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1. Define the term ‘wattless current’. 
Ans.   If due to the flow of Currant in a circuit , the average power Consumed is zero, the Current is said to be 
idle or Wattless.                   
Example : In pure Inductor circuit ,   In pure Capacitor circuit.  

 
2. Calculate the quality factor of a series L-C-R circuit with L = 2.0 H, C = 2 μF and R = 10 Ω. Mention 

the significance of quality factor in L-C-R circuit.      (Ans. 100)   

Ans. Given,  𝐿 = 2.0 𝐻 

   𝐶 = 2 μF 

       = 2 × 10−6 F 

   𝑅 = 10 Ω 

 Now, Q- factor = 
1

𝑅
 √

𝐿

𝐶
 

   = 
1

10
 √

2

2 × 10−6
 = 

1

10 × 10−3
 

   = 
1

10−2
 = 100 

 Quality factor is also defined as 

  𝑄 =  2𝜋𝑓 × 
Energy stored

Power loss
 

So, higher the value of Q means the energy loss is at lower rate relative to the energy stored, i.e., the 

oscillations will die slowly and damping would be less. 

3. An AC voltage, 𝑽 = 𝑽𝟎 𝐬𝐢𝐧 𝝎𝒕 is applied across a pure capacitor, C. Obtain an expression for the 

current I in the circuit and hence obtain the.   

i. Capacitive reactance of the circuit and 

ii. The phase of the current flowing with respect to the applied voltage.  

     

  Ans. (i) Let alternating voltage, 𝑉 = 𝑉0 sin 𝜔𝑡 is applied across a capacitor C. At any instant, the 

potential difference across the capacitor is equal to applied voltage. 

   
   𝑉 = 𝑉0 sin 𝜔𝑡     …(i) 

 ∴ V = Potential difference across the capacitor = 
𝑞

𝐶
 

 ⇒  𝑞 = 𝐶𝑉 

 Or  𝑞 = 𝐶𝑉0 sin 𝜔𝑡 
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 ∴  
𝑑𝑞

𝑑𝑡
 = ω 𝐶 𝑉0 cos 𝜔𝑡 

 Or  𝐼 = 
𝑉0

(
1

𝜔𝐶
)
 cos 𝜔𝑡 

 Or  𝐼 = 𝐼0 sin (𝜔𝑡 + 
𝜋
2

)     …(ii) 

 Where,  𝐼0 = 
𝑉0

(
1

𝜔𝐶
)
 = 

𝑉0

𝑋𝐶
  

 Capacitive reactance, 𝑋𝐶 = 
1

𝜔𝐶
  

 (ii) From Eqs. (i) and (ii), current leads the voltage by phase 
𝜋

2
 . 

   

4. State the principle of a step-up transformer. Explain with the help of a labelled diagram, its 

working. 

 

Ans. (i) Principle of transformer:  A transformer is based on the principle of mutual induction, i.e., 

whenever the amount of magnetic flux linked with a coil changes, an emf is induced in the neighbouring 

coil. 

   

5. A step-up down transformer operated on a 2.5 kV line. It supplies a load with 20 A. The ratio of 

the primary winding to the secondary is 10 : 1. If the transformer is 90% efficient, calculate  

i. The power output 

ii. The voltage and 

iii. The current in the secondary coil.       (Ans.(i) 4.5 × 104 W (ii)  250 V (iii) 𝐼𝑆 = 180 A) 

                

                Ans. Given, input voltages, 𝑉𝑃 = 2.5 × 103 V 

     Input current, 𝐼𝑃 = 20 Asss 

      Also,  
𝑁𝑃

𝑁𝑆
 = 

10

1
 ⇒ 

𝑁𝑆

𝑁𝑃
 = 

1

10
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                    Percentage efficiency = 
Output power

Input power
 × 100 

 ⇒  
90

100
 = 

Output power

𝑉𝑃𝐼𝑃
 

 (i) Output power = 
90

100
 × (𝑉𝑃𝐼𝑃) 

  = 
90

100
 × (2.5 ×  103) × (20 A) = 4.5 × 104 W 

 (ii) ∴  
𝑉𝑆

𝑉𝑃
 = 

𝑁𝑆

𝑁𝑃
  ⇒ 𝑉𝑆 = 

𝑁𝑆

𝑁𝑃
 × 𝑉𝑃  

  Voltage 𝑉𝑆 = 
1

10
 × 2.5 × 103 V = 250 V 

 (iii) 𝑉𝑆 𝐼𝑆 = 4.5 ×  104 W 

  Current, 𝐼𝑆 = 
4.5 × 104 

𝑉𝑆
 = 

4.5 × 104 

250
  

     𝐼𝑆 = 180 A 

6. A resistor of 100 𝛀 and a capacitor of 100/𝝅 𝝁𝑭 are  connected in series to a 220V, 50Hz a.c. 

supply.               

(a)  Calculate the current in the circuit.               

(b)  Calculate the (rms ) voltage across the resistor and the capacitor . Do you find the algebraic 

sum of these voltages more than the source voltage? If yes, how do you resolve the paradox? 

        (Ans. (𝒂)𝟏. 𝟓𝟓 𝑨  ,  (b) 220 𝑉) 

Ans. (a) Capacitive reactance    𝑋𝐶 =  
1

𝜔𝐶 =  
1

2𝜋𝑉𝐶       

    =
1

2𝜋×50×
100

𝜋
𝜇𝐹

= 100 Ω  

 Impedance of the circuit, Z= √𝑅2 +  𝑋𝐶
2  

        

   = √(100)2 + (100)2 = 100 √2

 Current in the circuit         𝐼𝑟𝑚𝑠 =  
𝐸𝑟𝑚𝑠

𝑍
=  

220

100√2 
= 1.55 𝐴

 (b) Voltage across resistor, 𝑉𝑅 = 𝐼𝑟𝑚𝑠𝑅  

    = 155 × 100 = 155 𝑉       

  Voltage across capacitor, 𝑉𝐶 =  𝐼𝑟𝑚𝑠  × 𝐶 = 155 × 100 − 155𝑉    

 The algebraic sum of voltages across the combination is      

    𝑉𝑟𝑚𝑠 =  𝑉𝑅 + 𝑉𝐶       

    = 155𝑉 + 155𝑉 = 310𝑉      

 While𝑉𝑟𝑚𝑠 of the source is 220 V .  Yes, the  voltages across the combination is more than the

 voltage of the source. The voltage across the resistor and capacitor are not in phase.   

 This paradox can be resolved as when the current passes through the capacitor, it leads

 thevoltage VC  by phase 
𝜋

2
 . so, voltage of the source can be given as    

   𝑉𝑟𝑚𝑠 =  √𝑉𝑅
2 + 𝑉𝐶

2         

   =  √(155)2 + (155)2        

   = 155√2 = 220 𝑉  

  

7. Define power factor. State the conditions under which it is (i) maximum and (ii) minimum. 

Ans. The power factor (𝑐𝑜𝑠𝜙) is the ratio of resistance and impedance of an ac circuit i. e.,     

Power factor, 𝑐𝑜𝑠𝜙 =
𝑅

𝑍
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8. A coil of inductance 0.50H and resistance 100  𝛀  is connected to a 240 V, 50 Hz ac supply.  

(a) What is the maximum current in the coil? 

(b) What is the time lag between the voltage maximum and the current maximum?  

        (Ans.(a) 1.82 𝐴     (b) s= 3.2 ms  ) 

 

 Ans.  Given L = 0.50H, R = 100Ω, V = 240 V , v = 50Hz 

(a)         Maximum (or peak) voltage 𝑉0 = 𝑉√2        

 Maximum current,     Ι0   =   
𝑉0

𝑍
         

 Inductive reactance, 𝑋𝐿 = 𝜔𝐿 = 2𝜋𝑣𝐿        

   = 2 × 3.14 × 50 × 0.50 = 157Ω       

Impedance of circuit, 𝑍 = √𝑅2 + 𝑋𝐿
2 =  √(100)2 + (157)2 =   186Ω        ∴ 

Maximum current 𝐼0 =  
𝑉0

𝑍
=  

𝑉√2

𝑍
 = 

240×1.141

186
= 1.82 𝐴           

(b) Phase (lag) angle 𝜙 is given by          

    𝑡𝑎𝑛 𝜙 =  
𝑋𝐿

𝑅
 =

157

100
= 1.57      

    𝜙 = 𝑡𝑎𝑛−1 (1.57) = 54 ∙ 5°      

  Time lag ∆𝑇 =
𝜙

2𝜋
× 𝑇 =

𝜙

2𝜋
×

1

𝑉
=  

575

360
 ×

1

50
 s         

   = 3.2 × 10−3  s= 3.2 ms  

9. The primary coil of an ideal step up transformer has 100 turns and transfer has 100turns and 

transformation ratio is also 100 .the input voltage and power are 220 V and 1100 W respectively 

.calculate 

(a) the number of turns in the secondary coil. 

(b) the current in the primary coil. 

(c) the   voltage across the  secondary coil. 

(d) the current in the secondary coil. 

(e)the power in the secondary coil.   (Ans.(a) 10,000  (b)  5A  (c) 22 𝑘𝑉 (d) 0.05𝐴 (e) 1100 𝑊) 

Ans. (a) Transformation ratio r =
𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑡𝑢𝑟𝑛𝑠 𝑖𝑛 𝑠𝑒𝑐𝑜𝑛𝑑𝑎𝑟𝑦 𝑐𝑜𝑖𝑙 (𝑁𝑠)

𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑡𝑢𝑟𝑛𝑠 𝑖𝑛 𝑝𝑟𝑖𝑚𝑎𝑟𝑦 𝑐𝑜𝑖𝑙 (𝑁𝑝)
 

Given 𝑁𝑝 = 100, 𝑟 = 100 

∴ Number of turns in secondary coil, 𝑁𝑠 = 𝑟𝑁𝑝 = 100 × 100 = 10,000 

(b) Input voltage 𝑉𝑝 = 220𝑉 , 𝐼𝑛𝑝𝑢𝑡 𝑝𝑜𝑤𝑒𝑟 𝑃𝑖𝑛 = 1100 𝑊 

Current in primary coil      𝐼𝑝 =
𝑃𝑖𝑛

𝑉𝑝
=1100/220 =5A 

(c) Voltage across secondary coil (𝑉𝑆)   𝑖𝑠 𝑔𝑖𝑣𝑒𝑛 𝑏𝑦 r= 
𝑉𝑆

𝑉𝑃
                                                                                                

                                   𝑉𝑆 = 𝑟𝑉𝑃 = 100 × 220 = 22,000 𝑉 = 22 𝑘𝑉 

(d) Current in secondary coil (𝑙𝑝) is given by        

          𝑅 =  𝑙𝑃 / 𝑙𝑠 

= 𝑙𝑠 =
𝑙𝑝

𝑟
=  

5

100
 = 0.05𝐴 . 

(e) Power in secondary coil.𝑃𝑜𝑢𝑡 =  𝑉𝑠   𝐼𝑠 =  103 × 0.05 = 1100 𝑊 

Obviously power in secondary coil is same as power in primary . This means that the transformer is 

ideal. i.e. there are no energy losses. 
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10. Three students X,Y,Z performed an experiment for studying the 

variation of alternating currents with angular frequency in a series  

LCR circuit and obtained the graphs shown below. They all used ac 

sources of the same rms value and inductances of the same value. 

What can we (qualitatively) conclude about the (i) capacitance 

values (ii) resistance used by them?  In which case will the quality 

factor be maximum ?What can we conclude about nature of the 

impedance of the set up at the frequency 𝝎𝟎? (Ans.    R) 

 

Ans.   (i) From the figure , the resonant frequency 𝜔0 is  same for all the three graphs 𝑋, 𝑌 and 𝑍. 

 𝐴𝑠 𝜔0 =
1

√𝐿𝐶
 and 𝐿𝑋 =  𝐿𝑌 , 𝑠𝑜 𝐶𝑋 =  𝐶𝑌 =  𝐶𝑍  

            (ii) The  maximum value of current at resonance is given by  

 𝐼0 =  
𝑉0

𝑅
 , 𝑖. 𝑒.  (𝐼0)𝑍 ∝  

1

𝑅
          

 but (𝐼0)𝑋 >  (𝐼0)𝑌 > (𝐼0)𝑍 ⇒ 𝑅𝑋 < 𝑅𝑌 < 𝑅𝑍 

 Quality factor , Q=
𝜔𝐿

𝑅
 which is maximum for X. 

              𝐴𝑠 𝜔 and L are same in all three cases and 𝑄 ∝
1

𝑅
 

 Therefore , 𝑅𝑋 < 𝑅𝑌 < 𝑅𝑍.         

 𝑍 = √𝑅2 + (𝑋𝐿 −  𝑋𝐶 )
2 = 𝑅 

              Thus, the impedance of the circuit is purely resistive in nature. 

 

11. An inductor 200 mH, capacitor 500𝝁𝑭, resistor 10 𝛀 are connected in series with a 100 V, 

variable frequency ac source. Calculate the (i) frequency at which the power factor of the circuit 

is unity. (ii) current amplitude at this frequency.(iii) Q-factor.          

          (Ans.(i) 15.9 𝐻𝑧 (ii) 10𝐴  (iii)2) 

 

Ans.   (i) As we know 𝝎 =
𝟏

√𝑳𝑪
  =

𝟏

√𝟐𝟎𝟎×𝟏𝟎−𝟑×𝟓×𝟏𝟎−𝟒
= 𝟏𝟎 𝒓𝒂𝒅 𝒔−𝟏     

   ∴   𝒗 =
𝝎

𝟐𝝅
= 𝟏𝟓. 𝟗 𝑯𝒛 

 (ii) 𝑰𝟎 =  
𝑬𝑽

𝑹
=  

𝟏𝟎𝟎

𝟏𝟎
= 𝟏𝟎𝑨    

       

 (iii) Q – factor = 
𝟏

𝑹
 √

𝑳

𝑪
 =  

𝟏

𝟏𝟎
 √

𝟐×𝟏𝟎−𝟏

𝟓×𝟏𝟎−𝟒 = 𝟐 

 

 

 

 

12. (a) What is impedance?                                         

(b)  A  series LCR circuit is connected to an ac source  having  voltage V=V0 sin𝝎𝒕 . derive 

expression for the impedance, instantaneous current and its phase relationship to the applied 

voltage . Find the expression for resonant frequency. 

Ans.  
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