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MEASURING INSTRUMENTS 
“The device used for comparing the unknown quantity with the 

unit of measurement or standard quantity is called a Measuring 

Instrument.” 

                  OR 

“An instrument may be defined as a machine or system which is 

designed to maintain functional relationship between prescribed 

properties of physical variables & could include means of 

communication to human observer.” 
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STANDARDS OF MEASUREMENT 

 

 International standards 

 Primary standards or absolute standards 

 Secondary standards 

 Working standards 
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STANDARDS OF MEASUREMENT 
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STANDARDS OF MEASUREMENT 
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STANDARDS OF MEASUREMENT 
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STANDARDS OF MEASUREMENT 
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ELEMENTS OF GENERALIZED 

MEASUREMENT SYSTEM  
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ELEMENTS OF GENERALIZED 

MEASUREMENT SYSTEM  
 Primary Sensing Element: The quantity under measurement 

makes its first contact with the primary sensing element of a 
measurement system.  

 

 Variable Conversion Element: It converts the output of the 
primary sensing element into suitable form to preserve the 
information content of the original signal.  

 

 Variable Manipulation Element:  The level of the output will 
not be sufficient  to drive the next stage.  Variable manipulation 
element manipulates the signal preserving the nature of original 
signal  

     eg: Amplifier 
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ELEMENTS OF GENERALIZED 

MEASUREMENT SYSTEM  

 Data Transmission Element: When the elements of the 

system are physically separated, it is necessary to transmit 

data from one stage to another, So data transmission element 

is used. 

 Data Presentation Element: The information about the 

quantity under measurement has to be conveyed to the 

personnel handling the instrument or the system for 

monitoring, control or analysis purpose  

 Data Storage Element: If the data needs to be stored, then 

data storage and play back element is used 
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AMMETER 
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CLASSIFICATION OF INSTRUMENTS 
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Absolute 
Instruments 

Secondary 
Instruments 

Indicating 
Instruments 

Recording 
Instruments 

Integrating 
Instruments 

Direct Measuring 
Instruments 

Comparison Type 
Instruments 

Deflection Type 
Instruments 

Null Type 
Instruments 

Analog Instruments 

Digital Instruments 

Active Instruments 

Passive Instruments 13 



ABSOLUTE  INSTRUMENTS 

 It gives quantity to be measured in terms of instrument 
constant and its deflection 

 Does not require any comparison with standard instruments 

 Eg: 1) Tangent galvanometer – current is measured in terms  

              tangent of angle deflection, horizontal component of  

               earth’s magnetic field, radius and turns of wire used 

           2) Rayleigh’s current balance 

           3) Absolute electrometer 

 Used in labs and standardization 

 Disadvantage : work is time consuming 
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SECONDARY INSTRUMENTS 

 Measurand (quantity to be measured) can be measured by 

observing the output of the instrument 

 Calibrated in comparison with absolute instruments or 

instrument that is already calibrated 

 Eg: Ammeter, Voltmer, Wattmeter, thermometer, pressure 

gauge etc.. 

 

 
Secondary 

Instruments 

Indicating 
Instruments 

Recording 
Instruments 

Integrating 
instruments 15 



INDICATING INSTRUMENTS 

 Instruments which indicate the magnitude of electrical 

quantity at the time when it is measured 

 Indications are given on a pointer or graduated dial 

 Eg: Ammetrs, Voltmeters, Frequency meters, power factor 

meters, wattmeters etc..  
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RECORDING INSTRUMENTS 

 Instruments which keep a record of variations of electrical 

quantity measured over a definite period of time 

 It consists of X-Y plotter, X axis – time, Y- axis magnitude of 

measurand 

 The curve plotted shows the variation of magnitude of 

measurand over a definite period of time 

 Application: In power stations where current, voltage etc,, to 

be maintained in specified values 
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INTEGRATING INSTRUMENTS 

 

 Instruments that measure total quantity of the measurand 

over a particular period of time. 

 Summation given by such instrument is the product of time 

and quantity under measurement (measurand). 

 Eg: Energy meter, Ampere hour meter, Trivector meter 
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DIRECT MEASURING INSTRUMENTS 

 It converts energy of the measurand directly to the deflection 

of instrument 

 The value of the measurand ( quantity to be measured) is 

given by the deflection. 

 

 Eg: Voltmeters, Ammeters, Wattmeters etc.. 
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COMPARISON INSTRUMENTS 

 

 

 Instruments measure the measurand by comparing it with a 

standard that is often contained in the instrument case such 

as resistance measuring bridges 

 Used when high accuracy is required 
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DEFLECTION TYPE INSTRUMENTS 

 Measurand produces some physical effect which deflects or 

produces mechanical displacement of the moving system of 

instrument, 

 An opposing effect is build in instrument which tries to 

oppose deflection or mechanical displacement that can be 

directly observed. 

 The opposing effect increases until balance is achieved 

 At balance deflection is proportional to measurand 

 Eg: PMMC Ammeter- deflection proportional to current 
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NULL TYPE INSTRUMENTS 
 Deflection is attempted to maintain zero by suitable application of  

an effect opposing that generated by measurand. 

 A detector of unbalance and means for restoring balance is 

necessary for these instruments 

 Deflection is kept at zero, so accurate knowledge of magnitude of 

opposing effect is required 

 Eg: potentiometer- deflection proportional to voltage 

 Advantages: accurate, calibration of detector not 

required,covenient 

 Disadvantages: not suitable for dynamic instruments, deflection 

must be large 
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COMPARISON 
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ANALOG INSTRUMENTS 

 Signals that vary in a continuous fashion and take infinite 

number of values in a given range is known as analog signals. 

 Devices producing analog signals are called analog devices 

 Analog instrument provides an output which varies 

continuously as measurand chages 

 Output of analog instrument can have infinite number of 

values in the range of the instrument. 

 Eg: Analog voltmeter, energymeter, ammter etc.. 

24 



ANALOG INSTRUMENTS 

Analog pressure gauge 
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DIGITAL INSTRUMENTS 

 Signals which vary in discrete steps and thus takes only finite 

different values in a given range are called digital signals 

 Devices producing such signals are called digital devices 
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DIGITAL INSTRUMENTS 

 Digital instrument has an output which varies in discrete 

steps ans also have finite number of values 

 Eg: Digital Revolution Counter 
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COMPARISON 
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ACTIVE INSTRUMENTS 

 Measurand activates some external power input source  

which in turn produces the measurement 

 Apart from measurand some another energy source is 

present 

 Eg: Liquid level indicator 
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PASSIVE INSTRUMENTS 

 Output is produced entirely by the measurand 

 Eg: Pressure guage 
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COMPARISON 
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ESSENTIALS OF INDICATING INSTRUMENTS 

As defined above, indicating instruments are those  which indicate the 

value of quantity that is being measured at the time at which it is 

measured. Such instruments consist essentially of a pointer which 

moves over a calibrated scale & which is attached to a moving 

system pivoted in bearing. The moving system is subjected to the 

following three torques: 

  1. A deflecting ( or operating) torque; 

  2. A controlling ( or restoring) torque; 

  3. A damping torque. 
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DEFLECTING TORQUE 

• The deflecting torque is produced by making one of the magnetic, 

heating, chemical, electrostatic and electromagnetic induction 

effect of current or voltage and cause the moving system of the 

instrument to move from its zero position. 

• The method of producing this torque depends upon the type of 

instrument. 
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CONTROLLING TORQUE 

 The magnitude of the moving system would be some what 

indefinite under the influence of deflecting torque, unless the 

controlling torque existed to oppose the deflecting torque. 

 It increases with increase in deflection of moving system. 

 Under the influence of controlling torque the pointer will return to 

its zero position on removing the source producing the deflecting 

torque. 

 Without controlling torque the pointer will swing at its maximum 

position & will not return to zero after removing the source. 

 Controlling torque is produced either by spring or gravity control 
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Spring Control: 

 

- . 

 When the pointer is deflected 

 one spring unwinds itself while 

 the other is twisted.  

 This twist in  

the spring produces restoring  

(controlling) torque, which is  

proportional to the angle of  

deflection of the moving systems. 
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SPRING CONTROL 
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SPRING CONTROL 

 Since deflection is proportional to current, shape of scale is 

uniform 

 Springs should be non magnetic and protected against 

mechanical fatigue 

 Disadv: Temperature coefficient of spring, elastic yield of 

spring. 
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Gravity Control 

 In gravity controlled instruments, a small adjustable weight is attached to the 

spindle of the moving system such that the deflecting torque produced by 

the instrument has to act against the action of gravity.  

 Thus a controlling torque is obtained. This weight is called the control 

weight. Another adjustable weight is also attached is the moving system for zero 

adjustment and balancing purpose. This weight is called Balance weight. 
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Gravity Control 
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Gravity Control 
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Gravity Control 

 I  α   sin 

  Thus the controlling torque is propotional to the sine of the 

angle of deflection of the moving system.  

  The scale of gravity controlled instrument is damped at their 

lower ends.  

 As    approaches 900 the distance AB increases by only a 

relatively small amount for a given change in the angle than 

when       is just increasing from its zero value.  
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GRAVITY CONTROL 
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DAMPING TORQUE 

 We have already seen that the moving system of the instrument will 

tend to move under the action of the deflecting torque.  

 But on account of the control torque, it will try to occupy a position of 

rest when the two torques are equal and opposite.  

 However, due to inertia of the moving system, the pointer will not 

come to rest immediately but oscillate about its final deflected position 

as shown in figure and takes appreciable time to come to steady state. 

 To overcome this difficulty a damping torque is to be developed by 

using a damping device attached to the moving system. 
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DAMPING TORQUE 

 The damping torque is proportional to the speed of rotation of the 

moving system, that is 

 

 

 

 

 

 

 

 Depending upon the degree of damping introduced in the moving 

system, the instrument may have any one of the following conditions 

as depicted in above graph. 45 



DAMPING TORQUE 

1. Under damped condition:  

  The response is oscillatory 

2. Over damped condition:  

  The response is sluggish and it rises very slowly from its zero 

position to final position. 

3. Critically damped condition:  

  When the response settles quickly without any oscillation, the 

system is said to be critically damped. 

 

The damping torque is produced by the following methods: 

1.Air Friction Damping  2.Fluid Friction Damping 

3.Eddy Current Damping   
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AIR FRICTION DAMPING 
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AIR FRICTION DAMPING 
 A light aluminum piston is 

attached to the moving 
system.  

  The piston moves with 
minimum clearance in 
fixed air chamber closed 
at one end.  

 If the piston moves rapidly 
into chamber the air is 
compressed and pressure 
opposes the motion of 
piston. 
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AIR FRICTION DAMPING 
 If the piston is moving 

outside, pressure inside 
falls and outside pressure 
becomes greater and again 
motion is opposed.  

 The arm carry the piston 
should not be bend and 
should not touch the sides 
of the chamber  

  Difficult to straighten & 
causes friction if it touches.  
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FLUID FRICTION DAMPING 
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FLUID FRICTION DAMPING 
 

 Light vanes or disc are 
attached to the spindle 
of the moving system.  

 They move in the 
damping oil.  

  Damping oil should be 
good insulator, non-
evaporating and non-
corrosive .  

 Viscosity not change 
with temperature.  
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FLUID FRICTION DAMPING 

 The vanes are dipped 

into a pot of damping 

oil and should be 

completely 

submerged.  

  The motion of moving 

system is opposed by 

the friction of damping 

oil on vanes.  
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FLUID FRICTION DAMPING 

 Damping force thus 

created.  

 It should increase with 

velocity of vanes.  

  No damping when 

stationary.  
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EDDY CURRENT DAMPING 
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EDDY CURRENT DAMPING 
 Whenever a sheet of 

conducting but 
nonmagnetic materiel like 
copper or aluminum 
moves in a magnetic field.  

  They cut through the lines 
of force.  

 Eddy currents are 
generated in the sheets.  

 A force opposing the 
motion of the sheet is 
experienced between them 
and the magnetic field.  
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EDDY CURRENT DAMPING 
 This force proportional 

to eddy current and 
strength of magnetic 
field.  

  Eddy current 
proportional to velocity 
of moving system.  

  Strength of magnetic 
field constant then 
damping force directly 
proportional to velocity 
of moving vanes.  
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EDDY CURRENT DAMPING 

  Thin disc or vane of 

conducting material is 

mounded on spindle 

carrying the moving 

system and pointer.  

  The disc is allowed to 

freely rotate in the 

damping magnet have 

north and south poles thus 

creates damping force.  
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TYPES OF MEASURING INSTRUMENTS 
 

 

 

 

 

Measuring 
instruments  

Moving coil Type 
Permanent magnet type 

Dynamometer type 

Moving iron type 
Attraction type 

Repulsion type 

Thermal type 
Hot wire type 

Thermocouple type 

Electrostatic type 
Quadrant type 

Attracted disc type  

Induction type 
Split phase 

Shaded pole 

Rectifier type 
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MOVING COIL INSTRUMENTS 

Moving coil 
instruments 

Permanent magnet 
moving coil type 

Dynamometer type 
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Permanent magnet moving coil type 

(PMMC) instruments 
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PMMC Instruments 

 Accurate for dc measurements 

 Working base on motoring principle- “Current carrying 

conductor kept in a magnetic field experiences a force” 

 Coil is moving and magnet is permanent – PMMC meter 

 This is D’ Arsonoval principle 

 Force experienced by the coil is proportional to current 

passing through the coil 
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PMMC Instruments 

Construction 

 Moving coil is rectangular 

or circular in shape 

 Coil is suspended and free 

to turn on vertical axis 

 Coil is placed in uniform, 

horizontal and radial 

magnetic field of 

permanent magnet in the 

form of a horse shoe 
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PMMC Instruments 

Construction 

 The iron core is spherical if 
coil is circular 

 Iron core is cylindrical if 
coil is rectangular 

 Due to iron core deflecting 
torque increases so 
sensitivity is high 

 Control torque is provided 
by hair springs 

 Damping is eddy current 
damping 
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PMMC Instruments 

Construction 

 Pointer carried by the 
spindle is moved over a 
graduated scale 

 Pointer has light weight, so 
deflects rapidly 

 Mirror is placed below the 
pointer to avoid parallax 
error 

 Weight of the instrument is 
counter balanced by 
balancing weight 
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PMMC INSRTRUMENT 

 Side view 

 

 

 Top view 
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PMMC Instrument 

TORQUE EQAUTION 
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PMMC Instrument 

TORQUE EQAUTION 
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PMMC Instrument 

TORQUE EQAUTION 

 Angular deflection is proportional to current passing through 

the coil 

 So these instruments are suitable for dc measurements 

68 



SIMPLE PROBLEM 
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ERRORS IN PMMC INSTRUMENTS 
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PMMC INSTRUMENTS 

ADVANTAGES 
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PMMC INSTRUMENTS 

DISADVANTAGES 
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DYNAMOMETER TYPE INSTRUMENTS 

 

 In this type of operating field is created by another fixed coil 

rather than permanent magnets 

 Capable of service as “transfer instruments”( calibrated in dc 

and used in ac without any modification) 

 Employed as ac voltmeters, ammeters both in the range of 

power frequencies and audio frequency range 
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DYNAMOMETER TYPE INSTRUMENTS 

CONSTRUCTION 
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DYNAMOMETER TYPE INSTRUMENTS 

CONSTRUCTION 
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DYNAMOMETER TYPE INSTRUMENTS 

CONSTRUCTION 

 

 Field system-fixed coil 

 Moving system-moving coil 

 Control system- hair springs 

 Damping system- air friction damping 

 Shielding 

 Cases and scales 
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DYNAMOMETER TYPE INSTRUMENTS 

TORQUE EQUATION 

77 



DYNAMOMETER TYPE INSTRUMENTS 

GENERAL TORQUE EQUATION 
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DYNAMOMETER TYPE INSTRUMENTS 

TORQUE EQUATION IN  TERMS OF MUTUAL 

INDUCTANCE 
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DYNAMOMETER TYPE INSTRUMENTS 

TORQUE EQUATION IN  TERMS OF MUTUAL 

INDUCTANCE 
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DYNAMOMETER TYPE INSTRUMENTS 

TORQUE EQUATION IN  TERMS OF MUTUAL 

INDUCTANCE 
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DYNAMOMETER TYPE INSTRUMENTS 

TORQUE EQUATION IN  TERMS OF MUTUAL 

INDUCTANCE 
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DYNAMOMETER TYPE INSTRUMENTS 

TORQUE EQUATION IN  TERMS OF MUTUAL 

INDUCTANCE 

From the above equation, deflection is proportional to  cosine 

of angle between currents in fixed coil and moving coil 
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APPLICATION OF 

 DYNAMOMETER TYPE INSTRUMENTS 
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APPLICATION OF 

 DYNAMOMETER TYPE INSTRUMENTS 
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APPLICATION OF 

 DYNAMOMETER TYPE INSTRUMENTS 

 Voltmeter 
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ERRORS IN  

DYNAMOMETER TYPE INSTRUMENTS 
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ERRORS IN  

DYNAMOMETER TYPE INSTRUMENTS 
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ERRORS IN  

DYNAMOMETER TYPE INSTRUMENTS 
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ERRORS IN  

DYNAMOMETER TYPE INSTRUMENTS 
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ERRORS IN  

DYNAMOMETER TYPE INSTRUMENTS 
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ADVANTAGES OF  

DYNAMOMETER TYPE INSTRUMENTS 
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DISADVANTAGES OF  

DYNAMOMETER TYPE INSTRUMENTS 
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MOVING IRON TYPE INSTRUMENTS 

 Moving iron instruments are used in labs and switch boards 

at commercial frequencies 

 They are cheaper and more accurate 

 

 

Moving iron 
instruments 

Attraction type 

Repulsion type 
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ATTRACTION TYPE 

 MOVING IRON INSTRUMENTS 
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ATTRACTION TYPE 

 MOVING IRON INSTRUMENTS 

 

 

 Principle: 

 Soft iron piece brought 

near a magnet will get 

attracted to the magnet 
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ATTRACTION TYPE 

 MOVING IRON INSTRUMENTS 

 Construction: 

 

 Fixed coil C 

 Moving iron D 

 Coil is flat and has narrow 

slot like opening 

 

 Moving iron is flat disc 

which is eccentrically 

mounted on spindle 

97 



ATTRACTION TYPE 

 MOVING IRON INSTRUMENTS 

 Spindle is supported on 

jewel bearings 

 Spindle carries pointer 

which moves over 

graduated scale 

 Number turns of coil 

depend on range of 

instrument 

 For high current, low 

number of turns is 

required 
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ATTRACTION TYPE 

 MOVING IRON INSTRUMENTS 

 

 

 Control torque is produced 

by spring or gravity control 

 For vertically mounted 

type instruments, gravity 

control is used  
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ATTRACTION TYPE 

 MOVING IRON INSTRUMENTS 

 Damping torque is provided 

by air friction damping 

 A light Al piston  is attached 

to moving system 

 It moves in a closed chamber 

 Air friction damping can also 

be given by vanes attached to 

moving system 

 Since operating field is weak, 

eddy current damping is not 

used 
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ATTRACTION TYPE 

 MOVING IRON INSTRUMENTS 
 Working: 

 Coil C is energized 

 Moving iron disc will get 
attracted towards the coil 

 So deflecting torque is 
produced by electromagnetic 
action 

 Pointer deflects from zero 
position 

 Control torque is provided by 
gravity or spring control 

 Damping torque is provided by 
air friction damping 
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REPULSION TYPE 

 MOVING IRON INSTRUMENTS 

 These type of instruments have two vanes inside the coil, one 

is fixed and other is movable 

 When current passes through the coil, vanes gets magnetized 

with same polarities on same side 

 So there is a repulsion between two vanes causing the motion 

of movable vane 

 
Repulsion type 

instruments 

Radial vane type 

Co-axial vane type 
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RADIAL VANE REPULSION TYPE 

MOVING IRON INSTRUMENTS 
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RADIAL VANE REPULSION TYPE 

MOVING IRON INSTRUMENTS 

 Compared to othe MI 

instruments this is more 

sensitive and has a linear scale 

 The two vanes are radial 

strips of iron 

 Fixed vane is attached to coil 

 Movable vane is attached to 

spindle and suspended in 

induction field 

 Pointer is attached to 

movable vane 
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RADIAL VANE REPULSION TYPE 

MOVING IRON INSTRUMENTS 
 Current through the coil is 

alternating 

 Like poles  of fixed and 
moving vanes repel 

 So deflection will always be 
in the same direction 

 The deflection is 
proportional to square of 
current and calibrated in 
voltage or amperes 

 Calibration is only accurate in 
designed frequency, since 
impedance is different for 
various frequencies 
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TOP VIEW AND SIDE VIEW OF RADIAL 

VANE REPULSION TYPE INSTRUMENT 
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CO AXIAL VANE REPULSION TYPE 

MOVING IRON INSTRUMENTS 
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CO AXIAL VANE REPULSION TYPE 

MOVING IRON INSTRUMENTS 

 Construction 

 It has two concentric vanes 

 Hence called concentric 

vane type instrument 

 One vane is attached 

rigidly to coil frame 

 Other vane can rotate      

co axially inside the 

stationary vane 
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CO AXIAL VANE REPULSION TYPE 

MOVING IRON INSTRUMENTS 

 Working 

 Coil is energized 

 Two vanes gets magnetized 

with same polarity 

 So they repel each other 

 Repulsion causes deflection 

of pointer 

 Deflection is proportional to 

square of current through the 

coil 

 Since square law response is 

there, scale is non uniform 
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CO AXIAL VANE REPULSION TYPE 

MOVING IRON INSTRUMENTS 

 

 

 

 It can be used for both ac 

and dc measurements 
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TORQUE EQUATION OF  

MOVING IRON INSTRUMENTS 
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TORQUE EQUATION OF  

MOVING IRON INSTRUMENTS 

 Change in energy stored due to change in inductance 

 This is because vanes try to occupy a position of minimum 

reluctance 
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TORQUE EQUATION OF  

MOVING IRON INSTRUMENTS 
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TORQUE EQUATION OF  

MOVING IRON INSTRUMENTS 
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TORQUE EQUATION OF  

MOVING IRON INSTRUMENTS 
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ADVANTAGES OF MI INSTRUMENTS 
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DISADVANTAGES OF MI INSTRUMENTS 
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ERRORS IN MI INSTRUMENTS 
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ERRORS IN MI INSTRUMENTS 
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ERRORS IN MI INSTRUMENTS 
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SHUNTS AND MUTIPLIERS 

204 
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