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UNIT -V

Sensors

Transducers
Definition of transducers — Classification of transducers — Advantages of Electrical transducers —
Characteristics and choice of transducers — Principle operation of resistor, inductor, LVDT and
capacitor transducers — LVDT Applications — Strain gauge and its principle of operation — Guage
factor — Thermistors — Thermocouples — Synchros — Piezo electric transducers — Photo diodes.

INTODUCTION

A device which converts a physical quantity into the proportional electrical signal is called a
transducer. The electrical signal produced may be a voltage, current or frequency. A
transducer usesmany effects to produce such conversion. The process of transforming signal
from one form to otheris called transduction. A transducer is also called pick up. The
transduction element transforms the output of the sensor to an electrical output, as shown in
theFig.

Non-electrical . Sensor ; Electrical
x Sensing Transduction &
guantity element response element signal

A transducer will have basically two main components. They are

1. Sensing Element
The physical quantity or its rate of change is sensed and responded to by this part of the transistor.

2. Transduction Element
The output of the sensing element is passed on to the transduction element. This element is
responsible for converting the non-electrical signal into its proportional electricalsignal.

There may be cases when the transduction element performs the action of both transduction and
sensing. The best example of such a transducer is a thermocouple. A thermocouple is used to
generate a voltage corresponding to the heat that is generated at the junction of two
dissimilarmetals.

Classification of Transducers

The Classification of Transducers is done in many ways. Some of the criteria for the

classificationare based on their area of application, Method of energy conversion, Nature of
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output signal, According to Electrical principles involved, Electrical parameter used,
principle of operation, &
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Typical applications.

The transducers can be classified broadly

i. On the basis of transduction form used

ii. As primary and secondary transducers

iii. As active and passive transducers

iv. As transducers and inverse transducers.

Broadly one such generalization is concerned with energy considerations wherein they are
classified as active & Passive transducers. A component whose output energy is supplied
entirelyby its input signal (physical quantity under measurement) is commonly called a
,»passive transducer®. In other words the passive transducers derive the power required for
transduction from an auxiliary source. Active transducers are those which do not require an
auxiliary power source to produce their output. They are

also known as self generating type since they produce their own voltage or current output.
Someof the passive transducers ( electrical transducers), their electrical parameter
(resistance, capacitance, etc), principle of operation and applications are listed below.

Resistive Transducers
1. Resistance Strain Gauge — The change in value of resistance of metal semi-

conductor due toelongation or compression is known by the measurement of torque,
displacement orforce.
Resistance Thermometer — The change in resistance of metal wire due to the change
in temperatureknown by the measurement of temperature.
Resistance Hygrometer — The change in the resistance of conductive strip due to
the change ofmoisture content is known by the value of its corresponding
humidity.

Hot Wire Meter — The change in resistance of a heating element due to convection cooling of
a flowof gas is known by its corresponding gas flow or pressure.

Photoconductive Cell — The change in resistance of a cell due to a corresponding change

in light fluxis known by its corresponding light intensity.

Thermistor — The change in resistance of a semi-conductor that has a negative co-efficient
ofresistance is known by its corresponding measure of temperature.

Potentiometer Type — The change in resistance of a potentiometer reading due to the
movement of theslider as a part of an external force applied is known by its corresponding
pressure or displacement.

Capacitance Transducers

1. Variable capacitance pressure gage-

Principle of operation: Distance between two parallel plates is varied by an
externallyapplied force Applications: Measurement of Displacement, pressure

2. Capacitor microphone

Principle of operation: Sound pressure varies the capacitance between a fixed plate and a
movable diaphragm. Applications: Speech, music, noise

3. Dielectric gauge

Principle of operation: Variation in capacitance by changes in the dielectric.
Applications:Liquid level, thickness

Inductance Transducers
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Magnetic circuit transducer

Principle of operation: Self inductance or mutual inductance of ac-excited
coil isvaried by changes in the magnetic circuit. Applications: Pressure,
displacement

Reluctance pickup

Principle of operation: Reluctance of the magnetic circuit is varied by changing
theposition of the iron core of a coil. Applications: Pressure, displacement,
vibration, position

Differential transformer

Principle of operation: The differential voltage of two secondary windings of a
transformer is varied by positioning the magnetic core through an externally
appliedforce. Applications: Pressure, force, displacement, position

Eddy current gauge

Principle of operation: Inductance of a coil is varied by the proximity of an eddy
currentplate. Applications: Displacement, thickness

Magnetostriction gauge
Principle of operation: Magnetic properties are varied by pressure and stress. Applications:
Force, pressure, sound

Voltage and current Transducers

1. Hall effect pickup
Principle of operation: A potential difference is generated across a semiconductor plate
(germanium) when magnetic flux interacts with an applied current. Applications:
Magneticflux, current
Ionization chamber
Principle of operation: Electron flow induced by ionization of gas due to
radioactiveradiation. Applications: Particle counting, radiation
Photoemissivecell
Principle of operation: Electron emission due to incident radiation on
photoemissivesurface. Applications: Light and radiation
Photo multiplier tube

Principle of operation: Secondary electron emission due to incident

radiationon photosensitive cathode. Applications: Light and radiation,
photo-sensitive relays

Self-Generating Transducers (No External Power) — Active Transducers

They do not require an external power, and produce an analog voltage or current when
stimulatedby some physical form of energy.

1. Thermocouple and thermopile
Principle of operation: An emf is generated across the junction of two dissimilar
metalsor semiconductors when that junction is heated. Applications:
Temperature, heat flow, radiation.
Moving-coil generator
Principle of operation: Motion of a coil in a magnetic field generates a voltage.
Applications: Velocity. Vibration
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Piezoelectricpickup
An emf is generated when an external force is applied to certain crystalline

materials,such as quartz Sound, vibration. acceleration, pressure changes
Photovoltaiccell

Principle of operation: A voltage is generated in a semi-conductor junction device when
radiant energy stimulates the cell Applications: Light meter, solar cell

Primary Transducers and Secondary Transducers- Bourden tube acting as a primary detecter
senses the pressure and converts the pressure into a displacement of its free end.The
displacement of the free end moves the core of a linear variable differential transformer(LVDT)
which produces an output voltage.

Analog Transducers-These transducers convert the input quantity into an analog output which is a
continuous function of time.  Strain Gauge ° LVDT o Thermocouple ° Thermistor

Digital Transducers-These transducers convert the input quantity into an electrical output which
is inthe form of pulses. ° Glass Scale can be read optically by means of a light source,an optical
system and photocells

Transducers and Inverse Transducers- -A Transducer can be broadly defined as a device which
converts a non-electrical quantity into an electrical quantity. Ex:-Resistive,inductive and
capacitive transducers -An inverse transducer is defined as a device which converts an electrical
quantity into a non-electrical quantity. Ex:-Piezoelectric crystals

Advantages of Electrical transducers

Mostly quantities to be measured are non-electrical such as temperature, pressure, displacement,
humidity, fluid flow, speed etc., but these quantities cannot be measured directly. Hence such
quantities are required to be sensed and changed into some other form for easy measurement.
Electrical quantities such as current, voltage, resistance, inductance and capacitance etc. can be
conveniently measured, transferred and stored, and, therefore, for measurement of the non-
electrical quantities these are to be converted into electrical quantities first and ten measured. The
function of converting non-electrical quantity into electrical one is accomplished by a device
called the electrical transducer.

Basically an electrical transducer is a sensing device by which a physical, mechanical or optical
quantity to be measured is transformed directly, with a suitable mechanism, into an electrical
signal (current, voltage and frequency). The production of these signals is based upon electrical
effects which may be resistive, inductive, capacitive etc. in nature. The input versus output
energy relationship takes a definite reproducible function. The output to input and the output to
time behavior is predictable to a known degree of accuracy, sensitivity and response, within the
specified environmental conditions. Electrical transducers have numerous advantages. Modern
digital computers have made use of electrical transducers absolutely essential.

Electrical transducers suffer due to some draw-backs too, such as low reliability in comparison to
that of mechanical transducers due to the ageing and drift of the active components and
comparative high cost of electrical transducers and associated signal conditioners. In some cases
the accuracy andresolution attainable are not as high as in mechanical transducers.
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Some of the advantages are:
1. Electrical amplification and attenuation can be done easily and that to with a static device.
2. The effect of friction is minimized.
3. The electric or electronic system can be controlled with a very small electric power.
4. The electric power can be easily used, transmitted and process for the purpose of measurement.

Factor to be considered while selecting transducer:

It should have high input impedance and low output impedance, to avoid

loadingeffect. It should have good resolution over is entire selected range.

It must be highly sensitive to desired signal and insensitive to

unwantedsignal. Preferably small in size.

It should be able to work n corrosive environment.

It should be able to withstand pressure, shocks,

vibrations etc.. It must have high degree of

accuracy and repeatability.Selected transducer must

be free from errors.

The transducer circuit should have overload protection so that it will withstand overloads.

Requirements of a good transducers

* Smaller in size and weight.
* High sensitivity.

+ Ability to withstand environmental conditions.
* Low cost.

RESISTIVE TRANSDUSERS

Resistance of an electrical conductor is given by,

R=pl/A
Where ,

R = Resistance in ,,Q*
P = Resistivity of the conductor (Q
- cm)l = Length of the conductor
in cm.

A = Cross-sectional area of the metal conductor in cm2

It is clear from the equation that, the electrical resistance can be varied by varying,
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(i) Length
(ii) Cross-sectional area and
(iii) Resistivity or combination ofthese.

Principle:-

A change in resistance of a circuit due to the displacement of an object is the measure of displacement o
that object ,method of changing the resistance and the resulting devicesare summarized in the

following

Method of changing resistance-
Length - Resistance can be changed varying the length of the conductor,(linear and rotary).

Dimensions - When a metal conductor is subjected to mechanical strain, change in
dimensionsof the conductor occurs, that changes the resistance of the conductor.

Resistivity -
When a metal conductor is subjected to a change in temperature and change in resistivity
occurswhich changes resistance of the conductor.

Resulting device:-
Resistance potentiometers or sliding contact devices displacements, Electrical resistance strain
gauges. Thermistor and RTD

Use:-
the resistive transducer used for the measurement of linear and angular, and used for
thetemperature mechanical strain measurement.

How Potentiometer works

A potentiometer is a resistive sensor used to measure linear displacements as well as rotary
motion. In a potentiometer an electrically conductive wiper slides across a fixed resistive
element. A voltageis applied across the resistive element. Thus a voltage divider circuit is
formed. The output voltage (Vout) is measured as shown in the figure below. The output
voltage is proportional to the distance travelled.

_{)
T Slide wire
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T

X 2,
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=

There are two types of potentiometer, linear and rotary potentiometer. The linear potentiometer

Motion
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has aslide or wiper. The rotary potentiometer can be a single turn or multi turn.
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The important parameters while selecting a potentiometer are
+Operating temperature
+Shock and vibration
«Humidity
+-Contamination and seals
-life cycle
«dither

Types of Potentiometer:

Wire-Wound type potentiometer

* The resistance range between 10Q and 10MQ

* The resistance increase in a step wise manner.
» It is possible to construct potentiometers with 100 —200 turns per cm length (The
resolutionrange between 0.1 to 0.05mm).

* Linear potentiometers are available in many lengths up tolm.
* Helical potentiometers are commercially available with 50 to 60 turns (The angular
displacementis between 18000 — 21600degree)

* Potentiometer life exceed 1 million cycles.

Thin film type potentiometer

* Higher resolution.

» Lower noise.

* Longer life (exceed 10 million cycles)

* Resistance of 50 to 100 Q/mm can be obtained with conductive plastic film.

* Commercially available resolution is 0.001mm.
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Power rating

Sensitivity

in

Sensitivitvy =

Linearity g Ry /Re
o nr RF

(R, /Rp)+(R/R,)—(R/R,)’

Optimum sensitivity (0.2 V/degree and 2 V/cm)

Some of the advantages of the potentiometer are
-Easy to use
+low cost
+High amplitude output
+Proven technology
+Easily available

Some of the disadvantages of the potentiometer are
-Since the wiper is sliding across the resistive element there is a possibility of friction

and wear.Hence the number of operating cycles are limited.
+Limited bandwidth
- Inertial loading

Some of the applications of the potentiometer are
+Linear displacement measurement
+Rotary displacement measurement
+Volume control
+Brightness control
+Liquid level measurements using float

Strain Gauge

Strain gage is one of the most popular types of transducer. It has got a wide range of
applications. Itcan be used for measurement of force, torque, pressure, acceleration and many
other parameters.

The basic principle of operation of a strain gage is simple: when strain is applied to a thin
metallicwire, its dimension changes, thus changing the resistance of the wire. Let us first
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investigate whatare the factors, responsible for the change in resistance.
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Gage Factor
Let us consider a long straight metallic wire of length I circular cross section with diameter d
(fig).When this wire is subjected to a force applied at the two ends, a strain will be generated
and as a result, the

dimension will change (I changing? e A/ ,d changing to J 4+ /A¢/and A changing to

A+ AA4). For the time being, we are considering that all the changes are in positive
direction.Now the resistance of the wire:

Let us consider a long straight metallic wire of length / circular cross section with diameter o
(fig. 5). When this wire 1s subjected to a force applied at the two ends, a strain will be generated
and as a result, the dimension will change (/ changing to 7+ A/, d changing to 4+ Ad and 4
changing to 4+ A4). For the time being, we are considering that all the changes are i positive
direction. Now the resistance of the wire:

> ] . e
= % , Where p i1s the resistivity.

From the above expression, the change in resistance due to strain:

AR =[N [ 2B Jag 4| 2 |ap
ol 04 op

=P A1 —P A4 +%Ap

+

=gl g8, 5 07
[ A Jo)

.

Al A4 Ap
- - 4+ —

/ A 2

s
™
N

-r---r---n\ :‘U

AL

' I EE R R RNl R EEEE

Fig: Change of Resistance with strain
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d
Now, for a circular cross section, 4 = % from which, Ad= T(Ad Alternatively,

M_oAd
4 ~ d
Hence.
AR _Al_,ad Ap

R I d yo)
Now, the Poisson’s Ratio is defined as:

lateral strain A%
ongitudinal strain Al
: 7

The Poisson’s Ratio is the property of the material. and does not depend on the dimension. So,
(6) can be rewritten as:

Hence,

MA{ =1+2v0+—21+5

k4 /

The last term in the right hand side of the above expression, represents the change in resistivity
of the material due to applied strain that occurs due to the piezo-resistance property of the
material. In fact, all the elements in the right hand side of the above equation are independent of
the geometry of the wire, subjected to stram, but rather depend on the matenal property of the
wire. Due to this reason, a term Gage Factor 1s used to characterize the performance of a strain
gage. The Gage Factor is defined as:

AR
G= A-l+”u+ / (8)
4

For normal metals the Poisson’s ratio v varies in the range:
03<v=06,
while the piezo-resistance coefficient varies in the range:
Ap /
02=< r / 5 0.6.

Thus, the Gage Factor of metallic strain gages varies in the range 1.8 to 2.6. However, the
semiconductortype strain gages have a very large Gage Factor, in the range of 100-150. This is
attained due to dominant piezo-resistance property of semiconductors. The commercially available
strain gages have certain fixed resistance values, such as, 120Q, 350 Q, 1000 Q, etc. The
manufacturer also specifies the Gage Factor and the maximum gage current to avoid self-heating
(normally in the range 15 mA to 100 mA).
The choice of material for a metallic strain gage should depend on several factors. The material
shouldhave low temperature coefficient of resistance. It should also have low coefficient for thermal
expansion.Judging from all these factors, only few alloys qualify for a commercial metallic strain
gage. They are: Advance (55% Cu, 45% Ni): Gage Factor between 2.0 to 2.2
Nichrome (80% Ni, 20% Co): Gage Factor between 2.2 to 2.5
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Apart from these two, Isoelastic -another trademarked alloy with Gage Factor around 3.5 is also in
use. Semiconductor type strain gages, though having large Gage Factor, find limited use, because of
their high sensitivity and nonlinear characteristics.

- .
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bhacking material

Fig. 6 {a) Unbonded metallic strain gage, (b} bonded metal foil type sirain gage

Metallic Strain Gage

Most of the strain gages are metallic type. They can be of two types: unbonded and bonded. The
unbonded strain gage is normally used for measuring strain (or displacement) between a fixed and a
moving structure by fixing four metallic wires in such a way, so that two are in compression and two
are in tension, as shown in fig. 6 (a). On the other hand, in the bonded strain gage, the element is fixed
on a backing material, which is permanently fixed over a structure, whose strain has to be measured,
with adhesive. Most commonly used bonded strain gages are metal foil type. The construction of such
a strain gage is shown in fig. 6(b). The metal foil type strain gage is manufactured by photo-etching
technique. Here the thin strips of the foil are the active elements of the strain gage, while the thick
ones are for providing electrical connections. Because of large area of the thick portion, their
resistance is small and they do not contribute to any change in resistance due to strain, but increase
the heat dissipation area. Also it is easier to connect the lead wires with the strain gage. The strain

gage in fig. 6(b) can measure strain in one direction only. But if we want
to measure the strain in two or more directions at the same point, strain

ro
0

element strain gage rosette stacked at 45 .

7/
/

Fig. 7 Threc-element strain gage rosette- 45° stacked.
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The backing material, over which the strain gage is fabricated and which is fixed with the strain
measuring structure has to satisfy several important properties. Firstly, it should have high
mechanical strength; it should also have high dielectric strength. But the most important it should
have is that it should be non-hygroscopic, otherwise, absorption of moisture will cause bulging and
generate local strain. The backing materials normally used are impregnated paper, fibre glass, etc.
The bonding material used for fixing the strain gage permanently to the structure should also be non-
hygroscopic. Epoxy and Cellulose are the bonding materials normallyused.

Semiconductor type Strain Gage

Semiconductor type strain gage is made of a thin wire of silicon, typically 0.005 inch to 0.0005 inch,
andlength 0.05 inch to 0.5 inch. They can be of two types: p-type and n-type. In the former the
resistance increases with positive strain, while, in the later the resistance decreases with temperature.
The construction and the typical characteristics of a semiconductor strain gage are shown in fig.8.
MEMS pressure sensors is now a days becoming increasingly popular for measurement of pressure.
It is made of a small silicon diagram with four piezo-resistive strain gages mounted on it. It has an in-
built signal conditioning circuits and delivers measurable output voltage corresponding to the
pressure applied. Low weight and small size of the sensor make it suitable for measurement of
pressure in specific applications.

= Operating range

Fig. 8 (a) construction and (b) characteristics of a semiconductor strain gage
Thermistors:

Basically thermistor is a contraction of a word 'thermal resistors', The resistors depending on
temperature are thermal resistors. Thus resistance thermometers are also thermistors having positive
-temperature coefficients. But generally the resistors having negative temperature coefficients
(NTC) are called thermistors. The resistance of a thermistor decreases as temperature increases.
TheNTC of thermistors can be as large as few percent per degree celcius change in temperature.
Thus the thermistors are very sensitive and can detect very small changes in temperature too.

Construction of thermistor:
Thermistors are composed of a sintered mixture of metallic oxides, such as manganese,
nickel, cobalt, copper, iron, and uranium. Their resistances at ambient temperature may range
from 100 nto 100 ill. Thermistors are available in a wide variety of shapes and sizes as shown
in the Fig.
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Smallest in size are the beads with a diameter of 0.15 mm to 1.25 mm. Beads may be sealed in
the tips of solid glass rods to form probes. Disks and washers are made by pressing thermistor

materia~ under high pressure into Hat cylindrical shapes. Washers can be placed in series
or inparallel to increase power dissipation rating.

Leads
[l — ——(Glass
IlI‘. '—/;'_'*:H""._ 1
¥ { ) )

o — = )

Slass coated

e

(b) Probe

(c) Bead type

]

(e) Washer type

Thermistors are well suited for precision temperature measurement, temperature control, and
temperature compensation, because of their. very large change in resistance with temperature.
They are widely used for measurements in the temperature range -1000 C to +2000 C. The
measurement of the change in resistance with temperature is carried out with a Wheatstone
bridge.

Inductive Transducer

Inductive transducers work on the principle of inductance change due to any appreciable
change in the quantity to be measured i.e. measured. For example, LVDT, a kind of inductive
transducers,measures displacement in terms of voltage difference between its two secondary
voltages.

Secondary voltages are nothing but the result of induction due to the flux change in the
secondary coil with the displacement of the iron bar. Anyway LVDT is discussed here briefly to
explain the principle of inductive transducer. LVDT will be explained in other article in more
detail. For the time being let*s focus on basic introduction of inductive transducers. Now first
our motive is to find how the inductive transducers can be made to work. This can be done by
changing the flux with the help of measured and this changing flux obviously changes the
inductance and this inductance change can be calibrated in terms of measured. Hence inductive
transducers use one ofthe following principles for its working.

1. Change of self inductance
2. Change of mutual inductance

3. Production of eddy current

Change of Self Inductance of Inductive Transducer




We know very well that self inductance of a coil isgiven by
Where, N = number of turns.
I N?
"~ R

R= reluctance of the magnetic circuit. Also we know that reluctance R is given by

oo Xnd

where p = effective permeability of the medium in and around the coil.
L=N?uG

Where, G = A/l and called geometric form factor. A = area of cross-
section ofcoil. 1 = length of the coil. So, we can vary self inductance by

e Change in number of turns, N,
e Changing geometric configuration, G,

e Changing permeability

For the sake of understanding we can say that if the displacement is to be measured by the
inductive transducers, it should change any of the above parameter for causing in the change
inself inductance.

Change of Mutual Inductance of Inductive Transducer
Here transducers, which work on change of mutual inductance principle, use multiple coils. We

usehere two coils for the sake of understanding. Both coils have their self inductance as well. So
let*s denote their self inductance by L; and L,. Mutual inductance between these two coils is
given by

M=K.LL,

Thus mutual inductance can be changed by varying self inductance or by
varying coefficient of coupling, K. The methods of changing self inductance we already
discussed. Now coefficient of coupling depends on the distance and orientation between two
coils. Thus for themeasurement of displacement we can fix one coil and make other movable
which moves with the source whose displacement is to be measured. With the change in distance
in displacement coefficient of coupling changes and it causes the change in mutual inductance.
This change in mutual inductance can be calibrated with the displacement and measurement can
be done.

Production of Eddy Current of Inductive Transducer
We know that when a conducting plate is placed near a coil carrying alternating current, a

circulating current is induced in the plate called “EDDY CURRENT?”. This principle is used in
suchtype of inductive transducers. Actually what happens? When a coil is placed near to coil
carrying alternating current, a circulating current is induced in it which in turn produces its own
flux which try to reduce the flux of the coil carrying the current and hence inductance of the coil
changes.
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Nearer the plate is to the coil, higher will be eddy current and higher is the reduction in
inductance and vice versa. Thus inductance of coil varied with the variation of distance between
coil and plate. Thus the movement of the plate can be calibrated in terms of inductance change to
measure the quantity like displacement.

Real Life Application of Inductive Transducer
Inductive transducers find application in proximity sensors which are used for position

measurement, dynamic motion measurement, touch pads etc. Particularly inductive transducer
is used for the detection of type of metal, finding missing parts or counting the number of
objects.

Linear Variable differential transformer (LVDT)

AC. inpLt

o ey

Core Arm

Displacement H: CORE
OO
| E .. |

a1 |.\k —ad |
)

When an externally applied force moves the core to the left-hand position, more magnetic
flux links the left-hand coil than the righthand coil. The emf induced in the left-hand coil,
ES], is therefore larger than the induced emf of the right-hand [oil, Es2' The magnitude of
the output voltage is then equal to the difference between the two secondary voltages and it
is in phase withthe voltage of the left-hand

coil.

Core =

Core

Output voltage of LVDT at different core positions
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Construction of LVDT
Main Features of Construction are as,

e The transformer consists of a primary winding P and two secondary winding S1 and S2

wound on acylindrical former(which is hollow in nature and will contain core).

Both the secondary windings have equal number of turns and are identically placed on the
either side of primary winding

The primary winding is connected to an AC source which produces a flux in the air gap and
voltages areinduced in secondary windings.

A movable soft iron core is placed inside the former and displacement to be measured is
connected tothe iron core.

The iron core is generally of high permeability which helps in reducing harmonics

and highsensitivity of LVDT.

The LVDT is placed inside a stainless steel housing because it will provide
electrostatic andelectromagnetic shielding.

The both the secondary windings are connected in such a way that resulted output is the

difference ofthe voltages of two windings.

Principle of Operation and Working
As the primary is connected to an AC source so alternating current and voltages are produced

in thesecondary of the LVDT. The output in secondary Si is e; and in the secondary S s e>.
So the differential output is, eeu = €1 - 2This equation explains the principle of Operation
of LVDT.

o
e
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—_—  —
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Sout = 8 - €2
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Now three cases arise according to thelocations of core which explains the working of
LVDT are discussed below as,

¢ CASE I When the core is at null position (for no displacement) When the core is at null position
then the flux 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 output e, is zero as e; and e, both are equal. So

it showsthat no displacement took place.



http://www.electrical4u.com/what-is-transformer-definition-working-principle-of-transformer/

CASE II When the core is moved to upward of null position (For displacement to the upward
of reference point) In the this case the flux linking with secondary winding S; is more as

compared to

flux linking with S,. Due to this e; will be more as that of e,. Due to this output voltage eq is positive.

CASE III When the core is moved to downward of Null position (for displacement to the

downward ofreference point) In this case magnitude of e; will be more as that of e;. Due to this

output eou Will be negative and shows the output to downward of reference point.

Output Vs Core Displacement A linear curve shows that output voltage varies
linearly withdisplacement of core.
LVDT'S AC Cutput Magnitude
Fig. 2
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Some important points about magnitude and sign of voltage induced in LVDT

The amount of change in voltage either negative or positive is proportional to
the amount ofmovement of core and indicates amount of linear motion.
By noting the output voltage increasing or decreasing the direction of motion can be determined

The output voltage of an LVDT is linear function of core displacement.

Advantages of LVDT

e High Range - The LVDTs have a very high range for measurement of displacement. they
can used formeasurement of displacements ranging from 1.25mm to250mm
No Frictional Losses - As the core moves inside a hollow former so there is no loss
of displacementinput as frictional loss so it makes LVDT as very accurate device.
High Input and High Sensitivity-The output of LVDT is so high that it doesn’t need
any Amplification .the transducer posseses a high sensitivity which is typically
about40V/mm.
Low Hysteresis - LVDTs show a low hysteresis and hence repeatability is
excellent under allconditions

Low Power Consumption - The power is about 1W which is very as compared to other transducers.
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¢ Direct Conversion to Electrical Signals - They convert the linear displacement to

electrical voltagewhich are easy to process

Disadvantages of LVDT
e LVDT is sensitive to stray magnetic fields so they always require a setup to protect them
from straymagnetic fields.

e They are affected by vibrations and temperature.
It is concluded that they are advantageous as compared than any other inductive transducers.

Applications of LVDT

1. They are used in applications where displacements ranging from fraction of mm to few cm are
to bemeasured. The LVDT acting as a primary Transducer converts the displacement to
electrical signal directly.
They can also acts as the secondary transducers. E.g. the Bourbon tube which acts as a
primary transducer and covert pressure into linear displacement. then LVDT coverts this

displacement intoelectrical signal which after calibration gives the ideas of the pressure of
fluid.

Capacitive Transducers

A capacitor consists of two conductors (plates) that are electrically isolated from one another by
a nonconductor (dielectric). When the two conductors are at different potentials (voltages), the
system is capable of storing an electric charge. The storage capability of a capacitor is measured
in farads.The principle of operation of capacitive transducers is based upon the equation for
capacitance of a parallel plate capacitor as shown inFig.

g4
Capacitance ol i

Where, A = Overlapping area of plates; m?,

Dielectric
constant Area of plate
C (in foroids) = =2

W, Distance
betereen plates

Cha
Voltoge E
between™,, _ g*ona
_-'" plates G

I Copoacitance
Change
Bottom plate w, /i n wolioge
L3 I per unit ime

By definition "\ e

Fig. Parallel plate capacitor
d= Distance between two plates; m,

¢ = Permittivity (dielectric constant); F/m.

Dept of EEE, NRCM 21



The capacitance is measured with a bridge circuits. The output impedance Z of a capacitive
transduceris:

Z = 1/2nfC

Where: Z =Impedance
f = frequency, 50 Hz. C
=capacitance

In general, the output impedance of a capacitive transducer is high. This fact calls for a careful
design of the output circuitry. The capacitive transducers work on the principle of change in
capacitance of the capacitor. This change in capacitance could be caused by change in
overlapping area A of the plates, change in the distance d between the plates and change in
dielectric constant ®¢.

In most of the cases the above changes are caused by the physical variables, such as,
displacement, force or pressure. Variation in capacitance is also there when the dielectric

medium between the plates changes, as in the case of measurement of liquid or gas levels.

Therefore, the capacitive transducers are commonly used for measurement of linear
displacement, by employing the following effects as shown in Fig a and figb.

Change in capacitance due to change in overlapping area of plates.
Change in capacitance due to change in distance between the two plates.
Change in capacitance due to change in dielectric between the two plates

T
l

(b)

Fig.a Variable capacitive transducer varies; (a) area of overlap, (b) distance between plates,

(c) amount of dielectric between plates
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Fig.b Differential capacitive transducer varies capacitance ratio by changing: (a) area of
overlap, (b) distance between plates, (c) dielectric between plates

As may be seen in Fig b, all of the differential devices have three wire connections rather than
two: one wire for each of the end plates and one for the common plate. As the capacitance
between one ofthe endplates and the common plate changes, the capacitance between the other
end plate and the common plate also changes in the opposite direction.

a) Transducers Using Change in Area of Plates

Examining the equation for capacitance, it is found that the capacitance is directly proportional
to the area, A of the plates. Thus, the capacitance changes linearly with change in area of plates.
Hencethis type of capacitive transducer is useful for measurement of moderate to large
displacements say from 1 mm to several cm. The area changes linearly with displacement and
also thecapacitance.

For a parallel plate capacitor, the capacitance is:

A slw
c=—"="-F

1 = length of overlapping part of plates; m, and w
= width of overlapping part of plates;m.

Sensitivit s A F/
ENSLLITITY - — — E— T
- al d
The sensitivity is constant and therefore there is linear relationship between capacitance and

displacement.

This type of a capacitive transducer is suitable for measurement of linear displacement ranging
from 1to 10 cm. The accuracy is as high as 0.005%.

b) Transducers Using Change in Distance between Plates

Fig. 17.2(b) shows the basic form of a capacitive transducer employing change in distance
between the two plates to cause the change in capacitance. One plate is fixed and the
displacement to be measured is applied to the other plate which is movable. Since, the
capacitance, C, varies inversely as the distance d, between the plates the response of this
transducer is not linear. Thus this transducer is useful only for measurement of extremely small
displacements.

_5‘(.‘_ g4
Al 4z

Thus the sensitivity of this type of transducer is not constant but varies over the range of the

Sensitivity 5

transducer. The relationship between variations of capacitance with variation of distance
between plates is hyperbolic and is only approximately linear over a small range of
displacement. The linearity can be closely approximated by use of a piece of dielectric
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material like mica having a highdielectric constant, such as, a thin piece of mica.

0 Transducers Using Change in dielectric constant between Plates

If the area (A) of and the distance (d) between the plates of a capacitor remain constant,
capacitance will vary only as a function of the dielectric constant (¢) of the substance filling the
gap between the plates. If the space between the plates of a capacitor is filled with an insulator,
the capacitance of thecapacitor will change compared to the situation in which there is vacuum
between the plates. The change in the capacitance is caused by a change in the electric field
between the plates.

The value of dielectric constant is initially set by design in the choice of dielectric material used
to make the capacitor. Many factors will cause the to change, and this change in will vary for
different materials. The major factors that will cause a change in are moisture, voltage,

frequency, and temperature. The dielectric constant of a process material can change due to

variations in temperature, moisture, humidity, material bulk density, and particle size-etc. The in

the basic formula is the effective dielectric constant of the total space between the electrodes.
This space may consist of the dielectric material, air, and even moisture, if present. The figure
shows that how in a capacitor the position of the dielectric is varied to vary the capacitance.
Physical variables, such as, displacement, force or pressure can cause the movement of dielectric
material in the capacitor plates, resulting in changes in the effective dielectric constant, which in

turn will change thecapacitance.

maoverment

Fig. Change in capacitance due to movement of dielectric
betweenplates

The major advantages of capacitive transducers are that they require extremely small forces to
operate them and hence are very useful for use in small systems. They are extremely sensitive
and require small power to operate them. Owing to their good frequency response they are very
useful for dynamicstudies.

The disadvantages of capacitive transducers include their non-linear behaviour on account of
edge effects and the effects of stray capacitances especially when the transducers have a low
value of capacitance. Therefore guard rings must be used to eliminate this effect. The metallic
parts of the capacitive transducers must be insulated from each other. In order to reduce the
effects of stray capacitances, the frames must be earthed.
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Capacitive transducers can be used for measurement of both linear and angular displacements. The
capacitive transducers are highly sensitive and can be used for measurement of extremely

small displacements down to the order of molecular dimensions, i.e., 0.1x10® mm. On the other
hand, they can be used for measurement of large displacements up to about 30 m as in aeroplane
altimeters. The change in area method is used for measurement of displacements ranging from 10
to 100 mm. Capacitive transducers can be used for the measurement of force and pressure. The
force and pressure to be measured are first converted to displacement which causes a change of
capacitance. Capacitive transducers can also be used directly as pressure transducers in all those
cases where the dielectric constant of a medium changes with pressure. They can be used for
measurement of humidity in gases and moisture content in soil / food products etc.

Thermocouples

Basically thermocouple consists of two different metals which are placed in contact with each other as

A

- 'Loupie '-\ //’

/\ Thermo {7 \‘,

F’{‘-.r"“-.r"C

shown in the diagram.

First part is called the heater element because when the current will flow through this, a
heat isproduced and thus the temperature will increased at the junction. At this junction an
emf is produced which is approximately proportional to the temperature difference of hot
and cold junctions.

The emf produced is a DC voltage which is directly proportional to root mean square value of
electric current. A permanent magnet moving coil instrument is connected with the second
part to read the current passing through the heater. One question must be arise in our mind
that why we have used only a permanent magnet coil instrument? Answer to this question is
very easy it is because PMMC instrument has greater accuracy and sensitivity towards the
measurement of DC value. The thermocouple type instruments employ thermocouple in

their construction.
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Thermocouple type instruments can be used for both ac and DC applications. Also
thermocoupletype of instruments has greater accuracy in measuring the current and voltages
at very high frequency accurately.

Now we will look how the temperature difference is mathematically related to generated emf at the
junction in thermocouple type of instruments. Let us consider temperature of the heater

element be Taand the temperature of cold metal be Ty. Now it is found that the generated emf

at the junction isrelated to temperature difference as:

e = alT, — T;) + b(T, — Tp)*

Where a and b are constant whose values completely depends upon the type of metal we are
using. The above equation represents parabolic function. The approximated value of a is from 40
to 50 micro volts or more per degree Celsius rise in temperature and value of constant b is very
small and can be neglected if the air gap field of permanent magnet moving coil is uniform. Thus
we can approximate the above temperature emf relation as e = a(T,- Tp), here we have assume b
= 0. The current flowing through the heater coil produces heat as I°R where I is the root mean
square value of current, if we assume the temperature of cold junction is maintained at room
temperature then the rise in the temperature of the hot junction will be equal to temperature rise
at the junction. Hence wecan write (Ta-Tb)is directly proportional to I2R or we can say (Ta- Tb)
= kI2R. Now the deflection angle x in moving coil instrument is equal to; x = Ke or x = K[a(Ta-
Tb)] hence we can write k.K.a.I2R = k;12, where k; is some constant.

From the above equation we see that the instrument shows the square law response.

Construction of Thermocouple Type Instrument
Now let us look at the construction of Thermocouple type Instruments. Broadly speaking the

thermocouple type of instruments consists of two major parts which are written below: (a)
Thermoelectric elements: The thermocouple type of instruments consists of thermo electric
elements which can be of four types:

1. Contact Type: It has a separate heater which is shown in thediagram.
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The action of thermocouple type instruments can be explained briefly as,

At the junction the electrical energy is being converted to thermal energy in the
heater element.A portion of the heat is transferred to the hot junction while most of
the heat energy is dissipated away.

The heat energy which is transferred to hot junction is again converted to electrical due
to Seebeck effect. Only a portion of electrical energy is converted into mechanical
energy which is used to produce a deflecting torque. The overall efficiency of the system
is low thus the instrument consumes high power. So there is a requirement of highly
accurate and sensitive DC instrument.

Non Contact Type: In non contact type there is insulation between the heating element and

the thermocouple i.e. there no direct contact between two. Due to this these instruments are

not muchsensitive as compared contact type.

Vacuum Thermo-elements: These types of instruments are mostly employed for the
measurement ofelectric current at very high frequency of the order of 100 Mega hertz or more as
these instruments retain their accuracy even at such high frequency.

Bridge Type: These bridges are manufactured on the ac ratings usually from 100 mili amperes
to 1 amperes. In this two thermocouple are connected to form a bridge which is shown in the

figure given

below:

There is no requirement of heating element, the electric current which directly passing through
the thermocouple raises the temperature which is directly proportional to the I°R losses. The
bridge works on balanced condition at which there will be no current in the arm ab. The connected

meter will show the potential difference between the junctions a and b.

Advantages of Thermocouple Type Instruments

Following are advantages of Thermocouple type of instruments,
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The thermocouple type of instruments accurately indicates the root mean square value of current
and voltages irrespective of the waveform. There is a wide varieties of range of thermocouple
instrumentsare available in the market.

Thermocouple type of instruments give very accurate reading even at high frequency,

thus thesetypes of instruments are completely free from frequency errors.

The measurement of quantity under these instruments is not affected by stray magnetic fields.
These instruments are known for their high sensitivity.

Usually for measuring the low value of current bridge type of arrangement is used i.e. ranging from
0.5 Amperes to 20 Amperes while for measuring the higher value of current

heaterelement is required to retain accuracy.

Disadvantages of Thermocouple Type Instruments

Instead of many advantages these type of instruments posses one disadvantage, The over load
capacity of thermocouple type of instrument is small, even fuse is not able to the heater wire
becauseheater wire may burn out before the fuse blows out.

Piezoelectric transducer:

A piezoelectric quartz crystal is hexagonal prism shaped crystal, which has pyramids Jt
both ends.This is shown in the Fig. (a). The marking of co-ordinate axes are fixed for such
crystals. The axis
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passing through the end points of pyramids is called optic axis or z axis. The axis passing
through corners is called electrical axis or x axis while the axis passing through midpoints of
opposite sidesis called mechanical axis or y axis. The axes are shown in the

Digital Multimeter
Working Principle of Digital Multimeter

Inut signal
condinonal

and converter

Push button nputs

Prescaled
Dc valtage

Programming

¥ Instructions
S -————
Drgital controller >

i Digital o/p to
external world

Dhgitised information

Display

As shown in the block diagram, in a typical Digital multimeter the input signal i.e ac or dc
voltage, current, resistance, temperature, or any other parameter is converted to dc voltage within the
range of the ADC. The analog to digital converter then converts the pre-scaled dc voltage into its
equivalent digital numbers which will be displayed on the display unit. Sometimes, a digital
controller block is implemented with a microcontroller or a microprocessor to manage the flow of
information within the instrument. This block will coordinate all the internal functions as well as
transferring information to external devices such as printers or a personal computer. In the case of
some handheld multimeter, some or all of these blocks may be implemented in a VLSI circuit while
the A/D converter and display driver can be in the same IC. Digital Multimeter as Voltmeter,
Ammeter and Digital Ohmmeter.

In digital multimeter, we can incorporate many types of meters like ohmmeter, ammeter, a
voltmeter for the measurement of electrical parameters. Its block diagram is shown below in the
figure. Let us have a look at its working and specification one by one.

DOM
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(1) Digital voltmeter (DVM):

Digital voltmeter is the basic instrument used for measurement of voltage through the use
of Analog to Digital converter. The basic principle behind digital multimeters is the Analog
to digital converter because without this we are not able to convert the analog output into
digital form. There are several ADC available in the market, but we mainly use Flash type
ADC due to its simplicity and fastest speed. Let’s have a look at its basic operation.

(a) Flash AD converter:

It comprises comparators, encoders, and digital displays. Comparators are driven by a
resistor divider network, the encoder converts its inputs to corresponding outputs that drive the
digital display.

Display

Encoder

Binary Chutput

Comparatar

As shown above, three resistors of value R drives the comparators C1, C2, C3. Let the input
voltage Vi = 1V, +V= 4V and comparators i.e. C1 , C2, C3 voltages equal to 1V, 2V and 3V
respectively. If the output of the C1 = +1 and C2=C3= 0, then we fed 001 as the input to the encoder
which further converts it into 0001. This binary output drives the seven segment display to read 1V
on it. With the help of this method, we read the voltages of magnitude 1V, 2V, 3V and we also add
more comparators for more accurate readings as per our requirement.

(ii) Digital Ammeter (DAM):

A digital ammeter uses a shunt resistor to produce a calibrated voltage proportional to the
current flowing. As shown in the diagram, to read the current we must first convert the current to be
measured into a voltage by using a known resistance RK. The voltage so developed is calibrated to
read the input current.
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(iv)Digital ohm meter (DOM):

A digital ohmmeter is used to measure electrical resistance which obstructs the path to the
flow of current. As shown in the diagram, a resistance network comprising of a known
resistance RK and unknown resistance Ru used to develop a voltage across the unknown
resistance.

5
]

The voltage is given by: V = VB Ru/ RK + Ru where VB = Voltage of the built-in battery
After calibrating voltage, the meter can be calibra

A Digital Multimeter is divided into three parts: (i) Display: The LCD screen present on the
upper portion of the multimeter basically displays four or more digits and also shows a negative
value if necessary. A few of today’s multimeters have illuminated the display for better viewing
in low light situations. (ii) Selection Dial: It allows the user to set the multimeter to read different
electrical parameters such as milliamps (mA) of current, voltage, resistance, capacitance, etc.
You can easily turn the dial anywhere for specific parameter measurements. (iii) Ports: Two
ports are available on the front of every multimeter except in some four ports are available for
measuring current in mA or A. We plugged two probes into these ports which are of different
colors i.e. one is of red color and the other is of black color. Different Ports in multimeter are: (a)
COM: It stands for common and is almost connected to the ground or considered as a -ve
connection of a circuit. We generally insert the black color probe into the

COM port.

True RMS Voltmeter:

True RMS Voltmeter — Complex waveform are most accurately measured with an rms
voltmeter. This instrument produces a meter indication by sensing waveform heating power,
which is proportional to the square of the rms value of the voltage. This heating power can be
measured by amplifying and feeding it to a thermocouple, whose output voltages is then
proportional to the E .
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The effect of non-linear behavior of the thermocouple in the input circuit (measuring
thermocouple) is cancelled by similar non-linear effects of the thermocouple in the feedback
circuit (balancing thermocouple). The two couples form part of a bridge in the input circuit of a
dc amplifier.

The unknown ac voltage is amplified and applied to the heating element of the measuring
thermocouple. The application of heat produces an output voltage that upsets the balance of the
bridge.

The dc amplifier amplifies the unbalanced voltage; this voltage is fed back to the heating
element of the balancing thermocouple, which heats the thermocouple, so that the bridge is
balanced again, i.e. the outputs of both the thermocouples are the same. At this instant, the ac
current in the input thermocouple is equal to the dc current in the heating element of the
feedback thermocouple. This dc current is therefore directly proportional to the effective or rms
value of the input voltage, and is indicated by the meter in the output circuit of the dc amplifier.
If the peak amplitude of the ac signal does not exceed the dynamic range of the ac amplifier, the
true rms value of the ac signal can be measured independently.

!Cl

A true rms meter is always a combination of a normal mean value indicating meter and a
squaring device whose output at any instant is proportional to the instantaneous squared input.

It can be shown that the ac component of the voltage developed across the common collector
resistors of two transistors that are connected in parallel, and between the bases of which a small
ac voltage is applied, is proportional to the square of the applied input voltage.
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One side of the bridge consists of two parallel connected transistors Q> and Q3, and a common
collector resistor Ris. The side of the bridge, employing P; for bias setting, is the basic squaring
circuit. The other side of the bridge is made of transistor Q4 (whose base is biased by means of

potentiometer P> and collector resistance Ris.)

Potentiometer Py, base bias balance of the squaring circuit, must be adjusted for symmetrical
operation of transistors Q2 and Q3. To do this, the polarity of a small dc input voltage applied to
terminals A and B (bases of Q2 and Q3) has to be reversed, and the reading of the output meter
must be the same for both input polarities.

Potentiometer P, must be set so that for zero input signal (terminals A and B short- circuited),
the bridge is balanced and the meter reads zero. The balance condition is reached if the voltage
drop across the collector resistance Ri3 of Q2— Q3, and collector resistance Rig of Q4, are equal.

Transistor Q; is used to improve the temperature stability of the whole circuit, which is
basically obtained by the emitter resistance Rip. Optimum temperature compensation is
obtained if the voltage drop across the emitter resistance for no signal is 0.7 V for silicon
transistor.

The low current through Q, Qsz, Q4 requires a large emitter resistance value to fulfil the
condition for compensation. Therefore, another transistor, Q1 has been added to compensate for
the temperature changes of Q. and Qs.

The bias on this transistor has to be adjusted by selecting appropriate values of Rgand
Ry so that the voltage drop across R in the balanced condition is 0.7 V for silicon transistor.
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Clamp Meters Working Principle

Current transformer clamp meters are equipped with rigid jaws of made of ferrite iron. The
jaws are individually wrapped by coils of copper wire. Together, they form a magnetic core

during measurements.

Their basic operation is like that of a transformer. It works with one primary turn, or winding,
which in nearly all cases is the conductor being measured. The coils around the jaws serve as a
secondary winding of the current transformer.

Current flowing through the conductor generates an alternating magnetic field that rotates
around it. This field is concentrated by the clamp’s iron core, inducing a flow of current in the
secondary windings in the meter. The measure of the amount of magnetic field passing through
the conductor (or any surface) is called magnetic flux, denoted by the Greek letter phi, ®m.

The signal is proportional to the ratio of the turns. A much smaller current is delivered to the
meter’s input due to the ratio of the number of secondary windings (those wrapped around the
jaws of the clamp) vs. the number of primary windings wrapped around the core.

If, for example, the secondary has 1000 windings, then the secondary current is 1/1000 the
current flowing in the primary. Thus 1 amp of current in the conductor being measured would
produce 0.001 amps, or 1 milliamp, of current at the input of the meter. With this technique,
much larger currents can be easily measured by increasing the number of turns in the secondary.

Internally, the current flow in the conductor can be measured either as a current—some older
clamp accessories plug into the current jacks of a digital multimeter—or can be converted to a
voltage. Most clamp meters now have mV output.

Hall Effect clamp meters can measure both ac and dc current up to the kilohertz (1000 Hz)
range.

Like current transformer types, Hall Effect clamp meters use rigid iron jaws to concentrate
the magnetic field that encircles the conductor being measured.

Electrical current
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Unlike current transformer clamp meters, the jaws are not wrapped by copper wires. Instead,
the magnetic field generated by the conductor is focused across one or more gaps in the core
after the jaws are clamped around the conductor. A gap exists where the jaw tips of a Hall Effect
clamp meter meet, creating an air pocket that the magnetic field (aka magnetic flux) must jump.
This gap limits the magnetic flux so that the core cannot saturate.

In contrast, the jaws of an ac-only current transformer clamp are flush when closed. When
opened, the tips of the jaws show bare metal core faces.

In that gap, covered by thin plastic molding, is a semiconductor known as a Hall Effect sensor
—a transducer that varies its output voltage when responding to magnetic fields, in this case the
magnetic field of the conductor or wire being measured. Its purpose is to measure magnetic flux
directly. The output voltage from the sensor then amplified and scaled to represent the current
flowing through the conductor that lies inside the jaws of the clamp.

As current flows through a conductor being measured, the iron core formed by the jaws of a
Hall Effect clamp meter allows the magnetic field to easily pass through—more easily, in fact,
than air.

When the magnetic field (flux) comes to that small air gap in the tips of the jaw, the field has
to jump that gap. Because the gap is small, the field remains concentrated across the gap, and the
Hall Effect sensor—which sits in the gap—produces a voltage proportional to the magnetic flux
in the gap that the clamp translates into a current reading.

In Hall Effect devices, dc magnetic fields are also concentrated through the core, like a
permanent magnet sticking to iron. Because of the dc magnetic field of the earth and the
possibility of other magnetic fields near the measurement site, these clamps require the reading
to be “zeroed” before taking a measurement to eliminate offsets.

Digital Storage Oscilloscope : Working & Its Applications

Definition: The digital storage oscilloscope is an instrument which
gives the storage of a digital waveform or the digital copy of the
waveform. It allows us to store the signal or the waveform in the
digital format, and in the digital memory also it allows us to do the
digital signal processing techniques over that signal. The maximum
frequency measured on the digital signal oscilloscope depends
upon two things they are: sampling rate of the scope and the nature
of the converter. The traces in DSO are bright, highly defined, and
displayed within seconds.

Blggk Diagram of Digital[Storage Ogdilloscope Analyser Waveform

Signal — | Amplifier _J-.- Digitiser Memory Circuitry Reconstruction

i

Time B Horizontal
ime Dase Amplifier

Horizontal
Plates
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The block diagram of the digital storage oscilloscope consists of an amplifier, digitizer,
memory, analyzer circuitry. Waveform reconstruction, vertical plates, horizontal plates, cathode
ray tube (CRT), horizontal amplifier, time base circuitry, trigger, and clock. The block diagram
of the digital storage oscilloscope is shown in the below figure.

As seen in the above figure, at first digital storage oscilloscope digitizes the analog input
signal, then the analog input signal is amplified by amplifier if it has any weak signal. After
amplification, the signal is digitized by the digitizer and that digitized signal stores in memory.
The analyzer circuit process the digital signal after that the waveform is reconstructed (again the
digital signal is converted into an analog form) and then that signal is applied to vertical plates of
the cathode ray tube (CRT).

The cathode ray tube has two inputs they are vertical input and horizontal input. The vertical
input signal is the “Y”’ axis and the horizontal input signal is the ‘X’ axis. The time base circuit is
triggered by the trigger and clock input signal, so it is going to generate the time base signal
which is a ramp signal. Then the ramp signal is amplified by the horizontal amplifier, and this
horizontal amplifier will provide input to the horizontal plate. On the CRT screen, we will get
the waveform of the input signal versus time.

The digitizing occurs by taking a sample of the input waveform at periodic intervals. At the
periodic time interval means, when half of the time cycle is completed then we are taking the
samples of the signal. The process of digitizing or sampling should follow the sampling
theorem. The sampling theorem says that the rate at which the samples are taken should be
greater than twice the highest frequency present in the input signal. When the analog signal is
not properly converted into digital then there occurs an aliasing effect.

When the analog signal is properly converted into digital then the resolution of the A/D
converter will be decreased. When the input signals stored in analog store registers can be read
out at a much slower rate by the A/D converter, then the digital output of the A/D converter
stored in the digital store, and it allows operation up to 100 mega samples per second. This is the
working principle of a digital storage oscilloscope.

DSO Operation Modes

The digital storage oscilloscope works in three modes of operations they are roll mode,
store mode, and hold or save mode.

Roll Mode: In roll mode, very fast varying signals are displayed on the display screen.
Store Mode: In the store mode the signals stores in memory.

Hold or Save Mode: In hold or save mode, some part of the signal will hold for some
time and then they will be stored in memory.

These are the three modes of digital storage oscilloscope operation.
Waveform Reconstruction

There are two types of waveform reconstructions they are linear interpolation and
sinusoidal interpolation.

Linear Interpolation: In linear interpolation, the dots are joined by a straight line.
Sinusoidal Interpolation: In sinusoidal interpolation, the dots are joined by a sine wave.
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Applications
The applications of the DSO are
It checks faulty components in circuits
Used in the medical field
Used to measure capacitor, inductance, time interval between signals, frequency and time period
Used to observe transistors and diodes V-I characteristics
Used to analyze TV waveforms
Used in video and audio recording equipment’s
Used in designing
Used in the research field
For comparison purpose, it displays 3D figure or multiple waveforms
It is widely used an oscilloscope
Advantages
The advantages of the DSO are
Portable
Have the highest bandwidth
The user interface is simple
Speed is high
Disadvantages
The disadvantages of the DSO are
Complex
High cost
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