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In each of the Exerclsegzl to 5, form a differential equation
representing the g‘lve% 1ly of curves by eliminating arbitrary
constants a and b.
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Sol.

x
Equation of the given family of curves is P % =1 (D)

Here there are two arbitrary constants a and b. So we shall
differentiate both sides of (i) two times w.r.t. x.

1 1 dy 1 1 dy .
From (1), PR 1+ * Y dx 0 or 2 =" b dx ..(@)
Aoain diff. (i 1 d%
gain diff. (i) w.r.t. x, 0 = — b e
d?y
Multiplying both sides by — b, el 0.

Which is the required D.E.
Remark. We need not eliminate ¢ and b because they have
already got eliminated in the process of differentiation.

. y2 = ad® - x?)
Sol.

Equation of the given family of curves is

y2 = ab® — x?) ..30)
Here there are two arbitrary constants a and b. So, we are to
differentiate (i) twice w.r.t. x.

d
From (i), 2y d71 = a(0 — 2x) = — 2ax.

- dy .
Dividing by 2, y dx = ..(@0)
Again differentiating both sides of (ii) w.r.t. x,

d?y dy dy d’y dy
) * g de =@ ox y ) tlge| =@ ...(it1)
Putting this value of — a from (iii) in (ii), (To eliminate a, as b is

already absent in both (i) and (iii)), we have

2
dy ydzm(éz) ] d’y dyV  dy
Y Ix = da? o X O xy 7dx2 + x . =Y Ir

d’y dy Y dy
or xyw+xa —ya:O.
3x

.y = ae® + be®
Sol.

Equation of the famlly of curves is
y=ae¥+be® (D)
Here are two arbitrary constants a and b.

dy
From (i), -~ =3 ae® — 2 be * @)
Again differentiating both sides of (ii), w.r.t. x,
d2y
ﬁ =9 ae®™ + 4 be ..(i)

Let us eliminate a and b from (i), (i) and (ii7).
Equation (ii) — 3 x eqn. (i) gives (To eliminate a),



dy

dx —3y=—5be * ...(lv)
Again Eqn. (iii) — 3 x eqn (if) gives (again to eliminate a)
d?y dy - %
ﬁ -3 dx = 10 be (v)

Now Eqn. (v) + 2 x eqn. (iv) gives (To eliminate b)

d? d d
d% -3 (T;Vc +2 (dfc—&v] = 10 be™ % — 10 be™ *
X
4%y dy dy
or W—3dx+2dx—6y=0
d’ dy
or @—a -6y =0

which is the required D.E.
4. y = e* (a + bx)
Sol. Equation of the given family of curves is
y =e¥ (a + bx) (D)
Here are two arbitrary constants a and b.

d d oy d
From (i), d71 (dx e’ ] (@ + bx) +e* v (@ + bx)

dy 2 2%
or dx:Ze (@ + bx) + e . b

dy 2 .
or B = 2y + be ..(21)

(By @)
Again differentiating both sides of (ii), w.r.t. x
d’y dy .
Pl 2 FPA 2 be? ...(111)

Let us eliminate b from eqns. (ii) and (iii), (as a is already
absent in both (i7) and (i)

‘s Q 2x
From eqn. (i7) de 2y = be

Putting this value of be* in (iii), we have

d? d d d? d d

dx§=2di+2[di—2yj=> d—xg—zd—erQd—i 4y
dzy dy

or a2 -4 dx +4y =0

which is the required D.E.

5. y=¢€* (a cos x + b sin x)
Sol. Equation of family of curves is

y =¢e* (a cos x + b sin x) ..(0)

d x
d7i = (dxe j (@ cos x + b sin x) + e (—a sin x + b cos x)



Sol.

d
or d7z =e*(acosx +bsinx)+e (—asinx + b cos x)
dy

or
dx

=y +¢e (—asinx + b cos x) ..(@0)

By ()
Again differentiating both sides of eqn. (ii), w.r.t. x, we have

d? d
732/ = & +e“(—asinx+ b cosx)+e*(—acosx—>b sinx)
dx dx
d? d d
or d—x}; = difc + gdi_y —¢e* (a cos x + b sin x)
By (i)
oy
A - dx Yy -y
By @)
or LZy -2 dy + 2y = 0 which is the required D.E
I dx E.

Form the differential equation of the family of circles
touching the y-axis at the origin.
Clearly, a circle which touches y-axis at the origin must have its
centre on x-axis.
[*.- x-axis being at right angles to tangent y-axis is the normal or
line of radius of the circle.]

The centre of circle is (r, 0) where r is the radius of the
circle.

Equation of required circlesis

x=r?+(y—07=r2 [ - ?+ (y - PP =r"
or W+ =%+ y? =1
or %2+ Y2 = 2 (D)

where r is the only arbitrary constant.
Differentiating both sides of (i) only once w.r.t. x, we have

dy y
2x + 2y — =2r ..(11)
dx
To eliminate r, putting the value of 2r from (i) in (i),
d N
X+ y? = [2x+2ydijx

d
or x2+y2=2x2+2xyd*z m
dy 5 9 of r 7C i
or — 2xy de X +y°=0

Multiplying by — 1, 2 dy 2_y2=0
plying by — 1, 2xy - + 2" —y" =

d
or 2xy o + x2 = y% which is the required D.E.
dx



Sol.

Sol.

Remark. The above question can also be stated as : Form the
D.E. of the family of circles passing through the origin and
having centres on x-axis.

. Find the differential equation of the family of parabolas

having vertex at origin and axis along positive y-axis.

We know that equation of parabolas having vertex at origin and
axis along positive y-axis is 4% = 4ay (D)
Here a is the only arbitrary constant. So differentiating both
sides of Eqn. (i) only once w.r.t. x, we have

dy g
2x = 4a ax ..(@0)
To eliminate a, putting MY
2
4a = 7 from (7) in (ii), we have
2
x° dy
- — > X
2 = y dx 0
dy (VERTEX)
= 2xy =x2
dx
s . dy
Dividing both sides by x, 2y = x dr
dy
= —x gt 2y =0
dy § . :
= X~ 2y = 0 which is the required D.E.

Form the differential equation of family of ellipses having
foci on y-axis and centre at the origin.
We know that equation of Y

ellipses having foci on y-axis i .
i.e., vertical ellipses with > Major Axis
major axis as y-axis is 0, a)
2 2
Yy x .
pel + 2= 1 .0 F Focus
b | b
Here a and b are two arbitrary X' Cnol o .0) \l' >X
constants. ' F ’ Minor Axi
So we shall differentiate eqn. = norAxis
() twice w.r.t. x. © _CSUS
Differentiating both sides of ,
(I) w.r.t. x, we have Y’
1 9 dy 1 9 0
= &= _
a2 Y dx b2 X
2 dy 2
or @V dx TR

Dividing both sides by 2,



Sol.

1 dy -1
2 Y dx T b2
Again differentiating both sides of (ii) w.r.t. x, we have
1[ﬁu@¢q -1

o2 dx? dx dx| T p2

x ..

..(uiD)

-1
To eliminate a and b, putting this value of oz from (ii7) in (i7),
the required differential equation is

2 2
1ody 1 dy fdyE
) Y de = a2 dx dx

2 2

Multiplying both sides by a2, y % = xy % +x [Zi)
d’y dyY — dy

or xy ) +x (dx] ~Yx =0
which is the required differential equation.
Form the differential \ Y
equation of the family of LS Conjugate
hyperbolas having foci on Axis

We know that equation of ) J/
hyperbolas having foci on x- . Transverse
axis and centre at origin is {Foeus) (2.0) Axis

L )

x-axis and centre at the (=3, 0)
origin. F,(Focus)
Cd X
y

Here a and b are/two arbitrary constants. So we shall differ-
entiate eqn. (i) twice w.r.t. x.

rom (i), 2 x — 52 Y dx = or o2 x = b2 Y dx
Dividing both sides by 2 L 1, % 7
ividing both sides by 2, o2 X = b2 Y ix ..(21)
Again differentiating both sides of (i), w.r.t. x,
1o 1 | dy dy dy
a? 1= p2 * |” dx?  dx dx
2 2
11 |, 4y (dy
or Pl {y i +[dx] } ..(iiD)

Dividing eqn. (iii) by eqn. (ii), we have (To eliminate a and b)



10.

Sol.

11.

d%y (dyY
y T4
1 dx dx
1_ o
X A
ydx

d* (dyY d
Cross-multiplying, x (y dx2+(dx Y

=Y dx
d’y dy Y dy
or xydx2+x[dx] Y g
which is the required differential equation.
Form the differential equation of the family of circles
having centres on y-axis and radius 3 units.
We know that on y-axis, x = 0.
Centre of the circle on y-axis is (0, B).

Equation of the circle having centre on y-axis and radius 3
units is

=0

(x — 02+ (y - p)? = 32 [(x = W + (y — B)? = r?]
or &+ (y-PB?=9 ()
Here B is the only arbitrary constant. So we shall differentiate
both sides of eqn. (i) only once w.rit. x,

d
From (i), 2x+2(y—[3)a (y=P4) =0

2 2 @ 0
or 2x+2(y—p) R, =
dy - 2x - X
or 2(y=PBhgg = -2 - y—B=2Q=@
dx dx
Putting this value 02f (9= P) in (@) (To eliminate B), we have
2 A =9

Y
dx
dy

2
L.CM. = [dx) . Multiplying both sides by this L.C.M.,

dy Y dy
(4] oo (2]

dyY dy Y dyY
= 12 (dz] —9(d3€/j +22=0 or -9 (dz) +x2=0

which is the required differential equation.
Which of the following differential equation has y = ¢; €*
+ ¢, € * as the general solution?
d’y d?y
(A)ﬁ+y=0 (B)ﬁ —y=0



Sol.

12.

Sol.

2 2

d’y d’y
C) —5 +1=0 D —5 -1=0
©) da® + (D) dac?
Given:y =c; " +cy e ” ()
dy
dx =cet+cge (= =cef—cge”
d2
dT:z) =c e —cge (=1 =cief+cge "
d? .
or 3=y [By ()]
d2
or ) — y = 0 which is differential equation given in option (B)
X
Option (B) is the correct answer.
Wh1ch of the following differential equations has y = x as

one of its particular solutions?

d’y dy dy
(A)ﬁ—x2 dx+xy=x (B)az'+xdx +xy=x
d’y 5 dy d?y o dy
(C)@—x dx+xy=0 (D):ix~2-+xdx+xy=0
Given: y = x
d d*
= 1land d% -0
x
dy d’y . .
These values of v, dr and ) clearly satisfy the D.E. of option (C).
x
d? d
[~ L.H.S. of D.E. of option (C) = J — 2 o + xy
dx? dx

=0-22(1)+x (x) = —x2 +x% =0 = RH.S. of option (C)]
Option (C) is the correct answer.

Exercise 9.4 (Page'No. 395-397)

For each of the differential equations in Exercises 1 to 4, find
the general solution:

Sol.

ﬂ l1-cosx

dx = l+cosx
The given differential equation is

dy 1-cosx 1-cosx
4 " Trosx O U= Tocosx O
2sin% X
Integrating both sides, _[ dy = 9 o2 X A
tan ©
Oryz_[tanz;cdxzj.(sec2;—1jdx= 2 _x+c





