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PHYSICS

(POST RELATED)
Subject Code: 511
Total Marks-100

Part-I
Marks: 50
Mechanics:
» Particle Dynamics: Newton’s law of motion, Motion in one dimension, Motion in a plane,

>

>

Work, energy and power, Conservation laws, Conservative force, Mass-energy relation.
Rotational Motion: Angular velocity, Angular acceleration, uniformly accelerated angular
motion, Torque, Kinetic energy of rotation, Angular momentum, Moment of inertia.
Gravitation: Newton’s law of gravitation, variation of acceleration due to gravity,
Gravitational field and gravitational potential, Calculation of potential and force in simple
cases.

Properties of Matter:
Elasticity: Stress and strain, Hooke’s law, Elastic modulii, bending of beams, Torsion.
Surface Tension: Adhesive force, cohesive force, Molecular theory of surface tension, Surface
energy and surface tension, Angle of contact and capillarity.
Viscosity: Newton’s law of viscosity, Streamline and turbulent motion, Poiseulle’s formula,

Bernouli’s theorem, Applications.

Waves and Oscillation:
Waves: Transverse and longitudinal wave, Traveling and stationary wave, Vibration in
strings, Resonance, Beats, Doppler effect.

Sources and propagation of sound, Spiced of sound, Ultrasonic.
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» Oscillation: Definition of simple harmonic motion (SHM), combination of two SHM’s, damped

oscillation, Forced oscillation, Resonance, Power and intensity of wave motion, Simple and

compound pendulum.

Heat, Thermodynamics and kinetic Theory of Gases:
Heat and Temperature: Concept of temperature, Thermal equilibrium, Temperature scale,
Mechanical equivalent of heat, quantity of heat, Specific heat and heat capacity.
Transmission of heat: Conduction, Convection and Radiation, Conduction of
heat in solids, Co-efficient of conductivity, Measurement of conductivity of a
poor conductor.
Thermodynamics: First law, difference between Cp and Cv for an ideal gas, Adiabatic process
for an ideal gas, Second law, Entropy and disorder, Absolute scale of temperature,
Thermodynamic functions, Maxwell relations, ClausiusClapeyron equation,Gibbs phase rule.
Kinetic theory of gases: Basic assumptions, Equation of state of an ideal gas, Kinetic
interpretation of temperature and pressure, Mean free path, Equipartition law, Van der Waal’s

equation of state

Electricity and magnetism:

>

Charge and Matter, Electric field, point charge in an electric field, Dipole in an electric field.
Gauss’s law and Coulomb’s law: Application to a spherically

symmetric charge distribution and a charge sheet; Electric potential: potential
and field strength; potential due to a point charge; Due to a dipole; Calculation
of E from V.

Capacitance and dielectric: Calculation of capacitance, Dielectric and Gauss’s
Law, Energy storage in dielectric.

Current and Circuits: Ohm’s law, Resistivity and atomic view, Electromotive
force Kirchoff’s law, Wheatstone bridge, Potentiometer.

Magnetic field: Definition of B, Ampere’s law, Biot-Savart law, Magnetic force
on a current, Torque on a current loop, Electric meters.

Faraday’s law: Inductance, Energy density and the magnetic field,
Diamagnetism, Paramagnetism and Ferro-magnetism.

Electromagnetic Oscillation: LC oscillation, Maxwell’s field equations.

Alternating current: Alternating emf, LCR circuit, Effective of RMS value of voltage and current.

Optics:
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> Nature and propagation of light: Light and the electromagnetic spectrum, Velocity of light,

Huygen'’s principle and the laws of reflection and refraction, Total internal reflection.

» Interference and Diffraction : Young's experiment, Coherence, Michelson’s interferometer,

Diffraction from single slit, double slit and grating, X-ray diffraction and Bragg’s law, Resolving

power.

PHYSICS
Part-II
Marks: 50

Classical Mechanics and Special theory of Relativity:

>

Conservation laws of a system of particles. Rocket motion. Generalized

coordinates.

>

>
>
>

Y

YV V.V V VYV V

Y

Euler-Lagrange equations of motion. Hamilton’s Principle.
Principle of least action, Hamilton’s equation of motion.
Postulates of special theory of relativity. Lorentz transformation.

Relativistic equations of motion.

Quantum Mechanics:
Schrodinger equation. Postulates of quantum mechanics. Probability in
quantum mechanics.
Fundamental commulation relations.
Heisenberg’s uncertainty relations.
Operators and Eigenvalue equation.
Eigenvalue and Eigenfunctions.
Hermitian operators.
Eigenvalues of the angular momentum operator. Spin angular momentum
operator.

Approxmation methods. WKB Approxmation.
Atomic and Molecular Physics:
Quantum character of radiations.

Photoelectric effect. Compton Effect.

Wave-particle duality. De Broglie wave.
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Electron diffraction.
Rutherford experiment
Bohr’s theory and hydrogen atom.
Atomic spectra.
Pauli’s principle. Electronics configuration of atom.
Production of X-ray, Moseley’s law.
Molecular spectra.
Laser. Three and four level lasers.

Properties of a laser beam. Ruby, He-Ne,

YV V V V VY V V V V V

Nd: Y and CO2 lasers, Applications of lasers.
Nuclear Physics:

Y

Constituents of Nuclei, Nuclear density, nuclear spin and angular momentum,
Nuclear force.

Nuclear binding energy, Liquid drop model, Shell model.

Radioactive decay, Decay law.

Radioisope-productions and uses.

Alpha particle emission, Beta decay, Gamma radiation.

Nuclear reaction, Q-value.

Nuclear fission and fusion, Nuclear reactor.

YV V V V V V V

Particle accelerators-Van-de-Graff accelerator, Linear accelerator, Cyclotron,
Sychrotron.

» Elementary particles.

Solid State Physics:

» Crystalline nature of solids. Unit cell, Classification of solids-lonic, Valence
and Vander Waals Crystals. Madelung constant, Theory of specific hearts,

Einstein and Debye model.

» Defects in srystals-Schottky and Frendel types, Dislocations, Consequences of

defects on Mechanical properties.

» Band theory of solids.

Semiconductors-Extrinsic, Semiconductor, Density of states. Charge carrier.

Y

» Superconductivity, Introduction to high Tc superconductivity.

Electronics:
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Semiconductor diode. P-n junctions.
Breakdown Avalance and Zener Mechanism
Rectification.
Bipolar Junction Transistor (npn & pnp)
Transistor action, Amplifiers (CB, CE & CC)

YV V.V V V V

Operational Amplifier, Inverting amplifier non-inverting amplifier, Adder substractor,
Comparator, Integrator, Differentiator, FET and MOSFET
Applications.
SCR and TRIAC action and characteristics.
Modulation and Demodulation (AM, FM)
» Television and RADAR.

YV Vv

BT wwey fRdfad
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Mechanics: Kok

Properties of Matter: sk
Waves and Oscillation: ok

oI Heat, Thermodynamics and kinetic Theory of Gases: ok

= Electricity and magnetism: LR
Optics: kokok
Classical Mechanics and Special theory of Relativity o

Quantum Mechanics Kok

Atomic and Molecular Physics o
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Solid State Physics o
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Electronics
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Law of conservation of electrical charge
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Coulomb's law
TAER
< Wb 79 vitetd Wog ferarer wiede 1 s 99 (electrostatic force) SIHA BITEA TR QAT
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where
ok, is the Coulomb's constant =8.987 x 10° N.m?[-2

' o &g is the vacuum permitivity = 8.854 x 102 F

F = @il 1 el ee1a M1 |

ql €3 q2 =& qf6 iterd #Afsid |

r= 21 f6 IS NG| 79 |

k = FCHA &3IF, T A &1 9 x 1009 Nm?/C?

Permittivity of free space (&)

» The permittivity of free space is a physical constant that reflects the ability of electrical

fields to pass through a classical vacuum.

> RS %R, SEas A F 0 @ SR electrical energy (<Y T G2 IHF! (@ S A
FE o AR B oEbie’ |

Electric Field (Sfr ¢F@)

O An electric field is a region of influence surrounding an electrically charged object, enabling
it to exert forces on other charged objects without direct contact

O ofte Fa 2T @ fES IR DR 9T G S2ee] @A ©fF o R A @3
T (@I WIfEe T Qe @IS wFEd A 6 gged 3@ 9, @ 9wt @3 @ifze
AR ITH Aok B #® I, (12 W3 20 SR (Fq | (939 ¥ ©fte ¢Fq @36 (957
M, T T (21=7) ¢ i Ten AR |
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©fee &iwe (Electric Intensity)

QO Electric intensity, also known as electric field strength or electric field intensity, is a

measure of the strength and direction of an electric field at a specific point.

(Sfee CFae (Il re I GFT G G FI7T FAC (12 WLA0 (@ I61 o] B0,
12 T AT 1)

i. E=F/q
1 F=qE
_ 1 9%
- 4TF[:DK f-'zqa
1 9
E—= dmc K 2

+q SILG X A Y NG FI© 20 e MGIR K 7 I 1 K1 = |

E = 1

42
4w, v

(Electric Intensity (E) vs (Electric Potential (V)

e Sige I Sfe [eq

Electric Intensity (E): The force exerted on a unit positive charge by an electric field.

Electric Potential (V): The amount of work required to move a unit positive charge from a reference

point (often infinity or Earth) to a specific point in the electric field.
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Gauss’s Law

Gauss’s Law states that the electric flux through a closed surface is
directly proportional to the total charge enclosed within that surface.

dp = f{ E .- dA =
surface

* Where:
e OF is the electric flux.
e Eis the electric field vector.

Q enc

€0

dA is a differential area vector on the closed surface.

L]
e Qenc is the total charge enclosed within the surface.
« €0 is the permittivity of free space (=8.85x10-12 C2/N- m2).
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v The divergence of the electric field (V - E) at a point is proportional to the charge

density (p) at that same point.

v The integral and differential forms of Gauss's Law are mathematically equivalent and can

be derived from each other using the divergence theorem.
v' In essence, Gauss's law provides a powerful tool for understanding and calculating electric
fields, especially in symmetric charge distributions.
Important points:
1. Gauss's law is true for any closed surface, no matter what its shape or size.

2. The charges may be located anywhere inside the surface.

Capacitor

qF BERGT SoMA [ 6 52T, TSIF AR, T (2fF AWS o, OF TR fagyfes vrer e
A [T *IS ALY FCA |

F
- -
Introduction to Capacitors
Conductive
Parallel Plates Electrical
Q+ Q- Charge
) ./ \ _/
3 =
+ =
: EI - T
> -
+ =
Dielectric E
M
II
Voltage Ve www.TheEngineeringKnowledge.com
v
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Capacitors Batteries
e Energy Storage: Stores energy o Energy Storage: Stores energy through
electrostatically in an electric field chemical reactions.
between two plates. o Charge/Discharge: Charge and discharge
o Charge/Discharge: Charges and gradually, taking a longer time.
discharges very rapidly, providing o Power vs. Energy: Have a high energy
power almost instantly. density (store more total energy) but
o Power vs. Energy: Have a high powe lower power density (deliver power less
density (deliver power quickly) but low quickly).
energy density (store less total o Voltage: Provides a relatively constant
energy). voltage during discharge.
o Voltage: Voltage decreases rapidly and o Components: An active component.
non-constantly as it discharges. o Applications: Used to power devices for
o Components: A passive component in a extended periods, such as in electric
circuit. vehicles and portable electronics.
o Applications: Used for quick energy
bursts, such as in camera flashes, or
for smoothing voltage in circuits.

Capacitance:

The ability of a component or circuit to store electrical energy in the form of an electric charge.
((FICT IBT B 40 ALF ol

v gk @A AR e g3 sAfawid 3fa Face @ Afd sieeE ereE 21 el 63 ARk
QG | G T AR e sAfes esw e v

& qEFY, C=q/V B g

& IR ARFIRT 49T, C=4meor freav

< TG A (A (7Y, C=Ae/d TR r(m)
v d
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Current and Circuits (92 27T € &)

e Electric Current

Drift velocity (%<9 (J7)

* Ohm's Law 4% B QTT RIS Ty I |
*  Resistance(Ca1¥) YN (AT SIAT AfTAN aufS1fFe
SIS A |

s Resistivity(CI4F9)
. Conductivity(*’iii. qifze)

e Electromotive force (EMF)

e Kirchhoff's laws

Drift velocity (729 (I7)

Drift velocity refers to the average speed of charge carriers (like electrons) as they move through

a conductor under the influence of an electric field.

Ohm's Law / Resistance(GR1¥) / Resistivity(GRI¥3%)/ Conductivity(sifzdifzer)

Ohm's Law f&ifs ifers Wawpfes ¥ S /o1& I I3 (@Ieow (V), IS (1), 992 @Y (R) 1 4f6
IE @ FIED (OB A FAPR Ao @2 efstaicyd A e Tgaiifes, 7&2 936 F7
SIEAN@E | 93 AR V = [ R ANEA QG AFH A T |
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Electromotive force (EMF) (SfeswEa =)

v' Electromotive force (EMF) is a voltage that drives electric current

v SfGe®HIEF F6 (Electromotive Force I EMF) TCA! (I ©fe T (@9 FoIF =41 affs
PR WL TR 7 ToA! Y wieee @ AR Fe 1 ¥fe T3 2, St T
SEHEE 61 1| @ff T8qITe ST BT FAK T W G2 @7 9FF (©F6 (V) |

v I @I JORE SEHET 7 1.5 (SF 23, O & FBIRG 9F Fo¥ FEE G99 (9od
fca i T8l g WS 1.5 ge *fe FR<RIR FCa |

[Electromotive Force or EMF (s)]
\ oy

-~

Bulb

Electric field drives Current
the charges

Battery

_|0® <— 88|,

‘;‘ ee < ee
@

Electrons L1 L

¥ Sdeacefacks
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Difference Between Voltage & EMF
EMF
.I|||:+ ....... :IIII:-I- ........
-------------------- 6 *
Voltage
a T 8 AL B..
Potential
www.electricaltechnology.org Difference
Electromotive Force Potential Difference

EMF is defined as the work done on = Potential difference is defined as the energy which is

a unit charge dissipated as the unit charge pass through the components
EMF remains constant Potential difference is not constant

EMF is independent of circuit The potential difference depends on the resistance between
resistance the two points during the measurement

Due to EMF, electric, magnetic, and Due to the potential difference, the only electric field is
the gravitational field is caused induced

It is represented by E Itis represented by V

Kirchhoff’s Law

Kirchhoff’s Current Law Kirchhoff’s Voltage Law

Voltage 7
source (V)

L+ =0+ 1+ V,+V,+V,+V,+V +V +V, -V =0

7 Suencefacks
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Kirchhoff's Current Law (KCL)

o Statement: The algebraic sum of all currents entering and exiting a node (a junction

point in a circuit) is zero.

o Meaning: The amount of charge entering a point must equal the amount of charge

leaving that point, as no charge is lost or created at the junction.

o Mathematical Representation: £ I, = £ I,,, where X (Sigma) is the symbol for summation.

Kirchhoff's Voltage Law (KVL)
e Statement: The algebraic sum of all voltages around any closed loop in a circuit is zero.

o Meaning: For any closed path in a circuit, the total voltage supplied by sources must equal

the total voltage consumed by components in that path.

o Mathematical Representation: The sum of voltage increases must equal the sum of voltage

decreases.

Magnetic field

A magnetic field, often denoted by the vector field B, is a physical field that describes the

magnetic influence on moving electric charges and magnetic materials.

Applications:
* Electric Motors: Magnetic fields are used to create torque and motion in electric motors

* Generators: Magnetic fields are used to generate electricity in generators
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« Magnetic Resonance Imaging (MRI): Strong magnetic fields are used in medical imaging to

visualize the internal structures of the body.

* Data Storage: Magnetic fields are used to store information on hard drives and other

magnetic storage media

Magnetic force on a current-carrying wire

;nsniue charge moving This rel_atfonship arises from the bas e F:The magnitude of the magnetic
i g Yk, g Ml :
; ﬁ” F=qvBsin force acting on the charge.
B ;h;cxifrgrcaa ﬁhba;?.ven?t ;:_laveling length * q: The magnitude of the electric
¢ pa== D charge.

/ R/l current | F= qL B sin 0 & ' .
F = ILB sin 6 q t | * v: The velocity of the charged particle.
of F=ILBif6=90 =3 LBsin® * B:The strength of the magnetic field.

F=ILBsin® * 0:The angle between the direction of

the velocity vector (v) and the
magnetic field vector (B)

Lorentz force

The Lorentz force is the total force on a charged particle moving through an electric and

magnetic field.

v’ equationF = qE + qv x B. charge (q)
v electric force (qE) electric field (E)
v' magnetic force (qv x B) magnetic field(B)

Biot-Savart law ( ICA-GTOIGR 14)

A fundamental equation in physics that describes the magnetic field generated by a steady

electric current.
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dB = ﬁfdfsme
4 r2,

E:ﬁffd,xf‘
4 < r2
wire

pol dl x ¢
4mr3

(TRda™ = dB =

Faraday's law (SFIKICCS 3d)

S AN TH; IYFE (PICA ~IfFFR AN & GIFF FICHT (magnetic flux) AT 27, ©273
Az re W Sfew™F 34 (electromotive force or EMF) if38 =7 |

& faom ot @i SfewEe aEm T, ARG e g5 o FF ARSeT e
AT | TS ORI, GIFT FIH T© To “fqaeq 2@, @8 EMF ©© @ 2J |

Coil Lines of forces
N

AAA // -
T
U Magnet

VvV VvV VANV VvV VUV

Y Ammeter 4 Current
£
X
e=-N d—d)
dt

€ : Electromotive force (EMF)
N : Number of turns of the coil

g—?: Instaneous change of magnetic flux with time
LCR circuit

» an electrical circuit consisting of an inductor (L), a capacitor (C), and a resistor (R). These

components can be connected in series or parallel, and the circuit exhibits interesting

behavior related to resonance, impedance, and phase relationships.
L s
Vi \c Vr

®
V
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1. Inductor (L): Stores energy in a magnetic field when current flows through it. Its reactance

(opposition to current flow) increases with frequency
2. Capacitor (C): Stores energy in an electric field. Its reactance decreases with frequency

3. Resistor (R): Dissipates energy as heat. It provides resistance to the flow of current.

Elements RESISTOR | CAPACITOR | INDUCTOR
symbol | =AAA~ | — — | —T¥N—
Denoted by R C L
v vV,
Equation| R=— C= Q L=—1
: v (dizdt)
; 1 1 1
Series |Rr=Rq+Rp| e =g+ [Lr=Li+l,
1i_1.1 1_1._1
—=—+—|C;=C,+C —_———
Parallel R: R 'R, N ; It

Applications:
LCR circuits are used in various applications, including
A. Tuning circuits: Selecting a specific frequency from a range of frequencies, like in radios
B. Filters: Allowing or blocking specific frequency ranges
C. Oscillators: Generating signals at a specific frequency
D. Energy storage and release: Used in power supplies and other applications

RMS (Root Mean Square) values of voltage and current)

v' In alternating current (AC) circuits, RMS (Root Mean Square) values of voltage and current
are used to represent the equivalent DC value that would produce the same amount of

power.
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E becssnnnanney . R Peak value (Im)
[1 ) 1 AR veseeNrestannne Avera e value (l ) =0 637 |
S L eneniflccnafennshpennanen v 3
5 : RMS Value (Irmd = 07071,
() H
: It 27T
o] /2
Sinusoidal AC

Current wave

e Why RMS?

AC voltage and current constantly change polarity and magnitude, making it difficult to directly
apply DC formulas. The RMS value provides a single, constant value that represents the heating

or power-producing capability of the AC waveform.

e How it's calculated:

For a sinusoidal waveform, the RMS value is calculated by taking the square root of the mean of

the squared instantaneous values over one period.

e RMS for power calculations:

The RMS values of voltage and current allow us to use standard DC power equations (like P=VI

or P=I’R) for AC circuits, making power calculations straightforward.
e Example:

For a sinusoidal voltage, the RMS voltage is equal to the peak voltage divided by the square root

of 2 (approximately 0.707 times the peak voltage).

e Practical application:

Most AC voltmeters and ammeters are calibrated to read RMS values, making it easy to measure

the effective values of voltage and current in a circuit.
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Classical Mechanics & Special Theory of Relativity
foarre TEiawl ¢ TR afreer og

Classical mechanics

is the branch of physics that, describes the motion of everyday-scale objects using fundamental
principles like Newton's laws and conservation laws. It explains how forces cause objects to
accelerate, how bodies move under forces, and the conditions for equilibrium. (smdfawa @
=141 A FSHCTR oo @ GIRIT B0 WISFCHAF € 2 I ¢ - AT G &I IS &fws7 1)

While it breaks down at

e very small scales (quantum mechanics)

e extremely high speeds (relativity)
qft 1 WY ¢ 22

. afstar ey e fafesiem Frea vama F@ |
o O 8 YPIHT AfS: &2, THG Y2 TG AfSRY |

. it it T@eifen Taeew sfeffy e oy erae s
Key Concepts

« Newton's Laws: The foundation of classical mechanics, including laws on inertia, the

relationship between force, mass, and acceleration, and action-reaction.
» Forces: Influences that can change an object's velocity, such as gravity or friction.

« Conservation Laws: Principles that state certain quantities, like energy or momentum,

remain constant in a closed system.

* Determinism: Classical mechanics is deterministic, meaning if you know the current state
of a closed system and the laws governing it, you can predict its future state with

certainty.
Limitations

Small Scales: It fails to describe the behavior of very small particles, such as atoms and

electrons.
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High Speeds: At speeds approaching the speed of light, relativistic effects become

significant, and classical mechanics is no longer accurate.

« Strong Gravitational Fields: In areas of extremely intense gravity, such as near black holes,

general relativity provides a more accurate description.
conservation law of a system of particles

+ Conservation laws for a system of particles state that quantities like total linear
momentum, angular momentum, and energy remain constant net external forces, net

external torques, or net external work done, respectively, acting on the system.

o T JRFR ATHA T GH0 e A I @ @316 [fvey 9 W Ty ot oA, @ e @
R B3, *fE, @I TAE W3R [Afes vier, reresiel N Srgs FIER A A
37 A

Tl YA T AR AT

R S erwe: g’ [(ivey Fesme @6 @RS Sa@e #3519 q v Ot 9o
aFeeld 4RO, @A BHE I TG A0 41 = T8 (6 #Afolet a2 A |

& et g v PEteR @6 e, afexfe «ae s8Ry *fE w7, 39 A |
T ST AT 6 [ivey Pt @it @ fas sae F9 A |

RApfos v e a6 [Kfven FIEtE (16 ([Aypfess b A=l F41 23 |
conservation of energy (& Jfea=4)

The sum of its kinetic energy, potential energy, and any other forms of energy—remains
constant. Energy can change from one form to another (e.g., potential to kinetic) but

cannot be created or destroyed within an isolated system.
Y Wi+ D W= ), AKE+ )| APE

Where,
Wext = is the work done by external forces, and

Wint = is the work done by internal forces.
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> the positive work done by a force on one particle is canceled out by the negative work

done by the corresponding force on another particle.
Wint=0
» For an isolated system, there are no external forces doing work on it.
Wext=0

That means the total energy (KE + PE) of the isolated system is conserved,

Z K‘Eﬁrm.’ + 2 PEﬂnnf = E KEfm'HaF + z P‘Eimrmf

conservation of linear momentum(CaR<F S AeTFA)

Total momentum of a system: The total linear momentum (P) of a system of 'n' particles

is the vector sum of the individual momenta of each particle (p1, p2, ..., p)-
1. P=pi+pz2+..+DPn
2. P=mvi + mav2 + ... + MpVy

Applying Newton's Second Law to a system of particles: Newton's second law states that
the rate of change of an object's momentum is directly proportional to the net force acting on

it. For a system of particles, this becomes:
F_net = dP/dt

Condition for conserved momentum: If the net external force (F_net) on the system is

zero, then:
0 = dp/dt

Since the rate of change of momentum (dP/dt) is zero, the total momentum (P) must be

constant over time.

conservation of angular momentum (AT SR A=)

For a system of particles, the total angular momentum L about a fixed point is conserved
if and only if the net external torque (t,.) acting on the system with respect to that point is

Zero.
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v The angular momentum of a single particle is given by | = r x p, where r is the
position vector from the origin and p is the linear momentum (p = mv).
v' The total angular momentum L of a system of particles is the vector sum of the
individual angular momenta of all particles in the system.
L=XL=Z (rixpy)

Newton's Second Law for Rotation: The rate of change of the total angular momentum L

with respect to time is equal to the net external torque T, on the system:
Thet = d-L/ dt
dL/dt = d/dt (Z r;x py

dL/dt = X [(dr;/dt x p) + (r;x dp;/dt)] (Using the product rule for differentiation.)

dL/dt =X (ri x Fie)d) = Thet-
If Tyet= 0, then:
dL/dt = 0

This implies that L is a constant vector, meaning the total angular momentum of the

system remains constant over time.

Rocket Motion

> Based on newtons 3 law

> variable mass system (FIFq ST AN AR FIBR (S I AR ©IR AHOF OF ANEH A
AN FAR)

> Rate of fuel burning = dm/dt
How Rocket Motion Works

1. Action-Reaction (Newton's Third Law):

A rocket engine burns fuel, creating hot, expanding gases. These gases are forcefully

ejected from the rear of the rocket. This forceful expulsion is the "action".
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2. Thrust:
In response, the rocket experiences an equal and opposite "reaction" force, known as
thrust. This thrust is what pushes the rocket forward.
3. Conservation of Momentum:
The process works because of the conservation of momentum. The total momentum of the
rocket-and-fuel system must remain constant. When the rocket ejects fuel in one direction,

it gains momentum in the opposite direction to maintain the system's total momentum.

'v

t=t
t=0 l u

V,,m, : initial velocity & mass of rocket
v,m : velocity and mass of rocket after ‘t’ time
u: exhaust speed of burnt gases (relative to rocket)

Fexhaust gas = U (dm/ dt)

Fihurst rocket = U (dm/ dt)
Velocity of rocket aftertime t, v= Av = u * In(me/m) [ 956CF Tsiolkovsky rocket equation €

=1 =]

[ Rocket Propulsion|

Instantaneous
V velocity

v=ulogt(m]—gt
m

_udm_ HN '
m dt £ |HL
Al
- Burn out speed
A m
v_.. =ulog,| -2 |
| = max ge[ mr )
e am wwW W
d @joshi_physics_classes
[ —

(TR (AT TS AT (=B RS WL @S ANT)
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Cartesian coordinates

JINEAR AT I7F (o7 "TNSR BT I, T WY (origin) M @ <&
oIS ST fas widie 7@ T skige Jme weeae awef (fanfas 2@ uft, faufas =@
foaf) (AT «F8 YI(F IS THAY AR (@ [T OB @RIER 9711 92 IJAER, IFAK NG
G35 *{Me T 9 geeelEE W7 e g ow T =1

Cartesian coordinates define,

» a point's location in space using perpendicular axes, typically an x-axis (horizontal) and a

y-axis (vertical), and for three-dimensional space, a z-axis.

» Coordinates are presented as an ordered pair or triple (e.g., (%, y) or (x, y, z)),

representing the signed distances from the origin (0, 0) along these axes.

» The x-coordinate indicates the distance to the left or right, the y-coordinate the distance

up or down, and the z-coordinate the distance above or below.

| !
k
-0y
- £ 4
¥

)

T

Generalized coordinates

Generalized coordinates are a minimal set of independent parameters that fully describe the
configuration of a complex mechanical system, simplifying the analysis of systems with many

degrees of freedom and constraints.

v @9 3 AR Tcol TR Heed 936 Paew ¢, A e @ freer g3 wfEge I9gE
FARAETCE e e I qefe wfbe Ptk Ameead Face N2y F6d, A
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+  Simplification:

They reduce the number of variables needed to describe a system by eliminating redundant

variables and ignoring constraint forces that do not perform work.
* Flexibility:

Any convenient set of independent parameters can be chosen as generalized coordinates, such as

angles for a pendulum or positions along a curved path.
* Connection to Degrees of Freedom:

The number of independent generalized coordinates is equal to the number of degrees of

freedom of the system, providing a direct way to quantify its complexity.

Degrees of Freedom

faufas Bt @ T I8 Foof T ToE vame Fare Aed, G612 e o< Few |

The number of degrees of freedom, denoted by holonomic constraints is given by the formula:
f=3N-k

Where,

f = Generalized coordinates
3N = Degrees of Freedom

k = constraints
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1. One particle moves on space - 3 degrees of freedom
2. One particle moves on a plane - 2 degrees of freedom

3. One particle moves on a straight line - 1 degree of freedom

> Generalized coordinates ) Cartesian coordinates

ISR BT INF (AT (SEREIREC FAIEF JIF G (SAANETC JIeF JIF (A FOSAT
Fiiee IJIZE N7 8T 78T |

Hamilton's principle

Hamilton's principle of least action is a fundamental physical principle stating that the actual
trajectory a system takes between two points in time is the one for which the "action" is

stationary (often a minimum).

v Hamilton's principle states that the variation of the integral of the Lagrangian over time is

zero, which determines the trajectory of a system.

What is the Principle of Least Action?
A particle moving under the influence of a force (like a
gravitational force) will take a path in such a manner that

the time averaged K.E. of the particle minus the time
averaged P.E. of the particle is a minimum.

The path taken will result in the minimum of:
average K.E. - average P.E.
This sum is called action=8 &% __---- {(KE;5-PEyg)At

A
S= [l{(E(t) - PE(t)]dt
‘1o

KE3-PE3)At _
(KE2-PE2)At sum will
to (KE4-PE1)At be minimum

path will be minimum

L)

6S=6 | L(g.d.f)dt=0
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« 85 (delta S): Represents a small variation in the action integral.

* L(qg, "q, t): The Lagrangian of the system, which is the difference between its kinetic energy
(T) and potential energy (V).1It's a function of the generalized coordinates (q), their time

derivatives ('q), and time (t).
« dt: The infinitesimal time interval.
* t1 and t2: The initial and final times, respectively.

« = 0:Signifies that the variation of the action (8S) is zero, meaning the action is stationary

(it's neither increasing nor decreasing to first order) for the actual path the system takes

Hamilton's equations of motion

are a pair of first-order differential equations that describe how a system's generalized

coordinates (q;) and generalized momenta (p;) change over time,
pi= -0H/0q;
qi= 0H/dp;
where H is the Hamiltonian (total energy) of the system
Spacetime
O Spacetime is a fundamental concept in physics,
O formulated by Hermann Minkowski to unify Albert Einstein's theory of relativity,

Q that focuses the three dimensions of space with the one dimension of time into a single,

four-dimensional continuum.

Q CoHBIERT (ZA-F9) 26 @3 fafes qeea Tt 3iee foa T@r (7, &3, Twel) «de JIIER
G TAIT IFTe T G 9FF FTR-NGF 7l tofd T 1| WIET AITH12T @3 7Nt
St A, T WL @ IO A @32 Y OTF 2RI AN TS €2 FOE T2FH @3
CFPTBIENCE & A |
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Key Aspects of Spacetime

* Four-Dimensional: Spacetime combines the familiar three spatial dimensions (length,

width, height) with the dimension of time into a single, four-dimensional entity.

 Unified Concept: Historically, space and time were considered separate, but Einstein's

theories demonstrated their inseparable nature.

* Curvature and Gravity: Matter and energy cause spacetime to curve and warp, and this
curvature is the force that we experience as gravity. Massive objects, like planets, cause a

deeper curvature.

* Relativity: The rate at which time passes and the measurements of distance are not

absolute but depend on the observer's velocity and position within a gravitational field.

« Stage for Events: Spacetime serves as the stage for all events in the universe, with each

event occurring at a specific location in space and at a specific moment in time.

& QI
USSR )
FI 8 FNY AW el 77, I G2 TG 94 |
. TRIFET IR
SIZAIBIZCAT AL AT ©F AL, T2FH 20 CHBIRET I A fagfon e

o FRAIBIAT TAWI:
S50¢ A RTeT weoifFFeia Sred ML 20139 a3 el g% o[ FHq G2 A
S93¢ AT MY ACAFFFOR ©Cg NLCT (AN (T ©F 8 ¥f& FHGRNE AP @3, q
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General theory of relativity

v' General relativity, published by Albert Einstein in 1915

v The modern geometric theory of gravity.

v’ It states that gravity is not a force, but rather the result of massive objects bending the
fabric of spacetime.

v This curvature dictates how objects, including light, move through space.

Key Concepts
» Spacetime: General relativity describes space and time as a single, connected four-
dimensional fabric.
 Curvature of Spacetime: Massive objects and energy cause this fabric to curve. The more
mass an object has, the greater the curvature it creates.
+ Gravity as Geometry: What we experience as gravity is actually objects following the
curved paths, or "straight lines," within this curved spacetime.

special theory of relativity

Q The special theory of relativity, proposed by Albert Einstein in 1905,

Q fundamentally altered our understanding of space and time by postulating that the laws
of physics are identical for all observers in uniform motion (inertial frames)

Q the speed of light in a vacuum is constant for all observers, regardless of their motion.

Key consequences of this theory:
» include time dilation (moving clocks run slower),

» length contraction (moving objects appear shorter),

> the equivalence of mass and energy as described by the famous equation E=mc?.
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Postulates of Special Relativity

» The Relativity Postulate

— The laws of physics are the same in every
inertial reference frame

» The Speed of Light Postulate

— The speed of light in a vacuum, measured in
any inertial reference frame, always has the
same value of ¢, no matter how fast the
source of light and the observer are moving
relative to each other.

/mlo/icaﬁons of (1 —"—2)
Specia/ Ee/a*ivh‘y

* t: Time interval measured by a stationary observer.

* to: Proper time, measured by an observer at rest relative to the event being observed.
» L: The contracted length observed by the stationary observer.

* Lo: The proper length, which is the object's length in its own rest frame

» v: The relative velocity between the two observers.

» c: The speed of light in a vacuum.

Heat and Thermodynamics

o9 8 Siofeifefmt
(R wey ewesd 3T | @ SR (A @ i A @RS wiEE R AERE! W)

Heat

Heat : the total energy of the motion of the molecules of a substance. ((FI7 I8 TEf@AL
AFE FAF (6 ASHE) O AT Tgey I A |

> Temperature Change: SHNI@F AfRT$ 27
> State Changes: I8 SR ~ed 27
> Expansion/Contraction: ¥« &< 96 |
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> Chemical Changes: IPTRIAF e =7 |
> AR @Y AT / TGARII™/T @Y I

(O 14T OICAT (T (PN IBI (OO FNYTAR 9IS foF 490w 20O AN
1. BT o9fS
52 U 8 JFR ([T
STFEAALP I IR AL
(P SRATEH TSN (72
2. o 51fs
3. T afS

Temperature

Temperature: The measure of the average energy of the motions of the molecules in the

substance. (. (P19 3BT TGS FFaT F1K T Afo=fE)

1. SEa G35 (St ¥ T (@I BT i A S AAfFe e e |
2. ACHNOR TN 77 I FF OAN@ AT F0 T
3, ONEl I8 AGEAd Felrelerd (e, @) o1 aAfexifea aH offasie

4, I

a. @A (K): SIS SI (AW AFF) &S TR G5 ZCEN (o |
b. GERER (°C) @ FIEFRIRB (°F): QT I /TS I OIoG! (T |

5. SEN@l st cfEes Soiw od 3@ 911 «ft @36 e «3((Intensive Property)), @5 B9
BIRBCH

6. SIPN@E W @6 [HE e Ty Afaae 2e i

7. GEE SHNER I8 (AF TN OHNER I8CS ©i7f 27fee T

8. b I@ U2 SIN@R AYFCE OIF OIAR ARYRY! I | @ TIZR SICF 2T 9 20 AW |

% Absolute Zero:

The theoretical point where all molecular motion stops, 0 Kelvin (K) on the Kelvin scale. (
THEH @ ONEE oWdd FNTEE AfS IF 0T AW 0 k A -299°C )
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Heat Temperature
Eormof snergy T gAre:;l;r:er::nf of hotness
i e Units of Celsius, Kelvin,
' measurement Fahrenheit

()
<
e
=
e
©

Positive Positive and negative

Goes from hot
to cold

Rises when heated;

[
it falls when cooled

Calorimeter Device Thermometer

e e afemt semae e w=ies |
O -medd 3RS 8 goedd oRgR ofiqeq |

(solid, liquid, gaseous or plasma), density, solubility, vapor pressure, electrical

conductivity, hardness, wear resistance, thermal conductivity, corrosion resistance, strength)

O chemical reactions 97 s &Ffe o7 7 |

O thermal radiation @2 “ifewie ¢ KB SromaE Sog o9 o=

QO Air temperature g &I GICed 879 A0 [RBE I

Q The speed of sound, which in a gas is proportional to the square root of the absolute

temperature

These formulas relate temperature to the average kinetic energy of particles in a system,

especially ideal gases.
For a single molecule:
* Formula: E = (3/2)kT

E: Average kinetic energy (in Joules)
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k: Boltzmann constant (approximately 1.381 x 103 J/K)

T: Absolute temperature (in Kelvin)

For a mole of gas:
* Formula: E = (3/2)RT

E: Average kinetic energy (in Joules)
R:Ideal gas constant (8.3145 J/(molK))

T: Absolute temperature (in Kelvin)

Using the Velocity-Based Formula:
e  Formula: KE = (1/2)mv?

KE: Kinetic energy (in Joules)
m: Mass of the particle (in kilograms)

v: Velocity of the particle (in meters per second)

SoIANE Fe
Standard and absolute temperature scales
'a ‘e r‘«
boiling point of water 100° 212° 373
freezing point of water 0° 32° 273.15
00

absolute zero —<k —273.15"—{ —459.67 ° | gl ()
< ®

Celsius Fahrenheit Kelvin
© Encyclopeedia Britannica, Inc.
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TN (&4 (Celcius Scale):
o @2 (FCE iR 2 o fefa 3R Foa= 100 fofe @1 =71
o TGl e @32 LR IJARER G GG GEFeE GIze 23 |
o HFIRIZD F (Fahrenheit Scale):
o @3 CFCE iR faE 32 fefa 3R Hoam 212 fofe «@ =71
o 53 o, R @ TeR ¢ At Sk @t e 21
@=foq (%1 (Kelvin Scale):
o @fS SPAR TRTEieT UTF GIR GIH ST CF, @R AN *7 (0 K) T
oAl |
o Q3 (3 Siveifefamy Gaze 7Y @R Ut @Fefor (K) M e w4 23|

(TSR NP A
@O 8 G K = °C + 273.15
FEFRILH @ FEO: °R = 1.8 K (T2 (FCAF AN)

ek Gofes At KA B SAN@IR FAGT S I 1 (MCQ (O U A (F6 (RB WY WS Mied )

o (I S | WA ©isl, J8 et
o9 4ige el e otst
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@Ated (1K) eice @ 2ifFee o =feq IR (5 &) Siiat @ @#foT (1K)
ARE 2 O @ IBF ©i7f 47 “Fro! It | Aoices @ ~Afawiet oo e =)

o 4 e,

ieAfFES o,
C=Q/ AT S =Q / (mA6)
QR G,
C = OI7 49 Fel, Q = AWEIT oA (joule W),
Q = TR FA! SiAF ifqse, m = I§9 oF (RFrenaiem),
AT = SR AfeTeq | s = I8F ACAFS o
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Calorimetry(F=fif®)

The science of measuring heat transfer during chemical and physical processes.
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Transmission of heat

The three main types of heat transmission or heat transfer are-

A. conduction,
B. convection,

C. radiation
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Conduction

e Process:
Heat energy is transferred from one particle to another through direct contact, without the bulk
movement of the material itself.

e Example:
A hot metal rod heats up at one end, and that heat travels along the rod to the other end.
Convection

e Process:
Heat is transferred through the circulation of fluids (liquids or gases). Warmer, less dense fluid
rises, and cooler, denser fluid sinks, creating a continuous flow that carries heat.

e Example:
Boiling water in a pot, where hot water rises and cooler water descends, or the wind carrying
heat from a warm area to a cold one.
Radiation

e Process:
Heat energy is transferred by electromagnetic waves, like infrared radiation, without the need for
a physical medium. This process can occur even in a vacuum.

e Example:
The warmth from the sun reaching the Earth, or the heat you feel from a campfire without

directly touching it.
The rate of heat conduction(®t AfFIZCTF 2F)

The rate of heat conduction is the quantity of thermal energy transferred per unit of time and is

described by Fourier's Law of Heat Conduction:
Q/t = kA(T: - T2)/],
where

Q/t = the rate of heat transfer,

k = the thermal conductivity,

A = the cross-sectional area,

(T: - T2) = the temperature difference,

1 = the thickness or distance over which the heat is transferred.
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Zeroth law of Thermodynamics

« If two objects are each in thermal equilibrium with a third object, then they are also in
thermal equilibrium with each other. ( 3™ 76 I7F (FEHT) Tolv @I I A SIAR
AR ACF, O O 2ATSF2. AT L S AMRIE AP 1)

* The Zeroth Law provides a necessary foundation for understanding the other laws of
thermodynamics, making the concept of temperature a quantifiable and comparable
property of a system.

* Two objects are in thermal equilibrium when they are in contact and no net flow of heat
occurs between them (75 I7Fr T49 SR AGRZR ATF, ©F W ©IWF N0 DF (@A ©FA
AT 27 1 @32 S SNl @92 AT 1)

First Law of Thermodynamics
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Second Law of Thermodynamics

* heat naturally flows from hotter to colder objects

» the total entropy of an isolated system can only increase over time, never decrease
Q@GR LR
v GINE iR @ I ﬁ‘j@ﬁﬂ 3 fosteeiq (disorder) oM 3 <41 =1
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The Einstein statement:

v The entropy of any substance approaches a finite value as the temperature approaches

absolute zero.
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Thermodynamic process

A thermodynamic process describes how a system's state changes, involving transfers of energy
and alterations in properties like pressure, temperature, and volume.
These processes can be classified into types like

> isobaric (constant pressure),ﬂﬂﬁ‘gﬁﬂ

> isochoric (constant volume) TS
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» isothermal (constant temperature), 3=

> adiabatic (no heat transfer). F@oIA
FIREAIRSE &fer (Isobaric Process/TWoiAT aferw): 3 afeam Hebea sivf 7 4E (AP = 0) 1 519
B9 AT SFR T @A 20 G ATS @ SIAGl I A
RENRIES Afemat (Isochoric Process/Tewefs afera): @2 efy Febe wiwed 81 A4S

(AV = 0)1 92 I, O a1ifee o o Teede *fe sfqaeq T |

iR afer st (1sothermal Process/ e aféra): @2 afearm et Seal 7 At (AT = 0) |
wifennfoE aferat (Adiabatic Process/F@ertim afemt): @2 afen oo g3 sifaenfs sifa@er
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Isobaric Isochoric Isothermal Adiabatic
Process Process Process Process

TN

Iy I v

I v Y
Constant Constant l
Pressure Volume
W = P(Vi - V) AU =0 [EEEEE Q=0

First law of thermodynamics,

Q=AU+ W
Q=4AU+0
Q=AU

The work done in an isothermal process

o Using Volumes: If you know the volumes, use W = nRT In(V2/V3).
o Using Pressures: If you know the pressures, use W = nRT In(P:/P-).

Where,

n: The number of moles of gas.

R: The ideal gas constant.

T: The constant absolute temperature of the system (in Kelvin).
Vi: The initial volume of the gas.

V2: The final volume of the gas.
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P:: The initial pressure of the gas.
P.: The final pressure of the gas.
In; The natural logarithm (log base e).
Cp & Cv

Cp (heat capacity at constant pressure) is the heat required to raise the temperature of a unit

mass of a substance by one degree while maintaining constant pressure,

Cv (heat capacity at constant volume) is the heat required to do so at constant volume.
Relationship between Cp and Cv

For gases, Cp is always greater than Cv

For an ideal gas, the difference between Cp and Cv is equal to the ideal gas constant, R

Heat engine

A device that converts thermal (heat) energy into mechanical or electrical work

o7 3fe 2 @ @3B TE T ot #fete AT «fete weieiie i Iw Sesy R

Heat
High T

engine
v
{ LowT ]
Heat (waste)

Key Components

* Hot Reservoir: A high-temperature source that provides the initial heat energy.
«  Working Substance: The material (e.g., steam, gas) that absorbs, transforms, and releases
heat.
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* Cold Reservoir (Sink): A low-temperature environment to which the waste heat is
discharged.
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THE CARNOT CYCLE BYJU'S
Isothermal Adiabatic Isothermal Adiabatic
expansion expansion compression compression
atT, fromT, mT, atT, fromTto T, @orivs
-
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I — Adiabatic B (P, V)
— Adiabatic
> > ""‘"-»_1__ TR CRL V)
Isathermal
® © Y9ou © o EF & H

kinetic theory of gases

a model that explains the macroscopic properties of gases (like pressure and temperature) based
on the microscopic behavior of their constituent particles.
Key Assumptions

1. Large Number of Particles

2. Constant Random Motion

3. Negligible Volume

4, Elastic Collisions

5.No Intermolecular Forces

6. Kinetic Energy and Temperature

7. Obeys Newton's Laws

(ST TS (I

% Pressure: Gas pressure is explained as the result of collisions of gas particles with the

container walls.

% Temperature: Temperature is directly related to the average kinetic energy of the gas
particles.

% Volume: The volume of the gas is the space occupied by the moving particles.

Mean free path

% The average distance a gas molecule travels between successive collisions with other

molecules.
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A common expression for the mean free path is:

A=1/ (N2nd?n)

Where:
* X:(lambda) is the mean free path.

» d:is the diameter of the gas molecule.

* n:is the number density of gas molecules (the number of molecules per unit volume).

Opics
SIS
Light
» Light is a form of electromagnetic (EM) radiation,
» it consists of oscillating electric and magnetic fields

» travel through space as waves at the speed of light.

Electromagnetic Waves

Oscillation of Electric field E
and Magnetic field H

y

Electric: field
E

T Magnetic field
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» Perpendicularity: The electric field (E) and the magnetic field (B) are always at a 90-

degree angle to each other.

» Transverse Wave: Both fields are also perpendicular to the direction the wave is traveling,

which is a defining characteristic of a transverse wave.
> In Phase: The electric and magnetic fields oscillate in phase; their highest points (crests)
and lowest points (troughs) occur at the same time.

» Mutual Generation: A changing electric field creates a changing magnetic field, and a

changing magnetic field, in turn, creates a changing electric field. This mutual induction
allows the electromagnetic wave to sustain itself and propagate through a vacuum without
a medium.

> Energy: The electric and magnetic fields share the wave's energy equally.

> Speed: In a vacuum, the electric and magnetic fields propagate at the speed of light
(approximately 3 x 10A8 meters per second).

> These waves carry energy and form part of the broader electromagnetic spectrum, which

includes visible light, radio waves, X-rays, and other types of radiation. The different colors
of light are distinguished by their varying wavelengths and frequencies, which are inversely

related to each other.

Electromagnetic spectrum

» Radio: Your radio captures radio waves emitted by radio stations, bringing your favorite

tunes. Radio waves are also emitted by §tars and gases in space.

» Microwave; Microwave radiation will cook your popcorn in just a few minutes, but is also
used by astronomers to learn about the structure of nearby galaxies.

» Infrared: Night vision goggles pick up the infrared light emitted by our skin and objects
with heat. In space, infrared light helps us map the dist between stars.

> Visible: Our eyes detect visible light. Fireflies, light bulbs, and stars all emit visible light.

» Ultraviolet: Ultraviolet radiation is emitted by the Sun and are the reason skin tans and
burns. "Hot" objects in space emit UV radiation as well.

» X-ray: A dentist uses X-rays to image your teeth, and airport security uses them to see

through your bag. Hot gases in the Universe also emit X-rays.
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» Gamma ray: Doctors use gamma-ray imaging to see inside your body. The biggest gamma-

ray generator of all is the Universe.
. AMradio

Amateur
radio

Radio
bt

Aircraft
communication

Microwave
oven

TV Remote
Confrol

Night vision
goggles

Infrared Microwave

UV light
from the Sun

Airport security

¢‘oﬁy ! scanner
: PET
o

: Terrestrial
gamma-ray
!'.' flashes

Gamma-ray X-ray Ultraviolet Visible
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Key Characteristics

» Continuum: The EM spectrum is a continuous range, with no precise boundaries between

the different portions, meaning the ranges can overlap.

> Energy Transfer: Electromagnetic waves are a form of energy that travels through space

at the speed of light.

» Wavelength and Frequency: Each type of EM radiation has a specific wavelength (distance

between wavecrests) and frequency (number of waves per second); these are inversely

related, with long wavelengths having low frequencies and vice versa.

> Applications: Different parts of the spectrum have unique properties that allow for a wide

variety of uses in technology and science.

}s v § B §

G

5lvd of

;’

Col
olor P

[l viotet | 380450
Pove | 450485
[Jeyan 485-500
B | 500-565
[ Jyellow | 565-590
D orange | 590-625
PWrea | 625750

Speed of light

(TH2)
670-790

620670 |
| 600-620 |
| 530-600 |
| 510-530 |

480-510

| 400-480 |

Exact value

metres per second

kilometres per hour

miles per second

miles per hour

299792458

Approximate values

Wavelength | Frequency Photon energy

(eV)
2.75-3.26
2.56-2.75
2.48-2.56
2.19-2.48
2.10-2.19
1.98-2.10
1.65-1.98

1080000000

186000
671000000
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Maxwell Electromagnetic Theory:

c = Speed of light
Uo = the permeability of free space,

€, = the permittivity of free space.
1

v/ E0Ho .

¢ =

Permeability of Free Space(y, ) : This constant quantifies the ability of a vacuum to support the

formation of a magnetic field. Its value is approximately 4mx10-7 N/A”

TG A JERTS (1) T G0 (DTS &FIF I I I @ *IA F© TG GIFS CF FIo F1
7 1| AfeRfFed «F Al 9 41 x 107 H/m (efs [ @) o Fesifire s za@fze, 8 2019
AR ] AR 27 &, aft @i a6 ARSI wAfa=ist Fa1 I4: 41 x 1.00000000082(20)x10~

Hm™

o ASF: OB 24 (THEY "mu naught" I "mu zero") |
o T GIEII AfeEeTeR SI @ 24 @Afa afs 5 (H/m) |

Permittivity of Free Space(e, ) : This constant quantifies the ability of a vacuum to permit electric

field lines. Its value is approximately 8.85x10-12 F/m

& B ARG, A ¢, (epsilon naught) 1 RAges 3 2 Hifze w4 21, 936 Glifere (ore
T A GFER WG VR Ao oFq Jotd Faele efeiag 61 |

o : OF A AT bbr@ x So 12 FENRZ6 /M1
. AFP:g, U7 S OGS 2 WG Afs NGR (F/m) |

Wave Optics Theories

1. Sir Isaac Newton stands as a prominent figure who supported the voice of the

particle nature of light;

v He proposed a corpuscular theory, which states that “light consists of extremely light and
tiny particles known as corpuscles which travel with very high speeds from the source of

light to create a sensation of vision by reflecting on the retina of the eye”.
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Failed to explain

v' the cause of interference, diffraction and polarization.

v The major failure of Newton’s corpuscular theory was that it could not explain why the
velocity of light was lesser in the denser medium compared to the vacuum.

2. According to Huygens’s theory,

v" light consists of waves that travel through a very dilute and highly elastic material
medium present everywhere in space”. This medium is called ether.

Failed to explain the following:

a) Polarization, as Huygens assumed that light waves, which are longitudinal in nature, are
mechanical disturbances.
b) Black body radiation, photoelectric effect and Compton effect.
c) Hypothetical medium etherwas never discovered, and now we know light can propagate
in a vacuum.
Reflection of light (S eifeFa)

» The phenomenon where light waves bounce off a surface instead of passing through or

being absorbed.

Mirror reflection Specular reflection Diffuse reflection

W

Incident Ray: A ray of light hits a surface.

Incident ray Normal Reflected ray

i
Angle of | Angle of
incdence ! reflection

Point of Incidence: The specific point where the incident ray strikes the surface.
Normal: An imaginary line drawn perpendicular to the surface at the point of incidence.
Angle of Incidence: The angle between the incident ray and the normal.
Angle of Reflection: The angle between the reflected ray and the normal
. Reflected Ray: The ray of light that bounces off the surface.
The Law of Reflection
O The incident ray, the reflected ray, and the normal all lie in the same plane. (S#fe® =,
wiofed e eforetad ToF wiwe Oy e efewfre ) «Bg e AT 1)
O The angle of incidence is always equal to the angle of reflection (S*feq (F9 €32 eifoFera
et 9t A 7, TR Aoree (@l (1) = af T @& (1))

o v e N e
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a smooth surface that reflects a large portion of the light that falls on it, allowing it to form a

reflected image.

Plane Mirror
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Types of Mirrors

mirror

Concave Mirror

Convex Mirror

*% Concave mirror (9®s W) has converging power SIS el

"SfSAR TSI IECE GFo TG (IR AN WA AHGRE 916 WG l (FEPS ANITR

@die @3 e [Wire F41) “ftde FA9 FIOE @R |
*#* Convex mirror (88 W¥%) has diverging power W2 ifH Fwot

AT O Jee o (FEIE WIS A4 Bfew e (Rghe ToiR) Freitd @RI |

CONCAVE

Vs

CONVEX

Concave

The interior of a circle
or sphere that has
been rounded or
hollowed out is
referred to as
concave.

A converging mirror is
another name for it.
Because the focus is
in front of the mirror,
the focal length is
negative.

On a screen, an image
can be projected as if
it were real.

The image of a
concave mirror is real,
inverted, and enlarged.

Convex

-

Information is data
that has been
organized and
contextualized.
Information can be
analogue or digital.
Information can be
saved, processed, and
retrieved.

Information can be
used to make better
decisions.

Information systems
process and manage
data using technology.

% Ggel 8 ges woild [ gt effelky toff = eretet oo 7o (e fts A
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Refraction of light (SR &lfSTere)

» the bending of light (or any wave) as it passes from one transparent medium to another
(@R alfewaet 2 @ ARSI ol (@A AT GH F02 NG (ATE S F62 NGO
ST A A ©IF S0 ARTS WO A ([ )
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Change in Speed:

Light travels at different speeds in different transparent materials (media). It slows down when it
enters a denser medium, like water from air, and speeds up when it enters a less dense medium.
Bending:

Because light travels in a straight line at a constant speed in a single medium, the change in
speed at the boundary of a new medium causes the light ray to change its direction or bend.
Refractive Index:

The refractive index of a material quantifies how much light slows down in that material. A

higher refractive index means light travels slower.
Snell's Law:
This law describes the relationship between the angles of incidence and refraction and the

refractive indices of the two media.

e afestaa uft @ G oee:
1. 2%

aisifes af, S favre ftew e Bue afre afor «3e afesifae A —aar @33 ATSE A |
2. TS @ (v @)

a3 [NUE T 32 WU T ST oo, St (FIe BT (sin i) 8 AfSHIA (FIAT TR (sin
r)-93 ST (sin i / sin r) T G0 & A 21 93 & AT NG 1oa afewars (n) @0 271
Critical Angle:

«  When light passes from a denser medium to a less denser medium , it bends away from

the normal.
* As the angle of incidence increases, the angle of refraction also increases.

« The critical angle is the angle of incidence at which the angle of refraction reaches 90

degrees, meaning the refracted ray travels along the boundary between the two mediums.
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Critical Angle
Total Internal Reflection

—
\>\
0. 6: | 8

82
Refracted Ray

Water

Total Internal Reflection:

« If the angle of incidence is

, the light is no longer refracted
into the less dense medium.

 Instead, all the light is _

» This phenomenon is called total internal reflection because all of the light's energy is
reflected, and none is transmitted into the other medium.

v' This relationship is expressed by the formula for the critical angle (C) and the refractive
index of the denser medium (n):sin(C) =1 / n.

v’ critical angle sin Oc = n2/n1)

Prism

A prism splits white light by refraction, the bending of light as it passes from one medium
to another.(3W! STsTFA] ferees W4 WM ¢oIte e elfesiaeas s aft e 24F wve
frew 2 T, A 3w g F0)

Red
Orange
Yellow
Green
Blue
White Light Indigo
Glass Prism Violet

v" Each color (wavelength) of light bends at a slightly different angle because the

prism's material interacts with each wavelength differently, affecting its speed.

v' Violet light, with _, interacts more strongly with the prism's

material, slows down more, and therefore bends at a greater angle.

v Red light, with _, interacts less, slows down less, and bends at a

smaller angle.
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Lens (G%)

Alens is a transmissive optical device that focuses or disperses a light beam by means
of refraction.(4%f5 GRS W+ fTeR A dforad T T WS ACF P FC
faszfae 369)

S GFD I (T GIO GFF TR AW AT,
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Types of simple lenses:

Biconvex Plano- Positive Negative Plano- Biconcave
CONVeX Meniscus Meniscus concave

positive {converging) lenses negative (diverging) lenses

P positive plano P plano negative
S meniscus convex Sinmts concave meniscus

y
2. Lateral Magnification, m = —
U

3. Lensmaker’s formula
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Where:
« [flis the focal length of the lens.
« [m(or n) is the refractive index of the lens material relative to the surrounding medium.

* |RLiis the radius of curvature of the first refracting surface.

* [ R2:is the radius of curvature of the second refracting surface.

Lens imaging
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Polarization of light

a phenomenon where the oscillations of the electric field vector of a light wave are restricted to

a single plane, a single direction, or a rotating pattern, rather than vibrating in random directions.

/

Polarized light

Polarizing Filter

'\ll'
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Interference of light

v 7 IpTere T (AP AP ST S0 SO (superposition) T 8 GG T6,

v @A e g s Qe Siqet e 9Yess ARSI (constructive interference) @32 O
oy famqre o A ) JCW I R®SIE FIObIK (destructive interference),
v 7 T G0 B O e Soge ¢ WS (TRl A A (o 27 |

v' the light sources must be coherent.

Constructive Interference Destructive Interference
A D =Propagation
T—=-
v/\/ D Direction ‘ 7 k 7 D D=Propagation
A c Direction
L A=Amplitude A, c —_—

i- Wavelength -i AA, A, A=Amplitude
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Aw c Waves in Phase Ad D PR Thala
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C =Vibration 1
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The Double-Slit Experiment:

v' demonstrates wave-particle duality, showing that light and other quantum entities exhibit

both wave and particle-like behaviors.

v' the experiment involves directing light (or other particles) at a barrier with two slits,

revealing an interference pattern on a screen behind it.

v" This pattern of alternating bright and dark bands is characteristic of waves, but even
when particles are sent one at a time, they still produce the same pattern, suggesting
each particle acts as a wave, interferes with itself, and goes through both slits

simultaneously.

Warnning: Live MCQ™ -43 <& 055 Q120 @ree B4 JEFHF | S ufe @i @O T4 OF 989 AR T8 ¢ TEa wo]

sinNow p RN (D E O @ livemcgcom @ 01701377322


https://www.google.com/search?sca_esv=7728da497b142a9a&biw=1366&bih=641&sxsrf=AE3TifPe5azi-QMMBHby8g678IveMfxhDg%3A1756463065995&q=coherent&sa=X&ved=2ahUKEwj2lPDo5q-PAxUpWHADHXAeJ4UQxccNegUImQEQAQ&mstk=AUtExfBX7PMYHdabwGPhHKA7jLsR_Mg67tM8HB84kSePkFpCuzkIEKBdndQq4iUdcL-O_i8N1oO_lWRG0a5xkRTAmfz6iFzoDG_JrRwVLX-xUo0x31_4YW0YrbAWaXJAOn3WJdmbbnwC0u-bpLVoSntZ6TPhxdAb8OLuEztLqYLLYq-m-k5GxxdDLGBbB3JXdZWAX16vkDK1NcGKTvLDldQhhtBswh1IV7I-Uc-QckJ7jKIViKDqC8qT-fliY4mWLExJzgaUcfBSipoZQ_EidLWlRrGMmsuFobPVCzsdPmPw0P6XbQ&csui=3
https://www.google.com/search?sca_esv=7728da497b142a9a&biw=1366&bih=641&sxsrf=AE3TifNXwlLY4Fkauz0DdlOl7fTw8c8wgQ%3A1756472403221&q=interference+pattern&sa=X&ved=2ahUKEwibipvNibCPAxVXSGcHHVnBJwwQxccNegQIJxAC&mstk=AUtExfDQiuhBsDGrQwYcIdnypMM7LVoDUqrLawnxPyozqj-sb4XYKDLuJAXY54JkoRlC_MEF-dDpR00aFK51XB8jHni6eLfO5RzsQhFZGLMSjE05bZxHh7QDJ9CuaP0SGfHx9vRM8fw9Kxf_G-YM8L7iK0FRqYOvR4ntMTALsk98T4juy3UfNilRGGS-NTtspInB9NZM5BLpZyHtUdEmpXDPmm5hGTt_wDlzavIjhUFr2XDgWnlUuWVqw09KdQOHtKEBb8B8JJWfskuqhJoEY8vWD59G&csui=3

LI

Live
MCQ

A5 @@, st fafer

v" Coherent light consists of photons that oscillate at the same frequency and have

wavelengths that are in phase with each other, meaning their peaks and troughs align

perfectly.

v Gdie THIAEETA G (IS 2 e &Sy e

1. Same Frequency
2. In Phase

3. Stable Interference

Constructive Interference

(Bright Fringes)
d sin @ = mA
 Variables:
d: Distance between the two slits.

0: The angle relative to the original direction
of the incident beam that reaches the point

of interference.

m: An integer representing the order of the
interference fringe (e.g., m=0 for the central
maximum, m=1 for the first bright fringe,

etc.).

A: The wavelength of the light.

Destructive Interference

(Dark Fringes)

d sin 0 = (m + ¥2)A

Diffraction

Q The phenomenon of light waves
bending and spreading out as they
pass around the edges of an obstacle

or through a narrow opening.

O single-Slit Diffraction (Minima)
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d sin 6 = nA d sin 6 = mA
d: The width of the slit. d: The distance between adjacent slits or

rating lines.
0: The angle from the center to the position 8 &

. 0: The angle from the center to the position
of the minima.

of the maxima.

n: The order of the minima (n = +1, #2 ...). m: The order of the maxima (m = 0, 1, 2,

A: The wavelength of the light. ).

A: The wavelength of the light.
2.Diffraction Grating / Double-Slit Diffraction

(Maxima)

Single Slit Double Slit

(a) Interference Patterh (b)

n -

l
T

m=1 m=0 m=1 m=1 i m=0Q m=1
L Interference Ditfraction W
I Interference is due to the 1. Diffraction is due to super position of
superposition of two wave fronts secondary wavelets originating from
originating  from two coherent different points of the same wavefront,
sources.
2. Maxima are of the same intensity. * 2. Maxima are of varying intensity. ‘\
3. Bright fringes are equally bright. 3. Brightness goes on decreasing if we
move away from centre,
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X-ray diffraction (XRD)

X-ray diffraction (XRD) uses the principle of Bragg's Law to determine the atomic and molecular

structure of crystals

The X-ray Diffraction (XRD) Process

1.

Incident X-rays:

2. Interaction with Crystal Lattice:
3. Interference:
4, Constructive Interference:
5. Bragg's Law:
Bragg's Law
(A = 2d sin®)

n: The order of reflection (a positive integer).

A (lambda): The wavelength of the incident X-rays.

d: The interplanar spacing, which is the distance between adjacent planes of atoms in the

crystal lattice.

0 (theta): The angle of incidence (or diffraction angle) at which constructive interference

occurs

topic
Atomic and Molecular Physics

e ¢ T Amdes

Quantum character of radiation

>

Refers to electromagnetic radiation behaving as though it is composed of discrete packets
of energy called quanta, or photons, rather than continuous waves.

This quantum nature is revealed through interactions with matter, where energy is
exchanged in these specific bundles, as described by Planck's law (E=hv).

Key phenomena demonstrating this include the Compton effect, where X-ray photons scatter

off electrons like particles
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Key aspects of radiation's quantum character:

* Energy is quantized: The fundamental principle is that electromagnetic radiation, whether
it's visible light or X-rays, doesn't deliver its energy continuously. Instead, it does so in

discrete units or "quanta," with each quantum carrying a specific amount of energy. (&=

e wfdftey 1 =2 @G A [ty w3 1 AfeE fsfe 1 eifrs =231)

« The energy of a quantum (photon): The energy (E) of a single quantum is expressed by

Planck's equation: E = hv, where 'h' is Planck's constant.

* Particle-like behavior in interactions: its quantum nature is most apparent when it interacts
with matter. (46 =t t7® &FfS(Cre 2iFio) @[T fofe Biv o, @it ewd sea @ Gt @ o
T QAR BB AT ((FRB! &4R) TORE oI3 AH A 1)

* The Compton Effect: In this phenomenon, X-ray photons behave like particles, colliding with

electrons, transferring energy and momentum to the electrons, and being scattered in the
process.
* Atomic absorption and emission: Atoms and molecules absorb or emit energy only in these

specific, quantized amounts, leading to phenomena like line spectra.

photoelectric effect

The photoelectric effect is the emission of electrons (photoelectrons) from a material when

it is struck by electromagnetic radiation, such as light .

THIRETGT 3053 A AEE-SfR fF FEN (@ IE 6T 77 T2 SoYE FOATHFT ST 21GCe
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Key points:

* Photon-Electron Interaction:
Light is composed of photons, and when a photon with sufficient energy strikes a material, it can
transfer its entire energy to an electron, ejecting it from the material.

» Threshold Frequency:

Light must have a minimum frequency, known as the threshold frequency, to cause electron
emission. Lower frequency light, regardless of its intensity, will not have enough energy per
photon to eject electrons. (A «iga &= @G AME Ty FIER QN d@EH, TR 6 @
ML (I BTG 17f® = 111 G 5w FA= 0T 1)

* Kinetic Energy of Photoelectrons:

The kinetic energy of the ejected photoelectrons depends on the frequency of the incident light,
not its intensity. (93T FOI-ZETFHEAR AEH oI THI-2ETHGF TAAeae 74l (e 27 : KE = hy
- @, (A KE T AR =&, h 21 Aieas $99, v 2 wieifos Ay e @a2 ¢ (@94 hy,)
2 AL I FIL (9B ZETRG T a9 &y drarera FEiE =) 1)

« Einstein's Contribution:
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Albert Einstein explained the photoelectric effect by proposing that light energy is quantized in

discrete packets called photons. This was a significant development in establishing the wave-

particle duality of light.

 Evidence for Quantum Theory:
The photoelectric effect provided crucial experimental evidence for the quantum theory of light,
showing that light is not just a wave but also possesses particle-like properties.
Einstein's photoelectric equation, which is:
e E=® +K_max
« hf=® + K_max
Where:
E:or hf is the energy of the incident photon
®: is the work function
K_max: is the maximum kinetic energy of the ejected electrons
Applications
 Solar Panels: Converts light energy into electricity.
+ Photodetectors and Cameras: Used for light detection and image sensing.
* Industrial Automation: Applied in various automated processes.

* X-ray Imaging: For medical diagnosis.

« Barcode Scanners: To read barcodes.
Photoelectric current ,
> isthe flow of electrons, called photoelectrons, that are ejected from a metal surface when
light of a suitable frequency falls on it.This phenomenon, known as the photoelectric
effect.
» results in a measurable current that is directly proportional to the intensity of the
incident light because higher intensity means more photons hitting the surface, leading to

more photoelectrons being emitted per second.

(TR FERE AET 93 o7 D NS FF G2 TEFHIE T& 0 | 92 SEIET
231E e AR SIgeid A TR T~ifes, adie aRe S Qe s @ w6!-
BEREA e w09, W w0 @ 2@Ed g =)

> The photoelectric current (i) is directly proportional to the intensity of incident
light and can be expressed as
i=n*e
'n’ = the number of photoelectrons emitted per second and
‘e’ = the elementary charge.
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» The rate of electron emission (n) is determined by the formula:
n = ® * n/100.
* @ (Photon flux): The number of photons incident on the surface per second.
1 (Photon efficiency): The percentage of incident photons that successfully eject an
electron.
* e (Elementary charge): The charge of a single electron (approximately 1.6 x 107*
Coulombs).
work function

* The work function is the minimum thermodynamic energy needed to remove an electron
from the surface of a solid into a vacuum immediately outside
® = hv,
® = hc/Ao
The work function is the characteristic of a given metal. If E = energy of an incident
photon, then

1. If E <®, no photoelectric effect will take place.

2. If E = &, just a photoelectric effect will take place, but the kinetic energy of ejected
photoelectron will be zero

3. If E > @, the photoelectric effect will take place along with the possession of the kinetic
energy by the ejected electron

Compton Effect

The Compton effect is the inelastic scattering of a high-frequency photon (like X-rays) by
a charged particle, usually an electron, resulting in a longer wavelength and lower energy

for the scattered photon and an ejected electron.

1. Collision: An incident photon (like an X-ray) collides with an electron.

2. Energy Transfer: The photon transfers some of its energy and momentum to the
electron.

3. Scattering: The photon is deflected at an angle, and the electron recoils.

4. Wavelength Change: Because the photon loses energy, its frequency decreases and its

wavelength increases.
5. Compton Wavelength: The change in wavelength is known as the Compton shift and is
dependent on the scattering angle (8) and a constant related to the electron's rest mass

(the Compton wavelength)
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e A'- A (or AA): The Compton shift, or the difference between the final and initial
wavelengths of the photon.
« h:Planck's constant, a fundamental constant in quantum physics.
* mo (or m): The rest mass of the electron.
* c:The speed of light.
* 0: The scattering angle, the angle through which the photon is scattered.
Wave-particle duality

Wave-particle duality is a quantum mechanics concept stating that all fundamental entities, like

photons and electrons, can exhibit both

v wave-like (e.g., interference, diffraction) and

v’ particle-like (e.g., localized existence, definite momentum)

properties depending on the experiment performed.
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Light as a Wave

In many situations, light behaves like a wave:
o Interference:

When light waves meet, they can add up or

cancel each other out, creating patterns of

light and dark areas.

Diffraction:

Light waves can spread out and bend as they

pass through narrow openings or around
obstacles.
Refraction and Reflection:

Light also bends when passing from one

medium to another and bounces off surfaces,

behaving as a wave.

Matter as Waves

The concept extends beyond light, with
matter particles also exhibiting wave
properties:

De Broglie Wavelength:

Louis de Broglie proposed that any particle

with momentum has an associated

wavelength, suggesting that matter can also

Light as a Particle

In other instances, light behaves as discrete
packets of energy called photons:
Photoelectric Effect: Light striking a

material can knock electrons loose,

with each photon transferring its
energy to a single electron, an
interaction that only happens when the
photon's energy is sufficient.
Momentum: Photons possess

momentum, a property of particles.

diffract and interfere, as seen in the double-

slit experiment with electrons.

Electron Diffraction:
Electrons, which are typically thought of as
particles, have been observed to undergo

diffraction, confirming their wave-like nature.

Warnning: Live MCQ™ -43 <& 055 Q120 @ree B4 JEFHF | S ufe @i @O T4 OF 989 AR T8 ¢ TEa wo]

GETITON

. 2 Download on the Get it from
Join Now p " Google Play [l @ App Store B Microsoft

O
-
awr

# Download on the
@& Mac App Store

livemcg.com @ 01701377322



https://www.google.com/search?sca_esv=8b6aaa0e07ec78a3&sxsrf=AE3TifORuSDGlWaP8Zb4miw_YIBB5C_aag%3A1758737581143&q=Interference&sa=X&sqi=2&ved=2ahUKEwjd0puGgPKPAxUUZ2wGHUP8AekQxccNegUI_AEQAQ&mstk=AUtExfB_YzhnzM8dQlDLsCWlJ1ppF9zRLJPJ4VnQlqwGuI4N1l8nS_b1h-VrMy_YQVTx0GDghV4Fi5IJkg_N7w_GyxSYSRRHp5Wknb61fFMJCpAF0SDLx73vw41D7my-TWbJ-0sMQhK5o9zT7eS-mQOQm_pPe_ByHZiBJPmH5IC5_XXPYFYY4oYBQv3r3erXfWxPRKo5WKOf5QUrgrgfVZkDBD5-WKIjCzSkvpq5RYjp8JFCP5YxyFhyVuY5n7fXmMrkcsJfDBwLoEEmWY4a8PlP-J9n&csui=3
https://www.google.com/search?sca_esv=8b6aaa0e07ec78a3&sxsrf=AE3TifORuSDGlWaP8Zb4miw_YIBB5C_aag%3A1758737581143&q=Diffraction&sa=X&sqi=2&ved=2ahUKEwjd0puGgPKPAxUUZ2wGHUP8AekQxccNegUIiwIQAQ&mstk=AUtExfB_YzhnzM8dQlDLsCWlJ1ppF9zRLJPJ4VnQlqwGuI4N1l8nS_b1h-VrMy_YQVTx0GDghV4Fi5IJkg_N7w_GyxSYSRRHp5Wknb61fFMJCpAF0SDLx73vw41D7my-TWbJ-0sMQhK5o9zT7eS-mQOQm_pPe_ByHZiBJPmH5IC5_XXPYFYY4oYBQv3r3erXfWxPRKo5WKOf5QUrgrgfVZkDBD5-WKIjCzSkvpq5RYjp8JFCP5YxyFhyVuY5n7fXmMrkcsJfDBwLoEEmWY4a8PlP-J9n&csui=3
https://www.google.com/search?sca_esv=8b6aaa0e07ec78a3&sxsrf=AE3TifORuSDGlWaP8Zb4miw_YIBB5C_aag%3A1758737581143&q=Refraction&sa=X&sqi=2&ved=2ahUKEwjd0puGgPKPAxUUZ2wGHUP8AekQxccNegUIgQIQAQ&mstk=AUtExfB_YzhnzM8dQlDLsCWlJ1ppF9zRLJPJ4VnQlqwGuI4N1l8nS_b1h-VrMy_YQVTx0GDghV4Fi5IJkg_N7w_GyxSYSRRHp5Wknb61fFMJCpAF0SDLx73vw41D7my-TWbJ-0sMQhK5o9zT7eS-mQOQm_pPe_ByHZiBJPmH5IC5_XXPYFYY4oYBQv3r3erXfWxPRKo5WKOf5QUrgrgfVZkDBD5-WKIjCzSkvpq5RYjp8JFCP5YxyFhyVuY5n7fXmMrkcsJfDBwLoEEmWY4a8PlP-J9n&csui=3
https://www.google.com/search?sca_esv=8b6aaa0e07ec78a3&sxsrf=AE3TifORuSDGlWaP8Zb4miw_YIBB5C_aag%3A1758737581143&q=Reflection&sa=X&sqi=2&ved=2ahUKEwjd0puGgPKPAxUUZ2wGHUP8AekQxccNegUIgQIQAg&mstk=AUtExfB_YzhnzM8dQlDLsCWlJ1ppF9zRLJPJ4VnQlqwGuI4N1l8nS_b1h-VrMy_YQVTx0GDghV4Fi5IJkg_N7w_GyxSYSRRHp5Wknb61fFMJCpAF0SDLx73vw41D7my-TWbJ-0sMQhK5o9zT7eS-mQOQm_pPe_ByHZiBJPmH5IC5_XXPYFYY4oYBQv3r3erXfWxPRKo5WKOf5QUrgrgfVZkDBD5-WKIjCzSkvpq5RYjp8JFCP5YxyFhyVuY5n7fXmMrkcsJfDBwLoEEmWY4a8PlP-J9n&csui=3
https://www.google.com/search?sca_esv=8b6aaa0e07ec78a3&sxsrf=AE3TifORuSDGlWaP8Zb4miw_YIBB5C_aag%3A1758737581143&q=De+Broglie+Wavelength&sa=X&sqi=2&ved=2ahUKEwjd0puGgPKPAxUUZ2wGHUP8AekQxccNegUIgwIQAQ&mstk=AUtExfB_YzhnzM8dQlDLsCWlJ1ppF9zRLJPJ4VnQlqwGuI4N1l8nS_b1h-VrMy_YQVTx0GDghV4Fi5IJkg_N7w_GyxSYSRRHp5Wknb61fFMJCpAF0SDLx73vw41D7my-TWbJ-0sMQhK5o9zT7eS-mQOQm_pPe_ByHZiBJPmH5IC5_XXPYFYY4oYBQv3r3erXfWxPRKo5WKOf5QUrgrgfVZkDBD5-WKIjCzSkvpq5RYjp8JFCP5YxyFhyVuY5n7fXmMrkcsJfDBwLoEEmWY4a8PlP-J9n&csui=3
https://www.google.com/search?sca_esv=8b6aaa0e07ec78a3&sxsrf=AE3TifORuSDGlWaP8Zb4miw_YIBB5C_aag%3A1758737581143&q=double-slit+experiment&sa=X&sqi=2&ved=2ahUKEwjd0puGgPKPAxUUZ2wGHUP8AekQxccNegUIiAIQAQ&mstk=AUtExfB_YzhnzM8dQlDLsCWlJ1ppF9zRLJPJ4VnQlqwGuI4N1l8nS_b1h-VrMy_YQVTx0GDghV4Fi5IJkg_N7w_GyxSYSRRHp5Wknb61fFMJCpAF0SDLx73vw41D7my-TWbJ-0sMQhK5o9zT7eS-mQOQm_pPe_ByHZiBJPmH5IC5_XXPYFYY4oYBQv3r3erXfWxPRKo5WKOf5QUrgrgfVZkDBD5-WKIjCzSkvpq5RYjp8JFCP5YxyFhyVuY5n7fXmMrkcsJfDBwLoEEmWY4a8PlP-J9n&csui=3
https://www.google.com/search?sca_esv=8b6aaa0e07ec78a3&sxsrf=AE3TifORuSDGlWaP8Zb4miw_YIBB5C_aag%3A1758737581143&q=double-slit+experiment&sa=X&sqi=2&ved=2ahUKEwjd0puGgPKPAxUUZ2wGHUP8AekQxccNegUIiAIQAQ&mstk=AUtExfB_YzhnzM8dQlDLsCWlJ1ppF9zRLJPJ4VnQlqwGuI4N1l8nS_b1h-VrMy_YQVTx0GDghV4Fi5IJkg_N7w_GyxSYSRRHp5Wknb61fFMJCpAF0SDLx73vw41D7my-TWbJ-0sMQhK5o9zT7eS-mQOQm_pPe_ByHZiBJPmH5IC5_XXPYFYY4oYBQv3r3erXfWxPRKo5WKOf5QUrgrgfVZkDBD5-WKIjCzSkvpq5RYjp8JFCP5YxyFhyVuY5n7fXmMrkcsJfDBwLoEEmWY4a8PlP-J9n&csui=3
https://www.google.com/search?sca_esv=8b6aaa0e07ec78a3&sxsrf=AE3TifORuSDGlWaP8Zb4miw_YIBB5C_aag%3A1758737581143&q=photons&sa=X&sqi=2&ved=2ahUKEwjd0puGgPKPAxUUZ2wGHUP8AekQxccNegUIowEQAQ&mstk=AUtExfB_YzhnzM8dQlDLsCWlJ1ppF9zRLJPJ4VnQlqwGuI4N1l8nS_b1h-VrMy_YQVTx0GDghV4Fi5IJkg_N7w_GyxSYSRRHp5Wknb61fFMJCpAF0SDLx73vw41D7my-TWbJ-0sMQhK5o9zT7eS-mQOQm_pPe_ByHZiBJPmH5IC5_XXPYFYY4oYBQv3r3erXfWxPRKo5WKOf5QUrgrgfVZkDBD5-WKIjCzSkvpq5RYjp8JFCP5YxyFhyVuY5n7fXmMrkcsJfDBwLoEEmWY4a8PlP-J9n&csui=3
https://www.google.com/search?sca_esv=8b6aaa0e07ec78a3&sxsrf=AE3TifORuSDGlWaP8Zb4miw_YIBB5C_aag%3A1758737581143&q=Photoelectric+Effect&sa=X&sqi=2&ved=2ahUKEwjd0puGgPKPAxUUZ2wGHUP8AekQxccNegUIgAIQAQ&mstk=AUtExfB_YzhnzM8dQlDLsCWlJ1ppF9zRLJPJ4VnQlqwGuI4N1l8nS_b1h-VrMy_YQVTx0GDghV4Fi5IJkg_N7w_GyxSYSRRHp5Wknb61fFMJCpAF0SDLx73vw41D7my-TWbJ-0sMQhK5o9zT7eS-mQOQm_pPe_ByHZiBJPmH5IC5_XXPYFYY4oYBQv3r3erXfWxPRKo5WKOf5QUrgrgfVZkDBD5-WKIjCzSkvpq5RYjp8JFCP5YxyFhyVuY5n7fXmMrkcsJfDBwLoEEmWY4a8PlP-J9n&csui=3

Live
L2 mca

A5 @@, st fafer

Louis de Broglie's Hypothesis:

He suggested that matter also has a dual nature, proposing that any particle with momentum has

an associated wavelength. This is known as the de Broglie wavelength.

Wave -Porticle
Dua((ég ﬁ) -

C = 299492458 m/s
%
*>

Atomic Structure /  Rutherford experiment

Components of an Atom

o Protons: Positively charged particles located in the nucleus, giving the atom its positive

nuclear charge and determining its identity as an element.

e Neutrons: Neutrally charged particles also found in the nucleus, contributing to the

atom's mass but not its overall charge.
o Electrons: Negatively charged particles that orbit the nucleus in specific energy levels, or

shells. They have a much smaller mass than protons or neutrons.

6 protons
+ 6 neutrons

@ electron
e proton
O neutron

Carbon atomn
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Arrangement and Properties

e Nucleus: A very small, dense central core of the atom that holds the protons and

neutrons. It contains most of the atom's mass.

o Electron Shells: Electrons occupy specific energy levels or "shells" around the
nucleus. The first shell can hold a maximum of two electrons, the second eight, and so on,

filling with electrons in a specific order.

o Electrical Neutrality: In a neutral atom, the number of negatively charged electrons
exactly balances the number of positively charged protons, resulting in no net electrical

charge.

o Isotopes: Atoms of the same element can have different numbers of neutrons, which are

known as isotopes.

o Ions:If an atom gains or loses electrons, it becomes an ion, carrying a net positive or

negative charge.

Rutherford experiment

The Experiment

1. Setup:
Rutherford and his colleagues, Hans Geiger and Ernest Marsden, directed a beam of positively
charged alpha particles at a very thin sheet of gold foil.

2. Observation:
They used a zinc sulfide screen to detect the scattered alpha particles, which would produce tiny
flashes of light.
Observations and Conclusions

1. Most particles passed through:
The vast majority of alpha particles traveled straight through the gold foil with no deflection.
Conclusion:
e This showed that most of the atom is empty space.

e Some particles deflected at small angles:
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2. A few alpha particles were deflected by small angles.

Conclusion: This indicated that the positive charge and mass of the atom are not uniformly

distributed but concentrated in a small region.

3. A very small number deflected back:
A tiny fraction of the alpha particles were deflected backward, sometimes even returning to
the source.

e Conclusion: This led Rutherford to postulate a dense, positively charged central core, which he

called the nucleus, capable of repelling the positive alpha particles.

Muorescent
S5CMeEn

radiation source fradium|

The Nuclear Model

o Central Nucleus: The atom has a small, dense, positively charged nucleus at its center

containing most of the atom's mass.
o Electrons: Negatively charged electrons orbit this nucleus at a large distance.
o Empty Space: Most of the atom's volume is empty space.
Bohr's theory

Bohr's theory describes the hydrogen atom with a central, positively charged nucleus and

electrons orbiting in specific, quantized energy levels called stationary orbits.

» Electrons can jump between these levels by absorbing or emitting photons,
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> which explains the distinct lines in the hydrogen emission spectrum.

» Each energy level corresponds to a specific radius and energy, and the further the orbit

from the nucleus, the higher the energy.
» Absorption: An electron absorbs a photon and moves to a higher energy level.

> Emission: An electron jumps to a lower energy level and emits a photon with energy

equal to the difference between the two levels.
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Bohr's atomic model

Increasing energy
n=3 of orbits

/ A photon is emitted
with energy E = hv
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Atomic spectra

Rydberg formula for the wavelength

I | me'
_ z . — is called the
—=R,Z \‘ - 7 | where R, =

nyoon, &h’cg’ Pydberg constant.

R, =109677576x10" m™" for hydrogen.

R.

=10973731x10 m™"  inthe limiting case for heavy elements

A: is the wavelength of the emitted or absorbed photon.

R: is the Rydberg constant, approximately 1.097 x 107 m*.

Z: is the atomic number of the element.

nu: is the principal quantum number of the lower energy level.

nz: is the principal quantum number of the higher energy level.

For a transition to occur, n. must be greater than n.

Key Principles Governing Electron Configuration

Aufbau Principle: Electrons fill orbitals starting from the lowest energy level and moving

up.
Pauli Exclusion Principle: No two electrons in an atom can have the same set of four

quantum numbers; thus, each orbital can hold a maximum of two electrons, each with
opposite spins.
Hund's Rule: Within a subshell, electrons will occupy separate orbitals with parallel spins

before pairing up in the same orbital.

Slectvonic Enevgy Leovels

/

7s
Study-chem.com

Warnning: Live MCQ™ -43 <& 055 Q120 @ree B4 JEFHF | S ufe @i @O T4 OF 989 AR T8 ¢ TEa wo]

soinNow b [EEEN (FEicd L Oy @ livemcgecom @ 01701377322



https://www.google.com/search?sca_esv=a41ed8ea23771f3d&cs=0&sxsrf=AE3TifM0s3tQC343DHx5ju8-ckOlQXuHxg%3A1757564916825&q=Rydberg+constant&sa=X&ved=2ahUKEwjt96PE78-PAxVzUWwGHf-gFNwQxccNegQILBAB&mstk=AUtExfDW_fvOYkGJ3xSpNlmKLM-GfZfIKSq6KAd1fLnI1NJ-jRvVp-5khe1O6aDO_uu3c5jsb7GnY9zHD0rvqtDNCavPW538tq68bK0q0CNghSMu0CWLtUs-1_CXiBF_NFDRhHPkEDmC4kRLapq6x4SEVsPjobU5PqSIt46Dzdtz25RCIpFBOzN9L88_9lAtWzvB9zDNlUaowrYwo1W7NuTGOjfIq4Fj1-q9Sge-PAlABuewCo22SNmEoStJUi1HtFoGnK_Nv4RXSIw7ePGqiAtA-MUl&csui=3
https://www.google.com/search?sca_esv=a41ed8ea23771f3d&cs=0&sxsrf=AE3TifM0s3tQC343DHx5ju8-ckOlQXuHxg%3A1757564916825&q=atomic+number&sa=X&ved=2ahUKEwjt96PE78-PAxVzUWwGHf-gFNwQxccNegQIKRAB&mstk=AUtExfDW_fvOYkGJ3xSpNlmKLM-GfZfIKSq6KAd1fLnI1NJ-jRvVp-5khe1O6aDO_uu3c5jsb7GnY9zHD0rvqtDNCavPW538tq68bK0q0CNghSMu0CWLtUs-1_CXiBF_NFDRhHPkEDmC4kRLapq6x4SEVsPjobU5PqSIt46Dzdtz25RCIpFBOzN9L88_9lAtWzvB9zDNlUaowrYwo1W7NuTGOjfIq4Fj1-q9Sge-PAlABuewCo22SNmEoStJUi1HtFoGnK_Nv4RXSIw7ePGqiAtA-MUl&csui=3
https://www.google.com/search?sca_esv=a41ed8ea23771f3d&cs=0&sxsrf=AE3TifM0s3tQC343DHx5ju8-ckOlQXuHxg%3A1757564916825&q=lower+energy+level&sa=X&ved=2ahUKEwjt96PE78-PAxVzUWwGHf-gFNwQxccNegQILhAB&mstk=AUtExfDW_fvOYkGJ3xSpNlmKLM-GfZfIKSq6KAd1fLnI1NJ-jRvVp-5khe1O6aDO_uu3c5jsb7GnY9zHD0rvqtDNCavPW538tq68bK0q0CNghSMu0CWLtUs-1_CXiBF_NFDRhHPkEDmC4kRLapq6x4SEVsPjobU5PqSIt46Dzdtz25RCIpFBOzN9L88_9lAtWzvB9zDNlUaowrYwo1W7NuTGOjfIq4Fj1-q9Sge-PAlABuewCo22SNmEoStJUi1HtFoGnK_Nv4RXSIw7ePGqiAtA-MUl&csui=3
https://www.google.com/search?sca_esv=a41ed8ea23771f3d&cs=0&sxsrf=AE3TifM0s3tQC343DHx5ju8-ckOlQXuHxg%3A1757564916825&q=higher+energy+level&sa=X&ved=2ahUKEwjt96PE78-PAxVzUWwGHf-gFNwQxccNegQIJhAB&mstk=AUtExfDW_fvOYkGJ3xSpNlmKLM-GfZfIKSq6KAd1fLnI1NJ-jRvVp-5khe1O6aDO_uu3c5jsb7GnY9zHD0rvqtDNCavPW538tq68bK0q0CNghSMu0CWLtUs-1_CXiBF_NFDRhHPkEDmC4kRLapq6x4SEVsPjobU5PqSIt46Dzdtz25RCIpFBOzN9L88_9lAtWzvB9zDNlUaowrYwo1W7NuTGOjfIq4Fj1-q9Sge-PAlABuewCo22SNmEoStJUi1HtFoGnK_Nv4RXSIw7ePGqiAtA-MUl&csui=3
https://www.google.com/search?cs=0&sca_esv=af47de9c40b911ed&sxsrf=AE3TifM5gXEW39CPorjUzhfa-ZI2nLfYMg%3A1757570073641&q=Aufbau+Principle&sa=X&ved=2ahUKEwi1spDfgtCPAxUvd2wGHWYVITUQxccNegQIDxAB&mstk=AUtExfCc9pmIZIpj1gSZ8XlhEbQM3MyZJX1_6VmEI_gI5KuFTAu3RaL2HxuLc_7ZwZ9ny0DamPnjyggc6dOotV1DVXEhbsDjwiLTFBiUVWc4n9Gme0L16prma9tb-hZOvN4KGTzsNyexNAy5IpLH9xH452uKiNNtN0FqNP1umz1mEpg4BKSehMxBf_Bsw2imGhYCt2-VChBVJnyQJ8qbYo6KbdV6ta9CcMy6lhh4ZSAzcNSI9_Fxh8LCC7AGTsNUSH6TRUQ0kb381EUcBWBfcyvtAJP2&csui=3
https://www.google.com/search?cs=0&sca_esv=af47de9c40b911ed&sxsrf=AE3TifM5gXEW39CPorjUzhfa-ZI2nLfYMg%3A1757570073641&q=Pauli+Exclusion+Principle&sa=X&ved=2ahUKEwi1spDfgtCPAxUvd2wGHWYVITUQxccNegQIExAB&mstk=AUtExfCc9pmIZIpj1gSZ8XlhEbQM3MyZJX1_6VmEI_gI5KuFTAu3RaL2HxuLc_7ZwZ9ny0DamPnjyggc6dOotV1DVXEhbsDjwiLTFBiUVWc4n9Gme0L16prma9tb-hZOvN4KGTzsNyexNAy5IpLH9xH452uKiNNtN0FqNP1umz1mEpg4BKSehMxBf_Bsw2imGhYCt2-VChBVJnyQJ8qbYo6KbdV6ta9CcMy6lhh4ZSAzcNSI9_Fxh8LCC7AGTsNUSH6TRUQ0kb381EUcBWBfcyvtAJP2&csui=3
https://www.google.com/search?cs=0&sca_esv=af47de9c40b911ed&sxsrf=AE3TifM5gXEW39CPorjUzhfa-ZI2nLfYMg%3A1757570073641&q=Hund%27s+Rule&sa=X&ved=2ahUKEwi1spDfgtCPAxUvd2wGHWYVITUQxccNegQIERAB&mstk=AUtExfCc9pmIZIpj1gSZ8XlhEbQM3MyZJX1_6VmEI_gI5KuFTAu3RaL2HxuLc_7ZwZ9ny0DamPnjyggc6dOotV1DVXEhbsDjwiLTFBiUVWc4n9Gme0L16prma9tb-hZOvN4KGTzsNyexNAy5IpLH9xH452uKiNNtN0FqNP1umz1mEpg4BKSehMxBf_Bsw2imGhYCt2-VChBVJnyQJ8qbYo6KbdV6ta9CcMy6lhh4ZSAzcNSI9_Fxh8LCC7AGTsNUSH6TRUQ0kb381EUcBWBfcyvtAJP2&csui=3

Live
L2 mca

A5 @@, st fafer

[ @ cFtg [Rfen Gt TEad RO 8 qva RIS e ot (et @S AET | S ot 7o
wieat f@ife s =it ]
Production of X-ray

X-rays are produced in an X-ray tube when high-speed electrons are rapidly decelerated upon
striking a metal target
The X-ray Production Process

1. Electron Generation:
A current heats a tungsten filament in the cathode of the X-ray tube, a process called thermionic
emission. This heating causes electrons to be released from the filament's surface.

2. Electron Acceleration:

A high voltage potential (tube voltage) is applied between the cathode and the anode. The released

electrons are then accelerated by this potential difference, gaining high kinetic energy as they are
drawn towards the positively charged anode.

3. Electron Interaction with the Anode:
The high-energy electrons strike the metal target of the anode, typically tungsten.
4, X-ray Emission:

o Bremsstrahlung Radiation: As the fast-moving electrons interact with the nuclei of
the target atoms, they are repeatedly deflected and slowed down. The energy lost
during this deceleration is emitted as X-ray photons, which create a continuous
spectrum of X-ray energies.

o Characteristic X-rays: In a separate process, some electrons in the beam can knock
inner-shell electrons out of the target atoms. When an electron from a higher energy
shell falls into the vacant inner shell to replace the displaced electron, it releases its
excess energy as an X-ray photon with a specific, characteristic energy.

5. Beam Formation:
The X-rays produced then exit the X-ray tube through a window, forming a beam that is then

directed toward the patient to create an image
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This collision generates two types of X-rays:

/7
*

*

Bremsstrahlung radiation, a continuous spectrum of energies from the slowing electrons,

and

characteristic radiation, discrete energies from electron shell transitions within the target

atoms.

Moseley's law

The Law's Statement

Moseley's Law describes the relationship between the frequency of characteristic X-rays

emitted by an element and its atomic number (Z).

The frequency (v) of these X-ray spectral lines is directly proportional to the square of

the atomic number (v « Z?).

This can be more accurately expressed by stating that the square root of the frequency is

proportional to the atomic number: V v o« Z.

v « 72
VW « Z,
Vv = a(Z - b)

Vv : (Square root of frequency): The frequency of the characteristic X-ray is measured.
a : (Proportionality constant): This constant depends on the spectral line (e.g., K-series or
L-series) and is independent of the specific element.

Z : (Atomic Number): This is the number of protons in the nucleus of an atom.
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* B : (Screening constant): This constant accounts for the shielding effect of other

electrons.

For the K-series, the screening constant (b) is typically 1.
For the L-series, the screening constant (b) is approximately 6.4.

* (Z - b) : (Effective nuclear charge): The term (Z - b) represents the effective nuclear

charge experienced by the electron, which influences the emitted X-ray.

Molecular spectra

Molecular spectra are patterns of light absorption or emission from molecules that provide

unique "fingerprints" of their structure and composition.
There are three main types of molecular motion that correspond to different energy levels:

e Electronic Transitions: Large energy changes that involve electrons moving between

energy shells, often resulting in broad absorption bands.

« Vibrational Transitions: Molecules can vibrate in various ways (stretching, bending), and
these motions are quantized. Absorption or emission of radiation can occur as the

molecule changes vibrational states.

 Rotational Transitions: Molecules can also rotate, with quantized rotational energy
levels. Changes in these rotational states occur by absorbing or emitting photons,

especially in the microwave region of the spectrum.

Types of Molecular
Spectra

% Ex
o ©

Molecule

NMH‘M NI&HI\H

Electronic Vibrational Rotational
IR VAV AV o e ST

The excitation of molecules to different energy levels
varies with the wavelength of the radiation absorbed.
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Laser

light amplification by stimulated emission of radiation.
A laser amplifies light through a process called stimulated emission, which requires
v’ a gain medium,
v’ an energy source (pumping), and
v' an optical feedback cavity.

Key components and their roles:
1. Energy Source (Pump):

This supplies energy to the gain medium to excite electrons in the atoms. This can be a flash

lamp, an electric current, or another light source.
2. Gain Medium:

This is the material that amplifies the light, such as a ruby crystal, gas mixture, or
semiconductor. The energy source excites the atoms' electrons in the gain medium to a higher

energy orbit.
3. Optical Resonator:

This consists of two mirrors, one fully reflective and one partially transparent, positioned at the

ends of the gain medium.
o Fully Reflective Mirror: Reflects photons back into the gain medium.

e Partially Transparent Mirror (Output Coupler): Allows some of the amplified light to
escape, forming the laser beam.
The process (Light Amplification by Stimulated Emission of Radiation - LASER):
1. Pumping:
The energy source provides energy to the gain medium, exciting the electrons to a higher energy
level.
2. Spontaneous Emission:

Some excited electrons spontaneously return to their ground state, emitting photons.
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3. Stimulated Emission:

A passing photon stimulates another excited electron to emit an identical photon with the same

wavelength, phase, and direction.
4, Optical Cavity (Mirrors):

The mirrors trap the photons, causing them to bounce back and forth through the gain medium.

5. Amplification:

With each pass, the light stimulates more electrons, creating a cascade effect and exponentially
amplifying the number of identical photons.

6. Laser Beam Output:

As the light becomes more intense, some photons pass through the partially transparent mirror,

forming a concentrated, coherent laser beam.

The components of a laser

Partially reflective
| Pump source mirror

oy (e==e

Highly reflective
mirror

Lasing medium

Optical resonator
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Answer: (b) You have very little information

about its momentum (because AxAp > h/2)

1. An electron and a proton have the same
de Broglie wavelength. Which has greater
kinetic energy?( De Broglie Wavelength) 3. What is the minimum possible energy
(a) Electron (ground state energy) for a particle confined
(b) Proton in a one-dimensional box?( Particle in a Box)
(a) Zero

(b) Depends on the length of the box

(c) They have the same kinetic energy

(d) Depends on their velocities

Answer: (a) Electron (since A = h/p, same A
means same momentum, and KE = p?/2m, so
lighter particles have greater KE)

2. If you know the position of a particle with
very high precision, what can you say about
its momentum? ( Heisenberg Uncertainty
Principle)

(a) You know its momentum with high
precision

(b) You have very little information about
its momentum

(c) Its momentum is zero

(d) Its momentum is quantized

(c) Proportional to n®

(d) Infinitely large

Answer: (b) Depends on the length of the box
(specifically, E: = h?/8mL?)

4, The time-independent Schrodinger equation
is used to find - (Schrodinger Equation)

(a) The probability of finding a particle in a
given region

(b) The stationary states and energy levels
of a quantum system

(c) The time evolution of a quantum system
(d) The speed of a particle

Answer: (b) The stationary states and energy

levels of a quantum system
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5. Which quantum number describes the

three-dimensional shape of an atomic
orbital? ( Quantum Numbers)

(a) Principal quantum number (n)

(b) Magnetic quantum number

(c) Spin quantum number

(d) Azimuthal or angular momentum

quantum number (1)

Answer: (d) Azimuthal or angular momentum
quantum number (1)

6. The concept that a particle can exhibit
wave-like properties and a wave can exhibit
particle-like properties is called: (Wave-
Particle Duality)

(a) Quantum superposition

(b) Wave-particle duality

(c) Quantum tunneling

(d) Entanglement

Answer: (b) Wave-particle duality

7. What is the relationship between the
energy (E) of a photon and its wavelength
(0)? (Photon Energy)
(@) E = heA

(c) E = he/A
Answer: (c) E = hc/A

(b) E=h/A
(d) E = ha/c

. If the wavelength of electromagnetic
radiation is doubled, what will happen to
the energy of photons? (Photon Energy)
b) Doubled

d) Infinite

a) Remains the same

c) Halved

10.

11.

Answer: ¢

Explanation: Energy of a photon is given as:
E = hv =hcA

The energy of the photon reduces to one-

half when the wavelength of radiation is
doubled.
What fundamental principle does calorimetry

work on?

a) C onservation of heat energy

b) Heat flows from cold to hot

c) Heat is lost during phase changes

d) Conservation of mass

Answer: a) Conservation of heat energy

The amount of heat required to raise the
temperature of 1 gram of a substance by 1°C
is called its:

a) Thermal capacity

b) Specific heat capacity

¢) Heat of fusion

d) Water equivalent

Answer: b) Specific heat capacity

What is the fundamental reason that an
object cannot be accelerated to the speed of
light? ( Special Relativity)

a) It's forbidden by one of Einstein's
postulates.

b) Its kinetic energy approaches infinity.

c) The gravitational force becomes too
strong.

d) The speed of light is not a physical limit.
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Answer: b) : As an object approaches the
speed of light, its relativistic mass (and thus
kinetic energy) increases and tends towards
infinity, — making  further  acceleration
impossible.

A spaceship traveling at 0.8c towards a
stationary observer emits a beam of light.
What is the speed of the light beam as
measured by the stationary observer?

b) 0.8¢c
d) 1.8c

Answer: c): According to the second postulate

a) 0.2¢c

c) ¢

of special relativity, the speed of light in a
all

regardless of their motion or the motion of

vacuum is constant for observers,
the source.

If a particle has a rest mass energy Eo and its
kinetic energy is 3Eo, what is its speed?

b) 0.75¢

d) ¢

Answer: c): Total energy E = Eo + KE =

a) 0.5¢c

c) 0.99¢
4E,. Since E = yEo, where y is the = Lorentz
factor (1/N(1-v2/c?)), we have y = 4. Solving
for v, v = cV(1 - 1/y?) = 0.99c.

Which phenomenon is a key prediction of
General Relativity and has been
experimentally verified?

a) Time dilation in deep space.

b) The bending of starlight by the Sun's
gravitational field.

c) The constancy of the speed of light. d)

The mass-energy equivalence.

15.

16.

Answer: b): The bending of starlight by the
Sun's gravity during a solar eclipse was a
crucial early experimental confirmation of
General Relativity.

Which statement best describes the nature

of a quantum mechanical wave function?

a) It represents the trajectory of a particle.
b) It gives the probability density of finding
a particle at a certain position.

c) It describes the charge distribution of an
atom.

d) It is a constant across all space and time.
Answer: b

Explanation: The wave function, s, provides
the probability amplitude for a particle's
position and other properties, where the
square of its magnitude, |y|?, gives the
probability density.

What is the significance of the time-
independent Schrodinger equation?

a) It describes the evolution of a quantum
state over time.

b) It defines the relationship between a
particle's energy and momentum.

c) It is used to find the stationary (time-
independent) energy states of a system.
d) It explains the phenomenon of wave-
particle duality.

Answer: c

Explanation: The time-independent
Schrodinger equation is used to find the
energy eigenvalues and corresponding wave

functions for systems in their stationary
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states, which do not change in time except
for a trivial phase factor.

What does it mean for a quantum state to
be a stationary state?

a) The wave function is zero everywhere.
b) The probability distribution of the
particle does not change over time.

c) The particle is at rest. d) The system has
zZero energy.

Answer: b

Explanation: A stationary state in quantum
mechanics is a state whose probability

distribution remains constant over time.

The de-Broglie wavelength of a particle is
given by:

a) A=E/c b) A = h/p

c) A=mv/h d) A = h/E

Answer: b

The Heisenberg Uncertainty Principle states

that:

a) The momentum of a particle can be
known with arbitrary precision.

b) You can know both the position and
momentum of a particle simultaneously with
absolute certainty.

c) The more precisely the position of a
particle is known, the less precisely its
momentum can be known.

d) Energy is always conserved in quantum
systems.

Answer: c

Explanation: The Heisenberg Uncertainty

Principle establishes a fundamental limit to

20.

21.

how accurately certain pairs of
complementary physical properties, such as
position and momentum, can be known
simultaneously.

What does it mean for a quantum state to
be a stationary state?

a) The wave function is zero everywhere.
b) The probability distribution of the
particle does not change over time.

c) The particle is at rest.

d) The system has zero energy.

Answer: b

Explanation: A stationary state in quantum
mechanics is a state whose probability
distribution remains constant over time.

What is quantum entanglement?

a) A phenomenon where particles become
linked and share the same fate, no matter
the distance.

b) The superposition of a particle's multiple
states.

c) The measurement of a particle's position
and momentum.

d) The ability of a particle to behave as
both a wave and a particle.

Answer: a

Explanation: Entanglement is the peculiar
quantum phenomenon where two or more
particles become correlated, and the state of
one instantaneously influences the state of
the others, even when separated by vast

distances.
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22. Which statement accurately describes the
relationship between a light source's
coherence time (Atc) and its coherence
length (ALc)
(a) ALc=cAtc
(c) ALc=c/Atc

(b) ALc=Atc/c
(d) ALc=Atc

Answer: (a) ALc=cAtc, where 'c' is the speed

of light.
23. What is the defining feature of a photonic
crystal that allows it to manipulate light
propagation?
(a) Its ability to absorb almost all incident
light.
(b) Its periodic, nanostructured dielectric

material that creates photonic bandgaps.

(c) Its high-gain medium that amplifies

light. (d) Its ability to rotate the polarization

of light.

Answer:(b) Its periodic, nanostructured
dielectric material that creates photonic
bandgaps.

Explanation: A photonic crystal is

characterized by its regularly arranged

structure of different materials with varying

refractive indices, which leads to the
formation of photonic bandgaps where
certain wavelengths of light cannot
propagate through the crystal, allowing for

precise control over light manipulation.
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24,

25.

26.

In Fourier optics, a spatial filter is placed in
the Fourier plane (the back focal plane of a
lens) to manipulate the spatial frequency
content of an optical image. To sharpen the
edges of an image, which type of spatial
filtering is required?

A) Low-pass filtering

B) High-pass filtering

C) Band-pass filtering

D) Notch filtering

Answer: B) High-pass filtering

Explanation: Edges and fine details in an
image correspond to high spatial
frequencies. Removing the low-frequency
components (which represent the slowly
varying background) and keeping the high-
frequency components effectively enhances
the edges. This is achieved using a high-pass
spatial filter.

What phenomenon is responsible for the
colors observed in a soap bubble film or oil
slick on water?

A) Diffraction

B) Interference

C) Polarization

D) Total Internal Reflection

Answer: B) Interference

For a single photon detector with a
quantum efficiency of 90% at 400 nm, what
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is the probability that an incident photon
will not be detected?
A) 10%

C) 100%

Answer: A) 10%

A beam of light is incident on a surface. The

B) 90%
D) 0%

light that is transmitted through the surface
is described by which law?

A) Snell's Law

B) Lambert-Beer Law

C) Fermat's Principle

D) Fresnel Equations

Answer: A) Snell's Law

A laser is characterized by which of the
following properties?

A) High temporal and spatial coherence

B) Low temporal and high spatial coherence
C) High temporal and low spatial coherence
D) Low temporal and spatial coherence
Answer: A) High temporal and spatial
coherence

Which of the following phenomena explains
the flow of current in semiconductors?

a) Drift b) Diffusion

¢) Recombination d) All of these
Answer: d) All of these

What is the primary purpose of

a transistor in an electronic circuit?

a) To filter noise

b) To amplify or switch electronic signals
¢) To regulate voltage

d) To store data

Answer: b) To amplify or switch electronic

signals

31.

32.

33.

34.

35.

What is the maximum theoretical efficiency
of a full-wave rectifier?
a) 40.6%

c) 81.2%

Answer: c) 81.2%

b) 85.6%
d) 100%

In a junction diode under reverse bias,
where is the electric field magnitude
maximum?

a) At the edge of the depletion region on
the side of the N-region

b) At the junction

c) At the edge of the depletion region on
the side of the P-region

d) In the center of the depletion region
Answer: b) At the junction

If E=1/2myv* And P=myv then then the

phase velocity of the corresponding wave

packet is
a) v/2 b) v
o) /v d) v¥/c

Answer: a) v/2

Optical fiber works on the phenomenon of
(e HI3IR @i Nfoq afswam oramn)
a) Total internal reflection

b) Interference

¢) Diffraction

d) Polarization

Answer: a) Total internal reflection

In an optical fiber, the refractive index of
the cladding should be (r*f53ts FiRam=
e 7 efeormas 7.,

a) More than that of the core

b) Less than that of the core
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c) very low

d) Nearly Unity

Answer: b) Less than that of the core
Which of the following statements is false
regarding Electric field lines?

Field lines never intersect

Field lines originate on positive charge and
terminate on negative

the number of lines is proportional to
magnitude

Field lines form closed loop

Answer: d) Field lines form closed loop

In a Michelson interferometer, if the
difference in the optical path lengths of the
two arms is Ax, what is the condition for
constructive interference?

(a) Ax=nA (b) Ax=(2n+1)A2
(c) Ax=(2n+1)A (d) Ax=nA2

Where n is an integer and A is the
wavelength of light.

Answer: (a) Ax=nA

Explanation: For constructive interference in
an interferometer, the optical path
difference must be an integer multiple of
the wavelength of light.

Which of the following phenomena is
responsible for the dispersion of white light
into its constituent colors in a prism?

(a) Total internal reflection

(b) Diffraction

(c) Scattering

(d) Variation of refractive index with

wavelength

39.

40.

Answer: (d) Variation of refractive index
with wavelength

Explanation: Dispersion occurs because the
refractive index of the prism material varies
for different wavelengths of light, causing
each color to bend at a slightly different
angle.

For a single-slit diffraction experiment, what
happens to the width of the central
maximum if the width of the slit is
doubled?

(a) It remains the same.

(b) 1t doubles.

(c) It is halved.

(d) It increases by a factor of four.

Answer: (c) It is halved.

Explanation: The angular width of the
central maximum is inversely proportional
to the slit width. Therefore, doubling the slit
width halves the central maximum's width.
What is the nature of light that has
completed its journey through a Nicol prism
and exhibits maximum extinction upon
rotation?

(a) Unpolarized

(b) Linearly polarized

(c) Circularly polarized

(d) Elliptically polarized

Answer: (b) Linearly polarized

Explanation: A Nicol prism polarizes light by
transmitting only the component of the
electric field parallel to its principal plane,

resulting in linearly polarized light.
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Which of the following is a characteristic of |a) Its dependence on the spin of the nucleons.
laser light? b) Its extremely short range, which confines it
(a) Incoherent and polychromatic to the nucleus.
(b) Coherent and monochromatic c) Its attractive nature, regardless of the
(c) Incoherent and monochromatic particles involved.
(d) Coherent and polychromatic d) Its independence from the charge of the
Answer: (b) Coherent and monochromatic particles.
Explanation: Laser light is characterized by Answer: b) Its extremely short range, which
its coherence (waves are in phase) confines it to the nucleus.
and monochromaticity (a single, or very Explanation: The strong nuclear force is
narrow range of, wavelengths). extremely powerful but has a very short
What is the primary reason for the range, acting only over distances on the
immense energy released in a fission order of femtometers (101> m). Outside this
reaction? range, its strength drops rapidly, while the
The conversion of mass into energy long-range electromagnetic force takes over.
according to E=mc?. 44, What is the phenomenon described by the
The repulsion between newly formed decrease in a radioactive substance's mass
daughter nuclei. over time due to the emission of particles
The creation of new particles from the from its nucleus?
neutron flux. a) Nuclear fission b) Nuclear fusion
The emission of gamma rays in the process. c) Radioactivity d) Nuclear decay
Answer: a) The conversion of mass into Answer: C) Radioactivity
energy according to E=mc?. Explanation: Radioactivity is the spontaneous
Explanation: Nuclear fission involves the emission of particles and energy from the
splitting of a heavy nucleus into smaller, unstable nucleus of an atom, leading to its
more stable nuclei, resulting in a slight transformation or decay into a more stable
decrease in the total mass. This mass form.
difference is converted into a large amount |45. In a controlled nuclear reactor, which type

of energy, as described by Einstein's famous
equation.

Which of the following best describes the
property that makes a nuclear force
dominant over the electromagnetic force at

short distances?

of reaction is harnessed to generate energy?
a) Uncontrolled chain reaction

b) Fast nuclear reaction

c) Controlled chain reaction

d) Catalyzed nuclear reaction

Answer: ¢) Controlled chain reaction
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Explanation: Nuclear reactors operate by

sustaining a controlled chain reaction,
typically involving fission, where the rate of
reaction is managed to produce a steady
output of heat energy.

What is the Q-value of a nuclear reaction?

a) The maximum binding energy of the
products.

b) The energy released or absorbed in a
nuclear reaction.

c) The kinetic energy of the incident
particles.

d)

Answer: b)

The half-life of the reacting isotopes.

Explanation: The Q-value is a measure of the
energy released (positive Q) or absorbed
(negative Q) in a nuclear reaction,
representing the difference in binding

energies between reactants and products.

Power Factor in AC Circuits
a) 0.5 b) 0.866
o)1 d) 0.707

Answer: d) 0.707

Explanation: A power factor of 0.707
typically corresponds to a phase angle of 45
degrees (cos 45° = 0.707) in an AC circuit,
which is common in systems with

significant inductive or capacitive

components.

Electric Field of a Uniformly Charged Sphere
a) E « 2 b) E «x 1/r

c)Exr d) E « 1/rA2

Answer: d) E o« 1/r2

49.

50.

51.

Explanation: The electric field of a uniformly
charged sphere, at points outside the
sphere, is similar to that of a point charge,
decreasing with the square of the distance
from the center.

Maxwell's Equations and EM Waves

a) Gauss's Law for Magnetism

b) Ampere's Law

c) Faraday's Law of Induction

d) All of the above

Answer: d) All of the above

Explanation: Maxwell's equations are a set of
four fundamental equations that describe
the behavior of electric and magnetic fields,
and their combined effect in producing
electromagnetic waves.

Energy Stored in a Capacitor

a) 1/2 CVA2

b) cvi2

c) CV

d) 1/2 Li*2

Answer: A. 1/2 CVA2

Explanation: A capacitor stores energy in its
electric field, and the formula for this
stored energy is % * Capacitance *
Voltage/2.

RMS Value of an AC Voltage

a) Peak value / Form factor

b) Peak value / V2

c) Peak value * Form factor

d) Peak value * V2

Answer: b) Peak value / V2
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Explanation: For a sinusoidal AC voltage, the a) V-D’=pv b) V-B”=0
RMS (Root Mean Square) value is the peak c) VxE"=-0B 0t d) VxH =] +dD ot
value divided by the square root of 2. Answer: d)

Self-Induction in an RL Circuit

a) The current leads the voltage.
b)
c) The voltage leads the current by 90

The voltage leads the current.

degrees.
d) The current leads the voltage by 90
degrees.
Answer: ¢) The voltage leads the current by
90 degrees.
Explanation: In a purely inductive circuit,
the voltage across the inductor leads the
current through it by 90 degrees due to the
storage of energy in the magnetic field.
Consider a point charge q moving with a
constant velocity v” in a region with a
uniform electric field E” and a uniform
magnetic field B”. The Lorentz force F~
acting on the charge is:
a) F=q(E"+v"™xB")
c) F'=q(E"+B"xv")
Answer: a)

b) F'=q(E"xv"+B")
d) F'=q(E"+v"-B")

Explanation: This is the standard form of
the Lorentz force equation, which defines
the total electromagnetic force on a point
charge. It is the vector sum of the electric
force and the magnetic force. The order of
the cross product is critical: v™xB”~

Which of the following is the differential
form of Ampere's Law with Maxwell's

correction?

55.

56.

57.

58.

Explanation: The differential form of
Ampere's Law, as corrected by Maxwell,
states that the curl of the magnetic field
intensity H~ is equal to the sum of the
conduction current density J~ and the
displacement current density dD”/0t.
Given a static magnetic field B(r), which of
the following is the correct expression for
the magnetic vector potential A(r)?

(@ A=V=xB b)A=V-B
()B=VxA dB=/A-d
Answer: (c) B = V x A (Magnetic Vector
Potential)

A long, thin solenoid of length L and N
turns carries a current I. What is the
magnetic field B inside the solenoid?

(a) B = (LoN/L)I (b) B = poNI

(c) B = pol / (NL) (d) B = poNI / (2L)
Answer: (a) B = (uoN/L)I (Ampere's Law for a
Solenoid)

A planar loop of area A is placed in a
uniform magnetic field B. If the angle
between B and the normal to the loop is 6,
what is the magnetic flux ® through the

loop?
(a) @ = BA cos(8) (b) @ = BA sin(0)
(c) ® = BA d®=B/A

Answer: (a) ® = BA cos(0) (Magnetic Flux
through a Loop)
A changing magnetic flux through a coil

induces an electromotive force (emf). The
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magnitude of the induced emf is
proportional to:

(a) The magnetic flux itself.

(b) The rate of change of magnetic flux.

(c) The reciprocal of the magnetic flux.

(d) The square of the magnetic flux.
Answer: (b) The rate of change of magnetic
flux. (Faraday's Law of Induction)

An infinitely long straight wire carries a
current I. The magnetic field B at a distance
r from the wire is given by:

(a) B = pol / (2mr) (b) B = ol / (4mr)
(c) B = 2mr / (ol) (d) B =1/ (2muor)
Answer: (a) B = pol / (2mr). (Magnetic Field
of an Infinite Straight Wire)

A magnetic dipole moment p is placed in a
uniform magnetic field B. The potential
energy U of the dipole is given by:
@U=-u-B b)U=pnxB

(c) U=uB (d) U=u/B

Answer: (@) U=-u-B

Explanation: The correct expression for the
potential energy (U) of a magnetic dipole
moment (p) in a uniform magnetic field (B)
is (@) U = -pu - B. This formula, U = -
uBcos(0), represents the energy due to the
orientation of the dipole relative to the
magnetic field, where 6 is the angle
between the magnetic dipole moment and
the magnetic field.

A 120-volt source is connected to a 12-ohm
resistor. What is the current flowing
through the circuit?

62.

63.

A. 10 Amperes
C. 1000 Amperes

Answer: A

B. 100 Amperes
D. 1 Ampere

Explanation: Using Ohm's Law,

V=IxR. To find the current (I), you can
rearrange the formula to

I=V/R 1=120 V/12 Q=10 A

How many generalized coordinates are
required to describe the motion of a
particle constrained to move on the surface

of a sphere with a fixed radius?

A1 B. 2
C.3 D. 6
Answer:; B. 2

Number of Coordinates: This single
constraint equation reduces the number of
independent variables by one. Therefore, the
system has

3-1=2

degrees of freedom.

What is the primary advantage of using
generalized coordinates in classical
mechanics?

a) They simplify the mathematical
complexity of all problems.

b) They allow the use of only conservative
forces in the Lagrangian formalism.

c) They are always easier to measure
experimentally than Cartesian coordinates.
d) They naturally incorporate constraints
and reduce the number of variables needed

to describe a system.
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Answer: d) They naturally incorporate
constraints and reduce the number of
variables needed to describe a system.

A rocket is launched from Earth's surface.
Which of Newton's laws of motion is most
directly responsible for the rocket's upward
acceleration?

A) Newton's first law of motion (Law of
Inertia)

B) Newton's second law of motion (F=ma)
C) Newton's third law of motion (action-
reaction)

D) Newton's law of universal gravitation
Answer: C) Newton's third law of motion
(action-reaction)

Explanation: A rocket operates by expelling
hot gases from its engine at high velocity
(action). In response, an equal and opposite
force is exerted on the rocket, pushing it
forward (reaction). This principle is
described by Newton's third law of motion.
A rocket on a launchpad has an initial mass
of 5000 kg and burns fuel at a constant rate
of 25 kg/s. The exhaust velocity is 1000
m/s. What is the initial acceleration of the
rocket? (Assume g=10 m/s2).

A) 10 m/s? B) 0 m/s?

C) 5 m/s? D) 20 m/s?
Answer: B) 0 m/s?

Explanation:

First, calculate the thrust force (FT):
FT=vedmdt=(1000 m/s)x(25 kg/s)=25000 N
Next, calculate the gravitational force (Fg):
Fg=m0g=(5000 kg)x(10 m/s2)=50000 N

66.

67.

The net force (Fnet) is the difference
between the thrust and gravity:

Fnet=FT-F g=25000 N-50000 N=-25000 N
Since the net force is negative (downward),
the rocket does not lift off. Therefore, the
initial acceleration is zero until the thrust

exceeds the gravitational pull.

A rocket has an initial mass of 5000 kg and
a final (burnout) mass of 1000 kg. If the
exhaust velocity is 1500 m/s, what is the
burnout velocity of the rocket? (Assume no
gravity or air resistance).

A) 1500 m/s B) 2414 m/s

C) 3000 m/s D) 4000 m/s
Answer: B) 2414 m/s

Explanation:

Use the Tsiolkovsky rocket equation:
Av=veln(m,/my)

Av=1500 m/sxIn5000 kg/1000 kg

Av=1500 m/sxIn(5)

Av=1500 m/sx1.609

Av=2414 m/s

In a staged rocket system, the stages are
separated during flight. What is the primary
advantage of this process?

A) To reduce the total mass of the rocket
system.

B) To increase the overall thrust of the
rocket.

C) To improve the rocket's stability.

D) To control the rocket's direction more

easily.
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Answer: A) To reduce the total mass of the
rocket system.

Explanation: A staged rocket sheds the
empty mass of a burned-out stage. This
significantly reduces the total mass that the
remaining rocket engines have to accelerate.
This allows the new, lighter stage to achieve
a much higher velocity for the same amount
of fuel, as per the rocket equation.

What is the sum of the eigenvalues of a
square matrix equal to?

a) The determinant of the matrix.

b) The trace of the matrix.

c) The spectral radius of the matrix.

d) Zero.

Answer: b)

Explanation: The sum of the eigenvalues of
a square matrix is equal to the sum of the
diagonal elements of the matrix, which is
known as its trace.

If the orbital angular momentum quantum
number [=2, what are the possible
eigenvalues of the L2 operator?

a) 2h b) 4n*

c) 6h° d) 2’

Answer: ¢) 64

Explanation: The eigenvalues of L2 are
[(I+1)h2. For [=2, the eigenvalue is
2(2+1)h*=2(3)h’=6h"

The eigenvalues of the total orbital angular
momentum operator, L2, are given by:

a) lh b) 1(l+1)h

¢) l(1+1)h2 d) min

71.

72,

73.

Answer: c¢) [(1+1)h2

Explanation: For a quantum system, the
square of the orbital angular momentum
operator, L2, has eigenvalues defined by the
equation L’p=1(l+1)A"p. Here, [ is the
azimuthal (or orbital) quantum number, and
Y represents the system's angular
wavefunction, specifically the spherical
harmonics Y™I(0,¢).

Which of the following is NOT a
characteristic of laser light?

a) Monochromaticity ~ b) Coherence
¢) Incoherence d) High intensity
Answer: ¢): Incoherence.

Explanation: Laser light is coherent, meaning
its waves are in phase, unlike the
incoherent light from ordinary sources.
Which of these is a common example of a
solid-state laser?

b) CO- laser

d) Dye laser

a) He-Ne laser
c) Nd:YAG laser
Answer: c): Nd:YAG laser.

Explanation: The Nd:YAG (Neodymium-doped
Yttrium Aluminum Garnet) laser is a type of
solid-state laser that uses a crystal as its
gain medium.

Which characteristic of laser light is
responsible for its ability to form extremely
high-resolution images in holography?

a) High intensity b) Directionality
c) Monochromaticity ~ d) Coherence
Answer: d): Coherence.

Explanation: Coherence, the property of

waves being in phase, is crucial for
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holography as it allows for the recording

and reconstruction of the complex wave-

front of light.

The first working laser was demonstrated
using which material?

b) Carbon dioxide

d) Helium-neon gas

a) Gallium arsenide
c) Ruby

Answer: c): Ruby.
Explanation: Theodore Maiman built the first
working laser in 1960 using a synthetic ruby
crystal.

Which of the following statements is TRUE
about a Face-Centered Cubic (FCC) crystal
structure?

(a) It has a body diagonal of length 4r,
where r is the atomic radius.

(b) 1t has a packing efficiency of
approximately 74%.

(c) It contains 2 atoms per unit cell.

(d) 1t is also known as a simple cubic
structure.

Answer: (b)

Explanation: An FCC structure has a packing
efficiency of about 74%, indicating a very
efficient way to pack atoms. It has 4 atoms
per unit cell and is characterized by a face
diagonal of 4r.

In a semiconductor, increasing the
temperature can lead to doubling of both
the majority and minority carrier densities
if the intrinsic carrier concentration
doubles.

a) True

b) False

77.

78.

79.

c) None of these

Answer: (a)

Explanation: In extrinsic semiconductors, an
increase in temperature can increase the
intrinsic carrier concentration. Consequently,
both the majority and minority carrier
densities will also increase, potentially
doubling if the intrinsic concentration
doubles, as shown in the provided example.
The presence of point defects like Frenkel
and Schottky defects can alter the
properties of a crystal.

a) True

b) False

c) None of these

Answer: (a)

Explanation: Point defects, such as the
Frenkel defect (missing ion from its lattice
site and interstitial position) and Schottky
defect (missing ion pairs), significantly
influence the properties of crystalline solids.
Which formula represents the heat energy

absorbed or released by a substance?

(a) Q = mcAT (b) Q = m/cAT
(¢) Q = ¢/mAT (d) Q = mc/AT
Answer: (a)

Explanation: The formula Q = mcAT shows
that the heat energy (Q) is directly
proportional to the mass (m), the specific
heat capacity (c), and the change in
temperature (AT).

The specific heat capacity of a substance is

dependent on:
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(a) The mass of the substance.

(b) The volume of the substance.

(c) The nature of the substance.

(d) The external pressure on the substance.
Answer: (c)

Explanation: Specific heat capacity is an
intrinsic property of a material, meaning it
depends on the substance's composition, not
its mass or volume.

Which of the following is an ideal property
of an operational amplifier's input
resistance?
a) 0 Q

c) o O

Answer: c) o ()

b) 1 MQ
d) 10 Q

Explanation: An ideal op-amp has infinite
input resistance, meaning no current is
drawn from the input signal source, and it
does not load the signal.

What is the primary function of

the negative feedback in an op-amp circuit?
a) To increase the output power

b) To stabilize the circuit and control the
gain

¢) To introduce oscillations

d) To increase the open-loop gain

Answer: b) To stabilize the circuit and
control the gain

Explanation: Negative feedback is crucial for
making op-amp circuits stable and
predictable by controlling the closed-loop
gain and enabling the use of virtual ground

and virtual short concepts.

82,

83.

84,

A voltage follower (or unity gain buffer) is a
special case of which amplifier
configuration?

a) Inverting amplifier

b) Summing amplifier

¢) Non-inverting amplifier

d) Differentiator

Answer: c) Non-inverting amplifier
Explanation: In a voltage follower, the
output is connected directly to the inverting
input, and the input signal is applied to the
non-inverting terminal, making it a non-
inverting amplifier with a gain of 1.

What is the purpose of an amplitude
limiter in an FM (Frequency Modulation)
receiver?

a) To increase the signal's frequency.

b) To amplify the audio signal.

c) To remove unwanted amplitude variations
caused by noise.

d) To filter out unwanted frequency
components.

Answer: ¢) To remove unwanted amplitude
variations caused by noise.

Explanation: FM is less susceptible to
amplitude-based noise. An amplitude limiter
in an FM receiver removes any residual
amplitude variations, ensuring that only the
frequency variations, which carry the
information, are processed.

What happens when overmodulation occurs
in an AM signal?

a) The carrier power increases significantly.

b) The information in the message signal is
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distorted or lost.

c) The signal's frequency increases.

d) The bandwidth of the signal decreases.
Answer: b) The information in the message
signal is distorted or lost.
Explanation: Overmodulation occurs when
the modulating signal's amplitude is too
large, causing the amplitude of the modulated
signal to swing beyond its limits. This results
in the creation of unwanted distortion in the
form of spurious sidebands.

Which type of modulation is used for TV
transmission of the picture signal?

a) Frequency Modulation (FM)

b) Phase Modulation (PM)

c) Amplitude Modulation (AM)

d) Pulse Width Modulation (PWM)

Answer: ¢) Amplitude Modulation (AM)
Explanation: In analog TV broadcasting, the
picture signal is typically transmitted using
amplitude modulation.

A magpnetic field does not interact with

which of the following?(sffie iafba s
oIS ¢ ferarier 27 )

a) Moving electric charge (5eT¥I (quifes BIer)

b) Stationary electric charge (%% [Agfexs bie)

¢) Moving permanent magnet (5T Qﬁcﬁ PERE

d) Stationary permanent magnet (&3 2% 7=
Answer: b)

A magnetic field exerts force only on moving
charges or moving magnets. A stationary
electric charge experiences no force in a
magnetic field because the magnetic force

depends on the velocity of the charge

87.

88.

89.

(F=qvxB). Therefore, magnetic fields do not
interact with stationary electric charges.(
IRF CFq (I BeTI BISt 41 G §HF S
T Q@ FE@ @I B Ao e GiEe
CFC@ (P I e I I, G OIFS 9
ST o7 Borm FISa T (F-queB) | OIF (AT
cwa o (Ao SITE T Fere = )
Two capacitors of capacity C1 and C2 are
connected in parallel. What is the
equivalent capacitance? (¥l C1 @R C2
AT (TG T9?)
a) C1C2/(C1+C2)

c) (C1+C2)/C2

Answer: b)

b) C1+C2
d)cz/c1

If two point charges, +Q and -Q, are
separated by a distance d, what is the
nature and magnitude dependence of the
force between them?(¥® 4fb ™ et +Q @R
~Q AT d ARl /F AT, O SIAA N I
e R Wevw fASqet Fi =@7)

a) Repulsive, proportional to Q*/d?
(Redfet«St, Q*/d*-«3 T ifes)

b) Attractive, proportional to Q*/d
(@rRelgS, Q*/d*- 9 Fifew

c) Repulsive, proportional to Q/ d? (e,
Q/d’-a7 Fife)

d) Attractive, proportional to Q/ d?
(erdelxdll, Q/d*-aw FAN~ife)

Answer: c)

™3
) Alternating current (AC Sf6R2RIR)
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%) Direct current (DC ©fG2AR)

) Neither alternating nor direct current
(1Tl AC 9 DC ©f62[R W)

9) Both alternating and direct current (3®
AC @32 DC ©feeeR)

Answer: c)

Explanation: Initially, a capacitor allows DC
current to flow as it charges, but after a long
time, the capacitor becomes fully charged
and acts as an open circuit for DC.

For AC, the capacitor continuously charges
and discharges, so AC can pass through.
Therefore, after a long time, a capacitor
blocks DC but allows AC.

(2NARFNT, DC FARBET Mgea 2Rs 2o
oIt Tl aff BIe 205 1 W ST “Aed, A
S5 feICa BIE *(A AW YR DC 2ICRA & G
AREGR TCO @6 I 1 AC (@, FNAMGT
TS BT ¢ fEple 27, ©I2 AC &7ife® 23
AR, WY T #[t7 168 DC FF I, AC
19 20e T 1)

The experimental proof that electric charge
is quantised was provided by which of the
following? (Rige @i« Ao s
(quantised) ©f &9 FAF AKFAE A
Rwea afoa LT «ihet oit=?)

a) Einstein’s study of the photoelectric
effect(ANZTOIREAT FOREFGT AR TFS
RISEEI)

b) Frank-Hertz experiment(m—-ﬂﬁﬁ@ A=)
c) Millikan’s oil drop experiment(frta
(ST (HIOT 21Ar)

d) Davisson-Germer experiment (&
NN AT

91.

92.

93.

Answer: c)
Explanation: Millikan’s oil drop experiment
Measured the of

droplets. Found that all measured charges

charge individual oil
were integer multiples of a fundamental
charge eee. This directly proved that electric
charge is quantised.

Two identical charges are placed at a
distance r apart. If one charge is doubled
and the distance is halved, the force
becomes: (Eﬁ‘; ofey BIEs r qACQ
TR | T @B viet fagd T W 4R AY
ET I TW, O I Foud Ia A7)

a) 2 times (X &) b) 8 times (b @)
c) 4 times (8 &) d) 16 times (DY &)
Answer: b)

Which of the following is not an active
device? (MR A6 Ufg® BT w7)

a) Transistors (GFS54)

b) Diodes (TIA®)

¢) ICs (2fBrathe D)

d) Capacitors (FF57)

Answer: d)

Explanation: Active devices can control
current, amplify signals, or generate energy.
Transistors, Diodes, ICs are active because
they control or amplify current. Capacitors
are passive devices because they only store
energy temporarily and cannot amplify or
generate energy.

What is the capacitance of a capacitor
which has a voltage of 4V and a charge of
16 C? (916 4IAea ST 8 (1% @k ISt

W FIF E O AT F97)
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a) 2 F (R TAI9) b) 4 F (8 TAT©) Explanation: Since kinetic energy depends
c) 6 F (Y TAM0) d) 8 F (b TIAI®) on the velocity squared (v*2), doubling the
Answer: d) velocity results in 272 = 4 times the original

Explanation: The capacitance C is given by:
C=Q/V, Where Q = charge, V = voltage.
Given: Q=16 C, V=4 V ; So the capacitance
is C=Q/V = 16/4 = 4F.

The mass-energy relation is a direct
consequence of which theory?

a) Quantum Mechanics

b) General Relativity

c) Special Relativity

d) Classical Mechanics

Answer: c) Special Relativity

Explanation: The mass-energy equivalence,
expressed by E=mc2, is a fundamental
principle derived from Albert Einstein's
theory of Special Relativity.

If a mass of 1 kg is completely converted
into energy, how much energy would be
released? (Given c¢ =3x108 m/s)

a) 3x108 ] b) 9x1016 ]

c)1] d) 9x108 ]

Answer: b) 9x1016 ]

Explanation: Using E=mc2, with m=1 kg and
c=3x108 m/s, the energy released is
calculated as E=(1 kg)x(3x108 m/s)2=9x1016 J.
What happens to an object's kinetic energy
when its velocity is doubled?

a) It becomes two times greater.

b) It becomes four times greater.

¢) It remains the same.

d) It becomes half.

Answer: (b)

97.

98.

99.

kinetic energy.

What type of collision conserves both linear
momentum and kinetic energy?

a) Inelastic Collision

b) Elastic Collision

¢) Destructive Collision

d) None of the above

Answer: (b)

Explanation: In an elastic collision, the total
linear momentum and the total kinetic
energy of the system remain constant.
Which factor does NOT directly affect the
gravitational potential energy of an object?
Mass of the object

b) Height above the reference point

c) Speed of the object

d) Force of gravity

Answer: c) Speed of the object

Explanation: An object's speed determines
its kinetic energy, not its gravitational
potential energy.

A block of mass 5 kg is at rest on a
horizontal surface. The coefficient of static
friction is 0.6. What is the maximum static
frictional force? (Take g = 9.8 m/s?)

a) 29.4 N b) 50 N

c) 49.0 N d) 30.0 N

Answer: a) 29.4 N

Explanation: The maximum static frictional
force (Fs) is given by the formula Fs=usN,

where us is the coefficient of static friction
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and N is the normal force.

For an object on a horizontal surface, the
normal force (N) is equal to its weight
(mg).

Given,

N=mg=5 kgx9.8 m/s2=49 N
Fs=usN=0.6x49 N=29.4 N

100. A box begins to slide down an inclined

plane when the angle of inclination is 30°.
What is the coefficient of static friction?
a) tan(30°) b) sin(30°)

c) cos(30°) d) 1/tan(30°)
Answer: a) tan(30°)

Explanation: The angle of repose is the
maximum angle of an inclined plane at
which an object can rest without sliding
down. At this angle, the tangent of the
angle is equal to the coefficient of static

friction (us=tan(@)).

101. What process can convert a dielectric into

a conductor? (F¥ &few @b
TR ARAIRCe FABRS T4 T?)
a) By compressing it (519 &A% )

b) By doping it (CeIf*i2 =)

c) By heating it (S fce)

d) By freezing it (f&ifTre =)

Answer: c)

Explanation: A dielectric is normally an
insulator. But if it is heated to a very high
temperature, its electrons gain sufficient
energy to break free from their atomic
bonds. This increases the number of free
charge carriers, turning the dielectric into a

conductor.

102. An object is thrown vertically upwards
with an initial velocity of 20 m/s. How high
does it rise before coming to rest
momentarily? (Take g=10 m/s2)

a) 10 m b) 20 m

c) 40 m d) 80 m

Answer: b) 20 m

Explanation: The third equation of motion,
v'=u’+2as is used.

103. The work done by a force is zero when:

A. The displacement is in the same direction
as the force.

B. The displacement is opposite to the
direction of the force.

C. The force is perpendicular to the
displacement.

D. The force is maximum.

Answer: C. The force is perpendicular to the
displacement.

Explanation: Work done is defined as
W=Fdcos6. When the force and
displacement are perpendicular, the angle
6=900. Since cos(900)=0, the work done is
zero. A classic example is a centripetal force
acting on an object in uniform circular
motion.

104. The work done by a variable force is
represented graphically as the area under
which curve?

a) Velocity-time graph

b) Displacement-time graph
c) Force-displacement graph
d) Acceleration-time graph

Answer: ¢) Force-displacement graph.
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105. Which of the following is an example of a

conservative force?
a) Frictional force b) Air resistance
c) Gravitational force  d) Viscous force
Answer: c)

Explanation: Gravitational force is a
conservative force because the work it does
on an object depends only on its change in

height, not the path taken to get there.

106. If an object moves in a closed loop and is

only acted upon by a conservative force,
what is the total work done?

a) Positive

b) Negative

c) Zero

d) Depends on the speed of the object
Answer: c)

Explanation: By definition, the net work
done by a conservative force over any

closed path is zero.

107. Which of the following is a correct

representation of the relationship between
torque and angular momentum?
a)dL/dt=rxF b)dL/dt=r x v
c)dL/dt =1x «a d)dL/dt =m x a
Answer: a) dL/dt =r x F

108. If a rigid object is rotating about a fixed

axis, its angular momentum and angular
velocity are:

a) Always perpendicular

b) Not necessarily parallel

c) Always parallel

d) Always opposite in direction
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Answer: c) Always parallel

Explanation: For a fixed axis of rotation, the
angular velocity vector and the angular
momentum vector always point in the same

direction.

109. A particle of mass m moves in a circle of

radius r with a uniform angular velocity w.
What is the magnitude of its angular
momentum about the center of the circle?
b) mw2r

d) 12mr2w

a) mrw

c) mr2w
Answer: ¢) mr2w
Explanation: Angular momentum (L) is the
product of moment of inertia (/) and
angular velocity (w) (L=Iw). For a particle in

circular motion, L=mr2w.

110. If the angular momentum of a system

remains constant, what happens to its
rotational kinetic energy if its moment of
inertia decreases?

(a) Rotational kinetic energy will increase.
(b) Rotational kinetic energy will decrease.
(c) Rotational kinetic energy will remain
constant.

(d) Cannot be determined without more
information.

Answer: (b) Rotational kinetic energy will

decrease.

. When does angular momentum remain

constant?

a) When the net external torque is zero.

b) When the angular velocity increases.

c) When the moment of inertia is constant.

d) When the angular velocity is zero.
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Answer: a) When the net external torque is
zero.

Explanation: The law of conservation of
angular momentum states that if the net
external torque acting on a system is zero,
its total angular momentum remains

constant.

112. A particle is placed inside a uniform

spherical shell of mass M. The gravitational
force on the particle is:

A. Proportional to its distance from the center.
B. Proportional to its distance from the shell.
C. Zero.

D. Depends on the particle's mass.

Answer: C

Explanation:

This is a direct application of Newton's shell
theorem. The gravitational force exerted by
a uniform spherical shell on a particle
inside it is zero, regardless of the particle's
position. The force is non-zero only if the

particle is outside the shell.

113.In a manned satellite orbiting the Earth,

astronauts experience weightlessness
because:

a) The acceleration due to gravity at that
height is zero.

b) The satellite is in a state of free fall
towards the Earth.

c) The normal force by the satellite on the
astronaut is balanced by the Earth's
attraction.

d) The satellite is moving at a very high

speed, cancelling out gravity.

Answer: b) The satellite is in a state of free
fall towards the Earth

Explanation: Astronauts and the satellite are
continuously falling towards the Earth under
the influence of gravity. The experience of
weightlessness comes from the absence of a
normal force, as both the astronaut and the
satellite accelerate towards Earth at the

same rate

114. According to Kepler's First Law of

Planetary Motion, planets move around the
Sun in:
b) Parabolic orbits.

c) Elliptical orbits with the Sun at one focus.

a) Circular orbits.

d) Hyperbolic orbits.
Answer: c¢) Elliptical orbits with the Sun at

one focus.

115. The property of a solid which prevents it

from changing its shape easily is called:

a) Fluidity b) Rigidity

c) Compressibility d) Viscosity
Answer: b) Rigidity

Explanation: Solids possess a definite shape
and volume because their constituent
particles are held together by strong
intermolecular forces in a fixed lattice
structure. This makes them rigid and

resistant to changes in shape.

116. Surface tension is caused by:

a) Adhesive forces between liquid and air.
b) Cohesive forces among liquid molecules.
¢) Gravitational forces.

d) Viscosity.

Answer: b) Cohesive forces among liquid
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molecules. 119. The stored potential energy in a stretched
Explanation: Cohesive forces are the or compressed spring is given by:
intermolecular attractive forces between a) PE=1/2kx b) PE=kx’
similar molecules. In a liquid, the molecules ¢) PE=1/2kx’ d) PE=kx
at the surface are pulled inward by stronger Answer: ¢) PE=1/2kx’
cohesive forces from neighboring liquid Explanation: Elastic potential energy is the
molecules than by the weaker forces from energy stored in a spring due to its
the air molecules above. This inward pull compression or extension. It is calculated by
minimizes the liquid's surface area and the formula
gives it an elastic-like quality. PE=1/2kx’, where k is the spring constant
and x is the displacement.
117. The ratio of dynamic viscosity to fluid 120. A stiffer spring will have a:
density is called: a) Lower spring constant
a) Kinematic viscosity b) Specific weight b) Higher spring constant
c) Specific gravity d) Shear stress c) Spring constant of any value
Answer: a) Kinematic viscosity d) Spring constant that is difficult to predict
Explanation: Kinematic viscosity (v) is Answer: b) Higher spring constant
defined as the ratio of dynamic viscosity (u) Explanation: The spring constant (k) is a
to fluid density (p), represented by the direct measure of stiffness. A high value of
equation v=u/p. k means a greater force is required to
118. When a spherical water drop of diameter 2 produce a given amount of displacement,
mm splits into 8 small drops of equal size, indicating a stiffer spring.
the total surface area: 121. Surface tension is the property of a liquid
a) Increases b) Decreases surface that tends to:
¢) Remains the same a) Minimize its volume
d) First increases, then decreases b) Maximize its area
Answer: a) Increases ¢) Minimize its surface area
Explanation: When a larger drop splits into d) Increase its density
smaller drops, the total volume remains the Answer: ¢) Minimize its surface area
same, but the total surface area increases. Explanation: Surface tension arises from the
More energy is required to increase the cohesive forces between liquid
surface area, a process that is driven by molecules. Molecules at the surface are
surface tension. pulled inward and sideways, creating a
tendency for the liquid surface to contract
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to the smallest possible area, similar to a A) It increases the viscosity.
stretched membrane. B) It decreases the viscosity.

122. For a liquid in a capillary tube, the rise in C) It has no effect on the viscosity.
height 'h' is given by the formula h = (2S D) It increases viscosity up to a certain
cos0) / (prg). What does 'S' represent in point, then decreases it.
this formula? Answer: B) It decreases the viscosity.

a) Density of the liquid Explanation: For liquids, an increase in

b) Radius of the capillary tube temperature gives molecules more kinetic
c) Surface tension of the liquid energy, causing them to move more rapidly
d) Angle of contact and overcome intermolecular forces more
Answer: c) Surface tension of the liquid easily. This reduces the fluid's internal
Explanation: In the formula for capillary friction and, therefore, its viscosity.

rise, 'S' stands for the surface tension of the |125. A rain drop falls through the air and

liquid, which is the force per unit length eventually reaches a constant velocity. This
that causes the liquid to rise. is known as:
A) Escape velocity B) Critical velocity

123. The work done in blowing a soap bubble of |  C) Terminal velocity D) Turbulent velocity

radius R Answer: C) Terminal velocity.

with surface tension T is: Explanation: Terminal velocity is the

(a) 4mR’T (b) 87R*T constant velocity reached by a falling object

(c) 4/3nR’T (d) 2nRT when the drag force exerted by the fluid (in

Answer: (b) 87R’T this case, air) becomes equal to the force of

Explanation: A soap bubble has two free gravity.

surfaces (inner and outer). The total surface |126. According to Bernoulli's theorem, for an

area of a soap bubble of radius R is ideal, steady, and incompressible fluid flow,

2x4mR*=8TR’ the total energy per unit volume at any

. The work done in blowing the bubble is point is:

equal to the increase in surface energy, a) Variable b) Increasing

which is given by the product of surface c) Decreasing d) Constant

tension and the change in surface area. Answer: d) Constant

Thus, work done Explanation: Bernoulli's theorem is a

W=Tx(8wR*)=8nR"T. statement of the conservation of energy for
124. How does increasing the temperature affect | @ flowing fluid. It asserts that the total

the viscosity of most liquids? energy (pressure energy, kinetic energy, and
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potential energy) per unit volume remains

constant along a streamline in an ideal flow.

127. An airplane wing is designed with a curved

top surface and a flatter bottom surface.
How does this shape help generate lift?

a) The air pressure above the wing is higher
than the pressure below.

b) The air speed below the wing is faster
than the speed above.

c) The air speed above the wing is faster,
creating lower pressure.

d) The air speed above the wing is slower,
creating higher pressure.

Answer: ¢) The air speed above the wing is
faster, creating lower pressure.

Explanation:

The curved top surface of the wing causes
the air flowing over it to travel a greater
distance in the same amount of time as the
air flowing under the flatter bottom surface.
This makes the air speed higher above the
wing. According to Bernoulli's principle,
higher speed corresponds to lower pressure.
The resulting pressure difference, with
lower pressure above and higher pressure
below, creates an upward force called

dynamic lift.

128. What is the magnetic susceptibility of a

superconductor? (JARTOIIET BGIFS
FCWTAETS! F0?)

a) 0 (*I0)

b) Positive (49I<F)

c) Negative (¥l=[<F)

d) All of above could be (AT T ZC©
sy
Answer: ¢)
Explanation:A superconductor exhibits the
Meissner effect, where it expels all magnetic
field lines from its interior. This makes it a
perfect diamagnet. The magnetic
susceptibility (x) of a perfect diamagnet is -
1, which means it is always negative.
Therefore, superconductors have negative
magnetic susceptibility.( JAIFTIZL Meissner
effect @m*q I, @A b (@oq (AF T
BT (Fq (79 I (T | 99 T @f5 @36 e
Tl 2@ e ermpeieTde o
FALARTNETS! (x) = -1, TR TN AATSF | ©I3
AARFCIFER (DIFS FACIVRNT! JATSIE 1)

129. Which of the following cannot be directly
calculated using Gauss’s law? (fsfeR®
T 17)
a) Electric field in irregular distribution
(afemfirs @i T30 tagfes o)
b) Electric field in spherical symmetry
(I afeAey Agfes oFa)
c) Electric field in cylindrical symmetry
(@R AfSAEy Afes Fa)
d) Electric flux through a closed surface
(45 T = frew Ao )
Answer: c)
Explanation: Gauss’s law is most useful
when the charge distribution has high
symmetry (spherical, cylindrical, or planar).

In such cases, the electric field can be

calculated directly. However, for an
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irregular distribution of charge, the
symmetry is lost, so Gauss’s law cannot be
directly applied to find the electric field.
Instead, other methods like Coulomb’s law
or integration are needed. Still, Gauss’s law
can always calculate electric flux through
any closed surface, regardless of

symmetry. (T 7@ ©LFZ FIBE FIIH,
L L I6410 TorS 2l ST 77 (T,
(IR 1 e elfeaisg) | 9B (@ Qe
cvq e Fef 4 A g 3 ek T
e 27, 1 (@9 Afosy AT 7, HeE
el 9187 M1 @ CFCE FEICH @ I I
AT FACO W | OF, (@ (&I TIBITO3
M 9@ e @6 == =p e g fefa
FA Y1)

130. What is the energy density (energy stored

per unit volume) of a parallel-plate
capacitor, in terms of the electric field E?
(TR AT 4R A T3 TSR
%5 TS, I E T 7 Sl g g
CFa?)

a) €E/2 b) &E /2

) €E*/3 d) €E /3

Answer: a) €,E°/2

131. The wave funtion must be: S% FIHF (FIAF

_3:

a) Normaliza b) Continuous

c) Differentiable d) All of the above
Answer: d)

Explanation: A physically valid wave function
in quantum mechanics must be normalizable,

continuous, and differentiable

132. Time period of seconds pendulum on moon
(g_moon = g/6) is? GI CFE MFIE diA
(T A (MIEle F© AI?(g_moon =g/6)

a) 2 sec b) 2V6 sec
c) 2/6 sec d) 12sec
Answer: b)

Explanation: T «< 1/\g — T-moon = T-earth
x \6

133. Two waves yi=5 sin(wt) and y. = 5 sin(wt +
1t/3)superpose. The amplitude of resultant
wave is: 9B O yi = 5 sin(wt) R y: = 5
sin(wt + 7/3) FAAED =) AN Sq0HT
s ==

a) 5 b) 53
b) 10 d) 5V(2+V3)
Answer: b)

Explanation: formula: A = 2A,
cos(/2)=2x5xcos(1/6)=10x(\3/2)=5V3

134. A particle is undergoing SHM with
displacement given by x(t)=Asin(wt). What
is the instantaneous velocity at the extreme
position (where displacement is maximum)?
a) Zero
b) Maximum velocity
c) Half the maximum velocity
d) Equal to angular velocity
Answer: a) Zero
Explanation: At the extreme positions
(amplitude, A), the particle momentarily
stops before changing direction. Therefore,
its instantaneous velocity is zero at these
points.

135. In the equation of motion for SHM, a=-w’x,

what does w represent?
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a) Amplitude Answer: b) The apparent frequency is lower
b) Time Period than the original frequency.
c) Angular Frequency 138. In the context of the second law of
d) Frequency thermodynamics, which of the following is
Answer: ¢) Angular Frequency the most accurate statement regarding

136. A police car with a siren emitting a entropy generation in an irreversible
frequency of 700 Hz is moving towards a process?
stationary observer at a speed of 30 m/s. If a) Entropy is generated only when heat is
the speed of sound in air is 343 m/s, what transferred across a finite temperature
is the frequency heard by the observer? difference.

Options: b) Entropy generation is caused by all forms
a) 767 Hz b) 644 Hz of irreversibilities, including friction, mixing,
¢) 700 Hz d) 750 Hz and finite-rate heat transfer.

Answer: a) 767 Hz c) Entropy generation is a measure of the
Explanation: In this scenario, the source is total heat transferred in a process.

moving towards a stationary observer, and d) Entropy is not generated, but rather

the observer's speed (vo) is 0  ; f=700 Hz transferred from one system to another.
w=343m/s ; vs=30 ; v0=0 m/s Answer: b) Entropy generation is caused by
The formula becomes: all forms of irreversibilities, including
f'=f{v/(v-vs)}=700(343/343-30)=700(343/313) friction, mixing, and finite-rate heat

~767 Hz transfer.

137. Which of the following describes the 139. Which of the following thermodynamic
apparent frequency when a sound source processes is characterized by a constant
moves away from a stationary observer? temperature?

Options: (a) Isochoric Process (b) Isobaric Process
a) The apparent frequency is higher than (c) Adiabatic Process  (d) Isothermal

the original frequency. Process

b) The apparent frequency is lower than the Answer: (d) Isothermal Process

original frequency. Explanation: An isothermal process is one

c) The apparent frequency is the same as where the temperature of the system

the original frequency. remains constant. In an adiabatic process,

d) The apparent frequency depends on the there is no heat exchange with the
wavelength, not the source's speed. surroundings, while in isochoric and isobaric
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processes, volume and pressure,
respectively, are kept constant.

140. Which law states that for a fixed amount
of gas, the volume is directly proportional
to its absolute temperature at constant
pressure?

(a) Boyle's Law (b) Charles's Law

(c) Gay-Lussac's Law

Answer: (b) Charles's Law

Explanation: Charles's Law describes this

relationship, stating that V/T = constant at

constant pressure and for a fixed amount of

gas.

141. A calorimeter is a device used to measure:
(a) Electric potential
(b) Heat changes in physical or chemical
processes
(c) Current direction
(d) Absolute temperature
Answer: (b) Heat changes in physical or
chemical processes
Explanation: A calorimeter is designed to
insulate a system and measure the amount

of heat absorbed or released during a

process by monitoring temperature changes.

142. For a system maintained at a constant
temperature and volume, the condition for
thermal equilibrium is that the Helmholtz
free energy (F) is:

a) Maximized.
b) Minimizes.

c) Zero.

d) Dependent on the entropy of the system,

but not its internal energy.

(d) Avogadro's Law
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Answer: B
Explanation: At constant temperature and
volume, equilibrium is reached when the

Helmholtz free energy is minimized.

143. Two gases, X and Y, are placed in thermal

contact. Gas X has a higher average
molecular speed than gas Y. Once thermal
equilibrium is reached, which of the
following is true?

a) The average kinetic energy of molecules
in Gas X will be higher than in Gas Y.

b) The average kinetic energy of molecules
in both gases will be equal.

c) The total kinetic energy of Gas X will be
equal to the total kinetic energy of Gas Y.
D. The root-mean-square speed of Gas X will
be equal to the root-mean-square speed of
Gas Y.

Answer: B

Explanation: Temperature is proportional to
the average kinetic energy of molecules. In
thermal equilibrium, temperatures are equal,

so average kinetic energies are also equal.

144. Which of the following is an example of

latent heat transfer in a meteorological
context?

a) Warm air rising near the equator.

b) The formation of hail in a thunderstorm.
c) The dew point temperature being
reached.

d) The temperature decrease with altitude.
Answer: ¢) The dew point temperature being

reached.
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Explanation:The dew point is the
temperature at which air becomes saturated
with water vapor and condensation begins.
When water vapor in the air condenses to
form liquid water (dew or clouds), it
releases the latent heat of vaporization
(which is also the latent heat of
condensation). This release of energy is a
significant driver of weather systems,

particularly thunderstorms.

145. A capillary tube is dipped in water. Water

rises to a height h. If the tube is replaced
by one with half the radius, the new height
will be: 936 (T T & TR 2 & h
o 9 | JM T wd PR W= e
Afegi7 S =7, ©R T THel F(3:

a) h b) 2h

c) 4h d) h/2

Answer: b)

Explanation: The formula for capillary rise
is:

h = 25 cos6 / (pgr)

146. The supercooling of a liquid below its

freezing point is an example of:

a) A process where the latent heat of fusion
is released slowly.

b) A metastable state.

c) A second-order phase transition.

d) A system where the specific heat capacity
is zero.

Answer: b) A metastable state.

Explanation: Supercooling occurs when a
liquid is cooled below its freezing

temperature without solidifying. The liquid

phase is in a metastable state, meaning it is
not at its lowest possible energy state but is
temporarily stable because a sufficient
energy fluctuation (required for nucleation)
has not yet occurred. When the liquid
eventually freezes, it releases the latent heat
of fusion, and its temperature rises back to
the freezing point.

147. Which of the following is the poorest
conductor of heat?

a) Silver b) Glass

c) Copper d) Aluminium
Answer: b) Glass

Explanation: Metals like silver, copper, and
aluminum are good conductors of

heat. Glass, however, is an excellent
insulator and a poor conductor of heat.

148. The Stefan-Boltzmann law describes heat
transfer by:

a) Conduction

b) Convection

¢) Radiation

d) Conduction and convection

Answer: c) Radiation

Explanation: The Stefan-Boltzmann law
quantifies the total energy radiated by a
black body per unit surface area and unit
time as a function of its temperature.

149. A simple pendulum is inside an elevator
accelerating upward at g/2. Its time period
becomes:93fs 77 e @b ferpeda foeta
T g/2 T BAET T o= | O AR
1

a) To/N(3/2) b) To/N(2/3)
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c) To/N(2) d) To/N(3) 152. In the Born interpretation, the wave
Answer: b) function Y(x,t) is (IF IYIF, ST FHT

Explanation: g_eff = g + g/2 = 3g/2 > T «
1/\g — T = ToV(g/g_eff) = To\(2/3)

150. Which quantity is not a state function in
thermodynamics?

(B) Enthalpy

(D) Work

(A) Internal Energy
(C) Entropy
Answer: (D) Work

Explanation: State functions are properties

that depend only on the current state of the
system, not on the path taken to reach that

state. Internal energy, enthalpy, and entropy

are all state functions. Work, however, is a
path function because the amount of work
done depends on the specific process or
path the system follows.

151. An object falls freely with constant
acceleration, If it takes a time ¢ to fall a
distance of s1 , how much further will it
fall in the next time interval, also #?

A) s1 B) 2s1
C) 3s1 D) 4s1
Answer: C) 3s1

Y(x,t) =CeM)
a) A physical wave -43f6 (oT® w5
b) A probability amplitude -a%f5 8=ye!
S
¢) A classical field - @6 FE Fa
d) An observable -9 *EFeCAN
Answer: b)
Explanation:So, Y(x, t) itself is a probability
amplitude -complex-valued function whose
squared magnitude gives probability. This is
a fundamental postulate of quantum
mechanics.

153. The efficiency of a Carnot engine depends
on;
a) The amount of work done.
b) The type of working substance.
c) The speed of the engine. d) The
temperature difference between the hot and
cold reservoirs.
Answer: (d) The temperature difference
between the hot and cold reservoirs.

Explanation: The maximum efficiency of a

Explanation: For an object starting from rest
and falling under constant acceleration, the
distance covered in successive equal time
intervals is proportional to the sequence of
odd numbers (1, 3, 5, etc.). If the distance in
the first interval £ is

s1, the distance in the second interval £ will

heat engine, described by a Carnot cycle, is
solely dependent on the absolute
temperatures of the hot and cold reservoirs
between which the engine operates,
according to the formula: Efficiency = 1 -
(T_cold / T_hot).

be 3s1.

154. The commutator [A, B'] is defined as: (
IREEEA[A, B ] I 2 Aeiye?
a) AB- B A b) BA - AB
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c) AB + B A d) AB /B A
Answer: a)

Explanation: The Commutator of two
operators A, B is the operator C = [A, B]
such that C = AB - BA.

If the operators A and B are scalar
operators (such as the position operators)
then AB = BA and the commutator is always

Zero.

155. The unit of entropy in the SI system is:

a) Joule per Kelvin (J/K)

b) Joule per mole (J/mol)

c) Kelvin per joule (K/J) d) Kelvin (K)
Answer: (a) Joule per Kelvin (J/K)
Explanation: Entropy (S) is a measure of the
disorder or randomness of a system. Its SI

unit is Joules per Kelvin.

156. What is the primary assumption of the

Kinetic Theory of Gases regarding gas
molecules?

(a) They are stationary.

(b) They have negligible volume compared
to the container's volume.

(c) They are attracted to each other.

(d) They move in a predictable, non-random
path.

Answer: (b)

Explanation: The theory assumes gas
molecules are in constant, random motion
and that their individual volumes are
insignificant compared to the vast empty

spaces between them.

157. Which of these conditions best describes a

gas behaving ideally?

(a) High temperature and high pressure.
(b) Low temperature and low pressure.
(c) High temperature and low pressure.
(d) Low temperature and high pressure.
Answer: (c)
Explanation: Ideal gas behavior is
approached when molecules are far apart
(low pressure) and have high kinetic energy
(high temperature), minimizing attractive
forces and intermolecular interactions.
158. What is the significance of the average
velocity of gas molecules being zero?
(a) All molecules have the same velocity.
(b) The net momentum of the gas is zero.
(c) The molecules have no kinetic energy.
(d) The gas is not moving at all.
Answer: (b)
Explanation: Because gas molecules move in
random directions, their velocities cancel
out in the vector sum, resulting in a zero
average velocity and zero net momentum.
159. The binding energy of “‘He is 28.3 MeV.
What is its mass defect?( *He-<q I% *If&
28.3 MeV | €F ©F @6 I9?)

a) 0.0304 u b) 0.0299 u

c) 0.0312 u d) 0.0283 u

Answer: (b)

Explanation: Am = E/c? = 28.3/931.5 =
0.0304 u

The binding energy is given as 28.3 MeV. To
find the mass defect in atomic mass units,
the conversion factor 1 amu=931.5 MeV/c2

is used.
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160. In the liquid drop model, the asymmetry

energy term arises due to:(TF= o OO,
el #fE oW It FE TR =W?)

a) Coulomb repulsion between protons
(carbaefE S Fomm )

b) Excess neutrons over protons reducing
binding (CATBNR (O @M SE AT T
FC TheA)

¢) Surface tension effects (‘j‘éﬁm aoR)

d) Pairing of identical nucleons (9%2 4RCT
fefaeT cererm)

Answer: (b)

Explanation: The asymmetry energy arises
because unequal numbers of neutrons and
protons lead to higher total kinetic energy
due to the Pauli exclusion principle —

reducing the binding energy of the nucleus.

161. In a series LCR circuit, R = 10Q, X_L = 20,

X_C = 10Q. Impedance Z = ?@fdda LCR
AFDE R = 10Q, X_L = 20Q, X_C = 10Q |

gPotes Z = 2

a) 10 O b) 10V2 Q
c) 2082 Q d) 20 Q
Answer: (b)

Explanation: Z = V(R? + (XL - XC)?)
which results in Z = V(102 + (20 - 10)?) =
V(100 + 10%) = V(100 + 100) = V200 = 14.14Q.

162.1f a point charge is placed at the center of

a cube, what is the electric flux through

one face of the cube?

a) Q/eo b) Q/4g,
c) Q/6go d) o
Answer: ¢)

Explanation: The total flux through the cube
is Q/€o by Gauss's Law. Since a cube has 6
identical faces, and the charge is at the
center, the flux is distributed equally among
them, making the flux through one face
Q/65,.

163. For a dipole with moment p in a uniform

electric field E, torque is maximum when

angle between p and E is: 936 ©IZATT

(S8BT (TTD p G0 TN SfSLTFA E-a7 ML
e IS 2 5 A =72

a) 0° b) 90°

c) 180° d) 45°

Answer: b)

Explanation:

The torque is maximized when the value of
sinf is at its maximum. The maximum value
of sin@ is 1, which occurs when 6=90o.

164. Why is a Gaussian surface with symmetry
useful in applying Gauss's Law?
a) It simplifies the calculation of the electric
field by making the E-dA term constant or
easily manageable.
b) It increases the enclosed charge.
¢) It reduces the surface area.
d) It always results in a zero electric field.
Answer: a)
Explanation: Gauss's Law is most powerful
when applied to symmetrical charge
distributions (like spherical, cylindrical, or
planar) which allows for the choice of a
symmetrical Gaussian surface that simplifies
the integral to @ = E-A.
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165. When light enters a denser medium, its:(

T4 ST G0 I ML AT I, Ok
Q)

a) Wavelength increases, frequency remains

same (STHAY AT, F=1%F Gzl ATF)

b) Wavelength decreases, frequency remains

same (ST I, FIF RIS )
c) Frequency increases, wavelength
unchanged (F™11% qICY, Sy afifes
AqCF)

d) Speed decreases, wavelength decreases
(ofs T |, STTMG I )

Answer: a)

Explanation: When light enters a denser
medium, it slows down and bends towards
the normal (the line perpendicular to the
surface). This phenomenon is known

as refraction, and it occurs because the

speed of light changes as it moves from one

medium to another. While the speed and
wavelength of light decrease, its frequency
remains constant.
166. A diode is best described as a:
a) Resistor
b) Ohmic device
¢) Non-ohmic device
d) Capacitor
Answer: c) Non-ohmic device.

Explanation: A non-ohmic resistance does

not obey Ohm's Law, meaning its resistance

changes with the voltage or current
applied. A diode, which allows current to

flow easily in one direction but blocks it in

Live
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the other, is a classic example of a non-

ohmic device.

167.In a series circuit, the current through

each component is:

a) Different

b) The same

c) Zero

d) Depends on the component

Answer: b) The same.

Explanation: In a series circuit, there is only
one path for the current to flow, so the
current is identical at every point and

through every component in the circuit.

168. The maximum order m that can be

observed for A = 500 nm is; ( 9 T

¢afbe-9q 5000 AR/ ATR! A = 500 nm-9F
T AEH T I G AES TN m )

a) 2 b) 3
c) 4 d) 5
Answer: d)

Explanation: rearrange to solve for the
maximum possible integer value of

m: m_max < d/A

169. The electromagnetic spectrum in order of

increasing wavelength is: ( SfeRga TN
SReind s R =)

a) Gamma rays — X-rays — UV —
Visible— IR — Microwaves — Radio waves
b) Radio waves — Microwaves — IR
—Visible— UV —X-rays —Gamma rays

c) Gamma rays — X-rays — IR —Visible—
UV —Microwaves —Radio waves

d) Radio waves — Microwaves — UV

—Visible— IR —X-rays —Gamma rays
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Answer: a) C. No current is induced.

170. What happens to the inductive reactance of|  D. The direction depends on the distance

an AC supply when the frequency is from the wire.

increased? Answer: B

a) It decreases b) It increases Explanation: The increasing wire current

c) It remains the same d) It becomes zero produces an increasing magnetic field into
Answer: b) It increases. the loop. By Lenz's law, the induced current
Explanation: Inductive reactance (X,) is creates an opposing field out of the page,
directly proportional to the frequency (f) leading to a counter-clockwise induced

and the inductance (L) (X = current.

2mfL). Therefore, increasing the frequency 173. A bar magnet moves away from a solenoid.

will increase the inductive reactance. The induced current in the solenoid creates
171. The fine structure splitting in atomic a magnetic pole that:

spectra arises due to: ( ARMART CHFTT= A. Repels the magnet, resisting its motion.

?{"ﬂmﬁww &9?) B. Attracts the magnet, resisting its motion.

a) Nuclear spin ( efga itag =) C. Repels the magnet, assisting its motion.

b) Spin-orbit ( FH-==fiG fyafEg e ) D. Attracts the magnet, assisting its motion.

¢) Relativistic correction ( SCFF Answer: B

RNGINCERAKIQ) Explanation: As the magnet moves away,

d) Both B and C (B ¢ C TO@H FH) magnetic flux decreases. Lenz's law causes

Answer: b) the induced current to create a magnetic

Explanation: Fine structure splitting in field that opposes this change by attracting

atomic spectra arises primarily from the magnet back, resisting its motion.

the spin-orbit interaction, which is the weak |174.1In a three-level laser, population inversion
interaction between the electron's intrinsic occurs between: ( {7 B T, MG
spin (its magnetic dipole moment) and the ECSER DR

internal magnetic field created by its orbital a) Level 1 and 2 b) Level 2 and 3

motion around the nucleus. c) Level 1 and 3 d) Level 2 and 1
172. A current-carrying wire is next to a Answer: ¢)

circular conducting loop, with the current I Explanation: In a three-level laser system,

in the wire increasing. What is the direction population inversion occurs between : The

of the induced current in the loop? upper laser level (E2) and the lower laser

A. Clockwise. level (E1)

B. Counter-clockwise.
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175. For an interference pattern to be stable,

the sources of light must be:

a) Of the same intensity

b) Of the same amplitude

c) Coherent

d) Of the same frequency but incoherent
Answer: c) Coherent

Explanation: Coherent sources maintain a
constant phase difference between them,
which is crucial for a stable and observable

interference pattern.

176. For greatest diffraction of a wave, the size

of the obstacle or aperture should be:

a) Much larger than the wavelength

b) Much smaller than the wavelength

c) Comparable to the wavelength

d) Independent of the wavelength

Answer: c) Comparable to the wavelength
Explanation: Diffraction effects are most
pronounced when the size of the opening or
obstacle is similar in magnitude to the

wavelength of the wave.

177. A photon of energy 10 eV is scattered at

90 degree. The energy of the scattered
photon is approximately: (10 eV *f&x @5
5T vo° it RfFee =3 [RfSpe wibew

& &)
a) 10 eV b) 9.9 eV
c) 9.8 eV d) 9.7ev

Answer: b) 9.9 eV
Explanation: Since the original energy (10
eV) is much smaller than the electron rest

energy (511 keV), Compton shift is

negligible, and the photon loses almost no

energy.

178. Superconductivity was first discovered

by:([rTobiel Feew @ WRFT Fea?
b) Albert Einstein
d) Niels Bohr

a) Onnes

¢) John Bardeen
Answer: a)
Explanation: Discovered in 1911 by Onnes in
mercury at 4.2 K — first observation of zero

resistance.

179.If an electron and a proton have the same

de Broglie wavelength, which has the
greater kinetic energy?

a) Electron

b) Proton

c) Both have the same kinetic energy

d) It depends on the specific wavelength
Answer: a)

Explanation: The de Broglie wavelength (2)
is given by A = h/p, where h is Planck's
constant and p is the momentum. Kinetic
energy (KE) is related to momentum by KE
= p?/2m.1f A is the same, then p is the
same for both particles. Since the electron
has a much smaller mass (m) than the
proton, the electron will have a greater

kinetic energy (KE o« 1/m).

180. A tunnel is dug along a diameter of Earth.

The time period of oscillation of a particle
dropped in it is:(%fRAT JIF IRT ex CFA
AT @I F9?)
a) 2mV(R/g)

c) m/(R/g)

Answer: a)

b) 2mV(g/R)
d) Independent of R
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Explanation: When a particle is dropped into
the tunnel along the diameter, it oscillates
back and forth through the center of the
Earth. The gravitational force on the particle
is proportional to its distance from the
Earth's center, which is a characteristic of
SHM. Motion is SHM with T = 2mV(R/g) —

same as orbital period at surface!

181. Two planets have the same density but

different radii. The ratio of their escape
velocities is:(7fb atza @ Ty 5% fox
IPNE -G ISR TS F13)

a) R2/R1 b) (R2/R1)1/2

¢) (R2/R1)2 d) (R2/R1)3/2

Answer: a)

Explanation: If two planets have the same
density but different radii, the ratio of their
escape velocities is equal to the ratio of
their radii. This is because escape velocity is
proportional to the square root of the
radius when density is constant (v.  Vp
R?), and therefore, the ratio of escape
velocities (ver/ve2) will be equal to the ratio
of their radii (Ri/Rz2), for example, if the
radius of planet A is twice that of planet B,

the ratio of their escape velocities is 2:1.

182.In a JFET, pinch-off voltage is the voltage

at which:( @36 JFET 9, fI%- o% (Sito®
@ A7)

a) Drain current becomes zero ((G9 FICI5
% =)

b) Channel is completely closed (BACeT 35l
T )

c) Gate current starts flowing (o6 FICaD

A1z 26 wE =)

d) Breakdown occurs (@F©IeH qC5)

Answer: b)

Explanation: In a JFET, pinch-off voltage is

the voltage at which the channel is pinched

off at the drain end and the drain current

becomes constant (saturation begins). Pinch-

off voltage in a JFET is the gate-source

voltage at which the channel is effectively

"pinched off," meaning it is completely

constricted, preventing any further current

flow from flowing through the device. This

results in the drain current becoming zero.
183. In central force motion, which quantity is

always conserved? ( &I I *Afore @

ARG S e A7)

a) Linear momentum — (I(¥F SFEA

b) Energy and angular momentum — *If& @

SITEACE(C R

c) Torque — 5

d) Velocity — 9

Answer: b)

Explanation: In central force

motion, angular momentum is always

conserved because the force is always
directed towards or away from a fixed
point, resulting in zero torque on the object.
184. Which tensor describes spacetime
curvature in General Relativity? €S9
GieAfFTe! ©0g (General Relativity) &
BT FE-RITE (spacetime) ISt It
PE?
a) Christoffel symbol I'"A_pv
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b) Riemann curvature tensor R p_ouv
c) Stress-energy tensor T_pv
d) Metric tensor g_pv
Answer: b)
Explanation: 1.Riemann tensor R"p_ouv
encodes full spacetime curvature (20
independent components).
2.Ricci tensor (contraction of Riemann) and
scalar appear in Einstein’s equations.
3.Christoffel symbols are not tensors — they
describe connection, not curvature.
4.Metric defines distances; stress-energy is
the source

185.In a RADAR system, what does the beam
width primarily determine? (f1ei® Febea
R 2y pre It Fdwe w02
a) Range accuracy (9@ fageren)
b) Angular resolution (FNT ECSIfere=)
¢) Pulse duration (SIIFTCR (W)
d) Frequency stability (RFeecaf fZfoHterer)
Answer: b)
Explanation: The beam width of a RADAR
antenna determines its angular resolution,
which is the ability to distinguish between
two closely spaced targets in angle. A
narrower beam width results in better
angular resolution, allowing the RADAR to
separate targets that are close together in
direction. Range accuracy is determined by
pulse duration, not beam width. (e
CEAE [N &3 @AY @ g
03, 9 13 FRFR S=[FE Bt
Qe T TS| I [N &4 T @A
CACEITEH T® 2, [ AT s Sl

FRIFIME BITsls e F0 T2 IR | (@&
fgeTet A i v fdifas =3, w23 9=
1)
186. At constant temperature, if the volume of a
gas is halved, its pressure will:
(a) Become one-third (b) Become one-half
(c) Double

Answer: (c) Double

(d) Become four times

Explanation: According to Boyle's Law (at constant
temperature), pressure is inversely proportional to

volume. If the volume is halved, the pressure
doubles.

187. average kinetic energy of gas molecules is
directly proportional to:

b) Pressure

d) Mass

a) Volume

c) Temperature
Answer: (c) Temperature
Explanation: A fundamental principle of the
kinetic theory of gases states that the
average kinetic energy of the molecules is
directly proportional to the absolute
temperature of the gas.

188. Which component is known as a "negative
resistance" device?
A) Resistor
C) Zener Diode
Answer: C

B) Capacitor
D) Inductor

Explanation: A Zener diode exhibits a
specific type of negative resistance in its
breakdown region, where increasing the
voltage across it results in a decrease in its
current.

189. What is the purpose of a capacitor in a

circuit?
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A) To resist current flow

B) To generate heat

C) To store electrical energy in an electric
field

D) To amplify a signal

Answer: C

Explanation: A capacitor stores electrical
energy in an electrostatic field between two
conductors separated by an insulator
(dielectric). It charges and discharges,
affecting AC current and filtering out

unwanted frequencies in circuits.

190. If the uncertainty in position is Ax and the

uncertainty in momentum is Ap, the
Heisenberg Uncertainty principle states that:
a) Ax + Ap > h/2 b) Ax * Ap < h/2
c) Ax * Ap > h/2 d) Ax / Ap > h/2
Answer: ¢) Ax * Ap > h/2

Solution: This is a direct statement of

the Heisenberg Uncertainty Principle for

position and momentum, where h is the

reduced Planck constant.

191. Which type of semiconductor device is

commonly used in barcode readers? (IMACHTC
ooz gaze A7)

a) Junction diode (S« TIAG)

b) Laser diode (&l ©IGAT®)

¢) Zener diode (&9 TITT)

d) Varactor diode (®F<13d ©IG®)

Answer: c)

Solution: Barcode readers use laser diodes to
emit a focused beam of light that scans the
barcode. The laser light reflects off the

barcode’s black and white patterns, and a
photodetector captures the reflected light to
decode the information. Other diodes like
junction, Zener, or varactor are not suitable
for emitting the coherent and intense light
required in barcode scanning.

192.In a hexagonal crystal system, how many

Bravais lattices are there? (A& f&=oE

Pt et qifes b wi=?)
a) 2 b) 1

c) 3 d) 4

Answer: b)

Solution: (In the hexagonal crystal system,
there is only one Bravais lattice, called the
hexagonal lattice. This lattice is
characterized by two equal axes at 120° in
the basal plane and a third axis
perpendicular to them. It forms the basis
for hexagonal close-packed (HCP) structures
found in metals like magnesium and
zine.)(CRHCAE GBI OB (F9e1 @6
qifest wfoe @, T e e A
Afzfoe | 4R TG B @ fefe o
9% N % 320° @A GIR GF6 YO OF
SIme TFed | G et ¢ few Wl
Qs “NeT @A (F&-*JFT (HCP)
Florwe fefe tefe 53 1)

193. A crystal structure is formed by associating
a basis with every point of a: (afef6 fq=
M @B QP TE T TR Tt toft
?3:)

a) Unit cell (453 ()
b) Bravais lattice (& =mfH)
c) Crystal system (@511 f705w)
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d) Reciprocal lattice (faficare =mfG)
Answer: b)

Solution: (In crystallography, a Bravais
lattice is a set of points in space arranged
in such a way that each point has an
identical environment. By associating a basis
(a group of atoms) with each lattice point, a
complete crystal structure is formed. This
concept is fundamental to understanding

periodicity, symmetry, and crystal

classification.)(f@oiEafece, @0 qifeR
IO 2T G 96 97 16 T GaITeiE
Feite AT @ afslt e A a3
e | effsls wfb g ey @6 @hm
(@RCTE @SB 2k+l) I& e T fabr
JA tofa 271 @3 e P, By,
G2 fabie @A @RI & wgee 1)

194, What does the abbreviation SCR stand for?

(SCR-4F =it w7 F1?)

a) Silicate controlled rectifier

b) Silicon controlled rectification

¢) Silicon controlled rectifier

d) Silicate controlling rectification

Answer: c)

Explanationn An SCR is a type of
semiconductor device used to control high
power in AC and DC circuits. It acts as a
switch that can turn on when a small gate
current is applied, allowing current to flow
from anode to cathode. The name “Silicon
Controlled Rectifier” indicates that it is made

of silicon and its conduction is controlled

electronically.(SCR ¥ 36 GifNFoFa

fGeIER a1 AC W32 DC AFE T *fE g
T 9T 21 A6 @6 FI0oF Wl Fe FR
T G (@B (515 FICHB AT FAC bl 2 GR
TG (ATF HIAT @ D 2T 20e 7 |
“Silicon Controlled Rectifier” IS T F¢a
@ «f6 ifees M toft @32 @3 «fifze
FE GO afEe 23 1)

195. Which of the following methods is not used

to generate electron-hole pairs in electronic

devices? ([efER® @i s&fe EwEE
7 A7)

a) Thermal excitation (SIT SraEH1)

b) Impact ionization (2] W)

¢) Photo excitation (FC6! STEEH)

d) Impurity injection (Srefa/2effs
BACET)
Answer: d)
Explanation:  Electron-hole  pairs  in
semiconductors can be generated by thermal
excitation (electrons gain enough thermal
energy to jump from the valence band to the
conduction band), impact ionization (high-
energy carriers generate additional pairs),
and photo excitation (photons excite
electrons across the bandgap). Impurity
injection does not directly generate electron-
hole pairs; it modifies the conductivity by
adding donor or acceptor atoms.(CiNFCIFER
EFGA-2A o ST Brael (TG TR
I & (510 ST YIS (AT FTCFH S
), go I (Tn-*fe g wfefae
P o FCE), GIR TCOI S@G (T

G TG 2 T 7 Cof e w1 A
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tofy T I, «ft wgE@ (olNE A WIFETEHA
A9 @9 TR AR HAfaes e )

196. In the photoelectric effect, the maximum

kinetic energy of the emitted photoelectrons
depends on:

a) The intensity of the incident light.

b) The frequency of the incident light.

¢) The nature of the cathode material.

d) The work function of the metal.

Answer: b)
Explanation: = According to  Einstein's
photoelectric equation (E = W + KE), the
maximum  kinetic = energy = (KE)  of
photoelectrons is the difference between the
incident photon's energy (E) and the metal's
work function (W). Since photon energy
depends on frequency (E = hf), a higher
frequency incident light leads to higher

kinetic energy of the emitted electrons.

197. What is the significance of the threshold

frequency (vo) in the photoelectric effect?
a) The minimum intensity of light required
for emission.

b) The minimum frequency of incident
radiation that causes photoelectric emission.
c) The frequency at which the emitted
electrons have zero kinetic energy.

d) The frequency of the emitted
photoelectrons.

Answer: b)

Explanation: The threshold frequency is the

minimum frequency of incident light below

which no photoelectric emission occurs,
regardless of the intensity of the light. For
emission to occur, the incident photon's
energy (hf) must be greater than or equal to
the work function (Wo = hv,) of the metal.

198. The Compton shift (AA) is given by AA =

(h/mc)(1 - cos 0), where 0 is the scattering
angle. The Compton shift is maximum when:
a) 6 =0° b) 6 = 90°

c) 6 = 180° d) 8 = 360°

Answer: c) 0 = 180°

Explanation: The Compton shift is the
difference between the final and initial
wavelengths of the photon. In the formula,
cos 0 becomes -1 when 0 = 180°. Thus, the
shift is AX = (h/moc) (1 - (-1)) = 2(h/moc),
which is the maximum possible value for

the shift.

199. Which of the following materials exhibits

superconductivity at relatively high

temperatures? (AFR® @ “Wg worsiFe
T S JeeeBeh vty @)

a) Mercury (Hg)

b) Niobium-titanium (NbTji)

¢) YBa:CusO-

d) Lead (Pb)

Answer: c)
Explanation: YBa>CusOs, commonly known as
YBCO, is a high-temperature superconductor,
exhibits

temperatures much higher than conventional

meaning it superconductivity at

superconductors like lead or mercury. High-

temperature  superconductors are usually

ceramic  materials and  have critical
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temperatures above 77 K, allowing them to be
cooled using liquid nitrogen rather than
expensive liquid helium.(YBaCus0s, J4EeT®IT
YBCO AN AR, @G  TH-wrewEE
FARFCEE, A AT JARFOIFE @NF ALA A
AR (R ©HF OH SNy FRTelfzien
g 1 TH-SANAE  FETCF AT
RIS MY 93R R NS SiEl 77
K @3 ©oitd, T ©ithd ©Fe qI3GIe GRS IR
roeT T4 WYL BCF, IVILE O RN QUiB )

200. If 200 g of water absorbs 418] of heat, its

temperature rises by 5 °C. What is the

specific heat capacity of water? (I 200 &%
A 850 Gt SIet (¥IIF ITH IR SN @ °C
AT T, ST AT ACHAHFF Ot F97)

a) 4.18]/g°C b) 0.418]/g°C

c) 41.8]/g°C d) 418]/g°C
Answer: d)

Explanation: i< ©1%f feftag o

Q = mcAT 9, ¢ = Q/mAT

@4, Q = 418 J, m = 200g = 0.2 kg, AT =
5°C =5K,

c = Q/mAT = 418/0.2 x 5 = 418]/g°C
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