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Laplace Transforms Table & Operational Theorems 

The fundamental rule for Laplace Transforms is: 

     

𝐿[𝑓(𝑡)] = 𝐹(𝑠) = ∫ 𝑒−𝑠𝑡

∞

0

𝑓(𝑡)𝑑𝑡 

Rather than perform what can be a complicated integration, a table is provided with some of the most 
common transforms already completed: 

Transform Table: 

𝒇(𝒕) 𝑳[𝒇(𝒕)] = 𝑭(𝒔) 

𝛿(𝑡)  Impulse function 1 

1 
1

𝑠
 

𝑡𝑛 
𝑛!

𝑠𝑛+1
                               𝑛 = 1, 2, 3, … 

𝑒𝑎𝑡 
1

𝑠 − 𝑎
 

sin 𝑏𝑡 
𝑏

𝑠2 + 𝑏2
 

cos 𝑏𝑡 
𝑠

𝑠2 + 𝑏2
 

sinh 𝑏𝑡 
𝑏

𝑠2 − 𝑏2
 

cosh 𝑏𝑡 
𝑠

𝑠2 − 𝑏2
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Laplace Transform Operational theorems: 

𝒇(𝒕) 𝑳[𝒇(𝒕)] = 𝑭(𝒔) 

𝑎𝑓(𝑡) + 𝑏𝑔(𝑡) 
𝐿[𝑎𝑓(𝑡) + 𝑏𝑔(𝑡)] = 𝑎𝐹(𝑠) + 𝑏𝐺(𝑠) 

𝑎, 𝑏 ∈  ℝ 

𝑓(𝑎𝑡) 𝐿[𝑓(𝑎𝑡)] =
1

𝑎
𝐹(𝑠) 

𝐿[𝑓(𝑡)] = 𝐹(𝑠) 

0a   

𝑒𝑎𝑡 𝑓(𝑡) 𝐿[𝑒𝑎𝑡𝑓(𝑡)] = 𝐹(𝑠 − 𝑎) 𝐿[𝑓(𝑡)] = 𝐹(𝑠) 

𝑓(𝑡 − 𝜏)𝐻(𝑡 − 𝜏) 𝐿[𝑓(𝑡 − 𝜏)𝐻(𝑡 − 𝜏)] = 𝑒−𝜏𝑠 𝐹(𝑠) 𝐿[𝑓(𝑡)] = 𝐹(𝑠) 

𝑡𝑛 𝑓(𝑡) 𝐿[𝑡𝑛 𝑓(𝑡)] = (−1)𝑛   
𝑑𝑛𝐹

𝑑𝑠𝑛
  

𝑓(𝑡)

𝑡
 𝐿 [

𝑓(𝑡)

𝑡
] = ∫ 𝐹(𝑢)𝑑𝑢

∞

𝑠

 𝐿[𝑓(𝑡)] = 𝐹(𝑢) 

𝑑

𝑑𝑡
𝑓(𝑡) 𝐿 [

𝑑

𝑑𝑡
𝑓(𝑡)] = 𝑠𝐹(𝑠) − 𝑓(0)  

𝑑2

𝑑𝑡2
𝑓(𝑡) 𝐿 [

𝑑2

𝑑𝑡2
𝑓(𝑡)] = 𝑠2𝐹(𝑠) − 𝑠𝑓(0) − 𝑓′(0)  
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Exercise 

Determine the Laplace Transform of the following expressions: 

a. 𝑡3 b. 𝑡7 c. sin 4𝑡 d. 𝑒−2𝑡 

e. cos (
𝑡

2
) f. sinh 3𝑡 g. cosh 5𝑡 h. 𝑡 sin 4𝑡 

i. 𝑒−𝑡 sin 2𝑡 j. 𝑒3𝑡 cos 𝑡     

Answers 

a. 6

𝑠4  b. 7!

𝑠8  c. 4

𝑠2+16
  d. 1

𝑠+2
  

e. 𝑠

𝑠2+0.25
  f. 3

𝑠2−9
  g. 𝑠

𝑠2−25
  h. 8𝑠

(𝑠2+16)2  

i. 2

(𝑠+1)2+4
  j. 𝑠−3

(𝑠−3)2+1
       

 

 

Exercise 

Determine the Laplace Transform of the following expressions, given 𝑦(0) = 3  &  𝑦′(0) = 1. 

a. 𝑦′ b. 𝑦′′ c. 3𝑦′′ − 𝑦′  

d. 𝑦′′ + 2𝑦′ + 3𝑦 e. 3𝑦′′ − 𝑦′ + 2𝑦 f. −4𝑦′′ + 5𝑦′ − 3𝑦  

g. 3
𝑑2𝑦

𝑑𝑥2 + 6
𝑑𝑦

𝑑𝑥
+ 8𝑦  h. 4

𝑑2𝑦

𝑑𝑥2 − 8
𝑑𝑦

𝑑𝑥
+ 6𝑦    

Answers 

a. 𝑠𝑌 − 3 b. 𝑠2𝑌 − 3𝑠 − 1 

c. 3𝑠2𝑌 − 𝑠𝑌 − 9𝑠 d. (𝑠2 + 2𝑠 + 3)𝑌 − 3𝑠 − 7 

e. (3𝑠2 − 𝑠 + 2)𝑌 − 9𝑠 f. (−4𝑠2 + 5𝑠 − 3)𝑌 + 12𝑠 − 11 

g. 3𝑠2𝑌 + 6𝑠𝑌 + 8𝑌 − 9𝑠 + 21  h. 4𝑠2𝑌 − 8𝑠𝑌 + 6𝑌 − 12𝑠 + 20  
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Exercise 

Determine the inverse Laplace Transform of the following expressions using tables. 

a. 1

𝑠
  b. 2

𝑠3  c. 1

𝑠+2
  

d. 5

𝑠−3
  e. 2

𝑠2+4
  f. 𝑠

𝑠2+9
  

g. 2

(𝑠+1)2  h. 12

𝑠2−9
  i. 6𝑠

𝑠2−8
  

j. 2

(𝑠+1)2−4
  k. 𝑠+3

(𝑠+3)2−4
  l. 2

(𝑠+3)2−4
  

m. 6𝑠

𝑠2−5
      

Answers 

a. 1 b. 𝑡2  c. 𝑒−2𝑡  

d. 5𝑒3𝑡 e. sin 2𝑡 f. cos 3𝑡 

g. 2𝑡𝑒−𝑡 h. 4 sinh 3𝑡 i. 6 cosh √8 𝑡  

j. 𝑒−𝑡 sinh 2𝑡 k. 𝑒−3𝑡 cosh 2𝑡 l. 𝑒−3𝑡 sinh 2𝑡  

m. 6 cosh √5 𝑡       

  


