Homogeneous equation

A function f(x, y) is called Homogeneous of degree (n) if f(Ax,y) =
A f(x,y) for example

1- f(x,y) = 2x? — 3xy — 6y?
fAx, Ay) = 2(Ax)* — 3(Ax)(Ay) — 6(Ay)?
= 1%2(2x% — 3xy — 6y?)

~ f(x,y) is a Homogeneous function of degree (2)

2- fx,y) = x* + 2x%y?
fAx, y) = (Ax)* + 2(Ax)? (Ay)?
= A*x* + 21%x%y?

~ f(x,y) is a Homogeneous function of degree (4)

*The first order — first degree ODE can be put in b fey) (1)

dx  f2(xy)
both f1(x,y), f2(x,y) Are Homogeneous of the same degree, the ODE

. . a dv o .
is said to be Homogeneous let y = vx — ﬁ =v+tx_- substitution in

. dv dv dv dx
(1)g1vev+xa—f(v) and xa—f(v)—vﬁ o (2)

Integration both side of (2) we get general solution.

Examples: find the general solution of the ODE

2
I- 2xy — x?)dy = 2y%dx > L=

dx  2xy-x?2

dy 2(Ay)? dy 22%y? .
—_ = — = ———— 18 Homogeneous
dx  2(Ax)(Ay)—(1x)? dx  A2(2xy-x2) g
dy dv
lety=vx > —=v+x—
y dx dx
dv 2022 dv v22x2
vt+Xx—= - VtXx—=
dx  2vx?-—x? dx  x%?Qv-1)
dv 2p2 dv  2v2%-2v%+v
dx (2v-1) dx (2v-1)
2v—1 dx 2v 1 dx
[ gy = (& L (2 _lgy= (&
v X v v x

2v—Ilnv=Inx+c - 2(%)—ln(§)=lnx+c



2- [2x smh( ) + 3y cosh ( )] dx = 3xcosh ( )dy

dy 2xsmh(;)+3ycosh(;) dy 2(Ax) smh( )+3(Ay) cosh( )
= — —_ 2

Yy
dx 3xcosh(;) dx 3(Ax)cosh(ﬂ)
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3- (x + ylny — ylnx)dx — x(Iny — Inx)dy = 0
(x + ylny — ylnx)dx = (xlny — xlnx)dy

(x+ymn(%))dx = (xIn(2))dy > 2 = %
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4- <1+2e§)dx+2e§(1—§)dy=0
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Equation that reduces to a Homogeneous Equation

Examples: find the general solution of the ODE

I-(x—2y—3)dx+ 2x+y—1)dy =0
x—2y—3=0 - -2x+4y+6=0
2x+y—1=0 - 2x+y—-1=0

5y=5-y=-1-x=1
The intersection point (1, -1) h=1, k=-1
Let x=xp+h ->x=xy+1-dx=dx,
Andy =yo+k -y=y,—1-dy=dy

dy  —x+2y+3 N dyy  —xo—1+2y,—2+3
dx 2x+y—1 dxg 2x9+2+yy—1-1
dy —Xo+2yo -
¢ = 2 =0 js Homogeneous
dxg 2x0+Yo
dyo dvo
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Yo 0X0 dx, 0 0 ixy
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de

dvo+f dvo—fz

f_21+_vsz dvg = f% ad s
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Ztan‘l(yo) |1 + (yo) | = In|xy| + ¢
—2tan~ (% |1+(y+1) | = In|xy| + ¢

x—y—1Ddx+@Ay+x—-1)dy=0

x—y—1=0 - y—x+1=0

4dy+x—1=0 - 4y+x—-1=0
5y=0-y=0-x=1

The intersection point (1, 0) h=1,k=0

Let x=xp+h ->x=xy+1-dx=dx,

Andy =yo+k —-y=y,+0->dy=dy

d_y _y—x+1 N dyo Yo—Xo—1+1
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;lnll + 4v3| + tan™1 2vy = —In|x,| + ¢
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Sin |1 + 4(ﬁ)z| + tan~1! Z(ﬁ) =—Inlx — 1|+ ¢



H.W. Determine Homogeneous or non-Homogeneous
D fG) =y +/x2 +xy
) f(x) =x+ ysin(%)
2_ 2
3) f(x) _ In (x“=-2xy+y*“)

x2+y2

4) f(x) = 1+tany;2

H.W. Find the general solution of the differential equation

) x?y' =xy +x% +y?

)y =
)y 2%y
3) y, _ y3+2xy? +x?y+x3
x(Y+x)?
dy _ xy3

dx  2y*+x*
5) [xyln (i)] dx + [y? — x%In (i)]dy =0
6)(6x —y+3)dx+ 2x—y—1)dy =0

;__ 2x+y+1
7) Y = xX+2y—4
G2
2xye’Y
8)y’ =
) y (5)2 (5)2

y2+yZeY’ +2x%e
9) (ydx + xdy)x COS% = (xdy — ydx)y sin%

d
10) x tanZ + x sec?Z 2 = y sec2Z
X x dx X



