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Introduction

• Electrical instruments are broadly 

classified into TWO types

• 1. ABSOLUTE Instruments

• 2. Secondary Instruments



• ABSOLUTE Instruments:

• Gives the value of the quantity to be measured in terms 

of the constants of the instruments and their deflection

• Ex: Tangent Galvano meter

• No previous calibration or comparison required

• They are mainly used in labs as standard measuring 

instruments 



• Secondary Instruments:

• The value of the electrical quantity to be 

measured can be determined from the 

deflection of the instrument only when they 

have been pre-calibrated by comparison 

with an absolute instrument

• Calibration is essential.

• These instruments are used in day-to-day 

maeasurements.



• Secondary instruments are classified into 

• 1.Indicating instruments

• 2.recording instruments

• 3.integrating instruments.



• Indicating instruments

• Indicates the instantaneous value of the 

electrical quantity being measured at that 

time at which it is being measured.

• Indications is given by a pointer moving on 

a calibrated dial or scale.

• Ex:- Ordinary Ammeters, Voltmeters and 

Wattmeters. 



• Recording Instruments.

• Gives the continuous record or variation of the 

quantity to be measured over a selected period 

of time.

• The moving system of the instrument carries a 

marked pen which rests lightly on a chart or 

graph.

• The chart or graph is moved at uniform low 

speed at perpendicular to the movement of the 

pen.

• This gives a continuous record

• Ex:sesimographs etc 



• Integrating Instruments:

• Measures and register by a set of dials 

and pointers.

• Usually measures the total quantity of 

electricity (in Amp-Hours) or the total 

amount of electrical energy (in KWH)

• Their reading gives the product of time 

and the electrical quantity

• EX:- energy meter, amp-hour meters.





• Essential of indicating instruments:



• An indicating instrument is generally 

subjected to THREE Types of TORQUEs

1.Deflecting Torque

2.Controlling Torque

3.Damping Torque



Deflecting Torque or Operating Torque.

• It is produced by utilizing one of the 

electrical effects.

• Deflection torque causes the moving 

system to move from ‘zero’ position.



Controlling Torque or Restoring torque:

• The deflection of the moving system is 

indefinite if there is no controlling torque.

• This torque opposes the deflecting torque and 

increases with the deflection of the moving 

system.

• The pointer is brought to rest when these two 

torques are equal.

• Controlling torque is obtained in indicating 

instrument by TWO ways

• 1.Spring Control          2. Gravity control.



• Spring control:



• A hair-spring, usually Phosphor bronze, is 

used to provide the controlling torque.

• With the deflection of the pointer, the 

spring is twisted in the opposite direction

• The twist in the spring produces the 

restoration torque which is directly 

proportional to the angle of deflection

• Since the deflection is proportional to 

current , the scale on the spring controlled 

meter is uniform or equally-spaced scale 

over the whole of their range



• Gravity Control:



• Gravity control is obtained by attaching small 
adjustable weights to some part of the moving 
system such that the two exert torques in the 
opposite directions.

• In Gravity control, controlling torque is 
proportional to the sine of the angle of 
deflection.

• The degree of control is adjusted by screwing 
the weight up or down the carrying system.

• At equilibrium point, the current is proportional to 
sine of the angle of deflection

• Gravity controlled instruments have scales 
cramped or crowded at their lower region.



Damping Torque:



• A damping force is one which acts on the 
moving system of the instrument only 
when it is moving and always opposes its 
motion.

• Such stabilizing or damping force is 
necessary to bring the pointer to rest 
quickly.

• Due to inertia of the moving system ,the 
pointer will oscillate about its final 
deflected position for quite sometime 
before coming to rest in steady state 
position.



• If the Degree of the damping is low then pointer 

makes oscillation before settling at equilibrium 

position. In this case the instrument is said to be 

under damped.

• If the degree of the damping is too high then the 

pointer takes longer time to reach equilibrium 

position without making oscillations. In this case 

the instrument is said to be over damped

• If the degree of the damping is just sufficient to 

enable the pointer to rise quickly to equilibrium 

point without overshoot ,then the instrument is 

said to be critically damped



• The damping force can be produced by 

1. Air Friction damping

2. Eddy Current damping

3. Fluid friction damping





• Light aluminium piston  attached to the moving 
system of the instrument is arranged to travel 
with a very small clearance in fixed air chamber 
closed at one end.

• Damping of the oscillations is affected by the 
compression and suction action of the piston on 
the air enclosed in the chamber.

• Air friction damping with light aluminium vanes 
moving in a closed sector shaped boxes are 
more common type of providing air friction 
damping.



FLUID FRICTION DAMPING

• similar in action to air friction damping.

• Fluid with high viscosity is filled in the 

chamber instead of air.

• Main drawback of this type of damping are 

Creeping of oil, need to keep the meter 

vertical, unsuitability in portable type 

meters.





EDDY CURRENT DAMPING

• This is the most efficient of the three.

• A thin disc of conducting but non-magnetic 
material like copper and aluminium 
mounted on the moving system spindle.

• The disc is placed in such a way when 
ever it rotates it cut the magnetic flux. 

• Due to this eddy emf is induced in the disc 
which tries to oppose the movement of the 
disc. So the eddy current tries to retard the 
disc





MOVING-COIL INSTRUMENTS:

• These are of two types

1. Permanent magnet type

2. Dynamometer type



• PERMANENT MAGNET TYPE:-

– Principle of Operation

– When a current carrying conductor is placed 

in a magnetic field, It is acted upon by a force 

which tends to move it one side





• Construction:-

This instrument consists of a permanent magnet 
made in U shape with alnico and soft iron end-
poles.

• A rectangular coil of many turns wound on a 
light aluminium or copper former inside which an 
iron core is placed. And this rectangular coil is 
placed inside the end-pole of the U-shaped 
permanent magnet.

• The rectangular coil is placed on aluminium 
frame which is supported on a delicate bearing

• Pointer is attached to the moving system

• The aluminium frame provides damping torque.



• Deflecting torque:-



• When current is passed through the coil, the 

force acting on both the coil sides provides the 

deflecting torque.

• Deflecting Torque Td=NBIA

where N= number of turns

B= flux density in wb/m2

I=current passing through the coil  in Amps

A=face area of the coil

• If B is constant then deflection torque is 

proportional to current passing through the coil



• These instruments are invariably spring 

controlled. So, the controlling torque is 

proportional to deflection angel.

• At the final deflection point Td=Tc

• So, the deflection of the instrument on a 

pre calibrated scale gives the current.





• MOVING IRON INSTRUMENTS:-

• These are of two types

– 1. Attraction type

– 2. Repulsion type



1. Attraction type



• Principle of operation:-

• If a piece of unmagnetised soft iron is brought up 
near either of the two end of a current carrying 
conductor, It would be attracted into the coil.

• As the field strength would be strongest at the 
center of the coil, the oval shaped soft-iron disc 
moves into the center of the coil.

• The amount of the deflecting torque is greater 
when the current producing the magnetic field is 
greater.

• Whatever is the direction of the current in the 
coil, the iron disc would always be magnetized in 
such a way that it is pulled inwards.

• Hence these meters can be used for both direct 
current as well as alternating current.



• DEFLECTING  TORQUE







2. Repulsion type



• This instrument consists of a fixed coil inside which are placed

two soft iron rods A and B parallel to one another along the axis 

of the coil. 

• One of the coil A is fixed and another coil B is movable carries

a pointer that moves on a calibrated scale.

• The current to be measured is passed through the fixed coil. It 

sets up its own magnetic field which magnetizes the rods 

similarly i.e.,



• Deflecting torque:







• Advantages and Disadvantages


