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Ques 1 : What do you mean by Varactor diode? Write its one applicaƟon. (AKTU : 2022-23) 

                                                                                                                                       ( 2 marks) 

Sol. Varactor diode is the one which works on the principle of variation in capacitance by 
changing the width of the depletion region of P-N junction. The P-N Junction diode 
creates capacitor effect. The capacitance is controlled by applied voltage. It works on reverse 
biased mode. Varactor word is formed from words Variable reactance or variable resistor. Thus, 
it provides variable resistance or reactance or capacitance thus it is named as a varactor diode. 
The symbol of the varactor diode is same as conventional diode except the symbol of the 
capacitor is merged with the symbol of the diode to show the capacitance effect. 

 

Working of Varactor Diode 

When the reverse bias is applied to P-N junction, the width of depletion layer increases. And 
with the increase of reverse voltage gradually the depletion layer increases even more. Thus, 
the depletion region creates Transition capacitance CT. 

                                                CT =  ɛA/W 

Here, CT  is Transition capacitance, ɛ is dielectric constant, A is the area of plates of the 
capacitor and W is the width of the depletion layer. 

 



ApplicaƟons of Varactor Diode 

1. Television receivers: Varactor diodes are used as tuned capacitors and have 
replaced mechanically tuned capacitors in various applicaƟons. It is used in 
television in the resonant tank circuit. 

2. Radio receivers: Radio receivers also use this diode for tuning purposes. 

3. Frequency MulƟplier: It is also used as a frequency mulƟplier in various electronic 
circuits. 

4. Phase Locked Loops: It is used in Phase locked loop for frequency modulaƟon. 
Varactor diodes help in achieving frequency modulaƟon. Thus, in communicaƟon 
devices varactor diodes are significant. 

5. Voltage controlled oscillators: Voltage control oscillators are used extensively in 
transmission and receiving circuits in communicaƟon. And varactor diode plays a 
significant role in construcƟon of voltage controlled oscillator. 

 

Ques 2 : Draw and Explain the working of Centre-taped full wave recƟfier . Also calculate its 
efficiency and ripple factor. (AKTU : 2022-23) (7 marks) 

Sol. Center Tap Full Wave RecƟfier: A Center Tap FWR circuit consists of 3 main parts: A transformer, A 
resisƟve load and Two diodes A Center Tap FWR circuit diagram looks like this: 

 



 

 



 

 

 

 



Ques 3: Compare between Avalanche Breakdown and Zener Breakdown. (AKTU : 2022-23) 

                                                                                                                                                (2 marks) 

Sol. 

 

Ques 4.Explain the working of P-N juncƟon diode and draw its VI CharacterisƟcs. (AKTU : 2022-23) 

                                                                                                                                                              ( 7 marks) 

Sol. 

 



 

 

 



 

 

 

 



VI CharacterisƟcs: 

 

Ques 5 : Draw a neat circuit diagram of bridge recƟfier and explain its operaƟon with output 
waveform .Derive the average value of current and voltage. (AKTU : 2022-23) 

                                                                                                                                                              ( 7 marks) 

 

Sol. 

 



 

 



 

 



Ques 6 : (i) Draw the circuit diagram of voltage tripler circuit? 

                 (ii) Explain Zener diode as a voltage regulator. (AKTU : 2022-23) 

                                                                                                                                                              ( 7 marks) 

Sol . (i) Voltage Trippler: It is an electronic circuit which produces a DC voltage equal to three Ɵmes 
the peak value of the input voltage applied to the circuit.  

VDC = 3Vm 

A voltage Trippler circuit is shown below. It is designed using inverse parallel combinaƟon of three 
diode capacitance circuits. We will start analyzing the circuit from posiƟve half cycle where diode 
D1 becomes ON. 

 

(ii) 

 



 

Ques 7: Explain the working of following with the help of suitable diagram. 

(i) LED 
(ii) Photodiodes 

Sol. LED : The Light-emiƫng diode is a two-lead semiconductor light source. In 1962, Nick 
Holonyak has come up with the idea of a light-emiƫng diode, and he was working for the general 
electric company. The LED is a special type of diode and they have similar electrical characterisƟcs 
to a PN juncƟon diode. Hence the LED allows the flow of current in the forward direcƟon and 
blocks the current in the reverse direcƟon. The LED occupies a small area which is less 
than 1 mm2. The applicaƟons of LEDs used to make various electrical and electronic projects. In 
this arƟcle, we will discuss the working principle of the LED and its applicaƟons. 

 



The above diagram shows how the light-emitting diode works and the step by step process of the 
diagram. 

 From the above diagram, we can observe that the N-type silicon is in red color 
including the electrons which are indicated by the black circles. 

 The P-type silicon is in the blue color and it contains holes, they are indicated by the 
white circles. 

 The power supply across the p-n junction makes the diode forward biased and pushing 
the electrons from n-type to p-type. Pushing the holes in the opposite direction. 

 Electron and holes at the junction are combined. 
 The photons are given off as the electrons and holes are recombined. 

 

(iii) Photodiodes: 

A photodiode is a PN-juncƟon diode that consumes light energy to produce an electric 
current. SomeƟmes it is also called a photo-detector, a light detector, and photo-sensor. 
These diodes are parƟcularly designed to work in reverse bias condiƟons, it means that 
the P-side of the photodiode is associated with the negaƟve terminal of the baƩery, and 
the n-side is connected to the posiƟve terminal of the baƩery. This diode is very sensiƟve 
to light so when light falls on the diode it easily changes light into an electric current. The 
solar cell is also branded as a large-area photodiode because it converts solar energy into 
electric energy. Though, solar cell works only in bright light. 

The working principle of a photodiode is, when a photon of ample energy strikes the diode, it 
makes a couple of an electron-hole. This mechanism is also called the inner photoelectric 
effect. If the absorption arises in the depletion region junction, then the carriers are removed 
from the junction by the inbuilt electric field of the depletion region. 

 
Photodiode Working Principle 

Therefore, holes in the region move toward the anode, and electrons move toward the cathode, 
and a photocurrent will be generated. The entire current through the diode is the sum of the 
absence of light and the photocurrent. So the absent current must be reduced to maximize the 
sensitivity of the device. 



Ques 8: Discuss the formation of depletion layer in diode. (AKTU: 2020-21) . (2marks) 

Sol. 

 

 



 

Ques 9 : Explain the effect of temperature on diode.                                (AKTU: 2020-21) . (2marks) 

Sol. 

 

 



 

Ques 10. What is doping ? What is the need of doping.                       (AKTU: 2020-21) . (2marks) 

Sol In semiconductor production, doping is the intentional introduction of impurities into 
an intrinsic semiconductor for the purpose of modulating its electrical, optical and structural 
properties. The doped material is referred to as an extrinsic semiconductor. 

Small numbers of dopant atoms can change the ability of a semiconductor to conduct electricity. 
When on the order of one dopant atom is added per 100 million atoms, the doping is said to 
be low or light. When many more dopant atoms are added, on the order of one per ten thousand 
atoms, the doping is referred to as high or heavy. This is often shown as n+ for n-type doping 
or p+ for p-type doping. 

In general, increased doping leads to increased conductivity due to the higher concentration of 
carriers. Degenerate (very highly doped) semiconductors have conductivity levels comparable 
to metals and are often used in integrated circuits as a replacement for metal. Often superscript 
plus and minus symbols are used to denote relative doping concentration in semiconductors. For 
example, n+ denotes an n-type semiconductor with a high, often degenerate, doping 
concentration. Similarly, p− would indicate a very lightly doped p-type material. 

Ques 11 : Define voltage mulƟplier. Draw the circuit and explain the working of voltage tripler and 
quadrupler circuit.                                                                                       (AKTU: 2020-21) . (10 marks) 

Sol. 

 



 

 

 



 

 



 

Ques 12: Draw the VI characterisƟcs of an ideal diode in forward and reverse bias condiƟons. 

                                                                                                                  (AKTU: 2020-21) . (2 marks) 

Sol. 

 



Ques 13. Why bridge type full wave recƟfier is preferred over center tapped full wave recƟfier. 
State two reasons.                                                                                    (AKTU: 2020-21) . (2 marks) 

Sol. 1.The efficiency of the bridge recƟfier is higher than the efficiency of a half-wave recƟfier. However, 
the recƟfier efficiency of the bridge recƟfier and the center-tapped full-wave recƟfier is the same.  

2.The DC output signal of the bridge recƟfier is smoother than the output DC signal of a center-tapped 
full-wave recƟfier. 

 

Ques 14. Define the term ripple factor. What is the value of the ripple factor for a half wave 
recƟfier and a full wave recƟfier?                                                              (AKTU: 2020-21) . (4 marks) 

Sol. 

 

 



Ques 15: With help of a neat diagram, explain the working of a voltage doubler circuit. 

                                                                                                                           (AKTU: 2020-21) . (6 marks) 

Sol. 

 

 



 

Ques 16: What do mean by clipper? Draw the output waveform of given circuits. 

 

                                                                                                                             
(AKTU: 2020-21) . (10 marks) 

Sol. 

 



 

 



 

 

 



 

Ques 17: Draw the V-I characterisƟcs of zener diode. Determine the network of figure given below, 
determine the range of Vin that will maintain VL at 8V and not exceeded the maximum power 
raƟng. 

 

                                                                                                                      (AKTU: 2020-21) . (10 marks) 

 

 



Sol. 

 

 

 



Ques 18. Explain PosiƟve and NegaƟve Clamper using suitable circuit diagram and input/output 
waveform.                                                                                                   (AKTU:2020-21) (5 marks) 

Sol. A clamper is an electronic circuit that changes the DC level of a signal to the desired level 
without changing the shape of the applied signal. In other words, the clamper circuit moves the 
whole signal up or down to set either the posiƟve peak or negaƟve peak of the signal at the 
desired level.  

The dc component is simply added to the input signal or subtracted from the input signal. A 
clamper circuit adds the posiƟve dc component to the input signal to push it to the posiƟve side. 
Similarly, a clamper circuit adds the negaƟve dc component to the input signal to push it to the 
negaƟve side. 

 

 

 



Ques 19. For the network of figure, determine the range of RL and IL that will result in VRL being 
maintained at 10V. Also calculate maximum waƩage raƟng of diode. 

 

 

Ques 20. Determine V01, V02 and I for the network of Figure 

 



 

Ques 21: An a.c. voltage of peak value 20 V is connected in series with a silicon diode and load 
resistance of 500 Ω. If the forward resistance of diode is 10 Ω, find : (i) peak current through diode 
(ii) peak output voltage What will be these values if the diode is assumed to be ideal. 

 

 



 

 

 

 

 

 

 

 

 

 



Numerical on Clipper Circuits 

 



 

 

 



 



 



 

 

 

 



 
 
 
 

UNIT-2 
 

 

 

 

 

 

 

 

 

 

 

 



: Define Pinch-off voltage for JFET.             (AKTU : 2022-23)  ( 2 marks) 

Sol. The minimum value of VDS at which current becomes saturated, is known as pinch-off voltage 
for VDS. 

 

Ques 2 : Draw the circuit of NPN transistor in common base configuraƟon and discuss its working. 
Draw input-output characterisƟc.  (AKTU : 2022-23)  ( 7 marks) & (AKTU : 2022-23)  ( 10 marks) 

Sol. 

 

 



 

 

 

 



 

Ques 3: Explain working principle of DepleƟon type MOSFET (n-channel). Draw & Explain its 
characterisƟcs.                                                                              (AKTU : 2022-23)  ( 7 marks) 

Sol. 

 

 

 



 

 



 

 



 



 

 

 



Ques 4 : Why FET is called as voltage controlled devices?      (AKTU : 2022-23)  ( 2 marks) 

Sol. Since in an FET the value of the current depends upon the value of the voltage applied at the 
gate and drain so it is known as voltage controlled device. For example: In a MOSFET, the current 
from drain to source depends upon the width of the depletion layer which in turn depends upon 
the voltage applied on the gate so that is the reason. 
 

Ques 5 : Draw and explain the working of N-P-N transistor in common emiƩer configuraƟon with 
its suitable characterisƟcs graph. (AKTU : 2022-23)  ( 7 marks) & (AKTU : 2021-22)  ( 10marks) 

Sol. 

 



 

 



 

Ques 6 : DifferenƟate BJT and JFET.          (AKTU:2021-22)  ( 2 marks) 

Sol. 

 

Ques 7: Define Transconductance of JFET.      (AKTU:2021-22)  ( 2 marks) 

Sol. 

 

Ques 8 : Define α and β with respect to BJT and also derive the relaƟonship between them. 
(AKTU : 2021-22)  ( 5 marks) 

Sol. 

 



 

 

Ques 9: Explain the working of enhancement type MOSFET along with their transfer 
characterisƟcs.                                                                      (AKTU : 2021-22)  ( 10 marks) 

Sol. 

 



 



 



Ques 10 : Describe the construcƟon and working of P-Channel DepleƟon MOSFET, with 
characterisƟc graph. Also JusƟfy that it is a voltage controlled device. (AKTU : 2021-22)  ( 10 marks) 

Sol. 

 



 



 



 



Numerical 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

UNIT-3 
 
 
 
 

 



 
OPERATIONAL AMPLIFIER 

 

Q1: Draw and explain Block Diagram of Op-amp. (AKTU :2020-21)(10 MARKS) 
Block Diagram of OperaƟonal Amplifier: 
 

 
 
OPAMP is basically a differenƟal amp. It will amplify the voltage which is differenƟally present 
between its input terminals. 
Input or Gain stage: The input stage is a dual input, balanced output differenƟal amp. The 2 inputs 
are inverƟng and non- inverƟng input terminals. This stage provides most of the voltage gain of 
the OP-AMP and decides the value of input resistance Ri. 
Intermediate stage: This is usually another differenƟal amp. The input stage drives the stage. The 
stage is a dual input unbalanced o/p differenƟated amp. 
Level- shiŌing stage: Due to direct coupling used between the 1st 2 stages, the i/p of level shiŌing 
stage is an amplified signal with some non – zero dc level. Level shiŌing stage is used to bring dc 
level to zero volts with respect to gnd. 
Output stage: This stage is normally a complementary o/p stage. It increases the magnitude of 
voltage and raises the current supplying capability of OP-AMP. It also ensures that the o/p 
resistance of OPAMP is low. 
 
Q2: Draw and explain IC Diagram of Op-amp 741. 
IC Diagram of IC 741 

 
 



Pin4 & Pin7 (Power Supply): Pin7 is the posiƟve voltage supply terminal and Pin4 is the negaƟve 
voltage supply terminal. The 741 IC draws in power for its operaƟon from these pins. The voltage 
between these two pins can be anywhere between 5V and 18V.  
Pin6 (Output): This is the output pin of IC 741. The voltage at this pin depends on the signals at 
the input pins and the feedback mechanism used.  
Pin2 & Pin3 (Input): These are input pins for the IC. Pin2 is the inverƟng input and Pin3 is the non-
inverƟng input. If the voltage at Pin2 is greater than the voltage at Pin3, i.e., the voltage at 
inverƟng input is higher, the output signal stays low. Similarly, if the voltage at Pin3 is greater than 
the voltage at Pin2, i.e., the voltage at non-inverƟng input is high, the output goes high. 
Pin1 & Pin5 (Offset Null): Because of high gain provided by 741 Op-Amp, even slight differences 
in voltages at the inverƟng and non-inverƟng inputs, caused due to irregulariƟes in manufacturing 
process or external disturbances, can influence the output. To nullify this effect, an offset voltage 
can be applied at pin1 and pin5, and is usually done using a potenƟometer. 
Pin8 (N/C): This pin is not connected to any circuit inside 741 IC. It’s just a dummy lead used to 
fill the void space in standard 8 pin packages. (N/C – Not Connected)  
 
Q3: Draw following circuits using Op-amp and derive its output voltage. 
(a) InverƟng Summing Amplifier, (b) Non-InverƟng Summing Amplifier 
Summing Amplifier: (a) InverƟng Summing Amplifier: It is defined an electronic circuit  which 
provide addiƟon of all the inputs applied at inverƟng terminal. 

 

Voltages, VA = VB = 0 (Ground)  
Applying KCL at node A,  
Currents, I1 + I2 + I3 = If  
Or, (V1–VA)/R1 + (V2–VA)/R2 + (V3–VA)/R3 = (VA – V0)/ Rf  
but VA = 0 Hence, V1 /R1 + (V2 /R2 + (V3 /R3 = – V0 / Rf  
Hence, V0 = – Rf V1 / R1 – Rf V2 / R2 – Rf V3 / R3  
If R1  = R2 =R3  =Rf then  Or,  
V0 = – V1 – V2 – V3  
V0 = – (V1 + V2 + V3 )  
 



Summing Amplifier: (b) Non-InverƟng Summing Amplifier: It is  defined a an electronic circuit 
which provide addiƟon of all the  inputs applied at non inverƟng terminal. (in diagram)  

 

Now at node B, I1 + I2 = 0  
Or, (V1 – VB ) / R1 + (V2 – VB ) / R2 = 0  Or, VB = (R1 V2 + R2 V1 )/(R1 + R2 )  
Due to virtual connecƟon concept,  
Voltages, VA = VB = (R1 V2 + R2 V1 )/(R1 + R2 )  
Applying KCL at node A,     Currents,    I = If  
Or, (0 – VA)/ Rin = (VA – V0)/ Rf  or,  
–VA / Rin = VA /Rf – V0 / Rf  Or,  
V0 / Rf = VA / Rf + VA / Rin or,   
V0 = (1 + Rf / Rin ) VA  

Now V0 = (1 + Rf / Rin ) VA  
Puƫng value of VA = (R1 V2 + R2 V1 )/(R1 + R2 )  
Voltage, V0 = (1 + Rf / Rin ) (R1 V2 + R2 V1 )/(R1 + R2 )  
Let R1 = R2 = Rf = Rin  
V0 = (1 + 1) (V2 + V1 )/ 2  
Or, V0 = V2 + V1  
 
Q4: List CharacterisƟcs and their ideal values of an op-amp. (AKTU :2020-21)(10 MARKS) 
Op-amp CharacterisƟcs: 

Parameters  Ideal Values PracƟcal Values 

Bandwidth  ꚙ Approximately all bands 

Input Current  0 < 0.1 μA 

Input Impedance  ꚙ > 107 Ω 

Output Impedance  0 < 100 Ω 

Open Loop Voltage Gain or DifferenƟal Gain (A0 or Ad)  ꚙ > 106 

Common Mode Gain  0 < 5 



Common Mode RejecƟon RaƟo (CMRR)  ꚙ > 105 

Slew Rate  ꚙ > 2 V/μs 

Input/output Offset Voltage  0 < 50 mV 

Input Offset or Bias Current 0 < 50 nA 

 
Q5: Define and explain following terms:  
(a) Slew Rate, (b) Input Bias Current, (c) Input Impedance, (d) Common Mode RejecƟon RaƟo 
(a) Slew Rate: It is defined as the response rate or response speed of the op-amp. Let change in 
output is dV0 against the input applied to the op-amp aŌer dt Ɵme. 
         Then Slew Rate (SR) = dV0 / dt 
          Ideally dt = 0 μs        hence,  SR = dV0 / 0 = ꚙ  
(b) Input Bias Current: It is defined as the minimum input current required to bias an input so 
that input voltage can be responded at output terminal. 
Ideally it is             Ibias  =  0 nA. 
 
(c) Input Impedance: It is defined as the raƟo of input voltage to input current in the op-amp.               
                                      Ri  = Vid / Ii           
Ideally Ii = 0 hence                            Ri = Vid / 0 = ꚙ 
 
(d) Common Mode RejecƟon RaƟo: It is defined as the raƟon of differenƟal gain to common 
mode gain of Op-amp. CMRR = Ad / ACM  
We know that Output Voltage V0 = Ad Vd + ACM VCM  
Where, Ad = DifferenƟal Gain, and ACM = Common Mode Gain 
Ideally Ad = ꚙ, and ACM = 0          Hence,      CMRR = Ad / 0 = ꚙ 
CalculaƟon of CMRR in dB 
For pracƟcal Op-amp,               CMRR = Ad / ACM  
Taking log in both the sides,    log (CMRR) = log (Ad / ACM) 
Or,                                                 log (CMRR) = log Ad – log ACM  
MulƟply by 10 in both the sides,  
                                                      10log (CMRR) = 10log Ad – 10log ACM  
Or,                                                 CMRR (dB) = Ad (dB) – ACM (dB) 
 
Q6: Draw Difference Amplifier using Op-amp and derive its output voltage. 
Difference Amplifier: It is defined as an electronic circuit which provides subtracƟon of inverƟng 
input from non-inverƟng input applied to the Op-amp.  



 

Now at node B, Using potenƟal division rule,  Or,  
VB = V2 Rg /(Rg + R2 )  
Due to virtual connecƟon concept,  Voltages,  
VA = VB = V2 Rg /(Rg + R2 )   
Applying KCL at node A,  
Currents, I = If  
Or, (V1 – VA)/ R1 = (VA – V0)/ Rf  
or, V1 / R1 – VA / R1 = VA /Rf – V0 / Rf   

Or, V0 / Rf = VA / Rf + VA / R1 – V1 / R1  

or, V0 = (1 + Rf / R1 ) VA – Rf V1 / R1  
But VA = V2 Rg /(Rg + R2 )  
Hence, V0 = (1 + Rf / R1 ) VA – Rf V1 / R1  
Or, V0 = (1 + Rf / R1 ) V2 Rg /(Rg + R2 ) – Rf V1 / R1  
Let  R1 = R2 = Rf = Rg = R   
Then, V0 = (1 + 1) V2 / 2 – V1   

Or, V0 = V2– V1  

 
Q7: Draw following circuits using Op-amp and derive its output voltage.(AKTU:2021-22)(10 
MARKS) 
(a) Integrator, (b) DifferenƟator 
Integrator Amplifier: It is defined as an electronic circuit which provides integraƟon of input 
applied to the Op-amp in output of the op-amp.  

 

Due to virtual connecƟon concept,  VA = VB = 0 (Ground)  
Applying KCL at node A,          I1 = If  
(Vi – VA)/ R1 = Cf d(VA – V0)/dt  
But VA = 0 
(Vi – 0)/ R1 = Cf d(0 – V0)/dt  



  
DifferenƟator Amplifier: It is defined as an electronic circuit which provides differenƟaƟon of 
input applied to the Op-amp in output of the op-amp.  

 

Due to virtual connecƟon concept,  VA = VB = 0 (Ground)  
Applying KCL at node A,            I1 = If  
C1 d(Vi – VA)/dt = (VA – V0)/ Rf But VA = 0  
C1 d(Vi – 0)/dt = (0 – V0)/ Rf  
–V0 / Rf = C1 dVi /dt  

 
Q8: Numerical: In an Op-amp, when 5 mV is applied at both the inputs of op-amp, 0.05 V is 
obtained. When, 5 mV and 1 mV are applied as input to the op-amp, 4.03 V is obtained. 
Calculate Ad , ACM and CMRR in normal form and in dB form. 
SoluƟon: We know that, V0 = Ad Vd + ACM VCM  
According to first situaƟon, V1 = V2 = 5 mV , so, Vd = 0 and VCM = 5 mV 
Hence, 0 Ad + 0.005 ACM= 0.05                     Or,             ACM = 10    
Or,   ACM (dB) = 10 log(10) = 10 x 1             Or,             ACM (dB) = 10 dB 
According to first situaƟon, V1 = 5 mV and V2 = 1 mV ,  
So, Vd = 5 – 1 = 4 mV        and      VCM = (5 + 1) / 2 = 3 mV 
Hence, 0.004 Ad+ 0.003 x 10 = 4.03        Or,   Ad = (4.03 – 0.03)/0.004 
Or, Ad = 1000 = 103,    Or, Ad (dB) = 10 log(103)   Or, Ad (dB) = 30 dB 
Hence, Ad = 1000         and          ACM = 10  
Now, CMRR = Ad / ACM = 1000 / 10 
Or,                                                  CMRR = 100 
               CMRR (dB) = Ad (dB) – ACM (dB) = 30 – 10 = 20 dB 
               CMRR (dB) = 10 log (100) = 10 log (102)  = 20 dB 
Hence,                                          CMRR = 20 dB  
 



Q9: Numerical: Calculate slew rate of an Op-amp if it responds a change of 1.22V at output 
terminal 0.61 μs aŌer the input was changed. 
SoluƟon: Given That 
                     dV0 = 1.22 V    and     dt  = 0.61 μs 
Hence Slew rate        SR = dV0 / dt    = 1.22 / 0.61 
Hence,                        SR = 2 V/μs 
 
Q10: Numerical: Calculate the output voltage if V1 = –0.2 and V2 = 1.1V. (AKTU:2021-22)(5 
MARKS) 

 
SoluƟon: We know that, 
Output V0 = – RF V1 / R1 – Rf V2 / R2 
Hence, V0 = –330x (–0.2)/33 – 330x1.1/10 
Or,         V0 = 10x0.2 – 33x1.1 
Or,         V0 = 2 – 36.3                        or,         V0 = – 34.3 Volts 
Since BaƩery potenƟal is 9 V so output cannot exceed 9V. 
Hence Output voltage will be - 9 V.                          (Answer = - 9V)  
Q11: Numerical: Calculate the output voltage if V1 = – V2 = 2.3 V in the given figure. 

 
SoluƟon: Given V1 = 2.3 V and V2 = – 2.3 V, 
First of all, we will calculate VB  
Using voltage divider Rule,  
        VB = V2 x 20 / (20+20) = – 2.3 x 20 / 40 = – 1.15 Volts. 
Due to virtual connecƟon, VA = VB = – 1.15 Volts. 
Applying KCL at node A,         I1 = If  
Hence,                         (V1 - VA)/100 = (VA – V0)/100  



Or,            V0 = 2VA – V1 = 2 x (– 1.15 ) – 2.3 = – 2.3 – 2.3  
Hence,     V0 = – 4.6 Volts. 
 
Q12: Numerical: Calculate the output voltage (AKTU :2020-21)(5 MARKS) 

 
SoluƟon: Given V1 = 80 μV, 
Due to virtual connecƟon, VA = VB = 0. 
Applying KCL at node A,           I1 = If  
Hence,                         (V1 – VA)/2 = (VA – V0)/200  
Hence,                         (80 – 0)/2 = (0 – V0)/200  
Hence,                          V0 = – 80x200 / 2   μV = – 8000 μV = – 8 mV 
Hence                           V0 = – 8 mV  
 
Q13: Numerical:  Calculate V0 when V1 = 25 mV. 

 
 



SoluƟon: 
Divide whole circuit into some Stage I, II, III. 

 
For stage I: 
This is a non-inverƟng amplifier, 
Hence,  
          V01 = (1 + RF / Rin) VIN  
Then V01 = (1+10/5) x25 mV 
Or,     V01 = 75 mV  
This voltage V01 is used as input for Stage II. 
 
For stage II: 
This is an inverƟng amplifier, 
Hence, V02 = – Rf V01 / Rin  
Then    V02 = – 5x75 / 5   mV 
Or,       V02 = – 75 mV  
This voltage V02 is used as input for Stage III. 
For stage III: 
This is an inverƟng amplifier, 
Hence, V0 = – Rf V02 / Rin      ,       Then    V0 = – 100x (– 75) / 5   mV 
Or,        V0 = 20 x 75 mV = 1500 mV               or,         V0 = 1.5 V  
 
 
 
 
Q14: Numerical:  Calculate V1 when V0 = 10.08 V. 



 
SoluƟon: Divide whole circuit into some Stage I, II, and III. 

 
Since Output is given and Input is to be calculated, hence, we will start with Output Stage. 
For stage I:  
This is an inverƟng amplifier, 
Here input is V02 and output is V0. 
Hence, V0 = – Rf V02 / Rin     
or,    V02 = – Rin V0 / Rf = – 5 x 10.08 / 100 = – 50.4 / 100 V 
Hence, V02 = – 0.504 V 



For stage II:  
This is an inverƟng amplifier, here input is V01 and output is V02. 
Hence, V02 = – RF V01 / Rin     
Or,    V01 = – Rin V02 / Rf  
                = – 5 x (– 0.504)/ 5 
                = 5 x 0.504 / 5 
Hence, V01 = 0.504 V 
For stage III:  
This is a non-inverƟng amplifier, 
Here input is V1 and output is V01. 
Hence,   V01 = (1 + RF / Rin) V1  
Or,            V1 = V01 / (1 + RF / Rin)  
Or,            V1 = 0.504 / (1 + 10/ 5)  
Or,            V1 = 0.504 / 3 
Hence,     V1 = 0.168 V 
 
Q15: Numerical: Calculate If, IL, and Vout for the given circuit.  

 
SoluƟon: Due to virtual connecƟon concept, 
Voltages,  VA = VB = 40 mV 
Since input current is 0 into the Op-amp, 
Applying KCL at node A ,   Current,      If  = 0 
Or,          (VA – V0ut)/ Rf = 0        but      VA = 40 mA 
Hence,       (40 mV – V0ut)/ Rf  = 0                  
Hence,       V0ut = 40 mV   
Now, load resistance = 5 kΩ  
Hence, IL = Vout / RL = 40 mV/ 5kΩ  
Or,         IL = 8 μA 
Hence, If = 0, IL = 8 μA and V0ut = 40 mV  
 
 
Q16: Numerical:  Calculate V0 for the given network. 



 
SoluƟon:  
Let us divide whole circuit into two stages I and II. 
 

 
Stage I has, V1 as input and V01 as output. 
Stage II has, V01, and V2 as input and V01 as output. 
 
For Stage I, 
This is an inverƟng amplifier, 
Here input is V1 and output is V01. 
Hence, V01 = – RF V1 / Rin  
                    = – 500x300/250 = – 600 mV 
 
For Stage II, This is an inverƟng summing amplifier, 
Here inputs are V2, V01 and output is V0 . 
Hence, V0 = – RF V01 / R1 – RF V2 / R2  
                  = – 500x (– 600)/100 – 500x300/50 
Hence, V0 = + 3000 – 3000 = 0 
                                               Hence,        V0 = 0 
 
Q17: Numerical:  Calculate V0, I1, I2 and I for the given network. 



 
SoluƟon: To calculate VB, 
Applying KCL at node B, 
              I1 + I2 = 0 
Or,   (–1.6 – VB )/10 + (1.1 – VB )/5 = 0     
Or,    –1.6 – VB + 2.2 – 2VB = 0 
Or,    3VB = 0.6         or,            VB = 0.2 V 
So,                  I1 = (–1.6 – VB )/10 = (–1.6 – 0.2) / 10 = –1.8 / 10 
Or,                  I1 = – 0.18 mA 
And,               I2 = (1.1 – VB )/5 = (1.1 – 0.2) / 5 = 0.9 / 5 
Or,                  I2 = 0.18 mA 
Applying KCL at node A,         I1 = If  
Hence,                         (V1 - VA)/20 = (VA – V0)/100  
Or,                         (–2.2 – 0.2)/20 = (0.2 – V0)/100 
Or,                         0.2 – V0 = –2.4 x 5 = –12 
Or,                                  V0 = 12.2 Volt 
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DIGITAL ELECTRONICS 
 
Q1: Convert Following into decimal number system: 
(a) (1101.101)2 , (b) (10101)2 , (c) (65.125)8 , (d) (7DF.1)16 , (e) (234.21)5 
Sol: (a) (1101.101)2 = 1x23  + 1x22  +  1x20  + 1x2-1  + 1x2-3   
                                       = 8 + 4 + 1 + 0.5 + 0.125 = (13.625)10  
(b) (10101)2 = (1 x 24) + (0 x 23) + (1 x 22) + (0 x 21) + (1 x 20) 
                                   = 16 + 0 + 4 + 0 + 1 = (21)10  
(c) (65.125)8 = 6x81+5x80+1x8-1+2x8-2 + 5x8-3  
                          = 48+5+1+0.125+0.03125+0.0097 = (54.16595)10  
(d) (7DF.1)16 = 7x162+13x161+15x160+1x16-1   
                                      = (2015 + 0.0625)  = (2015.0625) 10  
(e) (234.21)5 = 2x52 + 3x51 + 4x 50 + 2x5-1 + 1x5 -2  
                 = 50 + 15 + 4 + 0.4 + 0.04 = (69.44)10  
 
Q2: Numerical:  If (24) + (17) =  (40), then find the base of the numbers? 
Solution: Let the base be ‘r’ 
Then,       (24)r + (17)r =  (40)r  
By using representation of number 
                 (2xr1 + 4x r0) + (1xr1 +7xr0 ) = 4xr1+0xr0  
                                          (2r+4)+ (r+7) =4r+0 
                                                       3r+11 = 4r 
                                                         4r-3r = 11 
                                                                 r = 11                                       Hence, base of the given number is 11. 
 
Q3: Numerical:   If 54/ 4 = 13, then find the base of numbers. 
Solution: Let the base be ‘r’ 
                            (54)r /  (4)r = (13)r  
          (5xr1+ 4xr0 ) / (4xr0 )  = (1xr1 + 3xr0 ) 
                               (5r+4)/ 4 = (r+3) 
                                       5r+4 = 4r+12 
                                       5r-4r= 12-4 
                                             r = 8                                                                  Hence, base of the given number is 8. 
 
Q4: Numerical : If x=3 & x = 6 are the roots of the quadratic equation  x2-11x+22 = 0, then find the base of 
the base of numbers? 
Solution:  As we know that sum of roots of quadratic equation ax2+bx+c = 0, is  
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(-b/a)= - (Coefficient of x/ Coefficient of x2) 
From equation given,                         -(- 11/1) = 3 + 6        or,        (11) = (9)  
Let the base be ‘r’ 
                           (11)r = (9)r  
                (1xr1+1xr0) = (9xr0) 
                             r +1= 9 
                                  r = 8                                                                   Hence, base of the given number is 8. 
 
Q5: Numerical: Convert (378 .93)10 to octal. 
378 to octal 

 (378)10 =(572)8  
0.93 To octal:  

 (0.93)10 =(0.7341)8  
Hence, (378.93)10 = (572.7341)8  
 
Q6: Numerical: Convert (374 . 37)10  to hexadecimal. 
378 to Hexadecimal 

 
                                                                                     (374)10 =(176)16  
0.9310 to Hexadecimal :  

 
                                                                             (0.37)10 =(0.5EB8)16  
Hence, (374.37)10 = (176.5EB8)16  
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Q7: Convert Octal number 372 into Binary number. 
Method 1: Via Decimal Value 
First convert this into decimal number:  
= (372)8  
= 3x82+7x81+2x80  
= 3 x 64 + 56 + 2 = 192 + 56 + 2 = (250)10  
Then, convert it into binary number  
= (250)10  

 
= (11111010)2 which is answer. 
Method 2: Direct conversion using Triplets of binary sequence 
(Remember 23 = 8) 
First write the number 
       =      3        7        2 
Then write their individual equivalent binary sequence in three bits each (In Triplet Form) 
       =       3         7         2 
       =     011    111     010 
So, the binary sequence will be (11111010)2  
 
Q7: Convert following according to the instructions: 
(i) 10,s Complement (7634)10 , (ii) 2’s complement (1101.01)2 , (iii) 9’s complement (101.42)10 , (iv) 
(101.1101)2  
(i) (7634)10  
n=4, r= 10, N= 7634 
10’s Compliment using formula rn- N = 104- 7634 = 2366  
(ii) (1101.01)2  
n =4, r =2, N= 1101.01 
2’s Compliment using formula rn- N = 24- (1101.01)2 = (16)10 – (1101.01) 2  
                                                                = (10000)2- (1101.01)2 = (0010.11)2  
(iii) (101.42)10  



 
 

 P a g e  
 

Using formula, rn-r-m- N, n = 3, m= 2, N = 101.42 
9’s Compliment using formula rn - r-m- N = 103 – 10-2 - (101.42)10  
                                                                       = 1000 – 0.01 – 101.42 = 998.57 
(iv) (101.1101)2  
n= 3, m =4, N = 101.1101 
1’s Compliment using formula rn-r-m- N = (23 – 2-4)10 – (101.1101)2  
= (8 – 0.625)10 – (101.1101)2 = 7.37510 – 101.11012  
= (111.1111)2 – (101.1101)2 = (010. 0010)2  
 
Q8: Draw a two-level logic diagram to implement the Boolean function F (A,B,C,D) = BC’+ AB+ ACD. 

• Solution: Since the function is SOP therefore AND-OR logic will be drawn as follows:  

 

 
Q9: Draw a two-level logic diagram to implement the Boolean function F (A,B,C,D) = (A’+B’). (C’+D’).(B’+D) 

Solution: Since the function is SOP therefore AND-OR logic will be drawn as follows: 
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Q10: Draw the logic diagram corresponding to the following Boolean expression without simplifying it F = 
C’.(A’+B)  

 

Q11: Compute (1010100)2 – (1000011)2 Using 1’s Compliment  
Sol:  

 
Q12: Compute (1000011)2 - (1010100)2 Using 1’s Compliment 
Sol:  
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Q13: (1010100)2 – (1000011)2 Using 2’s Compliment  
Sol:  

 
 
Q14: (1000011)2 - (1010100)2 Using 2’s Compliment  
Sol:  
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Q15: (72532)10 – (3250)10 using 9’s compliment  
Sol: 

 
Q16: (3250)10 – (72532)10 Using 9’s Compliment 
Sol: 

 
Q17: (72532)10 – (3250)10 using 10’s compliment  
Sol: 

 
Q18: (3250)10 – (72532)10 Using 10’s Compliment 
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Sol: 

 
Q19: Numerical: Convert F(A,B,C) = (A+B).(A+C).(B+C') into canonical form. 
Solution: F(A,B,C) = (A+B).(A+C).(B+C')  
We know that AA’ = BB’ = CC’ = 0 
Hence put Anyone of these at the place of missing term. Hence,  
 F(A,B,C) = (A+B+CC').(A+C+BB').(B+C'+AA')  
                = (A+B+C).(A+B+C').(A+C+B).(A+C+B').(B+C'+A).(B+C'+A')  
                = (A+B+C).(A+B+C').(A+B'+C).(A'+B+C’) 
               = ∏M(0, 1, 2, 5) 
 
Q20: Numerical: Convert F(A,B,C) = AB + AC' + BC into canonical form. 
Solution: F(A,B,C) = AB + AC' + BC  
In AB, C is missing; hence multiply it with (C + C’). 
In AC’, B is missing; hence multiply it with (B + B’). 
In BC, A is missing; hence multiply it with (A + A’). 
        F(A,B,C) = AB + AC' + BC 
                       = AB(C + C’) + AC'(B + B’) + BC(A + A’) 
                       = ABC + ABC’ + ABC’ + AB’C’ + ABC + A’BC 
                       = ABC + ABC’ + AB’C’ + A’BC 
Or,  F(A,B,C) = A’BC + AB’C’ + ABC’ + ABC 
                      = Σm(3, 4, 6, 7) 
 
Q21: Minimize Boolean expression Q = ABC + A(B’+C’) 
Solution: Q = ABC + A(B’+C’) 
                     = ABC + AB’ + AC’ 
                     = ABC + AB’(C + C’) + AC’(B + B’) 
                     = ABC + AB’C’ + AB’C + AB’C’ + ABC’ 
                     = ABC + AB’C’ + AB’C + ABC’ 
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                     = ABC + ABC’ + AB’C’ + AB’C 
                     = AB (C + C’) + AB’(C + C’)                   But C + C’ = 1 
                     = AB + AB’ 
                     = A(B + B’)                                              But B + B’ = 1 
So,            Q = A 
 
Q22: Minimize Boolean expression Q = A'BC' + AB'C' + AB'C + ABC' + ABC 
Solution: Q = A'BC‘ + ABC' + AB'C' + AB'C + ABC' + ABC  
   [∵ ABC+ABD=AB(C+D)] 
                     = (A‘+A)BC' + AB'(C+C') + AB(C+C') 
   [∵ A'+A=C’+C=1] 
                     = BC' + AB' + AB 
                     = BC' + A(B'+B) 
   [∵ B'+B=1] 
                     = BC' + A 
Hence,    Q = BC' + A 
 
Q23: Minimize Boolean expression using truth table. 
                  Q = (A+B+C).(A+B+C').(A+B'+C') 
Solution: Q = (A+B+C).(A+B+C').(A+B'+C')  
                      = (A+B+C).(A+B+C').(A+B+C').(A+B'+C') 
                      = [(A+B) + CC’] . [(A+C') + BB’]  
        [∵ BB’ = CC' = 0]  
                      = (A+B).(A+C')     
        [∵ (A+B).(A+C) = A +BC]  
                      = A +BC’ 
 Hence,    Q = A +BC’ 
 
Q24: Minimize Boolean expression using truth table. 
                  Q = (A+B+C).(A+B+C') 
Solution: Q = (A+B+C).(A+B+C')  
                      = (A+B)+(CC')  
   [∵ CC' = 0]  
                      = (A+B) 
 Hence,    Q = A + B 
Q25: Numerical: Simplify the following Boolean function,  
                     Z= ∑A,B,C(1,3,6,7)       using K-map. 
Solution: Z= ∑A,B,C(1,3,6,7) 
It is a three variable function. Hence, number of cells will be 23 = 8. 
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From red group we get product term —A’C  
From green group we get product term — AB  
Summing these product terms, we get-Final expression Z = (A’C + AB)  
Q26: Numerical: Simplify the following Boolean function, f(W,X,Y,Z)= WX’Y’ + WY + W’YZ’   using K-map. 
Solution: f = ∑m(2,6,8,9,10,11,14,15) 

 
We got three prime implicants WX’, WY & YZ’.  
Hence, Minimized f = WX’ + WY + YZ’  
 
Q27: Numerical: Simplify the following Boolean function, f(X,Y,Z) = ∏M (0,1,2,4) using K-map. 
Solution: f(X,Y,Z) = ∏M (0,1,2,4) 

 
We got three prime implicants X+Y, Y+Z & Z+X. All these prime implicants are essential because one zero in 
each grouping is not covered by any other groupings except with their individual groupings. 
Hence, f = (X+Y).(Y+Z).(Z+X) 
 
Q28: Numerical: Simplify the following Boolean function, F(P,Q,R,S)=∑(0,2,5,7,8,10,13,15)        using K-map. 
Solution: F(P,Q,R,S)=∑(0,2,5,7,8,10,13,15)  
It is a four variable function. Hence, number of cells will be 24 = 16. 
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From red group we get product term — QS  
From green group we get product term — Q’S’  
Summing these product terms we get- Final expression           F = (QS+Q’S’)  
 
Q29: Numerical: Simplify the following Boolean function,  
                     F=∑m(0,2,4,7,8,10,12,16,18,20,23,24,25,26,27,28)        using K-map. 
Solution: F=∑m(0,2,4,7,8,10,12,16,18,20,23,24,25,26,27,28), we know that 25 = 32,     Hence, number of 
variables are 5 here. 

 
G 1: The one marked in red comprises of cells ( 0, 4, 8, 12, 16, 20, 24, 28),  
G 2: The one marked in pink comprises of cells ( 0, 2, 8, 10, 16, 18, 24, 26),  
G 3: The one marked in yellow comprises of cells (24, 25, 26, 27) ,  
G 4: The one marked in blue comprises of cells (7, 23) 
G 1:  S’T’          G 2:  R’T’       G 3:  PQR’         G 4:  Q’RST 
Hence, final answer is F = S’T’ +  R’T’ + PQR’ + Q’RST  
 
Q30: Numerical: Simplify the following Boolean function using K-map.   
 f (A, B, C, D, E) = ∑ m (0, 5, 6, 8, 9, 10, 11, 16, 20, 24, 25, 26, 27)    
Solution: f (A, B, C, D, E) = ∑ m (0, 5, 6, 8, 9, 10, 11, 16, 20, 24, 25, 26, 27) , 
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Since, number of variables are 5 here, hence number of cells 25 = 32. 

 
f = A’B’CDE’ + A’B’CD’E  + C’D’E’ + AB’D’E’ + BC’ 
 
Q31: Numerical: Simplify Y = ∑m (0, 1, 2, 3, 7, 9, 11, 13, 15, 21, 23, 24, 25, 26, 27, 29, 31) using K Map.  
Solution: Y = ∑m(0,1,2,3,7,9,11,13,15,21,23,24,25,26,27,29,31) 
Number of cells = 32 = 25 , Hence, number of variables = 5 (A,B,C,D,E)  

 
Hence, Y = BE+A’B’C’+A’DE+ACE+ABC’ 
 
Q32: Numerical: Simplify the following Boolean function,  
    f(W,X,Y,Z) = ∑m(2,6,8,9,10,11,14,15) + ∑d(0,1,3,4,7) using K-map. 
Solution: f = ∑m(2,6,8,9,10,11,14,15) + ∑d(0,1,3,4,7)  
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1. G1: m(0,1,2,3,8,9,10,11) 
2. G2: m(3,4,6,7,10,11,14,15) 
We got two prime implicants X’ and Y. All these prime implicants are essential. 
Hence, Minimized f = X’ + Y 
 
Q33: Numerical: Simplify the following Boolean function,   
          f(X,Y,Z) = ∏M (0,1,2,4) + ∏d (6,7) using K-map. 
Solution: f(X,Y,Z)=∏M(0,1,2,4) 

 
We got three prime implicants Z and X + Y.  One don’t care is used as 0 and others is not used because it is not 
needed to be grouped. 
Hence, f = (X+Y).Z 
 
Q34: Numerical: Simplify Y = ∑m(0,1,2,3,5,7,8,10,11,13,15,19,23,24,25,26,27, 
31,32,34,37,40,41,42,44,45,52,53,56,57,58,59,60,61) using K Map.  
Solution: 

 
Answer: Y = B’D’F’+A’EF+BCD’+ACE’+B’DE’F+A’B’C’F+ABDE’ 
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