. Journal of American Science
http://www.jofamericanscience.org

MARSLAND PRESS @0

editor@sciencepub.net Multidisciplinary Academic Journal Publisher
sciencepub@gmail.com

Analysis of difference equations via Laplace Transform Technique
Dr. Dinesh Verma

Professor Department of Mathematics
NIILM University, Kaithal (Haryana)

Abstract: In this paper we will analyze difference equations via Laplace transform technique. These equations
appear in most of the science and engineering disciplines like Biology, Economics, circuit analysis, numerical
analysis, electrical and electronics engineering etc. The paper inquires the difference equations by Laplace transform
technique. The purpose of paper is to prove the applicability of Laplace transform technique to analyze the
difference equations.
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L Introduction _ J’nlg—_ur bodt + J-': e~Ptplas
A difference equation is a relation between the 3

differences of unknown function at one or more J‘ a—Pt b2 dp

general values of the independent variable [1, 2, 3, 4, 2

5, 6, 7 ]. Laplace transformation is very useful tool in =
various disciplines of science and engineering [8, 9, .
10, 11, 12, 13, 4, 15 ]. It also comes out to be very " b p +b p T
effective tool to analyze the difference equations =

which appear mostly in science and engineering 1_g7 0

disciplines like Biology, Economics, circuit analysis,
numerical analysis, electrical and electronics
engineering etc [16, 17, 18, 19, 20, 21, 22 ]. These are
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generally solved by adopting Numerical method or by .
Z- transform, Matlab etc. In this paper, we present a P 1—be™®
Laplace transform technique to solve the difference Hence L{F(£)} —_t==F
equations. p(i—be~F)
We know that,
1L Basic Definition L{F(T)) = (p)
The Laplace transformation [6, 7] of f (t), t > 0, Then by Heaviside expansion [1, 2]
denoted by f (p) or L {F (t)}, is defined as L {F (t)} g If{t -1 t=0
o L = =

=[, e PTF(£)dt, provided that the integral exists, i.e. Fen=r& 0,t=0
convergent. A150:1 .

— g
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1. Methodology {p{l - Em‘!”-']} f

Difference Equation And

Let f{£) = b where [t] is the greatest integer { 1-e7" }= nb™ forn = 0,1,2
less than or equal to t and & =0 then f{t} is a (1l — beF)2 ! e
exponential order [1, 2, 3] and by definition

L {f ()} =J; e?* F(t)dt

L {f(t)} =, e ¥F bllgt
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(A) Solve the difference equation

Xpen— x4l x, =10
Or
xt+2) -4+ -—41x(D) =0 )

We know that LLF(£) } = £ (p) then
L_l{g_pf{p:]} — ij{t — 1:].- t=1

Lt=1
Also,
_1 1—gF )
ey = ¥ for m = 012
e?(1—g")
And L™ ————= = nb" !
{T-’{l - bg‘!’]} n
forn=012..
Now,

Lt +2) = [ Pe(t £ 2) dt
(1]
Let (t + 23 = w.,dt = du, then

Ix(t 4+ 2)= r o Pyl £ 2) = [ o PmE () du

‘o
= e:pJ‘ e~ My (o) du — 2P J‘ e~ Plx(a) du
o o

On solving, we get,
B

Lx(e +2) = e LLx()) — —(1— &)
il

And,

Lr(t + 1) = e L{x(t)}

From (1),

x(t+2) —42x(t + 1) — 441x(t) = 0
Taking Laplace Transform [1, 2] on both sides
rip 4 O —a e (e 10 - le(bi=0 .02
Putting the value of

Lix(t + 2L 14x(t + 1} in (2)

We get, .
(e® — 4267 + 441 L{x ()} = %{1 —e~ )
B gl —e™M
@) = gy @
Or i
_ -1 eP(l—e") }
N P e =
Or
— -1 M
x@) =1 Ipu - 219--'3]:}
Or
(D) =n(20)" Y,
Heren=0,1,2......
Since

L-iI—l - } "L, f 0.1,2
= na” T, jorn =uL4 ..
pi(l— be F)*
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(B) Solve the Differential difference equation

x(t)—2xt-D=rtxlt) =0.t=0
Taking Laplace Transform [1, 8] on both sides,

we get

L{x (£} —2{x(e - 10} = L{t}
Or
_ _ 1
7 (p) —x(0) — 2771 (p) =5z
Or
1
(p —20P)x(p) =—
p?
Or
_ 1
) = pilp — 2e77)
Or
1
f{p:] = e~ F
v (1-57)
Or
2 &
% (p) =]!F 1] ;e_“ | =& | e
Or
= ang—inp
=) —
~ pi"+
Or
2?!9—..?‘5
=Lt .
~ pi’!+_
_y [s7FY)  p-zm™Td
But, L {F'"':} =L = an
Hence,

= o g—Ing 20t — 2?1:]“"'1

I._l

pn+e - n+l!

n=0
Therefore, if f[t] denotes the greatest integer less

than is equal to t, then

[t]

2?! gF=2 n+1
x(t) = Z%

n=0

(C) Solve the Differential difference equation

(D) —zx-D=f).xE)=0x®ht<s0

0, t=10
Where, f(t) = {llt =0

Taking Laplace Transform [2, 7] on both sides,

we get

L{x (8} — L{x(t — DY = L{F(£)}
Or
11

&

p2x(p) — px(0) —ePx(p) =

: -7 =E
(- o) () =
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£ (p) 11[1+g_p+g_p+ ]
x = — — — L
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But, L {p:““} T o+
Hence,
] (t— nytnes
— ﬂ - =
XD =11 Z
n + 3!
n=>0
Conclusion

This paper presents the use of Laplace transform

technique to analyze the difference equations. It may
be finished that the technique is very foremost and
accomplished in analyzing the difference equations
appearing in science and engineering disciplines like
Biology, Economics, circuit analysis, electrical and
electronics engineering etc. It may be finish that this
technique is very foremost and accomplished in
solving the difference equations.
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