollage
Do a AC vollage outpul
attenuator ﬂhg'ts T

AD

converter —p-
] Interface

AC :
‘I;v atlenuator Decade
AC voltage counter
AC voltape .

Ohms| Constant

O  current F——0 e
DCMAL__source Ohms S5 Digital
DCMA | display
T_ Current tn
voltage ®
converier

Fig. 2.16.1. Digital multimeter.

B. Numerical :

: |
1. For 4 3 digit digplay the full digits are n = 4.

BResolution, E-= % = (1.0001

. There are 5 digit places in 4é digits, hence 16.58 would be displayed
as 16,580,

Que 2.17. ‘ Explain the working procedure of digital frequency
meter system.

AKTU 2016-17, Marks 05
OR
Draw and explain the block diagram of a digital frequency meter
system. | AKTU 2014-15, Marks 05

1. The basic block diagram of a digital frequency meter and its associated
waveforms are shown in Fig, 2.17.1,
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: 1 W attenuated input :
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' % o 1| R I
I shapng || [
| cirewit | | (1 :
: +____:__:___ t ‘ | I Shaped waveform If
1 Ti
U ime _ Q e = Zimg |
i| hbase Flip-flop : : output |
. = I sy (I '
: Q + ': ‘I‘ = | Q output :
AND 1| : 2
: gale | : & output :
I ' I
: : : & Register reset | I
1 18 l_q - 4——1-5-!——!"; |
: Remuster reset Register ': : T T I
: o i 'iCnunLing:: :
I hArigger Latch I : Lag Latch ¢ I
| BCD-to- : l triggered to I
" soven-sepment| eorrecl dizplay !
" drivers : | |
| Display | [999Hz |1 ! :
[ |

b o ot e R e S
Frequency meler system System wavelorms

Fig. 2.17.1. Basic block diagram of digital frequency meter and waveforms.

9 Tnthis meter, cycles of the frequ
a known time period.

3 This meter can measure the frequency of
like sinusoidal, square, triangular, etc,

4. Theinput signal, whose frequency is to be meas
attenuated as necessary and then fed Lo the wav
converts it into a square or
the input.

5 The shaped waveform is fed to o
gate and other AND gate input
flip-flop.

6. Consequently, the pulses to be counted pass thr
when the flip-flop @ terminal is high.

7. The flip-flop 18 controlled by the timing cire
when the timer output waveform goes 1n ne

is controlled by the @ output

gative direction.

8. When output frequency of timing circuit 1
terminal is alternatively high for a period
this case, the counting circuits are toggled
total count indicates the frequency directlyin hertz.
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9. The counting cireuit is reset by the negative going edge of the @ output
from flip-flop. Because of that, the count always starts from zero.

999 kHz | Time base =18

[}

999 kHz | Time base = 100 ms

ih)
Time _l_;-[&'nm_a ﬂ
base [——7 - —9° =55 Iy Flip-flop
8 o rl
ly
(el I'I
|
|
t
—0
—0
e —0

1II|

Display| |e9e0eq

Fig. 2.17.2. Time period and decimal point selection
for a digital frequency meter.

10. Latch or digital enable circuits are used to make the digital display

readable. The latch circuits are positively edge triggered by @ output of

flip-flop. Here, time base circuit is used with the digital frequency meter
to give several ranges of frequency measurement.,

11. If a time base uses 1 sec time period for counting input pulses, then it
displays 1999 cycles of input waveform per 1 sec as 1.999 kHz, Similarly,
if 100 ms is used as time period, then it displays 1999 cycles of i input
waveform per 100 ms as 19.99 kHz.

PART-3

Instrument Calibration : Comparison Method, Digital
Multimeter as Standard Instrument, Calibration Instrument.

Questions-Answers

~ Long Answer Type and Medium Answer Type Questions |
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Que 2.18. | Write down the purpose of instrument calibration and
explain the different methods of calibration.

Answer ‘

1.

& o e L M

Q

Anadin]

ue 2.19. | Explain DC voltmeter calibration.

The purpose of instrument calibration is to eliminate or reduce any
biasing in an instrument reading over a range of values.

To get the correct value, reference standard with known values is selected

over this range and a relationship is established between the values of
the standards and the values measured,

The different methods of calibration are :
DC voltmeter calibration.

AC instrument calibration.

Deflection instrument calibration.

DC ammeter calibration,

Ohmmeter ecalibration.

Wattmeter calibration.

Answer |

1.

An instrument can be calibrated by comparing its reading with a more
accurate instrument which is used as a standard for comparisoen.

Standard DC volimeter

pe " I DC voltmeter to be calibrated
+ TSR
power v
supply _¢) _#5

Fig. 2.19.1.

For calibration the standard and under calibration voltmeter both are
connected in parallel mode 1o the DC power supply output pins.

The reading of both the voltmeters is noted in a tabular form and the
error is calculated between the standard and measured value.

The instrument used as a standard voltmeter should have accuracy at
least four times greater than the instrument to be calibrated.
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Correction

. e
12 t=rmmcncinrm e =
) s T

1 P
0.6 +
04+
0.2+

Standard
" reading
10 20 30 40 50 60

|
|
|
|
I
!
1
1
|
I
i
|
|
I

-0.24
~0.44
~0.6

¥

Fig. 2.19.2, Calibratien chart.

Que 2,20, | Discuss DC ammeter ealibration.
An I

—

B

]

swer

DC ammeter calibration :

Fig. 2.20.1 shows two DC ammeters connected in series, so that they
are both measuring the same current.

One ammeter is a standard instrument, known to be accurate, and the
other is the ammeter to be calibrated.

The current is derived from a DC power supply, and a current-limiting
resistor may be included, shown in Fig. 2.20.1.

If the power supply has a current level control, the current-limiting
resistor is not required.

As for voltmeter calibralion, the power supply is adjusted to set the
measured quantity in convenient steps over the desired range.

The two instrument readings are noted, and a calibration chart 1s
prepared.

No adjustment to normally make in the case of a digital multimeter
employed as an ammeter, because the DMM current measurement
function uses the voltage-measuring facility.
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{]Iurri:‘ni.— Standard DC DC ammeter
limiting ammeter  to be calibrated

resistor
DC power R
supply

Fig. 2.20.1. DC ammeter calibration.

Que 2.21. | Sketch circuit to show how AC voltmeter and ammeter
should be calibrated using standard instruments ? Explain.

Answer l

1. The method of calibration of AC instrument is same as the DC instrument.
The only difference is that AC supply and an AC standard instrument
must be used.

2 AC voltmeter and ammeters may be calibrated by comparing them to

more accurate instrument measuring the same quality.
3. The AC supply is generaled with auto-transformer.
Standard ﬁC volimeter

AC
supply ( d

{a) Circuit diagram for nallbmimn of an AC voltmeter

V. AC voltmeter
% to be calibrated

Current limiting AC Hnl@ﬂter
resistor io be calibrated
4B W —@‘i
4upp]v | Standard AC
ammeter

ithi L’Jucu]t dlagrarn for calibration of an AC ammeter
Fig, 2.21.1.

4 Ifinstrument is to be calibrated at high [requencies, then the oscillator
can be used instead of supply.

The accuracy of the standard instrument must be at least four times the
accuracy of the test instrument.

[y |
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Queﬂ.ﬂﬂ-l What is the importance of calibration in

instrumentation ? Sketch the circuit for calibrating a wattmeter

and explain the calibration procedure. | AKTU 2017-18, Marks 07

Answer '

— e N

o

Importance of calibration :

Assurance of accurate measurements.

Ability to trace measurements to international standards.

Correct diagnosis of illness (medical reports),

Consumer protection (legal metrology).

Circuit of calibration a wattmeter :

Wattmeter calibration is a combination of ammeter and voltmeter
valibration.

Fig. 2.22.1 shows a wattmeter with its current coil connected to one DC
power supply and its voltage coil connected to another supply,

These ammeter and voltmeter measure current and voltage respectively
and eventually the whole device calculate power consumed by load.
The wattmeter consists of two coils namely moving coil and fixed coil,
These two coils are connected in different circuits for measurement of
power.

The fixed coil 1s connected in series with the standard ammeter and to

measure the current in the circuit. The fixed coil therefore is called
current coil,

The moving coil is conneeled across the standard voltmeter and therefore,
measures a current proportional Lo the veltage,

A high non-inductive resistance is connected in series with the moving
coil to limit the current to a small value.

Current hmiting
resistor
T e———WW——
DC power {.‘llz'!ir'm. ,--'H“--a B \ Standard DC
supply eoil }’g \\ e M_/ ammeter

UJ UL
Voltage «— Wattmeter to
coil be ealibrated

&

)
!*.\

S [}U‘-‘- BT
| supply

[ o

? Standard DC
- T voltmeter

Fig. 2.22.1.
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8. Since moving coi i
B coil carries a current pro portional to voltage, it i
, age, il is als
called the pressure coil or voltage coil, WA
9. iz cale
Z;Lu;,efgwnr is g?lwlat.ed by P=VI. Once the precise voltage and current
‘Hetermined for a given reading on the watimet er i
i N meter, the exact power is
10,

To avoid damgging the instrument, care must be taken Lo avoid the
specified maximum voltage and maximum current,

Que 2.23, Discuss how DC source and potentiometer may be

developed in laboratories for calibration purpose 7

Answer l

Construction :

AKTU 2014-15, Marks 10

1. Modern lab potentiometers use calibrated dial resistors and a small

circular wire of one or more turns (instead of previously used long
slide wire), thus reducing the size of instrument,

2. InFig. 2.23.1, there is one dial resistor with 15 steps, each having a
precision resistor of 10 £) total 150 0 and 1.5 volt,

/|
"l U
1.2 na -

div each
0.005 V
/{/ 0.1 Rh
o B
;’r I (_E

Dial switch K e

15 step each Calibrat Arcular sli E.-mm

10 ohm total - "?{ %qr 1) ohm, 0.1 V

150 ohm, 15 V DFST Standard cell

Operate ""ET L

= + Unknown emf

Fig. 2.23.1. Laboratory DC potentiometer.

9 Slide-wire is of single turn having resistance of lﬂl (2 and 0.1 Volt. The
working current is 10 mA. So each step of dial-resistor corresponds to

10 x 10 x 10~ = 0.1 volt.

4 The slide-wire is provided with 200 scale divisions with a total voltage
range of 0.1 volt, So each division = 0.1/200 = 0.005 volt.
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5,

6.

The potentiometer is provided with a double throw switch to make
connection to either the standard cell or un-known emf. To operate
the Galvanometer at its maximum sensitivity, provision is made to
short the protective resistance near balance condition.

Steps to follow to make measurement :

The combination of dial-resistor and slide-wire is set to standard cell
voltage (1.0186 volt). Dial-resistor set at 1 volt, slide-wire set at
0.0186 V,

Gabvanomeeter is calibrated with switch 8, connected to standard cell.
Rheostat is adjusted foe zero Galvanometer deflection.

As the null point is approached, protective resistance is shorted to
increase Galvanometer sensitivity. This completes the process of
‘Standardization’ of Galvanometer.

Now switch S is thrown to operate position to find out un-known emf.
Now the potentiometer is balanced using dial-switch & slide-wire.

At null, the value of emf is read directly from setting of dial adjust and
slide-wire.

Standardization is checked again.

Que 2.24, | On what factors does the frequency of instrumentation
calibration depend ? Explain how AC voltmeter ealibration can be

done ? AKTU 2014-15, Marks 10
Answer

A. Factors :

1. Determination of the frequency at which instruments should be
calibrated is dependent upon several factors,

2. Ifaninstrument is required to measure some quantity and an inaccuracy
of + 2% is acceptable, then a certain amount of performance degradation
can be allowed if its inaccuracy immediately after recalibration is + 1 %.

3. Itis important that the pattern of performance degradation should be
quantified, such that the instrument can be recalibrated before its
inaccuracy has reduced to the limit defined by the application.

4. The type of instrument, itz frequency of use and the prevailing
environmental conditions all strongly influence the calibration frequency.

5. Since, there are so many factors are involved, it is difficult or even
impossible to determine the reqguired frequency of instrument
recalibration from theoretical congiderations.

6. Instead, practical experimentation has to be applied to determine the

rate of such changes.
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7. Once the maximum permissible measurement error has been defined,
knowledge of the rate at which the characteristics of an instrument
change allows a time interval to be calculated that represents the moment
in time when an instrument will have reached the bounds of its acceptable
performance level,

8.  Whatever system and frequency of calibration is established, it is
important to review this from time to time to ensure that the system
remains effective and efficient.

B. AC voltmeter calibration : Refer Q. 2.21, Page 2-31E, Unit-2.

Que 2.25. Explain how digital multimeters are used as standard

instruments.

EiIISEéiarET_

1. Standard instruments are those instruments which are used for
calibration of other instruments. The accuracy of standard instrument
must be four times greater than the accuracy of instrument to be
calibrated.

2. The standard multimeter can be used to calibrate either an analog
instrument or low accuracy digital multimeter or a bench type digital
instrument.

3. The accuracy of the hand held digital multimeter 1s
+(0.5 % reading + 1 d), i.e., £ 0.5 %of reading +1 digit where, the 1 digit
refers to the extreme right or least significant number of the display.

4. A hand held digital voltmeter is accurate enough to calibrate an analog
instrument.

5. A high performance hand held DVM can be used for calibrating low
accuracy DVM.

6. A bench type DVM is usually accurate enough to calibrate a high-
performance hand held DVM.

Que 2.98. | Write a short note on calibration instruments.

ERE T

A Precision DC voltage source :

1. This type of instrument is designed for the purpose of calibrating DC
voltmeter is essentially an adjustable precision DC regulator power
supply with a high-resolution display of the output voltage.
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2, All DC voltage regulators are hasically based on the use of Zener diode
as a reference voltage.

3. The characteristic of Zener diode is shown in the Fig. 2.26.1(b). This
characteristic illustrates that the device has very stable anode to cathode
voltage (V,) when operated in reverse breakdown.

|

I+ !

I ) 1 Constant "JR v

: R,z R, | current - .

i | source :

| ! i

I ————— -

| i

I R, : * _________ I

| : 1 1

: - | Zener diode Ig
=

{2} Zener diode with constant (b} Zener diode characteristics.
current source.

Fig. 2.26.1,

4. The stability of V, is improved if the current passing through it is supplied
through a constant current source.

B. Voltage calibrator :
1. Avoltage calibrator is a precigion voltage reference source,

2. The voltage calibrator produces an output of 0 to + 19.999 mV adjustable
in 1 mV steps.

3. It providest 1.5 mV adjustment. It can be used to calibrate voltmeters
with accuracy of £ 0.03 % or worse. It is used for calibrating ADC and
DAC.

NEEEE
) millivolts ot oon
ﬂ L)
A
a5y

Pig. 2.26.2. Voltage calibrator used for yoltmeter calibration.
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~ Bridge, Measurement of Low, Medium and High
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i

iii.

L i -

=
F‘l‘

B L0 bo e

| Classify the methods used for the measurement of

Methuds for measurement of resistance are classified as :

Low resistanece : All the resistance of the order of 1 Q and under may
be classified as low resistance,

Medium resistance : This class includes resistance from 1 Q upwards
to about 0.1 M.

High resistance : Resistance of the order of 0.1 MQ and upwards are
classified as high resistance.

Following are different methods which are used in measurement of
resistance :

For low resistance :
Ammeter-voltmeter method
Kelvin's double bridge method
Potentiometer method.

For medium resistance :
Ammeter-voltmeter method
Substitution method
Wheatstone bridge method
Carey-Foster slide wire bridge method
Ohmmeter method.

For high resistance :
Direct deflection method

Loss of charge method
Meg-ohm bridge

Megger.
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Que 3.2. l Explain the ammeter-voltmeter method of measurement
of resistances.

OR
Show how an ammeter, a voltmeter, and a DC supply can be used
to measure a resistance, Show the two possible connection, write
the resistance equation for each and discuss the error.

AKTU 2017-18, Marks 07
Answer |

1. The resistance is the ratio of voltage and current.
2.

Thus measurement of voltage and current separately is sufficient for
resistance measurement.

i Voltmeter reading _ v .(321)
™ Ammeter reading I

3. Two types of connection are used in this method. The connections are
shown in Fig. 3.2.1.

i
() ih)
%,‘.3;2.1,'Mea'sﬂreiqéﬁ_ﬁ of '_n_t.-ﬁié_i:'a'ii ce by ammieter-voltmeter iﬁe_th od.
a. Consider circuil of Fig. 3.2.1la).
1. LetR_be the resistance of the ammeter.

2. . Voltage across the ammeter,
V,=1 R
3. Measured value of resistance,
vV _Vath
Bm= 7777
e pn (3.2.2)
4. .. True value of resistance,
e TR ,
R = R?ﬁ‘] _-Rl:l = Ri’?i‘t l"l - RmIJ ...{3,213]
5. Thus, measured value is greater than true value.
R.-R_R :
Relative error, & = ””R = E‘“ ..(3.2.4)
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6.

!—I:

From eq. (3.2.4) error measurement would be small if value of resistance
under measurement is high, therefore, this circuit is used for measuring
high resistance value.

Consider circuit of Fig. 3.2.1(h).
Let R, be the resistance of voltmeter.
- Current through the voltmeter,

V
L=
V¥ R\"
Measured value of resistance,
_ E I I
il r+ly ¥ " v
R Ry
R
Rm.ﬂ: T
; B oL
Ry
True value of resistance,
] 1
_ RuR _p % \' . (3.2.5)
Ry - R, 1= i‘!J
LY R‘V
R,
R= Rm.z[l o }—i'—] ..(3.2.6)

Thus, measured value is smaller than true value.

. Rmﬂ -R Rz‘?
Relative error, g = —H&E - M (3.2,
8 R R (3.2.7
The value of Rm?‘ =R
R
Er= H_ {328]
L

From eq. (3.2.8) error in measurement would be small if value of
resistance under measurement is very small, therefore, this circuit is
used for measuring low resistance value.

,@Ié-‘-ﬁfﬁ: | Draw the circuit of a Kelvin's double bridge used for

measurement of low resistances. Derive the condition for balance.

OR

Draw the circuit of a Kelvin bridge, explain its operation, and derive
the equation for the unknown resistance,

AKTU 2017-18, Marks 07

OR

Describe Kelvin double bridge in detail.

AKTU 2016-17, Marks 10
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Answer |

1. Kelvin's double bridge is used for measuring low resistances
(micro ohms to 1 Q).

It is modification of Wheatstone's bridge and provides increased accuracy,

It incorporates the idea of second set of ratio arms, hence the name

double bridge and the use of four terminal resistances for the low
resistance arms.

4. The circuit diagram is shown in Fig. 3.3.1.
/TNY

_~ P
' R
a8
it

m

Iy

Li
Re
Fig. 3.3.1.
R = Unknown resistance

§ = Standard resistance of the order of magnitude
as R

r = Connecling link of low resistance

5 P, andp, g are two pairs of known non-inductive resistances and one
pair P, por @, g is variable.

6. The ratio p/g is made equal to P/ Q. Under balanced conditions there is
no current through galvanometer

ie., E =<E.. .{3.3.1)
s P o8
7. Since, E ;= Fier-E“‘h {Voltage divider rule)
)
0
p+ fjl'+i'"
({ b
and E, = [R.p p L P+qir”
: prqiprgtr
. [m . W
+g+r |
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8. For balanced condition
Eaa’ = Eﬂnm
' N R+S+(p+qir T s
P+Q ptq+r pta+r
P qr {P p]
or R=—.8+ Boadi=
Q@  p+g+riQ ¢
; P p
9. Nowif — = =
Qg
P
then we have R= ES

QIJIE 3.4. I Describe the substitution method of measurement of

medium resistances.

Answer - |

Substitution method :

1. Fig.3.4.1 shows the circuit diagram for substitution method. The switch
connects the resistances K and S alternately.
2. When the switch is at position 1, the resistance R is connected in the

circuit. The value of By is varied till the ammeter pointer is adjusted on
a chosen mark.

it

Ry : Regulating resistance
S : Standard resistance
R : Unknown resistance

Fig. 3.4.1.

3.  When the switch is at position 2, the resistance S is connected in the
circuit. The value of S is adjusted till same deflection is obtained as that
in the R circuit.

4. The current is unchanged in the substitution method irrespective of
change in rezistance with switch, provided the battery voltage V and
position of E;; are unaltered. The value of unknown resistance R is
equal to the dial settings of 5.
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9. The deflection of the ammeter 1z directly proportional to the current
paesing through the circuit. Hence. the deflection is inversely
proportional to the total reziztance of cireuit

Let (7 be galvanometer / ammeter resistance. Let £, be deflection with
standard remstor and 8, be deflection with unknown resistor, Then,

R+
|q"r_l:

1]
R: ';;- f;-| = r;
A

Que 3.5, | Explain Wheatstone bridge method for caleulation of

medium resistances.

Answer |

Wheatstone bridge method :

The hridge consists of four resistive arms P, Q. K and S together with
a souree of emf and a null detector (galvanometer !

Halance condition :

1. When bridge s balanced, the galvanometer carries zero current and
does not show any deflection

2 Thus bridge works on the principle of null deflection. Pointa Band D
must be a1 same potential

Thus, f:f' = .f‘.ff J36.1

Unknewn ;'*&;;‘

*
- Standard
o _l—-" .H o | /ﬁj.; —
resistance 1 | resislance

|
| Y
|
1

i
E

Fig. 3.5.1. Wheatstone bridge
4. For zero current in galvanometer
P

_p . F B2
f] ¥ f'! " !Q

BachelorExam.com



BachelorExam.com

J-8E (EC-Sem-5) Measuring Methods and AC Bridges

.(3.5.3}

and l,=1 =

where, E = emf of battery
6. Combining eq. (3.5.1), (3.5.2) and (3.5.3), we obtain :

H R
P+@Q R+S
P
R=8—
&
where, R = Unknown resistance.

Que 3.6. | Give numerical example to explain the sensitivity of a
Wheatstone bridge. What is the main advantage of using Kelvin’s

bridge over Wheatstone bridge ? AKTU 2014-15, Marks 10

Answer

Sensitivity of a Wheatstone hridge :

The sensitivity is defined as the precision with which the bridge makes

resistance measurements. To determine the sensitivity it is necessary

to calculate the galvanometer current.

2. The sensitivity of a Wheatstone bridge depends on the current sensitivity
of the galvanometer, the galvanometer resistance, and the bridge supply
voltage.

3. Galvanometer current depends on the galvanometer resistance and the
bridge supply voltage. Fig. 3.6.1 shows the bridge with the galvanometer
removed,

—

Fig. 3.6.1. Open-circuil voltage at the galvanometer terminals is (V- Vg

4. The open-circuit outpul voltgge across the terminals at which the
galvanometer is connected s
v E, R E, 8
R™'STpyp Q -5

Va-Ve= ER. .(3.6.1)
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5.

The internal resistance of the bridge is determined by first assuming
that the voltage supply E, has an internal resistance which is very
much smaller than the resistance of the bridge components,

P Q

R 5

Fig. 8.6.2. Internal resistanceisr=P || R+ @ || 8.

This assumption gives the circuit of Fig. 3.6.2 when E is replaced with
a short circuit, Thus, the internal resistance of the brldge is

»=P|R+Q| 8 .(36.2)
The complete equivalent circuit of the bridge and galvanometer is shown
in Fig. 3.6.3. The galvanometer current is now

N awd T .(3.6.3)

g
?'-I-J";
%r

i R

Fig. 3.6.3. Thevenin. equivalent circuit.

From eq. (3.6.3) it is seen that if V- Vg is mcrea&ed I is increased.
Vy, — Vg can be increased by usmg a iarger supply voltage E,. If the
lnwest d&tentab]e changein [, is made smaller by using a more ﬁenmtwe
galvanometer, Vy, — Vg can be reduced @.

Thus, the bridge sensitivity can be improved either by incre asing Epor
by using a more sensitive galvanometer.

Numeric example :

Let us consider a Wheatstone bridge has P = 3.5 kQ, @ = 7 k), and
S =4 kQ when R =2 kQ. The supply is Eg = 10V, and the galvanometer
has a current sensitivity of 1 pA/mm and a resistance r_ = 2.5 k(1. Now
we have to calculate the minimum change in R which is detectable by

the bridge.

Fromeq.(3.6.2), r=P|R+Q|S
=35kQ| 2k +7kQ |4 kO

= 3.82kQ

From eq. (3.6.3),
Ve-Vg=1lr+ re
=1pA(3.82k0 +2.5kQ) =6.32mV
When the bridge is balanced,
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v - EyxR__10Vx2kQ
R Py+R 35kQ+2k0

= 3.63636 V
9. When the open-circuit galvanometer voltage is 6.32 mV,
Vi + AV, = 3,636 36 V + 6,32 mV

and Vp=E—(Vy+AV,)=10V-3.642 68V
= 6.35732V

=
fp=L, = ﬂzw =1.816 mA

P 3.5kQ

So, R+AR= V, + AV, _364268V
VS 1.816 mA
= 2.0059 kW
AR =(R +AR)- R =2.0069 k{2 - 2kQ

=590
Advantages of using Kelvin's bridge over Wheatstone bridge :
Kelvin's double bridge is more accurate than Wheatstone bridge.

2. The effect of load and contact resistance is completely eliminated.

Explain the loss of charge method for measurement of

1. Inthis method, the insulation resistance R to be measured is connected
in parallel with a capacitor C and electrostatic voltmeter.

2. The capacitor is charged to some suitable voltage, by means of a battery
having voltage V and is then allowed to discharge through the resistance.

3. The terminal voltage is observed over a considerable period of time
during discharge.
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4.

D.

The voltage across the capacitor at any instant ¢ after the application of
voltage is

V= uvexp(-t/CR)
Li = exp (- {/CR)

u
Insulation resistance,

_ t_ 04343¢
~ Clog, (V/v) Clogy, (V/v)
The variation of voltage v with time { is shown in Fig. 3.7.2.

Fromeq. (3.7.1) it follows that if V, v, C and t are known, the value of R
can be computed.

-13.7.1)

If the resistance R is very large, the time for an appreciable fall in
voltage is very large and thus, this process may become time consuming.

Also, the voltage-time curve will thus be very flat and unless great care
is taken in measuring voltages at the beginning and end of the time A,
a serious error may be made in the ratio V/v causing a considerable
corresponding error in the measured value of R.

More accurate result may be obtained by change in the voltage V - ¢
directly and calling this change as ¢, the expression for R becomes

R- ﬂ.-f-lﬂliﬂi?
[
clog 3
3 4
T\,r V=veYRC
v
¥ -
{ 1 |

Fig. 3.7.2. Variation of voltage with time,

This change in voltage may be measured by a galvanometer.

This method iz applicable to high resistances but it requires a capaciltor
of a very high leakage reactance as high as the resistance being
measured.

Que 3.8. | Explain direct deflection method of measurement of high

resistance.
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Answer |

L Tn this method, a high resistance (1000 01 and very sensitive moving
coil galvanometer is connectod in series with the resistances to be
measured along with supply voltage.

Measuring Methads and At Bridges

2. By this method, insulation resistance can be obtained with respect to
the deflection of galvanometer.

3. The galvanometer measures current Iy, between the conductor and
metal sheath,

4. The leakage current, I, over the surface of insulating material are
carried by guard wire.

5. The ratio of the voltage applied between conductor and metal sheath

to the current flowing between them gives the insulation resistance of
the cable.

;H
\i 8 I, — Guard Metallic
] (wirl: g‘sheath
I.l""."l. ___________
(ED A 50 5 . ) IS e e
WL |
Conductor ko ismsilo: T ----- :l

Insulating
material

Fig. 3.8.1.

Que 3.9. ' Discuss the method of measurement of high resistance
by Megger method.
OR

Discuss insulation resistance measurement.

1. Thevalue of insulation resistance is usually in order of mega ohms. The
instrument used to measure insulation resistance is known as Megger.

2. Itconsists of a hand driven DC generator and a direct reading ohmmeter.

3. Permanent magnets provide fields for both.

5. The moving element consists of three coils, one current coil. potential or

pressure coil and compensating coil,

4. The coils are mounted over a rigid shaft and are free to rotate over a
C-shaped stationary iron core.
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6.

10.

11.

12,

13.

14.

The coils are connected to the circuit by means of flexible leads or
ligaments.

F and L are the test terminals, The current coil is connected in series
with the terminal L.

The series resistance R protects the current coil in case the test terminals
are short-circuited and controls the range of the instrument.

The pressure coil, in series with a compensating coil and protection
resistance R is connected across the generator terminals.

Compensating coil is provided for better scale proportions and to m
the instrument calibrated.

When the current from generator flows through pressure coil, the coil
tends to align itself at right angle to the permanenti magnet field.

For infinite resistance, no current flows through the current coil and
pressure coil governs the motion of the moving element causing it to

move its extreme counter clockwise position, the point under this
condition is marked infinite resistance.

Current coil produces clockwise torque on moving element, when the
terminal L and E are short circuited, the current flowing through current
coil is large enough to move the pointer toits extreme clockwise position,
marked zero.

Control circuil
resistance
E

ake

(]nmmngatjng JII' Current cotl
R il i .'! Magnet J
Annular
= jrom 1 L—«I
: / Pointer
PC

%&% ecale
= 4
F /L

Magnel

Hand driven
generator

Cluard Lerminal

T
when fitted Ligaments

Fig. 3.9.1. Megger.

For any resistance connected between L and E, the opposing torque of
the coils balances each other so that pointer comes to rest at some
intermediate point on the scale.
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Measuring Methods and AC Bridges

PART-2 |

AC Bridges for Measurement of Inductance and Capacitance.

Queéstions-Answers

Long Answer Type and Medium Answer Type Questions

e 3.10. | Explain how AC bridge are balanced with proper phase

| .

Q

diagrams ? Derive the expressions of converting series 1
circuits into parallel equivalent circuits.

nductor

AKTU 2014-15, Marks 10

Answer |

Answer

A

1.

b

1'.'.."l

Balance equation :

=3 =% =k 3

The four bridge arms Z,,Z,, Z,,and Z, are (i.e,, they are conjugate)
indicated as unspecified impedances and detector is represented by
headphone.

The balanced condition is reached when the detector response is zero or
it indicates a mull. Balance adjustment to obtain a null response is made
by varying one or more of the bridge arms.

The condition for bridge balance requires that potential difference from
C to D must be zero. This will be the case when the voltage drop from
A to C equals the voltage drop from A to I in both magnitude and phase.

In complex notation we can write as

E'.ar.' o E‘.ﬁu {BIUIJ
ar LZ = 1.2, -13.10.2)
Also at balance,
iy B = L13.10.3)
2+Z,
-, 4 j;.;
I, = I4:TT LA3.10.4)
VAR

4

Substituting eq. (3.10.3) and (3.10.4) into eq. (3.10.2)
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Jé r' E:' -+
4 =——2Z,
z]+'z:'!- z-j+z,1
or, Z"*_T 2y - ZitZy
z, Z,
or ]+§ﬁ‘- = 1+%
z, 7z
or 2.2~ 2.7, .(3.10.5)

or when using admittances instead of impedance, we have
¥. ¥, =¥.¥,
Eq. (3.10.5) is the general equation for balance of AC bridge.

7. It states that the product of the impedances of the one pair of opposite
arms must be equal to the product of impedances of the other pair of
opposite arms with the impedance expressed in complex notation.

8. Eq.(3.10.5) can be written as in polar form :
(Z, £8)(Z, £8,) = (Z, £8,) (Z, £8,) ..[3.10.8)
2, 2,200, +0)=2,2,2(8;+8,) {3.10.7)
9. Eg. (3.10.6) and (3.10.7) shows that following two conditions must be
satisfied simultaneously when balancing an AC bridge :
L Z\Zy= Ly
1. 20, + 28, = 28, + £0,
IIRE = lEH-Ii
IIRI = ]-.2].'1ﬁ l-'..Il
I
7 |
3, |
o i
EQ) il
I
| 101 = 1%es ||
___________ ]
{b} Phasor diagram for
(@) General form of AC bridge. balanced bridge.
Fig. 3.10.1.
Here, Z,=R,+Xp,
zﬂ= Rs ok
Zy= Ry
Z,;=R,
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B. Expressions:
Inductor equivalent circuits :

1. Inductor equivalent circuits are shown in Fig. 3.10.2. The series
equivalent circuit in Fig. 3.10.2(a) represents an inductor as a pure
inductance L_in series with the resistance R of its coil.

2. ldeally, the winding resistance should be as small as possible, but this
depends on the thickness and length of the wire used to wind the coil.

3. Physically small high-value inductors tend to have large resistance values,
while large low-inductance components are likely to have low resistances.

4. The parallel RL equivalent circuit for an inductor as shown
in Fig. 3.10.2(b) can also be used.

5. Asin the case of the capacitor equivalent circuits, it is sometimes more
convenient to use a parallel RL equivalent circuit rather than a series
circuit,

(a) Series equivalent circuit b) Parallel equivalent circuit
Flg.\ﬂ.l.ﬂ'aﬂa_
6. The series circuit impedance is
Z =R _+jX
and the parallel circuit admittance is i
LI
F RF ] XF'
Y,=G,-jB,
Z,=2,
; 1
R +jX = .
] & G-P _ JBP
G, + jB
R +iX,= — { 2. ”}
(G, - JB,)\ G, + jB,
, G, + jB
R +)X = £ £ .(3.10
o TIA, G'+ B ...{3.10.8)
7. Equating the real terms in eq. (3.10.8) gives
e G B (R
2 z 2 2
G,+B)  1/R +1/X° RFXPJ
XE

(3.10.9)
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8 Equating the imaginary terms in eq. (3.10.9) gives

X = —-BE—— = L_(ﬂﬁxﬁ\]
= G B R +1/% | RX)
R X
= .(3.10.1
X, X§+R§ (3.10.10)

Q_liﬁ 3.11. | Derive an expression for finding unknown resistance

and inductance for Maxwell's Bridge.

AKTU 2017-18, Marks 10

AKTU 2015-16, Marks 10

OR
A Maxwell inductance bridge uses a standard capacitor of C,=0.1
uF and operates at a supply frequency of 100 Hz. Balance is achieved
when R, = 1.26 kQ, R, = 470 Q, and R, = 500 Q. Calculate the
inductance and resistance of the measured inductor, and determine

its @ factor.

Answer i

A. Maxwell's bridge : ‘
1. Maxwell’s bridge is used for measurement of the inductance having low

‘@' values (i.e., @ < 10.
9. The general equation for bridge balance is

- =+ wma
Z,Z = Z,Z, .(3.11.1)
-+ 5 é - —+ ¥ :
g =2 3=2.27, ..(3.11.2)
Z,
where, .’fi] = R,in parallel with C,
— 1 s
= —= —+ wC
heztRT
52 =Ry, E:a =R,

-

Z, =R in series withL_=R_+joL,
Substituting these values in eq. (3.11.2), we get

(1 ]
R, +joL, = R,R, LE + jwC, ,|
1

R, . ;
or, R_+joL = —REE&- +joC,R,R, .(3.11.3)
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E @ Detector

Fig. 3.11.1. Maxwell’s bridge diagram.
3. Equating real and imaginary terms in eq. (3.11.3), we have

R = %and L =CR,R,

4. To obtain the bridge balance, first R, is adjusted for inductive balance
and R, is adjusted for resistive balance, the quality factor of coil is given

by
oL,  oCRR, _ oCRRE,

““R T®RR/R)T RR
@ = wC\R, (3.11.4)

5. Maxwell’s bridge is limited for the measurement of low values of
Q(1<Q < 10).

B. Numerical :
L =C,R R =01 yF x 1.26 kO x 500 Q
= 63 mH

p - BB _126k0x5000

= 1.34 kQ
) 470Q

oL, 2mx 100 Hz x 63 mH
R 1.34 kQ

k]

Q= =0.03

Que 3.12 Draw the bridge arrangement and describe the Hay’s
bridge for inductance measurement. Draw the phasor diagram.

1. The Hay's bridge is a modification of Maxwell's bridge.

2, This bridge uses aresistance in series with the standard capacitor (unlike
the Maxwell's bridge which uses a resistance in parallel with the
capacitor).
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3.

Let L, = Unknown inductance having a resistance R P

R, R, R,= Known non-inductive resistance,

and C, = Standard capacitor.
At balance,
(R +joL) (R, -jlwC,)=R,R,
iR
or R R, +h+ R, - 4 g
C, July oC, oAty

()

By B, of Lo s answa i ” E

IoR,

e -
90° LR, . Ey=E, I,
P & : 3
Iyl
b}
Fig:342.1.
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2. Separating the real and imaginary terms. we obtan

= L - K.
H H'.‘- iﬁF ama L, =— — "
{ = [ .HJ i
6. SBalving the twn equations, we have
I - H' R-i_:
1+ n'CiR;
ip ] r'“.
Al R = IF:"R' iy 3
1:0C,R,
7. The @ factor of the rml 12
& = ol /R, = il R,
R The expres=zions for the unknown inductance and resistance contain
the frnqu:-m v leTm
8 Therelore it appears that the frequency of the source of supply to the

bridge must be accurately known

Que 3.13. | Derive balance equation of Anderson’s hridge along with
its phasor diagram.

Answer

1 In Andersons bridge method inductance @ measured in terme of a
standnrd capacitor

-} ~>p— L -
I oab
A
By ni )
4‘**‘ » 8 ""XgIH'
D) |
K ¥ |
o b
) H! |_ |

1§ p— 1t 'T:zrql
y {i 4 |
XNES 2

P AT |
¥ "HI' Ey """h

| CEESREE ~P .5F' J

fa!
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/}?‘ic]:-'r.
1
I, =R, + 1)) Ey=TiRy=I/uC

{b)

Fig. 3.13.1.
2. Let L, = Self-inductance to be measured,

R, = Resistance of self-inductor,

r,= Resistance connected in series with
self-inductor,

r,R,, R, R, = Known non-inductive resistances,

and C = Fixed standard capacitor.
3. Atbalance, _ir]:Insmd.i’fj’chi4
4, Now, IR,=1x j{iﬂ
e 1,=1joCR, ..(3.13.1)
5.  Writing the other balance equations,
I,(r +R, + jwL,) = I2R2+I{,r .13.13.2)

| s
HI'.Id. I{: [F+R] = (IE IC}R-'i

6. Substituting the value of I from eq. (3.13.1)in eqg. (3.13.2), we have
Iiry+ R, +joL,) = IR, + LjwCRyr

or L(r+ Ry +joL, - joCRyr) = LR, ..{3.13.3)
; ( 1 .

and JoCR,I, Lr+—m—E_] = (I,-1,joCR R,

or I,(joCRyr +joCRyR, + Ry) = LR, 13.13.4)

7. From eq.(3.13.3) and (3.13.4), we obtain
3

( wCRRyr |
I, (ry+ Ry +Jjol, —joCR,r) =1, Lﬁlﬂ?& 2 R: B+ _;m(]RgRQJ
4 /

8. Equating the real and the imaginary parts,
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RyRy
R 1= _R‘:_ -
and L—CE-Q—Ir{R +R,) +R,R,]
1= R4 4 2 4

Que 3.14. | Write the mathematical expression for inductor @-factor

and capacitor D-factor. Explain the working of inductance

comparison bridge. AKTU 2014-15, Marks 10

Answer |

1

Q-factor of an inductor :

The quality factor, @-factor, of the inductor is the ratio of the inductive
reactance and resistance at the operating frequency:.

X oL

%R

] 5

where, L_and R_ refer to the components of an RL series equivalent
circuit,
Ideally, wL, should be very much larger then R, so that a very large
@-factor is obtained.
When the parallel equivalent cireuit is employed

R. B

Q: _'I'Ig-;_'"
X, oL,

D-factor of a capacitor :
The dissipation factor D defines the quality of the capacitor. D is simply
the ratio of the component reactance (at a given frequency) to the
resistance measurable at its terminals.
Using the parallel equivalent circuit,

p ey,

R, oCR,

Ideally, R should be very much large then L"{mCF ), giving a very small
dissipation factor.
When a series equivalent circuit is used, the equation for dissipation
factor can be shown to be

B %= oCR,

Inductance comparison bridge :
The circuit of the inductance comparison bridge is shown in

Fig. 3.14.1.
The unknown inductance, represented by its (series equivalent circuit)
L_and R, is measured in terms of a precise standard value of inductor.
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3. I.. 15 the standard inductor, R, is avariable standard resistor to balance
RS, R, and R . Balance of the hndge is achieved by alternately adjusting
R, and e1ther RiorR,

G,

Fig. 3.15.1, Inductance comparison bridge.

4, At balance, we have,

Z _Z
zﬂ 4
R, + joL, _ R, +joL,
R, R,
R'I H ulLl R . UJ.L“
L+ j—==+] .(3.14.1)
R, "R R "R,
5. Equating the real and imaginary components in eq. (3.14.1)
BR_R a%_ ek
R, R, R, R,
R4 _ LIR-t
R = and L = R

3 i

Define Owen’s Bridge with phasor diagram. Give its

advantaﬁés and disadvantages also.

Answer

1. This bridge may be used for measurement of an inductance in terms of
capacitance.

2. Let, L, = Unknown self-inductance of resistance R,

R, = Variable non-inductive resistance,
R,= Fixed non-inductive resistance,
C, = Variable standard capacitor,

C, = Fixed standard capacitor.
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e E, b E; |

I
U}'Cq

{b)
Fig 3151,
3. At balance,
, 1 ( 1
R '9 I
(R +jo ljl.ij4] xRa + jmﬂz] R,

4. Equating real and imaginary parts, we obtain :

L,=R,R,C, and R1=R3%
2

Advantages :

1. Owen’s Bridge can be used over a wide range of measurement of
inductance.

2. The balance equation are simple and do not contain any frequency
component.

Disadvantages :
Owen’s bridge requires a variable capacitor which is expensive.
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Que 3.16. ‘ How dielectric loss and unknown capacitance are

measured by Schering bridge ? AKTU 2015-16, Marks 10

Answer |

A.  Measurement of Capacitance :

1. It is one of the most widely used AC bridges for the measurement of
unknown capacitors, dielectric loss and power factor.

2. It is also useful for measuring insulating properties, i.e., phase angles
very nearly 90°,

3. Fig. 3.16.1 shows basic circuit arrangement.

Fig. 8.16.1. Schering bridge.

4, One ofthe ratio arms consists of a resistance in parallel with a capacitor
and standard arm consist only a capacitor.

5. The standard capacitor is a high quality mica capacitor or an aur capacitor
for insulation measurement.

6. The general bridge balance equation 1,

Z,Z,=2,Z,
zZ =227,
¥, = %:rjmﬂl
gisly 2yt Bym e
ARt e Skt (0{33
1
=B e
JoC,
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Substituting,
v
J -j11
R -— x | — + joC
"ooC % o, lR, s ]fl
Pl o R‘E lel‘:

“ToC, T YaRC, " €,

Separating real and imaginary terms,

R RC, ..(8.16.1)
[
1
1 __R
n'li.':Jt = L'J}Rlﬂa
RC,
0 =—12 .3.16.2)
x Rg

The eq. {3.16.2) gives the value of unknown capacitance C, in terms of
standard capacitor C,, R, and R,

B. Measurement of dielectric loss ;

For a series combination of R, and C_, the angle between the voltage
across the series combination and voltage across the capacitor C_ is

called loss angle (3.
Now, tan é = IR
I ( 1 \I
LmC
= oR,C,

? j )
tan &= :rE'.I ! xr(R1CI.1|
e, )\

R, )

= wR,C,

Que 3.17. | Explain capacitance and inductance bridges.

, OR
How the capacitance value is measured with the help of De-Sauty’s
bridge ? This bridge is used for which type of capacitor.
OR
The standard capacitance value in Fig, 3.17.1 is C, = 0.1 yF, and
R,/R, can be set to any ratio between 100: 1 and 1: II]'I} Calculate
the range of measurements of unknown capacitance C,.
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Answer |

Capacitance bridge : ‘
1. This bridge is simplest method of comparing two capacitances.

4 = :L Rr
Vi=Vy 11R1*z 2
I
|
|
|
|
|
|
I
|

(@} Circutﬁhagram (b} Phasor diagram
Fig. 3.17.1.
171
2. At balance ILR,=1LR, .(3.17.1)
L (3.17.2)
gt L
and aC, 1 I = oy
3, Dividing eq. (3.19.1) by eq. {3.19.2), we have
B S
—jleC, -jloC,
After solving, we get
By
C,=Cy ' R
4. This bridge is used for the capacitor with low dielectric losses such as air
capacitor.
Numerical :

!

]

£
|5

FurRJ;‘El:Iﬂﬂ:l:
C,=0.1pFx g = 10 uF

For R/R, =1:100:
1

C.=01puFx —X_ =0.001pF
: ST

Inductance bridge : Refer Q. 3.11, Page 3-17E, Unit-3.
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| PART-1]

Electronic Instruments : Wattmeter and Energy Meter.

Questions-Answers

‘ Long Answer Type and Medium Answer Type Questions

Que 4.1. | Explain the working of electronic wattmeter.

Answer I

1. Electronic wattmeters are used for direct, small power measurements
or for power measurements at frequencies beyond the range of
electrodynamomeler-tyvpe instruments,

2. Asimplified electronic waltmeter circuit is shown in Fig. 4.1.1.
— R, E, . =
WA
i —— ¥, :t
/ = \] e \\.
e - e et S
| |
\L A [/
R, R,
VW —WW—
— Al
Load-= |E
& ] o
§ 1" :
Fig. 4.1.1. Simple electronic wattmeter circuit.

4. The matched triodes are operated in the non-linear portion of their
characteristic grid-voltage, plate-current curves.

4. The symmetrical resistive T network between the generator and load
will provide V|, and V, voltages proportional to, and in phase with, the
load current and voltage, respectively,

5. A source of AC power is connected to the load through the series
resistors B, and R,

6. These two resistors are of equal value and are made small to prevent

the voltage drop across them from reducing the load voltage
appreciably.
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7. R,is made large enough to have negligible power consumption,

8. Therefore, the R, voltage is equal to the load voltage, and the voltage
across either series resistor is proportional to the difference in the
output currents of the tubes.

9. The average value of the difference could be measured by a DC meter
connected to read the voltage potential between the grids of V, and V.

10. This method is adequate only at low {requencies.

11. As the frequency increases, the stray capacitances and inductances
also increase.

12. The frequency range of the electronic wattmeter can be extended up
to 20 megahertz by using pentodes instead of triode tubes. The operating
conditions in a pentode are adjusted so that plate current is proportional
to the product of a linear function of plate voltage and an exponential
function of grid voltage.

Que 4.2. | Explain the energy meter.

Answer

‘

1. The measurement of energy can be done by using an electronic energy
meter. Such an electronic energy meter uses integrated circuits. The
measurement of energy can be divided into two parts.

9. Basically energy is defined as the total power delivered or consumed

over a time period. So the measurement of energy can be done by
measuring the power and time over which it is consumed.
3 A functional block diagram of an electronic energy meter is shown in
Fig. 4.2.1.
4, Basically the average power is equal to the mean product of the
instantaneous voltage across load and instantaneous current through
it.
By using potential divider, the supply voltage is brought to required
Jevel. This voltage is then scaled appropriately in the required range by
using voltage scaling device. While the current scaling device scales
the load voltage which is proportional to the load current.

':"_.TI'

6. Both these scaled voltages are connected to vollage and current
multiplier unit. This unit outputs the current as a result of the product
of AC voltage and current.

The current proportional to an instantaneous power is applied to the
vollage-controlled oscillator. It works on the principle of constant
current charging of the capacitor.

8 As the voltage controlled oscillator is basically voltage to frequency

converter, it produces a sguare wave output.

BachelorExam.com

o |



BachelorExam.com

4-4 E (EC-Sem-5) Electronic Measurements

Yoltage

= scaling
Potential device
divider '
o
[ Voltage
230V, 50 Hz Load current
16 AC multiplier
mains supply | — unit
:
®
Voltage
Current controlled
L | scaling oscillator
device
ADC
Display
unit

- Fig. 4.2.1. Block diagram of electronic energy meter,

9.  The frequency of this square wave is proportional to the oulput current
of voltage-current multiplier.

10. Thus the power dependent current and the frequency dependent
current decide the value of the consumed energy.

11. The analog signal is converted by using analog to digital converter. The
display unit displays energy in watt-hour,

PART-2

T;mej quuency and Phase Angle Measumma;ws msmg
~ CRO, Séﬂmge Oscilloscope. - . e

T e
Imngﬁnswmﬁ‘ypéaﬁﬂm&lmﬁnﬁwémﬁfypa%stmns -.
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Que 4.3. | Explain the construction and working of a basic Cathode

Ray Oscilloscope (CRO) eircuit with the help of relevant diagrams.
OR

How would you measure frequency using CRO ?

AKTU 2016-17, Marks 7.5
Answer i

Construction :

1. The Cathode Ray Oscilloscope (CRO) is a very useful and versatile
laboratory instrument used for display, measurement and analysis of
waveforms and other phenomena in electrical and electronic circuits.

Input signal | Vartical
—i

amplifier * Delay line > 1

Ta CRT

HV. supply -

L.V. supply SR EREIR R
L | * T

To all circuit

Trigger Sweep Horizontal
vircuil " |generator amplifier

Fig. 4.3.1.

9 (CROs are in fact very fast X-Y plotters, displaying an input signal
versus another signal or versus time.

3. The normal form of a CRO uses a horizontal input voltage which is an
internally generated ramp voltage called “T'ime Base”.

4. However, it is possible to convert current, strain, acceleration, pressure
and other physical quantities into voltages with the help of transducers
and thus to present visual representations of a wide variety of dynamie

phenomena on CROs.
Working of a CRO :

L. When signal is to be displayed or viewed on the screen 1t is applied
across Y-plates of a cathode ray tube (CRT).

9 But to see its waveform or pattern, it is essential to spread it horizontally
from left to right. This is achieved by applying a sawtooth voltage wave

to X-plates.
3. Under these conditions the electron beam would move uniformly from
left to right thereby graphing vertical vibration of the input signal

versus time.
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4.

8.

Due to repetitive tracing of the viewed waveform, we get a continuous
display hecause of persistence of vision, To get a stable stationary
display on the screen it is essential to synchronize the horizontal
sweeping of the beam with the input signal across the Y-plates.

Time measurement ;

The waveform is displayed on the screen such that one complete cy-:‘:le
is visible on the screen. Thus accuracy increases if a single cycle occupies
as much as the horizontal distance on the screen.

The period of the waveform can be obtained as,

Time . . d
T = { Number of divisions occupied by 1 cycle) x Em H = Time perio
The frequency is the reciprocal of the period.

1

=7
Frequency measurement :
When two sinusoidal voltages are simultaneously applied to horizontal
and vertical deflection plates, a pattern is observed which is called
Lissajous pattern. :
Out of these two inputs, one is known frequency and other one is
unknown frequency.
The signal whose frequency is to be measured is applied to Y-plates.
A known source of variable frequency is applied to X-plates.
The standard frequency is adjusted until the pattern appears as a circle
or an ellipse indicating that both the signals are of same frequency.
It is not possible to adjust the standard signal requency to the exact
frequency of the unknown signal, the standard is adjusted toa multiple
or a submultiple of the frequency of unknown source so that pattern
appears stationary.
As shown is Fig. 4.3.2 sine wave is applied to X and Y plates.

Cyd
AVAY '
==
\J  \J /N
Voltage applied toY »¢ _ | |
plates ifrequency 2f) 2 b :""“* ™
TELT
B 20
A
a8
=TI |
2g I
IR
ol Y

Fig.432.
It shows that CRT spot travels two complete cycles in the vertical
direction against one in horizental direction.
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9.

10.

11.

The pattern obtained is in the shape of 8.
The ratio of two frequencies is

fy _ Number of times tangent touches top or bottom

f. ~ Number of times tangent touches either side
where, f, = Frequency of signal applied to Y-plates.

f, = Frequency of signal applied to X-plates,
So the time period can also be determined by inverting the frequency.

000

Fig. 4.3.3.

Phase angle measurement :
When two sinusoidal voltages of equal frequency which are in phase
with each other are applied to the horizontal and vertical deflection
plates, the pattern appearing on the screen is a straight line.
When two equal voltages of equal frequency but with phase shift 90° are
applied to a CRO, the trace on the screen is a circle.
Two equal voltages of same frequency but with a phase shift ¢ is applied
to a CRO we obtain Fig. 4.3.4.

Resulting Vertical deflection

pattern voltage

%q]:n"

E

-~

_lelp:au“ or 330°
- I

h = 90° or 270°

- {
XY_L o= 150" or 210°
= {

b = 180°

CON

}

/ Horizontal deflection
/ voltage
I\""--

(a) Lissajous pattern with different phase shifts.
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Major
et axis
B Xz
tb) Fig. 4.3.4.

4. Regardless of the two amplitudes of the applied voltage the ellipse
brovides a simple means of finding phase difference between two
voltages.

. x ; ¥ . -1 %
sing= -8 g Mgk

Yo Xy ¥y X3

Que 4.4, ’ Explain storage oscilloscope.
Answer ]

Storage oscilloscope : Two storage techniques are used in oscillogcope
CRTs : mesh storage and phosphor storage.

1. Amesh-storage CRT uses adielectric material deposited on g storage
mesh as the storage target. This mesh is placed between the deflection
plates and the standard phosphor target in the CRT.

2. The writing heam, which is the focused electron beam of the standard
CRT, charges the dielectric materia) positively where hit,

3. The storage target is then bombarded with low velocity electrons from
a flood gun and the positively charged areas of the storage target allow
these electrons to pass through to the standard phosphor target and
thereby reproduce the stored image on the screen,

4. Thus the mesh storage has both a storage target and a phosphor display
target. The phosphor storage CRT uses 4 thin layer of phosphor to
serve both as the storage and the display element.

Mesh storage :

1. It is used to display Very Low Frequencies (VLF) signals and finds
many applications in mechanical and biomedical fields,

2. A mesh storage CRT is shown in Fig. 4.4.1.
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[
Phosphor
Writing ‘JDP/, o
gun —
Collimator
electrode  (pllector Storage
mesh mesh

F'ig;_-i,fl.l. Bagic elements of storage mesh CRT.

3, It contains a dielectric material deposited on a storage mesh, a collector
mesh, flood guns and a collimator, in addition to all the elements ofa
standard CRT.

4. The writing gun etches a positively charged pattern on the storage
mesh or target by knocking OFF secondary emission electrons.

5. In order to make a pattern visible a special electron gun, called the
flood gun, is switched ON (even after many hours).

6. The electron paths are adjusted by the collimator electrode which
continueg a low voltage electrostatic lens system as shown in

Fig. 4.4.2.
(Collimator
|
1
[
|
|
I
|
: I i
Write 1 Phosphor
gun '\ screen

N
Collector  Storage
mesh mesh
‘Fig. 4.4.2. Storage mesh CRT.

7 Most of the electrons are stopped and collected by the collector mesh.
Only electrons near the stored positive charge are pulled to the storage
target with sufficient force to hit the phosphor screen.

8. The CRT will now display the signal and it will remain visible as long as
the flood guns operate.

9, Toerase the patternon the storage mesh, a negative voltageis applied

tralise ﬁ sturled positive charge.
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Que 4.5. ] Explain dual trace oscilloscope and its application.

Answer

Dual trace oscilloscope :

1. Ithas asingle electron gun but the beam is split into two separate beams
before it passes to the deflection plates.

2. There are two separate vertical input channels, A and B, and these use
separate attenuator and preamplifier stages.

3. Therefore the amplitude of each input, as viewed on the oscilloscope,
can be individually controlled.

4. After preamplification the two channels meet at a time into the vertical
amplifier, via the delay line.

5. There are two common operating modes for the electronic switch, called

alternate and chop, and these are selected from the instrument’s front
panel.

6.  The alternate mode is shown in Fig. 4.5.1,

Atlenator
— and
Channe] A ]]n'umphﬁm" ) ;
Electronic | Delay Vertical ]____._
switch = line amplifier | Vertcal
g plates
Attenuator ' X-Y mode
i a1l JG
Channel By preamplifier
B A i
Extornal Tiges Sweep Hun]?I'l_ntaI >
Line 5, gsneal g AMPULEr | Honzontal
plates
Fig. 4.5.1.

7. In this the electronic switch alternates between channels A and B,
letting each through for one cycle of the horizontal sweep,

8. The display is blanked during the flyback and hold-off periods, as in a
conventional oscilloscope.

9. Provided the sweep speed is much greater than the delay time of the
CRT phosphor, the screen will show a stable display of both the waveform
at channels A and B,

10. The alterna.e mode cannot be used for displaying very low frequency

signals,
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Applications:

1. Analyze signals produced by function generators.

2. Check response of a silicon, InGaAs, or avalanche photodiode.

3. Use with analog light meter output to visualize intensity of a source.

4. Troubleshoot electro-optical and electrical systems.

5. Observea triggered event separately or relative to the trigger itself.

Que 4.6. ! Why is delay line used in vertical section of an
oscilloscope ? Explain it in detail. AKTU 2016-17, Marks 10

Answer

!--I.

b

The delay line is used to delay the signal for some time in the vertical
sections. When the delay line is not used, the part of the signal gets
lost.

Thus the input signal is not applied directly to the vertical plates but 1s
delayed by some time using a delay line circuit as shownin Fig. 4.6.1.

Main Delaved signal

amplifier P0€1=1to
— by

| Delay | i T

L

\ 1 G|
I\
Sweep [ |

general L‘I]’J XNy
Fig. 4.6.1. Delay line cireuit.

Input
signal

As the signal is delayed, the sweep generator output gets enough time
to reach to the horizontal plates before signal reaches the vertical

plates.

If the trigger pulse is picked OFF at a time ¢ = {, after the signal has
passed through the main amplifier then signal is delaved by
x4 nanoseconds while sweep takes v, nanoseconds to reach.

The design of delay line is such that the delay time x, is higher than the
time y,.

Generally, v, is 200 nanoseconds while the v, 1s 80 nanoseconds, thus
the sweep starts well in time and no part of the signal is lost.

There are two types of delay lines used in CRO which are
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d.

b.

Lumped parameter delay line,
Distributed parameter delay line.

Que 4.7. l Draw and explain the block diagram of oscilloscope

automatic time base with proper waveforms at the output of each

block. AKTU 2014-15, Marks 10

AKTU 2017-18, Marks 10

Answer I

1

ko

=1

For a waveform to be dizplayed correctly, it is important that the ramp

voltage producing the horizontal sweep begin at the instant when the
displayed waveform goes positive,

The ramp wave must be synchronized with the input waveform,

Synchronization is accomplished by means of the syne input to the

Schmitt trigger and by the other components of the automatic time base
inFig. 4.7.1.

The voltage waveform to be displayed (V) is applied to the vertical
amplifier and to the time base Lriggering amplifier. Like the vertical
amplifier, the triggering amplifier has differential outputs,

These provide two identical but

antiphase voltage waveforms
(V,and V ).

In the triggering amplifier, the input is amplified so much that ils peaks
are cut-off by saturation of the amplifier output stage. So the output
waveforms are almost square. One of these waveforms is passed via
switch S, to the input of an inverting Schmits trigger circuit,
The Schmitt cireuit is designed to have u
The Schmitt circuit output rapidly goes n
upper trigger point and positive as the j
point as shown in Fig, 4.7.1.

pper and lower trigger points,
egative as the input passes the
nput passes the lower trigger

The output from the Schmitt eircuit iz a =

quare waveform. This square
wave 1s applied to adifferentiating cireuit

The output produced by the differentiator

i2 proportional to the rate of
change of the square wave.

Therefore, the differentiated sgquare wave is a ser

1es of positive spikes
and negative spikes as shown in Fig. 4.7.1.
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[
|1
v.L)-

[
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1 1
0 R ol o o S T Vol =

Trigger Automatiic time base
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+‘|.-[.{.

I
: amplhifier
1

Dilfer-

_________ 1| entialo ¢ |

Hold-nil!

I
ERE | i
V circurl P |
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1 I
= L_.*____ _1 l-//_]?
I |
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HSI |

|

|

I 1

igl : Clippen i i

| EL

|

|

i

|

|

Y.
winput 7o grid f
ol eathode ;
' Unhlankin
Vertical ray tube pulse £
shifl
comlrol

Fig. 4.7.1. Oscilloscope automatie time hase.

aveform is now fed to a positive clipper circuit. This 1s

11. The epike w
ve spikes but blocks

cssentially a rectifier circuit that passes the negati
the positive spikes.

19. The negative spikes are passe
the sweep generator.

13. The train of negative spi
generator to be synchronize

displaved.
14 The ramp commences al the beginning of each positive half-cycle of the

input. The ramp output from the sweep generator is fed to the horizontal

deflection amplifier.

15. Thiz amplifier provides
horizontal deflecting plate
from left to right on the o5l
displayed exactly as explained.
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Que 4.8. ‘ What do you mean by interpolation ? Briefly explain
the operation of a DSO storage and display system.

Answer

A
1.

AKTU 2014-15, Marks 10

Interpolation :

To oblain a more representative display than the dot or step waveform,
digital oscilloscopes normally have a facility for drawing lines between
the sampled levels. This is termed as interpolation.

Linear interpolation occurs when straight lines are drawn between the
levels.

This 1s most suitable for pulze waveform displays. Sine wave interpolation
introduces a sinusoidal function hetween the sample levels, {or use with
sinusoidal waveforms. In Ifig. 4.8.1 shows both types of interpolation,
Linear interpolation produces acceptable sine waves when a large
number of samples are taken during each cycle. With fewer samples the
straight lines between the sample levels give a distorted display.
Sine-wave interpolation can give zatisfactory results with only
2.5 samples per cycle for sinusoidal waveforms, but when used with a
pulse wavelorm it can introduce distortion such as overshoots.

| i i
v |
|
[ ]
I.I
f
ler) Square wavelorm L} Sgquare waveform
without interpolation with linear interpolation
I ! [ L]
J |
I L
{e:) Binusoidal waveform i) Sinusoidal with
without interpolation sine-wave interpolation

Fig. 48.1.

DSO storage and display system :

In digital storage oscilloscope, the -waveform is sampled at regular
intervals and each sample is converted to digital form by means of an
analog to digital converter.

The block diagram of a basic sampling and storage system for DSO is
shown in Fig. 4.8.2
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3. Here, the time base generates a pulse waveform at a desired sampling

frequency. Each pulse switches the sampling gate and the ADC ON for
a brief time period.

4.  The sampling gate is used to generate a series of analog samples and the
ADC converts each sample into a coded group of pulses.

5. The pulse groups are then passed to semiconductor or other memory,
where they are stored for later recovery.

O ‘\N\-\.‘
‘ I f/ _\‘\\ — Input
signal
Sampling = N
gale
i OMNAOFF trigger
tn sampling
_L.l ] ] ] ] L gale and ADC
\ Ampi:iludﬂ
ADC I R

T iR e

gmal
Memuory Figna

Fig;'d,g,g;_ﬁméi'q _sgmpijng.;nd storage system for a DSO.

6. Fig. 4.8.3 shows a system for recovery of the stored information Lo
recreate original waveform, The digital to analog cunu.er‘ter {DAC),
triggered by pulses from the time hase, converts each :‘:hgltal samp]e
back to analog form and passes it to oscilloscope vertical deflection

er.

7. ’?’T:f lzfme base also generates a staircase waveform that is fed to the
horizontal deflection amplifier. The vertical and hn]riznnta] inputs can be
used to produce either a dot waveform on the oscilloscope screen.

L L

trigger
puises

Memuary

Elaircase
| wavelnrm

NAC

time base

Ta unblanking -
Analog samples
CRT H‘H‘H-\_“ reeovercd from
= ™ = digilal memory

will

-
$ * That wavefarm
L
' )

Vertical
deflection Harizental
amplifier Teflection amplificr

Fig. 4.8.3. Basic DSO gystem for _d.isp}'_ayinig‘_a stored waveform.
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Que 4.9,

oscilloscope.

Answer

A

B. Comparison :

Write short note on DSO. Compare it with sampling

| AKTU 2015-16, Marks 10

HKTU 2017-18, Marks 07

DSO: Refer Q. 4.8, Page 4-14E, Unit-4,

8. No. Digital storage Digital sampling ]
oscilloscope (DSO) oscilloscope
1. It is limited in speed due to | Tt is fastest oscilloscope among all.
digitising capability of the |
analog to digital converter.
2. Time base iz generated by | Time base is generated by ramp
crystal clock =o is more | circuit.
' | accurate and stable.
3. | Waveform can be stored in | It can only make measurement of
| digital hinary form, which | input signal. Data can't be stored
| canbe analyzed in it or taken | for further analysis.
to the computer for further
analysis.
4, It uses serial processing | Unlike other oscilloscope, digital |
architecture, sampling oscilloscope uses |
amplifier after the sampling,
| 5. | Sampling rate must be at Sampling rate can be as low as one
least twice as fast as the | hundredth of the signal
highest frequency in input | frequency.
signal.
Que 4.10. | Write short note with suitable example :
a. DSO and its applications.
b. Capacitance and inductance bridges.
¢. Dual trace oscilloscope and its application.
AKTU 2016-17, Marks 15

a. DSO0:ReferQ. 4.8, Page 4-14E, Unit-4.
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Applications :
1. Autoset : Some digital storage oscilloscopes have vertical

3

b.

C.

(volts/div) and horizontal (time/div) controls, just like an analog
oscilloscope,

Multichannel displays : Digital storage oscilloscopes are normally
capable of displaying waveforms applied to two input channels.

Waveform processing : Digital oscilloscopes normally contain digital
voltmeters, digital frequency meters and time measurement circuits,
which print the desired measurements on the nscilloscope sereen as the
waveform is being digplayed. Two cursors are employed io define the
points on the waveform between which the measurement is to be made.

Pre-triggering and post-triggering : A D50 can be used to display
portions of a waveform that occur belore the normal trigger point or
after the trigger point. Pre-triggering is possible because the input
waveform is continually being digitized and stored in memory.

Zoom and restart : Zoom and restart are essentially additional
methods of time delay selection and each 1s available with some DSO.
The portion of the displayed waveform Lo be examined is [irst centered
on the screen or marked by cursors.

Glitch and runt eatching : Glitches occurring during the sampling
time interval are invisible on oscilloscope, so0 where such waveform
anomalies are important, an oscilloscope with a very high sampling rate
should be used. A maximum/minimum level detector cirenit is employed
i some DSOs to detect the presence of a glitch.

Baby-sitting mode : A D50 can be set in a baby-sitting mode to deal
with particular, i.e., occurrence of waveform only once during a period
of hour gituation. This waveform is sampled and recorded continuously,
so that at any instant several immediately previous cycles are stored.
When an auomaly is detected, the stored samples are retained in the
memory for later playback.

Capacitance and inductance bridge : Refer Q. 3.17, Page 3-26L,
Unit-3.

Dual trace oscilloscope and application : Refer Q. 4.5, Page 4-10E,
Unit-4.

Que 4.11. | Explain the operation of sampling oscilloscopes.

Answer \

A

Sampling oscilloscope :
It is specially meant for observing very high frequency signals by sampling
the input waveform and reconstructing its shape {rom the sample.

Such high frequency ascillations cannot be viewed by conventional

oseillogcope because its frequency range ig limited by the gain bandwidth

p ct of its yertical ampliﬁer:
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3. The input is applied to the sampling gate. It biases the diode of sam!ph'ng
gate in forward direction momentarily. So it connects the gate input
capacitance to the test point.

4. The synchronization of the signal frequency with sampled wavefurm is
done which causes delay in the vertical amplifier allowing horizontal
sweep Lo be initiated by the input signal.

"

5. At the beginning of each sampling cycle, the trigger pulse activates the
ozcilloscope and a linear ramp voltage is generated.

Input signal i i Vertical deflection plates
Sampling | Vertical P

gale ~| amphfier

Sampling pulse
* o £ | -2 Bcanning

=

Ramp Voltage Staircase -
ginraratur comparalor | | generator Harizontal
. ! _ -0Magnitude deflection
Time - plates
seale Elal»cking t Attenuator | ——
ogcillalor

!; Trigger input
Fig. 4.11.1.

l H Triggering pulses to
B

1
I |

; staircase and ramp generators

Staircase waveform

Ramyp waveform

|
“ H n Output of comparator

o sampling gate and
unblanking circuit

\ja"i \/ FHJ \:/ Input sine wave
| |

Sampled inpul signal

Fig. 4.11.2. Waveforms of sampling oscilloscope.
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6.

Que 4.12. | Explain the operation of sampling oscilloscopes. Also

This ramp voltage is applied to a voltage comparator which compares
the ramp voltage to a staircase generator which is allowed to advance
one step and simultaneously a sampling pulse is applied to the sampling
gate.

At this moment the sample of input voltage is taken, amplified and
applied to the vertical deflection plates. IL can be employed beyond
50 MHz - 500 MHz up to 10 GHz. :

explain individual circuits of staircase generator and sampling

gate. AKTU 2014-15, Marks 10

Answer ‘

A. Sampling oscilloscope : Refer Q. 4.11, Page 4-17E, Unit-4,
B. Staircase generator :

1,

Fig. 4.12.1 shows the basic circuit of a staircase generator.

o+ Ve

Pulse
waveform

generator

Pulse 'V

Staircase

voliage
wavelorm

'Zﬁ#,-ﬁ;l:z'.l; Basic circuit and waveforms for a sfa_ii;c:ésg géﬁe:'gy:lr.

Each negative going pulse from the pulse generator turns §, ON for a
brief time period. Each time @, 1s switched ON, it provides a current
pulse to capacitor C}.

Every current pulse charges C, to a new voltage level, which remains
constant until the next current pulse arrives.

When the capacitor voltage exceeds the intended upper level, the Schmitt
trigger circuit is activated to turn Q, ON to discharge C, to its starting
level.

Sampling gate :
The sampling gate is shown in Fig. 4.12.2.
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2. Tt consists of FET @, and capacitor C,. A voltage follower is included to
provide low output impedance. With the input to the gate of @, normally
biased negatively, @, is OFF.

3. In this condition, it is like an open switch. When a positive pulse occurs
at the gate, @, switched ON into saturation.

4. The voltage drop from the drain to source terminals of the FET is
extremely small when the device is biased on, so in the ON condition it
15 like a closed switch.

Input h h e o

signal U U

Trigger from — 0O
comparator =
Sampled —
levels of

input
signal

Fig. 4.12.2. Basic sampling gate circuit and waveforms,

3. Capacitor C, is charged to the level of the input vdltage each time the
FET is biased ON. When the FET goes OFF, C, retains its voltage constant
at the level of the last sample.

Que _4_;.13{| Explain pulse distortion and attenuator probe with

suitable diagram., AKTU 2016-17, Marks 7.5

Answer
A, Pulse distortion :

1. The pulse waveform in Fig. 4.13.1(a) is directly coupled to the

oscilloscope. Because it is directly coupled, there should be no distortion
in the displayed waveform.

Ce
—I— ]-c'ﬁG
De R,

—- - 50 ms

{a) DC coupled pulse wave
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_ Low-frequency Ce ac
distortion due to FHQH
couphng eapacitor e Bt
Dt -
H:
PR

tht AC coupled pulse wave

Fig. 4.13.1. A low-frequency pulse waveform will be faithfully
reproduced on an oscilloscope if it is DC coupled. When AC coupled.
the coupling capacitor may produce low-frequency distortion.

2. If the wave is AC coupled, as shown in Fig. 4.13.1th), the coupling
capacitor (C,.) imposes tilt (nlso termed slope, or sag) or low-frequency
distortion, at the top and bottom of the waveform.

4 Thisis the result of the input capacitor charging and discharging during
the pulse width and space width.

4 Inthis situation, the time constant of the escilloscope input 1=

t=RC,

HB. Attenuator probe: Refer (@ 211, Page 2- 15E, Unit-2

| PART-3

Spectrum and Wave Analyzer, Digital Counter and Frequency

Meter, Q@ Meter.

l

i Questions-Answers

' ST il
|

[ =

Long Answer Type and Medium Answer Type Questions

Que 4.14. | Discuss the spectrum analyzer with the help of hlock

diagram.

Answer 1

1. Spectrum analysis is defined as the study of energy distribution across
the frequency spectrum of a given electrical signal.

7 The study gives valuable information about bandwidth, effects of

different types of modulation and spurious signal generation.

The spectrum analy=iz s divided into two majer categories on account

of instrumentation limitations and capabilities. They are -

o

o Audio frequency (AF) analysis.
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b. Radio frequency (RF) spectrum analysis.

4. The spectrum analyzers are sophisticated instruments which are
capable of portraying graphically the amplitude as a function of frequency
in & portion of RF spectrum,

5 These instruments find wide applications for measurement of
attenuation, FM deviation, and frequency in pulse studies.

6. The modern spectrum analyzer basically consists of 1 narrow band
superheterodyne receiver and a CRO.

7. The receiver is electronically tuned by varying the frequency of the
local oscillator,

8. The circuit incorporates a sawtooth generator which supplies a ramp
voltage to the frequency control element of the voltage tuned local
oscillator,

9. The local vscillator then sweeps through its frequency band at a
recurring linear rate.

= Detector
F : |

Iiu?*—h Mixer o - Eﬁcr # and video
P amplifier

Voltage —_—

tuned local Sawtooth

nseillator d EEDCTH

Fig. 4.14.1. S
10.

The same sawtooth voltage is simultaneously applied to the horizontal
plates of the CRO.

11. The RF signal to be tested is applied to the input of the mixer stage.

12. The sawtooth generator makes the local oscillator sweep through its
frequency band to beat with the input signal to produce the desired
intermediate frequency (IF).

13.

An IF component is produced only when the corresponding component
15 present in the RF input signal.

14. The resulting IF signals are amplified, and then detected.

15. After that they are applied to the vertical deflection plates of the CRO,

thereby producing a display of amplitude versus frequency on the
screen,

Que 4,15. | Explain the working of wave analyzer with the help of
circuit diagram.

Answer -

1. A wave analyzer i3 an instrument designed to measure relative

amplitudes of single frequency components in a complex waveform,
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There are two tvpes of wave ana lvzers, depending upon the frequencs
ranges usod

a. Freguency selective wave analvzer

This wave analvzer is used for measurements in the audio frequency
range (7., from 20 Hz 1o 20 kHz).

2 The hlock diagram of this wave analvzer is shown in Fig. 4. 15.1

A Aninput attenuator that is set by the meter range switch on the front
pancl

4 Adrver amplifier feeds the attenuated waveform to a high-Q active
fiiter

5

The filter consists of a cascaded arrangement of R( resonant sections
and filter amphfiers

6 Close-tolerance polystyvrene capacitors are generally used for selecting

the frequency ranges. Precision potentiometers are used to tune the
filter to any desired frequency within the selection passband.

The huffer amplifier can be used to drive a recorder or an electronic

counter.
Variable frequency hugh- active Blter
R's vared with frequeney Control
(s varted with frequency multiplier
- —— —— i"\. -
. S
v & *
_ = J—
Swgnind 3 |
| I | I]rlll'l... Fulter I-‘_]t T
1npu ¥ g I ¥ ! ! ~ of Y
| & rjiul o MN{C*‘*' h ._l.tq"“r / [ t‘ '
attenuntor amplifier.’ amphfier \amplifier |
{ s —
= |

| . i g N
".. Moter range /Thutput \ Meter .1r11|:l|ﬁrr] I_,-?;\l}urput meter
attenuator | \amplifier and dotector "--._-”'“h‘-'!‘::t‘ range
i it T—" ; ard db range

S Output™,
ol buffer | , I.ﬂumltar) output
\amplifier/  for recording device

Fig. 4.15.1. Bloek diagram.

The bandwidth of the instrument 12 very narrow, typically about
| pervent of the selected frequency

h. Heterodyvne wave analyzer:

For frequency measurements in the megahertz range, a heterodyne
wave analvzer construction is used. as shown in Fig. 4.11.2
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2.

The input signal is fed through an attenuator and amplifier before
being mixed with a local oscillator.

The frequency of this oscillator is adjusted to give a fixed frequency
output which is in the passband of the IF amplifier.
This signal is then mixed with a second erystal controlled oscillator,
whose frequency is such that the output from the mixer is centred on
zero frequency.
Frequency conirol
Amplitude
control
+ ;
Input l Inpul : 5 IF
signal | Attenuator { fy amplifier ] Mixer 1 j‘ "' Amplifier
a1
Meter = Amplifier |=—-i LHVE
) filter
Bandwidth control
Fig. 4.15.2. Block diagram of a heterodyne wave analyzer.
The active filter has a controllable bandwidth and passes the selected
component of the frequency to the indicating meter.

[n automatic frequency control (AFC), the local oscillator locks to the
signal, and so eliminates the drift between them.

Que 4,16. | What is a digital counter ? Draw and explain the circuit
of digital frequency meter.

ﬁhswér ;

A

Digital counter : Counter is a digital device and the output of the
counter includes a predefined state based on the clock pulse applications.
The output of the counter can be used to count the number of pulses.
Generally, counters consist of a flip-flop arrangement which can be
synchronous counter or asynchronous counter,

DFM : Refer Q. 2.17, Page 2-26E, Unit-2,

Explain the working procedure of Q-meter,

| AKTU 2016-17, Marks 05

OR

Explain the construction and working of @-meter.

AKTU 2015-16, Marks 10
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'Ai_lswe'r

A. Construction :

1. The basic circuit of a @ meter as shown in Fig. 4.17.1 consists of a
variable calibrated capacitor, a variable-frequency AC voltage source,
and the coil to be investigated. All are connected in series.

2. The capacitor voltage (V) and the source voltage (E) are monitored by
voltmeters. .

3. The source is set to the desired measuring frequency, and its voltage is
adjusted to a convenient level.

B. Working procedure :

1. The voltage across the coil or capacitor is equal to @ times the applied
voltage.

9. Ifafixed voltageis applied to the circuit, a voltmeter across the capacitor
can be calibrated to read @ directly.

3. A wide range oscillator with frequency range from 50 kHz to 50 MHz is
used as a power supply to the circuit.

4,  Capacitor Cis adjusted to obtain resonance, as indicated whgn the voltage
across C is a maximum. If necessary, the source is readjusted to the
desired output level when resonance is obtained.

Coil
R L'
- —(W—-— 0 =« Hl
LO HI
E Q—-D Multiply Q by GD v,
Signal { Q
generator + GND
Fig. 4.17.1. Circuit diagram of @ meter.
5. At resonance,

al=o = =-

and o=
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PART-1

Transducers, Classification and Selection of Transducers,
Strain Gauges.

Questions-Answers '

Long Answer Type and Medium Answer Type Questions *

Que 5.1. | Classify transducers.
Answer |

Transducer
On the basis  Primary and Analog and Digital Transducer and
of Transduction  secondary Transducer Inverse
transducer Transducer

L)
‘ l Active and Passive

Resistive 4 Capacitive Transducer

[=H I.‘".H m

Inductive
Classification based on the principle of transduction :

The transducer is classified by the transduction medium.

The transduction medium may be resistive, inductive or capacitive
depends on the conversion process that how input transducer converts
the input signal into resistance, inductance and capacitance respectively.

Primary and secondary transducer :
Primary transducer :
The transducer consists of mechanical as well as the electrical devices.

The mechanical devices of the transducer change the physical input
quantities into a mechanical signal. This mechanical device is known as
the primary transducers.

Secondary transducer :

The secondary transducer converts the mechanical signal into an
electrical signal.

The magnitude of the output signal depends on the input mechanical
signal.
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(. Passive and active transducer:

a. Passive transducer :

i The transducer which requires the power from an external supply source
is known as the passive transducer.

ii. They are also known as the external power transducer.

iii. The capacitive, resistive and inductive transducers aret
the passive transducer.

b. Aective transducer:

The transducer which does not requ

known as the active transducer.

Such type of transducer develops theirs own

lnown as a self-generating transducer.

The output signal is obtained from the physical mput quantity.

he example of

ire the external power source is

s voltage oT current, hence

(=

Analog and digital transducer :

Analog transducer :

The analog transducer changes the mput quantity into a continuous
function,

The strain gauge, LVDT, thermocouple and thermistor are the examples
of the analog transducer.

b. Digital transducer: These transducers convert an input quantity into
a digital signal or 10 the form of the pulse. The digital signals work on

high or low power.
E. Transducer and inverse transducer :

Transducer : The device which converts the non-electrical quantity
‘nto an electric quantity is known as ‘the transducer.

P D E

-

b. Inverse transducer : The transducer which converts the electric
quantity into a physical quantity, such type of transducers is known as
the inverse transducer. The transducer has high electrical input and
low non-electrical output.

Que 5.2, | What are the factors to be considered while selecting

transducer ?

Ans&rm}-. I

1 It should have high input impedance and low output impedance, to avoid
. loading effect, '

9 Tt should have good resolution over is entire selected range.

9. Tt must be highly sensitive to desired signal and insensitive to unwanted

signal.
4 It should be preferably small in size.
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It should be able to work in corrosive environment.

an

6. It should be able to withstand pressure, shocks, vibrations ete.
7. 1t must have high degree of accuracy and repeatability.
8.  Selected transducer must be [ree from errors,

Que 5.3. | For a transducer describe the following :

i.  Input characteristics;
ii. Qutput characteristics.

Answer |

Input characteristics :

1. Typeofinput and operatingrange : The choice of transducer depends
upon the type of input it is going to measure and its operating range.
The upper limit is decided according to the transducer capabilities while
the lower limit is decided according to the error. The transducer must
possess a good resolution.

2. Loading effects : The transducer must have no loading effect on the
input.

Output characteristics :

1. Type of electrical output: The output of the transducer is in the form
of voltage, current, impedance or a time function of these amplitudes,
which musl be manipulated such that they may be accepted at later
stages of instrumentation systems.

2. Ouiput impedance :

i.  The output impedance must be made as low as possible to minimize the
loading effect. The output impedance determines the amount of power
which is to be transferred to next stage of the instrumentation system.

i, Ifthe output impedance is low as compared to forward impedance then
transducer shows the characteristics of constant voltage source and as
constant current source when forward impedance islow as compared to
the output impedance,

3. Useful output range : The lower output range of the transducer is
limited by the noise signals and upper limit iz set by maximum useful
input level.

Que 5.4. I Enlist the factors affecting the choice of transducers.

Answer

1. Operating principle : The transducers are zelected on the basis of
operaiing principle i.e., whether resistive, inductive, capacitive,
piezoelectric, optoelectronic ete.

2. Sensitivity : The transducers must be sensitive enough to produce

detgrtable ougput.
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3.

w

10.

Operating range : 1t should maintain the range as per the requirement
and should have good resolution.

Accuracy : High degree of accuracy is acquired and gives small values
of repeatabihity.

Cross sensitivity : This factor is considered when the mechanical
quantities are measured. There are conditions where the actual quantity
is being measured in one plane and the transducer is subjected to
variations in another plane.

Static characteristics : Transducers must have a low non-linearity,
low hysteresis, high resolution and high degree of repeatability.
Transducers must be free from load alignment effects and temperature
effects.

Stability and reliability : Transducer should exhibit a high degree of
stability. They must be reliable i.e., if transducer fails than also the
functioning of instrumentation system should continue uninterruptedly.

Errors : The transducers should maintain the expected input-output
relationship.

Transient and frequency response: The transducers must have the
desired time domain specifications like peak overshoot, rise time, settling
time and should ideally have flat frequency response curve.

Loading effects : The transducers must have high input impedance
and low output impedance to avoid loading effects.

Que 5.5. } What are strain gauges ? Explain the construction of

wire wound strain gauge and derive the expression for the gauge
factor.

Answer

=

b

It is used in measurement of strain and associated stress in experimental
stress analysis. It works on the principle of piezoresistive effect.

If a strip of elastic material is subjected to tension its longitude dimension
will increase while there will be a reduction in the lateral dimensions.
So when a gauge is subjected to a positive strain, its length increases
while its area of cross-section decreases then the resistance of the gauge
increases with the strains.

Fig. 5.5.1. Tensile force.
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Expression for the gange facton ;

Lo The vesetanes B ol aoonduetin’ dependa on erose seotion nrea A, length
Eoad vesstividy pas

R *i LABh
b 'u.'t‘;ii.l.]..';u' Coetor 8 ol thee eodiie o in iletined san
(- el ol ) PN h5Y)
A B
i, Wi IH;*ELIH l.'!'uil.l'..‘;i‘ v pesabanee Bodoe oo sl sleain Lo whitch 15
ALJL.
I!. Irﬁ 'J‘ 1
Change AR l‘ '].U_ | [ = ]h,-". | [ o J.f‘l.p
il i i

4o Substiluting the expreasion e devsativen Trom e, (5 1)
AR = [“].u. ['"r..;]mi. |[ 'r']r.,.
A A A
o Dividing by expression & from ogq (0.5, 1), we gel
AR AL AL Ap
B % & "p
6. Aread = CBY where B s geomelrieal dimension of the strain gauge
cross-section and C s o conslant whose value depenids on the section,
equal to w4 for cirenlar section of diameter 8 and 1 for square section of
sides B each.
M=2CBAB
AA - 20BAR AR
A OF n
AR AL " AB  Ap

Y 'ﬁ"-r
I'hus, — = 2 b =0 - B
B bid L fi Bl " i [

e

8. & being axial strain = ! &, being transverse strain = — vs | where uis
n

Poisson's ratio.

9' HIIHHF, G = ihllllR =1 + 21] + ﬁp‘lr p

W

Que 5.6. ’ Explain the types of strain gauge.

Answer |

The major types of strain gauges are :

£,

1. Unbonded metal strain gauges :

1. They consist of a wire stretched belween two points in an insulating
medium such as air.
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1.

i,

1il.

6.

Applying pressure produces a small displacement of aboutl 0.004 mm
(full scale), This digplacement causes increase or decrease of tension in
the wires.

This causes increase or decrease of the resislance causing unbalance
in the bridge producing an outpul voltage proportional to the input
displacement and hence to the applied pressure.

Bonded wire strain gauges :

They are used for both stress analysis and for construction of
transducers.

A resistive wire strain gauge consists of a grid of fine resistance wire.
The spreading of wire permits a uniform distribution of stress over the
grid permitting good transfer of strain from carrier to grid of wires.
The wires faithfully follow both the tensile and compressive strains of
the specimen. :

Bonded metal foil strain gauges : s

They are only an extension of the bonded metal wire strain gauges.
They have greater heat dissipation capacity.

They are alzso employed for both stress analysis and for construction of
transducers.

Vacuum and sputter deposited thin metal sirain gauges :
These gauges are mainly used for the fabrication of transducers. They
are of sputter deposited variety.

Both processes begin with a suitable elastic metal element. The elastic
metal element converts the physical quantity into a strain.
Semi-conductor strain gauges :

They are used where a very high gauge factor and small envelope are
required.

The resistance of the semi-conductor changes with change in applied
strain.

Diffused strain gauges : They are primarily used in transducers.

Que 5.7. f A resistance wire strain gauge with a gauge factor of 2

is bonded to a steel structural member subjected to a stress of
500 kg/cm?®. The modulus of elasticity of steel is 2 x 10° kg/em?,
Calculate the change in resistance of the strain gauge element due
to the applied stress.

Answer ' I

Given : Gauge factor, G;= 2: Stress, § = 500 kg/em®
Modulus of elasticity of steel, E=2 x 10° kglem?

AR
Tofind: —
fo fin R
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=B P00 . genirpe

1. Btrain, B s .
E 2x10°

B2

% = Gr": =2 x 250 x 1079 = 5x 10

= 0.0005

AR _Gosa

R
| PART-2

Thermistors, Thermocouples, LVDT, Inductive and Capacitive
Transducers, Piezoelectric and Hall Effect.

e

Questions-Answers |
Long Answer Type and Medium Answer Type Questions J

i1

Que 5.8, i Explain the construction and working principle of
thermistor with suitable diagram and give the applications.

Answer

Thermistor :

~ b

A thermistor (or thermal resistor) is defined as atype of resistor whose
electrical resistance varies with changes in temperature.

Although all resistors resistance will fluctuate slightly with temperature,
a thermistor is particularly sensitive to temperature changes.

bo

3. Thermistors follow the principle of decrease in resistance with increasing
temperature,

4. The material used in thermistor is generally a semiconductor material
such as a sintered metal oxide (mixtures of metal oxides, chromium,
cobalt, iron, manganese and nickel) or doped polyerystalline ceramic
containing barium titanate (BaTiO,) and other compounds,

5. As the Lemperature of semiconductor material increases the number of
electrons able to move about increases which results in more current in
the material and reduced resistance. .

6. Thermistors are rugged and small in dimensions, They exhibit nonlinear
response characteristics.

=1

Thermistors are available in the form of a bead ( pressed disc), probe or
chip. Fig. 5.8.1 shows the construction of a bead type thermistor,
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Thermistors

\

|
/ : \1\.ead

Glass coated bead
Fig. 5.8.1. Schematic of a thermistor.

It has a small bead of dimension from 0.5 mm to 5 mm coated with
ceramic or glass material.

The bead is connected to an electric eircuit through two leads. To protect
from the environment, the leads are contained in a stainless steel tube.
Thermistor characteristics :

The relationship between temperature and resistance is given as:

oo
5
R = Re "
R, = Resistance of the thermistor at abzolute
temperature T, [K].

R. = Resistance of the thermistor at temperature

..{6.8.1)

where,

A
T,IK].

B = Constant depending upon the material of the
transducer.

As we can see in the eq. (5.8.1) the relationship between temperature
and resistance is highly nonlinear.

A standard NTC thermistor usually exhibits a negative thermal resistance
temperature coelficient of about 0.05/°C.

Working principle :

The working principle of a thermistor i« that its resistance is dependent
on its temperature. We can measure {he resistance of a thermistor
using an ochmmeter.

As we have relationship between the temperature and the resistance of
{he thermistor by measuring the thermistor's resistance we can derive

its temperature,
|l 3 .|
R] = REE now
(hange in resistance depends on the type of material used in the
{thermistor.

The relationship between a {hermistor's temperature and resistance is

non-linear, A typical thermistor graph i shown in Fig. h.8.2.
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Que 5.9. | Explain the working principle of thermocouple

Resistance ({1

-
L

Temperature (°C)
Fig. 5.8.2.
Applications of thermistors:
To monitor the coolant temperature and/or oil temperature inside the
engine.
To monitor the temperature of an incubator.
Thermistors are used in modern digital thermostats.
To moniter the temperature of battery packs while charging.
To monitor temperature of hot ends of 31) printers.

To maintain correct temperature in the food handling and processing
industry equipments.

To contral the operations of consumer appliances such as toasters,
coffeemakers, refrigerators, freezers, hair drvers, ete.

instruments.

An

L.

L

L

5.

swer

The working principle of a thermocouple depends on the thermoelectric
effect.

If two dissimilar metals are joined together so as to form a closed cireuit,
there will be two junctions where they meet each other,

If one of the junction is heated then a current flows in the circuit which
can be detected by galvanometer,

The amount of the current produced depends on the differences in
temperature between the two junctions and on the characteristics of
the two metals.

This was first observed by Seebeck and known as Seebeck effect.

Instrument which record the variations in current flows are calibrated
in terms of temperature and are known as thermocouple pyrometer,

Thermocouple is made from two different kinds of metals.
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Voltmeler
Measuring
junction
thot) \ Reference junction
leald)

N n
IJl"l G L‘jUH’UEIJI?I’Il]ar melal wires

Fig. 5.9.1. Thermocouple.

8. ':I‘he \ﬁ_rires are joined at the end which forms two junctions, a measuring
Junction and a reference junction.

9. Heating the measuring junction produces a voltage greater than the
voltages across the reference junction.

10, The difference between two vollages is measured and voltmeter reading
18 converted to its corresponding temperatures.

11. It consists of a protective well and head across measuring junction to
avoid damages in pressurized systems or when measuring corrosive
fluids,

12, The measuring junction of the thermocouple is connected to the

voltmeter and reference junction with extension wires. Extension wires
are also known as compensating leads,

13. The characteristics of compensating wire must be similar to those of the
thermocouples wires it joins otherwise the voltage generated at the
connections will be large enough to affect the instruments accuracy,

a— Instrument case
Voltmeter —
* )

Reference —

junction Extension
Protecting —pw =~ >=—===5 ‘;“\\} leads
well ;
e
Measuring ‘
junction Protecting head

Fig. 5.9.2. Practical thermocouple,
14. The voltmeter reads the difference between the measuring and
reference junction voltages which can be calibrated to give temperature

reading.

Discuss the construction and working of LVDT.
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Answer |
LVDT: Linear variable differential transformer is an inductive type of

transducer which translates the linear motion into electrical signals,
A. Main features of construction :

Instrumentation

1. The transformer consists of a primary winding P and two secondary
windings S, and S, wound on a cylindrical former (which is hollow in
nature and contains the core).

2.

Both the secondary windings have an equal number of turns, and we
place them on either side of primary winding.

3. The primary winding is connected to an AC source which produces a
flux in the air gap and voltages are induced in secondary windings.

Amovable soft iron core is placed inside the former and displacement to
be measured is connected to the iron core.

The iron core is generally of high permeability which helps in reducing
harmonics and high sensitivity of LVDT.

6. The LVDT is placed inside stainless steel housing because it will provide
electrostatic and electromagnetic shielding.

The both the secondary windings are connected in such a way that

resulted output is the difference between the voltages of two windings
ag shown in Fig. 5.10.1.

B. Principle of operation and working :

; —0
N X
I
| |-
e - == —
: 1 Lmﬂ 'El - I:_‘.':2
|
| ¥
[=H]
' & o
(SN = 1
|
|
| —
| €,
|
L} |
Fig. 5.10.1

1. Asthe primary is connected to an AC source so alternating current and
voltages are produced in the secondary of the LVDT. The output in
secondary 5, 18 ¢, and in the secondary S, ise,. So the differential output

15,

Cout = €17 € -156.10.1)

Eq. (5.10.1) explains the principle of operation of LVDT.
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3.

Now three cases arise according to the locations of core which explains
the working of LVDT :

Case I : When the core is at null position (for no displacement) :

When the core is at null position then the flu# linking with both the
secondary windings is equal so the induced emf is equal in both the
windings.

So for no displacement the value of outpute_ is zero ase, and e, both
are equal. So it shows that no displacement took place.

Case I1: When the core is moved to upward of null position (For
displacement to the upward of reference point) :

In this case the flux linking with secondary winding 5, is more as
compared to flux linking with S,. Due to this e, will be more as that ofe,.
Due to this output voltagee_, is positive.

Case III : When the core is moved to downward of null position
(for displacement to the downward of the reference point) :

In this case magnitude of e will be more as that of e,. Due to this output
e, Will be negative and shows the output to downward of the reference
point.

Que 5._11_; | Explain the Inductive transducers.

Answer [

Inductive type transducers : In these types of transducers, the
magnetic characteristics of an electric circuit change due to the motion
of the object. These may be classified into two types:

Self-generaling types, in which a voltage signal iz generated in the
transducer, because of relative motion of a conductor and a magnetic
field. Electrodynamic, electromagnetic and eddy circuit types of
transducers belong to this category.

Non-self generating or external power source types of transducers, in
which an external source is needed to energisge a coil the inductance of
which would change due to the motion of the object. The following types
of transducers belong to this category: attachment type inductance
transducer, air gap type, LVDT type and magneto-strictive type of
transducer,

Self-generating :

Fig. 5.11,1 shows an electrodynamic transducer for measuring rotary
motion. The coil moves in the annular space between a magnet and a
soft iron core, generating a voltage in the coil.
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N
Motion
Output i 7
Voltage ///é
Soft Iron I 1
Core 5

Fig. 5.11.1. Electrodynamic transducer for rotary motion.

2. Fig. 5.11.2 shows an electromagnetic transducer, in which a voltage is
induced in the coil when the magnetic flux about it is varied due to the

\ motion of the object, which has to be done for a ferromagnetic material.
e
et
N
Coil
]
i
Motion

Fig: 5.11:2. Electromagnetic transducer.

3. Fig.5.11.3 shows an eddy-current-type transducer. A non-ferrous plate
moves in a direction perpendicular to the lines of flux of a magnet. Eddy
currents are generated in the plate. These are proportional to the velocity
of the plate. Since the gap remains constant, the transducer has linear
characteristics.

tMutirm

Fig. 5.11.3. Eddy current transducer.

Non-self generating types :

1, An inductance transducer of attachment type is shown in Fig. 5.11.4.
The core, made of high permeability steel, is attached to the moving
object. The motion changes the length of the core inserted in the coil
and thus the inductance of the coil gets changed due to the change of
reluctance of the magnetic flux path.
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ﬂure A.
L
B
IJE
Motion
Fig. 5.11.4. Variable inductance transducer.

2. Fig. 5.11.5 shows a variable inductance transducer for measuring angular
displacement or torsional motion. One half df the core is made of a
magnetic material while the other half of non-magnetic material. In the
variable inductance transducer, shown in Fig. 5.11.5 a small air gap in
the magnetic flux path of an electromagnet is varied. The inductance of
one coil increases while that of the other decreases.

Non-magnetic

e e

Motion
Fig. 5.11,5. Variable inductance transducer for rotary motion.

Magnetic

3. In alinear variable differential transducer (LVDT) type of transducer,
shown in Fig. 5.11.6 a soft iron core provides the magnetic coupling
between a primary coil and two secondary coils, cnnnentedlln se_ries
opposition. When the core is central and both secondaries are identical,
the voltages across them are equal in magnitude.

e
Output

Primary carrier ciltape

frequency source
Matien

‘Fig. 5116, LVDT (Linear motion type)

Discuss the capacitive transducer. Also write its merits

Que 5.12..
and demerits.
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Answer !

1. For a parallel plate capacitor, the capacitance is ;

ed  exw ;
= —=—F .16.12.1)
d d
where, x = Length of overlapping part of plates ; m
and w = Width of overlapping part of plates ; m
o w
2. Sensitivity S =52 T .(5.12.2)
ox d

The sensitivity is constant and therefore there is linear relationship
between capacitance and displacement.

3. Sensitivity for a fractional change in capacitance

L .(5.12.3)
Cox «x

4. This type of a capacitive transducer is suitable for measurement of
linear displacements ranging from 1 mm to 10 mm. The accuracy is as

high as 0.005 %.
Max, T
]
i)
g
=
[+
(0]
(=5
m
6]
. ¥
Min.
Ole— Displacement —I'-I
Min. Max.
Fig. 3.12.1.
Merits :

1. They require extremely small forces to operate them and hence are
very useful for use in small system.

2, They are extremely sensitive,
They have high input impedances and therefore the loading effects
are minimum.
Demerits :

1. The capacitance of a capacitive transducer may be changed on account
of presence of extra means like dust particles and moisture.

2. The capacitive transducers are temperature sensitive and therefore
any change in temperature adversely affects their performance.

Que 5;;_'; 3. | Explain working principle of piezo-electric transducer

with diagram.
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Answer

Quartz

FElectrical
SOUTCE

Compressed Quartz
under the application of
external force/pressure

Fig. 5.13.1. Principle of working of piezoelectric sensor.

A piezoelectric transducer (also known as a piezoelectric sensor) is a
device that uses the piezoelectric effect to measure changes in
acceleration, pressure, strain, temperature or force by converting this
energy into an electrical charge.

When pressure is applied to a crystal, it is elastically deformed. This
deformation results in a flow of electric charge (which lasts for a period
of a few seconds).

The resulting electric signal can be measured as an indication of the
pressure which was applied to the erystal.

These sensors cannot detect static pressures, bul are used to measure
rapidly changing pressures resulting from blasts, explosions, pressure
pulsations (in rocket motors, engines, compressors) or other sources of
shock or vibration.

Piezoelectric sensor is used for the measurement of pressure,
acceleration and dynamic-forces such as oscillation, impact, or high speed
compression or tension.

It containg piezoelectricionic crystal materials such as Quartz as shown
in Fig. 5.13.1. On application of force or pressure these materials get
stretched or compressed.

During this process, the charge over the material changes and
redistributes. One face of the material becomes positively charged and
the other negatively charged.

The net charge g on the surface is proportional to the amount x by
which the charges have been displaced. The displacement is proportional
to force. Therefore we can write,
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g=he=SF
b = Constant o
§ = Constant termed the charge sensitivity.

(6.13.1)

where

Que 5.14, | Describe the different modes of operation of piezo-

electrie transducers with suitable diagram.

[AKTU 2016-17, Marks 10|
Answer l

Modes of operation of piezo-electric transducers :
sed in many modes. These modes

1. The piezo-electric transducers are u
are :

i, Thickness shear,

i, Face shear,

jii. Thickness expangion and

iv. Transverse expansion.

9 The mode of motion affected depends on the shape and orientation of
the body relative to the crystal axes and the location of the electrodes.

3 Metal electrodes are plated onto selected faces of the piezo-electric
material so that, lead wires can be attached for bringing in or leading
out the electric charge.

4. Since the piezo-electric materials are insulators, the electrodes also
become the plates of a capacitor.

5 A piezo—e_lectri-: element used for converting mechanical motion to
electric signals thus may be thought of as a charge generator and a
capacitor.

6. Meuhanicla] deformation generates a charge; this charge then results
in a definite voltage appearing between the electrodes according to the
usual law for capacitors, E = Q/C.

7 Thg p_iezoelectric effect is direction-sensitive in that tension produces a
definite voltage polarity while compression produces the opposite.

8  These modes are shown in Fig. 514,71,

2 11 &2

| : . . -
a) Tll':!cknesb (b1 Face (e} Thickness () Transverse
shear shear EXpansion expansion

Fig. 5.14.1. Modes of operation of piezo-electric transducers.
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Que 5.15. | Explain with diagram of Hall effect transducer.

Answer

Hall Effect transducer :

L. The prineiple of working of a Hall Effect transducer is that if a strip of
conducting material carries a current in the presence of a transverse
magnetic field, a potential difference is produced between the opposite
edges of the conductor.

2. The magnitude of the voltage depends upon the current, the strength
of magnetic field and property of the conductor called “Hall Effect”.

3. The Hall Effect is present in metals and semiconductor in varying
amounts, depending upon the densities and mobilities of carriers,

4. Let us consider Fig. 5.15.1 where current is passed through leads 1 and
2 of the strip.

5. The output leads connected to edges 3 and 4 are al the same potential
when there is no transverse magnetic field passing through the strip.

6. When a transverse magnetic field passes through the strip, an output
voltage appears across the output leads.

7. This voltage is proportional to the current and the ficld strength.

The output voltage is
By =K. 1Bl ..(5.15.1)

where, K, = Hall Effect coefficient in e =
A-Wh/ m
t = Thickness of strip in ‘'m’

and I and B are respectively the current in ampere and flux densily in
Wh/m?,

Hall strip By

# F
Transverse ¢

: ®
magnetic field I MIW

Thus, the voltage produced may be used for measurement of either
the current I or the magnetic field strength B.
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Que 5.16. | An Hall Effect element used for measuring a magnetic

field strength gives an output voltage 10 mV. The element is made
of silicon and is 3.0 x 10~ m thick and carries a current of 2 amp.

The Hall co-efficient is 4.1 x 107 Vm/A-Wb/m® Find magnetic field
strength (p).

Answer |

Given : Output voltage, E, = 10 mV, Thickness, ¢ = 3.0 x 10 m,
Current, I = 2 amp, Hall's co-efficient, K, = 4.1 10-% V-m/A-Wh/m?

To Find : Magnetic field strength ()

The output voltage is given by :

E, = K, It
T
10x 1082 21X10 "f"@
3.0x107
; 6
p= 2210210 _ 5 66 Wivm?
B2x107
PART-2
Measurement of Motion, Foree, Pressure, Temperature,
Flow and Liquid Level.
’7 i Questions-Answers

Long Answer Type and Medium Answer Type Questions
e e Sl o

:

Que 5.17. | Describe with diagram the moving magnet type

transducer used for measuring linear veloeity. Also enlist its merits
and demerits.

Answer |

L

Moving magnet type velocity transducer :

This utilizes the output voltage (e,) produced in coil on account of
change in flux linkage, resulting from changes in reluctance.

_db_Ndi_NidR
“T %t Rdt B dt

If average value of reluctance R is greater than the variations in R, the

Ni/R?is approximately constant. Thus, rate change of flux is proportional

to rate change of reluctance directly.
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Velocity

Magnet

Coil

S
F—1—+ Air gap

— Qutput =
Fig. 5.17.1. Moving magnet type transducers.
3. R varies directly as length of air gap and thus output voltage is directly
proportional to rate change of air gap and hence to the velocity.
4. The constant mmf (Ni) is provided by solenoid of N turns as shown,

A permanent magnet is used, that provides constant polarizing field, in
form of a rod rigidly coupled with device whose speed is tobe meagured.

6. The polarity of output determines the direction of motion.
Merits :

i.  Maintenance is negligible.

ii. Output voltage is linearly proportional to motion.

iii, These are robust and inexpensive to manufacture.

Demerits:

Performance is adversely affected by stray magnetic fields.

i, Frequency response is limited.
Que 5.18. ‘ Explain the measurement of force.

Answer I

Measurement of force is done by

Balance :
As shown in Fig. 5.18,1(a) is called a balance. To measure the unknown
foree Fat adistance L from the pivot, amass m at a distance [ from the
pivot is used. The system 1s in equilibrium when

FL = mgl
2, Hydraulic load cell :

Hydraulic pressure is used to indicate the force F, applied to a diaphragm
or some other type of force transmitting element. Such a device can be

used up to very large forces.
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-~ o

m
nf:;)n Pressure
. L >l I indicator
la) {h

Fig. 5.18.1. (a) Balance principle. (b) Hydraulic load cell.

Pneumatic load cell :
In this type of load cell as shown in Fig. 5.18.2, air is supplied under
pressure to a chamber having a diaphragm al one end and a nozzle at
the other,
Application of force o the diaphragm deforms it and changes the gap
between the extension of the diaphragm and the nozzle, thus changing
the pressure in the chamber,
Foree F
Ihaphragm
_‘i#,_
Pressure 7 L]
indicator
Air supply Chamber
Pressure —= 0¥
P
Fig. 5.18.2. Pneumatic load cell.
Elastic foree devices :
These are important devices for the measurement of both static and
dynamic forces.

In such devices, the force applied to the elastic member result in a
displacement or strain in the elastic member, which is sensed by
mechanical or electromechanical means,

Measurement of pressure is done by :
Bourdon Tubes :

The bourden tubes are designed in various forms.
C-type
Spiral
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. Twisted tube

iv. Helical
Y
\ ﬂ %
-

C-type Spiral Twisted lube Helical
Fig. 5.19.1. Pressure sensitive primary devices.

9. The bourdon tubes are made out of an elliptically flattened tube bent in
such a way as to produce the shapes shown in Fig. 5.19.1.

3. One end of the tube is sealed or closed. The other end is open for the
fluid to enter.

4 When the fluid whose pressure is to be measured enters the tube, the
tube tends Lo straighten out on account of the pressure applied. This
causes a movement of the free end (closed end) and the displacement of
this end is amplified through mechanical linkages.

5 The amplified displacement of the free end may be used to move a
pointer on a scale calibrated in terms of pressure or may be applied to an
electrical displacement transducer whose output may be calibrated in
terms of the pressure applied.

B. Bellows:

1 A metallic bellows is a series of circular parts, resembling the foldsin an
accordion as shown in Fig. 5.19.2.

Py

f v

Bellows A
Bellows B

Calibrated 0 100

scale —*

Fig. 5.19.2. Bellows element.
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2,

These parts are formed or joined in such a manner that they are
expanded or contracted axially by change in pressure,

The metals used in the construction of bellows, must be thin enough to
be flexible, ductile enough for reasonably easy fabrication, and have a
high resistance o fatigue failure.

Materials commonly used are brass, bronze, beryllium copper, alloys of
nickel and copper, steel and monel.

* There are three main configurations in which bellows elements are

used and these are for measurement of absolute, gauge and differential
pressures. These configurations may be illustrated with the help of
Fig. 5.19.2,

There are two bellows, A and B. The pressure applied to bellows A is Py
and that to bellows B is P,.

In case it is desired to measure the absolute pressure, bellows B is
evacuated and the resultant pressure, P, is the absolute pressure.

When measurement of gauge pressure is desired, bellows B is opened
up to atmosphere with pressure P, is equal to the atmospheric pressure
and therefore the reading of the gauge is the gauge pressure.

The measurement of differential pressure P = P, - P, is done when
pressure P, is applied to bellows A and pressure P, is applied to bellows
B.

Diaphragms :

The operating principle of diaphragm elements is similar to that of the
follows. The pressure to be measured is applied to the diaphragm, causing
it to deflect, the deflection being proportional to the applied pressure,
The movement of the diaphragm depends on its thickness and diameter.
The movement is small and hence a diaphragm element does not
require any springs as is the case in bellows.

The movement of a diaphragm is convenient way of gensing a pressure,

The unknown pressure is applied to one side of a diaphragm. The edge
of the diaphragm is rigidly fixed and causes a deflection on account of
the applied pressure.

The displacement of the diaphragm may be measured to determine the
value of applied pressure, P. A flat diaphragm is shown in Fig. 5.19.3,

Diaphragm

b
v >

Fig. 3.19.8. Flat diaphragm.
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956 Bt* d
6. Pressure, P= ——— B N/m? (6.19.1)
3(1-v%) p* .
where E = Young's modulus ; N/m?,

t = Thickness of diaphragm ; m,
D) = Diameter of diaphragm ; m,
R = Radius of diaphragm ; m,
v = Poisson’s ratio,
and d , = Deflection at the centre of the diaphragm ; m.

The diaphragms are of two types:

Flat type and

Corrugated type.
—— e ——— N\f_\m
{a) Flat type (b) Corrugated type

Fig. 5.194.

Que 5.20. ! Explain pitot tube with the help of suitable diagram.

Answer

Pitot tube is used mainly for the measurement of fluid velocity.

The operating principle of a pitot tube is based on the fact that when a
solid body is kept centrally and stationary in a pipe line with a fluid
streaming down, the velocity of the fluid starts diminishing due to the
presence of the body till it is reduced to zero directly in front of the body.
This point is known as the stagnation point,

As the kinetic head (pressure) is lost by the liquid, it gains a static head.
Thus by measuring the difference between pressure at normal flow line
and that at stagnation point, the fluid velocity is determined.

A pitot tube consists of a tube with an impact opening of 3.125 to
6.35 mm which is placed directly in the line of flow and a static opening

at 00° from the impact opening.
The differential pressure across these tubes is proportional to the velocity

of the fluid.
The measurement of quantity rate is calculated from the ratio of average

velocity to the velocity at the point of measurement,
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-

Q

Impact high .

Fressure connection _
+ Statie flow pressure connection

Packing nut —™

4 Stuffing box

Sheath Tube
Pipe '* _-Static apening
Flow - paat
E } opening

Fig. 5.20.1. Pitot tube.

For an accurate measurement, the pitot tube is moved across the entire
diameter of the pipe to measure the velocity at several points and then
the true average velocity s calculated.

The accuracy of a pitot tube may range from £ V2to £ 35 %
Advantages :

These tubes have no process loss.

Thev are economical to mmstall,

It can be easily inserted through a small hole into the pipe or duct.
Disadvantages :

These tubes have poor accuracy,

They are unsuitable for dirty or sticky fluids.

They are sensitive to upstream disturbances,

Not suitable for measuring low veloeities.

ue 5.21. | Describe various electrical methods used for

:

measurement of liquid level. Also enlist their merits and limitations.

An

—

swer

Answer |

The various methods of hquid level measurements are -
Float-operated Rheostatic liquid level gauge :

Fig. 5.21.1 shows the schematic diagram of the float-actuated rheastat
{resistivel device

The float displacement actuates the arm which causes the slider to
move over the resistive element of 3 rheostat
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il The circuit resistance changes and this resistance change is directly
proportional to the liquid level in the tank.

Wiper

Float

N

O

=E—1a

Tank

In this, sound waves are incident on level by a transmitter and the

The total time taken by the wave to travel to the liquid surface and then

Liquid
Fig. 5.2L1.

2, Ultrasonic level gauge :
1.

reflected waves are received by a receiver.
ij. & a .

back to receiver depends upon the liquid level in inverse proportion,
iii.

total time.

Liquid level variations are quite accurately determined by detecting the

Transmitter

<y 5

Receiver B
Electronic
Ultrasonic Ultrazonic plrﬂ'I:BIssiug
incident wave -____’ \ W reﬂ ected wave circuibry
| 1 xf Power
Leve + e cuply

;?E I

3 R @5—.29*5-*\*?
e qyg‘i s 7
it

4— Liquid level
indicator

| Fuf 5.21.2. Schematic of ultrasonie liquid level gavge.

iv. Though its nperatxng principle is quite simple, but the instrument is
Expenswe and requires high degree of experience and skill in operation.
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v. Its main advantage is, however, its wide range of applications in level
measurement of different types of liquid and solid substances.
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