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Abstract 
           In this paper, we show the results that can be obtained as four-sphere form Bloch 

sphere by using four-electrons after the happening of the superposition between them, 

showing the effect of Pauli gates on the superposition states. Each electron here 

represents as a single qubit. The superposition here is represented by sixteen states based 

on the base    (n the number of electrons).  We can select the specific state with one 

electron from the four electrons, for which the gate will applied to it and show the outputs 

as a four sphere forms from Bloch sphere. With the possibility of using be two gates and 

two electrons for a specific case. We are able to use two different electrons or the same 

electron twice then apply the two gates on them, and we can use the same gate twice. 

When applying X gate on the any qubit from the superposition state, it will rotate the 

qubit around the x-axis.  The same way, when the Y gate is applied for any qubit from 

the superposition state, it will rotate the specified qubit around the Y-axis but appearance 

the Factor ( i ), which has no effect here because we focus on drawing the state not the 

measurement.  In case affecting the qubit by using the Y gate and for two consecutive 

times will return the qubit to its original state, but to the opposite point, this is because of 

the Negative signal. As for the Z gate, if affecting a particular qubit it will remain with no 

change for the state  ⟩, but the change in phase of state from   ⟩ to    ⟩ i.e. the point of 

state will be on the opposite point and the reason is the appearance of the negative signal 

in front of the state. In case the Z gate is repeated for two consecutive times and on the 

same qubit, with if the state  ⟩, the qubit will return to the original state. All the results 

here will appear as drawings with mentioning the gate used, together with mentioning the 

former state and the final states after applying gates on them. 

Keywords: Qubit states, Bloch sphere, superposition for four-qubit, Pauli gates, 

Quantum Circuit. 
 

 الملخص
عشض انُخائج انخً ًٌكٍ انحصىل عهٍها عهى شكم أسبع كشاث يٍ كشاث بهىخ باصخخذاو ًٌكٍ ، انبحذفً هزا 

أسبعت إنكخشوَاث بعذ حذود انخشاكب بٍُها، يىضحا عهٍها حخأرش بىاباث باونً عهى حالاث انخشاكب. ًٌزم كم 

واحذ. ًٌزم انخشاكب هُا يٍ خلال صخت عشش حانت وفق انقاعذة  إنكخشوٌ هُا كٍىبج
2

 n (n  ًٌكُُا .)عذد الإنكخشوَاث

ححذٌذ حانت يعٍُت ولأنكخشوٌ واحذ يٍ الإنكخشوَاث الأسبعت، وانخً صٍطبق عهٍها انبىابت وحظهش انًخشجاث فً 

عهى بىابخٍٍ ولإنكخشوٍٍَ ونحانت صىسة أشكال كشوٌت يٍ كشاث بهىخ. يع إيكاٍَت أصخخذو بشَايج راًَ ٌحخىي 

يعٍُت. ًٌكُُا اصخخذاو إنكخشوٍٍَ يخخهفٍٍ أو الإنكخشوٌ َفضه نًشحٍٍ رى َطبق انبىاباث عهٍهًا، يع إيكاٍَت اصخخذاو 

. xعهى أي كٍىبج يٍ حانت انخشاكب، فئَه صٍخى حذوٌش انكٍىبج حىل يحىس  Xَفش انبىابت نًشحٍٍ. عُذ حطبٍق بىابت 

يٍ حانت يٍ حالاث انخشاكب، فضىف حقىو بخذوٌش انكٍىبج  كٍىبجلأي  Y، عُذيا ٌخى حطبٍق انبىابت بُفش انطشٌقت

انقٍاس. فً حانت  ونٍش(، وانزي لا ٌؤرش هُا لأَُا َشكز عهى سصى انحانت iونكٍ حظهش انعايم ) yانًحذد حىل انًحىس 
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ذ انكبج إنى حانخه الأصهٍت، ونكٍ إنى انُقطت ونًشحٍٍ يخعاقبخٍٍ، صٍعٍ Yانخأرٍش عهى انكىبٍج باصخخذاو بىابت 

، إرا كاٌ حأرٍشها عهى كٍىبج يعٍٍ صٍبقى دوٌ  Zانًعاكضت، ٌكىٌ رنك بضبب الإشاسة انضانبت. بًٍُا بانُضبت نهبىابت 

، أي َقطت انحانت صخكىٌ عهى انُقطت  - ⟨   ، إنى⟨  ، ونكٍ انخغٍٍش فً يشحهت انحانت يٍ ⟨  أي حغٍٍش نهحانت 

يشحٍٍ يخخانٍخٍٍ وعهى َفش  Zانًعاكضت وانضبب هى ظهىس الاشاسة انضهبت أياو انحانت. فً حانت حكشاس انبىابت 

، فئٌ انكىبٍج صٍعىد إنى انحانت الأصهٍت. صخظهش جًٍع انُخائج هُا كشصىياث يع ركش ⟨  انكىابج، وإرا كاَج انحانت 

 خخذيت، وانحانت انضابقت وانحالاث انُهائٍت بعذ حطبٍق انبىاباث عهٍها.انبىابت انًض

1. Introduction 

         The superposition principle is an important feature in the work of quantum 

computers. Here we will look at the superposition and represent it as the Bloch sphere. The 

superposition principle can provide   of the states (for   qubits, we can make calculations 

  parallel by quantum algorithms) and the impossibility of transcription for any case of 

states. The quantum computer can be in several states at the same time, thus speed up 

calculations because of the huge quantum parallelism. [1] 

There are many physical systems that can provide the qubits, such as spin the electrons for 

up or down,  state for atoms ground or excited, a polarization of photons and other systems 

that are subject to quantum mechanics laws.  

The quantum bit representation provides the possibility of storing and downloading 

information in large quantities, taking the advantage from the two important 

characterization of superposition and the entanglement. Some companies tried to build a 

quantum computer consisting of a small number of bits, which led to the acceleration in the 

design of algorithms and control programs and quantum circuits dealing with these bits. In 

this research, the researcher try to show the effect of Pauli gates on the superposition for 

four-qubit in Bloch sphere which help to build a control system that serves as a miniature 

model that paves the way for larger models that can built in the near future to use in 

quantum computer device.  
   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 [Bloch sphere for single qubit]. 

[3] 
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2. Theoretical Part 
  According to the Schrodinger equation (   ⟩      ⟩), the eigenstates of the system 

Hamiltonian are state   ⟩ and state  ⟩ . [2] 

 We can represent the pure qubit according to the superposition as: 

  ⟩     ⟩     ⟩                                                                                                            (1) 
 Where α and β are complex coefficients of eigenstates. The probability of eigenstates given 

as:  

‖ ‖  ‖ ‖                                                                                                                  (2) 
, and we can represent the qubit as a two point in Bloch sphere as follows: 

  ⟩      
 

 
   ⟩        

 

 
   ⟩                                                                                         (3) 

, where       , and         . As shown in Figure 1. [3] 
                                                                               

2.1  The superposition for n qubit 

        We can represent the quantum superposition by the tensor product of its counterpart 

qubits, and consequently, for n qubit, the superposition according to the base rule (2
n
): 

    ⟩  ∑      ⟩
     
                                (4)  

 ∑     
               

                                (5) 

 

In matrix, the state   ⟩ and the state   ⟩ show as: 

  ⟩  (
 
 
)        ⟩  (

 
 
)   

So that we get sixteen states for four-qubit, each state consists of the tensor product for four-

qubit. We can describe the state       ⟩ as: [4] 

     ⟩    ⟩   ⟩   ⟩   ⟩                (6) 
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2.2  The three Pauli gates 

       The Pauli gates is the simplest type of quantum gate fulfilling a unitary transformation 

on single-qubit states, further important for quantum computation. When applying it on a 

single-qubit, it rotates by   radians about the x, y, and z-axes respectively on the Bloch 

sphere. 

  (
  
  

)    (
   
  

)    (
  
   

) 

The Pauli-X known as a bit-flip, and Pauli-Z is sometimes called phase-flip. [5] 
 

 

 
 

Figure 2 [Representation the effect Pauli gates on the three axes in Bloch sphere]. [6] 
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2.3 Quantum Circuits 

        Quantum Circuits are a combination of quantum gates that analyze and process 

quantum information in quantum computers, where these gates manipulate with qubits. In 

order to build the quantum circuits, two important limitations must be imposed: First, 

feedback of a part of the circuit into another not allowed, i.e. the circuit is cyclic. Secondly, 

it is not possible to copy the qubits. These circuits can contain one or more gates and there 

are kinds of quantitative gates, which operate on one or two qubits such as the gates of Pauli 

and Hadamard gates. In addition, we can operate the gates on three qubits such as Toffoli 

and Fredkin gates. In this research, we will address the gates of Pauli only. This gate is 

working to turn the state of the qubit into a new state. We can describe Quantum circuits 

and gates by linear transformations. These linear transformations are represented by unitary 

matrixes only. Denoted for the matrix that describe the state transformation a transfer 

matrix. [7] 
 

3. The practical part divided into three cases 
 3.1 Case (1) 

          For four electrons, each electron considered a single qubit we can be representing as:  

   ⟩      ⟩      ⟩                                                                                                                        (7) 

    ⟩      ⟩      ⟩                                                                                                                       (8) 
   ⟩      ⟩      ⟩                                                                                                                       (9) 

   ⟩      ⟩      ⟩                                                                                                                      (10) 
To find the superposition for four-qubit we use the tensor product: [8] 

  ⟩     ⟩    ⟩    ⟩    ⟩                                                                                                      (11) 

 

  ⟩  (    ⟩      ⟩) (    ⟩      ⟩) (    ⟩      ⟩) (    ⟩      ⟩)   
   

                                 

 

    (    
      

 )(    
      

 )(    
      

 )(    
      

 )      
 

The following matrix describes all states that we get from the equation (12). 
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Each column of this matrix represents a state and is described as follows: 

     ⟩    ⟩   ⟩   ⟩   ⟩  *
 
 
+ *

 
 
+ *

 
 
+ *

 
 
+                                           (13) 

 

     ⟩  [                ]               (14) 
 

This is represents the state     ⟩. 
Then we draw all states by using a program in Matlab, the figures 3 and 4 show some result 

for this program. [9] 
 

 
Figure 3 [The states      ⟩      ⟩      ⟩  and      ⟩]. 
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Figure 4 [The states      ⟩      ⟩      ⟩ and      ⟩]. 

 

3.2 Case (2) 
The effect of Pauli gate on different order of qubit from the four-qubits can be described by 

these equations  

(15, 16,17and 18), and the figure (6) appear effect X gate on the third qubit. 

 

   ⟩   ⟩   ⟩   ⟩    ⟩   ⟩   ⟩   ⟩       ⟩                   (15) 

 

  ⟩    ⟩   ⟩   ⟩    ⟩    ⟩   ⟩   ⟩       ⟩                  (16) 

 

  ⟩   ⟩    ⟩   ⟩    ⟩   ⟩   ⟩   ⟩       ⟩                   (17) 

 

  ⟩   ⟩   ⟩    ⟩    ⟩   ⟩   ⟩    ⟩       ⟩               (18) 
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Table 1 [shows the effect of Pauli gate on different order of qubit from the four-qubits]. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 5 [Chart showing the X gate acting on the third qubit and change the state from     ⟩ to 

state     ⟩]. 

Input Rank the electron Type of the 

gate Output 

 𝟎 𝟎 ⟩ On the third qubit X-gate  𝟎   ⟩ 

  𝟎𝟎 ⟩ On the first qubit Y-gate  𝟎𝟎𝟎 ⟩ 

   𝟎𝟎⟩ On the fourth qubit Z-gate    𝟎𝟎⟩ 
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Table 2 [shows the effect of different gates on one qubit from the four qubits]. 

Input 
Type of 

gate 

The order of the 

electron 

the changing in 

state 
Output 

  𝟎 𝟎⟩ X-gate On the first qubit   ⟩ →  𝟎⟩  𝟎𝟎 𝟎⟩ 

  𝟎𝟎 ⟩ Y-gate On the second qubit  𝟎⟩ → 𝐢  ⟩    𝟎 ⟩ 

 𝟎 𝟎𝟎⟩ Z-gate On the third qubit  𝟎⟩ →  𝟎⟩  𝟎 𝟎𝟎⟩ 

 𝟎   ⟩ Z-gate On the fourth qubit   ⟩ →    ⟩  𝟎   ⟩ 

 

 
Figure 6 [The X gate acting on the third qubit and change the state from     ⟩ to 

state     ⟩]. 
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3.3 Case (3) 
We used a program in the Matlab, a control room that operates by two gates from the 

gates of Pauli. These two gates can be different or similar and has an effect on two different 

electrons in order or the same electron and alternately. 

 

 
 

Figure 7 [The state     ⟩  not change by applied the first gate (Z-gate) on the second electron but it 

changed to the state     ⟩ after applied the second gate (X-gate) on the third electron]. 
 

   ⟩   ⟩   ⟩   ⟩    ⟩   ⟩   ⟩   ⟩    ⟩   ⟩   ⟩    ⟩       ⟩                             (19) 

 

  ⟩   ⟩   ⟩    ⟩    ⟩   ⟩   ⟩   ⟩    ⟩    ⟩   ⟩   ⟩       ⟩                             (20) 

 

  ⟩    ⟩   ⟩   ⟩    ⟩    ⟩   ⟩   ⟩    ⟩    ⟩    ⟩   ⟩       ⟩                           (21) 

 

  ⟩   ⟩    ⟩   ⟩    ⟩   ⟩     ⟩   ⟩    ⟩   ⟩   ⟩   ⟩       ⟩                         (22) 

 

  ⟩   ⟩    ⟩   ⟩    ⟩   ⟩     ⟩   ⟩    ⟩   ⟩   ⟩   ⟩       ⟩                         (23) 

 

  ⟩    ⟩   ⟩   ⟩    ⟩    ⟩   ⟩   ⟩    ⟩   ⟩   ⟩   ⟩       ⟩                             (24) 

 

  ⟩   ⟩   ⟩    ⟩    ⟩   ⟩   ⟩     ⟩    ⟩   ⟩   ⟩    ⟩       ⟩                        (25) 
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Equation (19) shows the qubit one acted by the X gate firstly, which change the state     ⟩ 
to     ⟩ , and then applied the Y gate on the fourth qubit, which change the state      ⟩ 
to     ⟩. 
     The vector (i), which is observe by applying the Y gate, has no effect on the drawing of 

the state. However, it indicates that the state is under the influence of rotation around the Y-

axis, which represents the complex part from the dimensions of the Bloch sphere as shown 

from equation (21). When applying the Y gate it will return the state to where it was but 

with a change in the phase as shown from equation (25). The negative sign that emerged 

because of the application of the Z gate on the state   ⟩ only, it indicates that the state   ⟩ is 

experiencing a change in phase as shown from equation (22).  When applying the Z gate for 

the second time on the state it will return the state to its initial state as shown from equation 

(23). 

We can use the same gate on the same qubit sequentially twice or with two different qubits. 

Also we can use two different gates on the same qubit respectively or with two different 

qubits. 
 

Table 3 [shows the effect of two gates on two qubit from the four qubits]. 

Input 
The first 

gate 

The order of 

the electron 
Output 

The 

second 

gate 
 

The order of 

the electron 
final 

  𝟎 𝟎⟩ X-gate 
On the second 

qubit 
    𝟎⟩ Y-gate 

On the second 

qubit 
  𝟎 𝟎⟩ 

  𝟎  ⟩ X-gate 
On the first  

qubit 
 𝟎𝟎  ⟩ X-gate 

On the fourth 

qubit 
 𝟎𝟎 𝟎⟩ 

     ⟩ Z-gate 
On the third 

qubit 
     ⟩ Z-gate 

On the third 

qubit 
     ⟩ 

  𝟎 𝟎⟩ Y-gate 
On the fourth 

qubit 
  𝟎  ⟩ X-gate 

On the third 

qubit 
  𝟎𝟎 ⟩ 
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Figure 8 [the first gate (X-gate) applied on the second electron for the state 𝟎 𝟎⟩, after that applied 

(Y-gate) on the second electron for the result state   𝟎⟩ that change it to same state 𝟎 𝟎⟩]. 
 

 
Figure 9 [the first gate (X-gate) applied on the first electron for the state  𝟎  ⟩, after that 

applied (X-gate) on the fourth electron for the result state 𝟎𝟎  ⟩ that change it to 

state 𝟎𝟎 𝟎⟩]. 
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4. Snapshot of Matlab codes 
Figures 10 and 11 shows the snapshots of Matlab codes used in the present study. 
 

 
Figure 10 

 
Figure 11 
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5. Conclusion 
         In this research, we were able to use a control system or create a control room that can 

be used to process quantum information by using the concept of Bloch sphere where some 

states have symmetry on Bloch sphere and some have asymmetry, In other words, there are 

states that did not suffer any change and other states that will suffer change. Therefore, the 

possibility of showing the change in the state is identified by using the rotation on it. The 

control system or the control room consists of Pauli gates, which are applied on the result 

states from the superposition for four electrons. When these gates are applied to the state, it 

makes change in the state to another state. This means a change in quantum information 

stored in this state. The changing will be between the ground state  ⟩ and the excited 

state  ⟩. All states that did not have any change when applying the gates will remain at their 

original state, whether they are in the ground state  ⟩ or excited state  ⟩. This changing in 

state depends on the type of gate used. This work is important for quantum processing in 

quantum computing to solve the difficulties that cannot be solved by using the classical 

computer. 
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