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Minors/Honors in Quantum Technologies

THEORY
Evaluation
Hours per Week Internal (30 Marks) External s
S.No Course Code Course Title Credits | Assignment | Objective Test Subjective Test (70 Marks) M:rks
Duration| Max. | Duration| Max. | Duration| Max.
L T P
Max. Marks |~ in) | Marks | (min) | Marks | (ars) | Marks
1 Survey of Quantum technologies and
Mandatory 23QTTOl Applications 3 0 ] 3 5 20 10 90 15 3 70 100
2 23QTT02 [Foundations of Quantum Technologies | 3 0 0 3 5 20 10 90 15 3 70 100
3 Atleastoneis | 23QTT03 [Basic Programming 2 0 0 2 5 20 10 90 15 3 70 100
4 Mandatory 23QTT04 |Basics for Quantum Technologies 2 0 0 2 5 20 10 90 15 3 70 100
5 23QTT0S5_ |Introduction to Quantum Computation 3 0 0 3 S 20 10 90 15 3 70 100
6 |Atleastoneis| 23QTT06 g‘m’d“c“.“ £ Guanium 3o o 3 s 20 10 ) 15 3 70 100
Mandatory ommunication
7 23QTTO07 _|Introduction to Quantum Sensing 3 0 0 3 5 20 10 90 15 3 70 100
8 23QTTO08 |]Introduction to Quantum Materials _ 3 0 0 3 5 20 10 90 15 3 70 100
Engineering Foundations of Quantum
9
Optional/ 23QTTO09 Technologies 3 0 0 3 ) 20 10 90 15 3 70 100
Additional Solid State Physics for Quantum
10 Courses ZJQT:TIO Technolopies 3 0 0 3 5 20 10 90 15 3 70 100
11 23QTT11 |Quantum Optics 3 0 0 3 5 20 10 90 15 3 70 100
PRACTICALS
Evaluation
Hours per Week Internal (30 Marks) External
" : " Total
S.No | Course Type | Course Code Course Title Credits | Continuous Test (70 Marks) Marks
. Duration | Max.
) L T P Max. Marks | Duration (hrs) Max. Marks (urs) Marks
12 . | 230TP01 |Basic Programming Lab 0 0 2 1 15 2 15 3 70 100
At lcast one is Basic Laboratory Course for Quantum B 2 ) 15 3 0 100
0 0 2 1 15 7
13 Mandatory 23QTP02 Technologies i
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L)
‘ s Minor/Honor Degree for UG Degree course in Quantum

Table of Courses

Course code Title Credits
(Theory: Lab
QT 01 and QT 02 are both Mandatory
23QTTO1 Survey of Quantum technologies and Applications 3:0
23QTT02 Foundations of Quantum Technologies 3:0
At least one of QT 03 and QT 04 is Mandatory
23QTT03 | Basic Programming Lab 2:1
23QTTO04 Basic Laboratory Course for Quantum 2:1
Technologies
At least one of QT 05, QT 06, QT 07, QT 08 is Mandatory
23QTTO05 Introduction to Quantum Computation 3:0
23QTT06 Introduction to Quantum Communication 3:0
23QTT07 Introduction to Quantum Sensing B 3:0
23QTTO8 Introduction to Quantum Materials B 3.0
Optional / Additional Courses
23QTT09 Engineering Foundations of Quantum Technologies 3.0
23QTTI10 Solid State Physics for Quantum Technologies 3:0
~ 23QTTII Quantum Optics 3:0

Prerequisites for all courses: Engineering Mathematics (Linear Algebra, Complex algebra,
basics of 2* of ODEs and initial value problems, 2* order PDEs and boundary value problems,
Probability and Statistics, Random variables). Maxwell’s equations and EM theory at the level
of the core physics syllabus from AICTE model curriculum.
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Minor/Honor Degree for UG Degree course in Quantum

2 .
3QTTO1: Survey of Quantum Technologies and Applications

(Mandatory)
Sessional Marks: 30

Credits-3
University Marks:70

L:T:P::3:0:0

Course Objectives:
1. U i inci i
nderstand basic quantum principles like superposition, entanglement, and the Schrodinger

equation.
LC J . .
. zuin about qubits, quz%ntum gates, and physical implementations of quantum computers.
L)I(p ore quantum algorithms, quantum advantage, and error correction techniques.
nderstax.ld quantum sensing concepts and their applications in precise measurements.
Learn basics of quantum communication and its use in secure information transfer.

v oA e

Course Outcomes:

Students of this course learn:
1.The general physical principles of realising qubits for computation
2.The various hardware implementations of qubits for computation

3.The basic ideas of quantum sensing

4.The applications of quantum sensing
5.The implementations of quantum communications protocols in fibre-based and free-space

UNIT -1
uantum Technologies, A qualitative overview of salient aspects

Quantum Technologies: Motivation for Q

of quantum physics: Quantum States, Wavefunctions, Probabilistic interpretation, Physical observables,
Hermitian operators, expectation values, Heisenberg uncertainty principle, Schrodinger equation, Time
evolution, distinction from classical physics, Heuristic description of Superposition, Tunnelling and
entanglement, No cloning theorem, Simulating classical systems — Feynman’s idea of a quantum simulator

and the birth of the field

UNIT -1I
bits, Review of classical logic gates, Di Vincenzo criteria for realising
tum circuits, Physical implementation of qubits — Solid State Qubits:
Superconducting Qubits — charge, flux and phase,

d Ions: Trapped ions, Rydberg atoms
grated Photonics, NMR qubits:

Quantum Computation: Basics of qu
qubits, Basics of qubit gates and quan
Semiconducting Qubits — quantum dots, spins,
Topological Qubits — proposals and advantages, Atoms an
Neutral atoms, Photonic Qubits: Conventional linear optical setups, Inte

Conventional NMR qubits, NV centres
UNIT -111

ns and recent achievements: RSA and Shor’s algorithm, Quantum Advantage, Long

Overview of applicatio .
correction

term goals and strategies being followed: Error

UNIT -1V
asics of quantum sensing, Basics of Photon (single and entangled) generation and
State of the art in Quantum Sensing

Quantum Sensing: B
Atomic clock, Magnetometry,

detection, Gravimetry,

UNIT -V
on, Quantifying classical information — Shannon

Quantum Communications: Basics of digital communicati ‘
j eavesdropping, Overview of quantum

- ideas of quantum communjcation, security,
OOlOp; Bane lf!cea“ : Chairman (BoS
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communication achievements: Terrestria] —

Minor/Honor Degree for UG Degree course in Quantum /

fibre-based, Free space, Satellite-based

Course References:

L

Quantum Information Science — Manent; R., Motta M., 1* Edition, Oxford University Press
(2023)

Quantum computation angd quantum information - Nielsen M. A., and Chuang L. L., 10%
Anniversary edition, Cambridge University Press (2010)

Elements of Quantum Computation and Quantum Communication, A. Pathak, Boca Raton,
CRC Press (2015)

An Introduction to Quantum Computing, Phillip Kaye, Raymond Laflamme, and Michele
Mosca, Oxford University Press (2006)

Quantum computing explained, David McMahon, Wiley (2008)

CourseOutcomes—ProgramOutcomes—ProgramSpeclﬁcOutcomes(CO-PO-PSO)Mapplng

PO1{PO2[PO3TPO4[PO5]POG P‘;) Pt? P;) PO10|POI1[PO12[PSO1|PSO2 P§O
COll H [ M| - - - - . - - = = M H - -
CO2l H|H|M|[ - [ M| - - - - - - H H M
C3l H[ M| - | M [ M| - - - - - - H H M
CO4 H{ H| M| M| H][ - - - - - - H H H H
COS\ H|H|H]| - [H]| - - - | LTT - H H H H—I
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)/' Minor/Honor Degree for UG Degree course in Quantum
i V] -

23QTTO2: Foundations of Quantum Technologies, ‘/
(Mandatory)
Credits-3 Sessional Marks: 30
L:T:P::3:0:0 University Marks:70
Course Objectives:

1. 'I;o understand the classical foundations of mechanics and their connection to quantum systems
like the harmonic oscillator and hydrogen atom.

2. To learn the historical development, core postulates, and mathematical framework of quantum
mechanics.

3. To study quantum states using density operators, and explore applications such as entanglement,
spin systems, and harmonic oscillators.

4. To understand thermodynamic principles and apply quantum statistical distributions to systems
of Bosons and Fermions.

5. To explore the fundamentals of quantum information, decoherence, and computational
complexity, including quantum and post-quantum computing classes

Course Outcomes:
Students of this course learn
The most relevant mathematical techniques
Basic postulates of quantum mechanics and applications
Basics of Statistical Physics
Basics of Information Science
Basics of computational complexity

DB W

UNIT -1
Quantum Mechanics: Brief overview of classical physics: Hamiltonian function and Hamilton’s equations,
Phase-space description of a system, Connection and Equivalence with Newton’s laws for simple systems
— free particle, particle moving in a conservative potential, examples of Harmonic oscillator, hydrogen

atom

UNIT -1I
Historical evolution of quantum mechanics: Planck’s quantum hypothesis, Photo electric effect, Atomic
spectra, Bohr’s quantization principle, De Broglie’s Wave particle duality, Postulates of Quantum
Mechanics: State vectors and Hilbert Space, Dirac Bra-Ket notation, Measurables and Hermitian Operators,
Unitary Transformations, Schrodinger Equation and Time evolution of quantum states, Measurement
Postulate, Schrodinger, Heisenberg and Interaction pictures, Eigen values, Expectation values and Matrix

elements, Heisenberg’s Uncertainty principle

UNIT - III
Density operator formalism of quantum mechanics — pure and mixed states, Superposition and
Entanglement in quantum mechanics, No cloning theorem, Applications of postulates —Particle in a box,
Hydrogen atom, Harmonic Oscillator, Number states, ladder operators and Coherent states of a harmonic
oscillator, Spin and Angular momentum — spin half particles, Rabi problem of a spin-half particle in a
rotating magnetic field, Bosons and Fermions

. ‘\ Department of CSE logy
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Minor/Honor Degree for UG Degree course in Quantum
N /
Gibbs principle, Applying G.ib-bs principl'c to Classical and Quantum harmonic oscillators, Bosons and
Fermions and Quantum statistics — Fermi-Dirac and Bose- Einstein distributions

: : .. UNIT -V
Information Science: Digital communication and information: Quantifying information in terms of

gs:;::g; entropy, Basic ideas of quantum information, Decoherence and noise, Introductory ideas of Kraus

ll}B;:ettl';)lver\';‘i.ew of Computational Complexity: Qualitative ideas of a Turing machine — Types of Turing
chines, Time and Space complexity — P vs NP, PSPACE, Quantum complexity classes — Q, EQP, BQP,
BPP, QMA, Post Quantum Cryptography (PQC)

Course References:

Introduction to Quantum Mechanics, Griffiths D. J., 3 Edition, Cambridge University Press (2024)

Introduction to Electrodynamics, Griffiths D. J., 4% edition, Cambridge University Press (2020)

Principles of Quantum Mechanics, Shankar, R., 2™ edition, Springer (2014)

Quantum Information Science — Manenti R., Motta M., 1* Edition, Oxford University Press (2023)

Quantum computation and quantum information — Nielsen M. A., and Chuang I. L., 10"

Anniversary edition, Cambridge University Press (2010)

6. A Pathak, Elements of Quantum Computation and Quantum Communication, Boca Raton, CRC
Press (2015)

7. Information Theory, Robert B. Ash, Dover Publications (2003)

8. Introduction to the Theory of Computation, Michael Sipser, 31 edition, Cengage India Pvt. Ltd.

(2014)
9. Statistical Mechanics, Pathria R. K., Paul D. Beale, 4th edition, Academic Press, (2021)

AP S B

CourseOutcomes—ProgramOutcomes—ProgramSpeciﬁcOutcomes(CO-PO-PSO)Mapping
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Minor/Honor Degree for UG Degree course in Quantum

23QTTO03: Basic Programming Lab

(Out of QT 03 and QT 04, at least ONE is mandatory)
Credits-3 Sessional Marks: 30
L:T:P::2:0:2 University Marks:70

Course Objectives :

1. To develop foundational coding skills, data structures, and algorithm design with performance
benchmarking.
2. To apply numerical methods for solving ordinary and partial differential equations relevant to
physical systems.,
3. To implement numerical linear algebra methods like matrix inversion, eigenvalue problems, and
SVD.
4. To use computational techniques for statistical analysis, random sampling, and Monte Carlo
simulations.
5. To apply numerical methods to quantum mechanical and electromagnetic systems using real-
world models.
Course outcomes:
Students of this course learn
1.Basics of programming
2.To write programs to solve scientific problems
3.Techniques for scientific computing
4.Applications to quantum mechanics and electromagnetism

UNIT -1
Basics of programming: Data structures, classes, Object-oriented programming, Data storage and
retrieval, Memory allocation, Scientific plotting, documentation of codes. Simple algorithms and
benchmarking run time: Sorting, Searching, Arithmetic algorithms like GCD, Prime factorization

UNIT -11
Numerical Integration and differential equations: Linear 2nd Order ODEs with constant coefficients,
Linear 2nd order ODEs with variable coefficients, Boundary value problems: Poisson equation, Laplace
equation, Wave equation, Diffusion Equation

UNIT - 111

Numerical techniques in linear algebra: Matrix inverse, Eigenvalue problem, Diagonalisation of matrices,
Singular value decomposition

UNIT -1V
Numerical techniques in Probability and Statistics: (Pseudo) Random number generation, Computing
statistical moments for data samples, Least Squares fitting, Error Analysis, Hypothesis Testing, Monte
Carlo sampling ’ ’,

UNIT -V
Applications to Quantum Mechanics: Eigen energies of coupled two leve]

of two-level system coupled to oscillator (Jaynes-Cummings Model),
Rabi Problem, Driven damped oscillathr — coherent states

Systems, Eigen energies
Driven two-level system —

S)
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/ Minor/Honor Degree for UG Degree course in Quantum

«" Applications to EM theory: Electrostatic charge distributions, Magnetostatic current distributions, Finite
Element techniques for electromagnetic simulations

Course References:

1. Computational Physics, Nicholas Giordano, Hisao Nakanishi, 2™ edition, Pearson-
Addison Wesley (2005)

CourseOutcomes—ProgramOutcomes—ProgramSpeciﬁcOutcomes(CO-PO-PSO)Mapping

PO1[PO2[PO3|PO4[PO5[PO6| PO | PO | PO [POI0|PO11[POIZ|PSO1|PSO2 P§0
7181 09

COl|H [M [ - | - [H[ - -] - -1 -1 - M H|H-

CO2lH | H[M[M[H| - - -1 -7T- T HTH|H][ -

CO3H [ H{ M| M[H| - - - -71- T H| H| M| -

CO4|H [H| - [ M| M| - - =-1-71-= T H | M| H| -
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Minor/Honor Degree for yg Degree course in Quantum Technologies

Credits — 2 23QTT03: Basic Programming
L:T:P: 2:0:0

Sessional Marks: 30
University Marks:70

Course Objectives
To expose the students to
l. To develop f datj : :
anChmurkr;n gc?un ationa] coding skills, data structures, and algorithm design with performance
2. To app] i . . .
physiP::‘:)xlys ;lsltl;l;;:cal methods for solving ordinary and partial differential equations relevant to
3. To implement numer;
SVD

the following:

simulations, » random sampling, and Monte Carlo
5. To gplply Numerical methods to quantum mechanical and clectromagnetic syste
models

Course outcomes

Afler successful completion of course, the student should be able 1o

COl. Basics of programming

CO2. To write Programs to solve scientific problems

COs. Techniques for scientific computing

CO4.  Applications to quantum mechanics and electromagnetism
COs.

Able to apply quantum and electromagnetic principles to analyze two-level coupled systems

UNIT -1

asses, Object-oriented programming, Data storage and
tting, documentation of codes, Simple algorithms and
Arithmetic algorithms like GCD, Prime factorization

Basics of programming: Data structures, cl
retrieval, Memory allocation, Scientific plo
benchmarking run time: Sorting, Searching,

UNIT - 11

Numerical Integration and differential cquations: Linear 2nd Order ODEs with cons
Linear 2nd order ODEs with variable coeffici

equation, Wave equation, Diffusion Equation

tant cbcﬂ'xcients,
ents, Boundary value problems: Poisson equation, Laplace

UNIT -1I11
Numerical techniques in linear al gebra: Matrix inverse, Eigenvalue problem, Diagonalization of matrices,

Singular value decomposition

UNIT -1V
Numerical techniques in Probability and Statistics: (Pseudo) Random number
statistical moments for data samples, Least Squares fittin
Carlo sampling

generation, Computing
8 Error Analysis, Hypothesis Testing, Monte

jﬁfm} N ————— M‘é/
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Applications to Qu
two-level system ¢

sics, Nicholas G - -
Wesley (2005) cholas Giordano, Hisao Nakanishi, 2

1es: Eigen energies of coupled two level systems, Eigen energies of
S-Cummings Model

), Driven two-level system — Rabi
— coherent states

edition, Pearson- Addison

gram Specific Outcomes (CO-PO-PSO) Mapping
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pr .
g /‘Q‘”. MiRor/Hanor Degrec for UG Degree course in Quantum Technologies
23QTPO1: Basjc Programming Lap

Credits — 1

L:T:P::0:0:2 Sessional Marks: 30
University Marks:70

Course Objectives

To ?(pose the students to the following:
€am basij i .
o ¢s of classical apq Quantum algorithms,

Builfirlsc:::ls:i];nffqua:‘ tum/physical differential equations,
Mmatrices ; .
Apply probability, statis and operators used in quantum mechanics.

To study coupled and e and numerical methods in quantum systems.

: quantum oscillators by ¢ ini 1 i
relaxation affects Rabj oscill 4 etermmlnig“tilil::pﬂng Forsntand snalyzing bow

ations and transition probab

©n AWK -

Course Outcomes

Iégeir SuIcceisfu] c°ﬂllp]eli0n of course, the student should be able to
- ‘mplement classical algorithm ok

CO2. Solve Sch gorithms and basic Qiskit programs.

03 rfidinger, Wwave, and Laplace equations using mathematical methods.
- Compute eigenvalues, operator inverses, and analyze entanglement.

CO4. Calculate measurement statistics, run Monte-Carlo simulations, and fit data.

COS. Ableto ana}yze coupled classical and quantum two-level systems by determining coupling
constants, relating probability oscillations to energy-level splittings

LIST OF EXPERIMENTS

- Write a program 1o implement Linear search with the given data set (34,17,19,56,42). The target
element is 19.

Write a program to implement selection sort with the given array of elements [5,1,3,4,6,2]

Write a program to implement shor’s al gorithm using QISKIT

- |

The time independent Schrodinger equation for harmonic oscillator is % =(x?-2E)y. Explain how
numerical shooting method is used to estimate ground state energy E,).

S. A tightly stretched string with fixed end points x=

0 and x=/ is initially in a position given by
y—jzosi113 ? - Ifitis released from rest find the disp

lacement y(x, t).

?;Tl: = 0 with boundary conditions u(0, y)=0,u(b,y)=0 Vy U(x, 0)
=ug for0 < x <m, ufx, ») =0for0<x<m.

2
6. Solve Laplace equation z—;: +

7. Given Pauli matrices are 0, = 2 é o, = [(1) _01] For the operatorA = g, 421 explain how to

compute A~ numerically and why inverses matter in quantum operator equations.

2

8. For Hamiltonian matrix H = [ 1 ;] explain why finding eigen values of H gives the allowed energy

of a quantum system.

%ZAM ﬁ/w_-—d— «
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9. Ifa2- qubit state isre

10. A qubit gives Outcomes () (prob. p and |
relating Variance tq m

(prob. 1-P). Explain how to compute its mean and variance,
€asuremen uncenainty

11. The tunneling probab

ility is 7 = e~2KL
widths 1, €an estimgay

+ Describe how

Monte Carlo sampling of random barrier
€ the avergg, tunneling Probabilty,

12. Fit Y =a(b*) by the

13, Detcrmine the
oscillations,

Q
g
fes}

Q
2
-

e
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Minor/Honor Degree for UG Degree course in Quantum Technologies

S

23QTT04: Basics for Quantum Technologies

Credits -2 Sessional Marks: 30
L:T:P::2:0:0 University Marks:70
Course Objectives

To expose the students to the following:

1. Understz'md basic optical and electronic circuit experiments.

2. Use RF instruments like oscilloscopes for signal analysis.

3. Analyze networks using Vector Network Analyzers.

4. Interfacc? lab instruments with computers for data acquisition.

5. Run basic quantum algorithms on simulators and cloud platforms,

Course outcomes

After successful completion of course, the student should be able to

COl.  Basic experimental techniques in optics

C0O2.  Basic experimental techniques in characterizing resonators and RLC circuits
CO3. Basic digital circuits

CO4.  Fundamental techniques in RF engineering

COS5.  Interfacing instruments with computers and carry out data acquisition

UNIT -1
Optics: Interferometry — wavelength measurements, intensity measurements, Diffraction — single slit,
grating, Microscopy — magnification, aberration, Polarization optics — PBS, HW. P, QWP
RLC circuits: Series and parallel RLC circuits — Verifying the quality factor formulae, Extracting intrinsic |
losses

Digital circuits: Adder, Multiplier, Encoder, Decoder, D flipflop, shift registers, How to use common
Integrated Circuit chips

UNIT -11

Radio Frequency Technology: Using Oscilloscope - Ring-up and ring-down time measurements of RLC
circuits, Measurements of different pulse-shapes generated by a function generator

UNIT - III
Using Vector Network Analyser: Transmission and reflection measurements of coaxial cable in open, short
and matched termination, Voltage standing wave ratio measurement, Amplitude and Phase quadrature, In-
phase and Out-of-phase quadrature plots and Quality factor measurement of RLC circuits, _Characteﬁsing S-
parameters, ABCD and Z matrices of common 2 port networks'— coaxial cable, attenuator, low pass high
pass bandpass filters etc., Characterising 3 port networks — directional couplers, circulators, isolators, Noise
from a resistor at different temperatures

UNIT -1V
Interfacing instruments with a computer: Data acquisition: Signal demodulation — heterodyne vs Homodyne,
Mixing of signals, Sampling, digitisation using ADCs — under-sampling and aliasing, oversampling and
noise, Averaging and interpolation techniques

UNIT -V
Quantum Simulators: Running quantum protocols in a quantum simulator, implementing simple quantum
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