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Entangled photons are photons whose state can be written by referencing the state 

of another particle. Measuring the state of one entangled photon affects the state of all 

entangled particles. Single photons on the other hand are completely separated in time 

and thus their properties can not be inferred by referencing other particles. It should be 

noted that photons can be separated, but still be entangled. Some applications of 

entangled photons are quantum teleportation, quantum cryptography and dense coding.  

 

Quantum entanglement was given its name by Schrödinger and one of the first 

theoretical studies was made by Einstein, Podolsky and Rosen who discussed that in the 

case of two physical quantities described by non commuting operators the knowledge of 

one predicts the knowledge of the other. (1). When looking at particles, entanglement can 

be explained in the following way.  There can be two possible spin states ↑ and ↓, which 

correspond to the two possible ½ spins and any spin state can be expressed as a↑+ b↓. 

The general state of two spins is a↑↑+b↑↓+c↓↑+d↓↓ where a,b,c,d are complex numbers. 

These states can be factorized by using a tensor product which can only be done if        

ad-bc = 0, which means that in most cases these states do not factorize. When this 

happens these states are said to be entangled and the quantity |ad-bc| can be used to 

measure the degree of entanglement.(2) Because of this the separate components of the 

system can not be specified without looking at the system as a whole, meaning that we 

can only study two entangled particles together as a system and we can not know their 

full parameters when looking at each particle separately. It is important to note that in 

order for two particles to become entangled they need to interact through a third particle.  

When studying entangled photons the ↑ state can be thought of as vertical polarization 

and the ↓ state as horizontal polarization. Entangled photons can be generated by the 

emission of two photons from a single atom and by the splitting of a single photon into 

two by down-conversion. (2) 
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One of the applications of entangled photons is dense coding. When looking at a 

single particle or in this case a single photon, it has been shown that each photon can 

carry only one bit of information. The information is encoded in the form of 0s and 1s 

depending on the polarization of the photon. However if this particle is entangled the 

maximum amount of information that can be send increases to two bits which is called 

dense coding. This can be illustrated with the following example. Let us say we have two 

people A and B who have a pair of entangled particles. Person A wants to send a message 

to person B. There are four possible messaged that A can send depending on his 

manipulation of the polarization of the photon he possesses. The four possible messages 

are (i)↑↑+↓↓, (ii)↓↑+↑↓, (iii)↓↑-↑↓ and (iv) ↑↑-↓↓. Once A has chosen his message and 

changed the orientation of his particle, the change will affect the orientation of the 

particle that B has. By performing Bell measurements B would be able to find the 

message from A. A simplified measurement can be made in the case when (i) and (iv) are 

equivalent.  

 

Another application of entanglement is teleportation. The process of teleportation 

can be viewed as the opposite of dense coding, however we use three particles. One 

entangled pair of particles which is used to send the message and the third is the particle 

that needs to be teleported. Once again we can illustrate it by using two people A and B. 

A and B share an entangled pair of particles. The both know the state of the entangled 

pair. After a while A receives another particle whose state is not known. By performing 

Bell measurements on the two particles he has A can tell B what type of rotation or in the 

case of photons, polarization B has to do on his entangled particle in order to change it in 

the unknown particle that A has. Because of the time needed for the calculations to be 

done and for A to tell B the direction of rotation or polarization, quantum teleportation 

can be completed faster than the speed of light.  

 

Single photons are photons that are separated. The properties of single photons 

can be measured without the need to reference other particles. The properties of 

entangled particles can not be measure by themselves. Once a photon has been entangled 

it belongs to a system and all measurements have to be done on the system as a hole. At 
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the same time any measurement done on one entangled particles would affect the state of 

the other. Because of this property entangled photons can be used to increase the amount 

of information that can be transferred, and they can also be used to transport the state of a 

particle from one place to another.  
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