DIFFERENTIAL EQUATIONS AND THEIR FORMATION

(XII, R. S. AGGARWAL)

EXERCISE 18A (Pg. No.: 896)
Write order and degree (if defined) of each of the following differential equations

4 3 "
1. (d—}] +3y d—) =
dx dx”

Sol. In the given equation, the highest-order derivative is

NS
(]
-

and its power is |

", its order = 2 and degree = |
1.\ 4
2. ¥ -‘—!——} +X 4 =0
dx” dx

Sol. In the given equation, the highest-order derivative is

and its power is 2

.. itsorder = 2 and degree = 2
2. N2 43
3 (2 +[£] +4=0
dr* dr
: . : .. dy . :
Sol. In the given equation, the highest-order derivative is };}—- and its power is 2
. its order = 2 and degree =2
3 A 2 ! » ? % .
4 |48 o2 +[ﬂ2] +y° =0
dx’ dx dx
Sol. In the given equation, the highest-order derivative is % and its power is 2
X
. its order =3 and degree = 2
5, ﬂ+[£‘£) +2y=0
des \dx
Sol. In the given equation, the highest-order derivative is -6% and its power is |
ax”

. its order = 2 and degree = 1

dy
6. —+y=e"
dx ?

Sol. In the given equation, the highest-order derivative is E} and its power is 1

. its order = 1 and degree = 1



Sol.

Sol.

Sol.

10.

Sol.

11.

Sol.

12.

Sol.

13.

Sol.

14.

-

In this equation, the highest order derivative is % so its order is 2

It has a term &'®'*"

&+sin[£] =0
dx dx

, soits degree is not defined

g . . N | . .
In this equation, the highest order derivative is E}, so its order is 1

It has a term sin[g—'y-} so its degree is not defined.
X

-4 3
:

In this equation. the highest order derivative is

d'y

Fi)

so its order is 4

3
It has a term cos [‘;—’:J, so its degree is not defined.
iy

dy . (&Y
4 s D) _gp=y
S —

2

In the given equation, the highest-order derivative is %,J-}— and its power is |

. its order = 2 and degree = 1

3 2
[ﬂ) —4(Q] +7y=sinx
dx dx

In the given equation, the highest-order derivative is % and its power is 3

", its order=1 and degree = 3
3.3 2
d—{+2d—{}+d—y=0
dx dx”  dx
a"‘y

In the given equation, the highest-order derivative is g and its power is |
Y

. its order = 3 and degree = 1
dy 2 5
x| = [+——=+9=y"
(azr) 6 4
dx

Given differential equation may be written as x .4 +(9 —y:) a_j)-} +2=0
dx dx

In the given equation, the highest-order derivative is Ey and its power is 2

. its order = 1 and degree =2

1_[@: . {GQJ
dx dx’



Sol.

15.

Sol.

16.

Sol.

17.

Sol.

18.

Sol.

4\3 4
dy\ | &Y
Given differential equation may be written as [l - [Eyj J -a’ [ dx{ J

&

In the given equation, the highest-order derivative is

and its power is 2

. its order = 2 and degree =2

\/l—y:dx+\h -x’dy=0

Given differential equation may be written as \/l -y +41-x* % =0

In the given equation, the highest-order derivative is % and its power is 1
x

. its order = 1 and degree = 1
(y")3 +(y'): +siny' +1=0
In this equation, the highest order derivative is ("), soitsorder is 2
It has a term sin)’, so its degree is not defined
(3x+5y)dy—4x7dx =0

. . . . . d 5
Given differential equation may be written as (3x +5y) Ey —-4x° =0

d}’

In the given equation, the highest-order derivative is = and its power is 1

. its order=1 and degree = 1

dy 5
= —t—
¥ dx

g

Given differential equation may be written as y[-c-‘j}—)-] = [%) +5
Ad

In the given equation, the highest-order derivative is d—y and its power is 2
i3

. its order = 1 and degree =2



EXERCISE 18B (Pg. No.: 902)

1. Verify that x> =2y’logy is a solution of the differential equation (Jr2 +y2)j—y— xy=0
e

Sol. Given equation is x* =2y’ logy ;

. - ; dye o i
Differentiating both sides w.r t. x we get E(r )-2E{y Alogy}

,d dy s »2dy dy
2¢=2| 2 (1 log y<(y* 26=2| =2 1 2y10g 2
= 9x [y —-(logy)+logy—(y )} =>2x [} e yogdx}

2x  dy dy dy x* | dy
o=yt Iylogy——_ %=y 2 = s
2 Ve TR Vg B 2.7 [

dy

dy X dy = x=( +07)— :(f*y:)%_xyzo

2dy  sdy
= X = YL =y = ) e
FIAETadandr o

Hence x, =2y’ logy i.e. a solution of the differential equation (Jr3 +y2)j—y— xy=0
e

2

2. Verify that y =¢*coshx is a solution of the differential equation j {, — 2% +2y=0
e x

Sol. Given equation y =e" cosx -

Differentiating both sides w.r.t x we have % _ e i(cos bx)+cos bxi(e")
dx dx dx

3%— —e"sinbx+e*cosx =e"[-sinbr+cosx] ... (i)
Differentiating both sides w.r.t x we get Q = —ﬁ-(e" sin x)+-£i—(e"' cosx)
dx” dx dx

=5 i%i: —{e’”%(sin x)+sin x%e"’} +e’%(cosx)+c05x%'e"’

dzy x - X = X
= ——=—¢"cosx—e"sinx—e"sinx+e* cosx

dx’
=e* {~cosx—2sinx +cosx} ... (iii)

d’y dy

LHS == -25%42y=0
de’  dx

=e¢*[-cosx=2sinx+cosx] —e*[~sinx+cosx] +2¢*-cosbx
=e*[~cosx—2sinbx+cosx +2sinx—2cosx+2cosx] =e*x0=0=RH.S

Hence given equation is a solution of given differential equation

3. Verify that y= ¢"*'* is a solution of the differential equation (l - xz)%-’;—x%— m'y=0
S
Sol. Given equation is y=e"* * ()
1 3 - af}’ meos™ x d 1
Differencing both sides w.r.t x we have —=¢ —(m cos x)
dx dx

dy -m-ecos 'x



Differentiating both sides w.r.t x we get Lin i{ =i ]

d’  de| f1-x°

5 l_xl i echs’x _emcos'x_g h_xl
& ()
3(1—x3)d"{;:—m . l_x-'f 422 - z(l—xz)d-{):mﬁ.e”’“‘l”—mx'e =
dx’ V-2 Vi-¥* | dx’ 1-3"
:(va:)d{)=m2y+x--‘£ :b(l—xz)i%:—xﬁ—nfy=0
dx’ dx des dx
Hence y=e™** isa solution of the differential equation (l—x:)%-x%—m3y=0
e

4. Verify that y =(a+bx)e™ is the general solution of the differential equation
Sol. Given equationis y = (a+ bx)-e™

e y=a+bx

Differentiatiy both sides w.r.t x we have e ':‘“%+ yi(e'zx) =b

=2z ‘l} -2x -2x “_}’ 2x
" e 2 . "‘2 = b 2 % b
—>'€ -f-y (4 ( ) = € o y-€ =

Differentiating both sides w.r.t x we have ¢ ™ c;%, +£-i(e'3‘)~ Z{y-i(e'z") te ﬂ} =0

dc

Hence the given equation is the solution of given differential equation

—e=d) 2-9'3“-@—+4-e'3’y—2.3"“—‘{}—:=0 = R .‘_{:.{.._4,;‘{}1+4y =4 :Q—4—@-+4:0
dx dx dx”  dx dx”  dx

5. Verify that y=e¢*(Acosx+Bsinx) is the general solution of the differential equation
ﬂ 2 +2y=0
dx” dx
Sol. Given equationis y =e" {A-cosx+ Bsinx]}
= e "-y=A4-cosx+ B sinx
Differentiate both sides w.r.t x we get

=5 e"‘.%er.%(e"") =-—Asinx+ Bcosx

Differentiate both sides w.r.t x we get

{e"“ Q+ﬂ -i(e"‘)}—{y-%(e*) + e""%] =—Acosx— Bsinx

5 e-x.d;-z"_e“"’.ﬂ _{_y.e"'-q—e_x-g} =—Acosx—Bsinx
di’ dx dx

= d“{)_£+y_ﬂ =—Acosx—Bsinx
dx dx



& Y fZE"Ker: —e*(Acosx+ Bsinx) = d“'f 72ﬂ+y= -y = Q*ZE{Z+2}}=O
dx” dx~ dx dx” dx
Hence the given equation is a solution of differential equation of given differential equation
6.  Verify that y = Acos2x— Bsin2x is the general solution of the differential equation dy +4y=0
e
Sol. Given equation is y =acos2x— Bsin2x
Differentiatiy both sides w.r.t x we get
= 4 =-2A4-sin2x-2Bcos2x
dx
. . d’y ,
Diff. both sides w.r.t x we get o) =—4Acos2x+4Bsin2x
d’y . d’y d’y
=> —==-4{A-cos2x—-Bsin2x{ > —==-4y D> —=+4y=0
dx” { j dx® . dx” &
y : ; d’y
Hence y = A-¢os2x~ Bsin2x is a solution of ?+4y =0
x 5 . ; z 7 . dy dy
7. Vernfy that y=ae™ +be " is the general solution of the differential equation 7 2y=0
%
Sol. Given differential equationis y =a-e™* +b-e*
Differentialiy both sides w.r.t x we get % Rage™=bh-e* ... (i)
Again differentiatiy both sides w.r.t x, we get
y =4ae+b-e7" ..., (ii1)
Now, Lailes 2% -2 230
dx”  dx
=4a@™ +b-e* -2a>¢™ +b-e* -2a-¢** -2b-¢* =0=RHS
Hence the given equation is the solution of given differential equation
8.  Verify that y =¢*(4 cosx+B sinx) is a solution of the differential equations jx—y - 2% +2y=0.
? e
Sol. y=e"(A4 cosx+B sinx) (1)
dy

Differentiating both sides of (1), we get, P e"(~Asinx+Bcosx)+(4 cos ¥+ B sinx)e”

d) .
= —y:ex(—A sinx+ B cosx)+y (D

Again differentiating both sides of (2), we get,

d',’v =e*(—A cosx— B sinx)+(—A4 sinx+B cosx)e” &
dx” dx
d’y . ; 2 e dy
= —==—¢"(A cosx+B sinx)+(-4 sinx+B cosx)e* +— X3
dx” dx

From equation (2), %—y =e"(—~Asinx+B cosx)
i

Now, Putting the value of e*(—4 sinx+ B cosx) in equation (3),



5 W& WL S N RO
e e & dac d dx

9.  Verify that y* =4a(x+a) is a solution of the differential equation y{l —(%] } = Zx%,
Sol. y’ =4a(x+a) (1)
: o ; dy
Differentiating both sides (1), we get, 2}*; =4a
s Dy Dy iy Doty i 2% o
dx dx dx y

. Putting the value of (2) in y{l - [%J }

ool () o g

:>4_crx 2x [Za] 2xﬂ. Hence proved.
y ¥ dx
10. Verify that y=ce™ * is a solution of the differential equation (1+x3)§"{) +(2x—l)%:0_
e
Sol. y=ce™ * k1)
. 2 . dy tan~'x 1
Differentiating both sides of (1), we get, —=ce™ *.—
dx (1+x‘)
dy __ ¥ dy
= 1+ x~ b
o ) = (l+#7)==y @)
- e . nd'y dy dy
Again differentiating both sides of (2), we get, (1+x" )——+—(2x)=—
- 8 Guwean (1) et )=
dy dy , dy d’ y _dy nd’y dy
1+x° ~2x 1+x° 1-2x) . (l4x" )—=+(2x—-1)—=0
( )dx dx dx ( ) ( ) ( )dx" ( )dx

N2
11. Verify that y=¢™ is asolution of the differential equation —= i a8 -!—(—‘-I-J-j—]
de’ vy \dx

Sol. Given equationis y=e™ ... (i)

. e . d .
Differentiating both sides w.rt x we get Ey =p-e* .. (i)

2

Differentiating both sides w.rt x we get dx{ =b>.e" e CIHT)

by

NOWRHS = (dyj :—L{b.ebx}: :bz.ebx :d y_[ H;S
y\ dx e

Hence y =e™ is a solution of the differential equation —=- =

12.  Verify that y =— 2 +b is a solution of the differential equation
%



Sol.

13.

Sol.

14.

Sol.

; ; ; e a
Given differential equation is y=—+5
X

. L. . dy -
Differentiating both sides w.r.t. x we get E} = —?
=

2 dy

= x . —=—=-a
dx

Again differentiating both sides w.r..t x we get %{xl _y} =0

=¥ ‘;),)+21rﬂ =0
dx” dx

d’y 2dy
=2 0
&8 ix o

Hence the given equation is the solution of given differential equation

Dividing both sides by x* we have

Verify that y=e¢ “+4 Ax+ B is a solution of the differential equation e* [%] =il

y=e +Ax+B (1)

dy

Differentiating both sides of (1), we get, % =e*(-1)+4 > i - +A mkl)

Again differentiating both sides of (2), we get, iy 3 - (-1)
= d—h,}—{:e"‘ — i—“y—z—l— 5 d—“,v— =i
dx” dc® e dx”

2

. iibk 16 . . . . dy (ayY|_  dy
Verify that Ax” + By” =1 is a solution of the differential equation x{y 7 J,/ + [—yJ }= y—Jr
%)

dx dx
Given equationis Ax’ + By’ =1 D)
Diff. both sides w.r.t x we get 2Ax+28y%:0
49
dy

= Ax+By—=0

Y

g ; 5 dy 5

Multiplying x on both sides Ax +BxyE: cous (iE)

Subtracting (i) from (ii) we have Bxy% - Byt =-1
X

™ dy . 1
e dx & B
Differentiating both sides w.r.t x

e 220039

dy dy dy d’y (dy] dy
’—+ i ——2 =ill=% — 4| — = y—=
:’”dx rad i yd P k) [T e

Hence given equation is the solution of given differential equation



15.  Verify that y = e is a solution of the differential equation (1 + xz)ﬂ+(1 +y2) =0
1+ex &
Sol. Given equation is y =——
l1+cx

Differentiating both sides w.r..t x we get @ i{ — }
dec dx|l+cx

ﬂz (l+cx)—i(c—x)—(c—x)i(l+cx)

:> 2
dr (l+cx)'

:'ciy__—(1+cx)—c(c—x) :>.‘.{Ji="l—c-—c1+cx ﬁzu(”c:)
& (] d  (er) de (1+cx)

Now L.H.S. =(]+x:)%+(l+y3)

=—(1+x:) (]+CE) +{1+[C‘—XJ2} _ _(l"‘-‘-’2)(1'f'v:,‘z)-+-(l+{:_vr)2 +(G—X)3

(1+ex)’ 1+cx (1+ex)’
=3 —1—¢"—x"-c’x" +1+c“x"+2cx+c“ +x" —2¢x s 0 _ —0=RHS
(1+cx) (1+ex)

Hence given equation is the solution of given diff. equation

2
16. Verify that y = log(x X +ad’ ) satisfies the differential equation %4—3{% =
X

Sol. Given equation is y=log_.(x+\}x3 +a2)

Differenting both sides w.r.t x we get % =%!Iog (x+ V¥’ +a’ )}

2 2
- L) 2| . T
x+yx? +a* dx X+Nx +a W +d wWxltadd  Ixtwa’
1 ;
i k)
X +a
. - ; 'y, d
Again differentiating both sides w.r.t. x, we get d—} =— ]
dx” dx x1+a2
o =1 . 2x _ %
(¥ +a’) Wx'+ad  (CkaWx +d
=X X

P O dj}’ dy
Now. LH.S. —(x +a )?”E _\/x2+a3 +Jx2+a2

=0=RHS
Hence given equation is the solution of given differential equation
17.  Verify that y=¢ ™ is a solution of the differential equation ‘:;3 +%—6y =1

Sol. Given equationis y=¢ ™ ... (i)



dy

Differentiating both sides w.r..t x, we get —d =—3.e* wey (1E)
i'e
; 5 y d’ 5
Differentiating both sides w.r..t x we get — 9-e ... (iii)

Now L g =2 2B

dx”  dx
=9.e 3. -6:¢"
=0=R.HS

s

Hence y=¢ ™ isa solution of g y+£—6y:0
de” dx

2z



EXERCISE 18C (Pg.No.: 910)

1.

Sol.

S

Sol.

Sol.

Sol.

Sol.

From the differential equation of the family of straight liens y =mx+¢ , where m and c are arbitrary
constants
Given equation is y=mx+c
:—cf}i:m = dh’:’, =0
dx dx”
This is the required differential equation

From the differential equation of the family of concentric circles x* +)° =a’, where >0 andaisa
parameter

Given equationis x° +y’ =a’
Differentiating both sides w.r.t x we have

ds oo dyos

—(#)+ ") =0
:>2x+2y-—‘2=0 :'>x+y--‘i}:=0
dx dx

This is the required differential equation
Form the differential equation of the family of cruves y =asin(bx+c¢) where a and c are parameters

Given equationis y =a-sin(bx+c) cossKE)
Differentiating both sides w.r.t x we get
dy .
— =abcos(bx+c st
= (br+c) .G
Differentiating both sides w.r.t x we get
Q =—ab’ -sin (bx +c)
‘h,-
d’y 5 d*y . o ; ; ; :
= F b = 5 +b°y =0 this is the required differential equation
i A

Form the differential equation of the family of curves x = Acosnt+ Bsinni, where A and B are
arbitary constants

Given equationis x = A-cosm + Bsinnt ... (i)
dx ; s
= s =—nA-sinnt +nBcosnt . (ii)
(i

)

X 3 9 Y dlx 2 %
= = —n’Acosnt —n’Bsinnt = = ~n* {Acosnt + Bsinnt
3 %

-

-

x i
= —=—NX
dt”

X 9 5k \ . . P
= 7 +n"x =0 this is the required differential equation

Form the differential equation of the family of curve y =ae™, where a and b are arbitary constants
Given equation is y =a-e™ .. (1)
dy 1 dy

= ==abe™ Q£=by = ——==)
dx dx dx



Sol.

Sol.

Sol.

Diff both sides w.r.t x we get ﬂ{li{[} =0

de |y dx
1dy dvdfl l.Q“L(siz) o u[d_y]o
y dx’  dx dx\y y a y'\dx de® \dx

This is the required differential equation

Form the differential equation of the family of curve y* = m(a: - xz) where a and m are parameters

Given equationis y* =m(a’-x*) . (i)
Differentiating both sides w.r.t x we get 2 y%: —2mx
dy .
= y——=-mx (i
S s (i1)

Differentiating both sides w.r..t x we get yd;" +[£J =—m
dx- \dx

:)y.d_‘_);_.i. id‘.y_ :&.‘!‘X. :)xyi::.:..__x[f{}i ._yi{y-_:o
dx dx x dx dx” dx dx

This is the required differential equation

Form the differential equation of the family of curve given by (x—a) +2y° =a’, where a is an
arbitary constant

Given equation is (x—a)’ +2)* =a’
o X +a=2ax+2y’ =a® = ¥’ -2ax+2y’ =0

x*+2y*
X
Differentiating both sides w.r..t x we get

i{x3+2y3}_0

=2a

= x* £2y° =2a% =

dx X
d(s 2 2 dy
X- (x +2y )—(x +2y2)_—— . )
= —dx = dx _ :>r£;{x“+2y‘}—(x2+2y3)=0
:x{2x+4yddr—y}—(x2+2y3)=0 = 2x1+4xy%—x2—2y2=0
d}’ 2 2 _ _‘f}i_zyz‘r:
:>4xy;;+x —2yri=a), =5 dx_—4xy

This is the required differential equation of the equation
Form the differential equation of the family of curve given by x°+y° —2ay=a’, where a is an
arbitary constant
Given family at waves is x° +)y° —2ay=a’ ... (i)
dy

Differentiating (i) w.r.t. x we get 2x+ Zy-ﬁ— 2a—=—=90
dx dx



Sol.

10.

Sol.

dh
X+y—

dy

x+y;{;

Putting this value of a in equation (i) we have x* +y* -2y

(Y, oY *“.5’.._2.."J’_J-_- &
= [dx] +y dx) 2xy(dx] 2y [dx =x‘+y
=5 x° (-‘Q—-J-—Zyz[gi} 4xy—@-uv‘ =0

dx dx dx

2 2 C’:VT dy
=>|x -2 =, =dxy—=—-x"=0
(-2 G o
This is the required differential equation

dy
dx

Form the differential equation of the family of all circles touching the y-axis at the origin
Equation of the family of all circles touching the y-axis at the origin is given by

z ~
(x—a) +y'=a’
= x* —2ax+a’ 4y’ =4’

=>x’+y —2ax=0

) 5

= x* + yhamdax i M
x
Differentiating both sides ..
di.. .2 2 2\
x.dx(x +y )—(.‘r +y )dx:O e

x.‘.

= x{z.r+2yi}—x3 -y*=0

. dy 5
= 2x" +2xp—-x" -y =0
) E Y
= x -y +2xp—=0
X -y Xy

This is the required differential equation

From the differential equation of the family of circles having centers on the y-axis and radius 2 units

Equation of family of circles having contres on the y axis and radius 2 units is given by

2

*+(y-a)' =4 ... (i)
Differentiating both sides w.r.d. x we get



11.

Sol.

12.

Sol.

2x+2(y—a)-dﬂ=0
X

.ily
dy

—a)L =0
=>x+(y a)dx'
X

=lr=a)= dy [ dx

| K0.0)

} =4
X'e X

a 0
4 : dx
S t——=4 =% H[_) -
dyY dy
dx ly’

This is the required differential equation

Form the differential equation of the family of circles in second quadrant and touching the -~--*~-*-
axes

X
dy | dx

From (i) and (ii) we have x* +[

The equation of the given family of circle is (x+a) +(y-a) =a’ ()
Differentiating both sides w.r.t x we get 2(x+a)+2(y—a)-y, =0

= x+a+yr=ay, =0 y
=X+, =ay,—a

= x+yy, =a(y, -1)
=X .. (i)

From (i) and (ii) X'«

we have [x+m] +|:y— """}iy;] :[I+yy,:|
-y‘il ylgl y|*|
= [x()ﬁ —1)+x+yy, ] +[}’(}’, —1)—x—yyl ]'
}’|_] y]—l

:[Hyy, }
»-l

= (xyl _x+x+}9’1)2 +(_}{}’] _y_x_}’.)"]):

= (x+y)2 ) +(x—y)2 =(x+ )1

:.>(Jr-*-y)z-{_yf-1~1}:[Jr+y)q)2

= (x+y)’ {] 4{%}2}:{:&)}%}2

This is the required differential equation
Form the differential equation of the family of circles having centers on the x-axis and radius unity

The equation of given family of circle is (x —ar): +y =1 i K1

Differentiating both sides w.r.t x, we get 2(x—a) +2yy, =0



"y
From (i) and (ii) we have (=yy, )"+ " =1

—— 5 ; dyY
= vy +y' =1 B+ =1 =y 1+ =] }=1
V¥ +y 2 {1+7} y{ (dx]}

This is the required differential equation
13. From the differential equation of the family of circles passing through the fixed points (a, 0) and
(-a,0) where ais the parameter
Sol. The general equation fa circleis x* +y* +2gx+2f +c=0 i ()
If it passes through the points 4(—@,0) and B(a,0) wehave a’—2ga+c¢=0 ... (i)
And @ +2ga+c=0
Adding (ii) and (iii), we get 2(a’+¢)=0 = a’+c=0 =c=-a’ .. (ii)
Putting ¢ =-a" in (iii), we get 2ga=0=> g =0
Putting g =0 and ¢ =-a’ in (i), we get
X4y +2f—a* =0 ... (iv) where f is the parameter

Differentiating (iv) w.r.t. x we get 2x+2yy, +2 1, =0 = fi, =—(x+yy)

~(x¥
= f = (-—-—--x }9’1)
By
s 2 BIREEETY,
Putting this value of fin (iv) we get x* + y~ —M— a =0
N

= XY+ 370 -2 -2 - Py, =0 =>(@ppea’ )y, = By

14. Form the differential equation of the family of parabolas having vertex at the origin and axis along
positive y-axis

Sol. The equation of the given family of parabolas is given by x* —4ay (1)
Differentiating (i) both sides w.r t x, we have

dy i
2x=4a— e Ul
o (i)



15.

Sol.

16.

Sol.

From (i) and (ii) we have 2x=£-—¢v- { 2 :4ay:,x_u=4a}
y dx y
=5 2xy:x2d—y :>xd—y:2y
dx dx

This is the required differtial equation

Form the differential equation of the family of ellipses having foci on the y-axis and centre at the
origin

The equation of family of ellipses having centre at the origin and foci on the y-axis is given by

> 3 ,
— 4= N

PR (1)

Where b>a and a,b are the parameters

Differentiating (i), w.r.t. x, we get E+2—'}—} =) = —x—+& =0 " (11)
a £ a- -

Differentiating (ii) w.r.t. x we get -l,-+j-’}—:?—+!-1:- =0 = —x—+f-'¥-‘¥-=-+f-)-);'- 2 () ... (iii)
a b b a b b

1 ; d’ dyY
Lomsvot-mi]-0 =o{Z2)1o{t] oo

Form the differential equation of the family of hyperbolas having foci on the x-axis and centre at the
origin

The equation of the family of hyperbolas having foci on the x-axis and centre at the origin is given by

Subtracting (ii) from (iii) we get

x—: = ’; =1 ... (1), where a and b are the parameters

a b

Differentiating (i), w.r.t X , we get

2x 2y, X _w

= =0 J— =0

a b Sl

Differentiating (i1) w.r.t. X we get L,—‘;L —“:—': =0 ... (i)
a b #

Multiplying (iii) by x and subtracting from (ii), we get b—ll{xyyz +X9; — W, } =10

d’y dyY  dy
» _._’_ + Fal 459 - —
- ”[dr} x(dx] Ve



