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CHAPTER-01 

QUALITIES OF MEASUREMENT 
 

Learning Objectives: 

1.1 Discuss the Static Characteristics,  

1.2 Accuracy, sensitivity, reproducibility & static error of instruments  

1.3 Dynamic characteristics& speed of instruments.  

1.4 Errors of an instrument & explain various types.  

 

Introduction 
 It is the branch of Electronics which deals with the study of measurement and variations of 

different parameters of various instruments. 

 Why measurement of parameters and study of variations for a particular instrument are required? 

 The measurement of parameters and its variations for a particular instrument is required because 

it helps in understanding the behaviour of an instrument. 

Instrument- 

 It is a device for determining values or magnitude of a quantity or variable through a given set of 

formulas. 

Measurement- 
 It is a process of comparing an unknown quantity with an accepted standard quantity. 

Standard- 
 It is defined as something that is set up and established by an authority as a rule of measure 

quantity. 

 

1.1 Discuss the Static Characteristics : 

 The measuring instrument must not affect the quantity which is to be measured.   

 The performance of the measurement system/instruments are divided into two categories. 

1. Static Characteristics. 

2. Dynamic Characteristics. 

 

1.Static characteristics of instrument- 

 These are those characteristics of an instrument which do not vary with time and are generally 

considered to check if the given instrument is fit to be used for measurement. 

 The static characteristics are from one form or another by the process called Calibration. They 

are as follows:- 

1.2 Accuracy, sensitivity, reproducibility & static error of instruments :  

 

1. ACCURACY-  

 It is defined as the ability of a device or a system to respond to a true value of a measure 

variable under condition. 

 It is defined as the closeness with which an instrument reading approaches the true value 

of quantity being measured. i.e it means conformity of truth. 

2. PRECISION- 

 Precision is the degree of exactness for which an instrument is design or intended to 

perform. 

 



3. REPEATABILITY-  

 The repeatability is a ability of measuring device may be defined as the closeness of an 

agreement among a number of consecutive measurements of the output for the same 

value of the input under save operating system. 

4. REPRODUCIBILITY-  

 Reproducibility of an instrument is the closeness of the output for the same value of 

input. Perfect reproducibility means that the instrument has no drift. 

5. SENSITIVITY-  

 Sensitivity can be defined as a ratio of a change output to the change input at steady state 

condition. 

 It is denoted as k. 

6. RESOLUTION-  

 Resolutions the least increment value of input or output that can be detected, caused or 

otherwise discriminated by the measuring device. 

7. TRUE VALUE- 

 True value is error free value of the measure variable it is given as difference between the 

Instrument Reading and Static error. 

Mathematically, 

                   True value= Obtained Instrument reading – static error. 

             
%Error = 

Standard Reference Value –Obtained Reading 
* 100 

Standard Reference Value 

8. STATIC ERROR- 

 It is defined as the difference  between the measured value and true value. 

 

1.3 Dynamic characteristics& speed of instruments : 

 
 The Dynamic Characteristics are those which change within a period of time that is 

generally very short in nature. 

1. SPEED OF RESPONSE-It is the rapidity with which an instrument responds to the changes to 

in the measurement quantity. 

2. FIDELITY-The degree to which an instrument indicate the measure variable without dynamic 

error. 

3. LAG-It is retardation or delay in the response an instrument to the changes in the measurement. 

 

1.4 Errors of an instrument & explain various types.  
 

 The deviation or change of the value obtained from measurement from the desired 

standard value. 

Mathematically, 

                    Error = Obtained Reading/Value Standard Reference Value. 

 There are three types of error. They are as follows:- 

1. GROSS ERRORS- 

 This are the error due to humans mistakes such as careless reading mistakes in recoding 

observation incorrect application of an instrument. 

2. SYSTEMATIC ERROR- 

 A constant uniform deviation of an instrument is as systematic error.  

 There are two types of systematic error. 

 



I. INSTRUMENTAL ERROR-  

 Instrumental error are errors inherent in mastering instrument because of the mechanical 

construction friction is bearing in various moving component.  

 It can be avoided by Selecting a suitable instrument for the particular measurement. 

 Applying correction factor after determining the amount of instrumental error. 

 
II. ENVIROMENTAL ERROR – 

 Environmental error are due to conditions external to the measuring device including condition 

al in the area surrounding the instrument such as effect of change in temperature , humidity or 

electrostatic field. 

  it can be avoided. 

a. Providing air conditioning. 

b. Use of magnetic shields. 

 

III. OBSERVATIONAL ERROR-  

 The errors introduced by the observer. These errors are caused by habits of the observers like 

tilting his/her head too much while reading a “Needle – Scale Reading”. 

 

IV. RANDOM ERROR- 

 The cause of such error is unknown or not determined in the ordinary process of making 

measurement. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Short questions with answer: 
 

Q.1 Define Precision.(W-08,10,18) 

ANS:- The precision of a measurement system is the degree to which repeated measurements under 

unchanged conditions show the same results. 

 

Q.2 Define Resolution. 

ANS:- Resolution is the ability of the measurement system to detect and faithfully indicate small 

changes in the characteristic of the measurement result. 

 

Q.3 What is Deflecting torque?  

ANS:- The torque due to which pointer of a measuring instruments deflect from its zero position is 

called deflecting torque. 

 

Q.4 Define Accuracy. (W-08,10,18) 

ANS:- The degree to which the result of a measurement, calculation, or specification conforms to the 

correct value or a standard. 

 

Q.5 Define Tolerance.  

ANS:- A tolerance is a positive or negative amount by which a designer may allow a manufactured item 

to deviate from an ideal value. 

 

Q.6 Define sensitivity.(W-06,10,17,18) 

Ans:-The smallest change that can be detected by an measuring instrument 

 

Q.7 Define reproducibility of an instrument.(W-06,08) 

Ans- Reproducibility of an instrument is the closeness of the output for the same value of input. Perfect 

reproducibility means that the instrument has no drift. 

 

Q.8  Define static error.(S-19,W-20) 

Ans- It is defined as the difference  between the measured value and true value 

 

Q.9  What is speed of response?(W-18) 

Ans- It is the rapidity with which an instrument responds to the changes to in the measurement quantity 

 

 Long questions: 
 

Q.1 What are the different types of Error  seen in an Instrument ? Explain it in brief. 

Q.2 Explain different static  Characteristics of an Instrument.(S-19,W-19) 

Q.3 Explain different Dynamic  Characteristics of an Instrument.(W-20) 

 

https://en.wikipedia.org/wiki/Result


CHAPTER-2 

INDICATING INSTRUMENTS 

Learning Objectives: 

2.1 Introduction to Indicator & Display devices & its types  

2.2 Basic principle of meter movement, permanent magnetic moving coil movement & its 

advantages & disadvantages.  

2.3 Operation of Moving Iron Instrument  

2.4 Basic principle of operation of DC Ammeter and Multi range Ammeter  

2.5 Basic principle of operation of AC Ammeter and Multi range Ammeter  

2-6 Basic principle of operation of DC Voltmeter and its applications  

2.7 Basic principle of operation of AC Voltmeter and its application  

2.8 Basic principle of Ohm Meter (Series & Shunt type)  

2.9 Basic principle of Analog Multimeter, its types & applications  

2-10 Operation of Q meter and its essentials  

 

Indicating instruments: 

 It is a device for determining values or magnitude of a quantity or variable through a given 

set of formulas. 

 Generally measuring instruments are classified into two categories . 

i.e absolute instrument and secondary instruments. 

  

Absolute Measuring Instruments: These instruments give output in terms of physical constant of 

the instruments.  

 Example- Tangent galvanometers are absolute instruments. 

Secondary Measuring Instruments: These instruments are constructed with the help of absolute 

instruments. Secondary instruments are calibrated by comparison with absolute instruments. 

Again secondary instruments are classified as 3 types i.e. indicating type, Recording type, 

integrating type. 

Indicating: Indicate the quantity to be measured by means of a pointer which moves on a scale. 

Examples are ammeter, voltmeter, wattmeter etc 

Recording: Indicating an instrument that continuously records the values of the measured variable 

on a chart or dial. The recording is generally made by a pen on a graph paper which is rotated on a 

dice or drum at a uniform speed. The amount of the quantity at any instant may be read from the 

traced chart. 

Integrating: Records the total quantity of the measured variable over a period of time.  

Eg: kilowatt-hour (kWh) meter. 

 
 



2.1 Introduction to indicator & display devices & its types:  

 An indicator is any of various instruments used to accurately measure small distances 

and angles, and amplify them to make them more obvious. Various names are used for 

indicators of different types and purposes. 

 Indicating instruments are those which indicates the magnitude of a quantities being measured. 

The indications are given by pointer moving over a calibrated scale . e.g ammeter, voltmeter. 

wattmeter. 

Types of forces/torques acting in measuring instruments: 

1. Deflecting torque/force: 

 The defection of any instrument is determined by the combined Effect of the deflecting 

torque/force, control torque/force and dampingtorque/force. 

 The value of deflecting torque must depend on the electrical signal to bemeasured. 

 This torque/force causes the instrument movement to rotate from its zeroposition. 

 

2. Controlling torque/force: 

 This torque/force must act in the opposite sense to the deflecting torque/force, and the 

movement will take up an equilibrium or definite position when the deflecting and 

controlling torque are equal inmagnitude. 

 The Spiral springs or gravity usually provides the controllingtorque. 

 

3. Dampingtorque/force: 

 A damping force is required to act in a direction opposite to the movement of the moving 

system. 

 This brings the moving system to rest at the deflected position reasonably quickly 

without any oscillation or very smalloscillation 

 This is providedby 

i) Airfriction 

ii) Fluidfriction 

iii) Eddycurrent. 

 It should be pointed out that any damping force shall not influence the steady state 

deflection produced by a given deflecting force ortorque. 

 Damping force increases with the angular velocity of the moving system, so that its effect 

is greatest when the rotation is rapid and zero when the system rotation iszero. 

 

2.2.Basic principle of meter movement , permanent magnet moving 

coil movement and its advantages and disadvantages: 

1.Basic meter movement or d’arsonval meter movement: 

Principle:- 

 Whenever electrons flow through a conductor, a magnetic field proportional to the current 

is created. This effect is useful for measuring current and is employed in many practical 

meters. 

 This type of meter movement is a current measuring device which is used in the ammeter, 

voltmeter, and ohmmeter. 

 An ohmmeter is also basically a current measuring instrument, it differs from the ammeter 

and voltmeter in that it provides its own source of power and contains other auxiliary 

circuits. 

https://en.wikipedia.org/wiki/Angle
https://en.wiktionary.org/wiki/amplify


D’arsonval galvanometer: 

 This instrument is very commonly used in various methods of resistance measurement and 

also in d.c. potentiometer work. 

 

 
Fig 

1) Movingcoil: 

 It is the current carrying  element. 

 It is either rectangular or circular in shape and consists of number of turns of fine wire. 

 This coil is suspended so that it is free to turn about its vertical axis of symmetry. 

 It is arranged in a uniform, radial, horizontal magnetic field in the air gap 

between pole pieces of a permanent magnet and iron core. 

 The iron core is spherical in shape if the coil is circular but is cylindrical if the coil is 

rectangular. 

 The iron core is used to provide a flux path of low reluctance and therefore to provide 

strong magnetic field for the coil to move in. 

 This increases the deflecting torque and hence the sensitivity of the galvanometer. The 

length of air gap is about1.5mm. 

 In some galvanometers the iron core is omitted resulting in of decreased value of flux 

density and the coil is made narrower to decrease the air gap. 

 Such a galvanometer is less sensitive, but its moment of inertia is smaller on account of its 

reduced radius and consequently a short periodic time. 

2) Damping: 
 There is a damping torque present owing to production of eddy currents in the metal former 

on which the coil is mounted. 

 Damping is also obtained by connecting a low resistance across the galvanometer 

terminals. 

 Damping torque depends upon the resistance and we can obtain critical damping by 

adjusting the value of resistance. 

3) Suspension: 

 The coil is supported by a flat ribbon suspension which also carries current to the coil. 

 The other current connection in a sensitive galvanometer is a coiled wire. This is called 

the lower suspension and has a negligible torque  effect. 

 This type of galvanometer must be leveled carefully so that the coil hangs straight and 

centrally without rubbing the poles or the soft iron cylinder. 

 The upper suspension consists of gold or copper wire of nearly 0.012-5 or 0.02-5 mm 

diameter rolled into the form of aribbon. 

 This is not very strong mechanically so that the galvanometers must he handled 

carefully without jerks. 



4) Indication: 

 The suspension carries a small mirror upon which a beam of light is cast. The beam of 

light is reflected on a scale upon which the deflection is measured. This scale is usually 

about 1 meter away from the instrument, although ½ meter may be used for greater 

compactness. 

5) Zero setting: 

 A torsion head is provided for adjusting the position of the coil and also for zero setting. 

 

PMMC instruments: 

 These instruments are used either as ammeters or voltmeters and are suitable for d.c work 

only. 

 PMMC instruments work on the principle that, when a current carrying conductor is 

placed in a magnetic field, a mechanical force acts on theconductor. 

 The current carrying coil, placed in magnetic field is attached to the movingsystem. 

 With the movement of the coil, the pointer moves over the scale to indicate the electrical 

quantity beingmeasured. 

 This type of movement is known as D’ Arsenoval movement. 

Construction: 

 It consists of a light rectangular coil of many turns of fine wire wound on an aluminum 

former inside which is an iron core as shown infig. 

 The coil is delicately pivoted upon jewel bearings and is mounted between the poles of a 

permanent horse shoemagnet. 

 Two soft-iron pole pieces are attached to these poles to concentrate the magneticfield. 

 The current is led in to and out of the coils by means of two control hair- springs, one 

above and other below the coil, as shown inFig. 

 These springs also provide the controlling torque. The damping torque is provided by eddy 

currents induced in the aluminum former as the coil moves from one position to another. 

Working: 

 When the instrument is connected in the circuit to measure current or voltage,the 

operating current flows through the coil. 

 Since the current carrying coil is placed in the magnetic field of the permanent magnet, a 

mechanical torque acts onit. 

 As a result of this torque, the pointer attached to the moving system moves in clockwise 

direction over the graduated scale to indicate the value of current or voltage being 

measured. 

 This type of instruments can be used to measure direct currentonly. 

 This is because, since the direction of the field of permanent magnet is same, the 

deflecting torque also gets reversed, when the current in the coilreverses. 

 Consequently, the pointer will try to deflect below zero. Deflection in the reverse 

direction can be prevented by a “stop”spring. 



 

Deflecting torque equation:- 

 The magnetic field in the air gap is radial due to the presence of soft iron core. Thus, the 

conductors of the coil will move at right angles to the field. When the current is passed 

through the coil, forces act on its both sides which produce the deflectingtorque. 

 

Let, B = flux density, Wb/m2 

        l = length of the coil , m 

       b = breadth of the coil. 

      N = no. of turns of the coil. 

 If a current of ‘I’ Amperes flows in the coil, then the force acting on each 

coil side is givenby, 

Force on each coil side, F = BIlN Newtons. 

 Deflecting torque, Td = Force × perpendiculardistance 

= (BIlN) × b 

Td = BINA Newton metre. 

Where, A = l × b, the area of the coil in m
2
. 

 Thus, Td αI 

 The instrument is spring controlled so that, Tc αθ 

 The pointer will comes to rest at a position, where Td=Tc 

 Therefore, θ α I . 

 Thus, the deflection is directly proportional to the operatingcurrent. 

 Hence, such instruments have uniformscale. 

Advantages: 

1. Uniform scale.ie, evenly dividedscale. 

2. Very effective eddy currentdamping. 

3. Highefficiency. 

4. Require little power for theiroperation. 

5. No hysteresis loss (as the magnetic field isconstant). 

6. External stray fields have little effects on the readings (as the operating magnetic field is 

verystrong). 

7. Very accurate andreliable. 

 



Disadvantages: 

a) Cannot be used for a.c measurements. 

b) More expensive (about 50%) than the moving iron instruments because of their accurate 

design. 

c) Some errors are caused due to variations (with time or temperature) either in the strength 

of permanent magnet or in the controlspring. 

 

Applications: 

a) In the measurement of direct currents andvoltages. 

b) In d.c galvanometers to detect smallcurrents. 

c) In Ballistic galvanometers used for measuring changes of magnetic fluxlinkages. 

2.3 Operation of moving ironinstrument:- 

Moving Iron instruments are mainly used for the measurement of alternating currents and 

voltages, though it can also be used for d.c measurements. 

Principle of moving iron instrument:- 

 Let a plate or vane of soft iron or of high permeability steel forms the moving element of 

thesystem. 

 The iron vane is situated so as, it can move in a magnetic field produced by a stationary 

coil. 

 The coil is excited by the current or voltage undermeasurement. 

 When the coil is excited, it becomes an electromagnet and the iron vane moves in such a 

way so as to increase the flux of theelectromagnet. 

 Thus, the vane tries to occupy a position of minimumreluctance. 

 Thus, the force produced is always in such a direction so as to increase the inductance of 

thecoil. 

Types of moving iron instruments: 

There are two types of Moving- iron instruments 

1. Attractiontype: 

In this type of instrument, a single soft iron vane (moving iron) is mounted on the spindle, and 

is attracted towards the coil when operating current flows through it. 

 

 

 
 
 
 
 
 
 
 

 

 

 

 



Deflecting torque equation: 
 

 The force F, pulling the soft -iron piece towards the coil is directly proportionalto 

a) Field strength (H) produced by thecoil. 

b) Pole strength (m) developed in the ironpiece. 

 F α Mh Since m αH, 

 Therefore F αH
2
 

 Instantaneous deflecting torque α H
2
. 

 The field strength H = μi. 

 
instantaneous coil current(Ampere). 

 Instantaneous deflecting torque αi
2
. 

 Average deflecting torque, Td α mean of i
2
 over acycle. 

 Since the instrument is spring controlled, hence Tc α θ. 

 In the steady position of deflection, Td = Tc. 

 Therefore θ α mean of i
2
 over a cycle => θ α I

2
(mean of i

2
 over a cycle = I

2
). 

 Since the deflection is proportional to the square of coil current, the scale of such 

instruments is non-uniform (being crowded in the beginning and spread out near the 

finishing end of thescale). 

 

2. Repulsion type:- 

 In this two soft iron vanes are used; one fixed and attached the stationary coil, while the 

other is movable (moving iron), and mounted on the spindle of theinstrument. 

 When operating current flows through the coil, the two vanes are magnetized, developing 

similar polarity at the sameends. 

 Consequently, repulsion takes place between the vanes and the movable vane causes the 

pointer to move over thescale. 

 It is of two types:- 

a) Radial vane type: - vanes are radial strips ofiron. 

b) Co-axial vane type:-vanes are sections of coaxialcylinders. 

 

Deflecting torque: 

 The deflecting torque results due to repulsion between the similarly charged soft- iron 

pieces orvanes. 

 If the two pieces develop pole strength of m1 and m2 respectively, then Instantaneous 

deflectingtorqueis α m1m2αH
2
. 

 If the permeability of iron is assumed constant, then H α i, where i is the coilcurrent. 

 Instantaneous deflecting torque αi
2
. 

 Average deflecting torque, Td α mean of i
2
 over acycle. 

 Since the instrument is spring controlled, Tc αθ. 

 In the steady position of deflection, Td = Tc i.e. θ α mean of i
2
 over a cycle 

=> θ α I
2
(mean of i

2
 over a cycle = I

2
 ). 

 Thus, the deflection is proportional to the square of the coilcurrent. 

 The scale of the instrument is non- uniform being crowded in the beginning and spread out 

near the finish end of thescale. 

 However, the non- linearity of the scale can be corrected to some extent by the accurate 

shaping and positioning of the iron vanes in relation to the operating coil. 

 

 



 

2.4 Basic principle of operation of DC Ammeter and Multi range 

Ammeter : 

1.D.C.ammeter:- 

 The PMMC galvanometer constitutes the basic movement of a dcammeter. 

 The coil winding of a basic movement is small and light, so it can carry only 

very small currents. 

 A low value resistor (shunt resistor) is used in DC ammeter to measure largecurrent. 

 PMMC movement can be used as DC ammeter by connecting resistor in shunt with it, so 

that shunt resistance allows a specific fraction of current [excess current greater than full 

scale deflection current (IFSD)] flowing in the circuit to bypass the metermovement. 

 The fractions of the current flowing in the movement indicate the total current flowing in 

thecircuit. 

 DC ammeter can be converted into multi range ammeter by connecting number of 

resistances called multiplier in parallel with the PMMCmovement. 

 Let Rm = internal resistance of themovement. 

I = full scale current of the ammeter + shunt (i.e. total current) 

Rsh = shunt resistance in ohms. 

Im = full-scale deflection current of instrument in ampere. 

Ish = (I- Im) = shunt current in ampere. 

 Since the shunt resistance is in parallel with the meter movement, the voltage drop across 

the shunt and movement must be thesame. 

 Therefore, Vsh =Vm 

IshRsh = ImRm, 

Rsh = (ImRm)/Ish 

 But Ish = I –Im 

Hence Rsh = (ImRm) / (I-Im). 

(I-Im)/Im = Rm/Rsh 

(I/Im)-1=Rm/Rsh 

I/Im=1+Rm/Rsh. 

 The ratio of the total current to the current in the movement is called Multiplying Power of 

the Shunt i.e Mathematically, Multiplying Power (m) =I/Im = 1+ Rm/Rsh 

 

2.Multirange dc ammeter: 

 The range of the dc ammeter is extended by a number of shunts, selected by a range 

switch. Such a meter is known as Multi range DCAmmeter. 

 The resistors is placed in parallel to give different currentranges. 



 Above figure shows a diagram of multi rangeammeter. 

 The circuit has 4 shunts Rsh1, Rsh2, Rsh3 and Rsh4 which can be put in parallel with meter 

movement to give 4 different current ranges I1, I2, I3andI4. 

Let m1, m2, m3 and m4 be the shunt multiplying powers for currents I1, I2, I3 and I4. 

Rsh1 = Rm/(m1-1) 

Rsh2 = Rm/(m2-1) 

Rsh3 = Rm/(m3-1) 

Rsh4 = Rm/(m4-1) 

 This type of switch is essential in order that meter movement is tochanging from range the 

current one another. 

 Multirange Ammeters are used for the range from the 1 to 50A. 
 

2.5 Basic principle of operation of AC Ammeter and Multi range 
Ammeter : 
 

 The PMMC movement cannot be used directly for ac measurements since the inertia of 

PMMC acts as anaverager. 

 Because A.C. current has zero average value and it produces a torque that has also zero 

average value, the If we provide an ordinary switch the meter remains without a shunt and 

it is unprotected and therefore it can be damaged when the range ischanged. 

 pointer just vibrates around zero on thescale. 

 In order to make ac measurements, a bridge rectifier circuit is combined with PMMC as 

shownbelow. 

 
 

2.6 Basic principle of operation of DC Voltmeter and its applications: 

 
 DC voltmeter is a measuring instrument, which is used to measure the DC voltage across 

any two points of electric circuit. 

  If we place a resistor in series with the Permanent Magnet Moving Coil (PMMC) 

galvanometer, then the entire combination together acts as DC voltmeter. 



Circuit or Block diagram of Digital Voltmeters: 

 

Block diagram of Digital Voltmeter 

Working Principle of digital voltmeters: 

                  From the above block diagram, the voltage to be measured is given to the input signal 

present in the circuit diagram. And next to this signal is processed onto the pulse generator which 

generates a train of rectangular pulses by using both analog and digital techniques. 

 

           The digital circuitry present inside the pulse generator will control the width and frequency 

while analog circuitry will control the amplitude, rise time and fall time of the pulse generator. 

When AND gate is fed with train pulse and rectangular pulse, it will give train pulses with the 

same duration of that of the rectangular pulse. 

Advantages of Digital Voltmeters: 

 Outputs on the screen are accurate without any errors 

 Readings are taken faster 

 Parallax error and approximation is entirely eliminated. 

 Output can be stored in memory devices 

 Versatile and accurate 

 Power consumption is less 

 Portable instrument 

 Cheap cost and compact. 

2.7 Basic principle of operation of AC Voltmeter and its application : 
 

 The instrument, which is used to measure the AC voltage across any two points 

of electric circuit is called AC voltmeter. 

Block diagram: 

 

The rectifier can be used before the multistage amplifier or after the amplifier. This 

depends on the type of amplifier used in AC voltmeter. 

http://www.electricalengineeringinfo.com/2016/02/what-is-voltage-or-electric-potential-difference-defination.html
https://2.bp.blogspot.com/-jAedAEuTzK8/WD2krvNQLiI/AAAAAAAAJs4/BaHuovTqyeA5BN62Ui07jyhS2xjZhq1vACEw/s1600/digital-voltmeter-working-principle-block-diagram-4.gif


2.8 Basic principle of Ohm Meter (Series & Shunt type) : 
 

Electrical resistance: 

 Electrical resistance is a measure of how much an object opposes allowing an electrical 

current to pass throughit. 

Ohmmeter: 

 It is an electronic device used to measure electrical resistance of a circuit element of low 

degree ofaccuracy. 

 This resistance reading is indicated through a metermovement. 

 The ohmmeter must then have an internal source of voltage to create the necessary current 

to operate the movement, and also have appropriate ranging resistors to allow desired 

current to flow through the movement at any givenresistance. 

 An ohmmeter is usefulfor 

1. Determining the approximate resistance of circuit components such as heater elements 

or machine fieldcoils. 

2. Measuring and sorting of resistors used in electroniccircuits. 

3. Checking of semiconductor diodes and for checking of continuity ofcircuit. 

4. To help the precision bridge to calculate the approximate value of 

resistance which can save time in balancing thebridge. 

 There are two types of schemes are used to design an ohmmeter– 
a) seriestype 

b) shunttype. 

 The series type of ohmmeter is used for measuring relatively high values of resistance, 

while the shunt type is used for measuring low values of theresistance. 

 
 Ohmmeters come with different levels ofsensitivity. 

 Some Ohmmeters are designed to measure low-resistance materials, and some are used 

for measuring high-resistancematerials. 

 A Micro Ohmmeter is used to measure extremely low resistances with high accuracy at 

particular test currents and is used for bonding contactapplications. 

 Mega Ohmmeter is used to measure large resistancevalues. 

 Milli-Ohmmeter is used to measure low resistance at high accuracy 

confirming the value of any electricalcircuit. 

Series type ohmmeter: 

 It consists of basic d’Arsonval movement connected in parallel with a shunting resistor R2. 

 This parallel circuit is in series with resistance R1 and a battery of emf E. 

 The series circuit is connected to the terminals A and B of unknown resistor Rx. 



 

 From thefigure, 

R1 = current limiting resistor; R2 = zero adjusting resistor; E = emf of internal battery; 

Rm = internal resistance of d’Arsonval movement. 

 When the unknown resistance Rx = 0 (terminals A and B shorted) maximum current 

flows through the meter. Under this condition resistor R2 is adjusted until the basic 

movement meter indicates full scale currentIfs. 

 The full scale current position of the pointer is marked “0Ω” on thescale. 

 Similarly when Rx is removed from circuit Rx = ∞ (i.e. when terminal A and B are 

open), the current in the meter drops to the zero and the movement indicates zero 

current which is the marked“∞”. 

 When the unknown resistance is inserted at terminal A, B the current through the meter 

is reduced and hence pointer drops lower on thescale. 

 Therefore the meter has “0” at extreme right and “∞” at the extremeleft. 

 Intermediate scale marking may be placed on the scale by different known values of 

the resistance Rx to theinstrument. 

 A convenient quantity to use in the design of the series ohmmeter is the value of the 

Rx which causes the half scale deflection of themeter. 

 At this position, the resistance across terminals A and B is defined as the half scale 

position resistanceRh. 

 The design can be approached by recognizing the fact that when Rh is connected 

acrossAandBthemetercurrentreducestoonehalfofitsfullscalevalueorwithRx 

= Rh, Im = 0.5 Ifs, where Im = current through the meter, Ifs = current through the meter 

for full scale deflection. 

 This clearly means that Rh is equal to the internal resistance of the ohmmeter looking 

into terminals A andB. 

 

 

 

 

 



Shunt type ohmmeter:- 

 

Fig 

 This circuit consists of a battery in series with an adjustable resistor R1 and a basic 

D’Arsonval movement(meter). 

 The unknown resistance is connected across terminals A and B, parallel with themeter. 
 In this circuit it is necessary to have an ON-OFF switch to disconnect the battery from the 

circuit when the instrument is not in use. 

 When the unknown Resistor Rx= 0Ω, (i.e. A and B are shorted), the meter current iszero. 

 If the unknown Resistor Rx=∞Ω, (i.e. A and B are open), the meter current flows only 

through the meter and by selecting a proper value of the resistance R1, the pointer may be 

made to read full scale. 

 This ohmmeter therefore, has zero marking on the left hand side of the scale (no current) 

and ∞ mark on the right hand side of thescale. 

Fig 

2.9 Basic principle of Analog Multimeter, its types & applications : 

 
 The main part of an analog multi meter is the D’Arsonval meter movement also known as 

the permanent-magnet moving-coil (PMMC)movement. 

 This common type of movement is used for dcmeasurements. 
 

 

 
 



 

Fig 

 
 When the meter current Im flows in the wire coil in the direction indicated in figure a magnetic 

field is produced in thecoil. 

 This electrically induced magnetic field interacts with the magnetic field of the horseshoe-

type permanentmagnet. 

 The result of such an interaction is a force causing a mechanical torque to be exerted on 

thecoil. 

 Since the coil is wound and permanently fixed on a rotating cylindrical drum as 

shown, the torque produced will cause the rotation of the drum around its 

pivotedshaft. 

 When the drum rotates, two restraining springs, one mounted in the front onto the shaft and 

the other mounted onto the back part of the shaft, will exhibit a counter torque opposing the 

rotation and restraining the motion of thedrum. 

 This spring-produced counter-torque depends on the angle of deflection of the drum, θ or 

the pointer. At a certain position (or deflection angle), the two torques are inequilibrium. 

 Each meter movement is characterized by two electricalquantities 
a) Rm: the meter resistance which is due to the wire used to construct thecoil 

b) IFS: the meter current which causes the pointer to deflect all the way up to the full- 

scale position on the fixedscale. 

 This value of the meter current is always referred to as the full scale current of the 

meter movement. 

 The PMMC movement cannot be used directly for ac measurements since the inertia of 

PMMC acts as anaverager. 

 Since ac current has zero average value and it produces a torque that has also zero average 

value, the pointer just vibrates around zero on thescale. 

 In order to make ac measurements, a bridge rectifier circuit is combined with PMMC as 

shown in figurebelow. 

 

2-10 Operation of Q meter and its essentials : 
 

A device that is used to measure the QF (quality factor) or storage factor or quality factor of 

the circuit at radio frequencies is called the Q-meter.  

Working Principle: 

 The working principle of Q meter is series resonant because the resonant exists within the 

circuit once the  reactance of capacitance & reactance is of the same magnitude. 



  They induce energy to oscillate in between the fields of electric & magnetic of the 

inductor & capacitor respectively. This meter mainly depends on the feature of the 

capacitance, inductance & resistance of the resonant series circuit. 

 

Q Meter Circuit: 

 The circuit diagram of the ‘Q’ meter is shown below.  

 It is designed with an oscillator that uses the frequency  that ranges from 50 kHz – 50 MHz. 

and provides current to a shunt resistance ‘Rsh’with 0.02 ohms value. 

  Here thermocouple meter is used to calculate the voltage across the shunt resistance 

whereas an electronic  voltmeter is used to calculate the voltage across the capacitor. These 

meters can be calibrated to read ‘Q’ directly. 

 

 In the circuit, the energy of the oscillator can be supplied to the tank circuit. This circuit can 

be adjusted for the resonance through unstable ‘C’ until the voltmeter reads the utmost 

value. 

 The o/p voltage of resonance is ‘E’, equivalent to ‘Ec’ is E = Q X e and Q = E/e. Because 

‘e’ is known so the voltmeter is adjusted to read ‘Q’ value directly. 

 The coil is connected to the two test terminals of the instrument to determine the coil’s 

inductance 

 This circuit is adjusted to resonance through changing either the oscillator frequency 

otherwise the capacitance. Once the capacitance is changed, then the frequency of the 

oscillator can be adjusted to a specified frequency & resonance is attained. 

 If the value of capacitance is already fixed to a preferred value, then the frequency of the 

oscillator will be changed until resonance takes place. 

 The reading of ‘Q’ on the o/p meter is multiplied through the setting of an index to get the 

actual ‘Q’ value 

 The coil’s inductance is calculated from known values of the coil frequency as well as the 

resonating capacitor. 

 The specified Q is not the definite Q, as the losses of the voltmeter, inserted resistance & 

resonating capacitor are all incorporated in the circuit. Here, the definite ‘Q’ of the 

calculated coil is a bit larger than the  specified Q.  

 This dissimilarity is insignificant except wherever the coil’s resistance is relatively minute 

compared to the ‘Rsh’ resistance. 

 

Applications of the Q-meter 

The applications of Q-meter include the following. 

 It is used to measure the quality factor of the inductor. 

 By using this meter, unknown impedance can be measured using a series or shunt 

substitution method. If the impedance is small, the former technique is used and if it is 

large, then the latter technique is used. 

 It is used to measure small capacitor values. 

 By using this, inductance, effective resistance, self-capacitance, and bandwidth can be 

measured. 

https://www.elprocus.com/resistance-definition-formula-and-laws/
https://www.elprocus.com/pierce-oscillator-working-and-its-applications/
https://www.elprocus.com/what-is-a-thermocouple-definition-working-principle-diagram-applications/
https://www.elprocus.com/difference-between-capacitor-and-inductor/


 

Short questions with answer: 

Q.1 What is the difference between indicating type & integrating type instruments? 

ANS:- 

 The value of the electrical quantity is indicated by these instruments at the time when it is 

being measured. Pointers moving over the scale give the indication in indication type 

instruments.  

EX:-Ammeters, Voltmeters and watt meters are the examples of theseinstruments. 

 The total amount of either electricity or electrical energy supplied over a period of time is 

measured by integrating type instruments. 

 EX:-Ampere hour meters, watt-hour meters, energy meters are the few examples of these 

instruments. 

 

Q.2 What is Deflecting torque? 

ANS:- The torque due to which pointer of a measuring instruments deflect from its zero position is 

called deflecting torque. 

 

Q.3 What are the errors in PMMC type instruments? 

Ans-i) Error due to Magnet  ii)Error due to effect of spring  iii)Error due to temperature. 

 

 

Q.4 Which type of instruments is used for DC measurement? 

Ans-PMMC instruments used for DC measurement only. 

 

Q.5 Why the scale of PMMC type instrument is uniform? 

Ans-Besause the magnetic line of force in a permanent magnet is uniform. 

 

Q.6. What are the advantages of PMMC instrument?(W-19) 

Ans-i) Low power consumption 

        ii) It gives high accuracy 

        iii) No hysteresis loss 

        iv) It’s scale is uniform 

 

Long questions: 
 

1. What are the different types of damping? Explain it in brief. 

2. Explain deflecting, controlling, damping torque in indicatinginstruments. 

3. Briefly explain different types of torque in an Indicating type of instruments 

4. with a neat diagram explain the working of a PMMC type instrument? 

5. Write a short note on Q-meter?(W-18) 

6. Discuss the basic principle of operation of a DC ammeter.(W-19). 

7. Discuss the operation of analog multimeter.(S-19) 

 
 

 



CHAPTER -3 

DIGITAL INSTRUMENTS 

Learning Objectives: 

3.1 Principle of operation of Ramp type Digital Voltmeter & applications  

3.2 Operation of display of 3 1/2, 4 1/2– Digital Multimeter & Resolution and Sensitivity  

3.3 Basic principle of operation of working of Digital Multimeter its types & applications  

3.4 Basic principle of operation of working of Digital Frequency Meter  

3.5 Operation of working of Digital Measurement of Time  

3.6 Measurement of Frequency.  

3.7 Principle of operation of working of Digital Tachometer 

3.8 Principle of operation of working of Automation in Digital Instruments (Polarity Indication, 

Ranging, Zeroing & Fully Automatic)  

3.9 Block diagram of LCR meter & its working principle. 

 
3.1 Principle of operation of Ramp type Digital Voltmeter & application: 

 
 The principle of operation of the ramp-type DVM is based on the measurements of the time. 

it takes for linear lamp voltage to rise from 0 V to the level of input voltage, or decrease 

from the level of the input voltage to zero. Fig. shows the ‘voltage-to-time conversion’ 

using gated clock pulses. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 At the start of the 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. 

 At the instant that the ramp voltage equals the unknown voltage , a coincidence circuit, 

comparator, generates a pulse which open a gate.The ramp voltage continues to decrease 

with time until it finally reaches 0 V[or ground potential] and a second comparator 

generates an output pulses which closes the gate. 



 An oscillator generates clock pulses which are allowed to pass through the gate to a number 

of decade counting units [DCUs] which totalise the number of pulses passed through the 

gate. 

 The decimal number, displayed by the indicator tubes associated with the DCUs, is a 

measure of the magnitude of the input voltage. 

 
 

3.2.operation of display of 3 ½,4 ½ -digital multimeter & resolution & 

sensitivity: 

Following are the few specifications which characterise digital meters: 

Resolution-  

 

It is defined as the number of digit positions or simply the number of digits used in a meter 

If a number of full digits is n, then resolution, 

 

R=1/10
n
 

 

For n=4 R=1/10
4
=0.0001 or 0.01%. 

 

A three-digit display on the digital meter for 0-1 V range will be able to indicate from 000 to 

999mV, with smallest increment (resolution) of 1mV. 

Sensitivity-   

It is the smallest change in input which a digital meter is able to detect. Thus, it is the full-scale 

value of the lowest voltage range multiplied by the resolution of the meter .In other words, 

Sensitivity, S=(fs) min* R 

 

Where, (fs)=Lowest full-scale value of digital meter, and 

                        R=Resolution is decimal. 

 

 



3.3. Basic principle of operation of working of digital multimeter types 

& application: 

 A Digital multimeter offers increased versatility due to its additional capability to measure 

A.C voltage and current, D.C voltage and current, resistance. The FIG. Shows the block 

diagram of a digital multimeter (DMM) 

 In the “A.C voltage mode” ,the applied input is fed through a calibrated/ compensated 

attenuator ,to a precision full wave rectifier circuit followed by a ripple reduction filter. The 

resulting D.C fed to ADC and the subsequent display system. 

 For current measurements the drop across an internal calibrated shunt is measured ,directly 

By the ADC in the “D.C current mode” , and after A.C to D. C conversion in the “ A.C 

current mode”. This drop is often in the range of 200 mv. 

 

 

 Due to lack of precision in the A.C –D.C conversions, the accuracy in the A.C range is in 

general of the order of 0.2 to 0.5%. In addition , the measurement range is often limited to 

about 50 Hz at the lower frequency end due to the ripple in the rectified signal becoming a 

non negligible percentage of the display and hence in fluctuation of the displayed number. 

 In the resistance range the multimeter operates by measuring the voltage across the 

externally connected resistance ,resulting from a current forced through it from a calibrated 

internal current source. 

 The accuracy of resistance measurement is of the order of 0.1 to0.5% depending on the 

accuracy and stability of the internal current sources the accuracy may be proper in the 

highest range which is often about 10 to 20 MΩ. In the lowest range the full scale may be 

200Ω with a resolution of about 0.01Ω for a digital multimeter 

 

3.4.Basic principle of operation of working of digital frequency meter: 

Frequency Meter :- These are used to measure supply frequency. These are used at generating 

stations & substations. A frequency meter is an instrument that displays the frequency of a periodic 

electrical signal. 

Mechanical  resonance Type frequency meters: 
 

 A mechanical type frequency meter consists of a number of thin steel strips called reeds. 

These reeds are placed in a row alongside and close to an electromagnet.  



 The electromagnet consists of thin laminations and a coil is wound around it as shown in 

fig. The coil is connected in series with a resistance across the supply whose frequency is to 

be measured. 

 

Mechanical Resonance Type Frequency Meter Working Principle: 

 When mechanical resonance type frequency meter is connected across the supply whose 

frequency is to be measured an alternating current I flows through the coil of an 

electromagnet which produces a force of attraction on the reeds.  

 The force of attraction is proportional to the square of the current therefore it varies at twice 

the supply frequency. Hence a force of exerted on the reeds at every half cycle. 

 All the reeds thus tend to vibrate, but only the one whose natural frequency is double that of 

supply will vibrate appreciably. 

 Mechanical resonance is obtained in the case of this reed. The frequency is determined, 

therefore by noting the scale reading opposite the reed that vibrates with maximum 

amplitude. 

 The tuning in these meters is so sharp that as the excitation frequency changes from 

resonant frequency the amplitude of vibration decreases rapidly becoming negligible for a 

frequency which is slightly away from resonant one. 

 

Advantages: 

 Its indications are independent. 

 Its readings are reliable. 

 These are cheap. 

Disadvantages: 
 

 The reading is not be observed properly if the frequency difference is half cycle between the 

adjacent reeds. 

 These instruments are not accurate to provide the exact reading on its scale 

 

Electrical resonance Type frequency meters : 
 

 It is a type of frequency meter which is used to measure frequency range 45 Hz to 55 Hz of 

AC supply. 



Construction :-  

 It consists of a fixed coil which is connected across the supply whose frequency is to be 

measured. This coil is called magnetizing coil.  

 The magnetizing coil is mounted on a laminated iron core. The iron core has a cross-section 

which varies gradually over the length, being maximum near the end where the magnetizing 

coil is mounted & minimum at the other end. 

 A moving coil is pivoted over this iron core. A pointer is attached to the moving coil. The 

terminals of the moving coil are connected to a suitable capacitor C. There is no provision 

for a controlling force. 

 

Working :- 
 Due to the current in the moving coil, the moving coil produces a flux in phase with the 

current. This flux flows along with the extended core of the fixed coil,  

 Therefore the flux links the moving coil. Hence, the flux induces an emf across the moving 

coil. Obviously, this induced emf lags the flux by 90°.  

 Since it is a coil; the moving coil will have some inductive reactance. Again, as it is 

connected across a capacitor, it will have some capacitive reactance also. 

Advantages: 

 
 Highly sensitive 

 Construction is simple 

 The frequency scale is linear 

 Readings are independent of voltages 

 It is suitable for measuring a wide range of voltage. 

Disadvantages: 

 
 Sensitive to temperature variation 

 The presence of rectifiers results in distortion producing inaccurate frequency output. 

 

3.5.Operation of working of digital measurment of time: 

     The Principle of Operation of Digital Measurement of Time is given by 

     The beginning of the time period is the start pulse originating from input 1, and the end of the 

time period is the stop pulse coming from input 2. 



 

 The above Figure  shows the circuit for measurement of time period. The gating signal is 

derived from the unknown input signal, which now controls the enabling and disabling of 

the main gate. The number of pulses which occur during one period of the unknown signal 

are counted and displayed by the decade counting assemblies. The only disadvantage is that 

for measuring the frequency in the low frequency range, the operator has to calculate the 

frequency from the time by using the equation f = 1/T. 

3.6.MESURMENT OF FREQUENCY:. 

 The conventional method of measuring the frequency of an electrical signal consists of 

counting the number of cycles of the input electrical signal during a specified gate interval. 

 For the mains frequency monitor, the frequency range of interest is rather narrow, (50 ± 5%) 

Hz. The technique employed in the Digital Measurement of mains frequency, yields only a 

parabolic calibration curve. But within the narrow frequency range, which in this case is (50 

± 5%) Hz, the calibration is conveniently flat. Hence, the error due to the non-linear 

calibration is less than 0.2% at a frequency deviation as large as 5% from the centre 

frequency, which is 50 Hz. The error is 0.02% at a frequency deviation as large as 2% from 

the centre frequency and as the frequency approaches the centre value of 50 Hz, the error 

approaches zero. 

 

3.7. Principle of operation of working of digital tachometer: 

Tachometer: 

 

 The tachometer use for measuring the rotational speed or angular velocity of the machine .  

 It works on the principle of relative motion between the magnetic field and shaft of the 

coupled device. The relative motion induces the EMF in the coil which is placed between 

the constant magnetic field of the permanent magnet. The develops EMF is directly 

proportional to the speed of the shaft. 

 Depends on the natures of the induced voltage the electrical tachometer is categorized into 

two types. 

 AC Tachometer Generator 

 DC Tachometer Generator 

DC Tachometer Generator: 

 The main parts of the DC tachometer generator are Permanent magnet, armature, 

commentator, brushes, variable resistor, and the moving coil voltmeter . 

https://www.eeeguide.com/oscilloscope-operating-precautions/
https://www.eeeguide.com/frequency-calibration/


 The DC tachometer works on the principle that when the closed conductor moves in the 

magnetic field, EMF induces in the conductor. The magnitude of the induce emf depends on 

the flux link with the conductor and the speed of the shaft. 

 

 The armature of the DC generator revolves between the constant field of the permanent 

magnet. The rotation induces the emf in the coil. The magnitude of the induced emf is 

proportional to the shaft speed 

 The commutator converts the alternating current of the armature coil to the direct current 

with the help of the brushes.  

 The moving coil voltmeter measures the induced emf. The polarity of the induces voltage 

determines the direction of motion of the shaft. 

 The resistance is connected in series with the voltmeter for controlling the heavy current of 

the armature. 

The emf induces in the dc tachometer generator is given as 

 

Where, E – generated voltage 

Φ – flux per poles in Weber 

P- number of poles 

N – speed in revolution per minutes 

Z – the number of the conductor in armature windings. 

a – number of the parallel path in the armature windings. 

 

Advantages of the DC Generator: 

 The polarity of the induces voltages indicates the direction of rotation of the shaft. 

 The conventional DC type voltmeter is used for measuring the induces voltage. 

 

https://circuitglobe.com/voltmeter.html


Disadvantages of DC Generator: 

 The commutator and brushes require the periodic maintenance. 

 The output resistance of the DC tachometer is kept high as compared to the input resistance. 

If the large current is induced in the armature conductor, the constant field of the permanent 

magnet will be distorted. 

AC Tachometer Generator: 

 The AC tachometer has stationary armature and rotating magnetic field. Thus, the 

commutator and brushes are absent in AC tachometer generator. 

 The rotating magnetic field induces the EMF in the stationary coil of the stator. The 

amplitude and frequency of the induced emf are equivalent to the speed of the shaft.  

 

 

 The stator of the generator consists two windings, i.e., the reference and quadrature 

winding. Both the windings are mounted 90° apart from each other. The rotor of the 

tachometer is made with thin aluminium cup, and it is placed between the field structures. 

 The rotor is made of the highly inductive material which has low inertia. The input is 

provided to the reference winding, and the output is obtained from the quadrature winding.  

 The rotation of rotor between the magnetic field induces the voltage in the sensing winding. 

The induces voltage is proportional to the speed of the rotation. 

Advantages: 

 This Tachogenerator generates the ripple free output voltage. 

 The cost of the generator is also very less. 

Disadvantages: 

 The nonlinear relationship obtains between the output voltage and input speed when the 

rotor rotates at high speed. 

 

https://circuitglobe.com/wp-content/uploads/2018/01/a.c.tachometer-rectifier-type.jpg
https://circuitglobe.com/wp-content/uploads/2018/01/a.c.tachometer-rectifier-type.jpg


3.8 Principle of operation of working of Automation in Digital 

Instruments (Polarity Indication, Ranging, Zeroing & Fully 

Automatic) : 

 

1.Automatic Polarity Indication : 

 

The polarity indication is generally obtained    from the information in the ADC. For integrating 

ADCs, only the polarity of the integrated signal is of importance. The polarity should thus be 

measured at the very end of the integration period . As the length of the integration period is 

determined by counting a number of clock pulses, it is logical to use the last count or some of the 

last counts to start the polarity measurement. 

 

 

 

 

 

 

 

2. Automatic Ranging:  

The object of automatic ranging is to get a reading with optimum resolution under all 

circumstances (e.g. 170 m V should be displayed as 170.0 and not as 0.170). Let us take the 

example of a 3Yz digit display, i.e. one with a maximum reading of 1999. This maximum means 

that any higher value must be reduced by a factor of 10 before it can be displayed (e.g. 201 m Vas 

0201). On the other hand, any value below 0200 can be displayed with one decade more resolution 

(e.g. 195 mV as 195.0). In other words, if the display does not reach a value of 0200, the 

instrument should automatically be switched to a more sensitive range, and if a value of higher 

than 1999 is offered, the next less sensitive range must be selected. 

3.9 Block diagram of LCR meter & its working principle : 

DIGITAL LCR METER 

 This type of meter is used to measure the resistance , inductance ,capacitance and 

dissipation factor. The desired function can be selected by using a rotary switch . The 

various ranges available are 

1) 200µH/pF/Ω , 2) 2000µH/pF/Ω , 3) 200mH/nF/kΩ , 4) 200mH/nF/kΩ , 5) 2H/µF/MΩ 

 With the help of this instrument , the following ranges of various measurements can be 

made Resistance : From 200 Ω to 20 M Ω; 

 Inductance : From 2000 µH to 2 H ; Capacitance : From 2000 pF to 2 µF 



Short Questions with  Answer : 

Q.1 Draw the block diagram of Ramp type Digital voltmeter. 

  

 

 

 

 

 

 

Q.2 Define Resolution and Sensitivity . 

Resolution- It is defined as the number of digit positions or simply the number of digits used in a 

meter 

If a number of full digits is n, then resolution, 

 

R=1/10
n
 

 

For n=4 R=1/10
4
=0.0001 or 0.01%. 

 

A three-digit display on the digital meter for 0-1 V range will be able to indicate from 000 to 

999mV, with smallest increment (resolution) of 1mV. 

Sensitivity-It is the smallest change in input which a digital meter is able to detect. Thus, it is the 

full-scale value of the lowest voltage range multiplied by the resolution of the meter . 

Sensitivity, S=(fs) min* R 

Where, (fs)=Lowest full-scale value of 

digital meter, and 

 

R=Resolution is decimal. 

 

Q.3 What is Frequency meter ?also write down its advantages and disadvantages? 

 Frequency Meter :- These are used to measure supply frequency. These are used at generating 

stations & substations. A frequency meter is an instrument that displays the frequency of a 

periodic electrical signal 

Advantages: 
 Its indications are independent. 

 Its readings are reliable. 

 These are cheap. 

Disadvantages: 
 

 The reading is not be observed properly if the frequency difference is half cycle between the 

adjacent reeds. 

 These instruments are not accurate to provide the exact reading on its scale. 



Q.4 Define Tachometer ?What are the types of Tachometer.(s-19) 

Tachometer: 

 

 The tachometer use for measuring the rotational speed or angular velocity of the machine .  

 Depends on the natures of the induced voltage the electrical tachometer is categorized into 

two types. 

 

 AC Tachometer Generator 

 DC Tachometer Generator 

 

Q.5 Write down advantages  and disadvantages of AC Tachometer. 

Advantages: 

 This Tachometer generates the ripple free output voltage. 

 The cost of the generator is also very less. 

Disadvantages: 

 The nonlinear relationship obtains between the output voltage and input speed when the 

rotor rotates at high speed. 

 

Q. 6. What is the use of Tachometer?(S-19) 

Ans-Tachometer is an instrument used to measure the rotation and revolution speed of object such 

as engine or a shaft. 

Q,7. Write down two application of multimeter?(W-2020) 

Ans- i) Voltage, current and resistance measurement 

ii)  Used to test continuity between two points between electrical ckt. 

LONG QUESTIONS: 

1. Draw the block diagram of Ramp Type digital Voltmeter and explain its working.(W-10) 

2. Write a short note on Mechanical type frequency meter. 

3. Write a short note on Electrical resonance frequency meter. 

4. Explain the principle of operation & working of Digital tachometer(W-18) 

 

 

: 



CHAPTER-4 

OSCILLOSCOPE 
Learning Objectives: 

 4.1 Basic principle of Oscilloscope& its Block Diagram  

4.2 Basic principle & Block diagram of CRO, Dual Trace Oscilloscope & its specification  

4.3 CRO Measurements, Lissajous figures  

4.4 Applications of Oscilloscope (Voltage period & frequency measurement)  
4.5 Operation of Digital Storage Oscilloscope& High frequency Oscilloscope 

4.1 Basic principle of Oscilloscope & its Block Diagram : 
 

CRT : 

     It stands for Cathode Ray Tube. CRT is a technology used in traditional computer monitors and 

televisions. The image on CRT display is created by firing electrons from the back of the tube of 

phosphorus located towards the front of the screen. 

 

 
 

 

 

 

 

 

 It consists of an electron gun. 

 The electron gun produce an electron beam. 

 The beam is narrow and is allowed to pass down the tube, and to fall on the screen. 

 The screen is formed by the flat end of glass tube which is coated with the fluorescent 

material. 

 The point at which the electron beam strikes the screen, a sport is formed. 

 The electron beam passes though two pairs of electrostatic deflection plates , the horizontal 

and vertical deflecting plates. The voltages which are applied to these plates deflect the 

beam. 

 Horizontal deflecting plates move the spot in horizontal direction and vertical deflecting 

plates move the spot on the screen in vertical and horizontal are independent of each other 

and thus the beam may be displayed anywhere on the screen. 

The main parts of the CRT are: 

 Electron gun assembly 

 Deflection plate assembly 

 Fluorescent screen 

 Glass tube 

 Bas 

Advantages of CRT : 

1. CRT’s are less expensive than other display technologies. 

2. They operate at any resolution, geometry and aspect ratio without decreasing the image 

quality. 

3. CRTs produce the very best colour and gray-scale for all professional calibrations. 

4. Excellent viewing angle. 

5. It maintains good brightness and gives long life serve 
 



 

4.2 Basic principle & Block diagram of CRO : 

Oscilloscope is an electronic equipment, which displays a voltage waveform. Among the 

oscilloscopes, Cathode Ray Oscilloscope (CRO) is the basic one and it displays a time varying 

signal or waveform. 

Block Diagram of CRO: 

Cathode Ray Oscilloscope (CRO) consists a set of blocks. Those are vertical amplifier, delay line, 

trigger circuit, time base generator, horizontal amplifier, Cathode Ray Tube (CRT) & power 

supply. The block diagram of CRO is shown in below figure. 

 

The function of each block of CRO is mentioned below. 

 Vertical Amplifier − It amplifies the input signal, which is to be displayed on the screen of 

CRT. 

 Delay Line − It provides some amount of delay to the signal, which is obtained at the 

output of vertical amplifier. This delayed signal is then applied to vertical deflection plates 

of CRT. 

 Trigger Circuit − It produces a triggering signal in order to synchronize both horizontal 

and vertical deflections of electron beam. 

 Time base Generator − It produces a sawtooth signal, which is useful for horizontal 

deflection of electron beam. 

 Horizontal Amplifier − It amplifies the sawtooth signal and then connects it to the 

horizontal deflection plates of CRT. 

 Power supply − It produces both high and low voltages. The negative high voltage and 

positive low voltage are applied to CRT and other circuits respectively. 

 Cathode Ray Tube (CRT) − It is the major important block of CRO and mainly consists 

of four parts. Those are electron gun, vertical deflection plates, horizontal deflection plates 

and fluorescent screen. 

 The electron beam, which is produced by an electron gun gets deflected in both vertical 

and horizontal directions by a pair of vertical deflection plates and a pair of horizontal 

deflection plates respectively. Finally, the deflected beam will appear as a spot on the 

fluorescent screen. 



Advantages 

 Cost and Timeline 

 Training requirements. 

 Consistency & quality. 

 Time efficiency. 

 Expertise & experience. 

 Capacity for problem-solving 

Disadvantages 

 These oscilloscopes are expensive as compared with other measuring devices like 

multimeters. 

 They are complicated to repair once it gets damaged. 

 These devices need complete isolation 

 These are huge, heavy and uses more power 

 A lot of control terminals 

 

Uses of CRO 

In the laboratory, the CRO can be used as 

 It can display different types of waveforms. 

 It can measure the short time interval. 

4.2 Dual Trace Oscilloscope & its specification : 

Definition: In dual trace oscilloscope, a single electron beam generates 2 traces, that undergoes 

deflection by two independent sources. In order to produce two separate traces, basically, 2 

methods are used, known as alternate and chopped mode. 

Block diagram: 

 

 As we can see in the above figure that it has two individual vertical input channels namely 

A and B. 

 Both the inputs are separately fed to the preamplifier and attenuator stage. The outputs of 

the two separate preamplifiers and attenuator stage are then provided to the electronic 

switch. This switch only passes a single channel input particularly at a time to the vertical 

amplifier. 

 The circuit also has a trigger selector switch that permits the circuit triggering with either A 

or B channel input or with the externally applied signal. 

 The signal from the horizontal amplifier is fed to the electronic switch by either sweep 

generator or channel B by switch S0 and S2. 

https://circuitglobe.com/cathode-ray-oscilloscope-cro.html


 In this way, the vertical signal from channel A and horizontal signal from channel B is 

provided to the CRT for the operation of the oscilloscope. 

 This is the X-Y mode of the oscilloscope and permits accurate X-Y measurements. 

 Basically, the modes of operation of the oscilloscope rely on the choice of front panel 

controls. Like either the trace of channel A is needed, channel B is needed or separately 

trace of channel A or B is required. 

 

Specifications 

While choosing the dual-trace oscilloscope, there are few specifications to be considered and those 

are: 

 The operating temperature: 5
0
 to 40

0
C 

 Deflection accuracy is ±5 % 

 Chopping frequency is nearly 120KHz 

 The phase shift is nearly 3 to10 kHz 

 Preciseness is ±5 % 

 

Applications of Dual Trace Oscilloscope : 

      The applications of dual trace oscilloscope include the following. 

 It is used for assessment of the performance of the system. 

 Evaluate the signals generated by the function generators. 

 To assess the issues, those happen in electrical and electro-optical systems. 

 

4.3 CRO Measurements, Lissajous figures : 

 

 

4.4 Applications of Oscilloscope (Voltage period & frequency 

measurement) : 
 

 The conventional method of measuring the frequency of an electrical signal consists of 

counting the number of cycles of the input electrical signal during a specified gate interval. 

 For the mains frequency monitor, the frequency range of interest is rather narrow, (50 ± 5%) 

Hz. The technique employed in the Digital Measurement of mains frequency, yields only a 

parabolic calibration curve. But within the narrow frequency range, which in this case is (50 

± 5%) Hz, the calibration is conveniently flat. Hence, the error due to the non-linear 

calibration is less than 0.2% at a frequency deviation as large as 5% from the centre 

frequency, which is 50 Hz. The error is 0.02% at a frequency deviation as large as 2% from 

the centre frequency and as the frequency approaches the centre value of 50 Hz, the error 

approaches zero. 
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4.5 Operation of Digital Storage Oscilloscope& High frequency 

Oscilloscope : 

 The digital storage oscilloscope is defined as the oscilloscope which stores and analysis the 

signal digitally, i.e. in the form of 1 or 0 preferably storing them as analogue signals . 

 The block diagram of the basic digital oscilloscope is shown in the figure below.  

 The digitisation can be done by taking the sample input signals at periodic waveforms. 

 

The maximum frequency of the signal which is measured by the digital oscilloscope depends on the 

two factors. These factors are the  

1. Sampling rate 2. Nature of converter. 

Sampling Rate – For safe analysis of input signal the sampling theory is used. The sampling 

theory states that the sampling rate of the signal must be twice as fast as the highest frequency of 

the input signal. The sampling rate means analogue to digital converter has a high fast conversion 

rate.  

Converter – The converter uses the expensive flash whose resolution decreases with the increases 

of a sampling rate. Because of the sampling rate, the bandwidth and resolution of the oscilloscope 

are limited. 

Applications 
 

 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 analyse TV waveforms 

  

Advantages  
 

 Portable. 

 Have the highest bandwidth. 

 The user interface is simple . 

 Speed is high.  

Disadvantages: 
 Complex. 
  High cost 

 

 



Short questions with answer: 

Q.1 Define Oscilloscope. 

Ans : Oscilloscope is an electronic equipment, which displays a voltage waveform. Among the 

oscilloscopes, Cathode Ray Oscilloscope (CRO) is the basic one and it displays a time varying 

signal or waveform 

Q.2. Draw the block diagram of CRT. 

 

 

Q.3 What are the main parts of CRT? 

Ans : The main parts of the CRT are: 

o Electron gun assembly 

o Deflection plate assembly 

o Fluorescent screen 

o Glass tube 

o Bas 

Q.4. Write down advantages and disadvantages of CRO. 

Ans: 

Advantages: 

 Cost and Timeline 

 Training requirements 

 Consistency & quality 

 Time efficiency 

 Expertise & experience 

 Capacity for problem-solving 

Disadvantages 

 These oscilloscopes are expensive as compared with other measuring devices like 

multimeters. 

 They are complicated to repair once it gets damaged. 

 These devices need complete isolation 

 These are huge, heavy and uses more power 

 A lot of control terminals 

 

Q. 5.Define Dual Trace Oscilloscope. 

Ans: In dual trace oscilloscope, a single electron beam generates 2 traces, that undergoes deflection 

by two independent sources. In order to produce two separate traces, basically, 2 methods are used, 

known as alternate and chopped mode. 
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Q.6. Give two application of CRO.(W-5,18) 

Ans-Used to measure voltage and frequency 

Q.7 State application of Oscilloscope.(W-17) 

Ans- i) Measurement of voltage ,current, frequency, Amplitude. 

        ii) Calculation of gain. 

Long questions: 

Q.1 Explain the function of CRT with its diagram. 

Q.2 Draw block diagram & explain function of CRO.(W-18,19) 

Q.3 Explain briefly about DSO with its block diagram.(W-10,17,19,S-19) 

 

 



CHAPTER -5 

BRIDGES 

Learning Objectives: 

5.1 Types of Bridges ( DC& Ac Bridges)  

5.2 DC Bridges (Measurement of Resistance by Wheatstone’s Bridge)  

5.3 AC bridges (Measurement of inductance by Maxwell’s Bridge & by Hay’s Bridge)  

5.4 Measurement of capacitance by Schering’s Bridge & De Sauty Bridge.  

5.5 Working principle of Q meter its circuit diagram & measurement of Low impedance  

5.6 Measurement of frequency  

5.7 LCR Meter & its measurements  

 

5.1 Types of Bridges ( DC& Ac Bridges) :  

 If the electrical components are arranged in the form a bridge or ring structure, then that 

electrical circuit is called a bridge. In general, bridge forms a loop with a set of four arms or 

branches.  

 Each branch may contain one or two electrical components. 

 We can classify the bridge circuits or bridges into the following two categories based on 

the voltage signal with which those can be operated. 

1. DC Bridges 

2. AC Bridges. 

 

5.2 DC Bridges (Measurement of Resistance by Wheatstone’s Bridge)  
 

 A Wheatstone bridge is widely used to measure the electrical resistance.  
 This circuit is built with two known resistors, one unknown resistor and one variable 

resistor connected in the form of bridge. When the variable resistor is adjusted, then the 

current in the galvanometer becomes zero. 
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Wheatstone Bridge Derivation 

 

From the above circuit, currents I1 and I2 are 

 I1=V/(P+Q) and I2=V/(R+S) 

Now potential of point B with respect to point C is the voltage drop across the Q transistor, then the 

equation is 

   I1 Q= VQ / (P+Q) …………………………..(1) 

Potential of point D with respect to C is the voltage drop across the resistor S, then the equation is 

  I2 S=VS / (R+S)  …………………………..(2) 

From the above equation 1 and 2 we get, 

                                   VQ/(P+Q) = VS/(R+S) 

`                                 Q/(P+Q) = S/(R+S) 

                                   (P+Q) /Q=(R+S)/S 

                                       P/(Q+1)=R/(S+1) 

                                              P/Q=R/S 

                                               R=S * P/Q 

Here in the above equation, the value of P/Q and S are known, so R value can easily be determined. 

 

5.3 AC bridges (Measurement of inductance by Maxwell’s Bridge & 

by Hay’s Bridge): 
 

5.3.Measurment of inductance by maxwell’s bridge: 
 

 The bridge used for the measurement of self-inductance of the circuit is known as the 

Maxwell bridge.  

 It is the advanced form of the Wheatstone bridge.  

 In such type of bridges, the value of unknown resistance is determined by comparing it with 

the known value of the standard self-inductance.  

 The connection diagram for the balance Maxwell bridge is shown in the figure below 
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Let, 

 L1 – unknown inductance of resistance R1. 

L2 – Variable inductance of fixed resistance r1. 

R2 – variable resistance connected in series with inductor L2. 

R3, R4 – known non-inductance resistance 

At balance,  

 

  
Advantages of the Maxwell’s Bridges 

1. The balance equation of the circuit is free from frequency. 

2. Both the balance equations are independent of each other. 

3. The Maxwell’s inductor capacitance bridge is used for the measurement of the high 

range inductance. 

Disadvantages of the Maxwell’s Bridge 

1. The Maxwell inductor capacitance bridge requires a variable capacitor which is very 

expensive. Thus, sometimes the standard variable capacitor is used in the bridges. 

2. The bridge is only used for the measurement of medium quality coils. 

5.3 Measurment of Inductance by Hay’s Bridge: 

 In Hay’s bridge, the capacitor is connected in series with the resistance, The unknown 

inductor L1 is placed in the arm ab along with the resistance R1. This unknown inductor is 

compared with the standard capacitor C4 connected across the arm cd. The resistance R4 is 

connected in series with the capacitor C4.  

 The other two non-inductive resistor R2 and R3 are connected in the 

arm ad and bc respectively. 

 The C4 and R4 are adjusted for making the bridge in the balanced condition.  

 When the bridge is in a balanced condition, no current flows through the detector which is 

connected to point b and c respectively. The potential drops across the arm ad and cd are 

equal and similarly, the potential across the arm ab and bc are equal. 

 

               

Let, 

L1 – unknown inductance having a resistance R1 

R2, R3, R4 – known non-inductive resistance. 

C4 – standard capacitor 
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At balance condition,  

Z1Z4=Z2 Z3 

 

Separating the real and imaginary term, we obtain 

  

Solving the above equation, we have  

 

Advantages of Hay’s Bridge: 

1. The Hays bridges give a simple expression for the unknown inductances and are suitable for 

the coil having the quality factor greater than the 10 ohms. 

2. It gives a simple equation for quality factor. 

3. The Hay’s bridge uses small value resistance for determining the Q factor. 

Disadvantages of Hay’s Bridge : 

1. The only disadvantage of this type of bridge is that it is not suitable for the measurement of 

the coil having the quality factor less than 10 ohms. 

 

5.4 Measurement of capacitance by Schering’s Bridge & De Sauty 

Bridge.  

1. Measurement of capacitance by Schering’s Bridge: 

 The Schering   bridge use for measuring the capacitance of the capacitor, dissipation factor, 

properties of an insulator, capacitor bushing, insulating oil and other insulating materials. 

 It is one of the most commonly used AC  bridge.  

 The Schering bridge works on the principle of balancing the load on its arm. 

Let, C1 – capacitor whose capacitance is to be determined, 

r1 – a series resistance, representing the loss of the capacitor C1. 

C2 – a standard capacitor (The term standard capacitor means the capacitor is free from loss) 

R3 – a non-inductive resistance 

C4 – a variable capacitor. 

R4 – a variable non-inductive resistance parallel with variable capacitor C4. 
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When the bridge is in the balanced condition, zero current passes through the detector, which 

shows that the potential across the detector is zero.  

At balance condition 

Z1/Z2 = Z3/Z4 

Z1Z4 = Z2Z3  

 

So, Equating the real and imaginary equations, we get 

  

The equation (1) and (2) are the balanced equation, and it is free from the frequency. 

2.Measurement of capacitance by De Sauty Bridge: 

 
 De Sauty bridge provide us the most suitable method of comparing two values of capacitor 

if we neglect di-electric losses in the bridge ckt. 

 This bridge measured an unknown capacitance in terms of a standard capacitance of 

capacitor .i.e comparing two capacitance to ratio arms of this bridge .In which one arm of 

the bridge consist of pure resistance and other arm consist of two capacitance .  



 

Mathematically, 

C1=Unknown capacitance whose value is to be determined 

C2=standard capacitance 

R3,R4=Non inductive resistor 

At balanced condition , 

I 1R4 =I 2R3 

Z 1Z 4=Z 2Z 3  

Z1=1/jωc1 

Z4=R4 

Z2=1/jωc2 

Z3=R3 

 

5.5 Working principle of Q meter its circuit diagram & measurement 

of Low impedance: 

 The instrument which measures the storage factor or quality factor of the 

electrical circuit at radio frequencies, such type of device is known as the Q-meter. 

Q Meter Circuit Diagram: 

At resonant frequency f0,  

 

The value of capacitance reactance is  

 

At inductive reactance, 

 

At the resonant frequency, 

  

and current at resonance becomes  



 

 The voltage across the capacitor is expressed as  

 

Input voltage 

 

 

The above equation shows that the input voltage E is Q times the voltage appears across the 

capacitor. The voltmeter is calibrated for finding the value of Q factor. 

A practical Q meter circuit diagram is shown in Fig. 

 

 
 

The oscillator and tuning capacitor adjust to the desired frequency for obtaining the maximum 

value of E0. Under this condition, the value of the quality factor is expressed as 

 
True value is given as  

 
 

The value of the quality factor is obtained by the voltmeter which is connected across the capacitor. 

The measured value is the Q factor of the whole circuit and not only of the coil. Thus, errors occur 

in the reading because of the shunt resistance and distributed capacitance. 

 
The above equations show that the measured value of the Q is smaller than the true value. 

Measurement of Inductance – The inductance is measured by the equation shown below. 

 

Measurement of Effective resistance – The equation computes the value of effective resistance 

 



 

5.6 Measurement of frequency :  
 

 The conventional method of measuring the frequency of an electrical signal consists of 

counting the number of cycles of the input electrical signal during a specified gate interval. 

 For the mains frequency monitor, the frequency range of interest is rather narrow, (50 ± 5%) 

Hz.  

 The technique employed in the Digital Measurement of mains frequency, yields only a 

parabolic calibration curve. But within the narrow frequency range, which in this case is (50 

± 5%) Hz, the calibration is conveniently flat.  

 Hence, the error due to the non-linear calibration is less than 0.2% at a frequency deviation 

as large as 5% from the centre frequency, which is 50 Hz. The error is 0.02% at a frequency 

deviation as large as 2% from the centre frequency and as the frequency approaches the 

centre value of 50 Hz, the error approaches zero 

 

5.7.LCR Meter & its measurements : 
  

 An LCR    meter is    a     piece     of electronic     test     equipment used     to     

measure the inductance (L), capacitance (C), and resistance (R) of a component. 

 In the simpler versions  of  this instrument  the true values of  these quantities are not 

measured; rather  the impedance is measured internally and converted for display to the 

corresponding capacitance or inductance value.  

 Readings will be reasonably accurate if the capacitor or inductor device under test does 

not have a significant resistive component of impedance.  

 More advanced designs measure true inductance or capacitance, and also the equivalent 

series resistance of capacitors and the Q factor of inductive components. 

 Usually the device under test (DUT) is subjected to an AC voltage source. The meter 

measures the voltage across and the current through the DUT. From the ratio of these 

the meter can determine the magnitude of the impedance.  

 The phase angle between the voltage and current is also measured in more advanced 

instruments; in combination with the impedance, the equivalent capacitance or 

inductance, and resistance, of the DUT can be calculated and displayed.  

 The meter must assume either a parallel or a series model for these two elements.  

 The most useful assumption, and the one usually adopted, is that LR measurements 

have the elements in series (as would be encountered in an inductor coil) and that CR 

measurements have the elements in parallel (as would be encountered in measuring a 

capacitor with a leaky dielectric).  

 An LCR meter can also be used to judge the inductance variation with respect to the 

rotor position in permanent magnet machines (however care must be taken as some 

LCR meters can be damaged by the generated EMF produced by turning the rotor of a 

permanent-magnet motor). 

 Hand held LCR meters typically have selectable test frequencies of 100 Hz, 120 Hz, 1 

kHz, 10 kHz, and 100 kHz for top end meters. The display resolution and measurement 

range capability will typically change with test frequency. 
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Short questions with answer: 

1.Which bridge is used for the measurement of inductance? 

 Ans-Maxwell’bridge 

  

2.Which bridge is used for the measurement of capacitance? 

Ans-Schering Bridge 

3.Which bridge is used for the measurement of Resistance? 

Ans-Wheatstone Bridge 

4.Writedown the Advantages and disadvantages of Hay’s Bridge? 

 

Advantages of Hay’s Bridge 

1. The Hays bridges give a simple expression for the unknown inductances and are suitable for 

the coil having the quality factor greater than the 10 ohms. 

2. It gives a simple equation for quality factor. 

3. The Hay’s bridge uses small value resistance for determining the Q factor. 

Disadvantages of Hay’s Bridge 

The only disadvantage of this type of bridge is that it is not suitable for the measurement of the coil 

having the quality factor less than 10 ohms 

5.What is Q-meter ?(S-19) 

Ans- The instrument which measures the storage factor or quality factor of the 

electrical circuit at radio frequencies, such type of device is known as the Q-meter 

6.Why detector are used in bridge circuit?(W-20) 

Ans-Because they connected in bridge circuit they form a high impedance branch and used to 

increase sensitivity. 

 

Long questions: 

 
1. Write down the working of Wheatstone Bridge for measurement of resistance. 

         (W-18,19,20) 

2. Explain about LCR meter. 

3. Explain the principle of operation of Q-meter?(W-19,17) 

4. Briefly describe the measurement of self inductance using Hay bridge.(S-18) 

 

 



CHAPTER -6 

TRANSDUCERS & SENSORS 
Learning Objectives: 

6.1 Parameter, method of Selecting & advantage of Electrical Transducer & Resistive Transducer  

6.2 Working principle of Strain Gauges, define Strain Gauge (No mathematical Derivation)  

6.3 Working principle of LVDT  

6.4 Working principle of capacitive transducers (pressure)  

6.5 Working principle of Load Cell (Pressure Cell)  

6.6 Working principle of Temperature Transducer (RTD, Optical Pyrometer, Thermocouple, 

Thermister)  

6.7 Working principle of Current transducer and KW Transducer.  

6.8 Working principle of Proximity & Light sensors. 

 

6.1 Parameter, method of Selecting & advantage of Electrical 

Transducer & Resistive Transducer : 

 
1.Electrical Transducer : 

 
 Transducer, device that converts input energy into output energy, Many measuring and sensing 

devices, as well as sound speakers, thermocouples, microphones, may be termed transducers. 

 An electrical transducer can be defined as, a transducer which gives electrical energy as an 

output. These transducers convert one form of energy into an electrical signal.  

 Here one form of energy may be heat, light, or sound and the electrical signal can be frequency, 

current or voltage. These signals production can depend on the effects of resistive, capacitive 

and inductive.  

 The nonelectrical quantities can be measured by using a detector which changes the physical 

quantity to a displacement to activate the transducer. 

Advantages: 

The advantages of this transducer mainly include the following. 

1. Attenuation can be done easily. 

2. Mass inactivity effects can be reduced. 

3. Friction effects can be reduced. 

4. The o/p can be specified & recorded remotely at a distance from the sensing medium. 

5. The signal can be mixed to get any permutation with outputs of related transducers otherwise 

control signals. 

6. Any system can be managed with a less power level. 

7. The output can be simply utilized to transmit as well as the process for measurement. 

 

2. Resistive Transducer : 

 The transducer whose resistance varies because of the environmental effects such type of 

transducer is known as the resistive transducer. The change in resistance is measured by the ac 

or dc measuring devices.  

 The resistive transducer is used for measuring the physical quantities like temperature, 

displacement, vibration etc. 



 

 

 

 

Advantages of Resistive Transducer : 

 

The following are the advantages of the resistive transducer. 

1. Both the AC and DC, current or voltage is appropriate for the measurement of variable 

resistance. 

2. The resistive transducer gives the fast response. 

3. It is available in various sizes and having a high range of resistance. 

 

6.2 Working principle of Strain Gauges, define Strain Gauge: 

 A strain gauge is a resistor used to measure strain on an object. When an external force is 

applied on an object, due to which there is a deformation occurs in the shape of the object. 

 

 
 

 

 

 

working principle of Strain Gauge: 

 A strain gauge works on the principle of electrical conductance and its dependence on the conductor’s 

geometry. Whenever a conductor is stretched within the limits of its elasticity, it doesn’t break but, gets 

narrower and longer. Similarly, when it is compressed, it gets shorter and broader, ultimately changing 

its resistance. 

We know, resistance is directly dependent on the length and the cross-sectional area of the conductor 

given by: 

R= L/A 

Where, 

R = Resistance 

L = Length 

A = Cross-Sectional Area 

The change in the shape and size of the conductor also alters its length and the cross-sectional area 

which eventually affects its resistance. 

 

 



6.3 Working principle of LVDT : 
 

 The LVDT full form is “Linear Variable Differential Transformer” is LVDT. The main 

function of this is to convert the rectangular movement of an object to the equivalent 

electrical signal.  

 LVDT is used to calculate displacement and works on the transformer principle. 

 The working principle of the linear variable differential transformer or LVDT working theory 

is mutual induction. 

 

 

 

 

 

 

 

 

 

 The working of the LVDT circuit diagram can be divided into three cases based on the position 

of the iron core in the insulated former. 

In Case-1: When the core of the LVDT is at the null location, then both the minor windings flux will 

equal, so the induced e.m.f is similar in the windings. So for no dislocation, the output value (eout) is 

zero because both the e1 & e2 are equivalent.  

In Case-2: When the core of the LVDT is shifted up to the null point. In this case, the flux involving 

minor winding S1 is additional as contrasted to flux connecting with the S 2 winding. Due to this 

reason, e1 will be added as that of e2. Due to this eout (output voltage) is positive. 

In Case-3: When the core of the LVDT is shifted down to the null point, In this case, the amount of e2 

will be added as that of e1. Due to this eout output voltage will be negative plus it illustrates the o/p to 

down on the location point. 

 

6.4 Working principle of capacitive transducers (pressure) : 
 

 Capacitive Transducer is a device which changes its capacitance with change in the physical 

phenomena to be measured. It is a passive transducer which required external source of supply 

to function.  

 The transduction element of capacitive transducer is a capacitor which may be a parallel plate, 

cylindrical or angular capacitor. It is commonly used for the measurement of linear 

displacement. 

 

 

 

 

https://www.elprocus.com/working-procedure-on-how-do-transformers-work/
https://electricalbaba.com/capacitance-and-dissipation-factor/
https://electricalbaba.com/different-types-of-transducers/
https://electricalbaba.com/transducer-definition-working-components-and-application/


Principle of Capacitive Transducer: 
 

The working principle of capacitive transducer is based on the capacitance of parallel plate capacitor. 

The capacitance (C) of a parallel plate capacitor with plate area A separated by distance d is given as 

below. 

C = ƐoƐrA / d ………….(1) 

Where  Ɛo and Ɛr are the permittivity of free space and the relative permittivity of the dielectric material 

of capacitor. 

A typical parallel plate capacitor with a dielectric material in between the plate is shown in the figure 

below. 

 

 
 

 

 

 

 

 The capacitive transduce works on the principle that the capacitance can be varied by varying 

the following: 

1. Area of plate. 

2. Separation between the plates. 

3. Changing the dielectric material between the plates. 

 In capacitive transducer, the above changes are caused by physical variables like linear 

displacement, angular displacement, force, pressure and level of liquid.  

 when the liquid level changes through the capacitor, the dielectric medium is changed and 

hence the capacitance will change. The change in capacitance may be measured by bridge 

circuit. 

 The output impedance of capacitive transducer is given as Xc = (1/2πfC) where f is supply 

frequency and C is capacitance. 

 Assuming frequency if supply to be constant, the output impedance is a function of capacitance 

and hence change in physical variable results in corresponding change in Xc. 

 The capacitive transducer is mostly used for the measurement of linear displacement. For this 

purpose, following effects are utilized: 

 Change in capacitance due to change in overlapping area of plate. 

 Change in capacitance due to change in separation between the plates. 

 

6.5 Working principle of Load Cell (Pressure Cell): 
 

 Load cells are sensors which are used to measure the level or pressure by converting the force 

(torque or mass) into electrical signals and then these signals are displayed by the display unit 

to show the level or pressure. Load cells are also known as load transducers.  
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 In dictionary, a load cell is known as “weight measuring device necessary for electronic signal 

that displays weight in the form of digits.” 

 Load cells can be classified according to their operations: 

1. Load cells that utilize liquid pressure or air pressure. 

2. Load cells that utilize elasticity. 

3. Load cells that utilize a magnetostriction or piezoelectric effect. 

 The strain gauge load cell is the mostly used among the all kinds of load cells. Therefore, when 

we say “load cell,” we are mostly referring to strain gauge load cells.  

 Although there are many other measurement devices, such as piezoelectric sensors, 

Magnetostrictive sensors, capacitance sensor and other sensors. 

 

Types of Load cells : 

 

1. Strain gauge load cells 

2. Tension load cells 

3. Pneumatic load cells 

4. Hydraulic load cells 

 

1.Strain Gauge Load Cells 

 

 This is a type of load cell which is use to measure the level of any storage vessel. When 

pressure is applied on a conductor its length changes due to which resistance of the conductor 

changes and relative to the change in resistance display unit displays the change in level. 

 A strain gauge is consists of a long length conductor which is arranged in zigzag way on the 

flexible membrane which is exposed to  the  applied  pressure  area.  This  conductor  is  

connected in a wheat stone bridge as a resistor and when pressure or weight is applied on the 

membrane which is connected to the conductor it gets stretched and due to stretching  the 

length of the conductor changes and due to change in length the resistance of the conductor 

increases. 

 

 

 

 

 

 

 

 

 

 

 



Pneumatic Load Cells : 

 

 This is another type of load cells which are used to measure the weight in the industry and these 

are used for low capacity.  

 This type of load cells works on “the force-balance principle.” Which means The inertial force 

produced by a seismic ground motion shifts the mass from its original equilibrium position, and 

the change in position or velocity of the mass is then interpreted into an electric signal.  

 This principle is for low range load cells. For long range load cells the inertial force is balanced 

with an electrically generated force so that the mass moves as low as possible. 

 

6.6 Working principle of Temperature Transducer (RTD, Optical 

Pyrometer, Thermocouple, Thermister):  
 

1.RTD 
 The resistance thermometer or resistance temperature detector (RTD) uses 

the resistance of electrical conductor for measuring the temperature.  

 The resistance thermometer uses a sensitive element made of extremely pure metals like 

platinum, copper or nickel.  

 The resistance of the metal is directly proportional to the temperature. Mostly, platinum is used 

in resistance thermometer. The platinum has high stability, and it can withstand high 

temperature.  

 Gold and silver are not used for RTD because they have low resistivity. 

 The resistance versus temperature curve is shown in the figure below. The curves are nearly 

linear, and for small temperature range, it is very evident. 

 

 

 

 

 

 

 

Construction: 

 The resistance thermometer is placed inside the protective tube for providing the protection 

against damage.  

 The resistive element is formed by placing the platinum wire on the ceramic bobbin.  

 This resistance element is placed inside the tube which is made up of stainless steel or copper 

steel. 

 The lead wire is used for connecting the resistance element with the external lead.  

 The lead wire is covered by the insulated tube which protects it from short circuit.  

 The ceramic material is used as an insulator for high-temperature material and for low-

temperature fibre or glass is used. 
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Operation : 

 The tip of the resistance thermometer is placed near the measurand heat source.  

 The heat is uniformly distributed across the resistive element. The changes in the resistance 

vary the temperature of the element.  

 The final resistance is measured. The below mention equations measure the variation in 

temperature. 

 

         Where, R0 – resistance at temperature T = 0 and α1, α2, α3……..αn are constants. 

Linear Approximation : 

 The linear approximation is the way of estimating the resistance versus temperature curve in 

the form of the linear equation. 

            
           where Rθ – approximation resistance at θºC 

            Rθ0 – approximation resistance at θ0ºC 

        Δθ – θ – θ0 change in temperature ºC and the  αθ0 – resistance temperature coefficient        at θ0ºC 

Quadratic Approximation : 

 The quadratic approximation gives the accurate approximation of the resistance temperature 

curve. T 

 he approximation is expressed in the form of the quadratic equation 

            
            α1 – linear fractional change in resistance 

            α2 –  quadratic function change in resistance. 

 The resistance thermometer is very less sensitive, and the metal used for making the resistive 

element is less expensive. 

 

Optical pyrometer: 

 A pyrometer is a device that is used for the temperature measurement of an object. 

 In an optical pyrometer, a brightness comparison is made to measure the temperature. As a 

measure of the reference temperature, a color change with the growth in temperature is taken. 

 The device compares the brightness produced by the radiation of the object whose temperature 

is to be measured, with that of a reference temperature.  

https://circuitglobe.com/wp-content/uploads/2017/08/resistance-thermometer-equation.jpg
https://circuitglobe.com/wp-content/uploads/2017/08/resistance-thermometer-equation.jpg


 The reference temperature is produced by a lamp whose brightness can be adjusted till its 

intensity becomes equal to the brightness of the source object. 

 

 

 

 

 

 

As shown in the figure above, an optical pyrometer has the following components. 

 An eye piece (observer) at the left side and an optical lens on the right. 

 A reference lamp, which is powered with the help of a battery. 

 A rheostat to change the current and hence the brightness intensity. 

 So as to increase the temperature range which is to be measured, an absorption screen is fitted 

between the optical lens and the reference bulb. 

 A red filter placed between the eye piece and the reference bulb helps in narrowing the band of 

wavelength. 

Working : 

 The radiation from the source is emitted and the optical objective lens captures it. The lens 

helps in focusing the thermal radiation on to the reference bulb. The observer watches the 

process through the eye piece and corrects it in such a manner that the reference lamp filament 

has a sharp focus and the filament is super-imposed on the temperature source image. The 

observer starts changing the rheostat values and the current in the reference lamp changes. This 

in turn, changes its intensity. This change in current can be observed in three different ways. 

1. The filament is dark. That is, cooler than the temperature source. 

2. Filament is bright. That is, hotter than the temperature source. 

3. Filament disappears.  

 Thus, there is equal brightness between the filament and temperature source. At this time, the 

current that flows in the reference lamp is measured, as its value is a measure of the 

temperature of the radiated light in the temperature source, when calibrated. 

Advantages: 

 Simple assembling of the device enables easy use of it. 

 Provides a very high accuracy with +/-5 degree Celsius. 

 There is no need of any direct body contact between the optical pyrometer and the object. Thus, 

it can be used in a wide variety of applications. 

Disadvantages : 

 As the measurement is based on the light intensity, the device can be used only in applications 

with a minimum temperature of 700 degree Celsius. 

 The device is not useful for obtaining continuous values of temperatures at small intervals. 

Applications: 

 Used to measure temperatures of liquid metals or highly heated materials. 

 Can be used to measure furnace temperatures. 



THERMOCOUPLE: 

 Thermocouples are the temperature sensors which are extensively used for the measurement of 

the temperature variations. They sense the temperature and the temperature is further measured 

by other instruments after sensing it. 

 Thermocouple Working Principle The thermocouple working principle is based on the Seeback 

Effect. This effect states that when a closed circuit is formed by jointing two dissimilar metals 

at two junctions, and junctions are maintained at different temperatures then an electromotive 

force (e.m.f.) is induced in this closed circuit.  

 The amount of induced e.m.f. is different for different metal combinations and is proportional 

to the temperature difference of the junctions. This is the basic thermocouple working 

principle.  

 Working of Thermocouple A typical circuit diagram of a thermocouple is shown in Figure.  

 

 

 

 

 

 

 

 In the Figure, two dissimilar metals ‘A’ and ‘B’ are joined at the two junctions ‘P’ and ‘Q’. 

Here the ‘P’ junction is measuring junction or hot junction whereas the junction ‘Q’ is the 

reference junction or cold junction. And a PMMC instrument is connected in this arrangement 

as shown in Figure.  

 When these junctions are kept at different temperatures, generally cold junction is kept at 0oC 

and measuring junction is kept at an unknown temperature which we want to measure (i.e. the 

temperature of the junction is raised by heating it). An e.m.f. will be generated in this circuit 

due to the temperature difference of the junctions.  

 This e.m.f. is in the order of millivolts. And the e.m.f. can be measured with the help of a 

PMMC instrument by connecting it in the circuit as shown in Figure.  

 When both the junctions are at the same temperature, e.m.f. generated at both junctions will be 

the same. No current will flow through the circuit. And there will be no deflection in the meter. 

When both the junctions are at different temperatures, a current will flow through the meter. 

And the meter will show the deflection. As the generated e.m.f. is proportional to the 

temperature difference, the amount of current flow will also be proportional to the temperature 

difference. And therefore, the meter can be calibrated directly in terms of temperature.  

 To reduce inaccuracies, most thermocouples are now installed with instruments that provide 

automatic reference compensation. In this way, a thermocouple is used for temperature 

measurement. As it is converting a non-electrical quantity (temperature) into an electrical 

quantity (e.m.f.) it can also be used as a transducer. Since it does not require any power source 

to operate, it is a secondary transducer.  

 These are used to measure the temperature up to 1400oC. There are different combinations of 

metals which are used in thermocouples. Different combinations generate different e.m.f.s. The 



metals for the construction of a thermocouple should be chosen so that we can get a linear 

relationship between change in temperature and generated e.m.f.  

Advantages:   

 They follow the temperature changes with a small time-lag. So it can be used in the 

applications where very rapid changes in temperature take places. It responds to those changes 

very quickly.   

 These are very convenient for measuring the temperature at on particular point in any apparatus 

or setup.  

Disadvantages:   

 They have very low accuracy. So they cannot be used for very high precision measurement.   

 They have to protect against contamination to ensure long life.   

 They are placed at a very large distance from the measuring device.This increases errors in the 

result. 

 

THERMISTER: 

 A thermistor or thermal resistor is defined as a type of resistor whose electrical resistance 

varies with temperature.  

 Thermistors act as a passive component in a circuit. They are an accurate, cheap, and robust 

way to measure temperature  

 The circuit symbol for a thermistor is shown below: 

 

 
 

 

 

 

Working Principle: 

 The working principle of a thermistor is that its resistance is dependent on its temperature. We 

can measure the resistance of a thermistor using an ohmmeter. 

 If we know the exact relationship between how changes in the temperature will affect the 

resistance of the thermistor – then by measuring the thermistor’s resistance we can derive its 

temperature. 

 How much the resistance changes depends on the type of material used in the thermistor. The 

relationship between a thermistor’s temperature and resistance is non-linear. A typical 

thermistor graph is shown below: 

 

 

 

 

  

https://www.electrical4u.com/what-is-resistor/
https://www.electrical4u.com/types-of-resistor/
https://www.electrical4u.com/types-of-resistor/
https://www.electrical4u.com/active-and-passive-elements-of-electrical-circuit/
https://www.electrical4u.com/electrical-international-symbol/
https://www.electrical4u.com/ohmmeter/


 If we had a thermistor with the above temperature graph, we could simply line up the resistance 

measured by the ohmmeter with the temperature indicated on the graph. 

 By drawing a horizontal line across from the resistance on the y-axis, and drawing a vertical 

line down from where this horizontal line intersects with the graph, we can hence derive the 

temperature of the thermistor. 

Uses of Thermistors : 

 Digital thermometers (thermostats) 

 Automotive applications (to measure oil and coolant temperatures in cars & trucks) 

 Household appliances (like microwaves, fridges, and ovens) 

 Circuit protection  

 Rechargeable batteries (ensure the correct battery temperature is maintained) 

 To measure the thermal conductivity of electrical materials 

 Useful in many basic electronic circuits (e.g. as part of a beginner Arduino starter kit) 

 Temperature compensation (i.e. maintain resistance to compensate for effects caused by 

changes in temperature in another part of the circuit) 

 Used in wheatstone bridge circuits. 

 

6.7 Working principle of Current transducer and KW Transducer: 

 

 Current transducer is a device, which converts current into a proportional industrial standard 

electrical signal. Basically current transducer is formed by four parts, sensitive component, 

conversion component, conversion circuit, power circuit. 

 

 
 

 

 

 

 

 

WORKING: 

 The current goes in, usually it is current, voltage, frequency, power, etc. Then the sensitive 

component will detect the electrical parameter and give a signal. 

 After that the signal will be passed to conversion component, which can convert the signal to a 

small current signal. Then it will be passed to conversion circuit, which process the small 

current signal and provide an industrial standard electrical signal, usually is 0-5V, 4-20mA, 

RS485. 

 At the end the output signal goes to terminal equipment, such as display, PLC, alarm unit, 

automation control, etc. 

 Current transducer usually has a power circuit, which provide the power to conversion 

component and conversion circuit. 

https://www.electrical4u.com/battery-working-principle-of-batteries/
https://www.electrical4u.com/electrical-engineering-materials/
https://www.electrical4u.com/best-arduino-starter-kit/
https://www.electrical4u.com/wheatstone-bridge-circuit-theory-and-principle/


 

 

 

 

 

 

 

 

 

 

6.8 Working principle of Proximity & Light sensors : 

Proximity Sensors: 
 A proximity sensor is a sensor able to detect the presence of nearby objects without any 

physical contact. 

According to its object detection method, there are four widely-used types of proximity sensors, as 

well as some newer high-end designs: 

1. Inductive Proximity Sensors. 

2. Capacitive Proximity Sensors. 

3. Ultrasonic proximity Sensors. 

4. IR Proximity Sensors. 

5. High-end Proximity Sensors. 

 

1.Inductive Proximity Sensors: 

 Inductive proximity sensors are contactless sensors used to only detect metal objects. It’s based 

on the law of induction, driving a coil with an oscillator once a metallic object . 

Working Principle : 

An alternating current is supplied to the coil, generating an electromagnetic detection field. When a 

metal object comes close to the magnetic field, eddy currents build-up, and result in coil inductance 

changes When coil inductance changes, the circuit that has been continuously monitoring, will trigger 

the sensor’s output switch approaches it. 

Advantages of Inductive Proximity Sensors : 

1. Contactless detection 

2. Environment adaptability; resistant to common conditions seen in industrial areas such as dust 

and dirt. 

3. Capable and versatile in metal sensing. 

4. Considerably cheap when it comes to price. 

5. No moving parts, ensuring a longer service life. 



Disadvantages of Inductive Proximity Sensors : 

1. Lack in detection range, averaging a max range of up to 80mm 

2. Can only detect metal objects 

3. Performance can be affected by external conditions; extreme temperatures, 

cutting fluids or chemicals. 

Light Sensor : 
Light sensor is a sensor that converts light signal into electric signal by using photosensitive 

elements. Its sensitive wavelength is near the wavelength of visible light, including infrared 

wavelength and ultraviolet wavelength. 

Working Principle of Light Sensor : 

Light sensor is also called photo resistor. Its working principle is based on internal photoelectric effect.  

The light sensor is equipped with a high precision photoelectric tube. There is a small flat plate in the 

photoelectric tube which is composed of "needle type two tubes". When a reverse fixed pressure is 

applied to both ends of the photoelectric tube, the impact of any light on it will lead to the release of 

electrons.  

As a result, the current of the photoelectric tube will also be released when the intensity of light is 

higher. As the current passes through a resistor, the voltage at both ends of the resistor is converted 

into a 0-5V voltage that can be accepted by the digitalal-analog converter of the collector, and the 

results are stored in an appropriate form.  

Simply speaking, the light sensor transmits the analog signal of the light intensity to the robot host 

based on the principle that the resistance of the photosensitive resistor changes due to the influence of 

the light intensity. 

Advantages:  

 high sensitivity,  

 small size, 

 stable performance, 

 low price. 

 

 

 

 

 

 

 

 

 



Short Questions with answer: 

1.Define gauge factor of a strain gauge.(W-07,10,17,19) 

Ans- Gauge factor is defined as the ratio of fractional change in electrical resistance to 

the fractional change in length (strain). 
 

2.What is  LVDT?(W-8,9,19) 

Ans- The LVDT full form is “Linear Variable Differential Transformer” is LVDT. The main function 

of this is to convert the rectangular movement of an object to the equivalent electrical signal. 
 

3.Define resistive transducer and named different types.(W-17,18) 

Ans- The transducer whose resistance varies because of the environmental effects such type of 

transducer is known as the resistive transducer. Different types of transducer are 

i) Active Transducer 

ii)Passive transducer. 

 

4.What is sensor?(W-18,S-19) 

Ans-It is a device which detect or measure physical property and record ,indicate and response to it. 

 

5.What do you mean by thermocouple?(W-18,S-19) 

Ans- Thermocouples are the temperature sensors which are extensively used for the measurement of 

the temperature variations. They sense the temperature and the temperature is further measured by 

other instruments after sensing it. 

 

Long Questions: 

1. Explain the working principle of thermocouple.(W-18,19) 

2.Explain working principle of strain gauge.(W-19) 

3. Describe  the working principle of a capacitive transducer with a neat diagram.(W-09) 

4. Explain different types of Strain gauge.(W-09) 

 



CHAPTER -7 

Signal Generator, Wave Analyser & DAS 
 

Learning Objectives: 

7.1 General aspect & classification of Signal generators  

7.2 Working principle of AF Sine & Square wave generator . 

7.3 Working principle of the Function Generator  

7.4 Function of basic Wave Analyser& Spectrum Analyser  

7.5 Basic concept of Data Acquisition System (DAS) 

7.1 General aspect & classification of Signal generators : 
 

 Signal generator, electronic test instrument that delivers an accurately calibrated signal at 

frequencies from the audio to the microwave ranges.  

 It is valuable in the development and testing of electronic hardware.  

 The signal generator provides a signal that can be adjusted according to frequency, output 

voltage, impendence, waveform, and modulation. 

TYPES OF SIGNAL GENERATORS : 

1.Analog Signal Generators : 

 Analog signal generators supply sinusoidal continuous wave (CW) signals with optional 

capability to add amplitude modulation, frequency modulation, phase modulation, and pulse 

modulation 

2.Vector Signal Generators : 

 The newer vector signal generators or digital signal generators have a built-in quadrature, also 

called IQ modulator, to generate complex modulation formats such as Quadrature Phase-Shift 

Keying (QPSK) and 1024 Quadrature Amplitude 

3. Agile signal generators : 

 Agile signal generators are optimized for speed to quickly change the frequency, amplitude, 

and phase of the signal. They also have the unique capability to be phase-coherent at all 

frequencies, all the time. 

 

7.2 Working principle of AF Sine & Square wave generator : 
 The signal generator will provide a variety of waveforms for testing electronic circuits, usually 

at low powers. The term oscillator will be used to describe an instrument that will only output a 

sine waveform. The term generator will be generalize into an instrument which is capable of 

providing other shapes of waveforms such as triangular and square waves. 

 There are various kinds of signal generators, however the operation of it is decided based on 

the following classes of information. 

1. The frequency spectrum handled by the instrument should be known. 

2. The region for which a stable frequency output can be provided should be known. 

3. The output amplitude should be controllable with relatively low distortion. 

4. The output signals should be distortion free at the matched impedance. 

https://www.merriam-webster.com/dictionary/calibrated
https://www.britannica.com/technology/modulation-communications


 

 There are several categories of signal generators that span a wide frequency range. The two 

basic categories are the AF signal generators and the RF signal generators. The Table 1 

provides continuous frequency ranges and the corresponding class of signal generators that 

cover it. Although various distinct categories of signal sources will be presented, many 

instruments have characteristics and ranges that transcend several categories. 

 

Block diagram of af sine and square wave generator : 

 

 

 

 

 

 

 

 

 

 

 

7.3 Working principle of the Function Generator : 
 A decent function generator is one of the most important pieces of equipment any electronics 

tinkerer can have on his workbench. A function generator produces different wave forms of 

adjustable frequency.  

 The common output wave forms are the sine ,square, triangular and saw tooth waves. The 

frequency may be adjusted , from a fraction of a Hertz to a several 1KHz. 

 The various outputs of the generators can be made available at the same time.  

 For example the generator can provide a square wave to test the linearity of an amplifier and 

simultaneously provide a saw-tooth to drive the horizontal deflection of the CRO to provide a 

visual display. 

Capability of phase lock : 

 The function generator can be phase locked to an external source .One function generator can 

be used to phase lock a second function generator and two output signal can be displaced in 

phase by adjustable amount . 

 In addition , the fundamental frequency of one generator can be phase locked to the harmonic 

of another generator, by adjusting the phase and amplitude of the harmonic , almost any wave 

form can be generated by addition. 

 The function generator can also be phase locked to a frequency standard and all it’s output 

wave forms will then have the same accuracy and stability as the standard source. 

 



Block diagram of function generator : 

 

 

 

 

 

 

 

 

 

 The frequency controlled voltage regulates two current sources . The upper current source 

supplies constant current to the integrator whose output voltage is increases linearly with time, 

according to the equation of output signal voltage . An increase or decrease in current increases 

or decreases the slope of the output voltage and hence controls the frequency . 

 The voltage comparator multi-vibrator changes states at a pre- determined maximum level of 

the integrator output voltage . This change cuts off the upper current supply and switches on the 

lower current supply. 

 

7.4 Function of basic Wave Analyser& Spectrum Analyser : 

 

Wave Analyzers: 

 A wave analyzer,  is an instrument designed to measure relative amplitudes of single frequency 

Components in a complex waveform. Basically, the instrument acts as a frequency selective 

voltmeter which is tuned to the frequency of one signal while rejecting all other signal 

components.  

 The desired frequency is selected by a frequency calibrated dial to the point of maximum 

amplitude. The amplitude is indicated either by a suitable voltmeter or a CRO. 

Heterodyne Wave Analyzer: 

 Analysis of the waveform means determination of the values of amplitude, frequency and 

sometime phase angle of the harmonic components 

 A wave analyzer is an instrument designed to measure relative amplitude of signal frequency 

components in a complex waveform .basically a wave instruments acts as a frequency selective 

voltmeter which is tuned to the frequency of one signal while rejecting all other signal 

components. 

 It is well known that any periodic waveform can be represented as the sum of a d.c. component 

and a series of sinusoidal harmonics. Analysis of a waveform consists of determination of the 

values of amplitude, frequency, and sometime phase angle of the harmonic components.  



 Graphical and mathematical methods may be used for the purpose but these methods are quite 

laborious. The analysis of a complex waveform can be done by electrical means using a band 

pass filter network to single out the various harmonic components. Networks of these types 

pass a narrow band of frequency and provide a high degree of attenuation to all other 

frequencies. 

 A wave analyzer, in fact, is an instrument designed to measure relative amplitudes of single 

frequency components in a complex waveform. Basically, the instrument acts as a frequency 

selective voltmeter which is used to the frequency of one signal while rejecting all other signal 

components. The desired frequency is selected by a frequency calibrated dial to the point of 

maximum amplitude.  

 The amplitude is indicated either by a suitable voltmeter or CRO. This instrument is used in the 

MHz range. The input signal to be analyzed is heterodyned to a higher IF by an internal local 

oscillator. Tuning the local oscillator shifts various signal frequency components into the pass 

band of the IF amplifier. The output of the IF amplifier is rectified and is applied to the 

metering circuit.  

 The instrument using the heterodyning principle is called a heterodyning tuned voltmeter. 

 The block schematic of the wave analyzer using the heterodyning principle is shown in fig. 

below. 

 
 

 

 

 

 

 

 

 

 

7.5 Basic concept of Data Acquisition System (DAS) : 
 Data acquisition (commonly abbreviated as DAQ or DAS) is the process of sampling signals 

that measure real-world physical phenomena and converting them into a digital form that can 

be manipulated by a computer and software. 

Components of Data Acquisition System 

 Modern digital data acquisition systems consist of four essential components that form the 

entire measurement chain of physics phenomena:  

1. Sensors 

2. Signal Conditioning 

3. Analog-to-Digital Converter 

4. Computer with DAQ software for signal logging and analysis. 

 



Data Acquisition System Block Diagram 

 A generalized data acquisition system block diagram is shown in Figure. 

 

 

 

 
 

 

 

Objectives of Data Acquisition System:  

 
1. It must collect the necessary data at the correct speed. 

2. It must use all the data efficiently to inform the operator about the state of the system. 

3. It must monitor the complete system operation to maintain on-line optimum and safe 

operations. 

4. It must be able to summarize and store data for the diagnosis of operation and record purpose. 

5. It must be flexible for future requirements. 

6. It must be reliable and not have a downtime of more than 0.1%. 

7. It must provide an effective communication system. 

Advantages: 
  

1. Reduced data redundancy 

2. Reduced updating errors and increased consistency 

3. Greater data integrity and independence from applications programs 

4. Improved data access to users through use of host and query languages 

5. Improved data security 

6. Reduced data entry, storage, and retrieval costs 

7. Facilitated development of new applications program 

  

Disadvantages : 
  

1. Database systems are complex, difficult, and time-consuming to design Substantial hardware 

and software start-up costs. 

2. Damage to database affects virtually all applications programs 

3. Extensive conversion costs in moving form a file-based system to a database system Initial 

training required for all programmers and users 
 

 

 

 

 

 



Short Questions with answer: 

1.What is function generator? (W19) 

Ans-A function generator produces different wave form of adjustable frequency 

 

2.Define signal generator and classify it. (W-20) 

Ans-Signal generator is an electronic device that generate electronic signal with set properties of 

amplitude, frequency and wave shape. 

Classification: 

i) Function generator 

ii)pulse generator 

iii) RF signal generator 

iv) Vector signal generator 

 

3.Write the application of function generator. 

Ans- i) Used to test the bandwidth of audio frequency amplifier 

ii) Used in different analog and digital ckt 

 

4. What are the components of Data Acquisition? 

Ans-  

Sensors 

Signal Conditioning 

Analog-to-Digital Converter 

Computer with DAQ software for signal logging and analysis 

 

Long Questions : 
 

1. Describe function generator with diagram.(W-18) 

2. Draw and explain basic block diagram of a signal generator?  (W-10,S-19) 

3. Discuss basic wave analyzer. (W-19) 

4. Explain the working principle of AF signal square wave generation? (S-19) 

 


