
Definition: The Laplace transform is an integral transform that converts a function of time into a 

function of complex frequency. It is widely used in engineering and physics to simplify the analysis of 

linear time-invariant systems. 

Transform Pair: The Laplace transform operates on a function f(t) defined for t ≥ 0 and produces a 
transformed function F(s), where s is a complex variable. The Laplace transform pair is denoted as 

follows: 

L{f(t)} = F(s) 

The inverse Laplace transform allows us to obtain the original function f(t) from its Laplace transform 

F(s). 

Integral Formula: The Laplace transform of a function f(t) is calculated using the integral formula: 

F(s) = L{f(t)} = ∫[0 to ∞] f(t) * e^(-st) dt 

Here, s is the complex variable and t is the time variable. 

Region of Convergence (ROC): The Laplace transform has a region of convergence (ROC), which 

represents the set of complex values for which the integral converges. The ROC is essential in 

determining the validity and uniqueness of the Laplace transform. 

Properties of Laplace Transform: The Laplace transform possesses several properties that aid in the 

analysis and manipulation of functions. Some important properties include: 

Linearity: L{af(t) + bg(t)} = aF(s) + bG(s), where a and b are constants. 

Time Shifting: L{f(t - a)} = e^(-as) * F(s), where a is a constant. 

Time Scaling: L{f(a*t)} = (1/a) * F(s/a), where a is a constant. 

Differentiation in Time Domain: L{f'(t)} = s * F(s) - f(0). 

Integration in Time Domain: L{∫[0 to t] f(u) du} = (1/s) * F(s). 

Laplace Transform of Common Functions: The Laplace transform has well-known transforms for 

various elementary functions, such as exponentials, trigonometric functions, unit step function, 

impulse function, etc. These transforms are often used to solve differential equations or analyze 

system behavior. 

Application Areas: The Laplace transform is extensively used in electrical engineering, control 

systems, signal processing, communication systems, circuit analysis, and other fields. It enables the 

transformation of differential equations into algebraic equations, facilitating easier analysis and 

solving of complex systems. 

Inverse Laplace Transform: The inverse Laplace transform is used to recover the original function f(t) 

from its Laplace transform F(s). Several techniques, such as partial fraction decomposition, residue 

theorem, and convolution, are employed to find the inverse Laplace transform. 



Laplace Transform Tables: To assist in calculations, comprehensive Laplace transform tables are 

available. These tables provide a collection of common functions and their corresponding Laplace 

transforms. 

Example: Find the Laplace transform of the function f(t) = 3e^(-2t) * sin(4t). 

Solution: 

To find the Laplace transform of f(t), we can use the properties of the Laplace transform and the 

known transforms of elementary functions. 

Apply the time scaling property: 

L{e^(at) * g(t)} = G(s-a) 

In our case, let g(t) = sin(4t) and a = -2. Applying the time scaling property, we have: 

L{e^(-2t) * sin(4t)} = L{g(t)} = G(s+2) 

Use the known transform of sin(kt): 

L{sin(kt)} = k / (s^2 + k^2) 

In our case, k = 4. Substituting this into the previous equation, we get: 

G(s+2) = 4 / ((s+2)^2 + 4^2) 

Simplify the expression: 

G(s+2) = 4 / (s^2 + 4s + 20) 

This is the Laplace transform of g(t) = sin(4t). 

Apply the time scaling property once again: 

G(s+2) = L{e^(-2t) * sin(4t)} = F(s) 

Therefore, the Laplace transform of f(t) = 3e^(-2t) * sin(4t) is: 

F(s) = 4 / (s^2 + 4s + 20) 

 

Note that the Laplace transform F(s) is the transformed function in the complex frequency domain. 

The inverse Laplace transform can be used to obtain the original function f(t) from F(s) if desired. 

 


