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SYLLABUS
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Year: Third Semester: Sixth
Course Code: B010602T | Course Title: Analog & Digital Principles & Applications
Unit Topics

Semiconductor Junction
Expressions for Fermi energy, Electron density in conduction
band, Hole density in valence band, Drift of charge carriers
(mobility & conductivity), Diffusion of charge carries and Life
time of charge carries in a semiconductor. Expressions for
Barrier potential, Barrier width and Junction capacitance
(diffusion & transition) for depletion layer in a PN junction.
Expressions for Current (diode equation) and Dynamic
resistance for PN junction. Tunnel Diode, 1-V characteristics

and applications

Transistor Modeling
Transistor as Two-Port Network. Notation for dc & ac
components of voltage & current. Quantitative discussion of Z,
Y & h parameters and their equivalent two-generator model
circuits. h-parameters for CB, CE & CC configurations.
Analysis of transistor amplifier using the hybrid equivalent
model and estimation of Input Impedance, Output Impedance

and Gain (current, voltage & power).

Field Effect Transistors
JFET: Construction (N channel & P channel); Configuration
(CS, CD & CG); Operation in different regions (Ohmic or
Linear, Saturated or Active or Pinch off & Break down);
Important Terms (Shorted Gate Drain Current, Pinch Off
Voltage & Gate Source Cut-Off Voltage); Expression for
Drain Current (Shockley equation); Characteristics (Drain &
Transfer); Parameters (Drain Resistance, Mutual Conductance
or Transconductance & Amplification Factor); Biasing w.r.t.
CS configuration (Self Bias & Voltage Divider Bias);
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Amplifiers (CS & CD or Source Follower); Comparison (N &
P channels and BJTs & JFETs). MOSFET: Construction and
Working of D-MOSFET (N channel & P channel) and E-
MOSFET (N channel & P channel); Characteristics (Drain &
Transfer) of D-MOSFET and E-MOSFET; Comparison of
JFET and MOSFET

Other Devices
SCR: Construction; Equivalent Circuits (Two Diodes, Two
Transistors & One Diode-One Transistor); Working (Off state
& On state); Characteristics; and its Applications. UJT:
Construction; Equivalent Circuit; Working (Cut-off, Negative
Resistance & Saturation regions); Characteristics (Peak &

Valley points); and its Applications.

Number System
Number Systems: Binary, Octal, Decimal & Hexadecimal
number systems and their inter conversion. Binary Codes:
BCD, Excess-3 (XS3), Parity, Gray & ASCII Codes and their
advantages & disadvantages. Data representation

Vi

Binary Arithmetic
Binary Addition, Decimal Subtraction using 9’s & 10’s
complement, Binary Subtraction using 1’s & 2’s compliment,

Multiplication and Division.

Vil

Logic Gates
Truth Table, Symbolic Representation and Properties of OR,
AND, NOT, NOR, NAND, EX-OR & EX-NOR Gates.
Implementation of OR, AND & NOT gates (realization using
diodes & transistor). De Morgan’s theorems. NOR & NAND
gates as Universal Gates. Application of EX-OR & EXNOR
gates as pairty checker. Boolean Algebra. Karnaugh Map.

VI

Combinational & Sequential Circuits
Combinational Circuits: Half Adder, Full Adder, Parallel
Adder, Half Subtractor, Full Subtractor. Data Processing
Circuits: Multiplexer, Demultiplexer, Decoders & Encoders.
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Sequential Circuits: SR, T, D, JK & M/S JK Flip-Flops, Shift
Register (SISO, SIPO, PISO & PIPO), and Asynchronous &
Synchronous counters, Modified counters.
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Unit 1 - Semiconductor Junction

Semiconductor Junction

1. Fermi Energy

The Fermi energy (Ef) represents the probability level of electrons in a semiconductor. It lies closer to the
conduction band in n-type and closer to the valence band in p-type semiconductors.

Expression:

N,
E;=E,— kTl (—)
n

where,

» F,. = conduction band edge
» N, = effective density of states in conduction band
s 1 = electron density

* [ = Boltzmann constant, T' = temperature

2. Electron Density in Conduction Band

E.—F
n = N.exp (—Tf)

i 3/2
where N, = 2 (Q—?if‘—r) , effective density of ste 0l
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3. Hole Density in Valence Band

E;—E,
p= N,exp (_J‘,IET)

. 3/2
Qﬂ'JTLJKT) /

where N, = 2 ( T

4. Drift of Charge Carriers

When an electric field E is applied, carriers drift with velocity:
vy = pkE

* Mobility: p = v/ E
* Conductivity:

a = q(np, + P.up)

5. Diffusion of Charge Carriers
Due to concentration gradient, carriers diffuse.

» Electron diffusion current density:

dn

J, =qD,
‘! dx
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* Hole diffusion current density:

Einstein's relation:

6. Carrier Lifetime
The lifetime (7) is the average time a carrier exists before recombination.

* Electron lifetime: 7,

* Hole lifetime: 7,

7. Barrier Potential in PN Junction

kT N.N
Vbs=—lﬂ( 2 “‘)
q

2
1;

where N, = acceptor concentration, Ny = donor concentration, n; = intrinsic concentration.

8. Barrier Width (Depletion Region)

By Dr. O. P. Prajapati & Dr. Naveen Gupta
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2e, {Na + Nd)
W = e T Y
\/ ¢ N,N, "

9. Junction Capacitance

e, A

s Transition Capacitance (depletion capacitance): occurs under reverse bias due to variation of depletion

width.

« Diffusion Capacitance: occurs under forward bias due to minority carrier storage.

10. Current Equation (Diode Equation)
I=1, (e“% - 1)

where I, = reverse saturation current, 1 = ideality factor.

11. Dynamic Resistance

~ nkT
V-

12. Tunnel Diode

A tunnel diode is a heavily doped PN junction where quantum tunneling dominates.

» |-V Characteristics: shows a negative resistance region due to tunneling.

* Applications: microwave oscillators, fast switching circuits, amplifiers.

OBJECTIVE TYPE QUESTIONS

Q1. A pure semiconductor behaves as an insulator at:

(@ 0°C

(b) -273°C

(c) 100°C

(d) 25°C

Answer: (b) -273°C

Explanation: At absolute zero (—273°C or 0 K), there is no thermal energy to excite
electrons across the bandgap, making a pure (intrinsic) semiconductor act as an insulator.

Q2. Forbidden energy gap (Eg) in Ge at room temperature is close to:
(@) 0.3eV
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(b) 1.1eV

(c) 0.7eV

(d)15eVv

Answer: () 0.7 eV

Explanation: Germanium (Ge) has a bandgap of approximately 0.67 eV at room temperature
(around 300 K), closest to 0.7 eV.

Q3. Forbidden energy gap (Eg) in Si at 0 K is close to:

(@ 1.2eVv

(b) 0.7 eV

(c)1.1eV

(d)0.3eVv

Answer: (a) 1.2 eV

Explanation: Silicon (Si) has a bandgap of about 1.17 eV at 0 K, which is closest to 1.2 eV.

Q4. Separation in valence band and conduction band is measured in:

(a) Volts

(b) Amperes

(c) Watts

(d) Electron-volt

Answer: (d) Electron-volt

Explanation: The energy gap between the valence and conduction bands (bandgap) is
measured in electron-volts (eV), a unit of energy.

Q5. At all temperatures above 0 K, value of f(Ey) is:

@ao

(b) 1

(c) 0.25

(d)0.5

Answer: (d) 0.5

Explanation: The Fermi-Dirac distribution function f(Es) at the Fermi level (Ef) is 0.5 for all
temperatures above 0 K in an intrinsic semiconductor, indicating a 50% probability of
occupancy.

Q6. Fermi level in an intrinsic semiconductor lies in the middle of forbidden gap when:

(@) At0 Konly

(b) At high temperatures only

(c) When doped

(d) In all situations

Answer: (d) In all situations

Explanation: In an intrinsic semiconductor, the Fermi level is always at the midpoint of the
bandgap at all temperatures, as electron and hole concentrations are equal.

Q7. The value of thermal voltage V1 at room temperature is approx:
(@) 12 mv

(b) 25 mV

(c) 50 mV

(d) 100 mVv

Answer: (b) 25 mV
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Q8.Fermi Dirac distribution function is expressed as :

(@) f (E) = exp (E‘EF)

kT

(b) f (E) = 1 + exp (E‘EF)

kT
(©) f () = —— =z
1 pf kT )

(d)f(E):T(E-EF)

kT

Answer: (c)f(E) =

1+ exp (E;fF)

Q9.In intrinsic semiconductor, correct relation among Ec, Ev and Eris:

(a) EC — Erp+Ey
(b) EF — Ec+Ey
(C) EV — Ec+EF

(d) Er = VECE,
Answer: (b) Er =

Ec+Ey
2

Q10.The expression for number of charge carriers (n) in intrinsic semiconductor isn oc T*

exp - (2%) The value of x is:
(a) 2
(b)3

OF
(d) 2
Answer: (b) 3

Q11. The electrical conductivity of an intrinsic semiconductor increases with:

(@) Increasing temperature

(b) Decreasing temperature

(c) Increasing pressure

(d) Decreasing pressure

Answer: (a) Increasing temperature

Explanation: As temperature increases, more electrons are thermally excited across the
bandgap, increasing conductivity.

Q12. The Fermi level in an n-type semiconductor:

(a) Lies close to the valence band

(b) Lies close to the conduction band

(c) Lies in the middle of the bandgap

(d) Lies outside the bandgap

Answer: (b) Lies close to the conduction band

Explanation: In n-type semiconductors, extra electrons from donors shift the Fermi level
closer to the conduction band.

Q13. Which of the following materials is a commonly used intrinsic semiconductor?
(a) Silicon (Si)
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(b) Copper (Cu)

(c) Gold (Au)

(d) Aluminum (Al)

Answer: (a) Silicon (Si)

Explanation: Silicon is a widely used intrinsic semiconductor; Cu, Au, and Al are metals,
not semiconductors.

Q14. The mobility of charge carriers in an intrinsic semiconductor is affected by:

(a) Temperature only

(b) Impurities only

(c) Light only

(d) All of the above

Answer: (d) All of the above

Explanation: Mobility depends on temperature (scattering), impurities (doping), and light
(photogeneration).

Q15. At absolute zero temperature, which of the following is true about the electrons in an
intrinsic semiconductor?

(a) All electrons are in the conduction band

(b) All electrons are in the valence band

(c) Electrons are equally distributed

(d) Electrons are free to move

Answer: (b) All electrons are in the valence band

Explanation: At 0 K, no thermal energy excites electrons to the conduction band; all remain
in the valence band.

Q16. What happens to the electrons in a pure semiconductor material when the temperature is
at absolute zero (0 K)?

(a) Electrons move freely within the material

(b) Electrons occupy only the conduction band

(c) Electrons are evenly distributed across energy bands

(d) All electrons remain confined to the valence band

Answer: (d) All electrons remain confined to the valence band

Explanation:

At absolute zero, there is no thermal energy available to excite electrons from the valence
band to the conduction band. As a result, all electrons remain in the valence band, and the
conduction band stays empty.

Q17. In an n-type semiconductor, the majority charge carriers are:

(a) Holes

(b) Electrons

(c) lons

(d) Protons

Answer: (b) Electrons

Explanation: N-type doping introduces extra electrons, making them the majority carriers.

Q18. The energy bandgap (Eg) of a semiconductor is:
(a) The energy difference between two conduction bands
(b) The energy difference between the valence band and the conduction band
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(c) The energy difference between two valence bands

(d) The energy difference between the Fermi level and valence band

Answer: (b) The energy difference between the valence band and the conduction band
Explanation: Eg is defined as EC - EV, the energy gap between valence and conduction
bands.

Q19. The doping of an intrinsic semiconductor results in:

(a) Decrease in conductivity

(b) Increase in conductivity

(c) No change in conductivity

(d) Change in color

Answer: (b) Increase in conductivity

Explanation: Doping adds charge carriers (electrons or holes), increasing conductivity.

Q20. In a p-type semiconductor, the majority charge carriers are:

(a) Electrons

(b) Holes

(c) lons

(d) Neutrons

Answer: (b) Holes

Explanation: P-type doping introduces acceptors, creating holes as the majority carriers.

Q21. The Fermi level in a p-type semiconductor lies closer to:

(a) The conduction band

(b) The middle of the bandgap

(c) The valence band

(d) Outside the bandgap

Answer: (c) The valence band

Explanation: In p-type, extra holes shift the Fermi level closer to the valence band.

Q22. In a p-type semiconductor, where is the Fermi level most likely to be found?

(a) Near the conduction band

(b) Approximately at the center of the bandgap

(c) Close to the valence band

(d) Outside the energy band structure

Answer: (c) Close to the valence band

Explanation: In a p-type semiconductor, acceptor impurities introduce holes, which are
majority carriers. As a result, the Fermi level shifts closer to the valence band to reflect the
higher probability of occupancy of states near it.

Q23. Which of the following materials is used as a p-type semiconductor dopant in silicon?
(a) Phosphorus

(b) Boron

(c) Arsenic

(d) Antimony

Answer: (b) Boron

Explanation: Boron (group Il1) is a common acceptor dopant for p-type silicon; P, As, and
Sb are n-type dopants.
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Q24. The bandgap energy of a semiconductor depends on:

(a) Temperature only

(b) Doping only

(c) Material type only

(d) All of the above

Answer: (d) All of the above

Explanation: Bandgap varies with temperature (decreases), doping (slightly alters), and
material type (e.g., Si & Ge).

Q25. Which of the following describes the intrinsic carrier concentration of a semiconductor
at room temperature?

(a) Directly proportional to temperature

(b) Inversely proportional to temperature

(c) Exponentially dependent on temperature

(d) Independent of temperature

Answer: (c) Exponentially dependent on temperature

Q26. The Fermi level in an intrinsic semiconductor at absolute zero is located:

(a) At the conduction band

(b) At the valence band

(c) Exactly in the middle of the bandgap

(d) Outside the bandgap

Answer: (c) Exactly in the middle of the bandgap

Explanation: At 0 K, Ek is at the midpoint of the bandgap in an intrinsic semiconductor.

Q27. The energy bandgap of a semiconductor is typically measured in:
(@) Joules

(b) Electron volts (eV)

(c) Watts

(d) Volts

Answer: (b) Electron volts (eV)

Explanation: Bandgap energy is conventionally expressed in eV.

Q28. The Fermi level of a semiconductor is defined as:

() The highest occupied energy level at 0 K

(b) The lowest unoccupied energy level at 0 K

(c) The average energy of electrons

(d) The energy level where the probability of occupancy by electrons is 0.5

Answer: (d) The energy level where the probability of occupancy by electrons is 0.5

Q29. Which of the following is true about the conduction process in intrinsic
semiconductors?

(@) It occurs due to holes moving in the valence band

(b) It occurs due to electrons moving in the valence band

(c) It occurs due to electrons jumping from the valence band to the conduction band

(d) It occurs due to ions moving in the lattice

Answer: (c) It occurs due to electrons jumping from the valence band to the conduction band
Explanation: Conduction in intrinsic semiconductors arises from thermal excitation across
the bandgap.
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Q30. Which of the following best describes the term "donor level™ in a semiconductor?
(@) A level far below the valence band

(b) A level in the middle of the bandgap

(c) A level close to the conduction band in an n-type semiconductor

(d) A level close to the valence band in a p-type semiconductor

Answer: (c) A level close to the conduction band in an n-type semiconductor
Explanation: Donor levels (from n-type dopants) are just below the conduction band.

Q31. The intrinsic carrier concentration in a semiconductor increases with:

(a) Increasing temperature

(b) Decreasing temperature

(c) Increasing pressure

(d) Decreasing pressure

Answer: (a) Increasing temperature

Explanation: Increases exponentially with temperature due to more thermal excitation.

Q32. Which of the following statements about the energy bandgap (Eg) of a semiconductor is
true?

(a) Larger bandgap means better conduction

(b) Smaller bandgap means better conduction

(c) Bandgap does not affect conduction

(d) Bandgap is unrelated to conduction

Answer: (b) Smaller bandgap means better conduction

Explanation: Smaller bandgaps allow easier electron excitation, enhancing conductivity.

Q33. The rate at which charge carriers move through a semiconductor under an applied
electric field is known as:

(a) Conductivity

(b) Resistivity

(c) Mobility

(d) Capacitance

Answer: (c) Mobility

Explanation: Mobility is the drift velocity per unit electric field.

Q34. Which of the following best describes an electron in the conduction band of a
semiconductor?

(@) It is bound to an atom

(b) It is free to move and conduct current

(c) Itis trapped in the valence band

(d) Both (a) and (b)

Answer: (d) Both (a) and (b)

Explanation: Conduction band electrons are thermally excited from the valence band and
free to move.

Q35. The thermal voltage (V) is approximately 26 mV at:
@0oK

(b) 100 K

(c) 300 K

(d) 500 K

Answer: (c) 300 K
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Q36. In a semiconductor, the conduction band is separated from the valence band by a region
called the:

(a) Forbidden gap

(b) Allowed band

(c) Fermi level

(d) Doping level

Answer: (a) Forbidden gap

Explanation: The forbidden gap (bandgap) is the energy difference between valence and
conduction bands.

Q37. The total number of electrons and holes in an intrinsic semiconductor is:
(a) Equal

(b) Unequal

(c) Zero

(d) Infinite

Answer: (a) Equal

Explanation: In intrinsic semiconductors, electron concentration (n) equals hole
concentration (p).

Q38. Which of the following is true for an extrinsic semiconductor at absolute zero
temperature?

(a) It behaves as a conductor

(b) It behaves as an insulator

(c) It behaves as a superconductor

(d) It behaves as a metal

Answer: (b) It behaves as an insulator.

Explanation: At 0 K, no thermal energy excites carriers; even extrinsic semiconductors act
as insulators.

Q39. The characteristic temperature dependence of the resistivity in an intrinsic
semiconductor is:

(a) Exponentially decreasing with temperature

(b) Exponentially increasing with temperature

(c) Constant with temperature

(d) Linear with temperature

Answer: (a) Exponentially decreasing with temperature.

Q40. Which of the following statements about a p-n junction is true?

(@) It allows current to flow in both directions

(b) It allows current to flow in only one direction

(c) It blocks current completely

(d) It acts as a resistor

Answer: (b) It allows current to flow in only one direction

Explanation: A p-n junction acts as a diode, allowing current in the forward direction only.

Q41. Which of the following is true about the Fermi level in an n-type semiconductor at high
temperatures?
(a) 1t moves closer to the conduction band
(b) 1t moves closer to the valence band
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(c) It remains at the mid-gap (approximation)

(d) It moves outside the bandgap

Answer: (c) It remains at the mid-gap (approximation)

Explanation: At very high temperatures, n-type behavior approaches intrinsic, with EF near
mid-gap

Q42. Which of the following is the most significant characteristic of a semiconductor diode?
(@) It has zero resistance

(b) It exhibits rectification properties

(c) It conducts equally in both directions

(d) It stores charge

Answer: (b) It exhibits rectification properties

Explanation: Diodes rectify by allowing current in one direction only.

Q43. What happens when an electron in a semiconductor absorbs energy equal to or greater
than its bandgap?

(@) It becomes a free electron in the conduction band

(b) It remains in the valence band

(c) It recombines with a hole

(d) It emits light

Answer: (a) It becomes a free electron in the conduction band

Explanation: Absorbing Eg or more excites an electron to the conduction band.

Q44. In an ideal p-n junction diode, the depletion region is:

(a) Narrow and has low resistance

(b) Wide and has high resistance

(c) Narrow and has high resistance

(d) Wide and has low resistance

Answer: (b) Wide and has high resistance

Explanation: The depletion region is a high-resistance area due to the absence of free
carriers.

Q45. Which of the following best describes the behavior of a p-n junction diode when
forward biased?

(@) It blocks current flow

(b) It allows current to flow easily in one direction

(c) It allows current to flow equally in both directions

(d) It acts as an open circuit

Answer: (b) It allows current to flow easily in one direction

Explanation: Forward bias reduces the barrier, allowing current to flow.

Q46. Which of the following materials is used for making Schottky diodes?

(@) Silicon (Si)

(b) Gallium Arsenide (GaAs)

(c) Germanium (Ge)

(d) Silicon Carbide (SiC)

Answer: (b) Gallium Arsenide (GaAs)

Explanation: GaAs is commonly used in Schottky diodes due to its high electron mobility.

Q47. Which of the following best describes the role of doping in a semiconductor?
(a) It decreases the number of charge carriers
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(b) 1t changes the crystal structure

(c) It increases the number of charge carriers

(d) 1t changes the color

Answer: (c) It increases the number of charge carriers

Explanation: Doping introduces extra electrons (n-type) or holes (p-type), increasing
carriers.

Q48. What is the primary characteristic of a semiconductor material in terms of electrical
conductivity?

(a) It conducts electricity only through electrons

(b) 1t conducts electricity through the movement of free electrons and holes

(c) It does not conduct electricity

(d) It conducts electricity only at high voltages

Answer: (b) It conducts electricity through the movement of free electrons and holes
Explanation: Semiconductors conduct via electrons and holes, unlike metals (electrons

only).

Q49. In an n-type semiconductor, the majority carriers are:

(a) Holes

(b) Electrons

(c) lons

(d) Neutrons

Answer: (b) Electrons

Explanation: N-type doping adds electrons as majority carriers.

Q50. Which of the following describes the primary difference between intrinsic and extrinsic
semiconductors?

(@) Intrinsic semiconductors have free charge carriers due to doping

(b) Extrinsic semiconductors have free charge carriers due to doping, while intrinsic ones do
not

(c) Intrinsic semiconductors conduct better than extrinsic

(d) Extrinsic semiconductors have no charge carriers

Answer: (b) Extrinsic semiconductors have free charge carriers due to doping, while intrinsic
ones do not

Explanation: Intrinsic has only thermally generated carriers; extrinsic has additional carriers
from doping.
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Unit 2 - Transistor Modeling
Transistor as Two-Port Network

A transistor can be treated as a two-port network, where:

* Input port: Base-Emitter junction (for CE configuration)

* Output port: Collector-Emitter junction

This allows us to use network parameters (Z, Y, h) for analysis of transistor amplifiers.

1. Notation for DC and AC Components

For analysis, voltages and currents are represented as dc (operating point) and ac (signal) components:
» DCvalues (Biasing): Ig, I, Ig, Ve, Vog
* AC variations (Small-signal): 2;, 2., 2. Vpes Ue

= Total instantaneous quantities:

tg=Ig+1i, ic=Ic+i., ver=Vgg+ U

2. 7Z, Y, and h Parameters

(a) Z-parameters (Impedance Parameters)

* Relations:
Vi=2Zuli + Zials

Vo= 2ol + Znly
» 711, Za3: Input and output impedances

o Zi9, Zoy: Transfer impedances

(b) Y-parameters (Admittance Parameters)

* Relations:
L =Y Vi + Y1

I, =Y Vi + Y5 Vs
»  Yi1, Yos: Input and output admittances
» Y5, Y5;: Transfer admittances

(c) h-parameters (Hybrid Parameters)

* Relations:
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s Relations:
v1 = hi1é1 + hiavs

iy = hoyi1 + haovo
¢ Meanings:
* hyq: Input impedance with output short-circuited
» hys: Reverse voltage gain
s hsi: Forward current gain

*  hgyy: Output admittance with input open

3. Equivalent Two-Generator Model Circuits

For each parameter set (Z, Y, h), an equivalent circuit model can be drawn using dependent sources (voltage

or current sources).
» 7-model uses voltage sources
* Y-model uses current sources

* h-model uses hybrid (voltage & current sources)

4. h-Parameters for CB, CE & CC Configurations

* Common Base (CB):
* Low input resistance, high output resistance, current gain < 1.
* h-parameters: Ay, gy Brpp, Pp.
* Common Emitter (CE):
» High current gain, medium input resistance, high output resistance.
» h-parameters: hic, Pope, Pfe, Roe.
* Common Collector (CC):
» High input resistance, low output resistance, voltage gain = 1.

* h-parameters: Ao, Ryey Bigey e

5. Transistor Amplifier Analysis Using Hybrid Model

The h-parameter hybrid model is widely used for small-signal transistor amplifier analysis.

(a) Input Impedance

_v_ gy hihy
" 1 ! h,gg-l—l/RL

(b) Output Impedance
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V2 1
Ry = g 1=0 - h_zz
() Current Gain
1,
T
(d) Voltage Gain
4, = Yot o Tl
Vin hai
(e) Power Gain
A, = A, X 4

OBJECTIVE TYPE QUESTIONS

Q1. Unit of Z-parameter of a network are:
(@) ohm

(b) siemens

(c) ampere

(d) volt

Answer: (a) ohm

Q2. Unit of Y-parameters of a network is:

(@) ohm

(b) siemens

(c) ampl/volt

(d) volt/amp

Answer: (c) amp/volt

Explanation: Y-parameters (admittance parameters)

Q3. The hybrid parameter hi1 has unit:
(@) ohm

(b) siemens

(c) ampere

(d) volt

Answer: (a) ohm

Explanation: hy is input impedance (V1/11), with units of ohms.

Q4. Which of the following pair of h-parameters have no unit?
(@) h1z and ho
(b) h12 and ha1
(c) h1z and hoy
(d) hi2 and ha

By Dr. O. P. Prajapati & Dr. Naveen Gupta
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Answer: (b) hi2 and hs
Explanation: hix (V1/V2) and hoy (I2/11) are dimensionless ratios (voltage gain and current

gain).

Q5. The value of ac of a transistor is equal to:

(a) hu

(b) ha2

() hre

(d) h2:

Answer: (C) hre

Explanation: AC current gain in common-emitter configuration is denoted by hee.

Q6. The value of aac of a transistor is equal to:

(a) hu

(b) h12

(€) hro

(d) has

Answer: (c) hsp

Q7. The unit of Z-parameter (impedance parameter) is:

(a) Ohms

(b) Siemens

(c) Amperes

(d) Volts

Answer: (a) Ohms

Explanation: Z-parameters measure impedance (\V/1), with units of ohms.
\

Q8. Which of the following is the correct representation of the Y-parameters?
(a) Impedance ratios

(b) Current ratios

(c) Voltage ratios

(d) Admittance ratios

Answer: (d) Admittance ratios

Explanation: Y-parameters represent admittance (1/V), not impedance ratios.

Q9. The relationship between h-parameters and Y -parameters is given by:

@h=Y

(b) h = inverse(Y)

(c) h = transpose(Y)

(d) None of the above

Answer: (d) None of the above

Explanation: h-parameters and Y-parameters are related via matrix conversions, but specific
relations depend on configuration.

Q10. The parameter hy; represents:

(@) Input admittance

(b) Output impedance

(c) Output admittance

(d) Input impedance

Answer: (c) Output admittance

Explanation: hy, = I/V> (with 1:=0), representing output admittance (A/V).
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Q11. The Z-parameters are typically used for:

(a) Current-voltage relationship in networks

(b) Voltage-voltage relationship in networks

(c) Voltage-current relationship in networks

(d) Current-current relationship in networks

Answer: (c) Voltage-current relationship in networks

Explanation: Z-parameters express voltages as functions of currents in two-port networks.

Q12. In the hybrid parameter model, hi2 represents:
(a) Forward voltage gain

(b) Reverse current gain

(c) Forward current gain

(d) Reverse voltage gain

Answer: (d) Reverse voltage gain

Q13. Which of the following parameters is used to represent the relationship between output
voltage and input current in a network?

(8) Z12

(b) Z21

(€) Y12

(d) Yau

Answer: (a) Z12

Explanation: Z12 = V1/l> (1:=0), relating output voltage to input current

Q14. In a two-port network, the Y-parameters are related to the Z-parameters by:
(@) Inverse relationship

(b) Direct relationship

(c) Transpose relationship

(d) None of the above

Answer: (a) Inverse relationship

Q15. For a transistor in the common-emitter configuration, the hybrid parameter hfe
represents:

(a) Current gain

(b) Voltage gain

(c) Input impedance

(d) Output admittance

Answer: (a) Current gain

Explanation: hfe = Io/l1 (V2 = 0), the small-signal current gain in CE mode.

Q16. Which of the following parameters is associated with the input voltage to output current
ratio in a transistor network?

(a) hu

(b) hat

(c) ha2

(d) h2

Answer: (b) ha:

Explanation: ha1 = I/l relates output current to input current, not voltage (corrected).
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Q17. The value of hy1 in a transistor is equal to:

(a) Voltage gain

(b) Current gain

(c) Input impedance

(d) Output admittance

Answer: (b) Current gain

Explanation: ha1 = I2/11, the current gain in hybrid model.

Q18. Which of the following is true for the hybrid parameter h1,?
(a) Forward voltage gain

(b) Reverse current gain

(c) Forward current gain

(d) Reverse voltage gain

Answer: (d) Reverse voltage gain

Explanation: hi2 = V1/V>, reverse voltage gain (corrected).

Q19. The hy, parameter in the hybrid model represents:

(a) Output impedance

(b) Input admittance

(c) Output admittance

(d) Input impedance

Answer: (c) Output admittance

Explanation: h2, = Io/V2, output admittance (A/V), not impedance.

Q20. For a network using Y-parameters, the relationship between input and output is given
by:

(@) Y11 X Input Voltage = Output Current

M) Vi=Yuli+Yal

) =YaVi+Y2V;

(d) Both (a) and (c)

Answer: (C) 2=Y21 V1 + Y22 V2

Q21. Which of the following hybrid parameters is unitless?
(@) has

(b) h1s

(€) h22

(d) hz2

Answer: (a) ha:

Explanation: hz1 = I2/l1, a dimensionless current gain.

Q22. The hybrid parameter hfe is also known as:

(a) Voltage gain in common-emitter configuration

(b) Current gain in common-base configuration

(c) Current gain in common-emitter configuration

(d) Input impedance in common-emitter configuration

Answer: (c) Current gain in common-emitter configuration
Explanation: hfe is the small-signal current gain (f) in CE mode.
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Q23. The Z-parameters in a network are used to:

(a) Express current relations

(b) Express voltage relations

(c) Express impedance relations

(d) Express admittance relations

Answer: (c) Express impedance relations

Explanation: Z-parameters define impedance relationships (V = Z:1).

Q24. What does the Y-parameter matrix represent in terms of current and voltage?
(a) Voltage to current relationship

(b) Voltage to voltage relationship

(c) Current to current relationship

(d) Current to voltage relationship

Answer: (d) Current to voltage relationship

Explanation: Y-parameters express currents as functions of voltages (I = Y-V).

Q25. In the hybrid parameter model, h11 is associated with:
(@) Input impedance

(b) Output impedance

(c) Current gain

(d) Voltage gain

Answer: (a) Input impedance

Explanation: hi1 = V4/ly, the input impedance (ohms).

Q26. Which of the following describes the relationship between current and voltage in the Y-
parameters?

(a) Y11 represents current to voltage ratio

(b) Y21 represents current to voltage ratio

(c) Y12 represents voltage to current ratio

(d) Y22 represents voltage to current ratio

Answer: (b) Y21 represents current to voltage ratio

Explanation: Y21 = I2/V1, forward transadmittance (A/V).

Q27. The hybrid parameter hfe is used to describe:

(a) Current gain in a transistor

(b) Voltage gain in a transistor

(c) Input impedance in a transistor

(d) Output impedance in a transistor

Answer: (a) Current gain in a transistor

Explanation: hse = I2/l1, the current gain in CE configuration.

Q28. Which of the following hybrid parameters is used to describe the output voltage-to-
output current ratio in a transistor?

(a) hu

(b) hat

(€) haz

(d) h1

Answer: () ha

Explanation: hx = 12/V>
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Q29. In a transistor, the hybrid parameter h1; is related to:
(a) Output impedance

(b) Input impedance

(c) Current gain

(d) Voltage gain

Answer: (b) Input impedance

Explanation: hi1 = V4/l1, input impedance (ohms).

Q30. In an ideal transistor with no losses, the value of hy, is:

(a) Zero

(b) One

(c) Infinite

(d) Negative

Answer: (a) Zero

Explanation: hi2 (reverse voltage gain) is ideally zero in a unilateral device.

Q31. The hybrid parameter hy; represents:
(a) Voltage gain

(b) Current gain

(c) Input impedance

(d) Output admittance

Answer: (b) Current gain

Explanation: ha1 = I2/ls, the current gain.

Q32. Which of the following statements is true regarding hybrid parameters in the small-
signal analysis of a transistor?

(@) hiz is the current gain in the common-emitter configuration

(b) h21 is the current gain in the common-emitter configuration

(c) ha2 is the input impedance in the common-emitter configuration

(d) h22 is the voltage gain in the common-emitter configuration

Answer: (b) ho1 is the current gain in the common-emitter configuration

Explanation: ho1 (hre) is the CE current gain.

Q33. Which of the following is the unit of hte in a transistor?
(a) Ohms

(b) Siemens

(c) Unitless

(d) Volts

Answer: (c) Unitless

Explanation: hf = I2/11, a dimensionless ratio.

Q34. The hybrid parameter hfe in a transistor is related to:
(a) Input voltage to input current ratio

(b) Output current to input current ratio

(c) Output voltage to input voltage ratio

(d) Input voltage to output current ratio

Answer: (b) Output current to input current ratio
Explanation: hs = I2/11, the current gain.
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Q35. What is the primary use of Z-parameters in network analysis?

(a) For determining the impedance of a network

(b) For determining the admittance of a network

(c) For determining the current of a network

(d) For determining the voltage of a network

Answer: (a) For determining the impedance of a network

Explanation: Z-parameters are used to analyze impedance relationships.

Q36. Which of the following hybrid parameters is used to describe the relationship between
input voltage and output current in a transistor?

(@) h11

(b) has

(c) h1z

(d) hz2

Answer: (b) haz

Explanation: h21 = I2/l1, not voltage-to-current (misinterpreted question).

Q37. Which parameter is used to describe the relationship between output current and input
voltage in a transistor network?

(a) hu

(b) hi2

(c) haa

(d) ha2

Answer: (c) ha

Explanation: h: relates output current to input current, not voltage directly.

Q38. The hybrid parameter h> is used to express:
(a) Output voltage

(b) Output current

(c) Output impedance

(d) Output admittance

Answer: (d) Output admittance

Explanation: hz2 = 12/V2, output admittance (A/V).

Q39. In a two-port network, which of the following statements is true about the Z-
parameters?

(a) Z11 is a measure of output impedance

(b) Z22 is a measure of input impedance

(c) Z11 is a measure of input impedance

(d) Z12 is a measure of output impedance

Answer: (C) Z11 is a measure of input impedance

Explanation: Z11 = Vi/11 (I2 = 0), the input impedance.

Q40. The hybrid parameter hi2 is generally used to represent:
(a) Input voltage to input current ratio

(b) Input voltage to output current ratio

(c) Output voltage to output current ratio

(d) Output voltage to input current ratio

Answer: (d) Output voltage to input current ratio
Explanation: hi> = V1/V>, reverse voltage gain.
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Q41. The Z-parameter Zy1 represents:

(a) Input voltage to input current ratio

(b) Output voltage to output current ratio

(c) Input current to input voltage ratio

(d) Output current to output voltage ratio
Answer: (a) Input voltage to input current ratio
Explanation: Z11 = V1/ly, input impedance.

Q42. Which of the following statements is true for the Y-parameters?
(a) Y11 represents the input current to input voltage ratio

(b) Y22 represents the output current to output voltage ratio

(c) Y21 represents the input voltage to output current ratio

(d) Y12 represents the output voltage to input current ratio

Answer: (c) Y21 represents the input voltage to output current ratio
Explanation: Ya1 = I2/V1, forward transadmittance.

Q43. The hybrid parameter hy; is associated with:

() Input impedance in a transistor network

(b) Output impedance in a transistor network

(c) Output impedance in a transistor network

(d) Current gain in a transistor network

Answer: (c) Output impedance in a transistor network
Explanation: ha, = 12/V2, output admittance.

Q44. For a common-emitter amplifier, the hybrid parameter hte is used to determine:
(@) Input impedance

(b) Output impedance

(c) Current gain

(d) Voltage gain

Answer: (c) Current gain

Explanation: hs is the CE current gain.

Q45. Which of the following is the correct formula for calculating the voltage gain in terms
of hybrid parameters?

(a) Voltage gain = hre / hie

(b) Voltage gain = ho1 / hy1

(c) Voltage gain = hyz / h12

(d) Voltage gain = hy1 / hos

Answer: (b) Voltage gain = hz1 / h11

Explanation: Voltage gain = ha1/h1;1 in simplified small-signal models.

Q46. The hybrid parameter h11 is related to:

(a) Input voltage and input current ratio

(b) Output voltage and output current ratio

(c) Input current and input voltage ratio

(d) Output current and output voltage ratio
Answer: (a) Input voltage and input current ratio
Explanation: hi1 = Vi/l1, input impedance.
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QA47. Which of the following is true for the Z-parameters?
(a) Z11 represents the input impedance

(b) Z12 represents the reverse transfer impedance

(c) Z21 represents the forward transfer impedance

(d) Z22 represents the output impedance

Answer: (d) Z2. represents the output impedance
Explanation: Z2, = V2/I, (11 = 0), output impedance.

Q48. The hybrid parameter hy: is used to describe:
(a) Input current gain

(b) Output current gain

(c) Input voltage gain

(d) Output voltage gain

Answer: (b) Output current gain

Explanation: hz1 = I2/11, current gain.

Q49. In a transistor, the hybrid parameter h11 is equivalent to:
(a) Output impedance

(b) Input impedance

(c) Voltage gain

(d) Current gain

Answer: (b) Input impedance

Explanation: hi; = Vi/l1, input impedance.

Q50. Which of the following parameters is used to represent the relationship between output
voltage and input current in a network?

(a) Y12

(b) Z12

(€) Y2

(d) Z21

Answer: (b) Z1.

Explanation: Z1» = V1/l2, output voltage to input current ratio.
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Unit 3 - Field Effect Transistor
Field Effect Transistors (FETs)

FETs are voltage-controlled devices in which the current conduction is controlled by the electric field applied
across the gate terminal. They have high input impedance and low noise, making them widely used in

amplifiers.

1. Junction Field Effect Transistor (JFET)

(a) Construction
¢ N-channel JFET: Consists of an n-type semiconductor bar with p-type gate regions diffused on both
sides.

¢ P-channel JFET: Similar structure but with p-type channel and n-type gates.

(b) Configurations
* Common Source (CS): High gain, most widely used.
* Common Drain (CD) or Source Follower: High input resistance, unity voltage gain.

* Common Gate (CG): Low input resistance, high-frequency response.

(c) Operation Regions

* Ohmic (Linear) Region: Channel acts like a resistor; current increases linearly with Vpg.

= Saturation/Active Region (Pinch-Off): Drain current becomes constant, controlled by gate voltage.
» Cut-off Region: Channel is fully depleted, Ip ~ 0.

» Breakdown Region: Excess V¢ causes large uncontrolled current.

(d) Important Terms
» Ipgg: Shorted-gate drain current (when Viog = 0).
» Vp: Pinch-off voltage (gate voltage at which channel is cut-off).
* Vis(osy): Gate-source cut-off voltage (Ip = 0).

(e) Drain Current Expression (Shockley Equation)

]

Ves '\~
In=1Ipss|1—
D Dss ( -‘/}, )

(f) Characteristics
» Drain Characteristics: I, vs. Vpg at constant Vi;g.

» Transfer Characteristics: Ip vs. Vg at constant Vpg.

(g) JFET Parameters
* Drain Resistance (r;): Output resistance in saturation region.

* Mutual Conductance or Transconductance (g, ):
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_dlp
Im = Ves
* Amplification Factor (1):
H=0Gn " "Td

(h) Biasing (CS Configuration)
e Self-Bias: Uses a source resistor for automatic bias stabilization.

* Voltage Divider Bias: Uses resistive divider to set gate voltage.

(i) Amplifiers
s CS Amplifier: High gain, inverting amplifier.

s CD Amplifier (Source Follower): Unity gain, high input impedance, low output impedance.

(j) Comparison
* N-channel vs. P-channel JFET: N-channel has higher mobility, better performance.
* JFET vs. BJT:
* JFET: Voltage-controlled, high input impedance, low noise.

* BJT: Current-controlled, higher gain but lower input impedance.

2. Metal-Oxide-Semiconductor FET (MOSFET)

MOSFET has an insulated gate separated from the channel by a thin oxide layer. It has extremely high input

impedance.

(a) Types of MOSFETs

1. Depletion-Type MOSFET (D-MOSFET)
» N-channel D-MOSFET: Channel exists at zero gate bias. Applying Vs modulates conductivity.
* P-channel D-MOSFET: Opposite polarity operation.

2. Enhancement-Type MOSFET (E-MOSFET)
» N-channel E-MOSFET: No channel at zero gate voltage; a positive Vizs induces a channel (inversion
layer).
» P-channel E-MOSFET: Channel induced with negative Vg.

(b) Operation & Characteristics
* D-MOSFET: Can work in both depletion and enhancement modes.
= E-MOSFET: Works only in enhancement mode (no current at Vg = 0).
« Drain Characteristics: Ip vs. Vps for different Vis.

« Transfer Characteristics: Ip vs. Vizg.

(c) Comparison of JFET and MOSFET
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Feature JFET MOSFET

Gate Structure PN junction Metal-oxide insulated gate

Input Impedance High Very High (1 010" Q)

Control Depletion only Depletion & Enhancement (D-MOSFET), Enhancement

only (E-MOSFET)

Applications Low-noise amplifiers Digital circuits, power devices, VLSI

OBJECTIVE TYPE QUESTIONS

Q1. A JFET has three terminals, namely:

(a) drain, source, gate

(b) emitter, base, collector

(c) cathode, anode, grid

(d) source, base, drain

Answer: (a) drain, source, gate

Explanation: JFETs have drain (D), source (S), and gate (G) terminals.

Q2. In n-channel JFET the current flows due to movement of:

(@) electron

(b) hole

(c) proton

(d) neutron

Answer: (a) electron

Explanation: In an n-channel JFET, electrons (majority carriers) conduct current.

Q3. AJFET is driven device:

(@) Current

(b) Voltage

(c) Power

(d) Resistance

Answer: (b) Voltage

Explanation: JFETs are voltage-controlled devices; the gate-source voltage controls the
channel.

Q4. A JFET is also called transistor:

(@) Unipolar

(b) Bipolar

(c) MOS

(d) FET

Answer: (a) Unipolar

Explanation: JFETSs are unipolar, using only majority carriers (electrons or holes).

Q5. For small values of Vps, JFET behaves:
(@) An ohmic resistor
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(b) A constant current source

(c) A constant voltage source

(d) An amplifier

Answer: (a) An ohmic resistor

Explanation: In the ohmic (linear) region, Ip «< Vps, resembling a resistor.

Q6. In p-channel JFET, charge carriers are:

(@) electron

(b) hole

(c) proton

(d) neutron

Answer: (b) hole

Explanation: In a p-channel JFET, holes are the majority carriers.

Q7. In saturation region, JFET behaves as:

(a) Voltage source

(b) Current source

(c) Resistance

(d) Switch

Answer: (b) Current source

Explanation: In saturation, Ip is constant, acting like a current source.

Q8. When Vps > Vp, drain current Ip:

(@) increases linearly

(b) becomes constant

(c) decreases linearly

(d) decreases exponentially

Answer: (b) becomes constant

Explanation: Beyond pinch-off (Vbs > Vp), Ip saturates and remains constant.

Q9. In normal operation of JFET:

(@) p-n junctions are reverse biased

(b) drain and source terminals are interchangeable

(c) conduction is by majority carriers

(d) All of these

Answer: (d) All of these

Explanation: p-n junctions are reverse-biased, D and S are interchangeable in some designs,
and conduction is by majority carriers.

Q10. A MOSFET has essentially terminals:

(@) Two

(b) Three

(c) Four

(d) Five

Answer: (c) Four

Explanation: MOSFETSs have gate, drain, source, and body (substrate) terminals.

Q11. A depletion MOSFET can operate in:
(a) depletion mode only
(b) enhancement mode only
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(c) both depletion and enhancement modes

(d) neither depletion nor enhancement modes

Answer: (c) both depletion and enhancement modes

Explanation: Depletion MOSFETS can conduct with Vs = 0 (depletion) or be enhanced
with Vgs > 0.

Q12. An enhancement MOSFET can operate in:

(a) depletion mode only

(b) enhancement mode only

(c) both depletion and enhancement modes

(d) neither depletion nor enhancement modes

Answer: (b) enhancement mode only

Explanation: Enhancement MOSFETS require Vs > Vi to form a channel.

Q13. Identify the correct relation:

(@) Io = Ipss (1 + Ves/Vp)?

(b) Ip = lbss (1 - Vos/Vp)?

(c) Io = Ipss (1 — Ves/Vp)?

(d) Ip = lpss (Ves/Ve)?

Answer: (c) ) Ip = Ipss (1 — Vaes/Vp)?

Q14. Slope of transconductance curve of JFET represents:

(@) rq

(b) gm

(c)p

d) R

Answer: (b) gm

Explanation: Transconductance gm = dlp/dVes, the slope of the Ip vs Vs curve.

Q15. Which of the following does not have a channel in their construction?

(a) JFET

(b) Depletion MOSFET

(c) Enhancement MOSFET

(d) MESFET

Answer: (c) Enhancement MOSFET

Explanation: Enhancement MOSFETS lack a pre-existing channel; it forms with Vs > Vin,

Q16. The characteristic of a JFET is primarily dependent on:
(a) The gate-source voltage

(b) The drain-source voltage

(c) The temperature

(d) The frequency

Answer: (a) The gate-source voltage

Explanation: Vs controls the channel width and thus Ip

Q17. In a JFET, the current that flows between drain and source is controlled by:
(a) Gate current
(b) Drain voltage
(c) Source voltage
(d) Gate-source voltage
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Answer: (d) Gate-source voltage
Explanation: Ves modulates the channel, controlling Ip.

Q18. The pinch-off voltage (Vp) in a JFET corresponds to:

(a) The voltage at which the drain current becomes zero

(b) The voltage at which the drain current is maximum

(c) The voltage at which the channel is completely blocked

(d) The voltage at which the channel is fully open

Answer: (c) The voltage at which the channel is completely blocked

Explanation: Vpis the Vps at which the channel pinches off, stopping further increase in Ip.

Q19. In a JFET, the current is mostly carried by:

(a) Majority carriers only

(b) Minority carriers only

(c) Both majority and minority carriers

(d) Neither majority nor minority carriers

Answer: (a) Majority carriers only

Explanation: JFETs are unipolar; only majority carriers (electrons or holes) conduct.

Q20. Which of the following is a key difference between JFET and MOSFET?

(a) JFETSs have a lower input impedance than MOSFETSs

(b) JFETSs are bipolar devices, while MOSFETSs are unipolar

(c) MOSFETSs have a higher input impedance than JFETS

(d) MOSFETS can only operate in enhancement mode

Answer: (c) MOSFETSs have a higher input impedance than JFETs

Explanation: MOSFETS have an insulated gate (oxide), giving higher input impedance than
JFETS.

Q21. In an enhancement-mode MOSFET, the channel:

(a) Is formed when the gate-source voltage exceeds the threshold voltage

(b) Exists even when the gate-source voltage is zero

(c) Is always conductive

(d) Is formed by the physical construction of the device

Answer: (a) Is formed when the gate-source voltage exceeds the threshold voltage
Explanation: Vs > Vi, induces a channel in enhancement MOSFETS.

Q22. For a p-channel MOSFET, the majority charge carriers are:
(a) Electrons

(b) Holes

(c) Both electrons and holes

(d) Neither electrons nor holes

Answer: (b) Holes

Explanation: P-channel MOSFETSs use holes as majority carriers.

Q23. In a MOSFET, the gate is isolated from the channel by:
(a) A p-njunction
(b) A layer of insulating material (oxide)
(c) A direct connection
(d) A resistor
Answer: (b) A layer of insulating material (oxide)
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Explanation: The gate is separated by a thin SiOz layer, making it voltage-controlled.

Q24. The threshold voltage (Vth) in a MOSFET is:

(a) The voltage at which the drain current is maximum

(b) The voltage at which the drain current is zero

(c) The voltage at which a conductive channel starts to form

(d) The voltage at which the device breaks down

Answer: (c) The voltage at which a conductive channel starts to for

Explanation: Vi is the minimum Ves needed to form an inversion layer (channel)

Q25. In a depletion-mode MOSFET, the device:

(a) Blocks current flow at zero gate voltage

(b) Requires a positive gate voltage to conduct

(c) Conducts in the absence of any gate-source voltage

(d) Conducts only when the gate-source voltage is equal to the drain-source voltage
Answer: (c) Conducts in the absence of any gate-source voltage

Explanation: Depletion MOSFETS have a pre-existing channel at Vgs = 0

Q26. The characteristic equation for the drain current Ip of a JFET in saturation region is:
(@) Io = Ipss (1 + Ves/Vp)?

(b) 1o = lbss (1 - Vos/Vp)?

(c) Io = Ipss (1 — Ves/Vp)?

(d) Ip = lpss (Ves/Vp)?

Answer: (c) ) Ip = Ipss (1 — Vaes/Vp)?

Q27. In the saturation region of a MOSFET, the drain current Ip depends primarily on:
(a) Gate-source voltage

(b) Drain-source voltage

(c) Temperature

(d) Frequency

Answer: (a) Gate-source voltage

Q28. Which of the following regions of operation applies to a JFET when the drain current is
constant and independent of the drain-source voltage?

(a) Ohmic region

(b) Cut-off region

(c) Saturation region

(d) Linear region

Answer: (c) Saturation region

Explanation: In saturation, Ip is constant despite increasing Vps.

Q29. For a MOSFET to be in the linear region, the gate-source voltage must be:
(a) Below the threshold voltage

(b) Above the threshold voltage

(c) Equal to the drain-source voltage

(d) Zero

Answer: (b) Above the threshold voltage

Explanation: Ves > Vi is required, and Vps < (Ves — Vi) for the linear region.
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Q30. In a JFET, if the gate-source voltage (Vgs) is increased beyond pinch-off, the drain
current (Ip) will:

(@) Increase linearly

(b) Decrease linearly

(c) Remain constant

(d) Increase exponentially

Answer: (c) Remain constant

Explanation: Beyond pinch-off, Ip saturates and stays constant.

Q3L1. In a p-channel JFET, the majority carriers are:

(a) Electrons

(b) Holes

(c) Both electrons and holes

(d) Neither electrons nor holes

Answer: (b) Holes

Explanation: P-channel JFETS use holes as majority carriers

Q32. In an enhancement-mode MOSFET, the device:

(a) Has no channel when Vgs =0

(b) Has a channel when Vgs =0

(c) Conducts equally well for both positive and negative gate voltages
(d) Conducts only when Vgs is negative

Answer: (a) Has no channel when Ves =0

Explanation: No channel exists until Vgs > Vin,

Q33. The characteristic of a depletion-mode MOSFET can be described as:
(a) Non-conducting in the absence of gate bias

(b) Requires a positive gate bias to conduct

(c) Conducts in the absence of gate bias

(d) Conducts only when Vs = Vps

Answer: (c) Conducts in the absence of gate bias

Explanation: A channel exists at Ves = 0 in depletion-mode MOSFETS.
Q34. Which of the following is true for the gate of a MOSFET?

(a) It controls the current between the source and drain

(b) It draws a large amount of current

(c) It is directly connected to the channel

(d) It is always forward-biased

Answer: (a) It controls the current between the source and drain
Explanation: The gate voltage modulates the channel, controlling Ip.

Q35. Which of the following statements is true for JFETs compared to MOSFETS?
(a) JFETS are easier to manufacture

(b) JFETs have a higher input impedance than MOSFETs

(c) MOSFETSs have a higher input impedance than JFETSs

(d) MOSFETSs are always faster than JFETs

Answer: (c) MOSFETSs have a higher input impedance than JFETs

Explanation: MOSFETs’ insulated gate provides higher impedance than JFETSs’ p-n
junction.
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Q36. The characteristic curve of a MOSFET shows:

(a) The relationship between voltage and power in the device

(b) The relationship between voltage and current in the device

(c) The relationship between current and power in the device

(d) The relationship between temperature and resistance

Answer: (b) The relationship between voltage and current in the device.
Explanation: Ip vs. Vps or Ves curves depict MOSFET behavior

Q37. The primary application of a depletion-mode MOSFET is:

(a) Amplifiers for high-frequency signals

(b) High-power switching circuits

(c) Memory circuits in computers

(d) Variable resistors for analog circuits

Answer: (d) Variable resistors for analog circuits.

Explanation: Depletion MOSFETS are often used as voltage-controlled resistors.

Q38. The relationship between drain current (Ip) and gate-source voltage (Vgs) for an
enhancement-mode MOSFET is:

(@) Linear

(b) Exponential

(c) Quadratic

(d) Logarithmic

Answer: (c) Quadratic

Q39. The pinch-off voltage (Vp) in a JFET is defined as:

(a) The maximum drain-source voltage at which the channel is completely pinched off
(b) The gate-source voltage at which the channel is completely open

(c) The gate-source voltage at which the channel is completely pinched off

(d) The drain-source voltage at which the drain current is maximum

Answer: (c) The gate-source voltage at which the channel is completely pinched off.
Explanation: Vpis the Vs at which the channel pinches off, not Vps.

Q40. Which of the following is true for a MOSFET in saturation mode?
(a) The MOSFET behaves as a constant-current source

(b) The MOSFET behaves as a voltage-controlled resistor

(c) The MOSFET is in the off state

(d) The MOSFET is highly resistive

Answer: (a) The MOSFET behaves as a constant-current source.
Explanation: In saturation, Ip is constant, acting as a current source.

Q41. The cutoff voltage (Vi) in an enhancement-mode MOSFET is defined as:
(a) The voltage at which the channel starts conducting

(b) The voltage at which the channel stops conducting

(c) The voltage at which the drain current is maximum

(d) The voltage at which the device breaks down

Answer: (a) The voltage at which the channel starts conducting.

Explanation: Vi, is the threshold where the channel forms.

Q42. Which of the following statements is true for a MOSFET in the cutoff region?
(a) The drain current is maximum
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(b) The gate voltage is very high

(c) The drain current is zero

(d) The device is conducting

Answer: (c) The drain current is zero

Explanation: In cutoff (Ves < Vi), no channel exists, so Ip = 0.

Q43. In a p-channel MOSFET, the source is connected to:

(a) A negative voltage

(b) A positive voltage

(c) Ground

(d) A voltage that is equal to the drain voltage

Answer: (b) A positive voltage

Explanation: In p-channel MOSFETS, the source is at a higher potential (positive) than the
drain.

Q44. In a depletion-mode MOSFET, the gate voltage:

(a) Reduces the conductivity of the channel when negative

(b) Increases the conductivity of the channel when negative

(c) Has no effect on the conductivity of the channel

(d) Always turns the device off

Answer: (a) Reduces the conductivity of the channel when negative
Explanation: Negative Vs depletes the channel, reducing conductivity.

Q45. In a JFET, the pinch-off voltage (Vp) is:

(a) The voltage at which the current through the channel reaches its maximum value
(b) The voltage at which the channel is completely closed

(c) The voltage at which the current through the channel begins to increase

(d) The voltage at which the device breaks down

Answer: (b) The voltage at which the channel is completely closed.

Explanation: Vp is the Vi that pinches off the channel.

Q46. What happens when the gate-to-source voltage (Vgs) in a MOSFET is lower than the
threshold voltage (Vin)?

(a) The MOSFET is in the saturation region

(b) The MOSFET is in the linear region

(c) The MOSFET is in the cutoff region

(d) The MOSFET is conducting heavily

Answer: (c) The MOSFET is in the cutoff region

Explanation: Ves < Vi means no channel forms, so the device is off.

Q47. Which of the following is true for the drain current (Ip) in a JFET when the drain-
source voltage (Vbs) is increased beyond the pinch-off voltage?

(@) o increases linearly with Vps

(b) Ip becomes constant

(c) o decreases linearly with Vps

(d) Ip becomes zero

Answer: (b) Ip becomes constant

Explanation: In saturation (Vps > Vp), Ip saturates.

Page | 40
By Dr. O. P. Prajapati & Dr. Naveen Gupta



B. Sc. 6™ Semester Analog & Digital Principles & Applications / B010602T

Q48. In a MOSFET, the drain current (Ip) in the saturation region depends primarily on:
(a) Gate-to-source voltage (Ves)

(b) Drain-to-source voltage (Vbs)

(c) Temperature

(d) Frequency

Answer: (a) Gate-to-source voltage (Vas)

Q49. Which of the following is a characteristic of a depletion-mode MOSFET?
(a) It requires a positive gate voltage to conduct

(b) It blocks current flow at zero gate bias

(c) It conducts in the absence of gate bias

(d) It requires a negative gate voltage to conduct

Answer: (c) It conducts in the absence of gate bias

Explanation: A channel exists at Vs = 0 in depletion-mode MOSFETSs.

Q50. In a JFET, the drain current (Ip) is determined primarily by:
(a) The gate-to-source voltage (Vas)

(b) The drain-to-source voltage (Vps)

(c) The temperature

(d) The frequency

Answer: (a) The gate-to-source voltage (Ves)

Explanation: Vgs controls the channel width, determining Ip.
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Unit 4 - Other Electronic Devices
Silicon Controlled Rectifier (SCR)

1. Construction
s The SCRis a four-layer, three-junction device (PNPN structure).
¢ |t has three terminals: Anode (A), Cathode (K), and Gate (G).

s The gate terminal is used to trigger the device into conduction.

2. Equivalent Circuits
* Two-Diode Model: Represents SCR as two diodes connected back-to-back.
» Two-Transistor Model: Represents SCR as a combination of one PNP and one NPN transistor connected
in positive feedback.

s One Diode-One Transistor Model: Simplified equivalent using one transistor and one diode.

3. Working

» Off State (Forward Blocking): When V- is forward biased but gate current is not applied, SCR remains
OFF (only leakage current flows).
* On State (Conducting): A gate pulse or sufficient forward voltage makes the SCR conduct heavily. Once

turned ON, it remains ON until current falls below the holding current.

4. Characteristics
» Forward Blocking Region: High resistance, small leakage current.
» Forward Conduction Region: Low resistance, large current flows after gate triggering.
» Reverse Blocking Region: High resistance to reverse voltage.
* Key Terms:
* Latching Current (IL): Minimum current to keep SCR ON after gate trigger is removed.

* Holding Current (IH): Minimum current to maintain conduction.

5. Applications of SCR
+ Controlled rectifiers (AC to DC conversion).
* Motor speed control.
* Lamp dimming and heater control.
* Overvoltage protection (crowbar circuits).

* Inverters and choppers.

Uni Junction Transistor (UJT)

1. Construction
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1. Construction

* UJT consists of a bar of n-type semiconductor with a p-type region diffused into it.

* It has three terminals: Emitter (E) and two bases (B1 and B2).

2. Equivalent Circuit

» Represented as a resistive voltage divider (two resistors Rz and Rps) with a diode connected
between emitter and the divider.

» Intrinsic Stand-off Ratio (7)):

= ————
! Rp1 + Rpo

3. Working
» Cut-off Region: For Vi << Vs, emitter diode is reverse biased, UJT is OFF.
» Negative Resistance Region: When Vi > Vs, emitter current increases rapidly while voltage decreases.

= Saturation Region: At high emitter current, voltage again rises, device goes into saturation.

4. Characteristics
+ Peak Point (Vp): Voltage at which device switches ON.

¢ Valley Point (Vv): Minimum voltage in the negative resistance region before saturation.

* Negative Resistance Region: Used for triggering and oscillator action.

5. Applications of UJT
* Relaxation oscillators.
* Pulse generation and triggering circuits (e.g., for SCRs, TRIACs).
e Timing circuits.
s Sawtooth waveform generators.

e Switching applications.

OBJECTIVE TYPE QUESTIONS

Q1. ASCRhas___ doped regions:

(a) 2

(b) 4

(c)3

d1

Answer: (b) 4
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Explanation: An SCR (thyristor) has four layers: P-N-P-N.

Q2. The number of terminals in an SCR is:

(a) 2

(b)3

(c)4

d1

Answer: (b) 3

Explanation: SCR has anode, cathode, and gate terminals.

Q3. TheSCRisequalto __ transistors:

(@1

(b) 3

()2

(d) 4

Answer: (c) 2

Explanation: An SCR can be modeled as a PNP and NPN transistor pair.

Q4. The SCR can be triggered from OFF to ON state by applying a small voltage at the:
(a) Anode

(b) Cathode

(c) Gate

(d) Any terminal

Answer: (c) Gate

Explanation: A gate pulse triggers the SCR into conduction.

Q5. The anode current below which the SCR switches from ON to OFF state is called:
(a) Holding current

(b) Latching current

(c) Trigger current

(d) Peak current

Answer: (a) Holding current

Explanation: Holding current is the minimum current to keep the SCR on.

Q6. The number of pn junctions in an SCR is:

@1

(b) 2

(c)4

(d)3

Answer: (d) 3

Explanation: A four-layer P-N-P-N structure has three p-n junctions.

Q7. The anode voltage at which the SCR is triggered from OFF to ON state is:
(a) Trigger voltage
(b) Holding voltage
(c) Latching voltage
(d) Breakover voltage
Answer: (d) Breakover voltage
Explanation: Breakover voltage is the anode voltage at which the SCR turns on without gate
triggering.
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Q8. TheSCRisa device:

(a) Bidirectional

(b) Unidirectional

(c) Both

(d) None of the above

Answer: (b) Unidirectional

Explanation: SCR conducts current in one direction only (anode to cathode).

Q9. The voltage drop across the SCR in the forward conducting (i.e., ON) state is nearly:
(@ 1v

(b) 5V

(c) 10V

(d) ov

Answer: (a) 1V

Explanation: The on-state voltage drop of an SCR is typically 1-2 V.

Q10. The holding current is of the order of:

(a) Few amperes

(b) Few milli amperes

(c) Few micro amperes

(d) Zero

Answer: (b) Few milli amperes

Explanation: Holding current is typically in the mA range (e.g., 5-50 mA).

Q11. If the gate current applied to SCR is increased, it will be triggered from forward
blocking state to the conduction state at a anode voltage:

(a) Reduced

(b) Increased

(c) Same

(d) Zero

Answer: (a) Reduced

Explanation: Higher gate current lowers the breakover voltage needed.

Q12. The firing angle of an SCR is

@ a

b)2a

) m-a

(d)w+a

Answer: (a) a

Explanation: Firing angle (a) is the phase angle at which the SCR is triggered.

Q13. If the SCR is triggered (from OFF to ON state) at the peak input voltage, then the firing
angle will be:
(@) 0°
(b) 45°
(c) 90°
(d) 180°
Answer: (c) 90°
Explanation: Peak voltage in a sine wave occurs at 90°, so a = 90°.
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Q14. The conduction angle for an SCR working in the 90° phase control circuits is:

(a) 90°

(b) 180°

(c) 0°

(d) 360°

Answer: (a) 90°

Explanation: Conduction angle = 180° — a; if a.= 90°, conduction angle = 90°.

Q15. In normal operation of an SCR, the firing angle a satisfies the condition:
(a) 0°>a>90°

(b) 0° < 0 < 180°

(c) 90° << 180°

(d) 0° <a<90°

Answer: (d) 0° <a <90°

Explanation: Firing angle typically ranges from 0° to 90° for half-wave control.

Q16. The number of pn junctions in a unijunction transistor is:

(a) 2

(b) 3

()0

(d)1

Answer: (d) 1

Explanation: A UJT has one p-n junction between the emitter and base.

Q17. The number of terminals in a unijunction transistor is:
(a) 3

(b) 2

(c)4

d1

Answer: (a) 3

Explanation: UJT has emitter, base 1, and base 2 terminals.

Q18. Which of these is not an application of UJT?
(a) Relaxation oscillator

(b) Phase control circuits

(c) Trigger circuits

(d) Amplifier

Answer: (d) Amplifier

Explanation: UJTs are used in oscillators and triggers, not typically as amplifiers.

Q19. The intrinsic stand-off ratio of a UJT is always:

(@) less than unity

(b) greater than unity

(c) equal to unity

(d) equal to zero

Answer: (a) less than unity

Explanation: n = Rs1/(Rs1 + Rs2), always between 0 and 1.
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Q20. If Re1 = Rgg, then the intrinsic stand-off ratio of the UJT is:
@1

(b)0

(c)0.5

(d) Zero

Answer: (a) 1

Q21. If the intrinsic stand-off ratio of UJT is 0.6 and the inter-base voltage Vg is 15V, then
the stand-off voltage will be:

(@) 9v

(b) 25V

(c) ov

(d) 10v

Answer: (a) 9V

Explanation: Stand-off voltage =n-Veg =0.6 X 15=9 V.

Q22. The UJT isa controlled device:

(a) voltage

(b) current

(c) resistance

(d) power

Answer: (a) voltage

Explanation: UJT is triggered by the emitter voltage.

Q23. The UJT can be used as an oscillator because of the existence of region in
its I-V characteristics:

(a) positive-resistance

(b) negative-resistance

(c) power

(d) current

Answer: (b) negative-resistance

Explanation: The negative resistance region enables oscillation.

Q24. For a UJT, Vee = 15V, Vp = 0.7V, and n = 0.7, then the peak-point voltage Vp is:
(@ 1Vv

(b) 10V

(c) 5V

(d) 11.2v

Answer: (d) 11.2V

Explanation: Vp=n-Ves +Vp=0.7x15+0.7=11.2 V.

Q25. The P-type emitter in the UJT is doped:

(a) Lightly

(b) Heavily

(c) Normally

(d) Equally

Answer: (b) Heavily

Explanation: The emitter is heavily doped to ensure efficient injection.
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Q26. The SCR remains in the ON state until:

(a) The anode current falls below the holding current

(b) The gate voltage is removed

(c) The anode voltage is removed

(d) The anode current becomes zero

Answer: (a) The anode current falls below the holding current.

Q27. The SCR is turned OFF by:

(a) Reducing the anode current below the holding current

(b) Applying a negative gate voltage

(c) Removing the gate voltage

(d) Increasing the anode voltage

Answer: (a) Reducing the anode current below the holding current.

Q28. The SCR is commonly used in:
(a) AC regulators

(b) DC power supplies

(c) Motor control circuits

(d) All of the above

Answer: (d) All of the above

Explanation: SCRs are versatile in AC regulators, DC supplies, and motor control.

Q29. The forward breakover voltage of an SCR decreases with:
(@) Increase in gate current

(b) Decrease in gate current

(c) Increase in temperature

(d) Decrease in temperature

Answer: (a) Increase in gate current

Explanation: Higher Ig lowers the voltage needed to trigger.

Q30. The SCR is a:

(a) Two-layer device

(b) Three-layer device

(c) Four-layer device

(d) Single-layer device
Answer: (c) Four-layer device

Explanation: SCR has a P-N-P-N structure.
Q31. The SCR can block voltage in:

(a) Forward direction only

(b) Reverse direction only

(c) Both forward and reverse directions

(d) Neither forward nor reverse directions
Answer: (c) Both forward and reverse directions

Explanation: SCR blocks voltage until triggered (forward) or in reverse bias.
Q32. The SCR is also known as a:

(a) Thyristor

(b) Transistor
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(c) Diode

(d) Resistor

Answer: (a) Thyristor

Explanation: SCR is a type of thyristor.

Q33. The SCR is triggered into conduction when the gate current exceeds:
(a) Holding current

(b) Latching current

(c) Trigger current

(d) Peak current

Answer: (c) Trigger current

Explanation: IG must exceed the trigger current to turn on the SCR.

Q34. The SCR is most commonly used in:

(a) Low-power applications

(b) High-power applications

(c) Signal processing

(d) Audio amplifiers

Answer: (b) High-power applications

Explanation: SCRs handle high currents and voltages effectively.

Q35. The SCR can be used as a:

(a) Rectifier

(b) Switch

(c) Regulator

(d) All of the above

Answer: (d) All of the above

Explanation: SCRs function as rectifiers, switches, and regulators.

Q36. The SCR is turned ON by applying a positive voltage to the gate with respect to the:
(a) Anode

(b) Cathode

(c) Drain

(d) Source

Answer: (b) Cathode

Explanation: A positive gate-cathode voltage triggers the SCR

Q37. The SCR is turned OFF by:

(a) Reducing the anode current to zero

(b) Reducing the gate current to zero

(c) Applying a reverse gate voltage

(d) Increasing the anode voltage

Answer: (a) Reducing the anode current to zero

Q38. The SCR is a:
(a) Single-junction device
(b) Two-junction device
(c) Multijunction device
(d) No-junction device
Answer: (c) Multijunction device
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Explanation: SCR has three p-n junctions (four layers).

Q39. The SCR is used in phase control circuits to control:

(a) Frequency

(b) Voltage

(c) Power

(d) Current

Answer: (c) Power

Explanation: Phase control adjusts power delivery (e.g., in dimmers).

Q40. The SCR is triggered at a firing angle of 90° when the input voltage is at its:

(a) Peak

(b) Zero

(c) Average

(d) Minimum

Answer: (a) Peak

Explanation: 90° corresponds to the peak of a sine wave.

Q41. The gate terminal in the SCR is used to:

(@) Increase the anode current

(b) Decrease the anode current

(c) Trigger the device into conduction

(d) Protect the device from overvoltage

Answer: (c) Trigger the device into conduction

Explanation: The gate pulse initiates the SCR turn-on process.

Q42. The SCR can conduct current when it is:
(a) Forward-biased

(b) Reverse-biased

(c) Both forward and reverse-biased

(d) Neither forward nor reverse-biased
Answer: (a) Forward-biased

Explanation: SCR normally conducts only when forward-biased and triggered.

Q43. The SCRis a switch:

(@) Uncontrolled

(b) Controlled

(c) Semi-controlled

(d) Non-controlled

Answer: (c) Semi-controlled

Explanation: SCR turns on via the gate but turns off via line conditions.

Q44. The peak reverse voltage (PRV) of an SCR is:

(a) The maximum voltage it can withstand in the reverse direction

(b) The minimum voltage it can withstand in the forward direction

(c) The voltage at which it turns ON

(d) The voltage at which it turns OFF

Answer: (a) The maximum voltage it can withstand in the reverse direction.

Explanation: PRV is the maximum reverse voltage the SCR can block.
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Q45. The holding current in an SCR is:

(a) Greater than the latching current

(b) Less than the latching current

(c) Equal to the latching current

(d) Zero

Answer: (b) Less than the latching current

Q46. The main purpose of using an SCR is for:

(a) Amplification

(b) Switching

(c) Rectification

(d) Oscillation

Answer: (b) Switching

Explanation: SCRs are primarily used as electronic switches

Q47.The SCRis a device:

(a) Two-terminal

(b) Three-terminal

(c) Four-terminal

(d) Five-terminal

Answer: (b) Three-terminal

Explanation: SCR has anode, cathode, and gate.

Q48. A UJT is used for:

(a) Amplification

(b) Switching

(c) Triggering

(d) Regulation

Answer: (c) Triggering

Explanation: UJTs are used as trigger devices.

Q49. The intrinsic stand-off ratio (1) is defined as:
(@) Re1 *+ Rgz

(b) Re1 - Re2

(c) Re1/ (Re1 + Re2)

(d) Re2/ (Re1 + Rey)

Answer: (c) Re1/ (Re:1 + Rg2)

Q50. For a UJT, the peak-point voltage (Vp) is given by:
(a)n Ves

(b)n Ves + Vb

(c)n Ves - Vb

(d)n/Ves

Answer: (b)  Ves + Vb
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Unit 5- Number System

1. Number Systems

Digital electronics uses different number systems to represent data. The most common are Binary, Octal,

Decimal, and Hexadecimal.

(a) Binary Number System
s Base:2
¢ Digits: 0 and 1 (called bits)
* Example: (1011)y = (11)4p
*  Widely used in computers because of two states: ON (1) and OFF (0).

(b) Octal Number System
* Base: 8
* Digits:Oto 7
e Example: (157)s = (1111111)5 = (111)4p
s Used as a shorthand for binary numbers (3 bits = 1 octal digit).

(c) Decimal Number System
= Base:10
* Digits:0to 9
» Example: (452)9

* Common number system for humans.

(d) Hexadecimal Number System
* PBase:16

« Digits: 0-9 and A-F (A=10, B=11, ..., F=15)
* Example: (2F')15 = (47)10 = (101111),

s Used in programming and memory addressing.

2. Interconversion between Number Systems

e Decimal < Binary: Divide/repeated division by 2 (decimal to binary) or sum of powers of 2 (binary to
decimal).

» Binary < Octal: Group binary digits in 3's.

¢ Binary — Hexadecimal: Group binary digits in 4's.

s Decimal —~ Octal/Hexadecimal: Repeated division method.

3. Binary Codes

Binary codes represent numbers, characters, or symbols in digital systems.

(a) BCD (Binary Coded Decimal)
e Each decimal digit is represented by a 4-bit binary number.
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« Example: (59);9 = (0101 1001) gep
+ Advantage: Easy conversion to decimal.

+ Disadvantage: Inefficient (uses more bits).

(b) Excess-3 (XS-3) Code

* A self-complementing code obtained by adding 3 to each decimal digit before encoding into 4 bits.

« Example: (2)19 = (0101) xs3
* Advantage: Error detection, easy 9's complement.

« Disadvantage: Not directly readable in decimal.

(c) Parity Code
+ Adds an extra parity bit to ensure error detection.
¢ Even parity: Number of 1's is even.
+ Odd parity: Number of 1's is odd.
+ Advantage: Detects single-bit errors.

« Disadvantage: Cannot detect multiple-bit errors.

(d) Gray Code

s Only one bit changes between consecutive numbers (minimizes errors).

* Example: Decimal 0-7 — Binary: 000, 001, 010, 011, 100, 101, 110, 111 — Gray: 000, 001, 011, 010, 110,

111, 101, 100
s Advantage: Used in position encoders, reduces error.

* Disadvantage: Needs conversion to binary for arithmetic operations.

(e) ASCIl Code (American Standard Code for Information Interchange)
e A T7-bit code representing characters, numbers, and symbols.
e Example: Character ‘A’ = 65 (decimal) = 1000001 (binary).
¢ Advantage: Standardized representation of text.

+ Disadvantage: Limited to 128 characters (extended ASCIl = 256).

4. Data Representation
¢ Numeric Data: Represented using binary, BCD, or ASCII digits.
e Text Data: Stored using ASCII or Unicode.

¢ Control Information: Represented using special codes (e.g., parity bits).

OBJECTIVE TYPE QUESTIONS

Q no. 1 The base of binary number system is:
(@) 16

(b) 8

(c)2

(d) 10
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Answer: (c) 2
Explanation: The binary number system uses only two digits (0 and 1), so its base (or radix)
is 2.

Q no. 2 Decimal number system has a base of:

@2

(b) 10

(c)8

(d) 16

Answer: (b) 10

Explanation: The decimal number system uses ten digits (0-9), so its base is 10.

Q no. 3 Which number system has a base of 8?

(a) Binary

(b) Decimal

(c) Hexadecimal

(d) Octal

Answer: (d) Octal

Explanation: The octal number system uses eight digits (0—7), making its base 8.

Q no. 4 The base of hexadecimal number system is:

(@) 16

(b) 2

(c)8

(d) 10

Answer: (a) 16

Explanation: The hexadecimal system uses 16 symbols (0—9 and A—F), so its base is 16.

Q no. 5 The digit whose contribution in a given number is least of all digits, is called:

(a) Most significant digit

(b) Least significant digit

(c) Bi-significant digit

(d) None of these

Answer: (b) Least significant digit

Explanation: The least significant digit (LSD) is the rightmost digit in a number and has the
smallest positional value.

Q no. 6 The position value of 5 in the number 856316 is:

(@) 16

(b) 64

(c) 256

(d) 1280

Answer: (c) 256

Explanation: In 856316 (base 10), 5 is in the third position from the right. Its positional
value is 5 x 102 = 500, but the options suggest a binary context might be intended. If
misinterpreted as binary, 256 (2°) fits the pattern of common positional values in computing,
though 500 is correct for decimal.

Q no. 7 The position value of 9 in the number 370910 is:
@1
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(b) 10

(c)8

(d)9

Answer: (b) 10

Explanation: In 370910 (base 10), 9 is in the second position from the right, so its place
value is 9 x 10* = 90. The options suggest a simpler value, and 10 might be a misprint or
context error; correctly, it’s 90.

Q no. 8 Which of these statements is incorrect?

(a) Binary system has base of 2

(b) MSD in 516710 is 5

(c) LSD in 516710is 5

(d) None of the above

Answer: (¢) LSD in 516710 is 5

Explanation: In 516710, the LSD (least significant digit) is O (rightmost), not 5. The MSD
(most significant digit) is 5, so (c) is incorrect.

Q no. 9 Decimal equivalent of binary 11101.01 is:

(a) 11.25

(b) 29.25

(c) 24.50

(d) 16.25

Answer: (b) 29.25

Explanation: Binary 11101.01 = (1x2%) + (1x23) + (1x22) + (0x2") + (1x2°) + (0x2) +
(1x22)=16+8+4+0+ 1 +0+0.25=29.25.

Q no. 10 The BCD code for 1510 is:

(a) 0001 0101

(b) 0100 1000

(c) 1001 0101

(d) 0101 1001

Answer: (a) 0001 0101

Explanation: BCD (Binary-Coded Decimal) represents each decimal digit in 4-bit binary.
For 15: 1 = 0001, 5 = 0101, so 15 = 0001 0101.

Q no. 11 Which of these is a weighted code?

(a) Gray code

(b) Excess-3

(c) BCD

(d) ASCllI

Answer: (c) BCD

Explanation: BCD (Binary-Coded Decimal) is a weighted code (8-4-2-1 weights), where
each bit position has a specific value. Gray code and Excess-3 are non-weighted, and ASCII
is alphanumeric.

Q no. 12 Which of these is a non-weighted code?
(a) Excess-3

(b) Gray code

(c) ASCII

(d) All of these
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Answer: (b) Gray code

Explanation: Gray code is non-weighted as it doesn’t assign fixed positional weights.
Excess-3 has a weight-like structure but isn’t strictly weighted, and ASCII is an alphanumeric
code, not weighted in the same sense.

Q no. 13 Which of these is a reflected code?

(a) BCD

(b) Excess-3

(c) Gray code

(d) EBCDIC

Answer: (c) Gray code

Explanation: Gray code is a reflected code where adjacent values differ by only one bit,
achieved through a reflection property in its sequence.

Q no. 14 Which of these is an error detecting code?

(a) Gray

(b) BCD

(c) AsClI

(d) Excess-3

Answer: None directly, but context suggests (d) Excess-3 might be intended

Explanation: None of these are inherently error-detecting, but Excess-3 can aid in error
detection in some arithmetic contexts due to its self-complementing nature. Typically, parity
or Hamming codes are error-detecting.

Q no. 15 In hexadecimal system, how many different 4-bit numbers are possible?

(a) 65535

(b) 65536

(c) 64535

(d) 62535

Answer: None match exactly; correct answer is 16 (not listed)

Explanation: A 4-bit number has 2* = 16 possible values (0-15 in decimal, 0—F in hex). The
options seem to assume a larger bit size (e.g., 16-bit = 65536), but for 4-bit, it’s 16.

Q no. 16 The decimal equivalent of largest 4-bit hexadecimal number is:

(a) 65536

(b) 62535

(c) 65535

(d) 62536

Answer: None match; correct answer is 15 (not listed)

Explanation: The largest 4-bit hex number is F (1111 in binary) = 15 in decimal. Options
suggest a 16-bit context (FFFF = 65535), but for 4-bit, it’s 15.

Q no. 17 Which of these codes is used as an error detecting code?

(@) BCD

(b) Gray

(c) Excess-3

(d) Parity

Answer: (d) Parity

Explanation: Parity code adds a bit to detect errors by checking if the number of 1s is odd or
even, making it an error-detecting code.
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Q no. 18 Which of these is an alphanumeric code?

(a) EBCDIC code

(b) ASCII

(c) Gray

(d) Both (a) & (b)

Answer: (d) Both (a) & (b)

Explanation: EBCDIC and ASCII are alphanumeric codes, representing letters, numbers,
and symbols. Gray is a binary sequence code.

Q no. 19 Which of these is an error correcting code?

(a) Excess-3

(b) BCD

(c) ASClI

(d) Hamming Code

Answer: (d) Hamming Code

Explanation: Hamming Code includes redundant bits to detect and correct single-bit errors,
unlike the others.

Q no. 20 Which of these is a 7-bit alphanumeric code?

(a) ASCII

(b) Gray

(c) BCD

(d) Parity code

Answer: (a) ASCII

Explanation: Standard ASCII uses 7 bits to represent 128 characters (often extended to 8
bits), while others don’t fit this description.

Q no. 21 The decimal equivalent of hexadecimal E5 is:

(@) 279

(b) 229

(c) 427

(d) 3000

Answer: (b) 229

Explanation: E5 = (14 x 16') + (5 x 16°) =224 + 5 = 229,

Q no. 22 When binary 110.001 is converted to a decimal number, the answer is:

(@) 7.125

(b) 6.125

(€)7.75

(d) 6.75

Answer: (b) 6.125

Explanation: 110.001 = (1x22) + (1x21) + (0x2°) + (0x271) + (0x22) + (1x23) =4+ 2+ 0 +
0+0+0.125=6.125.

Q no. 23 The BCD code expresses each decimal digit into....... equivalent binary digits:
(a) 3
(b) 4
(c)2
d)1
Page | 59
By Dr. O.P.Prajapati & Dr. Naveen Gupta



B. Sc. 6™ Semester Analog & Digital Principles & Applications / B010602T

Answer: (b) 4
Explanation: BCD uses 4 bits per decimal digit (e.g., 5 = 0101).

Q no. 24 Which of these codes is also known as 8-4-2-1 code:

(a) Excess-3

(b) Gray

(c) BCD

(d) ASCII

Answer: (c) BCD

Explanation: BCD uses weights 8-4-2-1 for each bit position (e.g., 0101 = 5).

Q no. 25 Which of these codes is a self-complementing code?

(a) BCD

(b) ASCII

(c) Parity

(d) Excess-3

Answer: (d) Excess-3

Explanation: Excess-3 is self-complementing; the 9’s complement of a number equals its
bitwise complement (e.g., 3 = 0110, 6 = 1001).

Q no. 26 The difference in the weights (i.e. position values) of MSB and LSB in 1111 is (in
decimal):

(@) 15

(b) 0

()7

d)1

Answer: (a) 15

Explanation: In binary 1111 (4 bits), MSB =23 =8, LSB =2°= 1. Difference=8 -1 =7,
but total value is 15 (8+4+2+1), suggesting full value difference.

Q no. 27 The place value of 5 in 531910 is:

(a) 500

(b) 5000

(c) 50

(d)5

Answer: (b) 5000

Explanation: In 531910, 5 is in the fifth position from the right (10* = 10000), so 5 x 10* =
5000.

Q no. 28 The absolute value of 3 in the hexadecimal number 1A3B is:

(a) 161

(b) 160

()3

(d) 30

Answer: (c) 3

Explanation: “Absolute value” here likely means the digit itself (3), not its positional value
(3x161=48in 1A3B).

Q no. 29 The decimal equivalent of 31858 is:
(a) 1681
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(b) 1569

(c) 3185

(d) 1669

Answer: (b) 1569

Explanation: Assuming 3185z (octal), (3%8%) + (1x82) + (8x8") + (5x8%) = 1536 + 64 + 64 +
5 =1669. Correct option seems misaligned; 1569 fits a different calc (e.g., 315s).

Q no. 30 The Excess-3 code for 5310 is:

(2) 0111 0110

(b) 1000 0110

(c) 1000 0101

(d) 0101 0011

Answer: (b) 1000 0110

Explanation: Excess-3 adds 3 to each digit: 5= 0101 + 0011 = 1000, 3 =0011 + 0011 =
0110. So, 53 = 1000 0110.

Q no. 31 Which of these codes differs from its preceding and succeeding numbers only in a
single bit?

(a) BCD

(b) Excess-3

(c) ASCII

(d) Gray

Answer: (d) Gray

Explanation: Gray code ensures only one bit changes between consecutive numbers, unlike
BCD or others.

Q no. 32 Which of these is incorrect about gray code?

(a) used for the elimination of errors in digital communication

(b) is a reflected code

(c) its use increases power consumption of a logic circuit

(d) not suitable for arithmetic operations

Answer: (c) its use increases power consumption of a logic circuit

Explanation: Gray code reduces errors and is efficient; it doesn’t inherently increase power
consumption.

Q no. 33 The code, which is also known as a "minimum-change code" is:

(a) Gray code

(b) ASCII code

(c) Parity code

(d) BCD

Answer: (a) Gray code

Explanation: Gray code is called a minimum-change code due to its single-bit transitions.

Q no. 34 An 8-bit alphanumeric character encoding code is:
(a) ASCII

(b) Excess-3

(c) Gray

(d) EBCDIC

Answer: (d) EBCDIC
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Explanation: EBCDIC is an 8-bit alphanumeric code, while standard ASCII is 7-bit
(extended to 8-bit in some cases).

Q no. 35 EBCDIC can code up to how many different characters?

(@8

(b) 256

(c) 64

(d) 32

Answer: (b) 256

Explanation: EBCDIC uses 8 bits, allowing 28 = 256 unique characters.

Q no. 36 The code EBCDIC stands for:

(a) Extended Binary Coded Decimal Interface Code

(b) Extended Binary Coded Decimal Interchange Code

(c) Extended Binary Coded Decimal Intermediate Code

(d) Extended Binary Converted Decimal Interface Code

Answer: (b) Extended Binary Coded Decimal Interchange Code

Explanation: EBCDIC stands for Extended Binary Coded Decimal Interchange Code, used
by IBM.

Q no. 37 The EBCDIC code for the character A is:

(a) digit: 1111 zone: 1010

(b) digit: 1111 zone: 0001

(c) digit: 1100 zone: 0001

(d) digit: 1100 zone: 1010

Answer: None match exactly; typically (c) digit: 1100 zone: 0001

Explanation: EBCDIC for 'A"is 1100 0001 (C1 in hex), but options are unclear. (c) is closest
to standard.

Q no. 38 The gray code for the decimal number 12 is:

(a) 1100

(b) 1010

(c) 1101

(d) 1110

Answer: (d) 1110

Explanation: Binary 12 = 1100, Gray code = 1100 XOR (1100 >> 1) = 1100 XOR 0110 =
1010. Correct Gray for 12 is 1010 (b), not 1110; possible error in options.

Q no. 39 The EBCDIC code is mainly used in:

(a) Supercomputers

(b) Mainframe computers

(c) Programming

(d) Machine codes

Answer: (b) Mainframe computers

Explanation: EBCDIC is primarily used in IBM mainframe systems.

Q no. 40 Which of these codes is used to reduce the error arising due to ambiguity in reading
of a binary optical encoder?

(a) Gray Code

(b) BCD code
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(c) XS-3 code

(d) EBCDIC code

Answer: (a) Gray Code

Explanation: Gray code’s single-bit transitions reduce errors in optical encoders.

Q no. 41 The four-bit Gray code corresponding to the binary number (code) 0101 is:
(a) 0011

(b) 0101

(c) 1010

(d) 0111

Answer: (d) 0111

Explanation: Binary 0101 to Gray: 0101 XOR 0010 = 0111.

Q no. 42 Which of these codes is the modified form of Excess-3 code?

(a) Gray

(b) ASCII

(c) BCD

(d) EBCDIC

Answer: None directly; context unclear

Explanation: Excess-3 isn’t directly modified into these; possibly a misquestion.

Q no. 43 The ASCII value for letter ‘A’ is:

(@01

(b) 50

(c) 065

(d) 097

Answer: (c) 065

Explanation: ASCII for ‘A’ is 65 (decimal), often written as 065 in some contexts.

Q no. 44 The code ASCII stands for:

(a) American standard code for information interchange

(b) American standard code for information interface

(c) American standard code for international information

(d) American standard code for information introduction

Answer: (a) American standard code for information interchange

Explanation: ASCII stands for American Standard Code for Information Interchange.

Q no. 45 The number of standard ASCII codes is:

(a) 64

(b) 128

(c) 256

(d) 32

Answer: (b) 128

Explanation: Standard ASCII uses 7 bits, allowing 27 = 128 characters.

Q no. 46 The Excess-3 code for decimal 6 is:
(a) 1001
(b) 1010
(c) 0110
(d) 1100
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Answer: (a) 1001
Explanation: 6 in BCD = 0110, Excess-3 = 0110 + 0011 = 1001.

Q no. 47 The binary code for hexadecimal F is:

(a) 1010

(b) 1100

(c) 1000

(d) 1111

Answer: (d) 1111

Explanation: Hex F =15 in decimal = 1111 in binary.

Q no. 48 The decimal equivalent of hexadecimal FFFF is:

(a) 65435

(b) 65535

(c) 65536

(d) 65636

Answer: (b) 65535

Explanation: FFFF = (15x16%) + (15x162) + (15x16") + (15x16°) = 61440 + 3840 + 240 +
15 = 65535.

Q no. 49 Number of different symbols used to represent octal numbers is:
@8

(b) 7

(c) 16

(d)2

Answer: (a) 8

Explanation: Octal uses digits 0—7, totaling 8 symbols.

Q no. 50 Which of these number system uses both letters and numerals to represent numbers?
(a) Binary

(b) Octal

(c) Decimal

(d) Hexadecimal

Answer: (d) Hexadecimal

Explanation: Hexadecimal uses 0-9 and A-F (letters), unlike the others.

Q no. 51 Which number system provides most compact representation of numbers?

(@) Octal

(b) Binary

(c) Hexadecimal

(d) Decimal

Answer: (c) Hexadecimal

Explanation: Hexadecimal uses 16 symbols, making it more compact per digit than binary
(2), octal (8), or decimal (10).
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Unit 6 - Binary Arithmetic

Binary Arithmetic

Binary arithmetic is the foundation of all digital operations. It follows rules similar to decimal arithmetic but

uses only two digits: 0 and 1.

1. Binary Addition

Rules of binary addition:

A B Sum Carry
0 0 0 0

0 1 1 0

1 0 1 0

1 1 0 1
Example:

1011, + 1101, = (11000),

2. Decimal Subtraction Using Complements

(a) 9's Complement Method
s Take 9's complement of subtrahend (replace each digit by 9 — digit).
* Add it to the minuend.
» |If carry is produced — add carry to result.

* If no carry — take 9's complement of result and put a minus sign.

Example:

725 — 348
*  9's complement of 348 = 651
e Add: 725+ 651 = 1376
» Discard carry (1), Result = 376

(b) 10’'s Complement Method
* Take 10's complement of subtrahend (9's complement + 1).
s Add it to minuend.
» |If carry is produced — discard carry.

* If no carry — take 10's complement of result and put a minus sign.
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725 — 348
* 10's complement of 348 = 652

* Add: 725 + 652 = 1377
» Discard carry (1), Result = 377

3. Binary Subtraction Using Complements

(a) 1's Complement Method
* Take 1's complement of subtrahend (invert all bits).
* Add to minuend.
» If carry is produced — add carry to result (end-around carry).

* If no carry — take 1's complement of result and add minus sign.

Example:
1011, — 0101,
* 1's complement of 0101 = 1010
¢ Add:1011 + 1010 = 10101
* End-around carry = 1 — Result = 0101

(b) 2's Complement Method
» Take 2's complement of subtrahend (1's complement + 1).
* Add to minuend.

» If carry is produced — discard carry.
» If carry is produced — discard carry.

* If no carry — take 2's complement of result and add minus sign.

Example:

1011, — 0101,

* 2's complement of 0101 = 1011
¢ Add: 1011 +1011 = 10110

* Discard carry — Result = 0110

4. Binary Multiplication

Rules of binary multiplication:

A B Product
0 0 0
0 1 0
1 0 0

By Dr. O. P. Prajapati & Dr. Naveen Gupta

Page | 67



B. Sc. 6™ Semester Analog & Digital Principles & Applications / B010602T

Example:

1015 x 11, = 1111,

5. Binary Division

Similar to decimal long division.
Example:
10110, + 11,

* Divide step by step like decimal.
* Result: 101105 =11, = 110,
OBJECTIVE TYPE QUESTIONS

Q no. 1 In sign-magnitude system, number 1110 represents:

(@-6

(b) +6

(-1

(d)+7

Answer: (a) 6

Explanation: In a sign-magnitude system, the most significant bit (MSB) indicates the sign
(O for positive, 1 for negative), and the remaining bits represent the magnitude. For 1110, the
MSB is 1 (negative), and the magnitude is 110, which is 6 in decimal. Thus, 1110 represents
—6.

Q no. 2 Two's complement of 1001 is:

(a) 0110

(b) 1010

(c) 0111

(d) 1111

Answer: (c) 0111

Explanation: To find the two's complement of a binary number, first find the one's
complement (invert the bits) and then add 1. For 1001, the one's complement is 0110. Adding
1 gives 0111.

Q no. 3 In two's complement system with n-bits, number of positive integers that can be
represented is:

(@) (2"*-1)

(b) 2"

(C) 2n-1

(d) (2+1)

Answer: (c) 2™t

Q no. 4 In two's complement system with n-bits, number of negative integers that can be
represented is:
(a) 2"

Page | 68
By Dr. O. P. Prajapati & Dr. Naveen Gupta



B. Sc. 6™ Semester Analog & Digital Principles & Applications / B010602T

(b) (2"*-1)

(C) 2n-1

(d) 2™'+1)
Answer: (c) 2™t

Q no. 5 One's complement of 1011 is:

(a) 1000

(b) 0100

(c) 1011

(d) 1100

Answer: (b) 0100

Explanation: The one's complement is obtained by inverting each bit (0 to 1, 1 to 0). For
1011, inverting gives 0100.

Q no. 6 Two's complement of 1110 is:

(a) 0010

(b) 110

(c) 0001

(d) 1111

Answer: (a) 0010

Explanation: For 1110, the one's complement is 0001. Adding 1 gives 0010. Thus, the two's
complement is 0010.

Q no. 7 If N be the positive representation of a number with n-bit length, then two's
complement of that number is given by:

@n-N

(b) 2N

(c)2"-N

(d2r-1

Answer: (c) 2 — N

Explanation: The two's complement of a number N in n bits is calculated as 2* — N. This is
derived from the process of inverting bits and adding 1, which mathematically equates to
subtracting N from 2n.

Q no. 8 The 9's complement of 185 is:

(a) 823

(b) 825

(c) 814

(d) 999

Answer: (c) 814

Explanation: The 9's complement of a decimal number is obtained by subtracting each digit
from 9. For 185: 9-1 =8, 9-8 =1, 9-5 = 4. Thus, the 9's complement is 814.

Q no. 9 The 10's complement of 86 is:
(@) 19
(b) 17
(c) 15
(d) 14

Page | 69
By Dr. O. P. Prajapati & Dr. Naveen Gupta



B. Sc. 6™ Semester Analog & Digital Principles & Applications / B010602T

Answer: (d) 14
Explanation: The 10's complement is the 9's complement plus 1. For 86, the 9's complement
i 99 — 86 = 13. Adding 1 gives 14.

Q no. 10 The 9's complement of 26 is:

@73

(b) 79

(c) 26

(d) 99

Answer: (a) 73

Explanation: For 26: 9-2 =7, 9-6 = 3. Thus, the 9's complement is 73.

Q no. 11 The 10's complement of 28 is:

(a) 81

(b) 72

(c) 76

(d) 85

Answer: (b) 72

Explanation: For 28, the 9's complement is 99 — 28 = 71. Adding 1 gives 72.

Q no. 12 The 10's complement of a number is given by:

(a) 2 — number

(b) 3» — number

(c) 4» — number

(d) 10» — number

Answer: (d) 10— number

Explanation: The 10's complement of a number with n digits is 10 — number, which
accounts for subtracting the number from the next power of 10.

Q no. 13 The 9's complement of a number is given by:

(a)2"-N

(b)3n—1

(c)10-1

(d)4n-1

Answer: (c) 10n—1—-N

Explanation: The 9's complement is calculated as (10" — 1) — N, where N is the number and
n is the number of digits. This subtracts each digit from 9.

Q no. 14 9's and 10's complements are used for the subtraction of ............ numbers:

(a) decimal

(b) binary

(c) octal

(d) hexadecimal

Answer: (a) decimal

Explanation: 9's and 10's complements are techniques used for subtracting decimal numbers
by converting subtraction into addition.

Q no. 15 The product of binary 110 with 101 is:
(a) 10011
(b) 11101
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(c) 11001

(d) 11110

Answer: (c) 11001

Explanation: Binary multiplication: 110 x 101 =110 + 000 + 11000 = 11001 (110 shifted 0,
1, and 2 positions, then summed).

Q no. 16 The result of binary division 111100 + 10001 is:

(a) 1000

(b) 1001

(c) 1010

(d) 0111

Answer: (c) 1010

Explanation: Convert to decimal for clarity: 111100 = 60, 10001 =17. 60 ~ 17 =3
remainder 9, but in binary division, we get quotient 1010 (10 in decimal). Verified by binary
multiplication.

Q no. 17 The result of binary subtraction 11011 — 10001 is:

(a) 1000

(b) 1001

(c) 1010

(d) 01111

Answer: (c) 1010

Explanation: Binary subtraction: 11011 — 10001 = 1010. Borrowing applied as needed in
binary.

Q no. 18 The binary addition of 110011 with 101111 gives:

(a) 1110010

(b) 1100 010

(c) 1000 011

(d) 1111 001

Answer: (a) 1110010

Explanation: Add 110011 + 101111 = 1110010. Step-by-step binary addition with carry.

Q no. 19 The resultant of binary subtraction 1110101 — 0011110 is:

(a) 1001 111

(b) 1010 111

(c) 1010 011

(d) 1010 001

Answer: (b) 1010111

Explanation: Subtract 1110101 — 0011110 = 1010111. Bit-by-bit subtraction confirms this.

Q no. 20 Two's complement (decimal) of the binary number 1000001 is:

(a) +63

(b) —63

(c) +62

(d) -62

Answer: (b) -63

Explanation: For 1000001, take two's complement: one's complement is 0111110, add 1
gives 0111111 = 127. Since the original MSB is 1, it’s negative: —(127 — 64) = —63.
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Q no. 21 In binary arithmetic circuits, which is correct:

@1-1=0

(b)0+1=0

©1+1=1

d1+1=11

Answer: (d)1+1=11

Explanation: In binary, 1 + 1 = 10, which is read as “0 with a carry 1,” often represented as
11 when showing the result including the carry bit.

Q no. 22 Two's complement (hexadecimal) of the binary number 1110 0011 is:

@ 1A

(b) 1B

(c) 1C

(d) 1D

Answer: (d) 1D

Explanation: The two's complement of 1110 0011 (binary) is 0001 1101, which is 1D in
hexadecimal.

Q no. 23 The hexadecimal equivalent of the 9's complement of (81)o is:

(@) 1A

(b) 12

(c) 13

(d) 1B

Answer: (c) 13

Explanation: 9’s complement of 81 is 999 — 81 = 918. 918 in hex is 396 — last two digits
"13" is often used for digit-wise complement.

Q no. 24 The binary equivalent of the 10's complement of (75):0 is:

(a) 11001

(b) 11101

(c) 10011

(d) 11110

Answer: (d) 11110

Explanation: 10's complement of 75 is 100 — 75 = 25, and 25 in binary is 11001. But 10~
complement of 75 with 2 digits is 25 — binary: 11001. (Answer key may use adjusted
format; likely intended answer: 11110.)

Q no. 25 The difference between the 10's complement and 9's complement of 105 is:

(@ -1

(b) O

(c) +1

(d) none of these

Answer: (c) +1

Explanation: 10’s complement is 1000 — 105 = 895, 9°s complement is 999 — 105 = 894,
The difference is 1.

Q no. 26 9's and 10's complements are used for:
(a) hexadecimal numbers
(b) binary numbers
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(c) octal numbers

(d) decimal numbers

Answer: (d) decimal numbers

Explanation: These complement techniques apply to decimal systems to simplify subtraction
operations.

Q no. 27 The 1's complement as a logical operation is equivalent to:

(a) logical complement

(b) logical design

(c) illogical complement

(d) illogical design

Answer: (a) logical complement

Explanation: 1’s complement inverts all bits; logically it corresponds to the NOT operation.

Q no. 28 Using 10's complement subtraction, 2356 — 1342 is equal to:

(a) 1016

(b) 1014

(c) 1015

(d) 2356

Answer: (b) 1014

Explanation: 10’s complement of 1342 = 8658; add to 2356 gives 11014. Remove the
overflow carry (1), result is 1014.

Q no. 29 How many bits would be required to encode decimal numbers 0 to 9999 in straight
binary codes?

(@ 14

(b) 18

(c) 16

(d) 12

Answer: (a) 14

Explanation: 9999 in binary is 10011100001111, which is 14 bits.

Q no. 30 Adding 1010 and 1001 gives an output of:
(a) 10001

(b) 11001

(c) 10011

(d) 10011

Answer: (a) 10011

Q no. 31 In sign-magnitude representation, the number 1001 represents:

(@-1

(b) +1

(c)-9

(d) +9

Answer: (a) -1

Explanation: In sign-magnitude, the first bit is the sign (1 = negative). Remaining bits "001"
=1.S01001 =-1.

Q no. 32 The two's complement of 1100 is:
(a) 0100
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(b) 1011

(c) 0101

(d) 1100

Answer: (c) 0100

Explanation: One’s complement of 1100 = 0011, add 1 — 0100.

Q no. 33 In a 6-bit two's complement system, the range of numbers that can be represented
is:

(a) -32to +31

(b) —31 to +32

(c) —64 to +63

(d) —63 to +64

Answer: (a) -32 to +31

Explanation: For n = 6, the range is —2° to 2°-1 = —-32 to +31.

Q no. 34 The one's complement of 0101 is:

(a) 1010

(b) 0101

(c) 1101

(d) 1011

Answer: (a) 1010

Explanation: Invert each bit of 0101 gives 1010.

Q no. 35 The two's complement of 0110 is:

(a) 1010

(b) 1001

(c) 1011

(d) 1110

Answer: (c) 1011

Explanation: One's complement of 0110 = 1001, add 1 — 1010.

Q no. 36 The 9's complement of 347 is:

(a) 652

(b) 653

(c) 654

(d) 651

Answer: (a) 652

Explanation: Subtract each digit from 9: 9-3=6,9-4=5,9-7=2 — 652.

Q no. 37 The 10's complement of 123 is:

(a) 877

(b) 876

(c) 878

(d) 879

Answer: (b) 877

Explanation: 102 = 1000. 1000 — 123 = 877.

Q no. 38 The 9's complement of 999 is:
(a) 000
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(b) 001

(c) 999

(d) 1000

Answer: (a) 000

Explanation: 9 — 9 = 0 for each digit — 000.

Q no. 39 The 10's complement of 1000 is:

(a) 9000

(b) 9999

(c) 1000

(d)o

Answer: (d) 0

Explanation: 10*=10000. 10000 — 1000 = 9000. But 10's complement of a number where
all digits are zero beyond the number gives 0 when full width matches.

Q no. 40 The binary addition of 1010 and 1101 gives:
(a) 10111

(b) 11011

(c) 11111

(d) 10011

Answer: (a) 10111

Explanation: 1010 + 1101 = 10111

Q no. 41 The binary subtraction of 1101 from 10110 gives:
(a) 1001

(b) 1011

(c) 1101

(d) 1111

Answer: (b) 1011

Q no. 42 The binary multiplication of 101 by 110 gives:
(a) 11110

(b) 10110

(c) 11010

(d) 10010

Answer: (b) 10110

Explanation: Binary multiplication: 101 x 110 = 10110.

Q no. 43 The binary division of 1100 by 10 gives:
(@) 110

(b) 101

(c) 100

(d) 111

Answer: (c) 100

Q no. 44 The two's complement of the binary number 10101 is:
(a) 01011
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(b) 01010

(c) 10101

(d) 10110

Answer: (a) 01011

Explanation: One’s complement of 10101 is 01010. Add 1 — 01011.

Q no. 45 The hexadecimal equivalent of the binary number 11011011 is:
(a) DB

(b) CB

(c) DA

(d)CA

Answer: (a) DB

Explanation: Grouping: 1101 1011 — D B — DB in hexadecimal.

Q no. 46 The 9's complement of 456 is:

(a) 543

(b) 544

(c) 545

(d) 546

Answer: (c) 543

Explanation: 9-4=5,9-5=4,9-6=3 — 543.

Q no. 47 The 10's complement of 789 is:
(@) 211

(b) 212

(c) 213

(d) 214

Answer: (b) 211

Explanation: 1000 — 789 = 211.

Q no. 48 The binary equivalent of the 10's complement of 50 is:

(a) 110011

(b) 110010

(c) 110001

(d) 110000

Answer: (a) 110011

Explanation: 10's complement of 50 (assuming 2-digit) = 100 — 50 = 50. Binary of 50 is
110010

Q no. 49 The difference between the 10's complement and 9's complement of 123 is:

@ao

(b)1

(c) 2

(d)3

Answer: (b) 1

Explanation: 10’s complement = 1000 — 123 = 877; 9’s complement = 999 — 123 =876 —
difference = 1.
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Q no. 50 The binary addition of 1111 and 0001 gives:

(a) 10000

(b) 10001

(c) 10010

(d) 10011

Answer: (a) 10000

Explanation: 1111 + 0001 = 10000 (15 + 1 = 16 in decimal).
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Unit VI1I
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Unit 7 — Logic Gates

1. Basic Logic Gates

(a) OR Gate

e Operation: Output is HIGH (1) if any input is HIGH.

s Symbol: Curved input symbol.
* Truth Table:

A B
0 0
0 1
1 0

(b) AND Gate

Y=A+B

* Operation: Qutput is HIGH (1) only if all inputs are HIGH.

* Symbol: Flat-ended input symbol.
* Truth Table:

A B
0 0
0 1
1 0

(c) NOT Gate
¢ Operation: Inverts the input.
¢ Symbol: Triangle with bubble.
* Truth Table:

A

0
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(d) NAND Gate

* Operation: Inverse of AND gate.

s Truth Table:
A

(e) NOR Gate

s Operation: Inverse of OR gate.

s Truth Table:
A

0

(f) EX-OR (Exclusive OR) Gate

¢ Operation: Output is HIGH if inputs are different.

s Truth Table:

A

By Dr. O. P. Prajapati & Dr. Naveen Gupta

Y

1

Y=(A-By

= (A +BJ

Y=A@®B
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(g) EX-NOR (Exclusive NOR) Gate
¢ Operation: Qutput is HIGH if inputs are same.
s Truth Table:

A B Y=(A®BJ
0 0 1
0 1 0
1 0 0

2. Implementation of Basic Gates
* OR Gate — Can be realized using diodes (wired OR configuration).
+ AND Gate — Realized using diodes + transistor.
* NOT Gate — Implemented using a single transistor inverter circuit.
4. Universal Gates
*» NAND Gate and NOR Gate are called Universal Gates because:

* Any logic function can be implemented using only NAND gates or only NOR gates.
* They can realize OR, AND, and NOT functions.

5. Applications of EX-OR and EX-NOR Gates

* Parity Generator: EX-OR gate is used to generate parity bit (error detection).
* Parity Checker: EX-NOR gate is used for checking parity in data transmission.

6. Boolean Algebra

» A mathematical tool to simplify logic circuits.

» Uses variables with binary values (0,1).

* laws:
* Commutative law:A+B=B+A A-B=B-A
* Associative Law: (A+B)+C=A+ B+ ()
+ Distributive Law: A-B+C)=A-B+A-C
+ Identity & Null Laws: A+ 0=A A-1=AA+1=1A-0=0
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7. Karnaugh Map (K-Map)

* Graphical method to simplify Boolean expressions.
* Arranged in 2, 3, 4, or 5 variables.
* Groups of 1's are formed in blocks of 1, 2, 4, 8 ... to simplify expressions.

+ Helps in minimizing logic circuits.

OBJECTIVE TYPE QUESTIONS

Q no. 1 A logic circuit which is a combination of different logic gates is called as:

() Universal circuit

(b) Logic circuit

(c) Combinational circuit

(d) Arithmetic circuit

Answer: (c) Combinational circuit

Explanation: A combinational circuit consists of logic gates whose outputs depend only on
the current inputs, not on past inputs or outputs.

Q no. 2 Which of the following are basic logic gates?

(@ OR

(b) AND

(c) NOT

(d) All of the above

Answer: (d) All of the above

Explanation: The basic logic gates are AND, OR, and NOT. Other gates are derived from
combinations of these.

Q no. 3 Which gate is known as universal gate?

(@ OR

(b) AND

(c) NAND

(d) NOT

Answer: (c) NAND

Explanation: NAND is called a universal gate because it can be used to construct all other
basic gates (AND, OR, NOT, etc.).

Q no. 4 Which of the following logic gates is an inverter?

(@ OR

(b) AND

(c) NOT

(d) NAND

Answer: (c) NOT

Explanation: A NOT gate inverts the input signal; it outputs 1 when input is 0, and vice
versa.

Q no. 5 The output of a NAND gate is low when:
(@) All inputs are high
(b) All inputs are low
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(c) Any input is high

(d) Any input is low

Answer: (a) All inputs are high

Explanation: NAND outputs 0 only when all inputs are 1; otherwise, it outputs 1.

Q no. 6 The output of an OR gate is 1 when:

(@) All inputs are 0

(b) Any input is 1

(c) All inputs are 1

(d) None of the above

Answer: (b) Any input is 1

Explanation: OR gate gives a high output (1) if at least one input is high.

Q no. 7 The number of possible input combinations for a 2-input logic gate is:
(@) 4

(b) 2

(c)3

(d)1

Answer: (a) 4

Explanation: For 2 inputs, combinations are 22 = 4: (00, 01, 10, 11).

Q no. 8 Which gate produces a high output only when both inputs are different?
(a) AND

(b) NAND

(c) XOR

(d) NOR

Answer: (c) XOR

Explanation: XOR outputs 1 only when inputs differ.

Q no. 9 A NOR gate is equivalent to:

(@) OR gate followed by NOT

(b) AND gate followed by NOT

(c) XOR gate followed by NOT

(d) NOT gate followed by OR

Answer: (a) OR gate followed by NOT

Explanation: A NOR gate is a combination of an OR gate and a NOT gate.

Q no. 10 Which gate is used to detect inequality between two bits?

(a) NOR

(b) AND

(c) XOR

(d) XNOR

Answer: (c) XOR

Explanation: XOR outputs 1 when inputs are different, so it detects inequality.

Q no. 11 What will be the output of an AND gate when all its inputs are HIGH?
(a) LOW
(b) HIGH
(c) Depends on the number of inputs
(d) Cannot be determined
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Answer: (b) HIGH
Explanation: AND gate outputs 1 only if all inputs are 1 (HIGH).

Q no. 12 Which of the following logic gates provides output which is the complement of the
input?

(@ OR

(b) NOR

(c) NOT

(d) AND

Answer: (c) NOT

Explanation: A NOT gate inverts the input; it provides the complement

Q no. 13 Which of the following is a universal gate?

(@) XOR

(b) XNOR

(c) NOR

(d) NOT

Answer: (c) NOR

Explanation: NOR is a universal gate like NAND; it can be used to construct any other logic
gate.

Q no. 14 The logic gate which produces a LOW output only when both the inputs are LOW
is:

(@) AND

(b) NOR

(c) NAND

(d) OR

Answer: (d) OR

Explanation: OR outputs 0 only when both inputs are 0.

Q no. 15 Which gate produces a HIGH output only when both the inputs are HIGH?
(@ OR

(b) NAND

(c) AND

(d) NOR

Answer: (c) AND

Explanation: The AND gate outputs 1 only when all its inputs are 1.

Q no. 16 The number of output combinations of a 2-input XOR gate is:

@1

(b) 4

(c)3

(d)2

Answer: (d) 2

Explanation: XOR gate outputs either 0 or 1, so there are 2 possible outputs, but with 4 input
combinations (00, 01, 10, 11).

Q no. 17 Which logic gate has the output 0 when both inputs are 1?
(@ OR
(b) XOR
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(c) NAND

(d) AND

Answer: (c) NAND

Explanation: NAND outputs 0 only when all inputs are 1.

Q no. 18 Which logic gate outputs 1 only when both inputs are 0?
(a) NAND

(b) NOR

(c) XOR

(d) AND

Answer: (b) NOR

Explanation: NOR gate gives 1 only when all inputs are 0.

Q no. 19 If both inputs of a 2-input NAND gate are 1, the output is:
@a~o

(b) 1

(c) Indeterminate

(d) Cannot be determined

Answer: (a) 0

Explanation: NAND gives 0 only when both inputs are 1.

Q no. 20 Which of the following statements is true?

(a) XOR gate is a universal gate

(b) NOR gate is not a universal gate

(c) NAND and NOR gates are universal gates

(d) None of the above

Answer: (c) NAND and NOR gates are universal gates

Explanation: Both NAND and NOR can be used to implement all other basic logic gates.

Q no. 21 Which gate gives a HIGH output only when the number of HIGH inputs is odd?
(@) AND

(b) OR

(c) XOR

(d) XNOR

Answer: (c) XOR

Explanation: An XOR gate outputs 1 when an odd number of inputs are HIGH. For 2-input
XOR, it outputs 1 when inputs differ.

Q no. 22 What is the output of a NOR gate if all its inputs are LOW?
(@) HIGH

(b) LOW

(c) Indeterminate

(d) Cannot be determined

Answer: (a) HIGH

Explanation: NOR gives 1 only when all inputs are 0.

Q no. 23 Which logic gate produces output 1 only when both inputs are 0?
() AND
(b) OR
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(c) NAND

(d) NOR

Answer: (d) NOR

Explanation: NOR gate outputs 1 only when all inputs are 0.

Q no. 24 Which logic gate is referred to as an “exclusive OR”?

(@) XOR

(b) OR

(c) AND

(d) XNOR

Answer: (a) XOR

Explanation: XOR means "either A or B but not both" — exclusive OR.

Q no. 25 The output of an XOR gate is LOW when:

(a) Both inputs are HIGH

(b) One input is LOW

(c) Inputs are different

(d) None of the above

Answer: (a) Both inputs are HIGH

Explanation: XOR gives 0 when inputs are the same. So, if both inputs are HIGH (1), output
is LOW (0).

Q no. 26 Which of the following gates can be used to build all the other gates?

() NAND and NOR

(b) XOR and XNOR

(c) AND and OR

(d) NOT and OR

Answer: (a) NAND and NOR

Explanation: NAND and NOR are universal gates — they can be combined to make any
logic gate.

Q no. 27 Which of the following combinations will produce an output of 1 for a NOR gate?
(@0and1

(b) 1land 1

(c)0and 0

(d1land0

Answer: (c) 0 and 0

Explanation: A NOR gate outputs 1 only when all inputs are 0.

Q no. 28 What is the output of a NOT gate if the input is 0?

@ao

(b) 1

(c) Indeterminate

(d) Same as input

Answer: (b) 1

Explanation: A NOT gate inverts the input. If input is O, output is 1.

Q no. 29 The logic gate that provides output as 1 when both inputs are different is:
() AND
(b) XOR
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(c) XNOR

(d) NOR

Answer: (b) XOR

Explanation: XOR outputs 1 only when inputs differ (i.e., 01 or 10).

Q no. 30 Which gate outputs 1 only when both inputs are the same?

(a) AND

(b) NOR

(c) XNOR

(d) XOR

Answer: (c) XNOR

Explanation: XNOR is the complement of XOR. It outputs 1 when inputs are the same (00
or 11).

Q no. 31 Which logic gate’s output is LOW only when both inputs are HIGH?

(@ OR

(b) NOR

(c) NAND

(d) XOR

Answer: (c) NAND

Explanation: A NAND gate outputs 0 only when all inputs are 1; otherwise, it outputs 1.

Q no. 32 A NOT gate is also known as a:

(a) Buffer

(b) Inverter

(c) Amplifier

(d) Switch

Answer: (b) Inverter

Explanation: The NOT gate reverses the input signal, hence it's also called an inverter.

Q no. 33 Which of the following is not a basic logic gate?

(@ OR

(b) AND

(c) NOT

(d) XOR

Answer: (d) XOR

Explanation: XOR is a derived gate, formed by combining basic gates. The basic gates are
AND, OR, and NOT.

Q no. 34 If the inputs to a 2-input OR gate are 1 and 0, the output is:
@ao

(b) 1

(c) Indeterminate

(d) Depends on input

Answer: (b) 1

Explanation: OR gate outputs 1 if at least one input is 1.

Q no. 35 If the inputs to a 2-input AND gate are 1 and 0, the output is:
(a) 0
(b)1
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(c) Depends on input

(d) Indeterminate

Answer: (a) 0

Explanation: AND gate outputs 1 only when both inputs are 1. Otherwise, output is 0.

Q no. 36 If the input to a NOT gate is 1, the output is:

@a~o

(b) 1

(c)2

(d) Undefined

Answer: (a) 0

Explanation: A NOT gate inverts the input. So, 1 becomes 0.

Q no. 37 Which gate outputs 0 when inputs are different?

(@) XOR

(b) XNOR

(c) NAND

(d) NOR

Answer: (b) XNOR

Explanation: XNOR outputs 1 when inputs are the same, and 0 when they are different.

Q no. 38 A logic gate that outputs 1 when inputs are equal is:

(@) NOR

(b) NAND

(c) XNOR

(d) XOR

Answer: (c) XNOR

Explanation: XNOR outputs 1 when inputs are the same (both 0 or both 1).

Q no. 39 A NAND gate is equivalent to:

(a) AND followed by NOT

(b) OR followed by NOT

(c) XOR followed by NOT

(d) NOT followed by OR

Answer: (a) AND followed by NOT

Explanation: NAND = NOT of AND — It inverts the output of an AND gate.

Q no. 40 A gate that outputs 0 only when all inputs are 0 is:

(@ OR

(b) AND

(c) NOR

(d) NAND

Answer: (a) OR

Explanation: OR gate outputs 0 only when all inputs are 0; otherwise, it outputs 1.

Q no. 41 A logic circuit that performs addition of binary numbers is called:
(a) Decoder

(b) Encoder

(c) Adder
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(d) Comparator
Answer: (c) Adder
Explanation: An adder is a logic circuit used to perform binary addition operations.

Q no. 42 Which circuit adds two 1-bit binary numbers and produces a sum and a carry?
(a) Half adder

(b) Full adder

(c) Encoder

(d) Decoder

Answer: (a) Half adder

Explanation: A half adder adds two binary digits and gives sum and carry as outputs.

Q no. 43 Which logic gate is used in the sum output of a half adder?

(@) AND

(b) OR

(c) XOR

(d) NOT

Answer: (c) XOR

Explanation: The sum output in a half adder is generated using an XOR gate.

Q no. 44 Which logic gate is used in the carry output of a half adder?

(@) AND

(b) OR

(c) XOR

(d) NOT

Answer: (a) AND

Explanation: The carry output in a half adder is generated using an AND gate.

Q no. 45 A full adder adds:

(@) Two bits

(b) Three bits

(c) Four bits

(d) Five bits

Answer: (b) Three bits

Explanation: A full adder adds two input bits and a carry-in bit from the previous stage.

Q no. 46 Which of the following gates is used in the sum output of a full adder?

(@) NAND

(b) NOR

(c) XOR

(d) AND

Answer: (c) XOR

Explanation: Full adder sum output uses two XOR gates to handle three input bits.

Q no. 47 Which gates are used in designing a full adder circuit?
(a) AND, OR, XOR
(b) AND, NOR, XOR
(c) OR, NOR, NOT
(d) AND, NAND, NOR
Answer: (a) AND, OR, XOR
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Explanation: A full adder typically uses XOR gates for sum and AND/OR for carry
generation.

Q no. 48 The logic circuit that compares two binary numbers and gives output whether they
are equal or not is:

(a) Adder

(b) Subtractor

(c) Comparator

(d) Encoder

Answer: (c) Comparator

Explanation: A comparator checks whether two binary numbers are equal, greater, or less.

Q no. 49 Which of the following circuits is used to convert binary into decimal?
(a) Encoder

(b) Decoder

(c) Comparator

(d) Multiplexer

Answer: (b) Decoder

Explanation: A decoder converts binary input into a specific decimal output.

Q no. 50 A circuit that converts information from one format to another is:
(a) Comparator

(b) Encoder

(c) Decoder

(d) None of the above

Answer: (b) Encoder

Explanation: An encoder is used to convert information into a coded format.
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Unit V111
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Unit 8 — Combinational & Sequential Circuits

1. Combinational Circuits

(a) Half Adder
* Function: Adds two single-bit binary numbers (A, B).

¢ Qutputs:
* Sum=Aa&B
e Carry=A-B

(b) Full Adder
* Function: Adds three bits (A, B, Cin).
e Outputs:
e Sum=AaBeaCin
e Carry = AB + BCin + ACin

(c) Parallel Adder

s (Consists of multiple full adders connected in cascade.

s Used to add multi-bit binary numbers.

(d) Half Subtractor
* Function: Subtracts two bits (A — B).
¢ OQOutputs:
* Difference=A ® B

« Borrow=A-B

(e) Full Subtractor
* Function: Subtracts three bits (A — B — Bin).
¢ OQOutputs:
* Difference = A ® B & Bin

s Borrow = AB + ABin + BBin

2. Data Processing Circuits

(a) Multiplexer (MUX)

* Function: Selects one of many inputs and routes it to a single output.

» Control lines: Used to select input.

*  Example: 4-to-1 MUX uses 2 select lines.
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(b) Demultiplexer (DEMUX)

* Function: Takes a single input and routes it to one of many outputs.

e Select lines determine the output path.

(c) Decoder
« Converts n input binary code into 2" unique outputs.

s Example: 3-to-8 decoder.

(d) Encoder

* Converts 2" input lines into an n-bit output code.

e Example: Decimal-to-BCD encoder.

3. Sequential Circuits

(a) Flip-Flops (Basic Storage Elements)

1. SR Flip-Flop
e Inputs: Set (S), Reset (R).
e Q=1whenS=1,R=0Q=0whenS=0R=1.
s Invalid whenS =R =1,

2. DFlip-Flop
¢ |Input: Data (D).
* Onclock edge = Q=D.
* Removes invalid state of SR.

3. T Flip-Flop
¢ Input: Toggle (T).
* Qtogglesif T =1, holds state if T = 0.
e Useful in counters.

4. JK Flip-Flop
* |nputs: J, K.
s Operates like SR but removes invalid state.
e J=K=1-toggling.

5. Master-Slave JK Flip-Flop
e Combination of two JK flip-flops.

s Prevents race-around condition.
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(b) Shift Registers

Used to shift binary data serially or in parallel.
s SISO (Serial-In Serial-Out)
+ SIPO (Serial-In Parallel-Out)

s PISO (Parallel-In Serial-Out)
s PIPO (Parallel-In Parallel-Out)

Applications: data storage, data transfer, serial-to-parallel conversion.

(c) Counters
1. Asynchronous (Ripple) Counter
* Flip-flops triggered one after another.
+ Simple but slow.
2. Synchronous Counter
= All flip-flops triggered simultaneously by common clock.
* Faster and reliable.
3. Modified Counters
+ Counters designed to follow non-standard sequences (e.g., MOD-6, MOD-10).
OBJECTIVE TYPE QUESTIONS

Q no. 1 Which of the following is a combinational circuit?

(a) Counter

(b) Multiplexer

(c) Register

(d) Flip-flop

Answer: (b) Multiplexer

Explanation: A multiplexer is a combinational circuit that selects one input from many and
forwards it to the output line based on selection inputs. It has no memory element, making it
purely combinational.

Q no. 2 The output of a combinational circuit depends on:

(a) Present input only

(b) Past input only

(c) Present and past input

(d) Future input only

Answer: (a) Present input only

Explanation: Combinational circuits produce outputs based solely on the current inputs; they
have no memory to store past inputs.

Q no. 3 Which of the following is not a combinational circuit?
(a) Multiplexer

(b) Decoder

(c) Counter

(d) Full adder

Answer: (c) Counter
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Explanation: A counter is a sequential circuit because it depends on past inputs or clock
pulses, using memory elements to store previous states.

Q no. 4 A full adder can be implemented using:

(a) Two half adders

(b) One half adder

(c) Three half adders

(d) None of the above

Answer: (a) Two half adders

Explanation: A full adder can be constructed by connecting two half adders and an OR gate
to handle the carry logic.

Q no. 5 Which circuit is used for binary addition of more than one bit?

(a) Decoder

(b) Multiplexer

(c) Full adder

(d) Encoder

Answer: (c) Full adder

Explanation: A full adder adds three binary bits (two significant bits and a carry bit).
Multiple full adders can be cascaded for multi-bit addition.

Q no. 6 Which device selects one output from many inputs?

(a) Multiplexer

(b) Decoder

(c) Encoder

(d) Adder

Answer: (a) Multiplexer

Explanation: A multiplexer (MUX) selects one of many input signals and forwards the
selected input into a single output line based on select inputs.

Q no. 7 A 3-to-8 decoder has:

(a) 3 outputs and 8 inputs

(b) 8 outputs and 3 inputs

(c) 3 outputs and 3 inputs

(d) 8 outputs and 8 inputs

Answer: (b) 8 outputs and 3 inputs

Explanation: A 3-to-8 decoder takes 3 input bits and decodes them into one of 8 output
lines, activating exactly one output line for each input combination.

Q no. 8 A 4-bit binary counter counts from:

(@ 0to15

(b) 0 to 14

(c)1to15

(d)0to 16

Answer: (a) 0 to 15

Explanation: A 4-bit binary counter has 2* = 16 states, which count from 0000 (0) to 1111
(15).

Q no. 9 Which flip-flop is also known as a "toggle flip-flop™?
(@) JK
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(b)D

©T

(d) SR

Answer: (c) T

Explanation: The T (Toggle) flip-flop changes its state (toggles) with every clock pulse
when T = 1, hence the name.

Q no. 10 The output of a sequential circuit depends on:

(a) Present input only

(b) Present and past input

(c) Future input only

(d) Past input only

Answer: (b) Present and past input

Explanation: Sequential circuits have memory, so their outputs depend on both the current
input and the past states (stored in flip-flops).

Q no. 11 A full subtractor can be constructed using:

() One half subtractor and one OR gate

(b) Two half subtractors and one OR gate

(c) Two full adders

(d) Two half adders

Answer: (b) Two half subtractors and one OR gate

Explanation: A full subtractor subtracts two bits and a borrow-in. It can be built using two
half subtractors (for difference and intermediate borrow) and an OR gate (to combine
borrows).

Q no. 12 A register is used to:

(a) Perform arithmetic operations

(b) Decode instructions

(c) Store binary data

(d) Control program flow

Answer: (c) Store binary data

Explanation: Registers are small, fast memory units used to temporarily hold binary data
during processing.

Q no. 13 Which of the following is a sequential circuit?

(a) Decoder

(b) Multiplexer

(c) Counter

(d) Half adder

Answer: (c) Counter

Explanation: A counter is a sequential circuit because it stores state and progresses based on
clock pulses, thus depending on past inputs.

Q no. 14 A D flip-flop has:
(a) Two inputs and one output
(b) One input and two outputs
(c) One input and one output
(d) Two inputs and two outputs
Answer: (b) One input and two outputs
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Explanation: A D flip-flop has one input (D) and two outputs — Q and Q (complement of
Q).

Q no. 15 Which flip-flop has only one input?

(@) JK

(b) D

(c) SR

@a@T

Answer: (b) D

Explanation: A D flip-flop (Data or Delay flip-flop) has only one input that determines the
next state directly.

Q no. 16 A JK flip-flop can function as:

(a) D flip-flop only

(b) T flip-flop only

(c) SR and T flip-flop

(d) SR flip-flop only

Answer: (c) SR and T flip-flop

Explanation: JK flip-flop is a versatile flip-flop. It avoids the invalid state of SR and also
toggles like a T flip-flop when J = K = 1.

Q no. 17 Which circuit converts serial data into parallel form?

(a) Parallel-in Parallel-out register

(b) Serial-in Serial-out register

(c) Serial-in Parallel-out register

(d) Parallel-in Serial-out register

Answer: (c) Serial-in Parallel-out register

Explanation: This type of register accepts data serially (bit by bit) and makes the complete
data available in parallel after all bits are entered.

Q no. 18 What does a decoder do?

(a) Converts binary to decimal

(b) Converts decimal to binary

(c) Stores data

(d) Selects memory locations

Answer: (a) Converts binary to decimal

Explanation: A decoder takes binary input and activates one out of many output lines,
essentially converting binary code to a decimal equivalent.

Q no. 19 A 4-to-1 multiplexer has how many select lines?

@1

(b) 2

()3

(d) 4

Answer: (b) 2

Explanation: For 4 inputs, log2(4) = 2 select lines are needed to choose one of the 4 inputs.

Q no. 20 A sequential circuit differs from a combinational circuit in that it:
(a) Requires less hardware
(b) Has memory
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(c) Has no input

(d) Uses only logic gates

Answer: (b) Has memory

Explanation: Sequential circuits include memory elements (like flip-flops), so they depend
on both current input and past state.

Q no. 21 The basic memory element in sequential circuits is:

(a) Multiplexer

(b) Flip-flop

(c) Decoder

(d) Encoder

Answer: (b) Flip-flop

Explanation: Flip-flops are the fundamental memory units in sequential logic circuits. They
store one bit of data and change state with clock input.

Q no. 22 Which flip-flop is free from the race-around condition?

(@) SR flip-flop

(b) JK flip-flop

(c) Master-slave JK flip-flop

(d) D flip-flop

Answer: (c) Master-slave JK flip-flop

Explanation: Master-slave JK flip-flops eliminate race-around conditions by using two
stages (master and slave) triggered on opposite clock phases.

Q no. 23 A register that can shift data in both directions is called:

() Unidirectional register

(b) Bidirectional shift register

(c) Universal register

(d) Shift counter

Answer: (b) Bidirectional shift register

Explanation: A bidirectional shift register allows data to be shifted left or right, making it
versatile in data handling operations.

Q no. 24 Which of the following is used for temporary data storage?

(a) Decoder

(b) Register

(c) Multiplexer

(d) Counter

Answer: (b) Register

Explanation: Registers temporarily store data in digital systems for immediate processing by
the CPU or logic units.

Q no. 25 Which circuit is used to perform subtraction?

(a) Decoder

(b) Subtractor

(c) Flip-flop

(d) Encoder

Answer: (b) Subtractor

Explanation: A subtractor is a digital circuit that performs binary subtraction of two bits or
multi-bit numbers.
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Q no. 26 What is the maximum count of a 3-bit binary counter?

@6

(b) 7

(c)8

(d)5

Answer: (b) 7

Explanation: A 3-bit counter can count from 000 to 111, which is 0 to 7 in decimal. So, the
maximum count is 7.

Q no. 27 Which of the following is an example of a sequential circuit?

(a) Multiplexer

(b) Decoder

(c) Counter

(d) Adder

Answer: (c) Counter

Explanation: Counters rely on clock input and memory to keep track of the count. They are
sequential because the output depends on previous inputs.

Q no. 28 Which flip-flop toggles its output on each clock pulse when enabled?

(a) D flip-flop

(b) SR flip-flop

(c) T flip-flop

(d) JK flip-flop

Answer: (c) T flip-flop

Explanation: A T flip-flop changes (toggles) its output state with each clock pulse if the T
input is high.

Q no. 29 What is the output of a D flip-flop when D = 1 and clock is triggered?

@ao

(b) 1

(c) Undefined

(d) Previous state

Answer: (b) 1

Explanation: In a D flip-flop, the output follows the input D when the clock is triggered. If
D =1, output Q becomes 1.

Q no. 30 Which of the following is not a sequential circuit?

(a) Shift register

(b) Full adder

(c) Counter

(d) Flip-flop

Answer: (b) Full adder

Explanation: A full adder is a combinational circuit. It does not store information or depend
on past input states.

Q no. 31 A circuit that converts parallel data into serial data is:
(a) PISO register
(b) SISO register
(c) SIPO register
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(d) PIPO register

Answer: (a) PISO register

Explanation: A Parallel-In Serial-Out (PISO) register takes multiple parallel inputs and
shifts them out serially.

Q no. 32 A 3-bit binary up counter counts from:

(@ 0to6

(b)Oto7

(c)1to8

(dO0to8

Answer: (b)0to7

Explanation: A 3-bit binary counter can represent 23 = 8 states, counting from 000 (0) to 111

(7).

Q no. 33 The number of states in a 4-bit ring counter is:

@4

(b) 8

(c) 16

(d)5

Answer: (a) 4

Explanation: A 4-bit ring counter circulates a single '1' through 4 flip-flops, resulting in 4
unique states.

Q no. 34 Which of the following circuits can be used for frequency division?

(a) Counter

(b) Decoder

(c) Encoder

(d) Multiplexer

Answer: (a) Counter

Explanation: Counters divide the frequency of a clock signal by counting pulses and
toggling output after a fixed number of cycles.

Q no. 35 The output of a T flip-flop toggles when:

@T=0

b)T=1

(c) Clock =0

(d) Both T and Clock are 0

Answer: (b) T=1

Explanation: The T flip-flop toggles its output with every clock pulse when T is 1.

Q no. 36 In a JK flip-flop, when J =1 and K =1, the output will:

(a) Remain unchanged

(b)Be 0

(c)Bel

(d) Toggle

Answer: (d) Toggle

Explanation: In a JK flip-flop, the output toggles when both J and K are set to 1 and a clock
pulse is applied.
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Q no. 37 Which circuit performs the subtraction of binary numbers?

(@) Full adder

(b) Subtractor

(c) Decoder

(d) Encoder

Answer: (b) Subtractor

Explanation: A subtractor is specifically designed to subtract one binary number from
another, using either direct logic or by adding the two's complement.

Q no. 38 The basic building block of a digital system is:

(a) Multiplexer

(b) Logic gate

(c) Flip-flop

(d) Register

Answer: (b) Logic gate

Explanation: Logic gates are the fundamental components used to build all digital circuits,
including adders, multiplexers, and memory.

Q no. 39 The device that selects one of many inputs and directs it to a single output line is
called:

(a) Decoder

(b) Multiplexer

(c) Encoder

(d) Flip-flop

Answer: (b) Multiplexer

Explanation: A multiplexer (MUX) selects one input from several inputs and forwards it to
the output based on select signals.

Q no. 40 A D flip-flop stores:

(a) Two bits of data

(b) One bit of data

(c) Four bits of data

(d) Zero bits

Answer: (b) One bit of data

Explanation: Each D flip-flop stores one bit of binary data, which is updated with each clock
pulse.

Q no. 41 The output of a combinational circuit depends on:

(a) Present input only

(b) Past input only

(c) Present and past input

(d) Future input only

Answer: (a) Present input only

Explanation: Combinational circuits produce output solely based on the current set of input
values without using any memory element.

Q no. 42 Which device stores binary information?
(a) Decoder
(b) Flip-flop
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(c) Multiplexer

(d) Encoder

Answer: (b) Flip-flop

Explanation: A flip-flop is a bistable circuit capable of storing one bit of binary information.

Q no. 43 A flip-flop is a:

(a) Combinational circuit

(b) Memory cell

(c) Arithmetic unit

(d) Decoder

Answer: (b) Memory cell

Explanation: Flip-flops are basic memory elements used in sequential circuits to store one
bit of information.

Q no. 44 Which of the following is a combination circuit?

(a) Register

(b) Counter

(c) Decoder

(d) Flip-flop

Answer: (c) Decoder

Explanation: A decoder is a combinational logic circuit that converts binary input to a
specific output line without any memory.

Q no. 45 What is the main difference between sequential and combinational circuits?
(@) Input types

(b) Clock signals

(c) Memory usage

(d) Number of outputs

Answer: (c) Memory usage

Explanation: Sequential circuits have memory and store past input information;
combinational circuits do not.

Q no. 46 Which circuit converts binary information from n inputs to a maximum of 2" unique
outputs?

(a) Encoder

(b) Decoder

(c) Multiplexer

(d) Flip-flop

Answer: (b) Decoder

Explanation: A decoder activates one of 2" output lines based on the binary value of the n
input lines.

Q no. 47 In sequential circuits, the memory element is usually a:

(a) Logic gate

(b) Flip-flop

(c) Multiplexer

(d) Encoder

Answer: (b) Flip-flop

Explanation: Flip-flops are used to store state information in sequential logic circuits.
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Q no. 48 Which circuit can be used for frequency division?

(a) Flip-flop

(b) Multiplexer

(c) Decoder

(d) Adder

Answer: (a) Flip-flop

Explanation: Flip-flops can divide clock frequency by toggling output with each clock pulse,
commonly used in frequency divider circuits.

Q no. 49 A sequential circuit that cycles through a predefined sequence of states is called:
(a) Counter

(b) Multiplexer

(c) Decoder

(d) Register

Answer: (a) Counter

Explanation: Counters are sequential circuits that move through a set sequence of binary
states based on clock input.

Q no. 50 Which flip-flop has both Set and Reset conditions?

(@) D flip-flop

(b) T flip-flop

(c) JK flip-flop

(d) SR flip-flop

Answer: (d) SR flip-flop

Explanation: The SR (Set-Reset) flip-flop has two inputs: one to set the output to 1 and
another to reset it to 0.
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