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In the past two issues, our esteemed columnist and renowned professor of physics, Prof. Zahid.H. 
Khan, explored various facets of Quantum Science. In this edition, he delves into Quantum 
Computing, highlighting its potential as a promising career path in the ever-evolving fields of 
science and technology.

Quantum computing is no longer a concept confined to the realm of theoretical physics. It has emerged as 
one of the most promising fields in science and technology, with the potential to revolutionize industries 
ranging from cryptography to pharmaceuticals. India, with its ambitious National Quantum Mission, 
is poised to become a significant player in this domain. This makes it an exciting time for students and 
professionals to consider a career in quantum computing.

What is Quantum Computing?What is Quantum Computing?
Quantum computing is an advanced computational paradigm that utilizes the unique properties of 
quantum mechanics to perform calculations. Unlike classical computing, which relies on bits to represent 
data as either 0 or 1, quantum computing uses quantum bits, or qubits, which can exist in multiple states 
simultaneously. This phenomenon is known as superposition.

In addition to superposition, quantum computing harnesses entanglement, a property where qubits 
become interconnected in such a way that the state of one qubit directly influences the state of another, 
regardless of the distance between them. This allows for incredibly efficient data processing and 
communication. Another key principle is interference, which enables quantum algorithms to amplify correct 
solutions while minimizing incorrect ones, significantly improving computational accuracy and speed.

By leveraging these principles, quantum computers can tackle complex problems that are intractable 
for classical systems. This includes applications in cryptography, drug discovery, climate modeling, and 
optimization problems. For instance, tasks that would take traditional supercomputers years to solve 
could potentially be completed in seconds with a sufficiently advanced quantum system. This makes 
quantum computing a transformative technology with the potential to revolutionize industries and 
redefine the boundaries of computation.
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Career Roles in Quantum Career Roles in Quantum 
Computing: An In-Depth LookComputing: An In-Depth Look
1.	 Quantum Researcher
Quantum researchers are at the forefront of both 
theoretical and experimental advancements in 
quantum mechanics, striving to unlock the full 
potential of quantum computing. They work on 
designing new quantum algorithms, exploring 
novel quantum phenomena, and developing 
quantum systems that push the boundaries of 
technology. Their efforts are instrumental in 
applying quantum mechanics to solve real-world 
problems, from cryptography to material science. 
Opportunities for quantum researchers are 
abundant in academic institutions, government-
sponsored initiatives like India's National 
Quantum Mission, and research and development 
(R&D) divisions of leading tech companies, such 
as IBM, Google, and Microsoft. These roles are 
particularly appealing to those who are passionate 
about foundational science and are eager to 
contribute to a rapidly evolving field.
2.	Quantum Algorithm Developer
Quantum algorithm developers play a critical role 
in tailoring algorithms specifically for quantum 
computers. Their expertise is vital in areas like 
optimization, cryptography, machine learning, 
and even drug discovery, where traditional 
algorithms may fall short. These developers focus 
on leveraging the unique capabilities of quantum 
systems, such as superposition and entanglement, 
to create algorithms that can solve problems 
more efficiently than classical counterparts. The 
applications of quantum algorithms are vast 
and include secure communication systems, 
precise climate modeling, and robust financial 
risk analysis. Professionals in this role often 
find themselves at the intersection of computer 
science, mathematics, and physics, making it an 
intellectually rewarding career path.
3.	Quantum Systems Engineer
Quantum systems engineers focus on the practical 
implementation, optimization, and maintenance of 
quantum computing systems. Their work revolves 
around building stable qubits, addressing error 
correction challenges, and ensuring the scalability and 

reliability of quantum processors. They collaborate 
closely with researchers and developers to transition 
theoretical designs into functional, real-world 
systems. Quantum systems engineers are in high 
demand in industries developing quantum hardware, 
such as Rigetti Computing, IonQ, and D-Wave. 
These engineers not only work on advancing the 
physical components of quantum systems but also 
ensure that these systems are user-friendly and 
scalable for broader commercial applications.

These career roles represent the core pillars 
of the quantum computing ecosystem, each 
contributing uniquely to the advancement of this 
transformative technology. Whether you are drawn 
to theoretical research, algorithm development, or 
system engineering, quantum computing offers 
opportunities to be part of a cutting-edge field that is 
shaping the future of computation and innovation.

Scope of Quantum Computing in Scope of Quantum Computing in 
IndiaIndia

India is rapidly emerging as a key player in 
the global quantum computing race, thanks to its 
ambitious National Quantum Mission, launched 
in 2023. This mission reflects the country’s 
commitment to becoming a global hub for quantum 
technologies by fostering research, innovation, and 
development in this transformative field. Backed 
by a significant investment of ₹6,000 crores, the 
initiative aims to drive advancements in quantum 
computing, quantum communication systems, 
and the development of quantum materials.

A pivotal aspect of this mission is the 
establishment of quantum computing infrastructure 
and dedicated research centers across the country. 
These facilities are designed to provide cutting-edge 
resources for both theoretical and experimental 
work, enabling Indian researchers and scientists 
to compete on the global stage. Collaboration with 
international quantum research networks is also a 
priority, allowing Indian institutions and industries 
to gain exposure to the latest technologies and 
methodologies while contributing to global 
advancements in quantum science.

Another critical focus of the mission is 
on workforce development. Recognizing the 
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increasing demand for skilled professionals in 
the quantum domain, the initiative emphasizes 
the training and education of quantum scientists, 
engineers, and developers. Programs aimed at 
equipping students and professionals with expertise 
in quantum mechanics, algorithm development, 
and quantum hardware are expected to create a 
pipeline of talent ready to meet the growing needs 
of industries adopting quantum technologies.

The potential applications of quantum 
computing in India are vast and transformative. In 
the defense sector, quantum encryption can ensure 
secure communication and protect sensitive 
data. In healthcare, 
quantum simulations 
could revolutionize 
drug discovery and 
personalized medicine by 
significantly accelerating 
research processes. The 
finance industry stands 
to benefit from quantum 
systems capable of 
optimizing portfolios, 
detecting fraud, and 
managing complex 
risk assessments with 
unprecedented precision.

As these applications 
become more mainstream, 
the demand for quantum 
professionals in India is expected to grow 
exponentially. Opportunities will span across 
research institutions, government agencies, 
and private enterprises, driving innovation and 
contributing to India's position as a leader in 
the quantum revolution. This mission not only 
promises to enhance the nation’s technological 
capabilities but also to position India as a 
significant contributor to the global quantum 
ecosystem.

Key Skills for a Career in Key Skills for a Career in 
Quantum ComputingQuantum Computing
A career in quantum computing demands a blend 
of deep theoretical understanding and hands-on 
technical expertise. Mastering these skills ensures 

aspirants can contribute meaningfully to this 
cutting-edge field. Below are the essential skills 
required:
1. Quantum Mechanics
A strong grasp of quantum mechanics is the 
cornerstone of quantum computing. This includes 
an understanding of fundamental concepts such as 
superposition, where qubits can exist in multiple 
states simultaneously; entanglement, which links the 
state of one qubit with another regardless of distance; 
and wave-particle duality, which forms the basis for 
quantum behavior. These principles are essential 
for designing algorithms and systems that exploit 

the unique properties of 
quantum physics.
2. Cryptography
Quantum computing is 
poised to revolutionize 
cryptography, making 
traditional encryption 
methods obsolete 
while introducing new 
quantum-safe protocols. 
A solid knowledge of 
cryptographic techniques, 
particularly quantum-
resistant algorithms, is 
increasingly valuable. 
Professionals in this 
field must understand 

how quantum computing can enhance secure 
communication while also preparing for challenges 
like breaking existing cryptographic systems.
3. Programming Skills
Proficiency in quantum programming frameworks 
is critical for implementing quantum algorithms 
and building quantum applications. Key tools 
include:
•	 Qiskit: This open-source software development 

kit (SDK) from IBM enables developers to 
create and run quantum circuits, perform 
simulations, and work on real quantum 
hardware.

•	 Cirq: Developed by Google, this framework 
allows users to design, simulate, and optimize 
quantum circuits tailored to specific algorithms. 
Hands-on experience with these platforms 
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computing, quantum information science, or 
quantum technologies is highly recommended. 
These programs offer in-depth theoretical and 
practical knowledge and often include research 
opportunities that can pave the way for cutting-
edge innovation in the field.
2. Certifications and Online Courses
As quantum computing is still an emerging 
field, online platforms have made it accessible 
for learners worldwide. Certifications and 
courses offered by platforms like IBM Quantum, 
edX, and Coursera are excellent ways to build 
technical skills. These courses often focus on 
quantum mechanics, quantum programming, and 
the use of tools like Qiskit and Cirq. Completing 

such certifications 
not only adds to 
your credentials but 
also demonstrates 
your commitment to 
staying at the forefront 
of technological 
advancements.
3. Internships 
and Research 
Opportunities
Getting hands-

on experience is crucial for transitioning from 
theoretical knowledge to practical application. 
Internships with research labs, academic institutions, 
or tech companies actively working on quantum 
technologies provide invaluable exposure. These 
opportunities allow aspiring professionals to work 
alongside experts, contribute to real-world projects, 
and gain insights into the challenges and innovations 
within the quantum computing ecosystem.

Collaborative research projects, often 
available through universities or government-
funded initiatives like India’s National Quantum 
Mission, can also offer a pathway into this field. 
Participation in such projects helps in developing 
technical expertise and problem-solving skills 
while contributing to meaningful advancements 
in quantum science.

4. Networking and Collaboration
Building a professional network is essential 
in any field, and quantum computing is no 

equips individuals to translate theoretical 
models into practical applications.

4. Mathematics and Linear Algebra
Advanced mathematics, particularly linear 
algebra, forms the backbone of quantum 
computing. Concepts like matrices, vectors, and 
eigenvalues are integral to quantum operations, 
as they describe the behavior of quantum states 
and transformations. Beyond linear algebra, a 
solid understanding of probability theory and 
complex numbers is also crucial for modeling and 
analyzing quantum systems.

In addition to these core skills, soft skills such 
as problem-solving, critical thinking, and the 
ability to collaborate in interdisciplinary teams 
are equally important. 
Quantum computing 
is a rapidly evolving 
field that thrives on 
innovation and cross-
disciplinary input. By 
mastering these skills, 
aspiring professionals 
can position themselves 
at the forefront of a 
technology poised to 
reshape industries and 
redefine computational possibilities.

Pathways to Enter the Field of Pathways to Enter the Field of 
Quantum ComputingQuantum Computing
Quantum computing is an advanced and rapidly 
evolving domain that requires a strong foundation 
in theory and hands-on experience. If you’re 
interested in pursuing a career in this field, here’s 
how you can get started:
1. Educational Background
The journey begins with the right academic 
foundation. A bachelor's degree in physics, 
computer science, electrical engineering, 
or mathematics is often the first step. These 
disciplines provide the foundational knowledge 
necessary for understanding the complexities of 
quantum systems.

For those who wish to delve deeper, pursuing 
a specialized master’s degree or Ph.D. in quantum 
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that becomes very natural though the technology 
might have become obsolete. That is why we use 
the idioms based on the S&T of first Industrial 
Revolution along with some the ideas involving 
the field of IT or Information Technology. And 
sometimes people at large look at the scientific 
laws in a much wider perspective and turns it 
into a proverb but are often used out of context. 
Look at the Newton’s third law of motion. People 
use it in so many contexts like social, economic, 
medical, political and what not! It is meant to be a 
very important law of nature but its abuse; may be 
overuse in non-related context has become a part 
of human nature. And that has given it the status 
of a proverb for all practical purposes. It appears 
with the advent of science and particularly the 
technology we shall have more idioms based on 

S&T not only in English but possibly in different 
Indian languages also.    
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like telecommunications, banking, and 
pharmaceuticals are exploring quantum solutions 
to address challenges in data security, optimization, 
and complex simulations. The growing synergy 
between academia, industry, and government 
initiatives is paving the way for India to lead in 
quantum innovation.

A career in quantum computing offers an 
opportunity to be at the forefront of technological 
advancement. As India ramps up its efforts through 
the National Quantum Mission, the field promises 
exciting challenges and rewarding opportunities 
for those with the right skills and passion. Whether 
you aspire to be a quantum researcher, algorithm 
developer, or systems engineer, the quantum 
revolution awaits your contributions. Embrace 
the challenge and be part of a future that’s truly 
quantum!    
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exception. Attending workshops, conferences, 
and hackathons dedicated to quantum computing 
can provide opportunities to connect with industry 
experts, researchers, and like-minded peers. These 
events are not only platforms for learning but also 
for showcasing your skills and ideas.

Participating in collaborative projects 
through these networks can help in gaining 
insights, mentorship, and even potential job 
offers. Many global and regional quantum 
computing communities offer resources, events, 
and discussion forums to support enthusiasts and 
professionals alike.

By following these pathways, aspiring 
quantum computing professionals can build a 
robust foundation and gain the necessary skills to 
thrive in this transformative field. The combination 
of academic knowledge, practical experience, and 
professional networking ensures a well-rounded 
approach to breaking into this exciting and rapidly 
expanding domain.

Future of Quantum Computing in Future of Quantum Computing in 
IndiaIndia
Quantum computing is still in its infancy but 
has immense potential. In India, industries 


