LEARNING OUTCOMES OF
DIFFERENTIAL EQUATIONS

Students observe the differential equations and identifies the order
and degree of the differential equations.

Checking the given function is a solution of differential euation or
not.

Forming the differential equation in different cases
General and Particular solutions of a differential equation

Different methods of solving first order and first degree differential
equations.

--- By Variable —seperable Method
--- Solving Homogeneous Differential Equations
--- Solving Linear Differential Equations



REAL LIFE APPLICATIONS

As you know that derivatives are nothing but rate of change of one
guantity compared to other quantity.

So we see many circumstances in the real life where one quantity
changes with respect to other quantity.

We use this type of derivatives in different fields like in Population
growth, Culture of Bacteria(calculation of Corona virus growth),
Weather and Climate prediction, Traffic flow, financial markets, water
pollution, chemical reactions, suspension bridges , brain function,
rockets, tumor growth, radioactive decay, airflow across aeroplane

wings, planetary motion, electrical circuits, vibrations in strings and
many more



 Differential equations enter into the
different fields Physics, Chemistry, Biology,
Astronomy, Music, Economics, Medicine,
Aeronautics etc.,

* S0, In order to study them we have to
learn the fundamental study of derivatives.



* Observe some of the Equations

y=x%—2x
x*yrf+y=1

dy

y? —Exya= 0
d?y
E+F= 0
d’y  (dy\® dy
gt (g) g =0

Some are only functions of
x and y alone.

Some of those equations
contains derivatives

Next



DIFFERENTIAL EQUATIONS

An equation containing derivatives of the dependant
variable with respect to the independent variable is
called Differential equation.

« DEFINITION: A differential equation involving derivatives of

the dependent variable with respect to only one independent
variable is called an Ordinary differential equation.



This is a differential equation

because t has 'derivative’
m CZ:)
-

components in i

derivative S SNy — I
form -} +} _'} 3 o : . :
This is a differential equation

because t has 'differential’

m companents in i
5 <>
d d}’ —

differential }J _ 2}; :ﬁ
forrm dxz (ix

This is MOT a differential equatian
because it does not have 'differential’
nar ‘derivative’ components in it

This is NOT a differential equation
because it is not a form of equation
(no 'equal’ sign) even though it has
‘derivative’ component in4



NOTATIONS FOR DERIVATIVES

- The following notations are used for derivatives

2 3
ti_jf — f,ll_;,.-’ M =V and M _ ,F.r.r.r
dx dx? -~ dx® -

For the derivatives of the higher order it is
Inconvenient to use so many dashes as supersuffix ,

SO we use

d™y

[

the notation y,, for n th order derivative g
X



ORDER OF A DIFFERENTIAL
EQUATION

* |t is defined as the order of the highest
derivative of dependant variable with
respect to the independant variable

Involved In the given differential equation.

Find the order
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DEGREE OF A DIFFERENTIAL
EQUATION

* The highest power(positive integral index)
of the highest order derivative involved In
the given differential equation.

Find the degree

Find the Order and Degree

11



NOTE: ORDER AND DEGREE OF
A DIFFERENTIAL EQUATION BE
NEVER NEGATIVE



SOLUTION OF D.E

Generally the solutions of the type

x*=5=0

x?—5bx+6=00rsinx—cosx=1
are real or complex numbers that satisfies the equations.

Where as the solution of Differential equation is A
FUNCTION which satisfies the given D.E like

r

y =e* + 1lis the solutionof y"' —vy' =0 also

y =e* + Cisthe solutionof y' —y' =0
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GENERAL AND PARTICULAR
SOLUTIONS OF D.E

y =e* + 1is the solutionof y"' —y' =0 also

y =e* + Cisthe solutionof y' —y' =0

The solution which contains the arbitrary constants is
called the general solution

where as the solution free from arbitrary constants is
the particular solution
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Formation of D.E whose general
solution Is given

Form the D.E representing the family of curves y=mx where m is
arbitrary constant.

Differentiating both sides of the equation
y=mx

W.I.t X we get

dy

— =1m
dx
Substituting the value of m in the given

equation, we get

_Yy Ay
y=_-Xorx—-—y=o
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* Q. Form the differential equations
representing the family of circles touching
the x-axis at the origin.

* Q. Form the differential equations
representing the family of ellipses having
focl on x-axis and centre at the origin



« NOTE: The order of differential equation
representing the family of curves is same
as the number of arbitrary constants
present in the equation corresponding to
the family of curves.
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METHODS OF SOLVING FIRST
ORDER AND FIRST DEGREE
DIFFERENTIAL EQUATIONS

1. Variable-Seperable method
2. Homogeneous Method

3. Equations of the form Linear Differential
Equation



VARIABLE-SEPERABLE METHOD

* Equations of the form g#(l‘)

In this method , we write dy = f(x)dx
Then integrate both sides to get the solution.

* Equations of the form f(x)dx = g(y)dy

This type also can be solved by integrating
both sides i.e | roax= [ gay+c
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VARIABLE-SEPERABLE METHOD

Find the general and particular solution of the differential equation
given that y=1 when x=0

dy Lyy?
dx ”
Solu: : :
If v+ 0,the given D.E can be written as
d—“z = —4xdx -1
y

Integrating both sides of equation 1, we get

dy

— = —-‘-}J-dex

y
-1
—=-2x*+C
y

1
j}:

2x2—C
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. Solve: (x + 2) d_v = 4+4x-9,x#-2.

dx
dy x*+4x-9

The given equation can be written as
5 duaak dx  (x+2)

2
= dy= X +4x—9dx.

(x+2)
Now integrating both sides, we get

2
s X +4x—9dx=.[(x+2— 132)dx

2

= Y= X 4 2x-13log |x + 2|+ Cis the required solution.

2
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HOMOGENEOUS FUNCTION

« A function F(x,y) iIs a homogeneous function of
degree n if

F(x,y) = x"g G) ory*h G)

3y
Example: F(x.y) =2x-3y =x*(2-—)

v+2y x(1+2%)

R ()
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(or)

* A function F(x,y) Is said to be
homogeneous function of degree n If

5 oy ] n |
F( AX, :'L}"} = A F(x,y) for any non zero constant A

Consider the examples

F(x,y)=2x—3y then

F(Ax, Ay) = A(2x—3y) = AF(x,y)
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HOMOGENEOUS D E

A differential equation of the form
dy

=

= F(x,v)is said to be homogeneous

if F(x,v)is a homogeneous function

d‘.
Example: x=- =slogy-logx+1)

£t
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SOLVING HDE

* If the homogeneous differential equation Is

IN the form
dy

d; = F(x,y)where F(x, y)is homogeneous of degree zero
X

] ] v ]
then we make substitution —=vi.e
X
v = xv and we proceed further to find

the general solutio by writing

dy | y
a= F(Jr.,j?) = h(;)
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Solve the differential equation ( 14 ™) dy + (1+ yz)efdx = () given that when
x=0,y=1.

dy €&
142 1+€”

The given equation can be written as dx .

Integrating both sides, we get

X

dy e d 1
s d y - — dt=e’dx
j1+y2 jl+e2" X = jl+y2 Il-i-tzdt wheret=¢" =

= tan 'y=-tan (t)+C = tan'y=—tan" (") + C. (1)

Now, put x=0,y=1in (1) = %=-%+C:C= g

= (1) becomes tan 'y = %— tan” (€)= tan™' y = cot '(¢")

2 1 1 " 1
= tan y=tan ? =>y-;;.
Hence, y = lx is the required solution.

e
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Q. Show that the family of

curves for which the slope of

the tangent at any point (X,y)
onitis **¥ is given by x2—y? =cx

2xy
! . . dy
Solution We know that the slope of the tangent at any point on a curve is oy
. d .xz +y*
Therefore, = !
dx 2xy
y.?
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To solve consider the substitutuion,

Y th = vx by di entiati ay _ +'dtI
I—'I? eny = vx by dif ferentiating dl_—v ldl_
dv 1+ v?
r+x—-=
dx 2v
2v dx
- dv = —
1—vw X
2v dx
———dv = ——
re=1 X
2v 1
J-z dv = — | —dx
ve—1 X

log[v® — 1] = —log[x] + logC,
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Replacing v by xE we get

.2
{;—le =+ C,

)

(¥ -x)=xC xorx’ -y =Cx

THE END
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LINEAR DIFFERENTIAL
EQUATION

« ADIFFERENTIAL EQUATION OF THE
FORM
—+ Py =Q
dx where P and Q are

constants or functions of x only is known

as a first order linear differential equation.

: d
Example: LYy
dx x
dy

—+ y secx = tanx
dx
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ALGORITHM FOR SOLING L.D.E

« 1. Write the differential equatin in the form

of ?Jr Py = Q

X

and obtain P_Q .7 cx
2. Find the integrating factor |.F =

3. Find th@@ﬂl}[l@l@@@f the differential
equation using
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FINDING WHETHER THE GIVEN
DE IS LINEAR OR NOT

* A differential equation is linear, If the
dependent variable and the derivative
appear in the equation is of first degree.

« Example: @y

dx

dy

—+ 2y cotx = 3x? csc?x
dx

-I-JL"L?—JL
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i
Solve: -‘d—v +ytan x = cos’x.
x

The given equation is of the form g}i +Py = Q, where P = tan x and
Q= cos’ X. *

LF. = eIde - ejmnxdx = olo8lsecx) _ Sec x .

The solution is y(IF) = _[Q (LF) dx + C

y(sec x) = jcos3 x.sec xdx + C
jcosz xdx+C = R“'C;S?’x\dx-\-C

l[x A sin Zx}_ c
2 2

1 in2x | -
Hence, the required solution is y(sec x) = -&x = X-i- s

2
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- Solve: gl + y sec x = tan X.
X

d -
The given equation is of the form E%+ Py = Q where P = sec x and

Q =tanux.

Jde _ ej-secub

[F.=¢ — ploglsecx+tanx) _ o0 4 tan x

. The solution is y(L.F.) = j Q (LF) dx+C

= y(sec x + tan x) = jtanx(secx‘-ftanx)dx-i-c

=4 y(sec x + tan x) = I(tan2x+secxtanx)dx+C

= y(sec x + tan x) = j(seczx—1+secxtanx)dx+C
= y(secx + tanx) =tan x — x + sec x + C.

Hence, y(sec x + tan x) = tan x + sec x — x + C is the required solution.
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THANK YOU



