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UNIT-19 

ELECTROMAGNETIC INDUCTION  
 1 Two coils are placed adjacent to each other, and a change in current in the first coil 

induces an emf of 0.5 V in the second coil. If the mutual inductance is 0.2 H, calculate 
the rate of change of current in the first coil. (2.5A/s). 

Data: 

(𝒆𝒎𝒇)𝑺 = (𝜀𝑠) = 𝟎. 𝟓 𝐕 

𝑴 = 𝟎. 𝟐 𝐇 

∆𝑰𝑷

∆𝒕
= ? 

 

SOLUTION: 

𝜀𝑠  = 𝑀 ( 
∆𝐼𝑃

∆𝑡
) 

 ( 
∆𝐼𝑃

∆𝑡
) =  

𝜀𝑆

𝑀
  

 ( 
∆𝐼𝑃

∆𝑡
) =  

0.5

0.2
 

( 
∆𝐼𝑃

∆𝑡
) =  2.5  𝐴/𝑠 

 

 
2  A coil with an inductance of 0.5 H experiences a rate of change of current of 2 A/s. 

Calculate the induced EMF in the coil.  

Data: 

𝑴 = 𝟎. 𝟓 𝐇 

∆𝑰𝑷

∆𝒕
=  𝟐 𝐀/𝐬 

(𝒆𝒎𝒇)𝑺 =? 

 

SOLUTION: 

(𝑒𝑚𝑓)𝑠  = −𝑀 ( 
∆𝐼𝑃

∆𝑡
) 

(𝑒𝑚𝑓)𝑠  = −(0.5) (2) 

(𝑒𝑚𝑓)𝑠  = −1.0 𝑉 

 

 

3 Two coils are placed close to each other. If a change in current of 3 A/s in the first 
coil induces an EMF of 4 V in the second coil, calculate the mutual inductance.  

 

Data: 

𝑴 = 𝟎. 𝟓 𝐇 

∆𝑰𝑷

∆𝒕
=  𝟐 𝐀/𝐬 

(𝒆𝒎𝒇)𝑺 =? 

 

SOLUTION: 

(𝒆𝒎𝒇)𝒔  = −𝑴 ( 
∆𝑰𝑷

∆𝒕
) 

(𝒆𝒎𝒇)𝒔  = −(𝟎. 𝟓) (𝟐) 

(𝒆𝒎𝒇)𝒔  = −𝟏. 𝟎 𝑽 
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 3 Two coils are placed close to each other. If a change in current of 3 A/s in the first 

coil induces an EMF of 4 V in the second coil, calculate the mutual inductance.  
 

Data: 

∆𝑰𝑷

∆𝒕
=  𝟑 𝐀/𝐬 

(𝒆𝒎𝒇)𝑺 = 𝟒 𝑽 

𝑴 = ? 

SOLUTION: 

(𝒆𝒎𝒇)𝒔  = 𝑴 ( 
∆𝑰𝑷

∆𝒕
) 

𝟒 = 𝑴 (𝟑) 

𝑴 =
𝟒

𝟑
 

𝑴 = 𝟏. 𝟑𝟑 𝑯 

 
4 A transformer has 200 turns in the primary coil and 400 turns in the secondary coil. If 

the primary voltage is 120 V, calculate the secondary voltage for a step-up 
transformer.  

Data: 

𝑵𝑷 =   𝟐𝟎𝟎 𝐭𝐮𝐫𝐧𝐬 

𝑵𝑺 =   𝟒𝟎𝟎 𝐭𝐮𝐫𝐧𝐬 

𝑽𝑷 = 𝟏𝟐𝟎 

To-determine 

𝑽𝑺 =? 

SOLUTION: 
𝑽𝑺

𝑽𝑷
=

𝑵𝑺

𝑵𝑷
 

𝑽𝑺

𝟏𝟐𝟎
=

𝟒𝟎𝟎

𝟐𝟎𝟎
 

𝑽𝑺 =
𝟒𝟎𝟎

𝟐𝟎𝟎
 × 𝟏𝟐𝟎 

𝑽𝑺 = 𝟐𝟒𝟎 𝑽 

 
5 An inductor with an inductance of 0.02 H has a current flowing through it of 2 A. 

Calculate the energy stored in the inductor.  

Data: 

𝑳 =   𝟎. 𝟎𝟐 𝐇 

𝑰 =  𝟐 𝐀 

To-determine 

𝑬 =? 

 

SOLUTION: 

𝑬 =
𝟏

𝟐
𝑳 𝑰𝟐 

𝑬 =
𝟏

𝟐
(𝟎. 𝟎𝟐) (𝟐)𝟐 

𝑬 = 𝟎. 𝟎𝟒 𝑱 
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 6 A coil stores energy in the form of electric potential energy of 0.2 J when it carries a 

current of 2A. Calculate the inductance of the coil.  
 

Data: 

𝑬 =   𝟎. 𝟐 𝐉 

𝑰 =  𝟐 𝐀 

To-determine 

𝑳 =? 

SOLUTION: 

𝑬 =
𝟏

𝟐
𝑳 𝑰𝟐 

𝟎. 𝟐 =
𝟏

𝟐
× 𝑳 × (𝟐)𝟐 

𝑳 = 𝟎. 𝟏 𝑯 

 
7 An AC generator produces an alternating current with a maximum voltage of 240 V. If 

The frequency of the generated AC is 50 Hz. Calculate the peak value of the voltage. 
 

Data: 

𝑽𝒎𝒂𝒙 =  𝑽𝒓𝒎𝒔  =   𝟐𝟒𝟎 𝐕 

𝒇 =  𝟓𝟎 𝐇𝐳 

To-determine 

𝑽𝒑𝒆𝒂𝒌 =? 

SOLUTION: 
The root mean square voltage for an AC 

generator is given by: 

𝑽𝒓𝒎𝒔 =   
𝑽𝒑𝒆𝒂𝒌

√𝟐
 

𝑽𝒑𝒆𝒂𝒌 = √𝟐   𝑽𝒓𝒎𝒔 

𝑽𝒑𝒆𝒂𝒌 = √𝟐   (𝟐𝟒𝟎) 

𝑽𝒑𝒆𝒂𝒌 = 𝟑𝟗𝟗. 𝟒 𝑽 

 
8 A transformer has 1000 turns in its primary coil and 200 turns in its secondary coil. If 

The primary voltage is 120 V.  Calculate the secondary voltage for a step-down 
transformer.  

Data: 

𝑵𝑷 =   𝟏𝟎𝟎𝟎 𝐭𝐮𝐫𝐧𝐬 

𝑵𝑺 =   𝟐𝟎𝟎 𝐭𝐮𝐫𝐧𝐬 

𝑽𝑷 = 𝟏𝟐𝟎 𝑽 

To-determine 

𝑽𝑺 =? 

SOLUTION: 
𝑽𝑺

𝑽𝑷
=

𝑵𝑺

𝑵𝑷
 

𝑽𝑺

𝟏𝟐𝟎
=

𝟐𝟎𝟎

𝟏𝟎𝟎𝟎
 

𝑽𝑺 =
𝟐𝟎𝟎

𝟏𝟎𝟎𝟎
 × 𝟏𝟐𝟎 

𝑽𝑺 = 𝟐𝟒 𝑽 
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 9 A conductor of length 0.4 m moves at a velocity of 5 m/s perpendicular to a magnetic 

field of 0.3 T. Calculate the motional EMF induced in the conductor.  
 

Data: 

𝑳 =   𝟎. 𝟒 𝐦 

𝒗 =  𝟓  𝐦/𝐬 

𝑩 =   𝟎. 𝟑 𝐓 

To-determine 

𝒆𝒎𝒇 =? 

SOLUTION: 

𝒆𝒎𝒇 = 𝑩𝒗 𝑳 

𝒆𝒎𝒇 = 𝟎. 𝟑 × 𝟓 ×  𝟎. 𝟒 

𝒆𝒎𝒇 = 𝟎. 𝟔 𝑽 

 

 
1 A coil with 200 turns and an area of 0.03 square meters is placed in a 

uniform magnetic field of 0.4 Tesla. The coil is quickly pulled out of the 
magnetic field in 0.2 seconds. Calculate the induced electromotive force 
(emf) in the coil and determine the direction of the induced current. 

 

Data: 

𝑵 =  𝟐𝟎𝟎 𝐭𝐮𝐫𝐧𝐬 

𝑨 =  𝟎. 𝟎𝟑 𝐦𝟐 

𝑩 =   𝟎. 𝟒 𝐓 

∆𝒕 =   𝟎. 𝟐 𝐬 

To-determine 

𝒆𝒎𝒇 =? 

SOLUTION: 

Magnetic flux is given by 

𝜱𝟏  = 𝑩𝑨 

𝜱𝟏  = (𝟎. 𝟒)(𝟎. 𝟎𝟑)  = 𝟎. 𝟎𝟏𝟐 𝑾𝒃 

𝜱𝟐  =   𝟎 

𝒆𝒎𝒇 = −𝑵 
∆𝜱

∆𝒕
  = −𝑵  

𝜱𝟐  −  𝜱𝟏

∆𝒕
 

𝒆𝒎𝒇 = −(𝟐𝟎𝟎) ( 
𝟎 −  𝟎. 𝟎𝟏𝟐

𝟎. 𝟐
) 

𝒆𝒎𝒇 = 𝟏𝟐 𝑽 

 

WORKED EXAMPLES
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 2 Suppose a step-up transformer has 200 turns in the primary coil and 800 

turns in the secondary coil. If the voltage in the primary coils is 120 volts, 
calculate the voltage in the secondary coil. 

Data: 

𝑵𝑷 =   𝟐𝟎𝟎 𝐭𝐮𝐫𝐧𝐬 

𝑵𝑺 =   𝟖𝟎𝟎 𝐭𝐮𝐫𝐧𝐬 

𝑽𝑷 = 𝟏𝟐𝟎 𝑽 

To-determine 

𝑽𝑺 =? 

SOLUTION: 
𝑽𝑺

𝑽𝑷
=

𝑵𝑺

𝑵𝑷
 

𝑽𝑺

𝟏𝟐𝟎
=

𝟖𝟎𝟎

𝟐𝟎𝟎
 

𝑽𝑺 =
𝟖𝟎𝟎

𝟐𝟎𝟎
 × 𝟏𝟐𝟎 

𝑽𝑺 = 𝟒𝟖𝟎 𝑽 

 
3 Let a step-down transformer have 600 turns in the primary coil and 150 

turns in the secondary coil. The voltage in the primary coil is 240 volts. 
Calculate the voltage in the secondary coil.  

 

Data: 

𝑵𝑷 =   𝟔𝟎𝟎 𝐭𝐮𝐫𝐧𝐬 

𝑵𝑺 =   𝟏𝟓𝟎 𝐭𝐮𝐫𝐧𝐬 

𝑽𝑷 = 𝟐𝟒𝟎 𝑽 

To-determine 

𝑽𝑺 =? 

SOLUTION: 
𝑽𝑺

𝑽𝑷
=

𝑵𝑺

𝑵𝑷
 

𝑽𝑺

𝟐𝟒𝟎
=

𝟏𝟓𝟎

𝟔𝟎𝟎
 

𝑽𝑺 =
𝟏𝟓𝟎

𝟔𝟎𝟎
 × 𝟐𝟒𝟎 

𝑽𝑺 = 𝟔𝟎 𝑽 

 
4 A straight conductor of length L = 0.5 meters moves at a velocity of 2 m/s 

perpendicular to a magnetic field B = 0.1 Tesla. Calculate the motional emf 
induced in the conductor. 

Data: 

𝑳 =   𝟎. 𝟓 𝐦 

𝒗 =  𝟐  𝐦/𝐬 

𝑩 =   𝟎. 𝟏 𝐓 

To-determine 

𝒆𝒎𝒇 =? 

SOLUTION: 

𝒆𝒎𝒇 = 𝑩𝒗 𝑳 

𝒆𝒎𝒇 = 𝟎. 𝟏 × 𝟐 ×  𝟎. 𝟓 

𝒆𝒎𝒇 = 𝟎. 𝟏 𝑽 
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 5 An AC generator consists of a coil of 800 turns and a cross-sectional area 

of 2.5 m2. The coil is placed in a uniform magnetic field of 0.05 T, and it is 
rotated with an angular speed of 50 rad/sec. If the resistance of the coil is 
200 Ω, then find the maximum current produced by the generator: 

 

Data: 

𝑵 =   𝟖𝟎𝟎 

𝑨 =  𝟐. 𝟓   𝐦𝟐 

𝑩 =   𝟎. 𝟎𝟓 𝐓 

𝝎 =   𝟓𝟎 𝐫𝐚𝐝/𝐬 

𝑹 =  𝟐𝟎𝟎 Ω 

To-determine 

𝑰𝒎𝒂𝒙 =? 

SOLUTION: 

𝒆𝒎𝒇 𝒎𝒂𝒙 = 𝑵𝑩𝑨𝝎 

𝑰 𝒎𝒂𝒙 × 𝑹 = 𝑵𝑩𝑨𝝎 

 

𝑰 𝒎𝒂𝒙 =
𝑵𝑩𝑨𝝎

𝑹
 

𝑰 𝒎𝒂𝒙 =
(𝟖𝟎𝟎)(𝟎. 𝟎𝟓)(𝟐. 𝟓)(𝟓𝟎)

𝟐𝟎𝟎
 

𝑰 𝒎𝒂𝒙 =
𝟓𝟎𝟎𝟎

𝟐𝟎𝟎
 

𝑰 𝒎𝒂𝒙 = 𝟐𝟓 𝑨 

 
6 What is the mutual inductance of a pair of coils if a current change of 6 

amperes in one coil causes the flux in the second coil of 2000 turns to 
change by 12 x10-4 wb? 

 

Data: 

∆𝑰𝑷 =  𝟔 𝐀 

𝑵𝑺 = 𝟐𝟎𝟎𝟎 𝒕𝒖𝒓𝒏𝒔 

∆𝜱𝑺 =  𝟏𝟐 × 𝟏𝟎−𝟒 𝑾𝒃 

To-determine 

𝑴 = ? 

SOLUTION: 
We know,  

(𝒆𝒎𝒇)𝑺 = −𝑴 
∆𝑰𝒑

∆𝒕
 

−𝑵𝑺

(∆𝜱)𝑺

∆𝒕
= −𝑴 

∆𝑰𝒑

∆𝒕
 

𝑵𝑺 (∆𝜱)𝑺 = 𝑴 ∆𝑰𝒑 

𝟐𝟎𝟎𝟎 × 𝟏𝟐 × 𝟏𝟎−𝟒 = 𝑴 ×  𝟔 

𝟐. 𝟒 = 𝑴 ×  𝟔 

𝑴 = 𝟎. 𝟒 𝑯        𝒐𝒓    𝟒𝟎𝟎 𝒎𝑯 

 


