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Abstract-

An integral transmute that is useful in resolvingcomplex linear differential equations. It discovers
extensive applications in numerous areas of physics, economics, control engineering,
optics,mathematics, pharmacy, electrical engineering, signal processing and optometry. Laplace
transform construed as a conversionof time domain functions to the frequency domain functions. In
complex angular frequency, input and output behaves as input. In this study we have discussed
various Laplace transform in technical fields like Mechanical systems, Engineering, Electronics,
image processing and also in solving complex differential equations.
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1. Introduction

By times many mathematicians studied on transforms and gave their own transform, there are
numerous transforms with numerous applications today. Transform are used to convert one
function into other function. Transforms are not only restricted to engineering and applied
sciences but they have a large application other than engineering for example, transform is
used in communication system for signal processing, used in televisions theatre screens for
image processing. Transforms can be visualized as a filter which is used to differentiate
mixed frequency signals into different frequency wave signal. There many types of transform
but mathematicians have analyzed integral transform due to their large applications. The first
integral transform was given by Abel [1] for spherically symmetrical and axially symmetrical
functions. Another English mathematician Bateman [2] gave Bateman transform which is
used for the transformation of holomorphic functions in three dimensions. Fourier [3] gave
his transform which is used to transform functions which are continuous and discontinuous
i.e. functions are converted into sine and cosine periodic series. This transform has the
significant role in the history of mathematics. Great French mathematician, Laplace invent

transform named as Laplace transform.
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Laplace [4] gave Laplace transform which has large application in solving differential
equations of LCR (inductance, capacitance and resistance) which is important part of
electronics. Out of the integral transform the Laplace transform plays a significant role in
almost every field.Actually, a Laplace transformatime domain function into frequency
domain without altering thefunction values. Researchersusage Laplace transmute to transform
calculations having compound differential equations to simple and equadratic equations
which are easily solvable. Laplace transform use derivative to transform into a numerous
domain variable. So, for the nth order equations, Laplace transform covert equations intonth
degree polynomial values according to the fixed rules setlt is a wellwell-known
mathematical procedure for resolving differential equations. Various real-world applications
are solved using Laplace transform in an easiest way, because the conversion of one domain

to alternative domain is easier to solve.

In a two-way communication scenario, Laplace transformation is conducted, as information
is directed over intermediate medium i.e. radio sets, FM/AM stereos [5] and cellular phones.
For transmitting information, it is first transformed into time domain and then overlaid on
medium and finally information spreads. In the receiving end, again time functions are

transformed into frequency domain. The Laplace equation for a function f(t) can be given as:
L=[" e~Stf(t) dt

1)

1.1 Laplacetransform properties
Laplace Transform exhibits various properties as and used in various real time applications as

(@) Linearity:
L[(af(t) + bf(t)] = aF(s) + bF(s)

)
(b) Derivative of Laplace transform:
df (®)] .
L Tl—SF(S)—f(O )
3)

(c)Nth order derivative
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L [w] = s"F(s) —s™1f(0%) (4)

at™

(d) Integral

LIf, f(Dydr] =2 (5)

These all properties have significant role in for analysing various technical and non-

technical fields.
2. Applications of Transform in Different fields:

Laplace transform found useful in almost all disciplines for several applications described as

follows.
a) System Modelling:

In system modelling, Laplace transform is useful for to shorten calculations [6], in an easier
way, where lengthy differential calculations are used.Where, the inverse Laplace transform
can be evaluated by employing various properties of Laplace transform. Using the inverse of
Laplace transform we calculate every parameter of the model such as its temperature,

pressure, volume etc. by solving the Laplace with application of partial differential equations.
b)Electrical Circuits Analysis

Laplace transform is used in electrical circuits for the study of linear time-invariant systems.
As shown in Figure 1. Laplace transform is used in RLC circuit to calculate the current and

voltage across each component of the circuit.

+ VR(t) s +VL(t)-

/\/\/\/_/YW\_ :
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Figure 1: Circuit analysis using Laplace Transform
We applied KVL equation in the circuit and final element equation is represent as
VR(t) + vi(t) +v(t) =0

(6)

Where Ohm’s law defines, voltagecrossways the resistor where, i(t) = iL(t) and circuit is

associated in series, Laplacetransforms of 1(s) = IL(s) and represent as
ve(t) = i(R

(7)
Using inductors equation:

dvl(t)
ve(t) =L=5,~

(8)

Capacitor equation can be written as:

1 t
ve(® =7 [ i)+ 0)
0

9)
By combining equations (i),(ii)and (iii)

1
0

diy (¢t)
dt

L

(10)
c¢)Electronic Circuits Analysis

Electronics engineers widely used Laplace transformfor solving and explaining differential
equations for the analysis and studyof variouselectronic circuits. In integrated circuits, get

output from devices, Laplace transform is used.
d) Digital Signal Processing

DSPbaseddifficultiescan be solved without using various transform [7].Laplace transform

analyses, altered variables functions andgenerate desired results. In heat experimentation
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study, Laplace transform is used to measure the extent of changes in desired output
corresponds to input w.r.t temperature. This is awell-organized and easier method to regulates

processes that are guided by differential equations.
e) Nuclear Physics

For radioactive decay, to achieve the true form Laplace transform is used andreviewingthe
possible analytic segment of Nuclear Physics. Where nl1 and n2 are number of nuclei and
A, and A, are wavelengths of nuclei energies.

n,(t) ~ %(:Ml [1—e*2t]

(11)

f) Process Controls

It helps analyse the variables, which when altered, produces desired manipulations in the
result. For example, while study heat experiments, transform is used to find out to what
extent the given input can be altered by changing temperature, hence one can alter
temperature to get desired output for a while. This is an efficient and easier way to control

processes that are based on differential equations.
g) Inverse Laplace transform applications

To evaluate inverse Laplacetransform, of specified variables or function, identify the
specified function either in the given comparable form or divided the function into various

expression using partial fractions [8].
h)Differential equations

Oliver Heaviside [8]evolving a technique for the efficientexplanation of simple differential
equations with constant coefficients valuesusing initial conditions. Without concluding the
arbitrary constant values, differential equations can be solved in an easy way by using

differential equations.

i) Vibrating Mechanical Systems

For exploratory the suspension structure of car, the significantsystem elements considered
are mass (measured in kg), springs (assessed in Nm~! ) and damper (assessed in

Nsm~1).Dampers and springs are used to attach suspension links of the car with body.
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Spring, mass and damper structure can model using Hooke’s and Newton’s law. Therefore,
differential equationsare used to represent system and these equations solve can solve by

Laplace Transform [9]

j) Application in economics

For accounting Laplace transform application in economics, investment projects can be

considered. Present value of cash receipts payments and transactions are given by

Cashvalue(t)
L (1 + rate of discount)t

[Present Value], =

(12)

This represents the cash flows of present value of a stream of and after taking Laplace

transform, it can be considered as

[PV], = J g~rateof discount cqchyqlue(t)dt
0

(13)
3. Conclusion

Laplace Transform is a tool to abridge complex problems in the simplify manner. This paper
represents theLaplace transform applications in differentfields, like Electronics, control
process, physics, control process and mechanical process etc. It provides great flexibility in
several applications. With the affluence of Laplace transforms applications in
countlesstechnical applications, lots of software have realized to simulate Laplace equations

directly.
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