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Abstract  : 6 

      In this paper, Abdelilah Kamal and  Mohand Mahgoub  recently introduced integral transforms, 7 

that are closely studied in  the relation to the some existing famous integral transforms , which are 8 

defined in the time domain. The study also tried to establish the duality relations existing between 9 

these newly introduced integral transforms and Laplace, Sumudu, Elzaki and Aboodh integral 10 

transforms as an interest. Further, supporting illustrations obtained from some test functions as 11 

examples are presented. 12 

Keywords: Kamal ,  Mahgoub ,Aboodh ,Elzaki ,Sumudu, Laplace Transforms. 13 

1. Introduction : 14 

Integral transforms are mathematical tools for solving differential and integral equations for centuries. 15 

However, this old area has recently got a center stage among many researchers by introducing many 16 

integral transforms among which are [1-6]. Furthermore, these transforms are studied and analyzed in 17 

order to establish relationships and connections existing among them among which are [7-9]. 18 

However, in this paper, the recently introduced integral transforms by Abdelilah Kamal [10] and  19 

Mohand Mahgoub [11] are closely studied in relation to the some existing famous integral transforms 20 

that are defined in the time domain. The study also tried to establish the duality relations existing 21 

between these newly introduced integral transforms and Laplace, Sumudu , Elzaki and Aboodh 22 

integral transforms as particular cases and further some test functions are examined as examples.  23 

The paper is organized as follows: In Section 2, we present the basic concept of Kamal and Mahgoub 24 

transforms. Section  3  presents Kamal transform dualities, while Section 4 presents Mahgoub 25 

transform dualities and Section 5 gives the conclusion. 26 

2. Kamal and Mahgoub Transforms : 27 

In this section, we present the basic concept of Kamal and Mahgoub transforms. 28 

2.1. Kamal Transform : 29 

Kamal transform is a newly introduced integral transform similar to Laplace transform [12] and other 30 

integral transforms [1-6] that are defined in the time domain � ≥ 0, and for functions of exponential 31 

order.  32 

We consider functions in the set � defined by: 33 

� = { �: |����| < � � |�|����  � ∈ �−1�� × �0, ∞�, � = 1,2; � �, � , �! >  0 �} 

For a given function in the set �, the constant � must be finite number; � , �! may be finite or 34 

infinite. 35 

Kamal integral transform denoted by the operator $�. � is defined (by [10]) by the integral equation: 36 
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 37 

                                             &�'� = $�����( = ) �*�+  ����,- .�   , ' ∈ �� , �!�                                       38 

(1) 39 

 40 

2.1.1. Kamal Transform for Derivatives : 41 

For any given function ���� defined over the set  , Kamal transform of derivatives are given as 42 

follows: 43 

 44 

$���/����( = '�0/�$�����( − 1 '20/3 ��2��0�/0 
24- , for   8 = 0,1,2, …  

 45 

2.2 . Mahgoub Transforms : 46 

The newly introduced integral transform by Mahgoub [11] is an integral transform that has the same 47 

setting with Kamal transform [10].Thus , Mahgoub integral transform denoted by the operator :�. � is 48 

defined by: 49 

 50 

                                             ;�'� = :�����( = ' ) �0<= ����,- .�   , ' ∈ �� , �!�                                51 

(2) 52 

 53 

2.2.1. Mahgoub Transform for Derivatives : 54 

For any given function ���� defined over the set  , Mahgoub transform of derivatives are given as 55 

follows: 56 

:>��/����? = '�/�:�����( − 1 '/02��2��0�/0 
24- , for   8 = 0,1,2, … 

2.3. Connection Between Kamal and Mahgoub Transforms : 57 

To examine the connection between  Kamal and Mahgoub transforms , we give the following 58 

theorem: 59 

Theorem 2.3.1 : Let ���� ∈ �  with Kamal transform &�'� and Mahgoub transform ;�'�, then  60 

                                                                                     &�'� = ' ; @ <A                                                      61 

(3) 62 

and 63 

                                                                                      ;�'� = ' & @ <A                                                     64 

(4) 65 

Proof :To prove Eq. (3) , hence ���� ∈ �, then from Eq. (1) 66 

&�'� = B �*�+  ����,
- .� = ' C1' B �*�+  ����,

- .�D 

Thus, from Eq. (2)       :                                           &�'� =  ' ; @ <A 67 

To prove Eq. (4), from the Eq. (2), we have  68 
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;�'� = ' B �0<= ����,
- .� = ' EB � *�@F+A����,

- .�G 

Thus, from Eq. (1), we get  :                          ;�'� = '& @ <A 69 

Example 2.3.2 : 70 

Consider the function ���� = �!. Kamal and Mahgoub transforms are obtained respectively as 71 

follows:   &�'� = 2'H and  ;�'� = !<I  , and the graph is given in figure 1: 72 

 73 

 74 

Figure 1: Plots for Kamal and Mahgoub Transforms of J�K� = KL 75 

3 . Kamal Transform Dualities : 76 

        In this section, we present  Kamal transform dualities starting with Laplace , Sumudu , Elzaki  77 

and Aboodh transforms. 78 

 79 

3.1 . Duality of "Kamal - Laplace ": 80 

Laplace transform of ���� for � ≥ 0, denoted by �'� , is defined by the equation 81 

 82 

                                                               M�'� = N�����( = ) �0<=����,-  .�                                             83 

(5) 84 

Theorem  3.1.1 :  Let ���� ∈ � with Kamal transform &�'�  and Laplace transform F�'�, then  85 

 86 

                                                                               &�'� = M @ <A                                                               87 

(6) 88 

and 89 

                                                                                M�'� =  & @ <A                                                             90 

(7) 91 
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Proof:  To prove Eq. (6)  , hence  ���� ∈ �, then from Eq. (1) 92 

&�'� = B �*�+  ����,
- .� = B �0@F+A= ����,

- .�. 
Thus , from Eq. (5):                                                &�'� = M @ <A 93 

To prove Eq. (7) , from the Eq. (5), we have  94 

M�'� = B �0<=,
- ���� .� = B � *� @F+A,

- ���� .� 

Thus, from Eq. (1), we get   :                                        M�'� = & @ <A 95 

3.2 . Duality of "Kamal - Sumudu"  : 96 

Sumudu transform of ���� for � ≥ 0 denoted by O�'�, is defined by the equation 97 

 98 

                                      O�'� = P�����( = ) �0=��'��.�,- , � , �! >  0                                                 99 

(8) 100 

 101 

Theorem 3.2.1 : Let ���� ∈ � with Kamal transform &�'�  and Sumudu transform O�'� , then 102 

 103 

                                                                       &�'� =  'O�'�                                                                    104 

(9) 105 

and 106 

     107 

                                                                        O�'� =  < &�'�                                                                  108 

(10) 109 

Proof  : To prove Eq. (9), hence  ���� ∈ �, then from Eq. (1) 110 

 111 

&�'� = B �*�+ ����,
- .� 

 112 

Let ,  Q = =<  ⇒ � =  'Q and .� = '.Q . Then , 113 

&�'� = B �0V��'Q� '.Q =,
- ' CB �0V��'Q� .Q,

- D 

 114 

Hence, on comparing with Eq. (8) , we thus obtain :                    &�'� =  'O�'� 115 

To prove Eq. (10), from  Eq. (8) , 116 

O�'� = B �0=��'��.�,
- . 

 Let ,  Q = '� ⇒ � = V< and .� = WV<   . Then , 117 

O�'� = B �*X+ ��Q�,
-

.Q' = 1' CB �*X+ ��Q�,
- .QD  

Hence, on comparing with Eq. (1) , we thus obtain  :                      O�'� =  < &�'� 118 
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3.3 . Duality  of "Kamal - Elzaki " : 119 

Elzaki transform of  ����  for � ≥ 0, denoted by Y�'�, is defined by the equation 120 

                              Y�'� = Z�����( =  '! ) �0=��'��.�,-    , ' ∈ �� , �!�                                             121 

(11) 122 

Theorem 3.3.1 :  Let ���� ∈ � with Kamal transform &�'�  and Elzaki transform Y�'�, then  123 

                                                                &�'� =  < Y�'�                                                                           124 

(12) 125 

and 126 

                                                                Y�'� =  '&�'�                                                                          127 

(13) 128 

Proof : To prove Eq. (12) , hence  ���� ∈ �, then from Eq. (1) 129 

&�'� = B �*�+ ����,
- .� 

Let , Q = =< ⇒ � = 'Q and .� = '.Q . Then , 130 

&�'� = B �0V��'Q�,
- '.Q = ' CB �0V��'Q�,

- .QD = 1' C'! B �0V��'Q�,
- .QD 

Hence, on comparing with Eq. (11) , we thus obtain  :                     &�'� =  < Y�'� 131 

To prove Eq. (13), from Eq. (11) , 132 

 133 

Y�'� =  '! B �0=��'��.�,
-  

Let , � = V< ⇒ .� = WV<   . Then ,   134 

Y�'� =  '! B �*X+ ��Q�,
-

.Q' = ' CB �*X+ ��Q�,
- .QD. 

Hence, on comparing with  Eq. (1) , we thus obtain                Y�'� =  '&�'� 135 

3.4 . Duality  of "Kamal - Aboodh " : 136 

Aboodh transform of  ���� for � ≥ 0, denoted by  $�'�, is defined by the equation 137 

 138 

                                       $�'� = [�����( =  < ) �0<=����.�,- ,   ' ∈ �� , �!�                                         139 

(14) 140 

 141 

Theorem 3.4.1 : Let ���� ∈ � with Kamal transform &�'�  and Aboodh transform $�'�, then  142 

                                                       &�'� =  < $ @ <A                                                                                  143 

(15) 144 

and 145 

                                                       $�'� =  < & @ <A                                                                                  146 

(16) 147 

Proof : To prove Eq. (15) , hence ���� ∈ �, then from Eq. (1) 148 

&�'� = B �*�+ ����,
- .� = 1' \ 1 < B �0@F+A =����,

- .�] 
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Thus, from  Eq. (14)  :                                    &�'� =  < $ @ <A 149 

To prove Eq. (16), from the Eq. (14), we have  150 

$�'� = 1' B �0<=����.�,
- = 1' EB � *�@F+A����.�,

- G 

Thus , from Eq. (1), we get :                                  $�'� =  < & @ <A 151 

 152 

Example  3.5 :   153 

 Consider the function  � ��� = �0!=. We obtain the following transforms:  154 

M�'� =  <3!  , �'� =   3!<   , Y�'� = <I 3!<  ,  $�'� =  <I3!<   and  &�'� = < 3!< 155 

Figure 2 gives the illustration of the above transforms: 156 

 157 

 158 

Figure 2: Plots for Laplace, Sumudu , Elzaki , Aboodh  and Kamal Transforms of J �K� = ^0LK. 159 

 160 

4. Mahgoub Transform Dualities : 161 

In the same pattern, we present Mahgoub transform dualities, together with the definitions of the other 162 

integral transforms presented in section 3. 163 

 164 

4.1 . Duality  of "Mahgoub - Laplace " : 165 

Theorem 4.1.1 :  Let ���� ∈ � with  Mahgoub transform ;�'� and Laplace transform M�'�, then 166 

 167 

                                                                          H�'� = 'M�'�                                                                 168 

(17) 169 

and 170 
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                                                                           F�'� =  < ;�'�                                                               171 

(18) 172 

 173 

Proof : To prove Eq. (17) , hence ���� ∈ �, then from Eq. (2) 174 

 175 

;�'� = ' B �0<= ����,
- .� = ' CB �0<= ����,

- .�D 

Thus, from  Eq. (5) :                                              H�'� = 'M�'� 176 

To prove Eq. (18), from the Eq. (5), we have  177 

 178 

M�'� = B �0<= ����,
- .� = 1' C' B �0<= ����,

- .�D 

Thus, from Eq. (2), we get :                                F�'� =  < ;�'� 179 

 180 

4.2 . Duality  of "Mahgoub - Sumudu  : 181 

Theorem 4.2.1 : Let ���� ∈ � with Mahgoub transform ;�'� and Sumudu transform O�'�,  then 182 

                                                                           ;�'� =  O @ <A                                                                183 

(19) 184 

and 185 

                                                                             O�'� = ; @ <A                                                               186 

(20) 187 

Proof : To prove Eq. (19) , hence ���� ∈ �, then from Eq. (2) 188 

;�'� =  ' B �0<= ����,
- .� 

Let ,  Q = '� ⇒  � = V< and .� = WV<    .Then ,  189 

;�'� = B �0V � @Q' A,
- .Q = B �0V � _1' Q`,

- .Q 

Hence, on comparing with  Eq. (8) , we thus obtain  :           ;�'� =  O @ <A 190 

To prove Eq. (20), from Eq. (8) ,  191 

O�'� = B �0= ��'��,
- .� 

Let , Q = '� ⇒  � = V< and  .� = WV<  . Then , 192 

O�'� = B �*X+ ��Q�,
-

.Q' = 1' CB �0@F+AV ��Q�,
- .QD 

Hence, on comparing with Eq. (2) , we thus obtain :                 O�'� = ; @ <A 193 

4.3 . Duality of "Mahgoub - Elzaki " : 194 

Theorem 4.3.1 : Let ���� ∈ �  with Mahgoub transform ;�'�, and Elzaki transform T�'�, then 195 

 196 

                                                                         ;�'� = '!Y�'�                                                                197 

(21) 198 

and 199 
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                                                                          Y�'� = '!; @ <A                                                              200 

(22) 201 

Proof : To prove Eq. (21) , hence ���� ∈ �, then from Eq. (2) 202 

;�'� =  ' B �0<= ����,
- .� 

 203 

Let , Q = '� ⇒ � = V<  and  .� = WV<   .Then ,  204  205 

;�'� = B �0V � @Q' A,
- .Q = '! C_1'`! B �0V � _1' Q`,

- .QD  
Hence, on comparing with  Eq. (11) , we thus obtain :             ;�'� = '!Y @ <A 206 

To prove Eq. (22), from Eq. (11)   207 

Y�'� =  '! B �0=��'��,
- .� 

Let ,  Q = '� ⇒ � = V<  and  .� = WV<   . Then ,  208 

Y�'� =    ' B �*X+ ��Q�,
- .Q =  '! C1' B �0@F+AV��Q�,

- .QD 

Hence, on comparing with Eq. (2) , we thus obtain  :                Y�'� = '!; @ <A 209 

4.4 . Duality of "Mahgoub - Aboodh " : 210 

Theorem 4.4.1 : Let ���� ∈ � with Mahgoub transform ;�'� and Aboodh transform $�'�,  then 211  212 

                                                                          ;�'� = '!$�'�                                                              213 

(23) 214 

and 215 

                                                                          $�'� =  <I ;�'�                                                              216 

(24) 217 

Proof : To prove Eq. (23) , hence ���� ∈ �, then from Eq. (2) 218 

;�'� = ' B �0<= ����,
- .� = '! C1' B �0<= ����,

- .�D 

And , we obtain from Eq. (14) :                         ;�'� = '!$�'� 219 

To prove Eq. (24), from the Eq. (14), we have 220 

$�'� = 1' B �0<= ����,
- .� = 1'! C' B �0<= ����,

- .�D 

Thus, from Eq. (2), we get                                  $�'� =  <I ;�'� 221 

Example  4.5 :   222 

Consider the function  ���� = �!. We obtain the following transforms: 223 

M�'� = !<a  ,  O�'� = 2'!,   Y�'� = 2'b,   $�'� = !<c and     ;�'� = !<I. 224 

Figure 3 gives the illustrations of the connections between the transforms under consideration as 225 

follows: 226 

 227 
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 228 

Figure 3: Plots for Laplace, Sumudu, Elzaki, Aboodh and Mahgoub Transforms of J �K� = KL. 229 

 230 

5. Conclusion : 231 

In conclusion, the duality relations between  Kamal and Mahgoub integral transforms with Laplace, 232 

Sumudu, Elzaki and  Aboodh transforms are established together with their converses. The dualities 233 

are presented in forms of theorems which were later proved in a friendly manner. Some test functions 234 

are considered as examples and illustrated graphically with the help of Mathematica software.    235 
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