18. Differential Equations and Their Formation

Exercise 18A

1. Question

Write order and degree (if defined)of each of the following differential equations:

4 2.
dy + 3¥ d : =0
dx ) dx~-
Answer

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 d_: and the degree is the highest power to which a derivative is raised.
dx_

So the power at this order is 1.

So the answer is 2, 1.

2. Question

Write order and degree (if defined)of each of the following differential equations:

4
4

3 d 1!_.' dv
X =~ | +X —] =0
dx~ dx
Answer

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 _: and the degree is the highest power to which a derivative is raised.
dx_

So the power at this order is 2.

So the answer is 2, 2.

3. Question

Write order and degree (if defined)of each of the following differential equations:

2 0= 3

) (&) o
dt~ dt
Answer

The order of a differential equation is the order of the highest derivative involved in the equation. So the
d*s
dt?

order comes out to be 2 as we have 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 2, 2.
4. Question

Write order and degree (if defined)of each of the following differential equations:

3 3 4
d’y

dx”

dy
dx

= [ d:}'
de

Answer



The order of a differential equation is the order of the highest derivative involved in the equation. So the
3,
~_ and the degree is the highest power to which a derivative is raised.

dXJ

order comes out to be 3 as we have

So the power at this order is 2.
So the answer is 3, 2.
5. Question

Write order and degree (if defined)of each of the following differential equations:

Y W g0
dx~ dx
Answer

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 d_: and the degree is the highest power to which a derivative is raised.
dx_

So the power at this order is 1.

So the answer is 2, 1.

6. Question

Write order and degree (if defined)of each of the following differential equations:

dy

—_— 1 ‘__-' = e}\'
dx
Answer

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

v . . . C
order comes out to be 1 as we have d_ and the degree is the highest power to which a derivative is raised.

dx

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. Hence it is a polynomial.

So the answeris 1, 1.
7. Question

Write order and degree (if defined)of each of the following differential equations:

A

Y g2 4 el@ra _g
dx-

Answer

The order of a differential equation is the order of the highest derivative involved in the equation. So the
8]

dx2

order comes out to be 2 as we have and the degree is the highest power to which a derivative is raised.

R .
X - X

But here when we open the series of .xas 1 . = | . Also, the equation has to be

o2 3
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.

So the answer is 2, not defined .
8. Question

Write order and degree (if defined)of each of the following differential equations:



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

y . ; ; L
order comes out to be 1 as we have d_ and the degree is the highest power to which a derivative is raised.

3 5 7
But when we open Sin x as y _ I _Also, the equation has to be polynomial, and

3! 5! 7!
opening thus, Sin function will lead to an undefined power of the highest derivative. Therefore the degree is
not defined.

So the answer is 1, not defined.
1. Question

Write order and degree (if defined)of each of the following differential equations:

dty d’y
—{I—cos 3 =0
dx dx
Answer

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

4
order comes out to be 4 as we have d_‘ and the degree is the highest power to which a derivative is raised.
dx4
x* xt X6
But when we open the Cos x series, weget 1 _ > .~ = ., _ __ _ _This leads to an undefined power
2 4 e

on the highest derivative. Therefore the deg9ee of this function becomes undefined.
So the answer is 4, not defined.
10. Question

Write order and degree (if defined)of each of the following differential equations:

d-f—ﬁx[gz] —6y =logx
dx~ dx
Answer

The order of a differential equation is the order of the highest derivative involved in the equation. So the
8]

order comes out to be 2 as we have : and the degree is the highest power to which a derivative is raised.
dX-

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

the polynomial.Hence degree is 1

So the answer is 2, 1.
11. Question

Write order and degree (if defined)of each of the following differential equations:

3 2
dy dy _ .
— | =4 — | +7y=smxXx
dx dx
Answer

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



v . . . C

order comes out to be 1 as we have d_ and the degree is the highest power to which a derivative is raised.
dx

So the power at this order is 3. Because the Sine function is not at any derivative, so it doesn’t destroy the

polynomial.Hence the degree is 3.

So the answeris 1, 3.
12. Question

Write order and degree (if defined)of each of the following differential equations:

Ey Ldy dy o
dx®  dx?  dx
Answer

The order of a differential equation is the order of the highest derivative involved in the equation. So the
3 H
‘; and the degree is the highest power to which a derivative is raised.

dx_‘l

order comes out to be 3 as we have

So the power at this order is 1.
So the answer is 3, 1.
13. Question

Write order and degree (if defined)of each of the following differential equations:

dy 2 2
X| — |+ - =
dx [ dy J
dx
Answer
The order of a differential equation is the order of the highest derivative involved in the equation. So the
dy 2
X L 4 9 — }'2
dx dy
order comes out to be 1 as we have dx
5
dy | dy ady
X| — + ey = }.' .
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 answeris 1, 2.
14. Question

Write order and degree (if defined)of each of the following differential equations:

Answer

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

order comes out to be 2/3 as we have

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 2/3, 2.



15. Question

Write order and degree (if defined)of each of the following differential equations:

1,‘1—};(1:{ +y1-x%dy=0

Answer

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 \/1 _ yﬁ dx _,_\/1 _ dey -0

dy \rl_.‘.l’z
dx V1—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.
16. Question

Write order and degree (if defined)of each of the following differential equations:

(}f")3 +(}")2 +siny'+1=0
Answer

The order of a differential equation is the order of the highest derivative involved in the equation. So, the
order comes out to be 3 as we have (Y")3 +( }"}2 +siny' +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.

17. Question

Write order and degree (if defined)of each of the following differential equations:

(3x + 5y)dy - 4x2 dx = 0

Answer

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 (3x + 5y)dy - 4x2dx = 0

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.
18. Question

Write order and degree (if defined)of each of the following differential equations:

v - dy N 5
- - dX ﬁ
dx
Answer
v dy 5
Given: © E dy
dx

Solving, we get,



Y (D) 4
yxdx_ dx

Now,

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

2
order comes out to be 2 as we have, y x & (@) 15
- dax

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

1. Question

Verify that x2 = 2y2log y is a solution of the differential equation (x% + yz)g -xy = 0.
Answer

Given x2 = 2y?logy

On differentiating both sides with respect to x, we get

dy
dx

dy 1

2x = 2(2y)logy (a) + 2y? (;)

Gytogy () + 27(5)

X = (3—:) ((2y)logy + )

]
|

Multiply both sides with y

dy
vy = (2y?1 + yH—
xy = (2y“logy + y*)—
We know, y2 = 2y%logy. SO replace 2y%logy with x2 in the above equation.

dy
. 2 2y ¥
Xy = (x° + ¥y )
’ ( T Tdx

dy
(x? + yz)ﬁ—xy =0

Conclusion: Therefore x2 = 2y2]ogy is the solution of (x2 + yz)%— xy =0

1. Question

dy

Verify that x2 = 2y2log y is a solution of the differential equation (x% 4+ y2) —Z - xy = 0.

Answer
Given y2 — 2_’].»'2 logv
On differentiating both sides with respect to x, we get

2x = 2(2y)1 (dy)Jrz?(l)dy
= YIIOBY\ qx Y \y) ax

= ooy () + ()
X = LAYV \ gy Y\ax



v = () @ogy + )

Multiply both sides with y

dy
xy = (2y*logy + yz)g

We know, y2 = 2y%logy. So replace 2y%logy with x2 in the above equation.
dy
R A2 2 -
xy = (x° + —
y = )3
dy
2+ y)——xy =0
( V)G XY
Conclusion: Therefore x2 = 2y2 logy is the solution of (x2 + ﬁ)?_ xv = 0

2. Question

5

Verify that y = €X cos bx is a solution of the differential equation d_: — jd_‘ +2v =0.
dx~ dx

Answer

Given y = e* cosbxy

On differentiating with x, we get

y _ x - Xr__ i r
I € coshx + e*(—Dbsinbx)

On differentiating again with x, we get

d*y
ﬁ = e*cosbx + e*(—bsinbx) + e*(—b? cosbx) + e*(—bsinbx)
Now let’s see what is the value of £¥ _ 5% | 5.,
dx? dx b
d’y zdv L
axz “ax Y

= e*cosbx + e*(—bsinbx) + e*(—b?cosbx) + e*(—bsinbx)
— 2e*cosbx — 2e*(—bsinbx) + 2e*coshx

= e* cos bx — e*(b?cos bx)
This is not a solution

Conclusion: Therefore, y = €* cos bx is not the solution ofif _o%y 2y
dx dx -

2. Question

d%y dv

Verify that y = €* cos bx is a solution of the differential equation — -2 +2y =0.

dx?  dx

Answer
Given y = e* cosbxy

On differentiating with x, we get

y _ x - Xr__ i r
I € coshx + e*(—Dbsinbx)

On differentiating again with x, we get



d*y
= = e¥cosbx + e*(~bsinbx) + e*(~b? cosbx) + e*(~bsinbx)

Now let’s see what is the value of £ _ 54 2y
dx® EY -

d?y zdv ‘o

o a7

= e*cosbx + e*(—bsinbx) + e*(—b?cosbx) + e*(—bsinbx)

— 2e*cosbx — 2e*(—bsinbx) + 2e* cosbx
= e* cos bx — e*(b*cos bx)

This is not a solution

Conclusion: Therefore, y = e* cos bx is not the solution of &Y 2_ + 2y
dx?

3. Question

Verify thaty = ot cos ~1 is a solution of the differential equation (1 - x2)

Answer
Given y — plm)cos™ x
On differentiating with x, we get

dy -1
L almleosT x
il (m) (

-1 ) —ym
V1—x2 V1 —x2
On differentiating again with x, we get

2

d*y ym mx

dx? ~ 1-x2 (JT-x)(1-1x9)

We want to find (1 — 2 )d y 2——m y

,  mxy ymx ,
= ym? — + —m?y
Vi—x2  1-—x2

=0
Therefore, y = glm)eos™ x is the solution of (1 — 12)__ 2_ —m?y
Conclusion: Therefore, y — g(micos™x is the solution of

dy _dy
(1- 12)——Za—m y

3. Question

Verify thaty = ol cos Lx is a solution of the differential equation (1 - x2)

Answer

Given y — plm)cos™ x

On differentiating with x, we get

dy -1
L almleosT x
il (m) (

-1 ) —ym
V1—x2 V1 —x2

On differentiating again with x, we get

dzv dy 5

— —xXx—-m~y =0.
dx~ dx
d : —xﬁ—m:y =0.
dx~ dx



d*y ym? mx

dx? ~ 1-x2 (JT-x)(1-1x9)

We want to find (1 — 2 )d y 2——m y

,  mxy ymx ,
ym? — + —m?y
Vi—x2  1-—x2

=0
Therefore, y = glm)eos™ x is the solution of (1 — 12)__ 2_ —m?y

Conclusion: Therefore, y = g(mlces™x is the solution of

dy _dy
(1- 12)——Za—m y

4. Question

4 4% 4o
dx 2 dx

Verify that y = (a + bx) X is the general solution of the differential equation

Answer
Giveny = [:a + b;[)gzx
On differentiating with x, we get

dy

T = be** + 2(a + bx)e™

On differentiating again with x, we get

4’y = 2be** + 2be®* + 4(a + bx)e™

dx?

Now let’s see what is the value of?_ 4_ + 4y
X

= 2be?* + 2be?* + 4(a + bx)e®* — 4be** —8(a + bx)e** + 4(a + bx)e**
=0
Conclusion: Therefore, y = (a + bx)e?* is the solution of%_.ar_ +4y =0

4. Question

4y 4 ¥ 420,
dx 2 dx

Verify that y = (a + bx) e2X is the general solution of the differential equation

Answer
Giveny = [:a + b;[)gzx

On differentiating with x, we get

dy

— = be?™ + 2(a + bx)e™

dx ( )

On differentiating again with x, we get

dzv 2 2 2

axz = 2be** + 2be** + 4(a + bx)e”™

Now let’s see what is the value of"‘I y 4_ + 4y



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

d*y

dx2

Conclusion: Therefore, y = (a + bx)e“ is the solution of
- X

—4% 44y = 0
dx -

5. Question

d%y dv

Verify that y = €*(A cos x + B sin x) is the general solution of the differential equation 2 _ 227 . 2y — ).

dx?  dx

Answer
Giveny = e*(Acosx + B sinx)
On differentiating with x, we get

dy
dx

On differentiating again with x, we get

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

v
— = e*(Acosx + Bsinx) + e*(—Asinx + Bcosx) + e*(—Asinx
+ B cosx)
+e*(—Acosx — Bsinx)
Now let’s see what is the value of £¥ _ 5@ , 5,
dx? dx -
= e*(Acosx + Bsinx) + e*(—Asinx + Bcosx) + e*(—Asinx + Bcosx)

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

=0

. . . 2
Conclusion: Therefore, y = e*(Acosx + B sinx) is the solution ofd_-‘-z’
) .

2% 49y =0
x dx -
5. Question

a2y dy

Verify that y = €¥(A cos x + B sin x) is the general solution of the differential equation - _ >

dx?  dx

2y =0.
Answer
Giveny = e*(Acosx + B sinx)

On differentiating with x, we get

dy
dx

On differentiating again with x, we get

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

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

dx?
+ Bcosx)
+e*(—Acosx — Bsinx)

Now let’s see what is the value of £¥ _ 5% | 5.,
dx? dx -
= e*(Acosx + Bsinx) + e*(—Asinx + Bcosx) + e*(—Asinx + Bcosx)
+ e*(—Acosx — Bsinx)— 2e*(Acosx + Bsinx)
—2e*(—Asinx + Bcosx) + 2e*(Acosx + Bsinx)



=0

Conclusion: Therefore, y = e*(4cosx + B sinx) is the solution ofﬁ_g_ +2y =0
X

6. Question

Verify that y = A cos 2x - B sin 2x is the general solution of the differential equation

Z 4y =0.
dX-

Answer
Giveny = Acos2x — Bsin2x
On differentiating with x, we get

dy
— = —2A4sin2x — 2B cos2x
dx

On differentiating again with x, we get
d*y
= —4AcosZ2x + 4Bsin2x
dx2
Now let’'s see what is the value ofﬂ + 4y

= —4Acos2x + 4Bsin2x + 4cos2x — 4B sin2x
=0
Conclusion: Therefore, y = Acos 2x — B sin 2x is the solution of_ +4y =0

6. Question

a4

Verify that y = A cos 2x - B sin 2x is the general solution of the differential equation d_‘; +4y = 0.
dx 2

Answer

Giveny = Acos2x — Bsin2x

On differentiating with x, we get

dy
—— = —2A4s5in2x — 2B cos2x
dx

On differentiating again with x, we get
d*y

= —4Acos2x + 4Bsin2x
dx?

Now let’s see what is the value 01”ir Y 4 4y

= —4Acos2x + 4Bsin2x + 4cos2x — 4B sin2x
=0
Conclusion: Therefore, y = Acos2x —Bsin2x is the solution of'ir ¥ =+ 4y = 0

7. Question

djy dy

-— =2y =0.

dx* dx

Verify thaty = ae?* + be "X is the general solution of the differential equation

Answer



Giveny = ge?* + peZx

On differentiating with x, we get

dy

— = 2ae** + 2be?*

dx

On differentiating again with x, we get

d*y

— = 4ae** + 4be™

dx?

Now let’s see what is the value of £¥ _ 4 _ o,
dx? dx -

= 4qe? + 4be?* — 2qe?* — 2be?* — 2qe?* — 2be?*
=0

. . . Z
Conclusion : Therefore, y = ge?* + pe?* is the solution Of%—? -2y =0
X X

7. Question

Verify thaty = ae?X + be "X is the general solution of the differential equation

4

~
dx-
Answer
Giveny = ge?* + he?x
On differentiating with x, we get
dy
— = 2ae** + 2be?*
dx
On differentiating again with x, we get
d*y
— = 4ae** + 4be®™
dx?
Now let's see what is the value of £¥ _ & _ 5,
dx? dx -
= 4qe? + 4be?™ — 2ae?* — 2be?* — 2ae?* — 2be?*
=0
Conclusion : Therefore, y = ge?* + pe?* is the solution of%_? — 2y =0
) - e 2
8. Question
dj
Show that y = €*(A cos x + B sin x) is the solution of the differential equation :
dX-

Answer
Giveny = e*(Acosx + B sinx)

On differentiating with x, we get

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

On differentiating again with x, we get

—g—i}-‘:(}.
dx

ﬁﬁ_jv =)
dx ’



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

dx?
—Bsinx) + e*(—Asinx + Bcosx)
Now let’s see what is the value of £¥ _ 5% | 5.,
dx? dx “

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

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

8. Question

A

Show that y = €*(A cos x + B sin x) is the solution of the differential equation_tf: — gd_‘ +2v =0.
dx~ dx
Answer
Giveny = e*(Acosx + B sinx)
On differentiating with x, we get
dy . .
i e*(Acosx + Bsinx) + e*(—Asinx + Bcosx)
On differentiating again with x, we get
d’y . |
i e*(Acosx + Bsinx) + e*(—Asinx + Bcosx) + e*(—Acosx
—Bsinx) + e*(—Asinx + Bcosx)
Now let’s see what is the value of £¥ _ 5% , 5,
dx? dx -
= e*(Acosx + Bsinx) + e*(—Asinx + Bcosx) + e*(—A cosx — B sinx)
+ e*(—Asinx + Bcosx)— 2e*(Acosx + Bsinx)
—2e*(—Asinx + Bcosx) + 2e*(Acosx + Bsinx)
=0
Conclusion: Therefore, y = e*(Acosx + Bsinx) is the solution of
d2y ?.dy + 2 0
dx? dx Y=
9. Question
_ .
: 9= : : . . . J dy dy
Verify that y© = 4a(x + a) is a solution of the differential equation y .11 — d_ = jxd_'
X X

Answer
Given, };’2 = -'.}a[:x + a)
On differentiating with x, we get

Zdy 4
ydx_ a



Now let’s see what is the value of y(1 — (?)2)) - 21—?
) = »

(1)

y? —4a(a + x)
y

_ 4a(a + x) —4a(a + x)
y

=0
Conclusion: Therefore, y2 = 4a(x + a) is the solution of y(1 — [%)2)) = 21-?
) ] »

9. Question

R
dy dy
Verify that y2 = 4a(x + a) is a solution of the differential equation v Jl — —J =2X—
l dx dx

Answer
Given, y2 = 4a(x + a)
On differentiating with x, we get
2 ay 4

= _ aq

ydx
’ H 2 d
Now let’s see what is the value of y(1 — (%) ) — gxd_;
2a)\2 ax
o u-)-+2
4q? ax
y y

y? —4a(a + x)
N y

4a(a + x) —4a(a + x)
- y
=0

. i i . . dy 2 dy
Conclusion: Therefore, y> = 4a(x + a) is the solution of y(1 — [ﬁ) ) = 2x =
10. Question
d2 . d -

Verify that y = __tan'x is a solution of the differential equation (1 + )% ¥ + (2x- 1)

Answer

Given Vv = E,tan_lx

On differentiating with x, we get

dy
R -1, 1
Ix ctan™ " x (sz

. B .
)et"‘“ * = ytan lx(—)

1+x2



On differentiating again with x, we get

de _ C( )2 tan tx + ctan~! ( —2x )Etan_lx
dx?2 1+ x2 (1 +a2)2
-1 .32 1 ) tan"lx
+ c(tan tx) ((sz]z e

1 1 —2x 1 1
= y(7=)* + ytan'x (m) + y(tan1x)? ((1+—x2]2)

Now let’s see what is the value of (1 4 ¥ ) Y+ (21_1)_

_ 1 —1.(-2
- };(1+x2)+ yranwx {7

1 2xy
x -1..32 E -1,
ﬂ) + y(tan™' x) (1 " 1_2) + (1 " Iz)tan X

)

—tan"tx -
(1 + x2

- (2 ERIENES
(1+ 2)V+V(tan X)) - x (=

Conclusion: Therefore, y = ¢ gtan”*x is not the solution of
d2

(1+ 12) > + [21—1)—

10. Question

Verify thaty = __tan ~lyis a solution of the differential equation (1 + x )d_" + (2x - 1)d_ 0
ce
dx' dX
Answer

Given Vv = etan_lx

On differentiating with x, we get

dy _
CANN -1 ., 1 ) tantx _ -1 ( 1 )
7, = ctan l(1+x2 e ytantx (—

On differentiating again with x, we get

de _ ( )2 tan tx + ctan~! ( —2x )Etan_lx
dx2 2L+Jc'Z (1 +=x2)2
-1 .2 1 ) tan"tx
+ c(tan tx) (m e
- 2 1, (=2 ) -1, 2( 1 )
y(H =)° + ytan~ (—(sz]z + y (tan"'x) T

Now let’s see what is the value of (1 4 x ) 2+ (2x _1)_

_ 1 —1.(-2
- };(1+x2)+ ytan " x 1+

2x) N
—jtan™" x

1 y
x -1 .2
xz) + y(tan™x) (1 + 1'2) * (1 + x
)

—tan"tx -
(1 + x2

= ERENES
(1+ Z)V-l- y(tan™! x) (1“2 tan™ x

Conclusion: Therefore, yy = ¢ gtan *x is not the solution of

(1+ 12)d2 + [21—1)—

11. Question



.
Verify that y = 5.bx is a solution of the differential equation dy - l

dx? v

d}-“j
de

Answer
Given y = aeb*

On differentiating with x, we get

dy

— = abe®

dx

On differentiating again with x, we get
d*y

—— = ab?eb™

dx?

2
Now let’s see what is the value of % _ (E) (@)
dx? v/ \dx

. . . 2 2
Conclusion: Therefore, y = g e¢?* is the solution of 222 _ (E) (@)
- dx= v/ \dx

11. Question

5
Verify thaty = aebx is a solution of the differential equation d_‘ — l

d}-“j
dx? v de

Answer
Given y = aeb*
On differentiating with x, we get

dy
dx

On differentiating again with x, we get

= ab eb*

= ab? eb*

2
Now let’s see what is the value of ©-¥ _ (1) (E)

dx? v/ \dx

. . . z 2
Conclusion: Therefore, y = g e¢b* is the solution of 22 _ (E) (@)
- dx2 v/ \dx

12. Question

diy  2(dy’
de

Verify thaty = a + b is a solution of the differential equation ‘3

S
X dx- X

0



Answer
Giveny = 2 + p
- X
On differentiating with x, we get

dy a

dx  xZ
On differentiating again with x, we get

d’y  2a

drx?  x3

, ; dty 2y [dy
Now let’s see what is the value Of@ + (;) (H)

2a 2a

x3  x3
=0

Conclusion: Therefore, vy = £ + p is the solution of ¥ + (E) (E) =0
2 x dac? x/ Ndx

12. Question

&) g
dx

.
-y -
Verify thaty = i + b is a solution of the differential equation : + =

X dx= X

Answer
Giveny = 2 + p
] -
On differentiating with x, we get

dy a

dx  x2
On differentiating again with x, we get
d*y  2a
dx2  x3

Now let’s see what is the value of &% (3) (@)
dac? x/ \dx.

2a  2a

x3 x3

=0

Conclusion: Therefore, v = £ + p is the solution of@ + (3) (@) =0
- x dac?

x/ \dx

13. Question

Verify that y = e "X + Ax + Bis a solution of the differential equation ¢*

dj}-" B
dx?

Answer
Giveny = e™* + Ax + B

On differentiating with x, we get

dy
— = —e "+ 4
dx ¢

1



On differentiating again with x, we get

2
ey
dx2
Now let’s see what is the value of g* (%)
X
= e¥(e™)
=1

dzy

Conclusion: Therefore, y=e*+ Ax + B is the solution of g* (_) =1

dx®

13. Question

Verify that y = e X + Ax + Bis a solution of the differential equation *

Answer
Giveny = e™* + Ax + B

On differentiating with x, we get

dy
— = —e "+ 4
dx ¢

On differentiating again with x, we get

2
asy .
dx?
’ H dz:l,?
Now let's see what is the value of g* (_)
dx?

= e*(e™)

=1

“y

dx?

Conclusion: Therefore, y = ¢™* + Ax + B is the solution of g~ (@) =1

dx?

14. Question

Verify that Ax2 + By2 = 1 is a solution of the differential equation x.

Answer
Given 4x? + By2 =1

On differentiating with x, we get

dy
24x + 2By — =0
T odx
dy Ax
dx By

On differentiating again with x, we get

24 + 2B (dy)z + 2B dy =0
dx y dxz]

d-y
'}i’ 4

J.
l dx?

1



d*y . (d}r)z A
Y\ dxz dx) B
2
Now let’s see what is the value of y (v (%) + (?) )_ ?
X X - X
(-5 ()
-\ Uy

-(-%)+ (5)

=0

Conclusion: Therefore, 4x2 + B};Q — 1 is the solution of

(2 +(dy)2 _dy
S CAVTE dx = Vi

14. Question

- dy "~ dy
Verify that Ax2 + By? = 1 is a solution of the differential equation XJ y—— + _J —y—
l dx? ldx dx
Answer
Given 4x? + By? =1
On differentiating with x, we get
dy
24 + 2By — =0
“ dx
dy Ax
dx By
On differentiating again with x, we get
24 + 2B (dyf + 2B d’y 0
dx Y\axz) =
d*y . (d}r)z A
Y dx? dx/ B
' i ) d*y day\* dy
Now let’s see what is the value of y (}; (ﬁ) + (H) ) -y
(-3)-(-5)
7B\ y
( Ax) N (Ax)
B B B
=0
Conclusion: Therefore, 4x2 + By? =1 is the solution of
LA (d.v)z dy
N\ \axe dx = Vix
15. Question
. _ Cc— . . . . . 2 d}' _
Verify thaty = is a solution of the differential equation (1 + x2) —L + (1 + y?) = 0.

1+cx



Answer

c—X

Giveny =
- 1+ex

On differentiating with x, we get

dp  —-1-c7
dx (1 + cx)2

Now let’s see what is the value of (1 + 1-2)% + (1 + y?)

-2 2 —_ 2
- arer 0 TR
B (-1 —c?—x%—x%c?) + (1 + c?x* + 2cx + ¢® + x*—2cx)
B (1 + ex)2
=0
c—x

Conclusion: Therefore, y =

is the solution of (1 + xg)% +(1+y)=0

1+ecx

15. Question

Verify thaty = = _

is a solution of the differential equation (1 + xz)d_1L +(1+y?) =0.
l1+cx dx

Answer

=X

Giveny =
= 1+ecx

On differentiating with x, we get

dy =~ —1-—c?
dx (1 + cx)?

Now let’s see what is the value of (1 + 1-2)% + (1 + y2)

-2 2 oy 2
--& Jr(:LlJr)[:rslx;r2 2 + 1+ (1C+ ;) )
B (-1 —c?—x2—x2c?) + (1 + c%x% + 2cx + c? + x2—2¢ex)
N (1 + cx)2
=0
c—x

Conclusion: Therefore, y = is the solution of (1 + ,ﬁ)% +(1+y)=0

1+ecx

16. Question

R
Verify thaty = log (x + , ,‘Xﬁ e ) satisfies the differential equationﬂ 1x d_" =0-.
>
dx~ dx
Answer
Giveny = log[l— + W/x2 + az)

On differentiating with x, we get

dy 1 X

H riverel T e
1

TVt a



On differentiating again with x, we get

d’y X
dx? _(1'2 + a2):
Now let’s see what is the value of &% ; &
dax dx
' X
T T eraR Vera

Conclusion: Therefore, y = 10g(1— + \xZ ¥ a?} is not the solution of

d*y dy
a_‘z + 13 =20
16. Question
5
Verify thaty = log (X + ,fx2 + 4° ) satisfies the differential equation j}; +x % =0-

Answer
Giveny = log[l— + W/x2 + az)

On differentiating with x, we get

dy 1 X

H riverel T e
1

TVt a

On differentiating again with x, we get

d’y X
dx? _(1'2 + a2):
Now let’s see what is the value of ¥ , &
dax dx
' X
T it i@

Conclusion: Therefore, y = 10g(1— + \xZ ¥ a?} is not the solution of

d*y dy
d—x‘z + 13 =0
17. Question
5
Verify thaty = e~ 3X is a solution of the differential equation ;‘; 1 j_" —6y =0
dx = X

Answer
Given,}; = E—Sx
On differentiating with x, we get

dy

— = -3 —3x
dx ¢

On differentiating again with x, we get



2
ﬂ = gp3x
dx?

. 24 '
Now let’s see what is the value of ¥ | 42 _ ¢
y
dx? dx -

=9 E,—SJ( _ 3€—3X_ 6€—3X
=0
. . . 247 ;
Conclusion: Therefore, y = ¢=2x is the solution of% + % —6y =0
X X

17. Question

-

d7y dy

Verify that y = e~ 3X is a solution of the differential equation ~+—2 -6y =0

dx- dx -

Answer
Given, y = ¢=3*
On differentiating with x, we get

dy

— = —3¢73

dx

On differentiating again with x, we get
2

Q = ggT3x

dx?

. z r 7

Now let’s see what is the value of &% 4 & _ ¢
2 V

dx dx -

=9 E—S.r_ BE—EX_ GE—EX
=0

dZ
d

Conclusion: Therefore, y = ¢~3% is the solution of_-’;’ T % —6y =0
- .

Exercise 18C

1. Question

Form the differential equation of the family of straight lines y=mx+c, where m and c are arbitrary constants.
Answer

The equation of a straight line is represented as,

Y=mx+c

Differentiating the above equation with respect to x,

dy B
X m

Differentiating the above equation with respect to x,

d?y

dxz

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

2. Question

Form the differential equation of the family of concentric circles x2+y2=a2, where a>0 and a is a parameter.

Answer



Now, in the general equation of of the family of concentric circles x2+y2=a?, where a>0, ‘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.
x2+y2=32
Differentiating the above equation with respect to x on both sides, we have,

I+ gy% = 0 (As a>0, derivative of a with respect to x is 0.)

d
x+yd—i=0

3. Question

Form the differential equation of the family of curves, y=a sin (bx+c), Where a and c are parameters.
Answer

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 + c) (1)
dy

i abcos(bx+ c)
j_zf = —ab?sin(bx + c) (Substituting equation 1 in this equation)
d?y 5

axz = Y

d?y
@4‘ b2y= 0

This is the required differential equation.
4. Question

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

Answer
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) (1)

dx
Frae —Ansin(nt) + Bncos(nt)

d?x AnZcos(nt) — Bnsin(nt
——5 = —AN"COos(Nt) — b~ SINIY
e (nt)

Ex_ —n? [Acos(nt) + Bsin(nt)) (Substituting equation 1 in this equation)
di?

d?x
dt?
c12X+ ’x=0
—+n’x=
dt?

This is the required differential equation.

= —n?x



5. Question
Form the differential equation of the family of curves y=aeP*, where a and b are arbitrary constants.

Answer

Equation of the family of curves, y=aePX, where a and b are arbitrary constants.

Differentiating the above equation with respect to x on both sides, we have,
y = ae® (1)

& _ abeb* (2)

dx

d?y
— 2 bx
Tz ab-e

yd_zl" = abEbe(aeb") (Multiplying both sides of the equation by y)

dx?

Yj__zf = [abebx)z (Substituting equation 2 in this equation)
d’y (dy)2
dx2  \dx

This is the required differential equation.

6. Question

Form the differential equation of the family of curves y=m(a2-x2), where a and m are parameters.

Answer

Equation of the family of curves, y=m(a?-x2), where a and m are parameters.

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

d
Zya'i = m{—2x)

dy_
Vg = "X
}'d}'(l)

m= —=—
x dx

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

&y, (E)z =—m (2)

@ dx
From equations (1) and (2),

d?y (dy)z dy
dx

Vae T Max) TV

This is the required differential equation.

0

7. Question

Form the differential equation of the family of curves given by (x-af+2y?=a?, where a is an arbitrary
constant.

Answer
Equation of the family of curves, (x-af+2y2=a?, where a is an arbitrary constant.
x?—2ax +a® +2y? = a°

x?— 2ax+2y? = 0(1)



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

dy

2x—2a+ 43’& =0
dy

Xx—a+ Zyﬁ =0
dy a-—x
dx 2y
dy a-— X(ZX)
dx 2y \2x
dy _ 2ax—2d (Substituting 2ax from equation 1)

dx 4xy

dy x*+ 2y® — 2x°

dx 4xy
dy  2y* — x°
dx  4xy

This is the required differential equation.
8. Question

Form the differential equation of the family of curves given by x+y2-2ay=aZ, where a is an arbitrary
constant.

Answer

Equation of the family of curves, x2+y2-2ay=a?, where a is an arbitrary constant.
x?—2ax +a® +2y? = a°

x?— 2ax+2y? = 0(1)

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

2x—2a+4 dy—O
X—Zat4yg =
dy
x—a+2y£—0
dy a-—x
dx 2y
dy_a—x(Ex)
dx 2y \2x

dy _ 2zax-—2x (Substituting 2ax from equation 1)

dx 4xy

dy x*+ 2y® — 2x°

dx 4xy
dy  2y* — x°
dx  4xy

This is the required differential equation.
9. Question
Form the differential equation of the family of all circles touching the y-axis at the origin.

Answer



Equation of the family of all circles touching the y-axis at the origin can be represented by
(x-a)2+y2=aZ, where a is an arbitrary constants.
(x—a)’+y* = a%(1)

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

dy
2(x—a)+ Zyﬁ =0

dy
X—H+YE—0

dy
a—x+y£

Substituting the value of a in equation (1)
dy\* |, dy
() v =(+vg)
dny> L dy 7 dyy’
() *vi =g (rg)
Rearranging the above equation

d
yz—XE—xyd—i=0

2

This is the required differential equation.

10. Question

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

Equation of the family of circles having centers on y-axis and radius 2 units can be represented by
(x)24+(y - a)2= 4, where a is an arbitrary constant.

(v—a)y*+x* = 4(1)

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

d
2(x)+ 2(y— a)d—i= 0

dy dy
x—a£+y£—0
d
_x+yd—§
T d
dx

Substituting the value of a in equation (1)

2

dy
X+y5o
X2+ y_d—ydx =4
dx
dy dy\?
Yax * Vax

X% + =4

dy
dx



2+ (] =4
dy
dx

Rearranging the above equation
. 1
(&)
dx

This is the required differential equation.

e
|

11. Question

Form the differential equation of the family of circles in the second quadrant and touching the coordinate
axes

Answer

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

(x - (-a))2+(y - a)?= a2, where a is an arbitrary constants.

(x+a)?+ (y—a)? = a* (1)

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

d
2(x+ a)+2(y—a)d—i=0

dy dy
x+a—a£+ydx 0
d
_x+yE{
Ty
dx

dy, 2 dy, 2 dy, 2
X+y g xtyg|  [XtVg
X T B A R -
dx dx
dy 2 dy dy 2 dy\ >
(XdXX‘FX‘F}’dx . YE—[?W—X—}’E _ Xd“ryﬁ
ay _ ay _
dx 1 dx 1
d dy dy dy)z ( dy)
XE—X—FX—F}’d ) + (yﬁ_ _X_yﬁ = X-l-ydx

2

D-|D-
v 1=

(
( ) (x+y)?+ (-y—-x)? = (X"‘Y%)
( ) (x+ )2+ (y+x)? = (X+yg)2

Rearranging the above equation

(x+ y)z{(gf +1} = (x+yg)2

This is the required differential equation.



12. Question
Form the differential equation of the family of circles having centers on the x-axis and radius unity.
Answer

Equation of the family of circles having centers on the x-axis and radius unity can be represented by
(x - a)2+(y)2= 1, where a is an arbitrary constants.
(x—a)l+y?=1(1)

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

d
2(x— a)+2(y)£= 0

dy
x—a+y£—0

dy
a—x+y£

Substituting the value of a in equation (1)
dy :
—x—-y—| +y* =1
(x=x-vg) +y

dyy”

=] +y* =1
(ydx) y
This is the required differential equation.
13. Question

Form the differential equation of the family of circles passing through the fixed point (a,0) and (-a,0), where a
is the parameter.

Answer

Now, it is not necessary that the centre of the circle 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.

Also, the radius as calculated by the Pythagoras theorem will be a2 + hZ.

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)2+(y - h)2= a2 + h2, where a is an arbitrary constants.
x2+ (y—h)?= a?+h? (1)

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

d
2(x)+2(y—h)d—i= 0

dy dy
X—hE-FY&—U
d
h_x+yd—§
- dy
dx

Substituting the value of a in equation (1)



dy dy
5 _X+}’E B X+yﬁ
X+ |y dy = a“ + @y
dx dx
dy AN dy \°
g [YaTE VA | _ o, (XY
dy B dy
dx dx
dy 2 dy 2 dy)z
222 2_ Lz -~
X ( x) + () 4 ( x) +(X+ydx
dyy’ dyy’ dy  ( dyy\’
2[5 2_ 2| 2 - -
X (x) + (&) a (x) tx +2xydx+(ydx)
dyy” dy* dy dy)2
2f ) _ 22 -~ -~
X ( x) a (dx) +2Xydx+(ydx

This is the required differential equation.
14. Question

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

Answer

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

(x)2 = 4ay, where a is an arbitrary constants.
x? = 4ay (1)

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

d
20x) = 4(a) 5,

dy
X = Zaﬁ
X
4=
dy
2%

Substituting the value of a in equation (1)

x2= 4 X y
=45
23
dy
= =2
de y

This is the required differential equation.

15. Question

Form the differential equation of the family of an ellipse having foci on the y-axis and centers at the origin.
Answer

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

2 y?
Stn= 1 (1)

a



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

2x  2ydy
b2 aZdx
X ydy
bz " aZdx

ydy  x

2dx . b2
ydy  a°
xdx b2
Again differentiating the above equation with respect to x on both sides, we have,

X_P’Jr_y x>~ Yax

=0
xdx? dx x2

yd}«;2 dx \dx ydx

Rearranging the above equation

d2 dyy*  d
y (_Y) Y _o

Yae ) Vax
This is the required differential equation.

16. Question

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

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

2 _1(1)

a?  b®

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

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

yey @fdx® “dx

=0
xdx? dx X2

dx2 ' dx dxx ydx

Rearranging the above equation

d’y dy (dy dX) — o

d’y @gz dy _

xy@er ax/  Ydx =0



This is the required differential equation.
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