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                CHAPTER-12  

 ELECTRICITY 

 

ELECTRIC CURRENT: 

Electric current is expressed by the amount of charge flowing through a 

particular area in unit time. In other words, it is the rate of flow of electric charges. 

NOTE: In an electric circuit the direction of electric current is taken as opposite to the 

direction of the flow of electrons, which are negative charges. 

 
If a net charge Q, flows across any cross-section of a conductor in time t, 
then the current I, through the cross-section is   
  

                
         

       
           

 
      
 SI units 

 Current (I) is ampere or A 

 Charge (Q) is coulomb or C 

 Time (t) is seconds or s 

 

NOTE:   

 One charge contains nearly 6×     electrons 

 An electron possesses a negative charge of 1.6×      C 

 

 One ampere is constituted by the flow of one coulomb of charge per second,  

 i.e.    1 A = 
   

   
 

 

Small quantities of current are expressed, 

 in milli ampere (1 mA =      A)  

 in microampere (1 μA =      A). 

 

 Ammeter is the instrument used to measure the rate of current flowing in the circuit. 

 Ammeter is always connected in series because the ammeter is designed to offer very 

less resistance, whereas if it is connected in parallel it would cause short circuit and 

will damage the ammeter. 
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HOW CHARGES FLOW IN A WIRE OR IN ANY CONDUCTING MATERIAL?? THINK 

 

 
 

 

 

Problem #1: 

The amount of charge that passes through the filament of a certain light bulb in 2 sec is 1.67 

C. 

a) What is the current in the light bulb? 

b) What is the number of electrons that pass through the filament in one second? 

 

Solution: 

a)  I = 
 

 
 = 

    

 
 = 0.835 A 

 

b) As per the above problem,  

1.67 C of charge passes               in 2 sec 

_ ?_ _ C of charge passes            in 1 sec                       

 

             W.K.T,    1   = 1.67 ×       C 

                         

                               ∴ 0.867 C × 
    

              
 = 5.22 ×      electrons 

 
 
 

Figure 1(a) :  

 Before connecting the wire to a supply source 

(battery), the free electrons move randomly inside the wire. 

(Without any particular direction)  

 

Figure 1(b) : 

After connecting the wire to supply source, all these free 

electrons starts moving in one particular direction, i.e., 

towards the positive terminal of the supply source  

(i.e., battery)  

 

 
        

 
 = 0.835 C 
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QUESTIONS: 
 
1. 1 ×      electrons flow through a 

conductor in 3s. 
a) What is the charge flowing 

through the conductor? 
b) What is the current in the 

circuit?                                                     
Ans: (a) 16 C  

                              (b) 5.33 A  

2. How many electrons pass a point in 5s 

if a constant current of 8 A is maintained 

in a conductor? 

    Ans: 2.5×     e 

 

 

What makes the free electrons to 

flow in a wire?  POTENTIAL DIFFERENCE..‼! 

 

 

                                
 
 

THINK ABOUT IT ‼! 

  In  ca s e of wa ter  p res s u re, th e fu lly 

filled  wa ter  ta n k  s ta r ts  flowin g towa rds  

th e em pty ta n k  du e to th e d ifferen ce 

offered  by th e p res s u re.  

An d  th e wa ter  con t in u ou s  to flow u n t il th e 

both  ta n ks  rea ch es  th e h e equ ilib r iu m  

pos it ion . 

Sim ila r ly th e free electron s  p res en t  in  th e 

wire or  a n y con du ct in g m a ter ia l do 

n ot  flow by th em s elves . 

Th e electron s  m ove on ly if th ere is  a  

d ifferen ce offered  by th e electr ic p res s u re 

ca lled  POTENTIAL DIFFERENCE . 

Th e d ifferen ce of poten t ia l m a y be 

produ ced  by th e ba t tery a n d  wh en  it ’s  

con n ected  to th e wire or  th e con du ct in g 

m a ter ia l, th e poten t ia l d ifferen ce s ets  th e 

ch a rges  (     to m ove in  th e con du ctor  

a n d  electr ic cu rren t  is  gen era ted .  

Ba s ica lly ba t tery or  th e poten t ia l 

d ifferen ce s ets  th e ch a rges  to m ove from  

on e poin t  to a n oth er .  

Elec t r ic  p ot en t ia l  d i fference  is  defin ed  

a s ,   th e a m ou n t  of work  don e to m ove a  

u n it  ch a rge from  on e poin t  to a n oth er  

poin t . 

Th e poten t ia l d ifferen ce is  m ea s u red  

u s in g th e device –Voltm eter  

Poten tia l d ifference               

(V) = 
             

          
   

SI u n its : 

 Poten t ia l d ifferen ce(V) is  volt  or  V 

 Work d on e (W) is  jou le or  J  

 Ch a rge (C) is  cou lom b  or  C 
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W hen  one jou le of w ork  is  
d one to m ove one cou lom b of 

charge from  one poin t to 

another is  ca lled  one  vol t  

1  V = 
   

  
 OR J    

 

 
 
From the above figure 

i. Voltmeter 

ii. Resistor 

iii. Ammeter 

iv. Battery  

 

 

Problem #2 

The amount of work done by the source to move a charge of 2 C is 24 J. Find the potential 

difference of the source. 

Solution:  

Given: work done (W) = 24 J ; charge(Q) = 2 C ; V= ? 

   V = 
 

 
 = 

  

 
 = 12 V 

QUESTIONS: 

1. Calculate the work done if a charge of 5 C moving across two point having potential 

difference equal to 15 V.          Ans: 75 J 

2. Calculate the potential difference between two points, if 1500 J of work done to carry 

a charge of 50 C from one point to other?       Ans: 30 

V 

3. How much energy is given to one coulomb of charge passing through a 10 V battery? 
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OHM’S LAW: 
                “The poten tia l d ifference, V, acros s  the end s  of a  given  m eta llic 
w ire in  an  electric circu it is  d irectly  proportiona l to the curren t flow ing  through  
it, provid ed  its  tem pera ture rem a ins  the s am e.” 
 

 Ma th em a tica lly exp res s ed  a s ,   

V α I 

V = IR 
Where R is the constant for the given metallic wire at a given temperature and is called its 

resistance. 

Resistance is the property of the conductor (Eg: wire) that resist the flow of charges through 

it. The component having resistance is called Resistor.  

SI unit of resistance is ohm Or Ω 

 

NOTE: 

 According to Ohm’s law we get,  

      I = 
 

 
 

 
From the above equation we can say that the current is inversely proportional to the 

resistance (R) and directly proportional to potential difference (V). 

 

 If the resistance is doubled then the current gets halved. It means if you increase the 

resistance of the conducting material then the flow of charges will reduce and the flow 

current in that conducting material will be less.  

 Rheostat is the device used to increase or decrease the resistance and it is named as 

variable resistance. 

 

 

 

Resistance of the conductor depends on the following factors, 

1. Depends on nature of the material 

2. Depends on its area of cross section (thickness) 

3. Depends on length of the material 

4. Depends on temperature of the conductor 

 

Based on the factors we get mathematical expression as, 

 

   R α 
 

 
     OR       R = ρ 

 

 
 

 
where ρ (rho) is the resistivity of the conducting material. SI unit of resistivity is Ωm 
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Problem #3 

  The resistance of metal wire of length 2 m is 26Ω. If the diameter of the wire is  

40cm, what will be the resistivity of the metal?  

Solution: 

 Given:  l = 2m; R = 26Ω; d = 40cm = 0.4m; A = ?; ρ = ? 

 

 We know that area of cross section, 

 A= πr
2
 = 3.14× (0.2)

2
 = 0.1256 m

2  ∵ r =  

 

  

 

R = ρ 
 

 
                   ρ = 

  

 
 = 

          

 
 = 1.6328 Ωm 

  

 

 

Resistors connected in Series: (Series Combination) 

 

 
 

 

When the resistors are connected in series, the current will be same but the voltage across the 

circuit will be different. 

       V= V1 + V2 + V3 ----------- eq (1) 

Applying Ohm’s law,  

   W.K.T V = IR ;   Then   V1= IR1 ; V2=IR2; V3= IR 

 

Substituting the above value in the equation (1), 

    V= V1 + V2 + V3  

    IR = IR1 + IR2 + IR3 

    IR = I (R1 + R2 + R3) 

     

Rs = R1 + R2 + R3  
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Resistors connected in Parallel: (Parallel Combination)  

 
 

When the resistors are connected in parallel; the voltage will be different but the current 

across the circuit will be different. 

  I = I1 + I2 + I3   ------------eq(1) 

Applying Ohm’s law,  

 W.K.T    I =  
 

 
 ;   Then   I1 =

 

  
;  I2 =

 

  
 ; I3 =

 

  
 

 

Substituting the value in the equation (1) 

 

  I = I1 + I2 + I3    

 

  
 

 
 = 

 

  
 

 

  
 

 

  
 

 

                               
 

  
 

 

  
 

 

  
 

 

  
 

 

 

Heating Effect of Electric Current 

When electric energy is supplied to an electric bulb, the filament gets heated 

because of which it gives light. The heating of electric bulb happens because of 

heating effect of electric current. 

When an electric iron is connected to an electric circuit, the element of electric 

iron gets heated because of dissipation of electric energy, which heats the electric 

iron. The element of electric iron is a purely resistive conductor. This happens 

because of heating effect of electric current. 
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Cause of heating effect of electric current:  

Electric current generates heat to overcome the resistance offered by the 

conductor through which it passes. Higher the resistance, the electric current will 

generate higher amount of heat. Thus, generation of heat by electric current while 

passing through a conductor is an inevitable consequence. This heating effect is 

used in many appliances, such as electric iron, electric heater, electric geyser, etc. 

Joule’s Law of Heating: 

The heat produced in a resistor is directly proportional to the square of current given to 

the resistor, directly proportional to the resistance for a given current and directly 

proportional to the time for which the current is flowing through the resistor. 

Example 1: If an electric heater consumes electricity at the rate of 500W and the 

potential difference between the two terminals of electric circuit is 250V, 

calculate the electric current and resistance through the circuit. 

Solution: Given, power input (P) = 500 W 

Potential difference (V) = 250 V 

Electric current (I) =? 

Resistance (R) through the circuit =? 

We know that power (P)=VI 

Or, 500W=250V×I500W=250V×I 

Or,  I= 500W ÷ 250V = 2A 

We know, resistance R=VI 

Or,  R=250V ÷ 2A=125Ω 

 

Practice Questions: 

 Compute the heat generated while transferring 96000 coulomb of charge 

 in one hour through a potential difference of 50 V. 

 An electric iron of resistance 20 W takes a current of 5 A. Calculate the 

 heat developed in 30 s. 
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Electric Power:  
The rate at which electrical energy is dissipated or consumed in an electric 

circuit. This is also termed as electric power. 

The power P is given by 

     P = VI 

Or              P = I
2
R = V

2
/R  

 

The SI unit of electric power is watt (W). It is the power consumed by a device that carries 

1A current when operated at a potential difference of 1 V. Thus, 

          1 W = 1 volt x 1 ampere = 1 V A 

 

 

One watt hour is the energy consumed when 1 watt of power is used for 1 hour. The 

commercial unit of electric energy is kilowatt hour (kW h), commonly known as ‘unit’. 

1 kW h = 1000 watt x 3600 second 

  = 3.6 x 10
6
 watt second 

  = 3.6 x 10
6
 joule (J) 

 

 

Problem: 

An electric refrigerator rated 400 W operates 8 hour/day. What is the cost of the energy to 

operate it for 30 days at Rs 3.00 per kW h? 

Solution: 

The total energy consumed by the refrigerator in 30 days would be 

400 W x 8.0 hour/day x 30 days = 96000 W h = 96 kW h 

Thus the cost of energy to operate the refrigerator for 30 days is 

96 kW h x Rs 3.00 per kW h = Rs 288.00 

 

 

Practice Question: 

 An electric motor takes 5 A from a 220 V line. Determine the power of the motor and 

the energy consumed in 2 h. 

 Compare the power used in the 2 W resistor in each of the following circuits: 

(i) A 6 V battery in series with 1 W and 2 W resistors, and  

(ii) A 4 V battery in parallel with 12 W and 2 W resistors 

 


