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unit-1 Current Electricity 

 

 1.1 Current Electricity 

    The branch of Physics which deals with the study of electric charges in motion is called 

current electricity. 

 

   Electric current 

   The flow of electric charges in a particular direction constitutes electric current. 

 

The electric current is defined as the rate of flow of charges across any cross-sectional area of a 

conductor is known as electric current.  

                                                                                     t 

 

 

Where, I = electric current 

 

q= charge passed through any cross section of conductor  

 

t= time 

If the rate of flow of charge is not uniform then current varies with time and is given by- 

 

 

 

Units of electric current: Ampere (in S.I. System)- One ampere represents the passage of one 

coulomb of charge per second. 

 

 



 

1.2 Ohm’s Law 

   It states that when temperature remains constant, the current flowing through a conductor is 

always directly proportional to the potential difference across the conductor. 

 

i.e. I ∝ V  

or 

 

or 

V ∝ I 

 

V = IR 

 

 

---------(1) 

 

Where R is constant of proportionality, called resistance of 

conductor. 

 

From (1) = constant 

 

So, if we plot a graph between V and I it will be a Straight line as shown in figure.  

 

Resistance 

   It is the property of a body due to which it opposes the flow of current through the conductor. 

It is equal to ratio of potential difference applied to the current flowing through the conductor. 

i.e. 

 

  
 

Unit of R: unit of resistance is ohm (Ω) in S.I. system. 

 

One Ohm: Resistance of a conductor is said to be one ohm if a potential difference of one volt 

produces one ampere current through it.  

 

                                      1 Ohm   =    1 Volt  /  1 ampere 

 

Verification of Ohms law 

                     Ohm’s law can be verified using a single circuit as shown in figure.  

                                                         

                                                                             

 

  



  The current through the circuit can be varied with the help of a rheostat connected in series with 

the battery through key. The current can be measured using the ammeter. The potential 

difference across the resistance R can be measured using the voltmeter V. 

 

   Using the rheostat, the current through the circuit is kept at a particular value I. Now the 

voltmeter reading is noted. Let it be V. Then V/I is  

calculated.                     

 

   Similarly, by changing the current, for each 

Current the p.d across the resistance is noted. 

For each current  V / I  is calculated. It is found  

to be a constant. 

 

This verifies the Ohm’s law. 

                                

 1.3  Kirchoff’s Law: 

Kirchoff’s gave two laws which are very useful to give current in complicated circuits. 

 

Kirchoff’s 1st law or Junction Law:  

   It states that, the algebraic sum of the currents at any junction in a circuit is zero. i.e. 

 

 

So, according to this law there is no accumulation of electric current at any junction (the points 

where wires meets in an electric circuit). 

 Let I1,I2,I3,I4,I5, and I6 be current flowing through the conductors 

 

By convention, the currents which flow towards a junction are 

taken as positive & the currents which flow away from the 

junction are taken as negative. 

 

From figure, we have- 

                   I1-I2-I3+I4-I5+I6=0 

 

The first law is based on the principle that in an electric circuit ,at any point the charge cannot be 

accumlated. 

 

 



Kirchoff’s 2nd Law or Loop Law:  

  It states that , in any closed circuit, the algebraic sum of the products of the current and resistance 

of each part of the circuit is equal to the total emf in the circuit. i.e.  

 

 

Consider a closed loop of circuit as shown in figure.  

       

     In this circuit current flow in the clockwise direction  

is taken as positive and the the anticlockwise  direction is 

taken as negative. 

     Also e.m.f s which sents current in the clockwise 

direction are taken as positive and those that send current 

in the anticlockwise direction as negative.  

       

  Applying Kirchoff’s second law to the circuit ,we get 

             I1R1 – I2R2 + I3R3 – I4R4 = E1 – E2 

 

 

1.4  Wheatstone’s bridge 

    An important application of Kirchhoff’s rules is the Wheatstone’s bridge. It is used to compare 

resistances and also helps in determining the unknown resistance in electrical network. The bridge 

consists of four resistances P, Q, R and S connected as shown in Figure. A galvanometer G is 

connected between the points B and D. The battery is connected between the points A and C. The 

current through the galvanometer is IG and its resistance is G. 

Applying Kirchhoff’s current rule to junction B 

           I1 – IG -I3 = 0     ……………………(1) 

Applying Kirchhoff’s current rule to junction D, 

            I2 + IG -I4 = 0     ……………………(2) 

 

 



 

Applying Kirchhoff’s voltage rule to loop ABDA, 

…………………(3) 

Applying Kirchhoff’s voltage rule to loop ABCDA, 

………………(4) 

When the points B and D are at the same potential, the bridge is said to be balanced. As there is no 

potential difference between B and D, no current flows through galvanometer (IG = 0). Substituting 

IG = 0 in equation (1), (2) and (3), we get 

                 I1 = I3    ………………………. (5)          

               I2 = I4    ………………………. (6)     

               I1P = I2R ………………………. (7)        

         



Substituting the equation (5) and (6) in equation (4)     

……………………(8) 

Dividing equation (8) by equation (7), we get 

……………………..(9) 

   This is the bridge balance condition. Only under this condition, galvanometer shows null deflection. 

Suppose we know the values of two adjacent resistances, the other two resistances can be compared. If 

three of the resistances are known, the value of unknown resistance (fourth one) can be determined. 

 EXAMPLE 2.23 

In a Wheatstone’s bridge P = 100 Ω, Q = 1000 Ω and R = 40 Ω. If the galvanometer shows zero 

deflection, determine the value of S. 

Solution 

 

                                                                 

                                                                                                         

                                                                     

 

 

 



1.5 Meter Bridge 

It is the practical application of Wheatstone bridge. It is used to determine unknown resistance. 

 

Construction: It is consisting of 100cm long wire 

stretched and clamped between two metallic strips bent at 

right angle as shown in figure. (between two points A and 

C) 

 

The metallic strip has two gaps G1 and G2 where 

resistance P and Q are connected. A cell E is connected 

between A and C through a key K. here J is jockey 

connected to B through galvanometer G. This jockey can 

be move over wire. 

 

Working: A known resistance is taken out of the resistance box (Q) and jockey is moved till the 

deflection in the galvanometer is zero. 

 

When galvanometer shows no deflection (say at point J) the bridge is said to be balanced and 

therefore 

                     ………..(1) 

 

 

Here R = resistance of wire segment AJ 

& S = resistance of wire segment JC 

Let, r = resistance of the wire per unit length 

If AJ = l and JC = 100-l 

Then ,    R = r.l and S = r (100-l) 

  
Therefore                                                             ........................ (2) 

 

From (1) and (2) we have 

 

Or P =       

 

Hence by knowing Q and l we can calculate P 

 



 

 

1.6 Carey Foster's Bridge 

     Carey Foster's Bridge is the improved form of Meter Bridge. It is more sensitive using this, we can 

determine the difference between two nearly equal resistances. If the value of one resistance is known, 

the value of the other can be calculated. In this, end resistances are eliminated in calculation. This 

bridge can also be used to measure accurately a given very low resistances. 

 
                 

        It consists of a straight uniform wire of manganin exactly one meter long (AB). The wire is 

stretched on a wooden board. The ends A and B are joined to thick copper strips of low resistance as 

shown is figure. Between in these two copper strips, another three copper strips are fixed such that 

there are four gaps in the wooden board, A meter scale is fixed on the board parallel to the wire. 

       Two equal resistances P and Q are connected in the inner gaps and the resistances R and S are 

connected in the outer gaps. The cell and galvanometer are connected as shown in fig. Using a jockey, 

contact can be made at any point on the Wire AB. 

 

Let α and β be the end resistances at the ends A and B 

respectively. Let ρ be the resistance per unit length. The 

resistance R is in left gap and S in the right gap. Now let l1 be the 

balancing length.  

 

In this condition,  

the equivalence Wheatstone bridge is as shown in figure.  

When the bridge is balanced, 

 



 
 

Now Rand S are interchanged and let the balancing length be l2 

 

 
Adding 1 on both sides, we get 

 

Knowing ρ, l1 and l2, (R-S) can be calculated. If S is Known R can be calculated.  
 

Determination of ρ: 

   To determine the resistance per unit length of the bridge wire, the resistance R is  

replaced by a copper strip (R == 0). Now we have to find the balancing length and  

let it be l2. Now keeping S in the left gap and copper strip in the right gap, we have  

to find the balancing length. Let it be l2. The values of P and Q should be equal. 

                     

                        R = S + ρ (l2-l1) 

Here 

                        R=0 

                             



                      ρ = 
𝐒

 (𝐥𝟏−𝐥𝟐)
 

 

The experiment is repeated for different values of S. The mean value of ρ is calculated.  

 

Carey Foster Bridge Applications 

 

1. This bridge is used for the measurement of medium resistances. 

2. This bridge is used for comparison of nearly equal resistances. 

3. This bridge can be used for finding the specific resistance of a wire. 

        

1.7  Potentiometer 

It is an instrument used to compare the emfs of two cells and to determine the internal resistance 

of a cell. 

Construction: It consist of long uniform wire of constantan or manganin stretched in to 10 

segments, each of one-meter length. Ten segments are 

stretched parallel to each other on a wooden       

board. The ends of the wire are fixed to Cu 

strips.  A meter scale is fixed parallel to the wire. 

To    provide constant current through AB a 

source of emf E is connected across points A and 

B through an Ammeter a key K and a rheostat as 

shown in figure 

Principle of Potentiometer 

    A potential difference less than the total potential difference maintained across the 

potentiometer wire can be balanced against a convenient length of the potentiometer wire. The 

potential difference balanced is directly proportional to the length of the wire which balances the 

potential difference. 

Proof: 

  Make the connections as shown in circuit diagram. Here E1 > E.  

   I - constant current.  

  G - galvanometer. 

     If the potential difference between A and J is equal to the emf 

of the cell, no current flows through the galvanometer. It shows 

zero deflection. AJ = l is called balancing length. 

Then, potential difference across AJ = Irl 

Where, 

 r= resistance per unit length of potentiometer wire & I is current by E 



So, E = Irl 

Or          E ∝  l (As I and r are constant) 

 

  Hence emf of the cell is directly proportional to its balancing length. i.e. The potential 

difference balanced is directly proportional to the length of the wire which balances the potential 

difference. Which is principle of a potentiometer. 

a. Measurement of current 

    For the measurement of current using a potentiometer, the circuit is as shown figure. 

  The ends of the Potentiometer A and B are connected to an accumulator Bt through key K1 and 

a rheostat Rh1. This is the primary circuit. 

 In the secondary, a six terminal key is       

used. Using this the two p.d may be 

included with the potentiometer circuit 

separately. The middle pair of terminals 2 

and 5 are connected to the end A and the 

jockey through a galvanometer G and high 

resistance. A Daniel cell of e.m.f 1.08 volt 

is connected across the terminals 1 and 6.       

A battery B2, key K2, rheostat Rh2, and a 

standard resistance R are connected in 

series. The positive end of the standard 

resistance is connected to the terminal 3 

and the negative end to 4 as shown in figure. 

        First including the Daniel cell in the potentiometer, the balancing length is determined. Let the 

balancing length be l0.                    

  According to the principle of potentiometer. 

                  1.08 ∝. l0                   ……………………(1) 

       Next the p.d across the standard resistance R is included in the main circuit and the balancing 

length l is determined. If i is the current flow through the standard resistance, the p.d across R is i R. 

                     iR ∝ l                ………………….(2) 

Dividing equation (2) by equation (1), we get 

               
𝑖𝑅

1.08
 = 

𝑙

𝑙0
          ………………(3) 

Therefore, 

           i = 
1.08

𝑅
( 

𝑙

𝑙0
)         ……………………….(4) 

Using equation (4), the current in the circuit can be calculated. 



  

b. Measurement of resistance 

To compare the given two resistances, the circuit is as shown in figure. If one of the resistances is 

known, the other resistance can be calculated. 

      In the secondary circuit, a six terminal key is used. Using this, the two p.d may be included with the 

potentiometer separately. The middle pair of the 

terminals 2 and 5 are connected to the end A and 

jockey through a galvanometer and high 

resistance. 

     Two resistances R1. and R2, which are to be 

 compared are connected in series with a battery 

B2. 

 key K2, and a rheostat Rh. The ends of the 

resistances R1 and R2 are connected to the six-

terminal key as shown in fig. When the key K2 is 

closed, a steady current i flows through the 

resistances R1 and R2The p.d across them will be 

i R1. and i R2.   

     

          First the pd across R1 is included in the 

potentiometer 

circuit and the balancing length is found Let it be l1. According 

to the principle of potentiometer, 

   

               iR1 ∝. l1                                 …………………….(1) 

 

Next the p.d across R2 is included and the balancing length 

is found. Let it be l1. 

                   

                iR2 ∝. l2             ……………………(2) 

 

Dividing equation (1) by (2) we get 

 

               R1 / R2    =     l1 / l2 

 

By changing the current in the secondary the experiment is repeated. For each current R1/R2 is 

calculated as described above. Then the mean value of R1/R2 is calculated. 

 

 If one of the resistances is known, the other can be determined using relation R1 / R2 = l1 / l2, If R1, is 

known, the resistance R2, can be calculated using the relation. 

 
 

 



 

 c).Calibration of low range voltmeter 

                    The ends of the potentiometer A and B are connected to a battery of steady e.m.f. The 

positive end of the Daniel cell is connected to the end A and the negative to the jockey through a 

galvanometer and a high resistance. Now the balancing length is found. Let it be l0. The fall of potential 

per unit length of the potentiometer wire is 1.08  /
  l0 volt. 

 

 

 

 

 

 

 

 

 

 

 

               The secondary circuit is replaced by a voltmeter. The positive end of the voltmeter is 

connected to the end A and the negative to the jockey as shown in fig. The jockey is pressed along the 

wire so that the voltmeter gives a reading V volt. The length of the wire AJ is found. Let it be l. The p.d 

between A and J is equal to 1.08 / l0×l volt. 

 

                   ∴  Correction = ((1.08 / l0) l – V) 

 

       The experiment may be repeated for different value of the voltmeter such as 0.1, 0.2…...etc. For 

each voltmeter reading correction may be calculated. By taking the voltmeter reading along the X-axis 

and correction along Y-axis, a calibration graph may be drawn. 

                   

 

 

                             ******************************************* 
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