
 

 

 
 

  

 

 
1.1 OHM’S LAW 

UNIT-I 

Introduction to Electrical Circuits

 

This law gives relationship between the potential differences (V), the current (I) and the resistance 

(R) of a d.c. circuit. Dr. Ohm in 1827 discovered a law called Ohm's law. It states, 
Ohm's law: The current flowing through the electric circuit is directly proportional to the 

potential difference across the circuit and inversely proportional to the resistance of the circuit, 

provide the temperature remains constant. 
 

Where I is the current flowing in amperes, the V is voltage applied and R is the resistance of the 

conductor, as shown in the fig 1. 

 

 

The unit of potential difference is defined in such a way such the constant of proportionality is unity. 
 

 

The Ohm's law can be defined as, at constant temperature, the potential difference (V) between any two 

points of a conductor is directly proportional to current (I) flowing through the conductor. 
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Limitations of Ohm’s law: 

The limitations of Ohm's law are 

1. It is not applicable to the non linear devices such as diodes, zener diodes, voltage regulators etc. 
2. It does not hold good for non-metallic conductors such as silicon carbide. The law for such 

conductors is given by, 
 

V = K Im Where K, m are constants. 
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The Average Value of an AC Waveform 

The average or mean value of a continuous DC voltage will always be equal to its maximum peak 

value as a DC voltage is constant. This average value will only change if the duty cycle of the DC 

voltage changes. In a pure sine wave if the average value is calculated over the full cycle, the 

average value would be equal to zero as the positive and negative halves will cancel each other 

out. So the average or mean value of an AC waveform is calculated or measured over a half cycle 

only and this is shown below. 

 

Average Value of a Non-sinusoidal Waveform 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 To find the average value of the waveform we need to calculate the area underneath the 

waveform using the mid-ordinate rule, trapezoidal rule or the Simpson’s rule 
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 found commonly in mathematics. The approximate area under any irregular waveform can 

easily be found by simply using the mid-ordinate rule. 

 The zero axis base line is divided up into any number of equal parts and in our simple example 

above this value was nine, ( V1 to V9 ). The more ordinate lines that are drawn the mor 

 accurate will be the final average or mean value. The average value will be the addition of all 

the instantaneous values added together and then divided by the total number. This is given as. 

Average Value of an AC Waveform: 

Where: n equals the actual number of mid-ordinates used. 

For a pure sinusoidal waveform this average or mean value will always be equal 0.637*Vmax 

and this relationship also holds true for average values of current. 

The RMS Value of an AC Waveform: 

 

 The average value of an AC waveform that we calculated above as being: 0.637*Vmax is NOT 

the same value we would use for a DC supply. This is because unlike a DC supply which is 

constant and and of a fixed value, an AC waveform is constantly changing over time and has 

no fixed value. Thus the equivalent value for an alternating current system that provides the 

same amount of electrical power to a load as a DC equivalent circuit is called the “effective 

value”. 

 The effective value of a sine wave produces the same I2*R heating effect in a load as we would 

expect to see if the same load was fed by a constant DC supply. The effective value of a sine 

wave is more commonly known as the Root Mean Squared or simply RMS value as it is 

calculated as the square root of the mean (average) of the square of the voltage or current. 

 That is Vrms or Irms is given as the square root of the average of the sum of all the squared mid- 

ordinate values of the sine wave. The RMS value for any AC waveform can be found from the 

following modified average value formula as shown. 
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RMS Value of an AC Waveform: 

 For a pure sinusoidal waveform this effective or R.M.S. value  will  always  be  equal  

too: 1/√2*Vmax which is equal to 0.707*Vmax and this relationship holds true for RMS 

values of current. The RMS value for a sinusoidal waveform is always greater than the 

average value except for a rectangular waveform. In this case the heating effect remains 

constant so the average and the RMS values will be the same. 

 One final comment about R.M.S. values. Most multimeters, either digital or analogue 

unless otherwise stated only measure the R.M.S. values of voltage and current and not the 

average. Therefore when using a multimeter on a direct current system the reading will  

be equal to I = V/R and for  an  alternating  current  system  the  reading  will   be  equal 

to Irms = Vrms/R. 

 Also, except for average power calculations, when calculating RMS or peak voltages, 

only use VRMS to find IRMS values, or peak voltage, Vp to find peak current, Ip values. Do 

not mix them together as Average, RMS or Peak values of a sine wave are completely 

different and your results will definitely be incorrect. 

Form Factor and Crest Factor 

Although little used these days, both Form Factor and Crest Factor can be used to give 

information about the actual shape of the AC waveform. Form Factor is the ratio between the 

average value and the RMS value and is given as. 
 

 

For a pure sinusoidal waveform the Form Factor will always be equal to 1.11. Crest Factor is 

the ratio between the R.M.S. value and the Peak value of the waveform and is given as. For 

a pure sinusoidal waveform the Crest Factor will always be equal to 1.414. 

 

AC Waveform Example No2 

 A sinusoidal alternating current of 6 amps is flowing through a resistance of 40Ω. 

Calculate the average voltage and the peak voltage of the supply. 
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 The use and calculation of Average, R.M.S, Form factor and Crest Factor can also be  

use with any type of periodic waveform including Triangular, Square, Saw-toothed or 

any other irregular or complex voltage/current waveform shape. Conversion between the 

various sinusoidal values can sometimes be confusing so the following table gives a 

convenient way of converting one sine wave value to another. 
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