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Unit 15                                          Electromagnetism 

Numerical Problems 
Important formulas:  

➢ Ratio formula of transformer 
𝑉𝑠

𝑉𝑝
=

𝑁𝑠

𝑁𝑝
 

➢ Equation of ideal transformer 𝑉𝑝𝐼𝑝 = 𝑉𝑠𝐼𝑠 

15.1 A transformer is needed to convert a main 240 V 
supply into a 12 V supply. If there are 2000 turns on 
the primary coil, then find the number of turns on the 
secondary coil. (ALP) 
Given Data 

𝑉𝑜𝑙𝑡𝑎𝑔𝑒 𝑎𝑐𝑟𝑜𝑠𝑠 𝑝𝑟𝑖𝑚𝑎𝑟𝑦 𝑐𝑜𝑖𝑙 = 𝑉𝑝 = 240 𝑉 

𝑉𝑜𝑙𝑡𝑎𝑔𝑒 𝑎𝑐𝑟𝑜𝑠𝑠 𝑠𝑒𝑐𝑜𝑛𝑑𝑎𝑟𝑦 𝑐𝑜𝑖𝑙 = 𝑉𝑠 = 12 𝑉 
𝑁𝑜. 𝑜𝑓 𝑡𝑢𝑟𝑛𝑠 𝑜𝑛 𝑝𝑟𝑖𝑚𝑎𝑟𝑦 𝑐𝑜𝑖𝑙 = 𝑁𝑝 = 2000 

To Find  
𝑁𝑜. 𝑜𝑓 𝑡𝑢𝑟𝑛𝑠 𝑜𝑛 𝑠𝑒𝑐𝑜𝑛𝑑𝑎𝑟𝑦 𝑐𝑜𝑖𝑙 = 𝑁𝑠 =  ? 

 
Solution  
By using ratio formula of transformer 

 
𝑉𝑠

𝑉𝑝
=

𝑁𝑠

𝑁𝑝
 

𝑁𝑠 =
𝑉𝑠𝑁𝑝

𝑉𝑝
 

𝑁𝑠 =
(12)(2000)

240
 

𝑵𝒔 = 𝟏𝟎𝟎 𝒕𝒖𝒓𝒏𝒔  

15.2 A step-up transformer has a turn ratios of 𝟏 ∶
 𝟏𝟎𝟎. An alternating supply of 𝟐𝟎 𝑽 is connected 
across the primary coil. What is the secondary 
voltage? (ALP) 
Given Data 

𝑇𝑢𝑟𝑛 𝑟𝑎𝑡𝑖𝑜 𝑜𝑓 𝑠𝑡𝑒𝑝 𝑢𝑝 𝑡𝑟𝑎𝑛𝑠𝑓𝑜𝑟𝑚𝑒𝑟 =
𝑁𝑝

𝑁𝑠
= 1 ∶  100 

𝑁𝑜. 𝑜𝑓 𝑡𝑢𝑟𝑛𝑠 𝑜𝑛 𝑝𝑟𝑖𝑚𝑎𝑟𝑦 𝑐𝑜𝑖𝑙 = 𝑁𝑝 = 1 

𝑁𝑜. 𝑜𝑓 𝑡𝑢𝑟𝑛𝑠 𝑜𝑛 𝑠𝑒𝑐𝑜𝑛𝑑𝑎𝑟𝑦 𝑐𝑜𝑖𝑙 = 𝑁𝑠 = 100 
𝑉𝑜𝑙𝑡𝑎𝑔𝑒 𝑎𝑐𝑟𝑜𝑠𝑠 𝑝𝑟𝑖𝑚𝑎𝑟𝑦 𝑐𝑜𝑖𝑙 = 𝑉𝑝 = 20 𝑉 

To Find  
𝑉𝑜𝑙𝑡𝑎𝑔𝑒 𝑎𝑐𝑟𝑜𝑠𝑠 𝑠𝑒𝑐𝑜𝑛𝑑𝑎𝑟𝑦 𝑐𝑜𝑖𝑙 = 𝑉𝑠 =  ? 

 
Solution  
By using ratio formula of transformer 

 
𝑉𝑠

𝑉𝑝
=

𝑁𝑠

𝑁𝑝
 

𝑉𝑠 =
𝑁𝑠𝑉𝑝

𝑁𝑝
 

𝑉𝑠 =
(100)(20)

1
 

𝑽𝒔 = 𝟐𝟎𝟎𝟎 𝑽 

15.3 A step-down transformer has a turns ratio of 
𝟏𝟎𝟎 ∶  𝟏. An ac voltage of amplitude 𝟏𝟕𝟎 𝑽 is applied 
to the primary. If the current in the primary is 
𝟏. 𝟎 𝒎𝑨, what is the current in the secondary? (ALP) 
Given Data 

𝑇𝑢𝑟𝑛 𝑟𝑎𝑡𝑖𝑜 𝑜𝑓 𝑠𝑡𝑒𝑝 𝑑𝑜𝑤𝑛 𝑡𝑟𝑎𝑛𝑠𝑓𝑜𝑟𝑚𝑒𝑟 =
𝑁𝑝

𝑁𝑠

= 100 ∶  1 

𝑁𝑜. 𝑜𝑓 𝑡𝑢𝑟𝑛𝑠 𝑜𝑛 𝑝𝑟𝑖𝑚𝑎𝑟𝑦 𝑐𝑜𝑖𝑙 = 𝑁𝑝 = 100 

𝑁𝑜. 𝑜𝑓 𝑡𝑢𝑟𝑛𝑠 𝑜𝑛 𝑠𝑒𝑐𝑜𝑛𝑑𝑎𝑟𝑦 𝑐𝑜𝑖𝑙 = 𝑁𝑠 = 1 
𝑉𝑜𝑙𝑡𝑎𝑔𝑒 𝑎𝑐𝑟𝑜𝑠𝑠 𝑝𝑟𝑖𝑚𝑎𝑟𝑦 𝑐𝑜𝑖𝑙 = 𝑉𝑝 = 170 𝑉 

𝐶𝑢𝑟𝑟𝑒𝑛𝑡 𝑖𝑛 𝑡ℎ𝑒 𝑝𝑟𝑖𝑚𝑎𝑟𝑦 𝑐𝑜𝑖𝑙 = 𝐼𝑝 = 1.0 𝑚𝐴 
𝐼𝑝 = 1.0 × 10−3𝐴 

To Find  
𝐶𝑢𝑟𝑟𝑒𝑛𝑡 𝑖𝑛 𝑡ℎ𝑒 𝑠𝑒𝑐𝑜𝑛𝑑𝑎𝑟𝑦 𝑐𝑜𝑖𝑙 = 𝐼𝑠 =  ? 

Solution  
By using ratio formula of transformer, we find 𝑉𝑠 

 
𝑉𝑠

𝑉𝑝
=

𝑁𝑠

𝑁𝑝
 

𝑉𝑠 =
𝑁𝑠𝑉𝑝

𝑁𝑝
 

𝑉𝑠 =
(1)(170)

100
 

𝑉𝑠 = 1.7 𝑉 
Now, by using equation of ideal transformer 

𝑉𝑝𝐼𝑝 = 𝑉𝑠𝐼𝑠 

𝐼𝑠 =
𝑉𝑝𝐼𝑝

𝑉𝑠
 

𝐼𝑠 =
(170)(1.0 × 10−3)

1.7
 

𝑰𝒔 = 𝟎. 𝟏 𝑨 

15.4 A transformer, designed to convert the voltage 
from 𝟐𝟒𝟎 𝑽 a.c mains to 𝟏𝟐 𝑽, has 𝟒𝟎𝟎𝟎 𝒕𝒖𝒓𝒏𝒔 on 
the primary coil. How many turns should be on the 
secondary coil? If the transformer were 
𝟏𝟎𝟎% efficient, what current would flow through 
the primary coil when the current in the secondary 
coil was 𝟎. 𝟒 𝑨? (ALP) 
Given Data 

𝑉𝑜𝑙𝑡𝑎𝑔𝑒 𝑎𝑐𝑟𝑜𝑠𝑠 𝑝𝑟𝑖𝑚𝑎𝑟𝑦 𝑐𝑜𝑖𝑙 = 𝑉𝑝 = 240 𝑉 

𝑉𝑜𝑙𝑡𝑎𝑔𝑒 𝑎𝑐𝑟𝑜𝑠𝑠 𝑠𝑒𝑐𝑜𝑛𝑑𝑎𝑟𝑦 𝑐𝑜𝑖𝑙 = 𝑉𝑠 = 12 𝑉 
𝑁𝑜. 𝑜𝑓 𝑡𝑢𝑟𝑛𝑠 𝑜𝑛 𝑝𝑟𝑖𝑚𝑎𝑟𝑦 𝑐𝑜𝑖𝑙 = 𝑁𝑝 = 4000 

𝐶𝑢𝑟𝑟𝑒𝑛𝑡 𝑖𝑛 𝑡ℎ𝑒 𝑠𝑒𝑐𝑜𝑛𝑑𝑎𝑟𝑦 𝑐𝑜𝑖𝑙 = 𝐼𝑠 = 0.4 𝐴 
To Find  

𝑁𝑜. 𝑜𝑓 𝑡𝑢𝑟𝑛𝑠 𝑜𝑛 𝑠𝑒𝑐𝑜𝑛𝑑𝑎𝑟𝑦 𝑐𝑜𝑖𝑙 = 𝑁𝑠 =  ? 
𝐶𝑢𝑟𝑟𝑒𝑛𝑡 𝑖𝑛 𝑡ℎ𝑒 𝑝𝑟𝑖𝑚𝑎𝑟𝑦 𝑐𝑜𝑖𝑙 = 𝐼𝑝 = ? 

Solution  
By using ration formula of transformer 

 
𝑉𝑠

𝑉𝑝
=

𝑁𝑠

𝑁𝑝
 

𝑁𝑠 =
𝑉𝑠𝑁𝑝

𝑉𝑝
 

𝑁𝑠 =
(12)(4000)

240
 

𝑵𝒔 = 𝟐𝟎𝟎  

Now, by using equation of ideal transformer 

𝑉𝑝𝐼𝑝 = 𝑉𝑠𝐼𝑠 

𝐼𝑝 =
𝑉𝑠𝐼𝑠

𝑉𝑝
 

𝐼𝑝 =
(12)(0.4)

240
 

𝑰𝒑 = 𝟎. 𝟎𝟐 𝑨 
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15.5 A power station generates 𝟓𝟎𝟎 𝑴𝑾 of electrical 
power which is fed to a transmission line. What 
current would flow in the transmission line, if the 
input voltage is 𝟐𝟓𝟎 𝒌𝑽? 
Given Data 

𝑃𝑜𝑤𝑒𝑟 𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑒𝑑 = 𝑃 = 500 𝑀𝑊 
𝑃 = 500 × 106 𝑊 

𝐼𝑛𝑝𝑢𝑡 𝑉𝑜𝑙𝑡𝑎𝑔𝑒 = 𝑉 = 250 𝑘𝑉 
𝑉 = 250 × 103 𝑉 

To Find  
𝐴𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑐𝑢𝑟𝑟𝑒𝑛𝑡 =  𝐼 =  ? 

 
Solution  
By using formula of power 

𝑃 = 𝐼𝑉 

𝐼 =
𝑃

𝑉
 

𝐼 =
500 × 106

250 × 103
 

𝐼 = 2000 𝐴 

𝑰 = 𝟐 × 𝟏𝟎𝟑 𝑨 

Examples 
15.1 If a transformer is used to supply voltage to a 
𝟏𝟐 𝑽 model train which draws a current of 𝟎. 𝟖 𝑨. 
Calculate the current in the primary if the voltage of 
the a.c. source is 𝟐𝟒𝟎 𝑽. (ALP) 
Given Data 

𝑉𝑜𝑙𝑡𝑎𝑔𝑒 𝑎𝑐𝑟𝑜𝑠𝑠 𝑝𝑟𝑖𝑚𝑎𝑟𝑦 𝑜𝑖𝑙 = 𝑉𝑝 = 240 𝑉 

𝑉𝑜𝑙𝑡𝑎𝑔𝑒 𝑎𝑐𝑟𝑜𝑠𝑠 𝑠𝑒𝑐𝑜𝑛𝑑𝑎𝑟𝑦 𝑐𝑜𝑖𝑙 = 𝑉𝑠 = 12 𝑉 
𝐶𝑢𝑟𝑟𝑒𝑛𝑡 𝑖𝑛 𝑡ℎ𝑒 𝑠𝑒𝑐𝑜𝑛𝑑𝑎𝑟𝑦 𝑐𝑜𝑖𝑙 = 𝐼𝑠 = 0.8 𝐴 

To Find  
𝐶𝑢𝑟𝑟𝑒𝑛𝑡 𝑖𝑛 𝑡ℎ𝑒 𝑝𝑟𝑖𝑚𝑎𝑟𝑦 𝑐𝑜𝑖𝑙 = 𝐼𝑝 =  ? 

 
Solution  
Now, by using equation of ideal transformer 

𝑉𝑝𝐼𝑝 = 𝑉𝑠𝐼𝑠 

𝐼𝑝 =
𝑉𝑠𝐼𝑠

𝑉𝑝
 

𝐼𝑠 =
(12)(0.8)

240
 

𝑰𝒔 = 𝟎. 𝟎𝟒 𝑨 
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