
 

1.1 Single Qubit
In Computer Science we use bits to measure

the quantity of information In Quantum Computing
we use quantum bits or qubit forshort

A qubit similar to bit has a state Tune possible
States for a qubits are 107 and I 13

Notation I 7 B called the Dirac notation and
it's a standardnotationforStates in quantum mechanics

Needs to pointout that different from bit a qubit can
be in a state other than to or117 It's even possible to
form a linearoombination ofstates often called
superpositions

14s d lo t B I't 12141BI't
L d B are complex numbers So qubit is a vector in
two dimentional complex vetor space Since we have vector
space natually lo oh I I can be treated as
computational basis states



For a bit in conventional computer we can easily
ask our computer to cheek whether it's o on 1 However
for qubit we cannot exam its quantumstate that is
the value of L d B What we can get is

0 with 1N prob
2 with IPTprob

Naturally IN't pl H

The reason that we cannothave an accurate observation
of quantum state stems from the famous Uncertainty

principle

This dichotomy between the unobservationstate and the
observation we can make lies at the core partof
quantum information

Now let's talk a little more about theunderlinephysics
world A qubit can be abstracted fromthe state of a
electron In the atommodel electronshavetwostates

1 ground to

excited 117

By charging electronswith power soyshininglights



By ch g g electrons un h l ay ang g s
it's possible that an electron's statechangesfrom
ground cos to excited I I But if we tune the
energyof the light an electronon ground stateinitially
may jump halfway into a state between 107 d la

Let's go back to the mathematical model We mentioned
that any qubit state 147 can be expressed using

14 L lo t B117
But the complex numbers x B are not convenient Besides
we also know that

KI't l M't
we canmake use of Eular'sformula to rewrite 143
let a e'i cos I

p do this in f
Id l't lBEcost sink g

then
ly eti cos I lost eli sin91177

In thefuture content we will show that eriwon't
affectthe observation so we can simply use

14 cos I lo t etisinOz1 I

O Y define a point on the surface of a unit ball
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i Fix
x

Ty
since we want a ball sphere rather than a semiball
we use 9 in the subsitution

Thespheremodel is called Black Sphere It's a

useful tool to visualise a singlequbits state But it's
alsoimportant that theBlocksphere model can not be
generalised easily to multiple qubits

Another important point ofqubit is that the amountof
information a qubitkeeps E I b it It seems that
due to the continuous rangeof O y the amountof
information should be zero but the headachefact is that
once we measure the stateof a qubit the observation is
either 0 or I of course with probility But if we
measure it twice the second even the third forth
observation will always be the same as the first time
Nobody knowswhy If you are interested you can read more
about the famous but also notorious experiment Double
seam Interference



I 2 Muti ple Qubits
If we have two classical bits we knowthat it can
have four combinations oo ol lo il Fortwo qubits the
story is similar

14 d I007 t Lulo D t23 1107 t241113
If we measure thequbits the measurementwouldbe

1 I 0 Wp µ P
I I Wp 124T

If we onlymeasurethefirst qubit c on the second using
Bayes Rule
If first bit is I
14 23 110 t 241117

An important two qubit state is the Bell state on EPRpain
Many interesting phenomenon are related to this state
such as Qubit Teleportationand Superdense coding
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Qubit Teleportation will showup in the nextmanuscript


