22. Differential Equations

Exercise 22.1

1. Question

Determine the order and degree of each of the following differential equations. State also whether they are
linear or non-linear.

dPx dx (dx)
> de? L dt
Answer

The order is the highest numbered derivative in the equation with no negative or fractional power of the
dependent variable and its derivatives, while the degree is the highest power to which a derivative is raised.

So, in this question, the order of the differential equation is 3, and the degree of the differential equation is 1.

In a differential equation, when the dependent variable and their derivatives are only multiplied by
constants or independent variable, then the equation is linear.

So, in this question the dependent variable is x and the term % is multiplied by itself so the given equation is

non-linear.
2. Question

Determine the order and degree of each of the following differential equations. State also whether they are
linear or non-linear.

.

d-y
'1. - -I-V =0
Answer

The order is the highest numbered derivative in the equation with no negative or fractional power of the
dependent variable and its derivatives, while the degree is the highest power to which a derivative is raised.

So, in this question, the order of the differential equation is 2, and the degree of the differential equation is 1.

In a differential equation, when the dependent variable and their derivatives are only multiplied by
constants or independent variable, then the equation is linear.

Here dependent variable y and its derivatives are multiplied with a constant or independent variable only so
this equation is linear differential equation.

3. Question

Determine the order and degree of each of the following differential equations. State also whether they are
linear or non-linear.

)

dy " 1
dx dy/dx
Answer

The order is the highest numbered derivative in the equation with no negative or fractional power of the
dependent variable and its derivatives, while the degree is the highest power to which a derivative is raised.

So, in this question, we first need to remove the term ﬁ because this can be written as (?)—1 which
- X
means a negative power.

So, the above equation becomes as

dy ., dy
(&) +1—2&



So, in this, the order of the differential equation is 3, and the degree of the differential equation is 1.

In a differential equation, when the dependent variable and their derivatives are only multiplied by
constants or independent variable, then the equation is linear.

So, in this question, the dependent variable is y and the term ? is multiplied by itself so the given equation

X

is non-linear.
4. Question

Determine the order and degree of each of the following differential equations. State also whether they are
linear or non-linear.

Answer

The order is the highest numbered derivative in the equation with no negative or fractional power of the
dependent variable and its derivatives, while the degree is the highest power to which a derivative is raised.

In this question we will be raising both the sides to power 6 so as to remove the fractional powers of
derivatives of the dependent variable y

So, the equation becomes as

o] (6

1+(2)°+ 3(2)2 + 3()t=(0)? (ﬁ')z

dx?

So, in this the order of the differential equation is 2 and the degree of the differential equation is 2.

In a differential equation, when the dependent variable and their derivatives are only multiplied by
constants or independent variable, then the equation is linear.

So, in this question the dependent variable is y and the term ? is multiplied by itself and many other are
X
also, so the given equation is non-linear.

5. Question

Determine the order and degree of each of the following differential equations. State also whether they are
linear or non-linear.

]

d¥y (dy
—5 | | +xy=0
dx” dx
Answer

The order is the highest numbered derivative in the equation with no negative or fractional power of the
dependent variable and its derivatives, while the degree is the highest power to which a derivative is raised.

So, in this question the order of the differential equation is 2 and the degree of the differential equation is 1.

In a differential equation, when the dependent variable and their derivatives are only multiplied by
constants or independent variable, then the equation is linear.

So, in this question the dependent variable is y and the term ? is multiplied by itself so the given equation is
b o
non-linear.

6. Question

Determine the order and degree of each of the following differential equations. State also whether they are
linear or non-linear.



[
dx’ dx

Answer

The order is the highest numbered derivative in the equation with no negative or fractional power of the
dependent variable and its derivatives, while the degree is the highest power to which a derivative is raised.

Squaring on both sides, we get

2
3| d?y |\ dy
dxz) Cdx

Cubing on both sides

-
dx2)  \dx
So, in this question, the order of the differential equation is 2, and the degree of the differential equation is 2.

In a differential equation, when the dependent variable and their derivatives are only multiplied by
constants or independent variable, then the equation is linear.

So, in this question, the dependent variable is y and the term ? is multiplied by itself so the given equation
X
is nhon-linear.

7. Question

Determine the order and degree of each of the following differential equations. State also whether they are
linear or non-linear.

fy_fc_ mrzil
2efe(®)
Answer

The order is the highest numbered derivative in the equation with no negative or fractional power of the
dependent variable and its derivatives, while the degree is the highest power to which a derivative is raised.

Since this question has fractional powers, we need to remove them.

So, squaring on both sides, we get

&) (@7
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So, in this equation, the order of the differential equation is 4, and the degree of the differential equation is 2.

In a differential equation, when the dependent variable and their derivatives are only multiplied by
constants or independent variable, then the equation is linear.

So, in this question, the dependent variable is y and the term ? is multiplied by itself, also the degree of the
X
equation is 2 which must be one for the equation to be linear so the given equation is non-linear.

8. Question

Determine the order and degree of each of the following differential equations. State also whether they are
linear or non-linear.



dy
X+ — |=

dx
Answer

The order is the highest numbered derivative in the equation with no negative or fractional power of the
dependent variable and its derivatives, while the degree is the highest power to which a derivative is raised.

Since this question has fractional powers, we need to remove them.

So, squaring on both sides, we get

dy\? dy\?
(“a) —”(a)

dy” d dy”
ﬁ+({)+2m£=1+(1)

So, in this equation, the order of the differential equation is 1 and the degree of the differential equation is 1.

In a differential equation, when the dependent variable and their derivatives are only multiplied by
constants or independent variable, then the equation is linear.

Here dependent variable y and its derivatives are multiplied with a constant or independent variable only so
this equation is linear differential equation.

9. Question

Determine the order and degree of each of the following differential equations. State also whether they are
linear or non-linear.

d_X :}-'2—1

"i’

- d}' 2

Answer

The order is the highest numbered derivative in the equation with no negative or fractional power of the
dependent variable and its derivatives, while the degree is the highest power to which a derivative is raised.

Here in this question the dependent variable is x, and thus the order of the equation is 2, and the degree of
the equation is 1.

In a differential equation, when the dependent variable and their derivatives are only multiplied by
constants or independent variable, then the equation is linear.

Here dependent variable x and its derivatives are multiplied with a constant or independent variable only so
this equation is linear differential equation.

10. Question

Determine the order and degree of each of the following differential equations. State also whether they are
linear or non-linear.

, d't dt
5 —+st— =5
ds- ds
Answer

The order is the highest numbered derivative in the equation with no negative or fractional power of the
dependent variable and its derivatives, while the degree is the highest power to which a derivative is raised.

Here in this question the dependent variable is t, and thus the order of the equation is 2, and the degree of
the equation is 1.



In a differential equation, when the dependent variable and their derivatives are only multiplied by
constants or independent variable, then the equation is linear.

Here dependent variable t and its derivative is multiplied together st? so this equation is non-linear
5
differential equation.

11. Question

Determine the order and degree of each of the following differential equations. State also whether they are
linear or non-linear.

a2y (ay)

- _'I!.' 'I!.'

b '1_ 4 '}r - 4 '}r4 — 0
dx~ dx

Answer

The order is the highest numbered derivative in the equation with no negative or fractional power of the
dependent variable and its derivatives, while the degree is the highest power to which a derivative is raised.

d’y : dyy*
X(a) +y(3) +v*=0

So, in this equation the order of the differential equation is 2 and the degree of the differential equation is 3.

In a differential equation, when the dependent variable and their derivatives are only multiplied by
constants or independent variable, then the equation is linear.

Here dependent variable y and its derivative is multiplied together y?, also y is multiplied by itself so this
X
equation is non-linear differential equation.

12. Question

Determine the order and degree of each of the following differential equations. State also whether they are
linear or non-linear.

v (d’v ) dv :
—5+|—5 |+ —+4y=sm X
dx dx” ) dx

Answer

The order is the highest numbered derivative in the equation with no negative or fractional power of the
dependent variable and its derivatives, while the degree is the highest power to which a derivative is raised.

So, in this equation the order of the differential equation is 3 and the degree of the differential equation is 1.

In a differential equation, when the dependent variable and their derivatives are only multiplied by
constants or independent variable, then the equation is linear.

3
Here dependent variable y’s derivative is multiplied with itself (d_zf) , so this equation is non-linear

dx
differential equation.

13. Question

Determine the order and degree of each of the following differential equations. State also whether they are
linear or non-linear.

(xy? +x)dx + (y-x2y)dy=0
Answer

The order is the highest numbered derivative in the equation with no negative or fractional power of the
dependent variable and its derivatives, while the degree is the highest power to which a derivative is raised.

The above equation can be written as



x(y2+1)dx=y(x2-1)dy
Y 2 1 )we=x(er2
<. (% 1)y=x(y*+1)

o2, G2
dxx y dxy Xy X

So, from this equation it is clear that order of the differential equation is 1 and the degree of the differential
equation is also 1.

In a differential equation, when the dependent variable and their derivatives are only multiplied by
constants or independent variable, then the equation is linear.

So, in this question the dependent variable is y and the term ? is multiplied by y and also y is multiplied by
X
itself, so the given equation is non-linear.

14. Question

Determine the order and degree of each of the following differential equations. State also whether they are
linear or non-linear.

Jl—}-‘zdx— 1-x° dy =0

Answer

The order is the highest numbered derivative in the equation with no negative or fractional power of the
dependent variable and its derivatives, while the degree is the highest power to which a derivative is raised.

The above equation can be written as

d
J1-x —y=—\f1—y2

Since the power of y can’t be rational so squaring on both sides

(vﬁg) - (i)

2

So, the order of the above differential equation 1 and the degree of the differential equation is 2

In a differential equation, when the dependent variable and their derivatives are only multiplied by
constants or independent variable, then the equation is linear.

So, in this question, the dependent variable is y and the term ? is multiplied by itself, so the given equation

X

is non-linear.
15. Question

Determine the order and degree of each of the following differential equations. State also whether they are
linear or non-linear.

d%y _[ dy ]3 ’
dx” ldx
Answer

The order is the highest numbered derivative in the equation with no negative or fractional power of the
dependent variable and its derivatives, while the degree is the highest power to which a derivative is raised.

Since the power of? is not rational we need to make it rational therefore cubing on both sides, we get
X



dy\ (@)2
dx2/  \dx

So, the order of the above differential equation 2 and the degree of the differential equation is 3.

In a differential equation, when the dependent variable and their derivatives are only multiplied by
constants or independent variable, then the equation is linear.

So, in this question the dependent variable is y and the term ? is multiplied by itself, so the given equation

X

is non-linear.
16. Question

Determine the order and degree of each of the following differential equations. State also whether they are
linear or non-linear.

Answer

The order is the highest numbered derivative in the equation with no negative or fractional power of the
dependent variable and its derivatives, while the degree is the highest power to which a derivative is raised.

The above equation can be written as

28 =3 [, _ (E)z_},

dx?

Since the equation has rational powers, we need to remove them so squaring both sides we get

d? dy”
_ 2 _ I P L
* dx? y) 9(1 y (dx) )

So, the order of the above differential equation 2 and the degree of the differential equation is 2.

In a differential equation, when the dependent variable and their derivatives are only multiplied by
constants or independent variable, then the equation is linear.

So, in this question, the dependent variable is y and the term ? is multiplied by itself, so the given equation
X
is non-linear.

17. Question

Determine the order and degree of each of the following differential equations. State also whether they are
linear or non-linear.

idl}’ _Jl_[d_‘] -
Tax” | Ldx

Answer

The order is the highest numbered derivative in the equation with no negative or fractional power of the
dependent variable and its derivatives, while the degree is the highest power to which a derivative is raised.

Since the above equation has rational powers, we need to remove them so squaring on both sides.

() (@)

d2y2 dyy dy” dy*
25(@) -1+(3) +3(3) +3(&)



So, the order of the above differential equation 2 and the degree of the differential equation is 2.

In a differential equation, when the dependent variable and their derivatives are only multiplied by
constants or independent variable, then the equation is linear.

So, in this question, the dependent variable is y and the term ? is multiplied by itself, so the given equation

X

is non-linear.
18. Question

Determine the order and degree of each of the following differential equations. State also whether they are
linear or non-linear.

dy
y=x—+a,l+

dx
Answer

The order is the highest numbered derivative in the equation with no negative or fractional power of the
dependent variable and its derivatives, while the degree is the highest power to which a derivative is raised.

First of all, we will rearrange the above equation as follows

dy dy\’
y—xﬁ— a 1+(ﬁ)

Since the above equation has rational powers we need to remove them so squaring on both sides.

dy dyy dy)z
2 _ -~ 2(2) _ 2 -
y nydx+x (dx) a [1+ (dx

So, the order of the above differential equation 1 and the degree of the differential equation is 2.

In a differential equation, when the dependent variable and their derivatives are only multiplied by
constants or independent variable, then the equation is linear.

So, in this question, the dependent variable is y and the term ? is multiplied by itself, so the given equation
X

is non-linear.

19. Question

Determine the order and degree of each of the following differential equations. State also whether they are

linear or non-linear.

}*:px_ a.p'_b:_Wherep:_'

Answer

The order is the highest numbered derivative in the equation with no negative or fractional power of the
dependent variable and its derivatives, while the degree is the highest power to which a derivative is raised.

First of all, we will rearrange the above equation as follows
2
y—x@= h_2_|_ (E) here we have substituted the value of p and taken 32 out from the root

dx a? dx

Since the above equation has rational powers we need to remove them so squaring on both sides.

(y-x2)=a {5 +(2)]

dy dy\? b2 dy)2
2 _ - 2y Lzl -
Y nydx+x (dx) ? [32"— (dx



So, the order of the above differential equation 1 and the degree of the differential equation is 2.

In a differential equation, when the dependent variable and their derivatives are only multiplied by
constants or independent variable, then the equation is linear.

So, in this question the dependent variable is y and the term : is multiplied by itself, so the given equation
is non-linear.

20. Question

Determine the order and degree of each of the following differential equations. State also whether they are
linear or non-linear.

ﬁ -+ e}- = 0
dx
Answer

The order is the highest numbered derivative in the equation with no negative or fractional power of the
dependent variable and its derivatives, while the degree is the highest power to which a derivative is raised.

Concept of the question

2 3 4 r
yo . ¥ y y
EF_1+}’+—+§+E+ +1'_'

So, the equation becomes as follows

dy AR AT A
d—+1+y+§+§+z+ =0

So, the order of the above differential equation 1 and the degree of the differential equation is 1.

In a differential equation, when the dependent variable and their derivatives are only multiplied by
constants or independent variable, then the equation is linear.

So, in this question the dependent variable is y and the term y is multiplied by itself, so the given equation is
non-linear.

21. Question

Determine the order and degree of each of the following differential equations. State also whether they are
linear or non-linear.

.

d’y dy d’y

— — | =xsin d

dx~ dx dx”
Answer

The order is the highest numbered derivative in the equation with no negative or fractional power of the
dependent variable and its derivatives, while the degree is the highest power to which a derivative is raised.

Concept of the question

x? x5 ¥7 (_1)1'X21'+1
sin(x)=x—- -~ +———+ -+ —"F—
(x) 3t 5 7! (2r+ 1)!

So, in this question, the x of sin(x) is replaced by 3’ WhICh means that the power of ¥ Y is not defined as it
\

approaches to infinity by the above formula.

So, the order of the above differential equation 2 and the degree of the differential equation is not defined.

In a differential equation, when the dependent variable and their derivatives are only multiplied by
constants or independent variable, then the equation is linear.

So, in this question the dependent variable is y and the term : ¥ is multiplied by itself, so the given equation
:;



is non-linear.
22. Question

Determine the order and degree of each of the following differential equations. State also whether they are
linear or non-linear.

(y")2 +(y')2+ siny =0
Answer

. . 2
Here in question y" = %’ andy = ?
X X

The order is the highest numbered derivative in the equation with no negative or fractional power of the
dependent variable and its derivatives, while the degree is the highest power to which a derivative is raised.

Concept of the question
. 3 . XS X'}' . . (_1)1'X21'+1
simx)=x—-——"+—1—"=-+--+—"-—
(x) 3t 57! (2r+ 1)!

So, in this question, the x of sin(x) is replaced by y which means that the power of y is not defined as it
approaches infinity by the above formula

So, the order of the above differential equation 2 and the degree of the differential equation is 2.

In a differential equation, when the dependent variable and their derivatives are only multiplied by
constants or independent variable, then the equation is linear.

So, in this question the dependent variable is y, and the term y is multiplied by itself, so the given equation
is hon-linear.

23. Question

Determine the order and degree of each of the following differential equations. State also whether they are
linear or non-linear.

d%y dy

—+5x| — |—6y =log x
dx” dx
Answer

The order is the highest numbered derivative in the equation with no negative or fractional power of the
dependent variable and its derivatives, while the degree is the highest power to which a derivative is raised.

So, in this question the order of the differential equation is 2 and the degree of the differential equation is 1.

In a differential equation, when the dependent variable and their derivatives are only multiplied by
constants or independent variable, then the equation is linear.

So, in this question the dependent variable is y and the term ? is multiplied by itself so the given equation is
X
non-linear.

24. Question

Determine the order and degree of each of the following differential equations. State also whether they are
linear or non-linear.

dy dy dy
—F+—5+—+ysiny=0
dx~ dx- dx

Answer

The order is the highest numbered derivative in the equation with no negative or fractional power of the
dependent variable and its derivatives, while the degree is the highest power to which a derivative is raised.

Concept of the question



XS XS X? (_1)1‘X21'+1
i —_ _— + e — + e +
e T T T (2r + 1)!

So, in this question, the x of sin(x) is replaced by y which means that the power of y is not defined as it
approaches infinity by the above formula

So, the order of the above differential equation 3 and the degree of the differential equation is 1.

In a differential equation, when the dependent variable and their derivatives are only multiplied by
constants or independent variable, then the equation is linear.

So, in this question the dependent variable is y, and the term y is multiplied by itself, so the given equation
is non-linear.

25. Question

Determine the order and degree of each of the following differential equations. State also whether they are
linear or non-linear.

d’y dy : ) dy

> +3| — | =x"log ]
dx~ dx dx”
Answer

The order is the highest numbered derivative in the equation with no negative or fractional power of the
dependent variable and its derivatives, while the degree is the highest power to which a derivative is raised.

Concept of the question

For the degree to be defined of any differential equation the euqtion must be expressible in the form of a
polynomial.

But, in this question the degree of the differential equation is not defined because the term on the right hand
side is not expressible in the form of a polynomial.

Thus, the order of the above equation is 2 whereas the degree is not defined.
Since the degree of the equation is not defined the equation is non-linear.
26. Question

Determine the order and degree of each of the following differential equations. State also whether they are
linear or non-linear.

dy Y dy )’ -
el _4[_-] +7y =sm1 X
dx dx

Answer

The order is the highest numbered derivative in the equation with no negative or fractional power of the
dependent variable and its derivatives, while the degree is the highest power to which a derivative is raised.

So, in this question, the order of the differential equation is 1, and the degree of the differential equation is 3.

In a differential equation, when the dependent variable and their derivatives are only multiplied by
constants or independent variable, then the equation is linear.

So, in this question, the dependent variable is y and the term ? is multiplied by itself so the given equation
X
is nhon-linear.

Exercise 22.2
1. Question

Form the differential equation of the family of curves represented by y? = (x - c)3.

Answer



y?=(x-¢c)?

On differentiating the above equation with respect to x we get

dy ,
Zyﬁ = 3(x—c)
2ydy
—2 = 22
= (x—c) 3 dx
q 1
2y Y)2
- -0 = (T
Putting the value of (x - ¢) in the given equation, we get,
1 3
- (B
y 3 dx
3
-y - (23
3 dx

On squaring, both sides we get,

3
NeH
3 dx
3 3
S oyt = gi(ﬂ)
27 \dx

3

d
= 27y = S(d—i)
Hence, 27y = 8 (g)g is the differential equation which represents the family of curves y2 = (x - c)3.

2. Question

Form the differential equation corresponding to y = €™ by eliminating m.
Answer

Given equation, y = e™

On differentiating the above equation with respect to x we get

dy — mx
= e
Buty = ™
LAy _

“ e = Wy

Now we have, y = e™
Applying log on both sides, we get,
log y = mx

logy
X

which gives m =

So, putting this value of m in ? = my we get
X



dy  logy

dx X
dy
=X = ylogy
Hence, x% = ylogy is the differential equation corresponding to y = e™.
3 A. Question
Form the differential equation from the following primitives where constants are arbitrary:

y2 = 4ax

Answer

On differentiating with respect to x, we get 2y (%) = 4a

On substituting the value of a we get,

dy v
w(5) = e
dyy ¥
- (3) = %
dy
= ZX(E) =y
Hence, 2x (?) = y is the differential equation corresponding to

y2 = 4ax.

3 B. Question

Form the differential equation from the following primitives where constants are arbitrary:
y=cx+ 2 +c3

Answer

On differentiating with respect to x, we get,

dy_

dx_c

Putting this value of c in the given equation we get
dy dy\* | dyy’

g @

y de dx dx
2
Hence, vy = x¥ + 2 (E) + ()2 is the differential equation corresponding to y = cx + 2¢% + 3.
dx dx dx

3 C. Question
Form the differential equation from the following primitives where constants are arbitrary:
Xy = a2

Answer

Again, differentiating with respect to x we get,



dy
X(&) +y=20

Hence, x(?) + y = 0 is the differential equation corresponding to xy = aZ.

x
3 D. Question

Form the differential equation from the following primitives where constants are arbitrary:
y=ax?+bx+c

Answer

As the given equation has 3 different arbitrary constants so we can differentiate it thrice with respect to x

So, differentiating once with respect to x,

d
—y=23x+b
dx

Differentiating twice with respect to x,

d?y
(E) =2

Now, differentiating thrice with respect to x we get,

dy

dx3

Hence, :ii' = ( is the differential equation corresponding to
X

y = ax? + bx + c.
4. Question

Form the differential equation of the family of curves y = A + Be 2%, where A and B are arbitrary
constants.

Answer
y = Ae?X 4+ Be 2X

As the equating has two different arbitrary constants so, we can differentiate it twice with respect to x. So,
on differentiating once with respect to x we get,

d
T _ 2ae*— 2Be~?
dx

Again, differentiating it with respect to x, we get

d2
—dxf = 4Ae®™ + 4Be™**
d2
= —d;; = 4(Ae®™ + Be %)

But, Ae2X + Be 2X =y (Given)

d?y
o W

Hence the differential equation corresponding to the curves

— A@2X -2x i d%y
y = Ae* + Be |SE=4F

5. Question



Form the differential equation of the family of curves,

x = A cos nt + B sin nt, where A and B are arbitrary constant.

Answer

As the given equation has two different arbitrary constants so we can differentiate it twice with respect to x.
X = A cos nt + Bsinnt

On differentiating with respect to t we get,

dx

E = —Ansinnt + Bncosnt

Again, differentiating with respect to x,

d*x ) 2 s

ﬁ = —An“cosnt — Bn“sinnt
d%x 5 .

=gz = (Acosnt + Bsinnt)

As x = A cos nt + B sin nt
d%x
T dt2
d?x

= ——+n’x=0
dt?

= —n?x

“x + n?x = 0 is the required differential equation.

Hence, d
at?

6. Question

Form the differential equation corresponding to y? = a(b - x2) by eliminating a and b.

Answer
Given equation y2 = a(b - x2)

On differentiating with respect to x, we get,

Again, differentiating with respect to x we get,

d?y dyy”
2}’@ + 2( ) = —2a

dx
dQY dy 2
= Ve T (ﬁ) = —a ... (2)
From (1) we have a = _E?

On putting, this value in (2) we get,

(@) (e

y@ dx 2xdx
d’y (dy)2 B (ydy)
= ydx2 dx/ ~ \xdx

-5 @) - 62
dez dx ydx



2
So, the required differential equation is X(Yj__?; + (g) ) = (y%).

7. Question
Form the differential equation corresponding to y2 - 2 ay + x% = a2 by eliminating a.

Answer

y2-2ay+x2=a?

On differentiating, with respect to x we get,

dy _ dy
ZyE—ZaE +2x =0

Putting this value of a in the given equation, we get,

2
(v + x) (v + x)
| dy
dx dx
dy ,
Put ax v
I r 2
vy + X vy + X
e - (25
v 207y + xy) + xTy' yRy® 4 2y + X
=1 =
y." yFZ

= y2y'2 - 2y2%y'2 - 2xyy' + x%y'2 = y2 "2+ 2xyy' + X

= y2y'2 - 2y%y'2 - 2xyy' + X%y - y? y'2 - 2xyy' - X% = 0

= - 4xyy' + y'2x2 - x2-2y?y2 =0

= y'2(x2 - 2y?) - 4xyy’ - x* =

S0, y'2(x2 - 2y?) - 4xyy' -x2 =0

8. Question

Form the differential equation corresponding to (x - a)2 + (y - b)2 = r2 by eliminating a and b.
Answer

(x-a)Y+(y-bP=r?... (i)

On differentiating with respect to x, we get,

d
2(x—a) + Z(y—b)d—i —0

d
= (x—a) + (y—b)% =0.... (if)

Again, differentiating with respect to x we get,



d?y  (dyy?
1+ G-bga+ (g) =0

d?y dx
dx?
dy 2
e (@) e
- dy dx
dx?
dy 3 dy
oy
dx?

Put the value of (x - @) and (y - b) in (i) we get,

2
@2, (@

2

dx dx . dx
d?y d?y
dx? dx?

4 a2
Put & ' &y " we get,
. A5V and Tz AV g

.ra_l_.r2 J2+12
(?y”y)+(?r’) -

= (y3+y)2+(y2+ 1) =r?y?

So, the required differential equation is (y'3 + y’)2 + (y'2 + 1)2 = r2y"’2,

9. Question

Form the differential equation of all the circles which pass through the origin and whose centers lie on the y -
axis.

Answer

Any circle with centre at (h, k) and radius r is given by,
(x-h)2 + (y - k)2 =r?

Here centreisony - axis,soh =0

So, we have the equation of circle as, X2 + (y - k)2 = r2

Further, it is given that circle passes through the origin (0,0) therefore origin must satisfy the equation of
circle. So, we get,

0+ k?=r2
So, the equation of circle is x2 + (y - k)2 = k2
=x2+y2—2ky=0

= x2 + y2 = 2ky



X% + y?
2y

=k =
Now, differentiating it with respect to x we get,

Zy(ZX + Zy%) - (x* + yz)Z%

- 29)?
d d d
= 0 = 4xy + 4y2£—2x2d—i—2y2£
dy dy
_ 92 5 2%
= 0 =2y Ix 2x dx+4xy
dy dy
= —ygﬁ + xzﬁ = 2xy

dy
2_yn 2 — 9
= -y Xy
Hence, the required differential equation is (x? — yE)? = 2xy
X

10. Question

Find the differential equation of all the circles which pass through the origin and whose centers lie on the x -
axis.

Answer

Any circle with centre at (h, k) and radius r is given by,
(x-h)? +(y-k)?=r?

Here centre is on x - axis, sok =0

So, we have the equation of circle as, (x - h)? + y2 = r2

Further it is given that circle passes through origin (0,0) therefore origin must satisfy equation of circle. So,
we get,

0+h?=r2

So, the equation of circle is (x - h)? + y2 = h?
=>x2-2hx+y2=0

= x2 + y2 = 2hx

2 2
X +y
= h=—"
2%
Now, differentiating it with respect to x we get,

2x (Zx + Zy%) —(x* + y9)2

(2x)2

0:
dy 2 2
=:-2x(x+ydx)—(x +y)=0
dy
2 - S R
= 2X +2xydx X°—y 0

dy
2 2 —
= (x y)+2xydx—()



Hence, the required differential equation is (x? —y?) + szg =0

11. Question

Assume that a raindrop evaporates at a rate proportional to its surface area. Form a differential equation
involving the rate of change of the radius of the raindrop.

Answer

Let r be the radius of the raindrop, V be its volume and A be its surface area

Given

dv A dv KA
JRE— = — = —
dt d

Negative because V decreases with an increase in t

k is a proportionality constant

Now, we know that
4 e 2
vV = gﬂr and A = 4mr

So, we have,

dt\3
dr
4mr? — = —k(4mnr?
= 4 (4mr®)
dr K
dt
Hence, the required differential equation is % = —k

12. Question

Find the differential equation of all the parabolas with latus rectum ‘4a' and whose axes are parallel to the x -
axis.

Answer
Equation of parabola with latus rectum ‘4a’ and axes parallel to x - axes and vertex at (h,k) is given by
(y - k)2 = 4a(x - h)

On differentiating with respect to x we get,

dy
Z(y—k)ﬁ = 4a

d
> (-0 = 22 ..()

Again differentiating (i) with respect to x we get,

dZy  gdyy’
y-K3e ™+ (E) =0

2
From (i) we have (y —k) = _d_yi , on substituting it in the above equation we get,
dx

2a d? dy 2
2y (@)
dy dx2 dx

dx



d? dy 2
=>23Ty+(—y) =0

3
Hence, the required differential equation is 253 &Y & (E) -0
dx=? dx

13. Question

pl

Show that the differential equation of which y =2 (f _1) +ce * is a solution, is dy | 2xy = 4%x°.

Answer
y=2(x*—1)+ce™
On differentiating with respect to x we have,

d
& = 4x — 2cxe™X
dx

Now,

d
d—i +2xy = 4x—2cxe ™ + 2x{2(x2—1) + ce ¥}

= 4x — 2cxe ™™ + 4x°—4x + 2ce ™
= 4x3
Which is the given equation.

Hence, y =2 (f _1) + ce ™" is solution to the given differential equation.

14. Question

Form the differential equation havingy = (sin" x)2 + A cos™! x + B, where A and B are arbitrary constants,
as its general solution.

Answer
y= (sin"'x)*+ Acos™'x+B
On differentiating with respect to x we get,

&~ 2ax( =) + 4 (=)

— = 2sin"x|—— —_—

dx Vv1-—x2 v1-—x2
—d

= vl—xEd—i = 2sin"'x—A

Again, differentiating with respect to x we have,

d?y dy 1 1
[M_x2—2 L 22— \(_ — -
Jv1—Xx dx2+dx(\,1—x2)( 2x%) mel—xz
d’y _ dy
— ey - —
= (1 x)dxz Zxdx 2=0

Hence the required differential equation is

d*y dy
S-S A S A S
(1—x )dx2 Zxdx 2=0

15. Question

Form the differential equation of the family of curves represented by the equation (a being the parameter):



i (2x + a)2 + y? = a2
i. (2x -a)2-y2 = a?
iii. (x -a)2 + 2y? = a2
Answer
(i)
(2x +a)y + y? = a?
On differentiating, with respect to x we have,
2(2x + a) + 2},@ =10
dx

dy
=:-(2x+a)+y£=0

d
= a= —Zx—yd—i

Putting this value of a in the given equation we get,

2

d d
(ZX—ZX—yd—D + y* = (—Zx—yd—i)

2
dy\* , dy dy
= (yﬁ) +y° =|4x" + y(ﬁ) + 4xyﬁ

dy

= yi—4x?— 4xy£ =

i. (2x-a)P-y2=a?

= 4x2 + a? - 4ax - y? = a2
= 4x2 - 4ax -y? =

= dax = 4x2 - y2

4x? —y?
= 3= —-
4x

On differentiating with respect to x we get,

{(8}4— 2%) 4x — 4(4x> —yE)}
0 == 4
dy
A S S P 2 _
= BX Zxdx 4x“ +y 0
dy
2 2 _
= 4x° + y° = Zxdx

iii. (x-a)2 +2y?=a?

On differentiating, with respect to x we have,

dy B
2(x—a) + 43”& =10



d
= (x—a) + Zyd—i =0

d
=:-a=x+2yd—i

Putting this value of a in the given equation we get,

2
dy 5 ( dy)
(x— (x + Zyg)) + 2y° = (x + Zyﬁ
dy z dy ? dy
— 2 _ 2 - —
= (4ydx) + 2y X- + (4y (dx)) + 4Xydx

dy_
dx

2

= 2y?—x?— 4xy 0

16 A. Question

Represent the following families of curves by forming the corresponding differential equations (a, b being
parameters):

X2 + y2 = a2
Answer

On differentiating we get,

dy
2x + Zyﬁ =0

d
=:-x+yd—i=0

16 B. Question

Represent the following families of curves by forming the corresponding differential equations (a, b being
parameters):

X2 y2 =32
Answer

On differentiating we get,

d
ZX_ZYEBZ =0

d
ﬂx—yd—i=0

16 C. Question

Represent the following families of curves by forming the corresponding differential equations (a, b being
parameters):

y2 = 4ax

Answer
2

Y. 4a
X

On differentiating we get,



nyﬁ — B

d
:nyd—i— =0

y
=:-2de =0

16 D. Question

Represent the following families of curves by forming the corresponding differential equations (a, b being
parameters):

2+ (y-b2=1
Answer

On differentiating we get,

dy
2x + Z(y—b)ﬁ =0

dy
= (y— b)& —X
—X
= [:y— b) = d—y ...... (11)
dx
Put (ii) in (i),
2
—X
2 —_— ==
X< + ﬂ 1
dx

dy\? dy
2 (22 z _ |22
=X (dx) X (dx)
16 E. Question

Represent the following families of curves by forming the corresponding differential equations (a, b being
parameters):

(x-a)2-y2=1
Answer

Differentiating with respect to x we get,

dy
Z(X—a)—Zy—dx =0
dy
= &) =y

Now putting the value of (x - a) in the initial equation, we get
dy 2
2 2
—~ 1 — =1
y (dx) y
16 F. Question

Represent the following families of curves by forming the corresponding differential equations (a, b being
parameters):



X_' 1!.'_.
f\_'q. :1

a- b

Answer

b2x2—32y2 .
azhz B

b2x2 - a2y? = a2b2
On differentiating with respect to x we get,

dy_

2y _ 94257 _
2b-x Zaydx 0

Again, differentiating with respect to x we get,

d’y  dyy’
2_ 2,0 - _
b*—a (y dx? - (dx) 0

d’y  (dyy?
2 _ 2 - -
= bh=a (dez * (dx)

Putting this value of b2 in (i) we get,

d’y  dyy’ dy
2 -7 - - N
- X(ydxz - (dx) TV ax 0
d’y  dy\*\  dy
2 e —_— —_ —_— =
- (X (}’ dx? * (dx) Yax 0

d’y = dyy\*\ dy
ﬁ’("(}’@%&) Vi) =0

16 G. Question

Represent the following families of curves by forming the corresponding differential equations (a, b being
parameters):

y2=4a(x-b)
Answer

On differentiating with respect to x

Zyﬁ = 4a

Again, differentiating with respect to x we get,
K dyy’

e (@) -0

dx? dx

16 H. Question

Represent the following families of curves by forming the corresponding differential equations (a, b being
parameters):

y = ax3

Answer



y = ax3

On differentiating with respect to x we get,

dy .
ﬁ = Jax

. : ¥
From the given equationa = 2

So, we have

dy y
ax oy
dy_

y
=>dx_3x

dy
= XE = 3}’

16 1. Question

Represent the following families of curves by forming the corresponding differential equations (a, b being
parameters):

x2 + y2 = ax3
Answer

x2 + y2 = ax3
x? + y?
a=——3

Differentiating with respect to x,

((Zx + Zy%) x3—3x%(x? + yz))

Xﬁ
= 2x* + Zxayg—Bx“—szyz =0
= Zxayg—x“—?ﬂzyz =0
= Zxayg = x* + 3x%y?

= Zxayd— = x*(x% + 3y%)

d
= nyd—i = (x* + 3y%)

16 ). Question

Represent the following families of curves by forming the corresponding differential equations (a, b being
parameters):

y = gaX
Answer

Differentiating with respect to x

dy_
dx

e



dy_
=:-dx—ay

From the given equation we have,

y = e
= >log y = ax
logy
=a=—
X
Now,
dy logy

T YTV

dy_ l
ﬁxdx—yogy

17. Question

Form the differential equation representing the family of ellipses having the center at the origin and foci on
the x - axis.

Answer

Equation of required ellipse is

Where a,b are arbitrary constants
Differentiating (i) with respect to x we get,

2x  2ydy

a2 b2dx 0

X  ydy
T2 T blax

b*  ydy y
iy Rl (if)

Now, differentiating (ii) with respect to x we get,

dy
o - y&y  Fax—Y)dy
T oxdx? x2 dx

d?y (dy)z dy
dx

ﬁxy@+x —y£=0

2
The required differential equation is Xy:_ii' T x(—) dy _

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

Equation of required hyperbola is

Where a,b are arbitrary constants



Differentiating with respect to x we get,

Again, differentiating with respect to x we get,

11 [7dy\° d?y
E‘ﬁ«&)+yﬁi‘°

1 1 (dy)z . d?y
= a2 b2\ \dx ydx2

Substituting this value ofi2 in (ii) we get,
a

1 (dy)z N d’y ydy 0
X br\\ax) T Y&2) | brax T

dy\>  d%y\ dy
ﬂX«&)+Y&5‘%;—°

dy\? d’y dy
~x(30) +wgavg - o
dy\* d’y dy
~x(g) + g g -
The required differential equation isx (E) + Xy Sy =

19. Question

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

Answer

Let C denote the family of circles in the second quadrant and touching the coordinate axes and let ( - a, a) be
co - ordinate of the centre of any member of this circle

Now, the equation representing this family of circle is (x + a)2 + (y - a)2 = a% ...... (i)
>x2+y2+2ax-2ay+at=0... (ii)

Differentiating (ii) with respect to x we get,

=>2x+2yd—y+Za—Zad—y=0
+ d+ dy—o
= X yd a adx
+ W _ + d
= X+ ¥ a+ag
d
(x+ vE)
= a
dy
ax 1

Substituting this value of a in (i) we get,



= (x + y)° ( ) +(x+y)? = (x+yg)

oo o - (o)

The required differential equation is ((x + y)? + 1) (%)2 = (x + y%)z

Exercise 22.3

1. Question

Show thaty = be* + ce _ 3§_:V:0
L dx -
Answer
The differential equation |s 3 + 2y =0 and the function that is to be proven as solution is

, 2 d
y = beX+ ce?X, now we need to find the values of% and d—}' .
X X

Y _ beX + 2ce?X
dx

dZy
dx?

— be* + 4ce?X

Putting the values of these variables in the differential equation, we get,

beX + 4ce?* - 3(be* + 2ce?) + 2(be* + ce?*) = 0,

0=0

As, L.H.S = R.H.S. the equation is satisfied. Hence, this function is the solution of the differential equation.

2. Question

gl

Verify that y = 4 sin 3x is a solution of the differential equationd_%;_ Oy = (.

Answer

The differential equation is 2_23:4_ 9y = 0 and the function that is to be proven as the solution is
X

y = 4 sin 3X, now we need to find% .
X

dy _ 12 cos 3x

dx

Z .
&Y _ _ 36 sin 3x
dx?

Putting the values in the equation, we get,



-36 sin 3x + 9(4 sin 3x) = 0,
0=0
As, L.H.S = R.H.S. the equation is satisfied, so hence this function is the solution of the differential equation.

3. Question

.

Show that y = ae?* + be™ is a solution of the differential equationd;}: _d_‘ —2v =0,
dx- dx 7

Answer

The differential equation is :_ZZ'_ ? —2y=0 and the function that is to be proven as solution is
X X

&y

y = ae?X + be™*, now we need to find the value of? and =
X X

d _
L = 23e2X - pe
dx

2
9Y = 43e2X + be*
dx®

Putting these values in the equation, we get,

4ae?X + be™ -(2ae?* - be™X) - 2(ae?* + be™X) = 0,

0=0

As, L.H.S = R.H.S. the equation is satisfied, so hence this function is the solution of the differential equation.

4. Question

Show that the function y = A cos x + B sin x is a solution of the differential equationd__}: +v=0.

Answer

The differential equation is :_22'4_ y = 0 and the function that is to be proven as solution is
X

y = A cos x + B sin x, now we need to find the value of:_ziJ .
X

d .
d—}'=—Asmx+Bcosx
X

dzy_ .
—2=-Acosx-Bsinx
dx?

Putting the values in equation, we get,

-Acosx-Bsinx+ Acosx+Bsinx=0,

0=0

As, L.H.S = R.H.S. the equation is satisfied, hence this function is the solution of the differential equation.

5. Question

)

Show that the function y = A cos2x - B sin 2x is a solution of the differential equation d_t' +4v =0.

Answer

The differential equation is :_21"+ 4y =0 and the function that is to be proven as solution is

x2



y = A cos2x - B sin 2x, now we find the value of% .
X

%Y — _2A sin 2x - 2B cos 2x
dx

dZ}I _ .
—2 = -4A cos 2x + 4B sin 2x
dx?

Putting the values in the equation, we get,

-4A cos 2x + 4B sin 2x + 4(A cos 2x - B sin 2x) = 0,

0=0

As, L.H.S = R.H.S. the equation is satisfied, so hence this function is the solution of the differential equation.

6. Question

)

Show that y = AeBX is a solution of the differential equationd;}: = i d_‘ .
dx- vldx
Answer
. . L d%y 1/dy)2 : ian i X
The differential equation is == _(d—) and the function to be proven as the solution is y = Ae?X, now we
X ¥ hdx
need to find the value of &¥ and &°¥ .
dx dx2
& = ABeBX
dx

z
4%y _ AB2eBx
dx=?

Putting values in the equation,

1
AB?e™ = 5 (ABe™)?

ABZeP* — ABZeB*
L.H.S. = R.H.S.
As, L.H.S = R.H.S. the equation is satisfied, so hence this function is the solution of the differential equation.

7. Question

0.

Verify that y = a, b is a solution of the differential equation—= 4+ —
X dx- x\dx

d*y E’d_y]

Answer

2
The differential equation is %’4— 2 (?) = 0 and the function to be proven as the solution isy = %—l— b, now we
X X X -

need to find the value ofE and 2y .
dx dx

dy a

dx  x2

d’y 2a

dx2  x3

Putting values in equation,

2a 2{-a
2-32) -0
x? oxwx?



0=0
As, L.H.S = R.H.S. the equation is satisfied, so hence this function is the solution of the differential equation.

8. Question

dy dx
Verify that y2 = 4ax is a solution of the differential equationy = Xd— +a d_
X y

Answer

. . Lo d ds . Co
The differential equation is ¥y = xd—i+ ad—; and the function to be proven as the solution is y2 = 4ax, now we

. ds
need to find the value of & and = .
dx dy

dy 2a
dx vy
dx vy
dy 2a

Putting the values,

As, L.H.S = R.H.S. the equation is satisfied, so hence this function is the solution of the differential equation.

9. Question

J. d’y (dy J dy

Show that Ax? + By? =1 is a solution of the differential equationxl}-' =+

Answer

2
The differential equation is X{yj_zl"+ (ﬂ) }: y? and the function to be proven as the solution is Ax? + By?

x2 dx X
=1, now we need to find the value ofE and 2y .
dx dx=
0=2Ax+ 2B dy
B ydx
dy —Ax
dx By

d’y —AB%y? — BA?x?
dx? (By)3

Putting the values in the equation,

[ (—ABzyz—BAzxz) BAzxz] —Ax
X4y +

(By)? Bz By
A(By? + Ax? AZx? —Ax
X|— + =¥y




A?Bxy? —Ax

- B2y2 =y By
—Ax  —Ax
By ° By

As, L.H.S = R.H.S. the equation is satisfied, so hence this function is the solution of the differential equation.

10. Question

3,
Show thaty = ax3 + bx? + c is a solution of the differential equationd_i — 6a.

dx

Answer

The differential equation is dai’: 6a and the function to be proven as the solution is
X

d_

2
y = ax3 + bx2 + ¢; now we need to find the value of% )
X

d
v_ 3ax® + 2bx

dx

d?y

@ = 6ax+ 2
d3y

Frchals

Putting the value of variables in the equation,
6a = 6a
As, L.H.S = R.H.S. the equation is satisfied, hence this function is the solution of the differential equation.

11. Question

1.ci'}i’_

Show that y = €~ X is a solution of the differential equation(1 +x? )_ (1_ y? ')= 0.
1+cx ' dx

Answer
The differential equation is (1 + xz)? + (1 +y?) and the function to be proven is the solution of equation is
X

c—X . d
¥ =——, now we need to find the value ofd—}'.
- X

dy (1+ex)(0-1)—(e-x)(0+¢c) —(c*+1)
dx (1+ cx)? (14 ex)?

Putting the value of the variables in the equation,

(1+x2)(-(c*+1)) (c—x)?
(1+ cx)2 I (1+ cx)2]=0

(1+x)?*+(1+x)(-1-cH+(c—x)?*=0

1+2x2+2cx-1-2-x2-c2x2+c2+x2-2cx=0

0=0

As, L.H.S = R.H.S. the equation is satisfied, so hence this function is the solution of the differential equation.

12. Question



dy  _dy

Show thaty = X (A cosx + B sinx) is a solution of the differential equation_< _ 27 2v=0

dx?  Tdx

[

Answer

The differential equation is d*y _ 2? +2y=10 and the function to be proven as the solution is
X X

i

y = & (A cosx + B sinx), we need to find the value of?.
X

d—1't= eX(A cos X + B sin x) + eX(-A sin x + B cos x)

dx

j_zf = eX(A cos X + B sin x) + €X(-A sin x + B cos x) + eX(-A sin x + B cos x) + eX(-A cos x - B sin x)
X

= 2e*(-A sin x + B cos x)

Putting the values in equation,

2e*(-A sin x + B cos x) - 2eX(A cos x + B sin x) - 2eX(-Asin x + Bcos x) + 2 (A cos x + Bsinx) =0
0=0

As, L.H.S = R.H.S. the equation is satisfied, hence this function is the solution of the differential equation.

13. Question

2 dv
_X_}_}.' =0,
dx

dx

Verify that y = cx + 2c2 is a solution of the differential equation?

Answer

2
The differential equation is 7 (g) + x% — y = 0 and the function to be proven as the solution is

y =CX + 2¢2, now we need to find the value of? .
X

¥=c+o0
dx

Putting the values,

2c2+ xc-cx-2c2=0

As, L.H.S = R.H.S. the equation is satisfied, so hence this function is the solution of the differential equation.
14. Question

Verify that y = -x - 1 is a solution of the differential equation (y - x)dy - (Y - x2)dx = 0.

Answer
z__2

The differential equation is ? =¥ = y + x and the function to be proven as the solution is

X V—X
y = - X - 1, now we need to find the value of? .

X

vy _ 1
dx

Putting the values in equation,
-1 =-x-1+x
As, L.H.S = R.H.S. the equation is satisfied, so hence this function is the solution of the differential equation.

15. Question



dy | dy
Verify that y? = 4a(x + a) is a solution of the differential equationy {1—[ &J =2X—.

Answer

2
The differential equation is y[l — (?) } - Zx? and the function to be verified as the solution is
X X

y2 = 4a(x+a), now we need to find the value of?
dy
2 yﬁ =43
dy 2a a
dx y Jax+a)
[1 (23)2] 5 (Za)
—_ — = ¥ —
Y y y
y?—4a’ dax
y y
43?  dax
Y y y

Putting the value in equation,
As, L.H.S = R.H.S. the equation is satisfied, so hence this function is the solution of the differential equation.

16. Question

,\d’y dy

Verify that tn " xis a solution of the differential equation(l +x-

y =ce ~
dx~ dx

Answer
The differential equation is (1 + XE) + (2x + 1) dy _ — p and the function to be verified as the solution is

y = cetan "% now we need to find the value of }'and d 2
X

@ _ I:etali_J':\-.' 1

dx 1+x2

2
d_yz c[ tan tx 1 — gtan™'x 2x ]
dx? (1+x2)2 (1+x2)2

Putting the values,

- 1—2x - !
catan™x ﬁ (1+x%)+(2x—1) ce®™® . 1+ x2 =0
cetan_lx
e 2x+2x—1]=0

As, L.H.S = R.H.S. the equation is satisfied, so hence this function is the solution of the differential equation.

17. Question

d? y dy
Max? dx

Verify that @M oS “xis a solution of the differential equatlon(l x° =0




Answer

The differential equation is (1— XE)Z_E_XE - 1113«'2 = ( and the function to be verified as the solution is

— . d: 2
y = eMmeos %, now we need to find the value ofd—J'r and d_i’ .
X

dx
@ = gl cos tx m -1
dx V1 —x2
2
d y _ . mecos ‘x m2 1 — mem™ cos 1x X
2 2 3
dx 1-x (1—x2)72

Putting the values in the equation,

2y ymeos Tx 1 mecos ‘x X mecos tx -1
(1—x%)e m ~—me ——-—Xe m——
1-x (1—x2)72 V1—x2

—m?y =0

As, L.H.S = R.H.S. the equation is satisfied, so hence this function is the solution of the differential equation.

18. Question

Verify that y = l@g(x afx?1al )_'is a solution of the differential equation[a2 + XE‘} d_ti + x%‘ =0.

Answer

The differential equation is (3% + XQ)z_zi'+ X? — 0 and the function to be proven as the solution is
X X

2 . dy d?y
y= log{x +x2 _|_‘az} , how we need to find the value OfE and =

dy 2

dx Vx2+a?

d?y —2x

dx? (x2 +a2)%

Putting the values in the equation,

—2x 4 2 0
X =
(x2+a2)”2 ~VxZT+al

(a®+x?)

As, L.H.S = R.H.S. the equation is satisfied, so hence this function is the solution of the differential equation.

19. Question
Show that the differential equation of which y = 2(;.;3 — 1) + ce ™ is a solution is d_" +2xy =4%x°

Answer

The differential equation is ? + 2xy = 4x? and the function to be proven as the solution is
X

y = 2(x2 - 1)+ ce~*", now we need to find the value of% .

d
& 4x — 2cxe ™
dx

Putting the value,

4x —2cxe™ +2xy—4x3=0



As, L.H.S = R.H.S. the equation is satisfied, so hence this function is the solution of the differential equation.

20. Question

)

Show thaty = e™ + ax + bis solution of the differential equationg* d_‘ =1.

Answer

The differential equation is eh’%’ = 1 and the function to be proven as the solution is

X

z
y = eX + ax + b, now we need to find the value of% .
X

d _
T=_eX+a
dx

Putting the values in equation,

() (e¥) =1

As, L.H.S = R.H.S. the equation is satisfied, so hence this function is the solution of the differential equation.
21. Question

For each of the following differential equations verify that the accompanying function is a solution.

Differential equation

. dy
L X—=y

dx

dx
Function

y=ax

v=ax +b+
- 3

y :i(x +a)



Answer

(i). The differential equation is x? =y and the function to be proven as solution is y = ax, now we need to
X

find the value ofE .
dx

Putting the value,
ax =y = ax,

As, L.H.S = R.H.S. the equation is satisfied, hence this function is the solution of the differential equation.

(ii). The differential equation is x + y? = 0 and the function to be proven as the solution of this equation is
X

y = ++/aZ — x2, now we need to find the value of% .

dy —X

dx VaZ—x2
Putting the values,

—X
P
X¥yaiox fa? —x2 0

A
X-x=0
As, L.H.S = R.H.S. the equation is satisfied, hence this function is the solution of the differential equation.

(iii). The differential equation is X?er = y? and the function to be proven as solution is
X

now we need to find the value of? .
X

dy  —a

dx  (x+a)2
_a o
(x+a]2+y—y ’

As L.H.S. # R.H.S. the equation is not satisfied, hence this function is not the solution of this differential
equation.
dz

d 12"= 1 and the function to be proven as solutionisy = ax+ b + 2 now we
X X

(iv). The differential equation is x3

need to find the value ofii’ .

dx
dy 1
— = 33— —
dx 2x2
d’y 1
dx2 x3

Putting the values,

As, L.H.S = R.H.S. the equation is satisfied, so hence this function is the solution of the differential equation.

2
(v). The differential equation is y = (E) and the function to be proven as solution isy = E[:x;+ a)Z, now we

dx



need to find the value of? .
X

dy 1 .
dx_z(x_a)

Putting the value, we get,
1 1
y= [E(Xi a)]? =E(Xia)2

As, L.H.S = R.H.S. the equation is satisfied, so hence this function is the solution of the differential equation.

Exercise 22.4
1. Question

For each of the following initial value problems verify that the accompanying function is a solution:

xd—" =Ly(1)=0
dx

Function: y = log x

Answer

Verification:

y = log x

Differentiating both sides we get,

dy d(logx) dy 1
dx ~ dx dx x

Multiplying x on both the sides

dy _1 %Y _ | (We sot the required diffrential equati
= Xg = X=X = (We got the required diffrential equation)

Also, at x=1, y should be equal to 0. Let’'s check it out.

At x=1, y=log (1)=0. (Hence the initial value condition is also satisfied)

2. Question

For each of the following initial value problems verify that the accompanying function is a solution:
E: y.¥(0)=1

Function: y=e¥

Answer

Verification:

y= e

Differentiating both sides we get,

dy d(e¥)
dx ~ dx

dy .
U
dx €

Since y=e* , we can replace e* in the above differential equation



L
fax Y

Hence y = eX is the solution of the differential equation.
Also, at x=0, we get y=e? which is equal to 1.
3. Question

For each of the following initial value problems verify that the accompanying function is a solution:

LY L y=0y(0)=0
dx_

Function: y=sin x
Answer
Verification:
y=sin X

Differentiating both sides we get,

dy d(sinx)
dx dx
dy
= — =
I COSX
d’y
= o sinx
: d2y+ = —sinx +sinx =0
a2 y=—sinx +sinx =
d?y

Therefore, sin x is the solution to the differential equation.
Also at x=0, we get y=sin 0 which is equal to 0.
4. Question

For each of the following initial value problems verify that the accompanying function is a solution:

Iy & =0.y(0)=2
dx-  dx

Function: y=eX+1

Answer

Verification:

Y=eX+1

Differentiating both sides we get,

dy d(e*+1)

dx dx
dy

= — =
dx
d?y

= =g
dx?

e!\'

X



d’y dy

-'-@—E—E'—E' =0
d’y dy
Tdx? dx

Therefore, eX+1 is the solution of the differential equation.
Also at x=0, we get y=e%4+1 which is equal to 2.
5. Question

For each of the following initial value problems verify that the accompanying function is a solution:

Function: y = eX+2
Answer
Verification:
y=eX+2

Differentiating both sides we get,

dy d(e™+2)
dx dx
dy L
dx
dy

Therefore, e* + 1 is the solution of the differential equation.
Also at x = 0, we get y = € + 2 which is equal to 3.
6. Question

For each of the following initial value problems verify that the accompanying function is a solution:

Function: y = sin x + cos x
Answer

y = sin X + C0s x

Differentiating both sides we get,

dy d(sinx+ cosx)

dx dx
dy .

= — = cosX —sinx
dx
d?y .

= o R sinx — cosx
d’y

~n——+y=—sinx—cosx+sinx+cosx=20
dx?



2
g +y=0
Therefore, sin x + cos x is the solution of the differential equation.
Also at x=0, we get y=sin 0+ cos 0 which is equal to 0+1=1.
7. Question

For each of the following initial value problems verify that the accompanying function is a solution:

d1 ~y=0,y(0)=2

Function:y = X + e

Answer

y =¢eX + e

Differentiating both sides we get,

dy d(e*+e™)

dx dx
dy
—_— X — -

= = et —e
d2

= _— =g+
dx?

X

Therefore, e* + e is the solution of the differential equation.
Also at x=0, we get y=e® + % which is equal to 1+1=2.
8. Question

For each of the following initial value problems verify that the accompanying function is a solution:

4V 3 oy 0y(0)=2.v'(0)=3
i’ dx

Function: y = eX+e2X

Answer

Verification:

y = e 4+ e2X

Differentiating both sides we get,

dy d(e*+ e?¥)

dx dx
dy . ok d(ezx) ok d(2x)
=:-E—e + 2e I =e i
d2
= e¥ + 4e%¥

:;. —
dx?



d? d
el A Y A 2y = (e* + 4e*¥) — 3(e* + 2e*¥) + 2(e* + &%)

dx? dx
dzy dy x o . b
oz g T = (1-3+2)+ e -6+2)=e¥(0)+ e (0) =0

Therefore, eX + e2X s the solution of the differential equation.
Also at x=0, we get y=e 4+ % which is equal to 1+1=2.

Also at x=0, we get yl=e0+2e0=3,

9. Question

For each of the following initial value problems verify that the accompanying function is a solution:

jx‘ 3%‘? =0.y(0)=Ly'(0) =2

Function: y=xe* + e*

Answer

Verification:

Y=xeX+eX

Differentiating both sides we get,

dy d(e*(x+1))
dx dx

~d(uv) _ d(v) +Vd(u)

dy X X
=—=(x+1)e*+ e [ = u. = =

dx

d2
=:-—y—(x+1)e"+ eX + ¥

dx2
Y Y g (xe*+ 36%) — 2(xe* + 26%) + (xe* + &
gz g TV = (xeH3e%) — 2(xe™ + 2e%) + (xe* +e%)

dzy dy « . . .
--@—3E+2y=e (3—4+1D)+xe*(1—2+1)=e*0)+xe*(0)=0

Therefore, e* + xeX is the solution of the differential equation.

Exercise 22.5
1. Question

Solve the following differential equations

dy , 1
—=X"+x—-——x=%0
dx X
Answer

By Separate the variables
5 1
dy = (x +x—£)dx

Integrate both side

1
J-dy=f(x2+x—;)dx+c



1
y=J-x2dx+J-xdx—J-;dx+c

n+i

as we known [X"dx= —

x? x?
=—+——logxtc
Y=g Ty T8

2. Question

Solve the following differential equations

dV 2 2

— =X +X —— X =
dx X
Answer

By Separate the variables
- , 2

dy = (x° +x°— ;)dx

Integrate both side

, 2
J-dy=fx’+x2—;dx+c

, 2
y = J-x“dx+J-x2dx— J-;dx+c

n+i

as we known [X"dx= —

x® x?
=—+—- —2logx+c
Y=%6 "3 &

3. Question

Solve the following differential equations

dy

— =2x =&
dx

Answer

dy

E = 2X

dy ax

E =g

dy = 2xdx

dy = e¥*dx

Integrate both sides we get,

J-dy=f2xdx+c
J-dy=feaxdx+c



n+i
X EEJ{

as we known [X"dX=——g& [ea¥qy =
a

y=x>+c
eEx
.
y=73

4. Question

Solve the following differential equations

2 dV
(x*+1)== =1
' dx
Answer
dy 1
dx  x2+1
dv — dx
Y= x2+1

Integrate both sides we get,

dx
J-dyzfx2+1+c

we known that [ % =tan"lx+c

y=tan"'x+c
5. Question

Solve the following differential equations

dy I-cosx

dx 1+cosx

Answer

q 1—cosx
=— dx

y 1+ cosx

We known that 1 —cosx = 2 sinzg

X
1—cosx = 2cos’—
2

2 51112%
dy = ——xdx

2c052§

X
dy = tan® de
by identity 222 — tang
cos@

Integrate both sides we get,

X
J-dy=fta112§dx+c

we know that sec?x — 1 = tan®x



y = J-(se-:z%— 1)dx+c

X
y= J-seczidx—fdx+c

X
tani

}’=1f,—2—X+C

X
y= Ztani—x+c

6. Question

Solve the following differential equations

d’ 2
—}:X‘—Sx—?
dx

Answer

(x+2)

dy (x*+3x+7)

dx X+ 2

On dividing &< #3x+7)
x+2

dy

1
- AT

dy = [(x+ 3)+ (ﬁ)] dx

Integrate both sides we get,

y= J-(x+ 3)dx+f(ﬁ)dx+c

2

—X+3+f LI
y=5 t3x+ | dxtc

dx
we know == log(x+a)+c

XZ
y=5+3x+10g(x+ 2)+c

7. Question

Solve the following differential equations

dy -1
—=fan x
dx

Answer

dy = tan"'xdx

Integrate both side
y = J-tan‘lxder C

Now using integration by parts we get,



d
y = tan‘li-dx—f{(gtan‘lx)fdx)dx

1
y = xtall‘lx—f1+xz.xdx+ C

let1+x%=t

Differentiate with respect to x.

d_dt
xdx = <

1 rdt
=xtan"lx—~ | —
y 2) ¢

U
y=3xtan " x — Elogt+ C
Put value of t=1+x?
1
y=xtan lx — Elog(l +x%)+c

8. Question

Solve the following differential equations

== log x
dx
Answer

dy = logxdx

Integrate both sides we get,

J-dy=flogxdx+ C

y= J-logxder C

Now integrating by parts we get,
1
y =xlogx— J-;x dx+c

y=xlogx—x+c
y=x(logx—1) +c
9. Question

Solve the following differential equations

1 dy _
= —tan'x.x =0
x dx

Answer

dy .
I Xtan~™'x

dy = xtan™* xdx



Integrate both sides we get,

y = J-xtan‘lxdx+ C

Since, [xtan™*xdx =tan*x [ xdx— [ (ditall‘lexdx) dx

X

[Using Integration by parts]
. x? . 1 x?
J-xtan‘ xdx=5tan‘ X—J- d

—dx
1+x2 2
x2 1 x2
=—tan 'x——

2 2) T2 ™

th L, 1 J’xz+l—1Id
=g x ol e I
ISP B ol 1
=stantx— [ odx— [ dxl
_ ¥ ix_1 _ [t
= tan'x 2[j‘ dx leZdX]

2
=—tan'x — E (x — tan™'x)
2 2

th . 1 +tan‘1x
=—tan"'x ——-x
2 2 2
th . 1 +ta11‘1x
= =—tan"'x—-x c
y 2 2 2

10. Question

Solve the following differential equations
dV 3 ) 3
E- =COS X SII™ X + X+f2X +1

Answer
dy = (cos®x + sin®x + xv2x — 1)dx

Integrate both sides we get,

y = J-cosaxdx+J-51112xdx+fx\.’2x— 1dx

J--:-::os3 xdx=fc052xcosxdx

We know that cos?x = 1 —sin’x
J-(l —sin® x) cos xdx

Letsinx =t
Differentiate with respect to x.

cosdx = dt

3

t
— 12 —t— —
(1-t)dt=t——



put the value of t

sin® x

J--:-::os3 xdx =sinx —

J- sin?x dx

we know that 1 — cos*2x =2sin®x

1 —cos2x
therefore sin®x = —
1 —cos2x
J- sin?xdx = J-—dx
2

1
= —U- dx — J-cc-stdx]

2

(sin2x)

B 2

X sin2x

2 4

11. Question

Solve the following differential equations
(sinx + cosx)dy + (cosx - sinx) dx =0
Answer

By separating variables

(sinx — cosx)

dy = (cosx + sinx) X

Integrate both sides we get,

J‘ (sinx — cosx)
y= (cosx+ sinx)

Let (cosx+ sinx) =t
Differentiate with respect to x.

(—sinx + cosx)dx = dt

J’dt

- | —+c

t

y=—logt+c

Put t value in above eq.
y = —log(cosx + sinx) + ¢
12. Question

Solve the following differential equations

dy 1
— —xsinx=——
dx X log x

Answer



dy 1

= + xsin?x
dx xlogx

Separate variables
d L + xsin’x)d

V= (xlogx xsin“x)dx
Integrate both sides we get,

dy = [(—— + xsin®x)dx ...1
y xlogx

1
J- dx
xlogx

logx=t

Differentiate with respect to x.

1
—dx = dt
X

1 dt
J- dx= | —
xlogx t
J- L dx =1
xlogx x = logt

Put value of t

[——dx = log(log(x)) ...2

xlogx

1-— 2
J-xsinzxdx= J-wldx

we know that: 1 — cos2x = 2sin®x

J‘ X q J‘ xcostd
= | —dx— X
2 2

x? J’xcost

4 2

dx

Using Integration by parts we get,

X2

1 d
=773 (XJ- cos2xdx — J-(EX) J- cos2xdxdx

sin2x J’ sin2xdx

x? 1
=7 2% 2
3 .
_ x E (X 51112:(+ cost) .3

4 2 2 8

Put values of eq 2 and 3 in eq 15t

2 1( sin2x COSZX)
X

X
v = log(log(x) + 773 >t g

13. Question

Solve the following differential equations



%:xjtan_l (x3)

Answer

By separating variables

dy = x> tan™* x*dx

Integrate both sides we get,

y = J-x‘_‘tan‘lxg dx+c

Letx®*=1z

Differentiate with respect to x.

3x?=dz
dz

2d —

x%dx 3

y = J-:==;3:x;2t:=111‘1:x;3 dx+c
_, dz
y=|ztanz—+c

1 1
y=§fztan‘ zdz +c¢

Using integration by parts we get,

ot ) e
y—B aln ~ Z | Z4dZ dxan Z ZA4Z dZ
i 7z 1 z?

=3|an 5| a7

1_t L, 7 1J’ z2+1—-1 4

BE] S Y AT A

1't L, 7 1J'z2+1d+1j' 1 4
3P P2 )T 2™
2

zZ2 1 1 13]

=—|tantz———z+ —tan™
3 2 2 2

1

=z [tan™tz.z® —z + tan~1z]

Putz = x3

1
=z [tan~'x3® .x® —x®+ tan™1x3]
14. Question
Solve the following differential equations

4 dy
X—=c0s X

dx

sin



Answer

dy cosx
dx sin*x
dy COSX

dx sinx.sin3x
. . . COSX 1
We know the trigonometric identity — = cotx and — = cosecx
sSinx sIinx

d

v_ cotx.cosecxdx
dx

Separate variables and Integrate both sides,
y = J-cotx.cosecx.coseczxdx+ C

Let cosecx =12z
Differentiate with respect to x.

—cotx.cosecx dx = dz

cotx.cosecx dx= —dz

y=—fzzdz+c

y=-23+c
put z = cosec x

cosec3x
y = —T+ C

15. Question

Solve the following differential equations
dy

Cos X—— —co0s2X =cos 3X
dx

Answer

cosxdy
dx

= cos3x+ cos2x

By identity: cos3x = 4 cos®x — 3cosx, cos2x = cos?x — sin®x

dy 4cos®x —3cosx+ cos?x— sin®x

dx COSX

Separate variables

4cos®*x — 3cosx + cos?x—sin?x

d}’ - COsX dx

Integrate both sides we get,

1+ cosZ2x . "
y=4 de—3x+snm— sin“x/cosxdx+c

y = ZJ-dx+2J-c052xdx— 3x+ silm—fl—coszxjcosxdx+c



y=2x— 3x+ sin2x + sin — J-secxdx+ J- cosxdx + ¢

v = sin2x + sinx — x — In(secx + tanx) + sinx + ¢

y = sin2x + 2sinx — x — In(secx + tanx) + ¢

16. Question

Solve the following differential equations
1-x"dy =x dx

Answer

Integrate both sides we get,

X
= | ————dx+c
g f\fl—(xz)z
Letx?=+t
Z2xdx = dt

d_dt
xdx = -

dt
+cC
_-t2

1
y=EJ-ﬂ

ds L
we know that: [ —= = sin"'x
v1-x2

L i+
= —sin C
Y=3
Put the value of t,
1
a—1 ., 2
= —5I1n X“+cC
y=3

17. Question

Solve the following differential equations

Va+xdy+xdx=0

Answer

va+xdy = —xdx

X
dy = — dx

ya+x

Integrate both sides we get,

X
= |- dx+c
y J- va+x

XxX+a—a

= | -——dx+c
y va+ x



f 1Akt [ dx+
=| - X X+ C
y va+ x va+x

dx+c

_ _de+f
y J-wﬂ xex va+x

3
(a+x)z
-

2

+Z2ayat+x+¢c

2 3
y = —§(a+x)§+23\;a+x+c

18. Question

Solve the following differential equations
5y dy -

(I—X‘)—'—x =2 tan"'x

' dx

Answer

(1+ x*)dy

=2tan tx+x
dx

dy Ztan‘lx+ X
dx  1+x2 1+x?

Separate variables

Z2tan~tx X

1+ x2 X+l+x2 dx

dy =

Integrate both sides we get,

tan~tx X
y=2J- 1+x2 dx+fl+x2dx+c

Lettantx =t

=z
Differentiate with respect to x,

dx

1+:x;2=Idt

2xdx = dz

—?.J-tdt-i-lj- dz-|-
y= 214z " €

2t2+11 +
y=— t+3logz+ec

Put value of t and z
1
y = (tan"1x)% + Elogxz +c

19. Question

Solve the following differential equations



dy

— =X log x
Answer
dy = xlogx dx

Integrate both sides we get,

y = J-xlogxdx+ C

Integrating by parts we get,
~loge X f(dl f d )d +
y= ogx.z dxogx. Xdx |dx+c

x? x?
y= logx.i—fﬁderc

x?  x?

y=logx.E—I+c

20. Question

Solve the following differential equations

dy :
L —=xe*_

dx

Answer

+C0s° X

b2 | a

Separate variables

5 2
dy = (xe* — 2 + cos“x)dx
Integrate both sides we get,

5
y = J-xe"dx—ifdx+fcoszxdx+c

l1+cos2x

as cos?x =

2
5 1+ cos2x
y= J-xe"dx—ifdx+J-de+c

= Jerax- [ (g [eaos—3xe [54]
Yy=X | edx dXX e dx | dx 2X 2

« J‘ xd 5 +x . 51112x+
=xe*—|ledxi—=—x+- C
y 2% T2 g

sin2x

y=xe*—e*—2x+ +c

21. Question

Solve the following differential equations
( P ix? —)-;—1)—"':2);2 +X
- dx

Answer

COS2X
> dx+c




dy 2x%+x
dx x3+x2+x+1

2x2+x

dy=—-—>5———dx
Y e rx+x+1

Integrate both sides we get,

y = f 2x%+x %+ C 1

¥3+¥2+Y+1
Solv in partial fraction we get,

2x%+x d a Jrb}=<;+-:
X:
(Z+1)(x+1) x+1 x?+1

By solving we get

a=1/2
B=1
C=-1/2
1 1
2%+ X 5 X—5
dx =
(x2+ 1)(x+ 1) x+1 x?2+1

10 1
dx — = dx +
+1 J-x2+1X ZJ-x2+1X ¢

1 1
y=ilog(x+ 1)+J- dx——tan"'x+c

x2+1 2
Let x% =
X dx = dt/2
y——log(x+1)+ J-——Etan X+c
1+t 2

1 1
y = —log[x+ 1) + log(t+ 1) — —tan lx+c
Put the value of t
1 1 1
y = Elog(x+ 1) +Elog(x +1)— Etan‘ X+c

22. Question

Solve the following initial value problem:

sin

%Jzky{o}ﬂ

Answer

_(dy
sin (E) =k

dy _—
E—sm k

dy = sin"*k dx



Integrate both sides we get,
y = J-sin‘l kdx+ c

y=xsin"lk+c

At x=0, y=1

Therefore,

1=0.sin"*k+c

So,c=1

Putting c = 1 in above eq. we get,
y=xsin"tk+1

23. Question

Solve the following initial value problem:
e ™ =x +1;y(0)=3

Answer

Taking log
dy
logedx = log(x+ 1)

dy
i log(x+ 1)

dy = log(x+ 1)dx
Integrate both sides we get,

y= J-log(er Tydx+c¢

Using Integration by parts we get,

y = log(x + 1)J-dx—f(%log(x+ 1)J-dx)dx+c

1
y = x.log(x + 1)—J-X+1.xdx+c
=xlog(x+ 1) fx+1_1d+
y = x.log(x T Xt
=xlog(x+ 1) fx+1d+f1d+
y = x.log(x T LT axte

y=xlog(x+ 1) —x+log(x+1)+c
Atx=0,y=3
3=0.log(0+1)—0+1log(0+1)+c
3=0—-0+0+c

c=3

Put on above eq.



y=xlog(x+ 1) —x+log(x+ 1)+ 3

24. Question

Solve the following initial value problem:
C'(x)=2+0.15x:C(0)=100

Answer

dc
— =24 0.15x
dx

Separation

dc=2+ 0.15xdx

Integrate both side
C =J-2dx+f0.15xdx+ cl

0.15x2
c=2x+

+cl

At x=0 c=100
100=0+0+cl
cl =100

Put in above eq.
X?

c=2Xx+

+ 100

25. Question

Solve the following initial value problem:

xﬁ—l =0:y(-1)=0
dx

Answer

xdy

ax ot

dy 1

dx  x

Separate variabless

dy = —=d
y=—_dx

Integrate both sides we get,
y=—logx+c
Atx=-1,y=0
0=—log(—1) +¢c

c=0

Put in above eq.



y = —logx
26. Question

Solve the following initial value problem:

x(x —l)dy =1:y(2)=0

a =
Answer

dy 1

dx  x(x2-1)

Separate variables,

1
dy = x—(x2 =D dx

Integrate both sides we get,

1
y= J-xi(xz—l)derc

dx
Y=f—1+'3
x3(1-25)

y=%bg+c
Put value of t,
1 1
y= Elog(l—;)+c
At x=2 y=0

0= Log(1-1)+
= log )T ¢

-~ 108(3)
c=—3log|;

Put in above eq.

1 (1 1 ) L (3)
Y=3508\F7x2) 72983

Exercise 22.6

1. Question

Solve the following differential equations:



dy 1+y°

=1 :0
dx y
Answer

dy 1+ y?
- ¢ . )

Separate variables

1+y2dy= —dx

Integrate both sides we get,

y —_ —_
J-1+y2dy_f dx +c

Let y2=t

Differentiate with respect to x

lt 1t +
—tan =—X+c
2

Put value of t,

1
Etan‘ly2 =—X+c

1
Etan‘ly2 +x=c

2. Question

Solve the following differential equations:

dy 1+ 3.-'3
dx y?
Answer

Separate variables

3

1+y2dy=dx

Integrate both sides we get,

ya
1+ y?

dy=fdx+c

Let y2=t
Differentiate with respect to x

2ydy = dt



dt

dy = —
yay 2

lf k dt = x+

) T T
1J’t+1—1dt N

2 1+t sxTe
lfdt o +
2 )T+t 7€

lt 11 (1+1t) +
5 2-:)g =X+c

Put the value of t,

1 1

T2 _ T 2y _

zy 210g[1+y) Xx+c

3. Question

Solve the following differential equations:
Y .2
—— =535~y

Answer

Separate variables

dy

sin?y
1
We know that — = cosecx
SInx

cosec’y dy = dx

Integrate both sides we get,

J- cosec’y dy = J-dx +c

—coty =X+ ¢
4. Question

Solve the following differential equations:

dy 1-cos2y

dx 1+cos2y
Answer

1 —cos2y = 2sin®y, 1 + cos2y = 2 cos?y

d
d—i = (2sin?y)/(2cos?y)

sin @ _ tanB
cosf an
d

Y _ tan? v

dx



By separate variables,

dy
tan2y

1 p—
tany coty
cot?ydy = dx

Integrate both sides we get,

J-cotzydy=J-dx+c
Using trigonometry identity: cot?x = cosec®x— 1

J-(coseczx— Ddy=x+c

J-coseczxdx—fdy=x+c
—coty—y=x+¢c
coty+y+x+c=0

Exercise 22.7

1. Question
Solve the following differential equations:
(x— l}d—‘ = 2Xy
dx
Answer
Now separating variable x on one side and variable y on other side, we have

dy  2x

y x—lx

Integrating LHS with respect to y and RHS with respect to x

d 2x
& I dx

v x—1
Adding 2 and subtracting 2, to the numerator of RHS

g _ IZX—2+2

dx
v x—1
Re - writing RHS as

dy 2
I ? = I (2+ m)dx
Using identities:

dy
— =1lo
y g(y)

and

[ kdx = kx



Integrating both sides, we have

log(y) = 2x + 2log(x - 1) + ¢

2. Question

Solve the following differential equations:

(1 4+ x2)dy = (xy)dx

Answer

Now separating variable x on one side and variable y on other side, we have

dy  x

y 1+x2dx

Integrating both sides

QZIX

y 1+x2dx

Using identities:
f % = log(y) and for RHS assuming x2 = t (substitution property) and differentiating both sides

Now, 2xdx = dt

d_dt
xdx = -

Substituting the above value in the integral and replacing x2 with t and integrating both sides
d

y_1
y_Zf

dt
1+t

log(y) = 5 log(1 +0)]

Now replacing t by x?

log(y) = 3 log(1 +x%)]
Taking anti - log both sides
y2 = 14+x2

y = J1l+x2+c

3. Question

Solve the following differential equations:

= (e )y
Answer

Now separating variable x on one side and variable y on another side, we have
d

g (e* + 1)dx

y

Using identities:



Ig = log(y)
y

and

[ e*dx = e*

and

[ kdx = kx

Integrating both sides we get,
d

f—y = [ (e"+ Ddx
¥

logly) =eX+x+c

4. Question

Solve the following differential equations:

(x - 1)§ = 2x7y
dx
Answer

Now separating variable x on one side and variable y on another side, we have

dy = 2x°

. x—ldx

Adding 1 and subtracting 1 to the numerator of RHS

dy 2x*—-1+1

y T T xo1 &
dy x?—1
?_Z[X—1+X—ldx

Using formula: x3-1 = (x-1) (X2 + 1 + x)

dy 1
— =2 x2+x+1+—]dx
y x—1

Using identities:

d
5 = log(».
fkdx = kx,
and

Hn+1
'[X dx = n+1

And integrating both sides we get,

d 1
& 2|22 +x+ 1+—]dx
v x—1

x3 x?
log(y) = 2(§+?+x+10g(x—1))+c

5. Question



Solve the following differential equations:
xy (v +1)dy =(x* +1)dx

Answer

Now separating variable x on one side and variable y on another side, we have

x2+1
dx
X
1
(x+—) dx
X

Now integrating both sides we get,

y(y + 1)dy

y(y + 1)dy

JG+yHdy = J (X+3dx

Using identities:

_[kdx= kx
and
Hn+1
'[X dx = n+1
2 3
%+% = x*+logx+c

6. Question

Solve the following differential equations:

\y i
‘?d— —ey?
dx
Answer

Now separating variable x on one side and variable y on another side, we have

dy .
5—4 = eo¥*dx

Integrating both sides using identities:

Hn+1

xdx =
'[ n+1

and

[ e*dx = e*

d
-[5}’_1: = [ e¥dx

-3
5(};—3) =e*+c

7. Question

Solve the following differential equations:

X cos ydy :(xrex logx—ex)dx



Answer

Now separating variable x on one side and variable y on another side, we have
cos(y)dy = e*(log(x) + %)dx

Integrating both sides using identities:

[ cosydy = siny

and for RHS using property

J e*[fx) + f' (0] = e*f(x)

[ cos(y)dy = [ e*(log(x) +§)dx

Sin(y) = e*(log(x)) + ¢
8. Question

Solve the following differential equations:

Answer
Re - writing the question as

dy

— a¥(aX 2
I e¥(e¥+ x%)

Now separating variable x on one side and variable y on another side, we have

d}’ X 2
e (e*+ x%)dx

Integrating both sides using identities

Hn+1
[ xPdx =
n+1
and
EH
kot
e¥dy = —
”[ k

_[g = [ (e*+x?)dx

XE
—e ¥ =e*+—+c
3

9. Question

Solve the following differential equations:

dV )
X . }.‘ — '}r =
dx
Answer

Re - writing the question as:

xdy
dx y



dy dx

yvi-y X

dy — dx
yy—-1) x
y-G-D] _ dx
yly—1)

1 1 v — dx
y—1 y¥ 7%

Integrating both sides using identities:

dy
— =1lo
y g
1 1 dx
=5l =1%

log(y - 1) - log(y) = log(x) + ¢

using:

log(a) — log(b) = log(%)

log [}%1] = log(x) +c

Taking anti - log both sides we have,

1
l1-—=x+c
y
—=1-X—-c
y
1
Y =1-x—¢

10. Question

Solve the following differential equations:
W o
(e- —l)cos xdx+e'sinxdy=0

Answer
Now separating variable x on one side and variable y on other side, we have

—CcOsSX e¥ d
- X
sinx e¥+ 1 y

a¥
ey +1

—cotx dx =

dy
Using identities:
[ cotx dx = log|sinx |

and on RHS side assuming e¥ = t, so e¥dy = dt by differentiating both sides.

Now integrating both sides



dt
[ —cotx dx = [ — ]

- log |sin(x)| = log(t+1) + ¢
Replacing t by eY

- log |sin(x)| = log(e¥Y+1) + ¢
[sin(x)] (e¥+1) =

11. Question

Solve the following differential equations:
X cos ydx=vcos xdy

Answer

Now separating variable x on one side and variable y on another side, we have

X y
Sodx = >-dy
052X cos?y
1
= sec?x
COSZX

xsec’x dx = ysec?y dy
Integrating both sides using integration by parts method.

According to integration by parts method,

d(fi
| fgmax = 1 [ geax— [E2 () [ geoax ax

[ xsec’xdx = [ ysec?ydy

x[ sec’x dx = y[ sec’ydy

xtan(x) — [ tanx dx = ytany — [ tany dy
Using identity:

[ tanxdx = log|secx |

xtan(x) — log|secx | = ytany —log|secy| +¢c
12. Question

Solve the following differential equations:

xy dy =(y-1)(x+1)dx

Answer

Now separating variable x on one side and variable y on another side, we have

y q —X+1d
y—ly_ X X

Re - writing LHS as %1:1

1= o = (1+)an

Integrating both sides using identities:



fﬂ = log(y)
y
and
[ kdx = kx
| [l—}%l]dy = (1+3dx
y -log(y - 1) = x + log(x) + ¢
y-x=x(y-1)+c
13. Question
Solve the following differential equations:
xj—; +coty=0
Answer

Now separating variable x on one side and variable y on another side, we have

dy = dx
coty X

dx
Jtanydy = [ ——
X
Integrating both sides using identities:

[ tanxdx = log|secx |

and

dy

— =1
J y = log®
log(|sec(y)]) = - log(x) + ¢

using log(a)+log(b) = log(ab) formula, we have,
x sec(y) = ¢
14. Question

Solve the following differential equations:

dy xe“logx+e®

dx X COS ¥

Answer

Now separating variable x on one side and variable y on another side, we have

e*(xlog(x) + 1)
" dx

cosydy =
1
cosydy = e¥ (logx + ;) dx

Integrating both sides using identities:

[ cosydy = siny
and property



J e[ + (0] = e*f(x)

1
[ cosydy = [ e* (longr E) dx

siny = e*(logx) +¢
15. Question

Solve the following differential equations:

Answer

Re - writing the question as

dy
— = e¥(e*+x3

I ( )
Now separating variable x on one side and variable y on another side, we have

d}’ X 3
e (e*+ x¥)dx

Integrating both sides using identities:

1 1
Ixndx _ l"1._11"—
n+1
and
EH
lmd -
[ eM*dx R
d
_[e—f = [ (e*+x3)dx
4
—eV = e"+x—+c
4

16. Question

Solve the following differential equations:

j;-'\/l—x2 —311\/1—3»-'2 %:0

Answer

Now separating variable x on one side and variable y on another side, we have

1+ x2

Re - writing the equation as

Xy 1+ x? yy1+y?
e =Ty
X y

Now assuming 1+y? = t2
Differentiating both sides, we get

ydy = tdt



Similarly, for LHS assuming 1+x2 = v2
differentiating both sides

xdx = vdv

substituting these values in the differential equation

(vidv)  (t%dY)
vi—-1  t2-1

Integrating both sides

/

Re - writing as

f 2j1=—f1dt—_[t2d?l

Using identity:

(v2dv) (t2dt)
v2—1 -J t2—1

_[kdx = kx
and

dv v—1
le g(

v

.

Integrating both sides, we get

+ 4 (V_l)— t—2 (_1)+
Vrooe\ Tl T 2 %8\tx1/ 7€

Substituting the value of v and t in the above equation

1 (V1 1 1 [(JTHy-1
[ _ f N
1+x2+51o = —JT+y2—Clog[Y=—2— |+
v 2 g(fux +1) VETY TS g(\fl+y2+l

17. Question

Solve the following differential equations:
+x’ dy + 1—}-’2 dx =0

Answer

Now separating variable x on one side and variable y on another side, we have

dy dx
J1+y? C V1+x2

Integrating both sides using identity:

dy THye
—— = logly+y I
J1+y?
logly+41+y? = —10g|x+\; 1 +x?2 |+c
logly ++/1+y? +10g|x+\;1+x2 | = logc

(y+ Vi793)(x+ /T 22) = c

18. Question



Solve the following differential equations:

\/l—xz —}-*3 _X:-},:- —xxd—‘ =0
dx

Answer
Re - writing the equation as

f 2 2 2472 d}’
JI+XE+y2 +x%y2 = XV

f 2 2 2y — et
V(I +x2)+y2(1+x32) xydx

VA +y)(+x7) = —xy—

Now separating variable x on one side and variable y on another side, we have

v1+x2dx ydy
X J1+y?

Multiplying and dividing the numerator of LHS by x

Xy 1+ x2dx ydy
x? S iy

Assuming 1+y? = t2 and 14x2 = v2

Differentiating we get,

ydy = tdt

xdx = vdv

substituting these values in above differential equation

vidv tdt
vZ—1 t
Integrating both sides

vZdv tdt
”[ vi—1 - _f t

Adding 1 and subtracting 1 to the numerator of RHS

[adv+ [

Using identities:

1
vi—1

dv = —[ dt

[kdx = kx

and

f dv _1l v—1
o1 208G

4 F_l] tt
Vrole il T ¢

Substituting t and v in above equation



— 1 V1+x2-1
2 — - | = =/ 2
J1+x +210§\,’m+1 = —\J1+y%+c

19. Question

Solve the following differential equations:

dy & (sin’x +sin 2x)

dx y(2log y+1)

Answer
Now separating variable x on one side and variable y on another side, we have,
y(2log(y) + 1) dy = eX(sin®x + sin2x) dx
Integrating both sides we get,
[ y(2log(y)+ 1) dy = [ e*(sin®x + sin2x) dx
Using integration by parts for LHS and identity:
J e*[fx) + f' (0] = e*f(x)
for RHS.

2
Jydy = %
[ 2ylog(y)dy + [ ydy = e*(sin’x) +c
y2logy — [ ydy+ [ ydy = e*(sin®x) + c
yZlogy = e*(sin*x) +c
20. Question

Solve the following differential equations:

dy x(2log x+1)

dx siny+ycosy

Answer

Now separating variable x on one side and variable y on another side, we have,
(siny +ycosy)dy = (2 xlog x + x) dx

Integrating both sides we get,

[ (siny + ycosy)dy = [ (2xlogx + x) dx

[ sinydy+ [ ycosydy = [ 2xlogxdx+ [ xdx

Using identity:

[ sintdt = —cost

[ costdt = sint

and integration by parts we get,

—cosy+ysiny — [ sinydy = x%logx — [ xdx+ [ xdx

ysiny = x2log(x) + ¢



21. Question

Solve the following differential equations:
(1-x7 )d}-‘ +xy dx = xyldx

Answer
Re - writing the equation as (1 - x2) dy = xdx(y? - y)
Now separating variable x on one side and variable y on another side, we have

dy xdx

y2i-y  1-x2

dy ~ xdx
yy-1)  1-x?

Integrating both sides

dy xdx
f}’(y—l) R
y-(y-Dldy . xdx
I =o=n ==

dy dy xdx
Ity - I==

Using identity:
dx
= =

| = logx

and assuming x? =
Differentiating both sides we get,
2 xdx =dt

d_dt
xdx = -

Substituting this value in above equation
1
log(y — 1) —logl(y) = —7log(1-1)

Replacing t by x2

log(y — 1) —log(y) = —%log(l -x3)+c
22. Question

Solve the following differential equations:
tan y dx + sec’ y tan xdy =0

Answer

Now separating variable x on one side and variable y on another side, we have,

dx sec’y
tanx  tany

- cot(x) dx = sec?y cot(y) dy



Integrating both sides we get,

—[ cot(x) dx = [ sec?y cot(y) dy
1

—f COt(X} dx = m d}’
Sin2x = 2 sinx cosx
—[cot(®)dx = | Snzy dy

—[ cot(x)dx = [ 2cosec2ydy
Using identities:
cotx dx = log|sinx |

and
[ cosecydy = 10g|tan(%)|

- log| sinx | = log| tany |+ ¢
Using: log(a)+log(b) = log(ab)
log( sin xtany) =log ¢
sin(x) tan(y) = ¢

23. Question

Solve the following differential equations:
(1+x)(1+y7)dx +(1+y)(1+x7 )dy =0

Answer
Now separating variable x on one side and variable y on another side, we have

1+x l-l-yd
1+x2 v 14y

Integrating both sides

el - el
1+x2 T 1+x2 T T 1+y2 1+y2 y

Using identity:

/

dx = tan~!x

1+ x2

and substituting x2 = tand y2 = v

x2 =t

2xdx = dt

d_dt
xdx = <

Similarly, fory

y?=v

2ydy = dv



ydy=;

Substituting these values in above integral equation

tan-1 +1 dt - lf dv
meETY )T T TR YT T

1 1
tan"*x + Elog(l +1t) = —tan"ly— Elog(l +v)+c

Substituting the values of t and v in above equation

1 1
tan™'x + Slog(1+x?) = —tan™"y —Slog(1+y?) +¢

g]

1 1
tan~x + 2 log(1+x*) +tan"ly + 2 log(1+y?) =

24. Question

Solve the following differential equations:
dy . :

tan y—=sin(X+y)+sm(x—y)
dx

Answer

Using the formula:

c+d (c—d)
sinc+sind = Zsin[ 2 ]cos 2

Re - writing the equation as
t —d = 2si
an Sinx cos

de y

Now separating variable x on one side and variable y on another side, we have

tany
cosy

dy = 2sinx dx

Secytanydy = 2sin xdx

Integrating both sides using identities :

[ secxtanxdx = secx

And

[ sinx dx = —cosx

[ secytany dy = [ 2sinx dx

sec(y) = - 2cos(x) + ¢

25. Question

Solve the following differential equations:

dv . .
COSX COS Y—=—sin X sin y
dx

Answer

Now separating variable x on one side and variable y on another side, we have



Cosy sinx

sinydy T cosx dx

coty dy = - tanx dx

Integrating the above equation using identities:
[ coty dy = log|siny|

and

[ tany dy = log|cosy|

log|sin(y)| = - log|cos(y)|+c

Using: log(a)+log(b) = log(ab)

sin(y) cos(y) = c¢

26. Question

Solve the following differential equations:

dy cosxsiny

dx Cos ¥

Answer

Now separating variable x on one side and variable y on another side, we have

cosy

siny dy = cosxdx

- cot(y)dy = cos(x)dx

Integrating both sides using identities :
[ coty dy = log|siny|

and

[ cosx dx = sinx

—[ cot(y)dy = [ cos(x)dx

- log|sin(y)| = sin(x) + ¢

27. Question

Solve the following differential equations:

X+fl—yidx +yy1—x7 dy =0
Answer

Now separating variable x on one side and variable y on another side, we have,

Letl-x2=t?and 1-y?2 = t?
Differentiating we get

xdx = - tdt

ydy = - vdv

substituting these values in above differential equation



tdt vdv

t v

dt =-dv

integrating both sides, we get

[dt = —[dv

t=-v+c

substituting the value of v and c in above equation
Ji-x2 = —\[1-yZ+c

17. Question

Solve the following differential equations:

y(l+e®)dy =(y+1)e"dx
Answer

Now separating variable x on one side and variable y on another side, we have

ydy  e*dx
y+1 1+ex

Adding 1 and subtracting 1 to the numerator of LHS, we get

dy  e¥dx
y+1 1l+ex

Integrating both sides using identities:

[y = ky

And

[ Gop = o8+ D
fay-1 - T
y—logly+ 1) = [ o

Assuming e* = t and differentiating both sides we get,
eXdx = dt

substituting this value in above equation

dt
y—log(y+1) = fm

y - log(y+1) = log(1+t)
substituting t as e*

y - log(y+1) = log(1+€*X) + ¢
29. Question

Solve the following differential equations:



(v +xy)dx+(x _X},z)d}, =0

Answer

Re - writing the equation as

y(14x) dx+x(1 -y2) dy =0

Now separating variable x on one side and variable y on another side, we have

1+x 1—y?
dx = — dy
X y

(i) =~(E-r)o

Integrating both sides using identity:

Hn+1

Jkdx = kx, [ x*dx =

And "
f%dx = log(x)
| G+ l)dx =—f e—y)dy

2
log(x) +x = —log(y) + % +c

Using log(a)+log(b) = log(ab)

2
y
XV+Xx = —+¢c
Y 2
30. Question

Solve the following differential equations:

dy

T = 1—'X _.Y _.XY

Answer

Re - writing the above equation as

dy

e (1-x)+y(1-x)
dy

G (1+y)(1-x)

Now separating variable x on one side and variable y on another side, we have

dy
1—_"_}: = (l - X)dX

Integrating both sides using identities:

Hn+1

Jkdx = kx, [ x"dx =

n+1

And



f%dx = log(x)

dy
fl—ﬂ, = [(1-x)dx

XZ
log(1+y) = X—o+c

31. Question

Solve the following differential equation:

(v’ —l)dx ~(x*+ l)d}-* =0

Answer

Given. (y? + 1)dx—(x? + 1)dy=0

Find: Find the general solution of this differential equation.

=(y? + 1dx=(x? + 1dy

=J~ dy =f dx

y2+1 ¥+ 1

=tan 'y=tan"'x +C

Hence, The solution of the given Differential Equation is tan‘ly =tan"ix +C
32. Question

Solve the following differential equation:

dy + (x + 1)(y +1)dx =0

Answer

Given. dy + (x + 1)(y + 1)dx = 0

Find: Find the general solution of this differential equation.

=dy =-(x + 1)(y + 1)dx

=2 —_[(x + Ddx

],r+1_

= logly + l|=—x?—x
= logly + l|+§+x+C

2
Hence, The solution of the given differential equation is logly + 1| + “? + x +C

33. Question

Solve the following differential equation:
dy 5 4

(1) (1)

dx 3 X

Answer

Given%= (1 + x3)(1 + y?9)

Find: Find the general solution of this differential equation.



d:
=f(1+*'y2]= (1 + x?)dx

3
=tan"ly=x + % +C

— -1 x* C
StanTy—-x—— +

Hence, The solution of the given differential equation is tan‘ly— ¥ — “; +C

34. Question

Solve the following differential equation:

(x - 1:|d—1L = 2x’y
dx
Answer

Given (x — 1) % = 2x%

Find: Find the general solution of this differential equation.

dy  2x%y

dx  x-1
_dy  2x*dx

¥ Tox-1

Integrate Both side

1

x—1

=[¥=2[ +x+ 1+

35. Question

Solve the following differential equation:

dx
Answer

. . . . d
Given differential equation d—}' = gX*tY 4 @ X+V¥
X

Find: Find the general solution of this differential equation.

d: —
=_}'=Ex+}r 4 aTX+¥
dx

d _
=Y = g¥a¥ + g%V
dx

=W _ L yrax -x
dx—e(e + e™)

= % =(e* + e )dx
Integrate Both Side,

= [eVdy = [(e* + e ¥)dx
X

=—eg¥=¢g"¥—¢™

=p¥=pF — ¥ +C



Hence, The solution of the given differential equationise* =™ — ¥ +C

36. Question

Solve the following differential equation:

dV o) ) 2
— = ( COs™ X —s5111° X)CDS_ ¥y

Answer
Given differential Equation & — (cos2x — sin? 2
e erential Equatio (cos“x —sin“x)cos“y
dx
Find: Find the general solution of this differential equation.
—dy 20 ain2 2
== (cos“x — sin“ x) cos“y

dy

cos?y

= (cos?x —sin®x) dx

Integrate Both side,

— dy 2o il
_fcoszy_ [(cos?x —sin®x) dx

= [sec?ydy = [ cos2x dx

sin 2x

=tany = +C

gin 2x
2

+C

Hence,the solution is tany =

37 A. Question

Solve the following differential equation:

(_)-;},-'2 + QX)dx —(_xg}-' + 2}-‘)(1}-' =0

Answer

Given (xy? + 2x)dx + (x°y + 2y)dy =0

Find: Find the general solution of this differential equation.
= (xy® + 2x)dx + (x°y + 2y)dy =0

= (xy? + 2x)dx = —(x%y + 2y)dy

=y(x® + 2)dy = —x(y* + 2)dx

__¥
T yZ+2

dy = ———dx

x2 +2

Multiply by 2 Both side

2y dy=— 2x

T gtz

x2 +2
Now, Integrate both sides,

= [ dy=— [ dx

y2+2 %% +2

= Letassume y? t* 2 =t Letassume x2 + 2 = v

Then 2y dy =dt 2x dx = dv



_ [dt dv

t v
= log|t| = -log|v|
Put the value of t and v
=logly? + 2| = —log|x? + 2| + log|c|

c

=ly* + 2| =|

c

x= + 2

Hence, |y* + 2| =|

X2 +2
37 B. Question

Solve the following differential equation:

A 79
cosec Xng yV—+X§y = 0
dx

Answer

. . . . E 2.2
Given differential equation cosec X'logydx + x“y =0
Find: Find the general solution of this differential equation.

d
= cosec x.logyd—i + x%y*=0

_logydy xZdx
vz  cosecx
logy d .
= g:; Y= —x2.sinxdx

Integrating Both side

logy d
[leevdy _

y — [x%.sinx dx

Using integration by parts both side

_logy+1

. —x?cosx + 2(xsinx + cosx)

logy +1

Hence, The Solution is + x%cosx —2(xsinx + cosx) +C

38 A. Question

Solve the following differential equation:

dv
X}.’_’:l_x_}.'_x}.'
dx

Answer

. . . . ﬂ _
Given differential equation Xy =1+ x+y+xy
Find: Find the general solution of this differential equation.

=xy%=l+x+y+xy
=xy%=(1+x)+y[l+x)

d
=xyd—i= (1 +y)(1+x)



ydy _ 1+x

T sy x
¥ _rl+x
==&

=y -logly + 1| = log|x| + x + log|C|
=y = log|x| + X + log|y + 1| + log|C|
Hence, y = log|cx(y + 1)| + x

38 B. Question

Solve the following differential equation:

}-'(_l—x :x(_l—}-'z)

Answer

Given differential equation y(1 — x?) ? =x(1+ y?)

.4

Find: Find the general solution of this differential equation.

=y(1-x%) ? x(1 + y?)

X

_ ydy  =xdx
T +y?h) (1—x2)

__J- 2ydy _J-_ 2xdx
T a+y®d Y (a®)

= —log|1 + y?|=log|1 —x?| + log|C1]
= —log|C| = log|1 —x?| + log|1 + y?|

=C=(1-x)(1+Vy?)

38 C. Question
Solve the following differential equation: ye* *dx = (xe™" + }-'z)d}-'.}-' =0
Answer
x
Given ye*/¥dx = (x ev + yg) dy
Find: Find the general solution of this differential equation.

= ye*/¥dx = (x ey + yz)dy

= Integrating on the both side we get,

X
Hence, oy — v+ C



38 D. Question
Solve the following differential equation:(l = }-‘3 )tan_l xdx + 2}-‘( 1+ xz)d}’ =0

Answer

Given differential equation (1 + y?)Jtan™*x dx + 2y(1 + x*)dy=0
Find: Find the general solution of this differential equation.

=(1+ yHtantxdx + 2y(1 + x¥)dy=0

=(1+ y?)tantxdx = —2y(1 + x?)dy

1

=J~_ tan™ " x dX:j- v d}’

2(1 + x%) 1+y%)

2
= —|tan! (Etan‘lx) -
2

Gtan‘lx) dx) = gln(y2 + 1) +C

(1+x%)

= —i(tan‘lrxi)2 —ilnﬁyz + 1)+ C1

= g(tan‘lx)z + In(y* + 1)=cC

39. Question

Solve the following initial value problem:
dy

— =y tan 2x.y(0) =2

dx

Answer

Given differential equation ? = ytan2x
X
Find: Find the general solution of this differential equation.

=% _
5. = ytan 2X

d
= ;}' = tan 2x dx

Integrating both sides,

= f%=_[tan 2x% dx
= log|y| =§log| sec2x| + log|C|

=y = +/sec2x.C -....(I)
Putx =0,y =2

2 =,/5ec2.0.C

2=C
Put value of C in (i)

2

—
Vsec2x

Hence,y =

40. Question

Solve the following initial value problem:



QXE:S}-'.}-'{I} =2

dx

Answer
Given differential equation Zx.? =3y
X

Find: Find the general solution of this differential equation.

=x. ¥ _
Zx.dx—By

=2 (¥_3g =
SEIESSTE

= 2logly| = 3log|x| + logc

=y? =x3C.....(0)

Putx =1,y =2

(2)* = (1)°C

=C=4

Put C =4 in equation (i)

y? =x34

Hence, y? = 4x3

41. Question

Solve the following initial value problem:

dy

Xy—=yv+2.y(2)=0
Answer
Given differential equation xy. =7 + 2

Find: Find the general solution of this differential equation.

E—
Xy =y + 2
_ ydy _ dx
_}r+2_ X
2 dx
=1 H)a=%

On Integrating we get,

=y - 2log|ly + 2|=log |x| + log |C] ....(i)
Puty =0,x=2
=0-2log2=1log2+logc
=-2log2-log2 =1logC
=-3log2=logc



Put the value of C in equation (i)
Hence, y - 2logly + 2|=log|'§|

42. Question

Solve the following initial value problem:

ﬁ: :ex}r3_}r(0}:i
2

Answer

. dy
Given =2 = 2p%y3
dx y

_d}'_ Kyl
dx—Zey
d;

= = 2e¥dx
¥

Integrating both side
= _[:—]:= [ 2e¥dx
= [y3 = [ 2e¥dx

—3+1
=[F ]=2.ex
-3+1

=-2=2+c
C=-4

Put the value of C = -4 in equation (i)

1
= oyt

=2.e%4

= —1 = 4 e¥y? — 8y*
=—1=—y*(8—4e")
Hence, y?(8 — 4e*) =1
43. Question

Solve the following initial value problem:

dI.
—=—1t.1(0)=1
o =1t1(0)=x,



Answer

Given differential equation % = —1t

Find: Find the general solution of this differential equation.

Integrating both side

= [E- [—tadt

r

Put t =0, r = ry in equation (i).
Now, log|r0| = —0 +C
log|r0|=C

Put the value of C in eq(i)

t2
loglr| = ——= + log|r0|
_r =
=1 _ o3
1'0
t2
Hence, . _ roe =

44. Question

Solve the following initial value problem:

ﬁ: y sin 2x.y(0) =1
dx

Answer
Given differential equation ? = y.sin2x
X
Find: Find the particular solution of this differential equation.

9y _
5. = v-sin 2%

=¥ _ sin2x dx
¥
Integrating both side

= f?=_[51112xdx

cos2x

= loglyl = — +C

Puty =1 and x=1

cosd

= log|l]| = — +C
=0=--+C
2
=c=1
2



cos2x

So, logly| = — +C
— lﬁglyl — _ co:?:\-: + ;
— 10g|y| _ 1-cos2x

2
= logly| = sin’x
Hence, y = gsinx

45 A. Question

Solve the following initial value problem:
dy

—=ytan X.y(0)=1

dx

Answer
The given differential equation is ? = ytanx
X
Find: Find the particular solution of this differential equation.

_dy _
ol ytanx

=¥ _ tanxdx

¥
Integrating both sides,
= f?=_[tanxdx

= log|y|=log]|sec x| + log|C] ..... (n

Puty =1, x=0
0 =log(l) + C
C=0

Put the value of C in equation in equation(l)
= log y = log |sec x|

Hence, y = sec x

45 B. Question

Solve the following initial value problem:

dy
2x— =5y.v(1l)=1
dx v.y(1)

Answer
The given differential Equation is 2;{? = by.
X
Find: Find the particular solution of this differential equation.
=9 W _
2% Pl 5y

dy dx
5y 2x



Now Integrating Both sides
=j?=5f%

= 2 logly| = 5log|x| + log|C| ..... (1)
Putx=1,y=1

= 2 log(1)=5log(1l) + C

=0=C

Put the value of C in equation (1)

= 2log |y| = 5log|x|

=y> = |x|?

Hence, y = |x|*/2

45 C. Question

Solve the following initial value problem:

dy _ 2ey?, y(0)=-1
dx
Answer

. . . E _ 2.2
The Given equation is = 2e%y

Find: Find the particular solution of this differential equation.

_dy _ 5 2% 2
dx—Ze y
d

= = 2e?%dx
v

Integrating both side,

= fjji:fZe“dx

—-2+1 2X

e
=F ]=zf—
—2+1 2

1=e0%C
1=1+C
C=0

Put the value of C in equation (i)
——l_ex 49
¥

Hence, y = —e™2%

45 D. Question



Solve the following initial value problem:

cos ‘.d—‘: e*.y(0)=
dx

oA

Answer

a
cosyd—i =e*

Find: Find the particular solution of this differential equation.
On equating we get,

=cosydy = eXdx

Integrating both side

= [cosydy = [ e¥dx

Putx=0,y =m/2

= sin G) =e? + (C

=1=1+C

=C=0

Put the value of C in equation (i)

Siny = X

Hence, y = sin'l(eX)

45 E. Question

Solve the following initial value problem:

ﬁ:EX}-'.}.-'(O):I

Answer

dy _
ol 2xy

Find: Find the particular solution of this differential equation.
=¥ _ oxdx
¥

Integrating both sides
= f?= [2xdx

K2

=logy = -2

=logy =% +C ...

Putx=0,y=1
log(l)=0+C
0=0+C
C=0



Put the value of C in equation (i)

XZ
logy = 0

2
Hence, y = e*

45 F. Question

Solve the following initial value problem:

Y o ext eyt axiyly(0)=1
dx
Answer

; Ldy p 2 2.2
G|ven.dx_1+x + y° + X7y
Find: Find the particular solution of this differential equation.
= E — 2 2

= 1+ x7)(1 +y7)

= _ (1 + x?)dx

1+y?

Integrating both side

=[- T —[(1 + x?)dx

1+y°
=tan 'y =x + % + C-...(D)
Putx =0,y =1

=tan~'1=0 +5+C

Put the value of C in equation (i)

1

Lx.1|""nJ

Stan'y=x+ — +

4= | A

2
Hence, tan~ly = x + % +

=

45 G. Question

Solve the following initial value problem:

xy L= (x4 2)(y+2).y () =1

Answer
Gi . dy
ven: xy——=(x + 2)(y + 2)

Find: Find the particular solution of this differential equation.

d X+ 2
=¥ T 4k
¥y+2 X

2 2

=y-2logly + 2| =x+ 2log|x| + C



=y-2logly +2|-x-2log|x]=C
Putx=1,y=-1

=-1-1-2log(-1 + 2)-2logl =C
=-2=C

Thus, we have

Hence, Y - x - 2log(y + 2) - 2log x = -2
45 H. Question

Solve the following initial value problem:

dy

_:]__)(_3,-'2—)(1-1'_,-'2 when vy =0.x =0

Answer

Given:%=1 —|—X+y2 -|—}><;:5,r2
=¥ _ (1400 +y?)
dx

!
T4y

dy = (1 + x)dx

=_[(1+1y2]dy= J(1 + x)dx

2
=tan ly=x + % +C.....(i)
Puty = 0 and x = 0, then

4
=tan"'0=0 + 0?JrC

=C=0

Putting the value of C in equation (i) we get.

2

1y — =
y=X+ 3

=tan~

Hence, y = tan (x + “;)

45 |. Question

Solve the following initial value problem:

2(y —3)—:(}-'E =0.y(1)=-2
dx

Answer
Given: 2(y + 3) — xyg =0
Find: Find the particular solution of this differential equation.

d
=2(y + 3)=xyd—z

Integrating both sides,



= f%dx = fﬁdy
=2loglx| =y + 3—3logly + 3] + C.....(I)
Put x = 1 and y= -2 in equation (i), we get
=2log(l)=y +3-3log(-2+3)+C
=0=1-0+C

=C=-1

Put the value of C in equation (i), we get
=2loglx| =y + 3—-3logly + 3| -1
=log(x)’ =y + 2 —log(y + 3)?
=log(x)?—log(y + 3)® =y + 2

Hence, x*(y + 3)* =¥ *?2

46. Question

Solve the differential equation Xd_‘ +cot v =0. given that v = E when 5 — \E
dx ’ T4 '

Answer
Given differential equation. x? + coty =0
X
Find: Find the particular solution of this differential equation.

- -
Xt coty =0

¥
=x—= —cot
d y
_dy  dx
_cot}r_ X

Integrating both sides, we get

_J- dy dx
- cot}r_ X

= log|secy| = - log|x| + C ..... (i)

m
Putx =42,y =7
™
= log|sec Zl =-logly2| + C
=log|V2| = —ilogz +C

1 1
= Elogz = —Elogz +C

= C = log2
Put C in equation (i)

= log|sec y| = - log|x| + log2

2
= secy =



2
Hence, x=——=2cosy
secy

47. Question

Solve the differential equation (1 +x?2 )d_‘ _(1 +y? ) — (). given that y =1, when x = 0.

' dx
Answer
Given: (1 + x*)¥ + (1 +y?)=0
Find: Find the particular solution of this differential equation.

=1+ )T+ (1 +y)=0

=(1+x)ZT=-(1+y?

=(1+ xHdy=—(1 + y?)dx

Integrating both side,

_J- dy _ [dx
Tl ey Qe
=tanly= —tan"'x + C....(i)

Putx=0,y=1

=tan!1= —tan"!0 + C
=Z=0+C

4
Put Cin eq (i), we get

=tan'y= —tan"'x + E
=y = tan G - tan‘lx)

™ _
tan|-—tan J'x)

Y= 1+ tan—f.tan{tan_lx]
_ ., 1-x

y= 1+x
=y + xy =1-x

Hence, x + y =1 - xy

48. Question

2x(logx +1)

dy
Solve the differential equation — = . given that vy =0. when x =1.

sin y+ycosy

Answer

. d 2x(logx +1
dx siny + ycosy/

Find: Find the particular solution of this differential equation.

_dy  Zx{legx+1)

dx siny + ycosy

=siny + ycosy)dy = 2x(logx + 1) dx



Integrating both side

= [siny + ycosydy = [2x (logx + 1)dx

= [sinydy + [ycosydy = [ 2x.logxdx + [ 2xdx

_ —cosy + [y. [ cosydy — [ 1. [ cosy dy.dy] = 2[logx [ xdx —
~ JESxdx]dx] + x* + C

= —cosy + ysiny— [sinydy = 2.§.logx—2f§dx +x2+C

Z
= —cosy + ysiny + cosy = x? logx—x? +x? +C

Z
=ysiny = x%logx + % +C
Puty=0,x=1
=0=0+12+C

=Cc=-1
2
Put C = —5 in equation (i)

= ysiny = x*logx + g— ;
Hence, The Solution is 2ysiny = 2 x%logx + x% — 1.

49. Question

Find the particular solution of @d¥'dx _ x . 1 given that y =3, when x =0,
Answer

Given g — x + 1

Find: Find the particular solution of this differential equation.

— W
Tex=x+1
= g =log(x + 1)
=dy =log(x + 1)dx
Integrating both sides
= [dy = [log(x + 1)dx
1
=y=1loglx + 1|.[ L.dx— [ (mf 1, dx) dx
Using Integration by parts

=y =xlog|lx + 1] —fﬁdx

=y =xloglx + ll—(f(l—xl )dx)

+1
=y=xloglx + 1| — (x—loglx + 1])

=y=xloglx + 1| —(x + loglx + 1|)



=y=(x+ Dlog|lx + 1| —x +C....(I)

Puty =3andx =0

=3=0-0+C

=C=3

Put C = 3 in equation (i)

Hence, The Solution is y = (x + 1)log|x + 1| —x + 3.
50. Question

Find the solution of the differential equation cos y d}r +COSX Sin ydx =0 given that y = /2. when
X =7/2.

Answer
The given differential Equation is cosy dy + cosxsiny dx = 0.
Find: Find the solution of this differential equation.

= cosy dy + cosxsinydx = 0.

= cosy dy = —cosxsiny dx
COs

=¥ dy = —cosx dx
siny

Integrating both side,
= [cotydy = — [ cosx dx
=log |siny| =-sinx + C ..... (i)

Puty=gandx=§

. T L
= log |S|n5|——5|nE+C
=0=-1+C
=C=1

Put the value of C in eq(i)
Hence, The solution is log |sin y| + sin x =1

51. Question

Find the particular solution of the differential equation d_" = _4;@—3 given that y =1, when x =0,
Ix )

Answer
The given differential equation is ? = —4xy?
X

Find: Find the solution of this differential equation.

—dy 2
Pl 4xy
d
== —axdx
¥

Integrating both sides



=f%=_[4xdx

—-2+1 2
X
—2+1 2

=—i=—2x?+C
¥

Puty =1 and x =0
=-1=0+C
=C=-1

Put the value of C in eq (i)

——i-_2x-1
¥
=l=2x2+1
¥
_ _ 1
=¥ T e

52. Question

Find the equation of a curve passing through the point (0, 0) and whose differential equation is
y X

— =" sin X.

Answer

The given differential equation % = e*.sinx
Find: Find the solution of this differential equation.
= % = e*.sinx

=dy = e*.sinx dx

Integrating both sides

= [dy = [ e*.sinx dx

= | =sinx [ e¥dx — _[(% (sinx). [ e* dx)dx

=1 =sinx.e* — [ cosx.e¥dx

=1 =sinx.e* — [cosx. [ e¥dx — [ % (cosx).[ e¥dx
=1 =sinx.e* — [cosx.e* — [(—sinx).e* dx]

=] =sinx.e* —cosx.e®—1

= 21 = e*(sinx — cosx)

53. Question
For the differential equation Xy d_" — (X 1 2) (y +2 } Find the solution curve passing through the point (1, -

dx
1).



Answer

The given differential equation is XY . = (x + 2)(y + 2)
Find: Find the solution of this differential equation.

— o 3

=xy =&+ 2)F+2)

d X+ 2
=¥ T 4k
¥y+2 X

=(1— 2 )dy=(1 +§)dx

¥y+2

Integrating both side

= (1—}%)(@: f(l + %)dx
=_[dy—2f}idy=fdx+2_[idx
=y—2log(y + 2)=x + 2logx +C
=y—x—C=logx? + log(y + 2)> +C
=y—x— C=log[x*(y + 2)?].....(0)
Putx=1landy =-1
=—1-1-C=log[12(-1 + 2)7]
=.2-C=0

=C=-2

Put the value of C in equation (i)
Hence, The solution of the curve isy — x + 2 =log[x*(y + 2)°].

54. Question

The volume of a spherical balloon being inflated changes at a constant rate. If initially its radius is 3 units
and after 3 seconds it is 6 units. Find the radius of the balloon after t seconds.

Answer
Let the rate of change of the volume of the balloon be k (where k is constant)

Find: Find the radius of the balloon after t second.

-4 ) -

= GTE 3.1‘2.2) =k

=4nmr? dr=kdt
Integrating both sides, we get:

=4n[r?dr=k/[dt



Now, att =0, r = 3.

=4m3*dr=3(k0 + C)

= 108m = 3C
=C = 36m
Att=3,r=6:

=4nux6*=3(kx3 + C)

= 8641 = 3(3k + 36m)

=3k = —288m— 367 = 2527

=k = 84n

Substitute the value of K and C in equation (1), we get

= 4mr? = 3(84m + 36m)

= 4mr® = 4m(63t + 27)

=r3 =63t + 27

=r = (63t + 27)!/3

Hence, the radius of the balloon after t seconds is (63 t + 27)1/3 .

55. Question

In a bank principal increases at the rate of r% per year. Find the value of r if * 100 double itself in 10 years
(loge 2 = 0.6931).

Answer
Let p, t, and r represent the principal, time and rate of interest respectively.
It is the given that the principal increases continuously at the rate r% per year.

Find: Find the value of r?

=E=(L)dt

P 100

Integrating both sides, we get:
—[%_
=J P mofdt

=10gp=i+k

100
T .
=p= e% + K -eeeem(i)

It is given that whent =0, p = 100

Now, if t =10,then p = 2x100 =200
r
=200 = e1c.e®

=200 = /1% 100 from (2)



x
gio= 2

.
=5 = log2
== =0.6931
10
=r=6.931

Hence, the value of r is 6.93 %.
56. Question

In a bank principal increases at the rate of 5% per year. An amount of © 1000 is deposited with this bank,
how much will it worth after 10 years (95 = 1.648).

Answer
Let p, and t represent the principal, time respectively.

It is the given that the principal increases continuously at the rate of 5% per year.

Integrating both sides, we get:
—[ée_1
= .= 20fch:

=10gp=2—t0+c

It is given that when t =0, p = 1000
= 1000 = e® .....--(2)
Now, logp = — + log1000

Putting t = 10,we get

1000 -

=p =1000 x 1.648
=p = 1648

57. Question

In a culture the bacteria count is 100000. The number is increased by 10% in 2 hours. In how many hours
will the count reach 200000, if the rate of growth of bacteria is proportional to the number present.

Answer
Let y be the number of bacteria at any instant t

It is given that the rate of growth of the bacteria is proportional to the number present.

dy ;
== _ where k is a constant
~ = ky ( )



A
¥

Integrating both sides, we get
= % = [kdt

=logy=kt+ C

Let yg be the number of bacteria at t = 0.
=logyp=C

Substitute the value of C in, we get

= log y = kt + log yg

=log y - log yg = kt
= log(i) =kt

Also, it is given that the number of bacteria increased by 10% in 2 hours.

_ . 110
Y= To0¥0

11

¥ _
Ty, 10
Substituting the value,

=k2= log(ﬁ)

Now, the time when the number of bacteria increases from 100000 to 200000 be t1.

=y=2y,att=14

2log2
Hence, in ﬁ{i) hours the number if bacteria increases from 100000 to 200000.

10

58. Question

2+sinx |dy
If y(x) is a solution of the differential equation [1— & = —c0s X and y(0) = 1, then find the value of
_'I!.'
y(1/2).
Answer

Consider the given equation

2 + sinxy dy
=|——|—= —cosX
1+y /dx



dy cosx dx

l+3.r_ 2 +sinx

Integrating both sides,

=J~ dy z_j-cosxdx
1+vy 2 +sinx

= log(1l + y) =-log(2 + sin x) + log C

= log(1l + y) + log(2 + sin x) = log C
=1log(1l + y)(2 + sin x) = log C
=(1+y)(2+sinx)=c...(1)

Given thaty(0) =1

=(1+1)(2+sin0)=c

=C=4

Substituting the value of Cin eq (1), we get

=(1+y)2+sinx)=4

=(1+y)=

(2 + sinx)

4

- (2 + sinx)

=y —-1.... (2)
Now, find the value of y(n/2)

Substituting the value of x =g in equation (2)

=y=(2+1]_1
4

_y_g__]_

—y=1

59. Question

Find the particular solution of the differential equation (1 —}-’3 )(1 + lOg X) dx +2X}’ dy: 0 giventhaty =0
whenx = 1.

Answer

Consider the differential equation (1 —y?)(1 + logx)dx + 2xydy= 0

=(1—y?)(1 + logx)dx = —2xy dy

_dy _ _ (1-y®) +logx)
dx 2xy
d: 1+logx
—ya _ g dx
1-y2 2x

Let 1-y2 = t then -2y dy = dt Let log x = v

dy = ldtld =d
yoy = —patyax=dv



Substitute the value of vand tin eq (2)

- 105{2—:.'2):(1“:5*21 +Co(2)

Putx =1 andy =3 in eq (2)

— log(1-37%) _ (1 +1og1) L
2 4

=c=1
4
Put the value of C in eq (2)

— log(l—yz} _a+ logx?)
2 - 4

+ 1
4
Hence, The particular solution is (1 + logx?) = 2log(1—y%) + 1

Exercise 22.8
1. Question

Solve the following differential equations:

dy 2
— =(Xx+Vv+ 1V
dx ( ’ )
Answer

Given Differential equation is:
dy _ 2
:dx_(x+y+ 1% ... (1)

Letusassumez=x+y +1

Differentiating w.r.t x on both the sides we get,

dz dix+z+1)
= e s
dx dx

- dz dx dy d(1)
dx dx dx dx

dz _ dy
:dx_l+dx+0
dz dy
—_—— —_ T sassas 2
:dx 1 dx (2)

Substituting (2) in (1) we get,

dz
dx
dz
== =1+ z°
dx

Bringing like variables on same (i.e, variable seperable technique) we get,

dz
.
1+z®

Integrating on both sides we get,

=>J- dz zj-dx

1+z2




d

X
a® +x2

We know that [

= itan‘l(ﬂ + cand

Also fadx = ax + C

=>%t:=111‘1 G) =x+C

=>tanlz=x+C

We know that z = x + y + 1, substituting this we get,
stanl(x+y+1)=x+C

. The solution for the given Differential equation istan™l(x + y + 1) = x + C

2. Question

Solve the following differential equations:

ﬁcms{x—}f}zl
dx

Answer

Given Differential equation is:
dy _v) —

ﬁdxcos(x y) =1

dy 1
=
dx cos(x—y)

-
dx

[l
[#5]
o
[}
Comin)
[
|
3
—

Letus assumez =x-y

Differentiating w.r.t x on both sides we get,

- dz dx  dy

dx dx dx

= EE 1___ EE

dx dx

dy dz
=2 = 1-—=... 2

dx 1 dx ( )

Substituting (2) in (1) we get,
dz
=1 — 5. = secz

dz
=1—secz = —
dx

Bringing like variables on same side (i.e., variable seperable technique) we get,

dz

= dx
l—secz
dz
= — = dx
“cosz
dz
= Tosz—-1 — dx
cosz
coszdz
cosz—1
—coszdz
= = dx




We know that cos2z = cos?z - sin?z = 2cos?z - 1 = 1 - 2sin?z.

I G O i )

2 sinz(g]

sinz(‘—z)dz cosz( ) 2d
— = X

w(2) ()

= dz — cot? G) dz = 2dx

b3 |

(RN

We know 1 + cot?x = cosec?x

= (1 — (l:l:rse-:2 G) -1 )) dz = 2dx

= —cosec? G) dz = 2dx

Integrating on both sides we get,
— z(= —
= [ —cosec (z)dz = 2[dx

We know that:

2

(1) fcosec“x = -cotx + C

flax)

(2) [ f(ax)dx = +C

(3) Jadx =ax + C

Zz
ﬁ—i{_cj'{ﬂ] = 2x + 2C
2

= 2cot(2) = 2x + 2¢
Since z = x - y substituting this we get,
= cot (%) =x+C

. The solution for the given Differential equation is cot (“2;3") — x4+ C

3. Question

Solve the following differential equations:

dy _ (x-y)+3
dx 2(x-y)+5
Answer

Given Differential equation is:

Ay _ Gew#d )

dx 2(x-y) +5
Letus assumez=x-Yy

Differentiating w.r.t x on both sides we get,

= dz dx  dy

dx dx dx

= 4z _ %

dx dx



T E 2

dx dx

dz Z+3
=21 —— =
dx 2z+5
dz Zz+3
dx 2z+5
dz 2z +5-z-3
= = —
dx 2z +5
dz z+2
= — =
dx 2z +5

Bringing like variables on same side(i.e., variable seperable technique) we get,

dz
==z = dx
2ZZ+535

2z + 5)dz

L @zesdz oo
zZ+3

$(22+6—1sz
zZ+3

= dx

(2z + 6)dz dz
= - - -
Z+3 Z+3

= dx

dz
zZ+3

= 2dz — = dx

diz + 3) _
zZ+3 o

= 2dz dx

Integrating on both sides we get,

= f2dz— [2E22 = [ax

We know that:

(1) Jadx =ax + C
(2)JFTdx = logx + C

=2z-log(z+3)=x+C

Since z = x - y, we substitute this,

=2(x-y)-log(x-y +3)=x+C

= 2Xx -2y -log(x-y + 3) =x + C

=X -2y -log(x-y + 3) =C

.. The solution for the given Differential equation is: x - 2y -log(x-y + 3) = C.
4. Question

Solve the following differential equations:

dv 2
Y _(x+v
I (x+V)

Answer

Given Differential equation is:



Letus assumez=x +vy

Differentiating w.r.t x on both sides we get,

Ld_déx

dx dx dx

dz dy
= — = —
dx l+dx
dy dz
=2 = — — e 2
- 1+ —.n(2)

Substituting (2) in (1) we get,

dz

= — = _ 2
2L+dx Z
d

=1 +z22 ==
dx

Bringing the like variables to same side (i.e., Variable seperable technique) we get,

dz
1+z®

= dx

Integrating on both sides we get,

dz
ﬁfl+zz - _[dX
dz
=>J.12+zz - Idx

We know that:

(1) [ = itan‘le) +C

a? +x2

(2) fadx = ax + C
1 - z
= - tan 1(;) =x+C

=tanlz=x+C

Since z = x + y we substitute this,

stanl(x+y)=x+C

=X + Yy =tan(x + C)

. The solution for the given Differential equation is x + y = tan(x + C).
5. Question

Solve the following differential equations:

s dv
X+v) —=1
( V) dx
Answer

Given Differential equation is:
29y _
~x+y)r =1

dy 1
e A
dx (x+y)?

Letusassumez=x+vy

Differentiating w.r.t x on both sides we get,



dz dx dy
= — = — —
dx dx dx

dz dy
-Z_ 142
dx dx
dy dz
=2 = —_1... 2
dx dx 1 ( )

dz zZ +1
z

dx z

Bringing like variables on same side (i.e., Variable seperable technique) we get,

dz

= 7T 1 dx
ZZ
z
z-d=z

=—— = dx
z¢+1

- (2% +1-1)d=z

= dx
z2 +1
z? +1)dz dz
zZ +1 1+z®
dz
=2dz——— = dx
1+z

Integrating on both sides we get,

= [dz— [ = [dx

1+z2

We know that:

(1) Jadx =ax + C

(2) [=2

X
a? +x2

= ltan—1¢%
= S tan (a) +C

=>z—%tam‘l(;) =x+C

=sz-tanlz=x+C

Since z = x + y, we substitute this,

>x+y-tanl(x+y)=x+C

>y-tanl(x +y)=C

. The solution for the given Differential equation isy - tan~1(x + y) =C.
6. Question

Solve the following differential equations:

dy

“dx

.

cos®(x—2y)=1-

Answer



Given Differential equation is:

=cosH(x—2y) = 1— 2%

Y _ 1 cos¥Hx—
=2 =1 cos“(x— 2y)

2

We know that 1-cos2x = sin?x

=% = sin®(x—2y) ... (1)

Let us assume z = x- 2y

Differentiating w.r.t x on both sides we get,

-4z _ dx  2dy

dx dx dx

:dz 1 2_d‘1‘l

dx dx

2dy dz
=22 - 1 -=.... (2)

dx dx

Substitute (2) in (1) we get,
_dz _ .2
=1 ol sin“z
=1—sin’z = 2
dx

2 dz
=C0S°Z = a—
X

Bringing like variables on same side (i.e., variable seperable technique) we get,

dz

cos®z

=

= dx

We know that —— — sec2x

cos®x

= sec?zdz = dx

Integrating on both sides we get,
= [sec?zdz = [dx

We know that:

(1) [sec?xdx = tanx + C

(2) Jadx =ax + C

=>tanz=x+C

Since z = x - 2y we substitute this,
= tan(x-2y) =x + C

.. The solution for the given Differential Equation is tan(x-2y) = x + C.
7. Question

Solve the following differential equations:

ﬁ:rsec(x—}.-'}

Answer

Given Differential Equation is:



Letusassumez=x+y

Differentiating w.r.t x on both sides we get,

dz dx dy
= = - -
dx dx dx

dz dy
= — = —
dx 1+ dx
dy dz
= = = — — 1 ...... 2
dx dx ( )

Substituting (2) in (1) we get,

dz
=——1 = secz
dx

=— =1 + secz

Bringing like variables on same side(i.e, variable seperable technique) we get,

dz
1+ secz

We know that secx =

COSK

dz

= — = dx
1+——
cosz
coszdz

= dx
cosz+ 1

We know that cos2z = cos?z - sinz = 2cos?z - 1

- cosz(a)—sinz{gjl d

25052{;] Z = dx

cosz(;)dz sinz(‘—z)dz

z z
cosz{—:] cosz(—)
z 2

=>ldz—tanz( )dz = 2dx

Z
2

= 2dx

We know that 1 + tan?x = sec?x
=dz — (sec2 G) - 1) dz = 2dx

= (2—591:2( ))dz = 2dx

z

2
Integrating on both sides we get,
=>_[Zldz—fse-:z(g)dz =2[dx
We know that:
(1) [sec?xdx = tanx + C

(2) Jadx =ax + C

:Zz—tall(g) =2x+ C

Since z = X + y, we substitute this,

=2(x + y)—tanG) =2x+ C



=2+ 2y—2x = tan(%) + C

=2y = tan(%) +C

- the solution for the given differential equation is 2y = tan (“2&') + C.

8. Question

Solve the following differential equations:

dy
—=tan(x+Yy)
dx
Answer

Given Differential Equation is:
dy _
= =tanE+y) ... (1)

Let usassumez=x+vy

Differentiating w.r.t x on both sides we get,

dz dx dy
= — — 4+ =
dx dx dx

dz dy
= — = —_—
dx 1+ dx
dy dz
=2 = =_1 ... (2)
dx dx

Substituting(2) in (1) we get,

dz

=——1 = tanz
dx
dz

=— =1+ tanz
dx

Bringing like variables on same side(i.e., variable seperable technique) we get,

dz

1 +tanz

= = dx

sinx

We know that tanx =

COSK

dz
= sinz dx
cosz

coszdz
= dx

COSZ + sinz

2coszdz
= 2dx

codz + sinz

(2cosz + sinz—sinz)dz
=

= 2dx

cosz + sinz

= {(cosz + sinz) + (cosz—sinz]}dz

cosz + sinz

COSZ + sinz
=

cosz—sinz

COSZ + sinz

coszZ + sinz

= 2dx

dz = 2dx

>dz + d(cosz + sinz) — 2dx

COSZ + sinz

Integrating on both sides we get,



=_[dz + j-d(cosz+sinz] _ zj-dx

COSZ + sinz

We know that:
(1) f% = logx + C

(2) Jadx =ax + C

=z + log(cosz + sinz) = 2x + C

Since z = x + y, we substitute this,

=X + Yy + log(cos(x + y) +sin(x +y)) =2x + C
=y + log(cos(x + y) + sin(x +y)) =x+ C

.. The solution for the given Differential Equation isy + log(cos(x + y) + sin(x + y)) = x + C.
9. Question

Solve the following differential equations:

(x + y)(dx-dy) = dx + dy

Answer

Given Differential equation is:

= (X + y)(dx-dy) = dx + dy

= (X + y)dx -(x + y)dy = dx + dy

= (X +y-1)dx = (x + y + 1)dy

d 3 -1
Ly _ x+y-1
dx x+y+1

Letus assumez =x +vy
Differentiating w.r.t x on both sides we get,

Ld_déx

dx dx dx

dz dy
-Z 14+
dx dx
dy dz
=2 = —_1... 2
dx dx 1 ( )

dz z—1
= - _ —
dx z+1
dz z—1
== = +1
dx z+1
dz z—1+z+1
= = —
dx z+1
dz 2z
= — =
dx z+1

Bringing like variables on same side(i.e., variable seperable technique) we get,

dz
=— = 2dx
Z+1

= (z +1)dz

4

= 2dx

d
=3dz + = = 2dx
Z Z



=dz + ? = 2dx
Integrating on both sides we get,
=>_[dz+f%= 2[dx

We know that:

(1) fJadx =ax + C
(2)f%= logx + C

=z + logz = 2x + C

Since z = x + y we substitute this,

=2>X+y+logx+y)=2x+C

=2y +logx+y)=x+C

.. The solution for the given Differential equationisy + log(x + y) = x + C.
10. Question

Solve the following differential equations:

dy
X+y+l)—=1
(x+3 )dX
Answer

Given Differential Equation is :
=>(x+y+ N~ 1
dx

dy 1

= — ... (1)

dx x+y+1
Letusassumez=x+y +1

Differentiating w.r.t x on both sides we get,

Ld _dx  dy AW
dx dx dx dx
dz dy

-Z_14+4%49
dx dx
dy dz

=2 = —_1... 2
dx dx 1 ( )

Substituting (2) in (1) we get,

dx z

dz 1
=

dx z

dz z+1
= =

dx z

Bringing like variables on same side (i.e., variable seperable technique) we get,
d
:é = dx

z

zdz

= dx

z+1



- (z+1-1)d=

= dx
z+1
z+1 dz
= 7 — = dx
z+1 z+1
dz
=dz — = dx
z+1

Integrating on both sides we get,

= [dz— [ cizl=_[|d:=<;

-4

= fdz— [222Y = fax

z+1

We know that:

(1) Jadx =ax + C
(2) [Z = logx + C

=2z-log(z+1)=x+C

Since z = x + y we substitute this,

=>X+y-logx+y+1)=x+C

=>y-logx+y+1)=C

>y=logx+y+1)+C

.. The solution for the given Differential Equationisy = log(x + y + 1) + C.
11. Question

Solve the following differential equations:

dy 1=¢*"
dx
Answer

Given Differential equation is:
S L exty (1)
dx

Letus assumez=x +vy

Differentiate w.r.t x on both sides we get,

dz dx
= —_ -
dx dx dx

dz _ dy 2
:dx_dx—i_l ...... (2)

Substitute(2) in (1) we get,

= % a2
dx

Bringing like variables on same side (i.e., variable seperable technique) we get,

= e?dz = dx
Integrating on both sides we get,

= [e™2dz = [dx



We know that:

(1) Jadx =ax + C

ax

(2)fe“dx=%+ C
=S =x+C

=>-e?2=x+C

=>x+e?+C=0

Since z = x + y we substitute this,

>x+ex+tY) 4+ Cc=0

= The solution for the given Differential Equation isx + e"**+¥) + € = 0.

Exercise 22.9

1. Question

Solve the following equations:

x2dy + y(x + y)dx = 0

Answer

Let us write the given differential equation in the standard form:

> _ oy ()
dx x2

Homogeneous equation: A equation is said to be homogeneous if f(zx,zy) = z"f(x,y) (where n is the order of
the homogeneous equation).

Let us assume

v+ )
f[:X:Y) = T
_ —zylz +zy)
= flzx, zy) = — 0T
) = ez
:f‘[:zxpzy) = ZO xL:F]

x
= f(zx,zy) = 2°f(x,y)
So, given differential equation is a homogeneous differential equation.

We need a substitution to solve this type of linear equation, and the substitution is y = vx.

Let us substitute this in (1)

N d{vx) _ —Vx(X + VX

dx xZ

We know that &%) _ udv , vdu

dx dx dx
. i -
Sxdv  vdx o vivi)
dx dx x=
xdv
>— 4+ v=-v—y?
dx
xdwv
— = —2v—v?

dx



Bringing the like variables on one side

dv dx
= — = ——
v+ 2v X
dv dx
- = ——
vi42v+1-1 x
dw dx
= = - —
(v +1)2-12 X

We know that:

X

dx 1
J = ;;log

+ Cand

—a
%2 —a2 X+a

dx
_[;=logx+c

Integrating on both sides we get

J‘ dw N E
(v +1)%-12 - X
1 v+1-1
:ﬁl il = logx + logC

(" logC is also an arbitrary constant)

1
z

=1

C
X

og = log

v+2
(“loga— logh = log G))

(. xloga = logaX)

Applying exponential on both sides, we get,

1
=>(_v ) _¢
(v+2) X
Squaring on both sides we get,
2
=>_Y _ (&
v+2 - (‘()

Since y = vx

we getv = %
¥ e2
:-?—x—z —
Z+2 x2
X

y -
=iy = =
— 3

z

>_Y <
v+ 2x %2

Cross multiplying on both sides we get,

= yx% = c2(y + 2x)

. The solution to the given differential equation is yx? = c2(y + 2x)
2. Question

Solve the following equations:



dy v-x

dx  y+x

Answer

Given Differential equation is :

Homogeneous equation: A equation is said to be homogeneous if f(zx,zy) = z"f(x,y) (where n is the order of
the homogeneous equation).

Let us assume:

_y—x
ﬂ:x!Y) - y 1+ x
_ zy-Ix
= f(zx, Z'_V) T ozy+zx
_ zXy—=x)
= f(ZX’ Z}’) - zX(y + x)
= flzx,zy) = 2% x T

¥+
= f(zx,zy) = 2f(x,y)

So, given differential equation is a homogeneous differential equation.

We need a substitution to solve this type of linear equation, and the substitution is y = vx.

Let us substitute this in (1)

= d(vx) _ vxx

dx VX + X

We know that:

d(uv) udv vdu

= — 4+ —
dx dx dx
vdx xdv _ xx(v-1)
X dx xx(v +1)
xdv v—1
dx v+1
xdv  v-1
de v+l
r v —y
- ﬂ _ v—1l-v-—v
dx v+1
. Y -1
= ﬂ _ (v +1)
dx v+1

Bringing like variables on one side we get,

(v +1)dv dx
= = ——
vitl X
vdv dv dx
= = ——=
v+l v+l X
1 Zvdv dv dx
= — = ——
2vE 41 visd x
=] ,
- Ed(‘. +1) dv _ _ E
2 vi+1l v+l X

We know that:



fdx—l +C
X_ng

and Also,

dx 1 X
- -1(Z
”[xz + at atan (a) ¢

Integrating on both sides, we get,

1 rdv® +1) dv. _ rdx
:2'[ vi+d J‘vz+1_ X
1 2 Lo t(%) = =
=>210g(v + 1) + [ tan (J = —logx + logC

(" LogC is an arbitrary constant)
: 2 -1(¥) _ <
=210g(v + 1) + tan (1) = log(x)

(“loga—logh = log (E))
Since y = vx,

we getv = ¥
X

= lﬁg((g)z + 1) + 2tan™? G) = log (?Z)

(" xloga = logaX)

- 10g(ﬂ) + 2tan? G) = 108(2_:)

= log(x* + y?)—log(x?) + 2tan™?! G) = log(c?) —log(x?)

= log(x* + y?)—log(c?) + Ztan‘l(g) =0

= log(x® + y?) + 2tan™! G) = K

(Assuming log(c?) = K a constant)

= The solution to the given differential equation is log(y? + x2) + 2tan'1(¥) =K

X

3. Question

Solve the following equations:

dy vy —-x~
dx 2xy
Answer

Given differential equation can be written as:

d __Z
=X Y= . (1)
dx 2xy

Homogeneous equation: A equation is said to be homogeneous if f(zx,zy) = z"f(x,y) (where n is the order of
the homogeneous equation).

Let us assume:

2 2

—X
2xy

y

flxy) =



= f(zxzy) = ==

2(zx)(zy)
zZx(y —x")
= flzx,zy) = )
z_.2
= f(zx,zy) = z“x%

= f(zx,zy) = 2f(x,y)

So, given differential equation is a homogeneous differential equation.

We need a substitution to solve this type of linear equation and the substitution is y = vx.
Let us substitute this in (1)

- dvx) _ (wvx)®—x2
dx 2(vx)x

We know that:

d(uv) udv = vdu
dx  dx dx

vdx xdv xZ(v2-1)
dx de  xZ(2v)
xdwv vi-1
2V 4+ — =
dx 2v
xdv v 1
sy + = =I-—
dx 2 2v
xdwv v 1
=— = —=— —
dx 2 2v
r P2
= xdv _ _ ve—1
dx 2v

Bringing like variables on one side we get,

2vdv dx
= = — —
vi-1 X
2
Sdv?+1)  dx
visd X

We know that:
dx
f; = logx + C

Integrating on both sides, we get,

divd +1 ds
:'[ E:Z++1] = _ff

= log(v2 + 1) = -logx + logC (- LogC is an arbitrary constant)
Since y = vx,

we getv = %

- og(() + 1) = rg(3)

(" loga—logbh = log (E))

Applying exponential on both sides, we get,



=>},2+3__,2
2

| &

X

2 2
S S

x
Cross multiplying on both sides we get,

= y?2 + x2 = Cx

. The solution for the given differential equation is y? + x2 = Cx.
4. Question

Solve the following equations:

dy
X—=X+Yy

dx
Answer

Give Differential equation is:

dy

= _—=
X X+y
S _ XY (1)
dx X

Homogeneous equation: A equation is said to be homogeneous if f(zx,zy) = z"f(x,y) (where n is the order of
the homogeneous equation).

Let us assume:

fxy) = - oy

= f(zx,zy) = 22

= fzx,zy) = ﬂ
= f(zx,zy) = 2°x 2

x
= f(zx,zy) = 29f(x,y)

So, given differential equation is a homogeneous differential equation.

We need a substitution to solve this type of linear equation and the substitution is y = vx.

Let us substitute this in (1)

=>-:i.(v:(] _ X+ VH

dx X

dluv)  udv + vdu
dx  dx dx

We know that

xdv vdx x(1 +v)

= — _— =
dx dx X
xdv
=—+v=1+v
dx
xdv
dx

Bringing like coefficients on same sides we get,
=dy = &
b 4

We know that fadx = ax + C and



Also,
dx
_[; = logx + C

Integrating on both sides, we get,

= [dv = %

=>Vv =logx + C

Since y = vx,

we get,
y

vV ==
X

:E = logx + C

Cross multiplying on both sides we get,

=y = xlogx + Cx

. The solution for the given differential equation is y = xlogx + Cx
5. Question

Solve the following equations:

(x? - y2)dx - 2xydy = 0

Answer

Given differential equation is:

= (x2 - y2)dx - 2xydy = 0

= (x2 - y2)dx = 2xydy

A ARG )

dx 2xy

Homogeneous equation: A equation is said to be homogeneous if f(zx,zy) = z"f(x,y) (where n is the order of
the homogeneous equation).

Let us assume f(x,y) = “:__;;'2
~f(mzy) = ST
= f(zx,zy) = z° x%

= f(zx,zy) = 2f(x,y)

So, given differential equation is a homogeneous differential equation.

We need a substitution to solve this type of linear equation and the substitution is y = vx.
Let us substitute this in (1)

R divx) _ x% —(vx)?
dx 2x(vx)




We know that:

d(uv) _udv  vdu

= — 4+ —
dx dx dx
= xdwv + vdx x®—vix®
dx de  2vx2
xdwv N (v
dx X2
¥ - ,2
= xdv + v = 1-v
dx 2v
xdv 1-—v=
de  2v
o xdv 1-v=—2v?
de 2v
xdv 1-3v2
dx Zv

Bringing Like variables on same sides we get,

2vdv dx
=

1-3v2 %

1 —6vdv dx

31-3v2 x

= - —_—
3 1-3v3 X

_1d(1-3w?)  dx
We know that:
| dx logx + C
_ = Q
< gx

Integrating on both sides, we get,

1 rd(1-3v%) _ rdx
:_Ef 1-3v2 f X

= —élogll —3v?| = logx — logC
("~ logC is an arbitrary constant)

Multiplying with -3 on both sides we get,

= log|1-3v2| = -3logx + 3logC

= log|1 — 3v?| = 3log (g)

(" loga—logh = log (E))

= log|1 —3v?| = log (E)g

(" alogx = logx?)

= log|1 —3v?| = log (i—:)

Applying exponential on both sides we get,

=1-3y2 = &

K2

Since y = vx, we get,



z 2
=1 3y &
%2 x3

2 o2 a
>3 &
x= x?

a

c

=x?-3y? = —

X

Cross multiplying on both sides we get,

= x(x? - 3y?) = 3

= x3 - 3xy?2 = K (say any arbitrary constant)

. The solution for the differential equation is x3 - 3xy2 = K
6. Question

Solve the following equations:

dy x+vy
dx x-y
Answer

Given differential equation is:

Homogeneous equation: A equation is said to be homogeneous if f(zx,zy) = z"f(x,y) (where n is the order of
the homogeneous equation).

Let us assume:

f(xy) = ;:;

= f(zx,zy) = %;"

= f(zx,zy) = H
= f(zx,zy) = z° x Y

x—¥
= f(zx,zy) = 29f(x,y)
So, given differential equation is a homogeneous differential equation.
We need a substitution to solve this type of linear equation and the substitution is y = vx.

Let us substitute this in (1)

ﬁd(‘vx] _ x+wx

dx X—VX

We know that:

d(uv) 3 udv . vdu
dx  dx dx

xdv vdx _ x(1+v)

dx dx x(1-v)




xdv 1+v

dx 1-w
xdwv 1+v
= — = —
dx 1-v
r r—r P2
= xdv _ 1+v—v+vV
dx 1-v
' 4 ,Z
= xdw _ 1+v
dx 1-v

Bringing like variables on same side we get,

= (1—v)dv _ dx
1+v2 X
1 vdv dx
= — = —
1+v2 1+v2 X
1 1 Zvdv dx
= v — - = —
1+ve 21 +wvw2 X
=
o 1 _1d(1+v%) _ dx
12 +v2 2 1+v?

We know that:

= = Tan 1 (%
| dx = ~tan (a) + Cand

a® +x=
Also,
f§ = logx + C
X
Integrating on both sides, we get,
St ogy i) g

1+v2 2 1+v2 X

r

1 _ v 1
= tan™ (z)—alog(l + v?) = logx + C
=>tan‘lv—ilogil + v?) = logx + C

Since y = vx, we get,

= tan~! G) - é x (log(x?* + y?) + log(x?)) = logx + C
(“loga—logh = log(%))
= tan-1 (E) _1 2 2 1 2y _

tan™* (2 2lcz-g(x + y9) + 2log(x ) = logx + C
ﬁtan‘le)—ilog(xz + y3) + log(xz)é = logx + C

(" alogx = logx?)

= tan~! G) - ilog(xz + y?) + logx = logx + C



=>t:;m‘le) = ilog(xz +y3)+C

- The solution for the given Differential equation is tan™! G) = llog(xz +y3)+C

2

7. Question

Solve the following equations:

Y 2 5
jx}r =X+ y©

dx
Answer

Given Differential equation is:

d
=2xyd—i = x? + y?

Homogeneous equation: A equation is said to be homogeneous if f(zx,zy) = z"f(x,y) (where n is the order of
the homogeneous equation).

Let us assume:

x? + y?
f[:X,Y) = W
_ (20® + (zy)®
= flz2y) = = e
2.2 e A4
= f(zx,zy) = —F—" xzz:;,}r
2%x(x* + y?)
:f[:ZX,ZY) = ZZX(EK}']
2 2
= f(zx,zy) = z° %

= f(zx,zy) = 29f(x,y)
So, given differential equation is a homogeneous differential equation.
We need a substitution to solve this type of linear equation, and the substitution is y = vx.

Let us substitute this in (1)

- divx) _ x% + (vx)®
dx 2x(vx)

We know that d&¥) _ udv , vdu

dx dx dx
. 2 2.2
:wd1+\dx_t+1.x
dx dx 2vx2
xdv 1y 2 (1 +v%)
dx %2 (2v)
xdv 1+v®
= + v =
dx 2v
. 2
= xdw _ 1+v
dx 2v
PR PP
= xdv _ l+v-w



Z
r —7
xdv 1-—w

dx 2v

Bringing like variables on same side we get,

2vdv dx
= —

1—v2 x

—2vdv  dx

1—v2 X

We know that:

dx
_[;=logx+c

= -log(1-v?) = logx + logC
= log(1-v2)! = log(Cx)
(" alogx = logx?)

(" loga + logb = logab)

1

= log (1-v2) = log(Cx)

Applying exponential on both sides, we get,

y
vV = -
X
1
= Cx
= z
1-(%)
1
= RTT = Cx
uZ
2
X
= Cx
X2 —y2
X
——=C
X2 —y2

Cross multiplying on both sides we get,

= x = C(x? - y2)

. The solution for the given Differential equation is x = C(X2-y2)
8. Question

Solve the following equations:

7 dV' ) 7
X —=X" -2y +Xy

dx
Answer
Given Differential equation is:

2
o X dy _

2 _ a2
™ X 2y© + xy



Homogeneous equation: A equation is said to be homogeneous if f(zx,zy) = z"f(x,y) (where n is the order of
the homogeneous equation).

2 a2
Let us assume f(x,y) = “23"%
X

(zx)®—2(zy)? + (zx)(zy)

= f(le ZY) = (zx)?
2.2 o 2 2 2
22 (x"-2y" + xy)
Sfmw) = e
3-.'2—21;2 + xy

= f(zx,zy) = z% x =

= f(zx,zy) = 2%f(x,y)
So, given differential equation is a homogeneous differential equation.
We need a substitution to solve this type of linear equation and the substitution is y = vx.

Let us substitute this in (1)

- divx) _ x? —2(vx)?® + x(vx)

dx %2

We know that 8@¥) _ udv 4 vdu

dx dx dx
. i 25,2 2

:E \_dx _x w2 +vx

dx dx x=

xdv ¥(l=2vi+vw

dx x2

xdwv 2
=—+v=1-2v- + v

dx

xdv
=— = 1-2v°

dx

Bringing like variables on same side we get,

dv dx
1-2v2 %
1 dw dx
== = —
2l gz X
2
dv 2dx
= z -
EIEE
vz

We know that:

dx 1 at+x
= = and
“[ a%—x2 EaIOg a—:-.'l +C
Also,

| dx logx + C
X ogx
Integrating on both sides, we get,

dv dx
By
— | —v

%) "



1
—=+Vv
Wz
1
—=—V

Va2

|
oL 08

=

= 2logx + logc

vz

(" log Cis an arbitrary constant)

142V
=%log —Z_| = Jogx? + logC
v ek
vz
(" alogx = logx?)
1 1+42v] 2
= ﬁlogl e log(Cx~)

(" loga + logb = logab)

Since y = vx,

we get,
y
v==
X
1 1+\,"§g:] _ 2
=>Elog 0| = log(Cx*)
L
X +42Z¥ |z
“logl2s| = log(Cx?)
X
L
= X+ \,"E}" vz _ 2
- log(Cx*)

Applying exponential on both sides we get,

.. The solution of the Differential equation is

X+ 42 =
—\;_Y = (sz)"z
X—2y

9. Question

Solve the following equations:

dV o) )
X}-’ T = X — '}.’ -
dx

Answer

Given Differential equation is:

Homogeneous equation: A equation is said to be homogeneous if f(zx,zy) = z"f(x,y) (where n is the order of
the homogeneous equation).

%2 —y?

Let us assume f(x,y) =



(zx)?—(zy)?

= f=m) = ey
oy = 7
- ) - T
= f(zx,zy) = z“x%_yz

= f(zx,zy) = 29f(x,y)

So, given differential equation is a homogeneous differential equation.

We need a substitution to solve this type of linear equation and the substitution is y = vx.
Let us substitute this in (1)

- d(vx) _ %2 —(vx)?

dx x(vx)

We know that 4&¥) _ vdw , udv

dx dx dx
= xdwv + vdx x®—vix®
dx dx vx?
xdwv N (v
dx T x%(w)

r -
= xdv +y = 1—v
dx v
. -1
= xdw _ 1—v= v
dx v
o xdv 11— —y2
de v
. -]
= xdw _ 1-2v
dx v

Bringing like on the same side we get,

vdv dx
= = —
1-2v2 X
1 —dvdv dx
= —— = —
41-2v2 X

=

_1d{1-2v®) _ dx
4 1-2v2 x

We know that [ % = logx + C

Integrating on both sides we get,

1 rd(1-2v®) - dx
:_Ef 1-2v=2 _“[ X

= —ilog(l —2v?) = logx + logC
(" logC is an arbitrary constant)
= log(1-2v?) = -4logx + 4logC

= log(1-2v?) = -logx* + logC?

(- xloga = logaX)



=log(1 —2v?) = log (Z_:)

(" loga—logbh = log (E))

Applying exponential on both sides we get,

cd

=1-2v? = <

Since y = vx, we get,

2y* c*
cl-a =2
X% x
25,2 a
e
x= x*
a
c
zx2_2y2=_2

Cross multiplying on both sides we get,
= x%(x2-2y2) = c*

- x4-2x2y2 = 4

~. The solution for the given differential equation is x#-2x2y2 = C4,

10. Question

Solve the following equations:
ye'Vdx = (xe* ¥ + }-')d}-'

Answer

Given Differential equation is:

X

= yevdx = (xel_f + y) dy

Homogeneous equation: A equation is said to be homogeneous if f(zx,zy) = z"f(x,y) (where n is the order of
the homogeneous equation).

Let us assume:

X

xe§ +y
fxy) = —=—
yey
:f(ZX,Z}’) _ zxezy:zy
zyeZ¥

= f(zx,zy)



£
= f(zx,zy) = z° xﬂg—y
ye¥
= f(zx,zy) = 29f(x,y)
So, given differential equation is a homogeneous differential equation.
We need a substitution to solve this type of linear equation and the substitution is x = vy.

Let us substitute this in (1)

¥

- divy) _ vye¥ +y
dy =
ye¥

We know that:

d(uv) 3 udv  vdu

- — 4+ —
dx dx dx
dwv v
Y LYY Ly
dy dy ye¥
dv -
st v=eV+y
dy
dv -
S - eVt y—v
dy

dv .
= H e_"
dy

Bringing like variables on the same side we get,

: d
sevdv = &
¥

We know that [e*dx = eX + C and
| dx logx + C

X ogx
Integrating on both sides, we get,

:_[e"dv=f%

=eY=logy + C
Since x = vy, we getv = ;

X
Zev = logy + C
.. The solution for the given Differential equation is ez = logy + C

11. Question

Solve the following differential equations :

9 d‘_-" 7 9
X°—=X"+Xy+y~
Answer
Here,

d
xz—y=x2+xy+y2

dx



dy x* +xy+y?
dx x?

It is a homogeneous equation

Put y = vx
And ¥ _ av
dx v+ de
So,
dv (%% + xvx + v?x?)
V+x— =
dx x?
dv
Xx—=1+v+vi-v
dx
dv 1+ v?
X— = v
dx
Integrating Both Sides we get,
J’ dv dx
1+ vz X
tan"lv = loglx| + ¢
Y

tan = loglx| + ¢
” glx|

12. Question

Solve the following differential equations :
(v* —2xy)dx =(x* - 2xy )dy

Answer
Here, (y2 - 2xy)dx = (x2 - 2xy)dy

dy y*—2xy
dx  x2— 2xy

It is a homogeneous equation
Puty = vx

d dv
And & — &
dx v+ de

So,

. dv  vix?—2xvx
v de X2 — 2XVX

N dv  v?—2v
V+x— =

dx 1—2v

dv  vZ-—-2v
X— = -

dx 1-—2v

dv  vZ—-2v—v + 2v?
de N 1—2v

dv  3vZ-—-3vy

Xx T 1-2v



1—2v dx

TCaE Rl
—(2v—1) dv = dx
3(v2—v) Ve
(2v—1) dx
iy =37

Integrating Both Sides we get,

(2v—1) - dx
(vi—v) - X
loglv? —v| = —3log|x| + logc
C
vi-v = <3
y_y_<
x2 x x3

C
2 _ _ -
Vo =Xy X
x(y? - xy) = ¢
13. Question

Solve the following differential equations :
2xy dx +(x” + 2}-‘2)d}-' =0

Answer
Here, 2xydx + ( x2 + 2y2 ) dy = 0

dy 2xy

E_x2+2y2

It is a homogeneous equation

Puty = vx
And & _ dv
dx v de
So,
N dv 2XVX
V+Ex— = —"-——
dx x2 + 2v2x?
N dv 2v
v de 1+ 2v2
dv 2v
X—=—"-—+-—YV
dx 1+ 2v2
dv  2v—v—2v3
X— = ——
dx 1+ 2v2

dv v —2vy3
dx =~ 1 + 2v2

Integrating Both Sides we get,

[0y = [ ()

v=2v3 x



1+ 2v? 1+ 2v?

v—2v:  y(1-2v2?)

1+ 2v? A+Bv+c
v(l—2v2) v 1-—2v2

1+2v  A(1-2v?) + (Bv + 0)(v)
v(l—2v2) v(1l— 2v?)

1+2v2=A-2Av2+BVv2 +cv
1+2v2=Vv3(-2A+B)+cv+A

Comparing the coefficients of like power of v,
A=1

C=0

-2A+B =2

-2+B=2

B=4

+ 4v
1—2v?

1+ 2v?

v(l—2v2)

o)1, 40

Ba-2) & 120

14. Question

1
v

Solve the following differential equations :
3x dy =(3xy —}-'g)dx

Answer

Here, 3x2dy = (3xy + y?)dx
dy 3xy + y?

dx 3x2

It is a homogeneous equation
Puty = vx

d: dw
And & _ v + Xx—
dx dx

So,

N dv  3xvx + v?x?
vV+x— = —n——
dx 3x2

N dv  3v + v?
V+x— = ——
dx 3
dv 3 + v?

de N 3

-V

dv. 3v + vZ—3v
dx 3



dv = v?

&x3

Integrating both sides we get,

1 dx
3J-—2dV= —
v X

15. Question

Solve the following differential equations :

dy X
dx 2y +x
Answer
d; ;
Here' s — _*
dx 2y +x

It is a homogeneous equation

Puty = vx
And & _ dv
dx v de
So,
N dv X
V+ix—=——
dx 2vx + X
N dv 1
v de T 2v+ 1
dv 1
X_

dx=2v+ 1_V

dv. 1—-2vi—v
de To2v+ 1

Integrating both sides we get,

J’ 2v+ 1 dx
1—2V2—Vv_ X
J‘ 2v + 1 dx
_ —av = R
2vi +v—1 X
IJ' v + 2 d dx
2 2V2+V—1v_ X
J’4V+l+1d dx
2V2+V—1v_ X

+

J’ v+ 1 q J’ 1
7"? —_—
2vi + v—1 2vi +v—1

J- w1 1J- 1
W rv—1""13 v
7

+

dv = —2

dx
X



et ey e
4v + 1 1 1 dx
J-ZVE + V—:L'dV EJ- N 1)2_@)2“ = 2%
7 Z
BTN e
2 _ _ = —
log|2v® + v—1| + sz(g)log . % +% 2log|x| + logc

16. Question

Solve the following differential equations :
(x+2y)dx—(2x—y)dy =0

Answer

Here, (x + 2y)dx - (2x -y)dy =0

dy x+ 2y

dx  2x-y

It is a homogeneous equation

Puty = vx
And & _ dv
dx V+de
So,
N dv X+ 2vx
V+x— = ——
dx 2X— VX
N dv 1+ 2v
v de_ 2—v
dv 1+ 2v
X— = -V
dx 2—v
dv 1+ 2v—2v + v?
de_ 2—v
dv. 1 + v?
H— =
dx 2—v

Integrating both sides we get,

J‘ 2—v d dx
1+ vz VT %

J’ 2 d J’ v d dx
1+ ve v 1+ ve V= X

1
Ztan‘lv—ilogll + v?| = log|x| + logc

1
2tan~'v = log|xc| + log|1 + v?|2

- 1
et v — (1 + v2)axc

1
2 2 =
etan_lg _ [(y +X )]2XC
X2



1

¥ 1
etan % = {(yz + xg)}ic
17. Question

Solve the following differential equations :

dy 'y
dx x
Answer

Here, &¥ _ ¥_ [¥°_4
dx X X

It is a homogeneous equation

Puty = vx
And & _ dv
dx V+de
So,
N dv VX vixe 1
V+Ex— = —— -
d X x2
V+tEx—=v—yvi-1
dx
dv J—
— 2
X— = —yv2—-1
dx v

Integrating both sides we get,

J‘ J‘ dx
\..'V2 —

loglv + 4JvZ— | = —log|x| + logc
g +vi-1) =

y+V(y2-x2)=c
18. Question

Solve the following differential equations :

dv v

— =={log y-log x +1}
dx x

Answer

& = tloe () + 1)

It is a homogeneous equation

Puty = vx



+ 3 _ Vlogy +
v XdX—VOgV v

dv_l
xdx—vogv

Integrating both sides we get,

1 dx
J- dv = | —
vilogv X

log log v = log|x| + logc

log v = xc

log y/x = xc

y = xeX¢
19. Question

Solve the following differential equations :

d}.' }.‘ . }.* A

—=+sm| =~
X X

Answer

d; .

T =¥ sin (E)

dx X X

It is a homogeneous equation

Puty = vx
And & _ dv
dx v de

So,

N dv + sin(v)
vV+X—=1v sin(v

dx

dv
X— = sin(v

= (v)

dx
cosecvdv = g

Integrating both sides we get,

dx

J-cosecv dv =
X

v
logtani = logx + logc

. v

an— = cx
2
y

tan— = cx
2xX

20. Question

Solve the following differential equations :



yldx+(x* —xy +y?)dy =0

Answer

y? + (x* - xy + y?)dy = 0
dy y’
dx  x2—xy + y2

It is a homogeneous equation

Puty = vx
And & _ dv
dx V+de
So,
. dv —x2y?
V+Xx— = —
d X2 —xvx + vixe
. dv —v?2
V+Ex—= —————
dx 1—v + ve
dv —v?
X—=——""———%V
dx 1—v + v2
—vi—v + vi—y3
1—v + ve
dv —v—v3

X— = ———
dx 1—v + v

1—v + v2 dx

e R

Integrating both sides we get,

(RS
( Jav=—

1+ ve
J’ld +J‘ 1 dv - dx
v 1+ T )%
—log|v| + tan~'v = log|x| + logc

10g|§| + tan‘lg) = logc

tan~t

—
S
Il

1 — log—
Qg XC 0

tan™?!

o~

—
Il
=)

aq

1

T T B e - R’

—

—
Il
=}
=]
3
S

tan™

tan—
e an

=

21. Question

Solve the following differential equations :

[xnxg +y? —y? |dx—xy dy =0



Answer

Here, [x,/xZ + yZ —y?]dx + xydy = 0

dy  [x/x2 + y2 —y7]
dx ~ Xy

It is a homogeneous equation

Puty = vx
And & _ av
dx v+ de
So,
dv [xvxZ + vixZ — x?v?]
V+x— = —
dx XVX
dv [V1+ vZ—v?]
V+x— = —
dx v
dv [V1+ vZ—v?]
X— = — —
dx v
dv [V1 + vZ—v?]—v?
X— = —
dx v
dv [V1 + vZ]
X— = -
dx v

Integrating both sides we get,

J‘ v d dx
— v = — _
V1 + ve X
1 2v dx
-f—dv B
2041 + v? X

letl +Vv2 =t

Differentiating both sides we get,

2vdv = dt

1J’ 1 dt dx

2 \."’E N X

1

7% 2yt = —log|x| + logc
—_— C
V1 + v = 10g|—|

X

Jx2 +y? C

S = log[]
22. Question

Solve the following differential equations :

dy oy
3

X—=V-—Xcos"
dx

Answer



d
Here, x 7% = y — xcos’ (F)

ay (ot (§))

dx X

It is a homogeneous equation
Puty = vx

d dv
And & — &
dx v+ de

So,
2 (VX
dV VX — XCO0Ss ?
V+xXx— =
dx X
dv 5
V+ X— = V—COS°V
dx
dv 5
X— = V—CO8°V—V
dx
dv .
X— = —CO8°V
dx
dv dx
cos2v X

Integrating Both sides we get,

J’ 5 dx

seccvdv = — | —

X

tanv = - log|x| + logc
Vv C
tan- = —lo |—|
X & X

23. Question

Solve the following differential equations :

Ede—stin EJ—CDS EJ}d}’ =0
X 1}’ X x

Answer

Here, gcos (}') dx — Esin (F) + cos (}')}dy =0

A
—CO0s
X

X X X

ay __ (Geos(§))

dx %sin@) + cos @)

It is a homogeneous equation

Puty = vx

V+Xx— =
X . (VX VX
dx  Zgip (?) + cos (—)



VvV COsv

1.
7 Sinv + cosv

dv vZcosv
V+Ex—= ———
dx sinv + vcosv
dv vZcosv
X—=——"""—0—v
dx sinv + vcosv
dv  vZcosv—vsinv—vZcosv
X— = ,
dx sinv + vcosv
dv —vsinv

i—= ————
dx sinv + vcosv

sinv + vcosv dx

vsinv X

Integrating both sides we get,

f G * “’“’) dv = —loglx| + logc
loglv] + log|sinv| = 10g|§|
log|vsinv| = 1og|§|

e -

poud] - I

|3fsin§| =

24. Question

Solve the following differential equations :
X ‘ [ ) ) X \

xy log| — |[dx+{y  —x"log| — | ;dv =0
y | y

Answer

Here, xyloge) dx + {yz —x? loge)}dy =0

dy x%log @) —y?

dx xy log @)

It is a homogeneous equation

Put x = vy
dx dv
And i + Va

So,




dv  vZlog(v)—1

Y (D)

dv  v?log(v)—1

yd_.?_ Vlog(%) -

dv  vZlog(v) —1—v?logv

y— =
d vy
¥ vlog ( y )
dv 1
Yoo = -
dy vlogv

Integrating both sides we get,

dy
vlo dv=—f—
[ vioss ;

1
logvvadv —J-;vadvdv = —logl|y| + logc

Itegration it by parts

vzl J’l Vzd | |-:|
—logv— | = x—dv = log |-
2 & v 2 & v

Vzl lJ’d_1 |c|
5 logv—= [ vdv = 0gy

vzl v 1 ||:|
S logv — - = ogy

s3] = el
> |logv = -:)gy

C
7 [“’8“5 = 1"g|§|

25. Question

Solve the following differential equations :

Le¥ ]dx—e"[l—Xde:O
v

Answer

Here, (1 + e§)dx + 95(1—3(1}’ =0

It is a homogeneous equation

Put x = vy
And FE + v = %
dy dy



vy

- vy

dv ey (1_?)

Y3v Y

dy (1 + e}’)
dv e"(1—v)
ydy (1 + ev)

dv. —e"(1—-v)—v(1l + e")
ydy 1+ ev

Integrating both sides wee get,

J' 1+ e dv — J’l g
—ev(1—-v)—v(1 + ev) Vo= y y

E
X +yey =c

26. Question

Solve the following differential equations :
.9 o) dV 2 2
(X"+y")—=8x"—-3xy +2y~

dx
Answer

Here,(x? + yg)% = 8x? —3xy + 2y?

dy  8x*—3xy + 2y’
dx (x2 + y?2

It is homogeneous equation

Puty = vx
dx dx
So,
dv . 8x% — 3xvx + 2vZx?
x TV T (x2 + vZx?)

dv. 8—3v + 2v?
dx 1+ v2

dv. 8-—3v + 2vZ—v?

dx 1+ v?

dv. 8—3v + 2vZ —v3
H— =

dx 1+ v2

Integrating both sides we get,

J’ 1+ v? i J’:Ld
8—4v + 2vE —vy3 Vo= X X

J’ 1+ v? i _J’ld
4(2—v) + vZ(2—vV) V)™

Iidv = f%dx ...... (A)

(2—v)(v? +4)




1+ v? Ax+B+ C
2-v)(vZ+4) 4+vZ 2-v

1+v?=v3(-A+C) + v(2A + B) + 2B + 4C

Comparing the coefficient of like power of v

B=2A.... (ii)
2B+4C=1...... (iii)
Solving eq. (i),(ii) and (iii),
A=-3/8B=-3/4,C=5/8

Using eq.(A)

S¢-3 57 C d

“8% 3 x

. f—d =

4 +vz Vgl a2z X

3J’V+2d +5J’ 1 d dx

82+ vV T8l2v"V T /%

BJ’ v q BJ’ 1 d +5J’ 1 dv dx
8l a+ vz 8laz+ve T8l2—v X
> Jogl4 + v2|— ~tan~t v — 2log|2— v| = loglx| + 1
g log vi| - gtan™ o —2logl2—v oglx ogc

[1.;.g|4 + v2|15 + ogestan ‘z) + loglz—vlg] = logxc

3

(4 + v3)i6
—3 X
X8 X

J (Zx y)s C

T tan

Wl

1¥
(4 + v2)1ﬁ X (2x— y)s = cest““ o
27. Question

Solve the following differential equations :
(x3 —ZX}f)d}f—(xj —3)(}"—:}"2)(1)(:0
Answer

(x2—2xy)dy + (x*—3xy + 2y?)dx = 0

dy x?—3xy + 2y?
dx 2xy —x?

It is a homogeneous equation

Puty = vx
dx dx
So,
dv x% — 3xvx + 2vZx?
X— 4+ v =

dx 2xvy — x2



dv. 1-—3v + 2v?

=TT w—1 "
dv 1-—2v

H— =

dx 2v—1

dv 1

de N

Integrating both sides we get,

1
J-dv=—f—dx
X

v = —logx + ¢
y —_— —

<= logx + ¢
28. Question

Solve the following differential equations :
X

dy y
Here, x¥ = v —xcos? (—)
dx y X

dv ')
X—=V — X Cos™
dx

Answer

dy y — X cos? g)
< x

It is a homogeneous equation

Puty = vx

v—cos’v—v

bt
|
Il

—cos?v

Integrating Both Sides we get,

1dv 1
J- > =—J-—dx
cosZv X

sec’v = — | —dx
X

tanv =-log x + log c

¥y _ €
tan .= logx

29. Question

Solve the following differential equations :



Answer

Here, x%_ y = 2/yz—x?
dy _ 2Jy?—x2 +y

dx X

It is a homogeneous equation

Puty = vx
dv dy
And + = =
=TV T &
So,
dv 2yvex2 —x2 + vx
X— + vV =
dx X
dv =
X— = vz —
dx v

Integrating Both Sides we get,

1 1
dv=2J-—dx
J-\-Vz—l X

log (v+mivz_1) =2logx +logc
log (v + 2 —1) =log cx?

(V+v2-1) =cx?

y+ y?—x% = x*

30. Question

Solve the following differential equations :
¥y 1 -
— lydx+xdy=ysin
X

XCos

v
= J {xdy —ydx}
X

Answer

X COS G) {ydx + xdy} = ysin G) {xdy — ydx}

VX COS G) + x? cos(g)g = xysin G) - yzsiné)

dy ~ —xycos (g) —y? sin(%)
dx —yxsing) + x2 cos(g)

It is a homogeneous equation

Puty = vx



dv dy

And —
X— + vV =
dx dx
So,
VX . VX
dv —xvxcos () — vx’sin(3)
X— + vV =
dx _ (VX 2 VX
vxx sin + x?cos(—)
X X
dv —vcosv — vZsiny
X— = — , -
dx COSV — v sinv
dv —2VCOsV
Xx—= ——
dx COSV — v sinv

Integrating Both sides we get,

J‘ cosv — vsinv

1
dv = —Zf—dx
VCOSV X

1 1
J-(——tanv)dv = —ZJ-— dx

v X
logv-logsecv=-2logx+c

log (—) = log =
secv xZ

C
yeos() =

31. Question

Solve the following differential equations :
(X2 + 3xy + y?)dx - x2dy=0

Answer

Here, (x? + 3xy + y?)dx-x*dy = 0

dy x? + 3xy +y?

dx x2

It is a homogeneous equation

Puty = vx
dx dx
So,
dv x? + 3xvx + v?x?
X— + vV =
dx x2
dv
Xx— =14+ 3v+vi—-v
dx
dv + 1)?
de = (v )

Integrating Both Sides we get,

fﬁdv=f%dx

1
v—1

= logx—c



X+y+logx=c

32. Question

Solve the following differential equations :

(X —y)—=x+2y
X

Answer
Here, (X—}’)% = ¥ + 23{

dy x+ 2y
dx  x—vy

It is a homogeneous equation

Puty = vx

dx dx
So,
dv X + 2vx
X—+v=—+H+
dx X— VX
dv 1+ 2v
X— = -V
dx 1—v
dv. 1+ v + v?
de_ 1—v

Integrating Both Sides we get,

J’ 1—v J’d
1+V+V2 x
1J’ 2v—2 J’d
2 1+V+V2 X

(2v+ 1) -3 1
—dv=—2J-—dx
1+ v+ ve X

(2v + 1) 3
1+ v+ v2 dv_f 1 1
v+ 2v(3) + (3)
[: 2) 2 1 V+%
log(l + v+ v —3(—)‘5311‘
g \."'5 E
2

2y + X
log(y? + xy + x2) = Zm@tan‘l( Y )

33. Question

Solve the following differential equations :

("‘x v+ )dx (X}-'3 —SXB)d}-’:O
Answer

(2x%y + y3)dx + (xy?—3x%*)dy = 0

—2logx + ¢



dy  (x%y +y?%)
dx  (xy?-—3x3?)

It is a homogeneous equation
Puty = vx

So,

dv (2x%vx + v3x%)
X—+v =
dx (—xv2x2 + 3x3)

dv. (2v + v3)
ax T (—v2 + 3)

dv (2v3 —v)
ax T (—v2 + 3)

Integrating Both Sides We get,

(—v? + 3)
(ng—v) J- dx

(v +3) A Bv+C

v -1 v (@ve-1)

3—v2 = A(2vi-1) + (Bv + Q)v

3—v? = (2A+Bv?+ Cv—-A
Comparing the coefficient of like power of v
A=-3

C=0

And2A+B=-1

=sB=5

So,

-3
J-—dv+f22_1 J- dx
—BJ- dv + J-zz_ldv—f dx

-3logv +zl-::og(2*i.='2 —1) = logx + logc

-121log v +5log(2v? — 1) = 4logx + 4logc
(2v:-1)°
VIE

x2c4y12 _ Zyz—xz

34. Question
Solve the following differential equations :

y
-_Jzo
X

dy .
X — —y+Xsin
dx




Answer

dy AT
X———y + xsin (;) =0
dy B y—xsin[%)

dx X

It is a homogeneous equation

Puty = vx
dv dy
And + = =
Tax TV T &
So,
dv VX — xsin(%)
X—+v= —"
dx X
dv .
Xgo = vosinv—v

Integrating Both Sides we get,

1
J-cosecvdv = —J-— dx
X

log (cosec v + cot v) = - log <
X

log (cosec v + cot v) = log=
C
(1 + cos(d))  x
N
sin (x)
. (¥ y
v — 1+ il
x sin (x) cf cos(x))
35. Question
Solve the following differential equations :

L J} dy — 2xdy =0

ydx —J xlog
1 X

Answer

ydx + [xlog G)}dy— 2xdy = 0

y + xlogg)g - ng =0
dyv__ v
dx Zx—xlog@)

It is a homogeneous equation,

Puty = vx
dv dy
And N
de v dx

So,



v o v
Tax T T Zx—xlog(%)

dv v

Yax T 2- logv

dv. v—2v + vlogv
¥ ax 2 —logv

Integrating both sides we get,

J‘ —logv J‘

= dx
-V + vlogv
Letlogv-1=t

1
—dv = dt
v

J-t_ld‘t— J'ld
(t) B x
-logt=log<

log v - log(log v - 1) = log=
X
v C
gloglz) — - (logv—1)

y = cog(%) - 13

36 A. Question

Solve each of the following initial value problems
(x2 4+ y2)d x = 2xy dy, y(1) = 0

Answer

(x2 + y?)dx = 2xy dy, y(1) = 0

dy x% + y?

dx 2xy

It is a homogenous equation

Puty = vx
dv dy
And + = =
=TV T &
So,
dv X° 4+ vX
TV T T
dv 1+v
X— = -
dx 2v
dv 1+ ve—2v
x T 2v

dv.  1-—v2
de 2v

Integrating both sides we get,



J’ZV q _J’ld
1—ve V= xx

log (1 -v2) = -log(x) + log c
log (1 -vy2) =log=<
X

putv =12

X

Puty =0,x=1ineq. (1),
1-0=c

c=1

put value of c in eq,(1),
(x*-y?) = x

36 B. Question

Solve each of the following initial value problems

xeX V—xE:O'Y(e) =0
Tdx

Answer

v
Xex —y + x? =0ye)=0

.4

dy y—xe%

dx X

It is a homogeneous equation

Puty = vx
dv dy
And + - =
*ax TV T i
So,
VX
dv VX — Xex
X— 4+ v =
dx X
dv .
X—=vi—e"—vVv
dx
dv .
de = —ea

On integrating both sides,

1
J-—e"dv=f—dx
X

av =log xc
v = log(log xc)

put value of v,



{ =log(log x) + k ...... (1)

Puty=0,x=¢e

0 =elog(log e) + k

k=0
putin eq. (1),
y = x log(log(x))

36 C. Question

Solve each of the following initial value problems

dv v v

— —=—+cosec==0,y(1)=0
dx X

Answer

dy

ZF_ Y4 cosec = 0y(1)=0
dx X X

It is a homogeneous equation

Puty = vx
dx dx
So,
dv VX VX
X— + Vv = — + cosec—
dx X X
dv
X— = V—C0Secv—yv
dx
dv
X— = —COSecv
dx

Integrating both sides we get,

1 1
J- dv = —J-— dx
COSecv X

1
J-sinvdv=—f—dx
X

-cosv=-logx+c

put value of v,

—cos%=—logx+c ...... (1)

Puty =0, x = 1,We have

1"——Iogx—l

.4

- COS

log x = cos% -1
36 D. Question

Solve each of the following initial value problems



(xy-y2)dx+x2dy=0,y(1) = 1
Answer

(Xy —y?)dx —x2dy = 0,y(1) =
dy xy—y*
dx x?

It is a homogeneous equation

Puty = vx
dv dy
And  —_ —
de+v dx
So,
dv+ _xvx—vzxz
de V= X2
dv_ )
xdx—v VE—v
dv
o 2
de v
1 1
— —2dV=J-—dX
v X
(~5) = tox +
7)) = 0gX + C
=logx + ¢

Puty=1,x=1
c=1
Using equation(1),
x =y(log x + 1)

X
V= logx + 1
36 E. Question

Solve each of the following initial value problems

dy v(x+2y)

— = T y(l)=2
dx x(2x+y)
Answer
dy _ 2 gy dy M
dx  x(2zx+y) dx X(2x + y)

It is a homogeneous equation

Puty = vx
dv dy
And N
de v dx

So,



dv_v -V
de_2+v
24+ v dx
2 dv = —
vZ—v X
[5=dv = [2dx. (1)

2+v A+ B
viv—1) v v-—1

2+v=(A+B)v-A

Comparing the coefficient of like power of v,
A=-2

A+B=1

-2+B=1

B=3

Using in eq. (1)

-2 1 1
J-—dv+3J- dV=J-—dX
v v—1 X

-2logv+3log(v-1)=logx +c

(v—1)° = vZ cx

Put the value of v,

(y—x?® ¥’
X3 = X_ECX

—x° _y*
x3 X

36 F. Question

Solve each of the following initial value problems
(v*-2x%y )dx—(:‘l4 — 2xy°> )d}-':O

Answer

(v*—2x3y)dx + (x*—2xy3)dy = 0

dy 2x°y—y*
dx  x*— 2xy3

It is @ homogeneous equation

Puty = vx
dv dy
And N
de v dx

So,



dv 2x3vx — vix®
X—+V= ——
dx x4+ — 2xvix3

dv = 2v-—v*?

dx 1—2v3_v

dv v+ v

dx 1— 2v3
1-—2v3 dx
= dv = —
v+ v X
1-2v? 1
— (2 d% .n.. a
J"'.’3+vd fxdx ( )
1-—2v3 A+ B N Cx+ D
viv+ D(vi-v+1) v v+1 vZ-v+1

1—-2v? = A(v? + 1) + Bv(v?—v + 1) + (Cx + D)(v? + v)
1-2v2 =vA+B+C+v(-B+C+D)+v(B+D) +A
Comparing coefficients of like power of v,

A=1.... (1)

Solving eq.(1),(2),(3) and (40,We get,
A=1B=-1C=-2D=1

Using eq. (a)

1 1 2v—1 1
[Tar [ ar= [ 2 g [l
v v +1 vi—-v + 1 X

logv-log(v+1)-loglyg? —v + 1) =log xc

W

log ( ) = log xc
+1

.,_,3
36 G. Question

Solve each of the following initial value problems
x(x’ —3}-‘3)dx—y(y2 —3)(2)(1}"20 y(l) =1

Answer
Here, x(x? + 3y?)dx + y(y? + 3x%)dy = 0y(1) =1

dy  x(x* + 3y%)
dx y(y? + 3x?)

It is homogeneous equation

Puty = vx

dv dy
And —
de v dx

So,



dv x(x? + 3vix?)
Xx—+v=—
dx vx(vix? + 3x2)

dv 1+ 3v?
Yax ~ v(vZ + 3) v

dv. —v*—6v—1
ax v(vZ: + 3)

v(vi + 3) dx
—dv=—
—vt—6v—1
J’V(V +3) J’ dx
—V4—6V—1
J-4V + 12v 4}’ q
v"f+6v+1 B X
log (v* + 6v + 1) =log=

X

(v* + 6v + 1)=x% ------ (1)
Put value of v,

(y* + 6y*x* + xY) =
Puty=1x=1

c=28

putin eq. (1),

(y* + 6y*x* + x*) =8

36 H. Question

Solve each of the following initial value problems

EJ—}-}dx—xd}f:(}
X

[X51112 G) — y} dx + xdy =
)

{ xsin’

Answer

X dx
Putv ==
And XE v = dy
d dx
So,
- dv
sin“v+v=v+x—
dx
1 1
— = —dx
sin?v X

Integrating both sides,



1 1
J-,zdv=J-—dx
sin?v X

-cotv=Ilogx+c

- cot (E) =logXx +cC...... (2)
Putx =1,y =E in eq. (2)
c=-1

put in eq.(2),

—cot(§)= log x - 1

36 1. Question

Solve each of the following initial value problems

dy [y
X— —y+xsin| = |=0,y(2) =x
dx X
Answer
dy AT —
X~y + xsm(;) = 0,y(2) =x

It is homogeneous equation,

Puty = vx
dx dx
So,
dv N . (vx) N VX
X— + v = —sin {— —
dx X X
dv .
X— = —sinv
dx
dv dx
sinv X
cosecvdv = _ %
X
-log (coscev + cotv) =-logx + ¢

Puty = 1,x = 2,We have,
c=0.301

now,

- log (cosec(%) + cot({)) =-log x + 0.301

37. Question

v

X

dy
—— = ycCos

v

X

Find the particular solution of the differential equation x cos + X given that when x =

1,y=n/4
Answer

Consider the given equation



xcos($) < = yeos(?) +x

dy ycos(g) +x

dx  xcos @)

this is homogeneous equation,

Puty = vx
dx
So,
dv VX COS (%) +x
XE + v = VX
X COS (?)
dv vecosv + 1
X— = ———7v
dx COSV
dv 1

sin v COSV

cos v dv = &

X

1
J-cosvdv = J-— dx
X

sinv=logx+c
sin (K) = logx + c...... (1)

Putx=1,y =E in eq.(1),

c=L
V2

now,

(¥ 1
sin (E) = logx + w"_i
38. Question

. . : : : . dy .
Find the particular solution of the differential equation (X - V)—':X— 2v given that whenx =1,y =0

ik )

Answer
Consider the given equation,
dy
—y)—=x+ 2
(x—y)g =x+2

dy x+ 2y
dx  x—vy

It is a homogeneous equation
Puty = vx



So,

dv X+ 2vx
X—+v=—""+
dx X— VX
dv 1+ 2v
X— = -
dx 1—v

dv. 1+ v+ v?
X_ —_—
dx 1—v

J’ 1—v q J’ld
1+V+V2V_ x
1J’ 2v—2 J’d
2 1+V+V2 X

(2v+ 1) -3 1
—dv=—2J-—dx
1+ v+ ve X

(2v + 1) 3 1
—dV—J- 5 dV=—2J-—dX

1+ v+ v2
2+2V +

L\.:lli—1
|
e
B =
o —
+
'_i

Bd] =

E
2
log(1 + v + v3)—3 tan ( = —2logx + ¢

L‘-*Ic.:n

Og(}’ +Xy+X)—2\, tan~ ( ,§ Covenns (1)

Putx=1,y=0ineq.(1)

C =

mik

Thus,

2y + x) 4 s
X\.@ \,"'5

log(y? + xy + x%) = Zx.@tan‘l(

39. Question

dy Xy
Find the particular solution of the differential equation —=-———- given that wheny =1, x =0

5

X“+y°
Answer

dy Xy
dx %2 +y?

From (1) we have,

dv_l_ 1

X— + v =

dx 1
V-I—V

Integrating on both sides we have



ﬁ—logv = logx + ¢

%22 = log(ixx) + Coeee (2)

Putx=0y=1
0 =log(l) + c
c=0

From equation (2) we have
X?
252 = log(y)

40. Question

Show that the family of curves for which d_‘: x

dx

Answer

Differentiate both side,
2x dx - Cdx = 2y dy

dy _ 2x—c (ii)

dx 2y

Put equation (i) in equation(ii),We get,

2

X2 —
dy 2 ()

dx 2y

dy 2x*—x* +y’
dx 2Xy

dy x? +y?

dx  2xy

Hence prove.

Exercise 22.10
1. Question

Solve the following differential equations :

dy i
1 :}' — EB}.

dx
Answer

Formula:-

- . . e dy _
(i) if a differential equation is = + Py = Q.

then y(.F) = [Q.(l.F)dx + c, where I.F = /Pdx

) )

is given by x” —v? =(Cx
2xXy ’



(ii) Jdx =x + ¢
eax
(i) [ e**dx = = +cC

dy
Here, = = p3x
Ix + 2y e

This is a linear differential equation, comparing it with

ElE+PY=Q
dx
P=2Q=e¥
I.F = e/Pdx

= eJ2dx

= @2X

multiplying both the sides by I.F

dy

2x 2x 2x ,3x

et — 4 p= 2y = e“F e
dx y

dy -
= EE:\-:_ + e?xz — e:x
dx y

Integrating it with respect to x,

ye2X = [e>X dx + ¢

e':\-.'
= ye’* = — + ¢
5

ES}.’
=>y=?+CE_

2x

2. Question

Solve the following differential equations :

Lo 8y = S5e~%
dx

Answer

Formula:-

(i) If a differential equation is L TR =Q
then y(I.F) = [Q.(I.F)dx + ¢, where I.F = g/Pdx

(i) Jdx = x + ¢

ea:\-.'
(iii) [ e*™dx = el

Given:-

dy Ge 3%
— + 2y =

dx y 4

This is a linear differential equation, comparing it with



dy
T =Q

P=2,

Be™3%

Q="

|.F = eJPdx
= el2Pdx
= @2X
Solution of the equation is given by
y(l.F) = [Q.(l.LF)dx + ¢

Be~3x

= ye?* = | e?¥dx + ¢

5
= ye?* = | Ee‘xdx +c

= ye’* = Te‘xdx +c

=y = Te‘“ + ce %

3. Question

Solve the following differential equations :
dy

+2y =6e"

Answer

Formula:-

o . . i dy _
(i) if a differential equation is dx + Py = Q,

then y(I.F) = [Q.(I.F)dx + ¢, where I.F = g/Pdx

(ii) Jdx =x + ¢
eax
(i) [ e**dx = = +cC

dy
Here, = = @3x
Ix + 2y e

This is a linear differential equation, comparing it with

EE+IT==Q
dx
P=2,Q=6€&
I.F = e/Pdx

= el2Pdx

= @2

Solution of the equation is given by



y(L.F) = [Q.(I.F)dx + ¢
= ye?X = [6eX e2X dx + ¢

= ye?X = [6e3X dx + ¢

3Ix

= y(e*™) = +c

3

= ye2X = 2e3% 4 ¢
=y = 2e3 + ce X
4. Question

Solve the following differential equations :
L }-‘ = e—:)\l

Answer

Formula:-

. . . i dy _
(i) if a differential equation is d_\_ + Py = Q,

then y(I.F) = [Q.(I.F)dx + ¢, where I.F = g/Pdx

(i) [dx =x + C
eax
(i) [ e**dx = = +cC

This is a linear differential equation, comparing it with

& +Py =Q
dx
P=1Q=e*
I.F = elPdx

= elPdx

= X

Solution of the equation is given by
y(L.F) = [Q.(I.F)dx + ¢

=>y(eX) = [e2X eXdx + C
=>y(eX)=[eXdx +c

>y(eX) =-e2X + ¢

>y =-e2X4 ceX

5. Question

Solve the following differential equations :

dy
X—=X+Y¥

dx
Answer

Formula:-



o . . e dy _
(i) if a differential equation is = + Py = Q.

then y(I.F) = [Q.(I.F)dx + c, where I.F = g/Pdx

(ii) Jdx =x + ¢

1
(iii) J-;dx =logx + ¢

Given:-

dy _ y
dx 1+ X
d
y vy _
dx x

This is a linear differential equation, comparing it with

T =Q

integrating it with respect to x,

1—f(1)d )
'_VX— - X C

L logx
;‘-yX—OgX C

6. Question

Solve the following differential equations :

ﬁ—2}-':4311

Answer

Formula:-

- . . e dy _
(i) if a differential equation is = + Py = Q.



then y(I.F) = [Q.(I.F)dx + ¢, where I.F = g/Pdx

(ii) Jdx =x + ¢
eax
(i) [ e**dx = = +cC

This is a linear differential equation, comparing it with

ﬁ +Py =Q
dx
P=2,Q=4x
|.F = efPdx

— el2dx

— 2%

Solution of the equation is given by

y(L.F) = [Q.(I.F)dx + ¢

= y(e2X) = [4x.eZX dx + ¢

= y(e2X) = 4(xfe?* dx- [ ( [e2* dx)dx) + ¢
using integration by part

4(xp* aZx
(2 )_ITdX-i_ C

= y(e™) =

EE:(
= y(e™) = 2xe?*— Z.de +c

= y(e™) = 2xe?*— e¥¥dx + c
y(e?™) = (2x—1)e®™ + ¢

=y =(2x—1) + ce ¥

7. Question

Solve the following differential equations :

dy :
X—+y=xe"

dx
Answer

Formula:-

(i) If a differential equation is dx + Py = Q,

then y(I.F) = [Q.(l.F)dx + c, where I.F = /Pdx

(i) Jdx = x + ¢

ea:\-.'
(iii) [ e*™dx = el

1
(iv)fgdx = logx + c

Given:-



dy v
ax Tz ¢

This is a linear differential equation, comparing it with

TPy =0
dx

P = é Q=¢"
|.F = efPdx

= efédx

— elogx

=X

Solution of the equation is given by
y(I.F) = [Q.(l.LF)dx + ¢

= yx = [eX xdx + ¢

= yx = x[eX dx- [ ( [eX dx)dx) + ¢
using integration by part

yx = xeX-[eX dx + ¢

= yx = xe*-eX + ¢

= yx = (x-1)e* + ¢

x—1

- (5)e <5
=y = e -

8. Question

Solve the following differential equations :

dy 4x 1
P ¥+ 7 = 0
dx x°+1 (.X2 _1)'

Answer

o . , e dy .
(i) iIf a differential equation is = + Py = Q,

then y(I.F) = [Q.(I.F)dx + c, where I.F = g/Pdx

(ii) Jdx =x + ¢
ea:\-.'
(iii) [ e*™dx = el

(iv)fﬁdx = ilog|ax + b|

Given:-
dy 4x 1
dx x2 +1 (x2 + 1)2

This is a linear differential equation, comparing it with



T =Q

4x 1

x2 + l’Q T (x4 1)2
|.F = eJPdx

4x
= e'r %2 + ldx

2x
= et

= g2 log|x2 +1|
= (x? + 1)?
Solution of the equation is given by

y(L.F) = [Q.(I.F)dx + ¢
1
= }’(Xz + 1)2 = J-_W(XE + 1)2xdx + C

Sy(x2+ 12 =-[dx+c

sy(x2+12=-x+c

_ X + C
YT Tarr 02T k2t 1)2

9. Question

Solve the following differential equations :

dy
X—+vy=Xlog x
dx
Answer

(i) If a differential equation is dx + Py = Q,

then y(I.F) = [Q.(I.F)dx + ¢, where I.F = g/Pdx

n+1

(i) [ x"dx = +cn=-—1

(n + 1)

ax

e
(i) [ e**dx = -

1 1
(W)J- dx = Elog|ax + b

ax + b
Given:-
dy v
& + ; = lﬂgX

This is a linear differential equation, comparing it with
dy

- 4 —

x T =Q

P‘:

»

X



Q = log x
|.F = eJPdx
1
= eloglx|
=X, x>0
The solution of the equation is given by

y(L.LF) = [Q.(I.F)dx + ¢

= yx = [logx.x.dx + ¢

1
= VX = logxfxdx—f(;fxdx)dx+ C
x? x?
=:-yx=310gx—f£dx+c
T
= yx = Slogx— [ Sdx + c

x? x?
= yX = Elogx—:dx +c

X X
=y = ElOgX—E +

10. Question

Solve the following differential equations :

dv
X -
dx

Answer

-y =(x-1)&*

Formula:-
(I [If(x) + f'(x)]eXdx = f(x)eX + ¢

.. . . Lo dy _
(ii) If a differential equation is dx + Py = Q,

then y(I.F) = [Q.(I.F)dx + ¢, where I.F = g/Pdx

(iii) fdx =x + ¢

eax
(iv) [ e*dx = = +c

(V)J-axi_ bdx = %log|ax +b] +c
n+1
(v)fx"dx=m+c,n¢—l

Given:
dy vy x—-1 _
& x % ©

This is a linear differential equation, comparing it with



I.F = e/Pdx
1
— e—_r;d:i
= e-log|x]
1
=—,x>0
X

Solution of the equation is given by
y(L.LF) = [Q.(I.F)dx + ¢

1 x—1 1
= y(g) = J- " ex.gdx—l— C

= y(é) = f(é—%).ex.dx +c
using formula(v)

1
Y= ZeXdx + cC
X X

=>y=¢e"+cx
11. Question

Solve the following differential equations :

dy v
dx x
Answer

. . . (i dy _
(i) If a differential equation is = + Py = Q.

then y(I.F) = [Q.(I.F)dx + c, where I.F = g/Pdx

(ii) Jdx =x + ¢

ea:\-.'
(iii) [ e*™dx = el

1 1
(iv)J- dx = 510g|ax + b| +¢

ax + b
n+1
(v)fxdx=m+c,n¢—l
Given:-
dy v 2
x x ¥

This is a linear differential equation, comparing it with



Solution of the equation is given by
y(.F) = [Q.(I.LF)dx + ¢

= yx = [ x3xdx + ¢

&5
=:-yx=€+c

F ]

Xcl-

12. Question

Solve the following differential equations :

dy .
— +y=sinXx
dx

Answer
(i) If a differential equation is dx + Py = Q,

then y(I.F) = [Q.(I.F)dx + ¢, where I.F = g/Pdx

(ii) Jdx =x + ¢

eax
(i) [ e**dx = = +cC
(iv)fea".sin(bx + c)dx

ax

e
= 2 i [asin(bx + c) —bcos(bx + ¢)] + constant

n+1
(v) [x"dx = mi D +cn=-—1
given:
dy .
g T ¥ = sinx

This is a linear differential equation, comparing it with
dy

- 4 —

x T =Q

P=1, Q=sinx



.F = e/Pdx

= eldx

= eX

Solution of the equation is given by
y(L.LF) = [Q.(LLF)dx + ¢

=s>yeX=[sinx.eXdx + c

e}.’
= ye* = E(sinx—cosx) +c

1
=y = E(sim{—cosx) + ce ™™

13. Question

Solve the following differential equations :

dy
— +V=cos X
dx

Answer
(i) If a differential equation is dx + Py = Q,

then y(I.F) = [Q.(I.F)dx + ¢, where I.F = g/Pdx

(ii) Jdx =x + ¢

eax
(i) [ e**dx = = +cC

(iv)J- e . cos(bx + c)dx

ax

e
= 2 i [asin(bx + c) + bcos(bx + c)] + constant

a2
n+1
V) |x"dx = — + cn=—1
) J (n + 1)
Given:-
d
Eji + y = cosx

This is a linear differential equation, comparing it with
P=1, Q= cosx

I.F = e/Pdx

= gJdx

= eX

Solution of the equation is given by

y(I.F) = [Q.(LLF)dx + ¢;

=y eX = [cosx. eXdx + ¢y



let | = [ eX cosxdx

= cosx| eXdx [(sinx[e*dx)dx + ¢

using integrating by part

| = eX cosx + [sinxeXdx + ¢

= eX cosx [sinxJeXdx[(cosx[eXdx)dx] + ¢y
= | = eX cosx + sinxe*-l + C,

= 2| = (cosx + sinx)e* + C,

(cosx + sinx)e* C,
=] = 4+ —=
2 2

X

e
=1 E(cosx + sinx) + G,

putting |

X

.
= ye* = E(cosx + sinx) + C, + Cg

e}.’
= ye* = E(cosx + sinx) + C

X

1
=y = E(cosx + sinx) + Ce~

14. Question

Solve the following differential equations :

dy

— +2y=sin X

Answer

. . . . . _ody

i) If a differential tion is = = Q,
(i) If a differential equatio sLT P =0

then y(I.F) = [Q.(I.F)dx + c, where I.F = g/Pdx

(ii) Jdx =x + ¢

ea:\-.'
(iii) [ e*™dx = el
(iv)fe“.sin(bx + c)dx

ax

= ———[asin(bx + c) —bcos(bx + c¢)] + constant

aZz + b?
n+1
(v) [x"dx = m +cn=-—1
Given:-
d
E:i + 2y = sinx

This is a linear differential equation, comparing it with



dy

— 4+ —

dx Py Q
P=2,Q =sinx
I.F = e/Pdx

= el2dx

= @2X

Solution of the equation is given by
y(L.F) = [Q.(I.F)dx + ¢

=y e2X = [sinx. eZX dx + ¢

EE:\-:
= ye'* = ?(Zsinx— cosx) + ¢

1
=y = E(Zsilm—cosx) + ce™2¥

15. Question

Solve the following differential equations :

dy o
— =ytan x —2sin x
dx

Answer
(i) If a differential equation is = + Py = Q.

then y(I.F) = [Q.(l.F)dx + c, where I.F = /Pdx

(ii) ftanxdx = log|secx| + ¢

ea:\-.'
(iii) [ e*™dx = el

(iv)fsin[x)dx = —CO0SX + C

n+1
(v) [x"dx = m +cn=-—1
Given:-
d

¥ .
— = ytanx — 2sinx
Ix al sir

This is a linear differential equation, comparing it with
dy

- 4 —

x T =Q

P = -tanx, Q = - 2 sinx

I.F = e/Pdx

= e/-tanxdx

= g-log|secx|



Solution of the equation is given by
y(I.F) = [Q.(I.LF)dx + ¢

y 25inx

-~ Lo

s5ecx secx

dx + ¢y

= ycosx = -[ 2sinxcosxdx + €1

= ycosx = -[ sin2xdx + ¢

cos2x
= YCOSX = +
cos2x
=1 =
y 2cosx

16. Question

Solve the following differential equations :
5y dy -

(l—X')—'—}’ —tan' x

' dx

Answer

(i) If a differential equation is dx + Py = Q,

then y(I.F) = [Q.(I.F)dx + ¢, where I.F = g/Pdx

1

~_dx = tan— 1xdx + c
x2 4+ 1

(i) |

ea:\-.'
(iii) [ e*™dx = el

n+1

(iv) [ xdx = +cn=-—1

(n + 1)
Given:-
dy
2y Y — (-1)
(1+x)dx+y tan*~Mx

dy LY tan“Vx
dx 1+ x2 1+ x2

This is a linear differential equation, comparing it with
dy

— 4+ —

=T =Q

y

P=——
1 + x2

tantCVx
T 1+ x2

|.F = efPdx

1.
= e'r %2 + ldx

_ etan':_l)x



Solution of the equation is given by
y(.F) = [Q.(I.LF)dx + ¢

. (-1)
tan™Vx J’taIl X tan"‘x
= ve = | —e dx + ¢
y X2 + 1

let tan"ix =t

dx = dt
x2+lx

so, yet = —Jtet dt + ¢

=t et dt-[( et dt)dt + ¢

using integration by parts
yet=tel-et + ¢

=y = (t-1)ce™t

=y = tan“VYx — 1 + cetan"Vx

17. Question

Solve the following differential equations :

dy
—'—}" fan X =cos X
dx

Answer
(i) If a differential equation is = + Py = Q.

then y(I.F) = [Q.(l.F)dx + c, where I.F = /Pdx

(ii) [ tanxdx = log|secx| + ¢

eax
(i) [ e**dx = = +cC

n+1
(iv) [ xdx = m +cn=-—1
Given:-
ﬂ + ytanx = cosx
dx

This is a linear differential equation, comparing it with
P = tanx, Q = cosx

I.F = e/Pdx

= eltanxdx

= elogl|secx|

= Secx

Solution of the equation is given by



y(L.F) = [Q.(I.F)dx + ¢
= ysecx = -[cosx.secxdx + ¢

y

— = [dx + ¢
COSX

=:-L=X+C
COSX

=y = xcosx + Ccosx
18. Question

Solve the following differential equations :

dV ') -
—+ycolXx=XcotXx+.1X
dx

Answer

(i) If a differential equation is ™ + Py = Q,

then y(.F) = [Q.(l.F)dx + c, where I.F = e/Pdx

(ii) [ cotxdx = log|sinx| + ¢
eax

(i) [ e**dx = = +cC

(iv) [ cosxdx = sinx + c

du
(v)ifu and v are two function then [ uvdx = uf vdx— [ (E”[ vdx)dx

given:-

ﬂ + yeotx = x%cotx + 2x
dx y

This is a linear differential equation, comparing it with
P = cotx, Q = x? cotx + 2x

I.F = e/Pdx

= e/cotxdx

= gloglsinx|

= sinx

Solution of the equation is given by
y(l.F) = [Q.(l.LF)dx + ¢

= ysinx = [(x? cosx + 2xsinx)dx + ¢

= ysinx = [(x? cosxdx + [2xsinxdx + ¢
= ysinx = x2sinx + ¢

19. Question

Solve the following differential equations :



dV 3 ')
—+yfanx =X ¢C0os X

Answer

. . . i dy _
(i) If a differential equation is = + Py = Q.

then y(I.F) = [Q.(I.F)dx + c, where I.F = g/Pdx

(ii) ftanxdx = log|secx| + ¢
ea:\-:
(iii) [ e*™dx = el
(iv) Jcosxdx = sinx + ¢
du
(v)ifu and v are two function then [ uvdx = uf vdx— [ (E”[ vdx)dx

given:-

dy
— + ytanx = x%cos’x
dx yt

This is a linear differential equation, comparing it with

dy
x T =Q

P = tanx, Q = x2cos?

X
I.F = e/Pdx

= eltanxdx

= elogl|secx|

= secx

Solution of the equation is given by

y(L.LF) = [Q.(LLF)dx + ¢

= ysecx = [(x? cos?x(secx)dx + ¢

= ysinx = [(x? cosxdx + ¢

= ysecx = x2[ cosxdx-[(2x cosxdx)dx + ¢
using integrating by parts

y(secx) = x2sinx-2[x2 sinxdx + ¢

= y(secx) = x2sinx-2(x[ sinxdx-J sinxdx)dx + ¢
= y(secx) = x2sinx + 2xcosx-2sinx + ¢

=y = x25iNXCOSX-2XC0S2X-25INXCOSZX-2SiNXCOSX + CCOSX
20. Question
Solve the following differential equations :
2 dy -1,
(1+x7 )= +y=e™ *
' dx

Answer



. . . i dy _
(i) If a differential equation is = + Py = Q.

then y(I.F) = [Q.(I.F)dx + c, where I.F = g/Pdx

n+1

(ii) [ x"dx = aT D

,n=—1

ea:\-.'
(iii) [ e*™dx = el

1
(iv) J-xz n 1dx = tanVx + ¢

Given:-

tan™

dy_l_ y _ e
dg (1 +x2) (14 x2)

This is a linear differential equation, comparing it with

dy N

1 etan':_l:'x
P= ——, -

1+ x2 Q 1+ x2

I.F = e/Pdx

1
= e'r %2 + ldx
_ etan':_l)x

Solution of the equation is given by

y(L.F) = [Q.(I.F)dx + ¢

- etan_ X -
= yetan X _ J- etan de +
X2+ 1

letetan * — ¢

= efan 'x ! dx = dt
X2 + 1
so,
yt = [t.dt + ¢
tz
= = — 4+
yt 2
t? . C
= = — -
yt 2 t

% etan_lx 1 Cetan_lx

=y =
21. Question

Solve the following differential equations :
xdy = (2y + 2x* + x2)dx

Answer



(i) If a differential equation is = + Py = Q,

then y(I.F) = [Q.(l.F)dx + c, where I.F = /Pdx

n+1

(ii) [ x"dx = +cn=-—1

(n + 1)

ea:\-.'
(iii) [ e*™dx = el

1
(iv) J-xz n 1dx = tanVx + ¢

1
(V)J-de = logx + ¢
Given:-

dy 4 p)
XE—(2y+2x + x9)

This is a linear differential equation, comparing it with

= e-2logx

_ ooel)

_ 1
]
Solution of the equation is given by

y(L.F) = [Q.(I.F)dx + ¢

1 1
= y(;) = J-(ng + x);der C

2

X
= = 2.? + log|x| + ¢

¥
2
= vy = x* + x’loglx| + cx?

22. Question

Solve the following differential equations:

(_1—__-'3)—(1( —em_l-")gz 0

Answer

Given [:j__|_ y2)+ (X— etan_l}r)% -0



-1 d
= (x—ef=® Y)d—i= —(1+y%)

dy (1+y?)
T ———
R )
dx (x— etan_ll")
B el e —————
dy (1+y2)
dx ¥ etan_ly

- — — +
= dy 1+y2 1+y?
dx x etan_l}r

=>d_y+1+y2= 1+y?

dx+( 1 ) _etan_l}'
=>dy 1+y? X_1+y2

This is a first order linear differential equation of the form

dx + Px
dy =Q

1 otan™ty
Here, P = T and Q= Iy

The integrating factor (I.F) of this differential equation is,

L.F = efPdy

1
1 4
=[LF= erlﬂ-'z v

1
1+y®

We have [ ——dy = tan 'y +¢

~LF= etan_l}r

Hence, the solution of the differential equation is,

%(LF) = f(Qx LE)dy +c

1

tan™ "y
- e -
= X[eta“ l1") = J-(l Ty x etan ll")ldy+ C

- - etan_l}r
= X[etan }r) — J-etan ¥ d}’ +

1+y?

Let atan™y _ ¢

= etan_ll"d%(tan‘ly)dy = dt [Differentiating both sides]

e (o=t
etan_ly
=7 Ty dy = dt

By substituting this in the above integral, we get

xt=ftdt+c



xn+¢

We know [ x2dx = +c

n+1

t1+1

= xt=——+c¢C
1+1

tz
=Xt=—+cC
2

1 1/t
=xtx—=—|—+¢c
t t\2

t 1
=xX=—-+ct"

2

etan_ly

2

=y = + C[etan_ly)_l [ t= etan_ly]

1 - -
AX = Eetan ty + ce” tan"ly

Thus, the solution of the given differential equation isx = getan_ll-' + ce—tanly

23. Question

Solve the following differential equations:

, dx 1
y —+x—-——=0
d}.‘ }.'
Answer
Given y? —I—x—i=0
zdx_'_ 1
=Sy —+Xx=—
Yy y
( 2dx+ ) 1 y 1
S J— I —— _
Vay Ty y?
dx+ X 1
Tdy vyl
dx
i —2Yy — -3
@’ (Y= )x=y
This is a first order linear differential equation of the form
dx_l_ Py —
dy =Q

Here, P =y2and Q = y3
The integrating factor (I.F) of this differential equation is,
LF = efPdy

= [LF=elvdy

n+i

We have [yody =7

n+1

—2+41
=[LF=e-—2+1

F—l
=[LF=e-1



1

~LF=ev¥

Hence, the solution of the differential equation is,

%(LF) = f(Qx LE)dy +c

1 1

= x(e_i) = J-(y‘a X e_i)dy+ C
1 11

=:-x(e }’): J-e }'de+c

1
Let eV =t

L5l (_ E) dy = dt [Differentiating both sides]
dy ¥

11
= e }'?dy=dt

_ild ><1 dtxl
e V¥odyx—= -
: y y

11
=e }'}Edy= dt x (—logt)

11
= e }'ﬁdy= —logtdt

By substituting this in the above integral, we get

xt=f—10gtdt+c

=Xt=— J-(logt) x (Ldt+c

Recall [ f(x)g(x) = f(x)[[ g(x)dx] — [[f'(x) (] g(x)dx)]dx +c

o= foge [ 10 - [ [ oo ([ 1a0)] ) +
< xt= —fogext— [ [bx )+

=Xt= —[tlogt—fldt}Jrc

=>xt=-{tlogt-t} +c¢

=>xt=-tlogt+t+c

2 2 2 2 2
=:-x(e }’)=—(e F)log(e }')+e Y+ ['-'t=e }']

1 1 1

= e ¥X=—e v+ev+c

. L

1 1 1 1
=e }'XX—J_:(—E ¥+e }'+C)X—1
ey Y ey



1 c
=2x=—+1+—
ey
1 e
~X=1+—-+cev
y

1
Thus, the solution of the given differential equation isx = 1 + £ + cev
y

24. Question

Solve the following differential equations:

(2x—10yﬂ§£—1f:0
' dx

Answer

Given (2x— 10y%) L +y =0

d
= (2x— lOyg)d—i =y

LYy
dx 2x — 10y3

dx 2x — 10y?

dy y

dx 2x  10y°3
dy” y vy
dx 2x .
d_y + ? =10y

Here, P = 3 and Q = 10y2

The integrating factor (1.F) of this differential equation is,

IL.F = el Py
2

= [F= ef§d}'
2f2dy

=[LF=e"¥

We have fidy =logy+c

= L.F = e?losy

= LF =el8¥* [ mlog a = log a™]
~LF = y2 [ elog x — X]

Hence, the solution of the differential equation is,



x(l.p)=f(q><1.1:)dy+c
= x(y?) = J-(lﬂyz x y?)dy + ¢
= xy’ = J-lOy“dy+ c

= xy’ = lofy“derc

n+i

Recall [yrdy=Y— +¢

n+1

y4+1
= xy’ = 10(4+1)+c

= xy’ = 10(%)+c

=>xy2 =2y’ +c

1 - 1
= Xy’ X~ (2y° +0) X5
;. C
=X=2y +}E

cox=2y3 + cy?

Thus, the solution of the given differential equation is x = 2y3 + cy™2
25. Question

Solve the following differential equations:

(x + tan y)dy = sin 2y dx

Answer

Given (x + tan y)dy = sin 2y dx

dy sin 2y
= —=—
dx x-+tany
dx x-+tany
= ="
dy sin 2y

dx X tany

R — +
=>dy sin2y sin2y

siny
. dx x (cosy)
dy sin2y 2sinycosy
dx 5 siny
= — — N
dy xcosecsy 2sinycos?y
dx 5 1
= — — =
dy X cosec2y 2 cos?y

dx+( 29)x = 1 5
= ay cosec2y)x = 2sec v

This is a first order linear differential equation of the form



IdX+ Px =
dy =Q

Here, P = -cosec 2y and Q = iseczy

The integrating factor (I.F) of this differential equation is,
LF = e/Pdy

= |F = ol —cosec2ydy

= |F = o[ cosec2ydy

We have [ cosecx dx = log|cosecx — cotx| + ¢

1

=[F=e 210g|cosec2y—cot2}r|

—El g{ 1  cos2y
= [F=8n 2 o sin 2y sin2y

1 g{l—cos?y
= [.F=e 2 5 smzy

—Elg{ 2sin®y
=[F=e 2 °8Zsiny cosy

1 g{siny
= L.LF =e 2 “Hcosy

1
= L.F = ez logtanyl

1
S _ m
= LF = elogltan}rl z["mloga=loga™]

o )
=>LF=e \tny
# LF=—-==[el09% = x]

y tany

Hence, the solution of the differential equation is,

%(LF) = f(Qx LE)dy + ¢

1 1 1
=X = | | =sec?y x dy +c
(\;tany) J-(E y \;tany) v

1

=
Jany

1 1
X = EJ-(tany)'E seclydy +c

Lettany =t
= sec?y dy = dt [Differentiating both sides]
By substituting this in the above integral, we get

z 1J-t'idt+
—== Z c
o2

x]'.I.+J.

Recall [xPdx=

+c

n+1l




x 1 t%
:ﬁ=§ ? +cC
2
X 1
:ﬁ=t2—l—c
=:-%=\."f+c

=>x=(Vt+ct

=x=t+ao/t

~x=tany+ c,/tany [ t = tany]

Thus, the solution of the given differential equation isx = tany + Cvm

26. Question

Solve the following differential equations:
dx + xdy = eYsec?ydy

Answer

Given dx + xdy = eYsec?ydy

1 1
= (dx + xdy) xd—y= e Vseclydy x —

dy
dx+ —
= —+x=e"Ys5ec
dy y
This is a first order linear differential equation of the form
dx + Px
dy =Q

Here, P = 1 and eYsec?y

The integrating factor (I.F) of this differential equation is,
LF = e/Pdy

= LF = el 1

=>LF=el%

We have [dy =y +c

S LF =Y [ elodX = x]

Hence, the solution of the differential equation is,

x(l.p)=f(q><1.1:)dy+c
= x(e¥) = J-(e‘l" sec’y x e¥)dy + c

= xe¥ = J-seczyder C

Recall [ sec?xdx = tanx + ¢

=>xe¥y=tany +c



1 1
Yy — — _
= xe xe}' (tamy+c)><el’r

X =(tany + c)e¥
Thus, the solution of the given differential equation is x = (tan y + c)e¥
27. Question

Solve the following differential equations:

dy o
— =ytanx —2sinXx
dx

Answer
iven == ytanx— 2sinx
X

dy . 5 si
= dX y dll X = SINnx

dy .
=2 + (—tanx)y = —2sinx

This is a first order linear differential equation of the form

dy N
Here, P = -tan x and Q = -2 sin x
The integrating factor (I.F) of this differential equation is,

LF = efPdx

=LF = ef—tanxdx

= LF = e—ftanxdx

We have [ tanxdx = log(secx) + ¢

= LF — p-log(secx)

= LF = e&lzee) [ mlog a = log a™]

= LF=——["el99% = x]

SEeCXK

S LF = cos x

Hence, the solution of the differential equation is,

y(LF) = f(Qx LF)dx+c
= y(cosx) = J-(—Z sinx x cosx)dx+c

= Y COSX = ZJ- cosx(—sinx)dx+c

Letcosx =t
= -sinxdx = dt [Differentiating both sides]

By substituting this in the above integral, we get

yt=2ftdt+c



xn+1

Recall [xPdx=

+c

n+1l
t1+1

= =2|——|+c
w=2(737)

t2
=:-yt=2(5)+c

syt=t2+c
1 1
=:-yt><¥=(t2+c)><¥

C
=>y=t+£

=y = cosx +—— [t = cos X]
COSX

Sy = COS X + C sec X
Thus, the solution of the given differential equation is y = cos x + ¢ sec x
28. Question

Solve the following differential equations:
y .
— + VCOSX =S XCOsX

Answer

. d .
Given d—}r + Y COSX = S5INXCOSX
X

dy .
=t (cosx)y = sinx cosx

This is a first order linear differential equation of the form

o py=0

dx

Here, P = cos x and Q = sin x cos x

The integrating factor (I.F) of this differential equation is,
LF = of cosxdx

We have [ cosxdx = sinx + ¢

o L.F = esinx

Hence, the solution of the differential equation is,

y(LF) = f(Qx LF)dx+c
= y(esin¥) = J-(sinx cosx x eS"¥)dx + ¢

= yesh¥ = J- sinxe™*cosxdx+c

Letsinx =t
= cosxdx = dt [Differentiating both sides]

By substituting this in the above integral, we get



ye' = J-tetdt+ C

S yet = f(t) « (eN)dt+ c

Recall [ f(x)g(x) = f(x)[[ g(x)dx] — [If' () ([ g(x)dx)]dx + c

- st e [ s

= ye' =t x et—fl(et)dt+ c

=:-yet=tet—J-etdt+c

= yet =tel - el + ¢

= ye' x et = (te' - e' + )t

sy=t-1+cet

Ly=sinx-1+ceSnNX [t =sinx]

Thus, the solution of the given differential equation is y = sin x - 1 + ceSin X

29. Question

Solve the following differential equations:

(_1 +x? )3—; —2Xy = (x2 + 2)()(3 + 1)

Answer
Given (1 + xz)% —2xy = (x*+2)(x*+ 1)

A 1
= |+ E -2l x o= @ D@+ D x

x2+1

dy 2xy .
- =x2+2
Ta&x x2+1

dy+(—2x) 242
=>dx }={2+1y_X

This is a first order linear differential equation of the form

dy+ B
Here,P= 2 and Q = X2 + 2
X241

The integrating factor (I.F) of this differential equation is,
LF = efPdx

—2x
= LF = e/Za®
2x

S LF=e {Za®
We have f%dx =log(x*+ 1) +c

= LF = e~ logl+1)



= LF = ellzs) [ mlog a = log a™]
~LF = 2; [ elog x — x]
x=+1

Hence, the solution of the differential equation is,

y(LF) = f(Qxl.F)derc

(1)—f(2+2) L )ax+
=;'yx?+l B X ><x?+l xTe

v J’x2+2d+
= =
X241 X241 xTe

- e [
= | dx+ dx +
=>x2+1 X x2+1x ¢

Recall fﬁdx=tan‘lx+c and [dx=x+c

= ﬁ= X+tan lx+c

Ly =(x2 4+ 1)(x + tanIx + ¢)

Thus, the solution of the given differential equation isy = (3 + 1)(x + tan"1x + c)
30. Question

Solve the following differential equations:
. v -y 2
(smx)&'— yCOSX = 2sIn” X CosX

Answer
- . ~d .
Given (sinx) d—y + ycosx = 2sin® X cosx
X

1 . dy - 1
=— [(smx)— + ycosx] = 2sin“Xcosx X —
sinx dx sinx

ﬂ N (cosx

- = 2sinxcosx
dx smx) y

=

dy :
= (cotx)y = 2sinxcosx

This is a first order linear differential equation of the form

dy
T =Q

Here, P = cot x and Q = 2 sin x cos x
The integrating factor (I.F) of this differential equation is,

.F = ofPdx

= LF = Ef cotxdx



We have [ cotxdx = log(sinx) + ¢

=LF = elog(sinx]

~LF = sin x [ €09 X = x]

Hence, the solution of the differential equation is,

y(LF) = f(Qx LF)dx+c
= y(sinx) = J-(Z sinx cosx x sinx)dx+ ¢

= ysinx = ZJ-sinzxcosxdx+ C

Letsinx =t
= cosxdx = dt [Differentiating both sides]

By substituting this in the above integral, we get

yt=2ft2dt+c

x]'.I.+J.

Recall [y dx = +c

n+1l

t2+1
=yt=2 +cC
w=2(37)

ta
=:-yt=2(§)+c

2t?
=>y't=?+l:

AN
X—=|— X —
Sytxe=lm o)y

2t ¢

=vV=—+-
V=73 %

=y = 2(51'113-_-]2+ L ['"t = sin X]
3 sinx

2
“y=3 sin®x + c cosecx

Thus, the solution of the given differential equation isy = 251112 X+ ccosecx

31. Question

Solve the following differential equations:
2 dy
X" —1)—+2(x+2)y=2(x+1
(x* =1) 2+ 2(x+2)y =2(x +1)

Answer

Given (x?— 1) L +2(x +2)y = 2(x+ 1)

dy
2 —
=:-[(x —l)—l +2(x+2)y]>< > =2(x+1) x 5



dy 2(x+2)y 2(x+1)
T&x x2-1 x2-1

d X .

This is a first order linear differential equation of the form

dy
T =Q

2x+4

Here, P =

2
and Q=
The integrating factor (I.F) of this differential equation is,

IF = efPdx

2x+d
= LF = el o™

o LF = o/ Erte)e
o LF = of (g et (g
L LF = o/ Jaxral(y Jax

X—a

+c

We have f%dx = log|x* — 1|

2a x+a

= LF = 10g|\' —1|+4{210g|_{+1:|

x—1

10g|\' —1|+2 logl‘ﬁ_ I

= LF =
S IF = elog|xz—1|+log|g|z ["mlog a = log a™]

elog(|\' ~1IxZ4) [ log a + log b = log ab]

= LF =
og{ -+ DIESS] )
= LF=e ot
(x-1)?
L LF = o8 ]

R e
x+1

Hence, the solution of the differential equation is,

y(LF) = f(Qxl.F)derc

(x—1)3 2 (x—1)3
y( X+ 1 )zf((x—l)x X+ 1 )dXH
(x—1)°3 B 2(x—1)?
TS _J- x+1

dx+c¢

| &-1D° 1)3 J’(X 1)2

Xx+1

We can write (x - 1)2 = (x + 1)? -

=:'l::x;—l)g ZJ’ (x+1)? —4x

Xx+1 - Xx+1 dx+c




(x—1)3
Xx+1
(x—1)3
Xx+1
(x—1)3
Xx+1
(x—1)3
Xx+1
(x—1)3
Xx+1
(x—1)3
Xx+1
(x—1)3
Xx+1

y:

y:

2 [fer 1= Javse
e [ 2
[t fax-s |
[t faxs [
[ s o= af - |
[ [ax—sfaces |
[ [axrs [

Xx+1

2

ldx]Jrc

1dx]+c

1
1——)dx]+c

X+1
! d”+
Xx+1 X ¢

2

1
dx]+|:
x+1

2

dx]+ C

Recall n =£ and [ dx =
[xrdx="—+c [ jdx=loglx+ 1| +c

(x—1)° zxm 3x +4loglx + 1|| +
x+1 0 “|l1yg CFTTOsE ¢
(x—1)° zx2 3x +4loglx + 1]| +
x+1 0 “g T EoeR ¢
x—1)3
[:x+1) y=x>—6x+8log|lx+ 1| +c
(x—1)3 x+1 , +1
= (x2— 6x+8loglx+ 1| + ) X ———
x+1 GoDs - &~ ex+8loglk+ 1] +0) X 53
x+1
.-.y:m(x2—6x+ﬁlog|x+1|+c)
x+1

Thus, the solution of the given differential equation isy =

32. Question

Solve the following differential equations:

v
X—+2y =XcosX

dx

Answer

- d
Given xd—i + 2y = X COSX

( dy+2) 1 1
= — — = —
Xqg T2V X =Xcosx X
dy 2
=:-—y+—y=cosx
dx x
dy (2
=:-£+(;)y—cosx

This is a first order linear differential equation of the form

dy
T =Q

(x—1)2

(x2—6x+ 8loglx+ 1| +c)



Here, P = 2 and Q = cos x
X

The integrating factor (I.F) of this differential equation is,

IF = efPdx
2
= LF = ef3%
1
= L.F = e2/3%

We have fidx =logx+c

= [.F = g?losx

= LLF = ¢'°8%* ["m log a = log a™]
S LF=x2 [ elogx =

Hence, the solution of the differential equation is,

y(LF) = f(Qxl.p)dx+c
= y(x?) = J-(cosxxxz)dx+c
= yx? = J-xz cosxdx+ c

= yx’= J-(xz) x (cosx)dx+ ¢

Recall [ f(x)g(x) = f(x)[[ g(x)dx] — [If' () ([ g(x)dx)]dx + c

= yx? = x° U- cosxdx] —J- &(xz) (J- cosxdx)] dx +c

= yx? = x?(sinx) — J-[Zx(sinx)]dx+ C

= yx?= xzsinx—zfxsinxdx+ C

= yx? = x’sinx — Z{X U sinxdx] - J- [%[x) U- sinxdx)] dx} +c

= yx% = x*sinx — Z{X[— cosx] — J-[l(— cosx)]dx} +c

=:-yx2=xzsinx—2{—xcosx+fcosxdx}+c
= yx2 = x2sin x - 2{-x cos x + sin x} + ¢
= yxZ = x%sin X + 2X c0S X - 2 sin X + C
2 1 2 o3 : 1
= VX x;= (x“sinx + 2xcosx— 2sinx+ c)x;

. 2 2 C
~y=sinx+—cosx ——sinx+ —
X x2 X2

Thus, the solution of the given differential equation isy = sinx + 2 cosx — %siner iz
X X X

33. Question



Solve the following differential equations:

dy .
- } — Xe}‘
dx

Answer

f d;
Given ¥ _ y — wp¥
dx y

dy .
= £+ (—1)y =xe

This is a first order linear differential equation of the form

dy
T =Q

Here, P = -1 and Q = xe&*

The integrating factor (I.F) of this differential equation is,

IF = efPdx

= LF =/

= LF=e [

We have [dx=x+¢
S LF=e™X

Hence, the solution of the differential equation is,
y(LF) = f(Qx LF)dx+c

= y(e™) = J-(xe" X e ®)dx+c

=ye * = J-xdx+ C

n+i

Recall [ x?dx==—+c

n+l
. X1+1 .
= Ve &= C
y 1+1
=sye ¥ =_—+c¢
y 2

XE
LY = (E-FC)EK

Thus, the solution of the given differential equation isy = (

34. Question

Solve the following differential equations:

d" 4x

—+2y =xe

2

X
“+tc
2

)e



Answer

. d
Given & = godx
™ + 2y = xe

dy
—+ (2)y = xe®
= (2)y = xe
This is a first order linear differential equation of the form

dy
T =Q

Here, P = 2 and Q = xe*

The integrating factor (I.F) of this differential equation is,
LF = efPdx

= LF = ef2ax

= LF =e?fdx

We have [dx=x+¢c
o LF = e

Hence, the solution of the differential equation is,

y(LF) = f(Qx LF)dx+c
= y(e*™) = J-(xe"‘" x e?¥)dx + ¢
= yei* = J-xe“dx+ C

= ye’¥ = J-(x) x (e¥)dx+ ¢

Recall [ f(x)g(x) = f(x)[[ g(x)dx] — [If' ) ([ g(x)dx)]dx + c

= ye=x U- eé"dx] - J- % (x) (J- eé"dx)] dx+c

, eéx eﬁx
=vei¥=—x|—|— 1{— |J|dx+¢c
=)~/ (%)
X 1
=:-yezx=ge“—gfe“dx+c
X 1 [eb*
= ye=—e*——|—+c
Y& T 6\ 6
X 1
2X _ " a6x _ 6x+
= ye ce 3¢ © C
X 1
= yexe ¥ = (geé"— %eé"+ c) X e 2%
X 1
=_e4x__e4x+ce—2:\-:
V=% 36

Thus, the solution of the given differential equation isy = Ee“'x —

35. Question

1 _
— ¥ 4 cp72X
36



Solve the differential equation (x + 2'}?2)g:'}-'_ given that when x =2,y = 1.

Answer

Given (x + 23:2)% =y andwhenx=2,y=1

LYy
dx  x+2y?
dx  x+ 2y°

= — =
dy y
dx x 2y?

= — = — _
dy y ¥
dx x 5

—_ — — — =

dy y

dx+( 1) 5
=—+|—-]xX=
dy y Y

This is a first order linear differential equation of the form

IdX+ Px =
dy =Q

Here, P = —i and Q = 2y

The integrating factor (1.F) of this differential equation is,
LF = e/Pdy

~LE=¢ _id}'

L LF—e ¥
We have fidy =logy+c

= [.F = e~ lo8y

= [LF =el®g¥ * [ mlog a = log a™]
SLF =yl elogx = x]

Hence, the solution of the differential equation is,

X(I.F)=J-(Q><I.F)dy+c
=x(y ™) = J-(nyrl)dyﬂ
=xy 1= J-Zderc

=:-xy‘1=2J-dy+c
We know [dy =y + ¢
=>xyl=2y+c

=xyl xy=(2y+cy



X =(2y + C)y

However, when x = 2, we havey = 1.
=22=02%x1+c)x1

=2=2+c

nc=2-2=0

By substituting the value of c in the equation for x, we get

x = (2y + 0)y
=X = (2y)y

Thus, the solution of the given differential equation is x = 2y?
36 A. Question

Find one-parameter families of solution curves of the following differential equations:

dy i . _

- + 3y =™, mis a given real number
dx

Answer

? + 3y =e™X,m is a given real number
X

Lo d
Given & — pmx
=T 3y=e

dy
= 1(3 — em:\-:
3w TG
This is a first order linear differential equation of the form
dy
LA —
x T =Q

Here, P = 3 and Q = e™

The integrating factor (1.F) of this differential equation is,
IF = efPdx

= LF = /3

= LF =e3/d

We have _[ dx=x4c
S LF = e3X

Hence, the solution of the differential equation is,

y(LF) = f(Qx LE)dx + ¢
= y(e¥) = J-(e““ x e3¥)dx + ¢
= yeax — J-emx+3xdx+ C

= yeax — J-e(m+3]xdx+ C



Case(l) m+3=0o0orm=-3

Whenm + 3 =0, we have em+3)x = g0 =1
= yei¥ = J-dx+c

syeX=x+c

= yeX x e3X = (x + c)e
Ly = (x 4 c)e 3

Case (2 m+3=#0o0orm= -3

When m + 3 # 0, we have
yezx — J- e(m+3]xdx+ C

Recall [ e*dx = e* + ¢

e(m+3 Jx

3ax
= ye it = +cC
y m+ 3

e(m+3]x
3Ix —3x —3x
= Ve’ txXe = +cCcle
Y (m +3 )

em:\-:xESx
sy=|———+c|e™3
m-+3

em.}.'
+ ce 3%

:Iy=m+3

. _ _ _ o (x+c)e ¥ m= -3
Thus, the solution of the given differential equation isy = { gmx

~—— + ce™3* otherwise
m+3

36 B. Question

Find one-parameter families of solution curves of the following differential equations:

dy

— —y=cC0s2X

Answer

dy
3 Y =cos 2x

: d
Given d—}r — ¥y = cos %
X

dy
= £+ (—1)y = cos2x

This is a first order linear differential equation of the form
dy

LA —

x T =Q

Here, P = -1 and Q = cos 2x

The integrating factor (I.F) of this differential equation is,

LF = efPdx

= LF = ef -1dx



= LF=e [dx
We have [dx=x+¢c
SLLF=eX

Hence, the solution of the differential equation is,

y(LF) = f(Qx LE)dx + c
= y(e™) = J-(cos 2x X e ¥)dx+ c
= ye = J-e"‘ cos2xdx +c¢

=ye ¥ = J-(e‘x) x (cos2x)dx + c

Let I = [(e™) x (cos2x)dx

d
=[=eF% U- cos2x dx] — J- [& (e ) (J- cos2x dx)] dx
stx stx
-t () [ (2
1—1—x'2+1f—x'2d
=[=5e ™ sin2x + | e”*sin2xdx
1
=1= 5 *sin2x +— {e ‘U- 51112xdx] J- —(e ) J-Sillz}{dx)] dx}
Cos 2X cost
o e A R G

e *cos2X— 2 J- e *cos2x dx}

1
2
1
2

I e 2x+ L
= [=_-e"sin2x =
2° —2°

| e

1 1
== Ee‘x sin2x ——e™® COSZX_ZJ- e cos2xdx
[=-e*sin2x— e *cos2x — =1
=[=5e ™ sin2x— e cos2x — 4
| Lesi 2 Lo 2
= —e ¥sin2x ——e “cos2x
2 4

1
I= 1 e *(2sin 2x — cos2x)

= 5| = eX(2 sin 2x - cos 2x)

X

(2sin2x — cos2x)

By substituting the value of | in the original integral, we get

—X

e
=ye ¥ = z (2sin2x— cos2x) + c

X

e
=:-ye"‘><ex=[
5

(2sin2x — cos2x) + c] e®

1
y=¢ (2sin 2x — cos 2x) + ce*



Thus, the solution of the given differential equation isy = %(2 sin 2x — cos 2x) + ce®

36 C. Question

Find one-parameter families of solution curves of the following differential equations:

xﬁ—}f =(x+1)e™"
dx
Answer

dy . _ —x
X —V= (x+ 1)e

Given x%—y =(x+ 1)e7®
dy 1 |
ZP(XE_ )X;—(X-Fl)e X;

dy ¥ (x+ 1) x
= " = g’
dx x X

dy+(—1) _(x+ 1) x
= dx A U

This is a first order linear differential equation of the form

dy
T =Q

Here, P = —i and Q = (il) ax

X

The integrating factor (I.F) of this differential equation is,
IF = ef P

~ LF = of 5%

~ LF = e Jze

We have fidx =logx+c¢

= [.F = g~ losx

= LLF =e2x " [ mlog a = log a™]
SLF=x1eelogx = x]

Hence, the solution of the differential equation is,

y(LF) = f(Qxl.F)dHc

=y = J-((X:; 1) e X x‘l)dx +c

y T
=:-—=J-( o—je dx+c
X X
1 1
=:-E=J-(—+—2)e"‘dx+c
X X X

Let£=t

X



[ e De-a

1 1
= —a % (—+—2) dx = dt
X X

1 1
= (—+ —) e dx = —dt
X

X2

By substituting this in the above integral, we get
Y = J-—dt +c
X
= y = — J- dt+ ¢
X

We know_[dx= x4+

ax X
e e
X X X

e—}.’

=y = (— - + c)x

Ly =-eX+ cx

Thus, the solution of the given differential equation isy = - + cx
36 D. Question

Find one-parameter families of solution curves of the following differential equations:

dy
X—+y= x*
dx
Answer

dy 4
Xx—-+y=X
dx y

. d
Given y%¥ — x4
X +y=x

d 1 1
:(x—ery)x—:x"‘x—

dx X X
d
=>_Y+X=X3
dx x
dy 1 2
ﬁ&*(g)y—x

This is a first order linear differential equation of the form
dy
—+ —
xTv=Q
Here, p=tand Q = x3
X

The integrating factor (I.F) of this differential equation is,

LF = efPdx
1
= LF = el

We have f%dx =logx+¢c



= L.F = elosx
S LF = x [ elogx = x]

Hence, the solution of the differential equation is,

y(LF) = f(Qxl.F)derc
= y(x) = J-(xa x x)dx+c

= Xy = J-x“dx+ C

x]'.I.+J.

We know [ x2dx = +c

n+1

x4+l

4+1

= Xy = +cC

XS
=:-xy=€—l—c

1 X°+ 1
X—=|— X —
= XY X 5 C <

AV =—4—
y 5 X

Thus, the solution of the given differential equation isy =

L”|I":-r.>-

_l’_
Wl

36 E. Question

Find one-parameter families of solution curves of the following differential equations:

(xlﬁgx)ﬁ—y =logx
dx

Answer
dy
(xlogx) i +vy=logx

Given [xlogx)% +vy=logx

1 - 1
xlogx ogx X xlogx

d
= [(XIOEX)EBZ + y] X

d 1
=>—X-% Y

dx xlogx X

dy+( 1 ) 1
= dx xlogxy_x

This is a first order linear differential equation of the form

dy+ B
Here, P = ﬂ:gt and Q = 2

The integrating factor (I.F) of this differential equation is,

IF = efPdx



f

L LF = ol

Let t = log x

= dt = de [Differentiating both sides]

By substituting this in the above integral, we get
LF=eft% 4 ¢

We have fidx =logx+c

= |.F = elogt

= .LF=t[el99X =]

S ILF=log x [t = log x]

Hence, the solution of the differential equation is,

y(L.F) = J-(Qx LF)dx+c
= y(logx) = J- ex logx) dx+c

= ylogx = J- logx G dx) +c

Let t = log x

= dt = édx [Differentiating both sides]

By substituting this in the above integral, we get

yt = ftdt+c

+
We know [ x2dx = < l_|. C

n+1

t1+1

= +
Syt=rte

t2
=§-y't=5+l:

1 t2+ 1
X—=(= X —
Sytxe=lz o)Xy

1t+c
= = — —
Y=3'7%

1 € rep_
--y=510gx+@[- t = log x]

Thus, the solution of the given differential equation isy = ;logx + é

36 F. Question

Find one-parameter families of solution curves of the following differential equations:

S vy -
dy  2xy 2

dx 1+y°

Answer



d: 23
Y _ B 243
dx 1+y?

. ay 2
GivenZE - = _ %219

dx 14y =
dy —2x
—+ =x%+2
= dx (xz + 1)}’ X

This is a first order linear differential equation of the form

dy+ B
Here,P= 2 and Q = x2 + 2
X241

The integrating factor (I.F) of this differential equation is,
LF = efPdx

—2x

o LF = elea®™

fEK
= LF=e "x+1

dx
2 4k = 2
We have [ xzﬂdx =log(x*+ 1) +c
= LF = e~ loglx"+1)
17 = elosl) [ m log a = log a™]
A LF=—[velo9x =x]
x= +1

Hence, the solution of the differential equation is,

y(l.p)=f(q><1.p)dx+c
=:'y(:x;;—Ll—l): J-([:thz)xx?%l—l)derc

y J’x2+2d+
=;'){2+1_ x2+1 xTe

- e [
= | dx+ dx +
=>x2+1 X x2+1x ¢

Recall fﬁd};:‘can‘lirc and [dx=x+c

= $= Xx+tan~lx+c

Ly =(x2 4+ 1)(x + tanIx + ¢)

Thus, the solution of the given differential equation is y = (3 + 1)(x + tan"1x + c)
36 G. Question

Find one-parameter families of solution curves of the following differential equations:



‘."7 i X
— +ycosx =e" cosx
dx

Answer
E _ aSinx
d\_-l—yCOSX— e COSX

. d .
Given —d}' + ycosx = e""¥ cosx
X

dy .
= —+ (cosx)v =e*cosx
3 T (cosx)y
This is a first order linear differential equation of the form
dy
—+ —
xTv=Q
Here, P = cos x and Q = e5" X cos x
The integrating factor (I.F) of this differential equation is,
LF= efcosxdx
We have [ cosxdx = sinx + ¢
S LF = esinx

Hence, the solution of the differential equation is,

y(LF) = f(Qxl.F)dHc

. y(esinx} — J-(esinx COSX X esinx}dx 4

sinx __ sin x+sinx

cosxdx+c

= ye J-e

= yesinx _ J-EE sinx cosxdx 4+ c
Letsinx =t

= cosxdx = dt [Differentiating both sides]

By substituting this in the above integral, we get
yet =J-e“dt+ C

Recall [ e*dx = e* +c

2t

t e+c

= ye' = —
&=

eEt
= yelxet= (7+ c)xe‘t

=:-y=iet+n:e‘t

“y = ;es"” +ce™snX [t = sin x]
Thus, the solution of the given differential equation isy = ies"“" + ce~sinx

36 H. Question



Find one-parameter families of solution curves of the following differential equations:

dv
X+y)—=1
( ’ )dx

Answer
dy _
x+y) =1

Given (x + y)g =1

N dx
£ —_—
Xty dy

dx .
= ay =xX+y

dx
= — — =

dy x=y

dx
= ay +(-Dx=y
This is a first order linear differential equation of the form
dx +Px=
dy =Q

Here, P=-1land Q =y

The integrating factor (I.F) of this differential equation is,
LF = e/Pdy

= LF=el-%

= LF=e/d

We have [dy =y +c

S LF=eV

Hence, the solution of the differential equation is,

X(I.F)=J-(Q><I.F)dy+c
=x(e V)= J-(y x e V)dy+ ¢

= xe V¥ = J-(y) x (e7¥)dy+c

Recall [ f(0)g(x) = 60 [ g(x)dx] — [ (0 ([ g()d)]dx +
xereslfeal]- [l el

= xev = yl-e - [[1(—e)ldy +¢
:mﬂ=—wﬂ+ffwrm

=>xeVY =-yeY-eY +cC



=>xe¥ =-eY(y+1l)+c

=>xe¥YxeY=[-e¥y+1)+clxe

aX=-(y+ 1)+ ce¥

Thus, the solution of the given differential equation is x = -(y + 1) + c&

36 1. Question

Find one-parameter families of solution curves of the following differential equations:
dV )
—cos"X=tanx —y

Answer

a
d—}'coszx =tanx —y

X
Gi dy .2
Iven o8 Xx=tanx —y

dy 1
= (087X X = (tanx — v) %
dx C0s2x ( y)

C0s2x

y 2
= — = (tanx — y) sec?x

3= C y)
:g=tanxsec2x—ysec2x

dx

d
=:-d—i+ysec2x=tanxsec2x

d
Y + (sec®x)y = tanx sec’x
dx
This is a first order linear differential equation of the form

dy
T =Q

Here, P = sec?x and Q = tan x sec?x

The integrating factor (1.F) of this differential equation is,

LF= efseczxdx

We have [ sec?xdx = tanx+ ¢
oL = etanx

Hence, the solution of the differential equation is,

y(LF) = f(Qx LF)dx+c
= y(ett*) = J-[tanx sec?x x e ¥)dx + ¢

= yetan® = J-tanx et *gac?xdx + C

Lettanx =t

= sec?xdx = dt [Differentiating both sides]

By substituting this in the above integral, we get



ye' = J-tetdt+ C

S yet = f(t) « (eN)dt+ c

Recall [ f(x)g(x) = f(x)[[ g(x)dx] — [If' () ([ g(x)dx)]dx + c

- st e [ s

= ye' =t x et—fl(et)dt+ c

=:-yet=tet—J-etdt+c

=syel =tel-el + ¢

= yel x et = (tel - et + c)et

sy=t-1+cet

Ly=tanx -1+ ce@X [t = tan x]

Thus, the solution of the given differential equation isy = tan x - 1 + cetanx

36 ). Question

Find one-parameter families of solution curves of the following differential equations:
eVsec?ydy = dx + xdy

Answer

eYsec?ydy = dx + xdy

Given e‘yseczydy =dx + xdy
I 2ydy><—l = (dx+ dy)x—l
= =
e v sec XT X

dx

“Vearly —
= e Ysecy dy+x
dx oy 5
=:-dy+x—e sec<y

This is a first order linear differential equation of the form

IdX+ Px =
dy =Q

Here, P = 1 and eYsec?y

The integrating factor (I.F) of this differential equation is,
LF = e/Pdy

= [.F=elldv

S [F=eld

We have [dy =y +c

S LF = eY [ elogx = x]

Hence, the solution of the differential equation is,



x(l.p)=f(q><1.1:)dy+c
= x(e¥) = J-(e‘l" sec’y x e¥)dy + c

= xe¥ = J-seczydy+ c

Recall [ sec?xdx = tanx+ ¢

=>xe¥=tany +c
v 1 @ +o 1
= Xe xe—},— any+c xe},

WX =(tany + c)e¥
Thus, the solution of the given differential equation is x = (tan y + c)e¥
36 K. Question

Find one-parameter families of solution curves of the following differential equations:

dy
Xlogx —+vyv =2logx
dx

=

Answer
logx T +y =21
xlogx—+y = 2logx

Given xlogx% +y=2logx

(x1 dy+) L g !
= \RERG Y ><:x;ll:)g:«;_ ngxxlogx
d
=:-—y+ Y —E
dx xlogx x
dy 1 2
:EJr(xlogx)y_g

This is a first order linear differential equation of the form

dy_l_ B
Here, P = Y:gxandQ=3

The integrating factor (I.F) of this differential equation is,

LF = efPdx

1
= LF = oJlogx®™
Let t = log x

— dt = 1 dx [Differentiating both sides]
X

By substituting this in the above integral, we get
1

LF=elt®+c

We have f%dx =logx+c¢



= |.F =elogt
= L.F=t[-elo9x = x]
S ILF=log x [t = log x]

Hence, the solution of the differential equation is,

y(L.F) = f(Qxl.F)dx+c
= y(logx) = J- Gx logx) dx +c

= ylogx = ZJ- logx de) +c

Let t = log x

=dt= de [Differentiating both sides]

By substituting this in the above integral, we get

yt=2ftdt+c

n+i
We know [ xBdx=>— 4 ¢
n+1

t1+1
=:-yt=2(l+l)+c

t2
=>y‘t=2(§)+l:

syt=t2+c

1 1
=>y't><¥=(t2+C)XE

C
=>y=t+E

~y=logx + @ [t =log x]
Thus, the solution of the given differential equation isy = logx + é

36 L. Question

Find one-parameter families of solution curves of the following differential equations:

dy )
X—+2y=x"logx

Answer

dy w2
X t2y=x logx
Given xg + 2y = x?logx

( dy+2) ! 2] !
= e —_ = —
de N ><X X ogxxx

dy 2y
= E_'_;_ xlogx



dy+(2) —xl
=?'dX Xy—XOgX

This is a first order linear differential equation of the form
Here,P=§andQ=ongx

The integrating factor (I.F) of this differential equation is,
LF = efPdx

o LF = el

o LF = e?/5ex

We have fidx =logx+c

= L.F = e?loex

= LLF = el°ex* ["mlog a = log a™]
SLF = x2 [ elog X = x]

Hence, the solution of the differential equation is,

y(LF) = f(Qxl.F)derc
= y(x?) = J-(xlogxx x3)dx+c
= yx’= J-xg logxdx+ c

= yx? = J-(logx) x (x¥)dx+c

Recall [ f(x)g(x) = f(x)[[ g(x)dx] — [[f'(x) (] g(x)dx)]dx +c

= yx? = logx U xadx] — J- [% (logx) (J- xadx)] dx+c
-G
= yx’= }::—‘Llogx— J- E(}:‘—‘L)

2 X4 1 3
= yx =Ilogx—g x*dx+c

x* 1/x*
=:-yx2=?logx—g — | +c

X

371 dx+ ¢

= yx? = logx

dx+c¢

x4l ! oy
=2 08X 16X C

2

= yx

4
2 _

X
= VX —E(4logx—l)+c



,_ 1 [x* 1
=S VXTX 5= E(4logx—l)+c X

v = (logx— 1)+ S
IRARET RN X2

Thus, the solution of the given differential equation is y = f(.gr logx — 1) + 12
16 X

37 A. Question

Solve each of the following initial value problems:

y+y=¢e,y(0)=

b | =

Answer
y, +y=eX'y(0)=%
Giveny' +y = eX and y(0) =$

dy .
=:-£+(1)y— e

This is a first order linear differential equation of the form
dy

—+ —

xTv=Q

Here, P =1 and Q = &

The integrating factor (I.F) of this differential equation is,

LF = efPdx

= LF =efd
We have [dx=x+¢c
L = eX

Hence, the solution of the differential equation is,

y(LF) = f(Qxl.F)derc
= y(e¥) = J-(e" X e¥)dx+ c
= ye* = J-e"“‘der C

= ye¥ = J-szdx-i- C

Recall [ e*dx = e* + ¢



2y =—+ce”™
=72

However, when x = 0, we havey _12
2

1]

1 e 0
=:-E=E+ce

1 1
=:-E=E+C
c=0

By substituting the value of c in the equation for y, we get

X

=—+0xe™™
y=3

.'.y:i

Thus, the solution of the given initial value problem isy = e
2

37 B. Question

Solve each of the following initial value problems:

xﬁ—}f =logx,y(1) =0
dx

Answer
dy . _ 1) =
x— —y=logx y(1) =0

Given X?—y = lggx andy(l)=0
X

( dy ) :L_1 1
=X x —=logx X

dy y logx

dx x x

dy /-1 logx
~at(Flv=

This is a first order linear differential equation of the form

dy
T =Q

logx

Here, P = —2and =
X

X

The integrating factor (1.F) of this differential equation is,

IF = efPdx

1
= LF = of =9

1
= [LF= e_fﬁdx

We have f%dx =logx+¢c



= [.F = g7 lo&x
= LF = elogx* ["m log a = log a™]
L =x1[relogx =]

Hence, the solution of the differential equation is,

y(l.p)=f(Q><1.F)dx+c
=y(x )= J-(m?xx )dx+ c

= J-x‘z logxdx +c

=

Nl'ﬂd ¥ =

J-( ogx) x (x 3)dx+c

Recall [ f(x)g(x) = f(x)[[ g(x)dx] — [If' ) ([ g(x)dx)]dx + c

= og [ x2ao] - [ [F008 [ x-20)
=:-X—logx _J-x dx dx(logx) X “dx||dx+c
y —2+l —-2+1
=:-£=logx ErE J-[ ( 2+1) dx+c
=:-X=logx ( )dx+c
X

1
Y ——logx+J-x‘2dx+c
X X

y 1 X_2+1
—=——logx+ +
X x XTI

-1
=:-E=——logx+—+c
X _
1 1
:X=——logx——+c
X X X

=>y= (—Elogx—EJrc)x
X X

Sy=-logx-1+4cx
However, when x = 1, we havey =0
=>0=-logl-1+c(1)
=20=-0-1+c
=20=-1+c
Lec=1
By substituting the value of c in the equation for y, we get

=-logx-1+ (1)x
=2y =-logx-1+x

Sy =x-1-logx

Thus, the solution of the given initial value problemisy =x -1 -

37 C. Question

log x



Solve each of the following initial value problems:

dx oy .

— +2y=¢ "sinx, y(0) =0
dy

Answer

E — a—ZK g3 —

™ + 2y = e **sinx, y(0) = 0

Given ?+ 2y = e **sinx and y(0) = 0
y

dy o
= i +(2)y = e **sinx

This is a first order linear differential equation of the form

dy
T =Q

Here, P = 2 and Q = e ?Xsin x

The integrating factor (I.F) of this differential equation is,
LF = efPdx

= LF = ef2ax

= LF =e?fdx

We have [dx=x+¢c
oL = e

Hence, the solution of the differential equation is,

y(LF) = f(Qx LE)dx + c
= y(e) = J-(e‘z"sinx x e?¥)dx + ¢

= ye’¥ = J-sinxdx +c

Recall [ sinxdx = —cosx +c
>ye?X=_cosx + ¢

= ye?X x e2X = (-cos X + ¢) x e2X
~y = (-cos x + c)e2X

However, when x = 0, we havey =0
=0 = (-cos 0 + c)e?
=20=(-1+¢c)x1

=20=-14+c

Lc=1

By substituting the value of c in the equation for y, we get
y = (-cos x + 1)e2X

sy = (1 - cos x)e 2%



Thus, the solution of the given initial value problem is y = (1 - cos x)e 2%
37 D. Question

Solve each of the following initial value problems:

xﬁ—}f =(x+1)e", y(1) =0
dx
Answer

xg—y =(x+1)e™y(1)=0

Given x?—y = (x+1)e*and y(1) = 0
X

1 1
=:-(x—— )x—=(x+l)e"‘x—
X X X

dy+(—1) _(x+ 1) x
= dx A U

This is a first order linear differential equation of the form

dy
T =Q

Here, P = —i and Q = (il) ax

X

The integrating factor (I.F) of this differential equation is,

IF = efPdx
1
= LF =ef 3%
_I"Ed:\-:

=LF=e""x

We have fidx =logx+c¢

= L.F = e lo8x

= L.F =el°s¥ ' [ 'mlog a = log a™]
S LF=x1relogx = x]

Hence, the solution of the differential equation is,

y(LF) = f(Qxl.F)dHc

=y = J-((X:; 1) e X x‘l)dx +c

y X+ 1y
=== ( > )e"dx+c
X X
1 1
=:-X=J-(—+—2)e"‘dx+c
X X X

Let® _ —¢

X



[ e De-a

1 1
= —a % (—+—2) dx = dt
X X

1 1
= (—+ —) e dx = —dt
X

x2

By substituting this in the above integral, we get
Y J-—dt +c
X
= y = — J- dt+ ¢
X

We know [dx=x+c

ax X
e e
X X X

e—}.’

=y = (— - + C)X

sy =-eX + X

However, when x = 1, we havey =0
=>0=-e14c()

=»0=-el+c

S C = e_l
By substituting the value of c in the equation for y, we get
y = -eX + (e 1)x

1

Ly =xet-eX

Thus, the solution of the given initial value problem isy = xe'l - e
37 E. Question

Solve each of the following initial value problems:

Answer
(1+y2)dx+ (x — e ™ '¥)dy =0, y(0) =0

Given (1+y?)dx+ (x — e~ ¥)dy = 0 and y(0) = 0
1~ dy
e _p—tan Ty Y
=:-(1+y)+{x e )dx 0

1, d
= (x—et® F}Ei: —(1+y?)

dy (1+y?)
= E - (X— e—tan_l}r)
dx (x — e~tan'y)

Tdy (1+y2)



dx X e tan 1y

=>d_y=_1+y2+ 1+y?

dx X e tan 1y

=>d_y+l+y2_ 1+y2

dX+ ( 1 ) e~ tan "ty
= — =
dy \1+y? =y y2

This is a first order linear differential equation of the form

dx + Px
dy =Q
— —1
Here, P = 12andQ=“ Bl
1+y 1+y2

The integrating factor (I.F) of this differential equation is,

L.F = efPdy

1
——d
S LF =T

1
1+y?

We have [ —dy =tan "ty +c

~LF = etan_l}r

Hence, the solution of the differential equation is,

%(LF) = f(Qx LE)dy + ¢

1

—tan™
1+y? y

1 1
= xetn 1"=J-(1+y2)dy+c

1
We know fmdx =tan'x+c

= xet YV —tan~ly + ¢

= xet 'V x et Y — (tan~ly 4 () x e7tAM Y

~x=(tan "ty + c)e Y

However, when x = 0, we havey =0

= 0= (tan" 10 +cle = 0

=0=(0+ c)e?

=20=(c)x1

nc=0

By substituting the value of c in the equation for x, we get
x = (tan"ly+0)e ¥

ax=e B Vanly

Thus, the solution of the given initial value problem is x — g—tan™'y tan"'y

37 F. Question



Solve each of the following initial value problems:
dy 5

— +vytanx =2x+x tanx,y(0) =1

dx

Answer

%+ ytanx = 2x + x*tanx, Y(0) = 1

Given g + ytanx = 2x+ x“tanx and y(0) = 1

d
= d—i + (tanx)y = 2x + x*tanx

This is a first order linear differential equation of the form

dy
T =Q

Here, P = tan x and Q = 2x + x%tan x

The integrating factor (I.F) of this differential equation is,

LF = efPdx
= LF = e_rtanxdx

We have [ tanxdx = log(secx) + c

=LF = elog(sec x)

S I.F = sec x [+ €09 X = x]

Hence, the solution of the differential equation is,

y(LF) = f(Qxl.p)dHc

= y(secx) = J-((2x+ x?tanx) x secx)dx +cC

= ySecx = J-(szecx + x?tanxsecx)dx +c

= ysecx = J- 2xsecxdx + J-xz tanxsecxdx + ¢
= ysecx = ZJ-xsecxdx+ J-xz tanxsecxdx+ ¢

= ysecx =2 J-(secx) x (x)dx + J-thaIIXSECXdX-F C

Recall [ f(x)g(x) = f(x)[[ g(x)dx] — [If' ) ([ g(x)dx)]dx + c

= ysecx =2 {secx J- xdx: - J- % (secx) (J- xdx)] dx} + J- x?tanxsecxdx
+cC
'Xl+l [ X1+l
= ySecx = Z[SECX 111 —J- (secxtanx) (1 n 1) dx]

+ J-xz tanx secxdx + ¢

x2 x?
= ysecx =2 [? secx — J- [(secxtanx) (?)

dx] + J-xz tanxsecxdx +c



2
X 1
= ysecx =2 [E secx — EJ-XE secxtanxdx] + J- x?tanxsecxdx +c

= ysecx = x%secx — J- x%secxtanx dx + J-xztanxsecxdx+ C

=y sec x = xsec X + ¢

1 1
= ysecx X — = (x?secx+ ) Xx —
secx secx

3 C
sy=x>+——
secx

sy = X%+ ccos x

However, when x = 0, we havey =1

=1 = 0% + c(cos 0)

=1=0+c(1)

Lc=1

By substituting the value of c in the equation for y, we get

y = x% + (1)cos x

Sy = X2 + Cos X

Thus, the solution of the given initial value problem is y = X + cos x
37 G. Question

Solve each of the following initial value problems:
dV 2

— +ytanx =2x+x"tanx, y(0) =1

dx

Answer

%+ ytanx = 2x + x*tanx, Y(0) = 1

Given % + ytanx = 2x+ x?tanx and y(0) = 1

d
= d_i + (tanx)y = 2x + x*tanx

This is a first order linear differential equation of the form
dy

—+ —

xTv=Q

Here, P = tan x and Q = 2x + x%tan x

The integrating factor (I.F) of this differential equation is,
LF = efPax

= LF = EJ" tan xdx

We have [ tanxdx = log(secx) + ¢

= LF = elog(sec x)

~LF = sec x [+ el99 % = x]

Hence, the solution of the differential equation is,



y(LF) = f(Qxl.p)dHc

= y(secx) = J-((2x+ x?tanx) x secx)dx +cC

= ySecx = J-(szecx + x?tanxsecx)dx +c

= ysecx = J- 2xsecxdx + J-xz tanxsecxdx + ¢
= ysecx = ZJ-xsecxdx+ J-xz tanxsecxdx+ ¢

= ysecx =2 J-(secx) x (x)dx + J-thaIIXSECXdX-F C

Recall [ f(x)g(x) = f(x)[[ g(x)dx] — [If' () ([ g(x)dx)]dx + c

= ysecx =2 [secx J- xdx_ — J- % (secx) U- xdx)] dx} + J- xZtanxsecxdx
+cC
'Xl+l [ X1+l
= ySecx = Z[SECX 111 —J- (secxtanx) (1 n 1) dx]

+ J-xz tanx secxdx + ¢

x2 x?
= ysecx =2 [? secx — J- [(secxtanx) (?)

2
X 1
= ysecx =2 [E secx — EJ-XE secxtanxdx] + J- x?tanxsecxdx +c

dx] + J-xz tanxsecxdx +c

= ysecx = x%secx — J- x%secxtanx dx + J-xztanxsecxdx+ C

=y sec x = xsec X + ¢

1 1
= ysecx X — = (x?secx+ ) Xx —
secx secx

3 C
sy=x>+——
secx

Sy = X%+ ccos x

However, when x = 0, we havey =1

=1 = 0% + c(cos 0)

=1=0+c(1)

Lc=1

By substituting the value of ¢ in the equation for y, we get

y = x2 + (1)cos x

Sy =x2 + Cos X

Thus, the solution of the given initial value problem is y = ¥ + cos x
37 H. Question

Solve each of the following initial value problems:



EJ:@
2

dy — ™ _
S, Tycotx = 2cos% y(z) =0

\Y
—+ycotx =2c0osX, ¥
dx

Answer

Given %+ ycotx = 2cosxandy G) =0

dy
=2 + (cotx)y = 2 cosx

This is a first order linear differential equation of the form

dy N
Here, P = cot x and Q = 2 cos x
The integrating factor (I.F) of this differential equation is,

LF = efPdx
= LF = ef cot xdx

We have [ cotxdx = log(sinx) +c
=LF = elog(sinx]
~LF =sin x [ elo9* = x]

Hence, the solution of the differential equation is,

y(LF) = f(Qx LF)dx+c
= y(sinx) = J-(Z cosx X sinx)dx+c

= ysinx = ZJ-sinxcosxdx +c

Letsinx =t
= cosxdx = dt [Differentiating both sides]

By substituting this in the above integral, we get

yt=2ftdt+c

n+i

Recall [ x?dx=>—+c
n+1l

t1+1
—2 +
=yt (1 ¥ 1) ¢

t2
=>y‘t=2(5)+l:

s>yt=t2+c

1 1
=:-yt><¥=(t2+c)><¥

C
=>y=t+£



. c i H
~y=sinx+—["t=sinx]
SInx
However, when x = g we havey =0

e C

=0=sing+—mp
sin
c
=>0=1+E
=20=1+c

By substituting the value of c in the equation for y, we get

-1
y = sinx + (—)

sinx
. 1
=¥ =8MX——
sinx
sinx—1
>yV=—
y sinx
—(1—sin?x)
2y=—
y sinx

Sy = —cos’ % [ 5in20 + cos20 = 1]

sinx

.y = -Cos x cot x
Thus, the solution of the given initial value problem is y = -cosec x cot x
37 1. Question

Solve each of the following initial value problems:

dy . T
X—+y=XcosxXx+smx, ¥ — =1

dx 2
Answer

xE + v =xcosx+sinx (E) =

Given x%+y = xcosx +sinxandy G) =0
= (xg+ y) X 1 = (xcosx + sinx) X E
dx X X
dy 1

¥ .
= —+4+>~=cosx +—sinx
dx X X

dy+ (1) N 1
= —+|—|y=cosx+ —sinx
dx \x y X

This is a first order linear differential equation of the form

dy
=

1 1.
Here, P = -and Q = cosx + -sinx
b 4 X

The integrating factor (I.F) of this differential equation is,



LF = efPdx

1
= LF = ex®™
We have f%dx =logx+¢c
= L.F = elosx

S LF = x [ elogx = x]

Hence, the solution of the differential equation is,

y(LF) = f(Qxl.F)derc
= y(x)= J-((cosx+ ésinx) X x) dx+c

= Xy = J-(XCOSX-F sinx)dx+c
=Xy = J-xcosxdx+ J- sinxdx +c

= Xy = J-(x) x (cosx)dx+ J-sinxdx+ C

Recall [ f(x)g(x) = f(x)[[ g(x)dx] — [[f' (x)([ g(x)dx)]dx + ¢

= Xy = x”cosxdx]—f %(X)(J- cosxdx)]dx+fsinxdx+c

= xy = x(sinx) — J-[l(sinx)]dx + J- sinxdx + c

= Xy = xsinx — J- sinxdx + J-sinxder C
=Xy =Xsinx+ ¢

1 1
= Xy X —=(xXsinx+c) X —
yX o ( ) "

C
~y=s8inx+ -
y X

However, when x = E we havey =1

=:-1—51111T+ ‘
= 3 @

2
2c
=1=1+—
T
2C
=—=10
T
Lc=0

By substituting the value of c in the equation for y, we get
s+ (5)
=sinx + (——
y sinx
Sy =sin X

Thus, the solution of the given initial value problem is y = sin x



37 ). Question

Solve each of the following initial value problems:
o

__J — 0

2

dy - (%)=
5, T ycotx = 4x cosecx) ¥ {7

dy
— +vycotx =4xcosecx, ¥

Answer

Given % + ycotx = 4xcosecx and y G) =0

dy
— + (cotx)y = 4
=2 (cotx)y = 4xcosecx
This is a first order linear differential equation of the form
dy
—+ —
xTv=Q
Here, P = cot x and Q = 4x cosec X

The integrating factor (I.F) of this differential equation is,

LF = efPdx
= LF = ef cot xdx

We have [ cotxdx = log(sinx) +c

=LF = elog(sinx]

S LF = sin x [ €09 X = x]

Hence, the solution of the differential equation is,

y(LF) = f(Qx LF)dx+c
= y(sinx) = J-(-‘-}xcosecx x sinx)dx+ ¢
1
= ysinx = 4J- (x ®—x sinx) dx +c¢
sinx

= ysinx = 4J-xdx+ C

x]'.I.+J.

Recall [ x"dx = +c
n+1
4 X1+1
= ysinx = — | +cC
y 1+1

X2
= ysinx = 4 (E) +c

>ysinx=2x2+c

| 1 , 1
= ysinx X — = (2% +¢) X —
sinx sinx

sy = (2x% + c) cosec x

However, when x = g we havey =0



By substituting the value of c in the equation for y, we get

.].L—2
V= (2){2 + (— ?)) cosecx
.].L—2
Ly = (2}{2 — ?) cosecx
,I_[Z

Thus, the solution of the given initial value problem is_y = (232 — ?)cosecx

37 K. Question

Solve each of the following initial value problems:

dy : T
— +2ytanx =sinx, Yy = 0 when x =3

Answer

. od .
Xi. d—i + 2ytanx = sinx, Y = 0 whenx =§

. d}r _ . E _
Given * + 2ytanx = sinxand y (3) =0

dy .
= i + (2tanx)y = sinx

This is a first order linear differential equation of the form

Py =0

dx

Here, P = 2 tan x and Q = sin X

The integrating factor (I.F) of this differential equation is,
LF = efPdx

= LF = of 2tanxdx

= LF = e?_rtalixdx

We have [ tanx dx = log(secx) + c
= [.F = pZleglsecx)

= LF = elegls=cx)* " m log a = log a™]
— LF = glogsec™)

“LF = sec?x [ €09 X = x]

Hence, the solution of the differential equation is,



y(LF) = f(Qxl.F)dHc

= y(sec’x) = J-(seczx x sinx)dx+ c

1
=:-ysec2x=J-( 5 ><sinx)dx+c
cosZx

5 1 sinx
=ysec'x= | |—x——|dx+c
COSX COSX

= ysec’x = J- secxtanxdx +c

Recall [ secxtanxdx = secx + ¢

= ysec?x = sec X + C

= ysec?x x = (secx+c) x

secix secix
1 . C

=V =—

y secx sec?x

Sy = COS X 4 C COs?X

However, when x = g we havey =0

T ,T
=0= cos§+ CCos8"—

3

=>0=E+C(E)2

2 2
=:-0=1+EC

2 4

1 1

=:-Ec=—5
LCc=-2

By substituting the value of c in the equation for y, we get

y = COS X + (-2)cos?x

.y = COS X - 2C0S%X

Thus, the solution of the given initial value problem is 'y = cos x - 2cos?x
37 L. Question

Solve each of the following initial value problems:

i

dy .
— —3ycotx=sm2x,Yy=2whenx =

o] A

Answer

d; .
d—i— 3ycotx =sin2x, Y = 2 WhenX=g

Given % — 3ycotx =sin2x and y G) =2

dy .
= i + (=3 cotx)y = sin2x



This is a first order linear differential equation of the form

Py =0

dx

Here, P = -3 cot x and Q = sin 2x

The integrating factor (I.F) of this differential equation is,
LF = efPdx

= LF = of ~3cotxdx

= [F=eg3 [ eotxdx

We have [ cotxdx = log(sinx) + ¢
—3log(sinx)

=[LF=e

= LF = logGinx)™ [ m log a = log a™M]

2
= LF = os(zms)

= LF = elog(cosecxla

5 LLF = cosec3x [ elod x = x]

Hence, the solution of the differential equation is,

y(LF) = f(Qxl.F)dHc

= y(cosec?®x) = J-l:SiIlZX x cosec3x)dx+ ¢

=:-ycc-sec3x=J-(251nxcosx>< , )dx+c
sin®x
2 COSX
= ycosec’x =2 | ——dx+c
sin?x
3 1 COSX
= ycosec’x =2 | — X ——dx+c
sinx sinx

= ycosec®x = ZJ- cosecx cotxdx +c

Recall f cosecxtanx dx = —cosecx +c

= ycosec3x = 2(-cosec x) + ¢

= ycosec3x = -2cosec X + C

= ycosec?x X = (—2cosecx+ c) X

cosec3x cosec3dx
—2 C

= +
cosec?x cosec3x

=¥
Sy = -2sin?x + csindx
However, when x = E we havey =2

T T
= 2 =-2sin>—+ csin®—
2 2

=2=-2(1)2 4+ c(1)3



=2=-2+cC

LCc=4

By substituting the value of c in the equation for y, we get

y = -2sin?x + (4)sin3x

sy = -2sin®x + 4sin3x

Thus, the solution of the given initial value problem is y = -2sir’x + 4sin3x
37 M. Question

Solve each of the following initial value problems:
T

_J 0

2

dy - (%)=
5, T ycotx = 2cosx ¥\

dy

—+ycotx=2cosX, ¥

Answer

Given %+ ycotx = 2cosxandy G) =0

dy
=2 + (cotx)y = 2 cosx

This is a first order linear differential equation of the form
dy

—+ —

xTv=Q

Here, P = cot x and Q = 2 cos x

The integrating factor (I.F) of this differential equation is,

IF = efPdx
= LF = Ef cotxdx

We have [ cotxdx = log(sinx) + ¢

= LF = elog(sinx]

S LF = sin x [ e09 X = x]

Hence, the solution of the differential equation is,

y(LF) = f(Qx LE)dx + c
= y(sinx) = J-(Z coSX X sinx)dx+c

= ysinx = ZJ-sinxcosxdx +c

Letsinx =t
= cosxdx = dt [Differentiating both sides]

By substituting this in the above integral, we get

yt=2ftdt+c



x]'.I.+J.

Recall [y dx = 4

n+1l
t1+1

= =2|——|+c
w=2(737)

t2
=:-yt=2(5)+c

syt=t2+c
1 1
=sytXx—=(t"+c)x -
t t
t+C
=y = -
y t
Ly = sinx+$['-'t=5in x]

However, when x = E we havey =0

=:-0=sinz+%
sins
c
=>0=1+E
=20=1+c

By substituting the value of c in the equation for y, we get

-1
y = sinx + (—)

sinx
. 1
=¥ =8MX——
sinx
sinx—1
2y =—
y sinx
—(1—sin?x)
yV=—"
y sinx

Sy= =05 [+ 5in20 + 0520 = 1]

sinx

Sy = -cos x cot x

Thus, the solution of the given initial value problem is y = -cosec x cot x
37 N. Question

Solve each of the following initial value problems:

dy = cos x (2 - y cosec x)dx

Answer

dy = cos x (2 - y cosec x)dx

Given dy = cos x (2 - y cosec x)dx

dy
= o = CosX (2 — ycosecx)

dy
= & = 2C08X — }'COS XC0secx



1

=2C0SX—VCOSX X ——
sinx

dx

dy_ 2 t
= — = —

I COSX —yCotx

y
= —+vycotx = 2cosx
dx y

dy
= i + (cotx)y = 2 cosx

This is a first order linear differential equation of the form

Py =0

dx

Here, P = cot x and Q = 2 cos x

The integrating factor (I.F) of this differential equation is,
LF = efPdx

= LF = efcotxdx
We have [ cotxdx = log(sinx) + ¢

= LF = elog(sinx]

S LF = sin x [ €09 X = x]

Hence, the solution of the differential equation is,

y(LF) = f(Qx LE)dx + c
= y(sinx) = J-(Z coSX X sinx)dx+c

= ysinx = ZJ-sinxcosxdx +c

Letsinx =t
= cosxdx = dt [Differentiating both sides]

By substituting this in the above integral, we get

yt=2ftdt+c

n+i

Recall [ xndx ==
n+1

+c

t1+1
= =2 +cC
r=2(1)
tz
=vyvt=2(—|+4+c
syt=t2+c
1 1
=>y't><¥=(t2+C)XE

C
=>y=t+E



Ly =sinx+— [ t=sinx]
sSinx

Sinx

Thus, the solution of the given differential equation isy = sinx +

37 0. Question

Solve each of the following initial value problems:

\' . .
tanxd_" =2xtanx+ x- —v,tanx # 0 given thaty = 0 whenx =
dx ’

| A

Answer

tanxg = 2xtanx +x? —y, tan x # 0 given that y = 0 whenx =g

. dy _ 2 _ I =
G|ventanxdx_2xtanx+x ya”d}’(z) 0

dy 1 . 1
=tanx— X —— = (2xtanx +x* —y) X ——
dx  tanx tanx
d x?
N S
dx tanx tanx
d x?
= & + Y

=2x+
dx tanx tanx

dy 1 x?
= —+ (—)y= 2X+—
dx \tanx tanx

d
Y + (cotx)y = 2x + x%cotx
dx
This is a first order linear differential equation of the form

dy
T =Q

Here, P = cot x and Q = 2x + X2 cot X

The integrating factor (I.F) of this differential equation is,

LF = efPdx
= LF = ef cot xdx

We have [ cotxdx = log(sinx) +c

=LF = elog(sinx]

5 LF = sin x [ €09 X = x]

Hence, the solution of the differential equation is,

y(LF) = f(Qx LF)dx+c
= y(sinx) = J-((2x+ x?cotx) X sinx)dx+ C
= ysinx = J-[szinx +x%cotxsinx)dx + ¢

= ysinx = J-(szinx +x%cosx)dx+c



= ysinx = J-szinxdx+ J-xz cosxdx +c

= ysinx = J-Zx sinxdx + J-(xz) x (cosx)dx+c

Recall [ f(x)g(x) = f(x)[[ g(x)dx] — [If' () ([ g(x)dx)]dx + c

d
= ysinx = J-szinxdx+x2 U- cosxdx] —J- E(Xz) (J- cosxdx)] dx +c¢

= ysinx = J- 2xsinxdx + x2(sinx) — J-[Zx(sinx)]dx +c

= ysinx = J-szinxdx+x2 sinx— J-szinxdx+ C

=y sin X = X2sin X + ¢

1 1
= ysinx x — = (x?sinx+¢) x —
sinx sinx

v = g2 c
Ay =X+ —
sinx

However, when x = E we havey =0

=0=(3) +—

2 in &
51112
0 H2+C
=20=—+-
4 1
0 TEQ-I—
=0=—+c
4
2
Cc=——
4

By substituting the value of c in the equation for y, we get

T
2 4
¥y= X
sinx
2 Trz
y 4sinx

2

Thus, the solution of the given initial value problem isy =x2_

4 zinx

38. Question

. . . . . v a4
Find the general solution of the differential equation Xd_-' +2y =x".

Answer

. d
Given y & = %2
de +2y=x



(3
=>dx X y=x

This is a first order linear differential equation of the form
Here,P=§andQ=x

The integrating factor (I.F) of this differential equation is,
LF = efPdx

o LF = el

o LF = e?/5ex

We have fidx =logx+c

= L.F = e?loex

= LLF = el°ex* ["mlog a = log a™]
S LF = x2 [ elog X = x]

Hence, the solution of the differential equation is,

y(LF) = f(Qxl.F)derc
= y(x?) = J-(x x x2)dx+c

= yx?= J-ngx-i- c

x]'.I.+J.

Recall [y dx = 4
n+1l
3+1
=:-yx2=x +c
3+1
X=l-
= yxi=—+c
YXT=7
, 1 x4+ 1
= X—==|—+c|X—=
s 4 X2
X
VT Ty

Thus, the solution of the given differential equation is y = f_,_ iz
4 X

39. Question

Find the general solution of the differential equation ﬁ_}r —COS X

Answer

. d
Given & _  —
.~ ¥ =cosx

dy
= &-ﬁ- (—1)y = cosx



This is a first order linear differential equation of the form

Py =0

dx

Here, P = -1 and Q = cos X

The integrating factor (I.F) of this differential equation is,
LF = efPdx

= LF = ef -1dx

= [F=g/dx

We have [dx=x+¢c
S LF = e

Hence, the solution of the differential equation is,

y(LF) = f(Qxl.p)dx+c
= y(e™) = J-(cosx xe ¥)dx+c
=ye * = J-e"‘ cosxdx +c

=ye ¥ = J-(e‘x) x (cosx)dx+ ¢

Let I = [(e™*) x (cosx)dx

o= feossa] - [ [Lemn ([ cosxad]o

= [ = e™™(sinx) — J-[—e‘x[sinx)]dx

=[=e"*sinx + J- e *sinxdx

d
=]=e sginx +e7* U sinx dx] — J- = (e™) U- sinxdx)] dx

== e ¥sinx + e *[—cosx] — J-[—e"‘(— cosx)]dx

=[=e""sinx — e *cosx — J- e *cosxdx

= | = eX(sin x - cos x) - |

= 2| = eX(sin x - cos Xx)

—X

e
~ = > (sinx — cosx)

By substituting the value of | in the original integral, we get

X

e
=ye ¥ = (sinx— cosx)+ ¢

2
—X

e
—}.’x XZ[
= ye e >

(sinx — cosx) + c] e®



1
“y=3 (sinx — cosx) + ce®
Thus, the solution of the given differential equation isy = ;(sinx — COsX) + ce®

40. Question

i > dx
Solve the differential equation (v —SX‘)d—:X
v

Answer

Given (y + 3:42)3—; =x

dx X
==
dy v+ 3x?
dy v+ 3x?
= — =
dx X
dy y 3x?
= —=—-4+ —
dx x X
dy y
E—E 3x
dy 1
=~ ot (x)y=3

This is a first order linear differential equation of the form

dy
T =Q

Here, P = —é and Q = 3x

The integrating factor (I.F) of this differential equation is,
LF = efPdx

>LF=ef _édx

=LF=e" fédx

We have fidx =logx+¢c

= [.F = g7 lo&x

= LF=e¢°8¥ " [ mlog a = log a™]

S LF=x1relogx = x]

Hence, the solution of the differential equation is,

y(LF) = f(Qxl.p)dHc
=y = J-(Bxx x Vdx+c
=yx 1= J-de +c

=:-yx‘1=3J-dx+c



We know [dx=x+c

s>yxl=3x+c

=yx1xx=(3x +c)x

Sy = (3x + ¢)x

Thus, the solution of the given differential equation isy = (3x + ¢)x

41. Question

Find the particular solution of the differential equation d_ +Xcoty =2y + }-‘2 coty., y # Ogiventhatx =0
v

when v =

o | A

Answer
. dx 2
Given a + xcoty =2y + ¥y~ coty

dx
dy

= —+ (coty)x = 2y + y% coty

This is a first order linear differential equation of the form

dX+Px—
dy =Q

Here, P = coty and Q = 2y + y?cot y

The integrating factor (I.F) of this differential equation is,
LF = e/Pdy

= L.F = ef cotydy

We have [ cotydy = log(siny) + ¢

= LF = elog(siny)

S LF =siny [ el99% = x]

Hence, the solution of the differential equation is,

%(LF) = f(Q « LE)dy +
= x(siny) = J-((Zy +y?coty) x siny)dy +c

= xsiny = J-Zy sinydy + J- y? coty siny dy + ¢

o . 2 COSY) .
=:-x5111y—J-2y5111ydy+J-y (siny sinydy +c
= xsiny = J-Zysinydy+fy2 cosydy + ¢

= xsiny = J-Zysinydy+ J-(yz) x (cosy)dy +c

Recall [ f(x)g(x) = f(x)[[ g(x)dx] — [If' ) ([ g(x)dx)]dx + c



d
= xsiny = J-Zysinydy +y? U- cosydy] - J- [d_y (v?) (J- cosydy)] dy + ¢
= xsiny = J-Zy sinydy + y?(siny) — J-[Zy(siny)]dy +c

= xsiny = J-Zysinydy+y2 siny — J-Zysinydy+ C
=»xsiny=y2siny +c

1 1
iny X — = (y*siny + ¢) x ——
= xsiny siny (y*siny + c) sy

5 C
Sx=y>+—
siny

X =Yy% 4+ ccosecy

However, wheny = E we have x = 0.

0=(5) + n
= =\{— CCcosec—
2 2
2
TT
0=—+c(1
= 2 c(1)
TE2—I— 0
= —4+Cc=
4
TI.'2
=73

By substituting the value of c in the equation for x, we get

2

5 ™
X=y°+ — )cosecy

2 TL-E
“X =y° —-cosecy

Thus, the solution of the given differential equation is y — y2 — n cosecy
4

42. Question
Solve the following differential equation (Cm_l y+x)dy =(1+ x,rz)dx_

Answer
Given (cot ™y + x)dy = (1 + y2)dx

dy 1+y?
-

dx cotly+x

dx cotly+x
=>dy_ 1+ y?

dx cotly X
= —= +
dy 1+y? 1+y?

dx X cot™ly
= — — =
dy 1+y%2 1+y?




dx+( 1 ) _cot™ty
=>dy 1+y? x= 1+y?

This is a first order linear differential equation of the form

dx + Px

dy =Q

Here, P = ty
1+y2

The integrating factor (I.F) of this differential equation is,

L.F = efPdy

1
——d;
SLE=¢ TY

=cot™ly+c

#LF =gty

Hence, the solution of the differential equation is,

%(LF) = f(Qx LE)dy +c

0 cot™* 'y
acot” }r} f(l+y acot” )dy+l:

= x(e™t 3’}=J-c0t‘1ye°°t 3’(1+y2)dy+c
Let cotly =t

! dy = —dt
=;'ZL+3.’2 y=

By substituting this in the above integral, we get

xet = J-—tetdt+ C

= xet = — f(t) « (et)dt + ¢

Recall [ f(x)g(x) = f(x)[[ g(x)dx] — [If' () ([ g(x)dx)]dx + c

sl oo

= xet=— {t x et — J- lﬁet)dt}+ c

= xet = — {tet - J-etdt} +c

= xel = -{tel - e'} + ¢
= xel = -tet + et + ¢
= xel x et = (-tet + et + c)et

=>x=-t+1+cet



2X=—cotly + 1+ ce~ 'V [t =cot'ly]

Thus, the solution of the given differential equation isy = — cot™y + 1 + ce” cot™y

Exercise 22.11
1. Question

The surface area of a balloon being inflated, changes at a rate proportional to time t. If initially its radius is 1
unit and after 3 seconds it is 2 units, find the radius after time t.

Answer
Let the surface area of the balloon be S.
5 S = 4nr?

According to the question,

ds :
—
dt

ds
=2 = Lt
= d{de'r[rz} .

dt kt

= 8 _ kt

dt

= 8nrdr = ktdt
Integrating both sides, we have
= 8nfrdr = k[tdt

-1 ktZ

28T — = — + ¢
2 2
2
:41'[]_'2 = k?t F Coorens (1)

Given, we have r = 1 unit when the t = 0 sec

Putting the value in equation (1)

Putting the value of c in equation (1) we have,
2
41‘[1‘2 = k?t R (3)

Given, we have r = 2 units when t = 3 sec

“4m(2)* = %]2 + 4m

= 16m — 4m = =

=12n = —

sk =20 E L4
9 3

Now, putting the value of k in equation (2),



We have,

,  8mt?
4mr- = e + 4m
- 2 gmt?
4Tre — 4m = .
2
=4m(rt—1) = %
= 1-2 —1 = E

.'.r= E+1
\fE

2. Question

A population grows at the rate of 5% per year. How long does it take for the population to double?
Answer

Let the initial population be P,.

And the population after time t be P.

According to question,

dp—50;’><P
de ~ 7"

@ _ s
dt 100

L& _ P
dt 20

=205 = dt
Integrating both sides, we have
=209 = [dt
P
= 20log|P| =t + C...... (1)
Given, we have P = P, when t = 0 sec
Putting the value in equation (1)
- 20log|P| =t + ¢
= 20log|P,| =0 + ¢
= ¢ = 20log|Pgy| ...... (2)
Putting the value of c in equation (1) we have,

20log|P| = t + 20log|P,|
= 20log|P| - 20log|P,| =t
= 20(log |P| - log|Po|) = t
[loga - logb = log(%)]

P. _
= 20log (E) =t... (3)



Now, for the population to be doubled

Let P = 2P, at time t1
. t=20log (£
g (P:)
t1 = 20log (2E°

=tl = 20 log2
. time required for the population to be doubled = 20 log2 years
3. Question

The rate of growth of a population is proportional to the number present. If the population of a city doubled
in the past 25 years, and the present population is 100000, when will the city have a population of 5000007

[Given loge 5 = 1.609, loge 2 = 0.6931]
Answer

Let the initial population be Py .

And the population after time t be P.

According to question,

dpoct
dt
dp
=>I = kP
= dP = kPdt
dp
:? = kdt

Integrating both sides, we have
dp
= = k/[dt
=2 =k
= log|P| =kt + C...... (1)
Given, we have P = P, when t = 0 sec

Putting the value in equation (1)
~log|P| =kt + ¢

=log|Py| =0 + ¢

Putting the value of c in equation (1) we have,

log|P| = kt + log|P,|

= log|P| - log|P,| = k t

= (log |P| - log|Py|) = kt [loga - logb = log(E)]
log (£) =kt ...... 3

= log () (3)

Now, the population doubled in 25 years.

Let P = 2P, at t = 25 years

CE P
-~ kt = log (F)



= kx25 = log (QP_FZC’)

Now, equation (3) becomes,
P log2
lo (—) = —t
E\pe) = 25
Now, let t1 be the time for the population to increase from 100000 to 500000

(500000) log2
°€ \100000/ ~ 25

1.609

=1l 25 x e (log5 = 1.609 and log2 = 0.6931)

=1l =58
.. The time require for the population to be 500000 = 58 years.
4. Question

In a culture, the bacteria count is 100000. The number is increased by 10% in 2 hours. In how many hours
will the count reach 20000, if the rate of growth of bacteria is proportional to the number present?

Answer
Let the count of bacteria be C at any time t.

According to question,

dC .
—
dt
= ? = kC where k is a constant
t
=dC = kCdt
ac

Integrating both sides, we have

= fd_; = k[dt

= log|C| =kt +a...... (1)

Given, we have C = 100000 when t = 0 sec
Putting the value in equation (1)

~log|C| =kt + a

= 10g|100000| =0 + a

= a = log|100000] ...... (2)

Putting the value of a in equation (1) we have,

log|C| = kt + 1og|100000]|

= log|C| - 10g|100000| = k t lloga - logh = log(>)]



=log (—= )=kt .....(3)
100000

Also, att =2 years, C = 100000 + 100000 x % = 110000

From equation(3),we have

c

-kt = log ( )
100000

_ 110000

= kx2 =log (100000)

S k=1lE L (4)
2log10
Now, equation (3) becomes,

C 1 logllt
100000"  2logl0

log (

Now, let t1 be the time for the population to reach 200000

(200000) logl1
°€ \100000/ ~ 2loglo

1logil
=log2 = -2
2loglo

11

2loglolog2

= =
tl log11

2logl0log2

. The time require for the population to be 200000 = hours

5. Question

If the interest is compounded continuously at 6% per annum, how much worth X 1000 will be after ten years?
How long will it take to double X 10007

[Given €06 = 1.822]
Answer
Let the principal, rate and time be Rs P, r and t years.

Also, let the initial principal be Py.

dp Pr

dt 100
dP r

T = Tl

Integrating both sides, we have

dP r
- f P mof

Now, att =0, P =P,

log| Py | =0+cC

Putting the value of c in equation (1) we have,

log|P| = ﬁt + log|P,|

= log|P| - log|P,| = ﬁt



= (log |P| - log|Po|) = -t [loga - logb = log(})]

P, _ r
= log (F) = Et ...... (3)

Now, P, = 1000, t = 10years, r =6

slog (P = 5.%x10
g (1000) 100

= log (L) = 0.6
1000

=»_P _ 08

1000
= P = a06x1000
=P =1.822x1000 (Given: %6 = 1.822)
=P =1822
Rs 1000 will be Rs 1822 after 10 years at 6% rate.
6. Question

The rate of increase in the number of bacteria in a certain bacteria culture is proportional to the number
present. Given the number triples in 5 hrs, find how many bacteria will be present after 10 hours. Also find
the time necessary for the number of bacteria to be 10 times the number of initial present.

[Given loge 3 = 1.0986, 21972 = 9]
Answer
Let the count of bacteria be C at any time t.

According to question,

dC .
—
dt
= ? = kC where k is a constant
t
=dC = kCdt
ac
=°7; = kdt

Integrating both sides, we have

= fd_; = k[dt

= log|C| =kt + a...... (1)

Given, we have C = Cy when t = 0 sec

Putting the value in equation (1)

~log|C| = kt + a

=1log| Col =0+ a

=a = log| Cy| ...... (2)

Putting the value of a in equation (1) we have,

log|C| = kt + 10g|100000|

= log|C]| - log| Co| = k t [loga - logh = log(%)]



Also, at t = 5 years, C = 3G,
From equation(3),we have
g (CO)

kx5 = log (3%°
= kX og(co)

Now, equation (3) becomes,

C log3
log (ﬁ) = —1t

5
Now, let C1 be the number of bacteria present in 10 hours, as
1 (Cl) log3 10
J— = — %
8 \co 5
= log (%) = 2log3

=>10g(%) = log9
=C1l = 9C0

Let the time be t1 for bacteria to be 10 times

~log () =

=log10 = 28p

5logla0
=] = 22820
log3

. . sloglo
. The time required for = % hours
og

7. Question

The population of a city increases at a rate proportional to the number of inhabitants present at any time t. If
the population of the city was 200000 in 1990 and 25000 in 2000, what will be the population in 20107

Answer
Let the initial population be P, .
And the population after time t be P.

According to question,

dPoct
dt
dP
:E = kP
= dP = kPdt
dP
=< = kdt

Integrating both sides, we have

= fd_: = k[dt



= log|P| = kt + logc...... (1)

Given, we have P = 200000 when t = 1990
Putting the value in equation (1)

. 10g|200000| = kx 1990 + logc...... (2)

we have P = 250000 when t = 2000

Putting the value in equation (1)

-~ 10g|250000| = kx 2000 + logc...... (3)

On subtracting equation(2) from(3) we have,

10g|250000] - 10g|200000| = kx (2000 - 1990)

250000

- 10g200000 = 10k
=>10g§ = 10k
=k = l—lologi ------ (4)

Substituting the value of k from (4) in (2), we have
log|200000| = 1—10103‘-_‘>< 1990 + logc......(5)

Substituting the value of k, log c and t = 2010 in (2), we have

1. 4 4
logP = Elogg % 2010 + log 200000 — 1990 x 3

201 199

= logP = log (E) + log(200000 x (E)

201 199
=P = (—) X 200000 x (—)
5 4

5\ 2 25
=P = (E) X 200000 = =X 200000 = 312500

~ P = 312500

8. Question

If the marginal cost of manufacturing a certain item is given by C"(x} =__ =

function C(x), given that C(0) = 100.

Answer
9 _ 2 + 0.15%
dx

= dC = (2 + 0.15x)dx
Integrating both sides we have
= [dC = [ (2 + 0.15x)dx

= [dC = 2[dx + 0.15[xdx

0.15x°
2

=C=2x+

Now, given C = 100 when x =0
=2100=0+0+k

dC
dx

-

+0.15x_Find the total cost



Putting the value of k in equation (1)

2

C(x) = 2x + + 100

9. Question

A ban pays interest by continuous compounding, that is, by treating the interest rate as the instantaneous
rate of change of principal. Suppose in an account interest accrues at 8% per year, compounded
continuously. Calculate the percentage increase in such an account over one year.

[Take €0-08=~1.0833]

Answer

Let the principal, rate and time be Rs P, r and t years.

Also, let the initial principal be P,.

dp Pr

dt ~ 100
dP r

3 T el

Integrating both sides, we have
dP r

= [ — —[dt
=L

100

= log|P| =ﬁt+c ...... (1)

Putting the value of c in equation (1) we have,
=_T
log|P| = 10ﬂt + log|Py|
log|P| - log|Py| = —t
= log|P| - log|P,| = —

= (log |P| - log|P,|) = ﬁt [loga - logh = log(E)]

Now, t = 1 year,r = 8%

. P, _ 8
- log (E) B moXl

= log (5) =0.08

P _pos
ép: = g

P
== = 1.0833
=>§—1 — 108331

(Given: 0-08 = 1,0833)

== = 0.0833



. Percentage increase = 0.0833x100 = 8.33%
10. Question

In a simple circuit of resistance R, self inductance L and voltage E, the current i at any time t is given by

di — + R 1=E.If Eis constant and initially no current passes through the circuit, prove that
dt

_Ef_®Lr

R { -
Answer

We know that in a circuit of R, L and E we have,

We can see that it is a linear differential equation of the form ? + Py =
X

Where P =§and Q=

= lm

|.F = e/Pdt

= R dt

=e| =
b
R

= ettt

Solution of the given equation is given by

ixLLF=[QxLFdt+c
=ixgt=[E x%rdt+c
=>ix—t—j x_x ertdt + ¢
=i =24 it (1)

Initially, there was no current

So,ati=0,t=0

E
0 =—+ ce
R
E
=C= ——
R

Now, putting the value of c in equation (1)

E E R
| === —t
L LE"L
. E R
I=E(1_E"Et)

11. Question

The decay rate of radium at any time t is proportional to its mass at that time. Find the time when the mass
will be halved of its initial mass.

Answer

Let the quantity of mass at any time t be A.



According to the question,

dA A
—
dt
dA .
= - = —kaA where k is a constant
t
=dA = —kAdt
dA
= —kdt

Integrating both sides, we have
dA
= [== = - k[dt
IA Id

= log|A| = -kt + c...... (1)

Given, the Initial quantity of masss be Ay when the t = 0 sec
Putting the value in equation (1)

~log|A| = -kt + ¢

=log| Agl =0 + ¢

Putting the value of c in equation (1) we have,

log|A| = - kt + log| Ag|

= log|A| - log| Ag| = - kt [loga - logh = log(%)]

Let the mass becomes half at time t1, A = Ao

2

From equation(3),we have

Skt = |og il
(Ao)
= - kxtl = | A
X 0og (2 )

=1loolt
= - kxtl —lu;;og2
=-kxtl =-log 2

=t] = log2
k

. Required time = k’ng where k is the constant of proportionality.

12. Question

Experiments show that radium disintegrates at a rate proportional to the amount of radium present at the
moment. Its half - life is 1590 years. What percentage will disappear in one year?

log 2

Use:e 1390 =(.9996

Answer
Let the quantity of radium at any time t be A.

According to question,



dA

— A
dt
da .
» = —kA where k is a constant
t
=dA = —kAdt
dA
Sy = —kdt

Integrating both sides, we have

= f% = - k/dt

= log|A| = -kt + c...... (1)

Given, Initial quantity of radium be Ag when t = 0 sec
Putting the value in equation (1)

~log|Al = -kt + ¢

=log| Agl =0+ cC

Putting the value of c in equation (1) we have,

log|A| = - kt + log| Ag|

= log|A| - log| Ag| = - kt [loga - logh = log(%)]

Given its half life = 1590 years,

From equation(3),we have

-kt =1 ji
°9 G5
= - kx1590 = log (i)
2A
= - kx1590 = 1035

= - kx1590 = - log 2

=k — log2
1590

. The equation becomes

A log2
log (££) = - 2=t
9 Ao) 1590

A = -
log (E) =-0.9996 t

Percentage Disappeared = (1 - 0.9996) x 100 = 0.04 %

13. Question
—X

The slope of the tangent at a point P(x, y) on a curve is — _If the curve passes through the point (3, - 4),
V

find the equation of the curve.

Answer

Given the slope of the tangent = —;



We know that slope of tangent = dy

dx
-
Tdx ¥
= ydy = —xdx

Integrating both sides,

= [ydy = —[ xdx

LY LR
2 2
=y? +x* =2c = cl......(1)
Now, the curve passes through (3, - 4)
So, it must satisfy the above equation
Syt 4+ x? =l
> (-4)2+(3)2=cl
=16+9=cl
=cl =25
Putting the value of c1 in equation (1)
Syt 4+ x% =25
14. Question

Find the equation of the curve which passes through the point (2, 2) and satisfies the differential equation

d‘- 3 d‘_-"
FV—X—=y +—.

dx dx
Answer

Given the differential equation

LW
y dx y dx
S dy
- y y dx T dx
_ (1 +x)dy
- y[:l o y) o dx
- dy ~  dx
ya-y)  (1+%)

Integrating both sides we have,

S

1-'(1 ¥) (1+x)

ﬁj‘( )y_f(1+x'

= logly| + log|1l - y| = log|1l + x| + logc

= log|y(1 - y)| = log|c(1 + x)|
=>y(l-y)=c(l+Xx)...... (1)

Since, the equation passes through (2,2), So,



2(1-2)=c(1l +2)

=-2=CX3

=c=—7

Therefore, equation (1) becomes

y(l-y) = —g(l + X)

15. Question

T
Find the equation of the curve passing through the point [ L.— ] and tangent at any point of which makes an
4

¥ ¥ | .
angle tan!| = — cos® = |with the x - axis.
X X
Answer
The equation is tan? = —logx + ¢
X

It is passing through (1,%)

tang = —logl + ¢
=21=0+c
=c=1

Putting the value of c in the above equation
. ¥y _
“tan T = —logx + 1

16. Question

Find the curve for which the intercept cut - off by a tangent on the x - axis is equal to four times the ordinate
of the point of contact.

Answer
Let P(x,y) be the point of contact of tangent and curve y = f(x).

It cuts the axes at A and B so, the equation of the tangent at P(x,y)
Y-y =%X-x)
dx
Putting X =0
Y-y =20-x)
dx
Y=y-x¥
- y de
So, A(0, y - x&)
dx
Now, puttingY =0
0-y=5X-x)
dx
dx
=>X=X- yd—l'r
dx
So, B(x - y=,0)
dy

Given, intercept on x - axis = 4x ordinate



d_.

=4+ 4=
dy
x_xX_ _4
dy ¥

We can see that it is a linear differential equation.
Comparing it with ? +Px=0Q
¥
P=,Q=-4
¥

I.F = e/Pdy
— 1dy
= e— -

J ¥

= e_|0gy

1

Ty
Solution of the given equation is given by

x X I.LF = [Q % I.LF dy + logc

=>xx(f)=f—4x1dy+logc
¥ ¥

=>$=—4Iogy+logc
=>;\'=Iogy‘4+logc
X
-=logcy 4
=>1-' gcy
X -
:E"§=Cy 4

17. Question

Show that the equation of the curve whose slope at any point is equal to y + 2x and which passes through
the origin is y + 2(x + 1) = 2e2X,

Answer

Given slope at any point = y + 2x

dy
== =
™ v + 2%
dy
: —_— ==
™ Vv 2X

We can see that it is a linear differential equation.
Comparing it with &¥ =
paring =t Py=0Q
P=-1,Q=2x
|.F = efPdx
— e_[ - dx

=e—X



Solution of the given equation is given by
yxLF=[Qx LFdx + ¢

syxe X=[2xxe Xdx+c

=>ye X=2[xxe Xdx+c

=>ye X=-2xe X" 2e X+

sy =-2x-2 4+ ceX...... (1)

As the equation passing through origin,
0=0-2+cx1

=Cc=2

Putting the value of c in equation (1)
Ly =-2x-2 4+ 2€X

18. Question

The tangent at any point (x, y) of a curve makes an angle mn‘l(jx +3}:)with the x - axis. Find the equation

of the curve if it passes through (1, 2).
Answer
19. Question

Find the equation of the curve such that the portion of the x - axis cut off between the origin and the tangent
at a point is twice the abscissa and which passes through the point (1, 2).

Answer
Let P(x,y) be the point of contact of tangent and curve y = f(x).

It cuts the axes at A and B so, equation of tangent at P(x,y)
Y-y =2(X-x)

dx
Putting X =0

Y-y=%0-x)
dx

:Y:y_xg

So, A0, y - x)
dx
Now, puttingY =0
0-y=%X-x)
dx
dx
=>X=X- yd—]'r
dx
So, B(x - y—,0)
dy
Given, intercept on x - axis = 4x ordinate
=X - yE = 2X
dy
- _yE o
yd}. =
dx _ dy

x y



=-logx =logy + C ...... (1)

As it passes through (1,2)

So, the point must satisfy the equation above
-logl =log2 + ¢

=0 =10g2 + ¢

=c=-log2

Putting the value of c in equation (1)
- logx = logy - log2

= log2 = logx + logy

= log2 = logxy

=Xy =2

20. Question
. . o dy .
Find the equation to the curve satisfying X(X + 1)_' —y = X(X + 1}and passing through (1, 0).

Answer
=x(x + l)g—y = x(x + 1)

dx  x(x+1)
We can see that it is a linear differential equation.
Comparing it with & =
p 9 ™ + Py Q

P=-—2_Q=1

x(x+1)

I.F = e/Pdx

= _ dx
- e'[ x(x+1)

— 1 1. dx
=e - _Z
J.[::(+1 3-.')

= glog|x + 1] - log|x|

| x+1
_eog( )

X

x+1

X
Solution of the given equation is given by

yxLF=[Q X ILFdx +c

x+1 x+1

=y X =[1Xx dx + ¢
X
:yx"+1=f(1+3)dx+c
X b 4
Sy x 22— x 4 logx + C......(1)

As the equation passing through (1,0),

0=1+logl +c



>c=-1

Putting the value of c in equation (1)

1 x + logx -1

Ly X

21. Question

oLt

Find the equation of the curve which passes through the point (3, - 4) and has the slope iat any point (x,
X

y) on it.

Answer

Given the slope of the tangent = 2y
X

We know that slope of tangent = ?
X

dy 2y
de  x
dy  2dx
v T ox

Integrating both sides,

=7 =2F

X

=logy = 2logx + ¢

Now, the curve passes through (3, - 4)

So, it must satisfy the above equation

Sy = x%c

=>-4=(3)2xc
=-4=9c

=2C=—-—
9

Putting the value of c in equation (1)
. 4

y = _EX
22. Question

Find the equation of the curve which passes through the origin and has the slope x + 3y - 1 at any point (x,
y) on it.

Answer

Given Slope of the equation at any point (x,y) = x + 3y -1

dy _ _
:dx—x+3y 1

dy
= L _ — _
™ 3y x—1
We can see that it is a linear differential equation.
Comparing it with & =
p 9 r + Py Q

X

P=-3,Q=x-1



.F = e/Pdx

= ej - 3dx
=g~ 3X
Solution of the given equation is given by
yXLF=[QXILFdx+c

syxe X=[(x-1)x e 3dx + ¢

=>y><e‘3x=(x—1)x-ée‘3x—f(1)—§e‘3xdx+c

=>y><e‘3x=(x—1)x—ée‘3x+(—§e‘3x)+c

=Sy = —g + é—g + ce3¥
=>y=—'—+——|—cea:‘ ...... (1)
As the equation passing through origin(0,0)

0=0+2-+c
9

:c=_z
9

Putting the value of c in equation (1)
. X 2 2

Sy o= _E + ;—aea:‘

23. Question

At every point on a curve, the slope is the sum of the abscissa and the product of the ordinate and the
abscissa, and the curve passes through (0, 1). Find the equation of the curve.

Answer

Given the slope at any time = x + xy

We know that slope of tangent = ?
X

sy _
= X114y
- xdx
1+y

Integrating both sides,

Now, the curve passes through (0,1)

So, it must satisfy the above equation

+ C

2
2

“log|l + y] =
=>log2=0+c
=C = log2

Putting the value of c in equation (1)



“log|l + y| = §+ log2

24. Question

A curve is such that the length of the perpendicular from the origin on the tangent at any point P of the curve

dy

is equal to the abscissa of P. Prove that the differential equation of the curve is }.-3 —2xXy —— X3 = ().and

hence find the curve.
Answer

d
y2—2xyd—i—x2 =0

dy yi—x

=
dx 2yx

It is a homogenous equation,

Putting y = kx
dy dk
a; =k +'){a;
dk  k?x?—x?
So, st =
K+ X% = 2
dk k?x? —x? .
T T T 2k
dk  k?x? —x? —2Kk*x?
= —_— =
*a 2kx?
dk —k?x? — x?
T T T 2k
dk k-1
= —_— =
*a 2K
2k dk — dx
= 1+ k2 N X
J‘ 2k dk — dx
Tl1 ™7 X
= log|1 + k?| = —logx + logc
= log|1 + k?| = —logx + logc
C
= log|l + k?| = log;

Putting the value of k

2

y C
lt::-gl-l—x—2 = log;
x2+y* ¢
= = -

x? X

“x2+y?P-x =0

Differentiating with respect to x,

dy
2x + Zyﬁ—c =0



:ﬁ _ c—2%
dx 2y

Let (h,k) be the point where tangent passes through origin and the length is equal to h. So, equation of
tangent at (h,k) is
dy
—k) = —(x-h
(y-K) = T (x—h)

c—2h
2k

=(y-k) = (x—h)

= 2ky - 2k? = cx - ch - 2hx + 2h?

= x(c - 2h) - 2ky + 2k? -hc + 2h2 =0

= x(c - 2h) - 2ky + 2(k2 -2h) -hc =0

= x(c - 2h) - 2ky + 2(ch) - hc = 0 ( h? + k? = ch as (h,k) on th curve)
= Xx(c-2h)-2ky + hc=0

Now, Length of perpendicular as tangent from origin is

_ax+by+c
R CERE
L 0x(c—2h) + 0 x(—2k) + hc
= =
\,ﬁ(c— 2h)? + (—2k)?
hc
=L =
V2 + 4h? —4ch + 4Kk2
hc
=L =
\fcz + 4(h? + k% —ch)
L hc
= = —_—_
Jc2 + 4(0)
hc
=L=—=nh

c
Hence, x2 + y2 = cx is the required curve.
25. Question

Find the equation of the curve which passes through the point (1, 2) and the distance between the foot of the
ordinate of the point of contact and the point of intersection of the tangent with the x - axis is twice the
abscissa of the point of contact.

Answer
Let P(x,y) be the point of contact of tangent and curve y = f(x).

It cuts the axes at A and B so, the equation of the tangent at P(x,y)
Y-y =%X-x)
dx
Now, puttingY =0
0-y=(X-x)
dx
dx
=>X=X- yd—]rr
dx
So, B(x - y-,0)
dy

Given, the distance between the foot of ordinate of the point of contact and the point of intersection of



tangent and x - axis = 2x

BC = 2x
( dsz +(0)2 = 2
X ydy = 2X
dx

=>yd—y—2x
X ¥

Integrating both sides we have

=logx = 2logy + c...... (1)

As it passes through (1,2)

So, the point must satisfy the equation above
logl = 2log2 + ¢

=0 =2log2 + ¢

= C = - 2log2

Putting the value of c in equation (1)

logx = 2logy - 2log2

= logx = 2(logy - log2)

= logx = Zlogg

=logx = log G)z

2

>y =L

T4
26. Question

The normal to a given curve at each point (x, y) on the curve passes through the point (3, 0). If the curve
contains the point (3, 4), find its equation.

Answer

Given the equation of normal at point (x,y) on the curve
Y—v = — ey
“Y-y = -5, &%)

Now, the curve passes through (3,0)

=ydy = (3 —x)dx

Integrating both sides

= J-ydy = J-(B—x)dx



y2+x2 3x +
=;-2 Z_X C

It also passes through (3,4),s0

OO

2 2 =3x3+c
16 + 9
= -9 =c
=:-§—9=l:
2
25—-18
= 2 =C
7
=:-C=E

Putting the value of c in equation(1)

S S
2 T2 T T3

sy*+x*=6x+7
27. Question

The rate of increase of bacteria in a culture is proportional to the number of bacteria present, and it is found
that the number doubles in 6 hours. Prove that the bacteria becomes eight times at the end of 18 hours.

Answer
Let the count of bacteria be C at any time t.

According to the question,

dC .
—
dt
= ? = kC where k is a constant
t
=dC = kCdt
ac
:E = l{dt

Integrating both sides, we have

= fd_; = k[dt

= log|C| = kt + a...... (1)

Given, we have C = Cy when t = 0 sec
Putting the value in equation (1)
~log|C| = kt + a

=1log| Col =0+ a

Putting the value of a in equation (1) we have,

log|C| = kt + log]| Cg|

= log|C| - log| Co| = k t lloga - logb = log(>)]



Also, att = 6 years, C = 2(;
From equation(3),we have
0g (co)

= kx6 = log (20
Cco

C log2
log (75) = &~
Now, C = 8Cy

8C0 log2
g (o) = %
=log8 = 1052 Xt
=log2® = IOTEQ Xt
= 3log2 = lngz Xt
=>t=18

.. The time required = 18 hours
28. Question

Radium decomposes at a rate proportional to the quantity of radium present. It is found that in 25 years,
approximately 1.1% of a certain quantity of radium has decomposed. Determine approximately how long it
will take for one - half of the original amount of radium to decompose?

[Given 10g,0.989 = 0.01106 and loge2 = 0.6931]
Answer
Let the quantity of radium at any time t be A.

According to the question,

dA A

—

dt
dA .

= - = —kaA where k is a constant
t

=dA = —kAdt
dA

5= —kdt

Integrating both sides, we have
dA
= =-k/dt
=2 =k
= log|A| = -kt + c...... (1)
Given, Initial quantity of radium be Ag when t = 0 sec

Putting the value in equation (1)

~loglAl =-kt+ ¢



=log| Ag| =0+ cC

Putting the value of c in equation (1) we have,

log|A| = - kt + log| Ag|

= log|A| - log| Ao| = - k t lloga - logb = log(7)]

Given that the radium decomposes 1.1% in 25 years,
A =(100-1.1)% = 98.9% = 0.989 Ay at t = 25 years
From equation(3),we have

. _ Kkt = log (2:98%40
03 (%)

= - kX25 = log (0.989)

=k =- log0n.989
25

. The equation becomes

A log0.939.
log (&) = - 282+
9 ﬁﬂ) 25

Now, A = A0

2

A log0.989

S lo (_ = - g—t
g Ao) 25

_ 10g0.989t

log (A =
= og (ZA) 25

_ logO.QSQt

= log= =
g2 25

= _log2 = _“’g;ﬁt (log 2 = 0.6931 and log 0.989 = 0.01106)

25xlog2

St =
log0n.989

25x0.6931
0.01106

St =

=t = 1567 years

29. Question

. . o Xz —‘.-'2
Show that all curves for which the slope at any point (x, y) on itis —— = are rectangular hyperbola.

2xXy

Answer

. x? +y°
Given the slope of the tangent = ———
Zxy
Ldy x2 +y*
dx 2xy

It is a homogenous equation,
Putting y = kx

ay . G
dx T



So, "

k + Xd T

dk 1+ k? K
“¥ax T %

dk 1+ k? —2k?
T T 2k

dk 1-—K?
= —_— =

*d 2k

2k dk — dx
1ok

J‘ —2k dk = _2 dx
Tk T
= log|1 —k?| = —2logx + logc
= log|1 —k?| = —logx® + logc

C
= log|1 —k?*| = log;

Putting the value of k

vy’ c

log 1—}){{—2 = log;
x2—y? C
= x2  xZ

xz — yz =
30. Question

The slope of the tangent at each point of a curve is equal to the sum of the coordinates of the point. Find the
curve that passes through the origin.

Answer
Given slope at any point = sum of coordinates = x + y

-4
dx

=y +x

=Ty =x

We can see that it is a linear differential equation.
Comparing it with % + Py =Q
P=-1,Q=x

|.F = efPdx

— e_[ - dx

=X

Solution of the given equation is given by
yxLF=[QXxLFdx + ¢

syxe X=[xxe Xdx+c

=>ye X =[x x e Xdx + c (Using integration by parts)



=2ye X=-xe X e X+

As the equation passing through origin,

0=0-1+cx1

=>c=1

Putting the value of c in equation (1)

ny=-x-1+¢&

>2x+y+1l=¢

31. Question

Find the equation of the curve passing through the point (0, 1) if the slope of the tangent to the curve at
each of its point is equal to the sum of the abscissa and the product of the abscissa and the ordinate of the
point.

Answer

Given slope at any point = sum of the abscissa and the product of the abscissa and the ordinate = x + xy

According to question,

dy

2= =X+ X
dx y
dy

= = =
dx y

We can see that it is a linear differential equation.
Comparing it with &¥ =
p 9 w b Py = Q
P=-x,Q=x
I.F = e/Pdx
— ej - xdx

x2
[~

Solution of the given equation is given by

y X LF=JQx LFdx + ¢

éyxe}ﬂ:‘fxx_x?zdx-l'c ...... (1)

2

— xZ
Letl—fxxe_?dx

Lett = _¥

2

xdx
=dt = —2;\= —xdx
al=[-gtdt=- ¢ L

et = e 2z
Now substituting the value of | in equation (1)

2 2
>y _# _x
ye - — o3 + C

:y=—1+CE_K?2 ...... (2)



As the equation passing through (0,1),
1=-1+4+cx1

=2>2Cc=2

Putting the value of c in equation (1)

oy — %2
cy=-1+2+

32. Question

The slope of a curve at each of its points is equal to the square of the abscissa of the point. Find the
particular curve through the point ( - 1, 1).

Answer

Given the slope of the curve = square of the abscissa = ¥

dy 2
= = = X
dx
=dy = x?dx

Integrating both sides we have,

= [dy = [x%dx

13
l=—-——+c
3
1= —-Z+4c¢
3
=l+i=c=1
3 3

Putting the value of c in equation (1)
x* 4

e =—+—
y=3 73

33. Question

Find the equation of the curve that passes through the point (0, a) and is such that at any point (x, y) on it,
the product of its slope and the ordinate is equal to the ab.

Answer

Given product of slope of the curve and ordinate = x

= ydy = xdx

Integrating both sides we have,

= [ydy = [xdx



a2

S0 =

N |

Putting the value of c in equation (1)

2 XE a2
e y— = — + —_—
2 2 2

=:-y2—x2 — a2

34. Question

The x - intercept of the tangent line to a curve is equal to the ordinate of the point of contact. Find the
particular curve through the point (1, 1).

Answer
Let P(x,y) be the point on the curve y = f(x) such that tangent at Pcuts the coordinate axes at A and B.

It cuts the axes at A and B so, equation of tangent at P(x,y)
Y-y=%¥Xx-x)
dx
Now, puttingY =0
0-y=%X-x)
dx
dx
=>X=X- yd—l'r
dx
So, B(x - y—,0)
dy
Given, intercept on x - axis =y
= X - E =
yd}. y

dx
=Yg =YX

We can see that it is a linear differential equation.

C ing it with ¥ -
omparing it with = + Py = Q

P=——, =—1
¥
|.F = e/Pdy
— 1dy
e —
I ¥
=e-logy =2y
¥

Solution of the given equation is given by

xxX|LF=[QxILFdy +c

:xx3=f—1x3dy+c
¥ ¥

As the equation passing through (1,1)



Putting the value of c in equation (1)

-logy +1

= x =Yy -ylogy

Very short answer

1. Question

Define a differential equation.
Answer

Differential Equation: An equation containing independent variable, dependent variable, and differential
coefficient of dependent variable with respect to independent variable.

dy
LEdl

Here y is dependent variable and x is independent variable.

Examples: (1) ? = x2
X

Zdv
(2 )dxz = sinx

2
(3) (g) +y=x

1. Question

Define a differential equation.
Answer

Differential Equation: An equation containing independent variable, dependent variable, and differential
coefficient of dependent variable with respect to independent variable.

dy

i.e.—
dx

Here y is dependent variable and x is independent variable.

Examples: (1) ? = x2
X

2
(3) (g) +y=x

2. Question

Define order of a differential equation
Answer

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

Examples: (1) x2 (2) +ﬂ = sinx

d.rz

= In example 1 order of differential equation is 1.

= In example 2 order of differential equation is 2.



2. Question
Define order of a differential equation
Answer

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

Examples: (1) =x (2) +ﬂ = sinx

= |n example 1 order of differential equation is 1.
= |n example 2 order of differential equation is 2.
3. Question

Define degree of a differential equation

Answer

DEGREE: The degree of differential equation is represented by the power of the highest order derivative in
the given differential equation.

The differential equation must be a polynomial equation in derivatives for the degree to be defined and must
be free from radicals and fractions.

Examples:

L2y
d12 d;[ = SInx

2

(2) (g) +ty=x

d*y _
(3)—+cos Fre = bx
= In example 1 order of differential equation is 2 and its degree is 1.

= In example 2 order of differential equation is 1 and its degree is 2.

= In example 3, the differential equation is not a polynomial equation in derivatives. Hence, the degree for
this equation is not defined.

3. Question
Define degree of a differential equation
Answer

DEGREE: The degree of differential equation is represented by the power of the highest order derivative in
the given differential equation.

The differential equation must be a polynomial equation in derivatives for the degree to be defined and must
be free from radicals and fractions.

Examples:

(l)dz.v+2d.v_ o
dx2 dx = S5InXx

2

(2) (g) +ty=x

d*y _
(3)—+cos Fre = bx
= In example 1 order of differential equation is 2 and its degree is 1.

= |n example 2 order of differential equation is 1 and its degree is 2.



= |In example 3, the differential equation is not a polynomial equation in derivatives. Hence, the degree for
this equation is not defined.

4. Question

Write the differential equation representing the family of straight lines y = Cx + 5, where C is an arbitrary
constant.

Answer

We are given

y =Cx+5---(1)
Differentiating w.r.t x we get,

dy
= — =
dx

Put value of Cin (1)

c1+0=C

Vv = ;[_? + 5 is the required differential equation.
) .

4. Question

Write the differential equation representing the family of straight lines y = Cx + 5, where C is an arbitrary
constant.

Answer

We are given

y =Cx + 5 ---(1)
Differentiating w.r.t x we get,

dy
= dx

Put value of C in (1)

C1+0=C

Vv = x.? + 5 is the required differential equation.
- X

5. Question

Write the differential equation obtained by eliminating the arbitrary constant C in the equation x2 - y2 = C2.
Answer

We are given

x2 - y2 = C2

Differentiating w.r.t x we get,

dy
=22x—2yv.— =10
T dx

=y — V_? — p is the required differential equation.
- b o
5. Question
Write the differential equation obtained by eliminating the arbitrary constant C in the equation x2 - y2 = C2.

Answer

We are given

x2 - y2 = 2



Differentiating w.r.t x we get,

dy
=2x—2y..—-=0
Tdx

=y — V.? — p is the required differential equation.
- X

6. Question

Write the differential equation obtained eliminating the arbitrary constant C in the equation xy = CZ.
Answer

We are given

xy = C2

Differentiating w.r.t x we get,

dy
=1ly+—.x=0
- dx

= v+ ?_1— = ( is the required differential equation.
“ X

6. Question

Write the differential equation obtained eliminating the arbitrary constant C in the equation xy = c2.
Answer

We are given

xy = C2

Differentiating w.r.t x we get,

dy
=1ly+—.x=0
- dx

= v+ ?_1— = ( is the required differential equation.
“ X

7. Question

1'4

Write the degree of the differential equation aj 1+

dy ]2
dx

Answer

We are given

N 1+(‘£")21
Taxz) T dx

s (L2) 21 (L)
@ dx2 ) — dx

Here the order of differential equation is 2 and its degree is 4.

7. Question



4+ 1/4

5 d Yy d} J-
dx

ay |
dx? ]\

Write the degree of the differential equation - 1+

Answer

We are given

- (8 - @)
o () -1+

Here the order of differential equation is 2 and its degree is 4.

d }-'\
dx? |

8. Question

Write the order of the differential equation ] +

d}-“j__l,
de -

Answer

We are given

(L) 2 (2
dx/ — \dx2

Here the Order of differential equation is 2 and its Degree is 3.

d}-"z__, d}-"
dXJ - dx

8. Question

Write the order of the differential equation ] +

[ ]

Answer

We are given

1+ (&) - 7.(22)
dx/) — "\dx?

Here the Order of differential equation is 2 and its Degree is 3.

9. Question

dv

Write the order and degree of the differential equation y=x—+a,ll+
dx

d}-“j
de'

Answer

We are given

S Yia i (2)
Y=Y dx



YA TG dx

Squaring both sides, we get,

e
Ve T ¢ dx

L an dy dyy’
=y +x (—) —2yx——=a+a ( )
dx dx

2

d};? 2 2 dV 2 2
ﬁ(a) (x —a)—Z.y.xa+y —a*=0

Here the order of differential equation is 1 and its degree is 2.

9. Question

Write the order and degree of the differential equation y = Xd_‘ +a. 1+

dx

Answer

We are given

2

S i (@)
y_ldx @ dx

=Y ldx_a dx

Squaring both sides, we get,

- (-8 =i
y JLd;t -a dx

v e e ()
y X dx Vld;t a*+a dx

2

dyz .2 2 dV 2 2
:(a) (x —a)—z.y.xa+y —a=0

Here the order of differential equation is 1 and its degree is 2.

10. Question

Write the degree of the differential equation q _[ %J = 2};2 loe

Answer

We are given

d2y+ (dy)z o] dzy
dx2z " \dx X108\ a2

Here the order of differential equation is 2 and its degree is not defined as highest order derivative is a
function of logarithmic function and it is not a polynomial equation in derivatives.

10. Question



Write the degree of the differential equation q _[ d_‘J = 2};2 loe

Answer

We are given

d’y (d.v)z P

dx?  \dx 5 dx?

Here the order of differential equation is 2 and its degree is not defined as highest order derivative is a
function of logarithmic function and it is not a polynomial equation in derivatives.

11. Question

Write the order of the differential equation of the family of circles touching X-axis at the origin.

Answer

Differential Equation of the family of circles touching X-axis at the origin is
=x% + (y - k)2 =K

Here (0,k) is the center of the circle and radius k.
=x2+y?+k2-2xkxy=IkK

=x24+y?-2xkxy=0--(1)

Differentiate w.r.t x we get,

2x +2 ay 2k ay 0
= d L — L =
* ydx dx

dy
=:-1+a(y—k)—0

x+%.y
Sk="ay
dx

Put value of k in (1) we get,

o, dy
2 2 l+ﬁ'y
=2x"+y-—2.v d—_‘v =0
dx
dy dy
—(xZ+y)—2.y.x—2.y*—=0
=>dl_(x yi)—2.y.x Yo

= ? (x? — v2)— 2.v.x = 0 is the differential equation of the family of circles touching X-axis at the origin.
- ] ]



Here the order of differential equation of the family of circles touching X-axis at the origin is 1.
11. Question

Write the order of the differential equation of the family of circles touching X-axis at the origin.

Answer

Differential Equation of the family of circles touching X-axis at the origin is
=x? + (y-k)? = k?

Here (0,k) is the center of the circle and radius k.
=x2+y?+k2-2xkxy=kK

=x2+y2-2xkxy=0--(1)

Differentiate w.r.t x we get,

2x +2 ay dey—()
=2+ 2y v

dy
=>l+a(}7—k)—0

x+%.y
= k= —
dx

Put value of k in (1) we get,

L ay
2 2 l+ﬁ'y
=x“+y-—2.y d—_‘v =0
dx
dy dy
—x*+y) -2 yx-2y*=—-=0
=ty -2 yx 2.7

= ? (x? — v2)— 2.v.x = 0 is the differential equation of the family of circles touching X-axis at the origin.
- ] ]

Here the order of differential equation of the family of circles touching X-axis at the origin is 1.
12. Question

Write the order of the differential equation of all non-horizontal lines in a plane.

Answer

We know equation of a line in a plane is

ax +by=1

Now equation of non-horizontal lines in a plane is given by,



ax+by=1,a=0

Now a and b are two constants here we differentiate twice w.r.t y we get,

dx
=>(I.—V+b.1=0

d

d2x+0 0
= 1. —— =
adﬁ

d?x 0
=:-a.dy2—

Since a # 0 then,

= % = () is the differential equation of all non-horizontal lines in a plane.

v
Here the order of differential equation of all non-horizontal lines in a plane is 2.
12. Question
Write the order of the differential equation of all non-horizontal lines in a plane.
Answer
We know equation of a line in a plane is
ax +by=1
Now equation of non-horizontal lines in a plane is given by,
ax+by=1,a=0
Now a and b are two constants here we differentiate twice w.r.t y we get,

« o h1—0
dy

= (.

d%+0 0
= . =
dy?

d?x 0
= a. ke

Since a # 0 then,

- d2x _
dy? -

0 is the differential equation of all non-horizontal lines in a plane.

Here the order of differential equation of all non-horizontal lines in a plane is 2.
13. Question
If sin x is an integrating factor of the differential equation dy/dx + Py = Q, then write the value of P.

Answer

Since g+ Py=Q is a linear differential equation
Integrating factor = el P 9% = sin x (Given)
Taking log both sides we get,

= log (el P 9X) = |og (sin X)

= [ p dx log (e)= log (sin x)

= [pdx =log (sinx) " log (e) =1



Differentiate w.r.t x we get,

d i
= a[_[ pdx) = alog(smx}

1
= p=-——.008SX = cOtx
sinx
~ P =rcotx

13. Question
If sin x is an integrating factor of the differential equation dy/dx + Py = Q, then write the value of P.

Answer

Since ?4_ Py = @ is a linear differential equation
X -

Integrating factor = el P 9 = sin x (Given)
Taking log both sides we get,

= log (el P 9X) = |og (sin X)

= [ p dx log (e)= log (sin x)

= [ pdx =log (sinx)log(e)=1

Differentiate w.r.t x we get,

d d o
= a[f P dx) = alog(smx}

1
= p=-——.005SX = cotx
sinx
~ P =cotx

14. Question

Write the order of the differential equation of the family of circles of radius r.

Answer

To find the Order we first need to find the differential equation of the family of circles of radius r.
In general, the equation of circle with center (a,b) and radius r is given by,

(x-a)? + (y - b)? = r2 (1)

Differentiating above equation w.r.t x
dy
=2(x—a) +2(y—b).$= 0

S - +@-0.2Z=0=(x-a) =-(y-b.Z-Q2)

Again differentiating above equation w.r.t x

(@)L B
= dx/ dx d;t'?[:y )=
QZ
SO IS
dxZ

Putting value of (2) and (3) in (1) we get,



_ _ el
= |-o-»3 et I
dx?
2 2
dy z dy 2
[”(a) dy [”(a) :
= 3 — d2V a + —T =17
dx? dx?
2
dy z
[1+(E) (dyf .
= 7(121; a + =T
dx?

dan? 1 [dzy\’
- =[(— -2
- [(dx) * ll (dx'?) a

is the required differential equation.

Here the order of differential equation of the family of circles of radius r is 2.

14. Question

Write the order of the differential equation of the family of circles of radius r.

Answer

To find the Order we first need to find the differential equation of the family of circles of radius r.
In general, the equation of circle with center (a,b) and radius r is given by,

(x-a)? + (y - b)? = r2 (1)

Differentiating above equation w.r.t x
dy
=2(x—a) +2(y—b).$= 0

S (- +@-0.2Z=0=(x-a) =-(y-b.Z Q)

Again differentiating above equation w.r.t x

()2 Ly
= dx/ dx dxz(y )=

dy z
comn--bl
dx?

Putting value of (2) and (3) in (1) we get,

2

dy 2
dy1’ 1+ (E) ,
= I:—[:V—b)a + —T =1
dx?
2 2
dy z dy 2
[” (@) ] [” (&) :
= 5 — dQV a + 45— dEV =7

dx? dx?



dan? 1 [dzy\’
- =[(— -2
- [(dx) * ll (dxz) a

is the required differential equation.

Here the order of differential equation of the family of circles of radius r is 2.

15. Question

Write the order of the differential equation whose solution is y = a cos x + b sin x + c €%,
Answer

Solution of differential equation is

y=acosx+bsinx+ceX--(1)
Since it has 3 constants a, b, ¢ we differentiate it by 3 times

Differentiate w.r.t x we get,
d . _
= d—i = —a.sinx + b.cosx — ce ™ --(2)

Again, differentiate w.r.t x we get,

d2y . _
== _—q.cosx —b.sinx +ce ™ —(3)
da?

Again, differentiate w.r.t x we get,

d?y \ _
=~ = q.sinx —b.cosx — ce ™ —(4)
dac?

Equation (3) implies

Ly epx -x From (1)
=== (y—ce™) +ce

d2
=== 2ce " —

dx? Y

Now, adding equation (2) and (4) we get,

dy d’y A
=>dx dx3 ce
dy+d3y_ 1 d2y+
:dx dx3 2\ dx? y

d’y d’y dy
= d_;t"3+ d—x_"2+ a +y=20
is the required differential equation.
Here the order of differential equation is 3.
15. Question
Write the order of the differential equation whose solution is y = a cos x + b sin x + c €%,

Answer



Solution of differential equation is

y=acosXx+ bsinx+ceX---(1)
Since it has 3 constants a, b, c we differentiate it by 3 times

Differentiate w.r.t x we get,
d . -
= d—i = —a.sinx + b.cosx —ce™* ---(2)

Again, differentiate w.r.t x we get,

d2y . _
== _—q.cosx —b.sinx +ce ™ —(3)
da?

Again, differentiate w.r.t x we get,

d?y \ _
=~ = q.sinx —b.cosx — ce ™ -—-(4)
dac?

Equation (3) implies

dZy

22— (y—pe¥ -x From (1
= (y —ce™) + ce (1)
d?y
= =2ce""—
dx? Y

=ce ¥ = ;(%—l— _"_p') ---(5)

Now, adding equation (2) and (4) we get,

dy_l_ d?y -
=4 —— = —
dx dx3 ce
dy+ d’y 5 1 d2y+
= dx  dx? 2\dx? y
d3y+ dgy-l— dy—i— 0
= — E— e =
dx? dx? dx Y

is the required differential equation.
Here the order of differential equation is 3.
16. Question

Write the order of the differential equation associated with the primitive y = G + C, €* + C3 e2X + (g,
where Cq, C,, C3, C4 are arbitrary constants.

Answer
y=0Cy +CyeX+C3e2X + Cyq-(1)
Since it has 4 arbitrary constants C;, C;, C3, C4 we differentiate it by 4 times

Differentiate w.r.t x we get,

=2 = e - 20,07 (2)
Again, differentiate w.r.t x we get,

2z
=22 - cye* + 40 —(3)

dx?
Again, differentiate w.r.t x we get,

2
= % = C,e* — 8C,x72* —(4)



Again, differentiate w.r.t x we get,

4
= ¥ = Ce* + 160,12 -+(5)

Now, (2) - (3) we get

dZ
& _dY_ e, (6)
dx dx?

Now, (4) - (5) we get

d®y dy
] y_ —2x _ _ 2
:ﬁ_ﬁ_ 2405 x ¥=4x 6C5x *
dy_dty_ (E_ﬂ) From (6)
dx?  dx* dx  dx?

d*y d3y (d}r dzy)_

Sac ae T N\@x T de

is the required differential equation
Here the order of differential equation is 4.
16. Question

Write the order of the differential equation associated with the primitive y = G + C, e* + C3 2% + (g,
where Cq, Cy, C3, C4 are arbitrary constants.

Answer
y=C +GC eX+ Cs e X + Cy ---(1)
Since it has 4 arbitrary constants Cy, C,, C3, C4 we differentiate it by 4 times

Differentiate w.r.t x we get,

dy —
= -2 = (% — 20,07 —(2)

Again, differentiate w.r.t x we get,

dzy_

dx?

C,e* + 4Cyx 2 -—(3)

Again, differentiate w.r.t x we get,

day_

dx?

CQE‘X - 863 I_zx __-(4)

Again, differentiate w.r.t x we get,

&
L= Cye™ + 16C;x 7 (5)
Now, (2) - (3) we get

dZ
& _dY_ g2 (6)
dx dx?

Now, (4) - (5) we get

d*y d*y
. S —2x _ _ =32
=S g 24Cx™ ¥ =4 X —6C3x™°F
d¥y  d*y dy  d%v
=~ 4= _=<)From (6
dx? dx* 4 (dx dxz) (6)

d*y d3y+4 dy d?y — o
T dxt dx? dx dx?)

is the required differential equation



Here the order of differential equation is 4.
17. Question
What is the degree of the following differential equation?

2 7

dy d-y
5x| — | ——=—6y =logx.
dx dx~
Answer
(dv\* &y _
5 (H) o6y = logx

Here Order of differential equation is 2

Degree = Highest power of highest order derivative which is d°y

dx?
. Degree =1

17. Question

What is the degree of the following differential equation?

2 7

dy d-y

5x| — —— 06y =logx.
dx dx~

Answer
dy z d*y _

5 (H) o6y = logx

Here Order of differential equation is 2

Degree = Highest power of highest order derivative which is‘fz_-‘-z"
dx

. Degree =1

18. Question

dy

dx

Write the degree of the differential equation

Answer

dy 4 _dzy_
(H) +3x dx® 0

Here Order of differential equation is 2

Degree = Highest power of highest order derivative which is d°y

dax?
. Degree =1
18. Question

4 2.
3x3Y o
dx~

dy

dx

Write the degree of the differential equation

Answer

(2) +3x 220

dx dx?

Here Order of differential equation is 2



Degree = Highest power of highest order derivative which isd°y

dx?
.. Degree =1
19. Question
Py ) (dy )
Write the degree of the differential equation Y. v &L X3 =0
3 ¥
dx~- dx
Answer
N _ i
5x (5) — a6y = logx
Here Order of differential equation is 2
Degree = Highest power of highest order derivative which isilz’
dx
.. Degree =1
19. Question
a2y ) (e
Write the degree of the differential equation : N X3 =0
dx~ dx
Answer
(av\* _ d*y _ )
5x (5) — a6y = logx

Here Order of differential equation is 2

Degree = Highest power of highest order derivative which isilz’
dx

. Degree =1

20. Question

Write the differential equation representing family of curves y = mx, where m is arbitrary constant.
Answer

We are given the equation representing family of curves as,

y = mx --(1)

Differentiate w.r.t x we get,

dy
= — =
dx

Put value of m in equation (1) we get,

dy
= = —.X
Y dx *

is the required differential equation representing family of curves y = mx.

m

20. Question

Write the differential equation representing family of curves y = mx, where m is arbitrary constant.
Answer

We are given the equation representing family of curves as,

y = mx --(1)



Differentiate w.r.t x we get,

dy
= — =
dx

Put value of m in equation (1) we get,

dy
= = —.X
Y=ax"

is the required differential equation representing family of curves y = mx.

m

21. Question

Write the degree of the differential equation X3

Answer

a (@ ()t _
x (dxz) T X (dx) =0
Here Order of differential equation is 2

Degree = Highest power of highest order derivative which is (@)2
dx?

.. Degree = 2

21. Question

Write the degree of the differential equation X3

Answer

2 4
3 (dy (Y _
x (dxz) tx (dx) =0
Here Order of differential equation is 2

Degree = Highest power of highest order derivative which is (@)2
dx?

.. Degree = 2

22. Question

I
Write the degree of the differential equation [ 1+ d y ] _

Answer
dzy 3 d*y 2
(1+@) =(@)
dzy\’ dy dzy\’ d2y\’
3 = 2 __ < ) = —
o1 +( ) +31) (dﬂ)ﬂm(dﬂ) (d)
1+ dzy 3+3 dzy + 2 dz‘vz—(}
= dx? dxz dxz]

Here Order of differential equation is 2



3
Degree = Highest power of highest order derivative which is (ﬂ;’)
dx

.. Degree = 3

22. Question

Write the degree of the differential equation [ 1+ d7y ] _

Answer

dzy\’ d?y d2y\° d2y\’
3 _ - 2 = —
1 +(dx2) +301) (d 2)+3(1)(d12) (dﬂ)
L (E2) s () 4o (22) o
=T a2 dx? axz) =

Here Order of differential equation is 2

Degree = Highest power of highest order derivative which is (@)3
dx?

.. Degree = 3

23. Question

Write degree of the differential equation _" +3

dx-

d\- 3
=x"log
de

Answer

d>y an? o d’y
=+3(3) =x*10g(52)
Here Order of differential equation is 2.

Its degree is not defined as highest order derivative is a function of logarithmic function and it is not a
polynomial equation in derivatives.

23. Question

4

Write degree of the differential equation _" +3

dx-

d\- 3
=x"log
de

Answer

£2.3(2) = eoon (£

Here Order of differential equation is 2.

Its degree is not defined as highest order derivative is a function of logarithmic function and it is not a
polynomial equation in derivatives.

24. Question

Write the degree of the differential equation




Answer

3\, (d\: . (dy
(52) +(2) =xsin()
Here Order of differential equation is 2.

Its degree is not defined as it is not a polynomial equation in derivatives.

d*y | [d}-’ J' .
—= | +|—| =xsin
dx~- dx

24. Question

Write the degree of the differential equation

Answer

(£) +(2) - rsm(2)

Here Order of differential equation is 2.

Its degree is not defined as it is not a polynomial equation in derivatives.
25. Question

a4

Write the order and degree of the differential equation d y _[ d_"J _Xl 5
>
dx~ dx
Answer
dzy dv\a r
(R +x=0

Here Order of differential equation is 2

Degree = Highest power of highest order derivative which is (@)4

dx?
. Degree =4
25. Question
. - - I dy V4 s
Write the order and degree of the differential equation —_-1_ .| - Lyt
dx? Ldx

Answer

1
daty dya
£y, (@)
dx? dx

_l’_
b
wle
Il
=

Here Order of differential equation is 2



4
Degree = Highest power of highest order derivative which is (i;)
dx

. Degree =4

26. Question

The degree of the differential equation d_" edvide _
dX-
Answer

dZv dy
——l—emr— 0

Here Order of differential equation is 2

Its degree is not defined as one derivative is exponent of exponential function and it is not a polynomial
equation in derivatives

26. Question
d?y

The degree of the differential equation —_-__ Y Ledvide _ g
dX-

Answer

dZv dy
——l—emr— 0

Here Order of differential equation is 2

Its degree is not defined as one derivative is exponent of exponential function and it is not a polynomial
equation in derivatives

27. Question

How many arbitrary constants are there in the general solution of the differential equation of order 3.
Answer

Let any differential equation of order 3 be

diy

=4 ——(1
P (1)
Here A is any constant.

Now, to know the number of arbitrary constants in the general solution we integrate both sides of equation
(1)

= J-—dx = J-A dx

V

Again integrating

J-—dx = J-(AerCl)dx

dy x?

Again integrating



dy x2
= J-ad;t':f AE+CIJ¢'+C2 dx

is the general solution of the differential equation with 3 arbitrary constants C;, C; Cs.

.~ There are 3 arbitrary constants in the general solution of the differential equation of order 3.

27. Question

How many arbitrary constants are there in the general solution of the differential equation of order 3.
Answer

Let any differential equation of order 3 be

dy
ae AW

Here A is any constant.

Now, to know the number of arbitrary constants in the general solution we integrate both sides of equation
(1)

= J-—dx = J-A dx

'_V

Again integrating

J-—dx = J-(AerCl)dx

dy x?
= = As X+ G

Again integrating

dy x?
=:-J-d—d;t—f AE+CIJ¢'+C2 dx

Ax®  Cyx?
=>'V=?+ 2 +Cz;t+Cg

is the general solution of the differential equation with 3 arbitrary constants C;, C; Cs.

. There are 3 arbitrary constants in the general solution of the differential equation of order 3.
28. Question

Write the order of the differential equation representing the family of curves y = ax + &.
Answer

We are given

y=ax + a -- (1)

Differentiating w.r.t x we get

dy

dla

Put value of a in equation (1) we get,



is the required differential equation.

Since order is the highest order derivative present in the differential equation.

.. Order = 1 and Degree = 3.

28. Question

Write the order of the differential equation representing the family of curves y = ax + &.

Answer

We are given

y =ax + a3 - (1)

Differentiating w.r.t x we get

dy

= a:

Put value of a in equation (1) we get,
dy dyy®

=y= x.a + (a)

is the required differential equation.

a

Since order is the highest order derivative present in the differential equation.
- Order = 1 and Degree = 3.
29. Question

dy 3 dzy

dx

dx

Find the sum of the order and degree of the differential equation y — x

et

Answer

3 2.,
dy d=y

dx. E
Order = Highest order derivative present in the differential equation.

.. Order =2

Degree = Highest power of highest order derivative which isi‘;’
dx

. Degree =1
- Sum of the order and degree =2 + 1 =3

29. Question

3 3

d-y

dx?

dy

dx

Find the sum of the order and degree of the differential equation y = x

Answer

3 -
dy d*y
y dx dx?

Order = Highest order derivative present in the differential equation.

. Order =2



Degree = Highest power of highest order derivative which is‘fz_-‘-z"
dx

. Degree =1
. Sum of the order and degree =2 + 1 =3

30. Question

Find the solution of the differential equation ,’1 + yzdx +}“"1+X2 dy = 0.

Answer

x\,mdx + W1+ x2dy=0

We can write above differential equation as
= y\fmdy = —xvmdx

By the method of variable separable we can write,

y X
= ———dy=——=dx
[1+y2 ~ V1+x2

\

Integrating both sides,

V X
= %dv=—f7dx

letl+y2=tand1+x2=u
=2y dy = dt=2xdx = du
d 1dt d 1d
= =—dt = xdx == du
Y& =3 2

Putting values in integral we get,

lj’dr_ 1 du

=:, —
2yt 2) Vu
1 1
1tz 1 uz
a1 )2\ T )
2 2

Putting values of t and u,

=J1+y2+J1+x2+¢C

Where C is the arbitrary constant.

= /1+y2+/1+x2+ C is the required solution of the differential equation.

30. Question

Find the solution of the differential equation ,’1 + yjdx +yﬂ’1+X2 dy =0.

Answer
X1+ ydx+yWl+x2dy=0
We can write above differential equation as

=y 1+ x2dy = —xy/1 +y2dx



By the method of variable separable we can write,

y X
= ———dy=——=dx
[1+y2 ~ V1+x2

\

Integrating both sides,

y X
5 ;dv=—f—d;{
| 7=l =
letl+y?=tand1+x =u

=2y dy = dt=2x dx = du
d 1dt c dx ld
=y y—z = X 1—2 u

Putting values in integral we get,

1J’dt lJ’du
== | == —— Er—
2) 4\t 2) Vu

Putting values of t and u,

= J1+y2+1+x2+C

Where C is the arbitrary constant.

= /1+y2++/1+x2+C is the required solution of the differential equation.

MCQ
1. Question

Mark the correct alternative in each of the following:

The integrating factor of the differential equation (Xlgg};)ﬁ +v =2logx. is given by
= £

A. log (log x)

B. &%

C. log x

D. x

Answer
. N 2y _ .
(x logx)dery =2logx

Dividing x.log x both sides we get,

dy 1 2

=:'a—l_‘V'Jcl-::ogx=Jc'

The above equation is of the form ? + Py = @ i.e. linear differential equation.
X -

Here P =

2
xlogx and Q = x



Integrating factor = el P dx

Considering [ P

1
=:-J-de=J- dx
xlogx

Putlog x =t

1
= —dx = dt
x

Putting values, we get,
1
= J-de = J-E dt = logt

= J-P dx = log(logx)

- gl Pdx _ plogllogx) _ logx

- elog X = y

~ LLF =log x = (C)

2. Question

Mark the correct alternative in each of the following:

The general solution of the differential equation d_‘ = y is:
X

A.logy = kx

B.y = kx

C.xy =k

D.y =k log x

Answer

Given:

dy y

dx  x
By the method of Variable separable we get,

dy dx
= = —
y X

Taking integral both sides

J’dy dx
= —_— = _
b X

=log y=log x + log k

where log k is an arbitrary constant.
=log y=log x . k

“log x + log y = log xy

=y = kx

=(B)



is the required general solution.

3. Question

Mark the correct alternative in each of the following:

Integrating factor of the differential equation COSXE +vsinx =1, 1is
dx -~

A. sin x

B. sec x

C. tan x

D. cos x

Answer
dy .
cosx—+ysinx =1
d’x -

Dividing cos x both sides we get,

dy sinx 1
= —+ . =
dx ° cosx CoOSx

dy
= —+4 '_w.tanx = SecXx
dx -

The above equation is of the form ? + Py = (@ i.e. linear differential equation.
X -
Here, P = tanx and @ = secx

Integrating factor = e/ P dx

Considering [ P

= J-de = J-tanx dx

= J-P dx = log|secx]|

E_rde = gloglsecx|
=secC X
celogx —

. |I.F = sec x = (B)
4. Question

Mark the correct alternative in each of the following:

4

=
The degree of the differential equation d-_:] _ d_"J — 1!,.3‘ is
dx~ dx ) -~
A.1/2
B.2
C.3
D.4

Answer



d2y\’ (dy)_ X
dx? dx =Y

Here Order of differential equation is 2

2
Degree = Highest power of highest order derivative which is (ﬂ;’)
dx

. Degree = 2
= (B)
5. Question

Mark the correct alternative in each of the following:

The degree of the differential equation J 5 _[ d_‘J —x°
dx

A 4
B.2
C.5
D. 10

Answer

@ -~

Cubing both sides, we get,

wal

5+ (dy)z 5 -15 d*y ’
= dx =X dx?
Order = Highest order derivative present in the differential equation.

Here Order of differential equation is 2

Degree = Highest power of highest order derivative which is (@)3
dx?

.. Degree = 3
6. Question

Mark the correct alternative in each of the following:

. . . . v .
The general solution of the differential equation d_ +vcotx =cosec X. iS
ix

A.x+ysinx=C
B.x+ycosx=C
C.y+ x(sinx+cosx)=C
D.ysinx=x+C

Answer

ay

—+ ycotx = cscx
ax -

The above equation is of the form ? + Py = ( i.e. linear differential equation.
b o -



Here, P = cot x and Q = cosec x

Integrating factor = e/ P dx

Considering [ P

= J-de= J-cotx dx

= J-P dx = log|sin x|

- gl Pdx — gloglsinxl _ i)y @l09X = x
~ILF = sin x

Now, General solution is

>y (LF)=Q(LF)dx + C

= ysinx = [ cosec xsinxdx + C

1
= ysinx = J-,—.sinxdx +C
sinx

=:-ysinx=J-1dx+C

=sysinx=x+C

=(D)

7. Question

Mark the correct alternative in each of the following:

The differential equation obtained on eliminating A and B from y = A cos wt + B sin wt, is
Ay'+y =0

B.y"- w?y =0

C.y" = -w?y
D.y"+y=0

Answer

y = A cos wt + B sin wt ---(1)

Since we need to eliminate A and B, so we differentiate (1) twice.

Differentiating (1) w.r.t t we get,

dy
= E = —Aw sinwt + Bw coswt

Again differentiating (1) w.r.t t we get,

d?y 2 2 o
= ——=—Aw” coswt — Bw~* sinwt

dt?

dzy 2 : 2
adrreiaials (Acoswt + Bsinwt) = —w®y
:yll = _wz y
=(C)

8. Question



Mark the correct alternative in each of the following:

g My
The equation of the curve whose slope is given by d_" = i x > 0, y > 0 and which passes through the
dx  x
point (1, 1) is
Ax2=y
B.y2 = x
C.x2 =2y
D. y2 = 2x
Answer

Slope of the curve is given by

dy 2y
—=—x=>0,v>=0
dx x :

By Variable separable

dy dx
= —=—
2y «x

Integrating both sides
J’dy dx
= | —= | —
2y X
1
= Elogy =logx + logC

= logy% =logCx

" log x + log y = log xy

= Jy=Ccx-(1)

Since curve passes through the point (1, 1), we get
=v1=C.1

=C=1

Putting value of C in (1) we get,

=>x=Vy

Squaring both sides

=x2 = y

=(A)

9. Question

Mark the correct alternative in each of the following:
The order of the differential equation whose general solution is given by
Y = €1€0S (2X + C3) - (€3 + ¢g) @*T © + cg sin (x - c7) is
A3

B. 4

C.5



D. 2

Answer

Y = €1€05 (2X + C3) - (C3 + Cq) @*F © + ¢4 sin (x - ¢7)

=y = c1 [cos(2x). cOs €y - sin (2x). sin ¢ ;] - (c3 + ¢4) a%. a¥ + cglsin (x). cos ¢y - cos (x). sin c7)
=y = C1.C0S Cy . COS(2X)- Cy. Sin C €. sin (2x)- (c3 + C4) @%. aX +Cg. COS C7 ¢ - SiN (X) - Cg. SiN €7.€OS (X)
Now, €1.C0S C5,Cq. Sin € €5, (c3 + ¢4) @, cg. COS Cy & & Ce. Sin cy are all constants

7. C1.C0S Cp = A

ci.sinc €, =B

(c3+cg)a®=C

Cg. COSCy =D

Ce.Sincy =E

=y = A. cos(2x)- B. sin (2x)- C. & +D ¢ ¢- sin (x) - E. cos (x)

Where A, B, C, D and E are constants

Since there are 5 constants, we have to differentiate y w.r.t x five times.

So, the Order of the differential equation =5

= (C)

10. Question

Mark the correct alternative in each of the following:

dy ax+g
The solution of the differential equation — = 1 “f represents a circle when
'j"r.' -4

A.a=b

B.a=-b
C.a=-2b

D.a=2b

Answer

dy  ax+g
dx  by+f

By Variable separable,

= (by + f) dy = (ax + g) dx
Integrating both sides

= [ (by + f) dy = [ (ax + g) dx

V? x?
= b.‘? + fy = a.—+gx+C
= by? + 2fy = ax? + 2gx + C
Where C" = 2C

We know general solution of circle is

(x - h)2 + (y - k)2 = r2



Where (h, k) is center of the circle and r is radius.

By completing square method

<o B @) ()] - ol -

< oflrf) -] - elle -8 -] e
| &'~ -

2
D) - (r+3)
= alx+=) —b|\y+7]| =
(x+3) —b.(v+5
Now to form above equation as equation of circle we need

% f\°
Coefficient of (1‘ + E) = Coefficient of (y + E)
i.e.a=-b
= (B)
11. Question

Mark the correct alternative in each of the following:

s AT
The solution of the differential equation d_" + =7 = with y(1) = 1 is given by
X
1
A. W :—_'
%2
B. X = -
¥y
1
Cx=—
'}.’
D. v _l
X
Answer
ay | 2y _
't =0
dy 2y
== ——
dx X
By the method of variable separable
dy dx
= = ——
2y X

Integrating both sides we get,

dy dx

2y X
1
= Elog}r = —logx +logC

=log Vy=log C. x1
“"loga+logb=1logab



=

Squaring both sides, we get,

C

Now the given condition is y(1) =1

=1 =—
1

=(A)
12. Question

Mark the correct alternative in each of the following:

The solution of the differential equation d_t' _7 (X N 1)

dx X

= () is given by

Ay = xex*C
B. x = yeX

Cy=x+C
D.xye*+ C

Answer

@ _ y(x+1)

dx x
dy y(x+1)
dx X

=0

By the method of variable separable

dy (x+1)
=;._

Vv X

dx

Integrating both sides we get,

SENEN

- [2- (e

=logy=x+logx+C

=logy—logx=x+C
y a
= log‘; =x+c vloga—logh = logg

y
=-=¢
X

x+c

.. The solution of the differential equation is



=y =x.e¥tc

=(4)
13. Question

Mark the correct alternative in each of the following:

The order of the differential equation satisfying \/1 — x4 + \h — 3,-—4 =a ( X: — 3,-—2 ) is

Al
B.2
C.3
D.4
Answer

The given curve is

Ji—x4+ J1—y*=a(x®—y?)
Since the number of constants in the given curve is 1 i.e. a which is an arbitrary constant.

Also, Number of arbitrary constants in the equation of the curve = Order of the differential equation of the
curve.

S Order=1
= (A)
14. Question

Mark the correct alternative in each of the following:
The solution of the differential equation y;y3 = y22 is
A x=C;ef?Y +C5

B.y=C; e“2X+C3

C.2x =C; e%2Y + 5

D. none of these

Answer
y1Y3 = ¥2°
We can write above differential equation as

= y| yur = (yll)z

We know that f’(%) =logf(x)+C
fe0
oy
y!! - !

Integrating both sides we get,

e "
y y
= _J":;;;F dx = HI";;;'(iJ[

= logy" =logC,y'



Again, integrating both sides we get,

V”
= J-"—Fdx = ledx
y

=logy' = Cix+ C,
=y = Ce”

Again, integrating both sides we get,

= J-d}r =0, J- e“1¥dx

C
e Cl

. The solution of the differential equation is
=y=_Ce%2%+C,

=(B)

15. Question

Mark the correct alternative in each of the following:

The general solution of the differential equation d_‘_ ye'(x) =g(x)g'(x). where g(x) is a given function of
X, is -

A.gx)+log {1l +y+g(x)} =C

B.g(x) +log {1 +y-9g(x)}=C

C.g(x)-log {1+y-g(x)} =C

D. none of these

Answer
dy [ . Ii.
2. T Y9 () =g()g' (x)

Here.g' (1) = 7-0(x)

Since it is a form of linear differential equation where
P =g'(x) and Q = g(x) g'(x)

Integrating Factor (I.F) = el P dx

I.F = el 9'(x) dx = g9(x)

Solution of differential equation is given by

y.(LF) = [ Q.(l.LF) dx + C

=vy. eI = [ g(x). g'(x). e9%) dx + C

Consider integral [ g(x). g’(x). €9*) dx

Put g(x) =t



= g'(x) dx = dt

= [t eldt

Treating t as first function and e' as second function, So integrating by Parts we get,
>t.el-[leldt+C

el (t-1)+C

Putting value of t we get,

e 9% (g(x)-1) +C

sy, e 9% =9 (g(x)-1) + C

Dividing e 9) both sides we get,

=y =(9(x) - 1) + C eI

s>y-g(x)+1=Ce9X

Taking log both sides we get,

= log (y - g(x) + 1) = log (C €9

=1log (y - g(x) + 1) = log C - g(x) log e
=log(y-g(x)+1)=logC-g(x)~loge=1

=9g(x) +log {1 +y-g(x)} =C=(B)wherelogC=C
16. Question

Mark the correct alternative in each of the following:

The solution of the differential equation d_t' =]1+tx+ }rj + X}rz_}r([)} =(Qis

R
2 X~
A v- = +—|—
y exp| X 5 1
5
2
B. }rZZI—CEXp X_T]
C.y=tan (C + x + X)
¥
2
D. y =tan x——]
2
Answer
dy

= =1+x+y2+xy?
dx - -

dy ) 2 i
:a— (1+x)+y*(1+x)

dy

—=(1+x)(1+y?

= =1+ +y?)

By the method of variable separable
dy

= @9 + N (1+x)dx



Integrating both sides we get,

= f% = J-(1+x)dx
I2

=tanly = I+E+C

Now the given condition is y(0) = 0
=tan"l0=C

=0C=0

. 1-2
s~y =tan (1 +?) = (D)

17. Question

Mark the correct alternative in each of the following:

A

-

The differential equation of the ellipse XT 1 ‘% = is
a~ b~
.‘rl.ll .‘rl.l
A —+———=0
v' oy X
"Il "l
B +—+—=0
vy X
.‘rl.ll 'I!."
C.——=———=0
v' vy X

D. none of these
Answer

xZ oyt

= + E =C
Since the equation has 2 constants so we differentiate twice,
Differentiating w.r.t x

2x+2y dy 0
=>_ ___=
a?  b? dx

y dy X

Tdx @

2
=y.y = —x.b—z --(1)

a

Again, differentiating w.r.t x
S yy +yy = -2 (2)
Substitute value of (2) in (1) we get,
=y y =x.[(y)+yy"]

Dividing both sides by y.y’ we get,

(VJ)E V”
=:-1=x.[" -ty
y.y y.y




1 V.l' V”
il
x Ly

y' oyt o1
=:-'-'V—J+'F—;=O= (4)
18. Question
Mark the correct alternative in each of the following:
Solution of the differential equation dy v _ sin x is

dx x

A.x(y + cosx)=sinx+C
B. x (y-cosx)=sinx+C
C.x(y+cosx)=cosx+C

D. none of these

Answer

dy v .
—+==38Inx
dx x

Since it is a form of linear differential equation.

Where, P = % and Q =sinx

Integrating Factor (I.F) = el P dx

I.LF = ef%dx = elos¥ —

Solution of differential equation is given by

y.(.LF) = [ Q.(LF) dx + C

=>y.x=[(sinx).xdx + C

=>y.X=[(sinx).xdx + C

Consider integral [ (sin x).x dx

Treating x as first function and sin x as second function. So, integrating by Parts we get,
= X. (-cos x) + [ 1l.cos xdx + C

=-X.cosX +sinx+C

LY. X=-X.cosx+sinx+C

= X (y + cos x) = sin x + C = (A) is the required solution.
19. Question

Mark the correct alternative in each of the following:

The equation of the curve satisfying the differential equation
y(x + y3)dx = x(y3 - x) dy and passing through the point (1, 1) is
A y3-2x+3x%y =0

B.y3 4+ 2x + 3x%y = 0

C.y3+2x-3x%y =0

D. none of these



Answer

y(x + y3)dx = x(y3 - x)dy

= yx dx + y* dx = xy3 dy - x2 dy
=xy3dy -x2dy -yxdx-y*dx =0
=y3[xdy-ydx]-x[xdy+ydx]=0

Divide both sides by y?x3 we get,

3 .

Y [x dy- ydx] —

= NEPE g [xdy + vdx] = 0
¥ 1
:F [x dy - ydx]—vzxzd(x.y) =0

y [xdy—ydx]_d(x.y) _ 0

= —

Y,y dxy)
=3 [d(;)]—w =0

Integrating both sides we get,
Yooy d(x.y)
- [5a)-] v O
14° 1
=3 _(_E)_C

=1+ (F)=c-w

Now the given curve is passing through the point (1, 1)

1 2
S S(WP+(D=C

c=2
T3

Substituting value of C in (1) we get,

1(y? +(1) 3
AVE xy/ 2

y*+2x 3

2x2y 2

=>y3 + 2x = 3x%y
= y3 + 2x - 3x2y = 0 = (C) is the required solution.
20. Question

Mark the correct alternative in each of the following:

The solution of the differential equation jxﬂ —y =3 represents

A. circles
B. straight lines

C. ellipses



D. parabolas

Answer

cdy
Zx.dx y=3

dy
=2x.—=(3+y)

dx
By the method of variable separable we get,
dy dx

TGty

Integrating both sides,
dy J‘ dx
= —_— = _
(3+y) 2x

1
=log(3+y) = Elogx +logC

= log(3+ y) =logCyx ~l0oga +log b = log ab
= (v+3)=CJx
Squaring both sides, we get,
= (y+ 3)? = Ax Where A = C2
Since it is the form of (y - k)2 = 4p(x - h) which represents parabolas.
ie. (y-(-3))2 =A(x-0)
.. The solution of the differential equation represents parabolas = (D)
21. Question
Mark the correct alternative in each of the following:
The solution of the differential equation Xj_‘ =y +Xtan L is
X X

X
A sin—=x+C
A

.y
B. sin—=Cx
X

. X
C.sin—=Cy
\Y

.y
D. sin—=Cy
X

Answer
dy v
XxX—=vy+xtan=-
dx - x

=% _7 4 ean? (1)
dx x x

The above equation is of the form of Homogeneous differential equation.



y
Put = V=Y =XV
Differentiate w.r.t x we get,
dy dv
— = f— == 2
S =v+x— (2)

Putting value of (2) in (1) we get

dv
=v+x—=v+tanv
dx
v
=xy¥—=v+tanv—v
dx
dv dx
= =—
tanv x

X
= cotvdy = —

Integrating both sides,

dx
= J-cotvdv = =~

= log(sinv) =logx +logC

= log(sinv) =log Cx

= sinv = Cx

Putting value of v we get,

= sin% =Cx = (B)

22. Question

Mark the correct alternative in each of the following:
The differential equation satisfied by ax? + by? = 1 is
A.xyy; + y12 +yy1 = 0

B. xyys + Xy1% - yy; = 0

C.xyys - xy12 +yy; = 0

D. none of these

Answer

ax2 +by?=1

Since it has two arbitrary constants, we differentiate it twice w.r.t x

Differentiate w.r.t x

dy
= 2ax +2by—=0
“dx
= ax + bvg =0-(1)
< dx

Again, differentiate w.r.t x

dy 2 dz_'!; _ .
=a+b [(5) + =Y = 0 Applying product rule



Put value of a in (1) we get,

[ dyy*  d?y
= —xb (—) +55y
dx x2-

dy
“rb'\»'a—o

Which is = xyy> + xy;2 - yy; = 0 =(B)

23. Question

Mark the correct alternative in each of the following:

The differential equation which represents the family of curves y = e is
Ay1=0CGy

B.xy;-Iny=20

C.xIny =yy;
D.ylny =xy;
Answer

y = eCx

Taking log both sides we get,
= log y = log e
=logy =Cxloge - loga*=xloga
=>logy=Cx-(1l)-loge=1
Differentiate w.r.t x we get,
Jldr_

ydx
Put value of C in (1) we get,

l x dy
= —_——
ogy v dx

logy = x 2
= ylogy = x =

Whichis =y Iny = xy; = (D)
24. Question

Mark the correct alternative in each of the following:

dz z z 2
Which of the following transformations reduce the differential equation — + —logz = —-(log z)~ into the

5
X -

du ) )
form —— L P(x)u= X ).
i (x)u=0Q(x)



A. u = log x

B.u=e¢eX
C.u = (logz)?
D. u = (logz)?
Answer

g +JZ—(10gz = % (logz)?

Dividing z(log z)2 both sides we get,

1 dz —i—zl 1 1
S - - -
z(logz)?dx «x gz X z(logz)? x2

1 dz 1 1

2 ()

2

z(logzlza x(logz) - x
Put (logz)'1 =u
Differentiate w.r.t x

du

_ -1_ "

= dx (logz) dx
-1 1dz du
= ——— =
(logz)2'z dx dx

1 1 dz du
= ——— =
(logz)2 z dx dx

Putting values in (1) we get,

du+u 1
= -4 —=—
dx x x?2

du u -1

= =
dx x x2

The ab tion is of the form % ¢ p(x)u = Q(x
e above equation is of the form dx+,ﬂ(1)u Q(x).

1 1
Where P(x) = - and Q(x) = ——;

IQ
So the required substitution is u = (logz)™! = (C)
25. Question

Mark the correct alternative in each of the following:

dy vy ¢
The solution of the differential equation — == +

dx x




D. yb

-
X

Answer

dy v "f-’@)
Yy B 1)
¢(3)

dx  x

The above differential is homogeneous differential equation with degree 0

y
Pur;=v=>y=xv

Differentiate w.r.t x we get,

dy dv
— = '—“2
S =v+x— (2)

Putting value of (2) in (1) we get

et 80
ﬁing%

Integrate both sides we get,

L [ES

We know that ’;8)} —log f(x) + K

= loggp(v) =logx +logk
= logg(v) =logKx

= ¢(v) = Kx

> ¢G) = Kx = (4)
26. Question

Mark the correct alternative in each of the following:

If m and n are the order and degree of the differential equation (V"F }

A m=3,n=3
Bm=3n=2
C.n=3,n=5
Dm=3,n=1

Answer



(v,)3 + “"\"2 ty,=x2—1

= V3 (:.1»'2)5 +402)* + (1) =y (x*— 1)
Order = Highest order derivative present in the differential equation.
~.Order=3=m
Degree = Highest power of highest order derivative which is (};3)2
. Degree =2 =n
m=3,n=2=(B)
27. Question

Mark the correct alternative in each of the following:

The solution of the differential equation d_" +1=e*"Y _is

A (x+y)eXty=0
B.(x+C)eXtY =0
C.(x-Qety=1
D.(x-C)eXtY+1=0
Answer

%+ 1=e**¥

Putx+y=2

Differentiating w.r.t x we get,

=bazdx

Substituting values, we get

dz
=——1+1=¢e"

dx
dz_ z
dx_e
dz

= —=(x
EZ

Integrating both sides

= [eaz = [ ax

= -—eF=x+C
=x+e*=C
=e‘x+1=e*C
=(x—0e*+1=0

Putting value of z, we get



=(x—-C)e™¥+1=0=(D)
28. Question

Mark the correct alternative in each of the following:

The solution of x? +y? dy _ 4. is

dx
A x2+y2=12x+C
B.x2+y2=3x+C

C.x3+y3=3x+C

D.x3+y3=12x+C
Answer
2 zdy
x-+y dx—dr
dy
=yl —=4_—y?
y dx

By variable separable we get,
= yidy = (4— x%)dx

Integrating both sides

= J-yzdy = J-(-’}— x%)dx
IE

Yy +K
=2 —=4x——
3 3

y* 12x—x*+ 3K
3 3

=y3=12x-x3+ C Where 3k = C
>x3+y3=12x+ C = (D)
29. Question

Mark the correct alternative in each of the following:

The family of curves in which the subtangent at any point of a curve is double the abscissae, is given by
A. x = Cy?

B.y = Cx?

C.x2 = Cy?

D.y = Cx

Answer

We know the subtangent at any point of curve =

28] <

We are given,

The family of curves in which the subtangent at any point of a curve is double the abscissae



Y
ﬁ@— X
dx

dx_z_

=

By variable separable we get,

dx dy
= — =
2x oy

Integrating both sides
J’dx dy
= | —=]—
2x y
1

= Elogx =logy+logK

= logyx =logKy ' loga +logb = log ab

=Jx =Ky

Squaring both sides, we get

= x=K?y?

= x = Cy? = (A) Where K2 = C

30. Question

Mark the correct alternative in each of the following:
The solution of the differential equation x dx + y dy = X2y dy - y2 x dx, is
A x2-1=C(1+y)

B.x2+1=C(1-y)

C.x3-1=C(1+y)

D.x24+1=C(1-V3)

Answer

x dx + y dy = x2y dy - y2 x dx

= x dx + y2 x dx = x2y dy - y dy

= x dx(1 + y2) = y dy(x? - 1)

By Variable separable

=

N N
x2—1 l_1+y2 Y

Integrating both sides we get
X y
dx =J- —d
= J-xz -1 * 1+ y? Y
1
=313

Putx?2-1=tandPutl+y =u

e dx =2 [ ody ~ (1)

2° 1+y

Diff w.r.t x Diff w.r.ty
2x dx = dt 2y dy = du



Putting values in (1) we get,
1rdt 1 {du
"2t 2w
= logt =logu +logC
= logt = logCu " 10g a + log b = log ab
=t=Cu
Putting values of t and u we get,
=>x2-1=C(1+y)=(A)
31. Question

Mark the correct alternative in each of the following:

The solution of the differential equation (Xz + 1)(1_1L _(}.—3 " 1') —Q. is
Ay=2+x
o 1-x
C.y =x(x-1)
D. v = _1 —X
1+x
Answer
2 dy 2 _
K+ D)+ (y*+ 1) =0
dy
F+1)—=—(y*+1
5 (P + )= —(2+ 1)
By variable separable we get,
dy dx
= = —
(y2+ 1) (x2 +1)
Integrating both sides we get,
J’ dy J’ dx
= | — = — | —
(12 +y2) (124 x2)
=tanly=—tan"lx+C
=stan'y+tantx=C
xX+y X+y
= tan™? ( . ) =C vtan 'y +tan'x =tan™? ( . )
— Xy - 1—xy
x+ vy
= — =tanC
1—xy

=x+y=C(1—xy) WheretanC=_C
=x+y=C—Cxy
=x+y+Cxy==C

=x+y(l+Cx)=C



(€C—x)

=Y =7en

Now since C is arbitrary constant, we put C = 1 (let) we get,

1—x
= =
Y 1+ x

= (D)

32. Question

Mark the correct alternative in each of the following:

The differential equation Xd_" —v = Xj_ has the general solution
dx -

Ay -x3 =2cx
B. 2y - X3 = cx
C.2y + x2 = 2cx

D.y + x¢ = 2¢cx

Answer
d'l,? 3
X——y=xX
dx y

Divide both sides by x we get,

Since it is a form of linear differential equation where
p=—_landQ=x2
X

Integrating Factor (I.F) = el P dx

1 -
I.F = el =% = g-logx _ glogx™

X
Solution of differential equation is given by

y.(LF) = [ Q.(LF) dx + C

1 ,(1
=:-y.—_=J-x (—_)derC
X X

v
=:-‘;=J-xdx+c

y  x2
ﬁ_
X

—=+¢C
2

= 2y =x3+2Cx
=2y -x3=cx = (B)
33. Question

Mark the correct alternative in each of the following:

The solution of the differential equation d_‘ —ky = 0. v(0) =1 approaches to zero when x - «, if
Ix J J

A k=0
B.k>0



C.k<O

D. none of these
Answer

dy_ _ _
o ky=0y(0)=1

dy
z;'dx_

By variable separable and integrating both sides

dy
= J-;=J-kdx
y

=logy=kx+C

ky

= y = A.e* Where e = A

We have given condition y(0) = 1

= 1=24.e"®

=4=1

- Solutiony = e**

We know e” - o ande™® -0

So, we are given that y approaches to zero when x - «
i.e. 0 =eke

Which is possible only when k < 0 = (C)

34. Question

Mark the correct alternative in each of the following:

1 d\.'

The solution of the differential equation (1 +x- )_ +1+ 3,-—2 =1, is

\ dx
A tan'lx-tanly =tanl C
B.tanly-tanlx=tanlC
C.tan"ly = tan'l x = tanC
D.tanly + tanl x =tan'l C

Answer

1+x)Z+1+y2=0

d
5 (4D = (7 +D)

By variable separable we get,

dy dx
T2+ (2+1)

Integrating both sides we get,



dy dx
- @l
=tan'y=—tan"'x+tan"1C
=>tanly + tan'l x = tan"l C = (D)
35. Question

Mark the correct alternative in each of the following:

i i
The solution of the differential equation d_‘ - ¢ is
dx X~
—1 X
A tan~'| = =logy+C
'y
B.tan | = |=logx +C
X
S x
C.tan ' = |=logx +C
‘-.'
afy
D.tan | = |=logy+C
X
Answer
dy _ xF4xy+y®
dx x2
dy v v
—_ = = = - 1
= dx 1+ x+ (.r) (1)

The above differential is homogeneous differential equation
y
Put = V=Y =XV

Differentiate w.r.t x we get,

dy dv
— = '—“2
S =v+x— (2)

Putting value of (2) in (1) we get

dv 5
=v+is—=1+v+v
dx

v 1+v?
=rx—= v
dx

By variable separable and integrate both sides we get,

J‘ dv dx
= _— = _
12 + p2 X

=tan"lv=1logx +C
Putting value of v, we get

= tan™?! G) =logx +C = (B)

36. Question



Mark the correct alternative in each of the following:

The differential equation d_"_ Py =Qy". n > 2 can be reduced to linear form by substituting

A z=y"l
B.z=y"
C.z= yn+1
D.z =yl
Answer

dy N n
2. TPy =0y

Multiply both sides by y™

=y @ +Py "y =Qy"y"
B dl. B o o o

=y L4 pylm =@ - (1)

Put yln =z

Differentiate w.r.t x we get,

(1-my2 =2
= WY T T dx
ﬁy‘"g— L £ (2)

de (1—n)dx
Put value of (2) in (1)

1
= (l—n)a—l_

Multiply both sides by (1 - n)

Pz=¢Q

dz
= a+ P(1—-n).z=0(1—n)

Since it is a form of linear differential equation

[ ﬂI‘1V+P =
L.e.dl_ Vv =0Q

Where,P = P(1—n)and Q = Q(1 —n)
. we put z = yI'" to form linear differential equation = (D)
37. Question

Mark the correct alternative in each of the following:

If p and g are the order and degree of the differential equation v d_" 1x

A.p<q
B.p=q
C.p>q

D. none of theses

+ XY =COSX, then



Answer

d*y

= TXY =cosx,

dy | 3
i +x
Order = Highest order derivative present in the differential equation.
S Order=2=p

Degree = Highest power of highest order derivative which is‘fz_-‘-z"
dx

. Degree =1 =q
38. Question

Mark the correct alternative in each of the following:

Which of the following is the integrating factor of (Xlogx}d_}' +y = jlggx ?
X

A. X

B. X

C. log x

D. log (log x)

Answer
(x Iogx)%+ y=2logx

Divide both sides by x log x we get,

dy N ( 1 ) 2
= — — ==
dx Y (xlogx) X
Since it is a form of linear differential equation where

_ 1
o (xlogx)

andQ =2
x
Integrating Factor (I.F) = el P dx
[ 1 dx
I.F = ¢'Glogn
C ider integr IJ- L dx
onsider integra G log©) X

Putlogx =t

Differentiate w.r.t x we get,
1

= —dx =dt
x

Putting value in integral

[
= (ongx)l_ t

= logt

Putting value of t, we get,

1
= J-mdx = log(logx)



Now,

1
I.F = E-rix.!'ogx dx = pleg(logx) _ logx = (C)
39. Question

Mark the correct alternative in each of the following:
- : dy
What is integrating factor of —— + ysecx =tan x?
Ix

A. sec X + tan x

B. log (sec x + tan x)
C. eSGCX

D. sec x

Answer

d

2y ysecx =tanx

dx -

Since it is a form of linear differential equation where
P =secx and Q =tanx

Integrating Factor (I.F) = el P dx

I.F = Efsecxdx

= Efsecxdx

= g log(sec x+tanx)

= (secx +tanx) = (4)

40. Question

Mark the correct alternative in each of the following:

Integrating factor of the differential equation cosxg +vysinx =1.is
dx -~

A. cos x

B. tan x

C. sec x

D. sin x

Answer
dy .
cosx— +ysinx =1
dx -

Divide both sides by cos x we get,

COSX

dy (sinx) 1
cosx

=>——+y =
dx -

d..l" (t )
= —+ y(tanx ) = secx
dx -~

Since it is a form of linear differential equation where

P =tanxand Q =secx



Integrating Factor (I.F) = el P dx
I.F = E_rtanxdx

= E_rtanx dx

= g log(sec x)

= secx = (C)
41. Question

Mark the correct alternative in each of the following:

] ¥
. . . d-y dy " . [dy .
The degree of the differential equation | —— | +| — | +sin| — |+1=0.is
dx~ dx dx
A 3
B. 2
C.1

D. not defined

Answer

L)+ (2) 4 s (L)+ 1 -0
dx? dx S ax -

Here Order of differential equation is 2.
Its degree is not defined as it is not a polynomial equation in derivatives. = (D)
42. Question

Mark the correct alternative in each of the following:

-

The order of the differential equation 2y d;: - 3(1_‘L +yv=0,Is
dx- dx

A.2

B.1

C.0

D. not defined

Answer
d2y dy
28°FY  pa¥ _
2x 22 de+ y=20

Order = Highest order derivative present in the differential equation which is "‘12_-‘-2’
dx

- Order =2 = (A)

43. Question

Mark the correct alternative in each of the following:

The number of arbitrary constants in the general solution of differential equation of fourth order is
A.0B.O

C.3D.4



Answer
We know,

the number of arbitrary constants of an ordinary differential equation (ODE) is given by the order of the
highest derivative.

" differential equation is of fourth order then it will have 4 arbitrary constants in the general solution. = (D)
44. Question

Mark the correct alternative in each of the following:

The number of arbitrary constants in the particular solution of a differential equation of third order is

A3

B. 2

C.1

D.0

Answer

We know,

the number of arbitrary constants of an ordinary differential equation (ODE) is given by the order of the
highest derivative and if we give particular values to those arbitrary constants, we get particular solution in

which we have 0 arbitrary constants

. The number of arbitrary constants in the particular solution of a differential equation of third order is 0 =
(D)

45. Question

Mark the correct alternative in each of the following:

Which of the following differential equations has 'y = G e* + C, e as the general solution?

-

A. d 3:: -V = 0
dX_
a2y d%y
dX_ -
C.
d*y
dx_
Answer
Solving for (A)
dz__v+ 0
= — =
dxz 7
P rd‘V—D dz‘p—ﬂ2 d
iU i ‘V’dxz_ ¥....and so on

= Diy+y=0
=y(D?+1)=0
For general solution put (D2 + 1) = 0

=:-(D2-I-1)=0



=D ==i
General solution, y = C; cos x + G, sin x

Solving for (B)

d?y 0
-
dx? y=
P fdv D d2v D? d
u i V’dxz y....and so on

= Diy—y=0

= y(D?—1%)=0

For general solution put (D? - 12) = 0

= (D-1)(D+1)=0

=2D=1,-1

General solution, y = C; e* + C; e™* = (B) which is required solution.
46. Question

Mark the correct alternative in each of the following:

Which of the following differential equations has y = x as one of its particular solution?

a4

A. d }i_xj d'E Lxy =x
dX-

B. d-?::—xd_"_ '}.’—X
dX-

C. d-.{_xzﬁ_x}r:ﬂ
dx~ dx

- dx
Answer
y =X

Differentiate w.r.t x we get,

dy L d*y 0
= — = _— =

dx dx?
Consider,

d’y dy

ﬁ_ JL d_ + Xy

=20—x%1+xy

= —x*+x*=0"X=Y

d’y dy
.d;t? X d—+;w—0—(c)

47. Question



Mark the correct alternative in each of the following:

The general solution of the differential equation d_" —* Y is

dx
A eX+e¥Y=C
B.eX+e¥=C
C.eX+e¥=C
D.eX+e¥Y=C

Answer

dy
dx

pX+y

dy_
z;'dx_

By variable separable and integrating both sides we get,
dy

= J-— = J- erdx
ey

= J-e‘-‘-’dy = J-exdx

=—eV=e"+C

X ¥y

er.e’

=>eX+e¥Y=C=(A)
48. Question
Mark the correct alternative in each of the following:

dy X
A homogeneous differential equation of the form — =h| — | can be solved by making the substitution.
v

A.y = vx

B.v =yx
C.x=vy
D.x=v
Answer
=-n(®)-

For solving the above homogeneous differential equation we must put

=—=17
y

=x=vy=(C)
Suchthat & = v + V.E -(2)
av < dx
We put value of (2) in (1) for finding the solution.
49. Question

Mark the correct alternative in each of the following:

Which of the following is a homogeneous differential equation?



A.(4x + 6y +5)dy -3y +2x+4)dx =0
B.xydx - (x3+y3)dy=0

C. X3+ 2y2)dx + 2xy dy = 0

D.y2dx + (x2-xy)-y2) dy =0

Answer

We know the property of homogeneous differential equation i.e.

@ _ fley)

dx
=>f(AX, Ay)=f(X,y)
In the given set of options, option (D) is correct as addition of power is same throughout the equation.

50. Question

Mark the correct alternative in each of the following:

The integrating factor of the differential equation Xd_‘ —y= 2};2.

A eX
B.eY
C. 1/x
D. x

Answer

dy
x——y=2x?
d’x -

Divide both sides by x we get,
dy 1
= ;-I-__V(——) =2x
4 X
Since it is a form of linear differential equation where
1
P = — and 9 = 2x

Integrating Factor (I.F) = el P dx

—1
LF = el
I.LF = ef_Tldx =g logx — gloga™" _ y-1
ILF L C
F=2=(0

51. Question

Mark the correct alternative in each of the following:

ydx
The integrating factor of the differential equation (1 — }-‘2 )d— +yx=ay(-l<y<1)is
\ 'I!.'




Answer
(1-y) T +yx=ay(-1<y<1)

Divide both sides by 1 - y? we get,

dx N [ v ] ay
= — X =
dy L(1-y?) (1-y2)
Since it is a form of linear differential equation where

¥ _
P = (l_yzjandQ =

ay
(1—»%)

Integrating Factor (I.F) = el P dx

¥y
LF = Jay®

v
Consider integral J- md}r

Putl-y?=t

Differentiate w.r.t y we get,
d ! dt
=1 = — —
yay 5

Putting value in integral

f Y gy = lfldr
Sla— YT 2l
1

= —Elogt

Putting value of t, we get,
| a5me ~log(1 - y?) = log(1— y2)
(1—y2) y 5108 y g v
Now,
y 1
I.F = ef'il—yzldy = glog(1-¥%) = _ (1—_}'2)_%

IF=——" = (D)
y1-y?

52. Question

Mark the correct alternative in each of the following:

. . . _ydx —-xdy :
The general solution of the differential equation — =(.is
v



A.xy=C

B. x = Cy?
C.y=Cx
D.y = Cx?
Answer

vax — x dy
] Y _ 0

¥
x
=dx——dy=0
y
X
=dx =—dy
y
By variable separable and integrating both sides we get,
1 dx
= J-—dy = | —
v X
= logy = logCx
=2y = Cx = (C)

53. Question

Mark the correct alternative in each of the following:

dx
The general solution of a differential equation of the type — +P;x = Q) is
W

[mdy | [Pdy
A. }-'E :J. Qle d}' _C‘

Ra | e

[Pdy | [Prdy
C.x*  =]iQf dy +C

[Prax [Prax

Q]E dx +C

L]
—_—

Answer
dx

Since it is a form of linear differential equation.



Where, P =P; and Q = Q,

Integrating Factor (I.F) = e/ P dY

I.LF = el Py dy

Solution of differential equation is given by

x.(.LF) = [ Q.(LF) dy + C

xel Prdy = J-{Qlefpld-‘-’] dy +C = (0)

54. Question

Mark the correct alternative in each of the following:
The general solution of the differential equation e* dy + (y e* + 2x)dx = 0 is
A xeYy+x2=C

B.xeY+y2=C

Cye+x2=C

D.yeYy+x2=C

Answer

eXdy + (ye* + 2x)dx =0

We can write above equation as

dy
:exa+_fwex+2x=0

Divide both sides by e* we get,

d‘v+ +21 0
= — _— =
dx y ex
dy_l_ 2x
= - = ——
dx Y ex

Since it is a form of linear differential equation.

2x
Where,P = land Q = ——
e)('

Integrating Factor (I.F) = el P dx
ILF=ef 1dx = x
Solution of differential equation is given by

y.(I.LF) = [ Q.(I.LF) dx + C
2x

=:-y.ex=J-—§.exdx+C

=:-y.ex=J-—2x.dx+C

=y.e*=—x?+C

syeX+x2=C=(C)
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