


1/14/2025 complex numbers

* Qubit . ↓

clos + blis ,

where a,
bed

M sit lat + IbP = 1 .

"Ket notation". d

example of a qubit
* 107

* (10) + (13)=
)+ 1) = (t)

* (10) - (1)) =
0 - =(1) = 1-

* (T) = (0) + e())

eit =c + isin

leiF= cos + sin
= /



* Multi-qubits.

2-qubit state

a,1007 + aclok
+ as /107 + ap111)

a , , ... an D ,
laflack+... + layk= 1.

:
can be generalized to n-qubit state.

* Qubit = Ealo) + b11)/
a ,
bee,

(a) Ib 13 .

Qubit @ Qubit
= Sailoos +

---+anli)

an ,

... apEQ ,

late---(ap 13 .

Qubin
* Tensor product of qubits.

(a , 10) + all)) @ (bilo> + ball)

= abilos + abilo (1) + abilities

+ anb2(1>@ (1)



= a ,bil00) + aibalois + azb , 110) + acblis) .

* Can we obtain any 2-qubit state

by tensoring 2 single qubit states?

surprisingly , no.

belloo = Boo = (100 + 111))

Claim :

-d .
%Boo= 9 ,

0 %, where ,
de Qubie

* Operations qubit states.

** Unitary operations.

Suppose U : Qubie" -> Qubie" is

a unitary operation,

Thenh has the following properties:



D U is linear.

U(alo+alis) = a , Ulo + ackI.

② / : Qubit
**
->
Qubit" Sit

.

unitary operation

UoG = Gol = I

We often write Ut for G.

* Examples of Unitariess

* Pauli operations/gates .

EX , E ,
Y
,
13 .

X : Qubit -> Qubit

X(0) = (1)

[x11) = 10)
X(a(o) + b(1)) = a(X(ox

+ b(X (ii)

= all) + blo)



Xt = X

* Z-gate
z : Qubie -> Qubit

z10s = 10)

z(1 = -11) .

↳ Hermitian

* I 10) = 107

1 (1) =
117.

* Y 10) = ik

Y (1)
= - i 10)

in= 1 ,

so Yt =
Y

,

zoV = iY



(Z0X) 10) =
- (1)

i 10) = i (i(k) = - 1)

(zoX) (1) = = 10) = 10)

(i .Y) (1 = i :(i) 10) = 10).

* Coupleof things about
Pauli gates.

D They are hermitian,

r . e . pt = P ,
peEX ,Y. E ,2)

②PREEX, Y , 23 ,
and

P .FP2
,

P, %2 = - BoP ,

"anti-commutation .

Xoz = -zoX .



* Circuit notation for
Pauli gates.

= --

-E

155

* Hadamard gate.
It : Qubie ->

Qubit.

H10) =(t) = (10 + 11)

H11) = 1 = (10) - (13)

Ht = H



(HoH) (0) = H(10 +)

=H10)

=
+-*(k)

= 10).

CHOH) /1) = 1 17·

* Phase gate
-ECo , 2))

P(O) 10) = 10)

P(0)(1) = eO(v)



P(O)t = P(-0)
eit

*


