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.

d’x d’x (dx) o
e atr Ldt
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.

-
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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.

g
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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 —d}:rm because this can be written as (?)—1 which
= X
means a negative power.

So, the above equation becomes as

dy3 dy
[:E) + 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.

d’y ]
C »
dx”
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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

dy )* ([ 4y
ﬁ*%?}—@ﬁﬁ
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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.

dy

X

So, in this question the dependent variable is y and the term —= is multiplied by itself and many other are

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.

dy [(dyY’

T+ =) +xy=0
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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.

6. Question

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



oy _
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
2| d?y |\ dy
dxz) T dx

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 non-linear.

7. Question

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

4 32
dly c—[ dy ]"
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.

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

So, squaring on both sides, we get

() -
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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

dyy’ dy\”
(”&) —”(&)

dyy’ dy dyy’
2 Y - Y
X (dx) +2x dx L+ (dx)

d
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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.

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'tdt
s —~+st—=5s
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
s

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.

) 3 4
»[d7y dy 4
X7\ —5 | +y|—| ty =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.

dzy\® dy*
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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.

d'y [dPy ) dy :
T+ —5 |[+—+4y=sinx

dx’ ldx” ) 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) , S0 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.

(xy2 +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(x?-1)dy
Y 29 )y =x (2
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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.

'\Ill_}":- dx +v1—x7 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

Since the power of y can’t be rational so squaring on both sides
I{—dy z — 2
— w2 = = | — — gyl
(Vl de) _( vi y)
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



-
dxz/)  \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

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

v =o(u--(2)

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.

qdzy _J'l_[ﬁ]z 3/2
Ta | 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 dy\° dyy” dy*
25(@) - 1+(3) +3(g) +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.

dv
y=Xx—+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 dyf
y—x&— a|l+ (E

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

dy dyy* dy\*
2 _ - 2(2) _ 2 -
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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.

2h? +p? . where p dy
V=pxX+.ap +0b", =—
y=p ap 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

y—x?= . L (E)Q here we have substituted the value of p and taken a? out from the root
X a? dx

Since the above equation has rational powers we need to remove them so squaring on both sides.
v\’ 2 (b7, (dy)’
(y - Xa) a I,az + (dx)

dy dy b? dy)?
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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.

20. Question

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

dy .

— L 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
e¥ = 1+y+§+§+a+'"+ﬁ

So, the equation becomes as follows

dy ATRATE A
&‘i‘ l+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.

-
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d’y dy [d?y
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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
Xa XS X'}' (_1)1'X21'+l

M) =x= gt gt

So, in this question, the x of sin(x) is replaced by g which means that the power ofj_zi’ is not defined as it
X X
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 g is multiplied by itself, so the given equation

X



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
XS X5 X'}' (_1)1‘X21‘+1
3! 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 non-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‘— dy -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.

dj}-' dz}-' dy ,
—S+t——5+ —-+ysmy=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 +X5 X'I-'+ . (_1)1'X21'+1
SMX=X— — e ———
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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 > d-v ]
—+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

dx

3 2
dy - ,
-4 — | +7y=sin X

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 non-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
2y 5. = 3(x—c)?

2y d
= (x—0c)* = ?YEY{
1
(-0 = (ZI)
= (x—rc) = 3 dx
Putting the value of (x - ¢) in the given equation, we get,
1% 3
- (2ydy)5
y = 3 dx
3
-y G
3 dx

On squaring, both sides we get,

3
. _ @@)
3 dx

3
. _ 8_3’3(@)
27 \dx

dwn 2
= 27y = ﬂ(d—i)

3
Hence, 27y = 8 (?) is the differential equation which represents the family of curves y2 = (x - c)3.
X

2. Question

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

Given equation, y = e™

On differentiating the above equation with respect to x we get

dy mx

I = me

Buty = e™
dy

g = Y

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

dx



dy  logy

dx y X
dy _ vl
= de = ylogy

Hence, x? = ylogy is the differential equation corresponding to y = e™,
X

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 (%) = 43

On substituting the value of a we get,

dy y?
2y (&) = tx
dyy 7
=2y (&) =3
dy
= ZX(E) =y

Hence, 2x (?) = y is the differential equation corresponding to
X

yZ = 4ax.

3 B. Question

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

Answer

On differentiating with respect to x, we get,

dy_

ax©

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

g @

y de dx dx
2
Hence, y = xﬂ + 2 (ﬂ) + (E)S is the differential equation corresponding toy = cx + 2c2 + c3.
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
— ]l +y=20
x (dx) y
Hence, x (?) + y = 0is 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
d—i=2ax+b

Differentiating twice with respect to x,

d?y
(E) =2

Now, differentiating thrice with respect to x we get,

&y

dx?3

a

Hence, j g’ = @ is the differential equation corresponding to

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

Form the differential equation of the family of curvesy = Ae?* + Be 2%, where A and B are arbitrary
constants.

Answer
y = Ae?X 4+ Be %X

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
& _ 2Ae%* — 2Be 2
dx

Again, differentiating it with respect to x, we get

d2
—dxz = 4Ae’™ + 4Be™*"
d?
- —dxg = 4(Ae** + Be™%¥)

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

a2 — 4
dx? Y

Hence the differential equation corresponding to the curves

y = Ae?X + Be2X js &V _ 4y

dx?

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 + B sin nt

On differentiating with respect to t we get,

dx

— = —Ansinnt + Bncosnt
dt

Again, differentiating with respect to x,

d*x . 2.

Frs) = —An-cosnt— Bn“sinnt
d?x 5 .

=gz = 0 (Acosnt + Bsinnt)

As x = A cos nt + B sin nt

d?x 5
E = —Nn X

d?
adrroi n’x = 0

Hence, ji: + n2x = @ is the required differential equation.
t

6. Question

Form the differential equation corresponding to y2 = a(b - x2) by eliminating a and b.
Answer

Given equation y2 = a(b - x?)

On differentiating with respect to x, we get,

dy
Zy& = —2a¥ ... (1)

Again, differentiating with respect to x we get,

d?y dy”
2}’@ + 2( ) = —2a

dx
dZy dy 2
= 3’@ + (E) = —a .. (2)
From (1) we have 3 = _E?

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

DL --(-2Y
2xdx

Yaxe * \ax
d2y . (dy)z B (ydy)
= ydx2 dx/ T \xdx

- @) - 62
ydx2 dx ydx



' i i ion i d%y ay\*\ _ (. dy
So, the required differential equation is x(y@ + (E) ) = (ya).

7. Question

Form the differential equation corresponding to y2 - 2 ay + x2 = a2 by eliminating a.
Answer
y2—2ay+x2=a2

On differentiating, with respect to x we get,

dy  dy
Zy&—ZaE +2x =0

d d
:;-y—i+x=a—§
3+

dy
dx

Putting this value of a in the given equation, we get,
d d ?
(vE + ) (vE + )
ad|l—F3, —|¥ + Xz = T
dx dx

r r 2
yy + X vy + X
2 Za( ) + x? = ( )
y )Y ”
yiy -2y xy) + X7y vty o 2wy’ + xE
= =
y.f ylz

= y2y'2 - 2y%y'2 - 2xyy' + xPy'? = y2 '3 + 2xyy' + X
= y2y'2 - 2y%y'2 - 2xyy' + x%y'2 - y? y'Z - 2xyy' - x* = 0
= - 4xyy' + y'2x2-x2-2y?y2 =0

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

S0, y'2(x2 - 2y2) - 4xyy’ - x2 =0

8. Question

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

Answer

On differentiating with respect to x, we get,

d
2(x—a) + 2(y—b)£ -0

d
S (x—a) + (y—b)d—i = 0 ... (i)

Again, differentiating with respect to x we get,



dZy  (dyy’
L+ @b+ () =0
2
(%) +1
=>y—b=—Ty ...... (111)
dxZ

Put the value of (y - b) obtained in (ii) we get,

= X—a-— oy dx_o
dx?
dyz
(E) + 1y
Y T
dx2
ldy3 dy
(ﬁ) T
=>x—a=Ty ...... (iv)
dx?

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

2

dy\*> = dy dy\’

@) + & ) (@) +1
dzy dzy
dx? dx?

4 a2
Put & "and =2 "we get,
5 AsY and 1= AV g

' 2 ' 2
() < () -~
' '

= (Y2 +y)2+ (y?2 + 1)2 = r2y"?

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)? +(y-k?=r

Here centre is ony - 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



2 2
X° +
I Sl
2y
Now, differentiating it with respect to x we get,

Zy(ZX + Zy%) - (x*+ yz)Z%
0 =

(2y)?
=0 = 4xy + 4Y2g—2ng—2y2g
= 0= Zyzg—k?g + 4xy
= —ng + ng = 2xy

d
= (xz—yg)é = 2xy

Hence, the required differential equation is (x? —y?)% = 2xy

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)2 + y2 = r?

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

0+h2=r2

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

= x2 + y? = 2hx

x? + y?

h=
= 2x

Now, differentiating it with respect to x we get,

2x (Zx + Zy%) —(x* + y?)2
(2x)2

0=
dy 2 2
=:-2x(x+y&)—(x +y?) =0
dy
2 w22
= 2X +2Xydx X —y 0

dy
2_ .2 - _
= (x y)+2:==1ydX 0



Hence, the required differential equation is (x2 —y?) + 2;;3;% =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 o dv A
— # — — —

dt dt

Negative because V decreases with an increase in t

k is a proportionality constant

Now, we know that

4
V = gm'g and A = 4mr?
So, we have,

E(;Tﬂ'g) = —k(4mr?)

dt
dr
4 -2 —k(4 -2
= 4mrt (4mr®)
dr X
T
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,

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

dZy  (dyy’
(Y‘maﬁ*'ﬁﬂ =0

2
From (i) we have (y — k) = "d_?a , on substituting it in the above equation we get,
dx
2a d? dy >
y (_Y) B

T axz  \ax
dx



2

d dyy >
y+(—y)=0

2 —_
= adx2 dx

3
Hence, the required differential equation is 24 y + (E) =0
dx? dx

13. Question

g

Show that the differential equation of which y =2 (XE _1) +ce™ isasolution, is d_‘ +2Xy = %3

Answer
y=2(x2—-1)+ce™
On differentiating with respect to x we have,

d
& = 4x — 2cxe™
dx

Now,

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

4% — 2cxe™ + 4x3—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,

O W i-x
d
= Vl_xgd_i = 2sin"'x—A

Again, differentiating with respect to x we have,

d’y dy 1
1 _g2—d L (= N 9y) = -
Ji1—x 2 +dx(\,—1—x?)( 2x%) wa_l_xz
d’y _ dy
g2y _ — 7 =
= (1 X)dxz Zxdx 2=0

Hence the required differential equation is

dzy dy
- S A i S 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 + y2 = a2
i. (2x -a)2-y2 = a2
iii. (x - a)2 + 2y? = a2
Answer

(i)

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

On differentiating, with respect to x we have,

d

2(2x + a) + Zyé =0
d

= (2x+a)+yd—i=0
dy

= a= —Zx—y&

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

dyy” dyy’
(ZX—ZX—yd—D + y? = (—Zx—yd—z)

2
dyy* |, , dy dy
= (yﬁ) +y° = | 4x° + y(&) + 4xyﬁ

d
= yz—-‘-}xz—-‘-}xyd—i =0

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

= 4x2 + a% - dax - y? = a2
=4x%2-4ax-y?=0

= 4ax = 4x2 - y?

4x? — y?
=2a=—
4%
On differentiating with respect to x we get,

KSX— 2%) 4x — 4(4x° —yz)}

0=
4

d
= 8x2—2xd—z—4x2 +y* =0

dy
4x? + y? = 2x—
= 4% v de

iii. (x - a)2 4+ 2 y2 = a2
On differentiating, with respect to x we have,

d
2(x—a) + 4yd—i =0



d
= (x—a) + Zyd—i =0

dy
=>a=x+2y&

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

2
d d
(x— (x + Zyd—z)) + 2y% = (x + Zyd—i)

2
dy? d d
= (4y—y) + 2y? = [x* + (4y (d—i)) + 4xyd—i

2

X

d
= 2y2—x2—4xyd—i =0

16 A. 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,

dy
2xX + Zy& =0

d
:>x+yd—z=0

16 B. 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_

ZX—ZyE =0

d
:x—yd—izo

16 C. Question

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

y2 = 4ax

Answer
2

Yo 4a
X

On differentiating we get,



16 D. Question

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

x2+(y-b2=1
Answer

On differentiating we get,

d
2x + Z(y—b)é =0

dy
= (y_b)ﬁ = —X

—X
= (y—b) = d_y ...... (11)
dx
Put (ii) in (i),
2
—X
2 —_ =
X° + ﬂ 1
dx

dy 2 dy
2 (Y 2z _ [
=X (dx) X (dx)

16 E. Question

2

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

(x-a)2-y?=1
Answer

Differentiating with respect to x we get,

dy
Z(X—a)—?.y& =0
dy
= (x—a) = y&

Now putting the value of (x - a) in the initial equation, we get
dy 2
21 7Y J— — 1
y (dx) y
16 F. Question

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



X_’ }.'_.

ey

5 =1
a- b-

Answer

bzxz_azyz .,
aZh? N

b2x2 - a2y? = a2b2

On differentiating with respect to x we get,

dy
2 2 —
2b“x Zaydx—o
dy
2 2 — :
= b"x ade—O ...... (i)

Again, differentiating with respect to x we get,

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

d?y  (dy)\’
2 _ 2 _ _-
= b =a (‘dez * (dx)

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

2

d<y dy)2 dy
2 v Y — Al
-4 X(yd}{? - (dx Y ax 0
d?y dy > dy
2 - - —_— =
-4 (K(}’rldrxz2 - (dx) ) Vax 0

d’y = dyy\*\  dy
= (X(Y@+ (@) )‘Y& =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

2y— = 4
ydx 3
Again, differentiating with respect to x we get,
d dyy’
& (@) -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 .
o 3ax

. ; ¥
From the given equationa = 1

So, we have

16 1. Question

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

x2 +y? = ax3
Answer

x2 +y2 = ax3
x? + y?

a4 = <3

Differentiating with respect to x,

((Zx + Zyg) x¥—3x%(x% + yz))

xﬁ

d
= 2x* + 2x3yd—i—3x“—3x2y2 =0

dy
3 it 22 _
:>2:«;yld}i X —3xX°y 0
dy
I — 24,2
=>2xydx X© + 3x°y

= Zxayd—i = x*(x* + 3y?9)

d
= nyd—i = (x* + 3y%)

16 ). Question

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

y = e
Answer

Differentiating with respect to x

dy_

= ae¥™
dx



dy_
:dx_ay

From the given equation we have,

y =e¥
= >logy = ax
logy
X
Now,
dy logy

SH TV

dy 1
= —_— =
Xy = Yiosy

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  2yd

= 2ydy

a2 b2 dx

= — = —=—=

a2z b2 dx

b* ydy §
e Sl (ii)

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

dy
o - Y&y \FaxY)dy
T oxdx? %2 dx

dx 0

d?y dy\>  dy
:xy@+x —yﬁ—

2
The required differential equation is Xy:_z“;:' + x(?) _y? =0
X X X

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 frdyy° d?y
§‘§«&)+Y&5—°

1 1 (dy)z . d?y
= a2z b2\ \dx ydx?

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

1 {rdy\> dz d
- x «1)+yY)_11:0

b2 \ \dx dx2) | bZdx

dy\> = d%\ dy
ﬁX«&)+?&E‘%;—°

dy\? d’y dy
= x(G) * Wage Ve 0

dy\” d’y dy
= x(3) + g g~ 0

. . . . . d}, 2 dz}, d}l‘ .

The required differential equation isx (E) + Xy -y =0

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

Differentiating (ii) with respect to x we get,

dy dy
= 2X + 2y£+ Za—ZaE =0

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



[
)

) )

2_
+(x+y) (x—l—ydx

]

The required differential equation is ((x + y)? + 1) (g)z _ (x n y%)z

Exercise 22.3

1. Question

-

Show that y = beX + ce?* is a solution of the differential equation, d;‘q _3§ 12y =0.
dx- dx -
Answer
The differential equation |s 3 + 2y=0 and the function that is to be proven as solution is

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

X

Y _ peX + 2ce2x

dx

2
Y _ peX + 4ce?x
dx?

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

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

¥

Verify that y = 4 sin 3x is a solution of the differential equationd_.{ 19y = (.

Answer

The differential equation is :_22'4_ 9y = 0 and the function that is to be proven as the solution is
X

y = 4 sin 3x, now we need to find & .

dx?

dy _ 12 cos 3x
dx

2 .
Y _ _ 36 sin 3x
dx2

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

Answer

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

Py

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

d )
& = 2ge2X - peX
dx

2
Y = 43e2X + peX
dx?

Putting these values in the equation, we get,

4ae®* + be™* -(2ae?X - be™) - 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_}: Ty =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@ .

dx?

d .
d—}'=—AS|nx+Bcosx
X

2 .
9 = _A cos x - B sin x
dx2

Putting the values in equation, we get,

-Acos x-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

ol

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

Answer

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

w2



y = A cos2x - B sin 2x, now we find the value of £¥

dx?

? = -2A sin 2x - 2B cos 2x

X

dZ .
¥ = _4A cos 2x + 4B sin 2x

dax?

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.

d}-"2
de'

6. Question

%y 1

Show that y = AeBX is a solution of the differential equation — - =

dx< v

Answer

z 2
The differential equation is g =1 (?) and the function to be proven as the solutionisy = AX, now we
X ¥ \dx

2
need to find the value of & and &7 .
dx dx2

& — ABeBX
dx

2%y — AB2eBX

dx?

Putting values in the equation,

1
AB?e — o (ABe™™)”

AB?eP* — ABZeB*
LH.S. = RH.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

-~

£ Vi
Verify that y = a, b is a solution of the differential equationd_}: + = @ ] =0
X dx- x\dx
Answer
The differential equation is %’Jr 2 (?) = 0 and the function to be proven as the solution isy = 3+ b, now we
X X X -
need to find the value of & and LY .
dx dx?
dy a
dx  x2
d’y 2a
dx?  x3

Putting values in equation,

2a 2f-a
_3__(_2) =0
X X \X



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

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

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

dy 2a
dx vy
dx y
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

d
Show that Ax? + By? =1 is a solution of the differential equationx{}_-‘ -+

Answer

The differential equation is x &y (E : — ¥ and the function to be proven as the solution is Ax2 + By?
ydx2+ dx - ydx P S AX y

=1, now we need to find the value of? and a*y .
X

dx?
0=2Ax+ 2B dy
B Yax
dy —Ax
dx By

d?y B —ABZ%y? — BA%x?
dx? (By)3

Putting the values in the equation,

—ABZ%y? — BA%x? +BA2x2 A
Ny (By)? B3z |~V By

[ (A(By? +Ax23)
x|- +
BQy2

A%x? —Ax
B2yz Y By




A?Bxy? —Ax
—_ = y

B2y? By
—AX_ —Ax
y 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

ds}-' B

Show thaty = ax® + bx? + c is a solution of the differential equation—_- — ga.

dX3
Answer

The differential equation is Zii' = 6a and the function to be proven as the solution is
X

a
y = ax3 + bx2 + ¢; now we need to find the value of ¥ .

dx?

d
&_ 3ax? + 2bx

dx

d?y

@ =6ax+ 2
d3y

Freials

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

Show that y = €~X s a solution of the differential equation(l +x2 )d_‘ _(1_ y? ]= 0.
I+cx ' dx
Answer
The differential equation is (1 + xz)? + (1 +y?) and the function to be proven is the solution of equation is
X
Yy = c;; now we need to find the value of?.
X X
dy (1+ex)(0—1)—(c—x)(0+¢c) —(c*+1)
dx (1+ cx)2 (14 cx)?

Putting the value of the variables in the equation,

(l+x2)[—(c2+1)) (c—x)?
(1+ cx)? I (1+ cx)?

]=0

(1+cx)?+ (1 +x)(-1-cHD+(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



d:}, dy

Show thaty = X (A cosx + B sinx) is a solution of the differential equation_1 —2 - 2y =)

dx= dx

-2

Answer

The differential equation is 3_2‘3;_ 2? +2y=0 and the function to be proven as the solution is
X b4

y = eX (A cosx + B sinx), we need to find the value of%

X

- eX(A cos x + B sin x) + €¥(-A sin x + B cos x)

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

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

Putting the values in equation,

2eX(-A sin x + B cos x) - 2eX(A cos X + B sin x) - 2eX(-Asinx + Bcos x) + 2 e(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.

13. Question

2 dv

Verify that y = cx + 2cZ is a solution of the differential equation?2 N
dx

_}r :0.
dx

Answer

2
The differential equation is 2 (ﬂ) +x2 _ y = g and the function to be proven as the solution is
dx dx
y = cx + 2c, now we need to find the value of? .
X

Y-c+0

dx
Putting the values,

2c2 4+ 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 - (2 - x2)dx = 0.

Answer

The differential equation is % = % =y + x and the function to be proven as the solution is
y = -x -1, now we need to find the value of% .

g =-1

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 y2 = 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?
X
dy
L — 4
ydx 3
dy Z2a a

y? — 4a2 4ax
y Y
4a’ 4ax

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

Verify that an'xis a solution of the differential equatlon[l 4

y =ce
Answer

The differential equation is (1 + xz) + (2x + 1) — (@ and the function to be verified as the solution is

d
y = cetan 'x now we need to find the value of ¥ and £y,

dx dx?
dy l:etan 1y 1
dx 1+x2
2
d_y — c[etan_lx 1 _ etan'lx 2x ]
dx? (1+x2)2 (1+x2)?

Putting the values,

_ 1-2x - L
Cetall 1x ﬁ (1+X2) + (ZX_ l) Cetan x 1+ x2 =0
cetan_lx
1+x2 [1-2x+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 - dy
dx dx

Verify that mcos ™ xis a solution of the differential equat|on(1 e

=0-

y=¢



Answer

The differential equation is (1 — XZ)j_Zi'_ x?— my? = 0 and the function to be verified as the solution is
X X

- . 4 z
y = e™cos "%, now we need to find the value ofd—l'r and ¥
X

dx®
% — am cos tx m -1
dx V1—x2
2
d y mcos 1x .2 1 _ mcos 1x X
2 e m 2 me 3
dx 1-x (1—x2)"2

Putting the values in the equation,

1 l

[:l _ XE)emccs_ X m X L -1

— me™ cos 'x —yem cos "X m

1-x2 (1-x2)%2 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 = ng(X +qfx? +a’ )_is a solution of the differential equation{a2 +x2) d_}: _XE —0.

dx

Answer

The differential equation is (a2 + 32)2_22'4_ x? = p and the function to be proven as the solution is
X X

&y

dx®

y = log(x +xZ+ 32)2, now we need to find the value of & and
dx

dy 2

dx  Vx2+az

d?y —2x

dx?  (x2+a2)%2

Putting the values in the equation,

—-2x 4 2 0
X =
(x2+a2)"2 VxZT+a?

(aZ+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(x3 — 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(x%— 1) + ce™, now we need to find the value of% .

d
T 4x — 2cxe ™
dx

Putting the value,

4x —2cxe™ 4+ 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

ii' = 1 and the function to be proven as the solution is

The differential equation is exd
X

2
y = e X + ax + b, now we need to find the value ofd_i’ .

dx

Yo eX4a
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—=vy

Function

y=ax




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? .

X

dy ~ —=x

& \,'“32 — %2
Putting the values,

fa2 _ zi:
X+4a?—x o 0

v
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%+ y = 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

i
X(:H_a]z—l_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.

(iv). The differential equation is XE%' — 1 and the function to be proven as solutionisy = ax+b + i, now we
X X
need to find the value of &Y .
dx?
dy 1
—_—_ = a——
dx 2x?
d’y 1
dx? 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 = : (x+a)?, now we
dx



need to find the value of? .

4

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—‘L =Ly(l)=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 dy 1 (Wegotth ired diffrential t
= _— = - X= p—" - - -
e T (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:
a: v.y(0)=1

Function: y=e*

Answer

Verification:

y=e

Differentiating both sides we get,

dy d(e)
dx dx

dy_ .
:bdx_e

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



L
“ax 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:

Function: y=sin x

Answer

Verification:

y=sin x

Differentiating both sides we get,

dy d(sinx)

dx  dx

= d—z = COSX

= g = —sinx
d?y , .

) +y=—sinx+sinx=20
d*y
YT

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:

d_}; - =0.y(0)=2
dx- dx

Function: y=e*+1

Answer

Verification:

Y=eX+1

Differentiating both sides we get,

dy d(e*+1)

dx dx
dy

= — =
dx
d?y

EX

dx?

EX



d’y dy

-'-@—E—E' —e¥=0
d’y dy_
Tdx? dx

Therefore, e*+1 is the solution of the differential equation.
Also at x=0, we get y=e%+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 = e*+2

Answer

Verification:

y=eX+2

Differentiating both sides we get,

dy d(e™+2)
dx dx

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:

Y y=0y(0)=1
dx_

Function: y = sin x + cos X
Answer

y = sin X + €o0s X

Differentiating both sides we get,

dy d(sinx+ cosx)

dx dx
dy .

= — =cosX—sinx
dx
d’y .

= e sinx — cosx
d?y

~—+y=—s8inx—cosx+sinx+cosx=0
dx?



d?y
..@—'—y:o

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:

Ty —y=0.y(0)=2

Function: y = & + e

Answer

y =¢eX+ eX

Differentiating both sides we get,

dy B d(e*+e™)

dx dx

&y _ o

= —=pg%¥—g™

dx

dz

=>@=ex+e"“

dZ

d—}g— =¥+ F—p¥—pF*=0
d?y

Therefore, X + 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:

.

j; —3%—:}- =0.y(0)=2.y'(0)=3
Function: y = e*+e?

Answer

Verification:

y = eX + e2X
Differentiating both sides we get,
dy d(e*+e™)

dx dx
dy o, oazw [ACT) _ , d(20)
:E—e + 2e T—e dx
dz
= —= = p¥ 4 4%

dx?



d? d
R 2y = (e* + 4e%¥) — 3(e* + 2e2¥) + 2(e¥ + e7¥)

dx? dx
dzy dy x - . .
"t Ty Te (1-3+2)+e*(4—-6+2)=e*(0)+e**(0)=0

Therefore, X + e2X is the solution of the differential equation.
Also at x=0, we get y=e9 + €0 which is equal to 1+1=2.

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

9. Question

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

jx‘ —2%—}’ =0.y(0)=1y'(0)=2

Function: y=xeX + 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*+ ¢ [ T = =

dx

’y
=(x+1)e*+ ¥+ ¥

= dx?
dZy Zdy+ _ x+3:{ 2 X+2x+ K+K
"ixz Cdx Y (xe e*) — 2(xe e¥) + (xe* + %)
dzy dy « . . ]
"z Sgg T=e (3—4+ 1) +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

dV 3 1

— =X +xXx—-——x=0
dx X
Answer

By Separate the variables
1
dy = (x2+x —;)dx

Integrate both side

1
fdy=f(x2+x—£)dx+c



1
y=fx2dx+fxdx—f§dx+c

x]'.H'J.

as we known [X"dx=—

x? %%
y=5+5—10gx+c

2. Question

Solve the following differential equations

dV o 2 2

— =x"4+x"-=,x=%0
dx X
Answer

By Separate the variables
- 2

dy = (x> +x?— ;)dx

Integrate both side

- 2
J-dy=fx°+x2—£dx+c

- 2
y = fx”dx+fxzdx—f§dx+c

n+i

n _x
as we known [ X dx= o

x® x°
y= E—l—?—zlogx—l— C
3. Question

Solve the following differential equations

dy )
— =2x = eh
dx

Answer

dy

& = 2X

dy 3x

& =g

dy = 2xdx

dy = e**dx

Integrate both sides we get,

J-dy=J-2xdx+c
fdy=fe“dx+c



n+i
X a2

as we known [X"dx=——§& [e3xdx =
a

y=x>+c
-
=—+c
¥=73

4. Question

Solve the following differential equations

2 d’
(x*+1)=2 =1
' dx
Answer
dy 1
dx x241
dv — dx
Yoyl

Integrate both sides we get,

J’d _J’ dx .
V= lx+1 €

we known thatf% =tan"'x+c

y=tan 'x+c
5. Question

Solve the following differential equations

dy l-cosx

dx  1+cosx
Answer
q 1—cosx
=—-dx
y 1+ cosx

We known that 1 —cosx = 2 sinzg

X
1—cosx= ZCOSEE

251112%
dy = ——dx
Zcoszi

X
dy = tan? de

by identity % =tanb

Integrate both sides we get,

b
fdyz ftalfidx—l— c

we know thatsec?x — 1 = tan®x



y=f(sec2§— l)dx+c

X
y = J-seczidx—fdx—l—c
X

tani

1/2

y= —X+cC

X
y= 2tan£—x+c

6. Question

Solve the following differential equations

(x—Q}E:x2 +3x+7
dx
Answer

dy (x*+3x+7)

dx X+ 2

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

dy_ +3) 4 (—
dx_[:X ) (x—l—Z)

dy = [(x—l— 3)+ (ﬁ)] dx

Integrate both sides we get,

y=J-(x+ 3)dx+f($)dx+c

X2+3 +J- L ax+

I
dx

we know — = log(x + a) + ¢

2

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‘lxdx+ c

Now using integration by parts we get,



d
y= taIl_lXJ- dx—f((&tan‘lx)fdx)dx

1
y=xXtan 'x — J-m.xdx—l— c

let1+x%2=t

Differentiate with respect to x.

q dt
xdx =

tan=1 1rdt
y=xtanTx-—o [

1
y =xtan 1x — Elogt+ C
Put value of t=1+x2
1 1 2
y = Xtan~ x—Elog(l+x )+¢c

8. Question

Solve the following differential equations

= —log x
dx
Answer

dy = logxdx

Integrate both sides we get,

fdy=flogxdx+ C

V= J-logxdx +c

Now integrating by parts we get,
1

v=xlogx— J-;.x dx+ ¢

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

Solve the following differential equations

1dy _
— = —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— [ (ditan‘lexdx) dx

X

[Using Integration by parts]

J-t ~1xd th -1 J- ! de
xtan'xdx = —tan'x — —dx
A 1+x2° 2

xzt . 1J’ x2 4
TR AT T ®

th L, 1 J’xz—i—l—l q
=—tan'x—-[] ——]dx

2 2[ 1+x2 ]
—Crantx - S g - [ dx]
=z @an °x 2[ T 0N e OX
¥, 1 _ 2
= tan"'x 2[J‘ dx '[1+x2 dx]

2 1
=—tan'x——(x—tan"'x

5 2( )

xzt L, 1 +tan‘1x
=—tan'x—-x

2 2 2

th L1 +tan‘1x

= =—tan"'x—-x c
y 2 2 2
10. Question

Solve the following differential equations

dV .2
&' = oS’ X sin” X + X+ 2x +1

Answer
dy = (cos®x +sin®x +xv/2x— 1)dx

Integrate both sides we get,

y= J-cosgxdx—l—J-sin?xdx—i—fx\ﬂx— 1dx

J-COSE xdx=fc052xcosxdx

We know that cos?x = 1 —sin?x
J-(l —sin?x) cosxdx

Letsinx=t
Differentiate with respect to x.

cosdx = dt

-ta
— 2 = _——
(1-t)dt=t—



put the value of t

sin®x

J- cos® xdx =sinx —

J- sin®x dx

we know that 1 — cos!2x =2 sin’x

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

1
== U dx — fcostdx]

2
B (sin2x)

X sin2x
T2 4
11. Question

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

By separating variables

(sinx— cosx)
" (cosx + sinx)

Integrate both sides we get,

y= J’ (sinx — cosx) d

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

(—sinx + cosx)dx = dt

J’dt

—|—+c

t

yv=—logt+c

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

Solve the following differential equations

dy 1
— —xsin*x=——
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 = j‘(@—l— xsin®x)dx ...1

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 —cos2x
J-xsin?xdx= f%dx

we know that: 1 — cos2x = 2sinx

J‘ X q J‘ xcos?.xd
=) 2% 2 =
x? J’xcost

4 2

dx

Using Integration by parts we get,

2

1 f 2xd f d f 2xdxd
=3 Z(X cos2xdx (dxx) cos2xdxdx

x? 1 sin2x J‘ sin2xdx

z 2% 2

o .

X 1 sin2x cos2x

= — - (X_ ) ...3
4 2 2 8

Put values of eq 2 and 3 in eq 15t

x2 1( sin2x cost)
X

y = log(log(x) + -—o(x——+—

13. Question

Solve the following differential equations



% —x"tan™" (XE)

Answer

By separating variables

dy = x*tan ! x3dx

Integrate both sides we get,

y = J-}=;5"5311‘1}>{3 dx+c

Lletx?®=7g

Differentiate with respect to x.

3x2=dz
dz

xldx = —
3

y = J-ngztall_lxg dx+ c
_, dz
y=|ztanz—+c

1
y=§fztan‘1zdz+c

Using integration by parts we get,

line [ ata - [ (an72) [ o
y—B aln ~Z | ZdZ dxan Z Z4Z dZ
1_‘5 L, T J’ 1 z? q

BE] 1+z22 )

l_t L, T lJ’ 2+1-1 q

E P AN A

1't L,z 1J'z2+1d+1J- L
3|7 2l e+ )2 2™
| 22 1 1 l

=_—ltanlz———z+_-tan 'z
3 2 2 2

1
=z [tan'z.z? —z+ tan™' Z]
Put z = X3

L 1.3 & 3 1,3
=g[tan‘ X°.X*—x°+tan " x7]

14. Question

Solve the following differential equations

. 4 Y
S X—=¢C0s X
dx



Answer

dy cosx
dx sin*x
dy COSX

dx sinx.sin®x

We know the trigonometric identity 2= _ cotxand i = COosecx
SInX SInx

d
Y cotx.cosec’xdx
dx

Separate variables and Integrate both sides,
y= ftOb{.COSECX.COSECZXdX-F C

Let casecx =z
Differentiate with respect to x.

—cotx.cosecx dx = dz

cotx.cosecx dx = —dz

y=—J-zzdz+c

y=—-z>+c
put z = cosec x

cosec3x

=———"4
¥y 3 C

15. Question

Solve the following differential equations
dy

COoS X— —CO0s2X = cos 3X
dx

Answer

cosxdy

= c083X + cos2x
dx

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

dy = d
y CosX X

Integrate both sides we get,

1+ cosZx ) 5
y=4 de—3x+51m{— sin“x/cosxdg+c

V= ZJ-dx+2J-c052}{dx— 3x+ silm—fl—coszx/cosxdx+c



vy = 2xXx— 3x+ sin2x + sin— J-secxdx+ f cosxdx + ¢

y = 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

X
dy = ———dx
y V1—x4

Integrate both sides we get,

X
= | ———=dx+c
y J-\,llll_ (x?)z

Letx? =t

2xdx = dt

dx = —
xdx = <

lJ’ dt +

=-| —=+c

¥ 2) 112

we know that: f\;’%= sin™'x

L Lt+
= —sin c
Y=3
Put the value of t,
1
y = Esin‘1 x*+c

17. Question

Solve the following differential equations

WJa+xdy+xdx =0

Answer

va+xdy = —xdx

X

dy = — d
Y \.a+XX

Integrate both sides we get,

X
= | ——=dx+c
y J- Va+x




x+a

y= J.— !de+c
a
= —*a—l—xdx—l—f dx+c
y J- v Va+x
(a+3)?
a+x)z
y=—-—3—+2a/atx+c
2

2 3
y=—§(a+x)§+2a\;a+x+c

18. Question

Solve the following differential equations
5y dy _

(l—X')—'—X =2 tan"'x

' dx

Answer

(1+ x?)dy

=2tan lx+x
dx

dy 2ta11‘1x+ X
dx 1+ x2 1+x?

Separate variables

4 Ztan‘lxd N X i
= X X
y 1+x? 1+ x?

Integrate both sides we get,

tan 'x X
y=2J- 1+ x? dx+J-1+X2dx+c

Lettantx =t

=z
Differentiate with respect to x,

dx
1+x2

=dt

2xdx = dz

1
y=2ftdt+§ —1+Z+C

2t 1
y= ?—l— logz+c

Put value of t and z
2y 1
= (tan'x)? + ogx +c

19. Question

Solve the following differential equations



dy

—=x log x
dx

Answer
dy = xlogx dx

Integrate both sides we get,

y= J-xlogxdx+ C

Integrating by parts we get,

2

X d
V= logx.E —J- (&logx.fxdx) dx+ ¢
x? x2
y=logx.5—f£dx+c

ogx = - X 4
=logx. ———+c
y gx 5 )
20. Question

Solve the following differential equations

d\_-" x 5 2
—=Xe&" ——+4C057 X
dX ]
Answer

Separate variables

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

5
y = J-xe"dx—EJ-dX+J-coszxdx+c

1+cos2x

as cos’x =

2
5 1+ cos2x
y= J-xe"dx—EJ-dX+J-de+c

= [ [ (G [ ean)os—3ue [ 514
y=X | edx dXX e X | dx ZX 2

5 x sin2x
yzx.ex—fe“dx—ix+i+ 2 +c

sin2x

y=xe*—e*—2x+ +c

21. Question

Solve the following differential equations

J

C0s2X
2

dx+c



dy 2x2+x
dx  x¥4+x2+x+1

2x%+x

dy=——>5——dx
Yo rxrx+1

Integrate both sides we get,

y = _[ 2x%+x dX+C---l

1® +x? e+l
Solv in partial fraction we get,

2x%+x 4 a +bx+c
(x2+1)(x+1) S R |

By solving we get

a=1/2
B=1
C=-1/2
1 1
2x% +x 3 X—3
dx =
(xZ+1D)(x+ 1) x+1 xZ2+1

f2d+f = d—lf L ax+
y= A O I

y= 3 0g(x+1)+f

l 1
dx — Etan‘ X+c

xZ2+1
Let x2 =t
X dx = dt/2
1)+ | —— =t +
og(x ) J-l—l—t an"!x+c

1 1 1
y= og(x—i— 1) —|— log(t+ 1) — —tan lx+c
Put the value of t

1 1 1
y= 0g(x+ 1) +- og(x +1) - —tan X+c

22. Question

Solve the following initial value problem:

sin

%J =k:y(0)=1

Answer

dy
sin (dx) k

d
d—i =sin~tk

dy = sin™k dx



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

y=xsin"'k+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
o log(x+ 1)

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

y= J-log(x—l— 1)dx+c

Using Integration by parts we get,

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

1
y = x.log(x + l)—J-X+1.xdx+c
=xlog(x+ 1) fx+l_1d+
y = x.log(x T axte

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

Put on above eq.



y=xlog(x+ 1) —x+logx+1)+3
24. Question

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

dc
— =2+ 0.15x
dx

Separation

dc=2+ 0.16xdx

Integrate both side
c= J-de+J-0.15:{dx+ cl

0.15x?

c=2X+ +cl

At x=0 c=100
100=0+0+c1
cl =100

Put in above eq.

2

c=2x+ + 100

25. Question

Solve the following initial value problem:

xﬁ—I:OL}-‘(—l):O
dx

Answer

xdy

dx

dy 1

dx  x

Separate variabless
dy = —de

X
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:

-2

:*1(_}';2 —l)dy =1:y(

= -0
dx )

Answer

dy 1
dx  x(x2-1)

Separate variables,

1
dy = mdx

Integrate both sides we get,
| =i
y= x(x2—-1) xTe

dx
y=f—1+c
x3(1- )

1 dt+
y=3)77°¢

1

y=im$+c

Put value of t,

1 1
y=510g(1—;)+c

At x=2 y=0
0=Liog(1-2)+
—20g 2 c

= -30s(3)

c= 2n::og4

Put in above eq.

_1l (1 1) 1l (3)
Y=398""xz) 278\

Exercise 22.6

1. Question

Solve the following differential equations:



dy 1+ },.-'2

1 — 0

dx y

Answer

dy 1+y?

i —( )
v

Separate variables

1+y2dy= —dx

Integrate both sides we get,

y — —
J-l—l—y?dy_f dx +c

Let y2=t

Differentiate with respect to x

1t 1t +
—1an =—X C
2

Put value of t,

lt _
—tan
2

1,.2

y'=—x+c

1
itan‘lyz +x=c

2. Question

Solve the following differential equations:

dy 1+ y?
dx V2
Answer

Separate variables

3

1+y2dy=dx

Integrate both sides we get,

ya
Tyzdy=J-dX+ C

Let y2=t
Differentiate with respect to x

2ydy = dt



1 t+1-1
—f—————ﬁ=x+c

2) 1+t
lfdt o +
2 2) 1+t 7€

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

Put the value of t,

1 1
- 2y _
Zy 2log(1+y J=x+c

3. Question

Solve the following differential equations:
Y .2

—=sm-y

dx

Answer

Separate variables

dy

sin?y

1
We know that — = cosecx
Slnx

cosec?y dy = dx

Integrate both sides we get,

f cosec’y dy = J-dx +c

—coty=x+¢
4. Question
Solve the following differential equations:

dy 1-cos22y

dx 1+cos2y
Answer
1 —cos2y = 2sin’y, 1 + cos2y = 2cos’y

d
d_z = (2sin’y)/(2cos?y)

sin@

= tan®
cosB

dy

— = tan?
dx y



By separate variables,

dy
tan?y
tany coy
cot?ydy = dx

Integrate both sides we get,

fcotzydy=fdx+c

Using trigonometry identity: cot?x = cosec?x — 1

J-(coseczx— Ddy=x+c

f cosec?xdx — f dy=x+c

—coty—y=x+¢c
coty+y+x+c=0
Exercise 22.7

1. Question

Solve the following differential equations:

dx

Answer

(x—-1) Xy

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

Q=IZX

. x—ldx

Adding 2 and subtracting 2, to the numerator of RHS

Q _ IZX—Z—FZ

. — dx

Re - writing RHS as

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

dy
J v log(y)

and

[ kdx = kx



Integrating both sides, we have

log(y) = 2x + 2log(x - 1) + ¢

2. Question

Solve the following differential equations:

(1 + x2)dy = (xy)dx

Answer

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

dy  x

v l+:==;2dX

Integrating both sides

dx

dy_f X
y 0 1+x2

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 x? with t and integrating both sides

y 27 1+t

dy 1. dt

1
log(y) = 5 [log(1+1)]
Now replacing t by x2

log(y) = 5 log(1 +x2)]
Taking anti - log both sides
y2 = 1+x2
y=J1+x2+c

3. Question

Solve the following differential equations:

Answer

Now separating variable x on one side and variable y on another side, we have
d
?}’ = (e + 1)dx

Using identities:



J % = log(y)
and

[ e*dx = e*
and

[ kdx = kx

Integrating both sides we get,
d
I ?y = [(e*+ 1)dx

log(ly) =eX+x+cC
4. Question
Solve the following differential equations:
(x —1]g =2x’y
dx
Answer
Now separating variable x on one side and variable y on another side, we have

dy = 2x°

d
v x—lx

Adding 1 and subtracting 1 to the numerator of RHS

dy 2x*—-1+1

= —-d
¥ x—1 X
dy [x* —1 1
?—Z-X_l“rx_ldx

Using formula: x3-1=(x-1) (xX* + 1 + x)

dy_
¥

» 1
2x“+x+1+—|dx
| x—1

Using identities:

d
5= log(®.
_[kdx = kx,
and

H._n+l
'[X dx = n+1

And integrating both sides we get,

d 1
T fz[xg+x+1+—]dx
v x—1

x? x?
log(y) = 2(§+E+x+log(x—l))+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

J(y+y)dy = | (H%}dx

Using identities:

J kdx = kx
and
.H._n+1
'[de:n+1
2 3
Y ¥ _ g
2+3 = x“tlogx+c

6. Question

Solve the following differential equations:

\i !
Sd_ = e"‘__.-"
dx
Answer

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

d
5y—z = e*dx
Integrating both sides using identities:

.Hn+ 1

[ x*dx =

n+1

and

[ e*dx = e*

d
5_y = | e®dx
y‘l‘

-3
5(3{_—3) = e*+¢

7. Question

Solve the following differential equations:

X cos ydy = (xe" logx—e")dx



Answer

Now separating variable x on one side and variable y on another side, we have
1
cos(y)dy = e*(log(x) + E)dx

Integrating both sides using identities:
[ cosydy = siny

and for RHS using property

J i) + £ (x)] = e*f(x)

[ cos(y)dy = [ e*(log(x) +§)dx

Sin(y) = e*(log(x)) + ¢
8. Question

Solve the following differential equations:

d‘_-" - 2
— =" T +xe’
dx

Answer

Re - writing the question as

dy

— eVfe*+ x2
i e¥(a¥+ x%)

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

dy X 2
pel (e*+ x%)dx

Integrating both sides using identities

.H_n+ 1

nd —
'[X x n+1

and

[ e®dx = il

dy X 2
fe—yzf(e +x%)dx
3

—eV = ex+x—+c
3

9. Question

Solve the following differential equations:

d‘_-" 9
X -+ }.' — }.' =
dx
Answer

Re - writing the question as:

A
dx y -y



yr -y

dy — dx
yy—1)  x
-G-DI, _d&
y(y—1)

1 1Id _dx
y—1 yl¥ T %

Integrating both sides using identities:

7 - g
1 1 dx
=l =15

log(y - 1) - log(y) = log(x) + c

using:

log(a) —log(b) = log (%)

log[y%l] = log(x)+c

Taking anti - log both sides we have,

1
1-—=x+c

y
—=1-x—-c
¥

_ 1
A

10. Question

Solve the following differential equations:
b Vo
(e- —l)cc:-s xdx+e'smxdy=0

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

—COSX e¥

X d
sinx ey +1 Y

e¥
—cotx dx = d
cotx dx = ———dy
Using identities:
[ cotx dx = log|sinx |

and on RHS side assuming eY = t, so eYdy = dt by differentiating both sides.

Now integrating both sides



dt
[ —cotxdx = [ 1

- log [sin(x)| = log(t+1) + ¢
Replacing t by e¥

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

11. Question

Solve the following differential equations:
X cos’ ydx=vy cos” X dy

Answer

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

X ¥
sodx = s-dy
cos2x cos?y
1
= sec?x
c0s2x

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

According to integration by parts method,

d(fi
[ e = 109 [ gax— [ (d(j)) | g ax

[ ysec?y dy

[ xsec?x dx
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

Xx+1
y dx

y—1+1

Re - writing LHS as gy

-]y = (1+7)a
y—1 v = X X

Integrating both sides using identities:



fﬂ = log(y)
¥
and
[kdx = kx
| [l—ﬁ]dy = (l—i—i)dx
y - log(y - 1) = x + log(x) + c
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 B
coty X

dx

dx
[tanydy = [ ——

X
Integrating both sides using identities:
[ tanx dx = log|secx |

and
dy
I 37" log(y)

log(|sec(y)|) = - log(x) + ¢

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

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 ¥[GO + £ ()] = e*f(x)

1
[ cosydy = [e* (logx—l— ;) dx

siny = e*(logx) +c¢
15. Question

Solve the following differential equations:

dy - .
— =tV ie¥y?
dx

Answer

Re - writing the question as

dy
— a¥{aX 3
dx e¥(e*+x%)

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

dy

3
- = (e¥+ x¥)dx

Integrating both sides using identities:

.H_n+ 1

xtdx =
‘[ n+1

and

[ e®dx = &

dy X 3
fe—},= [ (e*+x3)dx
4

—e¥ = e"+X—+c
4

16. Question

Solve the following differential equations:

x\h X‘—X\/l—xj dy =

Answer

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

V1 +x2 J1+y?
dx = —Tdy

Re - writing the equation as

xy1+x? yy1+y?
——dx = ——————d

Now assuming 1+y?2 = 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

vidv t2dt
fet = e
Re - writing as
J-ldv+fv2djl = —J-ldt—ftzdt_)l
Using identity:
[kdx = kx
and
[ s = 308G
v:i—1 2 v+1

Integrating both sides, we get

L (v—l) L (t—1)+
VTRle\y 1) T 2 %8\ 1) "¢

Substituting the value of v and t in the above equation

1 1+x2—-1 1 1+y2—-1
\f’l+x2+—log(\—) = —J1+yZ—=log el it B
2 Vi+xZ+1 2 J1I+y2+1

17. Question

Solve the following differential equations:

V1+x* dy+4l+y7 dx =0

Answer

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

dy dx
JI+y2  V1+x

Integrating both sides using identity:

dy o
—— = log|y + 1 +¥?
iy gly+v1+y? |
logly+4/1+y2 = —1og|x+\fl+x2 |+c
logly + /1 +y? +10g|x+\f1+x2 | = logc

(v + Vit 32)(x+ yIF ) = c

18. Question



Solve the following differential equations:

Answer

Re - writing the equation as

[ 2 2 272 dy
J1I+XE+y2+x%y? = XV

dy
dx

JA+x)+y2(1+x2) = —xy

dy
Ja+y)(1+x2) = XY 3

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

v1+x2dx ydy

Multiplying and dividing the numerator of LHS by x

X1+ x2dx ydy
x? J1+y2

Assuming 1+y2 = t2 and 1+x2 = V2

Differentiating we get,

ydy = tdt

xdx = vdv

substituting these values in above differential equation
vidv tdt

vi—1 - ot

Integrating both sides

/

Adding 1 and subtracting 1 to the numerator of RHS
1
[dv+ [

vi—-1
Using identities:

vidv tdt
— _J' T

vi—1

dv = —[ dt

fkdx=kx

and

f dv _1l v—1
ve—1 - 208G )

+4 r_l]— t+
VT8 1l T €

Substituting t and v in above equation



Vv1i+x2-—1

Vv1i+x2+1

— 1 —
\fl—l—x?—i—ilog = —Jl+y2+c

v v

19. Question

Solve the following differential equations:

dy e (sin’x +sin 2x)

dx v(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:

[ eX[f(x) + £ (x)] = e*f(x)

for RHS.

2

Y

fydy=§

[ 2ylog(y)dy + [ ydy = e*(sin’x) + ¢
y2logy — [ ydy + [ ydy = e*(sin’x) + ¢
y2logy = e*(sin’x) +c

20. Question

Solve the following differential equations:

dy x(2logx+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 — xg]d}f +xy dx = xy’dx
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
yi-y  1-x?
dy xdx

yy—1) 1-x2

Integrating both sides

dy xdx
fy(y—l) ==
f[y_(}’_l)]d}’ _ j‘ xdx

yy—1) 1—x2

dy dy _ xdx

f___

y—1 v 1 —x2

Using identity:
dx
=1

| " 0gx

and assuming x2 =t
Differentiating both sides we get,

2 xdx =dt

dx = —
XX 2

Substituting this value in above equation
1

log(y — 1) —log(y) = —7log(1—1)

Replacing t by x?

1
log(y — 1) —log(y) = —5log(1—x?) +c

22. Question

Solve the following differential equations:

tan v dx +sec”y tan xdy =0

Answer

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

| dx secly

tanx tany dy

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



Integrating both sides we get,

—[ cot(x) dx = [ sec?y cot(y) dy

[ cot(®) dx = [ ——— d
cot(x) dx = siny cosy y
Sin2x = 2 sinx cosx
—[cot(x)dx = [ sin2y dy

—[ cot(x)dx = [ 2cosec2y dy
Using identities:
cotx dx = log|sinx |

and
[ cosecydy = 10g|ta11(%)|

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

23. Question

Solve the following differential equations:
(1—:11){1—}-'3)dx—(1—}-’){1—)-;2 )d}-' =0

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

1+x 1+y

T+x2 0 = _1+y?dy

Integrating both sides

1 X 1 y
I [1—1—){2 —i—l—i—x?]dX =-J [1+y2+1+y2]dy

Using identity:

/

— -1
12 dx = tan™'x

and substituting x2 = tand y2 = v
x2 =t
2xdx = dt

q dt
xdx = <

Similarly, fory
y2=v

2ydy = dv



q dv
yay = 2
Substituting these values in above integral equation

tan-t +1 dt — lf dv
xR T

1 1
tan~tx + Elog(l +t) = —tan"ly— Elog(l +v)+c
Substituting the values of t and v in above equation

1 1
tan ix + Elog(l +x%) = —tanty— EIOg(l +y?) +c

1 1
tan1x + Elog(l +x%) +tan"ly+ Elog(l +y3) = ¢

24. Question

Solve the following differential equations:
dy . .

tan y—=sin(X+y)+sin(x—y)
dx

Answer

Using the formula:

c+d (c—d)
sinc + sind = Zsin[ 5 ]cos 5

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

Yix y

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

tany

dy = 2sinx dx
cosy

Secytanydy = 2sin x dx

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:
dy : :

COSX COS YV —=—SIM X Sl Yy
dx

Answer

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



cosy sinx
_— y = —_——_—

siny cosx
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) = ¢

26. Question

Solve the following differential equations:

dy cosxsiny 0

dx Cos y

Answer

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

cosy

—m 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 1—3.-'3dx +y 1-x° dy=0

Answer

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

——d
iy

dx =

/1 —x2

Lletl-x2=t2and1-y2 =12
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
=-VvV+C
substituting the value of v and c in above equation
J1-x2 = —\[1—y2+c
17. Question

Solve the following differential equations:
y(1 —e"')d}-' =(y+1)edx

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

yvdy e*dx

y+1 1+ex

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

dy e*dx
dy——— =
y+1 1+ex

Integrating both sides using identities:

Jkdy = ky
And

dy
.[ [:y_,’_ l) - 10g[:y+1)

dy e*dx

Ty-I 5=
e*dx

y—logly+1) = [ 10—

Assuming e* = t and differentiating both sides we get,
eXdx = dt
substituting this value in above equation

dt
1+t

y—logly+1) = [
y - log(y+1) = log(1+t)
substituting t as eX

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

Solve the following differential equations:



(v +xy)dx+(x —X}-'E)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+ 1-y?
de=—( y)dy

Integrating both sides using identity:

n+i

Jkdx = kx, [x%dx = =

n+1l

And

=

[ —dx = log(x)

wd

log(x)+x = —log(y)+ % +c

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

2

¥
+x = —+
Xy +X > C
30. Question

Solve the following differential equations:

dy

—=1-X+y—-xy

Answer

Re - writing the above equation as

dy

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

o (1+y)(1-x)

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

dy
1—4‘}’ = (1 - X)dX

Integrating both sides using identities:

"n+l

Jkdx = kx, [ x"dx =

n+1l

And



| %dx = log(x)

d
f% — [(1—x)dx

2

X
log(1+y) = X—otc

31. Question

Solve the following differential equation:

[}-’3 —l)dx —(_xg + l)d}-' =0

Answer

Given. (y? + 1)dx— (x% + 1)dy=0

Find: Find the general solution of this differential equation.

=(y? + Ddx=(x? + 1)dy

=f dy :_[ dx

vZ2+1 x* +1

=tan"ly=tan"'x +C
Hence, The solution of the given Differential Equation is tan~'y = tan"'x + 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

=% _ _

_f}r“_ J(x + Ddx

‘{2

=logly + 1|= -5 —x
= logly + 1|+§+X+C

Hence, The solution of the given differential equation is logly + 1| + ‘; + x +C

33. Question

Solve the following differential equation:
dy 3 5
—':(1_X_)(1_}'_)

dx \ X

Answer

Giveng= (1 + x3)(1 + y?)

Find: Find the general solution of this differential equation.



d;
= f(lj;zj: (1 + xH)dx

3
=tan"ly=x + % +C

— -1 x® C
Stan”y-x—— +

Hence, The solution of the given differential equation is tan~ly — x — £ic
3

34. Question

Solve the following differential equation:

dy 3
X—-1)—=2x"y
( ]dx ’

Answer
. . ﬂ _ 3
Given (x— 1) = 2X7y

Find: Find the general solution of this differential equation.

—dy 2xy
dx  x—1
dy 2x%dx
¥ =

Integrate Both side
d

=¥ _2fx?+x+ 1+ —
¥ x—1

35. Question

Solve the following differential equation:

E:ex_" L A7Y
dx
Answer

. . . -
Given differential equation d—}' = ¥ty 4 Xty
X

Find: Find the general solution of this differential equation.

d; —
=_}r= ex+}'+ o Xty

dx

d _
=T = g%V 4+ g ¥V
dx

=W _ yrax —x
dx—e(e + e™)

dy
¥

= (e* + e™¥)dx
Integrate Both Side,
= fe‘l" dy = f(ex + e ¥)dx

= —g ¥ =p¥_p7x

=e*=eF—e¥ +C



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

36. Question

Solve the following differential equation:

dV ) .9 2
— = ( CO5™ X —s51n X)COS_ Y
dx ¢

Answer
Given differential Equation & _ (cos?x — sin?x) cos?y
dx
Find: Find the general solution of this differential equation.
= % = (cos?x —sin®x) cos?y

d .
=—L = (cos’x —sin?x) dx
cos?y

Integrate Both side,

_ (% _ 2o ainl
= fcosz}r_ [(cos?x —sin?x) dx

= [sec’ydy = [ cos2x dx

sin 2x

=tany = +C

sin 2x

Hence,the solution is tany = +C

37 A. Question

Solve the following differential equation:

[X}-'2 — Ex)dx _(ng + 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 yt+z

dy = ———dx

X% +2

Multiply by 2 Both side

2y 2x

vZ+2 y x% +2

Now, Integrate both sides,

= =i dy=—/ 2 dx

yi+2 x2 +2

= Letassume y2* 2 =t Letassume x2 + 2 = v

Then 2y dy =dt 2x dx = dv



_ rdt _ dw

t v
= log|t| = -log|v|
Put the value of t and v

=logly? + 2| = —logl|x? + 2| + log|c|

=y + 2=zl

X% +2

Hence, |y? + 2| =

x2+2
37 B. Question

Solve the following differential equation:

dy 3 2
cosec xlog y—— +x°y" =0
dx

Answer

Given differential equation cosec x.logy% + Xzyz =0

Find: Find the general solution of this differential equation.

a
cosec x.logyd—i + x%y?=0

_logydy x2dx
v®  cosecx
logy d .
=BT - x?sinxdx
¥

Integrating Both side

_ j-logy dy _

= [ x%.sinx dx

Using integration by parts both side

__logy+1

= —x?c0sX + 2(xsinx + cosx)
y

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

38 A. Question

Solve the following differential equation:

dy
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%=1+ x+y+zxy
— o 3¥
=xy =1 +x) +y(l+x

d
=xyd—i=(1 + (1 + x)



ydy  1+x

_(1+}rj_ X

¥ _rl+x
=fapW =ik

=f1—}%1=fi+ldx

=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:

Answer

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

Find: Find the general solution of this differential equation.

=y(1-x2) T=x(1 + y?)

X

_ydy  xdx
- 1+y?%) T (1—x2)

_ _J- Zydy 2xdx

(1+y?) (1-32)

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

=C=(1-2)1+y)
38 C. Question

Solve the following differential equation: ye* *dx = (xe* + }’z)d}-'.}-' =0
Answer
x
Given ye*/¥dx = (x ey + y° ) dy
Find: Find the general solution of this differential equation.

=ye/Vdx = (x ev + yz)dy

= Integrating on the both side we get,

X
Hence, oy — y+C



38 D. Question

Solve the following differential equation: (_1 - '_\_-'z)tan_l xdx +2y (_1— x? )d}-‘
Answer

Given differential equation (1 + y?)tan™*xdx + 2y(1 + x?)dy=0

Find: Find the general solution of this differential equation.

=(1+ y?)tantxdx + 2y(1 + x*)dy=0

=(1+ y?)tan‘xdx = —2y(1 + x?)dy

=j-_ tan1x dXZ_[ ¥ dy

2(1 +x3) 1+y2)

2
- _ e | _ 1 1 .- _1 2
(tan (ztan x) f(1+x2](2ta11 x) dx) = 2Im(y +1)+C
= —‘—t(tan‘lx)z—Ellll(y2 + 1) + C1

=51(tan‘1x)2 + In(y? + 1) =C

39. Question

Solve the following initial value problem:

dy

— =y tan 2x.y(0) =2

Answer
Given differential equation ? = ytan2x
X

Find: Find the general solution of this differential equation.

=% _
Fa ytan 2x

d
= ;}' = tan 2xdx

Integrating both sides,

= [¥_ tan 2x dx
'[1-r

=logly| = ilogl sec2x| + log|C|

=y = sec2x.C -----(i)
Putx =0,y =2

2 =/sec2.0.C

2=C

Put value of C in (i)

2

Hence, y =

—
vsecZx

40. Question

Solve the following initial value problem:

0



dy

2x—=3y.y(l)=2

Answer

Given differential equation 2x _? =3y
X

Find: Find the general solution of this differential equation.

=2x.a=3y

o[ g
_zfy._3fx

= 2logly| = 3log|x| + logc
=y2=x3C.....(1

Putx=1,y=2

(2)* = (1)C

=C=4

Put C =4 in equation (i)

yz —x34

Hence, y? = 4x3

41. Question

Solve the following initial value problem:

X}-'E:}-'—Z.}-'(Q}:O

Answer
iven differenti ion xy. % =
Given differential equation xy. ==V + 2

Find: Find the general solution of this differential equation.

_ dy
=Xy =y + 2
_ ydy _ dx
_}r+2_ X
2 dx
=1(1-5) =13

On Integrating we get,

=y - 2logly + 2|=log [x| + log [C]| ....(i])
Puty =0,x=2

=0-2log2 =1log2+logc
=-2log2-log2 =1logC
=-3log2=1logc



Put the value of C in equation (i)
Hence, y - 2logly + 2|=10g|§|

42. Question

Solve the following initial value problem:

EZ 2e%y? y(0)=

Answer

. dy
Given = = 2p¥y3
dx y

= % = 2e*dx
Integrating both side
= f:—§= _fZEde

= [y% = [ 2e¥dx

= [}'_QH] = 2.e¥

—3+117

-2

Putx=0,y=1/2
=—‘—:=290
=-2=2+cC
C=-4

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

1 — X
__zyz—z.e-4

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

Solve the following initial value problem:

dl‘
—=—1t.7(0)=1
o =rtr(0)=x,



Answer

Given differential equation % = —r1t

Find: Find the general solution of this differential equation.

dr
=—=—-rt
dt

Integrating both side

= [E_ [—tdt

r

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

Put the value of C in eq(i)

t?
log|r| = —— + log|r0|
_r e
=X _ o3
rg
t2
Hence, .. _ rpe "z

44. Question

Solve the following initial value problem:
dy .
—=ysin 2x.y(0) =1
dx
Answer
Given differential equation ? = y.sin2x
X
Find: Find the particular solution of this differential equation.
= E — i
o~ v-sin 2x
=¥ _ sin2xdx
y
Integrating both side
= f?= [ sin 2x dx

COS2X

+C

=loglyl = —

Puty =1 and x=1

cos0

=log|l| = — +C
=0=—2+C

2
=c=1

2



cos2y

So, logly| = —+C
=loglyl = — === + -
— loglyl - l-cosx

2

= logly| = sin®x

Hence, y = gsin®x

45 A. Question

Solve the following initial value problem:

dy _ y tan X.y(0)=1

dx

Answer

The given differential equation is g = ytanx
Find: Find the particular solution of this differential equation.
= % = ytanx

= ? = tanx dx

Integrating both sides,

= f?= [ tanx dx

= 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:

ng =5y.y(1) =1
dx

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

dy  dx

E) 2x



Now Integrating Both sides
=j%=5j%

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

= 2 log(1)=5log(1) + 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 B 2% 2
The Given equation is ol 2e*¥y

Find: Find the particular solution of this differential equation.

_ 9y 5 2% 2
dx—?.e *y
d

== = 2e?*dx
v

Integrating both side,

= f:—§= [ 2e?*dx

—z2+1 2X
e
= [y ]—— 22—

-2+1 2

Puty =-1,x=0

1=e0*¢C
1=1+4+C
C=0

Put the value of C in equation (i)

=—l=e40
y

Hence, y = —e 2%

45 D. Question



Solve the following initial value problem:

cos },ﬁ: e".y(0)=
dx

3|89

Answer

d
ccrsyd—‘j’r =¥
X

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

= cos y dy = X dx

Integrating both side

= [cosydy = [ e¥dx
=siny=¢e*+C..... (i)

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'}(eX)

45 E. Question

Solve the following initial value problem:

E: 2xy.y(0)=1

Answer
dy
ol 2xy

Find: Find the particular solution of this differential equation.
d

= = 2xdx
v

Integrating both sides

= [¥_ [2xdx

¥
=10gy=§.2
=10gy=§+c ..... (i)

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



Put the value of C in equation (i)

X2
logy = -

Hence, y = ¢*°
45 F. Question
Solve the following initial value problem:

E: I—XE _}"2 _Xz}rz_}r((]) =1
Answer

Given :? 1+ x2 + y? + x%y?

X

Find: Find the particular solution of this differential equation.

==+ )1+ YY)

= _ (1 + x%)dx

1+y2

Integrating both side

= dy =[(1 + x¥)dx

1+y?

2

=ty =x + £+ C.o
Putx=0,y =1
=tan'1=0+_-+C
_E=C

Put the value of C in equation (i)

3
=tanly=x+ — + -
3 4
3
Hence, tanly=x + = + =
3 4

45 G. Question

Solve the following initial value problem:

xy L= (x+2)(y +2)y (1) =-1

Answer
; . dy
Given: Xy = (x + 2)(y + 2)

Find: Find the particular solution of this differential equation.

_ ydy x+2
_}r+2_ X

dx

=[1- 2 dy=_f1+%dx

¥+ 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:

vV - -
d_-zl_x_}.——'_x}.——' when vy =0.x =0
dx
Answer

; gy 2 2
leen.dx— 1+x+y° +xy

=2 (1400 +y?)

_ 1
T +y?)

dy = (1 + x)dx

= [——dy=[(1 + x)dx

1 +y%)
=tan'y=x + §+c ..... (i)
Puty = 0 and x = 0, then
=tan"l0=0 + 0; +C

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

2

1y — bl
y=x+ 7

=tan

2
Hence, y = tan (x + ‘;)

45 1. Question

Solve the following initial value problem:

2(y —H—xyg =0.y(1)=-2
dx

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

d
=20y + 3) =xy .

Integrating both sides,



= fidx = f}ﬁdy
=2loglx|=y + 3—3logly + 3] + C.....(1
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)3=y + 2

Hence, x%(y + 3)% =¥ *2

46. Question

Solve the differential equation xd_‘ +cot v =0, given that yv = E when y — \E
dx ) 4 '

Answer
Given differential equation. x? + coty =10
X
Find: Find the particular solution of this differential equation.

I _
X+ coty =10

dy
=X—= —cot
dx y
_dy  dx
- coty - X

Integrating both sides, we get

-y

coty - X

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

m
Putx=\,f§,y=:
T
= log|sec || = - logly2| + C
=log|V2| = —3log2 + C

=1 - !
—210g2— 210g2 +C

= C =log2
Put C in equation (i)

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

2
X



2
Hence, x =—— = 2cosy
secy

47. Question

dy |

Solve the differential equation (1 +x? ) 1
) X

(1 T 3,-3 ) =(), given that y =1, when x =0,

Answer
Given: (1 + x)T + (1 +y) =0
Find: Find the particular solution of this differential equation.

=1+x)T+ A +y)=0

=1 +x)T=-1+y?)

=(1+ xHdy=—(1 + yHdx

Integrating both side,

_j- dy _ fdx
T ey 1+

=tanly= —tan"ix + C ....(I)
Putx=0,y=1

=tan"'1= —tan™10 + C
=2=0+C
4
Put Cin eq (i), we get
=tan'y= —tanlx + =
4
=y =tan G — tan‘lx)

T -
tar ;—tan lx:]

= = —Wi
y 1+ tan;.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 y =0, when x =1.
dx smy+ycosy

Answer

. d 2x(logx+ 1
Given: ¥ = L
dx siny + yocosy’r

Find: Find the particular solution of this differential equation.

_dy _ 2x(logx+1)

dx siny + ycosy

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



Integrating both side

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

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

_ —cosy + [v. [ cosydy — [ 1. [ cosy dy.dy] = 2[logx [ xdx —
~ JES xdx]dx] + x% + C

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

2
= —cosy + ysiny + cosy =x? logx—% + x%2 +C

2
=ysiny = x%logx + Y? +C
Puty =0,x=1
=0=0+1/2+C

=Cc=-1
2

Put C = —51 in equation (i)

=ysiny = x*logx + %2_51

Hence, The Solution is 2ysiny = 2x?logx + x° — 1.

49. Question

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

Given g — x + 1

Find: Find the particular solution of this differential equation.

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

=y==xloglx + 1| —Iidx

=y==xloglx + 1| — (f (1— ﬁ)dx)
=y==xloglx + 1| —(x—loglx + 1])

=y==xloglx + 1| —(x + loglx + 1])



=y=(x+ Dlog|lx+ 1] —x +C...(}

Puty =3 andx =0

=3=0-0+C

=C=3

Put C = 3 in equation (i)

Hence, The Solutionisy = (x + 1)log|lx + 1| —x + 3.
50. Question

Find the solution of the differential equation cos y dy+cosx sin ydx = ( given that y = /2. when
X =m/2.

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

= cosydy + cosxsinydx = 0.

= cosydy = —cosxsiny dx
COE

== Y dy = —cosx dx
siny

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

Puty=§andx=§

. M .M
= log |sm;|—-sm;+c
=0=-1+C

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_t = —4)(3-'3 given that y =1, when x =0.
Ix J

Answer

The given differential equation is j}' = —4xy?

dx
Find: Find the solution of this differential equation.

dy

=2 _ _ 2
™ dxy
=%=—4xdx

Integrating both sides



=f:—1;=f4xdx

—2+1 2

= [}_'2+1]= _4'%

=—I=—2x?%+cC
¥

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

Put the value of C in eq (i)

1

=—l=—2x2-1
¥
=i=2x2+1
¥
_ _ 1
=V T e

52. Question

Find the equation of a curve passing through the point (0, 0) and whose differential equation is
& efsinx.

Answer

The given differential equation % = e*.sinx

Find: Find the solution of this differential equation.
= % = e*.5inx

=dy = e".sinx dx

Integrating both sides

= [dy = [ e*.sinx dx

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

=] =sinx.e* — [ cosx. e¥dx

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

=] =sinx.e* —cosx.e*—1

= 21 = e¥(sinx — cosx)

53. Question
For the differential equation x}rg = (X + 2) (}_-‘ + 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, ¥

=Xy = (x + 2)(y + 2)

d x+2
=3 T 4k

_}r+2_ X

= (1—}&)(1}’: (1 + _\—i)dx

Integrating both side

=f(l—i)dy= _[(1 + E)dx

y+2
=fdy—2f}$dy=fdx + 2f§dx
=y—2log(y + 2)=x + 2logx +C
=y—x—C=logx® + log(y + 2)2 +C
=y—x—C=log[x*(y + 2)?].....(})
Putx =1landy =-1
=—-1-1-C=log[1?(—1 + 2)%]
=-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.

Integrating both sides, we get:
=4m[r? dr=k/[dt

=

=4m = =kt
3

= 4mr? dr= 3(kt + C) .....(1)



Now, att=0,r = 3.

=4n3?dr=3(k0 + C)

= 1081 = 3C
=C=36m
Att=3,r==6:

=4nx6>=3(kx3 + ()

= 8641 = 3(3k + 36m)

=3k = —288m —36m = 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)113
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?

=ﬂ=(L)dt

100

Integrating both sides, we get:

—[(é_
_fp_mo-[dt

Now, if t =10,then p = 2x100 =200
r
=200 = ewc.eX

=200 = e"/1%,100 from (2)



r
== 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:
—[e_1
= .= 20fdt

=10gp=2—t0+C

=p=pgs+C.n(i)

It is given that whent = 0, p = 1000
= 1000 = e ..... --(2)

Now, logp = — + log1000

Putting t = 10,we get

= P _
= logmoo =05

P 0.5

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.

|2

= ky (where k is a constant)



=Y _ kdt
¥

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

= logy =kt + log yy

=logy -logyy = kt
= log(i) =kt

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

_ . 110
Y=1Ye0

11

¥y _
Yo 10

Substituting the value,

=t =

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

=y=2ygatt=14

Now, t =

2log?2
Hence, in ﬁ(%_l) hours the number if bacteria increases from 100000 to 200000.

10

58. Question

2+sin X |dy
If y(x) is a solution of the differential equation [7 —— =—¢0s X and y(0) = 1, then find the value of
l+y
y(1/2).
Answer

Consider the given equation

2 + sinx dy
=\—7T"——]7 = —C0sX
1+y 4 dx



dy cosx dx

1+y 2 +sinx

Integrating both sides,

_j- dy fcosxdx
- 1+}r_ 2 +sinx

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

= log(l + y) + log(2 + sin x) = log C
=log(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 C in eq (1), we get

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

=(1+y)=

- (2 + sinx)

4

T (2 +sinx)

=Yy
Now, find the value of y(1/2)

Substituting the value of x =§ in equation (2)

4
=y=(2+sin; -1

— — ‘L —
_y_(2+1j
—y=2_
_y_3 1
—y=1

59. Question

Find the particular solution of the differential equation (1 - }-‘3)(1 +log x) dx+2xy dy=0 giventhaty =0

whenx = 1.

Answer

Consider the differential equation (1 — y?)(1 + logx)dx + 2xydy =0

= (1—-y?)(1 + logx)dx = —2xydy

—dy_ _ (1-y9Q +logy)
dx 2xy
d 1 +logx
_ydy _ _ llogx .
1-y2 2x

Let 1-y2 = t then -2y dy = dt Let log x = v

dy = —= dt —dx = d
ydy = —5 dt —dx =dv



1 dt_l

=-[===[vdv

Substitute the value of v and tin eq (2)

- 103(12—1-'2) _a+ Tgle iC

Putx =1 andy =3 in eq (2)

— log{l—az) _ (1 +1log1) +C
2 4

=C=

e |

Put the value of Cin eq (2)

— log(1—y?) (1 +logx?)
2 o 4

+12
4
Hence, The particular solution is (1 + logx?) = 2log(1—y?) + 1

Exercise 22.8
1. Question

Solve the following differential equations:

E:(X _}.' _1)2
Answer

Given Differential equation is:

ﬁ%:(x+y+ 1)2...... (1)

Letusassumez=x+y+1
Differentiating w.r.t x on both the sides we get,

dz dix+z+1)
= = el
dx dx

ﬁdz _ dx E d(1)

E - E dx dx
dz dy

== = puc
™ 1+ ™ +0
dz dy

= — — = — i 2
dx 1 dx ( )

Substituting (2) in (1) we get,

dz
>——1 = zz
dx
dz 2
= — =
™ 1+ z

Bringing like variables on same (i.e, variable seperable technique) we get,

dz
1+2z2

=

= dx
Integrating on both sides we get,

:’f dz =de

1+z2




We know that [ dx‘{z = itan‘l G) + Cand

a? +

Also fadx = ax + C

= ltan? (E) =x+C
1 1

=tanlz=x+C

We know thatz = x + y + 1, substituting this we get,
stanl(x+y+1)=x+C

= The solution for the given Differential equation istan™}(x + y + 1) = x + C
2. Question

Solve the following differential equations:

ﬁcos()‘;—}-'):l
dx

Answer

Given Differential equation is:

dy o) —
=dxcos(x y) =1

dy 1
= -2
dx cos(x—y)

-
dx

sec(X—¥) - (1)

Let us assumez =x-y

Differentiating w.r.t x on both sides we get,

dz dx dy
= = P —"
dx dx dx

dx dx

dy dz
=2 = 1—-——=.... (2)

dx dx

Substituting (2) in (1) we get,

Bringing like variables on same side (i.e., variable seperable technique) we get,

dz

- _ gx
1-secz
dz
= T = dx
“cosz
dz
= wos=r = X
cosz
coszdz
cosz—1
—coszdz
= = dx

1—cosz



We know that cos2z = cos?z - sin?z = 2cos?z - 1 = 1 - 2sin?z.

R —{cos (E)—sin (E))dz - dx

. 3 Z
2sin (2]

. z X
smz(—)dz cosz(—
2 _ z

o2 -
smz(—) smz(—
z

= dz — cot? (z)dz = 2dx

2

U

=

= 2dx

[ERR=]
—

We know 1 + cot?x = cosec?x

= (1 — (n:n:)sec2 G) -1 )) dz = 2dx

= —cosecE( )dz = 2dx

z
2
Integrating on both sides we get,
= [ —cosec? (5) dz = 2 [ dx
2

We know that:

2

(1) fcosecsx = -cotx + C

@) [ f(ax)dx = 22+ ¢

(3) fadx =ax + C

4

Sl o)) PR

z

=2cot(%) = 2x + 2¢
Since z = x - y substituting this we get,
= cot (%) =xXx+C

. The solution for the given Differential equation is cot (?) = x4+ C

3. Question

Solve the following differential equations:

dy (x-y)+3
dx 2(x-y)+5
Answer

Given Differential equation is:

dy  (x—y)+3
=>dx = Seyas (1)

Let usassumez =x-y

Differentiating w.r.t x on both sides we get,

Ld _dx_ g

dx dx dx

dx dx



dz Z+3
=21 —-—— =
dx 2z +5
ﬁE: l_z+3
dx 2Z+5
dz 2Z + 5-z-3
V—_— = —
dx 2z+5
dz z+ 2
= — =
dx 2Z +5

Bringing like variables on same side(i.e., variable seperable technique) we get,

dz
=27 = dx
ZZ+5

N (2z + 5)dz
z+3

= dx

= (2z + 6—1)dz
Z + 3

= dx

(2z + 6)d= dz
= 0 -
Z+3 zZ+3

= dx

dz
z+3

= 2dz — = dx

d(z + 3)
Z+ 3

= 2dz = dx

Integrating on both sides we get,
dlz+3)

=f2dz—fﬁ = de

We know that:

(1) fadx =ax + C
(Z)J"—jlx =logx + C

=2z-log(z+3)=x+C

Since z = x - y, we substitute this,

=2(x-y)-log(x-y + 3)=x+C

= 2x - 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:

L (xey)

Answer

Given Differential equation is:



Let us assumez =x +y

Differentiating w.r.t x on both sides we get,

dz dx dy
= - = = —
dx dx dx

dz dy
== = —=
dx l+dx
dy dz
== = — — i 2
» 1+ (2)

Substituting (2) in (1) we get,
_ 4z 2
=-1 + ol Z

dz
:’1+22=d—
X

Bringing the like variables to same side (i.e., Variable seperable technique) we get,

dz
1+2z2

= dx

Integrating on both sides we get,

We know that:

(1 [ deZ = itan‘l G) +C

a? +

(2) fadx = ax + C

- 2tan™! (E) =x+C
1 1

=>tanlz=x+C

Since z = x + y we substitute this,

>tanl(x +y)=x+C

=X +y =tan(x + C)

. The solution for the given Differential equation is x + y = tan(x + C).
5. Question

Solve the following differential equations:

Answer

Given Differential equation is:
29y _
=x+yr =1

d
- - —— )
X (x+v)

Letusassumez =x +y

Differentiating w.r.t x on both sides we get,



dz dx dy
= — — + —
dx dx dx

dz dy
=Z =1+
dx dx
dy dz
=< = =_1.... (2)
dx dx

Substituting (2) in (1) we get,

dx z?
dz
> =1+
dx Z
z
=>E=z+1
dx z2

Bringing like variables on same side (i.e., Variable seperable technique) we get,

dz
> = @
z2
zZ?dz
=—— = dx
z¢+1

N {zz + l—l]dz

= dx
22 +1
z% +1)dz dz
- (2t dz = dx
z2 +1 1+z2
dz
=dz — - = dx
1+=

Integrating on both sides we get,

We know that:

(1) fadx =ax + C

d:

x
a% +x2

2) [

= Ll

= _tan (a)+C
1 -1 z

=z —-tan -l=x+C
1 1

=»z-tanlz=x+C

Since z = x + y, we substitute this,

s>x+y-tanl(x+y)=x+C

sy-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

cosg(x—ﬁy):l—ﬁ—
dx

Answer



Given Differential equation is:

dy

= cos?(x—2y) = 1-2

Y _ 1 cos(x—
=2 =1 cos<(x — 2y)

We know that 1-cos?x = sinZx

:% = sin®*(x— 2y) ... (1)

Let us assume z = x- 2y

Differentiating w.r.t x on both sides we get,

Ldz _ ax_2dy

dx dx dx

Ldz _ g2

dx dx

2dy dz
=52 — 1 —= ... (2)

dx dx

Substitute (2) in (1) we get,
_dz _ 2
=1 . — sin“z

. d;
=1 —sinz = =
=

i

2 dz
= (CO0S°Z = T

Bringing like variables on same side (i.e., variable seperable technique) we get,

dz

cosZz

=

= dx

1
We know that —— = secZx
cos®x

= sec?zdz = dx

Integrating on both sides we get,
= [sec?zdz = [dx

We know that:

(1) [sec?xdx = tanx + C

(2) fadx =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:

dy
— =sec(x+Y)
dx

Answer

Given Differential Equation is:



Letusassumez =x +y

Differentiating w.r.t x on both sides we get,

ﬁdz dx+g

E E dx
dz dy
= — = —
dx 1+ dx
dy dz
== = ——1 ...... 2
dx dx 1 (2)

Substituting (2) in (1) we get,

dz

= ——1 = secz
dx
dz

=— =1+ secz
dx

Bringing like variables on same side(i.e, variable seperable technique) we get,

dz

1+ secz

=

= dx

We know that secx =

COSX

dz
= T = dx
cosz
coszdz
— = dx
cosz+ 1

We know that cos2z = cos?z - sin?z = 2cos?z - 1

cos® z —sin® z
> 2(5352(;) Sz - ax
cosz(g)dz sinz(gjdz

z z
cosz{—) cosz(—]
z z

=dz—tan2( )dz = 2dx

Z
2

=

= 2dx

We know that 1 + tan?x = sec?x
= dz — (sec2 G) — 1) dz = 2dx
= (2 — sec? G))dz = 2dx
Integrating on both sides we get,
ﬁdez—fsecz(g)dz =2[dx
We know that:

(1) [sec?xdx = tanx + C

(2) fadx =ax + C

ﬁZz—tan( ) =2x+ C

z
2
Since z = x + y, we substitute this,

=2(x + y)—tan(z) =2x+ C



=2 + 2y—2x = tan(?) + C

X+y

=2y = tan(T) +C

<. the solution for the given differential equation is 2y = tan ("Tﬂ") + C

8. Question

Solve the following differential equations:
dy

—=tan(xX+vy)

dx

Answer

Given Differential Equation is:

Let us assumez =x +y

Differentiating w.r.t x on both sides we get,

dz dx dy
= _ -
dx dx dx

dz dy
=Z -1+
dx 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
= = dx

1+ tanz

sinx

We know that tanx =

COSX

dz
= sinz dx

COSZ

coszdz
- _SOTEE gy
COSZ + sinz

2coszdz
= 2dx

codz + sinz

= (2cosz + sinz—sinz)dz

= 2dx

cosz + sinz

= {(cosz + sinz) + (cosz—sinz])dz

= 2dx

cosz + sinz

cOSZ + sinz cosz—sinz
= dz +

dz = 2dx

cOSZ + sinz CcOSZ + sinz

d(cosz + sinz)

=dz + = 2dx

COSZ + sinz

Integrating on both sides we get,



=>fdz + J-d(cosz+sinzj _ Zde

cosz + sinz

We know that:
(1) f% = logx + C

(2) fadx =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

SO xryel )

dx i+y+1
Let us assumez =x +y
Differentiating w.r.t x on both sides we get,

Ldz _ax | dy

dx dx dx

dz dy
== = —
dx 1+ dx
dy dz
=22 = ——1..... 2
dx dx (2)

Substituting (2) in (1) we get,

:E—lz 271
dx z+1
:E: 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

=z = 2dx
z+1
= (z +1)dz

= 2dx

d
=2dz + = = 2dx
z z



=dz + % = 2dx
Integrating on both sides we get,
=fdz+f%= 2[dx

We know that:

(1) fadx =ax + C
(2) [ = logx + C

=z + logz =2x + C

Since z = x + y we substitute this,

=X+ Yy+logx+y)=2x+C

=y +logix+y)=x+C

. The solution for the given Differential equation isy + log(x + y) = x + C.
10. Question

Solve the following differential equations:

dy
X+vyv+1)—=1
( ’ }dx
Answer

Given Differential Equation is :
dy _
=(x+y+1)dx— 1

d; 1
-
dx x+y+1

Letusassumez=x+y +1

Differentiating w.r.t x on both sides we get,

Ld _dc dy  da

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,

ﬂE—l = E

dx z
dz 1
-2 _ 142
dx z
dz zZ+1

= — =
dx z

Bringing like variables on same side (i.e., variable seperable technique) we get,

dz
=z3T = dx
z
zdz
=
zZ+1

= dx



Integrating on both sides we get,

= [dz— [ dzl=fdx

z+

=jdz—jM = [dx

z+1

We know that:

(1) fadx =ax + C

(2) f% = logx + C

=z-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=log(x+y+1)+C

.. The solution for the given Differential Equation isy = log(x + y + 1) + C.
11. Question

Solve the following differential equations:

g - 1 = e}‘_‘
dx
Answer

Given Differential equation is:

S L = exty (1)
dx

Letusassumez =x +y
Differentiate w.r.t x on both sides we get,

dz dx dy
= — — + —
dx dx dx

dz
= =

- Y
dx_dx-|-1 ...... (2)

Substitute(2) in (1) we get,

ﬁE Z

dx
Bringing like variables on same side (i.e., variable seperable technique) we get,

dz
e

= e ?dz = dx
Integrating on both sides we get,

= [e?dz = [dx



We know that:

(1) fadx =ax + C

ax

(2) [e*dx = E? +C

—Z

= =x+C
1

=»>-e?=x+C

=>x+e?+C=0

Since z = x + y we substitute this,

>x+ex*+Y) yCc=0

~. The solution for the given Differential Equation isx + e**+V¥) 4+ € = 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:

S8 _ vy )
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

flxy) = w

- ) = e
= f(zx, 75) — —zzxZ@Zi:;+y]]
= f(zx,zy) = zoxw

= 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)

= d(vx) _ —VX(X + VX)
dx x2

We know that 2&¥) _ udv , vdu

dx dx dx
r r -_— 2z r ?2
Lxdy | vdx  f(vevd)
dx dx x?
xdv
— +v=-v-v?
dx
xdv
— = —2v—v?



Bringing the like variables on one side

dw _ dx
viiav X
dv dx
S —
vit2v+1l-1 x
dv B dx
(v+1)2—12 x

We know that:

fdx

Xx—a

+ Cand

=21lo
x2-a?  2a g X+a

fdx—l +C
X_ng

Integrating on both sides we get

j‘ dv _ E
(v +1)2-12 x
1 v+1-1
=ﬁ V+1+1| = logx + logC

(- logC is also an arbitrary constant)

=1

X

1
v |z — lo
v+ 2 - g

(“loga—logb = log G))

og

(" xloga = logaX)

Applying exponential on both sides, we get,

1
~(n)r=
v+ 2 - H
Squaring on both sides we get,
-
v+ 2 - X

Since y = vx

we getv = ¥

%

¥ o2
ﬂ-y—L= —_—
=42 2

X

¥ 2

= s = =
— 3

z

¥ -
¥+ 2x x2

Cross multiplying on both sides we get,

= yx2 = c2(y + 2x)

~. The solution to the given differential equation is yx2 = c2(y + 2x)
2. Question

Solve the following equations:



Answer

Given Differential equation is :

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:

_ Y%
f(X:Y) - y + X
_ Zy-EZX
= ﬂ:ZX, ZY) - Zy + ZX
_ 2X(y-x)
= f[:ZX, Z}’) N z2x(y + %)
= f(zx,zy) = 20 x 21—

4
= 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) _ vxx

dx VE+ X
We know that:
d(uv) udv  wvdu

= — + —
dx dx dx
vdx xdv xx(v—1)
= — _— = —
X dx xx(v +1)
xdw v—1
=2v + — =
dx v+1
xdv v—1
= = —
dx v+1
r r—1 :2_ ]
ﬁﬁ _ v 1-v=—v
dx v+1
r -_— ?2
Lxv 4
dx v+l

Bringing like variables on one side we get,

(v +1)dv dx
= - _ _=
vZ+l x
vdw dv dx
vi+l vZ4l x
1 Zvdv dv dx
= — = ——
2vi+dl v+l x
FZ r
-1 d(v=+1) dv _ dx
2 vit+l vitl X

We know that:



fdx logx + C
x | OE%
and Also,

/

Integrating on both sides, we get,

dx

m = %tan‘l (g) + C

1 rdE® +1) dv_ rdx
=2f v+l fv2+l_ X
1 2 Lot (¥ = _
=210g(v + 1) + S tan (1) = —logx + logC

(" LogC is an arbitrary constant)
1 2 —1(vy _ c
=510g(v + 1) + tan (E) = log( )

(“loga—logbh = log (E))
Since y = vx,

we getv = %

:103((92 + l) + ZtaIl_l(g) = log (?Z)

(" xloga = logaX)

2

= ]05(#) + 2tan™?! (%) = log(c_z)

= log(x? + y?)—log(x?) + 2tan™?! G) = log(c?) —log(x?)
= log(x? + y?)—log(c?) + 2tan™?! 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(3) =K

3. Question

Solve the following equations:

dy v —-x
dx 2Xy
Answer

Given differential equation can be written as:

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:

yz_xz

flxy) = 2%y




(zy)*—(zx)*

= f(zx.29) = 5 ey
zZx(y3-x%)
= f(zx,zy) = )

y2—xZ

= f(zx,zy) = z% X g
= 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)

:d(vx] _ (vx)Z—x2
dx 2(vx)x

We know that:

d(uv) udv = vdu

dx  dx | dx

vdx xdv  x*(v?-1)
dx dx  x2(2v)
xdv vZ-1
Sy +— =
dx 2w
xdwv v 1
SvV+—==2-=
dx 2 2v
xdv v 1
= — = —— — —
dx 2 2v
' :2_
Sxdv v
dx 2v

Bringing like variables on one side we get,

Zvdv dx
= = — =
vi-1 X
2
o d(vi+1) _ _dx
vi+l x

We know that:
| dx logx + C
X 08X
Integrating on both sides, we get,

dw? + 1) d:
:)f ':2++1 - _J.TY

= log(v2 + 1) = -logx + logC (- LogC is an arbitrary constant)
Since y = vx,

we getv = %

:103((92 + l) = 10g(9

(" loga—logb = log(%))

Applying exponential on both sides, we get,



=>}r2+:-:z Cc
%2 x
- S

Sy o

x
Cross multiplying on both sides we get,

=y2 + x2 = Cx

. The solution for the given differential equation is y2 + x2 = Cx.
4. Question

Solve the following equations:

dy
X—=X+Y¥

dx
Answer

Give Differential equation is:

dy
Sy =
de x+y
& _ x4ty
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:

f(xy) =

= f(zx,zy) = =2

= f(zx,zy) = 2
= f(zx,7y) = 2% x**

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)

=d(vx] _ X

dx X

dluv) _ udw vdu

We know that —=
dx dx dx

xdv vdx x(1+v)
=_ = =
dx dx X

xdv
=—+v=1+v
dx
xdv
= =
dx

Bringing like coefficients on same sides we get,

dx
=dv = —
X

We know that fadx = ax + C and



Also,
dx
_[; = logx + C

Integrating on both sides, we get,

=fdv = %

=>v =logx + C

Since y = vx,

we get,
y

V==
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:

(x2 - y2)dx - 2xydy = 0

Answer

Given differential equation is:

= (x2 - y2)dx - 2xydy = 0

= (x2 - y2)dx = 2xydy

d: _2_ 2
Y _EF (1)
dx 2Zxy

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) = x:;:E
~f(mzy) = 2L
= f(zx,zy) = z° x%z

= 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 divx) % —(vx)®

dx 2x(vx)




We know that:

d(uv) _udv  vdu

= — 4+ —
dx dx dx
r r 2_ FZ 2z
- xdv + vdx _ X°—=veK
dx dx 2vx?
xdv < (1-v?
Ly o )
dx %2 (2v)
xdv 1-v2
== 4+vy=
dx 2v
r -_— ?2
- xdv _ 1-v _
dx 2v
r -_— ?2_ ?2
- xdv _ 1—v=—2v
dx 2w
' -_— ,2
= xdv _ 1—3v
dx 2v

Bringing Like variables on same sides we get,

2vdw dx
= = =
1-3v2 x
1 —6vdv dx
= = = —
31-3v2 %

_1d(1-3w®) _ dx

=

3 1-3v? X

We know that:
dx
f; =logx + C

Integrating on both sides, we get,

1 rd(1-3v?) _ dx
=_E'[ 1-3v? '[ 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( 3)

C
=
Applying exponential on both sides we get,

CB

=1-3v2 = =

%3

Since y = vx, we get,



x %3
z 2
:1_3i:°_
%2 %3
2 _o,2 ]
e
xZ 13

2 2 c?
=x2—3y2 = =

X

Cross multiplying on both sides we get,

= x(x2-3y?)=c3

= x3 - 3xy? = K (say any arbitrary constant)

. The solution for the differential equation is x3 - 3xy?2 = 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:

X+y
f(x,y) = x—y
) - 522
Z(x +¥)
»flzzy) = 2.5,
= f(zx,zy) = z“xtj

= 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)

=d(vx] _ X

dx X—VX

We know that:

d(uv) udv wvdu

dx  dx dx
xdv vdx x(1+v)
dx dx x(1—v)



xdv 1L+v

=2— 4+ vV =
dx 1-v
- xdv _1+vw v
dx | 1-w
r F—F Fz
- xdv _ 1+v—v+vV
dx 1-v
r ?2
= xdv _ 1+
dx 1-v

Bringing like variables on same side we get,

= (1—v)dv _ dx

1+v2

N 1 vdv  dx
1+ 1+v2 x
1 1 2Zvdv dx

= 24V —- - .
1+wv 21+v X

o 1 1d{1+v?)  dx
12 42 2 1+vE

We know that:

/

Also,

dx = itan‘le) + Cand

aZ +x2

fdx—l +C
x 08

Integrating on both sides, we get,

1 1pedi+v?) _ podx
:>f1+v2dv_5“[ 1+v2 f x

1 _ 4 1
= -tan 1 G)—Elog(l +v?) =logx + C
ﬁtall‘lv—ilog(l + v?) = logx + C
Since y = vx, we get,

y
v ==
X

ﬂtan*@)— ilog(l + G)z) = logx + C

)—%log(xh}rz) = logx + C

xZ

= tan~! (

L]

= tan~! G) - 51 x (log(x* + y?) + log(x?)) = logx + C

(“loga —logbh = log(z))
= tan™! G) — Elll:}g(x2 +y3) + Ellog(xz) = logx + C

=>‘5:7111‘1(3)—511(@(:&2 +y3) + log(x2)§ = logx + C

X
(" alogx = logx?)

=tan‘1(3) “log(x? + y?) + logx = logx + C

x® 2



:tall_l(%) = élu:)g(x2 +y)+C

= The solution for the given Differential equation is tan™! G) = %log(xz +y3)+C

7. Question

Solve the following equations:

Y 2 2
2Xy —=xX"+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:

x2 + y?

f(X,y) = W
. (zx)? + (zy)?
=) = = e
2.2 2 2
-t zp) — ZE22
z2x(x% +y2)
=>f[:ZX,2y) = —zzx(zx},]
2 2
= f(zx,zy) = 2% x =L

2xy

= f(zx,zy) = zof(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)

X z 2
N divx) _x + (vx)
dx 2x(vx)

We know that &) _ udv , vdu

dx dx dx
. . 2, 2.2
Lxdv | véx e
dx dx 2vx?
xdv ¥ (1 +v?
dx xZ(2wv)
xdv 1+v2
== 4y =
dx 2v
. 2
Lxdv 1+
dx 2v
. 2l
= ﬂ 1+ ve—2v

dx 2v



. -1
:Kdl 1w

dx 2v
Bringing like variables on same side we get,

2vdv dx
= =

1-v2 x

—2vdv dx

1-—v2 X

We know that:

fdx—l +C
x 08

- _ J- —2vdv dx

1vz Y ox
= -log(1-v2) = logx + logC
= log(1-v2)'l = log(Cx)
(" alogx = logx?)

(" loga + logb = logab)

ﬁlog(l_lvz) = log(Cx)

Applying exponential on both sides, we get,

y
vV = -
X
1
ﬁl_zjz = (Cx
1
=>zc2——}72: Cx
%2
z
x
—xz_}@:Cx
X
2 oz C
-y

Cross multiplying on both sides we get,

= x = C(x? - y?)

.. The solution for the given Differential equation is x = C(X2-y2)
8. Question

Solve the following equations:

> dy 7 2
‘_':X‘_z}.'— + Xy

Answer

Given Differential equation is:

2
o X dy
dx

= x%—-2y? + xy



25,2
:E X -2yt +xy (1)
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).

xz—E}rz + Xy
%2

Let us assume f(x’y) =

(zx)®-2(zy)* + (zx)(zy)

= flzx,zy) = =y

2.2 _5.2,.2 2
- ﬂ:ZX,Z:y) _ Z°K 2222];2+z xy
= ﬂ:ZX, zy) _ 2 (" -2y" + xy)

z2(x?)

2 a2
= flzx,zy) = 2° x5

2
= 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) _ ®% —2(vx)® + x(vx)

dx xZ

We know that ) _ udv , vdu

dx dx dx
= xdv vdx _ %% —2w2x® +vx®
dx dx x2
xdv l=2vi+v
v o asatey)
dx x?
xdv
=— +v=1-2v+vy
dx
xdv
=37 = 1—2v?
dx

Bringing like variables on same side we get,

dw dx
= = —
1-2v2 x
1 dw dx
= = —
21 2 <
dv 2 dx
EEE
vz

We know that:

dx
[ == = log

aZ—x=®

at+x

+ Cand

a—x

Also,
dx
f; = logx + C

Integrating on both sides, we get,

L =2

(z) - *




Liv
1 iz
log [
2><J' g i_—v

V2

=

= 2logx + logc

VE

(" log C is an arbitrary constant)

1+42Zv
=>v71§log =] = logx® + logC
7z
(- alogx = logx?)
1 1+4Zv| 2
~ 7! |1—\."5v = log(Cx?)

(" loga + logb = logab)

Since y = vx,

we get,
¥
V==
X
1 1+ \.’5@) _ 2
:Elog )| log(Cx*)
1
X +2y |2
“logl=m| = log(cx?)
X
1
= X+ \."E}" V2 _ 2
- log(Cx*)

Applying exponential on both sides we get,

1

X+ -,."ﬁ %

- (L) oo
X—y 2y

x+vZy 2142
- x—\.@y - [:CX )
.. The solution of the Differential equation is

X + V2 =
7‘;_3’ — (cx?)V?
X— 2y
9. Question

Solve the following equations:

dv ) )

X}" T =X - '_.'—

dx

Answer

Given Differential equation is:
v _ 2 .2

TRy T XY

W _ XV (1)

== =
dx 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).

x2—y?

Let us assume f(x,y) =



(zx)*~(zy)*

= (7)) = = e
szz—z 2

= f(zx,zy) = T;y

22 (32 —p 2

i) -
X2 _y?

= f(zx,zy) = 2% 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) _ x2 —(vx)?
dx x(vx)

duv)  wvdu udv

We know that

dx dx dx
N xdv + vdx x* —viy?
dx dx vx2
- xdv + v = x2 (1-v7)
dx x2(v)
' — !2
- xdv + v = 1—v
dx v
' — :2
- xdv _ 1= v
dx v
- xdv 1—v2—y?
dx v
r -_— FZ
- xdv _ 1-2v
dx v

Bringing like on the same side we get,

vdv dx
= = —
1-2v2 X
1 —4vdv dx
= —_-— = -_
4 1-2v® X

_1d(1-2w®) _ dx

=

4 1-2v2 X

We know that [ dx

.= logx + C
Integrating on both sides we get,

1pd(i-2vd) o odx
=_=_1-f 1-2v2 f X

= —‘—tlog(l —2v?) = logx + logC
(~~logC is an arbitrary constant)
= log(1-2v?2) = -4logx + 4logC

= log(1-2v?2) = -logx* + logC*

(" xloga = logaX)



= log(1 —2v?) = log(;—:)

(" loga—logb = log(z))

Applying exponential on both sides we get,

c4

=1— ZVE = ;I

Since y = vx, we get,

2y2 c*
2l-—= =3
x x
2 _oy,2 a
e
x* x*
2 2 c
SXT-2yT =

Cross multiplying on both sides we get,

= x2(x2-2y?) = c*

= XA-2x2y2 = ¢4

= The solution for the given differential equation is x4-2x2y2 = C4.

10. Question

Solve the following equations:
ye*'¥dx = (xe" Y+ }-’)d}-’

Answer

Given Differential equation is:

X

= yevdx = (xe§ + 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:

.4

Xev + y
fxy) = —=—
yey
=
) - T2
zyeZ¥

= f(zx, zy) = ——F=x_
(



X
xe¥ +y
X

ye¥

= f(zx,zy) = z° 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 x = vy.

Let us substitute this in (1)
¥
- divy) _ vye¥ +y

dy ye¥

We know that:

d(uv) _udv  vdu

= — + —
dx dx dx
dw vd,
Lydv  vdy vy oo
dy dy ye¥

dv —v
st v=eV+y

dy
dv s
o eV rv—v
dy
dv ,
S Y g
dy

Bringing like variables on the same side we get,

, d
=»eVdy = =
¥

We know that feXdx = e* + C and
| x logx + C

X ogx
Integrating on both sides, we get,

=fe"dv=f%

=eV=logy + C
Since x = vy, we getv = ;

X

ey = logy + C

=

.. The solution for the given Differential equation is EE = logy + C

11. Question

Solve the following differential equations :

5 dy 3 3
X =% _X}r_'}r-

Answer

Here,

d
xgd—i=x2+xy+y2



dy x? +xy +y?

dx x2

It is a homogeneous equation

Puty = vx
And & _ av
dx v+ de
So,
dv (%% + xvx + vix?)
vV+x— =
d x?
dv 5
X—=1+v+v-—v
dx
dv 1+ v?
X— = v
dx
Integrating Both Sides we get,
dv dx
1+ v2 X
tan~'v = loglx| + ¢
tan‘lg = loglx| + ¢

12. Question

Solve the following differential equations :
(}-’3 - QX}f)dx = [_:(2 - EX}f)d}f

Answer

Here, (y2 - 2xy)dx = (xZ - 2xy)dy

dy y*-2xy
dx  x2-—2xy

It is a homogeneous equation

Puty = vx
And ¥ _ dv
dx v+ de
So,
N dv  vx®— 2xvx
V+x—= ————
dx X2 — 2XVX
dv  vI—2v
v+ =

X T 1-2v
dv  v2-—2v

—v
dx 1-—-2v

dv  v2—-2v—v + 2v?
dx 1-2v

dv  3vZ-—-3v
de 1—-2v



1—2v dx

3(vZ—-v) dv = X
—(2v—1) | dx
3(v2—v) VX
(2v—1) dv = dx
wi—v) Vo= e

Integrating Both Sides we get,

(Zv—l)d - _3 dx
(vZ—v) V= X
loglv? —v| = —3log|x| + logc
C
vi-v = -
' y_c
X2 X %3
C
2 _ _ -
yo—Xy "
x(y2 - xy) = c

13. Question

Solve the following differential equations :
2xy dx —(x3 + Z}rz)d}f =0

Answer
Here, 2xydx + ( X2 + 2y2)dy = 0

dy — 2xy
dx  x2 + 2y2

It is a homogeneous equation

Puty = vx
And ¥ _ dv
dx v+ de
So,
N dv 2XVX
V+x—= ———
dx x2 + 2vix?
N dv 2v
V+ix—=—786-+—
dx 1 + 2ve
dv 2v

T o Y

dv  2v—v—2v?
I T 1+ 2ve

dv v —2v°
de T 1+ 2v?

Integrating Both Sides we get,

[y = [ (1)

v—2v? X



1+ 2v? 1+ 2v?
v—2v:  y(1-2v?)

1+ 2v? A+Bv+c
v(1—2v2) v 1-—2v2

1 + 2v? A(1—2v%) + (Bv + o)(V)
v(1l—2v?) - v(l—2v?)

1+ 2v2=A-2Av2 +BV2 + 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
1+ 2v? 1 4v
V(l—2v3) v T 12w
2
ta® 1 sQ)

Ba-2() @ -2
14. Question

Solve the following differential equations :

gl

3x’dy = (lSX}" +y°© )dx

Answer
Here, 3x2dy = (3xy + y?)dx

dy 3xy +y’°

dx — 3x2

It is a homogeneous equation

Puty = vx

And ¥ _ dv
dx v+ de

So,

N dv  3xvx + vZx?
V+x—= ——
dx 3x?

N dv  3v + v?
V+x— = —
dx 3
dv 3 + v?
X— = -V
dx 3

dv  3v + vZ—3v
dx 3



dv  v?

X— =
dx 3

Integrating both sides we get,

3x loglx| +
—— = log|x C
v g

15. Question

Solve the following differential equations :

dy X
dx 2y +x
Answer
d .
Here, ¥ = ——
dx 2y +

It is a homogeneous equation
Puty = vx

d dv
And & — v + x—
dx dx

So,
V+XE=L
dx 2vx + X
v+xﬁ= !
dx 2v + 1
dv 1

T we1 ¥

dv 1—2vi—v
de o2y + 1

Integrating both sides we get,

J’ v+ 1 dx
l—ZVz—VV_ X
J’ 2v+1 d dx
— — vV = R
2vi+v—1 X
1 v + 2 dv — dx
2 2v?+v—lv_ X
J’4V+1+1d 5 dx
W+ v—10" X

+

J’ 4v + 1 q J’ 1
2vi + v—1 v 2vi +v—1

+

J’ 4V+ld lJ’ 1
" v i
2 —

v+ v—1 2V2+%



4v + 1 1 1 dx
[EEEE Y - af®

R e F R T
v + 1 1 1 dx
J-2V2+v—1dv+if V+1)2_(§)2dv= 2%
) )
IR L
2 — _ = —
log|2v® + v—1]| + zx?‘@)loglv_i_%_’_% 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 2Xx—y

It is a homogeneous equation

Puty = vx
And ¥ _ dv
dx v+ de
So,
N dv X + 2vx
v+ x—=
dx 2% — VX
N dv 1+ 2v
v+ x—=
dx 2—v
dv 1+ 2v
X— = —
dx 2—v
dv 1+ 2v—2v + v?
X— =
dx 2—v
dv 1 + v?
X— =
dx 2—vw

Integrating both sides we get,

J’Z—vd dx
T+ vz VT %

J’ 2 d J’ \% d dx
1+ vz T+v ' T %

1
Ztan‘lv—ilogll + v?| = log|x| + logc

1
2tan"'v = log|xc| + log|1 + v2|Z
tan~?t

1
e V= {1 + vi}xc

x2

1
2 AR
etan ™% = {—(y X )}zxc



1¥

e % = {(y? + xz)]zc
17. Question

Solve the following differential equations :

dy
dx  x
Answer

Here, & _ ¥ _ [¥°
dx X x2

It is a homogeneous equation

Puty = vx
And ¥ _ dv
dx v+ de
So,
N dv VX vax2 1
V+x—=—— —
d X x2
dv R
V+Xx— =v—yvi-1
dx
dv —
— 2
X— —vi—1
dx v

Integrating both sides we get,

[7=--I5

loglv + 4Jv2— | = —log|x| + logc

G+ wem1) =<

y+V(y2-x2)=c
18. Question

Solve the following differential equations :

dy v
—=={log y—log x+1}
dx x
Answer

ar = x{o8 () + 1}

It is a homogeneous equation
Puty = vx

d: dv
And & — vV + Xx—
dx dx

So,

v+ xd—: = ?[log(%) + l}



dv

v—i—x&:ﬂogv—i—v
dv l
xg, = viogv

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

—==+s1n| =
X X

Answer

d .

T =Y 4 sin (E)

dx X X

It is a homogeneous equation

Puty = vx
And & _ v
dx V+de
So,
N dv + sin(v)
V+X—=1vV sin(v
dx

V .
X = sin(v)

dx
cosecvdv = —
X

Integrating both sides we get,

dx
cosecvdv = | —
X

v
logtani = logx + logc

v
tan- = x
2

tani = X
2X

20. Question

Solve the following differential equations :



¥

}-'zdx—(X‘ — Xy _},z)d}, =0

Answer

y? + (x2 - xy + y?)dy = 0
dy y*
dx  x2—xy + y?

It is a homogeneous equation

Puty = vx
And ¥ _ dv
dx v+ de
So,
N dv —x2y?
V+x— = —
dx X2 —xvx + vIx2
. dv —vy?
V+Xx—= ———
dx 1—v + v2
dv —v?
X—=———7———v
dx 1-v + v2
—vZ—v + vZ—v?
N 1—v + v2
dv —v—v3

f— =
dx 1—v + v2
1—v + v? dx
_— v = —
—v(—v—v3) X

Integrating both sides we get,

J’ 1 1 dy — dx
(1 + v? V) VX
1 1 dx
—J-—dv + J- dv = | —
v 1+ v? X
—log|v| + tan~'v = log|x| + logc
X -1(Y) =
log|y| + tan (x) logc
1Yy _ — los~
tan (x) log xc logy
AR
fan (x) log "
-1(Yy _
tan (x) = logcy
etau_:'% = ¢y

21. Question

Solve the following differential equations :

[quz +y? —y? |dx +xy dy =0



Answer

Here, [x,/x2 + yZ — y?|dx + xydy = 0

v _EFE-v
dx Xy

It is a homogeneous equation
Puty = vx

d dv
And & = v + Xx—
dx dx

So,
dv [xvxZ + vZxZ — x%v?]
V+x—=—
dx XVX
dv [Vi+vZ—v?]
VR =
dx v
dv [VI++vZ—v?]
Xt ="V
dx v
dv [V1+vZ—v?]—v?
X0 = —
dx v
dv [Vi+ 2]
Xym = ——
dx v

Integrating both sides we get,

J’ v q dx
—  dv ==
V1 + v X
1J’ 2v dx
— | ———=dv = — | —
241 + v2 X

letl+v2=t

Differentiating both sides we get,

2vdv = dt
1J’ 1 dt dx
2) Vi ) x
1
7% 2yt = —loglx| + logc
— C
v1+vZ = logH
X
JX2 +y? C
S = loel

22. Question

Solve the following differential equations :

3

dv )

X— =y —XC0s"
dx

Answer



d
Here, xd}' = y — xcos? (}.)

X X

e

dx X

It is a homogeneous equation

Puty = vx
And ¥ _ v
dx v+ de
So,
)
V+X— =
dx X
dv 5
V+X— = V—CO05°V
dx
dv 5
X— = V—COS§°V—V
dx
dv 5
X— = —C08°V
dx
dv dx
cos?v X

Integrating Both sides we get,

J’ 5 dx
sec’vdv = — | —
X
tanv = - log|x| + logc
N C
tan; = —10g|§|
23. Question

Solve the following differential equations :

Ede—Jisin EJ—CQS EJ}d}-’
X 1\}-‘ X X

Answer

Here, Ecos G) dx — Esin G) + cos G)}dy

vy Geos(d)

dx Esin@) + cos (y)

X

W
~—Cos
X

It is a homogeneous equation

Puty = vx
And% =v+ x%
So,
v (Feos(x))
v XE B %sin (%) + cos (%)



V COSV
1 .
=sinv + cosv
v
dv v cosv
dx  sinv + vcosv

dv vZ cosv
X —_ vy
dx sinv + vcosv

dv  v?cosv—vsinv—v?cosv

dx sinv + vcosv

dv —vsinv
X—= ——
dx sinv + vcosv

sinv + vcosv dx

- v
vsinv X

Integrating both sides we get,

f@ * '30“’) dv = —loglx| + logc
loglv] + loglsinv] = log||
loglvsinv| = 1Og|§|

st - |

o] = I

|ysin§| .

24. Question

Solve the following differential equations :
X ‘ { ) 2 X ‘

xy log| — |dx+{yv " —x"log| — | ;dy =0
y i y

Answer

Here, xylogG) dx + {yE —x? log(i)}dy =0

dy x? log@) —y?

dx xy log @)

It is a homogeneous equation

Put x = vy
dx dv
Andd—}r =v+ Y3y

So,




V+y— =
dy viog (%)
dv vilog(v)—1
Yoo = — 7w v
d vy
¥ vlog ( ¥ )
dv  vilog(v) —1—v?logv
y— =
dy viog (?)
dv 1
Yaqw =
v vlogv

Integrating both sides we get,

dy
vlo dv=—f—
[ viosy ;

1
logva-vdv —J-;xj-vdvdv = —logly| + logc

Itegration it by parts

vzl J’l vzd 1 |c|
5 logv V><2 v = ogy
V?

ogy — 3 [ vav = gl
S logy—5 | vdv = ogy

vzl v? o |c|
2 ogv ril ogy
7 loev—3] = ]
2 ogv 2| = ogy
XZ

vy E_E] _ |E|
) 10gy 5| = ogy
25. Question

Solve the following differential equations :

X Xeo
[le-"]dxe-"(le}f—O.
'}r

Answer
x X x
Here, (1 + ey)dx + oy (1—;)dy =0

It is a homogeneous equation

Put x = vy



vy
- vy
dv N ey (1_?)
Yo TV T Ty
dy (l + e:-')
dv e(1—v)
ydy (1 + ev) M

dv. —e"(1—v)—v(1 + ")
ydy 1+ ev

Integrating both sides wee get,

J’ 1+ e dv — J’l q
—ev(1—v) —v(1 + ev) Vo= y v

X

X + yey = ¢

26. Question

Solve the following differential equations :
.9 ) d'\_-" ) )
(X" +y7)—=8x"—-3xy+2y~
dx
Answer
Here,(x? + yz)g = 8x% —3xy + 2y°

dy  8x*—3xy + 2y’
dx (x2 + y?

It is homogeneous equation

Puty = vx
And XE 4+ v = @
dx dx
So,
dv N 8x% — 3xvx + 2vix?
Yax TV T (x2 + v2x2)

dv 8- 3v + 2v?

dx 1+ vt

dv  8-—3v + 2vZ—v3
ax T 1 + vz

dvn. 8-—3v + 2vZ —v3
de_ 1+ v2

Integrating both sides we get,

J’ 1+ v? 4 J’ld
8—4v + 2vZ —v3 Vo= X x

1+ v? q _J’ld
4(2—v) + v2(2—v) VE)x®

Iidv - f%dx ...... (A)

(2—v)(v® +4)



1+ v? Ax+B  C
2-v(v2+4) 4+vZ 2-v

1+ v:=v3(-A+C) + v(2A + B) + 2B + 4C

Comparing the coefficient of like power of v

Solving eq. (i),(ii) and (iii),
A=-3/8B=-3/4,C=5/8

Using eq.(A)

k-2 50 C d

_ 8" 4 P
J-4+v2 dv+8J-2—vdv X

3 v+2d+5J’ 1 dv — dx

8l a+ v T8lz2v"Y T /%

BJ‘ \' q 3J’ 1 d+5J’ 1 d dx
8la+ vV Bla+ vV T2V T )%
3 Jogl4 + v2|— Stan~t e — 2logl2 — v] = loglx| + 1
Tglog vi|—gtan™ 5 —zlog|2 —v| = loglx ogc

3 3, v 5
[]og|4 + v2?|16 + loges™ )+ loglz—vlﬁ] = logxc

lw

3
(4 + v2)1e y eg tan— L (2x—y) C
— x— 77
Xe X

X

Wi

3 5 3.,y
(4 + vO)T6 % (2x—y)8 = ce8™ zx
27. Question

Solve the following differential equations :
(:112 —ZX}’)d}’—(XE —3X}-‘—2}-‘2)d){=0

Answer
(x2—2xy)dy + (x2—3xy + 2y?)dx = 0

dy x?—3xy + 2y?
dx  2xy —x2

It is a homogeneous equation

Puty = vx
And XE 4+ v = g
dx dx
So,
dv x? — 3xvx + 2vix?
X—+ v =



dv 1—3v + 2v?

T w1 "
dv 1—2v

X— =

dx 2Zv—1

dv L

de N

Integrating both sides we get,

1
fdv=—f—dx
X

= —logx + ¢

W= =

—logx + ¢

28. Question

Solve the following differential equations :

dy 2 ¥V )
X—= Y —XC0os =

dx X
Answer

dy ¥
Here, x== = v — 2 (_)
™ y—xcos” (7

dy y —x cos? @)
&  x

It is a homogeneous equation

Puty = vx
dv dy
And + - -
de v dx
So,
dv vx—xcosz(;)
x—+v=
dx X
dv 5
X— = V—C0S°V—V
dx
dv 5
de = —Cos“V

Integrating Both Sides we get,

J’ 1dv J’l
=—| -dx
cos?v X

1
J-SECEV —f—dx
X

tanv =-logx + log c

y _ €
tan .= logx
29. Question

Solve the following differential equations :



Answer

Here,xﬂ_ = fv2 —x2
™ y Zvy X

dy 2{y?—-x2+y

dx X

It is a homogeneous equation

Puty = vx
dv dy
And "~ + - 2
*ax VT ax
So,
dv 2Vvix?2 —x2 + vx
X—+ v =
dx X
dv N
de = a...'V

Integrating Both Sides we get,

1 1
dv=2f—dx
J-\-’m X

log (v+¥ivz_1) =2logx+logc
log (v + /y2 __1) —log cx?

(v+v2-1) =cx?

f — 3

y+4y?—x? =
30. Question

Solve the following differential equations :
¥ 1 -
— |1 ydx +xdy j=ysin
X

¥
= -{xd}-' - }-‘dx}
X

XCOs

Answer

X COS (%) {ydx + xdy} = ysin G) {xdy — ydx}

VX coS g) + x2 cos(g)g = xysin g) —ygsiné)

dy ~ —xycos (g)— yESin(%)
dx —yxsing) + x2 cos(g)

It is a homogeneous equation

Puty = vx



dv dy

And "~ —
X— 4+ v =
dx dx
So,
VX . VX
dv —xvxcos (—) — v2x%sin(=)
X— + V= — =
dx _ in(Y) + x2 VX
vxx sin x2cos(—)
X X
dv —vcosv — vZsiny
X— = — - -V
dx cosv — v sinv
dv —2VCosvV
Xx—= ————
dx cosv — v sinv

Integrating Both sides we get,

CosvV — v sinv 1
—dv= -2 —dx
VCOSV X

1 1
f(——tanv)dv = - ZJ-— dx
v X

logv-logsecv=-2logx+c

Y )=log<

secwv %2

log (

C

yeos) = =

31. Question

Solve the following differential equations :
(x2 4 3xy + y2)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
dv dy
And + - =
ax TV T @
So,
dv x? + 3xvx + vZx°
X—+ v =
dx x?
dv
Xx—=1+3v+vi-v
dx
dv + 1)2
dx - (V )

Integrating Both Sides we get,

fﬁdvz 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—y)g =x+ 2y

dy x + 2y

dx X—¥

It is a homogeneous equation

Puty = vx
dv dy
And "~ —
Xd + v Ix
So,
dv X + 2vx
dx X— VX
dv 1+ 2v
X— = —_
dx 1—v

dv 1+ v + v?
de 1—v
Integrating Both Sides we get,

1—v
dx
l—i—v—i—vz
1 2v—2
dx
2 1+v+v12

(2v+ 1)-3 1
——dv = -2 | —dx
1+v+ ve X

(2v + 1) 3 1
1+v+v2dv_f 1 1 1, dv:_ZIQdX
vZ + 2v i + i - (i) + 1
+ 1

2y _ 2 _

log(1 + v + v?) tan @ = —2logx + ¢
2

log(y? + xy + x?) = 2v3tan™ ( + c
33. Question

Solve the following differential equations :

(."X y+ )dx {X}f3—3x3)d}-':0

Answer

(2x%y + y3)dx + (xy?—3x3)dy = 0



dy  (2x%y +y°®)
dx ~ (xy?2-—3x3)

It is a homogeneous equation
Puty = vx

Andxﬁ_i_v_g

dx T odx
So,
dv (2x%vx + v3x9)

X—+ v =
dx (—xvix? + 3x3)

dv  (2v + v3)
ax T (—vZ + 3)

dv (2v3 —v)
& (—vZ + 3)

Integrating Both Sides We get,

(—vZ + 3)
(2vi—v) V_J- dx

(—vZ +3) A Bv + C
v(zv2—1) v

T oD

3—v2 = A(2vi—1) + (Bv + C)v
3—vZ2=(2A+ BV + Cv—A
Comparing the coefficient of like power of v
A=-3

C=0

And2A+B=-1

=2B=5

So,

-3 bv
J-—dv—i—J-Zz J- dx
—BJ- dv + J-Z?—lv_f dx

-3logv +2 Llog(2v? — 1) = logx + logc

-12log v +5log(2v? — 1) = 4logx + 4logc
2 3

(2ve—1) o gt
VlZ

X2C4y12 — 2y2 —X2

34. Question
Solve the following differential equations :

dy VJ:O
X

X — —y+Xsin
dx




Answer

dy _ -(x)_
X ¥ + xsin . =0

dy V- xsin(%)

dx X

It is a homogeneous equation

Puty = vx
dv dy
d dx
So,
dv VX — xsin(%)
X—+tv= —"—"7¥-—4--
dx X
dv .
X— = v—sinv—v
dx

Integrating Both Sides we get,

1
J-cosecvdv = —J-— dx
X

log (cosec v + cotv) = - IogE
X

log (cosec v + cot v) = log=
[+

(1+cos)  x
sin(%) c
. (¥ ¥
) = 1+ il
x sin (x) c( cos(x))
35. Question
Solve the following differential equations :

z J} dy — 2xdy =0

ydx —J xlog
] X

Answer

ydx + {xlog G)}dy— 2xdy = 0

v + xlogg)g — Zx% =0
r__ vy
dx Zx—xlog@)

It is a homogeneous equation,

Puty = vx
dv dy
And "~ —
de v dx

So,



dv VX
X—+ v =

dx 2x — xlog (%)
dv B v
Yax T 2- logv

dv  v—2v + vlogv
*ax 2 —logv

Integrating both sides we get,

J’ 2 —logv J’

= dx
v—i—vogv
Letlogv-1=t

1
—dv = dt
v

J’t—ldt_ J’ld
(e = x &
t-logt=log<

log v - log(log v - 1) = log<
X
v c
elog@) — ;(logv— 1)

y = clog(%) -1}

36 A. Question

Solve each of the following initial value problems
(x2 + y2)d x = 2xy dy, y(1) = 0

Answer

(x? + y?)dx = 2xy dy, y(1) =0

dy x* +y?

dx 2xy

It is a homogenous equation

Puty = vx
dv dy
And = + = =
*ax VT ax
So,
dv X° + v°X
TV T T awx
dv 1+v
de T 2v
dv B 1+ ve—2v
de N 2v

Xﬁ 2V

Integrating both sides we get,



J’2v q _J’ld
—ve VT ™

log (1 -v2) =-log(x) + log c
log (1 -v2) =log<
X

putv =2

"

Puty =0,x=1ineq. (1),
1-0=c

c=1

put value of cin eq,(1),
(x*-y*) = x

36 B. Question

Solve each of the following initial value problems

v

Xe; —}’—XEIO'y(e) =0

dx
Answer
¥
xex —y + xg =0y(€) =0
¥
dy y—Xex
dx — X

It is a homogeneous equation

Puty = vx
dx dx
So,
VX
dv VX — Xe'x
Xx—+v=———
dx X
dv .
X— =v—e"—v
dx
dv .
X— = —e
dx

On integrating both sides,

1
J-—e"dv=J-—dx
X

e¥ =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

dy v v

— — = +cosec '_:0,y(1) =0
X X

Answer

dy

—% + cosec? = 0,y(1) =0

dx ;

It is a homogeneous equation

Puty = vx
dx dx
So,
dv VX VX
X— + v = — + cosec—
dx X X
dv
— = V— COSecv—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)

I=
Puty =0, x = 1,We have

c=-1

~cos¥=-logx-1
X

log x = cos¥-1
X

36 D. Question

Solve each of the following initial value problems



(xy-y2)dx+x2dy=0,y(1) = 1
Answer

(xy —y2)dx —x2dy = 0,y(1) = 1
dy _xy—y’
dx X2

It is a homogeneous equation

Puty = vx
dv dy
And "~ + - =
de v dx
So,
dv iy Xvx — v2x?
de V= x2
dv .
de =V—VvV—V
dv
= _y2
de v
1 1
—| zdv= J-— dx
v X
(~5) = togx +
v = 0gx + ¢

X logx +
— = 108X C
; = log

Puty=1,x=1
c=1

Using equation(1),
x =y(log x + 1)

X
Y = logx + 1

36 E. Question

Solve each of the following initial value problems
dy _y(x+2y)

== vy =2
dx x(2x+y)

Answer

dy _ oyl gy oAy ¥+ 2y)

dx x(2x +y) dx X[:ZX + Y)

It is a homogeneous equation

Puty = vx
dv dy
And "~ —
de v dx

So,



dx (2 +v)

dv _ Vz—v
T

2+v dx

2 d = —

Ve —W X

fi:_:d‘f = f% dx oo.o. (1)

2+v A+ B
viv—1) v v-—1

2+v=(A+B)Vv-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+3f dv=J-—dx
v v—1 X

-2logv+3log(v-1)=logx+c

(v—1)°% = vZ cx

Put the value of v,

(y—x° 2
X3 = X_QCX

G-0°_ vy
x3 T ox

36 F. Question

Solve each of the following initial value problems
[y4——2x3y)dx——(x4——Qxys)dy::O

Answer
(y*—2x3y)dx + (x*—2xy*)dy = 0

dy 2%y —y*

dx  x*—2xy3
It is a homogeneous equation

Puty = vx



PR — -V
dx 1—2v3
dv  v¥+ v
e
1—2v3 dx
vi+ v X
1-2v 1
— (Yax..... a

'['LE"+1.‘:1 fxdx ()

1—2v? A+ B + Cx+ D
viv+ D(vi-v+1) v v+1 vZ-v+1

1—-2v? = AW+ 1) + Bv(v?—v + 1) + (Cx + D)(vZ + V)
1-2v? = v A+B+C) + v (-B+C+D)+v(iB+D)+A

Comparing coefficients of like power of v,

A+B+C=-2.... (4)
Solving eq.(1),(2),(3) and (40,We get,

A=1B=-1C=-2D-=1
Using eq. (a)

1 2v—1
J-—dv— V=J-2 dv—J- dx
v vi—v + 1

logv-log(v+1)-logy?—v + 1) =log xc

v —
log (va " 1) = log xc

36 G. Question

Solve each of the following initial value problems
( “ 4+ 3y- )dx—x{ < +3x” )d}-':O,y(l) =
Answer

Here, x(x? + 3y?)dx + y(y* + 3x%)dy = 0y(1) =
dy x(x? + 3y?)

dx ~ y(y? + 3x2)

It is homogeneous equation

Puty = vx



dv x(x? + 3vix?)
dx T wx(vx? + 3x2)

dv 1+ 3v?
ax v(vZ + 3) v

dv. —vi—6v—1
¥ax v(vZ + 3)

v(v: + 3) dx
—v¢—6v—1

J’v(v +3) J’ dx
V4—6v—1

J’4v + 12v _ 4J’ g
V“'+6V+l N X

log (v* + 6v + 1) = Iog%

W*+6v+1)=—... (1)
Put value of v,

(y* + 6y?x* + x*) =
Puty =1x=1

c=28

putin eq. (1),

(y* + 6y?x* + x*) =8

36 H. Question

Solve each of the following initial value problems

YJ }dx xdy =
X

IXSIH
l

Answer

dx
Putv =7
X
And XE v = %
d dx
So,
dv
sinv+v=v+x—
dx
1
, v = —dx
sin?v X

Integrating both sides,



1 1
J-,zdv=f—dx
sinZv X

-cotv=logx +c

- cot (g) =log X+ C...... (2)
Putx=1,y =E in eq. (2)
c=-1

put in eq.(2),

—cot(E)= logx-1

36 I. Question

Solve each of the following initial value problems

dy ¥
X——v+xsin| = |=0,y(2) =x
dx X
Answer

dy AT —
Xy + xsm( ) = 0,y(2) =x

X

It is homogeneous equation,

Puty = vx
And XE 4+ v = g
dx dx
So,
dv + . (vx) + 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(g) + cot(g)) = -log x + 0.301
37. Question

v

X

dy
— = yCos

X

Find the particular solution of the differential equation x cos + x given that when x =

l,y=n/4
Answer

Consider the given equation



xcos() Y — yeos(Y) + x

dy ycos@) + X

dX  xcos (g)

this is homogeneous equation,

Puty = vx
dv dy
And + - -
de v dx
So,

dv VX COS (%} + X
X—+ V= ——— e
dx X COs (?)

dv vecosv + 1
X— = ——"—""—+—V

dx COSV

dv 1

sin v COsSV

cos v dv = &

1
J-cosvdv = J-— dx

X
sinv=Ilogx+c
sine) = logx + C.ooe. (1)

Putx=1,y =E in eq.(1),

L
h.ﬂl"'

now,

sin g) = logx + %

38. Question

Find the particular solution of the differential equation (x —v }d_‘ =x+2v giventhatwhenx =1,y =0
s )

Answer
Consider the given equation,
dy
—y)l—=x+ 2
x—y) =x+2

dy x+ 2y

dx X—y
It is a homogeneous equation
Puty = vx

dv dy
And —
de v dx



So,

dv X + 2vx
X—+tv=——+
dx X— VX
dv 1+ 2v

Xﬁ 1—-v

dv 1+ v + v?
— =
dx 1—v

J’ 1—v q J’ld
l+v+vz V™ x
1J’ 2v—2 J’ q
2 1+V+V2 x
(2v + 1) -3 1
fid‘,:_zf_dx
1+ v+ v? X

(2v + 1) 3 1

——dv— 3 dv = —2 | —dx

1+ v+ v? 1 X
v2+2v +

1
2
+ 1
log(1 + v + v3)—3 tan T2 —2logx + c

log(y? + xy + x2) = 2+/3tan” ( ...... (1)
Putx=1,y=0ineq.(1)

C =

il

Thus,
2y + x

XV

s
log(y? + xy + x2) = Zm@tan*( ) + =
V3

3]

39. Question

dy Xy
Find the particular solution of the differential equation —=-——— given that wheny =1, x =0

~

X" +y
Answer

dy xy
dx xZ +y?

From (1) we have,

dv_l_ 1

X—+v =

dx 1
V+V

Integrating on both sides we have



ﬁ—logv = logx + ¢

2

x logexx) + C e (2)

2y?

Putx=0,y=1

0 =log(l) +c

c=0

From equation (2) we have

2

T i log(y)

40. Question

Show that the family of curves for which d_‘: X

dx

Answer

Here, 2 — yz = Cx

x2—Cx = y?
Differentiate both side,
2x dx - Cdx = 2y dy

dy _ Zx=c (ii)

dx 2y

Put equation (i) in equation(ii),We get,

X2 — y?
ay  2x- 5
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 :
- 1 2}' = es}‘

dx
Answer

Formula:-

- . . (o dy .
(i) if a differential equation is ™ + Py = Q,

then y(I.F) = [Q.(l.F)dx + ¢, where I.F = &/Pdx

¥ .l

is given by x° — v’ =Cx
2xy ’



(ii) fdx =x + C
(iii) [ e**dx = % +c

Here, dy
dx

+ 2y = e¥

This is a linear differential equation, comparing it with

Yy Py =Q
dx
P=2,Q=e
I.F = efPdx

= el2dx

= e2X

multiplying both the sides by I.F

erg + eQny — EZ:(_ES:(

dy -
2x 2x 5x
= gF— + pFly = e
dx y
Integrating it with respect to x,
ye2X = [e>X dx + ¢

e'x
2x
= Vet = — + ¢
y 5

e:';x
=y = ? + CE_Q:{

2. Question

Solve the following differential equations :

1Y gy o5

Answer

Formula:-

. . . Lo dy .
(i) If a differential equation is ™ + Py = Q,

then y(I.F) = [Q.(L.F)dx + ¢, where I.F = &/Pdx

(ii) Jdx = x + ¢

eax
(iii) [ e®*dx = -t

Given:-

dy Ge—3x
- 4+ 2y =

dx Y 4

This is a linear differential equation, comparing it with



Solution of the equation is given by
y(L.F) = [Q.(l.LF)dx + ¢

e 3%
e?%dx + ¢

-y = f

5
= ye?* = [ —eXdx + c

4
2 - -
:yexzre *dx + ¢
=y = ~ e 4 2%

4
3. Question

Solve the following differential equations :

dy

+2y =6e"

Answer

Formula:-

(i) if a differential equation is T =0Q
then y(I.F) = [Q.(l.F)dx + ¢, where I.F = &/Pdx
(i) [dx =x + ¢

eﬂl{
(iff) [ e**dx = = +c

dy
dx

Here, + 2y = e3¢

This is a linear differential equation, comparing it with

Y Py =Q
dx
P=2,Q=6€
I.F = efPdx

= el2Pdx

— e2x

Solution of the equation is given by



y(.F) = [Q.(I.LF)dx + ¢
= ye?X = [6eX e2X dx + C

= ye?X = [6e3X dx + ¢

3x

= y(e™) = +c

3

= ye?X =2e3X + ¢
=y =2e3 + ceX
4. Question

Solve the following differential equations :

dy

LA N '5_.' — e_-'x

Answer

Formula:-

(i) if a differential equation is dx + Py = Q,

then y(I.F) = [Q.(I.F)dx + ¢, where |.F = g/Pdx
(i) Jdx =x + ¢
adx
(i) [ e**dx = ralls
This is a linear differential equation, comparing it with
P=1Q=eX
I.F = eJPdx
— elPdx
= eX
Solution of the equation is given by
y(L.F) = [Q.(l.LF)dx + ¢
= y(eX) = [e2X eXdx + ¢
=>y(eX) =feXdx+c
> y(eX) =-e2X +c
sy=-e2X+ceX
5. Question

Solve the following differential equations :

dy
X—':X_}"

Answer

Formula:-



o . . e dy _
(i) if a differential equation is ™ + Py = Q,

then y(I.F) = [Q.(l.F)dx + ¢, where I.F = &/Pdx

(i) fdx = x + ¢

1
(iif) J-gdx = logx + ¢

Given:-

dy _ y
dx =1+ X
d

dy vy _
dx x

This is a linear differential equation, comparing it with

l1dy v 1

|

Xx dx x X
ldy y 1
xdx x X

integrating it with respect to x,

1—_[(1)(1 .
Vi = Z)dx T ¢
"~ logx +
=y =logx+c

6. Question

Solve the following differential equations :

%—2}-' =4x

Answer

Formula:-

(i) if a differential equation is = + Py = Q,



then y(I.F) = [Q.(l.F)dx + ¢, where I.F = &/Pdx

(i) fdx = X + ¢
eax
(ifi) [ e**dx = = +c

This is a linear differential equation, comparing it with

Y Py =Q
dx
P=2,Q=4x
I.F = efPdx

= el2dx

— @2x

Solution of the equation is given by

y(I.F) = [Q.(ILF)dx + ¢

= y(e?X) = [4x.e?X dx + ¢

= y(e?X) = 4(xJe?X dx- [ ( Je?* dx)dx) + ¢
using integration by part

4(xe?* e2x
[:2 )—fjdx +c

= 3(e™) =

er
= y(e®™) = 2xe?*— Z.de +c

= y(e®™) = 2xe?*— e¥¥dx + ¢
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 . + Py = Q.

then y(I.F) = [Q.(L.LF)dx + ¢, where I.F = &/Pdx

(ii) fdx =x+ ¢

eax
(iii) [ e®*dx = -+

1
(iv)f;dx = logx + ¢

Given:-



— 4+ X

dy X:e
dx x

This is a linear differential equation, comparing it with

dy+
dX Py_Q
P=21Q=e¢"
X
I.F = efPdx
1
_efgdx
= glogx
=X

Solution of the equation is given by
y(L.F) = [Q.(l.LF)dx + ¢

= yx = [eXxdx + ¢

= yx = xfeX dx- [ ( [eX dx)dx) + ¢
using integration by part

yx = xeX-[eX dx + ¢

= yx = xeX-eX + ¢

=yx = (x-1)eX + ¢

x—1 < C
-y = (e

8. Question

Solve the following differential equations :

dy dx 1

Answer

(i) ilf a differential equation is = + Py = Q,

then y(I.F) = [Q.(L.LF)dx + ¢, where I.F = &/Pdx

(ii) fdx =x + ¢
EEK
(i) [ e*dx = — t

(V)f —=dx = -loglax + b]

Given:-

dy 4x 1

- 4+ V= —"—F""73
dx  x2 +1 (x2 + 1)2

This is a linear differential equation, comparing it with



dy N
dX Py - Q.
4x 1
Cox2+ 17T (x2 4+ 1)2
I.F = eJPdx
= E'rx:: ldx

2x
_ EEI—KZ T ldx

2
Y log|x=+1|

= (x2 +1)?
Solution of the equation is given by

y(L.F) = [Q.(l.LF)dx + ¢
1
= y(xz + 1)2 = J-_W(XZ + l)zxdx + C

Sy(x2+ 12 =-fdx +c¢

Sy(x2+ 12 =-x+c

X . c
(x2+ 1)2  (x2 + 1)2

=y =-

9. Question

Solve the following differential equations :

dy
Xx—+vyv=xlogx
dx
Answer

. . . oo dy _
(i) If a differential equation is ™ + Py = Q

then y(I.F) = [Q.(L.F)dx + ¢, where I.F = /Pdx

n+1

(if) [xdx = +con=—1

(n + 1)

ax

e
i) [ o™ dx —
(iii) [ e®*dx -

. 1 1
(W)J-ax n bdx = glog|ax + bj

This is a linear differential equation, comparing it with
dy

— 4+ —

w T =Q

1
P=-
X



=X, x>0
The solution of the equation is given by
y(L.F) = [Q.(l.LF)dx + c

= yx = [logx.x.dx + ¢

1
= VX = logxfxdx—f(;f xdx)dx + ¢
x? x?
= yx = Elogx—fﬂdx—i— c

% ogx— [ Xax +

= = — — _

yx = —-logx Sdx + ¢
X? 2

=>yx=Elogx—?dx+c

X X

C
= yzilogx—g-i-;

10. Question

Solve the following differential equations :

Answer

Formula:-
() [If(x) + f'(x)]eXdx = f(x)e*X + ¢

. . . (o dy _
(ii) If a differential equation is . + Py = Q

then y(I.F) = [Q.(L.F)dx + ¢, where I.F = &/Pdx

(iii) fdx = x + ¢

eax
(iv) [ e3dx = -t

1 1
(V)J-ax n bdx = gloglax + bl +¢

n+1

(v) [ x"dx = (n+ 1)

+ cn=-—1

Given:

dy y x-1

= a®
dx x X

This is a linear differential equation, comparing it with



dy N
dX Py - Q.
P = T
X
x—1
Q= X
I.F = efPdx
1
_ e—f;dx
= g-loglx|
1
=—,x>0
X

Solution of the equation is given by
y(l.F) = [Q.(I.F)dx + ¢

1 x—1 1
:;y(;):f " ex.;dx+c

= y(%) = _[(é—t—l‘?).ex.dx +c
using formula(v)

1
Y= Ze*dx + ¢
X

X
=y =e*+ cx
11. Question

Solve the following differential equations :

dy ¥

T 1L = X3
dx x
Answer

. . . o dy B
(i) If a differential equation is = + Py = Q,

then y(I.F) = [Q.(L.LF)dx + ¢, where I.F = /Pdx

(ii) fdx =x + ¢

eax
(i) [ e*dx = — t

1 1
[:iV)J- dx = gloglax +b| +¢

ax + b
n+1
(V)_[xdx=m+c,11¢—l
Given:-
dy v 2
& xF

This is a linear differential equation, comparing it with



I.F = efPdx
1
— of 39
= glogx
=X
Solution of the equation is given by
y(I.F) = [Q.(LLF)dx + ¢

= yx = [ x3xdx + ¢

<5
=>YX=E+C

Wlo

x4
::-yzE+

12. Question

Solve the following differential equations :

dy

— +y=sinx
Answer
. . . . . od
If a diff tial t ol =0,
(i) If a differential equation is ~ + Py Q

then y(I.F) = [Q.(L.F)dx + ¢, where I.F = /Pdx

(ii) fdx =x + C

eax
(iii) [ e**dx = -+
(iv)fe“.sin(bx + c)dx

ax

e
=21 [asin(bx + c) —bcos(bx + ¢)] + constant

a2
n+1
(v) [ x"dx = CYY) +cn=-—1
given:
d
d_z + y = sinx

This is a linear differential equation, comparing it with
dy

— + —

x T =Q

P=1, Q =sinx



I.F = efPdx

= eldx

= eX

Solution of the equation is given by
y(I.F) = [Q.(LLF)dx + ¢

=>yeX=[sinx.eXdx + c

ex
= ye¥ = E(sinx— cosx) + ¢

1
=y = E(sinx—cosx) + ce™™

13. Question

Solve the following differential equations :

dy

—+y=C0s X
Answer
. . . . . od
If a diff tial t el =0,
(i) If a differential equation is ~ + Py Q

then y(I.F) = [Q.(L.F)dx + ¢, where I.F = /Pdx

(ii) fdx =x + c

eﬂl{
(iii) [ e**dx = = +c

(iv)fe“.cos(bx + 0)dx

ax

e
= ————[asin(bx + c¢) + bcos(bx + c¢)] + constant

a2 + b2
n+1

(v) [ x"dx = ) +con#-—-1

Given:-

dy

+ v = cosx
dx y =

This is a linear differential equation, comparing it with

Ty =0
dx

P =1, Q = cosx
I.F = efPdx

= efdx

= eX

Solution of the equation is given by

y(LF) = [Q.(LF)dx + ¢;

=y eX = [cosx. eXdx + cj



let | = [ X cosxdx

= cosx| eXdx [(sinx[e*dx)dx + ¢,

using integrating by part

| = eX cosx + [sinxeXdx + ¢

= eX cosx [sinxJeXdx[(cosx[eX*dx)dx] + c5
= | = eX cosx + sinxe*-l + C,

= 2| = (cosx + sinx)eX + C,

(cosx + sinx)e®* C
2

=>]= 4+ =
2 2
EX
=1= E(cosx + sinx) + C,
putting |

X

.
= ye* = E(cosx + sinx) + C; + C;
X

e
= ye* = E(cosx + sinx) + C

1
=y = i(cosx + sinx) + Ce™™

14. Question

Solve the following differential equations :

dy

—+2y =sin X
Answer
(i) If a differential equation is ~ + Py = Q

then y(I.F) = [Q.(I.F)dx + ¢, where |.F = g/Pdx

(ii) fdx =x + ¢

eax
(iii) [ e*dx = -+
(iv)fe“.sin(bx + o)dx

ax

= ———|asin(bx + c¢) —bcos(bx + ¢)] + constant

a? + b?
n+1
(v) [ x"dx = CE)) +cn=-—1
Given:-
d
d_z + 2y = sinx

This is a linear differential equation, comparing it with



L

dx

P =2, Q =sinx

I.F = efPdx

= el2dx

= @2X

Solution of the equation is given by
y(L.F) = [Q.(l.LF)dx + c

=y e?X = [sinx. e2X dx +

e?x
= ye* = ?(Zsim{— cosx) + ¢

1
=y = g(ZSinx—cosx) + ce 2%

15. Question

Solve the following differential equations :
dy ”

—=yian X —2sm x

dx

Answer

. . . oo dy _
(i) If a differential equation is ™ + Py = Q

then y(I.F) = [Q.(.F)dx + ¢, where I.F = &/Pdx

(ii) Jtanxdx = log|secx| + ¢

eﬂl{
(ifi) [ e**dx = = +c

(iv)fsin(x)dx = —cosxX + ¢

n+1
(v) [ x"dx = @i D +con=—1
Given:-
d

Y .
- ytanx — 2sinx

This is a linear differential equation, comparing it with
dy

— 4+ —

w T =Q

P = -tanx, Q = - 2 sinx

I.F = e/Pdx

= gf-tanxdx

= g-log|secx|



Solution of the equation is given by
y(I.F) = [Q.(l.LF)dx + ¢

2sinx

SN —

dx + ¢,
secx secx

= ycosx = -[ 2sinxcosxdx + ¢

= ycosx = -[ sin2xdx + c;

C0s2X
= VYCOSX = + ¢y
COS2X
= ¥y =
2C08X

16. Question

Solve the following differential equations :

(.1 +x? )j—; +y= tan~ x

Answer
. . . o dy _
(i) If a differential equation is ™ + Py = Q,

then y(I.F) = [Q.(l.LF)dx + ¢, where I.F = /Pdx

1. q
X2+ 1

X =tan—1xdx + ¢

(i) [

eﬂl{
(iii) [ e**dx = = +c

n+1

(iv) [ x"dx = +con#-—1

(n + 1)
Given:-
dy
AR — (-1)
(l+x)dx+y tan'*"Vx

dy y tan~Vx

dx 1+ x2 14 x2

This is a linear differential equation, comparing it with

dy
w T =Q



Solution of the equation is given by

y(I.F) = [Q.(I.F)dx + ¢

] (-1)
tan'~ 'y J'tall X tan~ix
= ye = | ———e dx + ¢
y X2+ 1

let tan"ix = t

dx = dt

X2+ 1

so, yet = —[tel dt + ¢

= tf et dt-[( et dt)dt + ¢

using integration by parts
yet=tet-el + ¢

=y = (t-1)ce™t

=y =tan"Yx —1 + cetan" Vx
17. Question

Solve the following differential equations :
dy

—+Vy tan X =cos X

dx

Answer

(i) If a differential equation is . + Py = Q.

then y(I.F) = [Q.(1.F)dx + ¢, where I.F = &/Pdx

(i) [ tanxdx = log|secx| + c

eﬂl{
(ifi) [ e**dx = = +c

n+1

(iv) [x"dx = +cn=—1

(n + 1)

Given:-

y
— + ytanx = coSx
dx yt

This is a linear differential equation, comparing it with
dy

- 4 —

x T =Q

P = tanx, Q = cosx

I.F = efPdx

ejtanxdx

— eIog|secx|

secx

Solution of the equation is given by



y(.F) = [Q.(I.LF)dx + ¢

= ysecx = -[cosx.secxdx + ¢

—— = [dx+¢c
cosx

:L=X+c
cosx

=y = Xcosx + Ccosx
18. Question

Solve the following differential equations :
Y 2

—+ycotXx =x"cot x+2x

dx

Answer

, : . ion e Y _
(i) If a differential equation is ~ + Py = Q,

then y(I.F) = [Q.(L.F)dx + ¢, where I.F = /Pdx

(ii) [ cotxdx = log|sinx| + c
eax

(iii) [ e™*dx = = +c

(iv) [ cosxdx = sinx + ¢

du
(v)if u and v are two function then [uvdx = uf vdx— [ (Ef vdx)dx

given:-

ﬂ + veotx = x%cotx + 2x
dx Y

This is a linear differential equation, comparing it with
P = cotx, Q = X2 cotx + 2x

I.F = efPdx

= gfcotxdx

= gloglsinx|

= sinx

Solution of the equation is given by

y(l.F) = [Q.(I.F)dx + ¢

= ysinx = f(x2 cosx + 2xsinx)dx + ¢

= ysinx = [(xZ cosxdx + [2xsinxdx + ¢

2sinx + €

= ysinx = X
19. Question

Solve the following differential equations :



d"_-" ) 2
—+ Y fanx =X cos™ X
dx

Answer

. . . - _
(i) If a differential equation is = + Py = Q,

then y(I.F) = [Q.(L.F)dx + ¢, where I.F = /Pdx

(ii) Jtanxdx = log|secx| + ¢
eax
(iii) [ e**dx = — t
(iv) Jcosxdx = sinx + ¢
du
(v)if u and v are two function then [uvdx = uf vdx— [ (Ef vdx)dx

given:-

dy
— + ytanx = x?cos’x
dx yt

This is a linear differential equation, comparing it with

dy
w T =Q

P = tanx, Q = x%cos?

X
I.F = efPdx
= eltanxdx

= glogl|secx|

= secx
Solution of the equation is given by
y(I.F) = [Q.(l.LF)dx + ¢

2y(secx)dx +

= ysecx = [(x2 cos
= ysinx = [(x% cosxdx + ¢

= ysecx = x2[ cosxdx-[(2x cosxdx)dx + ¢

using integrating by parts

y(secx) = x2sinx-2[x2 sinxdx + ¢

= y(secx) = xzsinx—2(xj sinxdx-J sinxdx)dx + ¢

= y(secx) = x2sinX + 2XCosx-2sinx + ¢

=y = X25iNXCOSX-2XC0S2X-25INXCOSZX-2SINXCOSX + CCOSX
20. Question

Solve the following differential equations :

(1+x° )d—‘ +y = em R

' dx

Answer



. . . i dy _
(i) If a differential equation is ™ + Py = Q,

then y(I.F) = [Q.(L.LF)dx + ¢, where I.F = &/Pdx

n+1

i n — _
(if) [ xPdx = m+ 1),11¢ 1

eﬂx
(iii) [ e**dx = -t

- ! (-1
(iv) mdx = tan" x + ¢

Given:-

dy . v B etan':_l)x
dx (1 +x2) (1 + x2)

This is a linear differential equation, comparing it with

dy N
dX Py - Q.
b 1 etan J‘)x
1+ x? 1+ x2
I.F = efPdx
1
= ef x2+1
— etan':_l):{

Solution of the equation is given by

y(L.F) = JQ.(LF)dx + ¢

1

s etan_ X
= yetan X _ J-

tan 'x
e dx + ¢
x2+ 1

letetm ® — ¢

= etan'x ! dx = dt
X2 +1

1 -1 -1
=y = _etan X + cetan X
2

21. Question
Solve the following differential equations :

xdy = (2y + 2x* + x2)dx

Answer



. . . o dy _
(i) If a differential equation is ™ + Py = Q,

then y(I.F) = [Q.(l.F)dx + ¢, where I.F = &/Pdx

n+1

(if) [ xPdx = +con=-—1

(n + 1)

eﬂx
(iii) [ e**dx = -t

- ! (-1)
(iv) R ldx =tan" x + ¢

1
[:V)J-de =logx + ¢
Given:-

dy P
x&—(2y+2x + x%)

This is a linear differential equation, comparing it with

Solution of the equation is given by
y(L.F) = [Q.(l.LF)dx + c

1 1
= y(;) = J-(Zxa + x);dx +c

2

v X
= = 2.5 + loglx| + ¢

=

= v = x* + x%log|x| + cx?
22. Question

Solve the following differential equations:

(_1—}-'2) —(:x —e”n_l-")%: 0

Answer

Given (1 +y2)+ (x— etan_l}r)% -0



o d
= (x—eta® 3’)5{:—(1+y2)

dy  (1+y?)
= dx — [:X— etan_l}r)

d _ tan_l}r
& (x—e=)

dy (1+y2)

dx B X . etan_ly
Tdy . 1+y? 1+

dx x a tan~?t v

"y Tiy 11y

1

dX+( 1 ) etan_}r
=)d},z 1+y? X_1—1—3,’2

This is a first order linear differential equation of the form

dx+ Px
dy =Q
-1
Here, P = —12 and Q = il
1+y 1+y2

The integrating factor (I.F) of this differential equation is,

.F = elPdy

1
——d
S LF=e Y

1
1+y2

We have [ —dy = tan"'y + ¢

~LF= etan_ly

Hence, the solution of the differential equation is,

%(LF) = f(Qx LE)dy +

-1
tan "ty etan 7Y tan "ty
= x(e )= 1+y?xe dy +c

etan_l v

tanly — tan 1y
= x(e ) J-e (1+y2)dy+c

Let etan_ly =t

= et““_l}'d%(tan‘iy)dy = dt [Differentiating both sides]

- e (Y-
etan_ly
dy = dt
- 1+y? y

By substituting this in the above integral, we get

xt=ftdt+c



x]'.l.'H.

We know [ x*dx = +c
n+1
-tl+l
= Xt= +c
1+1
.tZ
=X=—+c
2
1 1/t?
=S XX—=—|—+C
t\2
!
= X=Z-7TC
2
tan~ly B
= x = e 5 + c{etan_l}r) ! [ t= etan_l}r]

1. - -
WX = Eet:an ty + ce” tan 1y

Thus, the solution of the given differential equation isx = Eletﬁn'*}' + .;e—tan"y

23. Question

Solve the following differential equations:

2 dX 1
yi—+x-==0
dy y
Answer

Givenyzj—;+x—$=0

dx

dy

=

+(y x=y7*
This is a first order linear differential equation of the form

dX+ Px=
dy =Q

Here,P=yZ2and Q = y3
The integrating factor (I.F) of this differential equation is,
LF = e/Pdy

= LF=elv"d

We have fyndy = }.-TH'J- 4

n+1l

—z+1
= LF=e-z+1

—1

y
=[LF=e-1



1

~LF=ev¥

Hence, the solution of the differential equation is,

£(LF) = f(Qx LE)dy + ¢

1 1

= x(e_i) = J-(y‘g X e_i)dy+ C
1 11

:x(e y)zfe yy—gdy+c

1
Let e V=t

el (_ E) dy = dt [Differentiating both sides]
dy ¥

11
=e }'de=dt

_Eld 1 dt 1
=seVyodyx—=dtx—
y? Y y y

11
=e Fde= dt x (—logt)

11
=e }'dez —logtdt

By substituting this in the above integral, we get

xt=f—logtdt+c

= Xt= —J-(logt) x (1)dt+c

Recall [ f(x)g(x) = f(x)[[ g(x)dx] — [[f' () (J g(x)dx)]dx + ¢

— xt= ~fioge[ [ 1] - [ [ S togo ([ 1at) )+
= flogexe— [ [Lxefad

=Xt= —{tlogt—f ldt}+c

=>xt=-{tlogt-t} +c

=>xt=-tlogt+t+c

1 1 1 1 1
=>x(e }')=—(e }')log(e }'j—l—e ¥+c ['-'t=e }']

I
=eVi=—eVt+teV+cC
¥



1 1
~X=1+—+cey
¥

1

Thus, the solution of the given differential equation isy — 1 + % + cav
¥

24. Question

Solve the following differential equations:

Answer
Given (2x— 10y*) L +y =0
dy
_ RS

= (2x— 10y )dx N
LYy _ vy

dx 2x — 10y3

dx 2x — 10y3
- ")

dy y

dx 2x  10y3
= +
dy vy vy

Here, P = = and Q = 10y?2
¥

The integrating factor (I.F) of this differential equation is,

L.F = elPdy
2
= LF = ey ¥
1
=LF= ezr?d}'

We have fidy =logy+c
= LF = e?logy
= L.F = elegv* [ m log a = log a™]

S LF = y2 [ elod X = x]

Hence, the solution of the differential equation is,



xa.p)=f(q><1.p)dy+c
= x(y?) = J-(ll[)y2 x y2)dy + ¢
= xy’ = flOy“dy+ C

= xy? = loj-y“dy+c

n+i

Recall fyndy — ¥ +C

n+1

yi+t
=:~xy2=10(4+1)+c

= xy?= 10(%)+c

= xy2 =2y? + ¢

1 _ 1
=>X}’2XF=(23’D+C)XF
3 C
=>X=2y +F

Lx=2y3 4+ cy?

Thus, the solution of the given differential equation is x = 2y3 + cy2
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

= — =
dy sin2y sinZy

siny
dx X (cosy)
= — — =
dy sin2y 2sinycosy
dx 5 siny
= dy xroseeay =3 sinycos?y
dx 5 1
= — — =
dy xcosec2y Zcosy

dx+( 29) 1,
:)dy cosec2y)x = _sec’y

This is a first order linear differential equation of the form



dx—l—Px—
dy =Q

Here, P = —cosec 2y and Q = 51 sec?y

The integrating factor (I.F) of this differential equation is,
LF = elPe

= LF = ef ~cosec2ydy

= LF = ¢~/ cosec2ydy

We have [ cosecx dx = log|cosecx — cotx| + ¢

1

=LF=e3 loglcosec2y—cot2y|
—El B'{ 1 cosly

=[F=e 2 ° sin Zy sinZy

1 g{l—cos?y
= LF=¢ 2 8 sinzy

—Elg{ 2sin?y
=[F=e 2 o 2siny cosy

1 E{sin}r
= LF=¢ 2 Secosy

1

= L.F = ez logitanyl

1
Lo, _ m
= LF = plogltany| 2 ["mloga=loga™]

Hence, the solution of the differential equation is,

£(LF) = f(Qx LE)dy + ¢

1 1 1
=X = | [ =sec?y x dy + c
(\,*tany) .’-(2 y \;tany) y

1 1 1
= x=— | (tany) Zseciydy + c
eyt 2 f (tany) ydy

Lettany =t
= sec?y dy = dt [Differentiating both sides]

By substituting this in the above integral, we get

1J’ L
— = | t2dt+c
t 2

n+i

Recall fxndxz X +C
n+1




x 1 t%
:;-ﬁzz I +c
2
X 1
:ﬁ=t2+c
:%=\;’f+c

=x= (Vt+ot

=x=t+act

~X =tany + cvﬁ [“t=tany]

Thus, the solution of the given differential equation isyx = tany + Cuﬁ

26. Question

Solve the following differential equations:
dx + xdy = eYsec?ydy

Answer

Given dx + xdy = eYsec?ydy

1 1
= (dx + xdy) xd—y= e Vsec’ydy x —

dy
dx N -
= dy X = e ¥ sec’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/Pd

= LF =el1dy

= LF=eld

We have [dy =y + ¢

S LF=eY [elogx = x]

Hence, the solution of the differential equation is,

£(LF) = f(Qx LE)dy + ¢

= x(e¥) = J-(e‘l" sec’y x e¥)dy +c

= xe¥ = J-seczydy+ C

Recall [ sec?xdx = tanx+ c

=>xe¥=tany + c



1 1
Vo — — il
= xeY¥ x = (tany +c) X =

X = (tany + c)eY
Thus, the solution of the given differential equation is x = (tany + c)e¥
27. Question

Solve the following differential equations:
dy o

—=vytanx —.Zsmx

dx

Answer
Gi dy .
ven -~ = ytanx — 2sinx

dy ; 5 si
= — — = —
dx yianx SInx

dy :
= + (—tanx)y= —2sinx

This is a first order linear differential equation of the form
dy

— 4+ —

w T y=Q

Here, P = -tan x and Q = -2 sin X

The integrating factor (I.F) of this differential equation is,

IF = efPdx
= LF = ef—tanxdx
= LF = e—ftanxdx

We have [ tanxdx = log(secx) + ¢

= LF = g~ loglsecx)
= I.erl"g(ﬁ) [ mloga=loga™]
1 r..4logx —
=>IF=—[eg _X]
Secx

S ILF = cos x

Hence, the solution of the differential equation is,

y(LF) = [(@xLPdx+c
= y(cosx) = J-(—Z sinx x cosx)dx+c

= yCOSX = ZJ- cosx(—sinx)dx+c

Letcosx =t
= -sinxdx = dt [Differentiating both sides]

By substituting this in the above integral, we get

yt=2ftdt+c



n+i

Recall [xodx="—+c

n+1

1+1
t?
=2{= |+
=yt (2) C
syt=t2+c

=y= cosx—l—ﬁsx['-'t = cos X]

S Y = COS X + C Sec x

Thus, the solution of the given differential equation isy = cos x + c sec x
28. Question

Solve the following differential equations:
dy :

— + VCOSX =SINXCOsX

dx

Answer

Given d—}' + ycosx = sinx cosx
X

dy :
iy (cosx)y = sinxcosx

This is a first order linear differential equation of the form

dy
T y=Q

Here, P = cos x and Q = sin x cos X

The integrating factor (I.F) of this differential equation is,
LF= efccsxd:{

We have [ cosxdx = sinx+ ¢

“LF = eSinx

Hence, the solution of the differential equation is,

y(LF) = f(Qx LF)dx + c
= y(esinx) = f{sinx cosx X "% )dx + ¢

= yesinx = J-sinxes"“ cosxdx + ¢

Letsinx =t
= cosxdx = dt [Differentiating both sides]

By substituting this in the above integral, we get



yet = J-tetdt—i— C

= ye' = J-(t) x (et)dt+ ¢

Recall [ f(x)g(x) = f(x)[[ g(x)dx] — [[f'(x)(J g(x)dx)]dx + ¢

sl [ (] s

= yet =t x et—fl(et)dt+ C

=>yet=tet—J-etdt+c

s>yel=tel-et + ¢

= yel x et = (tet - et + c)et

sy=t-1+cet

sy =sinx-1+ceSNX [ t=sinx]

Thus, the solution of the given differential equation isy = sin x - 1 + ceSin X
29. Question

Solve the following differential equations:

7 d_" - -
(1—X‘ )é—ﬁxy :(X‘ —2)();‘ —1)

Answer

Given (1 + xz)% —2xy = (x2+2)(x*+ 1)

dy 1
2y _ (2 2
= [0+ T -2y x = A DX
dy 2xy 5
Tax x2+1 +2
dy —2x 5
~ o (arg)y e

This is a first order linear differential equation of the form

dy
w T y=Q

—2x

Here, P = andQ =x2 +2

241

The integrating factor (I.F) of this differential equation is,
LF = ofPdx

—2x
S LF = elea®

2x
=1LF= la_f:<2+ldx

We have f%dx =log(x*+ 1) +¢c

=LF= E—log{x2+1]



L LF = ePel5) [ m log a = log a™]

~LF = 2; [ elog X — x]
x=+1

Hence, the solution of the differential equation is,

y(l.p)=f(q><1.1:)dx+c
1 1
_ 2
:y(x—2+1) J-((x +2)><X2+1)dx+c
y _J’ x2+2 s
AV Y A
y _J‘ x2+1+1 At
T2+l x2+1 xTe
Y f(1+ L )d +
= =
x2+1 PEEY A

y fd-+f L ks
=" -
X2+ 1 X xz+1x ¢

Recall fﬁdx=tan‘1x+c and [dx=x+c

= ﬁ= Xx+tan'x+c

Ly =2+ 1)(x + tan'Ix + )

Thus, the solution of the given differential equation isy = (X + 1)(x + tan™1x + c)
30. Question

Solve the following differential equations:
. V -y 2
(smx)&'— ycosxX =2sin"Xcosx

Answer
: .. d .
Given (sum)d—}' +ycosx = 2sin® X cosx
X

. ay s 1
= ——|(sinx) —+ ycosx| = 2sin*x cosx X ——
sinx dx sinx

dy

=>ldx

COSX .
+ (—)y = 2sinxXcosx
sinx

dy .
= (cotx)y = 2sinxcosx

This is a first order linear differential equation of the form

Tiby=q

dx

Here, P = cot x and Q = 2 sin x cos x

The integrating factor (I.F) of this differential equation is,
LF = efPdx

= LF = af cotxdx



We have [ cotx dx = log(sinx) + ¢
=LF= elog(sinx]
S LF =sin x [ el°9 X = x]

Hence, the solution of the differential equation is,

y(LF) = f(Qx LF)dx + c
= y(sinx) = J-(Z sinxcosx X sinx)dx+ ¢

= ysinx = Zfsinzxcosxdx+ C

Letsinx =t
= cosxdx = dt [Differentiating both sides]

By substituting this in the above integral, we get

ytzzfﬁdwc

n+i

Recall [xdx=~—+c

n+1

t2+l
-2 ¥
=yt (2 n 1) ¢

t3
=Dy't=2(§ +cC

2t3+
= =—
yt 3 ¢
1 2t3+ 1
= —_ = | — —
ytxt 3 T ¢ ><t
2t ¢
= —_— —_— _
V=73 71

—y= 2(51'11:(]2_"_ L [t = sin x]
3 sinx

2
ny= gsim2 X+ ccosecx

Thus, the solution of the given differential equation iSy = 251112 X4 ccosecx

31. Question

Solve the following differential equations:

(x*-1)2

-

(x+2)y=2(x+1)

Answer

Given (x>~ 1) ¥+ 2(x +2)y = 2(x+ 1)

=2(x+1) x

- [(ﬁ - 1)g+ 20x+ Z)y] x

x2—-1 x2—1



dy+2(x+ Z)y_ 2(x+ 1)
T x2-1 x2-1

SO [EHy - 21 = (x+ Dix- 1)

dx x* -1

This is a first order linear differential equation of the form

dy
w =0

Zw‘landQ—i

1

Here, P =

The integrating factor (I.F) of this differential equation is,
LF = e/Pdx

2x+4

= LF = el ™

= [.F = ef(xzz—fl*—%]dx

= [LF= ef(xg—::ldﬁf{ﬁ)dx

S IF= EJ“( ]dw«l-f{

jdx

X—a

We have f%dx =log|x? — 1| + c and

08

o LF  elogh?—1l+4(3logl5])

10g|'< -1|+210 1
=LF= x+1

S LF = elog|x2—1|+log|x+l| [ mlog a = log a™]

—112
_ 1p = el —xE5]) [ log a + log b = log ab]

log( Ix—1)Ge+1)] )
:I.erog(‘( <+l

(x—1)®
= LF= ek’g x+1 ]

A LF =3[ elogx = x]
x+1

Hence, the solution of the differential equation is,

y(L.F) = J-(Qx LF)dx+c

y((};_Tll)g) - J-((xi 1) 8 (}::ll)g)dpr ‘
. (x—1)°3 :J’Z(x—l)2

X+1 X+1

dx+c

_ -1 l)3 J’(x— )2

Xx+1

We can write (x - 1)2 = (x + 1)? - 4x
(x—1)3 ZJ’ (x+1)%—4x

= —V = e —
Xx+1 y

dx+ ¢
Xx+1




(=17 —2”+1 4X]d +
Xx+1 y= x Xx+1 xTe

= 1)° —2_fd+fd f4xd]+
peem At | R b I e

(x—1)7 —z_J- d+fd 4f X d]+
T x+1 VY FETE x+107°¢

S —2_'[- d +fd 4"-(1 ! )d]+

METTA Ve X x+1)5T€
(x—1)3 r 1

= y=2 J-xdx+fdx—4de—J- dx}]+c
x+1 ! x+1
(x—1)3 I 1

= y=2fxdx+fdx—4fdx+4f dx]—l—c
x+1 I x+1

(x—1)3 r 1
= y=2j-xdx—3j-dx+4f dx]+c
x+1 ! x+1

=

+1 1
Recall n =i and | —dx =loglx+ 1| + ¢
[xdx="—+c I— glx + 1]

S M E Y Ix +1]| +
x+1 7 fTe1 T loelix ‘
S S lx+1]|+
T Tx1 YT g R ROER -
x—1)3
(x+l) y=x—6x+8loglx+1|+c
(x—1)3 x+1 5 x+1
x = (x?2— 6x+ 8log|x+ 1] +¢) X
x+1 V=13 (x* — 6x+ Bloglx + 1 +0) (x—1)3
x+1

x+1
(x—-1)?

Thus, the solution of the given differential equation isy = (x2— 6x+ 8log|lx + 1| +¢)

32. Question

Solve the following differential equations:

dy

X—+2y =XcosX
dx

Answer

. d
Given xd—i + 2y = X COSX

(dy+2) 1 1
= (X T2V X =xcosx x_

dy 2

E};+_:COSX

dy (2
=>£+(£)y—cosx

This is a first order linear differential equation of the form

dy
w T y=Q



2
Here, P = Zand Q = cos x
X

The integrating factor (I.F) of this differential equation is,

LF = e/Pdx

o LF = efz®

- LE = e2/3ex

We have fidx =logx+c

= LF = e?lo8x

= L.F = eloex® [ mlog a = log a™]

S LF = x2 [ elo9 X = x]

Hence, the solution of the differential equation is,

y(LF) = J-(QXI.F)dx—i—c
= y(x?) = J-(cosxx xNdx+c
= yx’= J-xz cosxdx+c

= yx’= J-(xz) % (cosx)dx + ¢

Recall [ f(x)g(x) = f(x)[[ g(x)dx] — [[f'(x)(J g(x)dx)]dx + ¢

= yx? = x? U- cosxdx] —J- [é(xz) (f cosxdx)] dx+c

= yx? = x%(sinx) — f[ZX(sinx)]dx+ C

= yx?= XESiIIX—ZJ-XSiIleX+ C

= yx? = x%sinx — 2 X[J- sinxdx] —J- [&(x) (J- sinxdx)] dx} +c

= yx? = x%sinx — 2{x[—cosx] — J-[l(— cosx)]dx}—l— C

= yx? = x%sinx — 2{—xcosx + f cosxdx} +c

= yx2 = x2sin x - 2{-x cos x + sin x} + ¢

25in X + 2X COS X - 2 Sin X + C

:yx2=x
2 1 2 a3 : 1
= yX x;= (x?sinx + 2xcosx— 2sinx+ c)x;

. 2 2 C
~y=sinx+-—cosx ——sinx+ —
X x? x2

Thus, the solution of the given differential equation isy = sinx + Zcosx — izsinx+ iz
X X X

33. Question



Solve the following differential equations:

dy .
T — '5_.' = Xe}‘
dx

Answer

Given % —-y= xa¥

dy
—+ (—1)y = xe*®
= Ix (—Dy =xe
This is a first order linear differential equation of the form
dy
- 4+ —
m T y=Q

Here, P = -1 and Q = x&*

The integrating factor (I.F) of this differential equation is,
LF = efPdx

= LF = o/ ~1dx

=>LF=eJd

We have [dx=x+c

~LF=eX

Hence, the solution of the differential equation is,

y(LF) = f(Qx LF)dx+ c
= y(e™) = J-(xex x e ¥)dx+c

=>ye = J-xdx+c

n+i

Recall [x"dx==—+¢
n+1

. X1+1+
= Ve &= C
y 1+1
=ye*=—+c
y 2

- _Xz_"_ X
S~y = -5 cle

Thus, the solution of the given differential equation isy = (

34. Question

Solve the following differential equations:

dy

—~ 4 jx = xe4x

,‘2

—+c
2

)e



Answer

Given &¥ = xetx
™ + 2y =xe

d}’ 4w
=%t (2)y = xe

This is a first order linear differential equation of the form
dy

— 4+ —

Ty =Q

Here, P = 2 and Q = xe**

The integrating factor (I.F) of this differential equation is,
L.F = efPdx
= LF = ef 24

= L.F =2/ dx

We have f dx=x+rc
S LF = e2X

Hence, the solution of the differential equation is,

y(LF) = f(Qx LE)dx +c
= y(e™) = J-(xe‘“‘ x e?¥)dx + ¢
= ye¥= J-xe"’"dx+ C

= yeX* = J-(x) x (e5)dx+ c

Recall [ f(x)g(x) = f(x)[[ g(x)dx] — [[f'(x)(J g(x)dx)]dx + c

= ye?¥=x U e"”‘dx] - J- % (x) (f eé"dx)] dx+c

ﬁyeM:x(e—“)—Hl(e—“) dx +c
6 6
=>ye“—%es“ %J-ef’“dx+c
ﬁyeh_zem_%(%“)ﬂ
=>yezx=zef”‘—%ef”‘+c

bid 1
2x —-2x 6x 6x —-2x
= yetxe =\|\—-e " — e + C) xe
Y (6 36

X 1
4x 4x —2x
Sy =—e" - e™ + ce
y 6 36

Thus, the solution of the given differential equation isy = ;—ze“'-“ _ L adx e

35. Question



Solve the differential equation (x + jvz)g:gg given that whenx =2,y = 1.
AR

Answer

Given (x + 2}:2)% =y and whenx=2,y=1

Sy
dx x+2y?
dx  x+2y?

= — =
dy y
d 2y?

S _x
dy v v
d X 5

= — — — =
dy vy Y
dx+( 1) 5
JEE— —— X =
dy y y

This is a first order linear differential equation of the form

dX+ Px =
dy =Q

Here, P = —i and Q = 2y

The integrating factor (I.F) of this differential equation is,
LF=e/Pdy

LLF—e Y

S LF=e 5
We have fidy =logy+c

= LLF = e~ logy

= LF = glogvy ' [ m log a = log aM]
S LF =yl elogx =]

Hence, the solution of the differential equation is,

x(L.F) = J-(Qx LF)dy+c
=x(y )= f(zy Xy t)dy+c
=>xy = J-Zdy+c

=>xy‘1=2J-dy+c
We know [dy =y +c
=>xyl=2y+c

=>xy 1 xy=(y+cy



X = (2y + )y

However, when x = 2, we have y = 1.
22=02x1+c)x1

=22=2+cC

nc=2-2=0

By substituting the value of c in the equation for x, we get

x = (2y + 0)y
=X = (2y)y
X = 2y2

Thus, the solution of the given differential equation is x = 2y2
36 A. Question

Find one-parameter families of solution curves of the following differential equations:

dy ! . ,

— + 3y =e™, mis a given real number
dx

Answer

E.F 3y = e™, m is a given real number
; d
Given & = gmx
i 3y=e

dy mx
=%t (3)y=e

This is a first order linear differential equation of the form
dy

— 4+ —

Ty =Q

Here, P =3 and Q = e™

The integrating factor (I.F) of this differential equation is,
LF=elPd=
= LF =g/ 3

= LF =3/

We have f dx=x+rc
S LF = e3X

Hence, the solution of the differential equation is,

Y(LF) = f(Qx LE)dx + ¢
= y(e*) = J-(emx x e3¥)dx+c
= yegx = J-emx+3xdx+ C

= yeax= J-e(m+3]xdx+ c



Case(l) m+3=0o0orm=-3

Whenm + 3 =0, we have emM+3)x = g0 = 1
= yed¥ = J-dx—l—c

sye3X=x+c

= ye¥ x e3X = (x + c)e
Sy = (x + c)e X

Case (2)m+3=#0o0orm=-3

When m + 3 = 0, we have
yeax — J- e(m+3]xdx+ C

Recall [e¥dx = e* + ¢

e(m+3]x
= ye= m+3 Te
e(m+3]x

= yetx e = (m +3 * c) e

e¥ x @3%
=;-y=( m+ 3 +c)e‘3x

e™ —3x
"y= m+3+ce

) . . , o (x+c)e ™ m=-3
Thus, the solution of the given differential equation ISy = {emx

m+3

+ ce™ 3, ptherwise

36 B. Question

Find one-parameter families of solution curves of the following differential equations:

dy

— —y=c0s2X

Answer

d
T _ v =rcos2x
dx

; d
Given d_y — ¥y = cos 2x
X

dy
= E—i_ (—1)y = cos2x

This is a first order linear differential equation of the form
dy

— 4+ —

Ty =Q

Here, P = -1 and Q = cos 2x

The integrating factor (I.F) of this differential equation is,

LF=elPd=

= LF =gl 24



= LF=eJdx
We have [dx=x+c
S LF=eX

Hence, the solution of the differential equation is,

y(L.F) = J-(Qx LF)dx+c
= y(e™) = J-(cos 2x x e ¥)dx+ ¢
=ye F = f e *cos2xdx+c

= ye ¥ = J-(e"‘) x (cos2x)dx+ c

Let I = [(e™) x (cos2x)dx

=[=e7¥ U COS 2X dx] — J- [& (e™) (J- COS2X dx)] dx
Ll e (511122}{) _J’ [—e"‘ (511122}{)] dx

1 1
=1= Ee‘“ sin2x + EJ- e *sin2Zx dx
[ U sin 2x dx] — J- [% (&™) U- sin Zxdx)] dx}
[ _ cos 2x] J’ _ cos Zx)] dx}
5

1
E ¥cos2x — EJ-E costdx}

1
=== 2 e *sin2x + -

=1 = —g —
2 *sin2x + 2
= = —g —
2 *sin X"FZ
=>I—_—l ~*sin2 ——l * 2 ——1J- = 2xd
e T S5Insx e " cos2x e T COo52Xdx

2 4 4

Il""Z Lox 2 11
=I=Ze™sin2x — e cos2x —

= Lesin2x —; e *cos2
= g1=5e 7 sin2x — e cos2x
5
= EI = —e™*(2s5in2x — cos2x)
= 5| = eX(2 sin 2x - cos 2x)

—-X

e
z (2s5in2x — cos2x)

1=

By substituting the value of | in the original integral, we get

e—x
= ?(2 sin2x—cos2x) + ¢

—X

= ye
e—x
=S ye “xe¥= [? (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:

dr.
— —y=(x+1)e™
dx v = )
Answer

dy o _ —x
X —y= (x+ 1e

Given X% —y= (x+ 1)3_3‘
dy 1 1
=>(X£— )X;—(X'F 1)e Xg

dy v (x—l— l) e
_ — e !
X

dx x
dy ( ) B (x—i— 1) .
dx y= X €

This is a first order linear differential equation of the form

dy
w T =Q
Here, p = ——and Q= (“1) e

X

The integrating factor (I.F) of this differential equation is,
IF = ef P

o LF = of 3o

=LF=e" fédx

We have _[idx =logx+c

= LF = g7lo8x

= LF = glegx™* [ mlog a = log a™]
S LF = x1[0elogx = ]

Hence, the solution of the differential equation is,

y(LF) = f(QxI.F)dxH

=y )= J-((X—; 1)&"“ XX_l)dX+C
[ (&
e

Letizt

X

e ®dx+c

Y
~x

=7
X



“[een ) en(- e

1 1
= —p ¥ (—+—2)dx = dt
X X
1 1
= (——i— —2) e ¥dx = —dt
X X

By substituting this in the above integral, we get

X=J-—dt+c

X

=>X=—J-dt+c
X

We know [dx=x+c

e—x e—)(
=it
X X X
e—){
=2>y=|— +c)x
v= (-5

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—4+vy= x*
dx
Answer
dy !
xm+y—x

. d
Given x & — x4
X +y=x

dy 1 L1
=>(X£"|‘}’)X;—X X;
dy v .

ax x

dy 1 2
ﬁ&*(g)y—x

This is a first order linear differential equation of the form

dy
w =0

Here, p=tand Q = x3
X

The integrating factor (I.F) of this differential equation is,

LF = e/Pd=
1
= LF = eolx®

We have f%dx =logx+c



= L.F = elo8x
S LF = x [ elodX = x]

Hence, the solution of the differential equation is,

y(LF) = f(QxI.F)dxH
= y(x) = J-(xg X x)dx + ¢

= Xy = J-x“dx+ C

+
We know [ xodx = M e

n+1

4+l
= XV = +c
Yo a+1
x5+
= XV =— C
V=7
1 x5+ 1
=S XyX—=|—+cC|X~—
Y X 5 X
xt ¢
V= 5 x
Thus, the solution of the given differential equation isy = §+ €
3 X

36 E. Question

Find one-parameter families of solution curves of the following differential equations:

(xlogx]ﬁ—y =logx
dx

Answer

dy
(xlogx)ﬁ +y =logx

Given (xlogx)% +y=logx

1
xlogx

[(1 )dy+] !
= | (xlogx) yxxlogx_ 0gx X

dx+x10gx_x

dy+( 1 ) 1
= dx xlogxy_x

dy v 1
:b_

This is a first order linear differential equation of the form

dy
T y=Q

Here, P = !

andQ=E
X

xlogx
The integrating factor (I.F) of this differential equation is,

LF = e/Pdx



f

L LF = ofeoge™

Lett = log x

=dt = %dx [Differentiating both sides]

By substituting this in the above integral, we get
LF=eftd 4 ¢

We have fidx =logx+c

= |.F = elogt

= ILF=t[elo9x =x]

S LF=log x [t =logx]

Hence, the solution of the differential equation is,

Y(LF) = J-(QXI.F)dx+c
= y(logx) = J- G X 10gx) dx+c

=ylogx = f logx de) +c

Let t = log x

= dt = de [Differentiating both sides]

By substituting this in the above integral, we get

yt = J-tdt—i—c

We know andXZ e +C

n+1

.tl+l

= ¥
Syt=Tte

t?
Syt=—+c
yt=3

1 t2+
Sytx—=(=+c|x=
tx1=\2

lt+c
>y=—t+-
y=3m1

1 c ..
_-_y=510gx+@[. t = log x]

Thus, the solution of the given differential equation isy = élogx + —

36 F. Question

Find one-parameter families of solution curves of the following differential equations:

dy 2xy >

=X + 2

dx  1+y’

Answer



dy  2Zxy >
dx 1+}r2_x +2
GivenY _ 29 _ w2, 5
dx  1+y?
dy —2x
=:.—+( ) =x*+2
dx  \x2+1 y

This is a first order linear differential equation of the form

dy
w T =Q

Here, P=—and Q= x2+2
x2+1

The integrating factor (I.F) of this differential equation is,

IF = e/Pdx
—2x
=LF= efx2+1dx
2x
=LF= e_fxz—ﬂdx

2 dx = 2
We have [ —dx =log(x*+ 1) + ¢
= LF = e los(x+1)
L 17 = o) [ m log a = log a™]

~LF = % [ eIog X — X]
xe+1

Hence, the solution of the differential equation is,

yaf)=Jkamex+c

1 1
_ 2
:y(x2+1)—f((x +2)><X2+1)dx+c
y J’ x2+2 At
T+l x2+1) T
y J‘ x2+1+1 s
T+l X2 +1 xTe
Y f(1+ ! ]d+
=>x2+1_ X2+ 1 xTe

Y J-d +f L oax+
== — =
Xx2+1 % x?—i—l}i ¢

Recall fﬁdx=tan‘1x+c and [dx=x+c

= T x+tanix+c

Ly = (X2 + 1)(x + tanIx + ¢)

Thus, the solution of the given differential equationisy = (> + 1)(x + tan"Ix + ¢)
36 G. Question

Find one-parameter families of solution curves of the following differential equations:



SN X
e

‘-.'
— + VCOSX = CosX

Answer

E __ a5inx

5. T ycosx =e¥"¥cosx
X

. a .
Given d—y + ycosx = e ¥ cosx
X

dy sin x
= E—i_ (cosx)y = e¥"*cosx

This is a first order linear differential equation of the form
dy

— + —

Ty =Q

Here, P = cos x and Q = 5" X cos x

The integrating factor (I.F) of this differential equation is,

LF= efccsxdx

We have [ cosxdx = sinx + ¢
“LLF = eSin X

Hence, the solution of the differential equation is,

y(LF) = f(Qx LE)dx + ¢
- y(esinx) _ J-(esinx COSX X ESinx)dX 4
= yesinx _ J-esin x+sinx cosxdx + c

= yesinx _ J-EZ sinx cosxdx+ 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
Syet= St
Ye=3

eZt
= yetxet= (7+ c) x et
1
=y= Eet +ce™t
Ly = éesinx +ce” sin x [t = sin x]
Thus, the solution of the given differential equation iSy = geSiM 4 ce—sinx

36 H. Question



Find one-parameter families of solution curves of the following differential equations:
(x+y) =1
dx
Answer
dy _
(x+y)-=1

Given (x + y)g =1

N _dx
=X y_dy

dx +
= — =

dy xTy

dx B
::'dy X=¥

dx
:d—y+(—1)x=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 + ¢

S LF=e

Hence, the solution of the differential equation is,

x(l.p)=f(q><1.p)dy+c
=x(eV) = f(y x e V)dy+ c

=xeV = f(y) x (e¥)dy+c

Recall [ f(x)g(x) = f()[[ g(x)dx] — [[f' () (f gx)dw)]dx + ¢
vy [era]- [[oo ([ evar)far+e

= xe v =yl - [1(—e)dy+c

= xeV = —ye¥ + fe-b'dy+ c

s>xeY =-yeY-eY+c



=>xeY=-e¥Y(y+1)+c

>xeYxeY=[-eYy+1)+c]lxe

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:
dy 5

—Ccos X=tfanx -y

dx

Answer

dy 2
—Cos“X=tanx —
dx y

Lo d
Given d}'cosgx =tanx —y

X

dy

2
= —cos®x X = (tanx — v) X
dx cosZx ( y) CcosZx
Y (tanx — y) sec’x

dx

dy
= -~ =tanxsec’x —ysec?x

dx y

d
= E};—l—yseczx: tanxsec?x

d
LY + (sec?x)y = tanx sec?x
dx
This is a first order linear differential equation of the form

dy B
w T =Q

Here, P = sec?x and Q = tan x sec?x

The integrating factor (I.F) of this differential equation is,

LF= e_rseczxdx

We have [ sec’xdx = tanx+ c
o LLF = efanx

Hence, the solution of the differential equation is,

J(LF) = f(Qx LE)dx + ¢
= y(eh"¥) = J-(tanx sec?x X e ¥)dx + ¢

= yetl¥ = ftanxet‘*“seczxdx +c

Lettanx =t

= sec?xdx = dt [Differentiating both sides]

By substituting this in the above integral, we get



yet = J-tetdt+ C

= ye' = J-(t) x (et)dt+ ¢

Recall [ f(x)g(x) = f(x)[[ g(x)dx] — [[f' () (J g(x)dx)]ldx + ¢

s o[ e

= yet=tx et—fl(et)dt+ C

=>yet=tet—J-etdt+c

=>yel=tel-et + ¢

> yel x et = (tet - et + c)et

s>y=t-1+cet

Ly=tanx-1+ cet@ X[t =tanx]

Thus, the solution of the given differential equation is y = tan x - 1 + cetanx

36 J. Question

Find one-parameter families of solution curves of the following differential equations:
eYsec?ydy = dx + xdy

Answer

eYsec?ydy = dx + xdy

Given eYsec?ydy = dx + xdy
Y 2ydyx—l = (dx+ dy)x—l
= =
e Vsec X+ X

d
= e‘l"seczy=—x+x
dy

dx+ -
::'dy X =eVsecy

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 = elPdy

= LF =ef1dy

= LF=eld

We have [dy =y + ¢

S LF =Y [elo9X = x]

Hence, the solution of the differential equation is,



x(I.F)=f(Q><I.F)dy+c
= x(e¥) = J-(e‘l" sec’y x e¥)dy + ¢

= xe¥ = J-seczydy+ c
Recall [ sec?xdx = tanx + ¢
=>xe¥=tany + c

v 1 1
= xe xe_l-'_ (tany +c) xe_l-'

X = (tany + c)eY
Thus, the solution of the given differential equation is x = (tany + c)e¥
36 K. Question

Find one-parameter families of solution curves of the following differential equations:

dy
xlogx —+y=2logx
dx

Answer
by,
:a:;ll:rgxdx +y=2logx

Given xlogx% +y=2logx

(x W, ) L g
= \ROEX g Y Xxlogx_ ngxxlogx

dx xlogx

d 2
=>y+ Y =
X

dy+( 1 ) 2
= dx xlogxy_x

This is a first order linear differential equation of the form

dy+
dX Py_Q

__1 _z
Here, P = <logs and Q = -

The integrating factor (I.F) of this differential equation is,
LF = ofPdx
=LF= efﬁdx

Let t = log x

= dt = %dx [Differentiating both sides]

By substituting this in the above integral, we get
LE=eftd 4 ¢

We have f%dx =logx+c



= |.F = elogt
= .F =t[elf9X = x]
S LF=log x [t =logx]

Hence, the solution of the differential equation is,

y(LF) = f(Qxl.F)dx+c
= y(logx) = J- @ X 10gx) dx+c

= ylogx = ZJ- logx de) +c

Let t = log x

=dt= %dx [Differentiating both sides]

By substituting this in the above integral, we get

ytzzftdt—l—c

x]'.l.-H.

We know [ xPdx = +c

n+1

1+1
=2 +
=yt (1+1) ¢

t2
=>y‘t=2(5)+l:

syt=t2+c
1 1
=>y't><¥=(t2+l:)><¥

C
=>y=t+E

~y=logx + ¢ [t =log x]

C

Thus, the solution of the given differential equation isy = logx + logx

36 L. Question

Find one-parameter families of solution curves of the following differential equations:

dy 7
X——+2y=x"logx

Answer

dy _ o2
X +t2y=x logx
Given x% +2y = x%logx

( dy+2) L 2] L
= - —_ = —
de v ><X X -:)g:«;x}'1

dy 2y
= E—i_;_ xlogx



dy (2

:E—l—(;)y:xlogx

This is a first order linear differential equation of the form

dy
w T v=Q

Here,P=%andQ = x log x

The integrating factor (I.F) of this differential equation is,
LF=elPd=

o LF = ef5®

=LF= ezf%dx

We have fidx =logx+c

= L.F = e?lo8x

= .F = el°8<* ["m log a = log a™]
S LF = X2 [ elog X =

Hence, the solution of the differential equation is,

y(LF) = J-(QXI.F)dx—l—c
= y(x?) = J-(xlogx x x?)dx+c
= yx? = J-xg logxdx+ c

= yx? = J-(logx) X (x*)dx+ ¢

Recall [ f(x)g(x) = f(x)[[ g(x)dx] — [[f' () (J g(x)dx)]ldx + ¢

= yx? = logx U xgdx] — f [% (logx) U- xzdx)] dx+c

X3+1 1 X3+:I.
2 __ — _
= yx"=logx |5 ”x(3+1) dxtc
, x* 1/x*
= VX ZZIOEX_J- A7 dx +c
2 X‘L 1 3
= yX =ZlOgX_ZJ-X dx+c

x* 1/x*
=>yx2=?logx—g 7/t

2 X‘I‘ 1 4
= yx =Ilogx—Ex +c
4

X
=:-yx2=E(4logx—1)+c



, 1 [x* 1
SYXIX 5= E(ﬂllogx—l)—l—c X

v =X (alogx—1) + 5
IRARETA X2

Thus, the solution of the given differential equation isy = ﬁ(-‘-}logx -1) _,_iz
16 X

37 A. Question

Solve each of the following initial value problems:

y'+y=¢€,y(0)=

L | —

Answer

Y +y=ey(0)=]
Giveny’ +y = e and y(0) :i

dy .
=>£+y—e

dy .
:E+(l)y— e

This is a first order linear differential equation of the form
dy

- 4+ —

m T y=Q

Here, P =1and Q = &

The integrating factor (I.F) of this differential equation is,

LF = e/Pdx

= LF =ef &
We have_[dx: x4
S LF =eX

Hence, the solution of the differential equation is,
y(LF) = f(Qx LF)dx + c

= y(e¥) = f(e" x e¥)dx+ c

= ye¥ = J-e"”dx+ C

= ye* = J-ez"dx+ C

Recall [ e*dx =e* +c

2x
=yet=—+¢C
=7



et Xe

Ay =—+ce™
=72

However, when x = 0, we havey = El

4]

=>E=e—+ce°
2 2
:>E=E+c
2 2
c=0

By substituting the value of c in the equation for y, we get

X

=—+0xe™

Thus, the solution of the given initial value problem isy = &
2

37 B. Question

Solve each of the following initial value problems:
Xx——-y=logx,y(1)=0

Answer

dy . _ 1) =

xo —y=logx y(1) =0

Gi ¥ _ dy(1)=0
ven de v ]ogx an Y( )

(dy ) 1 l 1

= -— —_ = —_

XY xx |:>g:«;><}i
dy y logx

dx x X

dy (-1 logx
e (-t

X
This is a first order linear differential equation of the form

X

dy
w T =Q

1
Here, p = _-andQ=l°ﬂ
X

X

The integrating factor (I.F) of this differential equation is,

LF = efPdx

1
= LF = of x9*

1
- LF=e {3

We have f%dx =logx+c



= LF = g logx
= LF=el°sx ' [ mloga = loga™]
LLF = x1l[eelogx =

Hence, the solution of the differential equation is,

y(LF) = J-(QXI.F)dx—l—c

_ logx
= y(x l)=J-(T><X )dx+c
:gz"-x‘zlogxdx+c

== J-(logx) x(x™)dx+c

Recall [ f(x)g(x) = f(x)[[ g(x)dx] — [[f'(x)(J g(x)dx)]dx +c

= g =logx :J-x‘zdx] — J- [% (logx) U- X‘de)] dx+c

—2+1

y —2+1
e ” (2+1) dx e
=>X=logx J-[( )dx+c

X

1
= y_ ——logx+J-x‘2dx+c
X X

y 1 X—2+1
===—=logx+ +c
X x BX T
A T

== —— J—
< Zlogx +—+c
1 1
=>X=——logx——+c
X X X

=>y= (—Elogx—l+c)x
X X
sy =-logx-1+ cx
However, when x = 1, we havey =0
=20=-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
y =-logx-1+ (1)x
=2y =-logx-1+Xx

Ly =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 T

— +2y=e¢ "sinx, y(0) =0
dy

Answer

E — a—2X o3 —
s 2y = e **sinx, y(0) =0

Given j—: + 2y = e **sinx and y(0) = 0

dy ok
= E—i— (2)y = e **sinx

This is a first order linear differential equation of the form

dy
w =0

Here, P = 2 and Q = e ZXsin x

The integrating factor (I.F) of this differential equation is,
LF = efPd=

= LF = of 2dx

= L.F =e2fdx

We have [dx=x+c
o LF = e2X

Hence, the solution of the differential equation is,

J(LF) = f(Qx LE)dx + ¢
= y(e¥) = J-(e‘“sinxx e?¥)dx + ¢

= ye?* = J-sinxdx+ c

Recall [ sinxdx = — cosx + ¢

= ye?X = -cos X + C

= ye?X x @2X = (-cos X + c) x 2%

Sy = (-cos X + c)e2X

However, when x = 0, we havey =0

=0 = (-cos 0 + c)e°

=20=(-1+c)x1

=0=-1+cC

nc=1

By substituting the value of c in the equation for y, we get

y = (-cos x + 1)e2X

sy = (1 - cos x)e2X



Thus, the solution of the given initial value problem isy = (1 - cos x)e

37 D. Question

Solve each of the following initial value problems:

xg—y =(x+1)e", y(1) =0
dx

Answer
dy

=(x+1e™yld)=0

Given X%—y = (X+ l)e_x andy(l) =0
dy 1 1
=>(X£— )X;—(X‘i‘ l)e Xg
dy v (x—l— l) .
o

- _
dx x X

- (-2

This is a first order linear differential equation of the form

dy+ B
dx Py_ Q
Here, p = —= and Q= (“1) g ¥

X

The integrating factor (I.F) of this differential equation is,

LF = e/Pdx
1
= LF = of 9
1
= LF = e [

We have _[idx =logx+c

= LF = o lo8x

= LF = glegx ' [ mlog a = log a™]
S LF = x 1 elogx = x]

Hence, the solution of the differential equation is,

y(L.F) = J-(Qx LF)dx+c

>y = J-((X—; 1)&"“ XX_l)dX+C
J
J

( e *dx+c
1
(— —) e *dx+c
X

Letizt
X

Y
“x

=7
~x

2x



- en(- -

1 1
= —p ¥ (—+—2)dx = dt
X X
1 1
= (——i— —2) e ¥dx = —dt
X X

By substituting this in the above integral, we get

X=J-—dt+c

X

=>X=—J-dt+c
X

We know [dx=x+c

e—x e—x
=it
X X X
e—){
>y=|— +cCJx
=5+

Ly =-e¥* 4+ cx

However, when x = 1, we havey =0
=0=-el+c(1)

»>0=-el+c

L Cc=e
By substituting the value of c in the equation for y, we get

y =-eX + (el)x

sy =xel-eX

Thus, the solution of the given initial value problem is y = xe'l - e
37 E. Question

Solve each of the following initial value problems:

(137t (5= Jay =0, 100 =0

Answer
(1+y2)dx+ (x — e = ¥)dy =0, y(0) = 0
Given (1 + y2)dx + (x — e~ '¥)dy = 0 and y(0) = 0

dy_

de

= (1+y2) + (x —e tan™y)

= (x— eta“_ly)g =—(1+y%)

dy  (a+yH)
E - (X— e—tan'*y}
dx (x— e tanv)

TdyT T ey



dX X . tan~?! ¥

dy 1+y2+ 1+y?

dx % a—tan” Ly

:Dd_y—i_l—l—y?_ 1+y?2

—1

dx+( 1 ) _eThn
Ty \1+y2) YT 14y

This is a first order linear differential equation of the form

dx+ Px
dy =Q

1 e—tan ly
Here, P = T and Q= o

The integrating factor (I.F) of this differential equation is,

L.LF = elPdy

= LF = eJﬁlﬂr'zdl'r

We have

=tan 'y+c

~LF= etﬂ“'ll-'

Hence, the solution of the differential equation is,

%(LF) = f(Qx LE)dy + ¢

—t J-
tan }r) J- = tan_l}r dy +c
1+ y2

-1 1
tan "y _
= Xe f(l+y?)dy+c

lx+c

= xet““_l}' =tan 'y +c

= xet®™ ¥ x et Y = (fan~ly 4+ ¢) x et Y
~x=(tan"ly+ et Y

However, when x = 0, we havey =0

= 0= (tan~10 + c)e~tam "0

=0 = (0 + c)e’

0= (c)x1

c=0

By substituting the value of c in the equation for x, we get

x=(tan"ly+0)e ta ¥

-1
~x=e B Yian~ly

Thus, the solution of the given initial value problem is y — g—tan™

37 F. Question

1 —_
¥Ytan

1

¥



Solve each of the following initial value problems:
dy 3

— +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
LY + (tanx)y = 2x + x?tanx
dx
This is a first order linear differential equation of the form

dy B
w =

Here, P = tan x and Q = 2x + x%tan x
The integrating factor (I.F) of this differential equation is,

IF = e/Pdx
= LF = e_rtanxdx

We have [ tanxdx = log(secx) + c

= LF = elog(sec x)

S 1.F = sec x [ elo9 X = x]

Hence, the solution of the differential equation is,

Y(LF) = f(QxI.F)dxH

= y(secx) = J-{(2x+ x?tanx) x secx)dx +c

= ysecx = J-(szecx +x%tanxsecx)dx + ¢

= ysecx = J- 2xsecxdx + J-xz tanxsecxdx+c
= ysecx = ZJ-xsecxdx—i— J-xz tanxsecxdx+c

= ysecx =2 J-(secx) x (x)dx + J- x®tanxsecxdx +¢

Recall [ f(x)g(x) = f)[f g(x)dx] — [T () ([ g dx)ldx + ¢

= ysecx =2 [sech- xdx] — f [& (secx) (J- xdx)] dx} + f x’tanxsecxdx
+c
_ J- (secxtanx) (Xl+l) dx}

1+1
+J-x2ta11xsecxdx+c
dx} + J-xz tanxsecxdx + ¢

x? x?
= ysecx =2 {E secy — J- [(secxtanx) (?)

1+1

=2
= ysecx {secx 1+ 1




2
X 1
= ysecx =2 {E secx — EJ- x? secxtanxdx} + J-xg tanxsecxdx +c

= ysecx = x” secx — J- x%secxtanxdx + J- x?tanxsecxdx +c
=y sec x = x2sec X + C

1 1
= ysecx X — = (x?secx+c) X —
secx secx

, C
2y=x"+——o
secx

sy =X 4 C Cos x

However, when x = 0, we havey =1

=1 =07 + c(cos 0)

=1=0+c(1)

Lc=1

By substituting the value of c in the equation for y, we get

y = x2 + (1)cos x

Ly = X2 + cos x

Thus, the solution of the given initial value problem is y = 2 + cos x
37 G. Question

Solve each of the following initial value problems:
d\_-" o)

— +vytanx =2x+x"tanx,y(0) =1

dx

Answer

g+ ytanx = 2x+ x’tanx, ¥(0) = 1

Given % + ytanx = 2x+ x*tanx and y(0) = 1

d
= E}; + (tanx)y = 2x + x? tanx

This is a first order linear differential equation of the form

dy
w T y=Q

Here, P = tan x and Q = 2x + xtan x

The integrating factor (I.F) of this differential equation is,
LF = ofPdx

= LF = E'f tan xdx

We have [ tanxdx = log(secx) + c

= LF = elog(sec x)

o LF = sec x [ elo9 X = x]

Hence, the solution of the differential equation is,



y(LF) = J-(QXI.F)dx—l—c

= y(secx) = J-((Zx+ x2tanx) x secx)dx +c

= ySecx = J-(szecx + x?tanxsecx)dx + ¢

= ysecx = J- 2xsecxdx + J-xz tanxsecxdx+c
= ysecx = Zj-xsecxdx+ J-xz tanxsecxdx+c

= ysecx =2 f(secx) x (x)dx + J- x2tanxsecxdx + ¢

Recall [ f(x)g(x) = f(x)[[ g(x)dx] — [[f'(x)(J g(x)dx)]dx + ¢

= ysecx =2 [sech- xdx] — J- [& (secx) (J- xdx)] dx} + J- x2tanxsecxdx
+c
— J- (secxtanx) (ﬁ) dx}

1+1
+J-x2tanxsecxdx+c
dx} + J-xz tanxsecxdx +c

x? x?
= ysecx =2 {E secx — J- [(secxtanx) (5)

2
X 1
= ysecx =2 {E secx — EJ- x? secxtanxdx} + J-xz tanxsecxdx +c

1+1

1+1

= ysecy = Z{SECX

= ysecx = X% secx — f x%secxtanxdx + f x%tanxsecxdx +c
=y secx = x¢sec X + C

1 1
= ysecx X —— = (x%secx+¢) X —
secx secx

, C
=2y=x"+——
secx

sy =x2 + CCos x

However, when x = 0, we havey =1

=1 = 02 + c(cos 0)

=21=0+c(1)

Lec=1

By substituting the value of c in the equation for y, we get

y = x2 + (1)cos x

Ly = X% 4 cos X

Thus, the solution of the given initial value problem isy = 2 + cos x
37 H. Question

Solve each of the following initial value problems:



EJZO
2

dy - ™ _
S, T ycotx = 2co5% y(J =0

v
—+ycotx =2cosx, ¥
dx

Answer

Given %+ ycotx = 2 cosx and yG) =0

dy
= + (cotx)y = 2cosx

This is a first order linear differential equation of the form

dy N

dX Py - Q

Here, P = cot x and Q = 2 cos x

The integrating factor (I.F) of this differential equation is,
ILF=efPd=

=LF= Ef cotxdx

We have [ cotx dx = log(sinx) + ¢

=LF = elog(sinx]

S 1LF = sin x [+ €09 % = x]

Hence, the solution of the differential equation is,

y(LF) = f(Qx LF)dx + ¢
= y(sinx) = J-(Z cosx X sinx)dx+c

= ysinx = 2fsinxcc-sxdx+ C

Letsinx =t
= cosxdx = dt [Differentiating both sides]

By substituting this in the above integral, we get

ytzzftdt—l—c

n+i

Recall [xodx="—+¢

n+1

1+l
=:~yt=2( )+c

1+1
t?
=2|=|+
=yt (2) C
syt=t2+ ¢

1 1
=>y't><¥=(t2+l:)><¥

C
=>y=t+E



~y=sinx+ = [ t=sinx]
sSInx

However, whenx = g we havey =0

=>I[)=sinE—|—lL
sinzy
C
=>0=1+I
=20=1+c

By substituting the value of c in the equation for y, we get

-1
y =sinx + (—)

sinx
=y= smx—m
sin?x—1
-¥= sinx
—{1—sin?x)
sV= sinx

Sy = 20" X[ 5in20 + 0520 = 1]

sinx

= -C0S X cot X
Thus, the solution of the given initial value problem is y = -cosec x cot x
37 I. Question

Solve each of the following initial value problems:

dy . m
X——+y=Xcosx+sinx, y| — |=1

dx 2
Answer

dy o - (E): 1
XL +y=xcosx+sinx y (3

- d :
Given Xd—i +y=xcosx+sinxandy G) =0

(dy+ ) 1_( + sinx) 1
= de ¥ XX_ XCOSX + sInXx Xx

d 1
= _}’_'_X = cosX +—sinx
dx x X

dy+ (l) + L
= — —_ = —_
dx X v COSX X S5INxX

This is a first order linear differential equation of the form
dy

— + —

w Ty =Q

Here, P = \—t and Q = cosx + ésinx

The integrating factor (I.F) of this differential equation is,



LF=elPd=

= LF = efx®

We have fidx =logx+c
= LF = elogx

S LF = x [ elo9X = x]

Hence, the solution of the differential equation is,

y(LF) = J-(QXI.F)dx—l—c
= y(x) = J- ((cosx+ %sinx) X X) dx+c

= Xy = J-(xcosx—l— sinx)dx + c
=Xy = J-xcosxdx—l— J- sinxdx +c

= Xy = f(x) x (cosx)dx+ fsinxdx—i— C

Recall [ f(x)g(x) = f(x)[[ g(x)dx] — [[f'(x)(J g(x)dx)]dx + ¢

= Xy = X[J- cosxdx] — f [% (%) U- cosxdx)] dx + J- sinxdx +c¢

= xy = x(sinx) — J-[l(sinx)]dx + f sinxdx +c

= Xy = Xxsinx — J- sinxdx + J-sinxdx+ c
=Xy =Xxsinx+c

1 1
=Xy X —=(xXsinx+c) x—
yx ( ) "

C
~y=sinx+ -
y X

T
However, whenx = o we havey =1

= 1—5111T[+ ‘
= 2 @

2
2C
=21=1+—
T
2c
=—=0
T
c=0

By substituting the value of c in the equation for y, we get

= sinx —
y sinx
Sy = sin X

Thus, the solution of the given initial value problem is y = sin x



37 J. Question

Solve each of the following initial value problems:
.

_J 0

2

dy — ™ -
dx+yc0tx-4xcosecx,y(2) 0

v
— +vcotx = 4xcosecx, ¥
dx

Answer

Given g + ycotx = 4x cosecx and y G) =0

dy
=5 (cotx)y = 4xcosecx

This is a first order linear differential equation of the form
dy

—+ —

xTy=Q

Here, P = cot x and Q = 4x cosec x

The integrating factor (I.F) of this differential equation is,

LF = e/Pdx
= LF = ef cotxdx

We have [ cotx dx = log(sinx) + ¢

= LF = elog(sinx]

S LF = sin x [ el°9 X = x]

Hence, the solution of the differential equation is,

Y(LF) = f(Qx LE)dx + ¢

= y(sinx) = J-(drxcosecx x sinx)dx+ c

1
= ysinx = -‘-}J-(x K —— X sinx)dx+c
sinx

= ysinx = 4J-xdx+ C

n+i

Recall [x dx="—+¢

n+1

X1+1
inx = 4 +
= ysInx (1 n 1) C

X2
= ysinx = 4 (E) +c

sysinx =2x2 + ¢

| 1 , 1
= ysinx X —=(2x"4+¢) Xx —
sinx sinx

sy = (2x% + ¢) cosec x

However, when x = g we havey =0



2
=>0=[2><—+c *x 1
0 Trz+

=0=—+¢c

2

2
= ——

2

By substituting the value of c in the equation for y, we get

y= X°+ B cosecx

- - (2 2 _TE_E)
Sy = X 2 cosecx

_.I_[Z

Thus, the solution of the given initial value problem isy = (sz —?)cosecx

37 K. Question

Solve each of the following initial value problems:

i

Y .
&'—D}ftanx =sinx,y =0whenx =

w A

Answer

.o . — n
Xi. d—i—l— 2ytanx = sinx ¥ = 0 whenx ==

T
3

. dy J— =
Given o T 2ytanx = sinx and y( ) =0

dy .
= E—i— (2tanx)y = sinx

This is a first order linear differential equation of the form

dy

w =

Here, P = 2 tan x and Q = sin x

The integrating factor (I.F) of this differential equation is,
IF = e/Pdx

= LF = of 2tanxdx

= LF = EE_["tanxdx

We have [ tanx dx = log(secx) + ¢
= LF = e2loglsecx)

— LF = alegsecx)* [ m log a = log a™]
= |.F = ploslsec™)

“ I.F = sec2x [ el09 X = x]

Hence, the solution of the differential equation is,



y(LF) = f(Qx LF)dx+ c

= y(sec?x) = J-(seczx x sinx)dx+ c

1
=>ysec2:(=f< . ><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

sec?x sec?x

1 C

=yv=——+
y secx sec?x

Sy = COS X + C COs?X

However, when x = g we havey =0

0 = coS— + ccos?m
3 3
= 0=E+C(E)2
2 2
= 0=E+Ec
2 4
1 1
=zC=-3
c=-2

By substituting the value of c in the equation for y, we get

y = cos X + (-2)cos?x

"y = COS X - 2€0s°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 =sin2x,y =2when x =

2| A

Answer

d . _ T
d—i— 3ycotx =sin2x, Yy = 2 Whenng
i
2

. dy — =
Given <. 3ycotx =sin2x and y( ) =2

dy .
= + (-3 cotx)y = sin 2x



This is a first order linear differential equation of the form

Tiby=q

dx

Here, P = -3 cot x and Q = sin 2x

The integrating factor (I.F) of this differential equation is,
LF = efPax

= LF = ef ~3cotxdx

= L.F — a—3/cotxdx

We have [ cotx dx = log(sinx) + ¢
—2log(sinx)

=LF=e

= LF = legtinx)™® ['" m log a = log a™]

a
= LF = e*elamz)

= LF = elc:ng(cr::s:ec:{]El

~ I.F = cosec3x [ elo9 X = x]

Hence, the solution of the differential equation is,

y(LF) = f(Qx LF)dx+ c

= y(cosec®x) = J-(sian x cosec®x)dx+ ¢

:ycosecg)(:f(Zsinxcosxx - )dx—l—c
sin®x
2 COSX
= ycosec’x = 2 | — dg+c
sin? x
3 1 COSX
= ycosec’x=2| —X—dx+¢c

sinx sinx
= ycosecax = ZJ- cosecxcotxdx +c

Recall [ cosecxtanxdx = —cosecx + ¢
= ycosec3x = 2(-cosec x) + ¢

= ycosec3x = -2cosec X + C

= ycosecix X = (—2cosecx+ c) X

cosec3x cosec3x

-2 C
= +
cosec?x cosec?x

=¥
~y = -2sin?x + csin3x
However, whenx = g we havey = 2

T T
= 2 =—-2sin’—+ csin® =
2 2

=2 =-2(1)2 + c(1)3



=22=-2+cC

LCc=4

By substituting the value of c in the equation for y, we get

y = -2sin?x + (4)sin3x

Sy = -2sinx + 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:
z

_J ~0

2

dy — ™ _
E+ ycotx = 2cos5X% y(g) =0

v
—+vycotx=2cosx, ¥y
dx

Answer

Given g+ ycotx = 2 cosx and ye) =0

dy
=5 + (cotx)y = 2 cosx

This is a first order linear differential equation of the form
dy

- 4+ —

m T y=Q

Here, P = cot x and Q = 2 cos x

The integrating factor (I.F) of this differential equation is,

LF = e/Pdx
= LF = Ef cotxdx

We have [ cotx dx = log(sinx) + ¢

= LF = elog(sinx]

S LF = sin x [+ el°9 X = x]

Hence, the solution of the differential equation is,

y(LF) = [(@x1LPdx+c
= y(sinx) = J-(Z cosx X sinx)dx+c¢

= ysinx = ZJ-sinxcc-sxdx+ C

Letsinx =t
= cosxdx = dt [Differentiating both sides]

By substituting this in the above integral, we get

yt=2ftdt+c



n+i

Recall [xodx="—+¢

n+1

. c .. H
~y=sinx+—I["t=sinx]
sSInx
However, whenx = g we havey =0

oT C
=20=sin-+——=

simE
2
C
=>0=1+I
=20=1+c
c=-1

By substituting the value of c in the equation for y, we get

-1
y = sinx + (—)

sinx
. 1
=y=sinx———
y sinx
sin®x — 1
=2y =—
y sinx
—({1—sin?x)
2y =—
y sinx

Sy= —cos X[ 5in20 + c0s20 = 1]

sinx

"y = -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
= x cosx (2 — ycosecx)

dy
= E = 2C08X — yCOSXCOSECX



1

v
=2C0SX —VCOSXX —
sinx

=

=

dx
d 2 t
I COSX —yCOtx

¥y
= —+vycotx = 2cosx
dx y

dy
= + (cotx)y = 2 cosx

This is a first order linear differential equation of the form

dy
w T =Q

Here, P = cot x and Q = 2 cos x
The integrating factor (I.F) of this differential equation is,

IF = e/Pdx
= LF = Ef cotxdx

We have [ cotx dx = log(sinx) + ¢
= LF = elog(sinx]
S LF = sin x [+ el°9 X = x]

Hence, the solution of the differential equation is,

y(LF) = [(@xLPdx+c
= y(sinx) = J-(Z cosx X sinx)dx+c¢

= ysinx = ZJ-sinxcosxdx+ o

Letsinx =t
= cosxdx = dt [Differentiating both sides]

By substituting this in the above integral, we get

ﬁ=2fMHw

n+i
Recall [xdx ==

n+1

et
=>yt=2( )+c

+c

1+1
t?
=yt=2{=]+cC
n=2(3)
syt=t2 + ¢

1 1
=>y't><¥=(t2+€)><¥

C
=>y=t+€



~y=sinx+ = [ t=sinx]
sSInx

Thus, the solution of the given differential equation iSy = ginx + —

sinx

37 O. Question

Solve each of the following initial value problems:

i

tanxﬁ —Jxtanx - x- —v,tanx # 0 given thaty = 0 whenx =
dx ’

2| A

Answer

tanx? —2xtanx +x% — v tan x # 0 given that y = 0 whenx =g
X

- d
Given tanxd—i =2xtanx+x?—yandy G) =0

dy 1 )
= tanx— X —— = (2xtanx + x* —y) Xx —
dx tanx tanx
d x?
= —y = 2% 4+ — L
dx tanx tanx
d 2
Sy Y g
dx tanx tanx
dy 1 2
=——+ (—)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
w T v=Q

Here, P = cot x and Q = 2x + X2 cot X

The integrating factor (I.F) of this differential equation is,

LF=elPd=
=LF = ef cotxdx

We have [ cotx dx = log(sinx) + ¢

= LF = elog(sinx]
S LF =sin x [ elo9 X = x]

Hence, the solution of the differential equation is,

y(LF) = f(Qx LF)dx+ c
= y(sinx) = J-[:(Zx+ x?cotx) % sinx}dx+ c
= ysinx = J-(szinx +x2 cotxsinx)dx + ¢

= ysinx = J-(szinx +x2%cosx)dx+ ¢




= ysinx = J-Zx sinxdx + J- x?cosxdx + ¢

= ysinx = J-?.x sinxdx + J-(xz) x (cosx)dx + c

Recall [ f(x)g(x) = f(x)[[ g(x)dx] — [[f' () (J g(x)dx)]ldx + ¢

d
= ysinx = J-szinxdx+x2 U cosxdx] —J- [E(xz) U- cosxdx)] dx+c

= ysinx = J- 2xsinxdx +x?(sinx) — J-[Zx(sinx)]dx +c

= ysinx = J-szinxdx—l—x2 sinx — J-szinxdx—l— C
=y sin x = xsin X + ¢

1 1
= ysinx x — = (x%sinx+ ¢) x —
sinx sinx

~y=%x>+ —,C
sinx

T
However, whenx = o we havey =0

o= () + =y

[\]

sin=

0 n2+c
=20=—+-

4 1
0 TII2+
=0=—+c

4

Trz
= ——

4

4sinx

2

Thus, the solution of the given initial value problem isy =x2_

4 sinx

38. Question

Find the general solution of the differential equationxg +2y = x°.

Answer

Given x & = x2
de+2y X



dy (2
:ﬁ*(g)y—x

This is a first order linear differential equation of the form

dy
w T v=Q

Here,P=EandQ=x
X

The integrating factor (I.F) of this differential equation is,

LF=elPd=
2
= LF = ef3d*
1
= LF = e2/39*

We have fidx =logx+c

= L.F = g?losx

= L.F =el°gx [ mlog a = log a™]
SLF = x2 [ el x = x]

Hence, the solution of the differential equation is,

y(LF) = J-(QXI.F)dx—l—c
= y(x?) = J-(xx xH)dx+c

= yx? = J-xgdx+ c

x]1+J.

Recall [x"dx = +c

n+1

Thus, the solution of the given differential equation isy = f+ iz
4 X

39. Question

Find the general solution of the differential equation ﬁ_vzcgs X
ix

Answer

; d
GivenZ _y — COSX
dx y

dy
= £+ (—1)y = cosx



This is a first order linear differential equation of the form

dy N

dx Py - Q

Here, P = -1 and Q = cos x

The integrating factor (I.F) of this differential equation is,

L.F = efPdx

= LF = ef ~1dx

= LF=e /&

We have [dx=x+ ¢
S LF=eX

Hence, the solution of the differential equation is,

y(LF) = f(Qx LE)dx +c

= y(e ™) = J-(cosx X e ™)dx+ c

=ye = J-e"‘ cosxdx +c

= ye ¥ = J-(e"“) x (cosx)dx+ ¢

Let I = [(e™) x (cosx)dx

=[=e7% U cosxdx] — f E (&™) (J- COSX dx)] dx
dx

= [ = e ™*(sinx) — J-[—e‘x(sinx)]dx

= I=e"*sginx + J- e *sinxdx

d
=[=e*ginx+e* U sinxdx] — J- i (e™) U- sinxdx)] dx

=[=e"*sinx + e™*[— cosx] — f[—e"‘(—cos x)]dx

= [=e"*sinx —e *cosx — f e *cosxdx

=| = eX(sin x - cos x) - |

= 2| = e™*(sin x - cos x)

X

e
~1= 5 (sinx — cosx)

By substituting the value of | in the original integral, we get

-X

e
= ye ¥ = 5 (sinx — cosx) + ¢

—X

e
= e"‘xex=[
y 2

(sinx — cosx) + c] [



1
Y= (sinx — cosx) + ce®
Thus, the solution of the given differential equation isy = ;(sjnx — cosx) + ce®

40. Question

. 2 X
Solve the differential equation (v +3x")—=x
v

Answer
i 2ydx _
Given (y + 3x )d}r =X

dx X
= —=—
dy v+ 3x2

dy y+3x°

= — =

dx X

d 2
Ly _y, 3
dx x X

dy vy

E—g 3x

dy
:E—i—(——)y—?;x

This is a first order linear differential equation of the form

dy
w T =Q

Here, P = —tand Q = 3x
X

The integrating factor (I.F) of this differential equation is,
IF = efPdx

1
= LF = e x9*

= LF=ef5
We have fidx =logx+c

= L.F = e7lo8x

= LF = glegx ' [ m log a = log a™]
S LF = x 1 elogx = x]

Hence, the solution of the differential equation is,

Y(LF) = f(QxI.F)dxH
=y = J-(Sx xx Ddx+ ¢
=>yx 1= J-3dx +c

=>yx‘1=3J-dx+c



We know [dx=x+c

>yxl=3x+c

= yx 1 x x = (3x + c)x

Sy = (3x + ¢)x

Thus, the solution of the given differential equation isy = (3x + c¢)x

41. Question

Find the particular solution of the differential equation %— Xcoty =2y + }-’2 coty. y = 0giventhatx =0

i

when y =

2| =

Answer

Given j—; + xcoty = 2y + y? coty

dx
= &y + (coty)x = 2y +y? coty
This is a first order linear differential equation of the form
dx + Px
dy =Q

Here, P = cot y and Q = 2y + y?coty

The integrating factor (I.F) of this differential equation is,
LF=elPd

= L.F = e/ cotvdy

We have [ cotydy = log(siny) + ¢

= LF = elog(sin}r]

S 1LF =siny [ el09X = x]

Hence, the solution of the differential equation is,
%(LF) = f(Qx LE)dy + ¢

= x(siny) = J-((Zy +y? coty) x siny)dy + c

= Xsiny = f?.y sinydy + J- y? coty sinydy + ¢

= xsi —fz i d+J- 2(—cosy)' dy +
xsiny = | 2ysinydy N siny sinydy +c

= xsiny = J-?.y sinydy + J- y? cosydy + ¢

= xsiny = J-?.ysinydy+ J-(yz) x (cosy)dy + ¢

Recall [ f(x)g(x) = f(x)[[ g(x)dx] — [[f' () (J g(x)dx)]ldx + ¢



d
= Xsiny = J-Zy sinydy + y? U cosydy] —J- [d_y (v?) U- cosydy]] dy +c
= xsiny = J-Zy sinydy + y?(siny) — J-[Zy(siny)]dy +c

= xsiny = J-Zysin;s.'dy—l—y2 siny — J-Zysinydy—l— C
=>xsiny=y2siny +c¢

1 1
iny x — = (y?siny + ¢) x ——
= xsiny sy (y?siny + ¢) siny

5 C
=SX=y +—
siny

X =y2 4+ ccosecy

However, wheny = g we have x = 0.

0=(3) +ccosecy
=0=|5) +ccosecs
2
2
b
=0=—+¢c(1
(1)
T[2+
= —+c=
4
,]TZ
c=——
4

By substituting the value of c in the equation for x, we get

TEE
Xx=y>+ (_T) cosecy

2 TEE
SX=Y0— TCOSEC&'

2

Thus, the solution of the given differential equation isy = y2 — T cosecy
4

42. Question
Solve the following differential equation (Cot_l v+x)dy =(1+ E:E)dx
Answer
Given (cot™ty + x)dy = (1 + y?)dx
dy 1+y?
= —= —
dx cotly+x
dx cotly+x
= — =
dy 1+y?
dx cot™ly X
=—= +—
dy 1+y? 1+y?

dx x  cotly
Tdy 1+y? 1+




dx ( 1 ) cot™ty
= —+ =
dy 1+y? 1+y2

This is a first order linear differential equation of the form

ax +Px=
dy =Q
—J.
Here, P = Y
1+y2

The integrating factor (I.F) of this differential equation is,

L.LF = elPdy

f-

SLF=¢e Hﬁ@

=cotly+c

ALF =gy

Hence, the solution of the differential equation is,

%(LF) = f(Qx LE)dy + ¢

0 cot™ geoot™
acot }') J-(1+y2 t F)dy—i—c

=1 -1 1
cot "y — -1 cot “y
= x(e ) J-cot yve (l+y2)dy+c

Let cotly =t

= ——dy=—dt
1+y? y
By substituting this in the above integral, we get

xet = J-—tetdt+ C

= xet = — J-(t) % (eNdt+c
Recall [ f(x)g(x) = f(x)[[ g(x)dx] — [[f' () (f g(x)dx)]dx + ¢
= xet=— tU etdt] - f [% (t) (f etdt)] dt} +c

= xet=— txet—fl(et)dt}—l—c

= xet=— tet—fetdt}+c

= xel = -{tel - e} + ¢
= xet = -tel + et + ¢
= xet x et = (-tet + et + c)et

>x=-t+1+cet



2x=—cotly+1+ce ot ¥ [t =cotly]

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.

.S = 4nr?

According to the question,

ds

—

dt

o ds
dt

t

= kt

d{cl-nrz} _
:T = kt

= 8mre _ it
dt

= 8mnirdr = ktdt
Integrating both sides, we have

= 8mnfrdr = kJtdt

Given, we have r = 1 unit when the t = 0 sec

Putting the value in equation (1)

Given, we have r = 2 units when t = 3 sec

2
an(2)? = 2L + 4n

= 16m — 41 = =

= 1om = =

Now, putting the value of k in equation (2),



We have,

,  8mt?
4mre = + 41
6
- 2 gmt?
4mre — 4m = .
= 32 gmt?
"-1-1'[(1 - l) = T
= 1-2 -1 = f
3
-2 84

. z
P
3

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 Py

And the population after time t be P.

According to question,

dp—5°f P
a0

9 _ 5

dt 100

dP P

= = —
dt 20

dp
=20, = dt

Integrating both sides, we have

= 201“‘_13P = [dt

= 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 + ¢

= c = 20log|Pg] ...... (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|Py|) =t

[loga - logb = 105(%)]



Now, for the population to be doubled

Let P = 2P, at time t1

Olog (p=)
tl = 20log (32°
= og ( = )
=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 P, .

And the population after time t be P.

According to question,

dPGct
dt
dP
:; = kP
= dP = kPdt
dP
=5 = kdt

Integrating both sides, we have
dP
— = kJdt
=[S =k
=log|P| =kt + C...... (1)
Given, we have P = P, when t = 0 sec

Putting the value in equation (1)
~log|P| =kt + ¢

=1og|Py| =0 + C

Putting the value of c in equation (1) we have,
log|P| = kt + log|P,|
= log|P| - log|P,| = k t

= (log |P| - log|Po|) = kt [loga - logb = log(?)]

Now, the population doubled in 25 years.

Let P = 2P, at t = 25 years

C b — P
-~ kt = log (;)



= kx25 = log (2P_FZ°)

Now, equation (3) becomes,

| Py log2
08 (F) 25"

Now, let t1 be the time for the population to increase from 100000 to 500000

(500000) log2
%€ \Too000/ = 25

=1l (log5 = 1.609 and log2 = 0.6931)

Il
]
S
X

0.6931
=tl =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
dC .
= 3= kC where k is a constant
=dC = kCdt
dc
=>E = kdt

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 + log|100000]

= log|C| - 10g|100000] = k t lloga - logb = log(%)]



= log (——) =kt ......(3)
100000

Also, att = 2 years, C = 100000 + 100000 X % = 110000

From equation(3),we have

skt = log (——)
100000

110000)
100000

= kx2 = log (

_ 1logi1

Now, equation (3) becomes,

C 1logll
100000) ~ 2logl0

log (

Now, let t1 be the time for the population to reach 200000

(200000) _ 1logll
8 \1o0000/ ~ 2log10

1logll

= 10g2 - 2logl0

2logi0log2

=2t] =
logl1

2log10log2
log11

. 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 e0-6 = 1.822]
Answer
Let the principal, rate and time be Rs P, r and t years.

Also, let the initial principal be Py,.

dP B Pr

dt ~ 100
dP r

7 = 1oodt

Integrating both sides, we have

dP r
= [— — —[dt
I P iI.CICI‘r

Now, att =0, P = P,

log|Pg | =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 (E) = mt ...... (3)

Now, P, = 1000, t = 10years, r =6

log (L) =_%x10

1000 100

= log (L) = 0.6
1000

=_P _ _06
1000

= P = 206x1000

= P = 1.822x1000 (Given: g0-¢ = 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, e2-1972 = 9]

Answer

Let the count of bacteria be C at any time t.

According to question,

dC ;
— o
dt
= % = kC where k is a constant
=dC = kCdt
dG
=>E = kdt

Integrating both sides, we have
dC
= = kJdt
= [ =k
= log|C| = kt + a...... (1)
Given, we have C = Cy when t = 0 sec

Putting the value in equation (1)
~log|C| = kt + a

=log|Col =0+ a

Putting the value of a in equation (1) we have,

log|C| = kt + 10g|100000]
= log|C| - log| Co| = k t [loga - logb = log(>)]

=log () =kt .....(3)



Also, att = 5 years, C = 3Q,
From equation(3),we have
-kt =log (&

°9 (&)

3C0
)

= kx5 = log (
Now, equation (3) becomes,

log3

1 €y t
Og(co)— £

Now, let C1 be the number of bacteria present in 10 hours, as

l (Cl) _ log3 10
%€\co) =~ 5 *

= log (%) = 2log3
ﬁlog(%) = log9

=C1 = 9C0

Let the time be t1 for bacteria to be 10 times

l C lOgBtl
0g (=) = —
g8(g) =

loCo, _ log3
=log ( o) = - i
=log10 = 24
St] — sloglo

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 Py .
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

= f% = 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,

l0og|250000] - log|200000] = kx (2000 - 1990)

250000

- 105200000 - 10k
=>10g§ = 10k
>k = l—t}logﬂ—; ...... (4)

Substituting the value of k from (4) in (2), we have
log|200000| = l—lolog%x 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 5

201 5 199
= logP = log (E) + log(200000 x (Z)

201 5 199
p = (—) x 200000 X (—)
= 5 4

5\2 25
=P = (Z) X 200000 = —-x 200000 = 312500

~P = 312500

8. Question

If the marginal cost of manufacturing a certain item is given by C'(X) = 3_2 — 2 +(.15x%_Find the total cost
function C(x), given that C(0) = 100.

Answer

=2+ 015x

=dC = (2 + 0.15x)dx
Integrating both sides we have
= [dC = [ (2 + 0.15x)dx

= [dC = 2[dx + 0.15[xdx

e
=>C = 2% + _0.12.::( + keeens (1)

Now, given C = 100 when x =0

=100=0+0+k



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

7 = Toolt

Integrating both sides, we have

dP r
= [— — —[dt
f P lOUI

Now, att =0, P = P,

log| Py | =0+c

Putting the value of c in equation (1) we have,
=5

log|P| = 1out + log|Py|

=T

= log|P| - log|P,| = lUlﬂt

= (log |P| - log|Po|) = —t [loga - logb = log(3)]
LI

= log (F) = 100t ...... (3)

Now, t = 1 year, r = 8%

. P,_ 8
~log (E) h 100X1

P _
= log () = 0.08

P _ _Loos
ﬂpz =g
P
=5 = 10833
r
@51 =10833-1

(Given: g0-08 = 1.0833)

-7 = 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.IfEis constant and initially no current passes through the circuit, prove that

dt

i:E{l—e_'R L|:]|_

Answer

We know that in a circuit of R, L and E we have,

Ldi—l—R' E
L
dt

di R, E
TatilTL

We can see that it is a linear differential equation of the form ? + Py =Q
b4
Where P =RandQ =E
L L

I.F = efPdt
— R dt
=e| =

h

R
=eit

Solution of the given equation is given by

iXx|LF=[QxI|LFdt+c

. R _ (E R
:lxezt—jfxeftdt+c

i R _ E_L R
ﬁlxeft—ffxixeftdt+c

Initially, there was no current
So,ati=0,t=0
E

0 ==+ ce’
R
E
=C=—=
R

E E R
|==-= —t

L LEL
f E R
I=E(l_eft)

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 .
== —ka where k is a constant
=dA = —kAdt
dA
u = —kdt

Integrating both sides, we have

= fiﬂ = - k[dt

= 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|Al =-kt + ¢

=log| Ag| =0 + ¢

Putting the value of c in equation (1) we have,

log|A| = - kt + log| Ag|
= log|A| - log| Ag| = - k t lloga - logb = log(2)]
= log (A) = -kt ......(3)

A0

Let the mass becomes half at time tl, A = a0
2

From equation(3),we have
s -kt = log (2
g (AO)
- kxtl = log (*
” °9 G
= - kxtl = logé

= - 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 159 =(.9996

Answer
Let the quantity of radium at any time t be A.

According to question,



dA

___(x‘A
dt
dA .
== —ka where k is a constant
=dA = —kAdt
dA
:I = —kdt

Integrating both sides, we have

- fiﬂ = - 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+c

=log| Agl =0 + ¢C

Putting the value of c in equation (1) we have,

log|A| = - kt + log| Ag|
= log|A| - log| Ag| = - k t lloga - logb = log(>)]
= log (A) = -kt ......(3)
Ao
Given its half life = 1590 years,
From equation(3),we have

. -kt = log (X
og (AO)
- kx1590 = log (&
= °9 )

= - kx1590 = |og>
2
= - kx1590 = - log 2

=k = logz
1590

. The equation becomes

A logz
log (& = - 28
9 Ao) 1590

log (&) = - 0.9996 t
0g ()

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),
1!.'

find the equation of the curve.

Answer

Given the slope of the tangent = —;“



We know that slope of tangent = dy

dx
LAy x
Tdx ¥
= ydy = —xdx

Integrating both sides,

=>fydy = —f xdx

Y
2

=y? +x? = 2c = cl....(1)

Now, the curve passes through (3, - 4)

So, it must satisfy the above equation

Syt 4+ x% =rcl

=(-42+ (32 =cl

=16+9=cl

=2cl =25

Putting the value of c1 in equation (1)

Sy? 4+ x2 =25

14. Question

Find the equation of the curve which passes through the point (2, 2) and satisfies the differential equation

d‘_-" 7 d‘.-"
}r . :}.'— +~ -

dx dx
Answer

Given the differential equation

dy , . dy

V=X TV T

—y2 o ¥ dy

:y yo = dx+xdx

_ (1 +x)dy

2y(l-y) = —/(—
dy dx

vy  (1+%)

Integrating both sides we have,

ﬁj- dy =J~ dx

y(1-y) (1+x)

=[G+ S =T

1+x)

= log|y| + log|1 - y| = log|1 + x| + logc
= log|y(1 - y)| = log|c(1 + x)|

Since, the equation passes through (2,2), So,



Therefore, equation (1) becomes
y(L-y) = -1 +x)

15. Question

Find the equation of the curve passing through the point

T
lL— ] and tangent at any point of which makes an
4

v 5V . .
angle tan_l Z —¢cos” = |with the x - axis.
X X
Answer
The equation is tan? = —logx + ¢
X

It is passing through (1,2)

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= (0 - x)
dx
Y=y-x¥
- y de
So, A(0, y - X&)
dx
Now, puttingY =0
0-y= E(X - X)
dx
dx
=X =X- yd—l'r
So, B(x - yE,O)
dy

Given, intercept on x - axis = 4x ordinate



ds

ﬁ—‘(+4=—
dy

:E——=—4
dy ¥y

We can see that it is a linear differential equation.
Comparing it with ? + Px=4Q
y
P=3Q=-4
y

I.LF = elPdy

e—fﬁdy

e - logy

Solution of the given equation is given by

x X IL.LF = [Q x I.F dy + logc
>x x () = -4 xdy + logc
v ¥

=§=—4Iogy+|ogc
=>§=Iogy‘4+logc
b4
-=logcy~*
=}, 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 originis y + 2(x + 1) = 2e2X,

Answer

Given slope at any point =y + 2x

dy
dx

=

=y + 2x
ﬁa—y = 2X
We can see that it is a linear differential equation.
Comparing it with %¥ =
paring = TPhh=2Q
P=-1,Q=2x
I.LF = eJPdx
- ef - dx

=e—X



Solution of the given equation is given by
yxLF=[QxLFdx +c

syxe X=[2xxe Xdx+c

sye X=2[xxe Xdx+c

2ye X=-2xe X" 2e X+

sy =-2x-2+ ceX...... (1)

As the equation passing through origin,
0=0-2+4+cx1

=2Cc=2

Putting the value of ¢ in equation (1)

LYy =-2X-2 + 28

18. Question

The tangent at any point (x, y) of a curve makes an angle mn‘l(j}; +3y)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)
— gy
Y-y=23(X-Xx)
dx

Putting X =0
Y-y =2(0-x)
dx
Y = - Xﬂ
- y dx
So, A0, y - X&)
dx
Now, puttingY =0
0-y= (X - x)
dx
dx
=X =X- yd—l'r
So, B(x - yE,O)
dy
Given, intercept on x - axis = 4% ordinate
=X - yE = 2X
dy
ooy oy
yd}. =

- _ &

x v



=-logx =logy + C ...... (1)

As it passes through (1,2)

So, the point must satisfy the equation above
-logl =log2 + ¢

=>0=1log2 +c

=C = -10g2

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
=2x(x + 1)%—3’ =x(x+ 1)

¥y
dx  x(x+1)

We can see that it is a linear differential equation.
Comparing it with %% =
p g = T Py =Q

p=-—1_,Q=1

x(x+1)

I.F = efPdx

_ 1 dx
ef x(x+1)

ef ()%

x+1 X

= glog|x + 1| - log|x|

Al x+1
_eOQ( )

X

Xx+1

X

Solution of the given equation is given by

yxLF=[QxLFdx + c

ﬁyx:vc+1=f1)(X_'—:LdX'FC
X
x+1 1
=y X =[(1+>)dx+c
x X
Sy xEPl oy 4 jogx 4+ C ... (1)
X

As the equation passing through (1,0),

0=1+logl +c



=>C=—1

Putting the value of c in equation (1)

Ly x = x 4 logx - 1

21. Question

Find the equation of the curve which passes through the point (3, - 4) and has the slope gat any point (x,
y) on it. *

Answer

Given the slope of the tangent = Zy

X

We know that slope of tangent = dy

dx
.dy 2y
dx | x
Ldy _ 2
v X

&y _ g
SRR
=logy = 2logx + ¢

Now, the curve passes through (3, - 4)

So, it must satisfy the above equation

Putting the value of c in equation (1)
. 4
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

=>?=x+ 3y—1

b4
dy
= = _ e —
™ 3y =x—1
We can see that it is a linear differential equation.
Comparing it with &¥ =
p 9 = T Py = Q

P=-3,Q=x-1



I.F = efPdx

ef - 3dx
=g~ 3X
Solution of the given equation is given by
yxLF=JQxLFdx +c

syxe X=[(x-1)x e 3dx + ¢

ﬁyxe‘3x=(x—1)x—gle‘3x—f(1)—gle‘3xdx+c

=,yxe—3x=(x_1)x_ale—3x+(_§e—3X)+c

sy = X4 21 e
33 o
=y:—3+g+ceax ------ (1)

39

As the equation passing through origin(0,0)

0=0+2+c
9

=>C=_E
9

Putting the value of c in equation (1)
. X 2 2

Ly o= —5 + ;—;eg:‘

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 = dy

dx
Ldy
= = X1 +y)
d:
- = xdx
1+y

Integrating both sides,

d
=f1—fy = [ xdx

Now, the curve passes through (0,1)

So, it must satisfy the above equation

. 3(2
“log|l + y| = St
=2log2=0+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
is equal to the abscissa of P. Prove that the differential equation of the curve is -}_.-3 —2xy d_‘ —x*=0.and
hence find the curve.

Answer

d
y2—2xyd—i—x2 =0

Sy _ oyt

dx 2yx

It is a homogenous equation,

Putting y = kx
dy dk
& =k + XE
dk  k?*x?—x?
So, _— - =
K+ X% = "o
dk kZx? —x? .
¥ T 2
dk k?x? —x? — 2k?x?
BT 2kx?
dk —k?x? — x?
¥ T 2k
dk —k?-1
=>2X— = ———
Xix 2K
2k dk dx
ﬁ —_— —_— —_——
1+ k2 X
J’ 2k dk = dx
= 1+ k2 - X
= log|l + k?| = —logx + logc
= log|1 + k?| = —logx + logc
C
= log|l + kK?| = logg

Putting the value of k

2

N c
10g1+§ =log;
x> +y?
x2 X

cxP 4+ ¥yl =0

Differentiating with respect to x,

2 dy =
x+2yﬁ—|:— 0



:E _ c—2x

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
-0 = (x-h)

c—2h
2k

=(y—-k = (x—h)

= 2ky - 2k? = cx - ch - 2hx + 2h?

= x(c - 2h) - 2ky + 2k? -hc + 2h?2 =0

= x(c - 2h) - 2ky + 2(k? -2h) -hc = 0

= x(c - 2h) - 2ky + 2(ch) - hc = 0 ( h? + k? = ch as (h,k) on th curve)
= x(c-2h)-2ky + hc=0

Now, Length of perpendicular as tangent from origin is

ax + by + ¢
~ JaZ + b2
0x({c—2h) + 0x (—2k) + hc
= =
\H(c— 2h)? + (—2k)?
hc
=L =
V2 + 4h?Z —4ch + 4k2
hc
=L =
,\,fc2 + 4(h? + k% —ch)
L hc
a2 = —
Jc2 + 4(0)
hc
=L=—=nh

c
Hence, x2 + y? = 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=%Xx-x)
dx
dx
=>X=X- yd—}r
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

2

j(x—yg—;) + (0)2 = 2x

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 = 210gg

=logx = log G)z

2

S

4

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
: — My
Yoy =g Xx)

Now, the curve passes through (3,0)

= ydy = (3 —x)dx

Integrating both sides

= fydy = f(3—x)dx



y2+}iz 3x +
=—+_-=3x+c
2 2

It also passes through (3,4),s0

(4)? N (3)?

—3x3 +
2 2 ¢

=

Putting the value of c in equation(1)

S & 7
E+E:3X+E
=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
dC .
= 3= kC where k is a constant
=dC = kCdt
dG
=>E = kdt

Integrating both sides, we have
dc
= = k[dt
= [ =k
= log|C| = kt + a...... (1)
Given, we have C = Cy when t = 0 sec

Putting the value in equation (1)
~log|C| = kt + a

=log|Col =0+ a

Putting the value of a in equation (1) we have,

log|C| = kt + log]| Cg|

= log|C| - log| Cp| = k t [loga - logh = log(%)]



Also, att = 6 years, C = 2(,
From equation(3),we have
.kt = log (&

°9 ()

kx6 = log 2
= kx6 og(CO)

Now, equation (3) becomes,

C log2
8y = 76
Now, C = 8Cy

8C0 log2
og (G5) = 7%
=log8 = Bt
=log2® = ngz Xt
= 3log2 = ngz %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

_0(A
dt
d_A .
== —ka where k is a constant
=dA = —kAdt
dA
= —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)

~log|Al = -kt + ¢



=log| Agl| =0 + ¢C

Putting the value of c in equation (1) we have,

log|A| = - kt + log| Ag|
= log|A| - log| Ag| = - k t lloga - logb = log(3)]
= log (A) = -kt ......(3)

A0

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

. — kt = log (228240
g )

= - kx25 = log (0.989)

>k =- log0.989
25

. The equation becomes

A log0.989,
log (&) = - 2827%%
g AO) 25

Now, A = Ao
2

_ logO.QSBt
25

. Al _
. log (E) =

_ 13g0.989t

log (A =
=109 (ZA) 25

_ logO.QSQt

1
:]0 - =
g2 25

= _log2 = _“’g;ﬂt (log 2 = 0.6931 and log 0.989 = 0.01106)

25xlog2

= 't —
log0.989

=t — 25%0.6931

0.01106

=t = 1567 years

29. Question

Show that all curves for which the slope at any point (x, y) on it is

Answer

Given the slope of the tangent = ?
Xy

Ldy 2 +y

dx 2xy
It is a homogenous equation,

Putting y = kx

¥ il

X4y
— - are rectangular hyperbola.

2Xy



dk  x® + k%x?

So, -
Kt X = 2kt
dk 1+ k2 K
= y— = —
*a 2K
dk 1+ k? —2k?
~ Fax 2k
dk B 1—Kk?
~Fax T2k
2k dk — dx
T1oke™ T %
—2k dk = -2 dx
)ik T X
= log|1 —k?| = —2logx + logc
= log|1 —k?| = —logx? + logc
c
= logl1 —k?| = log;

Putting the value of k

2

log 1—3;—2 =lo %
x?2—y? c

= X2 x2

ax?—y? = ¢

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

= 4y
dx

=y +X
= E -y =X
We can see that it is a linear differential equation.
Comparing it with &¥ =
p 9 = T Py = Q

=-1,Q=x
I.F = eJPdx
- eJ‘ - dx
=e" X
Solution of the given equation is given by

yXLF=[QxLFdx+c
syxe X=[xxe Xdx+c

=ye X =[x x e~ Xdx + c (Using integration by parts)



As the equation passing through origin,
0=0-1+cx1

=2c=1

Putting the value of c in equation (1)
Ly=-x-1+¢€

=2X+y+1=¢&

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,

=4y

=X+ X
dx Y
dy
=< _ =
ax Xy X

We can see that it is a linear differential equation.
Comparing it with %¥ =
p 9 = T Py =Q

P=-x,Q=x

I.F = eJPdx

ef - xdx

-
e :z

Solution of the given equation is given by

yxLF=[QxLFdx +c

— x2
Letl—fxxe_?dx

Lett = _¥
2
xd
=dt = — == = _xdx
: = -t = - _x_z
a ‘r edt et = e

Now substituting the value of | in equation (1)

xZ x2
>y 2 5
yE z =8 z +c



As the equation passing through (0,1),
1=-1+cx1

=>Cc=2

Putting the value of c in equation (1)

. _ x2
-.y——1+29?

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
> _y

dx
=dy = x%dx

Integrating both sides we have,

= [dy = [x2dx

13
l=—-——+c¢
3
»1=—-2+c¢
3
=’1+3=c—f
3 3

Putting the value of c in equation (1)
x3 4

MY = — 4+ —
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

~y¥ o
= ydy = xdx

Integrating both sides we have,

= [ydy = [xdx



z
>0 =L

Putting the value of c in equation (1)

2 XE a2
= — 4+ —
2 2 2

- yz —x2 = 42
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 =3(X-x)

dx
Now, puttingY =0
0-y=%x-x)

dx

dx
=>X=X- yd—y
So, B(x - y==,0)
dy

Given, intercept on x - axis =y

o x -y =
yd}, y
oy oy x
yd}- y
_dx L X
dy ¥
ds
==X - 1..(1)
dy ¥y

We can see that it is a linear differential equation.

ing it with & =
Comparing it wi - + Py Q

P=——’ =—1
¥
I.LF = elPdy
_ ldy
e —_
f ¥
=e-logy = 1y
¥

Solution of the given equation is given by

xxXLF=QxLFdy +c

=>x><3=f—1><3dy+c
¥ ¥

As the equation passing through (1,1)



Putting the value of c in equation (1)

X
L-=-logy +1
v ay

= x =y - 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
1.&. dx

Here y is dependent variable and x is independent variable.

Examples: (1) ? = x2
X

d’y 2dy
(2)W+H=smx

dyy’
) (@) -
(3) \g) Tr=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
1.2, dl’

Here y is dependent variable and x is independent variable.

Examples: (1) ? = x2
X

(2)d2y+2dy_ o
Tzt = Sinx

2
0 (2) 4

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.

2
Examples: (1) g = x2 (z)d -‘-’+% =

2 sinx

= |n 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) x2 (2) +@ = sinx

= In example 1 order of differential equation is 1.
= In 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:
d?y

1 N 2dy
dx2 dx =sinx

= |n 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.

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:
d*y

1 +2dv
dlg d =sinx

2

() e

d*y
(3)—+c05(d 2) = bx

= |n 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.

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)

cl1+0=C

V= x.? + 5 is the required differential equation.
< X

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
=—=014+0=C
ax

Put value of Cin (1)
V= 1—_? + 5 is the required differential equation.
] .

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,

2x —2 &y 0
= LX _‘_V.dl_—

=y — p_? — ( is the required differential equation.
Your
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
=22x—2y.— =0
“dx

= x— V_dy = ( is the required differential equation.
Your

dx
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
=21ly+—.x=0
- dx

= v+ ? .x = 0 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,

Ly+ ay 0

= 1 ——.X=

Y dx

= y+ ? .x = 0 is the required differential equation.
] »

7. Question

Write the degree of the differential equation al Y

Answer

We are given

2.0 231
= a’,zﬂf = l+(d—y)
dx? dx

g d*y 4_1+(d3I)2
O \axz) T dx

Here the order of differential equation is 2 and its degree is 4.

7. Question



Write the degree of the differential equation 32

Answer

We are given

2 dzy_ 14 (dy)z

CaxrT dx

dZy 4 dy 241

2 < — -

- (a dxz) {l+(dx) }
g d’y 4‘_ 1+(d.V)2

O \ae) T dx

Here the order of differential equation is 2 and its degree is 4.

]

8. Question

3

d?y
dx? |

Write the order of the differential equation 7 +

d}-"j_,.
de o

Answer

We are given

(@) - (&)

dx dx?
Here the Order of differential equation is 2 and its Degree is 3.
8. Question
d?y Y
dx? ] |

Write the order of the differential equation 7 +

d}-"j_,.
de o

Answer

We are given

1+(dy)2—? dyy’
dy/  “\dx?

Here the Order of differential equation is 2 and its Degree is 3.

9. Question

dy
—+a

Write the order and degree of the differential equation v=x
il dx

Answer

We are given

o i ()
JrF_ldx @ dx



dy 1+(dy)2
CYT YT dx

Squaring both sides, we get,

2

pe2) =i (@)
=\ ld;t‘ =a dx
dy? dy dyy’
2 A2 _ Y a2 20 <
R AR (dx) Z'y'ldx @ ta (dx)

dyy’ dy
— C—a?)—2.y.x—+y*—a*=0
:b(dx) (x* = a®) yldx y-a
Here the order of differential equation is 1 and its degree is 2.

9. Question

Write the order and degree of the differential equation 5, _ Xd_‘ +a3 01+

dx

d}-"2
de '

Answer

We are given

o i+ ()
Y=*ax "¢ dx

dy 1+(d:~f)2
SYT AT dx

Squaring both sides, we get,

1+ ()
dx

dy\’ dy
2 2 _ o2 2
=y +x (_d;r) Z.y.xdl_ a-+a (

2

) =<
= — X — =
Y i “

2

dy)z
dx

CUANPIPR ay L
:(E) (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 d : _[ %J = jxj log
dx-

Answer

We are given

d2y+(dy)2_2_zl d?y
dx? dx/ — X o8 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.

10. Question



2
Write the degree of the differential equation d_: _[ d_"J = _Xj log
dx-

Answer

We are given

d’y (dy)z o loal 2

dx? dx) X o8 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
=x2+(y-k?=k?

Here (0,k) is the center of the circle and radius k.
=x2+y?+k2-2xkxy=K

=x2+y2-2xkxy=0--(1)

Differentiate w.r.t x we get,

PPN P A
= AXT Y iy “dx

ay
= 1+a(y—k)— 0

1+§—Iv
k=g
dx

Put value of kin (1) we get,

. dy
X+gy
=xZ+y?—2.y. —ay —|=0
dx
dy dy
I 2y _ - 2
:bdx(l +yi)—2.y.x— 2.y I 0

= ?(1—2 — y%)— 2.y.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
=x2 + (y-k)2=k?

Here (0,k) is the center of the circle and radius k.
=x24+y?+k2-2xkxy=1Ik

=x2+y2-2xkxy=0--(1)

Differentiate w.r.t x we get,

2x+2 dy 2k &y 0
= - — = — =
x yd;t‘ dx

dy
= l+&(y—k)— 0

Put value of k in (1) we get,

A
2 ) 1—1—&.}?
=Xty —2"1}' T =0
dx
dy dy
= —(x?2+y)-2.y.x-29y2—=0
dl_( yi)—2.y U

= ?(1—2 — y2)— 2.y.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
=a—+b1=0
y

d

X 0=20
= +0=
:adyz

d?x 0
= a0 —=
ady2

Since a # 0 then,

= % — p is the differential equation of all non-horizontal lines in a plane.
g

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,

dx
=2a—+b.1=0
ay

d2x+0 0
=2 a— =
adyz
d?x 0
=a—=
dy?

Since a # 0 then,

= @ix o is the differential equation of all non-horizontal lines in a plane.

av:
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 ? + Py = @ is a linear differential equation
X -

Integrating factor = el P 9X = sjn x (Given)
Taking log both sides we get,

= log (el P 9%) = |og (sin x)

= [ p dx log (e)= log (sin x)

= [ pdx =log (sin x) " log (e) =1



Differentiate w.r.t x we get,

d d
= a(f pdx)= Elog(sun)

1
= P =——.C05X = COtX
sinx
~ P =cotx

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 ? + Py = @ is a linear differential equation
X -

Integrating factor = el P 9% = sjn x (Given)
Taking log both sides we get,

= log (el P 9%) = |og (sin x)

= [ p dx log (e)= log (sin x)

= [pdx =log (sin x) " log (e) =1

Differentiate w.r.t x we get,
d d ]
= a(f pdx)= alog(smx}

=>p= ﬁ.cosx = cotx

~ 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)* = r? (1)

Differentiating above equation w.r.t x
dy
2x—a)+2(y—b).—=10
=2(x—a) +2(y - b).

(- +@-b0.Z=0s(x-a)=-(y-b.2~Q)

Again differentiating above equation w.r.t x

(@)@ E
= dx/ dx dxz(y )=
WLy
= (y-b)= -] +§§;f) |
pre

Putting value of (2) and (3) in (1) we get,



dx azy
dx?
2 2
dy z dy z
1+ () dy 1+ () 2
B ] R I T
dx? dx?
2
dy 2
l-l-(ﬁ) (djf)z . ‘2
= @ a + =17
dx?

dy\? : dzy ? ,
- &) +1] =(2) -
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)* = r? (1)

Differentiating above equation w.r.t x
dy
=2(x—a) +2(y—b).$= 0

= (- +(-0.Z=0=x-a)=-(y-b.2Z~Q)

Again differentiating above equation w.r.t x

(@) 2,8
= dx/ dx dxz(y )=
QZ
I
dxZ

Putting value of (2) and (3) in (1) we get,

2

dy :
dy1” 1+(E) .
ﬁ[—(?—b)ajl + —T =T
dx?
2 2
dy 2 dy z
1+(Z) dy 1+ () 2
Ve (Y e [

dx2 dx?



dy\? : dzy\’
- = — -2
- [(dx) * l] (dxz) !

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 +ce*---(1)
Since it has 3 constants a, b, ¢ we differentiate it by 3 times

Differentiate w.r.t x we get,

dy \ —
= - =—asinx+ b.cosx —ce ™ ---(2)
X

Again, differentiate w.r.t x we get,

dZy . _
=>2= _qg.cosx —bh.sinx + ce™ -—(3)
dx?

Again, differentiate w.r.t x we get,

d3y \ _
= ~—2 = q.sinx — b.cosx — ce ™ -—(4)
dx?

Equation (3) implies

EY_ _(y—ce* ~x From (1
=== (y—ce ™)+ ce (1)
dy
=——=2e -
dx? y
—x E dzy o
= ce ¥ = (_dxz + y) (5)

Now, adding equation (2) and (4) we get,

dy+d3y -
Tdax dxd ¢
dy_l_dgy 2l d2y+
Zdx Tdx® AVIERES

d’y d?y dy
= ﬁ + m + a +y=0
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=acosx+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 = —q.sinx + b.cosx —ce ™ —(2)

Again, differentiate w.r.t x we get,

d2y , _
= —2=—q.cosx —b.sinx + ce ™ -—(3)
dx?

Again, differentiate w.r.t x we get,

d®y \ —
==~ = q.sinx — b.cosx — ce™* --—(4)
dx?

Equation (3) implies

dZy

e _(v—pa™* -x From (1)
=— (yv—ce™)+ce
d?y
=>—-==2ce*—y
dx? ’
—x_ 1 dy —
= ce ™" =7 (_dxz + y) (5)

Now, adding equation (2) and (4) we get,

dy_l_dgy_ -

Tdx dxs ¢
dy+d3y_ 1 dzy_i_
:dl' dx? 2\dx? Y

d®y d?y dy

——+——=+—+y=0
=)dxg 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; X + C3 e72X + (g,
where C,, Cy, C3, C4 are arbitrary constants.

Answer
y = C]_ + C2 eX + C3 e‘zx + C4 ---(1)
Since it has 4 arbitrary constants C;, C,, C3, C4 we differentiate it by 4 times

Differentiate w.r.t x we get,

dy _
= —=(e" — 205x 2x -—-(2)

Again, differentiate w.r.t x we get,

N C,e* + 4C,x 2% -—(3)

dx?
Again, differentiate w.r.t x we get,

day_

dx?

C.e* — 8C,x~2* —=(4)



Again, differentiate w.r.t x we get,

&
= 2= Cye” + 16C;x 2% (5)

Now, (2) - (3) we get

dy  dy
=2 2 g, x"2x-(6)
dx  dx? 3

Now, (4) - (5) we get
d*y d'y B} B}
= dxd drt —24C,x™* =4 x —6Cx%*

a 4 z
:;.ﬂ_ﬂ: (E_ﬂ) From (6)
dx?  dx* dx  dx?

d*y dg}’.,..:; dy d*y 0

= ——— — | =
dx*  dx3 dx dx?

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; X + C3 e72X + (g,
where C4, Cy, C3, C4 are arbitrary constants.

Answer
y = C]_ + C2 eX + C3 e‘zx + C4 ---(1)
Since it has 4 arbitrary constants C;, C,, C3, C4 we differentiate it by 4 times

Differentiate w.r.t x we get,

dy _
= =(e" — 203x 2x -—-(2)

Again, differentiate w.r.t x we get,

Z
= % = C,e* + 4C,x 2% -—(3)

Again, differentiate w.r.t x we get,

dav _ .
5= (6" —8Cx ™ (4)
Again, differentiate w.r.t x we get,

&
= (" + 16C,x 72 (5)
Now, (2) - (3) we get

dy d%y
> 22— _gCx2*(6)
dx  dx? 3

Now, (4) - (5) we get

d*y d*y _ _
= o5 T = 240 T =4 X —6Cyx

d¥y  d*vy (dv dzv)
== T2 4= _-==)From (6)
dx?  dx* 4 dx  dx?

d*y d3y+4 dy d*y — o
=)dx“ dx? dx dx2)

is the required differential equation



Here the order of differential equation is 4.
17. Question

What is the degree of the following differential equation?

dy )’ d?

\Y “y

5x —J ——=— 6y =logx.
dx dx~

Answer
dy 2 a2y _

5 (a) —§—6?—10g1

Here Order of differential equation is 2

Degree = Highest power of highest order derivative which isdz_-‘-z’
dx

~.Degree =1
17. Question

What is the degree of the following differential equation?

dy )" d?

\ “y

5x —J ——=— 06y =logx.
dx dx~

Answer
dy 2 a2y B

5 (a) —m—év—logx

Here Order of differential equation is 2

Degree = Highest power of highest order derivative which isdz_-‘-z’
dx

.. Degree =1

18. Question

4 2.
Write the degree of the differential equation d_"J +3x d : =0,
dx dx~
Answer
ay\* L 5 @y _
(H) +3x dx? 0

Here Order of differential equation is 2

Degree = Highest power of highest order derivative which is%
X

. Degree =1
18. Question

4

QJ N )

dx dx

Write the degree of the differential equation

Answer

dy 4 _dz_'_u_
(H) +3x dx2 0

Here Order of differential equation is 2



Degree = Highest power of highest order derivative which is%
X

~.Degree =1

19. Question

-

d-vy

Write the degree of the differential equation ~
dx~

Answer

Here Order of differential equation is 2

Degree = Highest power of highest order derivative which is Ly

dx?
.. Degree =1
19. Question
3
d?y dy !

dx

Write the degree of the differential equation =
dx~

4 '}i’

Answer

Here Order of differential equation is 2

Degree = Highest power of highest order derivative which isﬂ-’-:
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,
ay
= a =
Put value of m in equation (1) we get,
dy
=7 X

is the required differential equation representing family of curves y = mx.

m

=Yy

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_
Tdx

Put value of m in equation (1) we get,

_dy
R T

is the required differential equation representing family of curves y = mx.

m

21. Question

Write the degree of the differential equation X3

Answer

(@), ()t _
X (dxz) +x (dx) =0
Here Order of differential equation is 2

2
Degree = Highest power of highest order derivative which is (@)

dx?
.. Degree = 2

21. Question

Write the degree of the differential equation x3

Answer

3 (@)L (an)t _
X (dxz) +x (dx) =0
Here Order of differential equation is 2

2
Degree = Highest power of highest order derivative which is (@)

dx®
. Degree = 2

22. Question

Write the degree of the differential equation

] 33 30 2
) dy | [d7y
dx? dx? |

Answer
d%y 3 a2y 2
(1+2) - (&)
dzy\’ d?y d2y\’ dzy\’
3 — EY ] ===
-1 +(dl_2) +3(1) (dﬂ)mm(dﬂ) (d)

o i 3+3 AT dzyz—o
= dx2 dx? dxz/]

Here Order of differential equation is 2



3
Degree = Highest power of highest order derivative which is (i;’)
dx’

. Degree = 3

22. Question

Write the degree of the differential equation

3 33 L 2
1+ dy | [d7y
dx? dx® |

Answer

dzy\’ dzy dzy\’ dzy\’
3 — 2 = — | = —
o1 +(dx2) +3(1) (dﬂ)”m(dﬂ) (d)
1+ d*y 3—1—3 &y + 2 dEJ;?_O
= dx? dx? dx2)

Here Order of differential equation is 2

3
Degree = Highest power of highest order derivative which is (@)

dx?
. Degree = 3
23. Question

~

Write degree of the differential equation _: +3

dx-

vy
— | =x"log
de

[ ]

dz}-' \
dx

Answer

dy an\? _ d*y
=r3(3) =xm0g(32)
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.
L -
d7y
—
dx-

23. Question

~

Write degree of the differential equation _: +3

dx-

vy
— | =x"log
de

Answer

dy an\? _ d*y
=r3(3) =xm0g(32)
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

djy‘ [ dy Jj .
— | +] —=| =xsin
dx~ dx



Answer

@\ (a\2 . (dy
() +(2) =»sm(2)
Here Order of differential equation is 2.

Its degree is not defined as it is not a polynomial equation in derivatives.

24. Question

Write the degree of the differential equation -
dx~

[ ]
|
|
—
o
<
M
[ =]
Il
B
(7]
=
=
=

Answer

@\, (N _ . (dy
(52) +(2) =xsm(3)
Here Order of differential equation is 2.

Its degree is not defined as it is not a polynomial equation in derivatives.

25. Question

] "
Write the order and degree of the differential equation d_: _[ dy J 1 Xl 5
dx-

Answer

d2y dy\a
()
dx? dx.

+
b
wl
Il
(=

Here Order of differential equation is 2

Degree = Highest power of highest order derivative which is (@)4

dx?
- Degree =4

25. Question

Write the order and degree of the differential equation d _[ d_‘ + xl 5
dx? ldx

Answer

1
d®y | [dy\z
dx? dx

+
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

R

The degree of the differential equation & 2 d7y L edvide _
dx-

Answer

4%+ dy
—+€dx— 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

R

The degree of the differential equation = 2 d7y L edvide _
dX-

Answer

dz a‘)-
—+edx=0

dx 2
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

d3y
dx3

Here A is any constant.

=4 ——(1)

Now, to know the number of arbitrary constants in the general solution we integrate both sides of equation

(1)

o [ g [ e

'V
ﬁﬁzﬂl‘f‘cl

Again integrating

= f—dl = J-(Ax—l— C,)dx

dy x?

Again integrating



J-dyd'—fﬂxz—i—c 1 ¢, )dx
Sl A rartl)a

Ax®  Cyx?
=>:}7=?+T+CEI+CE

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

d?y

— =4 ——11

dx3 (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)
asy
= J-mdl = J-A dx
d2
= mz Ax+ Cl

Again integrating

dzy
= fﬁdx = J-(Ax—l— C,)dx

dy x?
Again integrating

2

dy X
= 5dx=J- A?—i—clx—i—cz dx

Ax? +C1:t'2
=y=—
Y="% "2

+ Cx + Cy

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_
Tdx

Put value of a in equation (1) we get,

a



RENES
Y= T ax

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 + a - (1)

Differentiating w.r.t x we get

dy
= — =
dx
Put value of a in equation (1) we get,
dy N (dy)g
=2yV=X5-+\|5-
y=X dx \dx

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

Find the sum of the order and degree of the differential equation v = x

Answer

3 -

dy d=y

":l' =X (_) + S
- dx dx?

Order = Highest order derivative present in the differential equation.

.. Order = 2

Degree = Highest power of highest order derivative which isﬂ-’-:
dx

~.Degree =1
- Sum of the order and degree =2 +1 =3

29. Question

dy S dYy

dx

Find the sum of the order and degree of the differential equation v=xX

Answer

d 3 a2y

dx. dx?
Order = Highest order derivative present in the differential equation.

.. Order = 2



Degree = Highest power of highest order derivative which is%
X

~.Degree =1
- Sum of the order and degree =2 +1 =3

30. Question

Find the solution of the differential equation y H1+ }fj dx + v +x? dy = 0.

Answer

xJ1+y2dx+ yW1+x2dy =0

We can write above differential equation as
= yvmdy = —xv"ry?dx

By the method of variable separable we can write,

v X
= — dy = — dx
[1+y2 ° V1+x2

Integrating both sides,

f Y g f i
= | ——dy=— | ——dx
J1+y2 o V1+x2
letl+y?=tandl+x=u

=2y dy =dt=2xdx =du

1 1
=>ydy=£dr = 1d1=5du

Putting values in integral we get,

lj’df lJ’du
T2l 20 Va

Putting values of t and u,

= J1+y2+J1+x2+4C

Where C is the arbitrary constant.

= /1+yZ+ 1 +x2+C is the required solution of the differential equation.

30. Question

Find the solution of the differential equation x H1+ jf2 dx +}"‘"1 Lyl dy=0.

Answer
1+ y2de+yWl+x2dy=0
We can write above differential equation as

=yy1+x2dy = —x/1 +y2dx



By the method of variable separable we can write,

y X
= — dy = — dx
[1+y? ~ V1+x2

Integrating both sides,

y X
= %dv=—f7dx
J-\,’l—i—y? ’ V1+x2
letl+y?=tandl+x2=u
=2y dy =dt=2xdx =du
d ldr d ld
= =— = xdy = —
yay > X dx > u

Putting values in integral we get,

1 7dt 1 du

== | == —— [—

2]yt 2) Vu

1 1

1/ ¢tz 1/ uz
a1 )T

2 2

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 (Xlogx)g +v =2logx. is given by
= g

A. log (log x)

B. eX

C. log x

D. x

Answer
eooNdY _
(x 10gx)dx+y =2logx

Dividing x.log x both sides we get,

dy+ 1 2
= — . ——
ax Y xlogx «x

The above equation is of the form ?4- Py = @ i.e. linear differential equation.
. )

2
and Q@ = —

Here, P =
xlogx X



Integrating factor = ef P dx

Considering [ P

1
:;'J-de:f dx
xlogx

Putlogx =t

1
= —dx = dt
x

Putting values, we get,
1
=>J-de=f; dt = logt

= J-P dx = log(logx)

ej"de _ elog{logx] _ IOgI
o elogx —
~LLF =log x = (C)

2. Question

Mark the correct alternative in each of the following:

. . . . vy
The general solution of the differential equation d_ = is:

dx  x
A.log y = 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 oox

Taking integral both sides

J’dy dx
= —_— —_—
¥ 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 CDSXE +ysinx=1.1Is
dx -

A. sin x

B. sec x

C. tan x

D. cos x

Answer
dy ,
cosx—+ysiny =1
d’x -

Dividing cos x both sides we get,

dy sin x 1

=—+ 7 =
dx COSX COSX

dy
= —+ y.fanx = secx
dx -

The above equation is of the form ?+ Py = @ i.e. linear differential equation.
. )
Here,P =tanx and Q = secx

Integrating factor = ef P dx

Considering [ P

= J-de = J-tanx dx

= fP dx = log|secx]|

Edex = ploglsecx]|
=sec X

elogx —

. |I.LF = sec x = (B)

4. Question

Mark the correct alternative in each of the following:

q

The degree of the differential equation dz}_’: J _ d_‘J _ ‘!,.3 _is
dx~ dx )~

A 1/2

B. 2

C.3

D. 4

Answer



dzy : (dy) .
) —(ZE)=vy
dx? dx ’
Here Order of differential equation is 2

Degree = Highest power of highest order derivative which is (@)2

P
. Degree = 2

= (B)

5. Question

Mark the correct alternative in each of the following:

. 5
The degree of the differential equation J 3 _[ d_‘ —x°
dx

A 4
B. 2
C.5
D. 10

Answer

@) ) ()

Cubing both sides, we get,

wiln

5+ (dy)z 5 (Y :
= - — 13| =
dx * 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 (ﬂl’)a
dx

. Degree = 3
6. Question

Mark the correct alternative in each of the following:

. . : . v .
The general solution of the differential equation d_-'_ Vv COtX =cosec X, IS
ix

A.x+ysinx=C
B.x +ycosx=C
C.y+x(sinx+cosx)=C
D.ysinx=x+C

Answer

dy

—+ ycotx =cCscx
dx <

The above equation is of the form ?4_ Py = @ i.e. linear differential equation.
X -



Here, P = cot x and Q = cosec x
Integrating factor = e/ P dx

Considering [ P

= dexz fcot;t‘ dx
= J-P dx = log|sin x|

- el Pdx _ gloglsinxl _ gip " €l09X = x
-~ LLF = sin x

Now, General solution is

sy (LF)=Q(LF)dx + C

=y sinx = J cosec xsin xdx + C

1
= ysinx=| ——.sinxdx +C
- sinx

=:.ysinx=J-1dI+C

=ysinx=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
Ayl+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,

v
= E = —Aw sinwt + Bw coswt

Again differentiating (1) w.r.t t we get,

d’y 5 .
= ——=—Aw"coswt — Bw~ sinwt

dt2

dzy 2 : 2
== (Acoswt + Bsinwt) = —w’y
sy =-w’y
=(C)

8. Question



Mark the correct alternative in each of the following:

The equation of the curve whose slope is given by d_‘ = :_‘ x > 0, y > 0 and which passes through the
point (1, 1) is *

A x2=y

B.y2 = x

C.x2=2y

D. y? = 2x

Answer

Slope of the curve is given by

dy 2y
—=—;x>0,y>0
dx x -

By Variable separable

dy dx
= —=—
2y X

Integrating both sides
J’dy dx
= | —=|—
2y X
1
= Elogy =logx +logC

1
= logyz =logCx

“"log x + log y = log xy

Jy=<Cx-(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€05S (2X + C3) - (€3 + ¢q) @+ © + cg sin (x - ¢7) is

A3

B. 4

C.5



D. 2

Answer

Yy = C1€0S (2X + C3) - (c3 + C4) axt o 4 Cg Sin (X - ¢7)

=y = ¢; [cos(2x). cos c; - sin (2x). sin c @,] - (c3 + c4) a®. aX + cglsin (x). cos ¢ - cos (x). sin cy)
=Yy = (1.C0S C5 C€OS(2X)- cq.sin ¢ 02. sin (2x)- (c3 + c4) as, ax +Cg. COS C7 ¢ - Sin (X) - Cg. Sin €7.cos (X)
Now, €1.€0S €3,C1. Sin ¢ @5, (C3 + C4) @, Cg. COS C7 ¢ @ Cq- SiN C7 are all constants

7. C1.C0S Cy = A

c1.sinc ¥, =8B

(c3+cg)a®=C

Cg.Coscy =D

Cg.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 — = :L — represents a circle when
“r" £

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

= bV—2 + fy = a.ﬁ+gx+c
2 - 2

= by? + 2fy = ax2 + 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 e

o) -] - ol - @]

s a (o) - (v D) - (@ - () -c

Now to form above equation as equation of circle we need

= b

= h

% fy’
Coefficient of (x + E) = Coefficient of (y + E)
ie.a=-b
= (B)
11. Question

Mark the correct alternative in each of the following:

7 v
The solution of the differential equation d_‘ + 22 = with y(1) = 1 is given by
dx x
1
Ay=—
<2
1
B. X= -
y
1
C.x=—
}.‘
X
Answer
dy | 2y _
pr
dy 2y
== ——
dx X
By the method of variable separable
dy dx
-
2y X

Integrating both sides we get,

dy dx

2y x
1
= Elogy = —logx +logC

=>log Vy=log C. x1
"loga+ logb = logab



Squaring both sides, we get,

C

Now the given conditionis y(1) =1

l:_
R

.. The solution of the differential equation is

12. Question

Mark the correct alternative in each of the following:

H WV 4
The solution of the differential equation d_‘ . (X 1)

dx X

= () is given by

A.y = xe<+C
B. x = ye*

Cy=x+C
D.xyeX+C

Answer

dy  ylx+1) 0

de x
dy y(x+1)
dx X

By the method of variable separable

dy (x+1)
:b_

¥ X

dx

Integrating both sides we get,

LS

SENEr

=logy=x+logx+C

=logy—logx=x+C
y a
= log‘i—_ =x+c ~vloga—logh = logg

::.E:Exﬁ::
X

. The solution of the differential equation is



=y =x.e¥*¢

=(4)
13. Question

Mark the correct alternative in each of the following:

The order of the differential equation satisfying \/1 — x“l + \/1 — }.-4 =1 ( X2 — }.-2 ) is

Al
B. 2
C.3
D.4
Answer

The given curve is

J1I—x*+ Ji—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.

. 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 ey +C5

B.y =C; e“2X + (3

C.2x =Cye®?Y + C3

D. none of these

Answer
Y1Y3 = Y22
We can write above differential equation as

= y| y”r = (yu)z

We know that @ =logf(x)+C
f)
:V.’.’I V.’.’
yr oy

Integrating both sides we get,

m
= J-—d;t = J-—dx

= logy" =logC,y'



Again, integrating both sides we get,

,V.l'.l'
= J-"—Idx = ledx
y

=logy' =Cix+C,
=y =C,e*

Again, integrating both sides we get,

- fdy = CEJ-EClde

C
Sy =2ehr 4,

1

.. 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_‘_ yeg'(x) =g(x)g'(x). where g(x) is a given function of
X, is &

A gix)+log{1+y+g(x)}=C

B.g(x) +log {1 +y-g(x)} =C

C.gx)-log {1 +y-g(x)} =C

D. none of these

Answer
dy Iy IR
2. Ty9'(x) =g()g'(x)

Here, g' (1) = g (0)

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 = ef 9'(x) dx — g9(x)

Solution of differential equation is given by

y.(LF) = [Q.(I.LF)dx + C

=y.eIX) = [ g(x). g'(x). e9%) dx + C

Consider integral [ g(x). g’(x). €9 dx

Put g(x) =t



= g'(x) dx = dt

= [t etdt

Treating t as first function and et as second function, So integrating by Parts we get,
=>t.et-Jletdt+C

set(t-1)+C

Putting value of t we get,

=e 9% (g(x) - 1) + C

sy, e 9 = e 9 (g(x)-1) + C

Dividing e 9% both sides we get,

=y =(g(x)- 1) + C e

=y-g(x)+1=Ce9x

Taking log both sides we get,

= log (y - g(x) + 1) = log (C €9))

=log (y - g(x) + 1) = log C - g(x) log e
=log(y-g(x)+1)=logC-g(x)-loge=1
=9(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_‘ o -}_.-2 1 X}rz_-}_.-( 0) =0 is

C.y =tan (C + x + %)
.
X-J
X—_
2
day

= =1+x+y?+xy?
dx - -

D. vy =tan

Answer

dy N _
:E_ (1+x)+y*(1+x)

dy _ 5
=>E_ (1+x)(1+y%)

By the method of variable separable

dy

:m=(1+1)dx



Integrating both sides we get,

dy N
= J-(lz +y2)=f(1+1)d1
IZ
=tan 1y = x+?+C

Now the given condition is y(0) = 0
=tanl0=C

=20C=0

-~y =tan (;t +?) =(D)

17. Question

Mark the correct alternative in each of the following:

¥ )

The differential equation of the ellipse X_q 4+ "_q =(Cis
a~ b~
‘ll 1\._."
A —+———=0
vy X
‘II ‘.'I 1
B. —+—+—=0
v’y X
T\._.'" .VI
C——=———=10
yv' oy X

D. none of these

Answer

Since the equation has 2 constants so we differentiate twice,
Differentiating w.r.t x

2x 2y dy

+—=.—=0
= az  b? dx

v dy X
Thdx | az

=y y =—x.= (1)
Again, differentiating w.r.t x

2
= VIVI +_V-:|rr” _ _b___(z)

az
Substitute value of (2) in (1) we get,
=3y =x[(y)+yy"]

Dividing both sides by y.y’' we get,

(,V.')Z V”
=1=x]- + y.—=
vy ooy




AR A |
L —0=(A
T (4)

18. Question

Mark the correct alternative in each of the following:

Solution of the differential equation d_‘ Y —ginx is
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 \
— + == 3ginx
dx  x

Since it is a form of linear differential equation.

Where, P = % and Q =sinx

Integrating Factor (I.F) = el P dx

ILF = elz® _ glogx _

Solution of differential equation is given by

y.(I.LF) = [ Q.(LF) dx + C

=y.Xx=[(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 x dx + 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+3x2y =0

B.y3 +2x 4+ 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 y2x3 we get,

3 X
szxa [x dy- ydx]—

= szg[xdy—i—ydx] =0

1

:%[xdy—ydx]— d(x.y) =0

¥ [xdy—ydx]_d(x.y) — 0

== yZx2

SHUCIEE

X X y2x?

x2

Integrating both sides we get,
y oy d(x.y)
= J-I d(;)—f _’],?21'2 =10
1yy2 1
— = —_ -] =C
= 2(1') ( ;t'y)

3+ (@) -c -

Now the given curve is passing through the point (1, 1)

L 2
>+ =c

Substituting value of C in (1) we get,

1/y? . ( 1) 3
= — | — — = —

2\x2 xy/ 2

yi+2x 3

2x2y 2

=y3 + 2x = 3x%y
5 y3 + 2x - 3x%y = 0 = (C) is the required solution.
20. Question

Mark the correct alternative in each of the following:

The solution of the differential equation jxg —y =3 represents

A. circles
B. straight lines

C. ellipses



D. parabolas

Answer

21‘.%— y=3
= 21‘.@ =3+
dx -
By the method of variable separable we get,

dy dx
= = —
(3+y) 2x

Integrating both sides,

dy dx
= | — =] —
(3+y) 2x

1
=log(3+y) = Elogx +logC

= log(3+y) =logCyx ~log a +log b = log ab

= (y+3)=CJx

Squaring both sides, we get,

= (y+3)% = Ax Where A= C?

Since it is the form of (y - k)2 = 4p(x - h) which represents parabolas.
i.e. (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:
, , , . dy y .
The solution of the differential equation x — =v + xtan=. is
dx -~ X

. X
A sin—=x+C
".‘.'

.Y
B. sin— =Cx
X

. X
C.sin—=Cy
1!.'

. ¥
D. sin_ = C‘_

X

Answer
v v
X—=vy+xtan-
dx - x

= _Y 4 tan? (1)
dx x x

The above equation is of the form of Homogeneous differential equation.



y
Pur‘;=v=>y=xv

Differentiate w.r.t x we get,

Putting value of (2) in (1) we get

dv
=v+x—=v+tanv
dx

v
=2y—=v+tanv—v
dx

dv dx

= =
tanwv X

dx
= cotvdr = -

Integrating both sides,
= | cotvdr = d—l
X
= log(sinv) =logx +logC
= log(sinv) =logCx
= 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? + by2 = 1 is
A xyys +y1? +yy; = 0
B. Xyy, + Xy12 - yy1 = 0
C.xyy2-xy12 +yy; =0
D. none of these
Answer
ax2 +by2 =1
Since it has two arbitrary constants, we differentiate it twice w.r.t x

Differentiate w.r.t x
dy
= 2ax + 2by—=20
< dx
dy
= ax +by—=0-(1)
< dx
Again, differentiate w.r.t x

dn\?  d?y . .
=a+bh [(5) +§V] = 0 Applying product rule



_ (dﬁf)2+d2y
-as dx dx2”

Put value of a in (1) we get,

d’y (dy)2 dy
0

a2 \ax) " Vax T
Which is = xyy, + xy12 - yy; = 0 =(B)
23. Question
Mark the correct alternative in each of the following:
The differential equation which represents the family of curves y = €X is
Ay1=CGy

B.xy;-Iny=0

C.xIny =yy;
D.ylny = xy;
Answer

y = eCx

Taking log both sides we get,

= log y = log €

=logy = Cxlog e log a* = x log a
=>logy=Cx--(1)loge=1
Differentiate w.r.t x we get,

ldy c
:Dydx_

Put value of Cin (1) we get,

1 dy
= ylogy =x——
ylogy dx
Whichis=yIny = xy; = (D)
24. Question
Mark the correct alternative in each of the following:
, . , , . . dz 7 z 2.
Which of the following transformations reduce the differential equation E +—logz =—(logz)" into the

X X

du ) )
form —— + P(x)u=0Q(x).
i (x)u=Q(x)



A.u = log x

B.u=¢e*
C.u = (logz)!
D. u = (logz)?
Answer

z = = 2
. tologz=— (logz)

Dividing z(log z)? both sides we get,

1 dz +zl 1 _ 1
= z(logz)?dx «x gz x z(logz)?  x2
1 dz 1 _ i“(l)

z(logz]za x(logz) T2
Put (log z)l = u
Differentiate w.r.t x

d du
- -1_ "
= dx (logz) dx
-1 dz du
5 —— - —=—
(logz)2 'z dx dx

1 dz B du
= (logz)? z dx  dx

1
z

=

Putting values in (1) we get,

du+u 1

= —— 4 —= —

dx x x2
du u -1

The above equation is of the form & = :
ve equation i - TP(u=Q(x).

1 1
Where P(x) = 3 and Q(x) = 7

So the required substitution is u = (logz)™! = (C)
25. Question

Mark the correct alternative in each of the following:

dy v
The solution of the differential equation — =~ + is




D. yo

EJ:k
X

Answer

dy _ ¥ ‘i’e) -(1)

dx x + ¢Je:] i

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
L=Vt (2)

Putting value of (2) in (1) we get

W W)

= U+la— U+¢,(U)
¢ (v) _dx
¢(v) :

Integrate both sides we get,

Y@ [dx
de— .

f&)
fx)
logx +1logK

We know that

=logf(x)+K

=loggp(v) =
= logg(v) =
= ¢(v) =
y
=¢GJ=Kx=M)

26. Question

logKx

Mark the correct alternative in each of the following:

If m and n are the order and degree of the differential equation (v,)

Am=3n=3
Bm=3n=2
C.n=3,n=5

Dm=3,n=1

Answer



4‘(1’2]3

Ya

(v2)* + +y,=x%—1

= ¥3(12)° +4(1)° + (7:)> =y (x? = 1)

Order = Highest order derivative present in the differential equation.
- Order=3=m

Degree = Highest power of highest order derivative which is (y,)?

- 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 s

A (x+y)eXty=0
B.(x+C)eX*Y=0
C.(x-C)eXty=1
D.(x-C)e**Y+1=0
Answer

g +1=e*Y

Putx+y=12

Differentiating w.r.t x we get,

dy dz
= —=—-
dx dx

Substituting values, we get

dz
=——1+4+1=¢g%

dx
dz_ Z
=:~dl_—e
dz
= —=dx
EZ

Integrating both sides

| e=iz= [ ax

=
=-—-eZ=x+C
=x+e*=C
=e*x+1=e3C
=(x—Cle*+1=0

Putting value of z, we get



=2>(x—-C)e™+1=0=(D)
28. Question

Mark the correct alternative in each of the following:

The solution of x?2 _}rjg =4, is

dx
A x2+y2=12x+C
B.x24+y2=3x+C
C.x3+y3=3x+C
D.x3+y3=12x+C

Answer

24y

dx=4

x2+y

dy
=y —=4—x?

dx
By variable separable we get,
= yidy = (4— x?)dx

Integrating both sides

= J-deyz J-(-‘-}— x3)dx

v 4 IE+K
=" =4y — —

3 %73

y* 12x—x*+3K
N —

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 = Cx2

C. x2 = Cy?

D.y = Cx

Answer

We know the subtangent at any point of curve =

SRS

We are given,

The family of curves in which the subtangent at any point of a curve is double the abscissae



=>Q=21
dx
dx -
:bydy_ X

By variable separable we get,

dx _dy
21'__1_;

Integrating both sides
J’d;t‘ dy
= | —=| —
2x y
1

= Elogx =logy+logkK

= logyx =logKy log a + log b = log ab
=x =Ky

Squaring both sides, we get

= x =K?y?

= x = Cy2 = (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
Ax2-1=C(1+y)

B.x2+1=C(1l-y?)

C.x3-1=C(1+y)

D.x2+1=C(1-y3)

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(x2 -1)

By Variable separable

Y =Y 4
1Y T 1Y

Integrating both sides we get

f Y 4 f Y 4
= = ——
—1" 1+y2y

= dx =2 [ dy - (1)

x?-1

Putx?2-1=tandPutl+y =u
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 T2
= logt =logu +logC
= logt = logCu "~ l0g 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 (xj + 1)d_‘ _(},2 1 1.) =(. is
. dx
Ay=2+x
B.y= I+x
1-x
C.y =x(x-1)
D.y_17%
T l+x
Answer
.2 dy 2 _
(x +1)dx+(3" +1)=0
dy
D)= +1
= (1) —= (2 + 1)
By variable separable we get,
dy dx
= —_ —
(y2+1) (x2+1)
Integrating both sides we get,
J’ dy J’ dx
= | — = — | —
(12 +y2) (12+x2)
=tanly=—tan lx+C
stanly+tanlx=C
Xty -1 -1 Xty
= tan ( )= C ~vtan "y +tan " x =tan ( - )
1—xy 1—xy
x+y
= =tanC
1—xy

=x+y=C(1—xy) WheretanC=C
=x+y=C—Cxy
=2x+y+Cxy=0C

=x+y(l+Cx)=C



_(C—x)
Y M+

Now since C is arbitrary constant, we put C = 1 (let) we get,
1—x
S 14x

=Yy

(D)
32. Question

Mark the correct alternative in each of the following:

[

The differential equation Xd_‘ v =X
dx ~

. has the general solution

A.y-x3=2cx
B. 2y - x3 = cx
C.2y + x%2 = 2cx

D.y + x% = 2cx

Answer
dy 3
X——yV=X
dx V

Divide both sides by x we get,
dy 1 5
- gD

Since it is a form of linear differential equation where
Pp— —landQ=x2
x

Integrating Factor (I.F) = e/ P dx

1 -
ILF = e_r—}dx _ e—logx: elch L

Solution of differential equation is given by

y.(LF) = [ Q.(L.F) dx + C

1 1
=:~y.—=J-x2(—)dx+C
X X

y
=;-';=J-xdx+(?

Y JferC
= —=—
X 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 - o, if
dx Y b

A.k=0
B.k>0



C.k<O
D. none of these

Answer

dy B B
o =0 y(0)=1

dy
= — =
dx

By variable separable and integrating both sides

d
=fﬁ=fmI
¥

=logy=kx+C

ky

=y= EJ-:x+C‘

kx ,C

=y=e"e

= y = A.e** Where e“ = A

We have given condition y(0) = 1

=1=4.e"®

=2A=1

~ Solutiony = e**

We know e®” - » ande™® -0

So, we are given that y approaches to zero when x » «

i.e. 0 =ek>

Which is possible only when k < 0 = (C)

34. Question

Mark the correct alternative in each of the following:

The solution of the differential equation (1 + X2 )d_‘ Ny }.-2 =1, is
- dx

A.tanlx-tanly =tanlcC

B.tanly-tanl x =tanl C

C.tanly + tan'l x = tanC

D.tanly + tanlx =tanl C

Answer

(1+ x2)§+ 1+y*=0

dy
= (x* + 1)$= —(y*+1)

By variable separable we get,

dy dx
= = —
(y2+1) (x2+1)

Integrating both sides we get,



:’ftl%vnﬂ):_f%

=stan'y=—tan"'x +tan"!C
>tanly +tan'l x =tan’l C = (D)
35. Question

Mark the correct alternative in each of the following:

) 3
The solution of the differential equation dy - $ is
dx X-
S x
A tant| = =logy+C
"‘.'
-1 \,"\
B.tan °| = |=logx +C
X
1| X ‘
C.tan!| = =logx +C
}i’
'y
D.tan | =~ |=logy+C
X
Answer

dy 2%ty +y®

dx x2
2
=2_1+2+(2) -~
dx x x
The above differential is homogeneous differential equation
y
Put - V=) =XV

Differentiate w.r.t x we get,

dy dv
= — --(2
L=Vt (2)

Putting value of (2) in (1) we get

dv )
=>v+x-—=1+v+v
dx

dv 1+ v?
= X—= v
dx

By variable separable and integrate both sides we get,
J’ dv dx
= _— = JR—
12 4+ p2 X
= tan v =logx+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 E_P}r = Q}rﬂ_ n > 2 can be reduced to linear form by substituting

A z=y"l
B.z=y"
C.z=y"!
D.z =y
Answer

ay _ am
o T Py=0Qy
Multiply both sides by y™"
=y d£+ Py™y =Qy "y"
- dx o o . o
—n 4y 1-n _ - (1
=y "—+Py"=0Q (1)

Putyln =1z

Differentiate w.r.t x we get,

a-myn &
= my dx — dx
:;.y_ng—;d_z--()

dy  (1-n)dx

Put value of (2) in (1)

Pz=0Q

= (l—n)E—'_

Multiply both sides by (1 - n)

dz
= E—l_ P(1-n).z=0Q(1—n)

Since it is a form of linear differential equation
e +P
l.e.— =

dx y=0

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:

4

-

If p and g are the order and degree of the differential equation 1d_‘ 1+ x’ Y, Xy =cos X, then

3

dx~”

A.p<q
B.p=q
C.p>q

D. none of theses



Answer

38y L sy
yootxT——+xy=cosx,
Order = Highest order derivative present in the differential equation.
S Order=2=p

Degree = Highest power of highest order derivative which is €y

dx

~.Degree =1 =q

wp=2>q=1=(C)

38. Question

Mark the correct alternative in each of the following:

Which of the following is the integrating factor of (Xlogx)% +y = jlggx ?
X

A. X

B. e*

C. log x

D. log (log x)

Answer
. 4y _ .
(x Iog;t)dx+ y=2logx

Divide both sides by x log x we get,

dy N ( 1 ) 2
= — — ==
ax Y (xlogx)/ «x
Since it is a form of linear differential equation where

_ 1
- (xlogx)

and @ = 2
X
Integrating Factor (I.F) = e/ P dx
1
LF = elloga™
C ider integr IJ- ! dx
onsider integra Glog D) X

Putlogx =t

Differentiate w.r.t x we get,
1

=—dx=dt
X

Putting value in integral

[
= - [ = —
(xEogx)l t

= logt

Putting value of t, we get,

1
= J-(ngx)dl = log(logx)



Now,

1
IL.F = E-rfxlogx dx = plogllogx) _ logx = (C)
39. Question

Mark the correct alternative in each of the following:
. . dy
What is integrating factor of —— + ysecx =tanx?

A. sec x + tan x

B. log (sec x + tan x)
C. esec X

D. sec x

Answer

d

2y ysecx =tanx

dx -

Since it is a form of linear differential equation where
P =secxand @ =tanx

Integrating Factor (I.F) = e/ P dx

I.F = Efsecxd'x

= E_rsecxdx

= e log(sec x+tanx)

= (secx +tanx) = (4)

40. Question

Mark the correct alternative in each of the following:

Integrating factor of the differential equation COSXE +vysinx =1.is
dx

A. cos x

B. tan x

C. secx

D. sin x

Answer
dy .
cosx— +ysinx =1
PR

Divide both sides by cos x we get,

dy sinx 1
S
dx -

COS5X COSX

= —+ V('t )—
dnx s5ecx
dx -

Since it is a form of linear differential equation where

P =tanxand Q@ =secx



Integrating Factor (I.F) = e/ P dx
I.F = E,_I"tanxdx

= EJ’t:.:.nx dx

= g log(secx)

= secx = (C)
41. Question

Mark the correct alternative in each of the following:

) g

The degree of the differential equation = |+ d_‘ +5in . 1=0.is
dx- dx X

A3

B. 2

C.1

D. not defined

Answer

LIV (2 4+ sm(Z) 410
dx? dx S\ @ B

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:

5

The order of the differential equation ij d-é’: - 3,d_‘ +yv=0.Is
dx= dx

A 2

B.1

C.0

D. not defined

Answer
Y 3@,
dx? dx y=

Order = Highest order derivative present in the differential equation which is ﬁz’
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.0O

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?

dx_
d%y d%
B. f_’ —_ }-‘ f— 0 - —1 — 0
dx_ -
C.
-
d‘ 7
p.2¥ _1-0
dx-
Answer
Solving for (A)
dz_}:+ =0
TR
Frd‘V—D dz"V—D2 d
u e y’dxz_ Y....and so on

=>DXy+y=0
=y(D?+1)=0
For general solution put (D2 + 1) = 0

= (D2+1)=0



=D =4
General solution, y = G cos x + G, sin X

Solving for (B)

d*y o
=—— —y=
dx? Y
puc 2 =y, %2 _ b2y . ana
u dx = jf,dl_z— V...ana so on

=D?y—y=0

=y(D?—-1%)=0

For general solution put (D2 - 12) = 0

=(D-1)(D+1)=0

=2D=1,-1

General solution, y = G 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?

dx-

B. d E—Xd_‘—x}-':x
dx-

C. d }::_de_}_x}-':[}
dx~* dx

D. d }P:_Xd_‘_x}r:(]
dx* X

Answer

y =X

Differentiate w.r.t x we get,

dy d2y
=—=1

ax 1 Tae 0

Consider,

47. Question



Mark the correct alternative in each of the following:

The general solution of the differential equation d_‘ —e* Y s

A eX+e¥Y=C
B.eX+e¥=C
C.eX+e¥=C
D.eX+e¥Y=C

Answer

dy

x+v
—_ E =
d)(

dy

= —=g%
dx

¥y

[ -

By variable separable and integrating both sides we get,
dy

= J-— = J- e*dx
ey

= J-e‘ﬂ-"dy = J-exdx

=>-—-—eV=e"+C
=>eX+eY=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
dx x
Z-n(®)-w

For solving the above homogeneous differential equation we must put

x
=>—=v
y

=x=vy=(C)

Such that & = v+ V.E -(2)
dv < 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.(x34+2y?)dx + 2xydy =0

D.y2dx + (x2-xy)-y?)dy =0

Answer

We know the property of homogeneous differential equation i.e.

d

¥ )
aZf(l,J’)

=2f(AX, Ay)=Ff(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= sz.
A eX

B.e?Y

C. 1/x

D. x

Answer

dy
x—=—y=2x?
dx -

Divide both sides by x we get,

Since it is a form of linear differential equation where
1
P = —;and Q = 2x

Integrating Factor (I.F) = e/ P dx

—1
LF = el=%
ILF — ef5% —g-logx _ glogx™ _ y-1
I.F ! 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
\ ‘..'




Answer
(l—:«fz)%ﬂwx: ay (-1 <y<1)

Divide both sides by 1 - y2 we get,

dv [(1—172)] (1—1’2)
Since it is a form of linear differential equation where

hd ay

= @on e = o

Integrating Factor (I.F) = el P dx
¥y
LF = T ®

v
Consider integral J- —d
g a-—Y

Putl-y2=t
Differentiate w.r.t y we get,
d L dt
= =—=
yay 2

Putting value in integral

:;'J-(l vz) f dt

11 t
:b__
28
Putting value of t, we get,
=>f Yy = —Zlog(1 - y2) = log(1 — y)
(1_}’2) y_ 2 g V - g V
¥ 1
ILF = ef(l—yzldy = elog1® f=(1-y?)" 2

1
I.F=———=(D)
vi-y?

52. Question

Mark the correct alternative in each of the following:

ydx —x dy .
The general solution of the differential equation —— =0, is
v



A.xy =C

B. x = Cy2
C.y=Cx
D.y = Cx?
Answer

vdx — x dy
b Y—0

v
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
=y=Cx=(C)

53. Question

Mark the correct alternative in each of the following:

dx
The general solution of a differential equation of the type d_ +Px=0Qis
v

[Bdr | [Pdy

A. }-'E < Q]E d}' T C
A& | [ma&

B. v¢ < QIE dX T C
[Prdy | [Py

C. Xe - Q]e d}' T C
[Pa | [mas

D. Xe ]\Qle dX T C

Answer

dx
d__].?+ Pll' = Ql

Since it is a form of linear differential equation.



Where, P=P;and Q =Q;

Integrating Factor (I.F) = e/ P dY

ILF=elP dy

Solution of differential equation is given by

x.(LF) = [ Q.(LF) dy + C
xel Prdy — f{Qlefpid-‘-’] dy + C = (C)

54. Question

Mark the correct alternative in each of the following:

The general solution of the differential equation e* dy + (y €X + 2x)dx = 0 is
A xeY+x2=C

B.xeY+y2=C

CyeX+x2=C

D.yeY +x2=C

Answer

eXdy + (yeX+ 2x)dx =0

We can write above equation as

dy
= exa+yex+2x =0

Divide both sides by e* we get,

dy 2x
S tyteE=0
dy 2x
T YT e

Since it is a form of linear differential equation.
2x

Where,P = 1and Q = —
EJ(

Integrating Factor (I.F) = el P dx

I.F =elldx=gx

Solution of differential equation is given by
y.(LF) = [Q.(l.LF)dx + C

:VEX—-J-—E e¥dx+ C
y.e* = e

=:-y.€x=f—2x.dx+c

=>ye*=—x*+C

syeX+x2=C=(C)
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