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Abstract: The Concept of Laplace Transformation plays a crucial role in solving various 

problems in a range of fields.  A study on diverse application of Laplace Transformation in 

various field is discussed in this paper. Sixteen Research Articles have been studied and the 

study about how the transformation techniques has been used by researchers are presented in 

this paper. The problems worked on, theory, applications and procedure of various Laplace 

transformations Applications have been summarized in this paper.  
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1. Introduction 
There are many quantities which vary with time, such as the flow of heat through an insulated 

conductor current in electric circuits, oscillations of vibrating membrane to say a few. 

Ordinary and partial differential equations describe the way those quantities vary with time. 

Dealing with the differential equations to get solution is a difficult task when it comes to 

solving a complex equation. The most powerful and commonly used tool to solve such 

problem is „Laplace Transformation‟. It literally solves the given differential equation into 

algebraic form and after solving the algebraic equation, this equation is retrieved back into its 

original form by applying Inverse Laplace Transformation. Hence this method is widely used 

by mathematician, physicists and engineers in their daily routine work. Laplace 

Transformation has been used in various fields of science and engineering where computer 

algebra packages like Mathematica, Matlab, Maple aids how to solve a problem using this 

technique [1]. Laplace Transformation is heavily used in Signal Processing, Control Systems 

also in Electrical Circuits to solve circuit equations where current varies with time. This 

method helps in analysis of HVAC (Heating,Ventilation and air conditioning) and linear time 

invariant systems, simplify calculations in system modelling and is also used in nuclear 

physics where to get the true form of radioactive decay, a Laplace transform is utilized 

[2,3,4]. The extensive applications of the same would be discussed in Section 2.  

 

2. Study on Applications of Laplace Transformation 
This paper describes the Theory, Problem worked on, How Laplace Transformation is 

implemented and Procedure of various applications of Laplace Transformation.  

 

Leakage Flux Effect on a Long Time-Constant of Transient Eddy Current in a Solid 

Magnet (Keriji Sato, Shiro Ninomiya, Shinji Ano and Jun Nukai, 2000) [5]  

Theory: The magnet gap length has been considered to effectively shorten due to leakage of 

magnetic flux in electromagnet which dominates magnetic flux density strength in an iron 

core.  

How Laplace Transformation is used: Transient Expression for both space and time has 

been generated by using two-dimensional simultaneous Laplace Transformations  

Problem worked on: By introducing magnetic flux leakage transient eddy current is 

explained.  
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Procedure: Prediction of Time constant is comparable to the observation which depends on 

final field level due to Hysteresis characteristics when the leakage flux ratio becomes large 

for a large permeability.  

  

A Novel Envelope Response Technique for Large Signal Dynamic Analysis of Resonant 

Converters (Yingqi Zhang, 2002) [6]  

Theory: Using orthogonal functions, a novel technique has been proposed to analyze the large 

signal transitions in resonant converters.  

Problem worked On: Deriving large signal dynamic response of resonant converters 

which are excited by any external sources and initial conditions are achieved with the 

proposed method.  

How Laplace Transformation is used: Laplace Transformation and its properties are 

applied on complex circuit which is obtained by combining two circuits into one to derive 

envelope response.  

Procedure: The large signal dynamic response in S domain as well as time domain is very 

conveniently derived by the construction of complex circuits. Then by using Laplace 

Transformation and its properties, required results are obtained.  

  

An Efficient Algorithm for Transient and Distortion Analysis of Mildly Nonlinear 

Analog Circuits (Junjie Yang, Sheldon X.-D. Tan, 2004) [7]  

Theory: An effective approach to transient and distortion analysis for mildly non linear 

Analog circuits is presented. Volterra functional series representation of the non linear 

circuits is the basis of this method.  

Problem worked on: Linear and high order responses of a non linear circuit is obtained by 

solving a series of linear Volterra circuits.  

How Laplace transformation is used: In the frequency domain, harmonic distortion is 

obtained while via Inverse Laplace Transformation transient responses are obtained.  

Procedure: Using nonlinear current method, it computes non linear responses recursively 

solving a series of linear Volterra circuit thus obtaining linear and higher order responses of a 

non linear circuit. Graph based symbolic method is used to get Volterra circuit responses in 

the Frequency domain directly.  

  

Transient Eddy-Current Driver Pickup Probe Response Due to a Conductive Plate 

(Fangwei Fu and John Bowler, 2006) [8]  

Theory: Bessel integral is the form of expression used for the field of the excitation coil with 

respect to the radial spatial frequency. For improvisation, the integral is approximate as a 

series expansion which is the sum of terms containing discrete spatial frequency defined by 

the zeros of the first order Bessel function of the first kind.  

Problem worked on: Calculation of the transient eddy current response of a driver pickup 

probe by means of a series expansion due to a conducting plate. Derivation of analytical 

formulas is done for temporal variation of induced EMF.  

How Laplace Transformation is used: By using the concept of Inverse Laplace 

Transformation, transient response is found out from the frequency domain expressions for 

the induced electromotive force in the pickup coil.  

Procedure: For facilitation of inverse Laplace Transformation to the tie domain, an inner 

summation from the temporal frequency dependent terms is done. Inner sum has two 

alternative expansions. One has been constructed with reference to the short time regime and 

the other with respect to the long time limit.  

Solution of Systems of Linear Delay Differential Equations via Laplace Transformation 

(Sun Yi, A. Galip Ulsoy, Patrick W. Nelson, 2006) [9]  
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Theory: Development of analytical solution, free and forced, to systems of delay differential 

equations with a single delay using the Lambert W function is done.  

Problem worked on: A closed form solution to system of linear DDEs have been provided in 

a form similar to system of ordinary differential equations.  

How Laplace Transformation is used: To solve linear systems of DDEs the approach of 

Laplace Transformation has been developed on the basis of Lambert W function method.  

Procedure: Analytical solutions have been utilized to present a solution in Laplace domain for 

presentation of validation examples and emphasize the analog of the solution method to 

system of ordinary differential equations.  

  

A General Definition for Impedance (Clifford D. Ferris, 1964) [10]  

Theory: Alternating current, steady state values of current and voltage are the required terms 

to define electrical Impedance. Electrical Impedance is the measure of the opposition that a 

circuit presents to current on application of voltage.  

Problem worked on: Development of consistent definition for immittance (impedance or 

admittance) in terms of a time domain operator which is a rational function in powers of the 

differential operator.  

How Laplace Transformation is used: By using Laplace Transformation, when network 

problems have been approached, impedance takes a different character as now consideration 

of both transient and steady state currents and voltages.  

Procedure: It is given by the complex ratio of the voltage to the current in an 

alternating current (AC) circuit. One can show that phasor and Laplace Transform 

expressions for impedance and compatible.  

  

Stochastic Analysis of a Standby System with Waiting Repair Strategy 

(Mangey Ram, Suraj Bhan Singh, and Vijay Vir Singh, 2013) [11]  

Theory: When the main unit fails, transfer of whole load to standby unit 

has achieved instantaneously by switching over device. On failure of both main and standby 

units, goes to complete failure mode. Main and standby units on repair follow general 

distribution, whereas human error repair can obtained by Gumbel-Houguard family copula.   

Problem worked on: To investigate the reliability of a standby system incorporation waiting 

time to repair.  

How Laplace Transformation is used: Analysis of system is achieved by supplementary 

variable technique and the Laplace Transformation.  

Procedure: MTTF results show, in case of waiting, it is higher to case when human error 

exists in system which itself is higher. Profit is highest when the system has no waiting time 

to repair. Clear demonstration of importance of importance of waiting time to repair and 

human error which seem possible in many systems when analyzed by copula has 

been presented in this study paper.  

  

Lenses Designed by Transformation Electromagnetics and Fabricated by 3D Dielectric 

Printing (J. Yi and A. de Lustrac, G.-P. Piau, S. N. Burokur, 2016) [12]  

Theory: Presentation of the combination of two innovative techniques which are QCTO and 

3D printing. Two lenses have been fabricated and used to control the path of EM waves.  

Problem worked on: Designing of electromagnetic lens for focusing 

and collimating applications at microwave frequency by applying Quasi-Conformal 

Transformation Optics (QCTO).  

How Laplace Transformation is used: The concept of Laplace Transformation has 

been used in the device to solve Laplace equation that describes the deformation of a medium 

in a space transformation.  
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Procedure: Two lenses have been used. First lens to produce an overall directive in phase 

emission from an array of sources confronted on a cylindrical structure and second lens 

allows deflecting a directive beam to an off normal direction. Thus path of EM waves has 

been controlled by application of two lens.  

  

Analytical Modelling and Characterization of Electromigration Effects 

for Multibranch Interconnect Trees (Hai-Bao Chen, Sheldon X.-D. 

Tan, Xin Huang, Taeyoung Kim, and ValeriySukharev, 2016) [13]  

Theory: A new modelling and analysis technique for EM reliability analysis 

in Multibranch interconnect trees has been proposed, which are common for practical VLSI 

interconnect architectures and wiring technique.  

Problem worked on: Exact analytical solutions to the stress evolution equation has been 

derived for the straight line three-terminal wires and the cross shaped five terminal wires.  

How Laplace Transformation is used: Analytical solutions for each type of the interconnect 

trees have been obtained by using Laplace Transformation.  

Procedure: To solve stress evolution equation. We use Laplace Transform technique with 

given BC and IC for the T-shaped terminal interconnect tree. By applying Laplace 

Transformation, the analytical solutions in S domain for each branch could be given which 

satisfy the linear system. Further applying Inverse Laplace Transformation we can obtain an 

exact time domain solution.  

  

Laplace transform–homotopy perturbation method with 

arbitrary initial approximation and residual error cancelation (U. Filobello-Nino , 

H. Vazquez-Leal , A. Sarmiento-Reyes , J. Cervantes-Perez  , A. Perez-Sesma , V.M. 

Jimenez-Fernandez  , D. Pereyra-Diaz  , J. Huerta-Chua  , L.J. Morales-Mendoza , M. 

Gonzalez-Lee  , F. Castro-Gonzalez, 2016) [14]  

Theory: It is well known that Laplace Transformation (LT) is useful for solving linear 

ordinary differential equations with constant coefficients. It has been reported that a 

combination of homotopy perturbation method (HPM) and Laplace Transformation (LT) 

methods (LT-HPM), to solve non linear problems with initial conditions. This method is 

further modified, the concept which is used in this study paper (MLT-HPM).  

Problem worked on: To find analytical approximate solutions for nonlinear ordinary 

differential equation defined on finite intervals.  

How Laplace Transformation is used: MLT-HPM has been introduced as 

anovel modification of LT-HPM to draw a solution to the given problem. 

Procedure: MLT-HPM is a method with potential to accelerate the convergence of the 

solution for a given nonlinear problem, including the region close to unknown end points, 

taking into account that we just employed the first order approximation. Finally the results of 

proposed method have been compared to that of other methods hence showing high accuracy 

of MLTHPM.  

  

Numerical study for systems of fractional Differential equations via Laplace transform 

(Sumit Gupta, Devendra Kumar, Jagdev Singh, 2014) [15]  

Theory: Application of homotopy analysis transform method (HATM) has been successful to 

calculate the solutions for system of fractional differential equation. It provides with a 

convenient way to adjust and control the convergence region of solution series. HATM might 

be considered as a nice refinement in existing numerical techniques and might be useful in 

applications of science and engineering.  

Problem worked on: For solving system of fractional differential equations, numerical 

algorithm has been proposed by using the homotopy analysis transform method.  
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How Laplace Transformation is used: Homotopy analysis transform method is the combined 

form of the Laplace Transform method and homotopy analysis method.  

Procedure: The solutions of the proposed model equations have been calculated in the form 

of convergent power series with easily computable components. To various fractional 

differential equations, the numerical results show that the approach is easy 

to implement and accurate.   

 

Exponentials and Laplace transforms on nonuniform time scales (Manuel 

D. Ortigueira, Delfim F.M. Torres, Juan J. Trujillo, 2016) [16]  

Theory: A general approach to define exponentials and transforms on time scales has 

been introduced. Starting from Nabla and Delta derivatives, parallel and derived general 

formulae have been studied for defining exponentials as their Eigen functions. Linear systems 

and corresponding transfer functions and impulse response are also considered and general 

fractional derivative has been defined on time scales from convolution.  

Problem worked on: To formulate a coherent approach to signals and systems theory on time 

scales.  

How Laplace Transformation is used: Two new Laplace Transform have been defined and 

their most important properties have been deduced.  

Procedure: Two generalized disorder Laplace Transform have been deduced with these 

exponential and have been used to study discrete-time linear systems defined by difference 

equations. Introduction of impulse response and transfer function notion implies a unified 

mathematical framework that allows to approximate the classic continuous time case when 

the sampling rate is high.  

  

Medical applications for the flow of carbon-nanotubes Suspended nanofluids in the 

presenceof Convective condition using Laplace transform 

(Hoda Saleh, Elham Alali, Abdelhalim Ebaid, 2017) [17]  

Theory: In nano medicine, attempts of using the Carbon Nano Tubes (CNT) as drug carriers 

are undertaken especially in the treatment of cancer. These CNTs are injected into blood 

which reach tumor site with the action of waves propagated by the walls of artery with 

external force such as magnetic field or laser beam. The results declared that the temperature 

profiles are very sensitive regarding the value assigned to the convective parameter.  

Problem worked on: An effective analytical procedure to deduce exact mathematical model 

describing the effect of a convective heat condition on the flow and the heat transfer 

of carbon nanotube suspended nano fluids in the presence of suction/injection.  

How Laplace Transformation is used: By applying Laplace Transform, the heat transfer 

equation has been solved and the solution has been expressed in terms of the generalized 

incomplete gamma function.  

Procedure: The flow and heat transfer of CNTs are usually described by system of nonlinear 

differential equations. The current solutions reduce to those in literature in the absence of the 

suction/injection and the connective parameters are also proved. SWCNT nanofluids are of 

lower temperature than MWCNT nanofluids but it is reverse in case of absence of the two 

slip parameters.  

 

  

Time of death estimation from temperature readings only: A Laplace transform 

approach (Marianito R. Rodrigo, 2015) [18]  

Theory: In general, time of death estimation is done by using a popular estimation method is 

by body cooling. The proposed method also uses the temperature readings also including a 

particular case which helps for the time of death estimation.  
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Problem worked on: Time of death estimation is a fundamental problem in forensic medicine 

for which solution has been provided by the proposed method.  

How Laplace Transformation: A new Method for estimating the time of death is done by 

using Laplace Transformation from only the temperature reading.  

Procedure: Proposal of compartment model for body cooling which also included the famous 

Marshall-Hoarse model as a particular case. Results of the numerical simulations applied to 

theoretical and experimental data, show the proposed method accuracy.  

  

An efficient Laplace transform-wave packet method hybrid with Substructure 

technique (Yunfeng Gu, 2015) [19]  

Theory: The demonstration of validity and efficiency of the propagated method is done by 

one and three dimensional cases. Due to long range inter atomic interaction, the substructures 

have been connected by the inter-belts. Moreover, time evolution of wave field is given and 

multilevel substructure technique has been used by the proposed method.  

Problem worked on: By virtue of substructure technique, efficient application of wave packet 

method to evaluate the thermal conduction of each phonon mode in the large periodic 

harmonic lattice.  

How Laplace Transformation is used: Elimination of the time dependence is done by using 

Laplace Transformation in the dynamical Equations.  

Procedure: The whole given phonon branch can be studied by launching a wide band wave 

packet by a onetime calculation, which is defined as the ratio of square of Fourier 

transformation of the transmitted and incident wave packet. The resulted transmission 

coefficient agrees with that obtained by the atomistic green function method. The verification 

of the result is further done by the AGF method.  

  

Analytic solutions for American strangle options using Laplace–Carson transforms 

(Myungjoo Kang, Junkee Jeon, Heejae Han, Somin Lee, 2017) [20]  

Theory: Buying or selling of call and put options of the same underlying asset are 

simultaneously involved in American strangle option. It has two boundaries, one for call 

options and the other for put options.  

Problem worked on: To derive the Greeks for the American strangle options as well as the 

„perpetual American strangle options‟ value i.e. value, free boundary and Greeks of 

American strangle options is obtained by using LCT method.  

How Laplace Transformation is used: Derivation of nonlinear system of equations is done by 

using Laplace Carson Transform (LCT) which is satisfied by the transformed value of the 

two boundaries.  

Procedure: Using the approach of the variational inequality, by the value of American 

strangle options PDE is satisfied. Then by application of Laplace Carlson Transform 

conversion of PDE to ODE problem has been done. Simplification of ODE gives nonlinear 

algebraic equation through which the values of two free boundaries are obtained by using 

Laplace Inverse Algorithms.  

  

3. CONCLUSION 

This paper gives an idea, how Laplace transformation is used in various field to solve wide 

variety of problems. The Purpose of this paper is to present the comprehensible Study about 

Laplace Transformation in diverse fields. The Study on Applications of this Transformation 

techniques shows how it could be useful for deriving the solutions for various problems.    
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