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Feynman’s Vision in 1981

Conference

Held at MIT May 1981
with IBM, focusing
on physics and
computation
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Problem

Classical computers
incapable due to
exponential complexity
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Proposition
N A

Proposed a “quantum
mechanical simulator”
to model nature
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HOW DOES A QUANTUM
COMPUTER LOOK LIKE?
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WHY THIS TOPIC MATTERS

Classical computers face
| fundamental limits

Problems grow Supercomputers - Quantum offers new
too fast for struggle with methods of
classical computers complex issues computation

Governments & companies
invest heavily



THE 2019 HEADLINE

e .gle announced

£ l 1

Widespread | First exposure Mix of excitement
- media coverage ’ to many people - and skepticism

Debate over Google’s claim |




GOOGLE’S CLAIM

Sycamore

sampling problem in 200 seconds

53-qubit quantum processor solved a mathematical
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Speed Comparison

4

Millions of years
estimated for a super-
computer

Dramatic Contrast

N-

Highlighted stark differences
in computation time
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Context of Task

4

No commercial or
scientific applications
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Advancements
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Signifi icant J

Larger speedups
in optical and
superconducting |
\za2 systems i

' Global
Expansion
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Quantum computing
was no longer
confined to one country
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Exploring
Approaches
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China’s 2020 Announcement }

Global
Recognition

A

Multiple lines of
research pursued
simultaneously

Confirmed China’s
prominence
in the field
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Google's Willow Chip

105-qubit superconducting processor

First scaling of error rates
as the system expands

A Calculations in minutes
7 instead of trillions of years

99.97% Achieved 99.97%
single-qubit fidelity

_9‘9.7%_2

Major leap in quantum computing, solving
complex problems classical supercomputers can’t handle



Classical Computers Vs Quantum Computers




JOURNEY OF CLASSICAL COMPUTERS
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First Generation Second Generation  Third Generation Fourth Generation Fifth Generation
« 1940-1956 » 1956-1963 » 1964-1971 « 1971 - Present  Present and Beyond
» Vacuum Tubes  Transistors « Integrated Circuits « Microprocessors « Artificial Intelligence
e ® — e ® o >
1940-1956 1956-1963 1964-1971 1971 - Present Fifth
» Vacuum Tubes « Transistors « Integrated Circuits + Microprocessors Generation

 Present and Beyond
« Artificial Intelligence



CLASSIC COMPUTERS ARCHITECTURE

Central Processing Unit

Control Unit

Input Arithmetic/Logic Unit Output
vice vice




[ Classical Computers Today J
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Classical Devices
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Iectrlcal Slgnals

Phones, laptops,
and servers

7

Based on

classical physics
S & pny

Store bits
asOor 1

Same input
— same output

h 4

Miniaturization

Faster and
more reliable




Hierarchy of Data Storage

Kilobyte (KB) - 1024 Bytes

Megabyte (MB) - 1024 Kilobyte (KB)

Gigabyte (GB) - 1024 Megabyte (MB)
Terabyte (TB) - 1024 Gigabyte (GB)

Petabyte (PB) - 1024 (TB) , Exabyte (EB) - 1024 (PB)
Zettabyte (ZB) - 1024 (EB) , Yottabyte (YB) - 1024 (ZB)
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Alphabets Binary Codes

Characterl Binary Code

Characterl Binary Code

Characterl Binary Code

Characterl Binary Code  Character IBlnary Code

A

B
C
D
£
F
G
H
1
J
K
L
M
N
0
P

01000001

' 01000010

01000011

101000100
. 01000101
101000110
101000111
101001000

01001001

| 01001010

01001011

1 01001100
101001101
101001110
01001111
01010000

~DoanTON<SXSE<CA0D

Q

01010001
1 01010010
| 01010011
101010100
101010101

01010110

| 01010111

01011000

| 01011001
| 01011010

01100001

' 01100010
| 01100011

01100100

| 01100101
01100110

€CC P TOTO3T =X =TO

01100111

' 01101000

01101001

| 01101010
01101011

01101100

| 01101101
| 01101110
| 01101111

| 01110000

01110001

| 01110010
01110011
' 01110100

1 01110101

01110110

S R~ PR = N< XS

01110111

| 01111000

01111001

101111010
100100001
1 00100010
' 00100011

00100100

1 00100101
| 00100110

00100111

' 00101000
100101001
100101010

100101011

00101100

D VOONOANLWNKON-

00101101

100101110

00101111

' 00110000
- 00110001

00110010

' 00110011

00110100

| 00110101
| 00110110

00110111

' 00111000

00111001

| 00111111

01000000

' 01011111




C Classical Computing: Strengths and Limitations D

L

&9 Reliable & consistent
&9 Repeatable results

@ Resistant to small errors

& Powers modern apps

L

A% Limitations =

Solving certain problems,
where the time or resources
required grow astronomically
with input size

o

@ Slow on large-scale tasks

@ Even supercomputers face
these limits




BEYOND BITS: THE PROMISE OF QUANTUM COMPUTING

/ -

Goal - Solve certain problems much faster
5 @ than classical computers

5 g

- Key Idea - Uses a new unit: qubit
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© - Leads to more “computing possibilities”
as the number of qubits increases

.

"Challenge - Harder to control
—r - More sensitive to noise and errors




FROM BITS TO QUBITS
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Qubit and Bloch Sphere

€& Qubit (Quantum Bit)
A qubit can exist in |0), |1), or a superposition of both
General state: |) = x|0) + B|1)
la|? + |B|? = 1 (total probability = 1)

Measurement collapses the qubit to either O or 1

Bloch Sphere (Visualization Tool)

A geometric representation of a single qubit state
North pole — |0), South pole — |1)

Any other point — different superposition

Quantum gates = rotations on the sphere

Key Idea: A qubit is not just 0 or 1 — it is a direction in 3D space,

and quantum computation works by rotating this direction
before measurement.




How the Bloch Sphere Represents a Qubit

When the arrow is straight up
State = |O)
Probability of O = 100%

When the arrow is straight down
State =|1)
Probability of 1= 100%

=» When the arrow is horizontal
Equal mixture
Probability of O = 50%
Probability of 1 = 50%

When the arrow tilts upward

More weight toward |O)
Example: The direction of the arrow
Probability of O = 75% determines the probability

Probability of 1 = 25% of meastuneO0ml



Quantum Computer Fundamentals

* Quantum computing uses three main concepts:
* Superposition

* Entanglement

* Interference

Superposition | Entanglement Interference
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Superposition: Simple Analogy

Imagine a Coin

If the coin is still, it is either:

e Heads (H) (G Tails (T)

you don’t clearly see heads or tails:

But if you spin it fast,
blur.

/

That blur is like superposition.
It behaves like “both” until you stop it.

¢

When the coin is stopped,
you finally get one result: H OR T.

Same idea works with qubits.




Why Superposition Matters

Classical Computing Quantum Computing
v 2 bits represent 4 states * v 2 qubits can exist in a combination
(00, 01, 10, 11). of all 4 states simultaneously.

v But only one state exists at a time. » v This allows quantum systems to explore
many possibilties at once.

But Measurement Changes Everything
Superposition does not mean we instantly get all answers.
When we measure a qubit, it collapses to one definite result.

The challenge is to increase the probability of the correct
answetr.

That is where entanglement and interference give

computers their real power. Entanglement Interference




What is Entanglement?

v’ Quantum entanglement is a core phenomenon of
quantum physics that is crucial in quantum computers.

J Entanglement links two or more qubits together.
g q g
Entangled qubits cannot be described independently.
g q P Y
A change to one entangled qubit will instantly affect the
g gleaq Yy

other, no matter the distance.

+ Entanglement

v Independent coins v~ “Entangled” coins

Separate Outcomes Connected Outcomes
5 O o

Separate Outcomes Connected Outcomes
When entangled, the states are linked together

Entanglement

Vv’ Links qubits together as one system.

V' The state of one instantly affects the state
of the other.

V' Enables complex correlations beyond
classical systems.



Why Entanglement Matters

( PROS B w CONS

o |
rig Information is | A Increases fragility

distributed across the system

Errors spread rapidly

» Enables powertul

computations Requires careful design

7 Boosts
performance




Interference

Constructive Destructive ‘
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Measurement and
Finmnal Result

e

Superposition
and Evolution
The system evolves
through superposition
and interference

~

J)
==

Measuremrment J
—
=\

Observation stops
quantum evolution

-

State Collapse

The system collapses
to one definite state

~-

Probability Rule

The probability
distribution determines
the outcome

\
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Quantum Computer Hardware



Types of Qubits and How Their Two States Are Created

£ Superconducting Qubit (“)) Trapped lon Qubit

* Energy levelsina 0) * Uses a single ion
quantum circuit trapped by
A4 — electromagnetic fields

C:p:LO~—'$|1> JV\/\f\,_kn._\_ |O> = |1> . |0>, |1> = two stable

electronic energy levels

* Energy levels in a quantum circuit » Maniplaulted using laser pulses

(=) Photonic Qubit ) Topological Qubit

» Photon polarization states » States of entangled particles

ANNY




Classical Computer

Logic Gates

Name | NOT AND | NAND OR NOR XOR | XNOR

Alg. Expr. A AB AB A+B A+ B AD B AG B

Q:»
| |

Truth A X _B A _AX B A X» B A.X B A“-X. B .-\_.X B A .X
Table 0 1 0 010 0O 011 0O 010 0 01 0O 00 0 0|1
1 0 O 1|0 0 111 0 1 1 O 110 0 1 1 O 110

1 010 I 01 1 0|1 I 0] 0 1 0 (1 1 0f 0

1 1|1 1 110 1 1 1 1 110 1 110 1 1|1




Gate Symbol Matrix
Pauli-X (NOT) | (0 1 )
x l—
10
Pauli-Y = 7y . (0 —i)
i 0
Pauli-Z (Phase flip) W 7= (1 0)
0 -1
S 1. 0
(o i)
T 1 0
s L (0 ei"/4)
Hadamard o N i(l 1)
J2ANL =1
Rotation Z _? .
=l Rz(e) g i
0 ez
Rotation Y (6 e (6)
— Ry(B) - cos 5 sin 3
6 6
n(z) cos(3)
Rotation X (6) e (
=) Rx(e) 2
sin(z) _cos(3
isin |- cos (7
1 000
CNOT 0O 1 0 0
0 0 01
0 0 1 0
e 1000
Swap 0 01 0
01 00
~ e 000 1

Quantum Gates

Pauli-Y (NOT)

s P

Hadamard

- H

controlled-U

-U—

controlled-Z
— —T—

—B- -

|A> »)
))I X)

Pauli-Y  Pauli-Z (phase flip)
Y YA
Phase /8
S T

controlled-X CNOT

controlled-phase

Y-rotation



Quantum Gates —

Instructions for Qubits

What is a Quantum Gate?

A command that changes a qubit

®
Gate (Instructlon)
“Flip”, “Rotate”, “Add Phase”

-4 Hardware b,
i Performs it using signals |
| 1) "
¢ L
Microwave Laser/Light Electric Pulse
+ v v

~ Gate = Instruction (Software)

- Signal = Physical Action (Hardware) . T (T gate)

= [ [N/

.S(Phase) 1) — z|1),\.® +7 phase |

1) > el |1>\) \I smaller phase
R

Single-Q

ubit Gates

| (identity)

does nothing |0) — |0) [1)—|1)

@

______

- ———— -

........... len ] —
-------- €Z smmmmmmemen, pm=—==-- E N R - - - - -~
Control la) |b)
' Target C) o ? f) i Ib) |a)
. If control=|0) —> target unchanged | ' If both = |1) — add - sign (phase flip) S Wabs e aubits v
|f control=|1) — Flip target ' L 100) +111) - - — *
-0
—————————————————————————————————— ‘~—__.( '\/2 ﬁ

Goal of 2-Qubit Gates:

-

Create correlation
(entanglement)

-/ 100y+11)
VZ

P

- Q;ilajts become linked!

~
]

- Rotations ----
X (Pauli-X) flips |0) <> [1) (NOT) |0)—|1) . Q :: Rx(6) - ro;ate around X !
Z (Pauli-Z) keeps |0) same, flips phase of |1) ! LI\ o % Q\_I./é
010 -1 SR /
! Ry 6) - rotate around d Y
Y (Pauli-Y) flip + phase (rotation around Y) Jf\h:) s
0) — le) 1) — 7|0) &/
Hadamard) mak osit O+ A
H (Hadamard) makes \|o>_) e o > E _
1> D20 | Sweroiion S | S



What is a Quantum Algorithm?

A quantum algorithm i a step-by-step method that solves a problem by usng
qubits + quantum gates

A quantum algorithm is a recipe that tells a quantum computer
which gates to apply and in what order to solve a problem.



- CLASSICAL COMPUTING | QUANTUM COMPUTING
Sequential Search Parallel Search (Superposition)
| Start A . i
— Explore Path by Path h"-. w? QAII Paths i:v Superposition

6 Oracle Marks Correct Path

—— @

e Amplitude Amplification

| ¥ ——
ﬂg@ Measure —)AZ“"‘

+ Get Solution

= 2 || of All Paths

Speed Comparison

——> Step by Step t

- . - = - -



Where Quantum Computing Can Help

Quantum computing can help in specific problems that are difficult for classical
computers.

-Optimization
Solving complex o
optimization problems

ﬁ.ﬁ? Weather &
Y. " Climate

Better forecasting and
climate modeling

|

&

'j Drug Discovery

Simulation of
molecular interactions

ﬁ[(“\\ Cryptography
-,\‘! Enhancing data

= encryption

. Cybersecurity
Improving security protocols

Quantum computing naturally handles problems that are difficult for classical computers.



India’s National Quantum Mission

The Indian government is implementing the National Quantum Mission (NQM)
with a 26,003.65 crore budget (2023-2031) to develop quantum computers,
secure communication, and sensors.

% ) . Four ‘Thematic Hubs’ (T-Hubs)
% ] gi Focused on quantum research

= ! = Fabrication Facilities
g 2 Set up at premier IITs and IISc

Intermediate-Scale Quantum Computers

Develop advanced quantum processors

Developing quantum computers, secure communication, and sensors
with a *6,003.65 crore budget for 2023-2031.



Feynman’s Vision To Today’s Real Quantum Processors
The Foundations of Quantum computing are Deep
&

Possibilities are Extraordinary.

With every Break through we are getting closer to
A New Era of Computation.



Journey of Quantum Computing Continues.

Thank You!













Temperature Stages ——

Metal “floors” in dilution
refrigerator at multiple stages:
50K, 4 K, ~1K, 100 mK, 10-20 mK
step-by-step cool, anchor wiring

limit heat leakage

Mechanical Supports
& Thermal Links

Stabilize stack alighment
stepwise thermalize
» minimize downward heat conduction

Signal Wiring Harness

Orderly curved coaxial cables
bring control/readout signals
to various plate levels

* loops minimize thermal
contraction and stress

@ Supports & Thermal Links
@® Temperature Stage

@ Signal Flow

@ Connectors & Feedthroughs.

Signal flow
= Connectors & Feedthroughs

T e
y'w-‘!
s i

i

. -
B Quantum Chip Package

o~ Top Temperature Stage

~4 Kelvin, Moderate Cooling
& Signal Entry Anchor

« step-by-step cool (50 K, 4 K,

e ~1K, 100 mK

* step-by-step cool, wiring
limit heat leak

Signal Wiring Harness

Orderly curved coaxial cables
bring control/readout signals
to various plate levels

e Loops minimize thermal
contraction & stress

Connectors & Feedthroughs
e Robust microwave assemblies

it's: 7. anchor/control at each stage

“ block/reduce high-frequency 1 noise

Sample Can /Chip Package Zone

e Coldest and Most Shielded Region
(~10- 20 millikelvin)

e Where Quantum Processor Sits

"+ e Attenuators reduce incoming noise

e Low-pass/IR filtering + Thermal Anchors

"« Dissipative Filters remove

Stochastic high-frequency noise




