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CNOT As An “Entangler”

INPUT QUTPUT
Not Entangled Entangled
al0) 4+ b]1) —r o —
| a |00} + b|11)

[0) — @ —



Quantum Teleporting Manual

Step 1(Loc. A): Preparation

o At location A, construct an EPR, pair of qubits
(qubits #2 & #3) in Hp ® H;.

Unitary
[00) +—

Matrix

Ho @ H3 _—

01)—{10

2

—

Ho @ H3

e Physically transport entangled qubit #3 from

Loc. AtoLoc. B

Result

e Loc. A & Loc. B share an EPR pair, i.e.

— Qubit #2 is at Loc. A

— Qubit #3 is at Loc

. B

H

— Qubits #2 & #3 are entangled

e The state of all three qubits is:

|®) = (a]0) +b|1))(

|01) — |10)

2

) = H}_®H2®H3 .



Quantum Teleporting Manual (Cont.)

Step 2. (Loc. Ay: Apply UQI: H1 @ Ho ® Hz —
H1 ® Ho ® Ha to the three qubits. Thus, under
U ® I the state |®) of all three qubits becomes:

|9) =3[ [00)(~al0) —bl1))
+101) (—a [0} +b]1))
+[10) (a|1) + b|0))

+111) (a[1) - 5{0)) ]

Step 3. (Loc. A): Measure qubits #1 & #2.

———l

Step 4. (Loc. A): Send via a classical communication
channel the result of the measurement to Loc. B.

e

Result

Unknown qubit #1 has been disassembled and the info
read ( two classical bits) is sent to Loc. B.



The Bell Basis

Let Hy be a 2-D Hilbert space with orthonormal basis.

{l0),]1)}

Then

H=Hr®H>

is a 2-2 = 4 dim’'l Hilbert space with induced or-
thonormal basis

00),01), 10}, |11)

called the sStandard basis.

Another orthonormal basis is the Bell basis

[ 1Boo) =
Bor) =
B10) =

| 1B1) =

\

(I®I)|Boo) = (l00)+]11))/v2
(X®I)|Boo) = (J10)+01))/v2
(Z®1)|Boo) = ([00) —[11)) /v2
(ZX®1I)|Bos) = (—110)+]01))/v2

|Bap) = (Z°X° @ I) |Boo)

The standard basis can be transformed into the Bell
basis with the following unitary transformation

|a)
|b)

— H — @ ey

| Iﬁab)
» D >




The initial state is

[0} = |w) |Boo)
After the CNOT, we have

[%1) = 75 [a]0) (100) +[11)) + b[1) (/00) + [01))]
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And after the Hadamard operation, we have

2y = 31

[00) (a|0) + b|1))
+ [01) (al1) + b|0})
+ [10) (a]0) — b|1))

+ [11) (a[1) - b10))]

1
3 |MpMy) XMizMz2 o)
Ml,M2=0




