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Instructions:

1) All questions are compulsory.

2) Each question carries 1 mark.

3) Answers should be marked in the given OMR answer sheet by darkening the
appropriate option.

4) Follow the instructions given on OMR sheet.

5) Rough work shall be done on the sheet provided at the end of question paper.

1.  Which of the following particles are the primary constituents of an atomic
nucleus?

(a) Electrons and protons
(b) Protons and neutrons
(c) Neutrons and electrons
(d) Protons, neutrons, and electrons
2. Nuclear radii are typically on the order of
(a) Angstroms (A)
(b) Micrometers (um)
(c) Femtometers (fm)
(d) Millimeters (mm)
3. Which of the following is NOT a magic number?
(a) 2 (b) 8
(c) 20 (d) 15
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In an electron synchrotron, what is the primary method used to bend the
electron beam in a circular path?

(a) Electrostatic fields

(b) Magnetic fields

(c) Gravitational fields

(d) Radio frequency cavities

Which type of accelerator is typically used to achieve the highest particle
energies?

(a) Cyclotron (b) Synchrocyclotron
(c) Synchrotron (d) Betatron

Which of the following nuclear detectors operates based on the principle of
gas ionization by radiation?

(a) Scintillation detector
(b) Semiconductor detector
(c) Ionization chamber

(d) Photo-multiplier tube

Which component in a scintillation detector is responsible for converting
light photons into an electrical signal?

(a) Scintillator

(b) Light guide

(c) Photo-multiplier tube (PMT)

(d) Preamplifier

A Cerenkov detector is particularly useful for detecting:
(a) Low-energy alpha particles

(b) Slow-moving neutrons

(c) High-energy charged particles

(d) Weakly interacting neutral particles
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Which of the following fundamental forces is responsible for particle
interactions at the nuclear level?

(a) Gravitational force (b) Electromagnetic force

(c) Weak nuclear force (d) Strong nuclear force

The conservation of angular momentum is related to which symmetry?
(a) Time translation symmetry (b) Spatial translation symmetry
(c) Rotational symmetry (d) Gauge symmetry

The smallest repeating unit that, when translated in three dimensions,
generates the entire crystal structure is called:

(a) Basis (b) Lattice

(c) Unit cell (d) Miller index
How many Bravais lattices exist in three dimensions?
(3)7 (b) 14

(c) 2 (d)9

The number of atoms per unit cell in a Body-Centered Cubic (BCC) structure
IS:

(@)1 (b) 2

(c) 4 (d)8
Diffraction of X-rays by crystals occurs because:
(a) X-rays are absorbed by the crystal lattice

(b) X-rays are scattered by the electrons in the atoms, and these scattered
waves interfere constructively

(c) X-rays cause the crystal lattice to vibrate

(d) X-rays penetrate the crystal without interaction
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The powder photograph method is primarily used for:

(a) Determining the orientation of a single crystal

(b) Analysing the crystal structure of polycrystalline materials

(c) Measuring the intensity of individual reflections from a single crystal
(d) Studying the defects in a single crystal

The Weiss theory of ferromagnetism introduces the concept of:

(a) Induced magnetic moments

(b) An internal molecular field proportional to the magnetization

(c) Randomly oriented magnetic domains

(d) Atemperature above which ferromagnetic materials become diamagnetic

The temperature above which a ferromagnetic material loses its
ferromagnetic properties and becomes paramagnetic is called the:

(a) Curic temperature (b) Néel temperature
(c) Debye temperature (d) Fermi temperature
The concept of density of states refers to:

(a) The number of electrons in each energy level

(b) The number of available energy states per unit volume per unit energy
interval

(c) The probability of finding an electron at a particular energy level

(d) The average energy of electrons in a solid

According to band theory, the velocity of an electron in a band is related to:
(a) The magnitude of its charge

(b) The slope of the energy versus wave vector (E-k) relationship

(c) The width of the energy band

(d) The density of states at that energy

4:20



20.

21.

22.

23.

24.

ENT-04
Metals are distinguished from semiconductors and insulators by:
(a) The type of chemical bonding
(b) The presence of a partially filled valence band or overlapping bands
(c) Their crystal structure
(d) The temperature dependence of their resistivity

In spectral notation, what does the letter 'S’ represent for the orbital angular
momentum quantum number (I)?

(@)l=1 (b)1=2

(c)I=0 (d)1=3

The fine structure of the hydrogen spectrum is primarily due to:
(a) Relativistic effects and spin-orbit coupling

(b) Nuclear size

(c) Electron-electron interactions

(d) External electric fields

The anomalous Zeeman effect differs from the normal Zeeman effect due to
the presence of:

(a) A very strong magnetic field

(b) Non-zero electron spin angular momentum
(c) Only orbital angular momentum

(d) Nuclear spin

Transitions between rotational energy levels of a molecule lead to spectra in
which region of the electromagnetic spectrum?

(a) Ultraviolet (b) Visible

(c) Microwave (d) X-ray

5:20
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Vibration-rotation spectra show a series of lines known as:
(a) A continuous spectrum
(b) Aline spectrum
(c) Bands
(d) The Balmer series

What is the crucial element in the experimental setup for observing the
Raman effect?

(a) A strong magnetic field

(b) A monochromatic light source

(c) A high vacuum chamber

(d) A radioactive sample

According to classical theory, the Raman Effect arises due to the:
(a) Absorption of photons by the molecule

(b) Change in the molecule's dipole moment

(c) Change in the molecule's polarizability

(d) Excitation of electrons to higher energy levels

Which theory is currently the most widely accepted model for the origin and
evolution of the universe?

(a) Oscillating theory
(b) Steady state theory
(c) Big-Bang theory

(d) Condensation theory

A vast system of stars, gas, dust, and dark matter held together by gravity is
defined as a:

(a) Solar system (b) Nebula
(c) Galaxy (d) Asteroid belt
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What is the name of the galaxy that contains our solar system?
(a) Andromeda

(b) Triangulum

(c) Milky Way

(d) Magellanic Cloud

What is the explosive death of a massive star called?.

(a) Planetary nebula ejection (b) Stellar wind

(c) Supernova (d) White dwarf cooling
Wind power density is a measure of:

(a) The total number of wind turbines in an arca

(b) The average height of wind turbines

(c) The available wind power per unit area

(d) The efficiency of a wind turbine
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The most common type of wind turbine used for large-scale electricity

generation is the:

(a) Savonius rotor

(b) Darrieus rotor

(c) Horizontal axis propeller type

(d) Vertical axis drag type

The total solar power incident per unit area on the Earth's outer atmosphere

is known as:

(a) Clarity index
(b) Solar insolation
(c) Solar constant

(d) Solar energy spectrum
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The photovoltaic route of utilizing solar energy directly converts sunlight
into:

(a) Heat (b) Electricity

(c) Chemical energy (d) Mechanical energy
What is the primary origin of biomass energy?

(a) Fossil fuels (b) Nuclear reactions
(c) Photosynthesis (d) Geothermal activity

What is the defining characteristic of a material in the superconducting
state?

(a) Very high electrical resistance

(b) Zero electrical resistance

(c) Increased magnetic susceptibility
(d) Emission of light

The expulsion of magnetic flux from the interior of a superconductor is
known as the:

(a) Peltier effect (b) Seebeck effect
(c) Meissner effect (d) Hall effect

Nanoscience primarily deals with materials having dimensions in the range

(a) 1-10 meters (b) 1-100 millimeters
(c) 1-100 nanometers (d) 1-100 micrometers

The change in electronic and optical properties of nanomaterials due to
their small size is known as:

(a) Surface plasmon resonance
(b) Quantum confinement
(c) Brownian motion

(d) Van der Waals forces
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Nanobiotechnology applies nanotechnology to solve problems in:
(a) Astronomy
(b) Biology and medicine
(c) Material science
(d) Environmental engineering
The scale factors (hq, hy, h3) for spherical polar coordinates (r, 6, ¢) are:
(a) (1,1,1) (b) (1,1, rsinB)
(011 (d) (1,sine 6, 1)

In cylindrical coordinates (p,¢, z), the scale factors (h1,h9,h3) corresponding
to p, ¢, z are respectively:

(a) (1,1,1) (b) (1,p, 1)

(c) (1, p, psind) (d) (r, 6, ¢)

Solutions to the two-dimensional Laplace equation are often referred to as:
(a) Wave functions. (b) Heat functions

(c) Harmonic functions (d) Diffusion functions

The method of separation of variables transforms a partial differential
equation (PDE) into a set of:

(a) Algebraic equations

(b) Ordinary differential equations

(c) Partial differential equations of lower order
(d) Integral equations

Which of the following equations relates the electric potential to the charge
density?

(a) Laplace's equation (b) Gauss's law

(c) Poisson's equation (d) Faraday's law
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A charged particle placed in a uniform electric field will experience a force
that is:

(a) perpendicular to the field

(b) opposite to the field, regardless of the charge sign
(c) parallel or antiparallel to the field

(d) zero

The physical significance of Poisson's and Laplace's equations lies in their
ability to determine:

(a) the magnetic force on a moving charge

(b) the electric field due to a current-carrying wire
(c) the electric potential distribution in space

(d) the rate of change of magnetic flux

Which of the following laws describes the magnetic field produced by a
steady current?

(a) Faraday's Law of Induction (b) Gauss's Law for Magnetism
(c) Biot-Savart's Law (d) Gauss's Law for Electricity
The equation V. B = 0 signifies which of the following?

(a) The absence of magnetic forces

(b) Magnetic monopoles do not exist

(c) A changing magnetic field induces an electric field

(d) Electric field lines form closed loops

In a vacuum, Maxwell's equations describe the propagation of:

(a) Sound waves

(b) Matter waves

(c) Electromagnetic waves

(d) Static electric and magnetic fields only

10:20
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The hypothesis that associates a wave with every moving particle was
proposed by:

(a) Albert Einstein (b) Max Planck
(c) Louis de Broglie (d) Werner Heisenberg

A localized wave resulting from the superposition of waves with slightly
different frequencies and wavelengths is called a:

(a) Standing wave (b) Transverse wave

(c) Wave packet (d) Longitudinal wave
What is the physical interpretation of the wave function, yr (x, t)?
(a) The probability of finding a particle at a specific time

(b) The energy of the particle at a specific location

(c) The probability density of finding a particle at a specific position and
time

(d) The momentum of the particle at a specific time

The Schrodingertime-independentwave equation (steady state) isapplicable
when:

(a) The potential energy of the system is time-dependent

(b) We are interested in the time evolution of the wave function

(c) The potential energy of the system is time-independent

(d) The momentum of the particle is constant

Eigenfunctions are:

(a) The possible values of a dynamical variable

(b) The solutions to the Schrodinger equation for specific energy eigenvalues
(c) Operators acting on the wave function

(d) The average values of dynamical variables

11:20
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What is the fundamental commutation relation between the position
operator (X) and the linear momentum operator () in one dimension?

@ [&.8]=

®) [2,9]=0
(© [2,p]=1ih
(@ [2,p]=—ih

For a particle trapped in an infinite one-dimensional potential well, the
potential energy inside the box is:

(a) Infinite

(b) Dependent on the particle's position
(c) Zero

(d) A non-zero constant

When a particle encounters a step potential with energy less than the step
height, according to classical mechanics, the probability of transmission is:

(a) Greater than zero

(b) Equal to one

(c) Zero

(d) Dependent on the step width

The Schrodinger wave equation for the Hydrogen atom is most conveniently
solved using which coordinate system?

(a) Cartesian coordinates

(b) Cylindrical coordinates

(c) Spherical polar coordinates

(d) Any orthogonal coordinate system

For a particle in a three-dimensional rigid box with sides of length Ly, Ly and
Ly, the energy eigenvalues depend on how many quantum numbers?

(a) One (b) Two
(c) Three (d) Four

12:20
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The number of independent coordinates required to completely specify the
configuration of a system is known as:

(a) Constraints

(b) Degrees of freedom

(c) Generalized coordinates

(d) Virtual displacement

D' Alembert's principle introduces the concept of:

(a) Virtual displacement

(b) Generalized coordinates

(c) Inertial forces

(d) Lagrangian

Lagrange's equation is a second-order differential equation in terms of:
(a) Cartesian coordinates

(b) Generalized velocities

(c) Generalized coordinates and their time derivatives
(d) Constraint forces

Hamilton's principle can be deduced from D' Alembert's principle by
considering:

(a) only conservative forces

(b) the time integral of the virtual work

(c) constraints that do no virtual work

(d) all the above

The curve that solves the Brachistochrone problem is a:
(a) catenary (b) cycloid

(c) helix (d) lemniscate

13:20
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What is the minimum number of independent coordinates required to
completely specify the orientation of a rigid body in three-dimensional
space?

(a) 2 (b) 3
(c)5 (d) 6

In the absence of external torques, what is conserved for a rotating rigid
body?

(a) Kinetic energy only

(b) Angular velocity only

(c) Angular momentum only

(d) Both kinetic energy and angular velocity

Which of the following is a characteristic of an inertial reference frame?
(a) Itis accelerating

(b) It has constant velocity

(c) Itis rotating

(d) It experiences net force

The Michelson-Morley experiment aimed to detect the existence of:
(a) Gravitational waves

(b) Electromagnetic waves

(c) Luminiferous ether

(d) Elementary particles

Time dilation implies that a moving clock runs:

(a) Faster than a stationary clock

(b) Slower than a stationary clock

(c) At the same rate as a stationary clock

(d) Sometimes faster and sometimes slower than a stationary clock

14:20
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The output of a NOR gate is HIGH when:
(a) All inputs are HIGH (b) Any input is HIGH
(c) All inputs are LOW (d) Any input is LOW
A half adder has how many inputs and how many outputs?
(a) 2 inputs, 1 output
(b) 1 input, 2 outputs
(c) 2 inputs, 2 outputs
(d) 3 inputs, 2 outputs

Which of the following derived gates is equivalent to the complement of an
XOR gate?

(a) NAND gate (b) NOR gate
(c) XNOR gate (d) OR gate

For a single-stage CE amplifier, which of the following components is
responsible for providing the DC bias?

(a) The input coupling capacitor

(b) The output coupling capacitor

(c) The biasing resistors

(d) The load resistor

What is the primary purpose of the tank circuit in an oscillator?
(a) To provide DC biasing

(b) To amplify the signal

(c) To provide the frequency-determining element

(d) To provide negative feedback

15:20
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In a Colpitts oscillator, the feedback network consists of:
(a) Two inductors in series

(b) Two capacitors in series

(c) One inductor and one capacitor in parallel

(d) Two resistors in parallel

Which type of oscillator uses the mechanical resonance of a piezoelectric

crystal to determine the oscillation frequency?
(a) Phase shift oscillator

(b) Colpitts oscillator

(c) Hartley oscillator

(d) Crystal oscillator

For an ideal op-amp, the input impedance is:

(a) Zero (b) Very low
(c) Very high (d) Unity
Which of the following is a key functional block within the IC555 timer?
(a) Operational Amplifier

(b) Digital-to-Analog Converter

(c) Voltage Comparator

(d) Phase-Locked Loop

The heart of a CRO is the:
(a) Time base generator (b) Deflection plates
(c) Electron gun (d) Cathode Ray Tube

The scalar product of two vectors is a:
(a) Vector quantity (b) Scalar quantity

(c) Tensor quantity (d) Undefined quantity

16:20
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A geosynchronous orbit has a period of:
(a) Approximately 12 hours

(b) Approximately 6 hours

(c) Approximately 24 hours

(d) Approximately 48 hours

The work-energy theorem states that the net work done on a
equal to the change in its:

(a) Potential energy (b) Kinetic energy

(c) Total energy (d) Momentum

Electric field lines originate from:

(a) Negative charges and terminate at positive charges

(b) Neutral points

(c) Positive charges and terminate at negative charges

(d) Infinity

In a dielectric medium, the polarization vector P represents:
(a) The net electric field within the dielectric

(b) The total charge density in the dielectric

(c) The dipole moment per unit volume of the dielectric material
(d) The energy stored per unit volume in the dielectric

The ratio of lateral strain to longitudinal strain is known as:
(a) Young's modulus (b) Bulk modulus

(c) Shear modulus (d) Poisson's ratio

In torsional oscillation, the restoring torque is proportional to:
(a) Angular velocity (b) Angular acceleration

(c) Angular displacement (d) Moment of inertia
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particle is

17:20



89.

90.

91.

92.

93.

94.

ENT-04

Jaeger's method is used for the experimental determination of:
(a) Viscosity (b) Surface tension

(c) Density (d) Elasticity

The reciprocal of impedance is known as:

(a) Reactance (b) Susceptance

(c) Admittance (d) Conductance

The ability of a coil to oppose a change in current flowing through it is called:

(a) Mutual inductance
(b) Self-inductance
(c) Capacitance

(d) Resistance

A system is said to be in thermodynamic equilibrium when it exhibits:

(a) Mechanical equilibrium only

(b) Thermal equilibrium only

(c) Chemical equilibrium only

(d) Mechanical, thermal, and chemical equilibrium
The efficiency of a Carnot's ideal heat engine depends on:
(a) The working substance used

(b) The pressure of the system

(c) The temperatures of the hot and cold reservoirs
(d) The volume of the system

Viscosity in a gas arises due to the transport of:

(a) Mass (b) Energy

(c) Momentum (d) Temperature

18:20
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Inacoupled oscillatory system, the frequencies at which the system oscillates
independently are called:

(a) beat frequencies (b) natural frequencies

(c) normal mode frequencies (d) driving frequencies
Ultrasonic waves are sound waves with frequencies:

(a) below the audible range (b) within the audible range
(c) above the audible range (d) equal to the speed of light

Which thermodynamic potential is most useful for processes occurring at
constant temperature and pressure?

(a) Internal Energy (U) (b) Enthalpy (H)

(c) Helmholtz Function (F) (d) Gibbs Function (G)
A perfect blackbody is characterized by:

(a) Reflecting all incident radiation

(b) Transmitting all incident radiation

(c) Absorbing all incident radiation

(d) Emitting radiation at only one specific wavelength

The Fermi-Dirac statistics applies to particles that are:

(a) Distinguishable and have integer spin

(b) Indistinguishable and have integer spin

(c) Indistinguishable and have half-integer spin

(d) Distinguishable and have half-integer spin

The ratio of the image height to the object height defines:
(a) Axial magnification (b) Angular magnification
(c) Lateral magnification (d) Resolving power

2 24
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