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COURSE OBJECTIVES 

1. The course is designed to make the students industry ready to contribute in 
the growing demand of the industry at local, national and international 
level. 

2. It will make the students competent to understand basic concepts and 
applications of advanced engineering physics and apply its principles in 
their respective fields at global platform. 

3. It will enhance the skill level of the students and shall make them preferred 
choice for getting employment in industry and research labs. 

4. It will give thorough knowledge of the discipline to enable students to 
disseminate knowledge in pursuing excellence in academic areas. 
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COURSE OUTCOMES 
       

Figure 1 Quantum Theory [1] 

CO 

Number 

Title  

On completion of this course, the students are expected 

to learn 

Level  

CO1 Quote the basic fundamental concepts of lasers, optical 

fibres, crystallography, ultrasonic oscillations, semiconductor 

physics, quantum mechanics and nanotechnology. 

Remember, 

Understand 

  

CO2 Demonstrate the working of various lasers, fibre 

components, semiconductor devices; explain the behaviour 

of crystalline solids, quantum and nano-scale systems. 

Understand 

CO3 Solve problems by applying principles related to lasers, 

fibres, semiconductors, oscillations, quantum and 

nanoscience. 

Applying  

 

CO4 Compare various lasers and fibres, semiconducting devices, 

crystalline materials, structures at quantum and nanoscale 

on the basis of their properties for industrial applications. 

Analyze 

CO5 Develop various systems using lasers, fibres, semiconductors 

and nanomaterials for futuristic applications. 

Design  
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LECTURE OBJECTIVE 

1 

• Students will learn 
about black body 
radiation. 

2 

• Students will learn 
about special cases 
with change in 
wavelength. 

3 

• In this lecture will 
derive the relations 
for Wien's law  . 
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QUANTUM MECHANICS 

 

Figure 1.1 Quantum Theory [1] 
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NEED OF QUANTUM 

MECHANICS 

  Problems remained from classical 

mechanics that relativity didn’t explain 

 Attempts to apply the laws of classical 

physics to explain the behavior of 

matter on the atomic scale were 

consistently unsuccessful. 

Figure 1.2 Need of Quantum Theory [2] 
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NEED OF QUANTUM 

MECHANICS 

  Problems included: 

 Blackbody radiation 

 The electromagnetic radiation 

emitted by a heated object 

 Photoelectric effect 

 Emission of electrons by an 

illuminated metal 

Figure 1.2 Need of Quantum Theory [2] 
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BLACK BODY 

APPROXIMATION 

 

 
A good approximation of a black body is a 

small hole leading to the inside of hollow 

object. 

The hole acts as the perfect absorber. 

The nature of the radiation leaving the cavity 

through the hole depends on the 

temperature of the cavity walls 

 

Figure 1.3 Blackbody radiations [3] 
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INTENSITY OF 

BLACKBODY 

RADIATION 

 Blackbody radiations are explained 

using Planck’s Quantum theory 

Intensity increases with increase in 

wavelength, reaches maximum value 

and then decreases 

 

Figure 1.4 Black body radiations [4] 
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PLANCK’S RADIATION LAW  
 

 

  

The walls of the experimental black body consist of a large number of electrical oscillators and each 

one is vibrating with a frequency of its own. 

 An oscillator can posses only some discrete values of energy. i.e., the energy of an oscillator is an 

integral multiple of hν. Where ‘h’ is Planck’s constant and ‘ν’ is the frequency of vibration of the 

oscillator. 

 An oscillator may lose  or gain energy by emitting or  absorbing respectively a  radiation of 

frequency ‘ν’ whose value is given by  ν = ΔE/h ,  where, ΔE= (E2-E1) is  the difference in energy of 

the oscillator before and after the emission or absorption of the radiation. 

Based on the above idea, Planck derived the  law governing the energy in entire spectrum  of the 

black body radiation which is given by, 
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Wein’s Law 

11 

 

 

 

Figure 1.5: Variation of intensity with wavelength[5] 

For Lower Wavelength 
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Rayleigh Jeans Law 
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For Higher Wavelength 

ν = c/λ is small, ehv/kT is also very small. 

 
Expanding ehv/kT  as power series  
 
we have, 
 
ehv/kT=1+hv/kT 
Since hv/kT is very small we can neglect 

its higher power terms 
 
 
ehv/kT-1=hv/kT 
 

Figure 1.6: Rayleigh Jeans’ law for higher wavelength[6] 
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SUMMARY 

 

 Planck assumed energy in quantised manner. 

 Wein’s law is applicable for short wavelength. 

 Rayleigh’s Jeans is applicable for higher wavelength. 
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FAQ 

 

1. Explain  black body. 

2. Tabulate the assumptions of Planck’s Law of Radiation. 

3. Draw the graph for Rayleigh’s Jeans law. 
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REFERENCES    

• Video link 

1. https://nptel.ac.in/courses/115/104/115104096/ 

2. https://www.youtube.com/watch?v=yVN09TdSHHg 

• Books 

1. Concepts of Modern Physics, (Fifth Edition) A Beiser, McGraw Hill International. 

2. Fundamentals of Physics, David Halliday, Robert Resnick and Jearl Walker, 
Wileyplus 
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COURSE OBJECTIVES 

1. The course is designed to make the students industry ready to contribute in 
the growing demand of the industry at local, national and international 
level. 

2. It will make the students competent to understand basic concepts and 
applications of advanced engineering physics and apply its principles in 
their respective fields at global platform. 

3. It will enhance the skill level of the students and shall make them preferred 
choice for getting employment in industry and research labs. 

4. It will give thorough knowledge of the discipline to enable students to 
disseminate knowledge in pursuing excellence in academic areas. 
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COURSE OUTCOME 
        

Figure 1 Quantum Theory [1] 

CO 

Number 

Title  

On completion of this course, the students are expected 

to learn 

Level  

CO1 Quote the basic fundamental concepts of lasers, optical 

fibres, crystallography, ultrasonic oscillations, semiconductor 

physics, quantum mechanics and nanotechnology. 

Remember, 

Understand 

  

CO2 Demonstrate the working of various lasers, fibre 

components, semiconductor devices; explain the behaviour 

of crystalline solids, quantum and nano-scale systems. 

Understand 

CO3 Solve problems by applying principles related to lasers, 

fibres, semiconductors, oscillations, quantum and 

nanoscience. 

Applying  

 

CO4 Compare various lasers and fibres, semiconducting devices, 

crystalline materials, structures at quantum and nanoscale 

on the basis of their properties for industrial applications. 

Analyze 

CO5 Develop various systems using lasers, fibres, semiconductors 

and nanomaterials for futuristic applications. 

Design  
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LECTURE OBJECTIVE 

1 

• Students will learn 
about matter waves. 

2 

• Students will learn 
about different 
properties of matter 
waves. 

3 

• In this lecture will 
derive the de 
Broglie wavelength 
in terms of energy 
and temperature . 
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QUANTUM MECHANICS 

 

Figure 2.1 Quantum Theory [1] 
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NEED OF QUANTUM 

MECHANICS 

  Problems remained from classical 

mechanics that relativity didn’t explain 

 Attempts to apply the laws of classical 

physics to explain the behavior of 

matter on the atomic scale were 

consistently unsuccessful. 

Figure 2.2 Need of Quantum Theory [2] 
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NEED OF QUANTUM 

MECHANICS 

  Problems included: 

 Blackbody radiation 

 The electromagnetic radiation 

emitted by a  

 heated object 

 Photoelectric effect 

 Emission of electrons by an 

illuminated metal 

Figure 2.2 Need of Quantum Theory [2] 
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De-Broglie hypothesis 

proposed that if wave is 

having dual nature-particle 

and wave, particle should 

also possess  wave 

characteristics 

 

DUAL NATURE OF 

RADIATION 

 

Figure 2.3 Wave and particle nature [3] 
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de-BROGLIE HYPOTHESIS 

According to de-Broglie, in the universe, whole of energy appears in 

the form of radiation and matter. Since nature loves symmetry, if 

radiation which normally behaves as a wave can behave as a particle, 

then one can even expect that, entities like electrons, protons etc, which 

ordinarily behave as particle also exhibits properties of waves under 

appropriate circumstances. These waves associated with the matter are 

known as matter waves. 
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de-BROGLIE MATTER WAVES 

Figure 2.4 de-Broglie matter waves [4] 
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PROPERTIES OF MATTER WAVES 
 

 

1. Matter waves are the waves associated with matter in motion. Wavelength 

of the matter waves is given by λ=h/p. 
2. Matter waves are not progressive waves. They are localized waves. 

3. Matter waves are not single waves. They are group of waves (wave packet) 

assumed formed due to the superposition of two or more progressive waves. 

4. Matter waves called pilot waves and they represent the direction of 

propagation of matter. 

5. Unlike electromagnetic waves, matter waves will not have constant speed. 

The speed of matter waves depends on the mass of the particle. 
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As a photon travels with a velocity c, we can express its momentum 

as 

 

Thus 

 

A particle of mass ′m′ moving with a velocity v carries a 

momentum p = mv and it must be associated with the wave of 

wavelength 

 

 

The above relation is known as de-Broglie equation and the wavelength λ is 
known as de-Broglie wavelength 

de-Broglie Wavelength Of Matter Waves 
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de-Broglie Wavelength Associated With An 

Accelerated Particle 

If a charged particle, say an electron is accelerated by a potential 

difference of V volts, then its kinetic energy is given by 

 

 

Then the electron wavelength is given by 
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de-Broglie Wavelength Expressed In Term Of 

Kinetic Energy  

If a particle has kinetic energy K.E., then 
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de-Broglie Wavelength Associated With 

Particle In Thermal Equilibrium 
If the particle is in thermal equilibrium at temperature T, then their 

kinetic energy is given by 

 

 

 

Where K = 1.38 X 10-23 J/K 

For an electron 

m = 9.1X 10-31 Kg; e = 1.6 X 10-19 C; h = 6.62 X 10-34 J.s 

Therefore 
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NUMERICALS 

1.     Calculate the wavelength associated with an electron with energy 2000 eV. 

Sol: E = 2000 eV = 2000 × 1.6 × 10–19 J 
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NUMERICALS 

2.     Calculate the velocity and kinetic energy of an electron of 

wavelength 1.66 × 10 –10 m. 

 Sol: Wavelength of an electron (λ) = 1.66 × 10–10 m 

 

To calculate KE: 
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SUMMARY 

 
 De Broglie waves are also known as matter waves. 

 Every moving particle has a wave associated with it. 

 De Broglie waves independent of charge. 

 Their wavelength inversely proportional to mass and velocity. 
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FAQ 

 

1. Calculate the wavelength associated with an electron raised to a potential 100 V 

2. Define DE Broglie Hypothesis. 

3. Analyze the properties of matter waves. 

4. Define de Broglie wavelength. 
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[4] http://slideplayer.com/slide/7074070 
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• Video link 

1. https://www.youtube.com/watch?v=JIGI-eXK0tg 

2. https://nptel.ac.in/courses/115/102/115102023 

• Books 

1. Concepts of Modern Physics, (Fifth Edition) A Beiser, McGraw Hill 
International. 

2. Fundamentals of Physics, David Halliday, Robert Resnick and Jearl 
Walker, Wileyplus 
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COURSE OBJECTIVES 

1. The course is designed to make the students industry ready to contribute in 
the growing demand of the industry at local, national and international 
level. 

2. It will make the students competent to understand basic concepts and 
applications of advanced engineering physics and apply its principles in 
their respective fields at global platform. 

3. It will enhance the skill level of the students and shall make them preferred 
choice for getting employment in industry and research labs. 

4. It will give thorough knowledge of the discipline to enable students to 
disseminate knowledge in pursuing excellence in academic areas. 
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COURSE OUTCOME 
        

Figure 1 Quantum Theory [1] 

CO 

Number 

Title  

On completion of this course, the students are expected 

to learn 

Level  

CO1 Quote the basic fundamental concepts of lasers, optical 

fibres, crystallography, ultrasonic oscillations, semiconductor 

physics, quantum mechanics and nanotechnology. 

Remember, 

Understand 

  

CO2 Demonstrate the working of various lasers, fibre 

components, semiconductor devices; explain the behaviour 

of crystalline solids, quantum and nano-scale systems. 

Understand 

CO3 Solve problems by applying principles related to lasers, 

fibres, semiconductors, oscillations, quantum and 

nanoscience. 

Applying  

 

CO4 Compare various lasers and fibres, semiconducting devices, 

crystalline materials, structures at quantum and nanoscale 

on the basis of their properties for industrial applications. 

Analyze 

CO5 Develop various systems using lasers, fibres, semiconductors 

and nanomaterials for futuristic applications. 

Design  
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LECTURE OBJECTIVE 

1 

• Students will learn 
about Phase and 
group velocity. 

2 

• Students will learn 
about relation 
between Phase 
and group velocity 

3 

• In this lecture will 
derive relation 
between Phase 
and group velocity 
. 
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QUANTUM MECHANICS 

 

Figure 3.1 Quantum Theory [1] 
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NEED OF QUANTUM 

MECHANICS 

  Problems remained from classical 

mechanics that relativity didn’t explain 

 Attempts to apply the laws of classical 

physics to explain the behavior of 

matter on the atomic scale were 

consistently unsuccessful. 

Figure 3.2 Need of Quantum Theory [2] 
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NEED OF QUANTUM 

MECHANICS 

  Problems included: 

 Blackbody radiation 

 The electromagnetic radiation 

emitted by a  

 heated object 

 Photoelectric effect 

 Emission of electrons by an 

illuminated metal 

Figure 3.2 Need of Quantum Theory [2] 
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GROUP VELOCITY AND PHASE VELOCITY 

 
Group velocity: The velocity with which the wave packet- which is formed due to the 

superposition of two or more waves of slightly different wavelengths is transmitted is 

called as group velocity. 

 (OR) 

 It is the velocity with which resultant wave packet formed due to the superposition of 

two or more waves propagates. 

 

 

Phase velocity: If a point is imagined to marked on a traveling wave, then it becomes    a 

representative point for a particular phase of the wave, and the velocity with which it is 

transported is called phase velocity 

 (OR)  

It is the velocity with which the individual waves forming the wave packet propagates. 

Vp=ω/k 
 

PROGIES COMMUNITY

PROGIES COMMUNITY



9 

GROUP VELOCITY AND PHASE VELOCITY 

 

Figure 3.3: Wave packet[3] 
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HOW THE CONCEPT OF PHASE AND GROUP 

VELOCITY ARISES? 

According to the theory of relativity particle velocity (v) is always less than the speed  of light c.  As per 
De-Broglie concept, wave velocity must be greater than c. This is an unexpected result. According to this 
the de-Broglie wave associated  with the particle would travel faster than the particle itself, thus leaving 
the particle far behind. 
The difficulty was recovered by Schrödinger by postulating that a material particle in motion is equivalent 
to a wave packet rather than a single wave. 
 Wave packet comprises of a group of waves, each with slightly different velocity  

And wavelength. Such a wave packet moves with its own velocity vg, called the 

 group velocity. 
 The individual wave forming the wave packet possesses an average velocity, vp 

           called the phase velocity. 
I velocity of the material particle v is the same as group velocity 

PROGIES COMMUNITY

PROGIES COMMUNITY



11 

Relation Between Phase and Group velocity 

 
Phase velocity of wave is 

..(3.3.1) 
rewriting equation (3.3.1) as 

.......................(3.3.2) 
Differentiating equation no (3.3.2) with respect to k, we get 

.........(3.3.3) 
We, know  

 

.........(3.3.4) 
using partial differentiation 

.....(3.3.5) 
as 

 
therefore 

 
and 

 
 
substituting this in equation (3.3.5) 

or 

.......(3.3.6) 
This gives relation between phase velocity and group velocity 
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SUMMARY 

 

 Group velocity corresponds to velocity of wave packet. 

 Wave packet consist of no. of waves. 

 Phase velocity corresponds to individual wave. 

 velocity of the material particle v is the same as group velocity. 
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FAQ 

 

1. Prove that velocity of the material particle v is the same as group velocity. 

2. Define phase and group velocity. 

3. Derive relation between phase and group velocity. 
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COURSE OBJECTIVES 

1. The course is designed to make the students industry ready to contribute in 
the growing demand of the industry at local, national and international 
level. 

2. It will make the students competent to understand basic concepts and 
applications of advanced engineering physics and apply its principles in 
their respective fields at global platform. 
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COURSE OUTCOME 

Figure 1 Quantum Theory [1] 

CO 

Number 

Title  

On completion of this course, the students are expected 

to learn 

Level  

CO1 Quote the basic fundamental concepts of lasers, optical 

fibres, crystallography, ultrasonic oscillations, semiconductor 

physics, quantum mechanics and nanotechnology. 

Remember, 

Understand 

  

CO2 Demonstrate the working of various lasers, fibre 

components, semiconductor devices; explain the behaviour 

of crystalline solids, quantum and nano-scale systems. 

Understand 

CO3 Solve problems by applying principles related to lasers, 

fibres, semiconductors, oscillations, quantum and 

nanoscience. 

Applying  

 

CO4 Compare various lasers and fibres, semiconducting devices, 

crystalline materials, structures at quantum and nanoscale 

on the basis of their properties for industrial applications. 

Analyze 

CO5 Develop various systems using lasers, fibres, semiconductors 

and nanomaterials for futuristic applications. 

Design  

 

PROGIES COMMUNITY

PROGIES COMMUNITY



4 

LECTURE OBJECTIVE 

1 

• Students will learn 
about uncertainty 
principle. 

2 

• Students will learn 
about different 
relations 
uncertainty 
principle. 

3 

• In this lecture 
students will learn 
about applications 
of uncertainty 
principle. . 
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QUANTUM MECHANICS 

 

Figure 4.1 Quantum Theory [1] 

PROGIES COMMUNITY

PROGIES COMMUNITY



 

 

 

6 

NEED OF QUANTUM 

MECHANICS 

  Problems remained from classical 

mechanics that relativity didn’t explain 

 Attempts to apply the laws of classical 

physics to explain the behavior of 

matter on the atomic scale were 

consistently unsuccessful. 

Figure 4.2 Need of Quantum Theory [2] 
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NEED OF QUANTUM 

MECHANICS 

  Problems included: 

 Blackbody radiation 

 The electromagnetic radiation 

emitted by a  

 heated object 

 Photoelectric effect 

 Emission of electrons by an 

illuminated metal 

Figure 3.2 Need of Quantum Theory [2] 
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HEISENBERG  

UNCERTAINTY  

PRINCIPLE 

 It states that it is impossible to 

measure spontaneously and 

simultaneously both the values 

of members of pair which 

determine the behavior of 

atomic system 

 

Figure 4.3 Uncertainty Principle [3] 
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HEISENBERG UNCERTAINTY 

PRINCIPLE 

 
In 1927 Heisenberg proposed “the uncertainty principle”. This principle is a result of the 

dual nature of matter. 

 In quantum mechanics a particle is described by a wave packet, which represents and 

symbolizes all about particle and moves with group velocity. According to Born’s 

probability interpretation “the particle may be found anywhere within the wave 

packet”. 
 This implies that the position of the particle is uncertain within the limits of wave 

packet. Moreover, the wave packet has velocity spread and hence there is uncertainty 

about the velocity or momentum of the particle. This means it is impossible to know 

where the particle is and what is its exact velocity and momentum 
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HEISENBERG UNCERTAINTY 

PRINCIPLE 

 
Statement of uncertainty principle: “The product of uncertainties in 
determining the position and momentum of the particle at the same time 

instant is at best of the order of  ” 

  

 

Where,                    ∆x is uncertainty in determining position of the particle and 
∆p is that in determining the momentum. 
 

This relation is universal and holds for all the canonically conjugate quantities 

like position and momentum, energy and time, angular momentum and 

angle, etc. whose product has a dimension of action (joule. Sec) 
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HEISENBERG UNCERTAINTY 

PRINCIPLE 

 Thus if ∆E is the uncertainty in determining the energy and ∆t is the uncertainty 
in determining the time, then we must have 

 

Similarly 

 

where ∆J is the uncertainty in determining the angular momentum and ∆θ is the 
uncertainty in determining the angle. 

The exact statement of uncertainty principle is: “The product of uncertainty in 
determining the position and momentum of the particle can never be smaller 
than the number of orders  ” 

 

…….(1) 

…… (2) 

…… (3) 
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HEISENBERG UNCERTAINTY 

RELATIONS 
 

The product of 

uncertainties in 

the measurement 

of physical 

variables must be 

at least equal to 

Planck's constant 

 

Figure 4.4 Uncertainty Relation [4] 
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APPLICATION OF UNCERTAINITY PRINCIPLE:  

Nonexistence of electron in the nucleus 

The radius of the nucleus for any atom is of the order of 10-14
 m, so the uncertainty 

in its position is greater than 10-14
 m. 

According to uncertainty principal 

, where Δx is uncertainty in position and Δp is uncertainty in 
momentum and joules sec. 

 

(Δx)max = 10-14 m 
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APPLICATION OF UNCERTAINITY PRINCIPLE:  

Nonexistence of electron in the nucleus 

 

;  as mass of electron m= 9.1 X 10-31 Kg 

 

= 9.7 x 107 eV (approx.) 

= 97 MeV 

The kinetic energy of an electron is found as the order of 97 MeV. But 
experimental observations show that the electron has the maximum kinetic 
energy of 4 MeV, therefore the electron does not exist in the nucleus. 
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SUMMARY 

 

 Both position and momentum of particle can’t measure simultaneously. 

 Heisenberg uncertainty principle directly gives that electrons can’t exist inside 

nucleus. 

 Heisenberg uncertainty principle relates energy and time as canonical conjugate 

variable. 
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FAQ 

 

1. Write three different forms of Heisenberg uncertainty principle. 

2. Prove that electrons can’t exist inside nucleus. 

3. Define Heisenberg uncertainty principle. 
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COURSE OUTCOME 
        

Figure 1 Quantum Theory  

CO 

Number 

Title  

On completion of this course, the students are expected 

to learn 

Level  

CO1 Quote the basic fundamental concepts of lasers, optical 

fibres, crystallography, ultrasonic oscillations, semiconductor 

physics, quantum mechanics and nanotechnology. 

Remember, 

Understand 

  

CO2 Demonstrate the working of various lasers, fibre 

components, semiconductor devices; explain the behaviour 

of crystalline solids, quantum and nano-scale systems. 

Understand 

CO3 Solve problems by applying principles related to lasers, 

fibres, semiconductors, oscillations, quantum and 

nanoscience. 

Applying  

 

CO4 Compare various lasers and fibres, semiconducting devices, 

crystalline materials, structures at quantum and nanoscale 

on the basis of their properties for industrial applications. 

Analyze 

CO5 Develop various systems using lasers, fibres, semiconductors 

and nanomaterials for futuristic applications. 

Design  
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1 

• Students will learn 
about wave 
function. 

2 

• Students will learn 
about different 
quantum variables. 

3 

• In this lecture, will 
derive time 
independent 
equation. 
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WAVE FUNCTION 

PROBABILITY DENSITY 

PROPERTIES 
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Wave function  

 

The quantity that characterizes the de–Broglie wave or matter wave is 

called the wave function.  

It is usually denoted as Ψ = (x, y, z, t).  

This gives complete information about the state of a physical system at a 

particular time.  

It is also called the state function and represents the probability amplitude. 

If ‘Ψ’ is large, the probability of finding the particle is also large and if ‘Ψ ‘ is 

small then the probability of finding the particle is small.  
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The wave function gives the likelihood of finding the particle at a given 

instant and at a given position inside the wave packet. 

|ψ(x)| 2 determines the probability (density) that an object in the state ψ(x) 

will be found at position x. 
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Wave function  
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PHYSICAL SIGNIFICANCE OF WAVE 

FUNCTION 

 

In any physical wave if ‘A’ is the amplitude of the wave, then the energy 
density i.e., energy per unit volume is equal to ‘A2’ 

Similar interpretation can be made in case of mater wave also. In matter 

wave, if ‘Ψ ‘is the wave function of matter waves at any point in space, 
then the particle density at that point may be taken as proportional to ‘Ψ2’. 

Thus, Ψ2 is a measure of particle density. According to Max Born Ψ*Ψ = 
Ψ2 gives the probability of finding the particle in the state ‘Ψ’. i.e., ‘Ψ2’ is a 
measure of probability density. 
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The probability of finding the particle in a volume dv (= dx dy dz) is given by dv or 

dx dy dz. 

Since the particle has to be present somewhere, total probability of finding the 

particle somewhere is unity i.e., particle is certainly to be found somewhere in 

space. i.e., ∫ ∫ ∫ +∞ −∞ +∞ 
−∞ +∞ −∞ Ψ 2dx dy dz = 1. 

Such condition is called Normalization condition. A wave function which satisfies 

this condition is known as normalized wave function. 

Two wavefunctions that are perpendicular to each other must satisfy the following 

equation: 

                   ∫ψ1ψ2dx=0 
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PHYSICAL SIGNIFICANCE OF WAVE 

FUNCTION 

 

PROGIES COMMUNITY

PROGIES COMMUNITY



PROPERTIES OF WAVE FUNCTIONS 

In order to avoid infinite probabilities, Ψ must be finite for all values of x, y, 

z.  

In order to avoid multiple values of the probability, Ψ must be single valued. 

i.e., for each set of x, y and z, Ψ must have a unique value.  

For finite potentials, Ψ and x, y, z, ∂Ψ/∂x, ∂Ψ/∂y, ∂Ψ/∂z must be continuous 

in all regions.  

In order to normalize the wave function, Ψ must approach to zero as ‘x’ 

approaches to ± infinity. 

 

11 

PROGIES COMMUNITY

PROGIES COMMUNITY



SUMMARY  

The quantity that characterizes the de–Broglie wave or matter wave is 

called the wave function.  

It is usually denoted as Ψ = (x, y, z, t).  

|ψ(x)| 2 determines the probability (density) that an object in the state ψ(x) 
will be found at position x. 
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 FREQUENTLY ASKED QUESTIONS 

Enlist the properties of acceptable wave function. 

What you understand by normalised and orthogonal wave function? 
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COURSE OBJECTIVES 

1. The course is designed to make the students industry ready to contribute in 
the growing demand of the industry at local, national and international 
level. 

2. It will make the students competent to understand basic concepts and 
applications of advanced engineering physics and apply its principles in 
their respective fields at global platform. 

3. It will enhance the skill level of the students and shall make them preferred 
choice for getting employment in industry and research labs. 

4. It will give thorough knowledge of the discipline to enable students to 
disseminate knowledge in pursuing excellence in academic areas. 
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COURSE OUTCOME 
        

CO 

Number 

Title  

On completion of this course, the students are expected 

to learn 

Level  

CO1 Quote the basic fundamental concepts of lasers, optical 

fibres, crystallography, ultrasonic oscillations, semiconductor 

physics, quantum mechanics and nanotechnology. 

Remember, 

Understand 

  

CO2 Demonstrate the working of various lasers, fibre 

components, semiconductor devices; explain the behaviour 

of crystalline solids, quantum and nano-scale systems. 

Understand 

CO3 Solve problems by applying principles related to lasers, 

fibres, semiconductors, oscillations, quantum and 

nanoscience. 

Applying  

 

CO4 Compare various lasers and fibres, semiconducting devices, 

crystalline materials, structures at quantum and nanoscale 

on the basis of their properties for industrial applications. 

Analyze 

CO5 Develop various systems using lasers, fibres, semiconductors 

and nanomaterials for futuristic applications. 

Design  

 

Figure 1 Quantum Theory [1] 
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Applications  
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LECTURE OBJECTIVE 

6 

1 

• Students will 
learn about 

wave function. 

2 

• Students will 
learn about 

different 
quantum 
variables. 

3 

• Derive time 
dependent 
equation. 
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Photon-momentum 

Schrodinger’s cat 

Introduction 

Time-dependent Schrodinger’s equation 
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PHOTON MOMENTUM 

• IN FREE SPACE: 

 

IN OPTICAL MATERIALS: 
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SCHRODINGER EQUATION-

INTRODUCTION 

• Schrödinger Equation is a mathematical expression which describes the 

change of a physical quantity over time in which the quantum effects like 

wave-particle duality are significant. The Schrödinger Equation has two 

forms the time-dependent Schrödinger Equation and the time-independent 

Schrödinger Equation.  
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TIME DEPENDENT SCHRODINGER 

EQUATION 

 
It was observed that the wave function of a particle of fixed energy E could 
most naturally be written as a linear combination of wave functions of the 
form 

Ψ(x,t) = Aei(kx−ωt) 

representing a wave travelling in the positive x direction, and a 
corresponding wave travelling in the opposite direction, so giving rise to a 
standing wave. 

for a free particle of momentum p = ℏk and energy E = ℏω. With this in mind, 
we can then note that  

∂2Ψ /∂x2 = −k2Ψ 
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which can be written, using E = p2/2m = ℏ2k2/2m 

-ℏ2 /2m ∂2Ψ /∂x2 = p2/ 2m Ψ………. (1) 

Similarly, ∂Ψ/ ∂t = −iωΨ 

which can be written, using E = ℏω 

iℏ ∂Ψ/ ∂t =   = EΨ………..(2) 
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TIME DEPENDENT SCHRODINGER 

EQUATION 
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We now generalize this to the situation in which there is both a kinetic energy 

and a potential energy present, then 

E = p2/2m + V (x) 

so that EΨ = p2/ 2m Ψ + V (x)Ψ 

 

 

TIME DEPENDENT SCHRODINGER 

EQUATION 
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where Ψ is now the wave function of a particle moving in the presence of a 

potential V (x). But if we assume that the results and still apply in this case 

then we have 

− ℏ2/ 2m ∂2ψ/ ∂x2 + V (x)Ψ = iℏ ∂ψ/ ∂t 

TIME-DEPENDENT SCHRODINGER EQUATION 
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TIME DEPENDENT SCHRODINGER 

EQUATION 
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SUMMARY  

Wave function can be written as  

Ψ(x,t) = Aei(kx−ωt) 

Time dependent wave equation is  

-ℏ2/ 2m ∂2ψ/ ∂x2 + V (x)Ψ = iℏ ∂ψ/ ∂t 
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 FREQUENTLY ASKED QUESTIONS 

• Give energy and momentum operator. 

• Derive time independent energy operator. 
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• Concepts of Modern Physics, (Fifth Edition) A Beiser, McGraw Hill International. 

• T2. Fundamentals of Physics, David Halliday, Robert Resnick and Jearl Walker, 
Wileyplus. 
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• https://www.youtube.com/watch?v=QeUMFo8sODk 

• https://www.youtube.com/watch?v=Iy6RspNw80E 
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1. The course is designed to make the students industry ready to contribute in 
the growing demand of the industry at local, national and international 
level. 

2. It will make the students competent to understand basic concepts and 
applications of advanced engineering physics and apply its principles in 
their respective fields at global platform. 

3. It will enhance the skill level of the students and shall make them preferred 
choice for getting employment in industry and research labs. 

4. It will give thorough knowledge of the discipline to enable students to 
disseminate knowledge in pursuing excellence in academic areas. 
 

 

PROGIES COMMUNITY

PROGIES COMMUNITY



3 

COURSE OUTCOME 
        

CO 

Number 

Title  

On completion of this course, the students are expected 

to learn 

Level  

CO1 Quote the basic fundamental concepts of lasers, optical 

fibres, crystallography, ultrasonic oscillations, semiconductor 

physics, quantum mechanics and nanotechnology. 

Remember, 

Understand 

  

CO2 Demonstrate the working of various lasers, fibre 

components, semiconductor devices; explain the behaviour 

of crystalline solids, quantum and nano-scale systems. 

Understand 

CO3 Solve problems by applying principles related to lasers, 

fibres, semiconductors, oscillations, quantum and 

nanoscience. 

Applying  

 

CO4 Compare various lasers and fibres, semiconducting devices, 

crystalline materials, structures at quantum and nanoscale 

on the basis of their properties for industrial applications. 

Analyze 

CO5 Develop various systems using lasers, fibres, semiconductors 

and nanomaterials for futuristic applications. 

Design  

 

Figure 1 Quantum Theory [1] 
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LECTURE OBJECTIVE 
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• Students will learn 
about wave 
function. 

2 

• Students will learn 
about different 
quantum variables. 
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• Derive time 
independent 
equation. 
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SCHRÖDINGER'S CAT 
 

8 

• “It is typical of these cases that an indeterminacy originally restricted to the 

atomic domain becomes transformed into macroscopic indeterminacy, 

which can then be resolved by direct observation. That prevents us from 

so naively accepting as valid a "blurred model" for representing reality. In 

itself, it would not embody anything unclear or contradictory. There is a 

difference between a shaky or out-of-focus photograph and a snapshot of 

clouds and fog banks.” 

• -Erwin Schrodinger, 1935 
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SCHRODINGER EQUATION-
INTRODUCTION 

• Schrödinger Equation is a mathematical expression which describes the 

change of a physical quantity over time in which the quantum effects like 

wave-particle duality are significant. The Schrödinger Equation has two 

forms the time-dependent Schrödinger Equation and the time-independent 

Schrödinger Equation.  
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TIME INDEPENDENT SCHRODINGER 
EQUATION 

 
• A very important special case of the Schrodinger equation is the situation 

when the potential energy term does not depend on time. In fact, this 

particular case will cover most of the problems 

• As the name implies, this is the situation when the potential depends only 

on position. 

• If ᴪ(x,t) = ᴪ(x), then the Schrodinger equation becomes  
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Ψ(x,t) = Aei(kx) e −iωt ………. (1)  

ᴪo = Aei(kx) 

Ψ(x,t) =  ᴪo  e −iωt ………….(2) 

Using time dependent equation 

− ℏ2/ 2m ∂2ψ/ ∂x2 + V (x)Ψ = iℏ ∂ψ/ ∂t…….(3) 

Double Differentiate 2 with respect to x, which results into 

∂2ψ/ ∂x2 = ∂2ψo/ ∂x2 e −iωt ………(4) 
 11 
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EQUATION 
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TIME INDEPENDENT SCHRODINGER 
EQUATION 

 
Differentiate 1 with respect to time t 

∂ψ/ ∂t = -iωᴪo e −iωt …………..(5) 

Put 4 and 5 equations in equation 3  

− ℏ2/ 2m ∂2ψo/ ∂x2 e −iωt + V (x) ᴪo e −iωt = iℏ -iωᴪo e −iωt 

Extracting common terms i.e. e −iωt 

− ℏ2/ 2m ∂2ψo/ ∂x2 + V (x) ᴪo = ℏω ᴪo 

 This is one-dimensional time independent Schrodinger wave equation.  
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SUMMARY  

• Time independent Schrodinger equation is given as  

• − ℏ2/ 2m ∂2ψo/ ∂x2 + V (x) ᴪo = ℏω ᴪo 
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FREQUENTLY ASKED QUESTIONS 

Give energy and momentum operator. 

Derive time independent Schrodinger equation. 

If the particle moving in a _____ potential then the solution of the wave 
equation are describe as a stationary states 

   (a) time independent (b) time dependent (c) velocity dependent (d) velocity 
independent 
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https://www.youtube.com/watch?v=Dt_VKsSggAo 
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COURSE OBJECTIVES 

1. The course is designed to make the students industry ready to contribute in 
the growing demand of the industry at local, national and international 
level. 

2. It will make the students competent to understand basic concepts and 
applications of advanced engineering physics and apply its principles in 
their respective fields at global platform. 

3. It will enhance the skill level of the students and shall make them preferred 
choice for getting employment in industry and research labs. 

4. It will give thorough knowledge of the discipline to enable students to 
disseminate knowledge in pursuing excellence in academic areas. 
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COURSE OUTCOME 
        

CO 

Number 

Title  

On completion of this course, the students are expected 

to learn 

Level  

CO1 Quote the basic fundamental concepts of lasers, optical 

fibres, crystallography, ultrasonic oscillations, semiconductor 

physics, quantum mechanics and nanotechnology. 

Remember, 

Understand 

  

CO2 Demonstrate the working of various lasers, fibre 

components, semiconductor devices; explain the behaviour 

of crystalline solids, quantum and nano-scale systems. 

Understand 

CO3 Solve problems by applying principles related to lasers, 

fibres, semiconductors, oscillations, quantum and 

nanoscience. 

Applying  

 

CO4 Compare various lasers and fibres, semiconducting devices, 

crystalline materials, structures at quantum and nanoscale 

on the basis of their properties for industrial applications. 

Analyze 

CO5 Develop various systems using lasers, fibres, semiconductors 

and nanomaterials for futuristic applications. 

Design  

 

Figure 1 Quantum Theory [1] 
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QUANTUM MECHANICS 
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LECTURE OBJECTIVE 

5 

Students will learn 
about energy value of 

free particle. 

Students will derive 
condition of particle 

box. 

Students will learn 
quantisation of energy 

in confined state. 
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FREE- PARTICLE 

 POTENTIAL WELL 

PARTICLE IN A BOX 
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A FREE PARTICLE 

 

A particle is said to be free when no external force is acting on during its  

motion in the given region of space, and its potential energy V is constant. 

Let us consider an electro is freely moving in space in positive x direction and  

not acted by any force, there potential will be zero. 

 The Schrodinger wave equation reduces to 
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• Substituting, we get 

 

• As the electron is moving in one direction (say x axis),  

• then the above equation can be written as 
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A FREE PARTICLE 
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• The general solution of the equation (2) is of the form  

 

• The electron is not bounded and hence there are no restrictions on k.  

• This implies that all the values of energy are allowed.  

• The allowed energy values form a continuum and are given by 

 

 

9 

A FREE PARTICLE 
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• The wave vector k describes the wave properties of the electron.  

• It is seen from the relation that  

Figure 2 parabola representation of energy [2] 

A FREE PARTICLE 
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https://sites.google.com/site/puenggphysics/home/unit-iv/a-free-particle/Picture4.jpg?attredirects=0


PARTICLE IN A BOX 
 

• In quantum mechanics, the particle in a box model (also known as the 

infinite potential well or the infinite square well) describes a particle free to 

move in a small space surrounded by impenetrable barriers. The model is 

mainly used as a hypothetical example to illustrate the differences 

between classical and quantum systems. In classical systems, for 

example, a particle trapped inside a large box can move at any speed 

within the box and it is no more likely to be found at one position than 

another. 
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• However, when the well becomes very narrow, quantum effects become 

important. The particle may only occupy certain positive energy levels. 

Likewise, it can never have zero energy, meaning that the particle can 

never "sit still". Additionally, it is more likely to be found at certain positions 

than at others, depending on its energy level. The particle may never be 

detected at certain positions, known as spatial nodes. 
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• Particle in a one-dimensional Box model 

• Consider a particle of mass ‘m’ moving inside a one-dimensional potential 

well of infinite height and finite width ‘a’. Assume potential inside the well 

as constant. Outside this region potential energy ‘V’ is infinity. As a result, 

the particle has to move only inside the well like a free particle. 
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PARTICLE IN A BOX 
 

 Fig 3 : Particle in a one dimension box [2] 
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1. The particle can move freely inside the box (0 < x < L) 

2. The potential energy of the electron inside the box is zero (V=0). 

  

3. The potential energy at the edges is infinite, confining the electron 
to the box (V= α) 
  

                                           V(x ) =  α ; x<0, x>L 

                                            V(x) =  0 ; x>0, x<L 

 The Schrödinger’s equation is given by,  
                                 

 d²Ψdx²   +   
8𝜋²  mℎ²  (E-V) Ψ =0                                           

(1) 
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 By taking potential V= 0 (which is constant), we can write 

equation   (1) as 

                                                         d²Ψdx²   + 
8𝜋²  mℎ²   E Ψ  = 0 

                                                              d²Ψdx²   + k2   Ψ  = 0                                (2)                 

                                          Where k2 = 8𝜋²  mℎ²                                                   
16 
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Discussion of the solution: 

 The solution of the above equation (2) is given by 

                                             Ψ = A cos k x + B sin k x                       ( 3) 

 Where A & B  are  constants  depending on the boundary condition.                           

 Now apply boundary conditions for this, 

Condition: I                              At  x = 0, ψ = 0.  
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PARTICLE IN A BOX 
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From equation (3) we get A = 0. 

Condition: II                            At x = a, ψ = 0 

 From equation (3) we get,   B sin (ka) =0 

 Since B ≠ 0                                Sin ka = 0 

                                                   K a = n 𝜋 

                                                       K = n𝜋𝑎    

                                                                             k2   =      n²𝜋²𝑎²    
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Therefore wavefunction Ψ becomes 

      Ψ= B sin  ( n𝜋𝑎 ) x                           (3a)  

Substitute the value of k2 in equation 2a, we get 

                                       
8𝜋²  mℎ²   =  

n²𝜋²𝑎²    

                                          E = 
𝑛² ℎ²8 𝑚 𝑎²  
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When, n = 0, ψn = 0. This means to say that the electron is not present 

inside the box which is not true. Hence the lowest value of ‘n’ is 1.The lowest 

energy corresponds to ‘n’ which is acceptable is for n =1 and the 

corresponding energy is called the zero-point energy or ground state energy 

and all the other states which corresponds to n >1 are called excited states 

•                                       Ezero-point  = E0   =  
ℎ²8 𝑚 𝑎²  
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Energy in the first excited state is given by (n=2) 

                E1 =  
4 ℎ²8 𝑚 𝑎²                                                          

Energy in the second excited state is given by (n=3) 

 E2 =    
9 ℎ²  8 𝑚 𝑎² 
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    E
n 

= 
𝐧² 𝒉²  𝟖 𝒎 𝒂²    
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Born Interpretation: 

                                              |Ψ(x)|² dx 

Probability of finding the particle in the interval between x to x+dx         

                                             𝛹 2𝑑𝑥𝑥2𝑥1     

The total probability of finding the particle somewhere within the box 
must be 1. 

  

Therefore 

                                            𝛹 2𝑑𝑥𝐿0     = 1 
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 The integral we need to calculate is: 

 

                                           B² sin ² ( n𝜋𝑎 ) x  𝑑𝑥𝐿0    =1 

  

                We get                 B =  ( 
2 𝐿  )½             

                          

Therefore Normalised Wavefunction becomes 

                                        Ψn =   ( 
𝟐 𝑳  )½   sin  ( 𝐧𝝅𝒂 ) x                  
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PARTICLE IN A BOX 
 

 Fig 4a : Wavefunction of a particle                     Fig 4b : Probability of  

Particle [3] 
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The energy of a particle is quantized. This means it can only take on 
discrete energy values. 

The lowest possible energy for a particle is not zero (even at 0 K). 
This means the particle always has some kinetic energy. 

The square of the wavefunction is related to the probability of finding 
the particle in a specific position for a given energy level. 

The probability changes with increasing energy of the particle and 
depends on the position in the box you are attempting to define the 
energy for    

In classical physics, the probability of finding the particle is 
independent of the energy and the same at all points in the box. 

 25 
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 FREQUENTLY ASKED QUESTIONS 

Is energy continuous in case of free particle? 

How can we normalised wave function? 

Derive wave function for one-dimensional particle in a box. 
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• [1] https://sites.google.com/site/puenggphysics/home/unit-iv/a-free-
particle 

• [2] https://www.seekpng.com/ipng/u2q8u2y3w7q8i1o0_particle-in-
one-dimensional-box/ 

• [3]https://chem.libretexts.org/Bookshelves/Physical_and_Theoretical
_Chemistry_Textbook_Maps/Map%3A_Physical_Chemistry_for_the_
Biosciences_(Chang)/11%3A_Quantum_Mechanics_and_Atomic_Stru
cture/11.08%3A_Particle_in_a_One-
Dimensional_Box#:~:text=A%20particle%20in%20a%201,from%20whi
ch%20it%20cannot%20escape. 
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Video link  
 

https://www.youtube.com/watch?v=lGKKdLmRNQw 

https://www.youtube.com/watch?v=zxn9SwYtzgw 
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COURSE OBJECTIVES 

1. The course is designed to make the students industry ready to contribute in 
the growing demand of the industry at local, national and international 
level. 

2. It will make the students competent to understand basic concepts and 
applications of advanced engineering physics and apply its principles in 
their respective fields at global platform. 

3. It will enhance the skill level of the students and shall make them preferred 
choice for getting employment in industry and research labs. 

4. It will give thorough knowledge of the discipline to enable students to 
disseminate knowledge in pursuing excellence in academic areas. 
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COURSE OUTCOME 
        

CO 

Number 

Title  

On completion of this course, the students are expected to learn 

Level  

CO1 Quote the basic fundamental concepts of lasers, optical fibres, crystallography, ultrasonic oscillations, semiconductor 

physics, quantum mechanics and nanotechnology. 

Remember, Understand 

  

CO2 Demonstrate the working of various lasers, fibre components, semiconductor devices; explain the behaviour of crystalline 

solids, quantum and nano-scale systems. 

Understand 

CO3 Solve problems by applying principles related to lasers, fibres, semiconductors, oscillations, quantum and nanoscience. Applying  

CO4 Compare various lasers and fibres, semiconducting devices, crystalline materials, structures at quantum and nanoscale on 

the basis of their properties for industrial applications. 

Analyze 

CO5 Develop various systems using lasers, fibres, semiconductors and nanomaterials for futuristic applications. Design  
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LECTURE OBJECTIVE 
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Discussion on different 

numerical problems under 

quantum mechanics 
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Wave length numerical 

Uncertainty numerical 

Particle in a box numerical 
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PROBLEM 1  

• Find the wavelength of a proton that is moving at 1.00% of the speed of 
light. 
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Figure 1: Some important terms [1]  
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SOLUTION  

Formula used- ⅄ = h/mv  

• h = 6.62607015 × 10−34 joule second 

• m = 1.6726219 × 10-27 kg  

• v = 1/100 * 3 ˟ 10 8 m/s 

Wavelength = 1.32 ˟ 10 -13  m 
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PROBLEM 2 

• What is the velocity of a 0.400-kg billiard ball if its wavelength is 7.50 fm? 

 

9 
Figure 2: Ball lying on table[2] 
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SOLUTION  

• ⅄ = h/mv  

• m = 0.4 kg      

•  λ = 0.75 ˟ 10 -15 m  

Velocity = 22.1 ˟ 10 -19 m/s 
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PROBLEM 3  

• An electron of mass 9.11 × 10−31 kg moves at nearly the speed of light. 
Using a velocity of 3.00 × 108 m/s, calculate the wavelength of the 
electron. 
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mass (m) = 9.11 × 10−31 kg 

Planck’s constant (h) = 6.6262  10−34 × J · s 

velocity (v) = 3.00 × 108 m/s 

=h/mv=6.626×10−34J⋅s/(9.11×10−31 kg)×(3.00×108 m/s)=2.42×10−12 m 
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SOLUTION  
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PROBLEM 4  

• The momentum of photon A is pA and the momentum of photon B is pB. If pB = 
1/3 pA, which of the following of the de Broglie wavelength is correct? 
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We can use the formula: λ = h/p. 

In this case, we know that p = 7.6 × 10-35 kg∙m/s. 

Thus, λ = (6.63 × 10-34) / (7.6 × 10-35) = 8.72 eV 
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SOLUTION  
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PROBLEM 5 

• If the position of an electron in an atom is measured to an accuracy of 0.0100 
nm, what is the electron’s uncertainty in velocity? (b) If the electron has this 
velocity, what is its kinetic energy in eV? 
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ΔxΔp=ΔxΔp=h/4π 

Solving for ΔpΔp and substituting known values gives 

Δp=Δp=h/4πΔx==6.63×10−34J⋅s/4π(1.00×10−11m) =5.28×10−24kg⋅m/s 

Thus, 

Δp=5.28×10−24kg⋅m/s=mΔv 

Solving for Δv and substituting the mass of an electron gives 

Δv=Δp/m==5.28×10−24/9.11×10−31 

=5.79×106m/s 
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SOLUTION  
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Although large, this velocity is not highly relativistic, and so the electron’s kinetic 
energy is 
KEe= 1/2mv2=1/2(9.11×10−31)(5.79×106m/s)=95.5eV 
 

 

SOLUTION  
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PROBLEM 6  

• An atom in an excited state temporarily stores energy. If the lifetime of this 
excited state is measured to be 1.0×10−10s, what is the minimum uncertainty in 
the energy of the state in eV? 
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SOLUTION  

Solving the uncertainty principle for ΔEΔE and substituting known values 
gives 

ΔE=ΔE=h/4πΔt==6.63×10−34J⋅s/4π(1.0×10−10s)=5.3×10−25J 

Now converting to eV yields 

ΔE=(5.3×10−25J)(1eV/1.6×10−19)=3.3×10−6eV 
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• A proton is confined in an infinite square well of width 10 fm. (The nuclear 
potential that binds protons and neutrons in the nucleus of an atom is often 
approximated by an infinite square well potential. 

• Calculate the energy and wavelength of the photon emitted when the proton 
undergoes a transition from the first excited state (n = 2) to the ground state (n = 
1).  

• •In what region of the electromagnetic spectrum does this wavelength belong? 
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PROBLEM 7  
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En = n 2h 2 /8mL 

The energy E and wavelength λ of a photon emitted as the particle makes a 
transition from the n = 2 state to the n = 1 state are  

E = E2 − E1 = 3h 2 /8mL2  

λ = hc /E 

For a proton (m=938 MeV/c 2 ), E = 6.15MeV and λ = 202 fm. The wavelength is in 

the gamma ray region of the spectrum. 
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Calculate the de Broglie wavelength of neutron whose kinetic 

energy is two times the rest mass of electron (given mn = 1.676 

× 10–27 kg, me = 9.1 × 10–31 kg, C = 3 × 10 8 m/s and h = 6.63 × 

10–34 J.S). 

Sol: Kinetic energy of neutron,  

     where mn = mass of neutron 

me = mass of an electron 

de Broglie wavelength of neutron, λn = ? 
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PROBLEM 9  

Calculate the wavelength associated with an electron raised to 

a potential 1600 V. 

 Sol: Potential (V) = 1600 V 

Wavelength (λ) =? 
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PROBLEM 10  

An electron is moving under a potential field of 

15 kV. Calculate the wavelength of the electron waves. 

Sol: V = 15 × 103 V     λ = ? 
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SUMMARY  
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• FORMULA FOR ENERGY OF PARTICLE IN BOX 

En = n 2h 2 /8mL 

• DIFFERENT FORMULA FOR DE BROGLIE WAVELENGTH 
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 PRACTICE QUESTIONS 

1. What is the wavelength of a neutron at rest? Explain. 

2. What is the energy of an electron whose de Broglie wavelength is that of a photon of 
yellow light with wavelength 590 nm? (b) What is the de Broglie wavelength of an 
electron whose energy is that of the photon of yellow light? 

3. The de Broglie wavelength of a neutron is 0.01 nm. What is the speed and energy of this 
neutron? 

4. What is the wavelength of an electron that is moving at a 3% of the speed of light? 
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IMAGE REFERENCE  

• [1] https://socratic.org/questions/how-does-the-mass-of-an-electron-
compare-to-the-mass-of-a-proton 

• [2] https://www.mentalfloss.com/article/582807/whats-difference-between-
pool-and-billiards 
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https://www.youtube.com/watch?v=E9WmiU84RA8 

https://www.youtube.com/watch?v=zxn9SwYtzgw&t=4s 
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COURSE OBJECTIVES 

1. The course is designed to make the students industry ready to contribute in 
the growing demand of the industry at local, national and international 
level. 

2. It will make the students competent to understand basic concepts and 
applications of advanced engineering physics and apply its principles in 
their respective fields at global platform. 

3. It will enhance the skill level of the students and shall make them preferred 
choice for getting employment in industry and research labs. 

4. It will give thorough knowledge of the discipline to enable students to 
disseminate knowledge in pursuing excellence in academic areas. 
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COURSE OUTCOME 
        

CO 

Number 

Title  

On completion of this course, the students are expected to learn 

Level  

CO1 Quote the basic fundamental concepts of lasers, optical fibres, crystallography, ultrasonic oscillations, semiconductor 

physics, quantum mechanics and nanotechnology. 

Remember, Understand 

  

CO2 Demonstrate the working of various lasers, fibre components, semiconductor devices; explain the behaviour of crystalline 

solids, quantum and nano-scale systems. 

Understand 

CO3 Solve problems by applying principles related to lasers, fibres, semiconductors, oscillations, quantum and nanoscience. Applying  

CO4 Compare various lasers and fibres, semiconducting devices, crystalline materials, structures at quantum and nanoscale on 

the basis of their properties for industrial applications. 

Analyze 

CO5 Develop various systems using lasers, fibres, semiconductors and nanomaterials for futuristic applications. Design  
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LECTURE OBJECTIVE  

4 

Students will learn 
about what is 

nanotechnology 

Students will 
understand how 
nanotechnology 

develop. 

Students will learn 
about applications of 

nanotechnology. 

PROGIES COMMUNITY

PROGIES COMMUNITY



CONTENT  

Introduction 

Benefits  

History 

Applications  
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INTRODUCTION 

Nanomaterials are 
typically between 1 
and 100 nanometres 
(nm) in size – with 1 
nm being equivalent 
to one billionth of a 
metre (10-9 m). 
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Figure 1: Comparison of nano size with other lengths [1] 
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INTRODUCTION 

Figure 2: comparison of nano size with other lengths [2] 
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BENEFITS 

This is the scale at which the basic 
functions of the biological world 
operate and materials of this size 
display unusual physical and chemical 
properties. These profoundly different 
properties are due to an increase in 
surface area compared to volume as 
particles get smaller – and also the 
grip of weird quantum effects at the 
atomic-scale. 

 

8 Figure 3: advantages of nano-materials [3]  
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HISTROY 

 The idea of nanotechnology was born in 1959 when physicist Richard 

Feynman gave a lecture exploring the idea of building things at the atomic 

and molecular-scale. 

 However, experimental nanotechnology did not come into its own until 

1981, when IBM scientists in Zurich, Switzerland, built the first scanning 

tunnelling microscope (STM). This allows us to see single atoms by 

scanning a tiny probe over the surface of a silicon crystal. 

 In 1990, IBM scientists discovered how to use an STM to move single 

xenon atoms around on a nickel surface – in an iconic experiment, with 

an inspired eye for marketing, they moved 35 atoms to spell out “IBM”. 
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POTENTIAL APPLICATIONS  

10 

Clear nanoscale films on 
eyeglasses, computer 
and camera displays, 
windows, and other 
surfaces can make them 
water- and residue-
repellent, antireflective, 
self-cleaning, resistant to 
ultraviolet or infrared light, 
antifog, antimicrobial, 
scratch-resistant, or 
electrically conductive. 

 
Figure 4: view of surrounding from ordinary lens and anti-reflective lens [4]  
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Nano-engineered materials 
in automotive products 
include high-power 
rechargeable battery 
systems; thermoelectric 
materials for temperature 
control; tires with lower 
rolling resistance; high-
efficiency/low-cost sensors 
and electronics; thin-film 
smart solar panels; and fuel 
additives for cleaner 
exhaust and extended 
range. 
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Figure 5: example of nanotechnology in an automobile [5] 

POTENTIAL APPLICATIONS  
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Nanoparticles are used increasingly in catalysis to boost chemical 
reactions. This reduces the quantity of catalytic materials necessary to 
produce desired results, saving money and reducing pollutants. 

Transistors, the basic switches that enable all modern computing, have 
gotten smaller and smaller through nanotechnology. At the turn of the 
century, a typical transistor was 130 to 250 nanometres in size. In 2014, 
Intel created a 14-nanometre transistor, then IBM created the first seven 
nanometre transistor in 2015, and then Lawrence Berkeley National Lab 
demonstrated a one nanometre transistor in 2016 Smaller, faster, and 
better transistors may mean that soon your computer’s entire memory may 
be stored on a single tiny chip. 
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POTENTIAL APPLICATIONS  
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Nanotechnology 
researchers are working 
on a number of different 
therapeutics where a 
nanoparticle can 
encapsulate or otherwise 
help to deliver medication 
directly to cancer cells and 
minimize the risk of 
damage to healthy tissue. 
This has the potential to 
change the way doctors 
treat cancer and 
dramatically reduce the 
toxic effects of 
chemotherapy. 

 

13 Figure 6: carbon nanotubes for fighting cancer [6] 

POTENTIAL APPLICATIONS  
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Nanomedicine researchers 
are looking at ways that 
nanotechnology can 
improve vaccines, including 
vaccine delivery without the 
use of needles. 
Researchers also are 
working to create a 
universal vaccine scaffold 
for the annual flu vaccine 
that would cover more 
strains and require fewer 
resources to develop each 
year. 

 

Figure 7: The microneedles attached to this patch dissolve after 
being pressed into skin, releasing a dose of vaccine. Each 
microneedle is less than a millimeter in length [7] 

POTENTIAL APPLICATIONS  
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Nanoparticles are being developed to clean industrial water pollutants in 
ground water through chemical reactions that render the pollutants 
harmless. This process would cost less than methods that require pumping 
the water out of the ground for treatment. 

Researchers are investigating carbon nanotube “scrubbers” and 

membranes to separate carbon dioxide from power plant exhaust. 

Nanotechnology is already being used to develop many new kinds of 
batteries that are quicker-charging, more efficient, lighter weight, have a 
higher power density, and hold electrical charge longer 
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POTENTIAL APPLICATIONS  
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SUMMARY 

 Nanomaterials are typically between 1 and 100 nanometres (nm) in size. 

 The idea of nanotechnology was born in 1959 when physicist Richard Feynman gave a 
lecture exploring the idea of building things at the atomic and molecular-scale. 

 Nanoscale additives to or surface treatments of fabrics can provide lightweight ballistic 
energy deflection. 

 Transistors, the basic switches that enable all modern computing, have gotten smaller 
and smaller through nanotechnology. 

 Nanotechnology is being studied for both the diagnosis and treatment of atherosclerosis, 
or the build-up of plaque in arteries. 

 Researchers are investigating carbon nanotube “scrubbers” and membranes to separate 
carbon dioxide from power plant exhaust. 
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FAQ 

 

1. Define nanomaterials and compare this size with other materials. 

2. Enlist some applications of nanotechnology in transportations. 

3. How nanotechnology is being used in using energy efficiently? 
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COURSE OBJECTIVES 

1. The course is designed to make the students industry ready to contribute in 
the growing demand of the industry at local, national and international 
level. 

2. It will make the students competent to understand basic concepts and 
applications of advanced engineering physics and apply its principles in 
their respective fields at global platform. 

3. It will enhance the skill level of the students and shall make them preferred 
choice for getting employment in industry and research labs. 

4. It will give thorough knowledge of the discipline to enable students to 
disseminate knowledge in pursuing excellence in academic areas. 
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COURSE OUTCOME 
        

CO 

Number 

Title  

On completion of this course, the students are expected to learn 

Level  

CO1 Quote the basic fundamental concepts of lasers, optical fibres, crystallography, ultrasonic oscillations, semiconductor 

physics, quantum mechanics and nanotechnology. 

Remember, Understand 

  

CO2 Demonstrate the working of various lasers, fibre components, semiconductor devices; explain the behaviour of crystalline 

solids, quantum and nano-scale systems. 

Understand 

CO3 Solve problems by applying principles related to lasers, fibres, semiconductors, oscillations, quantum and nanoscience. Applying  

CO4 Compare various lasers and fibres, semiconducting devices, crystalline materials, structures at quantum and nanoscale on 

the basis of their properties for industrial applications. 

Analyze 

CO5 Develop various systems using lasers, fibres, semiconductors and nanomaterials for futuristic applications. Design  
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LECTURE OBJECTIVE  

4 

Students will learn 
about properties of 

nanomaterials 

Students will 
understand about 

types of 
nanomaterials. 

Students will learn 
about example 

related to previous 
mentioned topic.  
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CONTENT  
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Quantum well 

Quantum wire  

Quantum dot 

Properties  

Surface to volume ratio 

Quantum confinement 
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QUANTUM WELL  

If one dimension is 
reduced to the nano-
range while the other 
two dimensions 
remain large, then we 
obtain a structure 
known as quantum 
well. This reduction 
in dimension 
produces 
confinement of the 
electrons 
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Figure 1: Squeezing one length into nano-meter [1] 
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QUANTUM WELL  

Figure 2: Quantum well- thin film [2] 
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QUANTUM WIRE  

Figure 3: Squeezing 2 dimensions into nano sizes [3] 

If two dimensions 

are reduced 

(confined) and one 

remains large, the 

resulting structure is 

referred to as a 

quantum wire 
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QUANTUM WIRE  

Figure 4: Carbon nanotube [4] 
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QUANTUM DOT  

Figure 5: Squeezing all three dimensions in nano sizes [5] 

The reduction or the 

confinement in all three 

dimensions is called a 

quantum dot. 
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FULLERENE  

Figure 6: Fullerenes [6]  
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TYPES OF NANOMATERIALS 

12 

Figure 7: Classification of nanomaterials on the basis of dimensions [7]  
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• For example, let us consider a sphere of radius r . 

• The surface area of the sphere will be 4πr 2  

• The volume of the sphere = 4/3πr 3  

• Therefore the surface area to the volume ratio will be 4πr 2 /(4/3πr 3 ) = 3/r  

• It means that the surface area to volume ratio increases as the radius of the 
sphere decreases and vice versa 

13 

SURFACE TO VOLUME RATIO  
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SURFACE TO VOLUME RATIO  

Figure 8: Increasing surface to volume ratio from bulk to nano size [8]  
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Electron confinement or 
quantum confinement is 
another process that occurs 
in nanoparticles. We know 
that when atoms are 
isolated, then their energy 
levels are discrete but when 
they are in packed form and 
in large numbers (in solid 
form), the energy levels 
split and form bands (band 
means group of levels). 
Nanoparticles represents 
intermediate stage. 
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QUANTUM CONFINEMENT  

Figure 9: Increasing band gap as size decreases [9] 
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Achieving 
superhydrophobic/antibiofouling surfaces  

  

Nanoscale surface roughness enhances material 
properties like hydrophilicity or hydrophobicity, 
which is otherwise unattainable (by exploring 
different materials). The phenomenon of super 
hydrophobicity relies on achieving Cassie Baxter 
state (allowing support of water droplet on nano-
roughness, without actually wetting the entire 
surface).  

Figure 10: Water bounces off from water repellent surface [10] 
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TARGETED DRUG DELIVERY  
 

Figure 11: Target drug delivery system [11] 

  

Nanoparticles can be loaded with 
specific sensor and drug 
molecule(s). The drug can be 
transported to the required site 
through blood stream. On 
detection of the affected 
tissue/cells/area by the 
functionalized surface group the 
drug is released locally on desired 
target (targeted drug delivery). 
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• Ferromagnetic materials consist of magnetic domains within which the 
spins are parallel. When the particle size is reduced to very small sizes 
(typically less than 20 nm) the entire particle becomes a single domain. On 
further reduction in size (about less than 5 nm) the spins get thermally 
disordered in the absence of magnetic fields. When an external magnetic 
field is applied the spins are able to align in the direction of applied 
magnetic field, making them behave as super paramagnets (i.e., in the 
absence of external field the particle is paramagnetic and in the presence 
of a field all the spins are aligned in parallel, leading to a large increase in 
magnetization). This is an interesting example in which a ferromagnetic 
material in bulk behaves like a paramagnet when particle size is made 
very small.  
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SUPERPARAMAGNETIC 
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SUPERPARAMAGNETIC 

 

Figure 12: Hysteresis curve for different magnetic materials [12] 
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SUMMARY 

 Nanomaterials can be used to produce giant magnets 

 Nano materials behave like super hydrophobicity. 

 They behave like super paramagnetic. 

 They can use a target medicines to many deceases. 

 They help in making water resistant surfaces, non-wetting cloths. 

 If one dimension is reduced to the nano-range while the other two dimensions 

remain large, then we obtain a structure known as quantum well. 

 If two dimensions are reduced (confined) and one remains large, the resulting 

structure is referred to as a quantum wire. 

 The confinement in all three dimensions is called a quantum dot. 
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FAQ 

 

1. Differentiate nanomaterials on the basis of confinement of dimensions. 

2. Enlist some properties of nano materials. 

3. Explore the term quantum confinement. How it effects properties of nano 

materials? 

4. How surface to volume ratio increases with decrease in size? 
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COURSE OBJECTIVES 

1. The course is designed to make the students industry ready to contribute in 
the growing demand of the industry at local, national and international 
level. 

2. It will make the students competent to understand basic concepts and 
applications of advanced engineering physics and apply its principles in 
their respective fields at global platform. 

3. It will enhance the skill level of the students and shall make them preferred 
choice for getting employment in industry and research labs. 

4. It will give thorough knowledge of the discipline to enable students to 
disseminate knowledge in pursuing excellence in academic areas. 
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COURSE OUTCOME 
        

CO 

Number 

Title  

On completion of this course, the students are expected to learn 

Level  

CO1 Quote the basic fundamental concepts of lasers, optical fibres, crystallography, ultrasonic oscillations, semiconductor 

physics, quantum mechanics and nanotechnology. 

Remember, Understand 

  

CO2 Demonstrate the working of various lasers, fibre components, semiconductor devices; explain the behaviour of crystalline 

solids, quantum and nano-scale systems. 

Understand 

CO3 Solve problems by applying principles related to lasers, fibres, semiconductors, oscillations, quantum and nanoscience. Applying  

CO4 Compare various lasers and fibres, semiconducting devices, crystalline materials, structures at quantum and nanoscale on 

the basis of their properties for industrial applications. 

Analyze 

CO5 Develop various systems using lasers, fibres, semiconductors and nanomaterials for futuristic applications. Design  
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LECTURE OBJECTIVE  
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Students will learn 
about quantum 
computing. 

Students will 
understand how 
quantum computing 
developed. 

Students will learn 
future prospect of 
quantum computing. 
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QUANTUM 
COMPUTING 

 

Quantum computing is the use 

of quantum-mechanical phenomena such 

as superposition and entanglement to 

perform computation. Computers that 

perform quantum computations are 

known as quantum computers. 

 

Figure 1: IBM’s new 53-qubit quantum computer [1] 
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QUANTUM COMPUTING 
  A quantum computer harnesses some of the almost-mystical phenomena 

of quantum mechanics to deliver huge leaps forward in processing power. 

Quantum machines promise to outstrip even the most capable of today’s—
and tomorrow’s—supercomputers. 

 They won’t wipe out conventional computers, though. Using a classical 

machine will still be the easiest and most economical solution for tackling 

most problems. But quantum computers promise to power exciting 

advances in various fields, from materials science to pharmaceuticals 

research. Companies are already experimenting with them to develop 

things like lighter and more powerful batteries for electric cars, and to help 

create novel drugs. 
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QUANTUM COMPUTING 
  Quantum computers, on the other hand, use qubits, which are typically subatomic 

particles such as electrons or photons. Generating and managing qubits is a 

scientific and engineering challenge. Some companies, such as IBM, Google, and 

Rigetti Computing, use superconducting circuits cooled to temperatures colder than 

deep space.  

 Qubits have some quirky quantum properties that mean a connected group of 

them can provide way more processing power than the same number of binary bits. 

One of those properties is known as superposition and another is called 

entanglement.  

 All computing systems rely on a fundamental ability to store and manipulate 

information. Current computers manipulate individual bits, which store information 

as binary 0 and 1 states.  
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QUANTUM COMPUTING 
 

Here, learn about the quantum properties 

leveraged by qubits, how they're used to 

compute, and how quantum systems scale. 

There are a few different ways to create a 

qubit. One method uses superconductivity to 

create and maintain a quantum state. To 

work with these superconducting qubits for 

extended periods of time, they must be kept 

very cold. Any heat in the system can 

introduce error, which is why quantum 

computers operate at temperatures close to 

absolute zero, colder than the vacuum of 

space Figure 2: wiring up superconducting qubits [2] 
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Quantum Vocabulary And Terminology 
 

 
Following is a brief primer of quantum computing concepts and terms. 

 Qubits not bits. Quantum computers do calculations with quantum bits, or 

qubits, rather than the digital bits in traditional computers. Qubits allow 

quantum computers to consider previously unimaginable amounts of 

information. 

 Superposition. Quantum objects can be in more than one state at the 

same time, a situation depicted by Schrödinger’s cat, a fictional feline that 

is simultaneously alive and dead. For example, a qubit can represent the 

values 0 and 1 simultaneously, whereas classical bits can only be either a 0 

or a 1. 

 Entanglement. When qubits are entangled, they form a connection to each 

other that survives no matter the distance between them. A change to one 

qubit will alter its entangled twin, a finding that baffled even Einstein, who 

called entanglement “spooky action at a distance.” 
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Quantum Vocabulary And Terminology 
 

 
Types of qubits. At the core of the quantum computer is the qubit, a quantum bit 

of information typically made from a particle so small that it exhibits quantum 

properties rather than obeying the classical laws of physics that govern our 

everyday lives. A number of types of qubits are in development: 

 Superconducting qubits, or transmons. Already in use in prototype computers 

made by Google, IBM and others, these qubits are made from superconducting 

electrical circuits. 

 Trapped atoms. Atoms trapped in place by lasers can behave as qubits. Trapped 

ions (charged atoms) can also act as qubits. 

 Silicon spin qubits. An up-and-coming technology involves trapping electrons in 

silicon chambers to manipulate a quantum property known as spin. 

 Topological qubits. Still quite early in development, quasi-particles 

called Majorana fermions, which exist in certain materials, have the potential 

for use as qubits.  
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HISTORY  
 

 As early as 1959 the American 

physicist and Nobel 

laureate Richard Feynman noted 

that, as electronic components 

begin to reach microscopic scales, 

effects predicted 

by quantum mechanics occur—
which, he suggested, might be 

exploited in the design of more 

powerful computers. 

Figure 3: Caltech physicist and Nobel Laureate Richard 
Feynman [3] 
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HISTORY  
  During the 1980s and ’90s the theory of quantum computers advanced 

considerably beyond Feynman’s early speculations. In 1985 David Deutsch 

of the University of Oxford described the construction of quantum logic 

gates for a universal quantum computer, and in 1994 Peter Shor of AT&T 

devised an algorithm to factor numbers with a quantum computer that 

would require as few as six qubits (although many more qubits would be 

necessary for factoring large numbers in a reasonable time). When a 

practical quantum computer is built, it will break current encryption 

schemes based on multiplying two large primes; in compensation, 

quantum mechanical effects offer a new method of secure 

communication known as quantum encryption. However, actually building 

a useful quantum computer has proved difficult. 
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Future research  
  
 

Quantum cryptography 

While the problem of noise is a serious challenge in the implementation of quantum 

computers, it isn’t so in quantum cryptography, where people are dealing with single qubits, 

for single qubits can remain isolated from the environment for significant amount of time. 

Using quantum cryptography, two users can exchange the very large numbers known as keys, 

which secure data, without anyone able to break the key exchange system. Such key 

exchange could help secure communications between satellites and naval ships. But the 

actual encryption algorithm used after the key is exchanged remains classical, and therefore 

the encryption is theoretically no stronger than classical methods. 
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HISTORY  
 

 In 1998 Isaac Chuang of the Los Alamos National Laboratory, Neil Gershenfeld of 

the Massachusetts Institute of Technology (MIT), and Mark Kubinec of the University of 

California at Berkeley created the first quantum computer (2-qubit) that could be loaded 

with data and output a solution. Although their system was coherent for only a few 

nanoseconds and trivial from the perspective of solving meaningful problems, it 

demonstrated the principles of quantum computation. Rather than trying to isolate a few 

subatomic particles, they dissolved a large number of chloroform molecules (CHCL3) in 

water at room temperature and applied a magnetic field to orient the spins of the carbon 

and hydrogen nuclei in the chloroform. (Because ordinary carbon has no magnetic spin, 

their solution used an isotope, carbon-13.) A spin parallel to the external magnetic field 

could then be interpreted as a 1 and an antiparallel spin as 0, and the hydrogen nuclei and 

carbon-13 nuclei could be treated collectively as a 2-qubit system..  
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SUMMARY 

 

 Quantum computing is the use of quantum-mechanical phenomena. 

 Quantum computers, on the other hand, use qubits, which are typically subatomic 

particles such as electrons or photons. 

 While the problem of noise is a serious challenge in the implementation of quantum 

computers, it isn’t so in quantum cryptography, where people are dealing with single 

qubits, for single qubits can remain isolated from the environment for significant 

amount of time. 
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FAQ 

 

1.What leads to origin of Quantum Computing? 

2.Define Quantum Computing. 

3.What are future applications of Quantum Computing? 
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COURSE OBJECTIVES 

1. The course is designed to make the students industry ready to contribute in 
the growing demand of the industry at local, national and international 
level. 

2. It will make the students competent to understand basic concepts and 
applications of advanced engineering physics and apply its principles in 
their respective fields at global platform. 

3. It will enhance the skill level of the students and shall make them preferred 
choice for getting employment in industry and research labs. 

4. It will give thorough knowledge of the discipline to enable students to 
disseminate knowledge in pursuing excellence in academic areas. 
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COURSE OUTCOME 
        

CO 

Number 

Title  

On completion of this course, the students are expected to learn 

Level  

CO1 Quote the basic fundamental concepts of lasers, optical fibres, crystallography, ultrasonic oscillations, semiconductor 

physics, quantum mechanics and nanotechnology. 

Remember, Understand 

  

CO2 Demonstrate the working of various lasers, fibre components, semiconductor devices; explain the behaviour of crystalline 

solids, quantum and nano-scale systems. 

Understand 

CO3 Solve problems by applying principles related to lasers, fibres, semiconductors, oscillations, quantum and nanoscience. Applying  

CO4 Compare various lasers and fibres, semiconducting devices, crystalline materials, structures at quantum and nanoscale on 

the basis of their properties for industrial applications. 

Analyze 

CO5 Develop various systems using lasers, fibres, semiconductors and nanomaterials for futuristic applications. Design  
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LECTURE OBJECTIVE  
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Students will learn 
about synthesis of 
nanomaterials 

Students will 
understand about sol 
gel method. 

Students will learn 
about nanocomputing. 
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NANOMATERIALS 
 

Nanomaterials are those materials 

having dimensions in the order of 

1-100 nm.  

1 nanometer is defined as one 

billionth of meter. 

 

Figure 14.1 Nano range [1] 

PROGIES COMMUNITY

PROGIES COMMUNITY



6 

SYNTHESIS OF 
NANOMATERIALS 

 There are two approaches for synthesis of 

nanomaterials. 

Top down approach refers to slicing or 

successive cutting of a bulk material to get nano 

sized particle and the fabrication of nano 

structures.  It includes ball milling method. 

Bottom-up refers to methods where devices 

'create themselves' by self assembly. Most 

commonly used is sol-gel method. 

 Figure  14.2 Synthesis of Nanomaterials  [2] 
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SYNTHESIS OF NANOMATERIALS 

 

Figure  14.3  Top Down and Bottom up approach[3] 
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 BOTTOM UP METHOD 

Bottom-up refers to methods 

where devices 'create themselves' 

by self assembly. 

Chemical synthesis is a good 

example. This method is providing 

high yield with uniform 

morphology of nanoparticles. 
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SOL-GEL METHOD 
 

Figure 14.4 Sol-Gel method [4] 
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SOL-GEL METHOD 
 

 The sol-gel method is a versatile process used for synthesizing various oxide 

materials. 

 This synthetic method generally allows control of the texture, the chemical, and the 

morphological properties of the solid. This method also has several advantages over 

other methods, such as allowing impregnation or coprecipitation, which can be used 

to introduce dopants. The major advantages of the sol-gel technique include 

molecular scale mixing, high purity of the precursors, and homogeneity of the sol- gel 

products with a high purity of physical, morphological, and chemical properties. 
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SOL-GEL METHOD 
 

 In a typical sol-gel process, a colloidal suspension, or a sol, is formed from the 

hydrolysis and polymerization reactions of the precursors, which are usually 

inorganic metal salts or metal organic compounds such as metal alkoxides.  

 A general flowchart for a complete sol-gel process is shown in Figure 2 . 

  

 Any factor that affects either or both of these reactions is likely to impact the 

properties of the gel. These factors, generally referred to as sol-gel parameters, 

includes type of precursor, type of solvent, water content, acid or base content, 

precursor concentration, and temperature. These parameters affect the structure 

of the initial gel and, in turn, the properties of the material at all subsequent 

processing steps 
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SOL-GEL METHOD 
 

  

 After gelation, the wet gel can be optionally aged in its mother 

liquor, or in another solvent, and washed. The time between the 

formation of a gel and its drying, known as aging, is also an 

important parameter. A gel is not static during aging but can 

continue to undergo hydrolysis and condensation. 
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SOL-GEL METHOD 
 

Figure 14.4: Sol-Gel and Drying Flowchart[5] 

PROGIES COMMUNITY

PROGIES COMMUNITY



 
NANOCOMPUTING TECHNOLOGIES 
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• Nanocomputing is a term used for the representation and manipulation of data by 

computers smaller than a microcomputer. Current devices are already utilizing 

transistors with channels below 100 nanometres in length. 

• The current goal is to produce computers smaller than 10 nanometers. Future 

developments in nanocomputing will provide resolutions to the current difficulties of 

forming computing technology at the nanoscale. For example, current nanosized 

transistors have been found to produce a quantum tunnelling effect where electrons 

‘tunnel’ through barriers, making them unsuitable for use as a standard switch. 

• The increased computing power formed by Nano computers will allow for the solution 

of exponentially difficult real-world problems. Nanocomputing also has the advantage of 

being produced to fit into any environment, including the human body, whilst being 

undetectable to the naked eye. The small size of devices will allow for processing power 

to be shared by thousands of nanocomputers. 
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Quantum Computing 
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Quantum computing provides computational power at the nanoscale with abilities that 

reach beyond the limitations of conventional computers. This is because quantum 

computers store and manipulate data through the utilization of subatomic particles 

dynamics. Binary computers process single pieces of information as a binary state, either 

a 1 or a 0. Subatomic particles have two states, but can also exist in any superposition of 

states. This means they are governed by the laws of quantum mechanics rather than 

classical physics allowing them to compute solutions to problems with greater speed 

whilst requiring less space 
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PROSPECTS  OF NANOCOMPUTING 
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 The simulation of drug response that is more efficient than current medical trials. This 

will lead to the faster development of new drugs. 

 Greater understanding of disease development through improved computational 

models. 

 Improved transportation logistics across the world. 

 Improved financial modelling to avoid economic downturns. 

 The development of driverless cars with the ability to process real world driving 

problems faster than human drivers. 

 The rapid processing of large amounts of astronomical data for discovering new 

planets. 

 The production of quantum simulations for modeling the behaviour of subatomic 

particles without the need for creating the extreme conditions necessary for observing 

these particles. 
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CHALLENGES OF NANOCOMPUTING 

 

16 

Development of commercial devices for nano-computing would require solving 

several ‘hard’ problems. Some of these problems are discussed below.  

 The “interconnect problem” is one of the most challenging issues. There are two 

aspects of the interconnect problem. First, the minimum contact resistance to 

make connection between nanodevices and the external world is 6 K Ohms or 

more, which is very high. The second aspect concerns the large number of wires 

that would be needed to connect such complex devices. Adequate spacing 

between these wires would be needed to prevent crosstalk and capacitive 

coupling.  
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CHALLENGES OF NANOCOMPUTING 
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Current efforts are focused mostly on developing basic nano-devices that could 

serve as the basic building-blocks in assembling larger nano-systems. However, the 

nature of such integration is not yet known. Mapping of the functionality of the 

traditional silicon-based circuits into nano-electronics paradigm would be another 

challenge. 

 Developing circuit models for nanodevices that could be used for integration into 

CAD tools for design verification and simulation will require significant effort.  

It would be quite a challenge to develop design and test strategies for such dense 
systems 
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SUMMARY 
 

 Sol Gel is chemical method. 

 Sol gel comes under Bottom up approach. 

 Quantum computing provides computational power at the nanoscale with abilities 

that reach beyond the limitations of conventional computers. 

 Quantum computing provides improved transportation logistics across the world. 
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FAQ 
 

1.Explain Sol Gel process. 

2.Define Bottom up Approach. 

3.What is quantum Computing? 
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