ANSWER on Question #79724 — Math - Differential Equations

QUESTION

differential equations in the form of F(x,y,p), F(y/x,p) or differential equations containing p(p = dy/dx)
1.(y — xp)? = b? + a®p?

2.y’p* +4y* — (x +yp)* =0
SOLUTION
H 2.,2 2 _ 2 _
1. Solve equation y*p* +4y* — (x + yp)* =0

yep? +4y* — (x +yp)* = 0 - y’p® + 4y® —x* — 2xyp — y*p* = 0 - 2xyp = 4y* —x* >

o _4y? dy 4y* o . .
2xyp = 4y — x| + (x) » 2yp = — "X 2y - T = g T Xis Bernoulli dif ferential equation

( More information: https://en.wikipedia.org/wiki/Bernoulli differential equation )

In our case,
dy 4y? We introduce the substitution du_ du
2y —=———x> 2 dy du - |—— = — — x is inhomogeneous equation
dx X y =u—>2y-a=a dx x

1 STEP: Solve the homogeneous equation

du 4u du 4dx
—=—>—=—>>Inlu|=4In|x| +In|C| > u=C-x*
dx X u X

2 STEP: Solve the inhomogeneous equation.

We apply the method of variation of the constant.

du dC
C=Cx)»u=C(x) x*>—=—- x*+4Cx?
dx dx
Then,
du 4u dc s AC - x* dc s s
— =— x> — - x*4+4Cx3 = — x> — - x*+4Cx3 =4Cx® —x >
dx X dx dx
ac 4 dx 1
E'X =—x—>dC=—x—3—> C(x)=ﬁ+(,’



https://en.wikipedia.org/wiki/Bernoulli_differential_equation

Conclusion,

(@5t =2t (4 C) w =Sk 0
=Clx) - x*=x*|— > lu=— .
u 522 u > X
Then,
2
X 2 2
_ L h X x
u—2+C X —>y2=—+C'X4—>y=i — 4+ C-x*
o, 2 2
u=y

2. Solve equation (y — xp)? = b? + a?p?

1 STEP: Let's look at this equation as an algebraic one. We express the variable y in terms of x, p, a, b.

(y —xp)? = b? + a’p? >y —xp = +/b?% + a?p? > |y = xp + /b2 + a?p?

2 STEP: We differentiate the resulting equation, remembering that p = dy/dx
dp
Note:p' = —)
( ore:p dx

s by d T — gy 2P D
a><|y_xpi b2+a2p2_)a_p_a(xpi b2+a2p2)_p+xp izmﬁ

- b2+a2p2 - /b2+a2p2 - /b2+a2p2
1case: p'=0
2
a
2case: xi—pzo
\Jb? + a?p?

lcase: p' =0

dyy dy
p:a>_>—zcl—)dyzcldx—) y:Clx+C2

"=0 = Const =C (
p -Dp ons 1= Tx

It remains to determine the constants C; and C,. We substitute the solution found in the initial equation:

v —xp)? = b* + a’p?
p=0C - (C,x + C, — C,x)? = b* + a%CE > CZ = b*> + a?*CE -
y=0Cx+C,



{

C1=C

Sy=cx=t

C, = +/b? + a?c?

b? + a?c?

2 case:

Jﬁ???‘

X A/b2 + a?p? - x/b? + a?p? = Fa’p -

2
(x bz + azpz) = (Ta?p)? — x2(b? + a?p?) = a*p? - x2b? + a?x2p? = a*p? —

x2h? = a*p? — a?x2p? — x2b? = a?(a® — x2)p?| + a?
/7 x2b? +b X (
= —_ = —_— —
P a?(a? — x?) P=23 a2 — x2 p
g +b x - dx + J‘
= Er——— -
Y ra Ve U7 Vi —x2

dt
y_—a y = a 2\/—

Vt
Conclusion,
ANSWER
= cx + VD2 ¥ a2?
1 or

dt

>y = +— Vt + Const - |y

(a? — x
d_y) N
dx dx

a? — x?

x?b?

)-p =a2(a2_x2) -

b X
—_—t——
a gz — x2

=t

dt| »

—2xdx =dt » xdx = ——

2

b
_E-\/az — x2%2 + Const

y=cx =t

y=+

QIG‘

b?% + a?c?
or

-y a? —x?% + Const
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