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ABSTRACT

A RAM Finite Hyperbolic Transforms are defined in [1].4Vloreover these transforms of some standard
functions are obtained in the same paper. In this paperiwe proved some shifting properties of RAM finite
cosine hyperbolic transform.
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1. INTRODUCTION:

If the disturbance is f(t)= & , Tor a >0, the usual Laplace transform cannot be used to find the

solution of an initial value problem because Laplace transform of f(t) does not exist. It is often
true that the solution at timesilater than't would not affect thesState at time t. This leads to define
Finite Laplace transform.

The finite Laplace transform of a continuous oran almost piecewise continuous function

fin (0,T) is denoted by Ly (f(8)) =E.T) and is defined as
by (F(8) =B@BT) = [ F(He P dt L.1)

where p is‘a real or complex number and T be a finite number which may be positive or negative.
RAM finite sine and cosine hyperbolic transforms are defined in [1] as follows:

Definition 1.1 [1]: Let p€ C and T be a finite number which may be positive or negative and f is
a continuous or an‘almest piecewise continuous function defined over the interval (0,T). Then

RAM Finite Sine Hyperbolic transform of f is denoted by Rsh (f(t)) = FS(p,T), and is defined as
T

R (F®) = E(p,T) = f Sinh(pt) f(£)dt

o
where sinh(pt) is a Kernel of Rsh.

Here Rsh is called RAM Finite Sine Hyperbolic transformation operator.

Definition 1.2 [1]: Let pe C and T be a finite number which may be positive or negative and f is
a continuous or an almost piecewise continuous function defined over the interval (0,T). Then
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RAM Finite Cosine Hyperbolic transform of f is denoted by
Ren(f(t)) = Fc(p,T), and defined by

T

R (F®) = E.(p.T) = f cosh (pO)F (£)dt

where cosh(pt) is a Kernel of R,

Here Rh is called RAM Finite Cosine Hyperbolic transformation operator.

In this paper we obtained some properties of finite hyperbolic cosine transform. Shifting
properties are obtained in section [3], examples on these properties are obtained in section [4].

2. PRELIMINARIES:

2.1 RAM Finite Sine Hyperbolic Transform of same standard functions [1]
cosh(pT)-1
Ry(1) = S0Sn(PT) —1

T cosh(pT) sinh(pT)
p p*
T?cosh(pT) 2T sinh(pT) N (2cosh(pT) -2)

2 3

p Y Y

Rsh(t) =

R () =

T*cosh(pT) KT**sinh(pT) k!(=1)*[eosh(pT) 1]
- - 4+t -
P Y P
k k-1 oz K af
T cosh(pT) “KT™"sinh(pT) - k(1) sth(pT) if kisodd

2

p Y P

Jf kiseven
R (1) =

Rsni(sin(at)) = ( 5 a 2jsinh(pT) cos(at) + ( > P 2]cosh(pT) sin(aT).
p’+a p’+a

Rsh (cos(at)):( Za 2jsinh (pT). sin (aT)+[ 2p ZJ [cosh(pT). cos(aT) — 1].
p°+a p-+a

7 Rsn(e™) = ( > a 2}sinh(pT). e + ( > P 2] [cosh (pT). e" — 1], provided p?# a°.

8 Ren (€) :( 2a 2Jsinh(pT). e'aT+[ ~ P Zj [1-cosh (pT). €®], provided p?# a°.
p p-—a

2.2 RAM Finite Cosine Hyperbolic Transform of some standard functions [1]

1 Ry (1) = SNCRT)
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Rer (1) = Tsinh(pT) _(cosh(pT) —1j

p p

T®.sinh(pT) 2T.cosh(pT) . 2.sinh(pT)

Ren(t’) = p2 P’

T*sinh(pT) KkT“*cosh(pT) k(=D Sinh(pT)
- . Fovet -
p p P
T“sinh(pT) KT“*cosh(pT) Ny k!(=1)"[cosh(pT)-1]
p p* p*

Ren (sin(at))z( A 2) [1 — cosh(pT) cos(aT)]+( P zjsinh(pT) sin(aT).
p°+a p-+a

Jif K is even,
Ren(t9) =

,if k is odd.

Ren (cos(at)) = [ o i ¥ j cosh(pT) sin(aT) + [ o7 Eazjsinh(pT) cos(ar).

Ren(e™) = [ e 8 ZJ [cosh(pT) e*" — 1]+ ( > P 2jsinh(pT) e®", provided p® = a°.

Ren (63 = [ _ a azjcosh(pT) el [ - pazj [1-sinh(pT) €], provided p? = a°.
p —

2.3 Some Propertiesiof RAM Finite Cosine Hyperbolie Transform [1]
1 Linearity: Rep (frx(t) + f2 (1)) = Rep (f1(t)) + Ren(f2 (1))
2 £ Scalar Multiplication: If ¢ is any.constant, then Rep, (C. f (t)) = ¢. Ren (f(1))

Fe (p,aTj
3 Scaling: IfiR (f(t)) = Fc(p, T), then Rey (f (at)) = aT

3. SHIFTING PROPERTIES OF RAM FINITE COSINE HYPERBOLIC
TRANSFORM:

Theorem 3.1: If Ry (f(t)) = Fs (p,T) and Ren(f(t)) = Fe(p, T), then
Ren (cosh(at). f(t)) — Rsn(sinh (at). f (t)) = Fc((p —a), T)
Proof: Let Ry, (f (1)) = Fs(p, T) and Rey, (f(t)) = Fc (p,T), then

Ren (cosh(at). f(1))  Ren (sinh(at). f ©) = [T [ (( cosh (at). cosh(pt) — sinh (at). sinh (pt)]dt
= [ f()cosh(p—a)t)dt
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= Fc((p-2),T)

Theorem 3.2: If R, (f(t)) = Fs(p,T) and Rep (f(t)) = Fe(p, T), then
Rsh (sinh(at). f (t)) + Ren (cosh(at). f(t)) = Fc ((p + @), T)
Proof: Let R, (f(t)) = Fs(p, T) and Ren(f(t)) = Fc(p, T), then

Ren(sinh(at). f (t)) + Rep(cosh(at).f (1)) = .[OT [ f(t) (sinh(pt). sinh(at) + cosh(at). cosh(pt))] dt

= jOT f (t) (cosh(p +@)t) dt

= Fc(p+a)T)
Theorem 3.3: If Ry, (f(t)) = Fs(p, T) and Ren(f(t)) =Fc(p,T), then
Rch(cosh(at).f(t)) = I:C (( p+ a)!T ';FC (( p— a)’T)
Proof: Using Theorem 3.1 and Theorem 3.2, we have,
Rsh(sinh(at).f(t)) + Ren (cosh(at).f(t)) = Fc((p + a@),T) and
Ren(cosh(at).f(t)) — Ren (sinh(at).f(t)) = _Fe((p=a).T)
= Rch (cosh(at).f(t)) = FC (( p— a),T)er I:c (( p+ a),T)
Theorem 3.4 : If Ren(f(t)) = Fs(p, T) and Ren(f(t)) = Fe(p, T), then
Reh (sinh(at). f (t)) = _FS ((p_a)lT)Z"' Fs ((p+ a)1T)

Proof: Using Theorem 3.1 and Theorem 3.2, we have;
Ren (Sinh(at).f(t)) — Rsp (cosh(at). f (t)) = -Fs ((p —a), T) and
Rsh (cosh(at).f(t)) + Ren (Sinh(at). f (t)) =Fs((p + ), T)
= Ren (sinh (at).f(t)) = _FS (( p— a),T)2+ Fs (( p+ a),T)
Theorem 3.5: If Ra(f(t)) = Fs(p, Thand R, (f(t)) = Fc(p, T), then
Ro@ ) = B R+ )R- T)-F(pra)T)

Proof: Using Theorem'3.3 and Theorem 3.4, we have,

Ren (cosh(at)-f (1) = Fe ((p—a),T)er Fe((p+a).T) 4

Ren (sinh(at).f(t)) = - ((p_a)’T)er F((p+a),T)

o Re(e® . () = F.((p—a),T)+ Fc((p+a),T);r F.((p-a),T)-F.(p+a),T)
Theorem 3.6: If Ry, (f(t)) = Fs(p, T) and Rex(f(t)) = Fe(p, T), then
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R osta). 1) = LD+ Fo(p-a)T)-F(p+alT)

Proof: Using Theorem 3.3 and Theorem 3.4, we have,

Ren (cosh(at). f (1)) = Fc((p‘a)’T)er F(p-a)T)

Ren (sinh(at) f(t)) = ((p—a)vT); F((p+a)T)
= Rey (cos(at). f (1)) = F.((p—-a),T)+F.((p+a)T) ; F.((p<a),T)-F((p+a),T)
Theorem 3.7: If Ry, (f (1)) = Fs(p, T) and Ren(f(t)) = Fe(p,T), then

Ren (cos(at).f(t) = ' ((p”a),T);Fc ((p—ia),T)

Proof: Using Theorem 3.3, we have
Ren(cosh(at).f(g) = ~c((PF a)’T); F((p-a).T)
— Ren(cosh(iat) ft)) = r{P*1AT) ; F. (pig)ih)
E((p+ia),T)+F.((p—ia),T)
2i
Theorem 3.8: If Ren (f()) 2Fs(p, T) and Ry (f(t)) = Fc(p, T), thén
R (sin(at) f(1) = ((p—la),T); Fs((p+ia).T)

= Ren(cos(at).f(t))d=

Proof: Using Theorem'3.4, we have
Ruy(sinh(at).f(1)) = = s (L= 3T 2+ F((p+a),T)
— Rey (Sinh(iat). f(t)) = «p‘ia)’T); Fs((p+ia).T)
— Ren (sin(@iie) = ((p“a)’T)ZT F((p+ia) T)
Theorem 3.9: Suppose f(t) = 0, for t < 0. If Rey(f(t)) = Fs(p,T) and Rex(f(t)) = Fe(p, T), then
Ren(f(t-a)) =eosh(pa) Fc(p, (T —a)) + sinh(pa) Fs(p, (T — a))
Proof: Let Re(f(t)) = Fs(p, T) and Ren(f(t)) = Fc(p, T), Then

Ren (f(t2)) = [ f(t—a) cosh(pt) dt

= LH f(x) cosh(p(a + x)) dx

= |- () [cosh(pa). cosh(px) + sinh(pa). sin(px)] dx
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cosh(pa) J.OH f(x) cosh (px)dx + sinh (pa) J.OH f(x) sin (px) dx
cosh (pa) Fc (p, (T —a)) + sinh (pa) Fs(p, (T - a))

4. EXAMPLES:

4.1 Find Rep (t cosh(t))
Solution: We know that
R (1) = Tsinr;(pT)_cosh(;JzT)—l
and Res(cosh(at).f(9) = =P (p=2) 1)
Tcosh((p+1)T) cosh((@s1)T)-1 Tcosh((p=1)T) cosh((p-1T)-1
~Ru(toosh(®) = — P+ (p+1)° MR (p-1y

4.2 Find Ren(t sinh(t))
Solution: We know that
Rl) = T cosh(pT) _S|nh(2pT)
P p
and Rey (sinh(at).f) = ‘Fs((p_a)’T); Fo((p+a).T)
—T cosh((p=DT) N sinh((p—1)T) N Tcosh((p+1)T) sinh((p+1)T)

—Ra(tsinh(®) o 2 (P (P=0)° . (p+1) (p+1)°

4.3 FindR¢ (te")
Solution: We know that
T cosh(pT) »sinh(pT
R = (PT) & p(zp )

and Ren(e® f()) = el (PN Fc((p+a),T);Fs((p—a),T )+Fs((p+a).T)

= Rch(tet) =
Tcosh((p+1)T) sinh(p+1T T cosh((p-1)T) . sinh((p-1)T) +T cosh((p-1)T) _sinh((p-1)T) +T cosh((p+1T) _sinh((p+1)T)
(p+) (p+D° (p-1) (p-1)° (p-1) (p-0)° (p+1) (p+2)°

4.4 Find Ren(te™)
Solution: We know that
T cosh(pT) sinh(pT
Re (1) = p(p ) ;Zp )
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and oo = (P R(pr TR T)-Fe(p+2)T

= Ren (te)

Teosh((p+1T) cosh((p+l)T)—1+T cosh((p-1)T) cosh((p—l)T)—1+T cosh((p=1)T) sinh((p-1T) T cosh((p+1)T) +T sinh((p+1)T)

(p+1) (p+1)° (p-1) (p-1? (p-1) (p-1? (p+1) (p+1)°

2

4.5 Find Rep(t cos(t))

Solution: We know that

Ren(l) = Tsinr;(pT)_cosh(;)zT)—l and Res(cos(atif(®) = FC((p+ia),T)42rFC((P—ia),T)

Tcosh((p+ia)T) cosh((p+)T)-1 Tcosh((p=i)T) cosh((p-i)T)-1
(p+i) (p+i)* (p—1) (p—i)*

= Rep(t cos(t)) =

4.6 Find Rep(t sin(t))
Solution: We know that
Rex(t) = T COSE( pT) _sinhp(sz)
and Ren(sin(at).f()= = ((p‘ia)’T); Fo((p+ia).T)
_ T cosh((p—)T) . sinh((p—i)T) . Teosh((p+i)T) sinh((p+i)T)
— Ren(t sint)) = (p=i) (p=i) = (p+i) (p+i)?

4.7 Find R¢y, (sin(5t))
Solution: We know that

p
D j Fs(—.aT)

Rsn(sin(t)) = ( 2_1 J sin(pT). cos(T) + [ - cosh(pT) sin(T) and Re(f(at)) = —&——
pe+l p°+1 a

= Rq (sin(5t)) = ( > > jsinh(pT)cos(ST) + ( > P jcosh(pT) sin(5T)
P+ 25 p°+25

4.8 Find Rgp (sin(5t))
Solution: We know that

Rch(Sin(t)):( > )[1—cosh(pT). cos(T)]+( 2p Jsinh(pT) sin(T)
p°+1 p°+1
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F.(P,aT)
and Ren(f(at)) = aT

— Rey(sin(51)) = ( > i —

j [1-cosh(pT) cos(5T)] + [ > P jsinh(pT) sin(5T)
p+25

REFERENCES:

[1]. R. A. Muneshwarl, K. L. Bondar2, V. S. Thosare3, “RAM Finite Hyperbolic Transforms”,
IOSR Journal of Mathematics (IOSR-JM) , Volume 10, Issue 6, Ver. IV (Nov.-Dec.
2014), PP 63-70.

[2]. Chandrasenkharan K., Classical Fourier Transform, Springer-Verlag , New York (1989).

[3]. Debnath L. and Thomas J., On FinitemLaplace Transformation with Application, Z.
Angrew. Math.und meth.56(1976),559-593.

[4]. S. B. Chavan, V. C. Borkar, “Canonical Sine transform and their Unitary Representation”,
Int. J. Contemp. Math. Science, Vol.7,2012, No. 15,717-725.

[5]. S.B. Chavan, V. C. Borkar., “Operation Caleulus of Canonical Cosine transform”, IAENG
International Journal of Applied Mathematics, 2012.

[6]. S. B. Chavan, V. C4Borkar., “Some aspect of Canonical Cosine transform of generalised
function”, Bulletifi of Pure and Applied Sciences.Vol.29E(No.1), 2010.

[7]. S. B. Chavan, V. C. Berkar., “Analyticity and Inversion for Generalised Canonical Sine
transforms’, Applied Science Periodical Vol X1V, (No 2), May 2012.

[8]. Lokenath ‘debnath, Dombaru Bhatta, “Integral Transfer and their application”, Chapman
and Hall/CRC, Taylor and Francis group, (2007).

[9]. Mwatson E.J., “Laplace Transformation and Application”, Van Nostrand , Reinhold, New
Yorky(1981).

[10]. S. B: Chavan, V. C. Borkar, “Some properties and Applications of Generalised Canonical
Transforms”, Inter National Journal of Applied Sciences, Vol. 5, No.7, 309-314, 2011.

[11]. Wyman M., “The method of the Laplace Transformation, Roy. Soc. Canada, (2)(1964),
227-256.

[12]. Zemanian A.H.,“Generalized Integral Transformation”, John Wiley and Son, New York,
(1969).

[13]. Zemanian A.H., “Distribution Theory and Transform Analysis”, John Wiley and Son, New
York, (1969).

59

INTERNATIONAL JOURNAL OF RESEARCH IN SCIENCE AND TECHNOLOGY




