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B.TECH/EE/3RD SEM/ELE2101/2024 
 

CIRCUIT THEORY   
(ELE2101) 

 

Time Allotted : 2½ hrs                Full Marks : 60 
 

Figures out of the right margin indicate full marks. 
 

Candidates are required to answer Group A and 
any 4 (four) from Group B to E, taking one from each group. 

 

Candidates are required to give answer in their own words as far as practicable. 
 

Group – A 
 

1.  Answer any twelve: 12 × 1 = 12 
 

Choose the correct alternative for the following 
 

(i) Two coils having self-inductance 2H and 8H and with mutual inductance of 2H between them, the coupling coefficient is 
(a) 0.5   (b) 20   (c) 2    (d) 8 

 

(ii) For super node analysis we apply 
(a) KVL only        (b) KCL only 
(c) both KVL and KCL       (d) Lenz’s Law   

 

(iii) The output y(t) and the input x(t) of a system are related by the equation y(t) = mx(t) + c,  where m and c are constants. The 
system is 
(a) linear         (b) non-linear 
(c) may be linear or non-linear depending on input  (d) lumped 

 

(iv)       The Laplace transform of a function is  𝐹(𝑠) =  
𝑠+2

𝑠(𝑠+1)
 . Its final value is 

(a) 1    (b) 2    (c) 0    (d) -1 
 

(v) A 10 Ω resistor, a 1 H inductor and 1 F capacitor are connected in parallel. The combination is driven by a unit step current. 
Under steady state condition, the source current flow through 
(a) Resistor only        (b) Inductor only 
(c) Capacitor only        (d) all of the three elements 
 

(vi) An RLC series circuit has R= 1Ω, L = 1H and C= 1F. The response of the circuit due to step response is 
(a) over-damped        (b) critically damped 
(c) under damped        (d) undamped   
 

(vii) Which among the following represents the precise condition of reciprocity of ABCD parameters? 
(a) AB - BD = 1        (b) AC-BD=1 
(c) BC - AD = 1        (d) AD-BC=1 
 

(viii) Which of the given options is not a tree of the following graph? 

  
(a) 

 

(b) 

 

(c) 

 

(d) 
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(ix) Refer to the given figure. This circuit is known as a ________ filter, and the fc is ________.                                                                                       

 
(a)  high-pass, 1.59 kHz       (b) high-pass, 15.9 kHz 
(c)  low-pass, 15.9 kHz       (d) band-pass, 15.9 kHz 
 

(x) As the damping factor of a filter circuit reduces, the overshoot of the response around the cut-off frequency 
(a) Reduces   (b) Increases  (c) Remains same   (d) none of these. 
 

Fill in the blanks with the correct word 
 

(xi) In a dc network the efficiency under maximum power transfer condition is ______. 
 

(xii) Integration of a unit step function will lead to __________ function . 
 

(xiii) The relation between branch current matrix and loop current matrix is   __________. 
 

(xiv) Which variable is independent in Y parameters calculation __________. 
 

(xv) The cut-off rate in a 3rd order filter is __________. 
 

Group - B 
  
2. (a)  For the circuit shown in Fig.1, use mesh analysis to calculate the mesh currents. 

[(CO1)(Analyse/HOCQ)] 

 
Fig.1 

 (b)     Calculate current through 5Ω resistance of the circuit shown in Fig. 2 using Norton’s theorem. 
[(CO1)(Apply/IOCQ)] 

 
Fig. 2 

6 + 6 = 12 
 

3.   (a)  Derive the condition for maximum power transfer from source to load of the circuit shown in Fig.3 where Z= source 
impedance and ZL is the load impedance.                  [(CO1)(Analyse/HOCQ)] 

 
Fig. 3 

(b)     Use superposition theorem to find i0 for the circuit shown in Fig. 4.               [(CO1)(Apply/IOCQ)] 

 
Fig.4 

 



 

3 

 

(c)     Draw the conductively coupled circuit of the given magnetically coupled circuit shown in the Fig. 5.                    [(CO2)(Apply/IOCQ)] 
 

 
Fig.5 

3 + 6 + 3 = 12 
 

Group - C 
 
4.   (a) Determine Laplace transform for the waveform shown in Fig. 6.             [(CO3)(Analyse/HOCQ)] 

 
Fig. 6 

(b)     In the network shown in the Fig. 7, the switch ‘K’ is closed and a steady state is reached in the network. At time 𝑡 = 0, the 
switch is opened. Determine the expression for current through the inductor, 𝑖(𝑡) for 𝑡 > 0.                 [(CO3)(Apply/IOCQ)] 

 
Fig. 7 

6 + 6 = 12 
 

5. (a)  A rectangular pulse 𝑥(𝑡) as shown in Fig. 8(a), determine its Laplace transform 𝑋(𝑠). Also show that the inverse Laplace 
transform of 𝑋2(𝑠) gives the triangular waveform 𝑦(𝑡) as shown in Fig. 8(b).               [(CO3)(Analyse/HOCQ)] 

  
Fig. 8(a)                                                                  Fig. 8(b) 

 (b) In the R-L circuit shown in the Fig. 9, the switch is in position 1 for long time. At 𝑡 = 0, the switch is moved to position 2. 
Determine the expression of current for 𝑡 > 0.                           [(CO3)(Apply/IOCQ)] 

 
Fig. 9 

 (c) Define unit step signal. Draw its waveform.                    [(CO3)(Understand/LOCQ)] 

4 + 6 + 2 = 12 

 

Group - D 
 
6.   (a)  Develop complete incidence matrix of the directed graph shown in the Fig. 10.            [(CO4)(Create/HOCQ)] 

(b)     Assume the sub-graph shown in the Fig. 11 as a tree and develop fundamental Cut-set matrix and Tie-set matrix.  [(CO4)(Apply/IOCQ)]  

 
Fig. 10                                                                Fig. 11       

4 + (4 + 4) = 12 
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7.   (a)  Analyse the circuit shown in the Fig. 12 and find ABCD parameters. 

 
Fig. 12 

[(CO5)(Analyse/IOCQ)] 
(b)     For hybrid parameters, develop the condition of reciprocity.                    [(CO5)(Create/HOCQ)] 
(c)     Define Y-parameters. Express Z-parameters in terms of hybrid parameters.      [(CO5)(Remember/LOCQ)] 

6 + 3 + (1 + 2) = 12 
 

Group - E 
 
8.   (a)  Sketch the circuit diagram of a 2nd order active low pass Sallen - Key filter.           [(CO6)( Apply /HOCQ)] 

 (b)     Design a Notch Filter with a centre frequency of 60 Hz.                     [(CO6)(Create/HOCQ)] 
 (c)   Sketch the Gain vs Frequency plot of Notch Filter.                     [(CO6)(Apply/IOCQ)] 
 (d)   Design a 2nd order Sallen-Key Filter whose cut-off frequency is 2 kHz with Quality Factor = 1.                 [(CO6)(Create/HOCQ)] 
 (e)  What is the nature of poles for different damping conditions?        [(CO6)(Remember/LOCQ)] 

2 + 3 + 2 + 3 + 2 = 12 
 
9. (a)  Design a second order Butterworth low pass Filter with cut-off frequency 2 kHz.                   [(CO6)(Create/HOCQ)] 

 (b)     Sketch the circuit diagram of Wide Band Reject Filter.                           [(CO6)(Apply/IOCQ)] 

 (c)   Write the normalised transfer function of a Butterworth Filter.         [(CO6)(Remember/LOCQ)] 

 (d)   Define cut-off frequency of a filter.              [(CO6)(Remember/LOCQ)] 

 (e)         Determine the centre frequency of Band Pass Filter whose lower and higher cut-off frequencies are 10 kHz and 40 kHz, 
respectively.                            [(CO6)(Evaluate/HOCQ)] 

4 + 3 + 1 + 2 + 2 = 12  
 
 
 

Cognition Level LOCQ IOCQ HOCQ 
Percentage distribution 10 48 42 

  
 

 
 


