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CHAPTER 1  

UNITS AND DIMENSIONS 

 

1.1   ART OF  MEASUREMENTS 

 

Measurement of a quantity is the result of a comparison between the unknown quantity and 

its predefined standard. A measuring system is required to quantify the parameters 

involved and establish clear rules about their relative values. Early systems of 

measurements were based on imprecise units, while the modern measurement systems are 

based on accurately defined units. Many standard measuring units have been established at 

different levels of measurements. The significance of electrical measurements and 

measuring instruments is evident from the rapid developments in the field of electrical 

engineering owing to the developments in their measuring devices. 

 

The measurement is meaningful only if the standards are accurately defined, reliable and 

commonly accepted, the methods used are well proven and the circuit conditions are little 

affected by the introduction of the measuring systems. The parameter under measurement 

is referred as measurand and it is always measured in terms of its numeric value. The 

process of measurement through a meter is referred as Instrumentation. Electrical 

measuring instruments are the most common devices used not only for the measurement of 

electrical quantities, but also for all other quantities, which could be transformed into an 

electrical signal. The usual quantities to be measured are current, voltage, power, energy, 

frequency, power factor, etc. The various circuit parameters also need to be measured such 

as resistance, inductance, capacitance, etc. An umpteen number and varieties of measuring 

instruments have been developed for measurement purposes. In other words, measurement 

and instrumentation are based on different methods depending upon the characteristic 

features of the quantity being measured.  

 

 

1.2   METHODS  OF  MEASUREMENTS  AND  MEASURING  INSTRUMENTS 

 

The measurement methods can be analog or digital methods, deflection or null methods, 

active or passive methods, direct or indirect methods and absolute or secondary methods. 

Measurement generally involves an instrument as a physical means of determining an 

unknown quantity or a variable called the parameter. The instrument is a means for 

determining the value or magnitude of the measurand. The instruments can also be divided 

into separate classes according to several criteria as, analog or digital instruments, 

deflection or null type instruments, power operated (active) or self generating (passive) 

instruments, contacting or non-contacting instruments, mechanical or electrical instruments 

and monitoring or control instruments. 

 

• Signals which vary continuously with the change in the measurand are analog signals 

and the devices producing them are analog instruments. The deflection type 

dynamometer type wattmeter is a good example of an analog instrument. As the input 
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value changes, the moving system or pointer exhibits a smooth continuous motion. The 

signals which vary in discrete steps and have only finite number of values in any given 

range are digital signals and the associated devices are digital instruments. A digital 

instrument has an output varying in discrete steps. An electronic counter is an example 

of a digital instrument.  

• If the quantity is to be directly measured, then deflection methods are used. For e.g., 

ammeter, voltmeter, etc. acting as meters indicating the value of the measurand by the 

deflection of a pointer over a graduated and calibrated scale. Alternatively, if the value 

is measured based on the null balance conditions, then it is a null method. Null 

methods are used only to detect the null condition of a measurand through a given path 

or circuit. AC/DC Bridge measurements for measurement of resistance, inductance, 

capacitance, frequency, etc. are null methods. They involve balance detection by using 

null detectors, such as, Galvanometer, Vibration Galvanometers and Head Phones. Null 

instruments are more accurate than the deflection instruments. 

• If the output of the instrument is entirely produced by the measurand, then it is an 

active instrument. These are the power operated instruments requiring some source of 

auxiliary power for their operation such as compressed air, electricity and hydraulic 

supply. On the other hand, if the measurand modulates the magnitude of some external 

power source, then it is a passive instrument. Passive instruments are self generating 

instruments where the energy requirements are met entirely from the input signal.  

• The direct methods involve measuring the measurand by comparison against its own 

standard. They are very common for measurement of physical quantities such as length, 

mass and time. They are less sensitive and inaccurate since they involve human 

operators. Thus direct methods are not usually preferred. On the other hand, indirect 

methods use measuring systems, which are the systems having a transducer to convert 

the measurand into its analogous form. This converted signal is processed, fed to the 

end devices to obtain the results.  

• Absolute methods give the magnitude of the quantity under measurement in terms of 

the physical constants of the instrument. They do not require calibration. They are used 

only for calibration of other instruments. For e.g., Tangent Galvanometer, Rayleigh's 

current balance and potentiometers. Secondary methods are so constructed that the 

desired quantity is measured only by observing the output of the instrument, which 

needs to be calibrated. Thus, they measure the quantity in terms of their deflection, for 

which they are already calibrated. These are the ones which are the most commonly 

used. For e.g., Voltmeters, Thermometer, Pressure gauge, etc. Secondary methods work 

on either Analog mode or Digital mode and hence lead to analog or digital methods.  

• Contacting type instruments are those which are kept in the measuring medium itself. 

For e.g., clinical thermometer. A non-contacting or proximity type instrument measures 

the desired input even though it is not in close contact with the measuring medium. For 

e.g., optical pyrometer measuring the temperature of a blast furnace, variable reluctance 

tachometer measuring the speed of a rotating body, etc.  

• Mechanical instruments are very reliable for static conditions. Their parts are very 

bulky, rigid and have a heavy mass. Hence they cannot respond rapidly to 

measurements of dynamic and transient conditions. Besides, many of them are the 

potential sources of noise. On the other hand, electrical instruments are very rapid in 
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response. However, their operating mechanism normally depends on a mechanical 

meter movement as an indicating device.  

• Monitoring instruments are useful for monitoring functions. If their output is in a form 

that can be directly included as part of an automatic control system, then they become 

control instruments. 

 

1.2.1   Requirements  of  Instruments 

A measuring instrument  should possess some of the following important characteristic 

features:  

• It should have a very high instrument efficiency which is the ratio of the quantity 

being measured to the power utilized by the instrument at full scale.  

• It should have a high sensitivity which is the ratio of the magnitude of the output 

signal to the magnitude of the quantity being measured. The inverse of this ratio is 

the Inverse Sensitivity or Deflection Factor.  

• The output of the instrument should be linearly proportional to the input. In such 

cases, the scale will be uniform and hence easier to calibrate.  

• It should have a very low threshold which is the minimum value of below which 

the change in output cannot be detected by the instrument. 

• It should have lowest dead time which is the minimum time required for the 

instrument to respond to a change in the quantity being measured.  

• It should virtually have no dead zone where dead zone is the largest change of the 

input quantity for which there is no output of the instrument. Dead zone is caused 

due to friction, hysterisis, backlash, etc.  

• It should have perfect reproducibility (precision) which is specified in terms of the 

scale readings over a given period of time. This is different from repeatability 

which is defined as the variation of scale readings and is random in nature.  

• It should not have any drift. For an instrument, perfect reproducibility means that 

the instrument has no drift. This means that for a given input, the measured values 

are constant and do not vary with time.  

• It should have minimum noise. Noise is any signal that does not convey any useful 

information. Noise is due to extraneous disturbances caused by many sources such 

as stray fields, shocks and thermal stresses. 

• It should be modifiable and properly priced.  

 

All the indicating instruments require three important torques for their operation: deflecting 

torque-Td, controlling torque-Tc and damping torque-TD.  
 

� The deflecting torque is responsible for the movement of the pointer in proportion 

to the value of the measurand. It is provided by the different effects of electric 

current on which the operation of the given instrument depends.  

� The controlling torque is responsible for controlling the movements of the pointer. 

It is very high at the null position of the pointer. When the pointer gets deflected 

due to the deflecting torque exerted on it, the controlling torque provides the 

retarding torque and the two torques are equal at the equilibrium position of the 
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pointer. The controlling torque is provided by spring or gravity control. This also 

ensures the zero setting of the pointer when the deflecting torque is absent.  

� The damping torque provides the forces required to damp out the oscillatory 

movements of the pointer, if any, due to the inertia of the system. The damping 

torque is provided by eddy current, air friction or fluid friction methods.  

 

1.2.2   Classification  of  Instruments 

Various effects of electric current are made use of by electrical instruments for their 

operation, such as, magnetic effect, heating effect, chemical effect, electrostatic effect and 

electromagnetic induction effect.  

 

• Since the instruments using magnetic effect, such as, ammeter, voltmeter and 

wattmeter, are simpler, cheaper, and could be commonly adopted on both ac and dc 

circuits, they are more common.  

• The instruments using heating effect are not much used due to their cost and 

comparable inaccuracies.  

• The instruments using chemical effect, such as, energy meters, are also not very 

common, due to their cost and complications involved.  

• The electrostatic effect is made use of in voltmeters, both on ac and dc. Though 

expensive, the electrostatic voltmeters are very useful for high voltage 

measurements.  

• Electromagnetic induction forms the basis for many instruments, though on only 

AC. The common meters using the electromagnetic induction effect of current are: 

ammeter, voltmeter, wattmeter and energy meter. Of these, the wattmeter and 

energy meter are more common, although they are costlier.  

 

Instruments can also be classified in a more general way as indicating instruments, 

recording instruments and integrating instruments.  

 

� Indicating instruments provide information about the measuring quantity in terms 

of the deflection of a pointer over a pre-calibrated scale. For e.g., ammeter, 

voltmeter, wattmeter, etc.  

� Recording instruments make a record of the unknown quantity, usually on a paper, 

against time or any other variable. For e.g., strip-chart temperature recorder. The 

recording instruments are usually used in power houses and substations, where a 

continuous record of the current, voltage, power or energy is required.  

� Integrating instruments always record the unknown quantity in an integrated 

manner indicating the total cumulative value of the measurand at any instant of 

time. For e.g., energy meters and ampere-hour meters. 

  

1.2.3   Accuracy  and  Precision 

Accuracy is the closeness with which an instrument reading approaches the true value of 

the quantity being measured. It means confirming to the truth. True value is the value 

obtained by a measuring method which is agreed upon by experts as being sufficiently 

accurate for the purposes to which the data will be used later.  
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Precision is the measure of the reproducibility of the measurement. It means that the 

measuring quantity is being clearly and sharply defined. The accuracy of an instrument can 

be improved upon by calibration, but not the precision. The given set of readings show 

precision if the results agree among themselves. This agreement may not ensure accuracy 

as there may be some systematic disturbances causing an error in all the values. While 

precision is a necessary prerequisite to accuracy, it does not guarantee the accuracy. 

Accuracy is a matter of careful measurement in terms of an accurately known standard.  

 

Precision is used in measurements to describe the consistency or the reproducibility of 

results. The precision index defines the spread or dispersion of the repeated result about 

some central value. The low precision indicates a scattering of values. It should be noted 

that a high precision may not always ensure a high accuracy since all the results may be 

biased in the same way by a systematic effect or so.  

 

1.2.4   Resolution  and  Overshoot 

Instrument resolution or discrimination is the smallest increment that can be properly 

measured by the instrument corresponding to the input quantity being measured. Thus 

resolution defines the smallest measurable change in the quantity while threshold refers to 

the smallest measurable quantity itself.  Overshoot is the maximum amount by which the 

moving system moves beyond the steady state position as shown in figure 1.1. The 

overshoot is due to the heavy mass and inertia of the system involved it should be very 

small.  

 

             Measurand 

 

  

                                                                     Final Position 

 

                       Over-     

                        shoot 

 

 

 

 

                                                                    Time in seconds 

 

Figure  1.1   Overshoot  in  meters 
 

 

 

1.3   REVIEW OF FUNDAMENTAL AND DERIVED UNITS 

 

To specify and perform calculations with physical quantities, they must be defined both in 

kind and magnitude. The standard measure of each kind of physical quantity is unit. The 

number of times a given unit occurs in any given quantity is its own measure. For e.g., 10 
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seconds, 35 kilograms, 250 meters, etc. All the electrical units applied for measurements 

have evolved from the crude initiation to the present high degree of refinement. The 

product or quotient of any two unit quantities in the system is the unit of the resultant 

quantity. The units are divided, in general, into two categories: fundamental or basic units 

and derived units. 

 

1.3.1   Fundamental  Units 

The size of fundamental units are quite arbitrary and can be selected depending on the 

circumstances. All other units originate from a physical law governing them. In many 

cases, measures of certain physical quantity in thermal, electrical, and illumination 

disciplines are also represented in fundamental units. An absolute system of units is 

defined as a system in which the various units are all expressed in terms of a small number 

of fundamental units. The fundamental units are those of length- L, mass- M and time- T. 

The important systems of units evolved so far include the following:  

� FPS system of units: with the basic units- foot for length, pound for mass and 

second for time. 

� CGS system of units: with the basic units- centimeter for length, gram for mass 

and second for time. The CGS system can be with electromagnetic units 

(e.m.u.) including the units of (L,M,T,µ- permeability) or electrostatic units 

(e.s.u.) including the units of (L,M,T,ε- permittivity).  

� MKS system of units: with the basic units- meter for length, kilogram for mass 

and second for time.  

 

1.3.2   MKSA  and  SI  Units 

The MKS system of units has been modified by Giorgi and the International Electro- 

Technical Commission as MKSA system, which comprises additional basic units other 

than those of length, mass and time. This MKSA system was finally developed up to 

international standards and referred as SI Units (System-de-International). The SI system 

caters to commercial and industrial activities of man and needs of today’s science. Thus, it 

is the most satisfactory one so far. The basic units of SI system are listed in table 1.1 and 

defined in table 1.2. While expressing the units, it is needful to use prefixes such as milli- 

ohm, Pico-farad and kilo-volt. The different prefixes used in practice are listed in table 1.3.  
 

1.3.3   Derived  Units  

The units which can be expressed in terms of the fundamental units are called as the 

Derived  units.  Every  derived unit  is formulated  based  on  a  certain  physical  condition 

defining it. For example, consider the unit for force derived from the units of fundamental 

quantities in SI system of units:  

 

Force,   F = m a                (1.4) 

where,  m is the mass in kilograms and a is the acceleration in meters per second per 

second. Thus we have 

Unit of force = kilogram meters per second per second  

                    =  kg-m/sec
2
.  

                    =  newtons                (1.5) 
 



 8

 

 

Table  1.1   Basic units of SI system of units 
 

# Quantity Unit Symbol 

Fundamental  Units 

1 Length Meter m 

2 Mass Kilogram kg 

3 Time Second sec 

4 Current Ampere A 

5 Temperature Degree Kelvin °K 

6 Luminosity Candela Cd 

Supplementary  Basic  Units 

7 Amount of Substance Mole  mol 

8 Plane Angle Radian rad 

9 Solid Angle Steridian Sterd 

 
Table  1.2   Definition of  Basic units of  SI system  

 

# Basic Unit Definition Remarks 

1 Meter The distance corresponding to one ten-millionth part of a 

quadrant of the earth measured from the equator to the pole. 

Unit of 

Length 

2 Kilogram The mass of one thousand cubic centimeters of water at the 

temperature of its maximum density. 

Unit of 

Mass 

3 Second The time corresponding to one eighty six thousand four 

hundredth part of a mean solar day. 

Unit of 

Time 

4 Inter-

national 

Ampere 

It is that constant current which if maintained in two straight 

parallel conductors of negligible cross-section of infinite 

length and placed at a distance of one meter in vacuum, will 

produce between them a force of 0.2 micro-newtons per unit 

length. 

Unit of 

Current 

5 Kelvin It is the fraction of thermodynamic temperature of triple point 

of water. 

Unit of 

Temperatur

e 

6 Candela It is the luminous intensity in the perpendicular direction of a 

surface of  1.67 x 10
-6

 square meters freezing platinum under a 

pressure of  1,01,325  newtons per square meter. 

Unit of 

Luminosity 

 

Table  1.3   Prefixes for multiples and sub-multiples of Units 
 

Multiplying Factor Prefix Symbol Remarks 

10
12

 Tera T  

Upper case 

Letters only 
10

9
 Giga G 

10
6
 Mega M 

10
3
 Kilo K 

10
-2

 Centi c  

Lower case 

Letters only 
10

-3
 Milli M 

10
-6

 Micro µ 

10
-9

 Nano N 

10
-12

 Pico P 
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Thus a Newton is defined as that force which when applied to a mass of one kg gives it an 

acceleration of one m/sec
2
. Similarly, work done or energy is expressed as Joules, where 

one Joule is the work done when a force of one Newton is exerted through a distance of 

one meter in the direction of force. Likewise, the unit for any derived quantity can be 

arrived at based on the associated formulae.  
 

 

1.4   DIMENSIONAL  ANALYSIS 

 

1.4.1   Dimension  of  a  Physical  Quantity 

Dimension can be defined as the complete formula for the derived unit in terms of the 

fundamental units of the system chosen. Any derived unit is recognized by its dimensions, 

thus obtained. The dimension is written in a typical notation indicating the number of units 

of occurrence of the fundamental quantities as their indices. For example, the dimensions 

for the fundamental units are represented as under.  

 

 

Table  1.4   Dimensions of derived units 

 

Sl. 

No. 

Quantity Relation 

(Formula) 

Dimensional 

Expression 

1 Area of cross section, A A = length x breadth [ L
2
 ] 

2 Acceleration, a a = Distance / Second
2
 [ L  T

-2
 ] 

3 Force, F F = m a [ M   L  T
-2

 ] 

4 Work done (WD) WD = F x [ M   L
2
  T

-2
 ] 

5 Electric charge, Q Q = I t [ T  I ] 

6 Frequency, f f = Cycles / second [ T
-1

 ] 

7 Angular frequency, ω ω = 2 π f [ T
-1

  ] 

8 EMF or Voltage (p.d.), V V = WD / Q [ M   L
2
  T

-3
  I

-1
 ] 

9 Resistance, R R = V / I [ M   L
2
  T

-3
  I

-2
 ]  

10 Resistivity, ρ R = ρl / A [ M   L
3
  T

-3
  I

-2
 ] 

11 Inductance, L L = e / (di / dt) [ M   L
2
  T

-2
  I

-2
 ] 

12 Inductive reactance, XL XL = 2 π f L [ M   L
2
  T

-3
  I

-2
 ] 

13 Capacitance, C C = Q / V [ M
-1

   L
-2

  T
4
  I

2
 ] 

14 Capacitive reactance, XC XC = 1.0 / (2 π f C) [ M   L
2
  T

-3
  I

-2
 ] 

15 Impedance, Z Z = EMF / Current [ M   L
2
  T

-3
  I

-2
 ] 

16 Velocity, v v = Distance / Second [ L  T
-1

 ] 

17 MMF, F F = NI [ I ] 

18 Magnetizing force, H H = NI / l [ L
-1

 I ] 

19 Magnetic flux, ϕ  e = N (dϕ / dt) [ M   L
2
  T

-2
  I

-1
 ] 

20 Flux density, B B = ϕ / A [ M   T
-2

  I
-1

 ] 

21 Reluctance, S S = MMF / ϕ [ M
-1

   L
-2

  T
2
  I

2
 ] 

22 Permeability, µ µ = B / H [ M   L  T
-2

  I
-2

 ] 
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Length     [L] ; 

Mass        [M]; 

Time        [T] ; 

             Current    [I]           (1.6) 

 

The dimensions for the derived units can be obtained based on the different physical laws 

governing them. Since the constants, such as, number of turns, number of cycles and pi (π) 

are dimensionless, it should be noted that the equality is in terms of its dimensions only 

and it should not be mixed up with the numerical values. Here, the dimensional expression, 

say, for example, of resistance: [ M   L
2
  T

-3
  I

-2
 ], means that the derived quantity, 

resistance, has dimensions of: one in mass, two in length, minus three in time and minus 

two in current.  
 

Thus, we see that the dimensions of resistance- R, impedance- Z and the reactances- XL 

and XC are all the same, since they have a common unit, ohm. Similarly, the natural 

frequency and the angular frequency have the same dimensions. Thus, any given set of 

parameters having the same units will have the same dimensions. 

 

 

1.4.2   Dimensional  Equations 

Dimensional expressions of fundamental and derived units are useful in checking the 

correctness of the equations and in establishing the relationships existing between the 

different units. Dimensional equations can be used to determine the required unit for a 

given derived quantity. For example, consider the problem of determining the dimensions 

of permittivity, ε. We use the formula:  electric flux, D = ε E, where E is the electric field 

strength.  

 

Permittivity =  electric flux density / electric field strength 

                 

Thus,  

        ε  =  electric charge per unit area / voltage per unit length  

            =  (charge, Q) (length) / (area x voltage) 

            =  (charge) (length) / (length x length x work done per unit charge) 

            =  (charge)
2
 / (length x work done) 

             =   [ T
2
  I

2
 ] /  ( [L] x [ M   L

2
  T

-2
 ]) 

             =   [ M
-1

   L
-3

  T
4
  I

2
 ]                 (1.7) 

 

 

1.5   SOLVED  PROBLEMS 

 

1.5.1    Solved  Problems  on  Units 

1 Determine the changes in the size of units of resistance- R, inductance- L and 

capacitance- C, if the practical units of voltage and current were each made 

thousand times as large as they are, at present. 
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