
 

 

APPLIED PHYSICS 1 Question Bank 

📢 Important Note Regarding Applied Physics Question Bank 

Dear First-Year Engineering Students, 

We are pleased to provide you with a carefully prepared Applied Physics Question Bank 
based on the analysis of past year question papers (PYQs) adhering to the NEP 2020 
syllabus. 

Please read this caution carefully: 

1.​ Reference Material Only: This Question Bank is solely for reference and 
practice purposes. It is designed to highlight the most frequently tested concepts 
and question structures from the past. 

2.​ No Guarantee: There is absolutely no guarantee that the questions in the 
upcoming examination will be drawn exclusively from this set. 

3.​ Comprehensive Preparation is Key: High scores are achieved by mastering 
the entire syllabus (Modules I through VI), understanding the underlying 
concepts, and practising both derivations and numerical problems. 

4.​ Do check PYQs for questions that are not given here 

Our recommendation is to use this Question Bank as a guide to: 

●​ Identify High-Priority Topics (e.g., Numerical Aperture, He-Ne Laser, Fermi 
Level, Divergence of Curl). 

●​ Master the Standard Derivations (5-mark questions) and practice solving 
Numericals (3-mark and 5-mark questions). 

Do not limit your study to these questions alone. Ensure you cover all the concepts 
listed in the Applied Physics syllabus for complete and thorough preparation. 

Read the question bank till the Last Page for maximum benefit. 

Best of luck with your studies! 

Made With 🩷 By,​
Team FE SAHYOG 

 *Terms and Conditions applied 
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List of IMP/Frequent Questions Module Wise: 
 
Module I: Lasers 
 

1.​ What is a metastable state? What is the role of metastable state in LASER?  
2.​ With a neat energy level diagram, explain the construction and working of 

He-Ne Laser. 
3.​ What is resonant cavity? Explain its use in the generation of Laser beams 
4.​ What is Lidar technology and how does it work? 
5.​ Define Spontaneous and Stimulated Emission. Why is stimulated emission 

essential for LASER action? 
 
Module II: Fibre Optics 
 

1.​ Derive an expression for Numerical Aperture (NA) of a step index optical 
fibre. Give its physical significance. 

2.​ Define the terms: Critical angle, Acceptance angle, and Attenuation. 
3.​ The refractive indices of core and cladding are 1.48 and 1.45 respectively. 

Calculate: (i) Numerical Aperture, (ii) Acceptance Angle, and (iii) Critical Angle.  
4.​ Compare Step Index fiber and Graded Index Fiber (based on structure, 

propagation, and attenuation). 
 
Module III: Interference 
 

1.​ Obtain the condition for maxima and minima of the light reflected from a thin 
transparent film of uniform thickness.  

2.​ In a Newton's ring experiment, the diameter of the 5th dark ring was 0.336 cm 
and the 15th dark ring was 0.590 cm. Find the radius of curvature of the 
plano-convex lens if the wavelength is 5890 A (angstrom). 

3.​ With the experimental setup, explain the determination of the refractive index of 
a liquid using Newton's rings. 

4.​ What is antireflection coating? What should be the refractive index and 
minimum thickness of the coating? 
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Module IV: Electrodynamics 
 

1.​ Show that the divergence of the curl of a vector is zero.  
2.​ State Ampere's Circuital Law. Derive Maxwell's fourth equation in differential 

form (▽ x H = J + ∂D/∂t).   
3.​ What is Gradient? If  Φ = 3(x²y - y²x), find ▽Φ  at the point (1, -2,-1).  

4.​ Determine the Curl of the vector field A=  
 

Module V: Quantum Physics 
 

1.​ Derive the Schrödinger's Time Independent wave equation for matter waves. 
2.​ An electron and a photon each have a wavelength of 2A(angstrom). What are 

their momentum and energies? 
3.​ An electron is bound in an 1D potential well of infinite height and width 

2A(angstrom). Find its energy values in the ground state and in first excited 
state. 

4.​ Explain the de Broglie hypothesis of matter waves and state its properties. 
5.​ Prove using the Uncertainty Principle that an electron cannot reside inside the 

nucleus of an atom.  
 
Module VI: Semiconductor Physics 
 

1.​ Derive an expression for the Fermi level for an intrinsic semiconductor (or 
show it lies midway of the conduction band and valence band). 

2.​ Write the Fermi-Dirac distribution function and explain the terms involved in it. 
3.​ Explain mobility of electrons. Calculate the mobility if the resistivity of Cu is 

1.72 x 10⁻⁸ Ω . m and the number of electrons per unit volume is 10.41 x 10²⁸ m⁻³. 
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Extra High-Value Concepts for High Marks (if you have plenty of time, try to 
do these also for maximum coverage) 
 

1.​ Explain the concepts of Pumping, Population Inversion, and Active Medium 
necessary for LASER action. 

2.​ Define Coherence L 
3.​ Length and Coherence Time. Calculate the coherence length for a LASER that 

emits light with a bandwidth of 100hz and a mean wavelength of 632.8 nm. 
4.​ List and explain the key characteristics of Lasers (Monochromaticity, 

Coherence, Directionality, and High Intensity). 
5.​ Explain the phenomenon of attenuation in optical fibers. List and describe the 

factors affecting attenuation (e.g., Absorption, Scattering, Bending). 
6.​ Describe the key components of a Fibre Optic Communication System with a 

block diagram. State the main advantages of using optical fiber communication. 
7.​ Draw a neat diagram and obtain the condition for maxima and minima for a 

wedge-shaped film (Qualitative derivation, explaining the path difference). 
8.​ State and explain Gauss's Law and Stokes' Theorem. Explain the physical 

significance of the Divergence and Curl of a vector field. 
9.​ State all four Maxwell's equations in their point form and integral form. 

Explain the physical significance of the displacement current term in the fourth 
equation. 

10.​State the mathematical conditions that a wave function psi must satisfy to be 
physically acceptable. Explain the physical significance of probability density 

11.​ Distinguish between Direct Band Gap and Indirect Band Gap semiconductors 
with energy band diagrams. Give one example of each. 

 
 
*Note - Solutions for these questions are not given.  
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Module I: Lasers  
Q1. What is metastable state? What is the role of metastable state in LASER?  
ANS: 
The higher energy state just below the excited state in which atoms can stay up to 
certain millisecond and population inversion condition is achieved is known as 
metastable state. 

●​ A metastable state is an excited energy level in an atom, ion, or molecule. 
●​ Unlike typical excited states (which have a very short lifetime, 10^-8 seconds), 

the metastable state has a relatively long lifetime, typically around 10^-3. 
●​ Due to this longer lifetime, the probability of the atom spontaneously falling back 

to a lower energy level (spontaneous emission) is low. 
Role of metastable state: 

1.​ Atom Accumulation (Pumping): When the active medium is energized 
(pumped), atoms are excited from the ground state to a high-energy level. These 
atoms then quickly decay (non-radiatively) to the metastable state. 
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The material or system in which three energy level are involved is called three 
level pumping schemes. The atoms absorb the excitation energy and raised to 
excited state E2. The nonradiative transition of atoms takes place from excited 
state E2 to metastable state E3 and population inversion takes place in 
metastable state. The laser transition takes place from metastable state E3 to 
ground state E1. The energy levels in which laser transition takes place are 
called upper lasing level and lower lasing level. 
 

2.​ Achieving Population Inversion: Because the metastable state has a long 
lifetime, atoms can accumulate here faster than they decay. This allows the 
population of atoms in the metastable state (N2) to exceed the population in the 
lower state (N1). This condition, N2>N1, is called Population Inversion. 
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3.​ Sustaining Stimulated Emission: Population inversion is the prerequisite for 
Stimulated Emission to dominate. When a photon of the correct energy strikes 
an atom in the metastable state, it triggers the release of an identical photon. 
This continuous and controlled stimulation amplifies the light, leading to the 
coherent, monochromatic beam characteristic of a laser. 
 
 

Q2. With a neat energy level diagram, explain the construction and working of 
He-Ne Laser. 
ANS: 
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Q3. What is resonant cavity? Explain its use in the generation of Laser beams 
Ans: 
The resonant cavity, also known as an Optical Resonator or Fabry-Perot cavity, is 
one of the three principal components of a laser system (along with the pump source 
and the active gain medium). It is a precisely engineered structure that confines light 
and provides the necessary optical feedback to sustain laser action. 
 
1. What is a Resonant Cavity? 
A resonant cavity is an arrangement of two highly reflective mirrors placed facing 
each other, usually parallel, with the active gain medium situated between them. 

●​ Structure: 
○​ Mirror 1 (High Reflector): Typically fully reflective (reflectivity 99.9%) to 

reflect all photons back into the medium. 
○​ Mirror 2 (Output Coupler): Partially reflective (e.g.,95% reflective) to 

reflect most photons for continued amplification, while allowing a small 
portion of the amplified light to escape as the coherent laser beam. 

●​ Principle: The cavity traps light waves, causing them to reflect back and forth 
multiple times through the gain medium, similar to how sound waves resonate in 
a musical instrument. 

2. Use in the Generation of Laser Beams 

The resonant cavity performs four crucial functions required to transform scattered 
photons into a single, intense, coherent laser beam: 

 

Function Explanation 

I. Light 
Amplification 
(Gain) 

The mirrors reflect spontaneously or stimulatedly emitted photons 
back and forth, forcing them to pass repeatedly through the excited 
active medium. Each pass triggers more stimulated emission, 
exponentially increasing the number of coherent photons (optical 
gain). 
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II. Optical 
Feedback 

The mirrors provide the necessary feedback. Without it, the 
stimulated photons would simply travel in a straight line and escape, 
making amplification unsustainable. The continuous reflection 
ensures the light energy builds up inside the cavity. 

III. Mode 
Selection and 
Coherence 

Only photons traveling parallel to the axis of the cavity (longitudinal 
axis) and having a wavelength (lambda) that satisfies the standing 
wave condition are sustained through constructive interference. 
The condition is: 

L = nλ/2 

where L is the cavity length and n is an integer. Photons that do not 
meet this condition are quickly suppressed by destructive 
interference and lost, ensuring the output beam is highly 
monochromatic and coherent. 

IV. Beam 
Directionality 

The repeated reflections along the fixed longitudinal axis force the 
amplified light to travel in a narrow, highly parallel path. This results 
in the final laser beam having very low divergence (high 
directionality). 

 
YT link to help - https://www.youtube.com/watch?v=-v0xf-Fba54 
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Q4. What is Lidar technology and how does it work? 
ANS: 
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LiDAR stands for Light Detection and Ranging.   
The Difference between Radar and LiDAR?  
LiDAR and Radar both emit pulses to determine the time it takes to hit a surface and 
return to the sensor. Radar, however, uses radio waves instead of light pulses. LiDAR 
technology creates accurate measurements through 3D models, whereas the primary 
use for Radar is for military purposes i.e. on battleships to detect objects in the vicinity. 
 
LiDAR scanning operating principle 
 In LiDAR, laser light is sent from a source (transmitter) and reflected from objects. The 
reflected light is detected by the receiver. The distance between the object and sensor 
is calculated using the velocity of light, referred to as the Time of Flight (TOF). The time 
of flight (TOF) is used to develop a distance map of the objects. 

 
The accuracy of LiDAR can vary based on several factors, including the type of LiDAR 
system, the technology used, the quality of the equipment, and the specific application. 
 
Working of LiDAR 
 
 LIDAR system incorporates a laser device, a navigational Inertial Measurement Unit 
(IMU), a highprecision airborne Global Positioning System (GPS), and a computer 
interface. The technology uses ultraviolet, visible, or near-infrared light to image objects. 
The laser emits light pulses and detects the light reflected by the objects. The sensor 
measures the time between the emission and return of the laser pulse and calculates 
the distance traveled. Distance traveled is then converted to elevation. These 
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measurements are made using a LiDAR system's key components, including a GPS 
that identifies the X, Y, Z location of the light energy and an IMU that impart the 
orientation. This process is also called 'Time of Flight'(ToF) measurement. 
Contemporary LiDAR systems are sufficiently powerful to fire up to 900,000 pulses 
every second. 
 
Lidar Formula  
The entire process of bouncing a beam of light or laser off an object, receiving the 
returned signal, and calculating its absolute position in space can be represented 
mathematically using this formula: The distance of the object = Speed of Light x Time of 
Flight/ 2 
 
d = c * t / 2 
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Q5. Define Spontaneous and Stimulated Emission. Why is stimulated emission 
essential for LASER action? 
ANS: 
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Stimulated emission is essential for laser action for two primary reasons: 

1.​ Light Amplification (Optical Gain): Stimulated emission is an amplifying 
process. When a photon interacts with an excited atom, it forces the atom to drop 
to a lower energy level, releasing a second, identical photon. This process is 
crucial because it ensures that for every photon incident, two photons are 
generated, leading to an exponential increase in light intensity (optical gain). 

2.​ Coherence: The emitted photon in stimulated emission is identical to the 
incident photon—it has the same phase, direction, polarization, and frequency. 
This ensures that the generated light is coherent, which is the defining 
characteristic of a laser beam. 
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Module II: Fibre Optics 
 
Q1. Derive an expression for Numerical Aperture (NA) of a step index optical 
fibre. Give its physical significance. 
ANS: 
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Q2. Define the terms: Critical angle, Acceptance angle, and Attenuation. 
ANS: 
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Q3.The refractive indices of core and cladding are 1.48 and 1.45 respectively. 
Calculate: (i) Numerical Aperture, (ii) Acceptance Angle, and (iii) Critical Angle.  
ANS: 
Given Data 
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Q4. Compare Step Index fiber and Graded Index Fiber (based on structure, 
propagation, and attenuation). 
ANS: 
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Module III: Interference 
 

Q1. Obtain the condition for maxima and minima of the light reflected from a thin 
transparent film of uniform thickness.  

 

28​ ​ ​ ​  RGIT FE SAHYOG • All the Best for Your Exams! 

 

https://rgitfesahyog.in/


 

29​ ​ ​ ​  RGIT FE SAHYOG • All the Best for Your Exams! 

 

https://rgitfesahyog.in/


 

 
 
 
 
 
 
 
 
 
 

30​ ​ ​ ​  RGIT FE SAHYOG • All the Best for Your Exams! 

 

https://rgitfesahyog.in/


 

Q2. In a Newton's ring experiment, the diameter of the 5th dark ring was 0.336 cm 
and the 15th dark ring was 0.590 cm. Find the radius of curvature of the 
plano-convex lens if the wavelength is 5890 A (angstrom) 
ANS: 
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Q3. With the experimental setup, explain the determination of the refractive index 
of a liquid using Newton's rings. 
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Q4. What is antireflection coating? What should be the refractive index and 
minimum thickness of the coating? 
ANS: 
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Module IV: Electrodynamics 

 
Q1. Show that the divergence of the curl of a vector is zero.  
ANS: 
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Q2. State Ampere's Circuital Law. Derive Maxwell's fourth equation in differential 
form (▽ x H = J + ∂D/∂t).   
ANS: 
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Q3. What is Gradient? If  Φ = 3(x²y - y²x), find ▽Φ  at the point (1, -2,-1). 
ANS: 
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Q4. Determine the Curl of the vector field A=  
ANS: 
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Module V: Quantum Physics 
 
Q1. Derive the Schrödinger's Time Independent wave equation for matter waves. 
ANS: 
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Q2. An electron and a photon each have a wavelength of 2A(angstrom) What are 
their momentum and energies? 
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Q3. An electron is bound in an 1D potential well of infinite height and width 
2A(angstrom) Find its energy values in the ground state and in first excited state. 
ANS: 
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Q4. Explain the de Broglie hypothesis of matter waves and state its properties. 
 ANS: 
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Q5. Prove using the Uncertainty Principle that an electron cannot reside inside 
the nucleus of an atom.  
ANS: 
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Module VI: Semiconductor Physics 
 
Q1. Derive an expression for the Fermi level for an intrinsic semiconductor (or 
show it lies midway of the conduction band and valence band). 
ANS: 
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Q2. Write the Fermi-Dirac distribution function and explain the terms involved in 
it. 
ANS: 
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Q3. Explain mobility of electrons. Calculate the mobility if the resistivity of Cu is 
1.72 x 10⁻⁸ Ω . m and the number of electrons per unit volume is 10.41 x 10²⁸ m⁻³. 
ANS: 
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