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Low dimensional system: 

Quantum computing 

 

I chose an article about quantum computing, developed by James D. Franson 

and Bryan C. Jacobs, both researches from Strategic Systems Department at Applied 

Physical Laboratory (APL). The article was published in 1997 in Johns Hopkins APL 

Technical Digest. The reason of this choice is because I have never heard about 

quantum computers, neither about qubits, and it seems an interesting research area and 

it can be a huge achievement for the informatic and cryptography world.  

In this work first I will do a brief summary of quantum computing and of the 

article and after I will set out my impression and doubts. 

Classical computers can not resolve many kind of numerical problems due to the 

required time to complete the computation. Although these problems are unsolvable for 

classical mechanics, the quantum computers would solve this kind of problem using 

nonclassical logic operations.  

Quantum computers, as classical computers, will use a binary representation, 

using a quantum system as a representation of the bit, called qubit. E.g. the value 0 can 

be represented by the ground state of an atom and the value 1 can be represented by the 

excited state of the same atom. But a qubit can represented more values than 0 and 1. A 

qubit can be in a state corresponding to a combine or superposition of the classical two 

states. In other words, a qubit can exist as a zero or one, or simultaneously as both 0 and 

1, with a numerical coefficient representing the probability for each state. 

As classical computers manipulate bits via “Boolean logic gates”; arranged them 

in succession to achieve a final result; quantum computers manipulate qubits by 

executing a series of quantum gates. 

As mentioned before there is a huge potential in quantum superposition to solve 

big problems very fast. Peter Shor, a research and computer scientist at AT&T’s Bell 

Laboratories in New Jersey, provided an algorithm to rapidly factor large numbers 

taking advantage of the power of quantum superposition. Due to this efficiency 
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factoring large composite numbers, many governments that use the RSA encriptation 

code have been interested in quantum computing. 

Despite the numerous promising advantages since its origin in 1970’s and early 

1980’s; still there are few potentially large obstacles, such as, error correction, 

decoherence and hardware architecture.  

James D.Franson and Bryan C. Jacobs propose in Quantum Computing article, 

an optical approach to quantum computing, implementing a controlled NOT gate using 

a optical arrangement.  

Some recent studies showed that any logic operation or numerical calculation 

can be implemented by using controlled-NOT gates. A controlled-NOT gate has two 

inputs and depending on the value of the first input the second in inverted or transferred 

to the output without change. 

In the controlled-NOT gate proposed by APL laboratories for quantum 

computing, there are two inputs, two photons. The two path of the second photon are 

combined by a beam splitter with one path passing through a nonlinear medium. The 

index refraction of this medium and consequently the phase shift of the second photon 

depend on the strength of the electric field at that location. If the first photon passes 

through the medium at the same time, its electric field will introduce an additional phase 

shift in this medium.  

The problem of this system is that non-linear effects need a high electric field 

and a photon has normally weak electric field. To solve this problem the authors 

propose an interaction of the two photons with atoms. With this, the phase shift created 

is proportional to the number of the atoms.  

As mentioned before, this topic was quite unknown for me, I have never read 

about the quantum computing. I knew that a quantum system can be in some determined 

state or in different state with some probabilities, but I didn’t know that this can be 

helpful for computing operations.  

After reading the article there are some point that was not really well 

understood: 

• How can a quantum computer decay from a given quantum state into an 

incoherent state when it interacts with the state of the environment? 
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• Why the optical approach is the best one for quantum computing? 

• How can the electric field applied affect in the index of refraction of a 

medium? 

• How increase the phase shift the interaction of photons with atom? 

 


