18. Differential Equations and Their Formation

Exercise 18A

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

2

7 1. \4 (

d_} +3y d : =0
L dx L dx”
Answer

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

5

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 answeris 2, 1.
2. Question

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

N
f \ = ; 4
31 dy (dy)
X > tX | = 0
\ dx# l\ dX
Answer

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

N

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

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:

-

42 N« . 3

d_:’ + EJ +4=0
(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:

2 3

dj’y | dly I _i" dy ) s

.

| dx’ ,I [ dx? )

Answer



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

3

order comes out to be 3 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 2.

So the answer is 3, 2.

5. Question

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

o] g,

d . _‘I d_}] +2y=0
dx- \dx,
Answer

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

o

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 answeris 2, 1.
6. Question

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

dy
—+y=¢"
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 d_y 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 answer is 1, 1.

7. Question

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

dy > e

.-' 1 }_‘- L e(d_\- d.‘i) - 0
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”
X X X

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.

But here when we open the series of e*as 14 . Also, the equation has to be

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

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



ﬂ§~sm{ﬂi}=o
dx L dx )
Answer

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

dy

order comes out to be 1 as we have = and the degree is the highest power to which a derivative is raised.
dx
But when we open Sin x as X — \_ a \_ _ \_ _____ _Also, the equation has to be polynomial, and
3 57

opening thus, Sin function will lead to an undéfined 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:

—l} [ dJ}
—7 —Cos| — =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.
dx-l
‘{2 X4 ‘{6
But when we open the Cos x series, we get 15 B = am B ong-am “This leads to an undefined power
21 | 468

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:

A

d%y (dy \~

% —Sx‘ —J -6y =1logx
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. 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 1 [ dy 1 - ;
— | -4 —| +7y=smx

L 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 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 answer is 1, 3.
12. Question

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

3 5.
d_\-’_zd y.9 _,
dx” dx- dx
Answer

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

-~
3

order comes out to be 3 as we have d_i 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 3, 1.
13. Question

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

( dv .\-_ - 9.
X|— i+ —=3 9=y
\dx ) | d_‘ ;
\dx )
Answer

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

X'd—y - 2 -+ 9 =V~
dx ‘ dy J
order comes out to be 1 as we have \dx |
2
\id_\ _j_gﬂ:yld_}
L 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-y*dx +v1-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 _ yldx + \/1 i X:d\’ =0

dy 1 — gy

dc Vi-x2

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 1, 1.
16. Question

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

(_V")3 +(y‘): +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 +( y'): +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 - 4x2dx =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:

- dy 5
\ dx
Answer
- dy M 5

Given: y _dx ”d_\‘
\ dx

Solving, we get,



d1 (d_v)z L
dx 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_‘)“ -
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

1. Question

Verify that x2 = 2yZlog y is a solution of the differential equation (x2 + y? }d\ -xy = 0.

dx
Answer
Given x? = 2y%logy
On differentiating both sides with respect to x, we get

dy dy
- 2eyoey () + 2°(5) 3

e (2) + 1(2)

(%) ((2y)logy + ¥)

=
[

Il

Multiply both sides with y

" L. ay
= (2y“logy + y*) o
We know, y2 = 2Jf2 logy- So replace 2}12 logy with x2 in the above equation.

dy

oy 2
xy = (X y
y=( I

dy
2 2y 7 ;
x° F ¥ )o——=%Xy =0
( Y g XY
Conclusion: Therefore y2 = zpzlog\,: is the solution of (x2 + 1:2)?_ xv =0
] i ] e ]

1. Question

Verify that x2 = 2yZlog y is a solution of the differential equation (x2 + y? }d\ -xy = 0.

dx

Answer
Given y2 = Z}FZIOgJ?

On differentiating both sides with respect to x, we get

= Z(Zy)logy(g) + 2y ( )21

- Cear(2) + 2(2)



b (%)((2}*) logy + )

Multiply both sides with y

dy
xy = (2y*logy + y*)—-

We know, x? = 2y?]logy- So replace 292 Jogy with x2 in the above equation.
dy
xy = (& + ¥

dy
2 N\ L vy =
(x +y)dx X) 0

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

2. Question

=

Verify that y = €* cos bx is a solution of the differential equation d_}; — jd_y
dx-  dx

Answer

Given y = e* coshx

On differentiating with x, we get

dy

L e*cosbx + e*(—bsinbx)

dx

On differentiating again with x, we get

d*y ) _

dx'z = e*cosbx + e*(—bsinbx) + e*(—b* cosbx) + e*(—bsinbx)

Now let’s see what is the value of &2 _ 59 , 5,
dx? dx .

d’y _dy

'2 —-2-—+ 2y

dx dx
= 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 = X cos bx is not the solution of £¥ _ 22:"'_ + 2y
dx? dx .

2. Question

Verify that y = €* cos bx is a solution of the differential equation d_t _jﬂ
dx~ dx

Answer

Given y = e* coshx

On differentiating with x, we get

T
dx—ecosx e*(—bsin bx)

On differentiating again with x, we get

£ M

0.



d’y
dx?

Now let's see what is the value ofﬁ-‘_' _ o4y
==2 + 2y
dzy dy

a;‘“z-d— + ZV

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

= 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 ¥ _
dxz

3. Question

Verify that y = oMt cos 1x is a solution of the differential equation (1 - x?)

Answer
Given y = glm)cos™x
On differentiating with x, we get

d} -1
2 — pMm)cosx
P e (m) (

—~1 ) —ym
vi—x2 vi—x2
On differentiating again with x, we get
d’y ym? mx

dx2  1-x2 (J[1—x?)@=%d)

We want to find (1_x2)%_ zg_mz}r

mxy mx
= ym? — A —m?y
v1=x% 1—22

=0

Conclusion: Therefore, y — e(micos™'x is the solution of

dz dy
(1*12) Zi—m y

3. Question

Verify that y = oMt cos 'x is a solution of the differential equation (1 - X2)

Answer

1

Given y — pl(mlcos™ x
On differentiating with x, we get

dy T,
— plm)cos™x
ax ¢ (m) (

= | ) —ym
vi—1x2 Vv1-—2x2

On differentiating again with x, we get

Therefore,  — g(m)cos™x is the solution of (1 — x 2)dy _ 5dy
dx*

dx

dy
2 dx

—m?y

+ 2y

d?y

dy
—=-X—-m" v =
dx

dx?

dzy
dx?

0.

dy 2
—x—“'ﬂlry =0.
dx



d’y ym? mx

dx2 ~ 1—-x2 (JI=x)(A—x?)

We want to find (1 — x2)&2 _ & _ 2,

dx2 dx
, mx ymx
= ym? — Y - —m?y
Vi—x2  J1-—-x2
=0
Therefore, y — p(mlcos™x js the solution of (1 — 2 sy
y=e (1—x )dx: ==y

Conclusion: Therefore, y — g(m)cos™x is the solution of
d’y _dy

——2——m?y

dx? dx )

4. Question

(1—x%)

5
Verify that y = (a + bx) e2X is the general solution of the differential equation d_t -

dx~ dx

dy

Answer
Giveny = (a + bx)e**

On differentiating with x, we get

dy
2 — 2x N o 2%
P be“* + 2(a + bx)e

On differentiating again with x, we get
d’y 2 2 2
T 2be“* + 2be** + 4(a + bx)e

Now let’'s see what is the value of% — 4% + 4y

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

=0

Conclusion: Therefore, y = (a + b_x-)er is the solution of%_‘;% +4y =0

4. Question

dly ,dy

4—+4y =0.

Verify that y = (a + bx) e?* is the general solution of the differential equation -2 _ 4_— + 4y =0.

5

dx~  dx

Answer
Giveny = (a + bx)ezx

On differentiating with x, we get

dy

— = be?** + 2(a + bx)e*

x ( )

On differentiating again with x, we get
d’y 2 2 2x
m=2be"+2bex+4(a+bx)e

Now let’s see what is the value of &Y _ 42 + 4y
dx? dx Y



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

Conclusion: Therefore, y = (a+ bx)eh' is the solution Of%_;‘,% + 4y =0
X =

5. Question

Verify that y = e*(A cos x + B sin x) is the general solution of the differential equation d_t = gd_‘ :
dx~* dx
Answer
Given y = e*(Acosx + Bsinx)
On differentiating with x, we get
dy . : . .
T = e*(Acosx + Bsinx) + e*(—Asinx + Bcosx)
On differentiating again with x, we get
d’y . . . . .
Tz = ¢ (Acosx + Bsinx) + e*(—Asinx + Bcosx) + e*(—Asinx
+ B cosx)
+e*(—Acosx — Bsinx)
Now let’s see what is the value of ©¥ _ zfv_" + 2y
da? dx i
= 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 + Bsinx) is the solution of &% _ 2“'_3’ +2y =0
dx? dx
5. Question
d’y .d
Verify that y = €*(A cos x + B sin x) is the general solution of the differential equation ._: — 2_}-
dx~ dx
Answer

Giveny = e¥*(Acosx + Bsinx)

On differentiating with x, we get

dy

d_:r = e*(Acosx + Bsinx) + e*(—Asinx + Bcosx)

On differentiating again with x, we get

d’y . : -
il e*(Acosx + Bsinx) + e*(—Asinx + Bcosx) + e*(—Asinx

+ B cosx)
+e*(—Acosx — Bsinx)

Now let's see what is the value of &Y _ 59
dx? zd'x +2y
= e*(Acosx + Bsinx) + e*(—Asinx + Bcosx) + e*(—Asinx + Bcosx)
+ e*(—Acosx — Bsinx) — 2e*(Acosx + B sinx)
—2e*(—Asinx + Bcosx) + 2e*(Acosx + Bsinx)

+2y =0.



=0

d:y

x2

Conclusion: Therefore, y = e*(Acosx + Bsinx) is the solution of = 2.‘?21 +2y =0
J = 3

6. Question

2

Verify that y = A cos 2x - B sin 2x is the general solution of the differential equation d \ﬁ +4y =0.

dx~

Answer

Given y = Acos2x — Bsin2x
On differentiating with x, we get

dy
d_i‘ = —2Asin2x — 2B cos2x

On differentiating again with x, we get

d’y
dx?

= —4Acos2x + 4Bsin2x

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

= —4Acos2x + 4Bsin2x + 4cos2x —4Bsin2x
=)

Conclusion: Therefore, y = Acos2x — B sin 2x is the solution of &Y +4y =0
“ dx? -

6. Question

a3

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

dx~

Answer

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

dy
— = —2Asin2x — 2B cos2x
dx

On differentiating again with x, we get

d?y
— = —4Acos2x + 4Bsin2x
dx?

Now let’'s see what is the value of% + 4y

X

= —4Acos2x + 4Bsin2x + 4cos2x — 4B sin2x

=

Conclusion: Therefore, y = Acos 2x — B sin 2x is the solution of? +4y =0
J 2 :

7. Question

dy _dy _

Verify that y = ae?* + be ~ X is the general solution of the differential equation — 2v =0.
dx- dx ’

Answer



Given y = ael* + pe?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 ¥ _ 4% _ 2y
dx2 dx u

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

d:"}-' d_],'
—'———2 | e — 0
dx® dx y

Conclusion : Therefore, y = ge?* + he?* is the solution of
7. Question

9

R 74

Verify that y = ae?* + be "X s the general solution of the differential equation d_ —

=
dx~

Answer

Giveny = ge?* + be?*

On differentiating with x, we get

dy i i

— = 2ae%* + 2be**

dx

On differentiating again with x, we get

d?y .

= = 4qe®* + 4be?*
dx=z
Now let's see what is the value of &% _ & _ 2y
dx? dx B

= 4ae** + 4be?* —2ae** — 2be?** — 2ae** — 2be**

=0

Conclusion : Therefore, y = ge?* + he?* is the solution of &y _dv _ 2v = 0

< dx?  dx ’

8. Question
d: :

Show that y = €*(A cos x + B sin x) is the solution of the differential equation :
dx~

Answer
Giveny = e*(Acosx + Bsinx)

On differentiating with x, we get

dy
dx

On differentiating again with x, we get

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

dy

dx

2y =0.



d’y

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

—Bsinx) + e*(—Asinx + Bcosx)

' - d’y ., dy
Now let’'s see what is the value ofﬁ = 2E + 2y

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

=0

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

L . S
dx2 “dx Y=
8. Question
d: r d r
Show that y = e*(A cos x + B sin x) is the solution of the differential equation_}_; — 2_} +2y=0.
dx~ dx
Answer
Giveny = e¥*(Acosx + B sinx)
On differentiating with x, we get
dy
o = e*(Acosx + Bsinx) + e*(—Asinx + Bcosx)
On differentiating again with x, we get
d?y . .
T e*(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 — 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
d’y _dy
——2—+2y =0
dx? dx y
9. Question
. _ . . . . ) J dy" '1 dy
Verify that y2 4a(x + a) is a solution of the differential equation y{1— = 2
l Jdx J dx

Answer
Given, y? = 4a(x + a)
On differentiating with x, we get

dy
ZyE = 4a



Now let’s see what is the value of y(1 — (j_ﬁ)z)) B ZXj—:'

1(-)-o5

[
<
|
I

y*—4a(a + x)
JT

4a(a + x) —4a(a + x)
:\'P

=0

Conclusion: Therefore, y2 = 4q(x + q) is the solution of y(1 — (?) ) = d
- bt X X

9. Question

Verify that y2 = 4a(x + a) is a solution of the differential equation )PII

Answer
Given,yz = 4a(x + a)

On differentiating with x, we get

2‘.’3 = 4qa

Now let's see what is the value ofyu ( ) ))— 2x

By -5

y*—4a(a + x)
}?

_ 4a(a + x) —4a(a + x)
y

=0
Conclusion: Therefore, y2 = 4q(x + q) is the solution of y(1 — )2)) — 21

10. Question

d’y D% 1)d_‘(=o

dx 2 dx

Verify that y = Cetan ~11 is a solution of the differential equation (1 + N

Answer
Given y=g eta“_lx
On differentiating with x, we get

dy
dx

: | -1 = 1
= ctan"'x ( 2)e‘a“ ¥ = ytan 1x( ,)
1+x x b

+x2



On differentiating again with x, we get

d’y

SR 2 tan 1x -1
axz (1+x~) + ctan" " x (7(1 x—)z)

+ ¢ (tan™ Juc)z(l1+ — )e"‘“‘ *

tan"tx

= - , -1, 2 1

= Y= + ytan ' x (( _,)‘) + y (tan™'x) (—(sz)z)

Now let's see what is the value of 2y 4%y 1
(1 + x )dx2+(2x 1)d.x

” 1 2xy
- 1 -1 2x , -1.,32 -1
) (“ )+ ytan™ x (1+xz) + ylanz) (1 - xﬂ) # (1 + .x-Z)tan %

)

—tan~ )c(1 oy

= (m)y + a0 () - anx ()

Conclusion: Therefore, y = ¢ etan™'x is not the solution of

d?y dy
2__ 2 — =
1+ x )d12+(2x 1)[_

10. Question

Verify that y = Cetan lx is a solution of the differential equation (1 + x2) d ) + (2x-1)— d}’ ={)
dx? dx

Answer

Giveny — ¢ gtan™'x

On differentiating with x, we get

dy -1 -1 i 1

ax =t x () e s yeantx ()

On differentiating again with x, we get

dzy 2gtan” 1y -1 tan"1x

= ) + c tan x((i xz))
+ ¢ (tan™tx)? ((1 :xz):)e“” -

= }(“xz)z + ytan~tx ((1 zi)z) + y(tan‘lx)z((l_j_;xz)z)

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

- (e vt (22) st o) + (2
—tan“‘x(l " 1[2)

-1.,)2 ~1.{ ¥ )
(1” )y + y(tan™"x) ( (=
Conclusion: Therefore, y = ¢ etan™'x js not the solution of

d?y dy
ANl A el
(1 + «x )dxz + (2x l)dx

11. Question



2 2
Verify that y = aebx is a solution of the differential equation d7y = l( E J
yldx

dx?

Answer
Given y = geb*

On differentiating with x, we get

dy
— = abe®*
dx
On differentiating again with x, we get
d’y
A 2 ,bx
E = ab“ e

. 2
Now let's see what is the value of""z_-" — (1) (ﬁ)
dxZ y/ \dx

1]
= ab? e?* - (T) (abeb¥)?

- abZ ebx_ sz ebx

=0

. : : 2. N2
Conclusion: Therefore, §i= eP* is the solution of &y _ (1) (E’l)
dxz v/ \dx

11. Question
: : a?y! ©1(ay ’
Verify that y = ,.bx is a solution of the differential equation ol _(_- ]
dx*  y\dx)
Answer
Giveny = geb*
On differentiating with x, we get

dy

—_ bx
i = abe

On differentiating again with x, we get

d?y

53 = abz ebx

2
Now let’s see what is the value of &Y _ (l) (Q)
dx? y/ \dx

1
— abZ E‘,bx_ (;) (abebx)z

= ab? eb* — qb? eb*

=0

; : ; - 2
Conclusion: Therefore, y = q ¢~ is the solution of £ _ (l) (d_y)
dx2 y/ \dx

12. Question

- > f I
Verify thaty = ¥ b is a solution of the differential equation — = ;:L d_\ J
X dx- X



Answer
Giveny = £ + b
a x

On differentiating with x, we get

dy a

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

dx?  x3

Now let’s see what is the value of% 2y (3) (ﬂ)

e X dx
2a 2a
T x3 3
=)

Conclusion: Therefore, y = £ + p is the solution of &2 T (E) (ﬂ) =
o % dx? x/ \dx

12. Question

. a . . . . _d’y 2(dy)
Verify that y = — + | is a solution of the differential equation —+—| = J =0
X dx- x\dx)
Answer
Giveny = £ + p
¥ X
On differentiating with x, we get
dy a
dx ~ x?2
On differentiating again with x, we get
d’y 2a
dx2  x3
Now let’ hat is the value of &2 4 (2) (%
ow let's see what is the value o — (x)(dx)
2a 2a
T xF a3
=0
- L _a - ' aty o (2) () =
Conclusion: Therefore, y = < b is the solution of == (;) (dx) =0
13. Question
, dj \
: y |
Verify that y = e "X + Ax + Bis a solution of the differential equation * - I =1
dx~©

Answer
Giveny = e™* + Ax + B
On differentiating with x, we get

dy

el e it
dx



On differentiating again with x, we get

2
Y _ o=
dx?

¥ . a2y
Now let’'s see what is the value of g* (_ﬂ)

dx*=

= e*(e™)
=1

-

Conclusion: Therefore, y = ¢™ + Ax + B is the solution of g (I_dzy) = 1
J g
13. Question

TR |
| odey |
Verify that y = e X + Ax + Bis a solution of the differential equation e* d Y1

[ 3]

Answer
Giveny = ¢e™* + Ax + B

On differentiating with x, we get

o m e e A

dx

On differentiating again with x, we get
d’y i

dx?

Now let’s see what is the value of ¢# (g)

= e*(e™)

=1

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

>

32

14. Question

L]

.
| 3‘, Cdv 1 v
Verify that Ax2 + By? = 1 is a solution of the differential equation x-{yL + dl | L= \E._

dx? -._de[ " dx

Answer
Given 4y2 + Byz =1
On differentiating with x, we get

dv

)
24X + 2By — = 0
o dxv

dy Ax

dx By

On differentiating again with x, we get

24 + zs(d‘v)2 raps{2YY = o
dx Y\axz) =



d?y s (dy)z A
Y\ax2 dx)/ = B
' - o (X dy)? 4y
Now let’'s see what is the value of y (y (E) + (H) )_ ¥
3=
= *\7B) 7Y\ TBy
( Ax) P (AX)
B B B
Conclusion: Therefore, 4x2 + By? = 1 is the solution of

d’y " (d_v)z __dy
Y\ axz ax) ) T Vax

14. Question

Verify that Ax2 + By? = 1 is a solution of the differential equation x

Answer
Given 4x? + By? = 1

On differentiating with x, we get

dy
2Ax + 2By — =0
- dx_
dy — Ax
dx By

On differentiating again with x, we get
d?y
+ 2By =] =0
Y dx?
d?y + (d_v)2 A
y dx? dx/ =~ B
Now let’s see what is the value of y (V (‘*z_l') 4.
< \dx?
-9
X{——=]—yl——
B/ - By

(-5)+(F)

=0

dy ’
24 +-ZB(—;)
dx

Conclusion: Therefore, 4x2 + Byz = 1 is the solution of

(. (d*y dy\’ dy
((B2)+ @) -2

15. Question

Verify that y = -
1+cx

:
l

\!’

5 is a solution of the differential equation (1 + x2)

(=]

to|

dx

dy

-

+(1+y%)=0.



Answer

=X

Giveny =
< 1+cx

On differentiating with x, we get

dy -1-¢?
dx (1 + cx)2

Now let’s see what is the value of (1 + 1—2)% + (1 + }.2)

(1+ xHA + %) P ( c—X )3
(1 + cx)? ( 1+ cx )
(m-1—-c*—x*—x%¢)D+ (1 + c?*x% + 2¢cx + % + x?2—2cx)
(1 + cx)?

=0

Conclusion: Therefore, y = ——

is the solution of (1 + xz)% +(1+y3)=0

1+ex

15. Question

Verify that y = c—X is a solution of the differential equation (1 + xz)d_‘ + (1 + yz] =0.
1+cx dx

Answer

« c—x
Giveny = ==
On differentiating with x, we get
dy —-1—¢?
dx (1 + cx)?
Now let’ hat is the value of 2) )2

ow let’s see what is the value of (1 + )dx + (1 + y?)

(1+ x3)1 + ?) o B ( c—Xx )2
N (1 + cx)? ( 1+ cx )
(—-1—-c*—x*—x%¢») + (1 + c*x? + 2cx + % + x?2—2cx)
B (1 + cx)?
=0
Conclusion: Therefore, y = Ic_x is the solution of (1 + xz)? +(1+y)=0
’ +cx ¢ -
16. Question
Verify that y = log (x + /‘XB +as ) satisfies the differential equationd ': —'xg: 0
dx~ dx

Answer

Given y = log(x + VX2 + a?)

On differentiating with x, we get

dy 1 X

= = 1+

dx x + Vx2 + az( vx? ¥ az)
1

VE=-




On differentiating again with x, we get

d?y x
dx? ~ _(A;'2 + a2)3
Now let’s see what is the value of ©¥ + x ¥
dx* dx
X X
T+ a2 tRra

Conclusion: Therefore, y = 10g(1- 4 fwt az) is not the solution of

d’y 4 dy 5
dx? xdx -

16. Question

dz}-'

dy

Verify that y = log (x + ,fxl +a2 ) satisfies the differential equation— = + x —= —

dx”

Answer
Giveny = log(x + VxZ + a?)
On differentiating with x, we get
dy 1 X
& e a " e

1
On differentiating again with x, we get

d?y X

a2 = (32 + @)

. )
Now let's see what is the value of &Y ,(Q
dx? T dx

X X

- +
(x2 + a2); VxZ + a?

Conclusion: Therefore, y = log(x + VxZ + a?)is not the solution of

d?y N dy 5
——r X ==
dx? dx
17. Question
5
; e ; . : . d°y dy
Verify thaty = e is a solution of the differential equation ——+——06y
dx= dx 7

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

dy o
dx %

On differentiating again with x, we get

dx

=0



dy

— 98—31'
dx?
Now let’s see what is the value of ¥ PR . 6V
dx? dx "
=9 9-3;\' _ 39-34\' . 68-3;\’
=0
Conclusion: Therefore, y = ¢~3* is the solution of &2¥ w Y ey=
- dx? dx “
17. Question
y d
Verify that y = e~ 3X is a solution of the differential equation _: ... 6v =0
dx= dx 7

Answer
Given, y = e 3%
On differentiating with x, we get

dy

Y — _qp-3x
dx e
On differentiating again with x, we get

d?y

Froin

Now let’s see what is the value of ¥ B
= )
dx dx &

= 9¢ 3% —3¢73* — 6™
=

Conclusion: Therefore, y = e —3*is the solution of% S ? -6y =0
X X -

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+cC

Differentiating the above equation with respect to x,

dy_
dX_ln

Differentiating the above equation with respect to x,

dzy_
dx2z

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

0

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=a2, 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=a2
Differentiating the above equation with respect to x on both sides, we have,

2x+ 2y% — 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 c are parameters.

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

y = asin(bx + ¢) (1)

dy
— = abcos(bx+ )

dx
:;3_"= —ab?sin(bx + ¢) (Substituting equation 1 in this equation)
d*y
= —b?
dx? y
dZ
Eﬁ + bzy =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

e —Ansin(nt) + Bncos(nt)

4= An?cos(nt) — Bn?sin(nt
e cos(n n“sin(nt)

x_ —n? (Acgs(m)+ Bsin(nt)) (Substituting equation 1 in this equation)
dt?

This is the required differential equation.



5. Question

Form the differential equation of the family of curves y=aeb", where a and b are arbitrary constants.

Answer

Equation of the family of curves, y= =aeP, where a and b are arbitrary constants.
Differentiating the above equation with respect to x on both sides, we have,

y = aeb* (1)

ﬂ_ bx (2
cm—abe (2)

d’y

e abzebx
dx?

yﬁ’ = abﬁebx(aebx) (Multiplying both sides of the equation by y)
dx?
y (abeb“) (Substituting equation 2 in this equation)

V5 dx~ (d’j

This is the required differential equation.

6. Question

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

Equation of the family of curves, y2=m(a2—x2), where a and m are parameters.

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

dy
2ydx m(—2x)
dy 3
ydx
ydy
- _de 1)

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

d
v+ (2) = -m @
From equations (1) and (2),
d’y (dy\* dy
Wiz T ¥ (dx) " Vax

This is the required differential equation.

=0

7. Question

Form the differential equation of the family of curves given by {x—a)2+2y2=a2, where a is an arbitrary
constant.

Answer
Equation of the family of curves, (x—a)2+2y2=a2. 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,
2 2a+4 dy 0
X—2a — =
Yax

d
x—a+2yd—§=0

dy a-—x
dx 2y
dy_a—X(ZX)
dx 2y \2x

. faxcie (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 £+y2—23y=az, where a is an arbitrary
constant.

Answer

Equation of the family of curves, x2+y2-2ay=a2, 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,

2 2a+4 dy—()
X—2at4y =
dy
xda-{-ZyEX——O
dy a-x
dx 2y
dy_a—x(Zx)
dx 2y \2x

dy  2ax-—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=a2, where a is an arbitrary constants.
(x—a)l+y? = a*()

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

dy
2x—a)+2y—=0

dx
dy
x—a+y&—0
dy
a—x+ya

Substituting the value of a in equation (1)

2 2

(130 +v=(x+vg)

dy\> , , . _dy [ dy\’
(Y&y) =Rt (Y&)

Rearranging the above equation

dy
L L L
y°—x°—xy 0

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)2+(y - a)2= 4, where a is an arbitrary constant.

(y—a)?+x%=4(1)

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

2(x)+ 2(y— a)g—i =0

d d
x—a&%+y—=
dy
X+y5=
a=——ydx
dy
dx

Substituting the value of a in equation (1)

d
B x+yd—§
Xt y——d— = 4




X

dy
dx

x% +

Rearranging the above equation

This is the required differential equation.
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)2= 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)&y=0

dy dy
x+a—ad—x+ya—0
x+y%
a= d
ay _
dx

2 2 2
x+x+yg—§ N _x+yg—§ x+yg—i
aiay -1 y a}ay ~qaf a}Hy -1
d dy\ 2 d 2 dy\ 2
x&y—x+x+yd—§ N yay—y—x—y&y _ x+y$}f
& &y, &,
dx dx dx

( dy dy)2 ( dy tzly)2 ( dy
de R ydx ydx y—x ydx X ydx)
dy\> 5 , dy\’
(—]) +y)+ (=3 = (x+y—)

(%)2 x+y)2+ (y+x)? = (x +y:—D2

Rearranging the above equation

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)’+y*=1(1)

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

d
2(x—a) +2(y)d—i =0

dy
S + —_—
- ydx ¢

dy
a=x+y—

Substituting the value of a in equation (1)

d ~
(x—x—yd—i) 3§ =1

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 + 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)24(y - h)2= a2 + h?, where a is an arbitrary constants.
x*+ (y—h)?= a?+h%(1)

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

dy
2(x) +2(y — h)& =0

dy dy
x—h&+y&—0
dy
X+yqt
h=#
dy
dx

Substituting the value of a in equation (1)



d d
5 _x+ya¥_ 3 x-i-ya¥
X+ |y dy =a"+ dy
dx dx
2 2
y y dy
w2p (YT Vax | _ o, (2P Y
dy dy
ax dx

() - () ()

X \ax dx ax * Viax

dy
x2—a?—y? (—) = 2%
( ¥ l5 y
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
2(x) = 4(2) 5

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



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

2x  2ydy

§+azdx D

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

ydy  dy[ax* " Yax

xdx? ' dx X2 .

Yo

ax~ Yax

Rearranging the above equation

d?y cfy(dy dX) o

2 SR

Wi T ¥ ) Y T
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

_¥_1)

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

5 dy dx
ydy Wa* IEY_,
xdx? dx x2

d2y+ dy(dy . ch) =
Waee T ax\ax™ Yax T
Rearranging the above equation

d?y (dy\® dy
gt =g ~Yar =0



This is the required differential equation.
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