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Unit circle on 
Complex Plane

Case Single Qubit: 
each quantum state is 
on the unit circle on 
Complex Plane

Case Multiple Qubits: 
each quantum state is 
on the surface of a 
complex hypersphere 
in n-dimensional 
complex space

and its Projection Operation



Classical 
Computing:
each bit is 0 or 1

Quantum 
Computing:

QUANTUM 
STATE for 
Multiple Qubits: 
each quantum 
state is on the 
surface of a 
complex 
hypersphere 
in n-dimensional 
complex space

Quantum state Transition: 
- Is a rotation of quantum state on the surface of a 
complex hypersphere in n-dimensional complex space.



    

                 

  

  

 

 

 

 

  

  

 

   

 

           

 

 

 

 

 

 

  

 

 

  

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

        

   

           

 

 

         

    

 

 

 

 

 

     

 

 

 

 

 

       

     

 

 

 

 

 

 

 

 

 

           

 

 

 

 

 

 

 

 

 

     

 

 

 

      

 

       

 

 

  

 

    

 

 

 

   

 

 

 

 

 

      

 

     

 

 

  

    

 

    

 

    

                

  

      

 

            

     

 

              

                   

                   

    

                

              

             

 

  

 

 

 

 

 

 

  

 

 

 

  

 

  

  

  

 

 

 

   

 

 

 

  

 

 

 

 

  

 

 

  

  

 

 

 

 

 

 

 

 

  

 

 

 

 

 

Quantum Projection: Case of Two Qubits



    

                 

  

  

 

 

 

 

  

  

 

   

 

           

 

 

 

 

 

 

  

 

 

  

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

        

   

           

 

 

         

    

 

 

 

 

 

     

 

 

 

 

 

       

     

 

 

 

 

 

 

 

 

 

           

 

 

 

 

 

 

 

 

 

     

 

 

 

      

 

       

 

 

  

 

    

 

 

 

   

 

 

 

 

 

      

 

     

 

 

  

    

 

    

 

    

                

  

      

 

            

     

 

              

                   

                   

    

                

              

             

 

  

 

 

 

 

 

 

  

 

 

 

  

 

  

  

  

 

 

 

   

 

 

 

  

 

 

 

 

  

 

 

  

  

 

 

 

 

 

 

 

 

  

 

 

 

 

 

Quantum Projection: Case of Multiple Qubits



Tensors Products of Vectors
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Tensor Products of Matrices
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Quantum state Transition: 
- Is a rotation of quantum state on the surface of a 
complex hypersphere in n-dimensional complex 
space.
- Same mathematically as multiplication by a unitary 
matrix
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n Hadamard Grates in Parallel:

1 Hadamard Gate H:

2 Serial Hadamard Gates:

                        (n)

  3 Tensor product of n Hadamard Gates  H   
                 (n)

After unitary transformation H,  
- Each Binary n-vector has same amplitude
- After observation of n qubits, each Binary n-vector is equally likely
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Note: 
- If f(x) = f(y) iff x = y, then f is 1 : 1, then and so                                  for  t = the n-vector of 0s.

- If                                  for t that is NOT an n-vector of 0s, then f is 2 : 1 .                                 .

       (n)

Recall: Unitary transformation H   is the tensor product of n 
Hadamard Gates   

                 (n)

After unitary transformation H,  
- Each Binary n-vector has same amplitude
- After observation of n qubits, each Binary n-vector is equally likely
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For 1:1 Case: Uniform random distribution of Boolean 
n-vector outputs
For 2:1 Case: Uniform random distribution of outputs
but on each output state: 
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