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1. INTRODUCTION  

 

Entanglement is an elementary static resource 

of quantum mechanics. Its properties are 

amazingly different from classical resources. 

There are too many applications of 

entanglement like quantum key distribution, 

quantum dense coding, entanglement 

swapping, and quantum repeaters. Besides 

these, quantum information theory – quantum 

teleportation, quantum cryptography [1], 

quantum tomography [2, 3] and quantum 

computation are most common. Since 

entanglement is the stepping stone of quantum 

information theory, it is also playing an 

important role in quantum computation. 

Quantum teleportation has been discussed by 

Prakash et al. [4] for maximally and non-

maximally entangled states and they derived a 

relation between minimum assured fidelity and 

the concurrence of the state. Takeoka et al. [5]  

analyzed the continuous variable quantum 

teleportation and also discussed the same in 

terms of quasi-probability distribution. 

 

It is recognized that the information content of 

an array of qubits depend not only on the 

states of the individual qubits but also on 

whether or not the qubits are entangled among 

themselves. It has been shown that a 

maximally entangled array of qubits has 

greater information content than an equivalent 

array in which the qubits are not or are 

partially entangled.  

 

In Section 2, we briefly examine some of key 

motivations and ideas underlying quantum 

teleportation. In Section 3, quantum 

teleportation using partially entangled state is 
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studied and fidelity of the process is 

calculated.  

 

2. QUANTUM TELEPORTATION 

PROTOCOL 

 

Let us imagine that sender Alice wants to 

transfer a quantum state to a distant receiver 

Bob and cannot use quantum communication 

channel. Then she has to use classical 

communication channel through which a bit 

can be sent at a time; it implies no transfer of 

quantum state. As well as, it is restricted by 

the postulate of quantum mechanics which 

reveals that any measurement performed by 

sender on the state in its possession will 

destroy the quantum state at hand without 

revealing all the necessary information for the 

receiver to reconstruct it. The problem is 

resolved by the use of quantum entanglement. 

Bennett et al. [6] gave the basic idea of 

quantum teleportation to transfer the state of a 

quantum system to another system at distant 

location. A qubit in an unknown state cannot 

be cloned [7, 8] which indicates no cloning of 

state during QT process. In fact the state at 

sender side disappears as it reaches at 

receiver’s side. The protocol is as follows: 

1. The sender and receiver share an 

entangled state of two particles.  

2. One of the entangled particles is carried 

by Alice and other by Bob. 

3. Alice has two states – one is entangled 

state and the other is being teleported. 

4. The joint state of Alice can be expressed 

by the superposition of these states. This 

can be converted into Bell basis since 

Bell state forms a complete orthogonal 

basis. 

5.  Since Bob and Alice share an entangled 

state, any change at the Alice part will be 

propagated to Bob. 

6. Now Alice performs a Bell state 

measurement (BSM) on joint state, that 

is, she projects her state onto one of the 

four Bell states. 

7. Alice sends the result of BSM which is of 

a bit to Bob via classical communication 

channel. 

8. After getting the result, Bob performs the 

appropriate unitary transformation on its 

particle to retrieve the state which 

initially Alice wants to teleport. 

 

3. QUANTUM TELEPORTATION OF A 

STATE USING PARTIALLY 

ENTANGLED STATE 

 

Any pure state can be decomposed into 

maximally entangled and factorizable part [9]. 

Let Alice and Bob share partially entangled 

state given by 
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The state to be teleported is, 

| 〉   | 〉   | 〉            (   ) 

At Alice’s end, the state of the composite 

system is, 
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Now, Alice makes a BSM on the state in her 

possession, 
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The result of BSM will be one of the four Bell 

states and therefore there exist four cases. Out 

of these four, we have observed that the 

fidelity has two values – one for two cases and 

other for reaming two cases. The fidelity of 

teleportation is  given by 

  |⟨  |   ⟩|
  

here |  〉  | 〉  and |   〉 be the state 

received by Bob. Here, two different cases are 

discussed in detail.  

Case I: If the BSM result is |  〉   
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(|  〉   |  〉  ) then after simplification, 

we get 
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It is evident from Eq. (3.7) that fidelity 

depends on the values of                     

Normalization of the state imposes conditions 

on parameters which are      

          
    

    
    

   . A graph 

(Fig. 1) has been plotted between fidelity and 

p when   
        

     
        

    

 

Fig.1: Variation of Fidelity with p. 
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Case II: If the BSM result is |  〉   

 

√ 
(|  〉   |  〉  ) then the fidelity of 

teleportation comes out,  
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A graph (Fig. 2) has been plotted between 

fidelity and p when   
        

     
  

      
   

 

Fig.2: Variation of Fidelity with p. 

 

If the BSM result is |  〉   
 

√ 
(|  〉   

|  〉  ), we get the same expression for 

fidelity as obtained in Case I [Eq. (3.7)] and 

for the BSM result |  〉   
 

√ 
(|  〉   

|  〉  ), the fidelity is same as found in Case 

II [Eq. (3.9)]. 

 

4. CONCLUSIONS 

 

It is evident from Case I and Case II that 

fidelity depends on the amount of 

entanglement present in the state. Also, it has 

been obtained that the fidelity has greater 

value in Case I in general. 

 

REFERENCES 

 

1. Bowmsteer D., Ekert A., Zeilinger A. 

Physics of Quantum Information. 2000. 

New York. Springer Publication.  

2. Bertrand J. and Bertrand P. Foundations of 

Physics. 1987. 17. 397p. 

3. Vogel K. and Risken H. Physics Review. 

1989. A 40. 2847p. 

F 

p 



 Research & Reviews: Journal of Physics 

Volume 1, Issue 1, April 2012, Pages11-15 

 

 

© STM Journals 2012. All Rights Reserved                                                                                               Page 15 

 

 

4. Prakash H., Chandra N., Prakash R, et al. 

Journal of Physics B: Atomic, Molecular 

and Optical Physics. 2007. 40. 1613p. 

5. Takeoka M., Ban M., Sasaki M. Journal of 

Optics B: Quantum and Semiclassical 

Optics. 2002. 4. 114p. 

6. Bennett C. H., Brassard G., Crepeau C., et 

al. Physics Review Letters. 1993. 70. 

1895p. 

7. Dieks D. Physics Letters. 1982. A 92. 27p. 

8. Wootters W. K. and Zurek W. H. Nature. 

1982. 290. 802p. 

9. Abouraddy A. F., Saleh B. E. A., 

Sergienko A. V., et al. Physics Review. 

2001. A 64. 050–101p. eprint quant-

ph/0109081. 

 


