In theory, these requirements are quite well fulfilled in a linear Paul trap. A certain number of ions is stored in a chain configuration. These ions are the carriers of the

quantum bits , i.e. their internal electronic structure is used to implement a two level system (just like a spin 1/2 system). These 'qbits' can be prepared from the

outside world by shining laser light on them, they are strongly coupled to each other via their common oscillatory motion in the longitudinal direction of the trap

(Coulomb repulsion), and they interact only weakly with the environment. The process of computation which involves the individual manipulation of the qbits can be

done with laser pulses. Finally, the state of the system can be read out after the computation by again using lasers and by detecting the fluorescence on sensitive

cameras.

In detail: Some ions are trapped in a linear Paul trap. The geometry of this trap is such that there is one direction (the longitudinal direction) in which the trapping

potential is rather weak and that in the two other directions (the transversal directions) the trapping potential is rather strong. This forces the ions to be positioned

along the longitudinal direction, and they keep a certain distance from each other due to the Coulomb repulsion (approximately 10 to 20 microns in our trap).

Together they swing back and forth along this line with typical frequency of about 200 kHz. Considering the center of mass motion of these ions this oscillation is

nothing else but a harmonic oscillator in one dimension (see any book on quantum mechanics concerning a quantum mechanical harmonic oscillator).

If now these ions are laser cooled (typical temperature: micro Kelvins) it is appropriate to consider the quantum mechanical behavior of this chain of ions. For

example, after Doppler cooling the state of oscillation is a thermal state with a certain temperature in the milli Kelvin regime. A second cooling stage is neccessary to

cool the ions even further (e.g. sideband cooling or Raman sideband cooling) so that finally they occupy only the lowest state of harmonic oscillator ladder. This is

then a truely pure state and it is starting point for the quantum computation.

The actual process of quantum computation consist of a coherent (i.e. according to the Schrödinger equation of quantum mechanics) evolution of the system where

the internal electronic degrees of freedom of the ions (see e.g. Calcium ) are the qbits which interact with a) laserlight from outside and b) interact with each other via

their common oscillatory motion. To illustrate, look at one of the ions in the chain where we want to assume that the ion and the chain are in the quantum mechanical

ground state. A laser pulse (say pi/2-pulse) on the blue sideband of the qbit-transition aimed at this ion excites the ion and also adds a quantum of motion of the

harmonic oscillator with probability 1/2. A pi/2-laser pulse on the red sideband of the qbit-transition aimed at another ion then takes away the quantum of motion and

also excites this ion (again, with probability 1/2). According to quantum mechanics, we thus end up with two ions of the chain whose internal degrees of freedom are

correlated ('entangled'), while the oscillatory motion of the chain is left in the ground state. Together with on-resonance laser pulses on single ions these blue and red

detuned pulses are all you need for implementing some quantum computational algorithm. Certainly, during the computation the laser has to have a definite phase, i.e.

must preserve coherence. In addition, the oscillatory motion must not decay (which is the case for ion traps to a good approximation).

Finally, the state of the quantum bits can be read out with the help of an additional strong transition. This is the usual way how the state of a two level system is

measured on a single trapped ion.

Obvious drawbacks of an ion trap quantum computer:

The chain of ions cannot be arbitrarily long, i.e. the number of qbits is limited to the order of 10-100 for experimental reasons.

Coherence time limited by interaction with environment (so far not possible to regenerated decaying qbits, though progress on the theoretical side is

impressive).

Quantum system to complicated, i.e. needs to much infrastructure (vacuum vessel, lasers etc.).

Major experimental difficulties of the scheme above at the present time:

Preparation of the state to start with. Here, it is necessary to cool a chain of ions into the ground state of their oscillatory motion. Laser cooling of a single ion

to its oscillatory ground state has already been achieved (see 3rd reference) in three dimensions, but ground state laser cooling of more than one ion still needs

to be shown.

Adressing individual ions with laser beams. Since the spacing between adjacent ions is on the order of 10 microns, aiming a laser beam at only one ion is not

an easy task.

**********************************SECOND PASTE *********************

The Revolution of the Quantum Computer

By Erran Pierce

The computer has already gone through a dynamic revolution.  Thirty years ago, computers were the size of a room and incredibly slow.  Few people probably would have imagined supercomputers that can do over a trillion calculations per

second.  Today, the average person's desktop computer is more powerful than the fastest computers were 30 years ago. The only way this can continue is if a new type of computer is developed.  This computer is known as a quantum computer.

It may one day replace the modern computer due to many economic and scientific constraints that will one day halt the modern computer’s advancement.

The constraints for computers come from the circuits that form them.  The most important component of a computer is its “brain”, commonly referred to as the central processing unit.  Computer chip manufacturers, such as Intel, spend billions of

dollars to build plants and do research that will allow these chips to shrink in size.  However, the costs of research and plants are increasing at a substantial rate.  Once the components of these chips come close to the size of atoms, the costs to build plants may be in the trillions of dollars (Ellis).  What's worse is nothing can become smaller than an atom, so advances in computer speed will not be possible.  However, two upsides do exist.  Scientists estimate the end will come around the year 2010, and scientists are working on developing a quantum computer (Markoff). As the name implies, a quantum computer involves quantum mechanics. A quantum computer uses subatomic particles, such as electrons and protons, to solve problems.  According to quantum mechanics, electrons can be in many different places and many different states all at the same instance in time (Carey A1).  The possibility that an electron can be anywhere or be in different states is supposed to make quantum computers extremely fast (Carey A1).  This along with other laws of quantum mechanics present the most challenges for building quantum computers.

Challenges and Endeavors

The obstacles to building even a simple quantum computer would make the average person think the task was

impossible.  One of the challenges was to read data from the quantum computer (Markoff).  This was extremely difficult

because the item of data an atom represents can change if the atom is observed (Markoff).   One scientist tried to read data

from a quantum computer by cooling an atom close to absolute zero (Ellis).  If the atom remains isolated, this process is able

to work (Ellis).  However, always keeping an atom stable while lowering the temperature to almost nothing would not make

a quantum computer practical.  Fortunately, scientists have had success with a different method.

Scientists have discovered a way to manipulate and read data from atoms.  This method is called nuclear magnetic

resonance (Winters 94).  It involves complicated things, such as magnetic fields (Winters 94).  Basically, this method allows

scientists to locate atoms that are oriented in a certain manner (Winters 94).  The method also allows them to control an

atom's spin (Winters 94).

An atom's spin is supposed to represent data as a one or zero.  This is the same as the smallest data unit (a bit) in a

modern computer being represented as a one or zero (Ellis).  Once atoms represent data, they are able to solve some simple

problem.  The answer depends on the atom's final spin, and it is read using the nuclear magnetic resonance technique

(Winters 94).  Another challenge for scientists involves the number of atoms they are able to use.

(Source: Scientific America)

An example of an atom spinning in different directions.

The atoms the scientists use to manipulate data are few among trillions of trillions of atoms (Winters 94).  Scientists have

so far used the atoms in carbon based liquids to build extremely simple quantum computers (Winters).  The puzzling thing is

the liquid contained so many atoms, but the scientists were able to use so few of them.  While nuclear magnetic resonance

does work, scientists need to find a way to use millions of atoms in a single liquid.  This is the only way a quantum computer

can become comparable to modern computers.  The reason scientists currently cannot use millions of atoms is that they are

only able to manipulate atoms in a specific orientation (Winters 94).  The use of atoms is one of many differences between

modern and quantum computers.

Quantum versus Modern Computer

The only similarity a quantum computer should have to an ordinary computer is usefulness.    A quantum computer will

not be a machine in a box; instead it may look like some big magnets surrounded by other stuff.  A quantum computer may

differ from a modern computer in other ways also.  For example, a quantum computer may not have the permanent data

storage a modern computer has with a hard drive.  However, a quantum computer will certainly need a device similar to a

monitor in order to be of any use to an average person.  The composition of a quantum computer helps give it many

advantages.

Scientists are trying to develop a quantum computer due to its potential.  A quantum computer is supposed to be able to

solve a problem all at once instead of in steps (Markoff). A modern computer takes a problem and quickly solves a single

step then moves on to the next one.  If there are trillions of things to search through, like every word on the Internet, this can

be extremely slow (Markoff).  However, a quantum computer would be exponentially faster than a modern computer at a

similar

(Source: Scientific America)

A quantum computer shows no resemblance to a modern computer.

task by searching through a million words at once (Ellis).  Perhaps an even more useful task for the quantum computer

involves factoring numbers.

Modern computers have been used a lot for factoring large numbers.  "The largest number ever known to have been

factorized had 129 digits.  It took a network of supercomputers working in parallel eight months to find the answer!  To

factorize a 1,000-digit number would take our most powerful conventional supercomputers more than the estimated 100

billion years the universe has left to run" (Ellis).    Factoring large numbers is known as cryptography (Ellis).   It is used to

secure things over the Internet such as financial transactions and email (Ellis).  However, "a quantum computer would break

the most sophisticated code in no time flat" (Ellis).  This basically means someone could intercept someone else's email

messages.   A quantum computer's potential goes beyond cryptography.

A quantum computer may prove useful in the math and physics.  A quantum computer would be fast enough for

physicists to do computer simulations of nuclear explosions and other physical processes (Powell).  A quantum computer

could enable mathematicians to solve seemingly impossible problems.  While these two things might not sound great for

people outside the scientific community, a quantum computer will probably be more useful for things that seem impossible.

One thing that scientists have deemed possible is teleportation (Hall).  However, teleportation has many problems and

challenges in front of it just like the quantum computer.  Because teleportation uses quantum physics, the development of the

quantum computer may help scientists learn more to solve problems related to teleportation.  Fortunately, researchers have

made some progress developing a quantum computer.

Two physicists, Neil Gershenfield and Isaac Chuang, have built a very basic quantum computer (Winters 94).  They were

able to solve two simple problems.  They used liquid alanine to solve the problem one plus one (Winters 94).  They were

able to solve another problem in liquid chloroform (Markoff).  This problem was to select a correct telephone number given

four different numbers (Winters 94).  The physicists hope to be able to make a more complex quantum computer that is able

to factor 15 into 5 and 3 (Winters 95).  While all of these tasks are simple for a modern computer, the process to solve the

problem was done differently than it would have been done on a modern computer.  All possible answers were checked at

the same time, compared to checking each answer until the correct one was found (Markoff).

Possible Changes Ahead

A quantum computer may one day become reality, but that won't mean the long journey is over.  Practical and economic

constraints may still lie ahead.  The basic questions are will a quantum computer be able to live up to all its hype and will it be

available to everyone or just well funded institutions?  The answers to these questions will remain unknown until quantum

computer comes.  When a quantum computer does come, it will likely see a lot of opposition.

A quantum computer has the potential to destroy an entire industry

and dramatically alter another.  A quantum computer will definitely eliminate the need for semiconductors in all types of

products.  Why make computer chips when something faster can replace them?  This in turn will affect the software industry.

Current software will run on a quantum computer like a car can fly.  The likely outcome from this will be a new breed of

software companies.  Because the software and hardware for a quantum computer will be so different than a modern

computer, replacements of computer infrastructures will likely cost trillions of dollars.  Technological obsolescence will

definitely increase the cost dramatically.  Will a quantum computer really be worth all this?

A quantum computer's potential is unknown but possibly vast.  A quantum computer may aid in medicine to find cures for

diseases or aid in space exploration.  A device as fast as a quantum computer could revolutionize the world just as the

modern computer has already done. If a quantum computer ever comes to be, will it finally mark the end of technological

advancements, or will another device follow?

