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1. Define center of mass.

Unit 1 - MECHANICS
Part A
Ans: The center of mass of a body is defined as a point where the entire mass of the body appears to be concentrated.
2. Define torque and mention its unit.
Ans: Torque is defined as the moment of the external applied force about a point or axis of rotation. The expression for torque is,
τ⃗ = r⃗ x F⃗
3. What are the conditions in which force cannot produce torque?
Ans: The forces intersect (or) passing through the axis of rotation cannot produce torque as the perpendicular distance between the forces is 0 i.e. r = 0.
∴ τ⃗ = r⃗ x F⃗ = 0
4. What is the relation between torque and angular momentum?
Ans: We have the expression for magnitude of angular momentum of a rigid body as, L = I ω. The expression for magnitude of torque on a rigid body is, τ = I α. We can further write the expression for torque as,
τ = I dω/dt (∴ α = dω/dt)
where, ω   is   angular   velocity   and   α   is   angular   acceleration.   We   can   also   write   equation, τ = d(Iω)/dt
τ = dL/dt
5. What is equilibrium?
Ans: A rigid body is said to be in mechanical equilibrium where both its linear momentum and angular momentum remain constant.
6. Define angular momentum.
Ans: Angular momentum of a particle is defined as its moment of linear momentum it is given by the product of linear momentum and perpendicular distance of its line of action from the axis of rotation.
7. What is the theorem of moment?
Ans: The Principle of Moments, also known as Varignon’s Theorem, states that the moment of any force is equal to the algebraic sum of the moments of the components of that force.
8. What is moment of inertia?
Ans: Moment of inertia is defined as the quantity expressed by the body resisting angular acceleration which is the sum of the product of the mass of every particle with its square of a distance from the axis of rotation. Moment of Inertia is also known as the angular mass or rotational inertia.
9. Define couple.
Ans: A pair of forces which are equal in magnitude but opposite in direction and separated by a perpendicular distance so that their lines of action do not coincide that causes a turning effect is called a couple.
10. Define center of gravity.
Ans: The center of gravity of a body is the point at which the entire weight of the body acts, irrespective of the position and orientation of the body.
11. What is radius of gyration?
Ans: The radius of gyration of an object is the perpendicular distance from the axis of rotation to an equivalent point mass, which would have the same mass as well as the same moment of inertia of the object.
12. State conservation of angular momentum.
Ans: The law of conservation of angular momentum states that when no external torque acts on the body the net angular momentum of a rotating rigid body remains constant.
13. What are the rotational equivalents for the physical quantities, (i) mass and (ii) force?
Ans: The rotational equivalents for mass and force are moment of inertia and torque respectively.
14. State the factors on which the moment of inertia of a body depends.
Ans: Mass of body, Size and shape of body, Mass distribution w.r.t. axis of rotation.
15. Define angular displacement and angular velocity.
Ans: Angular displacement: The angle described by the particle about the axis of rotation in a given time is called angular displacement.
Angular velocity: The rate of change of angular displacement is called angular velocity.
16. What are the characteristics of a rigid body motion? Ans: Characteristics of rigid body motion:
All lines on a rigid body have the same angular velocity and the same angular acceleration.
Rigid motion can be decomposed into the translation of an arbitrary point, followed by a rotation about the point.
17. What is non-uniform circular motion?
Ans: If the speed of the object in circular motion is not constant, then we have non-uniform circular motion. For example, when the bob attached to a string moves in vertical circle, the speed of the bob is not the same at all-time whenever the speed is not same in circular motion, the particle will have both centripetal and tangential acceleration.
18. Mention any two physical significance of moment of inertia.
Ans: For rotational motion moment of inertia is a measure of rotational inertia The moment of inertia of a body is not a variable quantity.
19. What is the difference between sliding and slipping?
Ans: Sliding: Velocity of center of mass is greater than Rω i.e. VCM > Rω.. Velocity of transnational motion is greater than velocity of rotational motion. Resultant velocity acts in the forward direction.
Slipping: Velocity of center of mass is lesser than Rω. i.e. VCM < Rω. Velocity of translation motion is lesser than velocity of rotational motion. Resultant velocity acts in the backward direction.
20. What are the conditions for neutral equilibrium?
Ans: 1) Linear momentum and angular momentum are zero.
2) The body remains at the same equilibrium if slightly disturbed and released.
3) The center of mass does not shift higher or lower if disturbed from equilibrium.
4) Potential energy remains same even if disturbed.
21. What is Gyroscope?
Ans: Gyroscope is a device used for measuring or maintaining orientation, based on the principle of preserving angular momentum. A typical type of Gyroscope is made by suspending a relatively massive rotor/disc inside three rings called gimbals.
22. What is a pendulum?
Ans: A pendulum is a body suspended from a fixed point so that it can swing back and forth under the influence of gravity. The time interval of a pendulum’s complete back-and-forth movement is constant.
23. What is meant by force constant of a spring?
Ans: The force constant (or) spring factor is defined as the restoring force produced per unit displacement.
24. Define time period of simple harmonic motion.
Ans: Time period: The time period is defined as the time taken by a particle to complete one oscillation. It is usually denoted by T. For one complete revolution, the time taken is t = T, therefore,
[image: image23.png]E,=(n+3)ho  n=0123..

o=2m-frequency

=Planck's constant /21t




25. What is meant by phase in SHM?
Ans: Phase: The phase of a vibrating particle at any instant completely specifies the state of the particle. It expresses the position and direction of motion of the particle at that instant with respect to its mean position.
26. What is torsional oscillation?
Ans: A body suspended by a thread or wire which twists first in one direction and then in the reverse direction, in the horizontal plane is called a torsional pendulum and the corresponding oscillation is torsional oscillation.
27. State principle of moments.
Ans: Principle of moment states that when an object is in equilibrium the sum of the anticlockwise moments about a point is equal to the sum of the clockwise moments.
28. What is the condition for pure rolling?
Ans: In pure rolling, there is no relative motion of the point of contact with the surface when the rolling object speeds up or shows down. It must accelerate or decelerate respectively.
29. What is a rigid body?
Ans: A rigid body is the one which maintains its definite and fixed shape even when an external force acts on it.
30. When an object will have procession? Give one example.
Ans: The torque about the axis will rotate the object about it and the torque perpendicular to the axis will turn the axis of rotation when both exist simultaneously on a rigid body the body will have a procession. Example: The spinning top when it is about to come to rest.
31. What is double pendulum?
Ans: A double pendulum is a pendulum with another pendulum attached to its end, is a simple physical system that exhibits rich dynamic behaviour with a strong sensitivity. The motion of a double pendulum is governed by a set of coupled ordinary differential equations
32. What is non-linear oscillator?
Ans: It is a nonlinear differential equation that describes a simple harmonic oscillator with an additional correction to its potential energy function.
33. What is the rotational energy of a diatomic molecule?
Ans: The rotational spectrum of a diatomic molecule consists of a series of equally spaced absorption lines, typically in the microwave region of the electromagnetic spectrum. The energies of the spectral lines are 2(J+1)B for the transitions J -> J+1.
34. What is the dissociation energy of molecule?
Ans: The bond dissociation energy is the energy required—an endothermic process—to break a bond and form two atomic or molecular fragments, each with one electron of the original shared pair.
35. Can a molecule have zero rotational energy?
Ans: There is no zero-point energy      The ground state has no degeneracy, since, given that the total
angular momentum is zero, the only allowed value for the z component of the angular momentum is zero.
36. What is the difference between linear and nonlinear molecules?
Ans: The key difference between linear and nonlinear molecules is that linear molecules have a chemical structure which is in a straight line whereas nonlinear molecules have a zig-zag or cross-linked chemical structure.
37. What is two coupled pendulum?
Ans: Two pendulums that can exchange energy are called coupled pendulums. The gravitational force acting on the pendulums creates rotational stiff- ness that drives each pendulum to return to its rest position. This coupling also produces an additional rotational stiffness that causes the spring.
38. What is meant by torsion pendulum?
Ans: A pendulum the weight of which is rotated alternately in opposite directions through a horizontal plane by the torsion of the suspending rod or spring: used for clocks intended to run a long time between windings.
39. A wheel in the form of uniform disc of diameter one metre and mass 100 kg is rolling on a horizontal plane with a speed of 5 metre per second. Find the kinetic energy of the wheel.
Ans: The K.E of wheel is partly due to translator motion and partly due to rotatory motion.
K.E of translation = ½ 𝑀𝑣2
= ½ x 100 x 5 x 5 = 1,250 joule
K.E of rotation = ½ I ω2
I = Mr2/2 = 100 x 0.5 x 0.5/2 = 12.5 kg. m2
ω2 = v2 / r2 = 100
K.E of rotation = ½ x 12.5 x 100 = 625 joule Total K.E = 1250 + 625 = 1875 joule.
40. What is rigid diatomic molecules?
Ans: A diatomic molecule consists of two masses bound together. The distance between the masses, or the bond length, (l) can be considered fixed because the level of vibration in the bond is small compared to the bond length.
41. What are non-rigid bodies?
Ans: An object that is easily folded and has a lot of flexibility is called a non-rigid body.
42. What is multiparticle dynamics?
Ans: A mechanical system consists of two or more particles is called multiparticle system.
Part B
1. Find the location of centre of mass of a multiparticle system.
2. Calculate the centre of mass of solid cone and triangular lamina.
3. Discuss the kinetic theory of system of particles.
4. Define Rotational motion of rigid bodies. Derive an equation of Rotational motion.
5. Calculate the moment of inertia of thin uniform rod and circular disc.
6. Calculate the moment of inertia of solid sphere and cylinder.
7. Find the moment of inertia of a diatomic molecule.
8. State and prove parallel axis and perpendicular axis theorem.
9. Derive the expression for time period of oscillation in double pendulum.
10. Derive the expression for moment of inertia of the disc and rigidity modulus of the wire by torsional pendulum.
11. Explain the rotational energy states of rigid diatomic molecules.
12. Briefly explain Non-Linear oscillator.
Unit 2 – ELECTROMAGNETIC WAVES
Part-A
1. Define electromagnetic wave?
Ans: Electromagnetic waves are waves that are created as a result of vibrations between an electric field and magnetic field. In other words, EM waves are composed of oscillating magnetic and electric fields.
2. Write one dimension wave equations
Ans:  ∂2 f =  1 ∂2 f
∂z2
ϑ2 ∂t2
3. Write Maxwell’s equations before electrodynamics.
Ans: 1.  ∇. 𝐸 =  ; 2. ∇. 𝐵 = 0 ; 3. ∇𝑋𝐵=𝜇 𝐽; 4. ∇𝑋𝐸 = − 𝜕𝐵
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4. Write Maxwell’s equations after electrodynamics.
Ans:
1) ∇. 𝐸 =  ; 2) ∇. 𝐵 = 0 ; 3) ∇𝑋𝐵 − 𝜇 𝜀
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𝐽; 4) ∇𝑋𝐸 + 𝜕𝐵 =0
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5. Write electromagnetic wave equations in vacuum
Ans:
1) ∇. 𝐸 = 0 ; 2.) ∇. 𝐵 = 0 ; 3) ∇𝑋𝐵=𝜇 𝜀

𝜕𝐸
𝜕𝐵
; 4) ∇𝑋𝐸 = −
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6. Write Electromagnetic waves speed in vacuum or empty space
Ans: Electromagnetic waves are travelling in free space at a speed is 𝖯 =
1
√𝜇0𝗌0


= 3 X 108m/s.
7. What is electromagnetic wave amplitude?
Ans: In electromagnetic waves, the amplitude is the maximum field strength of the electric and magnetic fields.
8. Define-Polarization
Ans: Polarization is a property applying to transverse waves that specifies the geometrical orientation of the oscillations. In a transverse wave, the direction of the oscillation is perpendicular to the direction of motion of the wave is called polarization.
9. Write three-dimension wave equations.
Ans: ∇2𝑓 =   1  2 𝑓
𝖯2  𝑡2
10. Write range of electromagnetic spectrum.
Ans: The electromagnetic spectrum (EMS) is the general name given to the known range of electromagnetic radiation. Wavelengths increase from approximately 10-18 m to 100 km, and this corresponds to frequencies decreasing from 3 × 1026 Hz to 3 ×103 Hz.
11. Define- current density
Ans: The amount of electric current travelling per unit cross-section area is called as current density and expressed in amperes per square meter. The formula for Current Density is given as, J = I / A Where, I = current flowing through the conductor in Amperes, A = cross-sectional area in m2. Current density is expressed in A/m2.
12. How will you produce electromagnetic waves?
Ans: Electromagnetic waves are produced whenever electric charges are accelerated. This makes it possible to produce electromagnetic waves by letting an alternating current flow through a wire, an antenna. The frequency of the waves created in this way equals the frequency of the alternating current.
13. What are the applications of electromagnetic waves?
Ans: Electromagnetic waves have a vast range of practical everyday applications that includes such diverse uses as communication by cell phone and radio broadcasting, WiFi, cooking, vision, medical imaging, and treating cancer.
14. What are the properties of electromagnetic waves?
Ans: Electromagnetic waves are members of a family of waves with common properties called the electromagnetic spectrum. All electromagnetic waves:
· Are transverse waves
· Can travel through a vacuum
· Travel at exactly the same speed in a vacuum, the speed of light, 300,000,000 m/s.
· Transfer energy from one place to another
· Can be reflected and refracted
15. Write energy of the electromagnetic waves.
Ans: A photon has an energy E, proportional to its frequency f. Therefore, energy of the EM waves is
𝐸 = ℎ𝑓; 𝐸 = ℎ𝑐
where h is Planck's constant,  is the wavelength and c is the speed of light.
16. Write momentum of the electromagnetic waves.
Ans: The momentum p of a photon is also proportional to its frequency and inversely proportional to its wavelength
𝐸
𝑝 =
𝐶
17. Write ascending order of the EM waves.

ℎ𝑓
ℎ
=
=
𝐶
Ans: Radio waves- TV waves- Microwaves- Infrared-Visible- Ultraviolet- X rays- Gamma rays.
18. Write descending order of the EM waves.
Ans: Gamma rays- X rays- Ultraviolet- Visible- Infrared- Microwave- TV waves- Radio waves.
19. Write speed of travelling EM waves in vacuums.
Ans: An electromagnetic wave transports its energy through a vacuum at a speed of 3 x 108 m/s (a speed value commonly represented by the symbol c).
20. Write down Maxwell’s equation derived from Ampere’s law.
Ans: ∇𝑋𝐵 = 𝜇 𝐽 + 𝜇

𝜀  𝜕𝐸
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21. Write law of reflection.
Ans: The law of reflection is the angle of incidence is equal to the angle of reflection. 𝜃𝐼 = 𝜃𝑅
22. Write law of refraction.
Ans: The law of refraction is the ratio between incidence and transmittance,
sin 𝜃𝑇 = 𝑛1 is called Snell’s
law.
sin 𝜃𝐼
𝑛2
23. Inter relation between reflection coefficient and transmission coefficient. Ans: R + T = 1, R- Reflection coefficient, T- Transmittance coefficient
24. Write general solution format for wave equation.
Ans: f(z,t)= g(z-vt)+h(z+vt)
25. Write down continuity equation. Ans: 𝜕𝜌 + ∇. 𝐽 = 0
𝜕𝑡
26. Write SI units of given Maxwell equation.
Ans: ∇. 𝐸 =  ; E- Electric field intensity (Volt/meter); 𝜌- Charge density (column/m3)
𝗌0
27. Write SI units of given Maxwell equation.
Ans: ∇. 𝐵 = 0; B- Magnetic induction (wb/m2) or Tesla
28. Write SI units of given Maxwell equation.
Ans: ∇𝑋𝐵=𝜇0 ; B- Magnetic induction (wb/m2) or Tesla, current density(A/m3)
29. Write SI units of given Maxwell equation.
Ans: ∇𝑋𝐸 = − 𝜕 ; E- Electric field intensity (Volt/meter); B- Magnetic induction (wb/m2)
𝜕𝑡
30. To which part of the electromagnetic spectrum does a wave of frequency 5 x 1019 Hz belong?
Ans: The wave of frequency 5 X 1019 Hz belongs to γ- rays of electromagnetic spectrum.
31. To which part of the electromagnetic spectrum does a wave of frequency 3 x 1013 Hz belong? Ans: The frequency of 3 X 1013 belongs to the infrared waves.
32. Write the condition under which an electron will move undeflected in the presence of crossed electric
and magnetic fields.
Ans: =  , where v is the speed of electron.
𝐵𝘍
33. What are the directions of electric and magnetic field vectors relative to each other and
relative to the direction of propagation of electromagnetic waves?
Ans: Direction of electric field E, direction of magnetic field B and direction of propagation of
wave are mutually perpendicular to one another.
34. Name the electromagnetic waves which (i) maintain the earth’s warmth and (ii) are used in aircraft navigation.
Ans: (i) Infrared rays maintain the earth’s warmth (ii) Microwaves are used in aircraft navigation due to their short wavelength.
35. A plane electromagnetic wave travels in vacuum along Z- direction. What can you say about the direction of electric and magnetic field vectors?
Ans: The direction of electric and magnetic field vectors are X and Y-directions respectively. Direction of electric field magnetic field and propagation of wave are mutually perpendicular to one another.
36. Write two uses of microwaves.
Ans: (i) In RADAR communication. (ii) In analysis of molecular and atomic structure.
37. Write two uses of infrared rays.
Ans: (i) In knowing the molecular structure. (ii) In remote control of TV, VCR, etc.
38. Write two uses of X-rays.
Ans: (i) In medical diagnosis as they pass through the muscles not through the bones.
(ii) In detecting faults, cracks, etc, in medical products.
39. What is the frequency of electromagnetic waves produced by oscillating charge of frequency V=105 Hz?
Ans: The frequency of electromagnetic waves produced by oscillating charge of frequency is radio wave (104Hz to 108 Hz).
40. How are infrared waves produced? What is the range of their wavelength?
Ans: Hot objects and molecules are the sources of infrared wave range of wavelength =7 x 10-7 m to 10-3 m.
41. Which of the following has the shortest wavelength? Microwaves, ultraviolet rays, X-rays. Ans: X- ray has shortest wavelength.
42. Arrange the following in descending order of wavelength. X-rays, radio waves, blue light, infrared
light.
Ans: Radio wave > Infrared > Blue light > X- ray is the descending order of wavelength.
43. Which part of electromagnetic spectrum has largest penetrating power? Ans: γ- rays have highest frequency range and hence highest penetrating power.
44. Which part of electromagnetic spectrum is absorbed from sunlight by ozone layer?
Ans: Ultraviolet ray of electromagnetic spectrum is absorbed from sunlight by Ozone layer.
45. In what way, are the directions of the electric and magnetic field vectors representing an electromagnetic wave related to each other?
Ans: The direction of propagation of electromagnetic waves is along the direction of E X B, where E and B are electric and magnetic fields.
46. Express the velocity of propagation of an electromagnetic wave in terms of the peak value of the electric and magnetic fields.
Ans: X-rays are used to study the crystal structure of solids. Frequency range of X- rays is 1016 Hz to 1020 Hz.
47. Calculate the speed of the electromagnetic wave in a medium if the amplitude of electric and magnetic fields are 6 x 104 N C-1 and 4 x 10-4 T, respectively.
Ans: Speed of EM wave in medium V = Eo/Bo
V = 6 x 104 / 4 x 10-4
V = 1.5 x 10-8 ms-1
48. Write any two properties of plane electromagnetic magnetic waves in dielectric medium. Ans: (i) Electromagnetic wave in dielectric medium travel with a speed less than the speed of light.
(ii) EM Wave field vectors E and B are Perpendicular to each other and they are also perpendicular
to the direction of wave propagation.
(iii) Field vectors E and B are in same phase.
49. What is meant by accelerating charge particles?
Ans: The accelerating charged particle is defined as the charged particle oscillating with respect to an equilibrium position.
50. Define intensity of electromagnetic wave.
Ans: The magnitude of time average of poynting vector is called intensity of electromagnetic wave.
51. Write short notes on cell phone reception.
Ans: Cell phone is a two-way communicating radio, consisting of a radio wave transmitter and a radio wave receiver. Cell phone contain radio antenna to receive radio signals and it is a metallic element engineered to be effective size and shape for transmitting and receiving definite frequencies of radio waves. Receiver antenna converts the radio wave to an electric signal, this receiving and converting function is said to be cell phone reception.
Part – B
1. Drive the expression for energy and momentum in electromagnetic waves.
2. Drive the equation of electromagnetic waves in vacuum surface.
3. Derive and explain the Maxwell’s equations in Differential form.
4. Explain the electromagnetic waves ranges or spectrum of electromagnetic waves.
5. Explain the boundary condition of wave field at the interface of the two different media.
6. Explain the production of electromagnetic waves.
7. Derive an expression for the momentum and the radiation pressure of an electromagnetic wave.
8. Describe the reflection and transmission of electromagnetic waves from a non-conducting medium.
Unit 3 – OSCILLATIONS, OPTICS & LASERS
Part A
1. What is periodic motion? Give its example.
Ans: Any motion that repeats itself after regular intervals of time is known as periodic motion or harmonic motion. Eg: The motion of the hands of a clock is periodic.
2. What is oscillatory (or) Harmonic motion? Give example.
Ans: If a body moves back and forth repeatedly about its mean position, then the motion is said to be oscillatory (or) vibratory (or) harmonic motion. Eg: The vibrations of the string of a guitar.
3. What is meant by Simple Harmonic Motion (SHM)? Give its types and examples.
Ans: A particle is said to execute Simple Harmonic Motion (SHM) if its acceleration is directly proportional to the displacement from the mean position and is always directed towards the mean position. Eg: Vibrations of a tuning fork.
Linear simple harmonic motion: Here the displacement of the particle executing simple harmonic motion is linear. Eg: i) Motion of simple pendulum, ii) Motion of point mass suspended with a spring. etc.
Angular simple harmonic motion: Here the displacement of the particle executing simple harmonic motion is angular. Eg: Oscillations of a compound pendulum, torsional oscillations. etc.
4. What are free, damped and forced oscillations?
(Jan 2018)
Ans: A system (or) body which vibrates freely without any resistance (even air) (or) Frictional force is called as free vibrations or oscillations. In general, if a body sets into oscillations or vibrations, the amplitude keeps on decreasing due to air frictional resistance hence after some time the vibrations or oscillations will die. This type of oscillations is called as damped oscillations. The body vibrates at natural frequency.
Forced oscillations
If a body is continuously accelerated with external periodic force then the body continues to oscillate under the influence of such external forces. Such oscillations of the body which vibrate with a frequency other than the natural frequency are called forced oscillations.
5. Distinguish between forced oscillation and resonant oscillations.
	Forced oscillations
	Resonant oscillations

	The body vibrates under the influence of external force which possesses frequency other than natural frequency.
	The body vibrates under the influence of external force which vibrates at natural frequency.

	The amplitude of the oscillations is moderate.
	The amplitude of the oscillations is high.

	Eg: oscillations of simple pendulum, vibrating tuning
fork.
	Eg: Pushing a person in a swing, buildings are
wrecked during earthquake.


6. Why army troops not allowed to march in steps while crossing a bridge?
Ans: Army troops are not allowed to march in steps while crossing a bridge because it is quite likely that the frequency of the footsteps may match with the natural frequency of the bridge, and due to resonance the bridge may pick up large amplitude and break.
7. What are the types of motion? Give examples.
Ans: Based on the motion of the physical bodies, it can be classified into two types:
i) Linear motion, in which the motion of the body moves linearly with time. Eg: Train moving in a track, Rocket launching etc.
ii) Rotational or Oscillatory motion, in which the motion of the body repeat itself after regular interval of time. Eg: i) Bob moving in a pendulum clock ii) Beating of Heart iii) Movement of earth around the sun.
8. Define amplitude and phase.
Ans: Amplitude: The maximum distance covered by the body on either side of its mean position is called its amplitude.
Phase: It is a physical quantity that expresses the instantaneous position and direction of motion of an oscillating system.
9. What is meant by critical damped motion? Give examples.
Ans: During oscillatory motion, when the displacement decreases to zero rapidly, then it is called critical damped motion. Eg: i) Movement of pointer in voltmeter, ammeter etc. ii) Sensitive galvanometer.
10. What is meant by resonance? Give examples.
Ans: When the driving frequency (ω) coincides with the natural frequency (ω0), resonance occurs. Eg: i) Collapse of bridges and roads due to earthquake, ii) Shattering of glass due to sound waves.
11. Define plane progressive wave.
Ans: A plane progressive wave is the simplest wave in which the particles of the medium perform SHM.
12. A particle executes a S.H.M of period 10 seconds and amplitude of 1.5 m. Calculate its maximum acceleration and velocity.
Ans: 𝑇𝑖𝑚𝑒 𝑝𝑒𝑟𝑖𝑜𝑑 𝑇 = 2𝜋
𝜔

or    𝜔  = 2𝜋
𝑇

= 2 𝑋 3.14 = 0.628 𝑟𝑎𝑑/𝑠
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Now linear velocity 𝖯 = 𝜔√𝑎2 − 𝑦2 = 0.628 × √1.52 − 02 = 0.942 𝑚/𝑠
Acceleration = 𝜔2𝑦 = 0.6282 × 1.5 = 0.59 𝑚/𝑠2
13. Calculate the maximum amplitude of velocity, for a particle executing SHM of period 10 s and amplitude 5.0 cm.
Ans: The maximum amplitude of velocity is
A  A   2 



 T 
A  0.05  2  3.14

  0.0314m / s

10
14. A simple pendulum of one meter length is hang at one end. Considering the oscillations to be small displacements, find the period of oscillation, if the mass of pendulum is 2 kg.
Ans: T  2

 6.28 

; T  6.28 0.319  2.003s
15. What is the analogy between electrical and mechanical oscillating system?
	Mechanical system
	Electrical system

	Force (F)
	Voltage (V)

	Mass (M)
	Inductance (L)

	Frictional coefficient (B)
	Resistance (R)

	Spring constant (K)
	Reciprocal of Capacitance (1/C)

	Displacement (x)
	Charge (q)

	Velocity (v)
	Current (i)


16. What are waves?
A wave is a disturbance that transfers energy from one place to another without transferring matter.
17. Define standing wave.
Ans: A standing wave pattern is a pattern which results from the interference of two or more waves along the same medium. A standing wave is characterized by the presence of nodes and antinodes.
18. Define travelling wave.
Ans: This type of wave pattern that is seen traveling through a medium is sometimes referred to as a traveling wave.
19. How energy is transferred through waves?
Ans: a) In electromagnetic waves, energy is transferred through vibrations of electric and magnetic fields.
b) In sound waves, energy is transferred through vibration of air particles or particles of a solid through which the sound travels. c) In water waves, energy is transferred through the vibration of the water particles.
20. What is a mechanical wave?
Ans: A wave that can travel only through matter is called a mechanical wave. Mechanical wave can be either transverse waves or longitudinal waves.
21. What is transverse wave?
Ans: A transverse wave is a wave in which the disturbance is perpendicular to the direction in which the wave travels.
22. What is longitudinal wave?
Ans: A longitudinal wave makes the particles in a medium move parallel to the direction in which the wave travels.
23. What are sound waves?
Ans: A sound wave is the pattern of disturbance caused by the movement of energy traveling through a medium (such as air, water, or any other liquid or solid matter) as it propagates away from the source of the sound.
24. Explain Doppler Effect?
Ans: There is an apparent change in frequency of the sound waves emitted from the source, when there is a relative motion between the source and observer. This effect is called Doppler effect and shift in frequency is called as Doppler shift.
25. Explain the reflection of light.
Ans: Reflection of light (and other forms of electromagnetic radiation) occurs when the waves encounter a surface or other boundary that does not absorb the energy of the radiation and bounces the waves away from the surface.
26. Explain the refraction of light.
Ans: Light refracts whenever it travels at an angle into a substance with a different refractive index (optical density). This change of direction is caused by a change in speed.
27. What are the conditions to be satisfied for the total internal reflection?
Ans: a) Light should travel from denser medium to rarer medium. b) The angle of incidence on core should be greater than the critical angle
28. Define interference.
Ans: Interference is the phenomenon in which two waves superpose to form the resultant wave of the lower, higher or same amplitude. The most commonly seen interference is the optical interference or light interference.
29. How does a Michelson Interferometer works?
Ans: The Michelson interferometer produces interference fringes by splitting a beam of light so that one beam strikes a fixed mirror and the other a movable mirror. When the reflected beams are brought back together, an interference pattern results.
30. How do we get fringes using air wedge?
Ans: If two glass plates are placed face to face with one end separated by a piece of tissue paper or thin metal foil an air wedge will be formed between them. If monochromatic light is shone on the plates a series of straight-line fringes will be seen parallel to the line along which they touch.
31. What are the important characteristics (properties) of the laser? (Jan 2012, Dec 2020) Ans: Laser light possesses the following characteristics
Highly coherent. (ii) Highly intense. (iii) Highly directional. (iv) Highly monochromatic
32. What is the principle of laser action?
Ans: Stimulated emission process is a key factor for the laser action. The amplification of photons through stimulated emission leads to coherent, powerful, monochromatic, collimated beam of laser.
33. What is stimulated emission?
(Jan 2013)
Ans: The process of triggering the atoms in excited state to make transitions to ground state by external source is called stimulated emission.
34. What are the differences between spontaneous emission and stimulated emission?
	Spontaneous emission
	Stimulated emission

	Emission of light is caused without any external
influence.
	Induced emissions of light caused by incident photons.

	Emitted photon travels in random direction.
	Emitted photons can be made to travel in particular direction.

	Emitted photons cannot be controlled.
	Emitted photons can be controlled.


35. What are the conditions required for laser action?
Ans: Population inversion should be achieved and stimulated emission should be predominant over spontaneous emission
36. What is meant by population inversion?
(Jan 2012)
Ans: The number of atoms in the excited state (higher energy level) is more than that of ground state (lower energy level) is known as population inversion.
37. What is pumping action?
Ans: The process of creating population inversion in the atomic states is known as pumping action. It is an essential requirement for producing a laser beam.
38. What are the different methods of pumping?
(Jan 2010)
Ans: i) Optical pumping. ii) Electron discharge method iii) Inelastic atom-atom collision
iv) Direct conversion v) Chemical process.
39. Can a two level system be used for the production of laser? Why?
(Jan 2011)
Ans: No, two level systems cannot be used for the production of laser, because to achieve the population inversion at least three levels are required.
40. Define coherent length and coherent time. How are they related to each other?
Ans: The maximum length up to which the wave trains have correlation with the amplitude and phase is called coherent length and the time up to which they are correlated is called coherent time. They are related as, coherent time = Coherent length / velocity of light
41. Classify the different types of laser based on active medium. Ans:
Solid state laser
– Eg:- Ruby, Nd –YAG
Gas laser
– Eg:- CO2 , He –Ne
Liquid laser
– Eg:- Europium chelate
Dye laser
– Eg:- Coumarin dye laser Semiconductor laser
– Eg:- GaAs
42. What is Nd:YAG laser?
Ans: Nd:YAG is neodymium based laser. It is a four level solid state laser.
43. What are the applications of Nd:YAG laser? Ans:
i. Range finders and illuminators
ii. Micro machining operations as well as welding and drilling
iii. Medical applications like endoscopy, urology, ENT etc.
44. What is CO2 laser?
Ans: It is a four level molecular gas laser. The active medium of this laser is CO2 gas. Laser transition takes place between the vibrational states of CO2 molecules.
45. What is the use of nitrogen and Helium in CO2 laser?
Ans: In CO2 laser , nitrogen helps to increase the population of atoms in the upper level CO2 . While helium helps to depopulate the atoms in the lower level of CO2 and also to cool the discharge tube.
46. Give the wavelengths of light emitted by the CO2 laser.
Ans: The wavelength of light emitted by the CO2 laser is 9.6µm and 10.6 µm.
47. What are the applications of CO2 laser? Ans:
i. Materials processing, welding, drilling, cutting etc.
ii. Laser remote sensing
iii. Neurosurgery and bloodless operations.
48. What is meant by LIDAR?
Ans: Light detection and ranging – Laser beams are used to determine the exact size, form, distance, velocity and direction of distant objects by receiving the reflected laser beam similar to RADAR.
49. Give the principle of semiconductor laser diode?
(May 2009)
Ans: When the p-n junction diode is forward biased electrons from n region crosses the junction and recombines with hole in p region. During the recombination process, the light radiation is released from certain specified diode.
50. What are the applications of semiconductor laser? Ans:
· It is mostly used in optical fiber communications.
· It is used to heal the wounds by means of infrared radiation.
· It is used in computer laser printers, writing and reading CD’s.
51. How is LED different from Semiconductor Laser?
(Dec 2003)
	LED
	LASER

	It requires low current density.
	It requires high current density.

	Junction of diode need not be polished.
	Junctions of the diode should be highly polished.

	Minority carrier injection will take place.
	Stimulated emission will take place.

	Power output is low.
	Power output is high.

	Intensity is less.
	Intensity is very high.


52. What are the differences between homojunction and heterojunction laser? (Jan 2010,May 2019)
	Homojunction laser
	Heterojunction laser

	Made by single crystalline material.
	Made by different crystalline materials.

	Power output is low.
	Power output is high.

	Pulsed output.
	Continuous output.

	Life time is less.
	Life time is more.

	Threshold current is very large.
	Threshold current is very low.

	The output beam has large divergence, coherence and stability are poor.
	Very narrow beam with high coherence and mono chromaticity is achieved.

	Eg: GaAs , InP
	Eg: InAlPS


53. Mention the applications of lasers in industry. Ans:
· Welding
· Cutting
· Drilling
· Non-destructive testing
54. What is laser welding?
Ans: In this technique, a focused laser beam is incident on spot where the two parts are to be welded. The spot-contact points are get welded.
55. What are the advantages of laser welding?
· Laser welding is contactless; therefore there is no possibility of introduction harmful impurities
· It can be performed in atmospheric pressure unlike electron beam welding where vacuum is a must
56. What is heat treatment of laser?
Ans: A powerful laser is allowed to hit a metal surface. That portion gets heated. As the beam is moved away to other areas, the heated spots cool down rapidly. This procedure is used for heat treatment of metal surfaces which enhances the strength of the metal.
57. Mention the medical applications of laser.
· Treatment of detached retinas
· Micro-surgery and bloodless operation
· Treatment of human and animal cancer and skin tumors
58. In InP Laser diode, the wavelength of light emission is 1.55 µm. What is its band gap in eV?
Ans:

= ℎ𝑐 = 6.625 × 10−34 × 3 × 108 = 0.8014 𝑒𝑉
 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 



𝑔
𝜆

1.55 × 10−6
59. Calculate the number of photons from green light of mercury λ = 4961 Å requires doing one joule of work.
(May 2003)
Ans:

= ℎ𝑐 = 6.625 ×10−34 × 3 𝑥 108 = 4.006 × 10−19𝐽
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𝑔
𝜆

4961 × 10−10
𝑁 =

1𝐽 4.006×10−19𝐽

= 2.4961 × 1018 / m3
60. Calculate the relative population of sodium atoms in sodium lamp in the first excited state and the
ground state at a temperature of 250 ˚C. (λ = 590 nm)
Ans: Let N2 and N1 be the population of the first excited state and the ground state.
𝐸2
W. K.T, 𝑁2 =
𝑁1

𝑒  𝑘𝑇
𝐸   = 𝑒
𝑒 𝑘𝑇

−𝐸2− 𝐸1
𝑘𝑇
𝑁 2 = 𝑒
𝑁1


       6.625 ×10−34×3×108
 5.9 𝑋10−7×1.38×10−23×523

=  −ℎ𝛾/𝑘𝑇 =  𝑒−ℎ𝑐/λ𝑘𝑇
= 𝑒−46.673875 = 5.36776 × 10−21;
𝑁2 = 5.367 × 10−21
𝑁1
61. Calculate how many photons are emitted in each minute in a helium neon laser which emits light at a wavelength of 6328 Å. The output power of the source 3 mW.
Ans:
Frequency

𝛾 = 𝑐
𝜆

= 4.74 × 1014

𝐻𝑧
E = hυ = 3.14 ×10 -19 J
Energy emitted by the laser = 3mW= 3 × 10 -3 × 60 J / minute
No of photons emitted = 𝑁 = 3 x 10 −3× 60 = 5.732 × 10 17photons / min
3.14 ×10 – 19
Part – B
1. What is meant by motion? Detail the different types of motion with examples.
2. What is meant by simple harmonic motion? Arrive at the differential equation for a particle executing S.H.M.
3. Explain the free vibrations, damped vibrations and forced vibrations giving one example of each. Write a short note on resonance.
4. Explain the analogy between electrical and mechanical oscillating systems with examples.
5. Explain the formation of standing waves at various interval of time.
6. Derive a stationary wave equation and show that the rate of energy transfer in a stationary wave is zero.
7. What is meant by plane progressive wave? Derive its wave equation.
8. What is meant by Doppler effect? Detail the existence of Doppler effect in sound and light.
9. Explain with theory, air wedge method of determining the radius of a thin wire.
10. Explain the construction, types of fringes and applications of Michelson interferometer.
11. Describe Michelson interferometer and explain the formation of fringes in it. Discuss how this interferometer is used to find the wavelength of monochromatic light. Also explain how the thickness of a thin transparent film or plate is determined using this.
12. (i) For atomic transitions, derive Einstein relation and hence deduce the expressions for the ratio of spontaneous emission rate to the stimulated emission rate. (ii) Obtain the ratio of stimulated emission rate to stimulated absorption rate and discuss population inversion.
(Jan, May Dec 2019) (iii)What is pumping action? Explain the methods commonly used for pumping action. (Jun ‘09)
13. Describe the principle, construction, working and energy level diagram of Nd:YAG laser. Discuss the advantages, disadvantages and applications of Nd:YAG laser system.
14. What are the different vibrational modes of Co2 molecules? Discuss the principle, construction, working and energy level diagram of Co2 laser system.
15. (i) Describe the principle, construction, working and energy level diagram of semiconductor laser.
(ii) What are the advantages of heterojunction laser over homojunction semiconductor laser?
16. Compare a homojuction semiconductor laser with a hetero junction semiconductor laser and detail their features. (or) Describe and discuss homojunction and heterojunction lasers. Explain why heterojunction lasers are preferred. (Dec 2019)
17. (i) What are the applications of semiconductor laser?
(ii) Describe the construction and working of a hetero-junction Ga-As laser. (Jan 2009)
Unit 4 – BASIC QUANTUM MECHANICS
Part A
1. Write any two drawbacks of classical theory.
Ans: i) It fails to explain the micro concepts like stability of atoms, photoelectric effect, Compton effect and black body radiation.
ii) According to classical theory the hydrogen spectrum which is assumed to be continuous, is found as discrete experimentally.
2. What are the merits of quantum theory? Ans:
· Specific heat of solids at low temperature can be explained.
· Theory of atomic structure and spectrum of hydrogen can be explained.
· Photoelectric effect, Compton Effect and black body radiation can be explained by this theory.
3. Define Compton Effect, Compton wavelength and Compton shift.
(May 2017 & Jan 2019) Ans: When a photon of energy hν collides with a scattering element, the scattered beam has two components, one of the same wavelength as that of the incident radiation and the other has higher wavelength compared to incident wavelength. This phenomenon is called Compton effect and the change in wavelength is called Compton shift.
The quantity

h m0c 

which depends on rest mass of scattering particle is known as Compton wavelength.
4. Explain the variations of Compton shift with respect to the scattering angle.
Ans: The Compton shift in wavelength increases with the increase in scattering angle as shown below. We know that Compton shift,
d 

h m0 c

1  cos 
Case i) when θ = 0,
dλ = 0; scattering is absent,
Case ii) when θ = 45 o,
dλ = 0.0071 Å; shift in wavelength is minimum,
Case iii)when θ = 90 o,dλ = 0.02424 Å; good agreement with the experimental results, Case iv) when θ = 180 o, dλ = 0.0472 Å; shift in wavelength is maximum.
5. X-rays of wavelength 0.124 Å are scattered by a carbon block. Find the wavelength of scattered beam for a scattering angle of 180 o.
Ans :

'   

h m0 c

1  cos 
'  0.124

10

10 

6.625 1034
9.111031  3108

1 

cos180
 0.124

10

6.625 1034
2.733 1022 (2)
' = (0.124 × 10−10) + 4.848 × 10−12 = 0.1725 Å
6. In a Compton scattering experiment, the incident photons have a wavelength of 3× 10 -10 m. Calculate the wavelength of scattered photons if they are viewed at an angle of 600 to the direction of incidence. (c = 3×108 ms-1)
(Apr 2003)
Ans:
'   

h m0 c

1  cos 
'   

10 

6.625 1034
 
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· 
   

10  6.625 1034 1

3 10

9.111031  3 108 1

cos60

3 10

2.733 1022 ( 2)
=(3 × 10−10) + 1.212 × 10−12 = 3.0121 Å
7. In a Compton experiment, the wavelength of the incident photon is 1A and that of the scattered photon is 1.02 A. Calculate the kinetic energy of the recoiling electron. (Dec 2019)
Ans:
K.E of the recoiling electron = ℎ𝖯 − ℎ𝖯′ = ℎ𝑐 − ℎ𝑐
𝜆
𝜆𝘍
= 6.626x10-34x3x108x(
1
−
1
)
8. What are matter waves?

= 3.9x10-17J

1×10−10

1.02×10−10
Ans: The waves associated with the matter particles (electrons, photons) are known as matter waves.
9. What is meant by Photon? Give any two properties. Ans:
Definition: The quanta packet of discrete energy of definite frequency (or) wavelength is known as
photon.
· They do not have any charge and they will not ionize gases.
· The energy and momentum of the photon is given as E = hν and p = mc.
10. State de – Broglie’s hypothesis and how he justified. Ans:
· Our universe is fully composed of light and matter.
· Nature loves symmetry. If radiation like light can act as wave and particle, then material particles can also act like particle and a wave.
· Every moving particle is associated with a wave.
11. State the properties of matter waves. Ans:
· Lighter the particle, greater is the wavelength associated with it.
· Smaller the velocity of the particle, greater is wavelength associated with it.
· These waves are not electromagnetic waves,
· The velocity of de-Broglie wave is equal to the velocity of the material particle.
12. Write an expression for the wavelength of matter waves. (or) What is de-Broglie’s wave equation? What are the other forms of de-Broglie wavelength?
Ans:
  h  h
mv
p
where h – Planck’s constant, m – mass of the particle, v – velocity of the particle, p – momentum of the particle.
De-Broglie wavelength in terms of energy =  
h
De-Broglie wavelength in terms of voltage =  
h
De-Broglie wavelength in terms of temperature =  
h
13. Matter wave is not encountered with bodies which we come across in our day-to-day life. Why? Ans: The de-Broglie wavelength associated with larger objects is far too small because of larger value of mass (m). Hence only for particles of atomic size, wave behavior is observed.
14. Calculate the no. of photons emitted by a 100 Watt sodium vapor lamp. Given λ = 5893Å.
Ans : E  hc 


6.625 1034  3 108
5893 1010

 1.988 1025
5893 1010


= 3.3726 × 10-19 J
N = Power / Energy 

100
 SHAPE  \* MERGEFORMAT 



3.3726 1019

= 2.965 × 10 20 per second
15. Calculate the de-Broglie wavelength of an electron accelerated to a potential of 2 kV.
Ans: 𝜆 =      ℎ

 SHAPE  \* MERGEFORMAT 




6.62510

34

 6.62510

34
√2𝑚𝑒𝑉

2  9.111031 1.6 1019  2 103

2.414 1023
𝜆= 0.2742 Å
16. The room temperature (27 oC) thermal neutrons are used in the neutron diffraction experiments. Calculate the de-Broglie wavelength associated with these neutrons. The rest mass of the neutron, mn is 1.6748 × 10-27 kg, KB = 1.38 × 10-23 JK-1.
(Jan 2016)
h
6.625 1034

6.625×10−34

Ans: :  
;  
 


=4.5608 ×10−24    =1.4526 Å
3mKBT

3x1.6748 x 10-27 x 1.38 1023  300
17. What is G.P. Thomson experiment?
Ans: G.P.Thomson made investigations with high speed electrons, accelerated by a potential difference ranging from 10,000 to 50,000V and studied the electron diffraction effects. Thomson found the diffraction patterns exactly analogous to X-ray diffraction patterns. Thus he proved the material particle possess wave nature.
18. What do you understand by the term wave function?
Ans: Wave function ψ is a variable quantity that is associated with a moving particle at any position (x, y, z) and at any time‘t’. It relates the probability of finding the particle at that point and at that instant of time.
19. What is the physical significance of a wave function ψ?
(Jan & Dec 2019) Ans:
· The probability of finding a particle in space at any given instant of time is characterized by a
function ψ (x, y, z) called wave function.
· It relates particle and wave statistically.
· It is a complex quantity and it does not have any meaning.
20. Write any two applications of Schroedinger’s wave equation. Ans:
· It is used to find the electrons in the metal.
· It is used to find the energy levels of an electron in an infinite deep potential well.
21. Write down the one dimensional Schrodinger’s time independent equation and write the same for a free particle.
Ans: 𝑑2𝜓 + 2𝑚 [𝐸 − 𝑉] = 0;
𝑑𝑥2
ħ2
For a free particle, V = 0.
So, 𝑑2𝜓 + 2𝑚𝐸 𝜓 = 0.
𝑑𝑥2
ħ2
22. Define Eigen value and Eigen function.
Ans: Eigen value is defined as energy of the particle and is denoted by the letter (En). Eigen function is defined as the wave function of the particle and is denoted by the symbol (ψn)
𝐸𝑛 =

𝑛2ℎ2
2
8𝑚𝑎2   ; 𝜓𝑛 = √

sin

𝑛𝜋𝑥
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23. Define normalization process.

𝑎
𝑎
Ans: The probability of finding a particle inside any potential well is known as normalization process in quantum theory.
24. What is meant by degenerate state and non-degenerate state?
(Jan 2011)
Ans: Degenerate State:- For various combinations of quantum number if we get the same Eigen value but different Eigen functions, then it is called degenerate state.
Non-degenerate State: - For particular combinations of quantum number if we get the one Eigen value and corresponding Eigen function, then it is called non-degenerate state.
25. For a free particle moving within a one dimensional potential box, the ground state energy cannot be Zero, why?
(Jan 2018)
Ans: For a free particle moving within a one dimensional potential box, when n = 0, the energy (E) and wave function (ψ) are zero which means the particle is not present within the box. Therefore the state with n = 0 is not allowed.
26. What will be the minimum energy of an electron in one dimensional box of width 10 Å? Ans:
𝐸n = n2h2/8mL2
12 x (6.625x10−34)2
1
8 x 9.11 x 10−31x (10 x10−10)2

=   4.38×10−67
7.288×10−48
E1 = 6.022 x 10-20 Joules or 0.3756 eV
27. Why should the wave function of particle be normalized?
(Jan 2016)
Ans: Normalizing the wave function means to find the exact form of ψ which ensures the probability of finding the particle in space is equal to 1.
28. An electron is confined to a one-dimensional box. How does the energy level spacing changes when the box is made longer?
Ans:
𝐸𝑛

=  2ℎ2
8𝑚𝐿2

Energy decreases with increase in length.
29. Find the energy of an electron moving in one dimension in an infinitely high potential box of width
0.1 nm.
Ans: 𝐸𝑛 =

𝑛2ℎ2 8𝑚𝑎2 =

12×(6.625x 10−34  2
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8×9.1×10−31×(0.1×10−9)2

4.38 ×10−67
= 7.28 ×10−50
Part-B

= 6.022 × 10−18 𝐽 = 37.68 eV
1. Define Compton Effect and explain its significance? Derive an expression for the change in wavelength due to Compton scattering by incident light with matter. (or) Explain Compton effect and Compton wavelength. Derive an expression for Compton shift of wavelength.
(Dec 2019)
2. Write down the equation for Compton shift and discuss it for various angles of scattering with an experimental evidence to prove it.
(Jan 2009, 2010)
3. The wavelength of the scattered X-ray photons is determined to be 1 Å by the detector at an angle θ in a Compton experiment. If the wavelength of the scattered photons are found to be
1.018 Å by rotating the detector increasingly through 60̊ further, then calculate the angles of the scattered X-ray photons.
(Dec 2015)
4. 
What are the drawbacks of classical free electron theory? Derive time independent Schrödinger wave equation and hence deduce time dependent Schrödinger wave equation. Give the physical significance of wave function.
(Jan 2010, Jan 2018)
5. Explain G. P. Thomson experiment to prove the wave nature of an electron. (May 2017)
6. Derive time independent Schrödinger wave equation and hence deduce time dependent Schrödinger wave equation.
(Jan 2019)
7. Using Schrödinger’s time independent wave equation normalize the wave functions of electron trapped in a one dimensional potential well. (or) Solve time independent Schrödinger wave equation for an electron trapped in a potential well and obtain Eigen functions and energy Eigen values for the particle. Also show that the energy values are quantized.
(Dec 2019)
8. Derive time independent Schrödinger equation for one dimensional case. Also prove that for a particle enclosed in a one dimensional box.
(May 2010 & May 2019)
9. With quantum concepts, explain the energy level of an electron enclosed in an infinite deep one dimensional potential box.
10. With quantum concepts, explain the energy level of an electron enclosed in an infinite deep three dimensional potential box.
Unit 5 – APPLIED QUANTUM MECHANICS
Part – A
1. What is mean by harmonic oscillator in quantum mechanics?
Ans: A harmonic oscillator (quantum or classical) is a particle in a potential energy well given by V(x)=½kx². k is called the force constant. It can be seen as the motion of a small mass attached to a string, or a particle oscillating in a well-shaped as a parabola.
2. What do u mean by zero point energy?
Ans: unlike the classical harmonic oscillator, not only are there discrete levels but the ground state does not have zero energy, rather a finite amount (½ħω). This minimal amount of energy is known as the zero point energy.
3. A macroscopic pendulum has ω=1 s-1, m=1 kg and total energy 0.1J. What would be its quantum number if described quantum mechanically?
Ans: EV = (½ + v) ħω → v = Ev ÷ ħω - ½ = 0.2 ÷ (1.05 x 10-34 x 1) - ½
≈ 1.90 x 1033 (i.e very large).
4. Is there a zero point energy for the particle in the box & free particle? Ans:
· Yes for a particle in the box.
· No for free boundaries because quantization derives from the boundary condition. Without boundaries, there is no quantization and E = 0 is allowed.
5. Give an expression for the energy levels of the quantum harmonic oscillator. Ans: The energy levels of the quantum harmonic oscillator are

6. Can we simultaneously measure position and energy of a quantum oscillator? Why? Why not? Ans: Yes, within the constraints of the uncertainty principle. If the oscillating particle is localized, the momentum and therefore energy of the oscillator are distributed.
7. Can a quantum particle ‘escape’ from an infinite potential well like that in a box? Why? Why not? Ans: No, the restoring force on the particle at the walls of an infinite square well is infinity.
8. What decreases the tunneling probability most: doubling the barrier width or halving the kinetic energy of the incident particle?
Ans: Doubling the barrier width
9. Describe tunneling effect.
Ans: In Quantum mechanics a particle having lesser energy (E) then the barrier potential (V) can easily cross the potential barrier having a finite width ‘L’ even without climbing over the barrier by tunneling through the barrier. This process is called tunneling.
10. What is the principle of Scanning Tunneling Microscope (STM)?
Ans: When a conducting tip is brought very near to the surface to be examined, a bias (voltage difference) applied between the two can allow electrons to tunnel through the vacuum between them.
11. Mention the advantages of Scanning Tunneling Microscope (STM).
Ans: 1) It is capable of capturing more information than the other electron microscopes. 2) As STMs are versatile, they can be used in ultra-high vacuum, air, water and other liquids and gases. 3) They can operate in temperatures as low as 0K up to a few hundred degree Celsius.
12. Write the disadvantages of Scanning Tunneling Microscope (STM).
Ans: STMs can be difficult to use effectively. There is a very specific technique that requires a lot of skill and precision. STMs require very stable and clean surfaces, excellent vibration control and sharp tips.
13. What are the applications of Scanning Tunneling Microscope (STM)?
Ans: STM’s are used in biological field to examine images of DNA. Used to study surface structure / morphology. It is used to study collective electronic and magnetic behaviors. Used in surface chemistry. Used in molecular image and bonding
14. What do u mean by resonant diode/ resonant tunneling diode?
Ans: A resonant-tunneling diode (RTD) is a 

HYPERLINK "https://en.wikipedia.org/wiki/Diode" \hdiode 

HYPERLINK "https://www.quora.com/unanswered/What-is-the-history-of-the-quantum-harmonic-oscillator" \hwith a resonant-tunneling structure in which electrons can tunnel through some 

HYPERLINK "https://www.quora.com/unanswered/What-is-the-history-of-the-quantum-harmonic-oscillator" \hresonant 

HYPERLINK "https://www.quora.com/unanswered/What-is-the-history-of-the-quantum-harmonic-oscillator" \hstates at certain energy levels. The 

HYPERLINK "https://www.quora.com/unanswered/What-is-the-history-of-the-quantum-harmonic-oscillator" \hcurrent–voltage characteristic 

HYPERLINK "https://www.quora.com/unanswered/What-is-the-history-of-the-quantum-harmonic-oscillator" \hoften exhibits 

HYPERLINK "https://en.wikipedia.org/wiki/Negative_resistance" \hnegative differential resistance 

HYPERLINK "https://www.quora.com/unanswered/What-is-the-history-of-the-quantum-harmonic-oscillator" \hregions.
15. How RTD is fabricated?
Ans: An RTD can be fabricated using many different types of materials (such as III–V, type IV, II–VI semiconductor) and different types of resonant tunneling structures, such as the heavily doped p–n junction , double barrier, triple barrier, 

HYPERLINK "https://en.wikipedia.org/wiki/Quantum_well" \hquantum well

HYPERLINK "https://www.quora.com/unanswered/What-is-the-history-of-the-quantum-harmonic-oscillator" \h, or 

HYPERLINK "https://en.wikipedia.org/wiki/Quantum_wire" \hquantum wire.
16. What is double barrier structure?
Ans: One type of RTDs is formed as a single 

HYPERLINK "https://en.wikipedia.org/wiki/Quantum_well" \hquantum well 

HYPERLINK "https://www.quora.com/unanswered/What-is-the-history-of-the-quantum-harmonic-oscillator" \hstructure surrounded by very thin layer barriers. This structure is called a double barrier structure.
17. What is the principle of Resonant tunneling diode?
Ans: The Resonant Tunneling Diode (RTD) is a quantum well structure semiconductor device that uses electron tunnelling and has the unique property of negative differential resistance in its current-voltage characteristics. For certain applied voltages, increasing the voltage leads to a decrease in measured current.
18. Write a note about RTD structure.
Ans: A resonant-tunneling diode requires a band-edge discontinuity at the conduction band or valence band to form a quantum well and, thus, necessitates heteroepitaxy. The most common combination used is GaAs-AlGaAs. The middle quantum-well thickness is typically around 5 nm and the barrier layers range from 1.5 to 5 nm. Symmetry of the barrier layers is not required so their thickness can be different.
19. Sketch the I-V characteristics of resonant-tunneling diode:
Ans: The I-V characteristics of a resonant-tunneling diode are shown qualitatively in Fig. given below. One notes not only the negative resistance, but also that it can be repeated, with multiple current peaks and valleys.
20. Draw the structure of RTD.
[image: image21.jpg]Resonant Tunneling Diode





21. Write down the boundary condition for the finite potential well.
22. Explain the bound state condition in finite potential well.
Ans: The bound-state energy levels are non-degenerate. The bound-state energy levels are finite, but increase without bound and depend on the parameter γ. Thus, deeper and wider potentials have a larger number of bound states.
23. Write down the properties of finite potential well.
Ans: Only a finite number of energy levels exist (bound state); Tunneling into the barrier (wall) is possible; Higher energy states are less tightly bound than lower ones; A particle provided with enough energy can escape the well (unbound state)
24. Difference between infinite potential well and finite potential well.
	Infinite well
	Finite well

	ψ(x) confined to the well
	ψ(x) spreads out beyond the well

	kn = nπ/ L
	kn and energies lower

	infinite tower of states
	finite tower of states

	no unbound states
	unbound states when E>V0


25. Is energy levels are lower in finite potential well (FPW)? If yes, explain the reason.
Ans: The energy levels in the FPW are lower because the wave function spreads out (by penetrating the classically forbidden region) and therefore reduces its KE.
26. What are the difference between quantum theory and zone theory?
	Quantum theory
	Zone theory

	The electron is assumed to move in a region
of constant potential.
	The electron is assumed to move in a region
of periodic potential.

	Mass of the electron remains constant when moving with constant potential.
	Mass of electron varies when it moves through periodic potential.

	Fails to explain why some solids behaves as conductors,
some
as
insulators
and
semiconductors
	Explains
the
behavior
of
solids
as conductors, semiconductors and insulators.


27. 
List out the characteristics of the particle executing simple harmonic motion in a harmonic oscillator.
Ans: 1. The particles executing SHM will have discrete energy values.
2. The energy valves are equidistant and are separated by hν.
3. The minimum energy (for n=0) is not zero.
4. Energy levels are Non–degenerate.
28. What are the advantages and disadvantages of a resonant diode? Ans: Advantages
1. Cost and noise is low
2. Fabrication is very simple.
3. Operation speed is very high.
4. Power dissipation is low and hence it is environmental friendly device.
Disadvantages
1. Since it is a two terminal device, it is difficult to isolate the input and output.
2. It is a low output swing device.
Part B
1. Explain the principle and working of scanning tunnelling electron microscope and list out its limitations.
2. Describe the construction, working, merits and demerits with applications of resonant tunnelling diode.
3. Describe Kronig Penny model with detailed explanation.
4. Explain Bloch theorem for particles in periodic potential.
5. Explain the origin of band gap when the electron is moving in a periodic potential. Also explain the effective mass of electron in a periodic potential.
6. Discuss qualitatively how band theory of solids leads to the classification of solids into conductors, semiconductors and insulators.
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