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ABSTRACT
The main aim of the paper is to use the differential equation to solve the real world problems. Differential equation have
a remarkable ability to predict the world around us. They are used in wide variety of disciplines, from biology,
economics, physics, chemistry and engineering. Also they are used to calculate the rate of change of time, size, kilograms,
current of the electrodes.
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INTRODUCTION

A differential equation is a mathematical equation that relates some function with its derivatives. In
applications, A differential equation, the functions usually represent physical quantities, the derivatives represent their
rates of change, and the differential equation defines a relationship between the two.The theory of dynamical systems
puts emphasis on qualitative analysis of system described by differential equations, while many numerical methods
have been developed to determine solutions with a given degree of accuracy.
CHARACTERISTIC POLYNOMIAL HAS COMPLEX CONJUGATE ROOTS
Suppose that the characteristic polynomial has complex roots a+ib and a-ib, where a and b are real. These are distinct
roots, so the general solution can be written:

y(t) — Cle(a+ib)t + Cze(a—ib)t
Recall, Euler's identity: e” = cos(y) + isin(y)
Using this identity, we have: e(@*P)t = gateibt = ¢at(cos(bt) + isin(bt))
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Similarly, we have e(@~)t = gatg=ibt = gat(cos(ht) — isin(bt))
Substituting, these two expressions into the general solution we have
y(t) = Cie*(cos(bt)) + isin(bt)) + C,e% (cos(bt) — isin(bt)

APPLICATIONS

The study of differential equations is a wide filed in pure and applied mathematics, physics, and engineering etc.
Uniqueness of solutions in pure mathematics, Rigorous justification of the methods for approximating solutions in
applied mathematics, Euler — Lagrange equation in classical mechanics, Radioactive decay in nuclear physics,
Verhulst equation — biological population growth, von Bertalanffy model — biological individual growth in biology.
PROBLEM:1

An electrode is produced in 3mins and 6mins respectively, the size of electrodes are 2mm & 5Smm. Find the required
kilograms of these electrodes.

SOLUTION:
a?y dy
E-I_ZE:-FS}/:O___(l)
D?+2D+5Y=0———(2)
_ —b+vb?%-4ac
- 2a
m =—1 + 2i. Hence the roots are conjugate complex numbers,a + bi where
a=-1,b=2

Then the general solution of given differential equation is,
y = e (c,sinbx + c,cosbx)

y = e *(¢;8in2x + cyc052x) — — — —(3)
d
é = e *(2c,c082x — 2¢,8in2x) + (¢;5in2x + 1cycos2x)e™* — 1
oA e *[(—1c; — 2¢3)sin2x + (2¢; — 1¢y)cos2x] — — —(4)

dx
Now apply the initial condition to equation(3)

3 = e%(cysin0 + c,c050)

Now apply the initial condition to equation (4) i.e y’(0)=6,x’(0)=0 we get, [sin(0)=0,cos(0)=1]
6 =(1cq -2¢;)sin0 + (2¢; -1¢3)cos0

20— =6——————————— (6)
2¢, —3=6
C1 = 45 (OI‘) C1 = 4’ _________ (7)

y = e *[cysin2x + c,c052x]

y = e *[4sin2x + 3cos2x]
Hence one electrode of 4kgs is produced in 6mins and another electrode of 3kgs in 3mins.
PROBLEM:2
Using the Frobenius method obtain the recurrence and find the series is either in an increasing order or in a decreasing
order in the general solution of the given D.E. Use the time value of an electrode produces i.e.4 mins &2 mins
respectively. [Hints: use the chemical values of the electrode in an obtained recurrence relation]
SOLUTION:

d? d
442k y =0 ©
By assuming the general equation of Frobenius equation,
y=aox™+a;x™ ot ax™t - — - - — — — (€]
On differentiating (1) we get,
y' =aomx™ ' +a;(m+ Dx™ + -+ a,(m+n)x™ T 4 - — — — — (2)

y'=aom(m—Dx" 2% +a;(m+ Dmx™ ! + -+ a,(m+n)(m+n—1)x™"2 (3)
Multiply (3) by 4x we get,
4xy" = dx[agm(m — Dx™ 2 + a;(m + Dmx™ 1 + -+ a,(m + n)(m + n — 1)x™+"2
= 4aom(m — Dx™ ! + 4a;(m + Dmx™ + -+ 4a,(m + n)(m + n — Dx™""1 . (4)
Multiply (2) by 2 we get,
2y’ =2a,mx™ 1+ 2a,(m + Dx™ + - + 2a,(m + n)x™""1 _(5)
Yy =agx™+ a;x™ + -+ @™ g x™ 4 (6)
Now add (4),(5),(6) we get,
=[2a;(m + D[2m + 1] + ao]x™ + - [2a,(m + n)[2(m + n — 1) + 1] + a,_,]x™ "1
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Coefficient of x™~1:

2aom[2(m—1)+1] =0
m=0,2m-1=0 m=1/2
Coefficient of x™:

2a,(m+1)2m+1)+a; =0
N om+ DEm+ 1)

Coefficient of x™+n-1.

2a,(m+n)[2(m+n—1) +] + a,_1-
(1)

an = 2(m+n)(2m+2n-1)
Equation (7) is called as Recurrence Relation.

CASE:1
_ -1
= nEn—1) !
=1, =% -
a = 20 Ay =—; where n=1
-1
a; = @ a, = % where n=2
Here y; (x) = apgx™ + a;x™* + ax™*2 + -
y1(x) = ag + ayx + a;x? + -
2
y1(0) = ag[1 =2 +7% (8
CASE:2
—Qan-1
an -
(1+2n)2n
=1, % -
a; = 32) ag = —, where n=1

-1 a
a, =— a, = — where n=2
5(4) 5!

Here y,(x) = agx™ + a;x™* + a,x™*2 + .-

Y, (%) = agx™ + a;x™*t + -
3
1 x2
y2(x) = ay |x2 T D €))

The general solution of the given D.E is given by,
Yy =c0y1+ 6y,

_ x | x? 1 x% .
y=c [ao (1 -5t )] tela(xz—F 4 === (10)Therefore, from equation (10) we can say the

series is an increasing order. By using the time value and substituting the chemical value in recurrence we can say that
the electrode size is goes on increasing.
PROBLEM:3
An electrode is of lkgs & 5kgs respectively, hence 4 and 6 are the chemical vales of the electrodes [two different
electrodes are used]. Find which electrodes is produced faster than the another?
SOLUTION:
d’y dy
W+4a+6y—0———(*)
D*+4D+6Y=0———(1)
_ —b*yb%-4ac

2a

m:—ZiJ;i

Here the roots are conjugate complex numbers a + bi, where a = —2,b = /3
The general equation solution the given D.E is,
y = e (cysinbx + c,cosbx)

y = e 2*(cysinV3x + cyc0sV3x) — — — —(2)
d
d_ic} = e‘zx(\/gclcosx/gx - \/§czsin\/§x) + (clsim/gx + czcosx/gx)e_zx. -2
LA e 2 [(—=2¢; — V3c,)sinV3x + (V3c, — 2¢;)cosV3x) — — — —(3)

dx
Now apply the initial condition to equation(2)
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1 = e72®(c,sin0 + c,cos0)
g=1l-—-————————- 4)
Now apply the initial condition to equation (3)
5=(-2c; /3¢, )sin0 + \3c; —2 ¢, )JcosO
V3¢, —2¢c,=5—————— (5)
=404 orc; =4 ————— (6)
y = e ?*(4sinV3x + 1cosv3x)
Hence we can say that mild steel electrodes is produced faster than cast iron electrodes.

CONCLUSION

By using the differential equation we found the general equation by using it we can find any required data such
as time, size, current values, kilograms of the electrodes. In addition to that, using frobenius method we can also say
that production of electrodes are in increasing or decreasing order. Variety of electrode problems can be solved using

this type of differential equation.
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