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DIFFERENTIAL EQUATION -

An equation that involves independent and dependent variables and the derivatives of the dependent variables
is called a differential equation.

wdd [d) = 1+ ¢
=1 ; L..
ORDER OF DIFFERENTIAL EQUATION - ﬁﬂ: - *@) - Fi-

The order of a differential equation is the order of the lEighEﬁt difterential coeftident Eu:rring in it.

EGRIQE OF DIFFERENTIAL EQUATION -
o

nent gf the hlghest order diHEEEE] coeffident. when the differential eiﬂtinn is expressed as a
E]iﬂﬂmmj in all the difterential coetfident. - - o

Thus the differential equation :

{p3 L}{M f"““ﬁ v ]'I: {B}F = 0 is of order m & degree p.
E—— _

5 F

Note :
H-[IH"" The_gxpopents of all the differential coeffident should be free from radicals_angd fragian.
W"The degree is always positive natural number.
e
\usiiist The degree of differential equation may or may not exist.
*
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\_,.-r""Find the order and degree of the tollowing difterential equation :
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\yagmunnm OF A DIFFERENTIAL EQUATION : |

If an equation in M_,and dependent “vanables having somg_w 1s given
then a differential equation is “obtained as follows :

@ =Differentiate the given equation wrt the independent vanable (sa z:-r.) as many hmes

as the number of arbitrarv constants in jt .
" Eliminate the arbitrary constants .

The eliminant is the required differential cquaunu Consider forming a d:E':rmhal
equation for v = 4a(x+b) where a and b are constant . ., ﬁ( Lawitanl”

= Yalt+y) MmN = -
-?:;B )= Yq %ﬂ > LL_T;_”‘J’
QH _ﬂﬂ‘i' »‘l"jl :’j} -
5?['-& AE‘ +kg.?__)?'] -
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SOLUTION OF DIFFERENTIAL EQUATION :

The solution of the differential equation is a relation between the variables of the eguation not containing thed

derivatives, but satisfying the given differential equation (i.e.. from which the given differential equation can be
derived).

d ¥
Thus, the solution ot i = e could be obtained by simply integrating both sides. ie.v=e +¢

d =Jc“dﬂ.

'li = e_,"Hc
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ELEMENTARY TYPES OF FIRST ORDER & FIRST DEGREE DIFFERENTIAL EQUATIONS :

«4#" Separation of Variables o~

Some differential equations can be solved by the method of separation of variables {or “variable separable”).

This method is ﬂnlmﬂble. it we can express the M@n in the formq
Alxdx + Bly) dv = 0 |

where Alx) is a hunction of %' only and B{l.;} is a hunction of V' only.

A general solution of this is given by,

I§x1m+IB@}¢=c

where ¢’ is the arbitrarv constant.

Solve the differential equation xv ay =1 +1..-': (1 +x+ x?'].
dx l+x~ ——

dy — [ A (o)
7((_1*11'*")
= (P
(D X

lié :&EL_}'*-SA‘—*‘
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Differential Equations Reducible to the Separable Variable Type :
e —— e ——S

Sometimes differential equation of the first order cannot be solved directly by variable separation.
By some substitution we can reduce it to a differential equation with separable vanables. A

differential equation of the form :_y=f[a_x1l_:-§.1:_:“} is solved by writing ax + by +c =1t
. = flaxsb
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@-Inmagenenus Equation

"n.‘ﬁn"l:w:nﬁ{tﬂ is equal to a fraction whose numerator and the denominator both are homogeneous

functions of x apd v of the same degree then the differential equation is said to be homogeneous

equation.

i.e. when % =f(x,y), where f{km, ky) = f(x, v) then this differential equation is said to be

homogeneous differential equation .

dy x?+y? 49 - -‘E—%Q‘C
d« 2y dr GO

%:Eﬁ;)'} ?'11[%) , Mr

Solve

> at!
Ofy=tL] _ ‘ ,
.-,4_=LE+1EH- | %%a:' k
e = h — : L
b)_{_* x#::-"—['}t*_%l _%"? {_:{_{?&ll-.l@
In = =% o y=+w
t 1&;’-‘* \ ™ ——
dw  Tax -
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Equations reducible to homgeneous form
—_—

~“dv (@, x+byv+c) a, b,
The equation of the form dx .=@__:¢ Fbu+0) where a_ # b_

can be reduced L—ﬂ homgeneous form by changing the variable x. v to uv as
AT
x=4+h.v=wu+k

(@a,h+bk+c,)
(a,h +b;k +c,

—dv fau+byv
The equation becomes, & = 2 u+tb v
A : H";.

Qh+bhk ¥, =0 -

quﬂ"'b,_,'IL-l-(L =
‘-.‘.-'-—-—-—-

ey =
m

dv _ o+ (9)(
“ a4,
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2 LINEAR DIFFERENTIAL EQUATIONS OF FIRST ORDER : =y SAFALT A gou

The most general form of a linear differential equations of first order E‘%+E}r=Q}/hem P& Q are

To solve such an equation multiply both sides by e/ ™" _ ‘5‘, :}.
gy - | ' _cﬁ; 1@3 1[‘3(1;
_@_deeaq-@y - dn oA
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Bernoulli’s Equation: ( £9 M Redutvle O h“ﬂennd)

=

dy -

Y . py- 1

i Py = Qy (1)

where P and Q are function of x alone or constants. Divide each term of (1) by y" . We get
(1L P _q )

__L, = V
(3) yn 7
(3) is a linear differential equation | =) M\ = dv

——

J
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du
Solve the differential equation x- g-i- v =;§3_1.-“.
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Any curve, which cuts wm a given family of curve{é riéht anﬁE i5 called an

orthogonal trajectory of the family. For example, each straight line passing through the origin, i.e.
15 an orthogonal trajectory of the family of the circles x2 + y2 = a2
, & kx rthog jectory y y .

Procedure for finding the orthogonal trajectory
tJH.-"'—"-""’ Let f(x, v, ¢) = 0 be the equation of the given family of curves, where ¢ is an arbitrary

parameter. —
Wi i ' f= 0, w.rt. xand eliminathrm a differential equg_tj-:m_
i} Eubstitute—d—thnr %y in the above differential equation. This will give the differential
p dx —
equation of the orthogonal trajectory. d
T e—————
N+ -an\ =7
e 4 (5
o~
L Y
Jat Chj — ‘-'h. éﬁu\i: Yt Inc
‘e
¢ Jd I Wy e
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j&) Find the WS of the family of ellipses x<+ 2y —y =c¢
O L+ 132—-‘;1 -£=7

2 U
@ WY +ut3.(-5_§) —(—i_;) =
2_.1r+f—-t3(-=_§_;)+c;}[1‘l&: 0

2144  [1- 1y =
ch—-}-( ) =

d
2 «dl _l—)(j -|) ﬂS%-Iz ?.?_..-__;lff-_
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'l-"'ﬁnmnlrlu] applications :

£ e
Lot Py, v) be any point on the auve v = f (). then slope of the tangent at point P is | f—LJ
Lo

dy
"'ffl? The equation of the tangent at P ijl-"'!-"t = d—i{H -X%,) }

d
- mempereept of the tangent = x, - v, —:'-L—} 'l-"'”

\dv )
.#"_',.'-ﬂ fd_h_r b lﬂ"’."
salntoccept of the tangent = y,_— :-'.II - J
"'.I’;rlplf}'- The equation of normal at Pis ¥ =41 = -{dy' __,dx}{:ﬂ -%;) . i
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Q. Find the equation of the curve for which the normal at any point (x,v) passes
through the origin.

(ﬂ:b\)

—l,a - v e« L B
g )
-—g_‘a?i—_.i*ﬂc = ?-'-i'”ﬁ:g.* c:oJ
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Exact Differential Equation

For this the following results must be memorized.

)  dix+y)= dc+ dy (i) dixy)=ydx+xdy

(v dllog xy) =$ (vi) u{ log % :| _ ledr;dx}

(vii) d{%]ng ’::J= x:f:!f;x i) ¢ {tan_1 % :|= %
o LT ry) (0 dfEeyF) - IEE

e (fxy)S | S



