One- and two-qubit basis states & list of quantum gates

One-qubit basis states (ket and vector notation)
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Two-qubit basis states
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Quantum gates

Name, matrix
symbol and
circuit symbol

Matrix representation
for one qubit

Matrix representation
for two qubits

What it does

Example(s) of the quantum gate
being applied to one or two qubits

Identity ((1) (1)) é 2 g g It leaves the qubit(s) unchanged. ((1) (1)) , ((1)) _ ((1))
! 0 01 0 1-]0)=|0)
0 0 0 1
Pauli );(NOT) ((1) (1)) 8 8 (1) (1) It flips the ';\IA:O) g:lli);';s:)?tt?ﬁ;his gate is (2 ) (1) _ ((1))
01 0 O 0 1
— P 1000 (1 ) ( ) - ( )
X-[0)=[1)and X |1)=[0)
0 0 0 1
583 8w
1 0 0 O
S B O VA B C O A T vt B RV
0 0 -1 0 Corresponds to a phase flip. (1 0 ) ) (0) _ ( 0 )
7 0 O 0 1 0 —1 1 -1

Z-|0)=|0)andZ- |1)=-|1)

TAKEN FROM QUANTUM

A project by
Science on Stage Germany

COMPUTING

IN STEM EDUCATION



PauliY (0 —i) Combination of X and Z gate — it flips (0 —i)_(1)=i(0)
v I the qubit state and the phase. i 0/ 10 1
0 O
Y i 0 1 0
Y-|0)=i|1l)and Y- |1)=-i|0)
Controlled - 1 0 0 O Flips the second qubit (the target qubit) if 1 0 0 O 0 0
NOT 01 0 O and only if the first qubit (the control 01 0 O 0}l _[O
0 0 0 1 qubit) is | 1). 0 0 0 1 110
CNOT 0 0 1 0 It leaves the first qubit (the control qubit) 0O 0 1 0 0 1
—— unchanged.
A CNOT - |00) = | 00)
N CNOT - |10)= |11)
Hadamard 1 (1 1 1 1 1 1 Creates an equal superposition state of 1 (1 1 )(1) _1 (1)
H V2 M -1 ifr -1 1 -1 a qubit vzl -1/ N0/ vz 1
211 1 -1 -1
e 0
i L1 S1(O)
1
H-10)=% (10)+ 1)
1
Ho11)=% (10) = 1)
SWAP - 1 0 0 O Swaps two qubits states 1 0 0 O 0 0
0 01 0 0 01 0 1)1 (0
SwAp 010 0 o100/ {o/7|1
—— 0 0 0 1 0 0 0 1 0 0
— SWAP - |10) = |01)

SWAP - |01) = | 10)
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How to go from a 2x2-matrix (1 qubit) to a 4x4-matrix (2 qubits)
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