
ROHINI COLLEGE OF ENGINEERING & TECHNOLOGY 
 

MA8251 ENGINEERING MATHEMATICS II 

  Shifting theorem 

𝑳[𝒆−𝒂𝒕𝒇(𝒕)] = 𝑳[𝒇(𝒕)]𝒔→𝒔+𝒂 

𝑳[𝒆𝒂𝒕𝒇(𝒕)] = 𝑳[𝒇(𝒕)]𝒔→𝒔−𝒂 

Example: 5.7 Find the Laplace transform for the following: 

i.    𝒕𝒆−𝟑𝒕 

ii.   𝒕𝟑𝒆𝟐𝒕 

iii.  𝒆𝟒𝒕𝒔𝒊𝒏𝟐𝒕 

iv.  𝒆−𝟓𝒕𝒄𝒐𝒔𝟑𝒕 

v.  𝒔𝒊𝒏𝒉𝟐𝒕𝒄𝒐𝒔𝟑𝒕 

vi.  cosh3tsin2t 

vii.  𝒕𝟐𝟐𝒕 

viii.  𝒕𝟑𝟐−𝒕 

ix.  𝒆−𝟐𝒕𝒔𝒊𝒏𝟑𝒕𝒄𝒐𝒔𝟐𝒕 

x.  𝒆−𝟑𝒕𝒄𝒐𝒔𝟒𝒕𝒄𝒐𝒔𝟐𝒕 

xi.  𝒆𝟒𝒕𝒄𝒐𝒔𝟑𝒕𝒔𝒊𝒏𝟐𝒕 

(i) 𝒕𝒆−𝟑𝒕  

    𝐿[𝑡𝑒−3𝑡] = 𝐿[𝑡]𝑠→𝑠+3    

    = (
1

𝑠2)
𝑠→𝑠+3

   ∵ 𝐿(𝑡) =
1

𝑠2   

  ∴ 𝐿[𝑡𝑒−3𝑡] =
1

(𝑠+3)2  

(ii) 𝒕𝟑𝒆𝟐𝒕 

      𝐿[𝑡3𝑒2𝑡] = 𝐿[𝑡3]𝑠→𝑠−2 

   = (
3!

𝑠4)
𝑠→𝑠−2

   ∵ 𝐿(𝑡) =
3!

𝑠3+1 

 ∴ 𝐿[𝑡3𝑒2𝑡] =
6

(𝑠−2)4  

(iii) 𝒆𝟒𝒕𝒔𝒊𝒏𝟐𝒕 

      𝐿[𝑒4𝑡𝑠𝑖𝑛2𝑡] = 𝐿[𝑠𝑖𝑛2𝑡]𝑠→𝑠−4 

    = (
2

𝑠2+22)
𝑠→𝑠−4

 

    =
2

(𝑠−4)2+4
 

    =
2

𝑠2−8𝑠+16+4
 

   ∴  𝐿[𝑒4𝑡𝑠𝑖𝑛2𝑡] =
2

𝑠2−8𝑠+20
 

(iv) 𝑳[𝒆−𝟓𝒕𝒄𝒐𝒔𝟑𝒕]  

 𝐿[𝑒−5𝑡𝑐𝑜𝑠3𝑡] = 𝐿[𝑐𝑜𝑠3𝑡]𝑠→𝑠+5  
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   = (
𝑠

𝑠2+32)
𝑠→𝑠+5

 

   =
𝑠+5

(𝑠+5)2+9
 

   =
𝑠+5

𝑠2+10𝑠+25+9
 

   ∴   𝐿[𝑒−5𝑡𝑐𝑜𝑠3𝑡] =
𝑠+5

𝑠2+10𝑠+34
 

(v)  𝑳[𝒔𝒊𝒏𝒉𝟐𝒕𝒄𝒐𝒔𝟑𝒕] 

  𝐿[𝑠𝑖𝑛ℎ2𝑡𝑐𝑜𝑠3𝑡] = 𝐿 [(
𝑒2𝑡−𝑒−2𝑡

2
) 𝑐𝑜𝑠3𝑡] 

    =  
1

2
[𝐿(𝑒2𝑡𝑐𝑜𝑠3𝑡) − 𝐿(𝑒−2𝑡𝑐𝑜𝑠3𝑡)]   

    =  
1

2
[𝐿(𝑐𝑜𝑠3𝑡)𝑠→𝑠−2 − 𝐿(𝑐𝑜𝑠3𝑡)𝑠→𝑠+2] 

    =  
1

2
[(

𝑠

𝑠2+32)
𝑠→𝑠−2

− (
𝑠

𝑠2+32)
𝑠→𝑠+2

] 

 ∴ 𝐿[𝑠𝑖𝑛ℎ2𝑡𝑐𝑜𝑠3𝑡] =
1

2
[

𝑠−2

(𝑠−2)2+9
−

𝑠+2

(𝑠+2)2+9
] 

(vi)  𝑳[𝒄𝒐𝒔𝒉𝟑𝒕𝒔𝒊𝒏𝟐𝒕] 

  𝐿[𝑐𝑜𝑠ℎ3𝑡𝑠𝑖𝑛2𝑡] = 𝐿 [(
𝑒3𝑡+𝑒−3𝑡

2
) 𝑠𝑖𝑛2𝑡] 

    =  
1

2
[𝐿(𝑒3𝑡𝑠𝑖𝑛2𝑡) + 𝐿(𝑒−3𝑡𝑠𝑖𝑛2𝑡)]   

    =  
1

2
[𝐿(𝑠𝑖𝑛2𝑡)𝑠→𝑠−3 + 𝐿(𝑠𝑖𝑛2𝑡)𝑠→𝑠+3] 

    =  
1

2
[(

2

𝑠2+22)
𝑠→𝑠−3

+ (
2

𝑠2+22)
𝑠→𝑠+3

] 

 ∴  𝐿[𝑐𝑜𝑠ℎ3𝑡𝑠𝑖𝑛2𝑡] =
1

2
[

2

(𝑠−3)2+4
+

2

(𝑠+3)2+4
] 

(vii)  𝒕𝟐𝟐𝒕 

              𝐿[𝑡22𝑡] = 𝐿[𝑡2𝑒𝑙𝑜𝑔2𝑡
] 

                = 𝐿[𝑡2𝑒𝑡𝑙𝑜𝑔2] = 𝐿[𝑡2]𝑠→𝑠−𝑙𝑜𝑔2 

               = (
2!

𝑠3)
𝑠→𝑠−𝑙𝑜𝑔2

 

              =
2

(𝑠−𝑙𝑜𝑔2)3 

             ∴ 𝐿[𝑡22𝑡] =
2

(𝑠−𝑙𝑜𝑔2)3 

(viii)  𝒕𝟑𝟐−𝒕 

                   𝐿[𝑡32−𝑡] = 𝐿[𝑡3𝑒𝑙𝑜𝑔2−𝑡
] 

                        = 𝐿[𝑡3𝑒−𝑡𝑙𝑜𝑔2] = 𝐿[𝑡3]𝑠→𝑠+𝑙𝑜𝑔2 



ROHINI COLLEGE OF ENGINEERING & TECHNOLOGY 
 

MA8251 ENGINEERING MATHEMATICS II 

                        = (
3!

𝑠4)
𝑠→𝑠+𝑙𝑜𝑔2

 

                      =
6

(𝑠+𝑙𝑜𝑔2)4 

            ∴ 𝐿[𝑡32−𝑡] =
6

(𝑠+𝑙𝑜𝑔2)4 

(ix) 𝑳[𝒆−𝟐𝒕𝒔𝒊𝒏𝟑𝒕𝒄𝒐𝒔𝟐𝒕]  

 𝐿[𝑒−2𝑡𝑠𝑖𝑛3𝑡𝑐𝑜𝑠2𝑡] = 𝐿[𝑠𝑖𝑛3𝑡𝑐𝑜𝑠2𝑡]𝑠→𝑠+2 

   =
1

2
𝐿[sin(3𝑡 + 2𝑡) + sin (3𝑡 − 2𝑡)]𝑠→𝑠+2 

   =
1

2
𝐿[sin 5𝑡 + sin 𝑡]𝑠→𝑠+2 

   =
1

2
[L(sin 5𝑡) + 𝐿(sin 𝑡)]𝑠→𝑠+2 

   =
1

2
[

5

𝑠2+52 +
1

𝑠2+12
]

𝑠→𝑠+2
 

   =
1

2
[

5

(𝑠+2)2+25
+

1

(𝑠+2)2+1
] 

                ∴ 𝐿[𝑒−2𝑡𝑠𝑖𝑛3𝑡𝑐𝑜𝑠2𝑡] ==
1

2
[

5

(𝑠+2)2+25
+

1

(𝑠+2)2+1
] 

(x) 𝑳[𝒆−𝟑𝒕𝒄𝒐𝒔𝟒𝒕𝒄𝒐𝒔𝟐𝒕]  

 𝐿[𝑒−3𝑡𝑐𝑜𝑠4𝑡𝑐𝑜𝑠2𝑡] = 𝐿[𝑐𝑜𝑠4𝑡𝑐𝑜𝑠2𝑡]𝑠→𝑠+3 

   =
1

2
𝐿[cos(4𝑡 + 2𝑡) + cos (4𝑡 − 2𝑡)]𝑠→𝑠+3 

   =
1

2
𝐿[cos6t + cos2𝑡]𝑠→𝑠+3 

   =
1

2
[L(cos6 𝑡) + 𝐿(cos2 𝑡)]𝑠→𝑠+3 

   =
1

2
[

𝑠

𝑠2+62 +
𝑠

𝑠2+22
]

𝑠→𝑠+3
 

   =
1

2
[

𝑠+3

(𝑠+3)2+36
+

𝑠+3

(𝑠+3)2+4
] 

               ∴ 𝐿[𝑒−3𝑡𝑐𝑜𝑠4𝑡𝑐𝑜𝑠2𝑡] =
1

2
[

𝑠+3

(𝑠+3)2+36
+

𝑠+3

(𝑠+3)2+4
] 

(xi) 𝑳[𝒆𝟒𝒕𝒄𝒐𝒔𝟑𝒕𝒔𝒊𝒏𝟐𝒕]  

 𝐿[𝑒4𝑡𝑐𝑜𝑠3𝑡𝑠𝑖𝑛2𝑡] = 𝐿[𝑐𝑜𝑠3𝑡𝑠𝑖𝑛2𝑡]𝑠→𝑠−4 

   =
1

2
𝐿[sin(3𝑡 + 2𝑡) − sin (3𝑡 − 2𝑡)]𝑠→𝑠−4 

   =
1

2
𝐿[sin 5𝑡 − sin 𝑡]𝑠→𝑠−4 

   =
1

2
[L(sin 5𝑡) − 𝐿(sin 𝑡)]𝑠→𝑠−4 

   =
1

2
[

5

𝑠2+52 −
1

𝑠2+12
]

𝑠→𝑠−4
 

   =
1

2
[

5

(𝑠−4)2+25
+

1

(𝑠−4)2+1
] 
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                    ∴ 𝐿[𝑒4𝑡𝑐𝑜𝑠3𝑡𝑠𝑖𝑛2𝑡] =
1

2
[

5

(𝑠−4)2+25
+

1

(𝑠−4)2+1
] 

 


