
 
 
 
 

 
1 The storage battery of a car has an emf of 12 V. If the internal resistance of the 

battery is 0.5 Ω, what is the maximum current that can be drawn from the 

battery? 

Data: 
 
𝑽  =  𝟏𝟐 𝐕 

𝒓  =   𝟎. 𝟓  𝛀   

𝑰  = ? 

 

  

SOLUTION: 

                    𝑰 =  
𝑽

𝒓
 

                  𝑰 =  
𝟏𝟐

𝟎.𝟓
 

                    𝑰 =  𝟐𝟒 𝑨 

 

2 A negligibly small current is passed through a wire of length 12m and uniform 

cross­ section 4.0 x 10-8  m2, and its resistance is measured to be 6.0 Ω. What is 

the resistivity of the material at the temperature of the experiment? 

Data: 
 

𝑳  =  𝟏𝟐 𝐦 

𝑨  =    𝟒. 𝟎 𝐱 𝟏𝟎−𝟖𝐦𝟐 

𝑹  =  𝟔. 𝟎 𝛀 

𝝆 =  ?  

 

SOLUTION: 

                    𝑹 =  
𝝆   𝑳

𝑨
 

                  𝝆 =  
𝑹   𝑨

𝑳
 

                  𝝆 =  
(𝟔.𝟎)   (𝟒.𝟎 𝐱 𝟏𝟎−𝟖)

𝟏𝟐
 

                  𝝆 =  𝟐 × 𝟏𝟎−𝟖 𝛀 𝒎 

 

 

3 In a potentiometer arrangement, a cell of emf 1.20 V gives a balance point at 40.0 

cm length of the wire. If the cell is replaced by another cell and the balance point 

shifts to 74.0 cm, what is the emf of the second cell? 

Data: 
 
(𝒆𝒎𝒇)𝟏 = 𝟏. 𝟐𝟎 𝑽 
 

𝑳𝟏   = 𝟒𝟎. 𝟎 𝐜𝐦 

𝑳𝟐   = 𝟕𝟒. 𝟎 𝐜𝐦 

(𝒆𝒎𝒇)𝟐  = ? 

 

SOLUTION: 
(𝒆𝒎𝒇)𝟏

(𝒆𝒎𝒇)𝟐
  =   

𝑳𝟏

𝑳𝟐
   

𝟏. 𝟐𝟎

(𝒆𝒎𝒇)𝟐
  =   

𝟒𝟎. 𝟎

𝟕𝟒. 𝟎
 

                  (𝒆𝒎𝒇)𝟐   =   𝟐. 𝟐𝟐 𝑽    
 

 

D.C CIRCUITS 

CHAPTER = 10                      BOOK NUMERICAL 



4 (a) Three resistors 1 Ω, 2 Ω, and 3 Ω are combined in series. What is the total 

resistance of the combination?  

(b) If the combination is connected to a battery of emf 24 V and negligible 

internal resistance, obtain the potential drop across each resistor. 
 

Data: 
 
𝑹𝟏 = 𝟏 𝛀 

𝑹𝟐 = 𝟐 𝛀 

𝑹𝟑 = 𝟑 𝛀 

𝑹 =? 

𝑽  = 𝟐𝟒 𝐕 

SOLUTION: 
𝑹 = 𝑹𝟏 +  𝑹𝟐  +   𝑹𝟑 

𝑹 = 𝟏 + 𝟐 +   𝟑   = 𝟔  𝛀  

Total current  

                         𝑰  =   
𝑽

𝑹
 

𝑰  =   
𝟐𝟒

𝟔
  =   𝟒 𝑨 

Potential across 𝑹𝟏 

𝑽𝟏 = 𝑰 𝑹𝟏    =   (𝟒) (𝟏)  =   𝟒 𝑽 

Potential across 𝑹𝟐 

𝑽𝟐 = 𝑰 𝑹𝟐    =   (𝟒) (𝟐)  =   𝟖 𝑽 

Potential across 𝑹𝟑 

𝑽𝟑 = 𝑰 𝑹𝟑    =   (𝟒) (𝟑)  =   𝟏𝟐 𝑽 

 
5 From the given circuit find the value of I.  

 

 
 

𝑰 + 𝟎. 𝟓 + 𝟎. 𝟒 = 𝟎. 𝟐 + 𝟎. 𝟔 + 𝟎. 𝟕 

𝑰 + 𝟎. 𝟗 = 𝟎. 𝟏𝟓 

𝑰 = 𝟎. 𝟏𝟓 − 𝟎. 𝟗  
𝑰 = 𝟎. 𝟔 𝑨 

 

 



6 In a meter bridge with a standard resistance of 15 Ω in the right gap, the ratio of 

balancing length is 5:3. Find the value of the other resistance. 

 

Data: 
 

𝑹𝟏  =  𝟏𝟓 𝛀 

𝑳𝟏

𝑳𝟐
  =    𝟓: 𝟑 

𝑳𝟐

𝑳𝟏
  =    

𝟓

𝟑
 

𝑹𝟐  =  ?  

 

SOLUTION: 
𝑹𝟐

𝑹𝟏
 =   

𝑳𝟐

𝑳𝟏
        

𝑹𝟐

𝟏𝟓
 =  

𝟓

𝟑
 

𝑹𝟐  = 𝟏𝟓 ×  
𝟓

𝟑
 

𝑹𝟐  = 𝟐𝟓 𝛀 

 

 

7 By using KVL, find Current flowing through 10 Ω resistance 

 

SOLUTION: 
For loop 1 

𝟒 − 𝟓 𝐈𝟏 − 𝟏𝟓 (𝐈𝟏 −   𝐈𝟐) = 𝟎 

𝟒 − 𝟓 𝐈𝟏 − 𝟏𝟓 𝐈𝟏 +   𝟏𝟓 𝐈𝟐 = 𝟎 

𝟒 − 𝟐𝟎 𝐈𝟏 +   𝟏𝟓 𝐈𝟐 = 𝟎 

𝟐𝟎 𝐈𝟏 −   𝟏𝟓 𝐈𝟐 = 𝟒 

𝟐𝟎 𝐈𝟏  =    𝟏𝟓 𝐈𝟐   +  𝟒 … … … . (𝒊) 

 𝐈𝟏  =    
𝟏𝟓 𝐈𝟐   +  𝟒

𝟐𝟎
… … … . (𝒊) 

 

For loop 2 

−𝟏𝟓 (𝐈𝟐 −   𝐈𝟏) − 𝟏𝟎 𝐈𝟐 − 𝟖(𝐈𝟐 −   𝐈𝟑) = 𝟎 

−𝟏𝟓 𝐈𝟐 + 𝟏𝟓 𝐈𝟏 − 𝟏𝟎 𝐈𝟐 − 𝟖𝐈𝟐  + 𝟖 𝐈𝟑 = 𝟎 

𝟏𝟓 𝐈𝟏 − 𝟑𝟑 𝐈𝟐  + 𝟖 𝐈𝟑 = 𝟎 … … (𝒊𝒊) 

 

For loop 3 

−𝟖(𝐈𝟑 −   𝐈𝟐)  − 𝟏𝟐 𝐈𝟑  − 𝟔 = 𝟎 

−𝟖 𝐈𝟐   − 𝟐𝟎 𝐈𝟑 =  𝟔 

 𝟐𝟎 𝐈𝟑 =  𝟖 𝐈𝟐 −   𝟔 

𝐈𝟑 =  
𝟖 𝐈𝟐 −   𝟔

𝟐𝟎 
 … . . . (𝒊𝒊𝒊) 

Substituting the expression  I1   and I3   in 

equation(ii) 
 

𝟏𝟓 ( 
𝟏𝟓 𝐈𝟐   +  𝟒

𝟐𝟎
) − 𝟑𝟑 𝐈𝟐  + 𝟖 (

𝟖 𝐈𝟐 −   𝟔

𝟐𝟎 
) = 𝟎 

𝟐𝟐𝟓 𝐈𝟐 +  𝟔𝟎 − 𝟔𝟔𝟎 𝐈𝟐  + 𝟔𝟒 𝐈𝟐 − 𝟒𝟖

𝟐𝟎
= 𝟎 

𝟐𝟐𝟓 𝐈𝟐 +  𝟔𝟎 − 𝟔𝟔𝟎 𝐈𝟐  + 𝟔𝟒 𝐈𝟐 − 𝟒𝟖 = 𝟎 

−  𝟑𝟕𝟏 𝐈𝟐 + 𝟏𝟐 = 𝟎 

  𝐈𝟐 =   
𝟏𝟐

𝟑𝟕𝟏
 

𝐈𝟐 =   𝟎, 𝟎𝟑𝟐𝟑 𝑨 
 



 

WORKED EXAMPLE 
 

1 Calculate the resistance of 100 meter rolls of 2.5 mm2 copper wire if the 

resistivity of copper at 20°C is 1.72 x 10-8 Ω m. 

Data: 
 

𝑳  =  𝟏𝟎𝟎 𝐦 

𝑨  =    𝟐. 𝟓  𝐱 𝐦𝐦𝟐 

𝑨  =    𝟐. 𝟓  𝐱 𝟏𝟎−𝟔𝐦𝟐 

𝝆 =   𝟏. 𝟕𝟐 𝐱 𝟏𝟎−𝟖 𝛀 𝐦  

𝑹  = ? 

 

SOLUTION: 

            𝑹 =  
𝝆   𝑳

𝑨
 

           𝑹 =  
(𝟏.𝟕𝟐 𝐱 𝟏𝟎−𝟖)   (𝟐.𝟓 𝐱 𝟏𝟎−𝟔)

𝟏𝟐
 

           𝑹 = 𝟎. 𝟔𝟖𝟖 𝛀  

 

 

2 A 20-meter length of cable has a cross-sectional area of 1mm2 and a resistance of 

5 Ω .  Calculate the conductivity of the cable. 

 

Data: 
 

𝑳  =  𝟐𝟎𝟎 𝐦 

𝑨  =    𝟏 𝐦𝐦𝟐  =    𝟏 × 𝟏𝟎−𝟔  𝒎 

𝑹  =  𝟓 𝛀 

𝝆 =  ?  

 

SOLUTION: 
Conductivity is given by 

                    𝝈 =  
  𝑳

𝑹   𝑨
 

                  𝝈 =  
𝟐𝟎𝟎

(𝟓)   (𝟏 𝐱 𝟏𝟎−𝟔)
 

                  𝝈 =  𝟒 × 𝟏𝟎𝟕 𝑺/𝒎   

                

 

3 Determine the equivalent resistance for each of the two circuits shown below 

 



Three resistors are in series 

𝑹  =   𝑹𝟏  +    𝑹𝟐   +   𝑹𝟑 

𝑹  =   𝟒 +    𝟏  +   𝟒 

𝑹  =   𝟗 𝛀 

      Three resistors are in series 

     
𝟏

𝐑 
 =   

𝟏

𝐑𝟏
 +   

𝟏

𝐑𝟐
  +   

𝟏

𝐑𝟑
     

       
𝟏

𝐑 
 =   

𝟏

𝟐𝟎𝟎
 +   

𝟏

𝟒𝟕𝟎
  +   

𝟏

𝟐𝟐𝟎
       

𝟏

𝐑 
 =  𝟎. 𝟎𝟎𝟓 +   𝟎. 𝟎𝟎𝟐𝟏𝟐  +  𝟎. 𝟎𝟎𝟒𝟓𝟒 

𝟏

𝐑 
 =  𝟎. 𝟏𝟏𝟔𝟔 

𝑹 =  𝟖𝟓. 𝟕𝟔 𝛀 

 

4 Find the equivalent resistance of the given circuit.  

 

Two resistors 𝑹𝟐  𝒂𝒏𝒅 𝑹𝟑   are in series 

𝑹𝟓   =   𝑹𝟐   +   𝑹𝟑 

𝑹𝟓 =   𝟖 +    𝟒  =   𝟏𝟐 𝛀  

New circuit is 

 
 

 Two resistors 𝑹𝟒  𝒂𝒏𝒅 𝑹𝟓   are in parallel 

         
𝟏

𝐑𝟔 
 =   

𝟏

𝐑𝟒
 +   

𝟏

𝐑𝟓
       

       
𝟏

𝐑𝟔 
 =   

𝟏

𝟏𝟐
 +   

𝟏

𝟏𝟐
=

𝟐

𝟏𝟐
 =  

𝟏

𝟔
       

            𝐑𝟔 = 𝟔 𝛀  

New circuit is 

 
 Two resistors 𝑹𝟏  𝒂𝒏𝒅 𝑹𝟔   are in series 

𝑹𝒆   =   𝑹𝟏   +   𝑹𝟔 

𝑹𝟓 =   𝟔 +    𝟔   

𝑹𝟓 =   𝟏𝟐  𝛀    

 

 

 

 

 



5 A silver wire 2-m long is to have a resistance of 0.5  .What should its diameter 

be ? ( = 1.52 × 10–8  . m) 

 

Data: 
 

𝑳  =  𝟐 𝐦 

𝑹 =    𝟎. 𝟓 𝛀  

𝑫 =  ? 

𝝆 =   𝟏. 𝟓𝟐 𝐱 𝟏𝟎−𝟖 𝛀 𝐦  

SOLUTION: 

            𝑹 =  
𝝆   𝑳

𝑨
 

            𝑹 =  
𝝆   𝑳

𝝅  𝒓𝟐 

               𝒓𝟐 =  
𝝆   𝑳

𝝅 𝑹
 

 

       𝒓𝟐 =  
𝝆   𝑳

𝝅 𝑹
 

      𝒓𝟐 =  
(𝟏.𝟓𝟐 𝐱 𝟏𝟎−𝟖)   (𝟐)

𝟑.𝟏𝟒𝟐  ×𝟎.𝟓
 

      𝒓𝟐 = 𝟏. 𝟗𝟑𝟓 × 𝟏𝟎−𝟖  

         𝒓 = √𝟏. 𝟗𝟑𝟓 × 𝟏𝟎−𝟖 

         𝒓 = 𝟏. 𝟑𝟗𝟏 × 𝟏𝟎−𝟒 𝒎 

𝑫 = 𝟐 × 𝟏. 𝟑𝟗𝟏 × 𝟏𝟎−𝟒 𝒎 

𝑫 = 𝟐. 𝟕𝟖𝟐 × 𝟏𝟎−𝟒 𝒎 

 

6 An electric drill rated at 400 W is connected to a 240 V power line. How much 

current does it draw ? 

Data: 
 

𝑷 =  𝟒𝟎𝟎 𝐖 

𝑽 =    𝟐𝟒𝟎 𝐕 

𝑰 = ? 

 

SOLUTION: 
𝑷 =   𝑽 𝑰        

𝐈 =   
𝐏

𝐕
  =   

𝟒𝟎𝟎

𝟐𝟒𝟎
              

𝐈 =   𝟏. 𝟔𝟔 𝐀 

 

 

7 A source of what potential difference is needed to charge a battery of 24V e.m.f. 

and internal resistance of 0.1   at a rate of 70 A? 

 

Data: 
 

𝑬 =  𝟐𝟒 𝐕 

𝒓 =   𝟎. 𝟏   

𝑰 =  𝟕𝟎 𝑨 

 

SOLUTION: 
𝑽 =   𝑬 + 𝑰 𝑹        

𝑽 =   𝟐𝟒 + (𝟖𝟎 ×  𝟎. 𝟏)        

𝑽 =   𝟐𝟒 + 𝟖 

𝑽 =   𝟑𝟐 𝑽 

 

 



8 A battery of 20 V is connected to a 10  load and a current of 1.8 A flows. Find 

the internal resistance of the battery and its terminal voltage. 

Data: 
 

𝑬 =  𝟐𝟎 𝐕 

𝑹 =   𝟏𝟎   

𝑰 =  𝟏. 𝟖 𝑨 

𝒓 = ? 

 

 

SOLUTION: 
𝑬 =   𝑽 − 𝑰 𝑹        

𝑬 =   (𝑰  𝑹) − 𝑰 𝒓        

𝟐𝟎 =   (𝟏. 𝟖  ×     𝟏𝟎) −  (𝟏. 𝟖 ×  𝒓)        

𝟐𝟎 =   𝟏𝟖 −     𝟏. 𝟖 𝒓 

𝟐𝟎 −   𝟏𝟖 =  𝟏. 𝟖 𝒓 

𝟐 =  𝟏. 𝟖 𝒓 

𝟐

𝟏. 𝟖 
=   𝒓 

𝟏. 𝟏𝟏  =   𝒓 

Terminal p.d 

𝑽 =   𝑰  𝑹    =   𝟏. 𝟖 × 𝟏𝟎  =   𝟏𝟖 𝑽 

 

 

9 Find the resistance at 50C of a copper wire 2 mm in diameter and 3m long  

( = 1.60 × 10–8 . m,     = 0.0039  C–1) 

 

Data: 
 

𝑳  =  𝟑 𝐦 

𝑹𝒕 =  ?  

𝑫 =   𝟐𝐦𝐦 

𝒓 =
𝑫

𝟐
 =

𝟐

𝟐
= 𝟏 𝒎𝒎 = 𝟏 × 𝟏𝟎−𝟑𝒎 

𝝆 =   𝟏. 𝟔 𝐱 𝟏𝟎−𝟖 𝛀 𝐦  

𝜶 =   𝟎. 𝟎𝟎𝟑𝟗  𝐂– 𝟏   
SOLUTION: 

            𝑹𝟎 =  
𝝆   𝑳

𝑨
 

            𝑹𝟎 =  
𝝆   𝑳

𝝅  𝒓𝟐 

 

      𝑹𝟎 =  
(𝟏.𝟔 𝐱 𝟏𝟎−𝟖)   (𝟑)

(𝟑.𝟏𝟒𝟐)  (𝟏 × 𝟏𝟎−𝟑)𝟐 

          𝑹𝟎 =  𝟏. 𝟓𝟐 × 𝟏𝟎−𝟐  . 

          𝑹𝒕  =   𝑹𝟎  [𝟏  +   𝜶 ∆𝑻 ]  

𝑹𝒕  = 𝟏. 𝟓𝟐 × 𝟏𝟎−𝟐  [𝟏 +  (𝟎. 𝟎𝟎𝟑𝟗) (𝟓𝟎 − 𝟎) ] 

𝑹𝒕  = 𝟏. 𝟓𝟐 × 𝟏𝟎−𝟐  [𝟏 + 𝟎. 𝟏𝟗𝟓 ] 

𝑹𝒕  = 𝟎. 𝟎𝟏𝟖 =   𝟏. 𝟖 × 𝟏𝟎−𝟐 .  

 

 

 



10 A given battery has a l 2V emf and an internal resistance of 0.1.Ω Calculate its 

terminal voltage when connected to a I0 Ω load. If the internal resistance grows to 

0.5.Ω, find the current and terminal voltage 
 

Data: 
 

𝑬 =  𝟏𝟐 𝐕 

𝒓 =   𝟎. 𝟏   

𝑹 =  𝟏𝟎 𝛀 

𝑰 = ?  

𝑽 =? 

SOLUTION: 
Case 1: Internal Resistance of 0.1Ω 

 
𝑬 =  𝑽 +   𝑰 𝒓        

𝑬 =   𝑰𝑹 +    𝑰 𝒓        

𝑬 = (  𝑹 +   𝒓)𝑰        

𝟏𝟐 = (  𝟏𝟎 +  𝟎. 𝟏)𝑰        

𝟏𝟐

𝟏𝟎. 𝟏
= 𝑰 

𝟏. 𝟏𝟖𝟖 𝑨 = 𝑰 

 

the terminal voltage  

𝑽𝒕 =  𝑬 −   𝑰 𝒓        

𝑽𝒕 =  𝟏𝟐 −  ( 𝟏. 𝟏𝟖𝟖 ×  𝟎. 𝟏) 

𝑽𝒕 =  𝟏𝟏. 𝟖𝟖𝟏𝟐 𝑽 

Case 1: Internal Resistance of 0.5 Ω 

 

𝑬 =  𝑽 +   𝑰 𝒓        

𝑬 =   𝑰𝑹 +    𝑰 𝒓        

𝑬 = (  𝑹 +   𝒓)𝑰        

𝟏𝟐 = (  𝟏𝟎 +  𝟎. 𝟓)𝑰        

𝟏𝟐

𝟏𝟎. 𝟓
= 𝑰 

𝟏. 𝟏𝟒𝟐𝟖 𝑨 = 𝑰 

the terminal voltage  

𝑽𝒕 =  𝑬 −   𝑰 𝒓        

𝑽𝒕 =  𝟏𝟐 −  ( 𝟏. 𝟏𝟒𝟐𝟖 ×  𝟎. 𝟓) 

𝑽𝒕 =  𝟏𝟏. 𝟒𝟐𝟖𝟔 𝑽 

 

 

11 Calculate the resistance of a tungsten wire 20m long that has a radius of 2mm. If 

the two ends of the wire are connected to a source of 24V, what is the value of 

current? 

Data: 
 

𝑳  =  𝟐𝟎 𝐦 

𝑫 =   𝟐𝐦𝐦 

𝒓 =
𝑫

𝟐
 =

𝟐

𝟐
= 𝟏 𝒎𝒎 = 𝟏 × 𝟏𝟎−𝟑𝒎 

𝝆 =   𝟓. 𝟔 𝐱 𝟏𝟎−𝟖 𝛀 𝐦  

𝑽 = 𝟐𝟒 𝑽 
𝑰 =? 

SOLUTION: 

 𝑹 =  
𝝆   𝑳

𝑨
 

 𝑹 =  
𝝆   𝑳

𝝅  𝒓𝟐 

 𝑹 =  
𝟓.𝟔 𝐱 𝟏𝟎−𝟖   (𝟐𝟎)

𝟑.𝟏𝟒𝟐  (𝟏 ×𝟏𝟎−𝟑)𝟐
 =  𝟖. 𝟕𝟓 × 𝟏𝟎−𝟐  𝛀  

 𝑰 =  
𝑽

𝑹
 =   

𝟐𝟒

𝟖.𝟕𝟓×𝟏𝟎−𝟐.
 =   𝟐𝟕𝟒. 𝟐𝟖 𝑨 

 

 


