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ABSTRACT
The single degree of freedom (SDOF) systems have been studied usually via ordinary mathematical tools like calculus,
for inquiring about the effects of various pulses like rectangular pulse, step force, triangular pulse, etc., on their
responses. In this paper, the SDOF systems such as an undamped mechanical oscillator as well as an undamped
electrical oscillator exposed to a triangular pulse have been contemplated and their responses have been determined
by the integral Rohit transform (RT). The graphs of responses of SDOF systems versus time have been plotted. It is
inferred from the graphs that even though the amplitude of triangular pulse is decreasing linearly, the response of
SDOF systems is periodically increasing and decreasing. This paper put forward a new technique for determining the
response of SDOF systems (undamped oscillators) exposed to a triangular pulse and reveals that RT is an effective

tool for analyzing the SDOF systems.

Keywords: Rohit Transform (RT), undamped oscillator, triangular pulse, SDOF systems.

I INTRODUCTION

The load F, is instantly applied to the structure and
decreased linearly over time duration t; as shown in
the figure below.
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Figure 1: Triangular Pulse

The triangular pulse is written as:
t
F() = F, (1 - t—) fort < t,
1

= 0fort = t;.
A triangular pulse force is usually hired to spur a blast
[1, 2]. It is becoming progressively important to

analyze and form structures to be safer against blast
loads. Generally, it has been accepted that the analysis
of single degree of freedom systems is best suited for
such problems [3]. Therefore, in this paper single
degree of freedom systems have been contemplated
for inquiring about the effects of triangular pulse on
the response of an undamped mechanical oscillator as
well as an electrical oscillator exposed to a triangular
pulse. The integral RT has been proposed by the author
Rohit Gupta in recent years [4] to facilitate the process
of solving ordinary and partial differential equations in
the time domain. It has been applied to solve many
initial value problems in science and engineering [5-
7]. This paper put forward the RT for determining the
response of an undamped mechanical oscillator as well
as an electrical oscillator exposed to a triangular pulse.
A Rohit transform is defined for a function of
exponential order as follows: Considering functions in
the set B defined as:

B = {g(t): AR, q1,q, >0, |gt)] < Re®®l ift €
(—1)'X[0.0)}.
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For a given function in set B, the constant R must be a
finite number, g, and q,, may be finite or infinite.
The Rohit transform of a function g(t) [6] is defined
by the intefral equations as
R{g(O} = ¢° [ e g(t)dt,t 20,q, Sq < g,
The variable q in this transform is used to factor the
variable t in the argument of the function g.
The key motivation for applying RT for the dictation
of the response of SDOF systems (an undamped
mechanical oscillator as well as an undamped
electrical oscillator) exposed to a triangular pulse is
that the process of solving a governing ordinary
differential equation for such problems is simplified to
an algebraic problem. This method of converting the
problems of calculus to algebraic problems is known
as operational calculus. The RT method has two main
advantages over the calculus method:

i. Problems involving differential equations are
worked out more directly i.e. initial (boundary)
value problems are worked out without first
ascertaining a general solution.

ii. A non-homogenous differential equation is worked
out without first working out the corresponding
homogeneous differential equation.

The RT when applied to a function, changes that
function into a new function by using a process that
involves integration.
A unit step function [8] is written as U(t —a) =
Ofort<aandl fort=a.
The Rohit transform of the unit step function is given
by
R{U(t—a)}= ¢3 f e 1t U(t —a)dt

0

R{U(t—a)}= ¢° f et dt
a
R{U(t — @)} = g%
Shifting property of Rohit transform:
If R{g(t)} = G(q), thenR[g(t —a)U(t —a) =
e %G (q).
Proof:
Rlg(t —a)U(t —a)

= q¢° fwe‘qtg(t —a)U(t —a)dt
0 [00)
Rlgt—a)U(t —a) = q3f e 1 g(t — a)dt

Rlglt - Ut —a) = ¢ [ et gwyav,
0
wherev =t —a

R[g(t —a)U(t —a) = e™1@ q3f e™1W g(v)dv
0

R[g(t —a)U(t —a) = e"1@ q3f e™1® g(t)dt
0

R[g(t — a)U(t — a) = e G(q)

The RT of some basic functions is given by
0:0 R {tn} = q:;z ,
wherenis0,1,2 ...

3
% R {sinbt} = qb—q

24p2’
& R{cosht} = -
X {cosbt} = pravey
The RT of some derivatives [4] of a function g(t) is
R{g'(t)} = qR{g()} — q°g(0),
R{g"(®)} = ¢*R{g(®)} — q*g(0) — q3g'(0),
and so on.

Highlights

v" Focusing on any research effort concerning
literature review is the very paramount task
because it builds up ideas that can evolve
quickly.This  paper focuses on the
administration of Rohit transform an upto the
minute integral transform technique.

v" AnRT technique is proposed for handing out
the response of SDOF systems (an undamped
mechanical oscillator as well as an undamped
electrical oscillator) exposed to a triangular
pulse.

The differential equation representing the
SDOF system is worked out more directly
without first ascertaining a general solution.

v' A non-homogenous differential equation
representing the SDOF system is worked out
without first working out the corresponding
homogeneous differential equation.

v’ Graphs of responses with respect to time are
plotted.

v" Highly precise and accurate results are
obtained.

v/ This paper shows beyond doubt that the
integral transform RT is a potent
mathematical tool for analyzing the SDOF
systems.
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1. MATERIAL AND METHOD

A.  UNDAMPED MECHANICAL
OSCILLATOR

The differential equation of the undamped mechanical
oscillator [8] exposed to a triangular pulse force is
given by

my(0) + ky(t) = (1 _ E>
Or

t

O + w2y =2 (1 =) ... (1)

ty
where w, = \E ,F,(1— ti) is a triangular pulse
1

force, y (0)=0and y(0) = 0.
The RT of (1) provides
7*5(@) - q*y(0) — ¢*y(0) + w,*y(q)

F, @ t
=g j e (1--) at
0 1

=q 25(Q) - q*y(0) — ¢°y(0) + w*y(q) =

{q ftl —qt (1 —é) dt+ ¢3 ftcf e~ (0)dt}
Here y(qg) denotes the RT of y(t).
Put y(0) = 0 and y(0) = 0 and simplifying (2), we
get

F, (4
9@ + 00’5 = 1 [ ettt

tq t
- q3f et (—) dt}
0 ty

2
= ¢%(Q) + wo*9(q) = 2{—q [e™9 —1] +
2
q?le™ ] =L [(e7it dt}
F, 2
= qz}_’(Q) + woz}_’(q) = E{—q [e”9 — 1]

+qPlemt] + L [e70 — 1]}
1

T YR SR &
= q%(q* + wo?) t;q*(q* + we?)

3

q
+—
t (g% + wy?)

e—qf1}

F, ¢* q*
m (we?) (wo?)(q?+ wy?)
__a q°
ti(w?)  t(we?)(q% + we?)
q q’
et - 2)( g2 2
t1(wo?) t1(we2)(q% + wy?)

=y(q) =

e—qfl}

Taking inverse RT, we have

® = { €oS wyt t sin wyt
Y (w D @) @) Gwg(we?)
(t - 1) sin wo(t —t,)
+—=U(—-t) ——————U(t -t

t;(wo?) vl ) tiwo(wo?) ( 2
= () = F, L . t sinwgt
Y= m(wo?) th—coswg t1 tiwg
(t—ty) sinwy(t — t;)

Uit—-t,) ——U(¢t

+ 0 (t—t1) Lo, (

—t)}

= y(t)

sin wyt t

—coswot +1——

_ Fo t1wg t
Tk (-t sinw, (t — t;)
+ ! U(t—tl)—#

t t1 t1wo

F, sinwgt t
=y(() = { — cos wyt + (1 - t_) -
1

(1 —i) U(t - tl) WU@ t)}... (3)
Taking =1000m, wy = 314rad , t; = 1sec, the
graph of equation (3) is shown |n figure below.

Ut — tl)J

2000 §

q q :
= ¢’7(@) + wo’y(q) = —{q e Ity
1 1000
500
U AL ;
E, q® q S e
=Yy = — + e~ at1 ; f
y@ m{( g%+ wo?)  t1(q* + wo?) ““:
_ q } 1000 |
t1(q% + wo?)
Figure 2: Response of an undamped mechanical
oscillator exposed to a triangular pulse force
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Fort< tl,

y(®© = —O{

sin a)ot

t
— cos wyt + (1 - t_> ...... (4a)
rad

Taklng— =0.1m,t; = 0.1s and w, = 314— The
graph of equation (4b) is shown in figure 3.

ool |4 [ {1\

| \ | \ f [
0.05 | Vo N A R
I II'. IIII I|II I,'I W '||I | '|I

I I | §

_ o\vh dod b0q b.osf
0.05| - ' !.n' II‘.
0.10| '

Figure 3: Response of an undamped mechanical
oscillator during the application of triangular pulse force

Fort> tl,
y(® =
rad

Taklng— =0.1m,t; = 0.1s and w, = 314— The
graph of equation (4b) is shown in Figure 4.
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Figure 4: Response of an undamped mechanical
oscillator after the termination of triangular Pulse
force.

B. UNDAMPED ELECTRICAL OSCILLATOR
The differential equation of the electrical oscillator

exposed to a triangular pulse force potential [9, 10] is
given by

Lo® + Q0 =1, (1- 1)
Or '

QO +wo”QM) =21 =) ... ()

where wy, = \/é NACES ti) is a triangular pulse
1

potential and Q (0) = 0 and Q(0) = 0.

Thg RT of equation (5) provides 3

7*Q(@)- q*Q(0) — ¢°Q(0) + w,*Q(q) =

Vo 3 © gt t

T o et (1_2) dt

Here Q(q) denotes the RT of Q(t).

Put [11] Q(0) = 0 and Q(0) = 0 and simplifying,
we get

¢*Q(@) +w*Qa) =2 {q* fyre™ (1) de +
¢* [ e (0)dt)
_ I A
Q@) + 0’0 = 21a* [ e de
0

tq t
- q3f e"at (—) dt}
0 t

= = V, -
= q"Q@) + wo"Qa) = {~q* [e79* — 1]
+g2lemt] + L [emt — 1))
1
q e —qt; _ _}
1 1

= ¢*Q(q) + w,*Q(q) = —{q +—=

- q* q ats
= Q@ = {( q* + wo?) * t1(q* + we?) ¢
q

B t(q% + ‘Uoz)}

— Q) = v, q* q°
VU E 0D L@t )
q
B — —qtq
t q*(q* + woz)e }
_ v, ¢* q*
= = — —
U= 7 {GD " @D (2 T oD
_a q°
t1(wo?)  t1(we?) (g2 + we?)
9 . 7

+——e 1 — e 1t
 (@o?) L@ (T wgd )
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Taking inverse RT, we have
000 = { 1 cos wyt t
L' @o®) (wo?) ti(we?)
sin wgyt

t1wo(wo?)

(t—t,) sin wo(t —t1)
— Ut —t) ———————

( ) (t-t) two(wo?)

Ut —t)}

— Q@) = a . t +sinw0t
= ——— {1 —coswyt ——
g 0%) oy )t1a’0
(t_tl Sin wo(t_tl
Ult—t)) ———U(t
G e

-t}

=0

sin wyt t
—coswot +1——
W tiwg ty

~1/c N t—t) sin wo(t — t;)

Uit—ty) —
G ey

sin wyt

t
= Q) = V,({ o 0 —cosw0t+<1—t—>—
1Wo 1

(1-2)ue—t) - =Dy 1)} (6)

t1wg

Taking V,C = 500 coulomb, w, = 31::;'1, t, =

1 sec, the graph of equation 6 is shown in figure
below.
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Figure 5: Response of an undamped electrical oscillator
exposed to a triangular pulse potential.
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Taking V, = 230V,C = 1 micro farad, t, =
rad

0.1s and w, = 314— The graph of equation (7a) is
shown in figure 6.
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Figure 6: Response of an undamped electrical oscillator
during the application of triangular pulse potential.

Fort>t,,

QM) = KLC{~

sin wot

— cos wyt — %} (7b)

Taking V, = 230V, C = 1 micro farad, t; =
rad

0.1s and w, = 314— The graph of equation (7b)
is shown in Figure 7.
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Figure 7: Response of an undamped electrical oscillator
after the termination of triangular pulse potential.

I DISCUSSION

It is clear from Figure 2, Figure 3 and Figure 4 that
due to triangular pulse, the response (displacement) of
an undamped mechanical oscillator exposed to a
triangular pulse first increases towards right side (say)
with large amplitude and then decreases and becomes
zero and then increases towards left side with small
amplitude and then decreases and becomes zero.
Again, it repeats the same behavior again and again till
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the effect of triangular pulse becomes zero, but with
linearly decreasing amplitude towards right side and
correspondingly linearly increasing amplitude towards
the left side. As soon as the effect of triangular pulse
becomes zero, the nature of displacement of an
undamped mechanical oscillator exposed to a
triangular Pulse suddenly becomes oscillatory with
constant amplitude. It is clear from Figure 5, Figure 6
and Figure 7 that due to triangular pulse, the response
(electric charge) of an undamped electrical oscillator
exposed to a triangular pulse first increases in one
direction with large amplitude and then decreases and
becomes zero and then increases towards opposite side
with small amplitude and then decreases and becomes
zero. Again, it repeats the same behavior again and
again till the effect of triangular pulse becomes zero,
but with linearly decreasing amplitude in one direction
and correspondingly linearly increasing amplitude in
the other direction. As the triangular pulse ceases, the
response of an undamped electrical oscillator exposed
to a triangular Pulse suddenly becomes oscillatory
with constant amplitude.

V. CONCLUSION

In this paper, the response of SDOF systems such as
an undamped mechanical oscillator as well as an
undamped electrical oscillator exposed to a triangular
pulse has been successfully determined by the integral
Rohit transform (RT). It is clear from the discuusion
that even though the amplitude of triangular pulse is
decreasing linearly, the response of SDOF systems is
linearly decreasing in one direction and
correspondingly increasing in other direction till the
triangular pulse ceases. As the triangular pulse
terminates, their response becomes oscillatory with
constant amplitude. A new method is exploited for
determining the response of SDOF systems (an
undamped mechanical oscillator as well as an
undamped electrical oscillator) exposed to a triangular
pulse.
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