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量子比特的表示——Bloch Sphere
Representation

Single qubit states that are not entangled and lack 
global phase can be represented as points on the 
surface of the Bloch sphere, written as
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0 1 := 0
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量子逻辑门
Quantum logic gate

1.Quantum logic gates are represented 
by unitary matrices.

2. unitary quantum gates are always 
invertible.
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单量子比特门
Single qubit gates



Pauli-X (X) Pauli-Y (Y) Pauli-Z (Z)
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A rotation about )𝑥 𝑜𝑟 )y or )z axis by 180°
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Hadamard (H)
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A rotation about )y axis by 90°, followed by a rotation about )𝑥 by 180°

0 ↔ +
1 ↔ −



Rotation operators
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Proof:

Rotation about )𝑥 𝑜𝑟 )y or )z axis by 𝜃 degree



单量子比特门的分解
Decomposing single qubit operations

An arbitrary 2×2 unitary matrix may be decomposed as
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多量子比特门
Multiple qubit gates

00 → 00
|01⟩ → |01⟩
10 → 11
|11⟩ → 10

Any multiple qubit logic gate may be composed from CNOT and single qubit gates.



Controlled-U gate

Measurement operation



量子态可以复制吗？
Qubit copying circuit?

𝜓 0 = 𝑎 00 + 𝑏|10⟩

𝜓 𝜓 = 𝑎# 00 + 𝑎𝑏 01 + 𝑎𝑏 10 + 𝑏# 11
= a 0 𝑎 0 + 𝑏|1⟩) + 𝑏|1⟩ 𝑎 0 + 𝑏|1⟩)

It is impossible to make a copy of an unknown quantum state.



Bell states (EPR pairs)



quantum teleportation

Quantum teleportation 
utilizes the entangled 
EPR pair in order to send 
an unknown qubit |𝝍⟩
to Bob, with only a small 
overhead of classical 
communication.

𝜓/ = 𝜓 𝛽// =
1
2
𝑎 0 (|00⟩ + |11⟩) + 𝑏|1⟩(|00⟩ + |11⟩)]

𝜓% =
1
2
𝑎 0 (|00⟩ + |11⟩) + 𝑏|1⟩(|10⟩ + |01⟩)]

𝜓# =
1
2 𝑎( 0 + |1⟩)(|00⟩ + |11⟩) + 𝑏( 0 − |1⟩)(|10⟩ + |01⟩)]

=
1
2 [|00⟩ 𝑎 0 + 𝑏|1⟩) + |01⟩(𝑎 1 + 𝑏|0⟩)
+|10⟩ 𝑎 0 − 𝑏|1⟩) + |11⟩(𝑎 1 − 𝑏|0⟩)]

00 → 𝜓, = 𝑎 0 + 𝑏|1⟩)
01 → 𝜓, = 𝑎 1 + 𝑏|0⟩)
10 → 𝜓, = 𝑎 0 − 𝑏|1⟩)
11 → 𝜓, = 𝑎 1 − 𝑏|0⟩)

𝜓- = 𝑎 0 + 𝑏|1⟩) = |𝜓⟩




