Chapter : 18. DIFFERENTIAL EQUATIONS AND THEIR "“~
FORMATION

Exercise : 18A

Question: 1
Solution:

The order of a differential equation is the order of the highest derivative involved in the equation.
h

a7y . . .
So the order comes out to be 2 as we have - and the degree is the highest power to which a
dx”

derivative is raised. So the power at this order is 1.

So the answer is 2, 1.
Question: 2
Solution:

The order of a differential equation is the order of the highest derivative involved in the equation.
Al

So the order comes out to be 2 as we have

~ and the degree is the highest power to which a
dx”

derivative is raised. So the power at this order is 2.

So the answer 1s 2, 2.

Question: 3

Solution:

The order of a differential equation is the order of the highest derivative involved in the equation.

Al

d=s . . .

So the order comes out to be 2 as we have — and the degree is the highest power to which a
di”

derivative is raised. So the power at this order is 2.

So the answer is 2, 2.
Question: 4
Solution:

The order of a differential equation is the order of the highest derivative involved in the equation.
3

So the order comes out to be 3 as we have }‘ and the degree is the highest power to which a

dx’

derivative is raised. So the power at this order is 2.

So the answer is 3, 2.
Queslion: 5
Solution:

The order of a differential equation is the order of the highest derivative involved in the equation.
al

d-y : : :
So the order comes out to be 2 as we have - and the degree is the highest power to which a
dx~




derivative is raised. So the power at this order is 1.
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So the answer is 2, 1.

Question: 6

Solution:

The order of a differential equation is the order of the highest derivative involved in the equation.

dy . . .
So the order comes out to be 1 as we have —— and the degree is the highest power to which a
dx
derivative is raised. So the power at this order is 1. Also, the equation has to be a polynomial, but
here the exponential function does not take any derivative with this. Henceitis a polynomial.

So the answer is 1, 1.
Question: 7
Solution:

The order of a differential equation is the order of the highest derivative involved in the equation.

2

d-v . . .
So the order comes out to be 2 as we have 3 and the degree is the highest power to which a
dx

.

. . . . . : X NT
derivative is raised. But here when we open the series of o*as ] . = . i
o2 3
Also, the equation has to be polynomial. Therefore the degree is not defined. Also, the equation
has to be a polynomial, but opening the exponential function will give undefined power to the

highest derivative, so the degree of this function is not defined.

X

So the answer is 2, not defined .

Question: 8

Solution:

The order of a differential equation is the order of the highest derivative invelved in the equation.

So the order comes oul to be 1 as we have

-
and the degree is the highest power to which a
dx
. . XXX :
derivative is raised. But when we open Sin x as y — _ _Also, the equation
31 s

has to be polynomial, and opening thus, Sin function will lead to an undefined power of the
highest derivative. Therefore the degree is not defined.

So the answer 1s 1, not defined.
Question: 1
Solution:

The order of a differential equation is the order of the highest derivative involved in the equation.

4
Y . . .
So the order comes out to be 4 as we have * and the degree is the highest power to which a
dx
= xt X
derivative is raised. But when we open the Cos x series, we get 1- - = L
204 6!

This leads to an undefined power on the highest derivative. Therefore the deggee of this function
becomes undefined.

So the answer is 4, not defined.

Question: 10



Write order and d
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The order of a differential equation is the order of the highest derivative involved in the equation.
B

Solution:

e

So the order comes out to be 2 as we have

and the degree is the highest power to which a

(]

dx
derivative is raised. So the power at this order is 1. Because the logarithm function is not at any
derivative, so it doesn’t destroy the polynomial.llence degree is 1

So the answer is 2, 1.

Question: 11

Solution:

The order of a differential equation is the order of the highest derivative involved in the equation.

So the order comes out to be 1 as we have dy and the degree is the highest power to which a
dx

derivative is raised. So the power at this order is 3. Because the Sine function is not at any

derivative, so it doesn’t deslroy the polynomial.Hence Lhe degree is 3.

So the answer is 1, 3.
Question: 12
Solution:

The order of a differential equation is the order of the highest derivative involved in the equation.

5
3

Iy . : :
So the order comes out to be 3 as we have %2 and the degree is the highest power to which a

dx”
derivative is raised. So the power at this order is 1.

So the answer is 3, 1.
Question: 13
Solution:

The order of a differential equation is the order of the highest-derivative involved in the equation.

dv 2 5
Y - +9=y"
dx ’ dy )
So the order comes out to be 1 as we have dx
dy - dy » dy
x[ . ] +2-9—=y"—
dx dx dx

and the degree is the highest power to which a derivative is raised. So the power at this order is
2

So the answer is 1, 2.
Question: 14

Solution:

The order of a differential equation is the order of the highest derivative invelved in the equation.

rd.‘i { d:_\lfw
So the order comes out to be 2/3 as we have [1 _| ol ] =2 7}\
l\ dx L dx = ‘



and the degree is the highest power to which a derivative is raised. So the power at

2. CLASS24

So the answer is 2/3, 2.
Question: 15

The order of a differential equation is the order of the highest derivative involved in the equation.

So, the order comes out to be 1 as we have \j] _ }'I(IX + ,\;‘-1 _ Xl(ly =0

dy 1 —-y?

dv Vv1—x2

and the degree is the highest power to which a derivative is raised. So the power at this order is
1.

So the answeris 1, 1.
Question: 16
Solution:

The order of a differential equation is the order of the highest derivative involved in the equation.

1 3
So, the order comes out to be 3 as we have (\.f” ]'1 +( V) e sV +1=0

and the degree is the highest power to which a derivative is raised. So the power at this order is
2

So the answer is 3, 2.
Question: 17

The order of a differential equation is the order of the highest derivative invelved in the equation.

So, the order comes out to be 1 as we have (3x + 5¥)dy - 4qx2 dx = o

and the degree is the highest power to which a derivative is raised. So the power at this order is
1.

So the answeris 1, 1.

Question: 18

v dy 5
Given: ~ dx [ dy ]
Cdx

Solving, we get,

dy dyy°
o (Y
- dx
Now,
The order of a differential equation is the order of the highest derivative involved in the equation.
So, the order comes out to be 2 as we have, y x @ _ (d—‘)_ +5

- dx dx

and the degree is the highest power to which a derivative is raised. So the power at this order is

1.

So the answer is 2, 1.

Exercise : 18B
Question: 1

Solution:

Given x2 = 2y°logy



Omn differentiating both sides with respect to x, we get CLAssz4

2x = 202yl '(d}') 2 2(1)@'
v o= 2@ntoeyiGr) T 27 (T

= o) + 2 (3)
x = @n)logy () + 2v(

v = (%)((zlv)log.v )

Multiply both sides with y

xy = (2y%logy + ,:)ﬂ
~y - ) gh J’ d:-l-
We know, y? = 2),’2 logy. So replace 2)': log y with x 2 in the above equaton.

dy

xy = (x* + _\'EJE

2 q)dv 0
X° + yo)=——xy =
- d‘r -
Conclusion: Therefore x* = 2y?logy is the solution of (1° + 12);—\ —xy =0
) LaP b
Question: 1

Verify that x

Solution:
Given x? = 2y%logy

Omn differentiating both sides with respect to x, we get

dy S (1 dy
2x = 2(2‘)f)logy(a) + 2y (;)Z
= cnony () # 2
x = (2y)logy|Zo] + 2v( =

(&) @togy + 1)

Multiply both sides with y

) ,.dy
xy = (2y“logy + y7) -

We know, x* = 2y°logy. So replace 2y”logy with x? in the above equation.

2, g2 dy
v = (2 2
y=( ) )fh

(2 + ﬂ)d.v 0
x* e)——Xxy =
) dx )
Conclusion: Therefore y? = 2_\': logy is the solution of (x% + yz)%— xy =10

Question: 2
Verify thaty=e
Solution:

Giveny = e*cosbhx



On differentiating with x, we get

dy
dx

CLASS24

= e*cosbx + e*(—bsinbx)
On differentiating again with x, we get

dy
dxz

= e*cosbx + e*(—bsinbx) + e*(—b*cosbx) + e*(—bsinbx)
Now let’s see what is the value ofiy - 23 + 2y
dx? dx -

a-:y d)'
25—+ 2y

e ]
= e*cosbx + e*(—bsinbx) + e*(—b’cosbx) + e*(—bsinbx)
— 2e*cosbxy — 2e*(—bsinbx) + 2e*cosbx

= e*cosbx — e*(b*cos bx)

This is not a solution

Conclusion: Therefore, y = e* cos bx is not the solution of

d v dy
e
d

da® dx
Question: 2
Solution:
Given ¥ = e* cosbx

On differentiating with x, we get

dy )
—— = e¥*coshx + e*(—Dbsinbx)
dx
On differentiating again with x, we get
d*y i _ . " .- .
e e*cosbx + e*(—bsinbx) + e"(—b-cosbx) + e*( bsinbx)
Now let's see what is the value of-‘—';-:-l 2 ('jlr +a2yr
(S o B
&’y 2 Wy
= v
dx? dx

= e*cosbx + e*(—bsinbx) + e*(=b cosbx) + e“(—bsinbx)
— 2e¥coshxy — 2e*(—bsinbx) + 2e*cosbx

= e* cosbx — e* (b cos bx)

This is not a solution

Conclusion: Therefore, y = e* cos bx is not the solution of% -2 d_‘ + 2y
Question: 3

Solution:

Given y = plmlcos™'x

On differentiating with x, we get

dy - -1 —ym
= _ e{m] cos 1,\{(”])( ) — -
dx Vi—2a2 V1 —22

On differentiating again with x, we get




d’y ym* mx
dx2 1—x2 (m CLA5524

We want to find (1 — 1-3)2 _ady m?y
dx? dx
L mxy ymx ,
= ym® - -+ = —m’y
Vi-x2  V1-a?
=0
—1.. - . A dy dy 2
Therefore, y = glmlcos 'x is the solution of (1 — 1-~)d - 2;-— - miy
- & -y -
Conclusion: Therefore, y = g(mlcos™ x is the solution of
d*y v
1-x3)—=-2—-m?y
( )(i.l'“ dx }
Question: 3
Verify that y = <
Solution:
Given vy — e[m)cos"x
On differentiating with x, we get
dy . -1 —yin
+ — e(m]cus x(n])( 1) = =
dx v I v1l-—=x?
Omn differentiating again with x, we get
dazy ym* mx
dx*? 1—-x= (y1—x3)(1—=217)
We want to find (1 — x° )d":r— 2ﬁ —inty
da= dx y
R mxy VX ;
=ym — - Ty —my
’ Vi—-x2 Vi a? :
=0
i, g aydiy dy -
Therefore, y = e{mces °x is the solutionof (1 x=)" - 2"~ —m~y
- dx? e -
Conclusion: Therefore, y = g(mlcos 'y is the solution of
(1 ”)dz'v zd'v 2
xS -2 -mhy
dx? dx -

Question: 4

Solution:

Given y = (a + bx)e®*

Omn differentiating with x, we get
dy N2

Fre be ™ + 2(a + bx)e~

On differentiating again with x, we get

d?y .
o5 = 2be™ + 2be™ + 4(a + bx)e™

Now let’s see what is the value of -":

d dy ,
2 _4d_x + 4

X2



2be?* + 2be®* + 4(a + bx)e® — 4be® —8(a + bx)e®™ + 4(a + bx)e?
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=0

Conclusion: Therefore, y = (a + bx)e** is the solution of:iL"_: — 4? +4y = 0
- i -

Question: 4
Solution:
Given y = (a + bx)e®*

On differentiating with x, we get

d}-’ b 2x 2 bx 2x
ax - be + 2(a + bx)e

On differentiating again with x, we get
d*y
dx?

= 2be* + 2be?* + 4(a + by)e™

i*y dy
ay 4_} + 4_‘,

dx

Now let’s see what is the value of

S
dx

= 2be®™ + 2be?* + 4(a + bx)e?* —4be * —8(a + by)e- + 4(a + bx)e’~

=0
Conclusion: Therefore, y = (a + by)e *is the solution ofﬁ-—':! — 45"'—' + 4y =0
1 axs rik N

Question: 5

Solution:

Given y = e*(Acosx + Bsinx)
On differentiating with x, we get

dy
dx

= e*(Acosx + Bsinx) + e'(—Asiny + Bcosv)
On differentiating again with x, we get

d*y
dx*

= e¥(Acosx + Bsinx) + e*(—Asiny + Beosx) + e*(—Asinx
+ Bcosx)
+e*(—Acosx — Bsinx)

Now let's see what is the value ofg - 2? + 2y
a= s -

= e*(Acosx + Bsinx) + e*(—Asinx + Bcosx) + e*(—Asinx + Bcosx)
+ e*(—Acosx — Bsinx)— 2e*(Acosx + B sinx)
—2e*(—Asinx + Bcosx) + 2e*(Acosx + Bsinx)

=0

Conclusion: Therefore, y = e*(Acosx + B sinx) is the solution ofg - 2% +2y =0
Question: 5

Solution:

Given

y = e*(Acosx + Bsinx)



On differentiating with x, we get

dy
dx

CLASS24

= ¢*(Acosx + Bsinx) + e*(—Asinx + Bcosx)
On differentiating again with x, we get

d’y
dx?

= e*(Acosx + Bsinx) + e*(—Asinx + Bcosx) + e*(—Asinx

+ B cosx)

+e*(—Acosx — Bsinx)

Now let’s see what is the value of:;“_: - 2? + 2y
X< &4 N
= e*(Acosx + Bsinx) + e*(—Asinx + Bcosx) + e*(—Asinx + Bcosx)
+ e*(—Acosx — Bsinx) — 2e*(Acosx + Bsinx)
—2e*(—Asinx + Bcosx) + 2e*(Acosy + Bsinx)

=0

d2y
dx?

Conclusion: Therefore, y = e*(4Acosx + B sinx) is the solution of

—2% 42y =0
dx -

Question: 6

Solution:

Given y = Acos2t — Bsin2x

On differentiating with x, we get

dy
dx

= —2As8In2x — 2B cos2x

On differentiating again with x, we get

d2y
—~ = —4Acos2x + 4Hsin2x
dx2
Now let’s see what is the value of :1 + 4y
= —44cos2x + 4Bsin2x + 4cos2x — 45 sin2x
=0
Conclusion: Therefore, y = Acos2x — Bsin 2x is the solution of :--—"_: +4y =0

Question: 6
Solution:

Given ¥ = Acos2x —Bsin2x

On differentiating with x, we get

dy
—— = —2Asin2x — 28 cos2x
dax

Omn differentiating again with x, we get

d*y

- = —4Acos2x + 4Bsin2x
dx?

Now let’s see what is the value of ¢ + 4y
dx? -

= —4Acos2x + 4Bsin2x + 4cos2x —4Bsin2x
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Conclusion: Therefore, y = Acos2x — B sin 2x is the solution of% +4y =0
Question: 7

Solution:

Given vy = ae?* + pe’*

On differentiating with x, we get

dy . .
—— = 2ae~* 4+ 2be-*
dx
On differentiating again with x, we get
d’y . ar
- = 4ae”* + 4be*
dx?
. . Ay
Now let’s see what is the value 0["':J = —{J—' -2y
X~ X -

= 4ae’* + 4be** — 2ae”* — 2be>* — 2ae " — 2be~*

=0
Conclusion : Therefore, y = ae”" + be”" is the solution of X 95y — 0
(e dx .
Question: 7
Solution:
Given y = ae®* + be”"
On differentiating with x, we get
dy - oy
—— = 2ae~* + 2be-
dx
On differentiating again with x, we get
dz-v 2x 2x
— = 4qe~* + 4be
dx?
Now let’s see what is the value ofL‘r Al
dx*  dx b
= 4ae*™ + 4be™™ — 2ae®* — 2be** — 2ae** — 2be**
=o0
Conclusion : Therefore, y = ae?* + be?* is the solution of ;L: - ? -2y =0
x= A N

Question: 8

Solution:

Given y = e*(Acosx + Bsinx)
On differentiating with x, we get

dy

el e*(Acosx + Bsinx) + e*(—Asinx + Bcosx)

Omn differentiating again with x, we get



d’y
dx?

= ¢¥(Acosx + Bsinx) + e*(—Asinx + Bcosx) + e¥(—Acosx
—Bsinx) + e*(—Asinx + Bcosx)

Now let’s see what is the value of &% _ zﬂ + 2y
dx? dx
= e*(Acosx + Bsinx) + e*(—-Asinx + Bcosx) + e*(—Acosx — Bsinx)
+ e*(—Asinx + Bcosx)— 2e*(Acosx + Bsiny)

—2e*(—Asinxy + Bcosx) + 2e*(Acosx + Bsinx)

=0
Conclusion: Therefore, y = e*(Acasx + Bsinx) is the solution of
d*y dy
—~——2—+ 2y =0
dx? dx ¥

Question: 8

Showthaty =e

Solution:

Given y = e*(Acosx + Bsinx)
On differentiating with x, we get

dy .
H = e*(Acosx + Bsinx) + e'(—Asinx + Bcosxy)

On differentiating again with x, we get

d’y
dx?

= e¥(Adcosxy + Bsinx) + e'(=Asinx + Bcosx) + e'(—Acosx
—Bsinx) + e*(—Asiny + Bcosxy)

:1.

dy
o =y At
2 T 2)

Now let’s see what is the value of r

[

= e*(Acosx + Bsinx) + e*(—Asiny + Beosy) + e'(—Acosxy — Bsinx)
+ e*(—Asinx + Beosx)— 2e*(Acosx + Bsiny)
—2e*(—Asiny + Beosy) + 2e*(Acosy + Bsinx)

=0
Conclusion: Therefore, y = e*(Acosxy + Bsiny) is the solution of

Y Y a0
dxz  Tdx Y=

Question: 9

Verify that v

Solution:

Given, v* = 4a(x + a)

On differentiating with x, we get

w®

4 = 4a

> dx

Now let’s see what is the value of y(1 — (g_-‘_'):)) — 2y :y
A < e

=y (l - (Z‘—a)z) - 41‘1—?

4a* ax

y ¥y
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y: —4a(a + x)
y

_4a(a + x) —4ala + x)
y

=0

Conclusion: Therefore, _1,-'3 = 4a(x + a)is the solution of y(l - (:_:)2)) = 2x ’i\i

Question: 9

Verify that y

Solution:

Given, y2 = 4a(x + Q)

On differentiating with x, we get

2Py
¥ dx &
Now let’s see what is the value of y(1 — (j_:):]} — 2x d“

3 4a(a + x) —4a(a + x)
)P

=0

Conclusion: Therefore, _1,'3 = 4a(x + a)is the solution of y(d= (%):)) = 2x j“—v

Question: 10
Verify thaty = <
Solution:

-1

Given vy = cetan ¥

On differentiating with x, we get

dy -
J - 1 1. — 1
—— = ctan"'x ( ..) g™ ¥ = ytan Tx ( .,)
dx 1+ x2 1+x2

On differentiating again with x, we get

d*y 1 -1 2x -1

< 2, tan” — =X tan” * x
dyz C(l+x:) € +octan ((1+.\3)2)e

+ ¢ (tan™? .1)2( L ,) gtan~tx
(1 +2a=2)=

:'#2 ] “1'(_3"‘) —172( 1 )

) (1 +x7-) + ytan " x (1 +x2) ty (tan 1) (1 +x%)2
Now let's see what is the value of (1 + _ﬁ]j;-;’ + (2x - 1)%

2xy

. 1
_ouf _1,(—21) -1.32
y() + vty () + vt 0 () + (7

"V

—tan tx
G 3

)’[an‘l X
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(el ot () o)
(1+x:)']’+'1(mn l) 1+2a° tan = x 1+x?

Conclusion: Therefore, y — ¢ gtan”'x is not the solution of
L dry dy
1+ x7)55 + @x—1)—
( )z )y

Question: 10
Verify that y = <
Solution:

Given y — ¢etan 'x

On differentiating with x, we get

dy
dx

On differentiating again with x, we get

— 1 =1 - 1
= ctan IX(T)et““ ¥ = ytan 11‘( )

x* 1+x*

d*y X _ - _
- 2,tan” T x P Lg e tan"lx
2 +Cta (7)
aiz c(=)e ctan” " x (= )e
-1 2 1 ) tan”tx
+ c(tan™'x) (7{“1:}: e

= y(—2.)® + ytan 'y (i) =) (tan“x}"( . )

S M4 a? - TN 7)) - [FEESE
Now let’s see what is the value of (1 \‘}:-\; + (2x l);:’

e

=y (#) + ytan 'y (_h
- 1+

1+at 1 +/x= + x°
’
—tan 'y (-——
(] + xz)
_ 1 ! -1 2(1)_.—1 (g}')
(1 +x2)'\ * ylian~ 2 e X
Conclusion: Therefore, y = ¢ etan '~ is not the solution of

-
24 -

(1 + 2)a”+ 20— 1)
Yy (2x )d,t

Question: 11

Verify that y = <
Solution:

Given VY = a gbx

On differentiating with x, we get
dy
dx

Omn differentiating again with x, we get

= abebr

d?y
dx?

= ab® eb*

Now let’s see what is the value ofd;"'_: — (l) (d_‘)_
dx= v/ \dx

1
— ﬂbz ebx_ (;) {abebx)z

= ab® eP* — agh® ¥

" 1 2xy
) + v(tan™! \')‘( ) + (1 . _q)tan‘l v

CLASS24



1\ (dy

Conclusion: Therefore, v=a ePxis the solution of% - (;) (Z)z CLAssz4
Question: 11

Verify that y = <

Solution:

Given y = qeb*

On differentiating with x, we get

dy
dx

= abeb*
On differentiating again with x, we get

d*y -
oz - ab’ eb®
1z

Now let’s see what is the value of ©¥ _ (1,) (d-")

dx?
2 pe (1 -
— ﬂb" E“b" _ (;) (ﬂbe‘b‘)'

— ﬂbz E'br* ﬂbz eb.x'

=0

Conclusion: Therefore, y = g ¢”"is the solution of ¥ — t‘) (‘i-‘—')_
1 dx? v/ \dx

Question: 12
Verify thaty = <

Solution:

Given vy = E + b
On differentiating with x, we get

dy a

dx ~ x?
On differentiating again with x, we get
d’y  2a

dx2  x3

Now let’s see what is the value of =¥ 4 (E) (‘L‘)
dx? x/ \dx

2a  2a
T3 3
=0

Conclusion: Therefore, y = = + b is the solution of £ + (E) (d_") =0
] x 2

dx*

Question: 12
Verify that y = <
Solution:

Given v = E + b

On differentiating with x, we get



dv a

FIE: CLASS24

On differentiating again with x, we get

d’y  2a
dxz  x3
Now let’s see what is the value of ¥ + (3) (d_y)
dx? x/ Ndx
2a  2a
T3 a3
=0

Conclusion: Therefore, y = E + b is the solution of% + (-2-) (g) =0

X X,
Question: 13

Solution:

Giveny = e ¥+ Ax + B
On differentiating with x

dy_
dx

On differentiat

—e "+ A

d*y
dx?

Now let’s s

Conclusion: Ay + Bii‘cmlution of p*

Question: 13

Solution:
Giveny = e * + Ax +

On differentiating with x,

dy

—=—e*+ A4

dx

On differentiating again with x, we get
2

dey .

dx?

Now let’s see what is the value of ¥ (d_--;)
dx

— e*(e™)

=1
-
Conclusion: Therefore, y = e™ + Ax + Bis the solution of * (jx—y) =1

Question: 14




Verify that Ax
: CLASS24
Solution:

Given Ax? + By? =1

On differentiating with x, we get

24x + 2B dy—ﬁ
& ydx_
dy  Ax
dx =~ By

Omn differentiating agaln with x, we get

dn? d’y
24 + 23(-{&') + 23}’ (d—'x—z =0

2., 2
r(a) (@) -3

Now let’s see what is the

Question:

Solution:
Given Ax? + By?

On differentiating with
2Ax + 2B dv 0
t T

dy  Ax
dx By

On differentiating again with x, we get
dvy* a’y
24 + 28(5) + 2By (E =0
A

(dzy) dyy*
() -
dx dv B

2
Now let’s see what is the value of x (y (d’J) + (d—y) )7 yﬂ"

dx? dx dx




=0

CLASS24

Conclusion: Therefore, Ax% + B_‘_vg = 1 is the solution of

d*y +(d},f): _dy
2 dx? dx N ‘Vn'x

Question: 15

Solution:

c—x

Given y = -
On differentiating with x, we get

dy -1-¢
dx (1 + ex)2

Now let’s see what is the value of (1 + 1");{—\ + (1 +yY)

(1 + xHQ + %) C—X \?
B (1 + ex)? +(1+(1 +c,1) )

(—1—c*—x?—x%c?) + (1 + ¢*x® + 2¢x + ¢° + 17— 2cy)
- (1 1+ cx)?

=0

Conclusion: Therefore, ¥ = -:—;3'— is the solution of (1 4 \'3)5"- + (1 + 1'3) =0
) £x ¥ -

Question: 15
Solution:

=X

Given y = ;

On differentiating with x, we get

dy -1-¢*
dx (1 + ex)2

Now let’s see what is the value of (1 + 1“)? + (1% v

(1 + x39) + )
B (1 + cx)?

R — )2)

1+ cx

(—1—c®>—x*—x%c*) + (1 + ex* + 2ex + ¢ + x*— 2¢cx)
- (1 + cx)?

=0

= - e 2 _
TS the solution of (1 + x )d.\ +{(1+y3)=0

Conclusion: Therefore, y =

Question: 16

Solution:

Given y = log(_\' 4+ x4+ (IZ)
Omn differentiating with x, we get

dy 1 X

— = 1+
dx  x + Vx2 + al( Vi + a?

)
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On differentiating again with x, we get

d’y X
dx? (x2 + a2)i
s . d*y dy
Now let’s see what is the value of — 4 x—
dx® dx

X X

+
(2 + a2) VaZ+ a2

Conclusion: Therefore, y = ]og(x + Vx2 + a2)i5 not the solution of

d’y dy 0
dvc VA

Question: 16

Solution:

Giveny = lug(x +

On differentiating with

(x? + a2):
Conclusion: Therefore,
d? d
&y dy
dx? dx

Question: 17

0

Solution:

Given, y = e *¥

On differentiating with x, we get

dyi

= —3e73
dx

On differentiating again with x, we get

2
dy:98—3.r
dx?
Now let’ hat is the value of &% 4 & _
ow lel 5 see whna S5 e v LlE!Ud;1+dI 6}’




Ge 3 — 373 — ge3¥

CLASS24

=0
Conclusion: Therefore, y = e~ **is the solution of% + :—‘ —6y =0
A 2 - A

Question: 17

Solution:
Given, y = e 3*

On differentiating with x, we get
dy
dx

On differentiating again with x, we get

= —3e¢73

d’y dy
2 & _ev
= r by

dx

Now let’s see what is the value of

[
=9 €-3x _ 38-31' — Ge 3x
=0

is the solution of H: t H\ -6y =0
e G .

Conclusion: Therefore, y = ¢~3

Exercise : 18C

Question: 1
Y=mx+e¢
Differentiating the above equation with respect to x,

dy
x ™

Differentiating the above equation with respect to x,

d’y

dx?

This is the differential equation of the family of straight lines y=mx+c, where m and ¢ are
arbitrary constants

Question: 2
Solution:

Now, in the general equation of of the family of concentric circles x?+y?=a?, where a>o0, 'a’
represents the radius of the circle and is an arbitrary constant.

The given equation represents a family of concentric circles centered at the origin.
2 bt 2

x7+y-=a"

Differentiating the above equation with respect to x on both sides, we have,

2% + 2yg = (0 (As a>o0, derivative of a with respect to x is 0.)

dy_

&—D

X+y
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Solution:
Equation of the family of curves, y=a sin (bx+c), Where a and ¢ are parameters.

Differentiating the above equation with respect to x on both sides, we have,

y = asin(bx + ¢) (1)

Y _ abcos(b +
dx_a cos(bx+ c)

:if = —ab?sin(bx + ) (Substituting equation 1 in this equation)
d’y .,
L AN T
dx2 ¥
dy
+by=20
dx? ¥

This is the required differential equation.

Question: 4

Solution:

Equation of the family of curves, x=A cos nt+ Bsin nt. where A and B are arbitrary constants.

Differentiating the above equation with respect to t on both sides, we have,

x = Acos(nt) + Bsin(nt) (@)

dx |
pre —Ansin(nt) + Bncos(nt)
d*x ! L
Freie —An=cos(nt) — Bu-sin(nt)
Z;; = —I]:(ACOS(llt) + Bsin(nt)) (Substituting equation 1 in this equation)
d*x .

= —Nn°x
dt?
& +n7x=0
— +n°x =
dt?

This is the required differential equation.
Question: 5

Solution:

bx where a and b are arbitrary constants.

Equation of the family of curves, y=ae
Differentiating the above equation with respect to x on both sides, we have,

y = aeb* (1)

yji:y — abZeb® (aem) (Multiplying both sides of the equation by y)




y?’ = (abe®*)” (Substituting equation 2 in this equation)
-

d’y (dy)z
Yaxz ~ \dx
This is the required differential equation.

Question: 6
Solution:
Equation of the family of curves, y2=m(a®-x2), where a and m are parameters.

Differentiating the above equation with respect to x on both sides, we have,

dy
Zya = m(—2x)

dy B
Yoo = WX
m= Y% )

Differentiating the above equation with respect to x on both sides,

dy (ﬂ):f_ (2)
ydx:+ s = —m

From equations (1) and (2),

d:y+ (dy)2 dy 0

XYo—+X|7) — 3

ydx2 dx y dx

This is the required differential equation.

Question: 7

Solution:

Equation of the family of curves, (x-a)>+2y2=a2, where a is an arbilrary constant.

x?—2ax +a* +2y° = a°
x?—2ax+2y* = 0@

Differentiating the above equation with respect to x on both sides, we have,

dy
2:-:—2a+4ya:0

{ +2 dy 0

X—a yd\ =

dy a—x

dx 2y

dy a-— x(ZX)

dx 2y \2x

dy _ zax—ax {Substituting 2ax from equation 1)
dx dxy

dy x%+ 2y? — 2x?
dx 4xy

4

dy 2y° —x*
dx~ 4xy

CLASS24



This is the required differential equation.

euestion: 5 CLASS24
Solution:

Equation of the family of curves, x2+y2-2ay=a2, where a is an arbitrary constant.

x?—2ax +a*+2y* = a°

x?—2ax+2y? = 0Q1)

Differentiating the above equation with respect to x on both sides, we have,

2x—2a+ 4yg =0
dx
dy

—a+ = —
Xx—a 2ydx 0
dy a—x
dx 2y
dy a-x (Zx)
dx = 2y \2x
dy . 2ax-— 2x= . . . .
= any (Substituting zax from equation 1)

dy x?+ 2y? = 2x°

dx 4xy
dy 2y° — x*
dx 4xy

This is the required differential equation.

Queslion: 9

Solution:

Equation of the family of all circles touching the y-axis at the origin can be represented by
(x-a)?+y?=a%, where a is an arbitrary constants.

(x—a) +vy? =a’@)

Differentiating the above equation with respect to x on both sides, we have,

dy
2(x—a)+ Zyai 0

dy
Xx—a +ya =0

dy
a—).+y—h

Substituting the value of a in equation (1)

dyy* ) ) dyy*
(Y&) Ty (”Ya)

dyy? d dyy*
(yd—?:) +y® =x%+xy y+ (y—y)

dx dx
Rearranging the above equation

Il



dy_
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This is the required differential equation.

y?—x* —xy

Questlion: 10

From the differen

Solution:

Equation of the family of circles having centers on y-axis and radius 2 units can be represented by
(x)2+(y — a)2= 4, where a is an arbitrary constant.

(y—a)+x* = 4Q)

Differentiating the above equation with respect to x on both sides, we have,

d
2(x)+ Z(y—a)Ii: 0

dy dy
— 7+ [l
X adx yd:l\ 0
dy
X+Y 4y
Ty
dx

d
] Xty
x“+ |y- dy = 4
dx
dy dy 1
x*+ Yax _d);_}m =4
dx
o2 X
X-+ @ = 4
dx

Rearranging the above equation

This is the required differential equation.

Question: 11

Solution:

Equation of the family of circles in the second quadrant and touching the coordinate axes
can be represented by

(x — (-a))?+(y — a)?= a?, where a is an arbitrary constants.

(x+a)*+ (y—a)? = a’ @)

Differentiating the above equation with respect to x on both sides, we have,

dy
2(x+ a)+2(y—a)&:0



dy =~ dy
x+afﬂa+yafﬂ
d
7x+y%
oy
dx

Substituting the value of a in equation (1)

d

L]

x+yéﬂ “ x+yg—y - Xty
x4 — OX ; ___TOX T
dy dy dy
dx dx dx
iy iy dy dy
‘\ﬁ—kﬁ'}('l‘yK N yK— —X—yE
ay &y,
dx dx
( d Chxa dy) ( d g d
X Xxox ydx yd_\ . yd\
dyy’ ” dy
S o
dyy® ) A dyy’
(E) (x+y)°+ (v4+x)- = (‘\—.-EE)

Rearranging the above equation

(x+ y)z{(g—j‘r)z +1} = (x +y%)2

This is the required differential equation.
Question: 12

Solution:

CLASS24

Equation of the family of circles having centers on the x-axis and radius unity can be represented

by

(x - a)>+(y)2= 1, where a is an arbilrary conslants.

(x—a)*+y* = 1)

Differentiating the above equation with respect to x on both sides, we have,

dy
2(x—a)+ Z(y)& =0

dy
—a+4+v— =
Xx—a ydx 0
dy
=x+y—
a\ydx

Substituting the value of a in equation (1)
dyn®

X—X—-vVv—]| +y- =1

( ydx) y

d 2
(2 o

dx

This is the required differential equation.

Question: 13



Form the differen
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Now, it i1s not necessary that the centre of the cirele will lie on origin in this case. Hence let us
assume the coordinates of the centre of the circle be (0, h). Here, h is an arbitrary constant.

Solution:

Also, the radius as calculated by the Pythagoras theorem will be a2 + h2-

Hence, the equation of the family of circles passing through the fixed point (a,0) and (-a,0), where
a is the parameter can be represented by

(x)*+(y — h)*= a® + h? where a is an arbitrary constants.
4 (v—h)y = aT+h (D)

Differentiating the above equation with respect to x on both sides, we have,

o dy
208)+2(y—h)—-0

dx
}dy
xoh
Xty
h=—+-

(x"—a’ —y:)(:—i) = 2xv

This is the required differential equation.
Question: 14
Solution:

Equation of the family of parabolas having a vertex at the origin and axis along positive v-axis can
be represented by

(x)® = qay, where a is an arbitrary constants.
7= day (1)
Differentiating the above equation with respect to x on both sides, we have,

dy

20x) = 4a) =
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_dy
2 dx

Substituting the value of a in equation (1)

X

x2=4—vy
dy
2dx

dy

;\a = 2y

This is the required differential equation.
Question: 15
Solution:

Equation of the family of an ellipse having foci on the y-axis and centers at the origin can be
represented by

i1

b? &t
Differentiating the above equation with respect to x on both sides, we have,

2y dy
Zt=C
b?  a’dx

y dy
b2 +33 dx

=0

=0

ydy X
atdx b2

ydy  a’
xdx  Db?

Again differentiating the above equation with respect to x on both sides, we have,

dy
yd* y+ﬂ dx ™~ Yk de

=0
xdx?  dx x2

dy+dy(dy dx)=0

yd*( dx \dx~ *y&

Rearranging the above equation

-0

d* y (dy) dy
s dx Yax
This is the required differential equation.
Question: 16

Solution:

Equation of the family of an ellipse having foci on the y-axis and centers at the origin can be
represented by

Differentiating the above equation with respect to x on both sides, we have,



2x  2ydy
2 bidx O CLASS24

Again differentiating the above equation with respect to x on both sides, we have,

) dy dx
ydy dy(ax* T Yax
xdx? | dx x?

d*y dy/dy dx
xy@‘kdx( ydx) 0

Rearranging the above equa

dy
@”(dy) Vi

This is the required ¢
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