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Quantum Mechanics and Quantum Gates and Circuits

Superposition

Investment Opportunities Quantum Algorithms and

Applications
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Challenges and Limitations
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Digital Circuits Quick Recap
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pt at -273c to minimize thermal energy interference
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Phosphorus Atom Silicon Atom

Bed made from Silicon-28 isotope.

Mo nuclear spin as it is completely
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compared to Si atorn  Electrons

F atom has additiona
electron in outer shell

Outer electron in
energy applied

phosphorus atom will be in
SPIN DOWN when no

non-magnetic
(Otherwise Sispin would interfere)
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Microwave pulse at same
resonance frequency of the
electron based on the magnetic

Anatomy of a Compute Qubit

G{J-f field being applied
High Energy State s
o
-.;T Additional electron jumps to the “electron
+Voltage puddie” in the transistor as it has more energy

Input current

Source Drain
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Spin up is detected
as a burst of current
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Since P atom has one less

Microwave pulse can be electron, it generates a
stopped at specific point to pasitive charge, which

create a superposition of manifests itself as a
phase and amplitude positive burst of current on
the gate

Strong magnetic field
to control spin or
“energy state” of P atom



Quantum Gate Operation 0)

Quantum Gates :
manipulate Amplitude 8 and Phase @ of the state vector
take superpositions as inputs, rotate their probabilities, and produce another superposition as
outputs



Quantum Gate Examples

Pauli-X Gate is a NOT

operation. It will turn a spin-
up state to a spin-down and
viSa Versa. \

Y

Y-gate rotates around the
Y-axis. It is similar to the X-
gate but different in phase.
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Hadamard Gate sets the [ L
qubit into a superposition e —
state of a 50/50 chance that Voo /
it will end up as |0> or |1>. 1 f,f
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T gate rotates a qubit /4
around the z-axis.
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Quantum NOT Gate Example (Pauli-X Gate) RN
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Hadamard Gate Example (Set to 50/50 State)

o —{) .

[E MATRIX VECTOR
7N 1 1 1 707110}
f— ;J_ :—_._.____}_ 1 ) | )
O
H\HI | S >

Vi V2l 1 -1 0 . 7071I1)

Hadamard Gate Basis State 0 Uniform Super Position
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) = == ) — 1) &— 50% probability of a “1* (0.70712 = .5 = 50%)
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T Gate Example (Rotate 71/4 around the Z-axis)
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Quantum Circuits
Include Both Quantum Operators + Classical Computing
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Quantum Parallelism

QUBIT QUBIT | QUBIT
#1 #1 #2

Holds & Holds &
operates on operates on
values of values of

0 and 1 00, 01, 10, 11

simultaneously simultaneously

QUBIT

#1 H2 #3

QUBIT ] QUBIT

Holds & operates
on values of
000, 001, 010,
011, 100, 107,
11Q; 111
simultaneously




How Much Faster is a Quantum Computer?

- In 2021, the world’s largest
quantum computer had 127 Qubits

- This machine was 158M times
faster than its classic counterpart
- Example Task Execution Times:
. Classic Computer: 2,500 years
- Quantum Computer: 1T minute

2127 = 1.7 x 1038 values
170,000,000,000,000,000,000,000,000,000,000,000,000



Classical Computing Problem Solving

. A classic computer needs to
sequentially iterate through a
problem until the correct result
is found




Quantum Computing Problem Solving

.- Quantum computing can
provide a single or small
number of answers with the
highest probability of being
correct, which narrows down
the search for the correct Q
solution



Interference Manipulation

- Another benefit that can be realized by

quantum computing comes from manipulating
interference

. Interference may be

- constructive or

Constructive Interference

. destructive

In phase

-
S

- Programmers of quantum algorithms
(like Grover's and Shor's algorithms)
endeavor to arrange qubits so that :

. correct answers generate constructive interference
. Incomect answers generate destructive interference

Destructive Interference

- Remember: Probability = Amplitude?
w) - al0) + Bi1)

Sums of the sguaras - .
Qpﬂhﬁhiiﬁasmu@ 180° out of phase
a2 + p2= 1



What Do Quantum Computers Look Like?

Classical
Processing

Digital Processing

Analog
Processing
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