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Differential Equations Ex 22.2 Q1
y?=(x-cf —0

Differentiating it with respect o x,
zyﬂ = 3(x- c}z

(x- c}z Zydy

(x— c} [Z}r dyJ

Put the vdue of (x— c) n equation {i),

~-F]

3
fz >
y2 = _YEJ
L 3 dx
Squaning both the mdes,

o fz_rd_rf
L 3 dx

r-%(&)
27y - a[:x_"f.
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y=e™ —W
Differentiating it with respect o x,

= — |i}

Put the value of i and €™ n equation (i),
dy _logy

elx x
dy
x— =yl
; yiogy

Differential Equations Ex 22.2 Q3(i)
Y- 4ax —®
Differentiating it with respect to x,
dy s
2y e 4a i)
Put the value of 2 from equation (i) in (i),

Differential Equations Ex 22.2 Q3(ii)



y-ox+ 2+
Differentiating it with respedt o x,
dy _
dx
Put the value of ¢ from equation (i) in (i),

()
dx dx dx
Differential Equations Ex 22.2 Q3((jii)
xy =&
Differentiating it with respect to x,
x i—y +y(1)=0

dy

x = +y=0
dx ¥

Differential Equations Ex 22.2 Q3(iv)

y=ax+bx+c
Differentiating it with respect o x,

ﬂ=2&x+b
dax

Again, differentiating it with respect to x,

dy

— L =2a

dx”
Again, differentiating it with respect to x,
&y _
o "
Differential Equations Ex 22.2 Q4
¥= Ae™ 1 Be ™=
Differentiating it with respect to x,

Y oae® _age™
dx

Again, differentiating it with respedct o x,
&y AAe™ 1 4B

dx®
= 4(.4&2' +Be = )
&y _
ckz
Differential Equations Ex 22.2 Q5

x=Ammsmt+Bsnnt
Differentiating with respect in t,

ﬂ =-Apnsinnt+n8msm
ot

1y

Again, differentiating with resped o &,

% =—Ar” asnt— IP8sint
=P (Aasat+ 8 snat)

o _

=

ﬁ+.r1'211r= 0

—®

— (i)

—

—0

[Using equation (i)]

[Using equation (j)]



Differential Equations Ex 22.2 Q6
yz = a(b — xz)
Differentiating it with respect to x,
Y _ i _
2y 2 = at-2x) Q
Again, differentiating it with respedt o x,

2[ dy  dy dy|__,.

Y o2 dax “ax
e
Using equatom (i)
d’*’y{dy}z_gg

Yo T\dx] “xdx

x{ d“n[drﬂ:yd_r

de dx

Differential Equations Ex 22.2 Q7

yo—Zay+x=a —i)
Differentiating it with respedt to x,
yﬂ—bd—":fh 0

dy dy

yra+x=.:,|E

dy

Yy o tx

yd—y+x }'ﬂ+x
y2—2| dx y+x2=|

dy dy
efx efx
dy _
Put ——y’
2

o2y - (7]

Yy - 2yy -2y 4y yy? +x® + 2xyy
¥ y?

vy - 2y%y? - 2y +yP® - yPy? - x® - 2xyy’ = 0
—Axyy' +yxt - X - 2y 2yt =0
y'z(xz—Zyz)—quy'—xz =0
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(x—a)f +{y-8y = —
Differentiating wath respedt to x,
2(x—a)y+2(y- b}%= L))

{x—a}+{y—b}g=ﬂ — (i)

Differentiating wath respedt to x,
s ML ACAR
1+({y-b) 2 + .J.Fx] [dx] 0

1+{y_b}i_2y2+zEJ =1

(%]« )
(v—b)=— Py —(uii)

dx®
Put (y - b) in equation (),

(x-a)= =0 —v)

Put the value of (x—2) and (y— b) from equation (iil) and (iv) in equation (i),

[:H:::T i[(i"fﬂr -

Py £y
dx? dx?
Put %=}f’ and 1—2’2'=y-
(v +(y?e) -2
y“z(1+ y2)2+(1+y‘2)2 = |I'2y"‘2
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We know that, equation of a arde with centre at (i, k) and radwus r is given by,
(x- 1)+ {y-&) = —(

Here, centre lies, on y—axis, so =10

=  Cely-kf=r —(u)

Also, given that, arde is pasang through onign, so
o+k%=r"
=

So, equation (i) beaomes,
x2+{y—k}2= k2
x2+y2—2yk =0

Differentiating with respect to x,

2y[2x+2y:—ﬂ—(x2+y2)zg
@y

0= 4xy+4yzg—2ng—2yzg

u=2yzg—2x2:_i’+4xy

Y2V ony

()L -2y
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Equation of arde with centre (h, k) and radius r is given by

(- +(y—ky = —@
Here, omtre ke on x-axis, so
k=0
= (x—h}2+y2=r2 — ()
Also, given that, drde is passing through [u, u}, S0,
=
So, equation {il} beanm es,
{x - h}2+y2 =i

2 riP - 2xhay’ = I

xZ _2xh+y? =0

2xh = x2 +y*

no Xy

2x
Differentiating it with resped o x,
[2x+2y%]2x—(x2+ y2)2
(2x)"

[Zx +2y:’rJ2x— (2 +y2)2 -0

X

2x2+2}org—x2—yz =0
(xz—y2)+2xyg=ﬂ

Differential Equations Ex 22.2 Q11

Let A be the surfaoce area of rain drain, V¥ be its volume, and r be the radius of rain drop.
Given,

dav

—x A

dt

E=—|Ic.ill. [negative because V deaeases with maease in t]

where k is the anstant of proportionality.

So,
g ["3_‘ r3J - —kfasr?)
:;rz % =k (4"2)
-
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Equation of parabolas with lotits recham *(4a3)" and whose area is pardlel tn x axes and
vertex at (i, k) is given by,
(v—k)* = 4a(x—h)

Differentiating with resped to x,

2{y—k)y: = 42(1)

(Y— k:‘?’l =2a _{i}
Differentiating with resped to x,

(y-k)y2 +(r) (1) =0

(y—k)y2+(ry) -0

Zal® 2
— =10
[P’J' )
Using equation (i)
2ay, +(yy }3 =0
Differential Equations Ex 22.2 Q13
}¢r=2(x2—1)+m:xf'1 —(i)
Differentiating it in equation (i),
d'_y — 4x - 2o ™
dx

— (i)
Now,

ﬂ{-zx}r
fx
= 4x—2cxe"1+2x[2(x2—1)+m“'1]

— 4x—2xe™

— ax?

+4x3 _ ax ¥ Zxce ™

g+21y= 4x3

Whidh is given equabion, so
¥= 2(x2 +1}+|:E is the solution of the equation.

Differential Equations Ex 22.2 Q14

y=|[sir‘|'lx)2+xi'|r:x::us'lx+5
— =2=5n xx + A +0
dx 1-x7 1-x*
«.ﬂl—xzd—y=25ir‘|‘1x—ﬂ

ax

2
Ji- x?jﬂ‘jy[_l ][—2X)=2x[ ! ]—D

ax - w2 1- %%
2
(1—x)i5; zxjy 2-0

Mote: Answer given in the book is incorrect,
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Consider the given equation.,

2x+a) +y°=a...(1)
Differentiating the above equation with respect to x, we have,

d
2[2x+a]+2yd—i=
=>[2x+a]+y%=t]

d
=2x+a= —yd—i

d
=a= —2x—yd—l':

Substituting the value of a in eguation (1), we have

2 2
[Ex —2X - yﬂj +yt = [—EX - yﬂj

dx dx
o[ ,2L 2+ 2=(4x2+ 2| Y 2+-¢U< ﬂj
de / / dx de
=>y2=4x2+4xy%

=>y2—4x2—4xy%=ﬁ

Differential Equations Ex 22.2 Q15(ii)
(2x-af-y2=F
4ax?ya®—ax- yz =a°
ax?_dax-y* -0
dax = ax?— y*
s

4x
Differentiating it with respect o x,
4x[sx— 2yd—yJ— 4{4x> - y?)

o- dx

(4x)’

ﬂxz—aqg—lﬁxz+4y2=ﬂ
dy _
lﬁxz—axya+4y2_u
‘L1r2+y2=2x}r'n‘l—]'r
dx
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Consider the given equation,
(x—a)® +2y°=a?..(1)
Differentiating the above equation with respect to x, we have

2[x—a]+4y%=@

Substituting the value of a in equation (1), we have

2 2
(x—x+2y%} +2y2=(x+2yﬂj

ax
dy ¥, oo2_ 2, v Y dy
Pl = | 42y = ay| = | Ay ——
= V[dxj e v dx i dx
=>2y2—x2=4xy%

Differential Equations Ex 22.2 Q16(i)
Py =d
Differentiating it with respedt to x,
2x+2y dy _o
dfx

X+ yg =10

Differential Equations Ex 22.2 Q16(ii)
2oy -F

Differentiating it with respect to x,

dy
Z2x -2y =0
Y x
dy
w1 =D
i g

Differential Equations Ex 22.2 Q16(jii)
y° = 4ax
Y =4a

x
Differentiating it with respedt to x,

Xnyi—y—yz{I} o

Differential Equations Ex 22.2 Q16(iv)



Piy-bY =1 —()
Differentiating it with respect to x,

2x+2(y- b)%=0

x+(y—b)i—y= 0

(y—b)ﬂ =—X

(y-b)= W
dx
Put the vaue of (y - b) is equation (i)

2 [%] =1
dx
(2] -(2)
{2 - @
Differential Equations Ex 22.2 Q16(v)
e -y?=1 —0
Differentiating it with respect to x,
2(x-a)- 2y d_y =0

(x-a)- ydy 0

(x-a)-y

Put the vaue of (x- a) is equation (i)

("dx] vt
P[] -
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¥V _,
a »
E-ay_,
b’
Fx? - ay? = 20
Differentiating it with respect to x,
szz—za?y%=u

2y _g
X ya e
Again, differentiating it with resped o x,

-2y 20220}
az=f[yli2+[g]z]
Put the value of & in equation Q)]

x? -y _q
dx
dy (Y |_, 29y _
XEE[YE{-[EJ ya'za—u
=
o] v
&y (dy Y| __dy
"{”E*[EJ “Vax
Differential Equations Ex 22.2 Q16(vii)
Yy’ = 4a(x— b)
Differentiating it with respect o x,
2y Y - a2

Again, differentiating it with respect to x,

()2
d’y [drf o

Y2

Differential Equations Ex 22.2 Q16(viii)
y =

Differentiating it with respect to x,
W _ 3ax?

cfx

_ 3[}3}2

Using equation (i)
dy _ 3y

dx x

dy _
xa—.‘l}f

Differential Equations Ex 22.2 Q16(ix)

—®



2ry?-a
2
x :3)!2 _a
Differentiating it with respect o x,

() (2x 42y 2L ) (2 4v7) 3<7)
()

2x4+2x3y:_i'—3x4—3x2y2= 0
2y X x4 aP -0
zﬁygﬂuw

2% X = x?(2 437
2% - (24 377)

Differential Equations Ex 22.2 Q16(x)

y=€e-~ —(®
Differentiating it with respedt o x,

dy o

a = o

-ay — @)
From equation (i),

y=e7"

log y = ax

5 Iogy
x
Put the value of 2 in equation (ii),

dy [logy
a‘[T]”
dy

Y _yio
x - = ylogy

Differential Equations Ex 22.2 Q17

We know that the equation of said family of ellipses is

= 2 - i)
)

D Ifferentiating |[ii wrto® , we get

2 xd—}f—}r
E[dv]Jr dx ¥ ldy

di? w? dx

Py (dydy

—_r — | -w—=0
= wdxz-‘-x[dx] Fdx

which is the required differential equation.
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The equation of the family of hyperbolas with the centre at origin and foci along the x-
amis 18

oy
e =] D
a .'I:I'
i
X X
4]
L |

Differentiating both sides of equation (1) with respect to x, we get:

=2 _2 .9 A2)

_I:__‘_{ [ .'|_lr‘}: e .1j-|_--'-' } _]:I'_‘; - []

= x(y }: +xn" = =0

— "+ x( ¥V - =0

This 1z the required differential equation.



Differential Equations Ex 22.2 Q19

Let C denote the family of circles in the second quadrant and touching
the coordinate axes,
Let (—a,a] be the coordinate of the centre of any member of this family.
Equation representing the family Cis

[+ a]z +(y- a]z =a>  aee———o- (i}
or %% +yS +2ax - 2ay+a° =0 00 ———-———— (i)

Differentiating eqn (i) w.r.t. %, we get

20+ 2y3i+25—23di =

] o
dy dy
foalZL-1

=R a[dx ]
= a= Yy
W o—1

Substituting the value of ain (i), we get

e 2 e
g BEVY | XYY | Ry
¥o-1 ¥o-1 ¥o-1

= I:X'j,l'l—X+X+}l’}l’li|2+|:}l'}l'l—}l'—x—}l'}l'li|2=|:X+'j,.l"j,l'li|2
2

u

+|{x+yj2 =[><+w']

= (x4y) [[}f')z . 1} =[x+ w‘]z

which is the differential equation representing the given family of circles.

= (x+}fj2}f





