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              CHAPTER-1 

MEASURING INSTRUMENTS 

 

 

1. ACCURACY- The closeness with which an instrument reading approaches the true value 

of the quantity being measured is called accuracy. Accuracy is determined as the maximum 

amount by which the result differs from the true value. 

 

2. PRECISION- The term precise means means clearly or sharply defined. Precision is a 

measure of reproducibility  of measurement.  

3. ERRORS- 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:- 

 

GROSS ERRORS-This are the error due to humans mistakes such as careless reading 

mistakes in recoding observation incorrect application of an instrument. 

 

SYSTEMATIC ERROR-A constant uniform deviation of an instrument is as systematic 

error. There are two types of systematic error. 

a) STATIC ERROR 

Thestatic error of a measuring instrument is the numerical different between the true 

value of a quantity and its value as obtained by measurement. 

b) DYNAMIC ERROR- 

1. It is the different between true value of a quantity changing with and value 

indicated by the instrument. 

2. The Dynamic Errors are caused by the instrument not responding fast enough to 

follow the changes in the measured value. 

 

RANDOM ERROR-The cause of such error is unknown or not determined in the 

ordinary process of making measurement. 

 

TYPES OF STATIC ERROR 

 

1. 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 

a. Selecting a suitable instrument for the particular measurement. 

b. Applying correction factor after determining the amount of 

instrumental error. 

 

2. 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. 

 

3. 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”. 

 

Measuring instruments are classified according to both the quantity measured by the 

instrument and the principle of operation. 

 

There are three general principles of operation: 

 electromagnetic, which utilizes the magnetic effects of electric currents;

 electrostatic, which utilizes the forces between electrically-charged conductors;

 Electro-thermic, which utilizes the heating effect

 

Electric measuring instruments and meters are used to indicate directly the value of 

current,voltage, power or energy.An electromechanical meter (input is as an electrical signal 

results mechanical force or torqueas an output) that can be connected with additional suitable 

components in order to act as anammeters and a voltmeter.The most common analogue 

instrument or meter is the permanent magnet moving coilinstrument and it is used for measuring 

a dc current or voltage of an electric circuit. 

 

4. SENSITIVITY- Sensitivity can be defined as a ratio of a change output to the change 

input at steady state condition. 

 

5. RESOLUTION- Resolutions the least increment value of input or output that can be 

detected, caused or otherwise discriminated by the measuring device. 

6. TOLETANCE- Tolerance refers to the total allowable error within an item. This is 

typically represented as a +/- value off of a nominal specification. Products can become 

deformed due to changes in temperature and humidity, which lead to material expansion and 

contraction, or due to improper feedback from a process control device. As such, it's 

necessary to take errors into consideration with regard to design values in the manufacturing 



and inspection processes. 

 

 

CLASSIFICATION OF MEASURING INSTRUMENT- 

 

The instrument may be classified as 

1. Absolute and secondary Instrument 

2. Analog and digital Instrument 

3. Mechanical, Electrical and Electronics Instruments. 

4. Manual and automatic instruments 

5. Self contained and remote indicating instruments 

6. Self operated and power-operated instrument 

7. Deflection and Null output instrument. 

 

1. Absolute instrument & Secondary instruments: 

Absolute instrument measures the process variable directly from the process without the use of 

conversion. Such instruments do not require comparison with any other standard. The tangent 

galvanometer is an example for the absolute instrument. These instruments are used as standards in 

labs and institution. 

Secondary instrument: These instruments are so constructed that the deflection of such instruments 

gives the magnitude of the electrical quantity to be measured directly. These instruments required 

to calibrated with respect to the standard instrument. These instruments are usually used in practice. 

Secondary instruments are classified as: 

1. Indicating instrument: Those instruments that measure and indicates the magnitude of the 

electricity. The indications are given by a pointer moving over a calibrated scale. Ordinary 

ammeters, voltmeters, wattmeters, frequency meters, power factor meters, etc., fall into this 

category. 

2. Integrating instrument: Integrating instruments are those which measure the total amount of 

either quantity of 

electricity (ampere-hours) or electrical energy supplied over a period of time. The ampere-hour 

meters and energy meters fall in this class. 

3. Recording instrument: These instruments record continuously the variation of the magnitude of 

the electric quantity for a definite period of time. Such instruments are generally used in 

powerhouses where the current, voltage, power, etc., are to be maintained within a certain 

acceptable limit. 

 

2. Analog and digital Instrument 

 

Analog instrument: The signals of an analog unit vary in a continuous fashion and can take on an 

infinite number of values in a given range. Fuel gauge, ammeter and voltmeters, wristwatch, 

speedometer fall in this category. 



Digital Instruments: Signals that vary in discrete steps and that take a finite number of different 

values in a given range are digital signals and the corresponding instruments are of digital 

type. Digital instruments have some advantages over analog meters, in that they have high accuracy 

and high speed of operation. Digital multimeter is an example for the digital instrument. 

 

3. Mechanical, Electrical and Electronics Instruments. 

 

Mechanical instrument: Mechanical instruments are very reliable for static and stable conditions. 

As they use mechanical parts these instruments cannot faithfully follow the rapid changes which 

are involved in dynamic instruments. But they are cheaper in cost and durable. 

Electrical Instruments: When the instrument pointer deflection is caused by the action of some 

electrical methods then it is called an electrical instrument. The time of operation of an electrical 

instrument is more rapid than that of a mechanical instrument. This mechanical movement has 

some inertia due to which the frequency response of these instruments is poor. 

Electronic Instruments: Electronic instruments use semiconductor devices. They are very fast in 

response. In electronic devices, since the only movement involved is that of electrons, the 

response time is extremely small owing to very small inertia of the electrons. With the use of 

electronic devices, a very weak signal can be detected by using pre-amplifiers and amplifiers. 

 

4. Manual and automatic instruments 

 

In case of Manual instruments services of an operator are required. Example: Measurement of 

temperature by a resistance thermometer incorporating a Wheatstone bridge in its circuit. 

 

In an Automatic Instrument an operator is not required. Example: Measurement of temperature 

by mercury-in-glass thermometer. 

 

5. Self contained and remote indicating instruments 

 

A Self contained instrument has all its different elements in one physical assembly. 

 

In a Remote Indicating Instrument the primary sensing element may be located at an adequate 

long distance from the secondary indicating element. Such type of instrument are finding wide use 

in the modern instrumentation technology. 

  

6. Self operated and power-operated instrument 

Self-operated instruments don’t need any outside power for its working. The output energy is 

supplied wholly or almost wholly by the input measurand. Dial indicating type instruments belong 

to this category. 



Power operated instrument need external power for its working. External power can electric 

current, hydraulic or pneumatic energy. In such cases, the input signal supplies only an 

insignificant portion of the output power. 

7. Deflection and Null output instrument. 

In a deflection-type instrument, the deflection of the instrument indicates the measurement of the 

unknown quantity. The measurand quantity produces some physical effect which deflects or 

produces a mechanical displacement in the moving system of the instrument. 

An opposite effect is built in the instrument which opposes the deflection or the mechanical 

displacement of the moving system. The balance is achieved when opposing effect equals the 

actuating cause producing the deflection or the mechanical displacement. Permanent Magnet 

Moving Coil (PMMC), Moving Iron (MI), etc., type instruments are examples of this category. 

In Null type instruments, a zero or null indication leads to the determination of the magnitude of 

the measurand quantity. The null condition depends upon some other known conditions. These are 

more accurate and highly sensitive as compared to deflection-type instruments. A dc potentiometer 

is a null- type instrument. 

TYPES OF FORCES/TORQUES ACTING IN MEASURING INSTRUMENTS 

 

1. DEFLECTING TORQUE/FORCE: 

The defection of any instrument is determined by the combined effect of thedeflecting 

torque/force, control torque/force and damping torque/force.The value of deflecting torque must 

depend on the electrical signal to be measured.This torque/force causes the instrument movement 

to rotate from its zero position. 

 

MAGNITUDE EFFECT 

When a current passes through the coil, it produces a imaginary bar magnet. When a soft-iron 

piece is brought near this coil it is magnetized. Depending upon the current direction the poles 

are produced in such a way that there will be a force of attraction between the coil and the soft 

iron piece. This principle is used in moving iron attraction type instrument. 

 

 
 

If two soft iron pieces are place near a current carrying coil there will be a force of repulsion 



between the two soft iron pieces. This principle is utilized in the moving iron repulsion type 

instrument. 

 

FORCE BETWEEN A PERMANENT MAGNET AND A CURRENT CARRYING COIL 

 

When a current carrying coil is placed under the influence of magnetic field produced by a 

permanent magnet and a force is produced between them. This principle is utilized in the moving 

coil type instrument. 

 

 

 
FORCE BETWEEN TWO CURRENT CARRYING COIL 

 

When two current carrying coils are placed closer to each other there will be a force of repulsion 

between them. If one coil is movable and other is fixed, the movable coil will move away from 

the fixed one. This principle is utilized in electrodynamometer type instrument. 

 

 

 

 

 

 



2. CONTROLLING TORQUE/FORCE: 

 

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

will take up an equilibrium or definite position when the deflecting andcontrolling torque are 

equal in magnitude.The Spiral springs or gravity usually provides the controlling torque. 

When the external signal to be measured by the instrument is removed, the pointer should return 

back to the zero position. This is possibly due to the controlling force and the pointer will be 

indicating a steady value when the deflecting torque is equal to controlling torque. 

 

Td = Tc 

 

SPRING CONTROL 

 

Two springs are attached on either end of spindle. The spindle is placed in jewelled bearing, so 

that the frictional force between the pivot and spindle will be minimum. Two springs are 

provided in opposite direction to compensate the temperature error. The spring is made of 

phosphorous bronze. When a current is supply, the pointer deflects due to rotation of the spindle. 

While spindle is rotate, the spring attached with the spindle will oppose the movements of the 

pointer. The torque produced by the spring is directly proportional to the pointer deflectionθ. 

 

TC∝θ 

The deflecting torque produced Td proportional to ‘I’. When TC  Td , the pointer will come 

to a steady position. Therefore 

  I 

 



 

 
3. DAMPING TORQUE/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 

withoutany oscillation or very small oscillation. 

 

To damp out the oscillation is quickly, a damping force is necessary. 

This force is produced by different systems. 

(a) Air friction damping 

(b) Fluid friction damping 

(c) Eddy current damping 

 

 



CHAPTER- II 

ANALOG AMMETERS & VOLTMETERS 

 

PERMANENT MAGNET MOVING COIL (PMMC) INSTRUMENT 

One of the most accurate type of instrument used for D.C. measurements is PMMC 

instrument. 

 

CONSTRUCTION: 

 

The moving coil and permanent magnet are the main part of the PMMC instrument. The parts of 

the PMMC instruments are explained below in details. 

 

Moving Coil – The coil is the current carrying part of the instruments which is freely moved 

between the stationary field of the permanent magnet. The current passes through the coil deflects it 

due to which the magnitude of the current or voltage is determined. The coil is mounted on the 

rectangular former which is made up of aluminium. The former increases the radial and uniform 



magnetic field between the air gaps of the poles. The coil is wound with the silk cover copper wire 

between the poles of a magnet. 

The coil is mounted on the rectangular former which is made up of aluminium. The former 

increases the radial and uniform magnetic field between the air gaps of the poles. The coil is wound 

with the silk cover copper wire between the poles of a magnet. 

Magnet System – The PMMC instrument using the permanent magnet for creating the stationary 

magnets. The Alcomax and Alnico material are used for creating the permanent magnet because 

this magnet has the high coercive force (The coercive force changes the magnetisation property of 

the magnet).  Also, the magnet has high field intensities. 

Control – In PMMC instrument the controlling torque is because of the springs. The springs are 

made up of phosphorous bronze and placed between the two jewel bearings. The spring also 

provides the path to the lead current to flow in and out of the moving coil. The controlling torque is 

mainly because of the suspension of the ribbon. 

Damping – The damping torque is used for keeping the movement of the coil in rest. This damping 

torque is induced because of the movement of the aluminium core which is moving between the 

poles of the permanent magnet. 

Pointer & Scale – The pointer is linked with the moving coil. The pointer notices the deflection of 

the coil, and the magnitude of their deviation is shown on the scale. The pointer is made of the 

lightweight material, and hence it is easily deflected with the movement of the coil. Sometimes the 

parallax error occurs in the instrument which is easily reduced by correctly aligning the blade of the 

pointer. 

PRINCIPLE OF OPERATION 

When D.C. supply is given to the moving coil, D.C. current flows through it. When the 

current carrying coil is kept in the magnetic field, it experiences a force. This force produces a 

torque and the former rotates. The pointer is attached with the spindle. When the former rotates, 

the pointer moves over the calibrated scale. When the polarity is reversed a torque is produced in 

the opposite direction. The mechanical stopper does not allow the deflection in the opposite 

direction. Therefore the polarity should be maintained with PMMC instrument. If A.C. is 

supplied, a reversing torque is produced. This cannot produce a continuous deflection. Therefore 

this instrument cannot be used in A.C. 

 

 

 

 

 



TORQUE DEVELOPED BY PMMC 

The deflecting torque induces because of the movement of the coil. The deflecting torque is 

expressed by the equation shown below. 

 

Where, I- Current through the coil,   

N – Number of turns of coil 

B – flux density in the air gap 

L, d – the vertical and horizontal length of the side 

 

The spring provides the restoring torque to the moving coil which is expressed as 

 

Where K = Spring constant. 

For final deflection,  

By substituting the value of equation (1) and (3) we get, 

 

 

 

The above equation shows that the deflection torque is directly proportional to the current passing 
through the coil. 

ERRORS IN PMMC INSTRUMENT: 

In PMMC instruments the error occurs because of the ageing and the temperature effects of the 

instruments. The magnet, spring and the moving coil are the main parts of the instruments which 

cause the error. The different types of errors of the instrument are explained below in details. 

1. Magnet – The heat and vibration reduce the lifespan of the permanent magnet. This treatment 

also reduced the magnetism of the magnet. The magnetism is the property of the attraction or 

repulsion of the magnet. The weakness of the magnet decreases the deflection of the coil. 

https://circuitglobe.com/wp-content/uploads/2017/07/pmmc-equation-equation-5.jpg
https://circuitglobe.com/wp-content/uploads/2017/07/pmmc-equation-6.jpg
https://circuitglobe.com/wp-content/uploads/2017/07/pmmc-equation-7.jpg
https://circuitglobe.com/wp-content/uploads/2017/07/pmmc-equation-3.jpg
https://circuitglobe.com/wp-content/uploads/2017/07/pmmc-equation-2.jpg
https://circuitglobe.com/wp-content/uploads/2017/07/pmmc-equation-1.jpg
https://circuitglobe.com/wp-content/uploads/2017/07/pmmc-equation-4.jpg


2. Springs – The weakness of the spring increases the deflection of moving coil between the 

permanent magnet. So, even for the small value of current, the coil show large deflection. The 

spring gets weakened because of the effect of the temperature. One degree rise in temperature 

reduces the 0.004 percent life of the spring. 

3. Moving Coil – The error exists in the coil when their range is extended from the given limit by 

the use of the shunt. The error occurs because of the change of the coil resistance on the shunt 

resistance. This happens because the coil is made up of copper wire which has high shunt resistance 

and the shunt wire made up of Magnin has low resistance. 

To overcome from this error, the swamping resistance is placed in series with the moving coil. The 

resistor which has low-temperature coefficient is known as the swamping resistance. The 

swamping resistance reduces the effect of temperature on the moving coil. 

Advantages of PMMC Instruments 

The following are the advantages of the PMMC Instruments. 

1. The scale of the PMMC instruments is correctly divided. 

2. The power consumption of the devices is very less. 

3. The PMMC instruments have high accuracy because of the high torque weight ratio. 

4. The single device measures the different range of voltage and current. This can be done by the use 

of multipliers and shunts. 

5. The PMMC instruments use shelf shielding magnet which is useful for the aerospace applications. 

Disadvantages of PMMC Instruments 

The following are the disadvantages of the PMMC instruments. 

1. The PMMC instruments are only used for the direct current. The alternating current varies with 

the time. The rapid variation of the current varies the torque of the coil. But the pointer can not 

follow the fast reversal and the deflection of the torque. Thus, it cannot use for AC. 

2. The cost of the PPMC instruments is much higher as compared to the moving coil instruments. 

The moving coil itself provides the electromagnetic damping. The electromagnetic damping 

opposes the motion of the coil which is because of the reaction of the eddy current and the 

magnetic field. 

RANGES OF PMMC INSTRUMENT: 

DC ammeter: 

1. Without shunt- 0/5 micro amperes upto0/30 microamperes 

2. With internal Shunt- upto 0/2000 amperes 

3. With external Shunt- upto 0/5000 amperes 

https://circuitglobe.com/what-is-a-resistance.html
https://circuitglobe.com/shunt-resistor.html
https://circuitglobe.com/shunt-resistor.html


DC Voltmeters: 

1. Without series resistance- 0/100 milli-volts 

2. With series resistance- upto 0/5000 amperes 

 

MOVING IRON (MI) INSTRUMENTS 

 

One of the most accurate instruments used for both AC and DC measurement is moving iron 

instrument. There are two types of moving iron instrument. 

 Attraction type 

 Repulsion type 

 

ATTRACTION TYPE M.I. INSTRUMENT   

CONSTRUCTION: 

It consists of a flat cylindrical coil. The moving iron is a flat disc or oval shaped disc, 

pivoted on a spindle. A pointer is attached to the spindle which moves on a calibrated scale. The 

controlling force is obtained by gravity control system. The damping force is provided by air 

friction with the help of light aluminium piston attached to the moving system 

 

PRINCIPLE OF OPERATION 

 

The current to be measured is passed through the fixed coil. As the current is low through 

the fixed coil, a magnetic field is produced. By magnetic induction the moving iron gets 

magnetized. The north pole of moving coil is attracted by the south pole of fixed coil. Thus the 

deflecting force is produced due to force of attraction. Since the moving iron is attached with the 

spindle, the spindle rotates and the pointer moves over the calibrated scale. But the force of 

attraction depends on the current flowing through the coil. 



REPULSION TYPE MOVING IRON INSTRUMENT 

CONSTRUCTION: 

The repulsion type instrument has a hollow fixed iron attached to it . 

The moving iron is connected to the spindle. The pointer is also attached to the spindle in 

supported with jeweled bearing. 

 

PRINCIPLE OF OPERATION: 

 

When the current flows through the coil, a magnetic field is produced by it. So both fixed 

iron and moving iron are magnetized with the same polarity, since they are kept in the same 

magnetic field. Similar poles of fixed and moving iron get repelled. Thus the deflecting torque is 

produced due to magnetic repulsion. Since moving iron is attached to spindle, the spindle will 

move. So that pointer moves over the calibrated scale. Damping: Air friction damping is used to 

reduce the oscillation. Control: Spring control is used. 

 

 
 

Ranges of Ammeter and Voltmeter 

1. For a given moving-iron instrument the ampere-turns necessary to produce full-scale deflection 

are constant. 

2. One can alter the range of ammeters by providing a shunt coil with the moving coil.  

3. Voltmeter range may be altered connecting a resistance in series with the coil. Hence the same 

coil winding specification may be employed for a number of ranges. 

Advantages 

1. The instruments are suitable for use in AC and DC circuits. 

2. The instruments are robust, owing to the simple construction of the moving parts. 

3. The stationary parts of the instruments are also simple. 

4. Instrument is low cost compared to moving coil instrument. 

5. Torque/weight ratio is high, thus less frictional error. 

Disadvantages 



 1.  Scale not uniform. 

2. For low voltage range, the power consumption is higher. 

3. The errors are caused due to hysteresis in the iron of the operating system and due to stray 

magnetic field. 

4. In case of AC measurements, change in frequency causes serious error. 

5. With the increase in temperature the stiffness of the spring decreases. 

 

Errors 

 Error due to variation in temperature. 

 Error due to friction is quite small as torque-weight ratio is high in moving coil instruments. 

 Stray fields cause relatively low values of magnetizing force produced by the coil. Efficient 

magnetic screening is essential to reduce this effect. 

 Error due to variation of frequency causes change of reactance of the coil and also changes 

the eddy currents induced in neighbouring metal. 

 Deflecting torque is not exactly proportional to the square of the current due to non-linear 

characteristics of iron material. 

 

DYNAMOMETER (OR) ELECTROMAGNETIC MOVING COIL INSTRUMENT 

 

Dynamometer type measuring instruments are similar to PMMC instrument. Except that the permanent 

magnetic field coil is replaced by a coil which carries the current to be measured. They have precision 

grade accuracy both for ac and dc measurements 

 

CONSTRUCTION: 

 

A fixed coil is divided in to two equal half. The moving coil is placed between the 

two half of the fixed coil. Both the fixed and moving coils are air cored. So that the hysteresis 

effect will be zero. The pointer is attached with the spindle. In a non metallic former the 

moving coil is wounded. 

Control: Spring control is used. 

Damping: Air friction damping is used.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

PRINCIPLE OF OPERATION: 

When the current flows through the fixed coil, it produced a magnetic field, whose flux 

density is proportional to the current through the fixed coil. The moving coil is kept in between 

the fixed coil. When the current passes through the moving coil, a magnetic field is produced by 

this coil. The magnetic poles are produced in such a way that the torque produced on the 

moving coil deflects the pointer over the calibrated scale. This instrument works on AC and DC. 

When AC voltage is applied, alternating current flows through the fixed coil and moving coil. 

When the current in the fixed coil reverses, the current in the moving coil also reverses. Torque 

remains in the same direction. Since the current i1 and i2 reverse simultaneously. This is because 

the fixed and moving coils are either connected in series or parallel. 

 

Errors in dynamometer type instruments 

 Frictional Error: Since the coils are air-cored, therefore the magnetic field produced is of 

small strength. So they require a large number of ampere-turns to create necessary 

deflecting torque. This result in the heavy moving system. Therefore small torque-weight 

ratio. Thus the frictional losses in dynamo type instruments are somewhat larger as 

compared to other instruments. 

 Temperature errors: Since the operation of dynamo type instrument required considerable 

power, self heating in these instrument is appreciable. The error due to self heating may be 

much as 1% of full scale deflection. 

 Error Due to Stray Magnetic field: Since the operating magnetic field produced by 

the fixed coil. In these instruments is somewhat weaker in comparison to that in 

the instrument of other type. The operation of these instruments is more sensitive to the 

stray magnetic field. 

 Frequency error: The change in frequency causes error 

 Due to change in reactance of operating coil. 

 Due to change in magnitude of Eddy current setup in the metal part of the instrument 

near to operating portion. 

 

Advantages of Dynamometer type instrument 

 As the instrument has Square Law response so can be used on both the dc as well as on AC. 

 These instruments are free from hysteresis and Eddy current errors. It is because of absence 

of iron in the operating part of the instrument. 

 Ammeter up to 10A and voltmeter up to 600V can be constructed with precision grade 

accuracy. 

 Dynamo type voltmeter are useful for accurate measurement of rms value of voltage 

irrespective of waveform. 

 Because of Precision grade accuracy and same calibration for DC and AC measurement 

instruments are used as transfer and calibration instruments. 

 



Disadvantage of Dynamometer type instrument 

 The scale is not uniform as the instrument uses Square Law response. These instruments 

have small torque-weight ratio so the friction error is considerable. 

 Owing to heavy moving system friction losses in these instruments are somewhat more than 

those in other instruments. 

 As a result of measures taken to reduce the frictional errors, their cost is more in 

comparison to moving iron and PMMC instruments. They are more sensitive to overload 

and mechanical impact and are to be handled with care. 

 Adequate screening of the movements against the stray magnetic field is essential. 

 The sensitivity of the instrument is typically very low due to poor deflecting torque. The 

sensitivity of dynamo type wattmeter is 10 to 30 per volt in comparison to the sensitivity of 

20-kilo-ohm per volt in case of D’Arsnoval movement. 

 The power consumption of this instrument is comparatively high because of their 

construction. 

 

Ranges:  

Ammeter: 1. With fixed and moving coil in series- 0/0.01A-0/0.05 A 

        2. With moving coil shunted or parallel connection- upto 0/30A.  

Voltmeter: Upto 0-750 volts 

 

 

EXTENSION OF RANGE OF  INSTRUMENT BYTHE USE OF SHUNT AND MULTIPLIER 

AMMETER CONNECTION 

Shunts are used for the range extension of ammeters. A shunt is a low-value resistance having 

minimum temperature co-efficient and is connected in parallel with the ammeter whose range is to 

be extended. The combination is connected in series with the circuit whose current is to be 

measured. 

The ratio of maximum current (with shunt) to the full-scale deflection current (without shunt) is 

known as the ‘multiplying power’ or ‘multiplying factor’ of the shunt. 

Example: A moving coil ammeter reading up to 1 ampere has a resistance of 0.02 ohm. How 

could this instrument be adopted to read current up to 100 amperes. 

 Solution: In this case, 

Full-scale deflection current of the ammeter,   Im = 1 A 

Line current to be measured,    I  = 100 A 

Resistance of ammeter,             Rm = 0.02 ohm 

Let, the required shunt resistance = S 

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


 
As seen from Figure, the voltage across the instrument coil and the shunt resistance is the same 

since 

both are joined in parallel. 

  

∴  ImRm = SIs = S(I − Im) 

  

or  S =  ImRm/(I – Im) 

  

 =  1×0.02/(100 – 1) = 0.02/99 =  0.000202  Ans. 

 

VOLTMETER CONNECTION 

 

Multipliers are used for the range extension of voltmeters. The multiplier is a non-inductive high-

value resistance connected in series with the instrument whose range is to be extended. The 

combination is connected across the circuit whose voltage is to be measured. 

  
Example: A moving coil voltmeter reading upto 20 mV has a resistance of 2 ohms. How this 

instrument can be adopted to read voltage upto 300 volts. 

  

Solution: In this case, 

Voltmeter resistance,             Rm = 2 ohm 

Full-scale  voltage of the voltmeter, ν = Rm Im = 20 mV = 0.02 V 

Full-scale deflection current,            Im = v/Rm = 0.02/2 = 0.01 A 

Voltage to be measured,                   V = 300 V 

Let the series resistance required       = R 

  



 
Then as seen from figure, the voltage drop across R is V – ν 

  

 R Im = V – ν 

  

 or R = (V – v)/Im 

  

or R = (300 – 0.02)/0.01 = 299.98/0.01 = 29998 ohms Ans. 

 
 

 

RECTIFIER TYPE INSTRUMENT 

 

A rectifier type instrument measures alternating electrical signal by means of D.C measuring 

instrument. As the name implies, this instrument first rectifies an A.C signal to D.C then measures. 

Although it measures the rectified A.C signal (D.C signal), but the scale of the instrument is 

calibrated for A.C. The sensitivity of D’ Arsonval instrument is quite high. But a D’Arsonval 

instrument can only measure to D.C. So, to utilize the sensitivity of D’Arsonval movement for A.C, 

we use a rectifier type instrument. 

 

 

https://www.aboutcircuit.com/darsonval-galvanometer/
https://www.aboutcircuit.com/darsonval-galvanometer/


Rectifier Elements for Rectifier Type Instrument 

To convert A.C. to D.C, a rectifier instrument must have some rectifier elements. 

At the low-frequency range, the instrument uses copper oxide or selenium cells for rectification 

purpose. Again at higher frequencies, we use germanium or silicon diodes. 

The copper oxide rectifier element has a peak inverse voltage (PIV) about 2 volts. On the other 

hand, the selenium element has PIV of 10 volts. Also, both of these rectifier elements have very 

low current handling capacity. Therefore, for rectification purpose, these elements have become 

obsolete in the modern era. 

Besides it, a germanium diode has a peak inverse voltage (PIV) of about 300 volts. In addition to 

that, the current carrying capacity of a germanium diode is about 100 mA. Also, PIV of silicon 

diode is about 1000 volts with a current rating of 5000 mA. Therefore these germanium and silicon 

diodes have become most suitable choice as rectifier elements for the purposes. 

Advantages of Rectifier Type Instrument 

1. This instrument can measure an electrical signal of very low frequency to radio frequency. 

2. The instrument is also capable of measuring electrical signals up to several mega Hz. 

3. The sensitivity of the instrument is much higher than that of any other type of A.C 

measuring instruments. Actually, for achieving very high sensitivity in A.C measurements, 

we use rectifier type instruments. 

Characteristic of Rectifier Type Instrument 

1. A rectifier type instrument is an economical and suitable mean of A.C measurement. 

2. It can measure the electrical signal at an audio frequency range. 

3. The sensitivity of the instrument is much higher than a commonly used A.C measuring 

instrument. It has been found that the sensitivity of a general rectifier type instrument is 

around 50 times higher than of a dynamometer type instrument or a moving iron type 

instrument. 

4. Generally, D’ Arsonval movement is uniform; therefore a rectifier type instrument generally 

has a linear scale. 

5. The sensitivity of the instrument is in order of 1000 to 2000 ohms/volt. 

6. The power consumption of a rectifier type instrument is high because of the resistance of 

the rectifier elements. 

7. Shunting of the rectifier instrument is not practical because the resistance of rectifier 

elements changes with the temperature and the current flowing through it. 

8. The rectifier type instrument is capable of measuring a very tiny current of microampere 

range. Again it can also be capable of measuring current in the milliampere range. But we 

do not construct a rectifier type instrument beyond for the current of 15mA. Because it 

requires special sized rectifier elements and the size of the instruments becomes 

impracticality large. 

https://www.aboutcircuit.com/dynamometer-type-instrument/
https://www.aboutcircuit.com/moving-iron-instrument/
https://www.aboutcircuit.com/moving-iron-instrument/


INDUCTION TYPE INSTRUMENT 

 The operation of Induction type instruments depends on the production of torque due to reaction 

between two magnetic fluxes having some phase difference or reaction between flux of an AC 

magnet and the eddy current induced by this flux. This instrument having an  aluminum disc 

(or aluminum drum) in the magnetic field. Hence, the changing flux links with the 

aluminum disc. As a result, the flux induces an eddy current on the disc. This eddy current 

interacts with the flux which has induced it. Consequently, there is a mechanical torque 

acting on the disc. This mechanical torque rotates the disc. These type of instruments are used 

only for AC measurements.  

 

Torque in Induction Type Instrument 

 

So, the torque depends on two factors. The first one is the strength of the field of the electromagnet. 

The second one is the value of eddy current on the disc. Of course, the torque is proportional to the 

strength of the magnetic field. Also, it is proportional to the eddy current. Again, the strength of the 

magnetic field depends on the current of the electromagnet. On the other hand, the value of eddy 

current depends on the strength of the magnetic field. So, we can say, the value of eddy current also 

depends on the current of the electromagnet. 

So, the torque acting on the disc is directly proportional to the square of the current of the 

electromagnet. In an induction type instrument, we directly feed the measuring current into the coil 

of the electromagnet. Therefore, the deflecting torque is directly proportional to the square of the 

measuring current. 

Let us consider the flux, produced by the electromagnet is 

 
The phase angle between that flux and induced eddy current is α. Hence, we can write the 

expression of the eddy current as 

 
Again, the instantaneous torque is directly proportional to the instantaneous eddy current 

and the flux. Hence, we can write, 

 



So, the mean torque is as follows, 

 

 
The above expression tells that the torque is zero if α is 90°. Hence to obtain resulting torque it is 

necessary to produce an eddy current which is either less than or more than 90ᵒ out of phase with 

flux ∅. ∝ is the phase angle between the flux and eddy current. 

So, there must be some means in induction type instrument to prevent this phase angle 

from being 90°. We can achieve this by two methods listed below.  

1. Split-phase type and 

2. Shaded pole type 

 

 

1. SPLIT-PHASE TYPE INDUCTION TYPE INSTRUMENT: 

In this arrangement, there are two AC magnets P1 and P2 connected in series. The winding in P2 is 

shunted by a resistance R. The current in the P2 winding lags with respect to the total current. This 

helps to develop the necessary phase angle ∝ between the two fluxes. Eddy current damping is used 

in this type of instrument. 



 
 

2. SHADDED POLE TYPE INDUCTION TYPE INSTRUMENT: 

 

Shaded pole type induction instrument uses a single winding to produce flux. The flux 

produced by this winding is split up into two fluxes, having phase difference with respect to each 

other.  The phase difference is usually 40 to 50 degrees and can be varied by varying the size of 

shading band. This is done by making a narrow slot in the poles of electromagnet. A copper strip is 

placed around the smaller of the two areas formed by t he slot. This copper shading band acts as a 

short circuited secondary winding. 

The exciting coil is placed on the poles and a current proportional to current or voltage 

being measured is passed through it. An aluminium disc which is mounted on a spindle  is inserted 

in the air gap of the electromagnet. The spindle carries a pointer and has a control sring attached to 

it. The controlling torque is provided by this spring only. 

 Damping is provided by a permanent magnet placed at the opposite side of the 

electromagnet, so that the disc can be used for production of both deflecting and damping torque. 

 

 
 



 

CHAPTER-2 

MEASUREMENT OF POWER 

DYNAOMETER TYPE WATTMETER 

 

 

 

 
 

A dynamometer type wattmeter primarily consists of two coils called fixed coil and moving 

coil. The fixed coil is splitted into two equal parts, which are placed parallel to each other. The two 

fixed coils are air-cored to avoid hysteresis effects when used on AC. 

The fixed coil is connected in series with the load and carries the circuit current. It is, 

therefore, called the current coil. The moving coil is pivoted between the two parts of the fixed coil 

and is mounted on a spindle. 

A pointer is attached to the spindle, which gives deflection. The moving coil is connected in 

parallel with the load and carries the current proportional to the voltage. It is, therefore, called the 

potential coil.Generally, a high resistance is connected in series with the moving coil to limit the 

current through it. By limiting the current, the moving coil is made lightweight, which in turn 

increases the sensitivity of the instrument. 

The springs provide the controlling torque.  They also serve the additional purpose of leading the 

current into and out of the moving coil. Air friction damping is employed in such instruments. 

 

https://www.yourelectricalguide.com/2017/05/hysteresis-loop-hysteresis-loss.html


Dynamometer Type Wattmeter Working 

We use the wattmeter for power measurements. Its current coil is connected in series with the load, 

carries the load current, and the potential coil, connected in parallel with the load, carries the 

current proportional to the voltage across the load. 

The fixed coil produces a field Fm, and moving coil creates a field Fr. The field Fr tries to come in 

line with the main field Fm, which provides a deflecting torque on the moving coil. 

Thus, the pointer attached to the spindle of the moving coil deflects. This deflection is controlled by 

the controlling torque produced by the springs. Also read Power Measurements in Three Phase 

Circuits. 

 

Advantages and Disadvantages of Dynamometer Type Wattmeter 

Advantages: 

 It can be used both on AC and DC circuits. 

 It has a uniform scale. 

 We can obtain a high degree of accuracy through careful design. 

Disadvantages: 

 At low power factors, the inductance of the potential coil causes serious errors. 

 The reading of the instrument may be affected by stray fields acting on the moving coil. To 

prevent it, magnetic shielding is provided by enclosing the instrument in an iron case. 

Errors in Dynamometer Type Wattmeter 

Errors in this type of wattmeter: 

1. Error due to potential coil inductance: The inductance of the potential coil is liable to cause an 

error in the reading of the wattmeter. Because of this error, the wattmeter gives a high reading on 

lagging power factor and low reading on leading power factor. 

The high non-inductive resistance connected in series with the coil swamps the phasing effect of 

the potential coil inductance. 

2. Error due to power loss in the potential coil or current coil: Another possible error in the 

indicated power may be due to some voltage drop in the current coil or the current taken by the 

potential coil. 

We can overcome this defect by using an additional compensating winding. This winding is 

connected in series with the potential coil and so placed that it produces a field in the opposite 

direction to that of the current coils. 

3. Error due to eddy currents: The alternating field of fixed or current coil induces eddy currents in 

the solid metal parts which set up their own magnetic field. This alters the magnitude and phase of 

the magnetic field, causing deflection. 

https://www.yourelectricalguide.com/2017/01/deflecting-controlling-damping-torque.html
https://www.yourelectricalguide.com/2017/05/power-measurement-in-three-phase.html
https://www.yourelectricalguide.com/2017/05/power-measurement-in-three-phase.html
https://www.yourelectricalguide.com/2017/04/power-factor.html
https://www.yourelectricalguide.com/2017/05/eddy-current-loss.html


Thus an error is introduced in the instrument reading. To reduce this error, the solid metal parts are 

placed far away from the current coil as possible. 

4. Error due to the stray magnetic field: The dynamometer type wattmeter has a relatively weak 

operating field; therefore, stray fields affect the reading of this instrument considerably and cause 

serious errors. 

Hence, this type of instrument must be shielded against stray magnetic fields try using iron cases or 

providing thin iron shields over the working parts. 

Range 

 Current circuit 0 – 0.25A to 0 – I00A without employing CTs. 

 Potential circuit 0 – 5 V to 0 – 750 V without using PTs. 

 

INDUCTION TYPE WATTMETER 

 

The induction type wattmeter is used to measure a.c power only. 

 

Principle of Induction type wattmeter: 

 

The principle of operation of an induction wattmeter is same as that of induction ammeters and 

voltmeters i.e. induction principle. However, it differs from induction ammeter or voltmeter in so 

far that separate two coils are used to produce the rotating flux in place of one coil with phase split 

arrangement. 

 

Construction of Induction type wattmeter: 

 

The principle parts of an induction wattmeter are as shown in the fig below. It consists of two 

laminated electromagnets. One electromagnet, called shunt magnet is connected across supply and 

carries current proportional to the applied voltage. The coil of this magnet is made highly inductive 

so that the current in it lags behind the supply voltage by 90 degrees. The other electromagnet, 

called series magnet is connected in series with supply and carries the load current. The coil of this 

magnet is made highly non inductive so that the angle of lag or lead is determined fully by the load. 

 

https://www.yourelectricalguide.com/2017/11/instrument-transformers-current-transformer-potential-transformer.html
https://www.yourelectricalguide.com/2017/11/instrument-transformers-current-transformer-potential-transformer.html


 

 

A thin aluminium disc mounted on the spindle is placed in between the two magnets so that it cuts 

the fluxes of both the magnets. The controlling torque is provided by spiral springs. The damping is 

electromagnet and is usually provided by a permanent magnet embracing the aluminium disc. Two 

or more closed copper rings, called shading rings are provide on the central limb of the shunt 

magnet. By adjusting the position of these rings, the shunt magnet flux can be made to lag behind 

supply voltage by exactly 90degrees. 

 

Working of Induction type wattmeter: 

 

When the wattmeter is connected in the circuit to measure a.c power, the shunt magnet carries 

current proportional to the supply voltage and the series magnet carries the load current. The two 

fluxes produced by the magnets induce eddy currents in the aluminium disc. The interaction 

between the fluxes and eddy currents produce the deflecting torque on the disc, causing the pointer 

connected to the moving system to move over the scale. 

 

  

 

Vector diagram 

https://3.bp.blogspot.com/-TP6wvSdEGYQ/V4Xx9CYknmI/AAAAAAAABRk/t5CMwbGt9WcEZa7fjjja_9I0UnaHgN8yQCLcB/s1600/img097+-+Copy.jpg


 

Deflecting torque of Induction type wattmeter: 

 

let V = Applied voltage 

Ic = Load current carried by the series magnet 

Iv = Current carries by the shunt magnet 

cos a = Lagging power factor of the load 

 

The vector diagram of this wattmeter is shown in the fig below. The current Iv in the shunt magnet 

lags the applied voltage V by 90 degrees and so does the flux  av produced by it. The current Ic in 

the series magnet is the load current and hence lags behind the applied voltage by a'. The flux 

ac produced by this current Ic is in phase with it. Therefore the two currents Ic in the current coil 

and Iv in the voltage coil and also corresponding fluxes av and ac are (90 - a') apart. 

The flux ac induces the eddy currents iv in the aluminium disc which lags behind the flux by 

90degrees. Similarly, flux ac induces eddy currents ic which again lags behind flux ac  by 90 

degrees. 

Mean deflecting torque, Td   proportional  ac sin (90 - a )  

Td proportional  V I cos a 

Td proportional  a.c power 

 

Since control is by springs, therefore   

Tc  proportional   deflection 

For steady deflected position, Td  = Tc 

Deflection  proportional  power 

Hence, such instruments have uniform scale. 



 

CHAPTER 4- MEASUREMENT OF ENERGY 

 
SINGLE PHASE INDUCTION TYPE ENERGYMETERS: 

 

Induction type energy meter consists of the following components: 

 

 

Figure 1 



 
 

 
 



 
 

BASIC OPERATION: 

 

 
 

 
Figure 2 

 

 
 

 

 



 

 

 
 

 
 

 
 

 
 



 
 

 
 

 
 

 
 



 
 

 
 

 
 



 

 

ERROS IN ENERGYMETER: 
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