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Agenda

Qubits
Single -qubit operations
Controlled -not operation
Quantum schemes

Quantum teleportation and parallelism 0 the homework



A BIT ABOUT QUBITS

A qubit, is in principle any quantum system with two possible states. General thec
guantum computation and information is built on the notion of an abstract qubit, n

detailing its physical origin.
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SUPERPOSITION and ENTANGLEMENT ' o
resources for guantum-technologies

Remark 1 6 Schrodinger-cat paradox:
let the cat state |®/ 5
depend on the radioactive atom state |0/1) .

Then the system can be considered as
being in an entangled state:
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Remark 2 & about the superposition state |Y) =a|0) +41)

This can be interpreted as a qubit in states 0 and 1 simultaneously.
Two qubits can simultaneously take four values 6 00, 01, 10and 11.
Each additional qubit doubles the number of possible states.

For n qubits there are 2" possible states

And a quantum register of only 350qubits can support 23°%values
simultaneously. This is more than the number of atoms in the visible part of the

universe, and more than the googok 10'°°,




Remark about the two -qubit states
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paradox (effect!)



EXAMPLE OF A QUBIT: SPIN-1/2

The Hamiltonian of a particle with a spln In the electromagnetic field has the

form 3 % .
H=1% ©€x 6y M
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For a particle with spin s= 1/2, the spin operator is given by the Pauli
matrices, and the Hamiltonian equals
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In general case, it is interesting to formulate the problem, when there are
constant and alternating components of the magnetic field. Choosing the
former along the x axis and the latter along the z axis and introducing evident

change in notations, we obtain
H = _95 _de) S.
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With this Hamiltonian, we can describe dynamical phenomena, like Rabi
oscill ationse



SINGLE -QUBIT OPERATIONS
Unitarity

The coefficients in ‘Y> =a‘0> +4'1> satisﬂa‘2 +] 472 4.

This condition has also to be satisfied by ‘y i> =U ‘ y> = 4®> + }11>|
Then it follows: (vi|y)E( UU| ¥y 4 Y UU =1.

The unitarity is the only restriction for the quantum operations.

In other words, any unitary matrix defines some quantum operation.

This is In contrast with the classical case, where there is only one nontrivial
single-bit operation, NOT.

Consider next the most important quantum single -qubit operations.



SINGLE -QUBIT OPERATIONS

First, the operations defined by the Pauli matrices:

Their action is described as follows:

Other useful operations 8 Hadamard (H), phase shift (S), and N8 - element (T):

The Hadamard gate creates superposition states:

Or:



