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01. Hamiltonian & Unitarty

What is hamiltonian? What is Unitary?

Unitary

Hamiltonian

Hermitian

Observable



01. Hamiltonian & Unitarty

Hermitian
(self-adjoint)

1) Hamiltonian

Def



01. Hamiltonian & Unitarty
2) Observable

Def



01. Hamiltonian & Unitarty

cf)

2) Observable



01. Hamiltonian & Unitarty

Def

Real eigenvalue

3) Hermitian



01. Hamiltonian & Unitarty

Def

4) Unitary



02. Bloch sphere
1) Cartesian Coord. vs. Bloch sphere



02. Bloch sphere
2) Spherical Coord. vs. Bloch sphere



02. Bloch sphere
3) Bloch sphere

z-axis x-axis

y-axis



02. Bloch sphere
3) Bloch sphere (cont.)

(surface-pure)

(inside-mixed)

cf) Pauli matrix



02. Bloch sphere
3) Bloch sphere (cont.)

rotation



02. Bloch sphere
cf) Taylor expansion

ex)



03. Qubits & Gates
1) Clbits vs. Qubits

Binary Digits
Represent true/false, on/off,
normal/abnormal, etc.
(exclusive state).

Quantum state on Bloch sphere
Complex



03. Qubits & Gates
2) Logic gate vs. Quantum Logic gate

Logic gates(and, or, nand, nor, ...) Universal gate set
Clifford set({CNOT, H, S}) + T-gate
Rotation + CNOT
Toffoli + H



03. Qubits & Gates
3) Quantum Logic gate  (1-qubit)

Hadamard Phase rotation



SWAP

03. Qubits & Gates
3) Quantum Logic gate  (2-qubit)

CNOT(CX)



03. Qubits & Gates
cf) Sylvester’s construction



03. Qubits & Gates
4) Summary



03. Qubits & Gates
cf) ???



03. Qubits & Gates
cf) TOMORROW X TOGETHER (TXT)



04. Superposition & Entanglement
1) Superposition

linear, homogeneous PDE / eigenvalues & eigenvectors

Quantum information processing



04. Superposition & Entanglement
1) Superposition

Quantum information processing

ex) Hadamard for superposition



04. Superposition & Entanglement
2) Entanglement

Pure state - separable tensor product

ex) Bell state

Mixed state - no separable(entangled)

ex) GHZ(Greenberger–Horne–Zeilinger) state

ex) W state



04. Superposition & Entanglement
2) Entanglement

ex) Bell state

Mixed state - no separable(entangled)

impossible to make Bell states



04. Superposition & Entanglement
2) Entanglement

ex)

It is possible to be pure state and mixed state concurrently, 
depending on which system you focus on.



ex) Bell state

04. Superposition & Entanglement
2) Entanglement

Density matrix

By spectral theorem,

pure state

mixed state

partial trace
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