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The Wave Function
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Quantum Mechanics Again!

"I think I can safely say ’
that nobody understands | | . /ir, L )
quantum mechanics” H | ‘ | * Quantum mechanics is a mathematical

h - Richard Feynman | ' | framework for the development of
. ’ physical theories.
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The state of the particle is represented by a vector | (¢)) in a Hilbert space.
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Some Postulates of QM

Postulate |
The state of the particle is represented by a vector |y (¢)) in a Hilbert space.

What is a Hilbert Space?

Postulate I
The time evolution the state vector |/ (¢)) is described by the Schrédinger equation:

. d _
ih— (@) = Hly (1)) .

Where H is the Hamiltonian of the system.
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Some Postulates of QM

Postulate |
The state of the particle is represented by a vector |y (¢)) in a Hilbert space.

What is a Hilbert Space?

Postulate I
The time evolution the state vector |/ (¢)) is described by the Schrédinger equation:

d
ih— |y (1)) = H |y (1)) .
in— | (1)) = H1g (1))
Where H is the Hamiltonian of the system.

® In general figuring out the Hamiltonian needed to describe a particular physical
system is a very difficult problem.
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Discussion of Postulates | and i

® The system is completely described by its state vector (or wave function).

® Hilbert space is our arena where everything related to quantum mechanics takes
place.

® For any future time ¢ the wave function is given by solving the Schrédinger equation.

| have this thing called a ‘wave function.” Now what?

Can every wave function that resides in Hilbert space good enough to describe the
system?
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Born’s Rule

Born’s rule allow us to predict the probability of measuring each quantum state of a

system.
If you have a qubit whose state is given by:

) =al0)+b]1),

then Born’s rule says
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Born’s Rule

Born’s rule allow us to predict the probability of measuring each quantum state of a

system.
If you have a qubit whose state is given by:
l¥) =al0)+b]|1),
then Born’s rule says
Prob (0) = &’

Prob (1) = b*
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Born’s Rule

Born’s rule allow us to predict the probability of measuring each quantum state of a

system.
If you have a qubit whose state is given by:
ly) =al0)+b]1),
then Born’s rule says
Prob (0) = &’
Prob (1) = b*

Applying Born’s rule: [y) = % 0) + % 1)

Probability of measuring |0) = (%)2 =1
Probability of measuring |1) = (%)2 =1
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Normalization
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Can every wave function in Hilbert space describe
the system?
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Can every wave function in Hilbert space describe
the system?

Do you agree that the total probability must equal 1?
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Can every wave function in Hilbert space describe
the system?

Do you agree that the total probability must equal 1?
* Not every vector is valid, only the normalized vector describes our system;
la]? + |b|*> = 1.

® If you have a qubit whose state is given by: |¢) = |0) + = |1>
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Can every wave function in Hilbert space describe
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Do you agree that the total probability must equal 1?
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Can every wave function in Hilbert space describe
the system?

Do you agree that the total probability must equal 1?
* Not every vector is valid, only the normalized vector describes our system;
la]? + |b|*> = 1.
® If you have a qubit whose state is given by: |¢) = \f |0) + f [1)
Is this a valid state vector?

2
jal? + [b]* =

‘L
V2
= 1(valid!) )
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Practise Problems-I

“Why,” said the Dodo, “the best way to explain it is to do it.” — Lewis Carroll, Alice’s Adventures in
Wonderland
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Problem 1

For a given state vector: |y) = ? [0) + % [1). Which has higher probability of getting measured?
a |0)
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Practise Problems-|

“Why,” said the Dodo, “the best way to explain it is to do it.” — Lewis Carroll, Alice’s Adventures in
Wonderland

Problem 1

For a given state vector: |y) = ? [0) + % [1). Which has higher probability of getting measured?
a 10)
b 1)

Answer: (a) |0)

Problem 2

Is the vector: |¢) = % |0) — % |1) capable of describing any quantum system?

a Yes

b No
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Practise Problems-|

“Why,” said the Dodo, “the best way to explain it is to do it.” — Lewis Carroll, Alice’s Adventures in
Wonderland

Problem 1

For a given state vector: |y) = ? [0) + % [1). Which has higher probability of getting measured?
a |0)
b |1)

Answer: (a) |0)

Problem 2

Is the vector: |¢) = % |0) — % |1) capable of describing any quantum system?

a Yes
b No
Answer: (b) No
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Practise Problems-|

Why,” said the Dodo, “the best way to explain it is to do it.” — Lewis Carroll, Alice’s Adventures in

5 5 ,
Wonderland
Problem 3
|1) is normalized, or not? If not, normalize the vector.

Check whether the vector: |y) = \F |0) + —=
—_— : 1
Hint: Normalized vector = - [y)
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“Why,” said the Dodo, “the best way to explain it is to do it.” — Lewis Carroll, Alice’s Adventures in

Wonderland
Problem 3
|1) is normalized, or not? If not, normalize the vector.

Check whether the vector: |y) = \F |0) + —=
—_— : 1
Hint: Normalized vector = - [y)

Problem 4

Normalize the vector: |) = |0) + |1).
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Practise Problems-|

“Why,” said the Dodo, “the best way to explain it is to do it.” — Lewis Carroll, Alice’s Adventures in

Wonderland

Problem 3

Check whether the vector: |y) = \F |0) + —=
. . 1

Hint: Normalized vector = - [y)

Problem 4

Normalize the vector: |) = |0) + |1).

m

|1) is normalized, or not? If not, normalize the vector.

L 1
Answer: (|0>+ |1)
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Quantum Gates

Quantum Gates are operations performed on qubits to manipulate their state. We will
focus on 3 fundamental quantum gates: the X, Z and H gates.
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Quantum Gates are operations performed on qubits to manipulate their state. We will
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10) 1)
1) 10)

1. X Gate:
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Quantum Gates

Quantum Gates are operations performed on qubits to manipulate their state. We will
focus on 3 fundamental quantum gates: the X, Z and H gates.

10) 1)

1) 10)
10) [+)

1) -)

1. X Gate:

2. H Gate:
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Quantum Gates

Quantum Gates are operations performed on qubits to manipulate their state. We will
focus on 3 fundamental quantum gates: the X, Z and H gates.

10) 1)

1) 10)
10) [+)

1) -)
[+) -)

-) [+)

1. X Gate:

2. H Gate:

3. Z Gate:
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Quantum Circuit

When developing quantum circuits in Cirq, follow these steps:

® Define qubit(s), and store it in a variable.
my_qubit = Cirq.NamedQubit(“q0”)
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Quantum Circuit

When developing quantum circuits in Cirq, follow these steps:
® Define qubit(s), and store it in a variable.
my_qubit = Cirq.NamedQubit(“q0”)
* Define an empty quantum circuit object and store it in a variable.
my _circuit = cirq.Circuit()
® Append the qubit(s) to the quantum circuit with measurements or gates applied to it.
my _circuit.append(cirq.measure(my_qubit))
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Quantum Circuit

When developing quantum circuits in Cirq, follow these steps:

® Define qubit(s), and store it in a variable.
my_qubit = Cirq.NamedQubit(“q0”)

* Define an empty quantum circuit object and store it in a variable.
my _circuit = cirq.Circuit()

® Append the qubit(s) to the quantum circuit with measurements or gates applied to it.
my _circuit.append(cirq.measure(my_qubit))

e Simulate the result of the quantum circuit and get a measurement for our qubit(s).
sim = cirq.Simulator()
result = sim.run(my_circuit)
result

45/53



Practise Problems-l|

“Why,” said the Dodo, “the best way to explain it is to do it.” — Lewis Carroll, Alice’s Adventures in
Wonderland

46/53



Practise Problems-l|

“Why,” said the Dodo, “the best way to explain it is to do it.” — Lewis Carroll, Alice’s Adventures in
Wonderland

Problem 5
What will be the final state of a qubit in given circuit:

o B

47/53



Practise Problems-l|

“Why,” said the Dodo, “the best way to explain it is to do it.” — Lewis Carroll, Alice’s Adventures in
Wonderland

Problem 5
What will be the final state of a qubit in given circuit:

o B

Answer: |1)

48/53



Practise Problems-l|

“Why,” said the Dodo, “the best way to explain it is to do it.” — Lewis Carroll, Alice’s Adventures in
Wonderland

Problem 5
What will be the final state of a qubit in given circuit:

o B

Answer: |1)

Problem 6

What will be the final state of a qubit in given circuit:

o — -
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Practise Problems-l|

“Why,” said the Dodo, “the best way to explain it is to do it.” — Lewis Carroll, Alice’s Adventures in
Wonderland

Problem 5
What will be the final state of a qubit in given circuit:

o B

Answer: |1)

Problem 6

What will be the final state of a qubit in given circuit:
0 )

Answer: |1)
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“| would rather *. = “

have questions \
that can’t he~

answered than

answers that
can_’t he
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