Formation of DifferentialEquations

1 Mark Questions
1. Write the degree of the differential equation

(gf-] +3yd Y ~o. Delhi 2013C

dx dx

() The degree of the differential equatlon is the;

| degree of the highest order derivative, when '
differential coefficients are made free from
radicals and fractions sign.

Gwen dtfferentlal equation is
dv) d’
-1 +3 =0
(dx F dx?

Here, highest order derivative is d? / dx?
whose degree is one. So, degree of differential

equationis 1. (1)
2. Write the degree of the differential equation
5 2
X [g—g] +x(dy ] =0, Delhi 2013
dx dx

. Given differential equation is

Here, all differential coefficients are free from

radical sign.
- Degree =2 (1
3. Write the degree of the differential equation
4 2
[QX-) +3x2 Y o Delhi 2013
dx dx

Given differential equation is
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Here, all differential coefficients are free from
radical sign.

. Degree =1 (1

4. Write the differential equation representing
the family of curves y=mx, where mis an
arbitrary constant. All India 2013

Given, family of curves isy = mx ..(i)
where, m is an arbitrary constant.
Now, differentiating Eq. (i) w.r.t. x, we get

& _m
dx
. dy . :
On puttingm = T in Eq. (i), we get

X

dy

= ¥

4 dx

which is the required differential equation. (1)

4 Marks Questions

9. Find the differential equation of the family of
circles in the first quadrant which touch the
coordinate axes. All India 2010C
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{: he equatuon of family of circles in first
. quadrant which touch the coordinate axes, is
(x—a)? + (y-a)® =a®, where a is radius of
circle. Differentiate it one time and eliminate |

_ the arbitrary constant a.

Let a be the radius of family of circles in the
first quadrant, which touch the coordinate
axes.

Y.il.

d

X « ol 2 > X
WI"Y’

Then, coordinates of centre of C|rcle (a, a).
(1)

We know that, equation of circle which has
centre (h, k) and radius r is given by

(x=-h?+y-k?*=
Here, (h, k) =(a, ayandr = a
. Equation of family of such circles is
(x—a)’+y—a’=a’ (D) (1)
On differentiating both sides w.r.t. x, we get

2(x—a)+2(y*a)@:0
dx

=% x—a+(y—-a)y' =0 ['.'%:y'}

dx
=3 x+yy'=a+ay’
o _X+yy )
T+y’
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On putting above value of a in Eq. (i), we get

+yy’ T vy’ +yy’ :
s XY +y_->‘-' YY | _[X*YY
y' +1 [ v e y +1

F .?2 ' ;’2
—; Xy +X—X-VYy a: v Sy —=X—Yy
y +1 y’+1

’2
_ X+yy
(y’+1]

On multiplying both sides by (y” + 1), we get
2

(xy —yy ) +ly-x%=(x+yy’
= -y +x-y=Kx+yy’)’
[ (x =% =y = %7
=  (x=-yy)+1=Kx+yy’)?
which is the required differential equation. (1)

6. Find the differential equation of family of

circles touching Y-axis at the origin.
HOTS; Delhi 2010; All India 2009, 2008C
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. () The equation of family of circles touching Y-axis
| % atoriginis given by (x—a)® + y* =a°, where a |
is radius of circle.

g Differentiate this equation once because one |
: arbitrary constant is present in the equation and |
| eliminate a. :

Given, family of circles touch Y-axis at the

origin. A
Let radius of family of circles be a.
.. Centre of circle = (a, 0) (1)

Now, equation of family of circles with centre
(a, 0) and radius a is

(x-—.a)‘?+jg/2=a2 (1)

[putting (h, k) =(a,0)and r = a
in(x—h?+y-k?=r
= x* +a?-2ax+y*=a’
ey x2—2ax+y2=0 (1)
On differentiating both sides w.r.t. x, we get

2x—2&+2yﬂ=0
dx
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= x2—2ax+y2=0 (1)
On differentiating both sides w.r.t. x, we get

2x—2a+2yi§i=0
dx

d'y’
= a=x+y *

On putting above value of a in Eq. (i), we get
x2 +y? 2[x+y%)i)x:0

X

= 2xy(—jd-£+x2—y2:0

= 2xyy’ +x* —y* =0
d

or 2xy—y+x2—y2=0
dx

which is the required differential equation. (1)

7. Find the differential equation of family of
circles touching X-axis at the origin.
HOTS; Delhi 2010C; All india 2009C
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Let a be the radius of family of circles which

touch X-axis at origin.

X’ X
L
. Centre of circle=(0, a)
Now, equation of family of such circles is
x?2 +(y—a)? = a? (1)
[putting (h, k) = (0, a) and r = a
in(x — h)* +(y - k? =r’]

= x2+y?-2ay=0 .00
On differentiating both sides w.r.t. x, we get
dy dy
2x+ 2y ——2a—=
ke dx dx
— x+(y_a)gz=0 (1)
dx
d
=3 x+yy —ay’ =0, [where,y’:gﬂ
== x+yy’ ' =ay’ ’
- g= 2207 (M

’

¥
On putting above value of a in Eq. (i), we get

X2+y2=2y(x+}:’}’ }
y

= (x2+y2)-y"=2xy+2y2~y'
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= Xy +yly’-2xy-2y’y’=0
= X%y’ =2xy -y’ =0
- yf(xz_y2)=2xy
, 2xy dy 2xy
— = or =
S dx 2y

which is the required differential equation. (1)

8. Form the differential equation representing
family of ellipses having foci on X-axis and
centre at the origin. HOTS; Delhi 2009C
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e equation of

4 Theeq

X-axis and centre

famliy of elllpses havmg foci on

2 2
at origin |sf_ + :%:1 a>b.
a* b

Differentiate this equation two times and ehrnmate
two arbitrary constants a and b to get the requrred
resuh;

We know that, the equation of family of ellipse
having foci on X-axis and centre at origin is

given by v
\f
X2 y :
—+ == skl
a T2
where,a> b (1)
On differentiating both sides of Eq. (i) w.r.t. x,
we get
2x | 2yy’ i
Ty = I ——=
2’ b? [pu dx 4
N
=> e e
5" b?
’ 2
=3 Yy ébi— L) (1)
X a

Again, differentiating both sides of Eq. (ii)

w.r.t. x, we get

X - —d—(yy ) — y’*d-(X)
dx dx
=1
2
‘using quotient rule of differentiation |
2
in LHS and i e o = ()
dx | a?
=> X Y'i(}”)ﬂ"- (y)]—w’-1=0 M
dx dx
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:_:> xyy!f +x(y!)2_yy!=0

2 2
or xyﬂ+x(ﬁ) _yﬁzo
dx

which is the required differential equation. (1)

9. Form the differential equation representing
family of curves given by (x —a)? + 2y? = a?
where, a is an arbitrary constant.All India 2009

Given equation of family of curves is

(x—a) +2y* = a’ .. (0)
On differentiating both sides w.r.t. x in Eq. (i),
we get

2(x—a)+4yy’ =0 [ i (%) = 2yy'] (1)
dx

— x—a+2yy'=0

= a=x+2yy’ (1)

On putting above value of a in Eq. (i), ve get

(x — x—2yy’}2 +2y2 = (X +2yyf’)2

= a2y ") +2yP = x4+ Avily )P - dxyy’

= 2y? = x? + 4xyy’ (1)

Hence, the required differential equation is
x? + 4xyy’ =2y’

or x* + 4){)«951:,2)/2 )
dx
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