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Abstract

The electric network circuits are designed bingighe elements like resist8r inductorL, and capacitoC. There are a
number of techniques: exact, approximate, and puremerical available for analyzing tie L C network circuits. Since the
application of numerical method becomes more coxpplEomputationally intensive, or needs complicateginbolic
computations, there is a need to seek the helptegial transform methods for analyzing ®EC network circuits. Integral
transform methods provide effective ways for sajvan variety of problems arising in basic scienaed engineering. In this
paper, a new integral transform Rohit transforrdiggussed for obtaining the response of a s&i&selectric network circuit
connected to a steady voltage source, and a paRall€ electric network circuit connected to a steadyrentr source. The
response of a seridsL C network circuit connected to a steady voltage @®wia the application of Rohit transform will
provide an expression for the electric current, tvad of a paralleR L C network circuit connected to a steady current aur
will provide an expression for the voltage acrdss parallelRLC electric network circuit. The nature of the respoi$ such
series (or parallel) network circuits is determiney the values ofR, L, and C of the electric network circuit. The Rohit
transform will come out to be a powerful technidae analyzing such series or parallel electric retncircuits with steady
voltage or current sources.
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1. Introduction

A series or parallRLC network circuit consists of three basic electiengents- an inductor having inductance L, a capacit
having capacitanc€, and a resistor having resistafcand is widely used as a tuning or resonant cirtuithe radio and
television sets, and also in oscillatory circuiltbere is a number of techniques available for aadytheRLC network circuits
like calculus method (Chitode and Jalnekar, 206¥trix method (Gupta et al, 2018), residue theoagmroach (Gupta et al,
2020), convolution method (Gupta et al, 2019) aBdpta et al, 2020). Since the application of thesthods becomes more
complex, computationally intensive, or needs coogiid symbolic computations, there is a need t& #ee help of integral
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transform methods for analyzing tiR&.C network circuits. Integral transforms like Laplaitansform (Murray, 1965), Mohand
transform (Gupta et al, 2020 and Verma et al, 20@0jpta transform (Gupta et al, 2020), and etcvigm effective ways for
solving a variety of problems arising in basic acies and engineering. (Gupta et al, 2021) and (¥ertral, 2020). The Rohit
Transform is a new integral transform which hasnbpmposed by the author Rohit Gupta in the regdntthe year 2020 and
generally, it has been applied to boundary valublems in most of the science and engineering gliseis such as for the
analysis of radioactive decay problem, damped lasuil (Gupta et al, 2020) for the analysis of uniidnfinite fin (Pandita et al,
2020); for solving the Schrodinger equation (Gugtaal, 2020); for the Analysis of RLC circuits wiexponential excitation
sources (Gupta et al, 2022); for the Analysis o$iB&eries Inverter (Anamika et al, 2020); for #malysis of Electric Network
Circuits with Sinusoidal Potential Sources (Talwtal, 2020); for the analysis of one-way streaenflow between parallel plates
(Gupta et al, 2022), and etc. This paper preséet@pplication of a new integral transform Rohainsform for the analysis of a
seriesRLC network circuit connected to a steady voltage emuand a parall®LC network circuit connected to a steady current
source. The response obtained by Rohit transfotheisame as is obtained from the other integrakforms or approaches. This
paper has brought up the new integral transformitRodmsform as a powerful technique for analyzsugh series or parallel
electric network circuits with steady voltage orremt sources.

The Rohit transform of g(y), ¥ 0 is denoted b¥ (r) and is given by

Gr)=r® f e g(y)dy,
0
provided the integral is convergent, whenmay be a real or complex parameter (Gupta et 2020

According to the definition of Rohit Transform (RT)
R{gy)} = 73 [ e g(y)dy, then
1. R{1}= 3 fome‘ry dy=—r?(e® - e Y=—-7%2(0-1) =
HenceRr {1} = r?
2. Riy"}=rd fooo e Vytdy = rd fow e~ (;)n% Z=Ty = :—jfooo e % (z2)"dz

Applying the definition of the gamma function,
TZ .r.2
R{y"} = r—n[(n+ 1) = wnl=

-2
n
HenceR {y"} = o=
elby iby —(r=ib)y _ ,—(r+ib)y
. _ 3 (° — , _ 3 (® - e 3 e e
3. R{smby}— r3 [, eV sinbydy=1%["e ry(z—)dy— T f (f)dy
= (7= e+ L (om0 =T = LT
- 21(7‘ ib) 2i(r+ib) 2i(r—ib)  2i(r+ib)  r2+b2
Hence R {sinby} = m ) ) . -,
0 Y _e~0Y 0 —(r=b)y_o—(r+b)y
4. R{sinhby} = r3f e” sinhby dy = 13 [ e™"Y (e : )dy =1 (%) y
3 —OO _0 3 —OO _o\ _ 3 7,.3 _ bT3
- _z(r b) (e € ) 2(r+b) (e —e)= 2(r— b) 2(r+b)  r2-b2
HenceR {sinhby} = b2
o _ iby 4 o—iby ™ —(r=ib)y 4 o —(r+ib)y
5. R{cosbhy} =13 fo e coshydy = r® [ e (%) dy =13 (%) dy
_ o _0) i e _0) 3 3 4
T 2(r-ib) (e € 2(r+ib) (e € T 2(r—ib) | 2(r+ib)  r2+b?
Hence R {cosby} = 2+lgj
6. R{coshby}=r f e™" coshby dy
0

3 o 1Y ebY ye—by - 3 e—(r— b)y+e—(r+b)y _ r3 oo -0y _ o= _ g0
=T fO ( 2 ) N f ( )dy— 2(r—b)(e ™) 2(r+b)( )
_ .’,.3 T3 _ T4

2(r-b) ' 2(r+b) r2-b2

T4
Hence R {coshby} = =z 3
co _ oo —(r— — T

7. R{e?} = r3f e ™ el dy = r3f0 (e=D¥)dy = — - e =

Hencer {e?} = —b

8.R(u(y —b)} = r° [ e u(y - b) dy
Since the unit step functiom(y — b),b = 0, is defined as(y — b) = 0 wheny < b and u(y — b) = 1 wheny = b, therefore,
the above integral can be rewritten as
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R{u(y —b)} = r3 fboo e dy = —TTB (e ® — e by = y2ebr
HenceR{u(y — b)} = r2eb"
9.R{EM} = 1 [ e 8(y) dy
Since the Dirac delta (Impulse) functiéiiy), is defined a$(y) = 0 when y # 0 and f_c’;g(y) 6(y) dy = g(0), therefore, the
above integral can be rewritten as
R{6(y)} = r3e 7@ = 43
HenceR{6(y)} = r3
Hence we found that the Rohit Transform (RT) of s@tementary functions are
o R{1}=7%,r>0

o R{y"}= r:iz ,wheren = 0,1,2,3 ... ...

3
o R{eby}=r—,r>b
o R {sinby}=—— 2+b2, r>0

o R {sinhby}= r > |b|

2b2’

0 R{cosby}=—4 r>0

2+b2 ’
o R{coshby} =—— - b2 , 7> |b|
R{u(y —b)} = r?e™""
RO} = 13

Let g(y) is continuous function and is piecewisa@tawious on any interval, then the Rohit Transf@RiT) of first derivative of
9(y) i.e.R {g'(y)} is given by

RGO} = 1 f e g'(y)dy

0
Integrating by parts and applying limits, we get

R{g' 3} =r3{—g(0) — [, —re™™ g(y)dy} = r*{—g(0) +7 ["e™™ g(y)dy} = r*{—g(0) + rR{g(}} = rG(r) — r°g(0)
Hence

R{g'}=1rG@)— r*g(0)

Since

R{g'»M}=rR{g(}— r°g(0),

Therefore, on replacing g(y) bi(y)andg’(y) by g" (y), we have
R{g"(n}=1R{g'} - r3g'(0) =r{rR{g(»)} — r°g(0)} — r*g'(0) = r*R{g(»)} — r*g(0) — r*g'(0)
=7r2G(r) — r*g(0) — r°g'(0)

Hence

R{g"M}=72G(r) — r*g(0) — r°g'(0)
Similarly,

R{g" ()} = T3G(T‘) _ T'Sg(O) — 7”49,(0) - ‘r3g"(0), and so on.

2. Material and M ethod
Casel: Analysisof a series RLC network circuit with a steady voltage sour ce

The governing differential equation for analyzingeaaiesR L C network circuit connected to a steady voltage s@af potential
V, (ChitodeandJalnekay 2007)and (Gupteet aI 2018is given by

IR + i+ L2 =y, @ =2

Differentiating both S|des with respect to t antlifying we get, we get

i) + %i(t) += IO =0 ...(2)

Here,I(t) is the instantaneous current through the s&i#€ network circuit.

To solve equation (2) by Rohit transform, the ralevinitial conditions are as follows (Guped al, 2019
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(i) Att=0,1(0)=0.
(ii) Since att =0, | (0) = 0, therefore, equationdies 1(0) = % .
Taking Rohit transform of equation (2), we get
q21(@)- q*1(0) — ¢*1(0) + {q (@)~ *1(0)} + ;- (@) = 0 ... (3)
Applying boundary conditiond:(0) = 0 andi(0) = % , equation (3) becomes,
1@ - 2 + 1ql@+:: (@ =0

Or

- R 1 Vv,
I@la*+ fa+d=a>3
Or

— _ ﬁ q3

I(CI) - L [ q2+§q+é] ..... (4)

. R f 1 .
For convenience, leR§ = T and w = o then equation (4) becomes

3

I(q) Y [ q%+ 26 q+ w? ]

or

(=2 @ _

(Q) b2 [(q+5)2_( 52_(‘)2) ]

or

SV -

I(q) =~ [(M+ N prvee Jﬁz_wz)] .. (5)

Again, for convenience, let us substitute

§+V8%?—w?= B;and § — V6% — w? = B, suchthat B, —B, = 2v6? — w? , then equation (5) can be rewritten as
(@)= 2" —]...6)
V=3 e
This equation (6) can be rewritten as
@ = 2t
V= v BB BB+

Taking inverse Rohit transform of equation (7), ca& write
e~ Bt e~ B2t

i(q) = Yo _
la) = L [(/32—/31) (/32—/31)] - (8)
Or
_ Vo [e~B1t_ g=B2t)
10 = L (B2—B1)
Or
_ E _6t[e— 82-w?2 t_e 82—w2t]
I(t) = e W
Or
_ E —6t[e §2-w2 t_e— 52—(1)21‘]
I(t) = L€ "
Or
RV2 1 " R\2 1 "
Vo —R¢ |FFP (z) “ic b)TEXP\ (z) “ic
() =2e = . (9)

R\2 1
2J() -1
This equation (9) provides an expression for theetet current flowing through a seri®LC network circuit connected to a
steady voltage source. It is clear from the equatiobat the nature of the response of the networkuiti depends on

. R\Z 1 - o . R\2 1 .
guantity (Z) ~ i whether it is real, zero, or imaginary. The vabfethe quantity (Z) —ic n turn, depends on the

values of elementR, L, and C of the network circuit.
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Casell: Analysisof aparallel RLC network circuit with a steady current source

The governing differential equation for analyzingarallelRLC network circuit connected to a steady current @@yroviding

steady currenk, (ChitodeandJalnekay 2007)and (Gupteet al, 2018is given by

% +%fV(t)dt +CV(®) =1, ..... (10)

Differentiate both sides of equation (10) with resito t and simplifying, we get,

V(o) + %V(t) + %V(t) =0....(10)

To solve equation (11) by convolution method, #ievant initial conditions (Guptat al, 2019are as follows:
0] Att=0,V(0) =0.
(i) Since at t = 0V (0) = 0, therefore, equation (1) givé'é(O) = Icl .

Taking Rohit transform of equation (11), we get

927 (@) - q*V(0) — q*V(0) + == {q V(@)- >V (0} + 7 V(@) = 0....... 12)

Applying boundary conditiond/ (0) = 0 and V(0) = I% , equation (12) becomes,
= Iy 1 = 1 =
V@ -q* T+ aV(@+V(@=0

or

- 1 1 Io
V@le*+ a+] =4° ¢
or

7 Iy q°

V= cl—o=x=x] 19

a“+ zedtic

. 1 ’ 1 .
For convenience, le2a = 7C and w' = o then equation (13) becomes

_ I, q3
V(=<2
@ C g2+ 2aq+ 0™
or
V(@)= 2| - 21
(q+a)2—< az—w’z)
or

q3

= I
V(g = =

¢ <q+a+\/az—w’2 ><q+a—\/a2—w’2 >
Again, for convenience, let us substitute
a++va?—w?= a, and a—+a*— w'* = a, suchthat a; —a, = 2v/a? — w’? , then equation (14) can be rewritten as

— _ Ii q3
V(q) = c —(q+a1)(q+a2)] ..... (15)

This equation can be rewritten as

T = q° B q
V=7l (q@+ad(a;—a) (az—a)(q+ az)]

.. (14)

3

C
Taking inverse Rohit transform this equation, we aaite
IO e—a1 t e—azt
Vi) = — | - ]
C “(az —ay) (az —ay)
Or
1 [e—a1 t_ e—azl’]
V)= = ——
© C (az—aj)
Or
_Jaz—w'? t_ A a?—w'?t
V(t) — 1% e-at [e e ]

-2 az_wlz

Or
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2 2
2! _J 2!
[ Ja w t a w t]

2. a?—w'?
2 2
o oG e e

I
V() = 2 o7 2RC
[ 2
o)
This equation (16) provides an expression for thikage across a parallBl L C network circuit connected to a steady current
source. It is clear from the equation that the mmatof response the paralld®k L C network circuit depends on

V(R = = et

Or

| s

2 2
. 1 1 - . . . 1 1.
guantity (ﬁ) ~ i whether it is real, zero or imaginary. The vahiighe quantit (ﬁ) — e in turn, depends on the

values of elementR , L and C of the network circuit.

3. Discussion

The Rohit transform has been applied successfallg serieRLC network circuit with a steady voltage source, angarallel
R LC network circuit with a steady current source fbtaining their responses. It is clear from the &bdiscussion that the nature
of electric current flowing through a seriBd.C network circuit connected to a steady voltage s@uue. that the nature of the

o R\2 1 L o
response of the network circuit depends on qua ({Xi) ~ i whether it is real, zero, or imaginary. The vahfethe

) R\2 1 . o L
guantity (Z) —icin turn, depends on the values of elemelRjs, and C of the network circuit. Also, it is clear from the

above discussion the nature of the voltage aaqgsarallelR L C network circuit connected to a steady current soiue. the

2
— . gi 1 1 L . .
nature of response the paralRIL C network circuit depends on quanti ﬁ) ~ whether it is real, zero or imaginary.

2
The value of the quantitkﬁ) - % , in turn, depends on the values of elemddtd. and C of the network circuit. The

response obtained by Rohit transform is the sanie abtained from the other integral transformsapproaches. (Chitode and
Jalnekar, 2007), (Gupta et al, 2018) and (Gupéd, 019).

4, Conclusions

This paper has brought up the new integral transfRohit transform as a powerful technique for analy series or parallel
electric network circuits with steady voltage orremt sources. We concluded that the responseecdahies (or parallel) network
circuit is determined by the values of L, C, andfRhe network circuit, which can be made oscillgtor non-oscillatory by
selecting the suitable values of L, C, and R. klg concluded that the Rohit transform is anctiffe and simple technique for
obtaining the response of ser&C network circuit with steady voltage source; platdt LC network circuit with steady current
source. Further, it would be applied to the seRd£ network circuit with exponential voltage sourparallelR LC network
circuit with exponential current source; serReEC network circuit with sinusoidal voltage sourcerglelR LC network circuit
with sinusoidal current source; and for the analgdiheat transfer through fins.
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