MTH 166

Lecture-4
Equs. of First Order and Higher Degree




Topic:

Equations of First Order and Higher Degree

L_earning Outcomes:

1. What are the Equations of First Order and Higher Degree.

2. How to solve these equations first order and higher degree.



Equations of First Order and Higher Deqgree:

et % = p (A standard notation)

@ (e
3

= (&) =v° (Not £2)

= (%)4 = p* and so on...

These types of equations can also be written as: f(x,y,p) = 0



Eqgations Solvable for p:

Find the general solution of followinqg differential equations:

Problem 1. y (%)2 +(x—-y) (%) —x=0 (1)

Solution: Let % =P

Equation (1) can be re-written as:
yp?+(x—y)p—x=0

=>yp?+px—py—x=0

=>pyp+x)—1(yp+x) =0

=>(p+x)p—-1)=0



Here (yp +x) =0

ﬁy%+x=0

= ydy + xdx =0

= [ydy + [ xdx = ¢
yz 2

= — +?_C1

=>(y +x%—2¢c;) =0

Also (p —1)=0

= d— —1=0

=>dy—dx =0

= [dy—[dx=0

>y —X=Cy

>y —x—c)=0

So, the general solution of equation (1) is given by:
(y? + x? — 2¢;) (y — x — ¢;) = 0 Answer.



Problem 2. xy (%)2 — (x% + y?) (%) +xy=0 (1)

. dy _
Solution: Let — =D

Equation (1) can be re-written as:
xyp? — (x> +y*)p+xy =0

= xyp? —x*p—y*p+xy =0

= xp(yp —x) —y(yp —x) =0

> p—-x)xp—y)=0

Here (yp —x) =0

= yZ—iZ —x=0

= ydy — xdx =0

= [ydy — [ xdx = ¢

2 2
X

:3’ Cy
2 2

= (y2—x°—2¢,) =0



Here (xp —y) =0
dy .
ﬁXa—y—O
= xdy —ydx =0
= xdy = ydx
dy dx

= 2 ==
y X

:f%: %

= logy = logx + log ¢,

= logy = logxc,

>y=xc, =>(y—xc;)=0

So, the general solution of equation (1) is given by:
(y%2 — x% — 2¢;) (y — xc,) = 0 Answer.



Problem 3. p3 + 2xp? — y*p? — 2xy*’p =0

Solution: p3 + 2xp? — y?p? — 2xy?%p = 0

= plp? + 2xp — y*p — 2xy*] = 0
= plp(p + 2x) —y4(p + 2x)] = 0
>p(P+2x)(p—y*) =0

Here p = 0 =% _

= =C

Also (p +2x) =0

S Lo =0
dx

= dy + 2xdx =0 = [dy + 2 [ xdx = c, :y+2(x72)=c2

> @+xt—c)=0

=>y—-—c)=0

1)

1)



>=—y2=0
dx y
= = =
dx Y
d
= —32/ = dx
y

= [y 2dy = [dx

~1
= —=X1C3
y

= (xy+1+4+yc3) =0
So, the general solution of equation (1) is given by:

(y—c)y+x*—c)(xy + 1+ yc3) = 0 Answer.



Problem3. p(p+y) =x(x+1y) (1)

Solution: p(p+y) =x(x+y) (1)

> pl4+yp—x?—xy=0

> @ —x)+y(p—-x)=0
>@P-x)p+x)+y-x)=0
>@P-x)@p+x+y)=0
Here (p —x) =0

d
2 _x=0
dx

=>dy—xdx =0 = [dy — [ xdx = ¢; =>y—(§)=c1

> R2y—x2—-2¢)=0



Also(p+x+y)=0
d
= d—z +x+y=0
> x+y)dx+dy=0 (2)
Comparing it with: Mdx + Ndy = 0

oM

Here M = (x+y) =— % =1
and N =1 N _
dx
oM _ oN . .
Since % * - So, equation (2) in non-exact.
oM _0oN
Here 2% = 110 =1 = x° = f(x) which can be considered as a function of x.

So,I.F.= el fdx _ f1dx _ ,x



Multiplying equation (2) by I.F.

|(x + y)dx + dy] X e* =

= (xe* + ye*)dx + e*dy =0
Which is an exact differential equation.

Solution: fy=con. Mdx + [(Terms of N free from x)dy = ¢,

fyzcon_(xex + yeX)dx + 0 = ¢,

se*(x—1)+ye*=c

= (e*(x—1)+ye*—c,) =0

So, the general solution of equation (1) is given by:
2y — x? — 2¢1)(e*(x — 1) + ye* — c,) = 0 Answer.
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