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8.55: Quantum Circuit for the Generation of GHZ States
The following circuit generates the eight GHZ maximally entangled states. A similar NMR circuit can be found on page 287 of The
Quest for the Quantum Computer by Julian Brown.

Given the quantum gates in matrix form the quantum circuit is formed using Kronecker multiplication.

Using the index as input the quantum circuit generates the corresponding GHZ state.
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Given the following truth tables the operation of the circuit is followed algebraically for G  and G .

= GHZ =G3

⎝

⎜⎜⎜
⎜⎜
⎜⎜
⎜

1

0

0

0

0⎠

⎟⎟⎟
⎟⎟
⎟⎟
⎟

⎝

⎜⎜
⎜⎜⎜⎜
⎜⎜⎜⎜

0

0

−0.707

0 ⎠

⎟⎟
⎟⎟⎟⎟
⎟⎟⎟⎟

= GHZ =G4

⎛

⎝

⎜
⎜⎜
⎜⎜⎜
⎜⎜
⎜⎜⎜
⎜⎜

0

0

0

0

1

0

0

0

⎞

⎠

⎟
⎟⎟
⎟⎟⎟
⎟⎟
⎟⎟⎟
⎟⎟

⎛

⎝

⎜⎜⎜⎜
⎜⎜⎜⎜⎜
⎜⎜⎜⎜⎜
⎜⎜

0

0

0

0.707

0.707

0

0

0

⎞

⎠

⎟⎟⎟⎟
⎟⎟⎟⎟⎟
⎟⎟⎟⎟⎟
⎟⎟

= GHZ =G5

⎛

⎝

⎜⎜
⎜⎜⎜
⎜⎜
⎜⎜⎜
⎜⎜
⎜

0

0

0

0

0

1

0

0

⎞

⎠

⎟⎟
⎟⎟⎟
⎟⎟
⎟⎟⎟
⎟⎟
⎟

⎛

⎝

⎜⎜
⎜⎜⎜
⎜⎜
⎜⎜⎜
⎜⎜
⎜

0

0

0.707

0

0

0.707

0

0

⎞

⎠

⎟⎟
⎟⎟⎟
⎟⎟
⎟⎟⎟
⎟⎟
⎟

= GHZ =G6

⎛

⎝

⎜⎜
⎜⎜⎜
⎜⎜
⎜⎜
⎜⎜⎜
⎜

0

0

0

0

0

0

1

0

⎞

⎠

⎟⎟
⎟⎟⎟
⎟⎟
⎟⎟
⎟⎟⎟
⎟

⎛

⎝

⎜⎜
⎜⎜⎜
⎜⎜
⎜⎜
⎜⎜⎜
⎜

0

0

0

−0.707

0.707

0

0

0

⎞

⎠

⎟⎟
⎟⎟⎟
⎟⎟
⎟⎟
⎟⎟⎟
⎟

= GHZ =G7

⎛

⎝

⎜⎜
⎜⎜
⎜⎜⎜
⎜⎜
⎜⎜⎜
⎜

0

0

0

0

0

0

0

1

⎞

⎠

⎟⎟
⎟⎟
⎟⎟⎟
⎟⎟
⎟⎟⎟
⎟

⎛

⎝

⎜⎜
⎜⎜
⎜⎜⎜
⎜⎜
⎜⎜⎜
⎜

0

0

−0.707

0

0

0.707

0

0

⎞

⎠

⎟⎟
⎟⎟
⎟⎟⎟
⎟⎟
⎟⎟⎟
⎟

( )( )( ) = [( )( )( )−( )( )( )]
1

0

0

1

0

1
1
2√

1

0

1

0

0

1

0

1

0

1

1

0

( )( )( ) = [( )( )( )+( )( )( )]
0

1

1

0

1

0
1
2√

1

0

0

1

0

1

0

1

1

0

1

0

( )( )( ) = [( )( )( )+( )( )( )]
0

1

1

0

0

1
1
2√

1

0

0

1

1

0

0

1

1

0

0

1

( )( )( ) = [( )( )( )−( )( )( )]
0

1

0

1

1

0
1
2√

0

1

1

0

1

0

1

0

0

1

0

1

( )( )( ) = [( )( )( )−( )( )( )]
0

1

0

1

0

1
1
2√

0

1

1

0

0

1

1

0

0

1

1

0

2 4

Identity

ICNOT

( )
0 to 0

1 to 1

⎛

⎝

⎜⎜⎜⎜⎜⎜

Decimal

0

1

2

3

Binary

00

01

10

11

to

to

to

to

to

Binary

00

11

10

01

Decimal

0

3

2

1

⎞

⎠

⎟⎟⎟⎟⎟⎟

Hadamard

CNOT

H =
⎡

⎣
⎢

0 to   to 0
(0+1)

2√

1 to   to 1
(0−1)

2√

⎤

⎦
⎥

⎛

⎝

⎜⎜⎜⎜⎜⎜

Decimal

0

1

2

3

Binary

00

01

10

11

to

to

to

to

to

Binary

00

01

11

10

Decimal

0

1

3

2

⎞

⎠

⎟⎟⎟⎟⎟⎟

https://libretexts.org/
https://creativecommons.org/licenses/by/4.0/
https://chem.libretexts.org/@go/page/148206?pdf


8.55.3 https://chem.libretexts.org/@go/page/148206

Next the GHZ density matrices are presented graphically.

Using the GHZ states as input and running the circuit in reverse yields the indices.
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