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Abstract 
Information is always stored and used by 
physical means.  Modern computers rely on 
properties of semiconductors to achieve 
computation, the explanation of which 
belongs completely to quantum mechanics.  
We can infer then that every present 
computer is a quantum computer –but they 
do not come near quantum computation; 
they do not exploit their “quantumness”  The 
idea of quantum computation originates from 
the early works of Feyman and Deutsch  in 
the early 1980’s.  The power of quantum 
computation rests on the full use of quantum 
phenomena, thus we are not only taking into 
account but using the (theoretical –yet!) 
computer’s “quantumness”.  What this 
scientists realized was that while a classical 
computer takes a timewise exponential path 
to find the solution of some problems, a 
quantum computer gives the solution in 
linear time. To understand what can be 
achieved,, we first need to formalize the 
basic concepts underlying quantum 
computation. 
 
1.  The Bit 
 A bit is information.  It is space that can have 
one of two values : On/Off, High/Low, 
Open/Closed, Up/Down, or Zero/ One.  This 
information can later be retrieved and 
manipulated anyway possible.  Thus accounting 
for its usefulness: a specific sequence (of bits) can 
be defined, and then identified any time later, to 
mean any useful instruction, warning or 
operation  desired.  A bit ,then, is the smallest 

tightest, most effective unit of information.  It is 
information encoded in a discrete space.  A 
discrete space, perhaps, such as that in Quantum 
Field Theory. 
 
2.  The Quantum Bit  
Encoding information at a quantum scale will 
greatly reduce the size and increase the efficiency 
of some logic circuit. 
Basically, one would need to understand the 
general state of electrons-or other quantum 
systems , which is given by the ψ or 
Schroedinger wave function.  This is the solution 
to a partial differential equation of the sort : 
  
  Hψ=Eψ                    (1) 
 
Where H is the Hamiltonian of our system( 
needed to describe fully its time evolution)  
and E is energy  .  Equation (1) will yield a 
number of eigenvalues from which we use          
just two.   These two eigenvalues will 
correspond to the two eigenstates which we 
shall use; namely “ground” (“0”) or 
“exited”(“1”).  It would be useful to visualize 
this by thinking  about the spin of a spin  ½ 
particle.  We could set, for example  the zero 
or ground state to spin down –so that a spin 
up condition corresponds to the exited state. 
 
The general state of our quantum system (an 
electron, an atom, a photon…) is given by 
 
 ψ=c1ψ1 + c2ψ2                           (2) 
 
where; c1 and c2  are constants whose magnitude 
squared gives the probability of finding our 



quanta in the given eigenstate.  For our system, 
there is an equal probability of being in each 
allowed state,. This is the state of our Qbit.  
Now, what is most remarkable about this Qbit 
and its general state, is that, no longer is 
information necessarily a sequence of ones and 
zeros but a combination of probabilities which  
lie undetected before we measure our quantum 
system but that contains all of the possibilities in 
itself.  What this means is that operations on our  
information occur at the same time (also called in 
parallel) ,with a rearrangement of probabilities 
according to the  possibility  being currently 
measured.  We can better benefit from this 
phenomena by preparing many q-bits one besides 
the other.  Then this q-bits can be treated as a 
whole : A quantum register. 
 
3.  Quantum Registers  
We can call a collection of q-bits a q-register.  
Everything discussed so far  describes a q-register 
as much as a single q-bit.  So the most general 
state of an n bit q-register is expectedly described 
by: 
 
                   2n-1 

 |ψ }= ∑ cx|x}                      (3) 

    x=0 
 
 

which contains all the possible states 
simultaneously.  That is to say that upon 
measurement there is an equal probability to find 
any of the 2n possible states and thus to us the 
register represents all of them.  A 3 q- bit register 
for example, would contain the same 
information that would take 24 of the classical 
bits; namely the 8 different configurations for 
such an array. 
Furthermore we could define quantum 
operations in such a way (with no classical 
counterpart) that we “operate” simultaneously 
on our register.  To do this we must be certain 
that our operations  ensure coherence by use of 
reversible transformations. 
 
4.  Quantum Gates 
A quantum network is a quantum computing 
device consisting of quantum logic gates whose  
computational steps are synchronized in time.  
The outputs of some of the gates are connected 
by wires to the input of others.  The size of the 
network is governed by its number of gates.  The 

size of the input of the network is governed by its 
number of input q-bits i.e. the q-bits that are 
prepared appropriately at the beginning of each 
computation performed by the network.  Inputs 
are encoded in binary form in the computational 
basis of selected q-bits that we have called a q-
register.  For instance the binary form of the 
number 6 is 110 and loading a quantum register 
with this value is done by preparing three q-bits 
in the state |1} |1} |0}.  Computation is then 
defined as a unitary evolution of the network, 
which takes its initial state “input” into some 
final state “output”[1]. For instance, let us define 
quantum operation Ua as the gate that evolves a 
quantum bit in the following manner: 
 
     Ua |0} =[ 1/ 21/2 ] ( |0} + |1}) 
                (4) 
     Ua |1} =[ 1/ 21/2 ] ( |0} - |1}) 
 
Since this gate evolves each state into a 
superposition of states it can not be regarded 
as a classical gate.  The utility of a Ua gate is 
enormous since it permits an evolution in the 
“phantom” domain of all the 9quantum 
states.  
  
5.  The Benefits   
This is, with n applications of operation Ua -a 
linear number- we effectively generate 2n (an 
exponential ! ) number of distinct concrete states.  
We cannot overstate the awesome implications 
of this uniquely-quantum computation. 
The most widely known application for the 
benefits a quantum computer offers is to the 
factorization problem and cryptography[2]  .The 
factorization problem can be worked based on 
the Peter Shor algorithm.  His algorithm is now 
the standard example of what can be achieved 
trough good use of quantum computation.   
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