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Abstract— In the paper, the response of an undamped or non-damped mechanical oscillator as well as a non-damped electrical
oscillator exposed to a rectangular pulse force is obtained by the integral Gupta transform (GT). Generally, this problem has
been treated by methods like Calculus or Laplace transforms. Also, some operational properties of the integral GT are discussed.
A rectangular pulse force is usually hired for shock loading of short duration. This paper tenders a far-out way for fixing the
response of a non-damped mechanical oscillator as well as a non-damped electrical oscillator exposed to a rectangular pulse
force and reveals that GT is an effective tool for dealing with such problems
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1. Introduction

The rectangular pulse force [1] is written as:

Fit) = F, fort = &,

= 0fort = t,.

The load F; is immediately put in to the structure and is
instantly taken out after a limited time duration £; as shown in
the figure below.
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The integral GT has been submitted by Rahul Gupta and
Rohit Gupta in contemporary years and put in to unfold the
problems in engineering [2], [3]. This paper tenders a far-out
way for fixing the response of a non-damped mechanical
oscillator as well as a non-damped electrical oscillator
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exposed to a rectangular pulse force. In a general sense,
methods like the Convolution method [4], integral Laplace
transforms [5], Rohit transforms [6], integral Mohand
transforms [7], Matrix method [8], integral Aboodh
transforms [9], etc. are put in to unfold the problems in
engineering. This paper shows beyond doubt the materiality
of the for fixing the response of a non-damped mechanical
oscillator as well as a non-damped electrical oscillator
exposed to a rectangular pulse force. It reveals that GT is an
effective tool for fixing the response of a non-damped
mechanical oscillator as well as a non-damped electrical
oscillator exposed to a rectangular pulse force.

The GT [2] of g(t), t > 0 1is specified as
Rig(t)}= 6(p) =ﬁfnxe‘?’fg{t]dt. Here, p is a real or

complex constant.

The GT of certain chlief [3] functions is as follows
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A unit step  function [10] is  written as
Ult —d) =0fort<dand 1fort =d. The GT of a unit
step function is specified as

RG - = — [ oG- a)ar
E-

Rt - )= — [ e-rtar

?i{' d
RIU(t —d)} = Fg--ﬂd

Shifting property of Gupta transform:
If R{g(©)} = G(p), then R[g(t — d)U(t — d) = e PLG(p).
Proof:

Rlg(t — d)U(t —d)] =

s | e gt — d)Ut — ddt
o

oo

Rlg(t—d)U(t—d)] = ;J e P g(t —d)dt

d
1 7= .
= - J‘ g P+d) o) dy,
0

Rlg(t — d)U(t —d)]
where v =t —d

-1 7= .
: _ _ — o-pldd _— —plp) TN e
Rig(t — UG —d)] = e p![ng g G dv

R[g(t — d)U(t —d)] = e'-”':d:'%J:e'pmg(ﬂdt

Rlg(t — d)U(t —d)] = e P2G(p)
The GT of the first derivative of g(t] is given by

R{E@(ﬂ}_if“ o 0g(t)
ar |-, ¢ e

Here, s is a real or complex constant.

Integrating by parts and applying limits, we get
daltl
R{“}—l{ g(0) — st o) dt}

. (8g(t) 1 =
R{i‘T} :?{—g{ﬂj +sjn e = glt)dt)

R{%} = 56() 9

Now, replacing g(t) by =5 250 and aiiﬂ by a;’;ﬂ, we have
& g(t) Bglt) 1

R{ T } SR{?}—gg (o)

. (85 g(t) 1 1

R{ o } [sR{g{ﬂ}— s,g{ﬂ]}——,g (0)
#g(t) 1

R{ e } R{g(ﬂ}—s—gm]— ,g{UJ

(B4glt)) 1 1,

R{ e }— s2G(s) — S:Q{U] -9 (0)

and so on.

Hence the GT of some derivatives of g(t) is given by
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Rig' ) = s6(s) - 5g(0),

R{g"(®)} = s2G(s) — %g{ﬂ] - %gr{ﬂj and so on.

2. Methodology

The article is outlined as: First, a brief inception of the RT is
laid out. Second, the enactment of the RT to Mechanically
Non-damped Oscillator as well as Electrically Non-damped
Oscillator is explained. Finally, the argumentation and the
deduction are furnished.

2.1 Mechanically Non-damped Oscillator
A non-damped mechanical oscillator [10], [11], [12] exposed

to a rectangular pulse force is specified by the equation:

mip(® + ky(® = F(t)

Or

F® + @y =L )
where wy = ﬂ%’ F(t) is a rectangular pulse force, y (0) =0
and #(0) = 0.

The GT of (1) provid?s
??{UJ + wy ylg)
11

=—— | e TF(t)dt
=

q°5(g) - =

1
= g7(g) g y(0)

E 1 (& 11 =
=__=J‘ el dt+——,J‘ g™ (0)dt
mogTJy,

1
- Fjﬁ?(ﬂ] + iy §(g)
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= 4@ - 370 = 50 + 0 7@
=Bl ar @

Here 7(q) is the GT of y(t). ¥(0) =0 and 7(0} =0,

E1 ty
= ¢F(q) + wp F(q) = ;—!J‘ e dt
)

= g°y(g) + w,*¥(g) = —? % [e=91 — 1]
. 1
= q°y(q) + e y(a) = ;{F——g-m}
A S P i)
4 dmg? + wy?) (g2+ wp?)
= o) = — L ey
yiq T gt mtggt+ wp?) gt wy?)
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T (wy?) gt (w[:.z]qz(q + w‘]
Taking inverse GT, we have
E 1 cos oy t 1
f) = =2 - - Ul —t
e B P Bl iy R
cos wy F — t,_.]U
%‘-’DEJ {t - ti]} { ]
P ] l—cusmnt—Ut—ti}
=yl = mleoy?) { +cos agt Ul — &)
B (1 —coswyt —Ult—t,) }
=y® = k { +cosagt Ut — £,) )
Fort<t,.

yit) = %{1 —coswyt}  (4a)

Taking F,= 1000N, k = 10000N/m and «,=314rad/s, the
graphs of (4a) is shown in the figure 1.
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Fort>t,.
y(&) = %{—cns wpt+ coswy(t — &)1 (4b)

Taking F,= 1000N, k = 10000N/m, t; = 0.5s and
ey =314rad/s, the graphs of (4b) is shown in the figure 2.
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2.2 Electrically Non-damped Oscillator

The non-damped electrical oscillator exposed to a rectangular
pulse potential [13], [14], [15] is specified by the equation:

Lh® + %Q(ﬂ = V(1)

Or

Q) + wp2Q) =" (5)
[1 . .

where wy = lE , V() is a rectangular pulse potential, Q (0)

=0and Q(0) =0.

The GT ofl(l) providei
g°Q(g) 7 Qo) - e Q0) + w,*Qlg)
T
=17 ). eV
_ 1 1 _
= g20(g) —F Qo) _FQ{U] + iy Qlg)
V 1 0 11 7=
bRl Y i —gt
= qg dt +- qgftie (0)dt
1 —
= g20(g) —F Qo) _FQ{U] + iy Qlg)

=& i_r[:i g~ 4t (6)
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Here Q(q) is the GT of Q(t) and Q{?] =0and Q(0) =0.
_ _ V1 [h

= U@ +oUD = £o3 o at

= ¢*Qlg) + w,*Qlg) = _ﬁ %[g—q‘ri _1

= ¢°Q(q) +«,"Q(q) = E{i—ifm}
o L q4 q4
= Qg = 1% f ! g )
& 14L(q+1ﬁa2] (q+w2]
= 0@ = T iy D wq+mﬂfm}
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- —qty
D 2 (g £ D °
st 1
= Qo) = L {(ﬁld-ﬁ] g% (ewp?) qf(qz + wp?)
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Taking inverse GT, we have
o cos wi 1
Qm = E{{mnz] - {anj - [mnz] Ute - tlj
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[
=M = m{l—msmnt—{f{t—tl]
teoswy(t — £ JUE— )
, 1—cosea t— LI —¢,)
= Q) = L“'C{ + cos Cc:'n-':ri —t) U':t—ifl:]} ©)

Fort<iy,

Qi) = 1 —coswyt!  (7a)

Taking V,= 230V, C = 1000 microfarad and twy=314rad/s,
the graph of (7a) is shown in the figure 3.
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Fort> &,

Qt) = V,C[ — coseyt + cosawplt — .01 (7b)

Taking V,= 230V, C = 1 microfarad, t; = 0.5s and

wp =314rad/s, the graphs of (7b) is shown in the figure 4.
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3. Results and Discussion

In the paper, the response of a non-damped mechanical
oscillator as well as a non-damped electrical oscillator
exposed to a rectangular pulse force has been fortuitously
fixed by the integral Gupta transform (GT). The paper
embellished the GT for fixing the response of a non-damped
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mechanical oscillator as well as a non-damped electrical
oscillator exposed to a rectangular pulse force. In case of
Mechanically Non-damped Oscillator, it is clear that before
the removal of rectangular pulse, the response (displacement)
of the oscillator increases and decreases periodically with
constant amplitude as shown in the figure 1, but when we
remove the rectangular pulse, the response becomes
oscillatory with constant amplitude as shown in the figure 2.
Also, in case of Electrically Non-damped Oscillator, it is
clear that before the removal of rectangular pulse, the
response (electric charge) of the oscillator increases and
decreases periodically with constant amplitude as shown in
the figure 3, but when we remove the rectangular pulse, the
response becomes oscillatory with constant amplitude as
shown in the figure 4. The results fixed are the same as fixed

with other methods.

4. Conclusion and Future Scope

The paper has tendered a far-out way for fixing the response
of a non-damped mechanical oscillator as well as a non-
damped electrical oscillator exposed to a rectangular pulse
force and reveals that GT is an effective tool for figuring out
such problems.
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