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Objectives

After studying the material of this chapter, you should be
able to :
* Understand the definitions of Order & Degree of differential

equation.
Understand to form differential equation when the equation

e ¥ of family of curves is given.
Mathematics is both the queen Y 5

. Understand to solve different types of First Order & First ree
and the handmaiden of o

. differential equation.
the Sciences. =

Understand to solve Homogeneous & Linear differential

equations.

—E.T. Bell

Understand the applications of differential equations.

INTRODUCTION

In certain situations we notice that the relation between the rates of change

of observable quantities is simpler than the relation between the quantities CONCEPTS L
lhcmsclvc:s. In sgch cases diﬂl_‘rcnliul_ cquulion.s are lnkcn.us models l'.()r several 1-2, 4, 7-8, 13, 16-17, 24, 26, 34-36
problems in Engineering, Physical Sciences, Biological Sciences. In this chapter, « [LLUSTRATIVE EXAMPLES
we shall study some basic concepts. We shall also deal with some physical and 2-6, 8-10, 13-14, 16-20, 24-25,
geometrical problems which shall give rise to differential equations. Finally, we & AN27‘32- 36-41, 4649
shall discuss some methods for solving differential equations. First of all, we shall Ex. 9(a) 34
deal with some definitions. Ex. 9(b) 6-7
In this chapter we will study following concepts : Ex. 9(0) 11-12
* Differential equations g gg:)’ 12'15
* Solutions of differential equations. Ex. 9(f) 20-24
[§W DEFINITIONS o =
@ Ex. 9(}) 4245
Ex. 9()) 49-50
‘E] Definition * Revision Exercise 68-71
s e * HINTS TO SELECTED QUESTIONS
; Ex. 9 4
/~ An equation : 4 Ex. 9%?) 7
2 n Ex. 9(9) 12
flx y.iiy—,—d y,...,—d Y =0, Ex. 9(d) 15
: : : . Ex. 9(9 24
which expresses a relation between dependent and independent variables Ex. 9(g) 25
and their derivatives of any order, is called a differential equation. Ié:: 3&1) 23
We may also define it as : * Revision Exercise 70
“an equation involving unknown functions and their derivatives w.rt. one * HOTS (Higher Order Thinking Skills)
6, 11, 18, 22, 24-25, 28-30, 32-33, 37,

\or more independent variables. °a1, 43-44, 47-48, 50, 68

* NCERT-FILE

For Examples : _ Questions from NCERT Book 50-67
dy . o T o d2y Questions from NCERT Exemplar

@)y ~=SIRXOL Y = (i) —=+ y=0ory"+y=0 67-68
dx dx? . * CHECK YOUR UNDERSTANDING

2 2 3 71
(iii) d_y Fx® ﬂ =0or (y" }2 4 a2 (y =0 (v Y+cosy =0 « mca ¥ ;g_n
dx? dx * CHAPTER TEST-9 80
' r - 3/2 , J | * EXCLUSIVELY FOR JEE (ADVANCED)
y 81-89
) —+ l+(—y) =0 (i) y=x—y+—- Unit Test -3 90
dx dx dx dy
dx
n

CBSE -MATHEMATICS

([ YAV —




CBSE

._ : SINCE 200L..
— llT JEEINEEYICBSE

STUDY CIRCLE

ACCENTS EDUCATIONAL PROMOTERS

(b) Order of Differential Equation. The order of a differential equation is the same as that of the highest derivative

(or differential) it contains.

In the above, the order of (i), (iv) and (vi) is |

(c) Degree of Differential Equation. The degree of a differential equation whose terms are polynomials in the derivatives,
is defined as the highest power (positive integral index) of the highest-order derivative in it after the equation is freed from

radicals and fractions in its derivatives.
In the above, the degree of (i). (i) is 1 :
(d) Linear and Non-linear Differential Equations.

A differential equation is said to be linear if the unknown function and its derivative, which occur in the equation, occur

only in the first degree and are not multiplied together.

Otherwise, the differential equation is said to be Non-linear.
In the above, (i), (if) are linear while (iii), (v) and (vi) are non-lincar.

5. KEY POINT

. the order of (i), (iii) and (v) is 2

the degree of (iii). (v) and (vi) is 2

Differential
Equations

%d\cmalucs

. The degree of (iv) is not defined.

C\ linear differential equation is always of first degree but the converse is not true i.e. every differential equation of lha

first degree may not be linear.

Example 1. What is the degree of the following equation ?

2
2 4
) x3 d—l +x(i¥.) =0
dx? dx

(C.B.S.E. 2013)
4 2
d d’y
(i) (d_i) 3XK—0 (C.B.S.E. 2013)
azy) (a
(iii) x(—y) +y( y) +x3 =0
dxz dx
2 2
d d
(iv) S5x (-d—i) _de_w = log x. (C.B.S.E. 2010)
= 2y =
: }) Degree = 2. ~* Power of—= 2
Solution. (i) Degree L e
= . 7

” d’y
(ii) Degree = 1. s PO“'C”Of;2—=1

- 2 -
)

. Power of —=3
of e

(iii) Degree = 3.

2
~.* Power of d—i— =1
dx

(iv) Degree = 1.

Example 2. Find the order and degree (if defined) of
each of the following equations :

@)y "+3y'+2y=0 (i)y" +2(y")2-y' +y=0

(iii) y2-sinfy=0  (iv) (y")2 +cosy' =0.

Solution. (i) The given equation is y" + 3y+ 2y = (.

Its order is 2 and degree is 1.

. . . . " "2 '
(if) The given equation is ™' + 2(y")= = y'+ y = 0.
Its order is 3 and degree is 1.

5 : . D )
(iii) The given equation is y'= — sin<y = ().

Its order is 1 and degree is 2.

~MATHEMATICS
—

1 YA,

l7) EXAMPLES

of the following. Also state whether they are linear or non-
linear :

(iv) The given equation is (y")2 + cos y' = 0.
Its order is 2 and degree is not defined.
Example 3. Determine the order and degree of each

@ tzd—zs—st g 4—3
z d(z dt

d
(i) X—y+ =y2

dy
dx

(iii) y=px + \/azpz +b? ,wherep =—

dzy
(iv) — cos 3x + sin 3x. (N.C.E.R.T.)
dx
2 4
Solution. (i) We have : 12 d’s - st (ﬁ) =35.
dr* dr

Here order = 2 and degree = 1.
The differential equation is non-linear.

d+'§
. dv_}

d.r

2
= x(ﬂ) +3=y2 d—)
dx

(if) We have :

dx
Here order = 1 and degree = 2.
The differential equation is non-linear.

(iii) We have : y= px+ \/azpz +b?
= _V—px=\[azp2+b2.

Squaring, (y - px)? = a*p? + b*
] - 9.7 v ) 2
=y -2pxy+px-=a‘p-+b°

o e oaw
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d'
= p?(x?-a% - 2pxy + (y* - b?) = 0, where {7—3-

Here order = 1 and degree =
The differential equation is non-linear.
-

d-y .
(iv) We have : 5= cos 3x + sin 3x.
dx

Here order = 2 and degree = 1.
The differential equation is linear.
Example 4. Write the order and degree of the
differential equation :

2
d d
y= xd_i+ 1+(d—i) . (Tripura B. 2016)

Differential
Equations
q %LL&MGL“CS

dx E
dy dy]
i v L P
= y-x o (dx

Squaring,

' ' 2

dy dy dy

2 2 ]+ ——
i (atr] PG = (dx] '

Here order = 1 and degree = 2.

X

ERCISE9 (a) |

Fast Track Answer Type Questions

Indicate the order of each of the following
differential equations (1 - 3) :

d*y\_(dyY
Lo o 2= (2] +x

(C.B.S.E. Sample Paper 2019)

(by() ¥ +3y=0 (i) y' +y*=y.

2.(hy"+4y=0 (i y+y=0.

() y' +2y=sinx (1'1')_\"."

In each of the following differential equations,
indicate its degree, wherever possible. Also give the order
of each of them (4 -8) :

4.y +y:=0

+y=sinx.

()Y + ¥ +y"+y +y=0.
502 +y2-1=0. 6.y +siny'=0.
1. y+yr+e =0 (ii)y +e=0.
8.() 2+ ()P +siny=0 (i) y"
(D y"+y"+y" +ysiny=0.
Find the order and degree, if defined, of the following
differential equations (9 - 10) :
d*y
9. (i) ;3}+ y=9

+siny"=0

(Kerala B. 2014)

3., 2
d’y d°y dy
(if) = +2 "_ +—=0 (Kashmir B. 2011)
<’ d®  dx

d?y (dyJ dy
(iif) +x —y—==0
xy ) e y o

(Karnataka B. 2014)

(V) y"” +y  +e°=0 (N.C.E.R.T))

3P4
(v) [""(dy) :| = (Karnataka B. 2013
; -_ =5 harnalaka b. £U13)
dx dx*

(Bihar B. 2012)

CBSE -MATHEMATICS
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(vii) (Q]z +£—\:n y =0 (Karnataka B. 2017)
e e rnate -
d2 d d
¢ _)’ (d’i] -)’zy =0 (Assam B. 2017)
3
3 2
(ix) d—':'-l-xz -d—g] =0. (Assam B. 2018)
dx dx

10. ¥y + 5" +y =0. (N.C.E.R.T))

Find the order and degree, if defined, of the following
differential equations (11 - 14) and state whether they are
linear or non-linear :

11. (xp? + x) dx + (y - x%y) dy = 0.

12. 1 - x% de+ 41— y2 dy=0.

5 2 3
3.2 L7(2) 4y=0
dx? dx
2
@ _ |+'v2 (1+ x + x2).
dx 1+ x

15. Write the order and degree of the following
differential equations :

4 2
(i) (ﬁ) +1cd— =0
\dr dr®

7
(d*y) (dy
(if) (F] +(Z) +2y =0

(iif) (ﬂ) +ﬂ+6 =0
A\dx dx?

14. xy

(Kashmir B. 2017)

(Kashmir B. 2017)

dx? dx
16. Find the order of the differential equation :

3
y=d—"+ l+(dl]
dx dx

d? § dy ¥
(iv) [—y] +(—) +7 = 0. (Kashmir B. 2017)

o e oaw
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Differential
Equations

(iii) Order 2, degree 1 (iv) Order 3. degree 1.
(v) Order 2, degree 4 (vi) Order 2, degree 3
(vii) Order 1, degree 2 (viii) Order 2, degree |

(ix)Order 3, degree 1.
10. Order 3, degree 1.
11. = 12. Order 1, degree | ; non-lincar.
13. Order 2, degree 2 ; non-linear.
14. Order 1, degree | ; non-linear.

15. (i) Order 2, degree 1 (ii) Order 2, degree 2
(iif) Order 2, degree 1 (iv) Order 2, degree 3.

Answers

1. (a)2 (b) () =) 1. 2.(H)23D5
3.1 a4
4. (i) Degree 1, order 2 (if) Degree 1. order 4.
5. Degree 2, order 1.
6. Degree not defined, order 1.
7. (i) Degree not defined, order 5 (if) Degree 1, order 1.
8. (i) Degree 2, order 2 (if) Degree not defined, order 4

(iii) Degree 1, order 3.
9. (i) Order 2, degree 1 (if) Order 3, degree |

16. 1.

——+— Hints/Solutions

2 3
16.( _ﬂ) ] (d_y)
y =1+
dx dx
Clearly, order = 1.

Al SOLUTIONS OF DIFFERENTIAL EQUATIONS

an identity.

satisfy the given differential equation.

of the differential equation, is said to be the general solution.

2
. .d”y .
For Example, the general solution of : +y=01s:
dx*

where ) and ¢, are arbitrary constants.

solution by giving particular values to arbitrary constants.

2

| . .d*y .
For Example, the particular solution of —=+y =0 is:
dx”
¥ =COS X.
(ILLUSTRATIV
! i z :

Example 1. Verify that the given function (explicit or
implicit) is a solution of the corresponding differential
equation :

MHy=x*+2x+c;y-2x-2=0 (N.C.E.R.T.)

(i) x+y=tan~'y;y2y’ +y2+1=0. (N.C.ERT)

CBSE -MATHEMATICS

([ YAV —

(/) Solution. A solution of a differential equation is any function y = fix), which when put in the equation, changes it into
It is a relation between the variables involved such that this relation and the differential coefficients obtained therefrom

This is also called primitive or integral of the differential equation.

(ii) General Solution. The solution of a differential equation, which contains as many arbitrary constants as the order

This is also called complete primitive or complete solution of the differential equation.

Y=C CosX+Cysiny,

(iii) Particular Solution. The particular solution of a differential equation is that which is obtained from the general

[Here c; = I and c, = 0 in part (ii)]

EXAMPLES

Solution. (i) We have : y=x2 + 2x + ¢.
Diff. wrt.x, " =2x+2
= y -2x-2=0.

Hence, the verification

WLALWM

e o
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(i) We have:  x+y=tan™ y.

’

1
1+ y = .y

Diff. w.r.t. x, 5
1+ y°

= (l+y)(1+y)=y

’

=21+ y +y¥+yy=y

= Yy +y2+1=0.

Hence, the verification.

Example 2. For each of the following differential
equations, verify that the accompanying function is a

solution (both the differential equations and the
accompanying functions being defined on whole of R) :

iy =eX:e*

(ii) (l+x2)y'=xy:\}l+x2-

Solution. (/) We have : y = e*.

¥ = €%, which is the reqd. verification.

(if) We have : y= I+,1(2 (D)
" |
Y =———(0+2x)= =
21+ x2 1+ x°
. -~
= 1+x° y'=x

> (1+x9)y'= x\’|+x2
> (I +.r3)_\" = Xy, [Using (1)]
which is the reqd. verification.
Example 3. For each of the following differential
equations, verify that the accompanying function is a
solution in the domain mentioned (A, B € R : parameters)

(i) xy'=y(xe R\{0}): Ax (xe R\{0}) (V.C.E.R.T)

(i) xX°y” =1(xe R\{0}) :2—1x+ Ax+B(x€ R\ {0}).

Solution. (i) We have : y = Ax (1)
y'=A
= xy'=Ax = xy'=y, [Using (1]

which is the reqd. verification.

1
(if) We have : y=T+M+ B.
2x

y :-L-‘.A
2x?

-MATHEMATICS
—

Differential
Equations

which is the reqd. verification.
Example 4. Verify that y = 3 cos (log x) + 4 sin (log x),

is a solution of the differential equation :
2 d?y dy

X —+X
dxz dx

Solution. We have :

+y =0.

y = 3 cos (log x) + 4 sin (log x)
s 1)

dy 1 1
Diff. w.r.t. x, L 3sin (log x) .—+4cos(log x).—
dx x X

y
> X E: — 3 sin (log x) + 4 cos (log x) ...(2)

Again diff. w.r.L. x,

2
“v ) l I
xd—3+$.l = =3 cos (log x) .—— 4 sin (log x) .—
dx” dx X X
d’y d
> x —"‘*'X—) = — 3 cos (log x) — 4 sin (log x)
dx
=-y [Using (1)]
2
d- d
> x* :r+x—y+y =
dx* dx

which is the reqd. verification.

Example 5. Verify that the function y = ¢ is a

luti f the diff ial i ﬁ+ﬂ—6 =0
solution of the differential equation P S y=0,
(N.C.E.R.T.)
Solution. We have :  y=¢™3¥ (1)
Ay _ 37 @)
d2 y -3x
and >==9e ™ ..(3)
dx?
dz_v y
Now > +—=0y
= 9g~ 3% _3e73x _ge3x [Using (1), (2) and (3)]
=0.

H (1) | [ d?y + 2 by =
cence, is a solution of ==~+=—=-0y
dx?  dx

e oaw
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Example 6. Show that the function y = e (a + bx)
is a solution of the differential equation :

a%y 4
—;-6 = L F9y=0. U.&K. B.2010)
dx
Solution. We have : y = e3-‘ (a + bx) (1)
% =% (b) + 3¢ (a + bx)
=¥ (b + 3a + 3bx) (2)
d’y 3, 3x
and p=e (3b) +3e™" (b +3a + 3bx)

=€ (9a + 6b + 9bx) (3)

= e3* (9a + 6b + 9bx) — 6¢3* (b + 3a + 3bx)
+9¢3 (a + bx)
[Using (1), (2) and (3)]
= e3* (9a + 6b + 9bx — 6b — 18a —18bx + 9a + 9bx)
=e3%(0)=0.
d’y _dy
Hence, (1) is a solution of ——-6—+9y=0.
dx?  dx
Example 7. Verify that the function :
y = C, e** cos bx + C, e** sin bx,

where Cl, C2 are arbitrary constants, is a solution
of the differential equation :

"8
Y 229 a2 +p?)y=o.
dx

dx?
(N.C.ER.T)
Solution. The given equation is :
y=C, e** cos bx + C, ** sin bx (1)

For each of the following differential equations
(1 - 4), verify that the accompanying function (explicit or
implicit) is a solution (both the differential equations and
the accompanying functions being defined on the whole
of R):

L()y+y=2:e%+2(i))y'+2y=0: 2%

(it) y'+y=1+x:e" % +x.

~MATHEMATICS
—

CBSE

1€ YAV

" EXERCISE9 (b)'
Fast Track Answer Type Questions -\

Differential
Equations
q %LL&MGL“CS

Diff. w.r.t. x, ‘Z—: = e [=b C,sinbx+b C, cos bx]

+[C, cos bx + C, sin bx] ¢*. a

dy

=— =™ [(bCy+aC)) cos bx +(@aCy—b C,) sin bx]

(2)
Again diff. w.r.t. x,
d_zy—eax e
Py = [(6Cy+aC))(~bsinbx)+(aC,-bC))
(b cos bx)] + [(bCy +aC)) cos bx + (aCy - bC)) sin bx))]. ae™
= ¢ [(a® C, - 2ab C; - b* C,) sin bx
+ (azCl+ 2ab C, - b? C))cosbx] ..(3)

2
d_zy 2a%+(a2 +b%)y

= é%* [(a® C, - 2ab C, - b* C,) sin bx
+ (azCI +2ab C, - b? C,) cos bx]
-2a e‘“[(bC2 + aCl) cos bx + (a C2 -bCI) sin bx]
+(a% + b%) [C, cos bx + C, sin bx] &~
= e% [(a*C,-2ab C, - b*> C, - 24 C,
+2ab C, +a* C, + b* C,) sin bx

+(a*Cy +2ab C, - b*C, - 2ab C, - 2a*>C, +a*C,

+b? C,) cos bx]
= e* [(0) sin bx + (0) cos bx]
=(0=RHS.
Hence, the verification.
Y FTATON &
NN AY)
- g
2. (i) y'=cosx:1+sinx
(i) y" +4y=0: 3 sin 2x
3. y=x£)i+a£:y2 =4ax.
dx dy
4.x -4y=0;y=cxt.
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6. (i) d—y-+y=0 iy=acosx+bsinx
2

(N.C.E.R.T;; Nagaland B. 2018; Kerala B.2014)
(i) y"+y=0;y=Acosx-Bsinx.
7.()y"+4y=0:y=Acos 2x + B sin 2x
(Meghalaya B. 2018, 16)

(if) y"+4y=0:y=Acos 2x - B sin 2x.

,d%y  d B
8. x2—;+x—y—y=0;y=Ax+—.
dx dx x

Short Answer Type Questions

12. Verify that each of the following functions ¢ : R - R,
as defined below, is the solution of the accompanying initial
value problems :

D ox)=e:y'=y. n0) =1
(i) 0x) =22+ 2x+ 1 :y"=0.0) = 1,y (0)=2,y"(0) =2

(i) d(x)=cosx(xe R):y"+y=0,%0) =1, y(0)=0.

Very Short Answer Type Questions = VSATQ!
For each of the following (5 - 10) , verify that the given ' &Py dy
function is a solution of the differential equation : 9. i 2 e +2y =0:y =€ (sinx+cos x).
" e 2
S.y"=6:y=x+a+br+c. (Bihar B. 2014)
2 10. (y-x)dy - (> -x) dx=0;y==(1 +x).

i)

. * 2
8-)‘=AX+£=) -d—y-—A_.E .d_=.2_B.; elc.
dx P

—I= Hints to Selected Questions

K] FORMATION OF DIFFERENTIAL EQUATIONS

Differential
Equations
~ v\/Lathmalucs

11. (i) Verify that the function y = A cos x + B sin x, where

A, B € R, is a solution of the differential equation

+y=0. (N.C.E.R.T)

(i) Verify that ax® + by? = 1 is a solution of the

differential equation x(yy, + y,z) =y

(C.B.S.E. Sample Paper 2018)

A SATO A

DAL

13. Show that the differential equation of which :

- 2 . . .
y=2 (x2 - l)+ ce” ™ is asolution is :

—+2xy = 4x3,
dx!yxi‘

Show that y = ax3 + bx? + ¢ is a solution of the
d3
differential equation —;,— 6a=0.

dx

14.

(J. & K. B. 2011)

™
\J- - .-

10. The given equation can be written as :

(y-x)%-(yz-x2)=0.

We represent the family of curves by the equation y = mx

differentiate (1) w.r.t. x so that ﬂ =m.
dx
dy

Puttingin (1), y=x—,
g y e

~-MATHEMATICS
—

CBSE

1 YAV

Let us consider the family of all straight lines, which pass through the origin.

For different values of m, we obtain different members of the family.
To form a differential equation so as to represent the family of curves, we

which is the reqd. diff. equation.

(1)

e o
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Differential
Equations L
t, cmatucs

the type f) (x, y @) =0
Diff. (1) w.r.t. x, we get

Eliminating “a” from (1) and (2) , we get

which is the required differential equation.

which is the reqd. differential equation.

GUIDE LINES

(a) When the given family f," of curves involves only one parameter | say a, then it is represented by the equation of

gxy ¥y ,a)=0

Flxy y)=0

(b) When the given family °f;” of curves involves two parameters : say a and b, then it is represented by the equation

of thetype f, (x, ¥, @, b) =0 (4
Diff. (4) w.r.L. x, we get gxy y.ab=0 .(5)
Again diff. (5) w.r.L. x, we get hix,yy.¥y".a b= ...(6)
Eliminating ‘a” and ‘b” from (4), (5) and (6), we get F(x, y, y", y*)=0 (D),
which is the required differential equation.

(c) When the given family ‘f," of curves involves n parameters; say a;, a,, .......a,,, then itis represented by :

fux yapay,....a)=0 ..(8)
Differentiating (8) w.r.L. x successively n times, we get a differential equations.

Eliminating a, a, , ....... » @, from (8) and n differential equations, we get :

Fx,y, ¥, ¥y, ey =0,

(1)
-(2)

..(3),

5. KEY POINT

present in the equation corresponding to the family of curves.

The order of differential equation, which represents a family of curves, is the same as the number of arbitrary conslan?

Frequently Asked Questions

Example 1. For the differential equation representing
the family of curves y = mx, where ‘m’ is an arbitrary
constant.

(H.P.B. 2016; Karnataka B. 2014; A.I.C.B.S.E. 2013)
Or

Find the differential equation of the family of lines

passing through the origin. (A.I.C.B.S.E. 2015)

Solution. We have :  y =mx (1),
which represents family of lines through the origin.

. dy R

Dilf. w.r.L. x, il -(2)

A8 'dy
o — —
Y= i dx

which is the reqd. differential equation.

From (1) and (2),

Example 2. Form the differential equation
representing the family of curves :

¥ =A cos 2x + B sin 2x, where ‘A’ and ‘B’ are constants.
Solution. The given equation is :

='?'. representing the family of curves y = a e®**5, where ‘a’
* and ‘b’ are arbitrary constants.

A T‘ A
% v \:J_ J

Diff. wrt. x. % = 2A sin 2x + 2B cos 2x.

Again diff. w.rt. x, 4y __ 4A cos 2x — 4B sin 2x

d.“:z
=—4 (A cos 2x + B sin 2x)
=—4y. [Using (1)]
2
Hence, d_zy +4y=0,
dx

which is the reqd. differential equation.
Example 3. Find the differential equation

(C.B.S.E. 2018)

CBSE

1 YAV

y=Acos 2x + B sin 2x

-MATHEMATICS
—

(1)

Solution. We have : y=a e s (D
Diff w.rt. x, L _aebs (b
dx
dy .
= — =by ...(2) [Using (1)]
dx




._ : SINCE 200L...
— IIT JEE | NEET | CBSE

STUDY CIRCLE

ACCENTS EDUCATIONAL PROMOTERS

g o
Again, diff w.r.t. x, 4y _ bﬂ ..(3)
dc?  dx
&y &
2

Dividing (3) by (2) &_ = -‘i;"-
dx

dx®  \dx
2 2

which is the reqd. differential equation.
Example 4. Find the differential equation of the
family of curves :

y = Ae¥ + Be¥X, (H.B. 2016)
Solution. We have : y = Aez‘ + Be3x (1)
d
Diff. w.rt. x, — =2A¢% 4+ 3BeF .(2)

s s dzy 2,
Again diff. w.r.t. x, ? = 4Ae* + 9B ..(3)
(2) - 3(1) gives : _d__v__3y = — AeX .(4)
dx
2 d2y dy 2
(3) - 3(2) gives : —=—3— = 2Ae¢ ...(5)
g 22 e
dly_dy
2
Dividing (5) by (4) dfi dx _,
Y
2_3
dc y
d? dy dy
=> £y 34 = 2———6y
. dx* T dx dx
d’y  dy
> E—S;+6y =0

which is the reqd. differential equation.

Example 5. Find the differential equation of the
family of circles (x — a)? + (y- b)2 = r2, where ‘a’ and ‘b’

are arbitrary constants. (C.B.S.E. 2010 C)
Solution. The given equation is :
(x-al+(y-b?=r (1)

Differentiating (1) w.r.t. x,

2x-a)+2(y-b)y' =0
= x-a)+(y-b)y' =0 .(2)
Dilferentiating (2) w.r.t. x,

CBSE -MATHEMATICS

1€ YAV e

Differential
Equations
q %LL&MGL“CS

l+(y=-b)y"+y~=0 ..(3)
241
From(3), Y—b=- Y

” ’,

y Y,

(0 3V 2 )
Putting in (1), Y +”y [ : =r2
y y

+(l+y ) —rzy"2

2 ’ 3
Putting in (2), x-a=_[_ b4 'H]y:: y+y

= (l+y'2)2 (1+y’ )—rzyu2

= (l+y:2) _r2y112

which is the reqd. differential equation.
Example 6. Obtain the differential equation of the
family of circles, which touch the x-axis at the origin.

(N.C.E.R.T.; C.B.S.E. Sample Paper 2019 ;
H.P.B. 2010; A.I.C.B.S.E. 2009 C)

Solution. Let (0, ) be the centre of any member of the

family of circles. YA
H0.a)
X! 0 X
A4
Fig.
Then the equation of the family of circles is :
)(2+(_v—0t)2=ot2 = 12+v2—°oty=0 (1)
Diff. w.r.. x. 242y D 20D =0
dx dx
x+y %
- YTa
dx
Putting in (1), we get :
2 2 x+y %
-2 =
x“+y© -2 ﬂ y=0
dx
2_ 2.4y
= (x*=y°)—=2
y o Xy

which is the reqd. differential equation.

o e oaw
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Example 7. Obtain the differential equation
representing the family of parabolas having vertex at the
origin and axis along the positive direction of x-axis

(N.C.E.R.T.; H.P.B. 2016, 11, 10)

Soution. Let S (a, 0) be the focus of any member of the
family of parabolas.

Then the equation of the family of curves is y? = 4ax

(1)
.
Dilf. w.r.t. x, 2y Zy =4da -(2)

ik

Using (2) in (1), we get y? = (2)’ o

bY

xY

é(a. 0)

<A
O

Fig.

dy
2 _ 2y — =0
= ) -'x.v dx ]

which is the reqd. differential equation.

Example 8. Obtain the differential equation of the
family of ellipses having foci on y-axis and centre at the

origin. (H.P.B. 2018, 12)
Solution. We know that the equation of the said family
22
of ellipses is «-b—2-+-a—2-=l (1),
wherea> b
AY
X 9 X
Yy
Fig.
' 2
Difl. (1) w.r.L. x, we get 2—?4-% 'd_y= 0
b* a° dx
CBSE -MATHEMATICS
—

Differential
Equations
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y(dy]_ a?
. y(dy\__a"

Again diff. (2) w.rl. x, we get :

x dx2 xz dx

- )
= xy—d y+x{d_y) —y-dl
dx? dx dx

which is the reqd. differential equation.

=0,

Example 9. A saving account pays 6% interest per
year, compounded continuously. In addition, the income
from another investment is credited to the account
continuously at the rate of 4,000 per year. Form the

differential equation to model this account.

Solution. Let x { = x (1)) denote the amount (in ) in
the account after f years.

de 6
— =——x+4000,
Thus we have : o1 x

which is the reqd. differential equation.

Example 10. Assume that a spherical rain drop
evaporates at a rate proportional to the surface area.
Form a differential equation involving the rate of change
of the radius of the rain drop.

Solution. Let r { = r (1)} denote the radius (in mm) of

the rain drop after ‘t” minutes.
dr .
—=—ve [

dt

* As t increases, r decreases)

4
Also V, the volume of the rain drop =31'”‘3

and S, the surface area of the rain drop = 4 772,

By the question, -‘;—V- =—kS,
1

where k" is a constant of proportionality

d(4 3] 2

—|=nr’|=-k @ nr)
@ (3
= 2roh Lo ke

3 dt

dr T s : :
= E= — k, which is the reqd. differential equation.

e o
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WV EXERCISE9:(c) "

Fast Track Answer Type Questions -
Represent the following families of curves by forming LR -y=a* (ihx-aP -y =1
the corresponding differential equations (a, b : 4. (i) y* = dax (i) y* = dalx - b}(m)l_vublz=4lxual.
parameters) (1-6) : g2 g2 42
Ly=ar (N.CER.T) 5.(0) a—2+;—2= (i) - 2-=1,

2.2 +(y-by=1.

Very Short Answer Type Questions

7. Show that the differential equation of which

dy

-2 . e 3
is a solution is — + 2xy =4x~.

y=2((x2-1)+ce

8. Show that the differential equation of which :

B -y = c (2 +y*)?is asolution is :

(3 - 397) dx = (2 - 322y) dy.

9. Form the differential equation of the family of lines
making equal intercepts on the co-ordinate axes. (PB. 2018)

10. Form the differential equation corresponding to
y? = 2ay + x* = a by climinating ‘a’.

Short Answer Type Questions

Form the differential equations of the family of curves
(14-17):

A
14. v= —+B, where A and B are arbitrary constants.
r

(C.B.S.E. 2015)
15. (i) y=Acos(x+B)
(ii) y=asin (x + b).
16. x2 + 2 = 2ax.
17. (i) y=Ae* +Be™
(i) y=Ae' + Be™* + x2
(iii) y = ae’* + be ™
(iv) y = Ae* + Be ¥
(v) y= ae™ + be ., (Meghalaya B. 2014)
18. Find the differential equation of the family of curves
y=2x%- l)+ce‘x2.
19. Obtain the differential equation by eliminating “a’
and ‘b’ from the equation :
(i) y = e (acos x + b sinx)
(N.C.E.R.T. ; Assam B. 2016; P.B. 2013)
(if) y = € (a cos 2x + b sin 2x). (P.B. 2013)
20. Show that the differential equation of the family of
circles having their centres at the origin and radius ‘a’ is :

(N.C.E.R.T;; H.I.B. 2017)

(N.C.E.R.T))

x+ y% =0. (Meghalaya B. 2015)

21. Find the differential equation of all circles which
pass through the origin and whose centres are on the :
(Nagaland B. 2016)

(H. B. 2017)
(H. B. 2017)

(i) x-axis
(ii) y-axis.

-MATHEMATICS
—

a
(i 2+ y =ax® (iii)y = €.
W SATO =
a4

b

6. (i) y = ax

11. Form the differential equation corresponding to
y2 =a (b - x?) by eliminating ‘@’ and ‘b’.
- 2_,2
=m(a° -x°).
(N.C.E.R.T))

12. Eliminate ‘m’ and ‘a’ from y?

13. (i) Eliminate *A’ and *B’ from :
¥ =Acos mx + B sin mx.
(i) Eliminate *a’ and ‘b’ from :

y=acosx+bsinx. (Nagaland B. 2015)

R SATON
- i NG W

22, Obtain the differential equationof the family of circles :

(i) with centre at (1, 2) (Kerala B. 2015)

(i) in the second quadrant and touching co-ordinate axes

(N.C.E.R.T. ; A.L.C.B.S.E. 2012)

(#ii) having radius 3.

23. Form the differential equation of the family of circles
in the first quadrant, which touch the co-ordinate axes.

(N.C.E.R.T))

24. Find the differential equation for the family of all
concentric circles centred at the origin and having different
radii. (Meghalaya B. 2016)

25. Find the differential equation of all parabolas whose
axes are parallel to y-axis.

26. Obtain the differential equation of the family of
parabolas having vertex at origin and axis along positive
y-axis. (N.C.E.R.T.; H.PB. 2018, 14, 12 ; C.B.S.E. 2011)

27. (i) Show that the differential equation that represents
all parabolas cach of which has a latus-rectum 4a and whose
axes are parallel to x-axis is 2ay, + _v,3 =0.

(ii) Show that the differential equation that represents all
parabolas having their axis of symmetry coincident with the
axis of x is yy, + ylz =(.

28. Obtain the differential equation of the family of
cllipses having foci on x-axis and centre at the origin.

(N.C.E.R.T.; H.P.B. 2016, 14, 11, 10; C.B.S.E. 2009 C)
29.0btain the differential equationof family of hyperbolas

having foci on x-axis and centre at the origin.
(N.C.E.R.T; HPB. 2018, 14, 12, 11)

30. A population grows at the rate of 5% per year. If
x = x(t) denotes the number of individuals in the population
after ¢ years, then the rate of change of x is equal to 5% of x.

Form the desired differential equation.

e oaw
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Lxy'-y=0.

2.x2(y2% + =y~

(Hx-y'=0 (u)y‘V'—)*—l
4.()y-2xy'=0 (ii)yy"+y'-=0
(i) 2y" + y3 = 0.

S.()x(yy"+ _v'2) =yy' (i) x (yy" +y'2) =yy

0% 1o,
dx

dx dx

2 2

11. xyﬂu("”) gL Y
dx? dx

12. 5"+ xy2 =yy'.

13.G)y"+mPy =0 (ii)y"+y=0.

.
150~ ALk ymb:
d.x2

16. ny-%+x2 —y2 =0.

21. (i) The equation of the family of circles is :
(x-0)? +y?=a?
ie.x2+y*-20x=0.
23. The equation of the family of circles is :
(x-a+(y-a?=ad>
25. The equation is (x — h)? = 4a (y — k).
26. The equation is x2 = 4ay.

. CBSE -MATHEMATICS
1€ YAV e

Differential
Equations
q %LL&MGL“CS

( Answers )

6.(Hxy' =3y (i) x%+ 3y% = 2xyy' (iii) xy' = y log y.

' 2 2
10. x2 (-‘2-) —4xy-d—y---2y2 [iv-) -x2=0,

. 2 Adz
17.(i)d—2y=y (ii)dx—zy-y=-x2+2
dx
2 s
d d dy
(iii) dx—g'—%-()y:o (iv) ;zy-+;—6y=0
d2
v) dx§=4y.
A dy 3
18. 2xy +—=4x
ST
; ﬂ 2Q+2 =0
19. (i) P dx Y=
d2 dy

(i) ——2—+5 =0.
dx? dx

2. dy

s
ax

21. (i) =x*+2 ay ()(x— )
i) y? xydx ii y
2.y =2 +x-1=0

() (x+ W22+ 1] = (x + y)?

(i) (1 + ()23 =9y".
23. (x—y)2 (1 +y’2)—(x+yy')2.

d3
4. x+yy=0. 25. =0.
dx®

26.x°-2y=0. 28.xy" +xy2-yy' =0.
29‘ xyyu + xyiz _ yyr i 0.

30. ‘_“_=i

ar 100

—J= Hints to Selected Questions

Q0 - - —
27. (i) Take the equation as (y — k)? = 4a (x — h)
(ii) Take the equation as y? = 4a (x — h).

x2 2

28. The equation is —-+Z§-— 1.
a” b
a2
29. The equation is Tt 1.
a b

3. Z - s%ofx=—=x
.dl (!()X—lm

o e oaw
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9.4 F} DIFFERENT TYPES OF SOLVING FIRST ORDER, FIRST DEGREE DIFFERENTIAL EQUATIONS

1 YA

Now we shall discuss different methods of solving first order, first degree differential equations.

TyPEL - f(x).
dx

GUIDE LINES TO SOLVE

Integrating both sides, we have : y = I f(x) dx+ ¢, which is the reqd. solution.

(@THiAi0/%) EXAMPLES )

Example 1. Solve the following differential equation :
(10.2)9Y -1
1+x°)—-x=2tan x.
(1+x") 3
o : ssie ; 2 dv 1
Solution. The given equation is (1 +x );— X =2tn" x

‘dy x .

2tan”  x
= - = —————
dx 1+ x2 1+ x2
x
Integrating, y = I dx
g 2 1+ x2
+2I tan”' x. 2dx+c
I+x
1 2x " 1
=>y= —j 2d.x+2J- (tan lx). 2th+c
2J 1+x 1+x
' -1..2
1 tan
=>_v=—|0g|l+x2|+2$+c
2 2
d - 1
[ —(tan lx)= 2]
dx I+x

1 -
=y = Slog(+x)) +(tan™ 0% +c,

[“xX220=21+x2>0.:.|1+x2| =1+
which is the reqd. solution.
Example 2. Find the general solution of the
differential equation :

(m2x+ZMX+S)%=2(l+Mx)m2x

d
Solution. We have : (tan? x +2 tan x +5) i-

=2 (1 +tan x) sec? x

CBSE -MATHEMATICS

—

d 2(l+lanx)scczx
=

dx an? x+2tanx+5

2 (14 tan x) sec? x
( i ) 80 dx+c (1)

Integrating, y = J -
tan“ x+2tanx+5

2(l+tanx)scc2x

dx.

Lctl:j -
tan“ x+2tanx+5

soihises? g b=

' 2(1+1t 2t+2
l=J. T-(—)-dt=I 2—-——dt «(2)
t“+2t+5 t“+2t+5

IPutt2+2t+5=z| so that (2t + 2) dt = dz.

From (2), I=I %=Iog|z|=log|t’+21+5[

=log|tan?x+2tanx+5|.
From (1), y =log | tanx+2tanx+5|+c,
which is the reqd. general solution.

Example 3. The marginal cost of manufacturing a
certain item is given by C'(x) = 2 + 0-15 x.

Find the total cost function C(x), given that C(0) = 100.

Solution. We have : C'(x) =2 + 0-15x.

Integrating, C(x) = I(’.’ +0-15x)dx + A

2
= C(0=2x+(0-15+A (1)
Putting x =0, C(0) = A.
But C(0)=100. [Given]
A=100.

e o
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2

Putting in (1), C (x)=2x + (0-15)"7+ 100.

Hence, C(x) = 2x + 0-075x% + 100,

which is the reqd. cost function.

Example 4. Assume that a spherical rain drop
evaporates at a rate proportional to its surface area. If
its radius originally is 3 mm and 1 hour later has been
reduced to 2 mm, find an expression for the radius of the
rain drop at any time.

Solution. Let “V* and ‘S’ be the volume and surface arca
respectively of the spherical rain drop.

3

4
Then V =§ nr” and S = 4n72,

where ‘7" is the radius of the rain drop at any time 1.
dVv

—=-kS,

dt

where k" is the constant of proportionality

By the question,

" EXERCISE 9:(d)" "

Fast Track Answer Type Questions

Find the general solution of the following (1 -4):

1 i'v-=x2 +sin3x (H.B. 2010)
g g . .B. 2

Q:’)

2. (x2+1) . & K. B. 2010)

&

3. (x+2)ﬂ=x2+4x—9.
dx

Very Short Answer Type Questions

Find the general solution of the following (6 - 15) :
6. J1- x5 dy=x2 dx.

7. (4+55inx)ﬂ=cosx.
dx

8. Zx—y=cos3 xsin“ x+x"2x+ 1.

9. 4 _ !

sin? x+ cos? X

10. D _ o . (V.C.ER.T; J. & K. B. 2011)
dx
1L G) (+cos 2 =q )
i COS X) === - COS X
(i) ax
(i) (1 + cos x) dy = (1 — cos x) dx.
(PB. 2012 ; H.B. 2010)

=log x.

12. &
dx

CBSE -MATHEMATICS

—

Differential
Equations

M/,LLMM,

@k 3
—|=n
= (3 r

=k (4 r?
7 ) (4 nre)

= i1t(3r2)£=-411:kr2
3 dt

'dr
—=—k.
= dt

Integrating, r =-k j l.dt+c

= r=—-kt+c (1)
When t= 0,r=3,
S 3=0+c =e=3;
When t= 1,r=2
2= -k+c =>2=-k+3

= k=1
Puttingin(1),r=-t+3ier=3-1;0<r<3,

which is the reqd. expression.

A -.“(;;'f‘,g',:, A

ot ___ ___'»i_"__/

' 2
4. ﬂ=Jr5+x2 -=.
dx

X

S. Write the particular solution of the equation :

——=sinx, given that y(x)=2. (Bihar B. 2012)

dx
A, '/‘w)"WJ .
13.d—y—xsin2x= : .
dx xlog x
. i
14. Zy”x:e =, (J. & K. B. 2011)

15. i&:_qin3 xcos x+xe*.
dx

16. Solve : .d_y.= 2x3 —x.giveny=1, whenx=0.
17. Find the particular solution of :

(.x3+x2+x+l)% =22+ x,y=1 whenx=0.

(N.C.E.R.T.; Jharkhand B.
18. Find the particular solution of :

2016)

(i)cos(zx—y)=a(aeR), y=1whenx=0

(N.C.E.R.T.; Kashmir B. 2017)

e oaw
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. [dy .
(i)sin|—=—|=a, given that, x=0,y= |
(2)=a. e s

4-—): +lx -2loglxl+c.
6 3
S.y=1l-cosx.

1. _
6.y=§sm '¥ie

1
7. y=§log|4+55in xl+ec.

] .5 | .7 ] 3{2
8, y==sin" x—=sin’ x—=(2x+1
g 5 7 6 )

2
; X
Integrating, y = j
: Jl - x5

d
8. —y—ws3xxm4 +x2x+1.

. CBSE -MATHEMATICS
1€ YAV e

i) cos(ﬁ]=l, ¥(0) = 2 (PB. 2017) _ 20. Find the equation of the L't'lrvc_pussing through the
dx) 3 point (1, 1) whose differential equation is :
xdy =22+ 1)dx (x#0). (N.C.ER.T)
( Answers )
1. y=lx3——1-cos3x+c_ 2. y=2tan"x+c ll.(i)—{ﬁl-y=?,lan£—x+c.
3 3 ’ 2
I 12. y=x(logx-1)+c.
3,y=?x2+2x—l3loglx+2l+a :

+L(2x+ Y2 4e.
10

—I"— Hints to Selected Questions 00 o —

. ' 2
6. 1!1—1'6 d)’=x2dx :dy=.Jx—6dx
I-x

dx+c. Puxd=1.

dx 19. The given equation becomes : %— log (x+1).
y:j sin4xc053xdx+[ xV2x+1 dx 20 Q B 252 +1
. dx - x
1 ' 2
9. Here y= j ————di+e 2% +1
sin® x + cos* x }’=J . dxtc

Differential
Equations
q %LL&MGL“CS

"y
19. Find the particular solution of edx = x+1, given

that whenx =0,y =3.

1 , x . 1
=—x"=—sin 2x=—cos 2x + log|log x|+ c.
13. y=7 2 s g|log x|

-3x% e
2 2

14. y=
1 5 1 3 x
15. y=-§cns x—-gcns x+(x=1e +c.

1
16. y=5x2 (2 -1)+1

17. y= ! log|x+l|+:(x2+l)—-;tan"x+l.

- -1
Y I)=a (i) sin(y—]=a
X X

' y—2] 1
iii) COS = -
(1) ( X 3

19.y=xlog(x+ D+log|x+1]-x+3.

18. () cos(

20.y=x2+log| x]|.

4
1 sec” x
“‘—4‘1,:! —_— dx.
SN xX+cCos X
Puttanx=1.

Now 1 =I

18. (i) The given equation becomes : %:cos' a.

o e oaw
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‘dy
TYPE II. —=A1(y).
ix )

GUIDE-LINES TO SOLVE
Step (i) ﬂ =f(y) = £ =——. Step (ii) Integrating, -x = 1 dy + ¢, which is the reqd. solution.
dx dy f(y) fy
T e Tk
(TSI EXAMPLES )
' 2 2
Examplel.Solve:ﬂ=l+—y, = x=y——llog(y2+l}+c.
dx y3 2 2
‘ [“¥20=y+1>0
. . - 2 S+ =y + 1
Solution. The given equation is j_iz I+ ; which is the regd. solution. Y ’
y
: § Example 2. Solve : dy_ secy.
— dx ) dx
-_— 2 . -
dy y“+1 Solution. The given equation is %: sec y
Integrating, y= J y- Y dy+c = ax =CO0S ).
y+1 d

Integrating, x=J cosydy+c
2
= x=%-%!ogly2+ll+c

= x=siny+ ¢, which is the reqd. solution.

|
" EXERCISE9 (e)"

Very Short Answer Type Questions Y VSATQ N
Solve the following equations : 7 |
' s __ 1
d —
I‘Zy”:' =D (N.CER.T) dx  y*+siny
dy

-dy . 2
2. —=sin" y.
dx y

3 Idy_ 1-cos2y
dx

1+cos2y

1. y=1+ae™
2.x+coly=c.
3. x+coty+y=c.

'—:F— Hints to

Selected Questio

5. ——=y4-y? (-2<y<2),
(N.C.ER.T; H.PB. 2015, 10 8; Meghalaya B.

Jammu B.

(_Answers |

ns

3
4. x=y?—cosy+c.

5. y=2sin(x+c).

®-0-0-c-

Integrating, x = _y? —cosy+ec.

2015;
2012)

e o
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TYPE III. VARIABLES SEPARABLE

Differential
Equations

d
GUIDE-LINES TO SOLVE : d—i

=f(x) ¢ (y).

‘B
Step (ii) Integrating, I —
o(y)

which is the required solution.

Step (i) The given equation can be wrilten as dy =

ly =J. f(x)dx + ¢, where ‘¢’ is a constant of integration,

Frequently Asked Questions

Example 1. Solve the following :

dy 2
— 4_ - .
dx Y (-2<y<2)

Solution. The given equation is _=.J4— 2
dx y

Example 2. Solve the following :

dy 1+y?

dx  1+x2

Solution. The given equation is :

——dx+c
I+x

= nly=wnlx+c,
which is the regd. solution.

differential equation :
A+x)(1+y)dx+(1+y)(1+x3)dy=0.
Solution. The given equation is :
(T+0 (1 +y)de+(1+y) (1 +x2)dy=0

.l+.!.' 1+
2d‘ ;

1+x l+y

CBSE -MATHEMATICS

i YA —

(Kashmir B. 2016)

= dy =dx | Variables Separable
52 _ .2
==y
Integrating, J dy = J. ldx+c
P,z _ .2
<=y
= sin”! % =x + ¢, which is the regd. solution.

. (N.C.E.R.T.; Kashmir B. 2013)

dy _1+)°
dx |+ x*
1 1 oy ’
= dy= dx. | Variables Separable
1+ y2 1+ x?

Example 3. Find the general solution of the

dy 0. | Variables Separable

]ntugmllngj' +x dx+J I+y dy=c
1+ x2 l+y2

- '[l+:c dﬂ.j l+xx2dx+'[ l+1y2dy

+I dy c
1+_v

' ]
= j dx +—j' dx+J d
1+ x? I+ x2 l+y2 Y

+1J. zyzdy=c
29 1+y

1
= tan"x+?log||+xz[+lan"y

+%log|1+y2[=c

= lan'l.r+lan'1y+%log(l+x2)
. )
+Elog(]+y )=¢

[“x220=14+x2>0. . |1 +x2 =1+
Similarly |1 +y?| = 1 + y?]

-1 X+y
I-xy

1
= lan +?log(l+x2)(l+y2)=c,
which is the reqd. general solution.
Example 4. (a) Solve : (i) :_y =1+X+y+Xxy
X

(ii) xyy'=14+X+y+xy. (N.C.E.R.T)
(b) Find the particular solution of the differential

d
eqmalmnd—y 1+x+y+xy,giventhaty=0whenx=1.

(A.L.C.B.S.E. 2014)
Solution. (a) (i) The given equation is :

e oaw
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—=l+x+y+axy

s &&

= —=(l+x)(1+y)

=(1+x)dx

7o &

Variables Separable

y

lmcgruling.J %:J (I+x)dx+c
+y

1
= la:)gll+y|r-.1r+zjr2 +c.

which is the reqd. solution.
(if) The given equation is xyy'=1+x+y+xy

= g%=(1+x)(|+y)

1+
= Ldy— X

dx . ] Variables Separable
1+y x

= J “:i’;_ldy J[—+I]dx+c
= J l.dy—j ﬁd}mj %dx-i-'[ l.dx+c

= y log|l+y|=log|x|+x+c
= y=x+log|x(l+y)|+c,
which is the reqd. solution.

1
(b) From part (@) (i), log | 1 +y| = x+;x2 +c

(1)
Whenx=1,y=0, then :

1
log|1+0] = 1+=(+c
1 3
> log I = +2+c =>(]:2+c
3
= = -,
=0

e 1 5, 3
Putting in (1), log | 1 +y| = x+5x" ==,
which is the reqd. particular solution.
Example 5. Solve :

J]H&z +3,r2 +xzy2 +xy% =0.

(A.I.C.B.S.E. 2010)
Solution. The given equation can be written as :

J+2) 1+ + 02 <o

2

\fl +x

> dx +—= dy = 0. | Variables Separable
o J 1+ y2

. CBSE -MATHEMATICS
1€ YAV e

Differential
Equations
q %LL&MGL“CS

|+I

Integrating, I dx + I dy =c ..(1)
1+

)’
2 2
\fo \}H-x
NowII:I —dx=-[ —z.xdr
X X
so that 2xdx = 2u du i.e. x dx = u du.
i 2
u u
] - I “du =J- du
1 21 21
!u2-|!+|
= dH
I u? -1
- 1.d ]
___I .u+‘[ 5 du
u -1

|lF0mI "
x —ﬂ
= u+ ! lo u-l
= g
2(1) Elu+i
= J1+x2 +-1 142 -
= x° +=log| =—|-
Y1422 +1
y
And 12=I ~dy.
I+y

1
Puty?=v |sothat 2y dy = dv ie. ydy = ;dv‘

and find the corresponding solution curves :

‘ L,
o [ Fmet] 0o

(1+v)"

1/2

1l

| —

:.,fl+v = I-|-y2 p
From (1).

7| Ji+22 -1 3
1+x° +-log |[S=—=—|+41+)" =
277 [ J1+a2 41
which is the reqd. solution,
Example 6. Solve the following initial value problems
(i) 2xy’' =Sy, y()=1

s
(ii) sin x cos y dx + cos x sin ydy =0, y(0) =— 2
Solution. (i) The given equation is 2xy” = Sy
d
ie. 2-’-‘3}’: S5y
dy

")-—-:

5
—dx. Il'ariahh's Separable
y x

Integrating, QI &, S‘[ ldx +c
Yy X

o e oaw
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= 2loglyl=Slog|x|+c (D)
Nowy(l)=1liey=1whenx=1.
~2log|1]=5log]1|+c=c=-3loglll
= c==-3logl==-3(0)=0.
Putting in (1), 2 log | y | = 5 log | x| = log y* = log X
ayY=X=y=|xP?
which is the reqd. corresponding solution curve.
(ii) The given equation is :

sinxcos yde+cosxsinydy=0

sin .t sln y

dy=0. | Variables Separable

t:osx L(xsy

Integrating, J. dr J. slnydy c
Cos X cos y

= log |cosx|+log|cosy|=c A1)

d
'+ —(cos x) =—sinx;efc.
[ 2 ]
Now y(0)=% ie. y=%,when x=0.

log lcos 01+ log =c

9
Cos—
4

1
log|l|+log|—=|=c¢
= gl ] glﬁl

log 1 + log —= =
= ‘:g tgﬁ—
1 1
logl+logl—EIog2——Elog2.
[-- log I =0]

= C=

o |
Pumngm(ll.Iog|cosx|+log|cosyl:—;logQ

|
= log|cosxcosy|+;]0g2=(),

which is the reqd. corresponding solution curve.
Example 7. Find the particular solution of the follow-
ing differential equation :

dy . _
(x+l)d—i=2e Y _1;y =0whenx =0.
(C.B.S.E. 2012)

d
Solution. The given equation is (x + 1) Ey= 2= 1

b _dr Variables Separabl
” —y—l = x+ aria (5.1!)(!!"{1 é
e ' dx
x+1°

—eY
-I ‘ dy=I;dx+c'
2—3-"' x+1

~-MATHEMATICS
—

P =c(x+1) A1)
Wh 0.y=0 c(0+)=c= ! —l—l
enx=0.y=0; 2_80 = 2.1 1
Putting (1), =L (x+)=2(x+1)(2-e)=1,
2—-¢

which is the reqd. particular solution.
Example 8. Find the particular solution of the
following differential equation :

cosydx + (1 +2e™)sin ydy:O;y(ﬂ):%.

(C.B.S.E. Sampler Paper 2019)
Solution. The given differential equation is :
cosydx+(1+2e®)siny dy=0
dx mn ¥
I+ 28"' cosy

. e*dx —sin Y4
Integrating, J- 12 = cos y y =0

=

dy =0 | Variables Separable

= logle*+21=loglcosyl+constant
= log le* + 21 =log | cos y | + constant

= logle*+2=loglccosyl

= ef+2=ccosy A1)
When x=().}=£.
4
' k4
then I+"—cms—=a'§ T:ac=3ﬁ.

Puttingin(1),e*+2 = 3~/§cosy,

which is the reqd. particular solution.

Example 9. Find the particular solution of the
differential equation :

X X 2 i
e“tanydx + (2-e*)sec’y dx =0, given thaty = 7
when x = 0. (C.B.S.E. 2018)

Solution. The given differential equation is :

e“tanydx + (2 - e sec?y dx =0

= e“tan ydx = (e*-2) sec?y dy
x 2

= € dx == ydy
-2 tany

I Variables Separable

. e~ «;tec:2
Integrating, , dx = y
2

dy + constant

A1)

e o
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e e~ Wht.‘lly:ﬂ x=1
Now, I = P’ 2dx. ool ' 5 B
- +lo 1+0
s e L Gioe? | 20 ctoglil+e > L —04e s o=,
so that e* dx = dt. =
[ dt | 2 1
I =] —=logltl Putlinginll).m=logll—y2|+-
J 2 2
=loglet-2I. > (l+logx)?=2log|1 -y |+1,
B which is the regd. solution.
And, I,= sec? ydy Example 11. Find the particular solution of the
< ] tany ‘
. . . d .
Put tan y = z| so that sec?y dy = dz. differential equation log (Ei—] =3x +4dy, given thaty =0
[ j‘ dz when x =0. (N.C.E.R.T; A.LLC.B.S.E. 2014)
27 2 Solution. The given equation is :
=loglzl=logltanyl. ' dy
- From (1), log [ dx) REY
loglel+logle*-21=logltanyl '
) B N n - ﬂ - e3x+4y
= tany=c (e*-2) .(2) dx
When x=0,y= E = e dy= & dx. | Variables Separable
T4
l=c(1-2) Integrating, je_dy dy= Ieh dx+c
= c=-1.
Putting in (2), logy=2-¢, e 4y g
which is the reqd. particular solution. = -4 = 3 A1)
Example 10. Solve the differential equation :
e 1 Whenx=0,y=0,
(1-y°)(1+logx)dx +2xydy=0, _
. - - - A 1 1
given that whenx =1,y =0. (C.B.S.E. 2016) s —mmmde
Solution. The given equation is : 4
1=y (1 +logx) dx + 2xydy=0 ' 11 7
| =TT
1+log x —2yd <
= £ dx= 4 2)’ Z | Variables Separable
x I-y 1 1 3,
_ Putting in (1), =7 :4?=§e BT
Integrating, J- I+ I:g X de= f -2)'2 = —3e¥=4er-7
= de¥+3e W=7,
S 2 which is the reqd. particular solution.
o Q10X o 11—y +c A1) 9°-v
Fast Track Answer Type Questions = FTATQ m
Find a one-parameter family of solutions of each of 2.dy+(x+1)(y+1)de=0.
the following indicating the interval in which the solution .
is valid : . . ‘ 3.4 %=COSG (i) ¥ = (cos? x — sin? x) cos? y.
o P - _i _l _ 1
LOY=% @ y=—SO=0 @5 =2 4. erdeterdy=0 (i))y =eT*Y 4y,
(Rajasthan B. 2013)
CBSE -MATHEMATICS o wri e caoe
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Very Short Answer Type Questions

Find the general solution of the following differential

equations :
dy e AR
5. =+y=1(y#1l). (N.CER.T; Jammu B. 2017)
dx
dy +y ) 9 « N > 2015
6. — =Y. (Jammu B. 2017; Nagaland B. 2015)
dx
d
7. () (€x+€_'r)—y = (eX¥—e*) (Jammu B. 2017)
dx
(i) (e + D) ydy=(y+1)e*dx
(iii) x (€ = 1) dy+ (2= 1) e ¥ dx =0.
dy - "
8. (i) E=e" Yixte? (J. & K. B. 2011)
dy x+y 2y
(ii) —=e""7 +x%
dx
9. (i) (x2+l)-i—':-=xy. ( Mizoram B. 2016)

Short Answer Type Questions

Solve the following (13-27) differential equations :

1B.()x2(y+ Ddx+y* (x=1)dy=0 (PB. 2012)
(i) x (2 =xy) dy +y 0% + x3y%) dx = 0.
2
dy 1- v
4 2+
dx =iy
(N.C.E.R.T. ; Rajasthan B. 2013)
15 Do x4 o)
=y
(N.C. l~.‘. R.T.; H.P.B. 2017, 10 S; Kashmir B. 2015;
H.B. 2010)

6 &, 0= o
dx x(x—l)

17 '-d*v--l x+y-xy . ]
'mdx ) ) (”)dx—'r_ +Xy-)y.

18. xﬂ= y-xtan (l)
dx X

19. xsinydy+(xetlogx+eY)dx=0. (PB.201I)

20, &y _xelogx+e’

dx XCosy
21. cos x cos ydy + sin x sin y dx = ().
22. tan y dx + sec? y tan x dy = 0.
23. sec? x tan y dx + sec? y tan x dy = 0.
(N.C.E.R.T; Kerala B. 2018; Assam B.
H.P.B. 2015; 13 S, 13, 10 S; H.B. 2015; P.B.
24. (1 +cosx)dy= (1 —cosy) dx.

2018;
2010)

~MATHEMATICS
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AT A

d \
iy yA—xHZL=x1+y%).  ( Mizoram B. 2017)
dx
dy
10. () —=(1+23) (1 +y2
(1) F ( ) ( yo)
(N.C.E.R.T.; HPB. 2017, 15, 13 S, 13;
Jammu B. 2017, 14; Kashmir B. 2016; P.B. 2010)
d '
(i) Z':' =4 +x) 09 +_\'2) (H. B. 2013)
dy
(i) '—=(1+X)(1+ y ) (Mizoram B. 2015)
dx
11. (y +xy) dx + (x - xy%) dy = 0.
12. 1+ x? dy + l+y2 dx=0.
AT
25.cos x (1 +cos y)dx—siny (1 +sinx)dy=0.
&, g
26. cosec x log y E +x-y-=0. (C.B.S.E. 2014)
27.ylogydx—xdy = 0.
(N.C.E.R.T.; H.P.B. 2017; Jammu B. 2017;
Uttarakhand B. 2015; H.B. 2014)

Solve the following initial value equations (28-31) :

y §
28.¢%\J1- yzdx +=dy =0, given thatx=0 wheny= 1.
x

(C.B.S.E. (F) 2012)
29. () x (1 +y?) dx -y (1 +x2) dy =0, given that y = |
when x = 0. (A.LC.B.S.E. 2014)

(ii) (1 +x2 + y2 + x%y2) dx + xy dy = 0, given that

x=1y=0.

30. (i) (1 + ¥2) (1 + log x) dx + x dy = 0, given that
whenx=1,y=1 (C.B.S.E. 2011)

2
(if) ﬂ=l+_y given thaty = 1 whenx = 0.

dx  |+x?
(PB. 2018)
3L (1 +e¥)dy+(1+y?) e'dr=0, given thatx =0,y = |.
(N.C.ER.T. ; Assam B. 2013 ;
C.B.S.E. (F) 2011)

Solve the following initial value problems and find
the corresponding solution - curves (32 - 35) :

32. (i) y'+2y2=0, y(h=1

(xy'+1=0,y-1)=0
(iii) y' = 2xy, v(0) = 1.

o e oaw
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33.()xdy+ydx=xydx,y(l)=1

(i) x(xdy—-ydx)=ydx, y(1)=1.
Hx+D)y'=2eY-1y0)=0. (N.C.E.R.T.)
35.y' =ytanx,.y0)=1. (N.C.EE.R.T)
Find the particular solution of the following (36 - 43) :

dy 2, 2,29
36. —=1+x"+y“ +x°y°,
dx AL

given thaty = 1 when x = 0. (C.B.S.E. 2012)

dy 2
| ——— 4 5 =1.
37 [ xy" . 0)=1
(N.C.E.R.T.; Jammu B. 2015)

d
38. -d—z =ytanx, given that y = 1 when x=0.
(Kashmir B. 2017; Jammu B. 2015; C.B.S.E. 2010)

39, e*\1- yzdx+ldy= 0, given that y = 1 whenx=0.
x

(C.B.S.E. 2014)
40. (1 +x)ydx+ (1 -y)xdy=0,wheny(l)=1.
(Meghalaya B. 2013)

2 y tan x dy = 0, given that

41. sec? x tan y dx - sec

4 4

e = o— 2
y 3 X 3 (P.B. 2016)

42. % = x3 cosec y, given that »(0) = 0.

dy  xQ2logx+1)

iventhaty = = whenx=1
“dx "~ siny+ycosy £ Y=< -

(C.B.S.E. 2014)

Long Answer Type Questions

51. A wet porous substance in the open air loses its
moisture at a rate proportional to the moisture content. If a
sheet hung in the wind loses half its moisture during the first
hour, when will it have lost :

(i) 90%

(i) 99%

weather conditions remaining the same ?

52. A bank pays interest by continuous compounding,
that is, by treating the interest rate as the instantancous rate
of change of the 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 €08 = 1.0833]

53. The slope of tangent at a point P (x, y) on a curve is

~ZIf the curve passes through the point (3, - 4), find the

¥ . i
equation of the curve.

CBSE -MATHEMATICS

—

Differential
Equations
~ v\/Lathmalucs

44. Find the particular solution of :

(i) log(%)=2x+y (ii) log(%) =ax + by,

given that y = 0 when x = 0.
4S. The line normal to a given curve at each point (x, y)
on the curve passes through the point (2, 0). If the curve
contains the point (2, 3), find its equation.
46. (i) For the differential equation :

xyﬂ-(:w’)( +2)
de = FTELATSh

find the solution if curve passing through the point (1, - 1).
(if) Find the particular solution of the following
differential equation :

dy
XY= =(x+2)(y+2):y=—1whenx=1.

dx
(C.B.S.E. 2012)
47. In a bank principal increases at the rate of 5% per
year. In how many years ¥ 1000 double itself. (N.C.E.R.T.)
48. 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 (%3 = 1.648).
(N.C.E.R.T))
49. A population grows at the rate of 2% per year.
How long does it take for the population to double ? Use
differential equation for it.
50. The surface area of a balloon, being inflated, changes
at a ratc proportional to time .
(1) If initially its radius is | unit and after 3 seconds it is
2 units, find the radius after time ¢.
(i) If initially its radius is 3 units and after 2 seconds
it is 5 units, find the radius after ¢ seconds.

54. iy—+l=0. where ‘x’ denotes the percentage
dx x
population living in a city and ‘y’ denotes the area for living
healthy life of population. Find the particular solution when
x=100,y=1.

§5. Find the equation of a curve passing through the
point (0, = 2), given that at any point (x, y) on the curve the
product of the slope of its tangent and y-co-ordinate of the
point is equal to the x-co-ordinate of the point. (N.C.E.R.T.)

56. At any point (x, y) of a curve, the slope of the tangent
is twice the slope of the line segment joining the point of
contact to the point (- 4, - 3). Find the equation of the curve,

given that it passes through (=2, 1). (N.C.E.R.T)

e o
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1_(,‘)y=ce3-‘(xe R) {r’f)xz+yz=c
(ii)y=cx (x ER).
2

2. logly+11+°—+x=c(xeR).
3.G)r=sinB+c(0e R)

.. 1 .
(if) tany=;sm2x+c(xek).

d(De*+e?=cxe R)(ie*-e¥=e"+c(xe R).

S5.y=1+ce™

6. +eV=c.
T.()y=logle*+eFl+c¢
(iy=loglce*+ H(y+ DI

.. 1 1
(iii) +—y+;.::2 -loglxl=c.
e e

3
8.() e =e* 4+ 2—4cli) €7 +e +%x3 +c=0.
3

9. () y=c@+DHENN+¥WW(1-xN=c
' 1
10. () tan™" y=x+§x3+c

(i) ll:m'll = 4x+lx3+c
3 3 3

-1 L)

(iif) tan™" y = x+?x +c.

yZ
11. ]0g|xy|+x—?=c.

12. (x+JI+x2)(y+Jl+y2)=c.

I
13.() 5@+ +x=y +log|l(x- ) (y+D]=c

i) loe | X _ I 1
(it) log y —EF+—2 +c.
M.siny+sin-lx=c.

15. 22 +y2+ x4y +c=0.
16. (x-1)(y-1) = cxy.

1
17. (i) Iogll+y|=x—5x2+c
% x2
(i) log|y+ 1= T—x+c.
18. xsinZ=c.

x

19. —cosy+eflogx=c.
20.siny=¢€"log x +c.
2l.siny=ccos x.

22.sinxtany =c.
2. tanxtany=c.

x
A _col=tanZ+c
2 2

CBSE -MATHEMATICS
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25.(1 +sinx) (1 +cos y) =
- logy | 5

26, ——————x“cosx+2xsinx+2cosx=c,
28. fi—y? = (x=De* +1.

29. (i) 2x*—=y*+1=0
(i) x2 +log (2 + x%?) = 1.

30. (i) I08|x|+,I,—(Iog.lr)z=—tan"y+%

1+
(i) y= .I.
I-x
3l.efy=1.
32(')I = x#l (ii) 1
(D) Y xe1’ 2 iy=-log|x|

2

(iii) y=e* (xeR).

3.0 y=Le ' (xeR\ (0]
X

1
(i) y=xe * (x>0).

)(x:ﬂ 1.

)

=log|2-
3.y og( 7

3s. y:sccx[xe(—%.

MK

36. tan” ! —.r+lx3+£
" y 3 7%
Y= a4

38. y=scex.

39, l—y2 =(x—De* +1
40-.lr.)g|xyl+x—y=0.

4l.tanx=3 tan y.

1 4
—cosy=—x -1
42, y -4

b s
43. ysiny= x° logx+? .

4. (i) ¥ +2e¥=3 (i) be™ +ae P =a+b.
45. (x-2)0 +y*=09.

46. (i) - (iDy=x+2loglx(y+2)-2.

47.20 log, 2 years.  48.T 1648.

49, 50 log 2 years.
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50. (1) 43 i) J41% +18.
| 2 10 log 100

hours.

S51.(i) t= hours (i)
log 2

8. (i) Given equation becomes : €¥ dy = (¢* + x2) dx.
1. (y+xy)dx+(x-x?)dy=0
> y(l+x)de+x(1-y)dy=0

I+x l—y°
> +

X .
17. @ Q—l :ﬂ— 1 1
o (l)dx— -X+y-—xy dx_( -x)(1+y)

d
= —y=(l—.x)dx.

A&y ,

dy (y) dy _y (y)
. x— = y—xtan|[= —==—tan|=|.
18 Jcd.x g x =>dx x x

Pull-_-z.

x

19. xsinydy + (xe‘logx+e")dx=0
> sinydy + e (logx+ )dx 0.
20. Given equation becomes :

cos ydy=e* [log x +l)dr.
x

——{— Hints to Selected Questions

Differential
Equations
q %LL&MGL“CS

52. 8:33%.
53.x2 +y2 =25, 54. xy = 100.
55.x2-y2+4=0. 56. x>+ 8x—y+13=0.

Integrating, siny=e*log x + ¢
d
36. 2{- =1 +x2+ Y+ 22y

dy ) 2
> —==(1+x)(1+y9)
e ]

d
=>—y2 = (1 +x2) dx.

44. (1)%’hc gl\gn equation becomes : L4 =e2* Y

= e~V dy = e** dx. Integrate.

45. Here .
o dy x-2
)
e Eu X B4
dr 100 x 50
e S1. (i) - (i) If *

;’-=—’§ch!¢.
dx 8x dx

Tdt 100 x

53. Here ﬂ_—— = ydy=-xdx.

¥

= (x-2)dx+ydy=0.

x' be the moisture at time ¢, then

=0-08 4.

TYPE IV. EQUATIONS REDUCIBLE TO VARIA

ABLES SEPARALE

Step (i) Putax + by + ¢ =

GUIDE-LINES TO SOLVE :

y
—=¢ (ax+ by +c¢).
2 A y +¢)
2. Step (i) Scparate the variables z and x. Step (iii) Integrate both sides.

©

CBSE

©

Example 1. Solve : —3! =cos (x+Y).
X

Solution. We have : ﬂ =cos(x+y) (1)

dy iz_:dy dz

dx dx dx dx

Diff. w.r.t. x, | +—

oy

dz dz
Puttingin(l), — =1 =cosz = — =1 +cos 2
- dx dx

dz 5 g ;
= =dx. |Variables Separable
1+ cosz
Integrating, j Il dx+c,
1+ cosz

~MATHEMATICS
—

1€ YAV

JH 10017 EXAMPLES

where ‘c’ is a constant of integration

| 5 Z
— |sec —dz=x+c
= 2'[ 2%

x+y
=x4+c = lan =x+c,

1

27172 2
which is the reqd. solution.

Example 2. Find the particular solution of

d
ay =cos(x+y+1),giventhatx =0,y =- 1.

(P.B. 2011)
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Differential
Equations

dy 1 4
Solution. The given equationis = =cos (x + y + 1) > —J sec’=dz =x+c
F dx : 2 2
wi(T) .
Putx+y+1=z l“'"%
dy dz dy dz > ——=c=x+c
Diff. wrt.x, | +— =— = —=—-—1 2172
PEWELE T e Tax T dx dx :
dz dz = [unx+'v+ =X+cC (2)
Putting in (1), =——=1=cos z > —=1+cosz 2
dx dx Whenx=0,y=-1
% L—d | Variables Separable i o
|+COSz = ax. ariapbles Separabie lan 5 =0+c=2>tan0=0+c¢
> 0=0+c=>c=0.
Integrating, J- _— j l.dx+c
? +y+1
) I+cosz Putting in (2), tan =x,
where ‘e’ is a constant of integration o & )
4 which is the reqd. particular solution.
> J. : — =x+cC
2c0s“§
- CVEDCICE O (o) i
| EXERCISE9 (g) |
. A A
Short Answer Type Questions
Solve the following differential equations : dy
dy (iii) cos™! (—)= x+y. (PB. 2014 S)
1 (x+y)—==1. (H.P.B. 2016, 10) dx
4 d
y 7. = =sin(x+Yy)+cos (X +Y).
2. — =(dx+y+1)>2 dx i "
dx y
y d. 2
(x+y+1) E =:1. (Nagaland B. 2016) dx COL=gx)-
dv 9. cos (x+y)dy=dx, y(0)=0.
., a4y ) 2 i 7 5 dy 2 -
4.(i)) = =(x+Yy)- (if) (x-y)* — =a" 10. (x+y+ 1)=dy=dx,y(-1)=0.
dx dx . ; 0 A
11. Find the particular solution of :
dy
S5.=—=1+&"" dy .
dx —— =cos(x+y+2) giventhatx=0,y=-2.
dy %
6. (i) cos (x+y)dy=dx (ii) " =sin (x+Yy) (P.B. 2011)
Answers
Ly=loghk+y+I|+c. (iHtan(x+y)—sec(x+y)=x+c
1 —1(4x+y+1 x+y
2. 7lan [——) =x+cC (iii) tan x:'v =y+c. 7.log |tan— +1| =x+c.
3.y-log [x+y+2=c. [
) O‘I i —I ¢ 8 y=x+ 7 sin2(x+y+c
4.(hx+y=tan(x+c) (i) Iog —— y+c 3
. > y=1Uu v, — =Yy . X+
2 x—y+a 9. y=tan (_o_v) 10 x+y+ 1 =tany.
xX+y
—e -y =_ i) =y x+y+2
S5.-e¢ x+c. 6. () tan > y+c¢ 1. tan y -
L L3 -
Hints to Selected Questions Qe o —
2.Putdx+y+ 1=z 7-9.Putx+y=z
3. Putx+y+1=z 10. Putx +y + I=z
6.(i)Putx+y=1z 1L Putx+y+2=z

~-MATHEMATICS
—

e o
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TYPE V. HOMOGENEOUS EQUATIONS

Definition

( Homogeneous Function. A function f (x, y) is said to be homogeneous of degree n if f(Ax, Ay) = A"f(x, y) foD

any non-zero constant A

For Examples : (I) £ (x, ¥) = y% + 3 xy is homogeneous function of degree 2.

[ f(Ax, Ay) = (Ay)? + 3 (Ax) (Ay) = A2 (52 + 3xy) = A2 f(x, )]
(I £ (x, y) = sin x + cos y is not homogeneous function. [-+ f(Ax, Ay) = sin Ax + cos Ay #A" f(x,y) for any n]
Observation :

fxy) =y +3xy

o .
=x2[y—2+ 32] =x%g (l)
X X X

Thus f (x, y) is a homogeneous function of degree n if f (x,y) =x" g (l) ory"h [1
x

) for any n.
y

(b) Homogeneous Differential Equation.

Definition
)

A differential equation in x and y is said to be homogeneous if it can be put in the form z f ((x. Y ))
g(x,y
\_ where f (x, y) and g (x, y) are both homogeneous functions of the same degree in x and y. )
GUIDE-LINES TO SOLVE
: dy dv . 2
Step (i) Puty = vx so that " =v+ x; Step (ii) Proceed as in Type III.
To solve homogeneous differential equation of the type :_y =f(x,y) - (1)
X
Puty = ; A
y=vx ie. . sothat =~ e
(D becomes < v s x & _ &
~(1) wnn..x.v-bxdx—g(v) = xdx—g(v)—
dv dx
= T |Variables Separable
gv)-v «x

1 . . .
Integrating, J‘ j—dx + ¢, which is the required general solution of (1) when we replace v by %
x

(v)—v

; dx
Note : When the homogeneous equation is of the form - =h(x,y).
y

Here we ie. X=y and proceed as above.
y

-MATHEMATICS ——
h — O CECEC
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Frequently Asked Questions
dy x-y

Example 1. Show that ——=——=is homogeneous and
dx x+y
solve it. (H.B. 2011)
Solution. The given equation is &y _x-y (1)
x+ y
-y
II e -
ere flx,y= Xty

b:-ly_ Ax=y)
Ax+dy A(x+y)

fOx Ay) =

=Aﬂ.ﬂ.=lof(x'y)‘
x+y

Thus f (x, y) is homogeneous function of degree zero.

50 that L2 =v+x -‘-f-t w(3)
dx dx
From (1), using (2) and (3), we get :
B dv  x-vx
V4+x —=
dx x+wx
dv_1-v
= VEY dx 14w
- dv _1-v 1-2v-v?
dc 14v  l4v
I+ dx
2 dv=— |Variables Separable
1-2v—v X

Integrating w.r.l. x, we get :

I+v dx
—dv = —+conslant
x

1=2v=1?
S Dol
= 2) 12py? oglx|+log|c
] .
= —E]ug II —-2v-—v2| = log |x|+ log |r.‘l
l S
= —Elogl—T—x—z| =Iog|x|+|0g]c|
1 x —ny—yz
= —E-log 2 =log IC-"I
|2 2=y 1
=y-y
= | =1
o | x? | * |02x2 |

x* - 2xy — ),r2 1
: =
x° *x?

CBSE -MATHEMATICS
—

~A2)

Differential
Egquations
- W&ALLMLM

1

where A [= c_z) is an arbitrary constant,

which is the reqd. solution.

Example 2. Show that (x2 + xy) dy = (x? + y2) dx
(Meghalaya B. 2016; H.P.B. 2015, 10 §; H.B. 2014)

Or
dy _xt+y?
dx  x?4xy

is homogeneous and solve it.
Solution. The given equation is :
(x2+m dy = (2 +y?) dx

ie. dy ﬂ (1)
dx  x?4xy
2+y2
Here  f(x, y) =
x4y
309 A2x2+12y2 _12(x2+y2)
=00 Oy R+
2.2
+
=A0 -“2 2 =l°f(x,y)_
x* +xy

Thus f (x, ¥) is homogeneous function of degree zero.

dv
so that %=V+XZ ..(3)
From (1), using (2) and (3), we get :
dv x2+vix? 1402
V4 X == =

- Jra'v_l+v2
de 1+v
_I+v2-v-v2_]—v
I+v 1+v
T4y dx - :
= l dyv=—. |Variables Separable
-v x

Integrating, I_=I]+Vd Jj-”-”d

'=2I]_]Vdv-‘[1.dv

——ZJ ml dv—f 1.dv
I=v

e oaw
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= .l0g|x1=—2logll—v|—-v+c

l—l|—1+c
x| x
= I()gM:—Zloglﬂ|——

x

= Iog|x|=—2log|x—)1+2l0g|x|—%+c

= log|x| = -2 log

— log|x|—2log|x—y|—%+c=0.

which is the reqd. solulion.

3
Example 3. Solve : — == ___—_.

' 352
: _ +2
Solution. The given equation is L. =X XY

Integrating,

[0 . T
b v 2 1-v 2 l+v

= log|x|=log|v|-%log|l-vi-%logll ++A

= log|x|=log|v|—%log|l—v2|+A

3 2
i-{—:l-log I—Z—Z{+A
' 2 2
= |()g|x|=l()g|y|—|0gl,l‘i—-3—l()g X —Zy +A
2 , X |

~MATHEMATICS
—

= log |x| =log

CBSE

1€ YAV

(1)

P4 2xy2
This is homogeneous in x and y.
Put y=wx ::(2)
dy dv
sothat =—=v+x— .(3)
dx dx
From (1), using (2) and (3), we get :
4 dv VP +2x% vx
Vb X —————
dx 23 42x.0%5°
dv v +2v
= Vv+x—= 5
1+2v
g xdv_v3+2v S v—v?
dx 1422 1+2v?
2
dx  1+2v > :
= —= 3 dv. |Variables Separable
X v=vy

[Partial Fractions)

Differential
Equations
q %LL&MGL“CS

' 3
= log H =log M - log H -3 log |x2 - y2|

+ %Iogxz-rA

&

= %loglxz—y2|=log|)1-210g|x1+3log|x|+A
['.'\/x_z=|x|]
3
= 3I0g|x2—y2|=log|y|+log|x|+A

3
= Elog |x2 - y2|= log |y|+ log |x|+ log |Bl

[Putting A = log | B|]
= log |(x -y )3/2| log IBxy|
= -y? 2)32 Bxy
= (x2 -y P = cx?y?, [Putting B? = c]

which is the reqd. solution.

Example 4. Solve : xdy -y dx = sz —y2 dx.
(N.C.E.R.T")

Solution. The given equation is :

xz—yzdx

= xdy—.(y+\/x2—y2)dx
b _yr{-r 0

dx x
This is homogencous in x and y.

xdy-ydx=

=

Puty = vx .(2)

d
so that %=v+xi .(3)

From (1), using (2) and (3), we get :

dv vx + \’xz - vzx2
V+X —

a x
dy 2
+x—=v+4l-v
= VX
dv 2
x—=4/1-
= dx
= dv = E |Variables Separable
2 X
\/ 1-v
. dx
Integrating, I dv= I— +c
h _ v2 X

=> sin~! v = log |x| +c

= sin~! (y) =log H +c,

which is the reqd. solution.

o e oaw
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CAUTION

Sometimes the equation is not homogeneous but involves

y
[;J,hemweabosolvebyﬁmwbsﬁmﬁony:vx.

This is illustrated in the following Example 5.

Example 5. Solve :

[xcos ] (ydx+xdy)= [ysin%] (x dy -y dx).
(N.C.ER.T))

Solution. The given cqualit_m is:

[x cns%) (vdx + xdy) = (y sin%] (xdy—-ydx)

' ' 4
= (xcosl+ysinl]y—(ysinl—xcosi)x.—y=0
x x x x dx

{xcosl+ysin l} y
x x

a—l&

yqinl-xcosl}x
X X

|
o [

dy
dx
2)s H -2
x x
[Dividing num. and denom. by x2|
Put y 1hl‘§_v+5£ L
y=vx| sothat =- 7 weeet:
dv  (cosv+vsinv)v
vex —=————————
dcx  vsinv—cosvy
dv v (cosv+vsiny)
= —_——
dx vsiny —cosv
= dv 2vcosvy
X—=—
_ dx vsinv—cosv
vsinv —cosv dx . :
—dv=2—. |Variables Separable
vcosy x
) vsiny - cosv
Integrating, J =2 J-—+ c
~veosv
sinv
= J dv-J-—= 2-[—+r:'
CosV v x
= - log |cosu|—log H:Qlog H—log |c|

whcrg ¢’ =loglcl
= log |x2| + log |cosv| +log M =log H

= loglxzv cosvl =log|c|

CBSE -MATHEMATICS

—

Differential
Equations
q %LL&MGL“CS

= sz(.'()S'U:(‘

= xz 2 cos - =c =
x x
which is the the reyd. solution.
Example 6. Find the particular solution satisfying the
given condition :

(x+y)dy+(x-y)dx=0, y=1whenx=1.

xycosl=c.
x

(N.C.LER.T)
Solution. The given equation is :
(x+y)dy+(x-y)dx=0
dy_y-x
- dx y+x (N

This is homogeneous in x and y.

A2)

b dy v+xdv 3
S0 that et - 5og L
so tha dx e (3)
From (1), using (2) and (3), we get :
dv vx-x rdv v—=1
vVix—= = V+x —=
dx vx+x dx v+l1
dv v-1 v=l-v?-y vi+1
= X=—= —-—y= =—
de v+1 v+1 v+1
v+l dx
- vz dv=—, |Variables Separable
v+ 1 x

Integrating, we get :

- jv2+ldv I—+c

N 2 1 dx
=-= dv—I dv:J—+c
20024 12 442 x
= —llo |v2+l|—ll:1n_lv=l |x|+c
2 ¢ I o8
D oo(v? -1, _
= Y og(vo+1)—tan "v=log|x|+c

[v V20 2V +1>00 |V +1=v+1]]
1o [y? 1y
= —Elog[x—2+lJ—lan ;-Iog]x|+r:
- 1 y2+:1c2 Y
= —E]ug[ 2 — tan :— log |x| +c

1 2,2, 0, 2 gy
=>-Elug(y +x )+?lugx —tan ;—Iog].t|+c

= —;llog x*+yH)+ lng|x|—lan_ll=log |x|+c
2 x
['.‘\)xz =|x|]
| -
= ——lng(x2+y2)—tan '-Z=c ..(4)
2 x

o e oaw
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Whenx=1,y=1.

I an~11=
—Elog(l+l)-lan -i-—c

Putting in (4),

——‘l,log(x2+y2)—lan_

= %Iog (x* +y2)+ tan~

Solution. The given equation is :

1 T n 1
= PR & e e [09D)
= 2log2 n c = c n ,,log...

which is the reqd. particular solution.
Example 7. Solve the following differential equation :

g 2o

(C.B.S.E. 2010 C)

omffal-mfi)o-

CBSE -MATHEMATICS

([ YAV —

Y
l KA
R i
dx
y2 ~ log (1)
x
Yy Y,
dy = Iog(x)
> — (1)
dx 2
Y Y
G
X X
[Dividing num. and denom. by x?]
Pul2 =vie so lh'ulﬂ —4V+xﬂ
T Svie|y= so that == = =
dv '_ viogv
. (1) becomes : V+xz =2 —log v
dv -_ viogv _
= 5 - V- log v
dv —vlog v—v3+vl()gv
= b el — 2
dx v:—logv
§ dv v
E _— - —
dx v = logv
-1 dx
y £ dv = ——. | Variables Separable
v X

Differential
Equations
~ v\/badu:malucs

; V= Iog Y4
Integrating, —+ c

=>I -I—dv—J‘ Iogv.v"’dv = —I £+c
v x

v B e
=>loglv|— logv.—,,— -.—dv =-log|x|+c
-2 v
logv 1 -3
=>log|v|- - += v "dv =_|og
gl | 52 2 log|x|+c
-2
logv 1v
> ——— =] +
log|v|+ 52 222 og|x|+c
Yy x? 1 x?
> log +—I0g +:— =—log|x|+c
)’ y

‘ 2
> logl yl—logl x |+2x7(log%+%) =—log|x|+c

2
X y |1
= lo +—|log=+—| =c,
gl yl zyz ( 2 x 2) C
which is the reqd. solution.

Example 8. Find the particular solution of the follow-
ing differential equation:

xd_y_y + xsin(l) =0, giventhat whenx=2,y=mx.
dx X

(H.P.B. 2016; A.I.C.B.S.E. 2012)

» .
Solution. The given equation is xzy— y+xsin (l) =0
x

ﬂ—lﬂsin(l) =0
dx

X X
ﬁ ='y'_5in(l) (1)
dx X X
Put = vie ) that dy V+de
—=vie. |ly= so that =— = s
x y dx dx
R T
(1) becomes v + x e -v—sm»v
dv

X —=-siny cosecvdy=-—,
dx x

| Variables Separable

. dx
Integrating, | cosec v dv = - | — + constant
X

—log [cosec v—cotv|==log | x|+ log|c|
x
log | cosec v—cotv|=log e
x
cosecv—coty= =
c

e o
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=xsinvy

COSl)
X

c(l=cosv)

xsin L. C(l-
x

Whenx=2,y=m,.".

2(D)=c(1-0) = c=2.

x
which is the reqd. particular solution.

Putting in (2), x sinl = 2(] —cosl).
x
Example 9. Prove that x? - y2

(x3 - 3xy2)dx = (y> - 3x2y)dy, where ¢

9 & X .c 1 cm£
- Sin ?: : 2
2

= c(x? + y?)? is the
general solution of the differential equation :

is a parameter.

(C.B.S.E. 2017)

Integrating, I m

(v =3v) dv:I & )

Solution. We have : (3 — 3xy2) dx = (y3 - 3x2)')dy
dy X-3xn?
> In = _y3 —3x2-—y | Homogeneous
dy dv
Puty=vx th 1——v+x—.
ot 2 < ves2
dv  x3-3v23
VHX— = ————
dx ~ V-3
1-3v2
T V=3
. v 1-3
dx ~ V-3
l— 2 —v4 432 1-v4
- V=3 v(v2 -3)
v(v2-3) dx o .
y dv = — | Variables Separable
I-v X

X

-3y v =3y
Now =
v2)(14+v2) ~ (1=v)(1+v)(1+v?)
'A B_,Cv+D
B l+v 14v2
- CBSE -MATHEMATICS
1 YAV =

Differential
Equations

v3-3v_=./\(l+v)(l+v2)
+B(1=v)(1 +v3)+ (Cv + D) (1 —1?)

Putting v =1, 1-3=A2)(2) > A= —%.
. 1
Puttingv=-1, -1+3=B2)(1+1) = B=;.
Putting v =0, O0=A(D) 1)+ B(I)1)+D(l)
11
= =——+:+D = D=0.
Comparing coeff. of v}, 1=A-B-C
i e it Y D)
> C=A-B- 573 1
3-3 2 u2 -2
= From (2), 4 = LT

(1=v2)1+v?) T=v 14y 1+v2

‘ 3
v =3y 1 |
s | ——————dv = =logll=vI+=logll+vl
J.(I—vz)(l+v2) 2 8 i
—logl1+v2|
1

=—logll-

L 2
> 2) logl1+vel.

b
From (1 ).;Iogll - vzl— logl1+ V0= log bd + log Ic’l

= log 5 =loglxl+loglc’l
I+v
> =logld + log Ic'l
x
> — 51 =log i + log Ic’|
x2+y? g &
x,xz_yz '
= — e =eX
x2+y?

= x,’xz—yz =c'x(x2+y2)
= ’xz_yz :C;(x2+y2)_
R y? = (24 y2)

Squaring,

> = y2 =C (x2 + y2 )2. where ¢’2=c,

which is the reqd. solution.

e oaw
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Example 10. Show that the differential equation :
2ye’Y dx + (y - 2x e¥¥) dy = 0

(1 - 11) is homogeneous and solve each of them :
1. ﬁ:l.{.i.
dx x ¥

2. () (x- ')ﬂ"x-f-"
o % y dx- <y

(i) (x — y)dy = (x + 2y) dx.

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

(N.C.E.R.T.; H.PB. 2018, 14, 10; Unarakhand B. 20
PB. 20

i Q= - H.B. 2(
(")dx x+y (H.B. 20
(iii) (x+y)d_v—(y -x)dx=0 (P.B. 20

(iv) (y+x)-——(y X).

2, 24y dy
4. +xT——=xy—.
Y R T Y &
(Meghalaya B. 2014; Bihar B. 20
. ' 9 dy "
S. () x*—=—=y(x+y) (Mizoram B. 20
dx
dy _y(y+x)
(L) I —
dx x(y—x)

~MATHEMATICS
—

CBSE

1€ YAV

is homogeneous and find the particular solution,

given that x = 0 when y = 1. (C.B.S.E. 2013)
Solution. (i) The givcn equation is :
yeNde+ (y-2xeP)dy=0
i 2xe*Y -y
= E = ?_ye“/" (1)
.2xe"/’ -y
Here fxy = —2ye"/’
A
24xe™ - Ay
f(Ax, Ay) = =
22ye?
e
2xe
= — k)
= 2ye ,’ AVf(x, y).

Thus f (x, y) is homogencous function of degree zero.

" EXERCISE9 (h)
Short Answer Type Questions

Show that each of the following differential equations

(N.C.E.R.T.; H.P.B. 2015, 11; A.I.C.B.S.E. 2010)

(C.B.S.E. Sample Paper 2018)

13;
10)

11)
10)

12)

18)

Differential
Equations
q %LL&MGL“CS

dx dv
(i) so that dy . =v+ ydy
2 -
. (1) becomes : v+yﬂ = M
; dy 2ye¥
by v 2ve' -1
= viy—=———
dy  2¢"
dv 2ve’ -1 _
= dy =, 26"
dv 1
= d)’ T2
i dy - g
= 2e¥dv = ——. |Variables Separable
y :
dv
Integrating, ZJ e dv - _[ ';“H-‘
= 2e"=-log|lyl|+c
= 2eHh =—log|y|+c #:(2)
Nowx=0wheny=1,..2(1)==log|1]|+c
= 2=-logl+c
= 2=-0+c=>c=

Putting in (2), 2¢% = —log | y | + 2,
which is the reqd. solution.

6. (2 +xy)dy=(2+y?)dx
(N.C.E.R.T.; H.B. 2018; Assam B. 2017, 13;

Meghalaya B. 2017; P.B. 2015, 13; Rajasthan B. 2013;
Jammu B. 2012; Kashmir B. 2011)

7. () Gry+y)de=02+xy)dy
(H.B. 2018; P.B. 2013)
(i) 2 +xy)dy+Gxy+y?)dx=0 (P.B. 2011)

(iii) (y2-x%)dy-3xydx=
8. () ydv+(x2+2y%)dy=0 (PB. 2011)
(i) 2xydy-(x®+3y?) dx=0. (P.B. 2010 S)
9. () (Z-yY)dx+2xydy=0

(N.C.E.R.T.; H.P.B. 2018, 14, 13, 10; H.B. 2015)
(i) (2 +y?) dx + 2xydy (H.B.2018; PB. 2011)

(i) (x% +y?) dx = 2xy dy. (PB. 2014 S)
10. () (B+y)dy-x2ydx=0
(i) Bydx- (3 +y)dy=0
' 2
iy XV _
dx 53443

(2 @ (»
s [ =] = = v coc | =1+
X COS (x) / _vu)s(x) X

(N.C.E.R.T. ; H.PB. 2012 ; Kashmir B. 2011)

1. @)
x Cox

(ii) ye¥ dx = (xe* +y?)dy(y#0).
(N.C.E.R.T.)

o e oaw
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Find the particular solutions of the following
problems (12 - 15) :

12. () X2 dy - (2 +xy +y)dx =0, y(1) = | (P. B. 2017)

(if) (x2 = y2) dx + 2xy dy = 0,

given thaty = | whenx = 1. (Jammu B. 2016)

d
13. 1@% -2y+y?=0,y(e)=e. (C.B.S.E. 2012)

2oL e L By =0, (V.C.ER.T)
dx x x
Yy

15. (i) xeX —y+xy'=0,y(e)=0 (V.C.ER.T)

Y

(ii) (xe;+y)dx=xdy.y(l)= I.
16. Solve the following differential equations :
N dy

(i) (x—y)z =(x+2y),

given thaty = O whenx = 1

(if) (x+y)dy + (x—y)dx =0,

given thaty = | whenx =1

(A.LLC.B.S.E. 2017)

(H.P.B. 2016)
(iii) x*dy = (2xy +y?) dx, given thaty = | whenx = 1.
(A.I.C.B.S.E. 2015)

d
17. Solve : (i) x Zy—y=\1x2+y2 x#0
(i) xdy—ydx = \/xz +y2 dx.

(W.Bengal B. 2017; H.P.B. 2015, 13, 11;]

H.B. 2015; A.I.C.B.S.E. 2011)

Show that the following differential equations
(18-20) are homogeneous and solve them :

g 1
(i) x—=y+xsin[=[=0
18 (I)de y+ xsin .

(N.C.E.R.T.; HP.B. 2016, 12, 11; Jammu B. 2013)

dy y

(if) XCOS('X)_ = }’COS(_)+ X (Kashmir B. 2012)
x/dx x

(iii) xsec? (l)dy = {ysccz (%)+ x}dx. (P.B. 2014)
x

19. ydx +x log (l) dy-2xdy=0.
X
(N.CERT. ; HB. 2016; Jammu B. 2012 ; HIPB. 2012)

20. (xdy -y dx) y sin (l)
x

= [(ydx+xdy)xcus (l)]

X
(N.C.E.R.T.; Assam B. 2018)

2
1. y—2=loglxl+c.

2x

B 1 x+2
2. (i) ~log|® + 2+ y?|+43 tn w:,3 Yo
= X

CBSE -MATHEMATICS
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21. Find the particular solution of the differential equation :

dy xy

dx x2+y2‘

giventhaty = I, when x=0. (C.B.S.E. 2015)

22. Solve : [xsin2 (%)—y]dx+xdy = 0, given that

‘Jt
y= Z whenx=1. (P.B. 2018; H.B. 2016)

23. (i) Show that the differential equation :

x%sin (%) +x—ysin (%) =0 is homogencous.

Find the particular solution of this differential equation,

b4
given thatx =1 wheny = 7. (C.B.S.E. 2013)

(ii) Show that the differential equation :

(x &+ y)dx = xdy is homogencous.
Find the particular solution of this differential equation,
given thatx= 1 wheny = 1. (C.B. S. E. 2013)
24. Show that the differential equation :

2y /Y dx+(y—2xe‘/y)dy=0

is homogencous and find its particular solution, given that,
x=0wheny=1.
(N.C.E.R.T. ; A.LLC.B.S.E. 2016; Kashmir B. 2011)
25. Find the particular solution of the differential
cquation :

(2)
(x dy — y dx) y sin (;) = (ydx+xdy)xcos%.
given that y = and x = 3.

dy _y y
26. Solve : (i) =—==—+1tan—
olve (l)dx p

x
- dy ()’)
(1) x—=y—=xlan|=|.
dx g x
(Assam B. 2015; Bihar B. 2014)
27. (i) Show that the family of curves for which

dy _ x2+y?
dx 2xy
(ii) Show that the family of curves for which slope of

x2+2

2xy

(N.C.E.R.T.; Jharkhand B. 2016)

s is given by x2 — y2 = cx. (C.B.S.E. 2017)

the tangent at any point (x, y) on it is is given by

. 2
Xt -y =cx.

“Answers

1
3. (i) tan™! %=7 log (x2 +y2) +log ¢

(it} —(iv) log (x2 +)-2) + 2 tan™! (l] —_
x

4. Y =ce?x (x # 0).

WLQLLW,
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y y —12y+x
6o X _ By , —Io 1+—+ 3tan~!
5. @) —;—I0g|x|+c (iy=xlog|xy|+cx 16. (i) . x?_ .
6. (x—y)?= I'IE_-WX. = log|x|+ i
y ; 2:}3
7. (i) log |)'|+; =3log |11+Iog|c| | . |y
(i) —log (x* + y*) = log x + tan™" =
(i) 23y + 22 = ¢ (i) Y2 (4 -y =c. S log 4y -logx X
8. (N3y+20=c (i +y=cc.
9. ()x2+y*=cx (i) X +30?=c =-log |"|+ +--|0g"
' »2 1
(iii) log| x| +log|l==|+c =0. (iii) Xy = _(3-‘ +y).
X
no { 2_ 2
B 17. (i) {u)‘_v+ x +y =cx .'
10. (i)—h';'r')v=ce3”’. 18. (i) x sin A =c (]+cosl]: (I Sinlio]
) X x X
. . ; .
e A T i Ty o an Y y
11. (i) sin|= —It)g|cx| (ii) ¥ =y+c. (i) mnx—loglxl-l»c (i) tan==log|x|+c.
x x
. . y
12. (i) tan™ —_]og|x|+— Gy 2 + .2__r 19. cy=log = -1 20. sec|=|=cxy.
: x 4 x x
Iz“-0+' 2ll||222I[| -yl()
. y= — ., | x#0,x—]. . loglyl=—7, . loglxl—-cot =+1 =0,
3.y I+]log A ( e] 22 ' X
14. 1og|x|=cosl-|(x¢m. 23. (”ioglxi-ws(y] (i) - e M =log|x|-e
X .
15.(Hy=-xlo Ilog Jx #0). z '
o8 I 24. 2eV+log|y|=2. 25. 2xy cos > = 3.
. =y . . x
(i) log |XI +eX =1x #0). 26. (i)sin L =cx (i) xsin = =c.
x x

—c}:’— Hints to Selected Questions ®-0-0-0- —

2 2 y .
17. G) dy _y+yx"+y" \M’ Puty = vx. Put T Sviey=vx
dx x '_}'
22. Puty=vx. 26. (i))Put = =vie.y=wx.
X
25. The given equation can be written as :
2
+y
y 24y} oo [2 27. (i) He & 2 :
(J)'_-J" ) (x) = (Iy+x z]cos(;]' (i) Here dx 2xy

TYPE VL | FIRST ORDER LINEAR EQUATIONS

@ Definition

A differential equation of the type :

dy
dx

where P and Q are constants or functions of x only, is called first order linear differential equation.

—+Py=0,
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For Examples : (I) %"' Y =cos x

dy _ X
(Ih e txy=e¢
(T ﬂ-l-l y=log x;etc.
de x
are first order linear differential equations.
Another Form :

Definition

A differential equation of the type :

dx
—+Px=0,
& X

where P and Q are constants or functions of y only, is called first order linear differential equation.

dx §
For Examples : (I) E‘*I =sin y

d
dx 1
(1 —+;x—lngy elc.

dx 2x _
= ye

are first order linear differential equations.

dy
To Solve : dx+P3’=Q el 1),

where P and Q are constants or functions of x.
Multiplying both sides of (1) by g (x), we get :

d
g (x) zy +Pg(x)y=0Q.g w(2)

Sclect g (x) in such a way that RHS becomes the derivative of y. g (x)

dy d
ie. g (x) z +Pgxy= Zly-g(l‘)]

d d
= g(x)-z'i+P.g(.r)y= g(x)'d—i"")’-g'(x)
= Pgx)= g
= P= g (x)

g (x)
Integrating, J- Pdx = j g (x)dx =log|g |
g (x)

= g (x) = ej Pd",

Multiplying (1) by g (x) = ej Pdr LHS becomes the derivative of some function of x and y.

This function g (1) = ¢} P4 is called Integrating Factor (IF.) of (1).

Putting the value of g (x) in (2), we get :

l.”[ Per'PPCJ' de.y = Qe'[ Pdx

CBSE -MATHEMATICS ——
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d P dx
» E(WI ]: QeI Pdx
P dx
Integrating. _ve'f Pdv _ J. [Q.eI ]dr
= y = F-I Pdx I [Q(’I P‘L‘)dt+(‘.

which is the reqgd. solution.

ALGORITHMIC APPROACH TO SOLVE FIRST ORDER LINEAR DIFFERENTIAL EQUATIONS

(a) Write the differential equation in the type :

dy
—+Py=
T Q L),

where P, Q are constants or functions of x only.

I P dx
(I Obtain LF. = e

(I1) Multiplying (1) by LF.

d
(I11) Write as Z()‘.(I.F.)) = Q. (LF)
(IV) Solving. y. (LF) = _[ (Q.(LF.))dx+c .
(b) In the case of "7‘:"*' Px = Q s(@)s

where P and Q are constants or functions of y only.

E=d ™

Then., as above, the solution will be :

x(LF) = _[ (Q.(LF.))dy +c .

CBSE -MATHEMATICS

Frequently Asked Questions - P
Example 1. Find the integrating factor for the
following differential equation : - ﬂ + Yy B E
dx xlogx ~ x

| 2 21
xlogx - +y=2logx. [

X
IE = € xlog x =g

1/
| —‘dr
log x

Solution. The given differential equation is : — ologllog x|

& =|log x|
xlogx—+y =2logx
i E = log x.

—
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Example 2. Solve the differential equation :

d log x
x—y+3y = g_., . (PB. 2014)
dx X

Solution. The given lincar equation is :

xﬁ+3y - logax
x

ie. o x - a .{1) |Linear Equation

. dy
Comparing with ==+ Py = Q, we have :

dx
p 3 10 = Jogx

i and ‘Q’ = o

J par [ & 3f L
LF. = =¢ ¥ =g X

QSloglxl _ Jogx® _ 3

Multiplying (1) by x3, we get :

f-@-+3yx2 = logx
dx x

i( )
= e y.

|
logx-—,
x

Integrating, y.x3

I log x.]—d_r +c
x

= y_z3 = %(Io‘gx)2 +c

.
X - 708 .
>y= T(logx)2 +cx 3. which is the regd. solution.

Example 3. Find the general solution of the following :

d
Xﬁ +y-X +xycotx=0(x=0). (N.C.E.R.T.)
Solution. The given equation is :
xﬁ 0
I +y-—Xx+xycolx=
= x—y +y(l +xcotx)=
dx -
dy (1
= -_ 4 | = = ] s 1
e (x+col x) y (1)

|Linear Equation

CBSE -MATHEMATICS

—
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t, cmatucs

d
Comparing with Zy+ Py =Q, we have :

1
‘P'= ;_+cnlrund Q=1

J‘de J'[;l+c0tx]d.r

" ILE=e =e

1
—dx  [cot xdx i
=£,.|.Jt .e'[ =e|og|xleloglsmx|

= eloglxsinx| =y qin x.

Multiplying (1) by x sin x, we get :

_d (1 .
xsinx. = +xsinx ;+c0lx y=xsinx

dx
dy :
= .rsmx.z+(smx+xcnsx}y=xsmr
d . .
= — (y.xsmx)=xsinx
de -

Integrating, y. xsinx = jx sinxdx+c

=x(ccos - [()(—cosx dv+e
[Integrating by paris]
=—XCOSX+ Jcosxdr+c
=—xcosx+sinx+c¢
=Sy=-colx+ % +c (xsinx),
which is the reqd. general solution.
Example 4. Solve the differential equation :
xdy +(y-x3)dx =0. (A.LC.B.S.E. 2011)
Solution. The given equation is x dy + (y — x3) dx = 0

3
dy y—x
> —+— =0
dx  x
= Q P =y w..(1) | Linear Equation
dx x
o dy
Comparing with z'i' Py = Q, we have :

1
P=xundQ=12.

ILF. = J P& = Jidx

= f‘,logl.u'l =y

Multiplying (1) by x, we get :

dy
—'+ =
{dx y=x
d

> 'd—x:()’x)—xj.

e oaw
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Solution. The given equation is :

y
SeCX——-Yy = sinx
dx
> —y—cmx y =
e Ly =
> ———cosx.y = —sin2x
dx Y =3

d
Comparing with Zy'l' Py=Q, we

. e ]
Integrating, y . e 5" * = E.[

Now I

Ie—sinx
N 2‘[ e—sin

I

~MATHEMATICS
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—sin x
[4

Integrating, yx = J. Pdx+c
“ ‘
= xy = 41 c
13, -1

= y=II +cx ,x#0,
which is the reqd. solution.
Example 5. Solve the differential equation :

dy . -
sec XE- Y =sinx. (A.LC.B.S.E. 2009 C)

sin x cos x [Dividing by sec x|

(1)

| Linear Equation

have :

1
—cos x and *Q" = 7 sin 2x.

‘P o=
P dx - dx
IF. = ej e Icosx
= g Sinx
Mu]liplying (1) by e i X we get :
_smx Q—mee sin x y = le—sinxsin 2y
2
d —sin x I —sinx oon
—|y.e ) = —-e SN Zx.
dx( 2

sin2x.dx+c¢
wel2)

sin 2x dx

* sin x cos x dx _

50 that cos x dx = dr.

2J' e rdt = 2_[ te ! dr

]
[§%]
| — ]
-y
Ll
|
—
—
—
| my
— -
]
—)

[Integrating by parts)

* From (2),y.e ¥ = -

differential equation :

Differential
Equations
q %LL&MGL“CS

~2te! +2‘[ e dt

I

e—f
_219-' +2—l ==2¢t(t+1)

— 2~ SN X (gin x + 1),

1 :
—2'.2 eMEfGinx+ 1) +c¢

—sinx—1 4 ceSin ¥,

= y =

which is the reqd. solution.

Example 6. Solve : (2x - 10y3) % +y=0.

(W. Bangal B. 2018)
Solution. The given equation can be written as :

' 2
£+;x=l0y2 D
dy 'y

| Linear Equation

Comparing with j_.x+ Px =Q, wehave:
y

2
‘P= ; and 'Q’ =
2
Z4
T L =J ¥ _ el
=|s"':'5:"2 =y2.

Multiplying (1) by y2, we get :

dx
—— Fyry — 4
y2. dy + 2yx = 10y

d
= — (x.y)=10%
dy

Integrating, x. y* = 10 I)’4 dy+c
10y°

pl
e =

+c

= xy% = 2y° + ¢, which is the reqd. solution.

Example 7. Find the general solution of the following
- 2 tan~ 'y, dy
(A+y°)+(x—e )3 =0 (CBS.E. 2016)

Solution. The given equation is :

dy

2 _lan"y___
(I+y°)+(x—e )dx =0

o e oaw
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: i Example 8. (/) Solve the differential equation :
> (x=e™ )2 = (1 4+y) (tan! y - x) dy = (1 + y?) dx.
(N.C.E.R.T.; C.B.S.E. 2015; J. & K.B. 2011)

. an~'y (ii) Find the particular solution when x =0,y = 0.
dx x—e

= —_—— (ALC.B.S.E. 2013)
dy = —(1+y%) : : : A
Solution. (i) The given equation can be written as :
: " an™! dx X .lan_}
. jx+ x - _ s fis z"l' i T 2)' .1} | Linear Equation
Y 14y 1+ y* y y
| Linear Equation Comparing with j—x'i' Px = Q. we have :
y
C i ith dr+Px Q h .
ymparing with = =Q. we have : -
omparing dy ¢ ¢ ‘ |  tan ly
P = 7 and 'Q' = 3
I+y 1+y
1 eh’l.l'l_lj' E
P'= 7 and 'Q’ = l;‘”’
1+ 1+ 2 JP 14y? -1
d F=ed Tme ey
1 -1
dy . H 3 tan "y s el ¢
T eJ’ Pdy =ef eyl & = .y. Multiplying (1) by ¢ , W.L get:
3 -1
-1 1. dx x ~1 tan "y m"y
Multiplying (1) with ¥ ¥ we get : NV —p—— Y = 2 -€
plymg g dy ]+yz 14y
: ' -1
-lydx . x -1 tan " y)2 _
" y,d—y+'l+ygem y = (el+ 2} d ~y [tun_'_\r)e,,m—l).
y = x.e™" ) 2
dy I+y
: ' -1
d ( tan~! ) (e y)Z tan~! -1
> —| xe V) —k ; -1 Y any
- Integrating, W‘}’z-[ e dytc (2
dy 1+ ntegrating, x¢ l+y2 Y (2)
-1 -1
1 (etan y)z .[an_y m—ly
Integrating, xe™ Y =J vd}""f .(2) Now [ = ]+y2 € dy.

N()W!:I(i—)dy_ Put tan™ y = t| so that l+y2

+y2
‘ [ = J. te dr
so that 5 dy = dt.
1+y
= re"—J' (e'dr
o2 ezm"y .
- J (") 2dr =[ ez‘a‘r=7= — [Integrating by parts]

2 2 =tef-e=¢€(r-1)

-1
-1 = ™ Yan~ly-1).

- -1 1
Putting in (2), x¢o'2 ¥ = -;ezm Y+e
2 . .
From (2), x ' ¥ = e™ Y (tan”! y-D+c

1 (an! —tan™!
==-x=;etm Y4ce ™ Y 4, -1
< = x = (tan "y=D+ce

which is the reqd. solution. which is the reqd. solution.

_m'ly

..(3),

| CBSE -MATHEMATICS e
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(i) When x = 0,y=0. tel-e'=e(t-1)

e (tan x - 1).

_ —ean=}
0= tan™'0=1)+ce™ 0 . From (2),y. %% = ¥ (anx-1) + ¢
> 0= (0-D+ce® > y = (tlanx—1)+ce tanx we(3)
= 0 = =l+eweo=l Whenx=0,y=0, . 0=(-1)+c=>c=1.
Putting in 3),x = (tan!y— 1) + ey Putting in (3), y = (tlan x — 1) + &~ 0%,

which is the reqd. particular solution. which is the reqd. solution.

Example 10. Find the particular solution of

Example 9. Find the general solution of the differential
differential equation :

equation :

d
cos? x-a%+y=tan X. (Kashmir B. 2017) tanx::—i+y=2x tanx + x2,x# 0>
Find the particular solution which satisfies y = 0 at y
- ' 2
x=0. (Tripura B. 2016) given that y = 0 when x = % (P.B. 2018)
Solution. The given equation is :
d Solution. The give ation is :
coszx—y+y=umx ution € given equation 1s
o d
d kv = Oy 2
> Zx)i+yscc2x = tan x sec? x (D) tanxdx+y 2xtanx +x
| Linear Equation
dy
5 => Z+ycotx = 2x + X2 cot x ...(l)
Comparing with 2y Py =Q, we have :
dx | Linear Equation
‘P’ = sec2xand ‘Q =tan x . sec? x.

, Comparing with %+ Py=Q, we have :
T i ) P R

‘P* = cot x and ‘Q’ = 2x + xZ cot x.
Multiplying (1) by €3 *, we get :
> dy J P dx [ cotx dx
emx.z+emx.yscc2x A oa ILE. = e =e
. J - eloglsinxl =sinx.
plad tanx) _ tan x
> & (y.e ) = tanxsec’xe Multiplying (1) by sin x, we get :
2 inx. 2 ;
Integrating, y . €@ ¥ = I tan x sec” x 2" ¥ dx + ¢ ...(2) Slnx.z+ycosx = 2xsin x + X2 cos X
N 4 and tan x d H .
ow I = tan x scc® x ¢ dx. > Z(y.slnx) = 2xsin X + X2 COS X.
so that sec? x dx = dt. Integrating,
[ = I t.e dt y sin x = J (2xsinx + x? cosx) dx + ¢
= te - (l)e'dt .
= ysinx= 2xsinxdx+ | x*cosxdx+c

[Integrating by parts]

=> ysinx= Jx%osxdx-i-[ 2xsinxdx+c

CBSE -MATHEMATICS ——
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= ysinx= xzsinx—I 2xsinxdr+[ 2xsinxdx+c

=  ysinx= Zsinx +c (2)

2
J
Wheny=0,x==—, = 0= n—sin£+c
2 4 2

2 2
k4 T
= 0 - _(|)+c =>C=—T'

nz
Putting in (2), y sin x = x% sin x — vy

2 x?
d y=x —Tcosecx(x:tO).

which is the reqd. particular solution.

Example 11. Solve the differential equation :

d
(x + 2y d_i =y ;given that whenx=2,y=1.

. : o dy
Solution. The given equation is (x + 2)%) =Y

dx dx
= x+2P=y — :>——i—2_v 1)
dy dy 'y

|Linear Equation

d
Comparing with d_x +Px =Q, we have :
y

P'= —— and ‘Q’ = 2y.
B Q
—dy
Pd:
F.= oJ P /
ok !
=e ¥ =elsbl_L
y
lde x
Multlplymg(l)hy ———— =2
Ty dy y2

CBSE -MATHEMATICS
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Example 12. Find the general solution of the
differential equation :

dy _.ylany-xtany-xy
dx ~ ytany

(C.B.S.E. Sample Paper 2019)

Solution. The given differential equation is :

.dy _ ytany-xtany-xy

de ytany
1
= £+ -+ ! x =1
dy \y tany
dx | 1 . y
= —+|—+coty|x =1 ...(1) | Linear Equation
dy \y

Comparing with £+ Px =Q, we have :
dy
I
‘P = ;+C0[}' and 'Q' =1.

Jro_Jren)e

ILF. =€ =ée
= logy+logsiny _ log(ysiny) _ ysin y.

Multiplying (1) by y sin y, we get :

o dx (1 :
> (y31ny)—+(—+coty)xysmy =ysin
dy \y ysminy
= i(.vc(y::in_y,r)) =y siny.
dx
Integrating, xy siny = J ysinydy+c

y{—cosy)—J (1) (~cosy)dy+c

>xysiny =

>xysiny =—ycosy+siny+c
siny—ycosy+c

= x =

ysiny

which is the reqd. solution.

o e oaw
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Very Short Answer Type Questions

1. Find the integrating factor of the differential equation :

. 2 y |dx P
(i) -——=|—=1 (C.B.S.E. 2015)

x Vx

(Kerala B. 2015)

IJlki-

( ) COS X y =& ,() < <
i > — =sin X
] nx X

dy 2
(i) COSX;*'_Y =2x+x (PB. 2017)

4
(iv) X—y-—y =X (Meghalaya B. 2017)

dx

Find the general solution of the following (2-8)
differential equations :

2.ﬂ +2y=3 (PB. 2015)
o t=3 ’B. 201!
dy i
3. (i) o +y=1Lu=I1) (Jammu B. 2015W, 12)
ii .—dy Assam B. 2016
(1) e +y =x (Assam B. 2 )

Short Answer Type Questions

Solve the following (10 - 33) differential equations :

. dy
10. (i) x—=y—x (P.B. 2010)

e
d

i) L+d=x2 (V.C.E.R.T; H.PB. 2017, 12)
dx x

Or

xdy + (y—x%y) dx = 0. (Mizoram B. 2016)

ll.(i)x% +2y=x2(x#0)

(N.C.E.R.T.; H.P.B. 2016; Kerala B. 2014; P.B. 2013, 10 ;
Kashmir B. 2011)

Lo dy 3
(if) x;—y=2x S (P.B. 2013)

CBSE -MATHEMATICS

—

= VSATQ

< g

»
L(i)—=y =3
4(:)‘1&Ir y =33

5.() y +2y=e¥

P
n dx Yy .

(i) xy —y=(x+1)e*
(iii) %"'% =é5 (x>0).

6. (i) % +3y=e2 (N.C.E.R.T; H.PB. 2017, 12, 10)

(ii) Q + 2y = 6e".

dx
d
7.xzy -y=@x-1)e.
'dy
8 — +3y=2x (P.B. 2015)

9. Assume that the rise in the price p = p (1) of a product
is proportional to the difference between the demand w(r) and
the supply s(1) and that the demand depends on the price as a
first degree polynomial. Set up a differential equation for the
price.

B ISATQ

- .

dy 5
12. Z.’.E; =3x= (H.B. 2010)

l3ﬂ+" =sin S
- g T2y =sinSx.

. dy ;
14. (i) =— +y=cos x (N.C.E.R.T))

dx

y
(i) =—— — y=cos x (N.C.E.R.T. ; Kashmir B. 2012)

dx

(i Y
(iii) == + 2y = cos 3x.

dx

dy :
15. (i) 5= —-y=sinx (A.LC.B.S.E. 2017)

dx

(i) —— =y-2sinx.

e o
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l6ﬂ 2y =cos 3 (J.& K.B
.dx--y-u)s-x. : .B.

# ,
17. L4secx.y = lanx(05x<-’i).
dx 2

(N.C.E.R.T. ; H.P.B. 2017; Jammu B.
. dy . .
18. (i) —— +2ytanx =sinx (Mizoram B.
dx

(if) tan Xﬁ +2y=secx
T T :

19 cosx£+ =si H.B

« OORX Yy =simnx. (F1.D.

dx
20. (y+3x2)— =x
dy

dx

L -
(“)dx Yy =sin X + CoS X.

dx
i xﬂ— =logx Mi B
(i) dr y 4 (Mizoram B.

(iii) X—y -x+ ot x=0
+ CC .
/ y Xy

d
27.<i)x2xx +2y=x2logx

(i) xlogxﬂﬂr =2logx
dx S
(Bihar B. 2012 ; C.B.S.E.

L CBSE -MATHEMATICS
[ YAV —

(A.LC.B.S.E.

d
21. (1 +X2)—y+y =l x (A.L.C.B.S.E.
dx
. dy . :
22.(i) =5 +y=cosx—sinx (C.B.S.E.

2011)

2012)

2017)

2013)

2011)

2014)

2009)

L dy 2
23. (i) 5 +ytanx=2x+x"lanx
dx
dy
—+ ycolx=2cosX.
(i) i y
oo 0 :
24. (i) xz-i- 2y=xcosx (Mizoram B. 2016)
'dy y sin x )
(ify ——+= = cosx+ (J. & K. B. 2011)
dx x
25 Vd'v+ secx =1
g sSeC =1 5
™ y an x.
dy :
26. (i) x = +y=xlogx (PB. 2010 S)

2015)

(N.C.LER.T))

(N.C.E.R.T. ; Kerala B. 2018; Jammu B. 2015; H.P.B.

2016, 14, 13; H.B. 2013, 10; J. & K. B. 2010)

2009 C)

when x =

Differential
Equations V\/LIL
t, cmalucs
9

28.x1 A =1
xogxdxi-y-x og X.

(N.C.E.R.T.; H.P.B. 2013, 10, 09 ;
Jammu B. 2013 ; C.B.S.E. 2010, 09)

29. (i) sinxﬂ+cosx.y=cosx.sin2x
dx
dy 2
(i) F-1)=—=+2xy=
dx . X2 -1

(C.B.S.E. 2014; Meghalaya B. 2014)

.. dy 2x
(i) —=+— y=x2+2.
x“+1

(Kerala B. 2013)

30. (i) (1 +xz)% +y=tan~l x

(Assam B. 2015; Meghalaya B. 2013 ; P.B. 2010 S ;
C.B.S.E. 2009)

d
(i) (14 x? )z'x! +2xy=cosx (Meghalaya B. 2018, 13)

dy
(iii) (l—xz)z'x-—xy=l.

(W. Bengal B. 2018; Assam B. 2017)
3. (i) ydx + (x —yz) dy=0

(N.C.E.R.T.; H.P.B. 2018; Nagaland B. 2018)
(i) ydx = (x + 2y) dy = 0.

(N.C.E.R.T;; AL.C.B.S.E. 2017;

(W. Bengal B. 2017; Uttarakhand B. 2013)
2. (an'x-y)dx=(1 +x%)dy. (A.LC.B.S.E. 2017)
.dy y (X - l) x
—_—— e
33. e po ;
Solve the following initial value problems (34 - 39) :

d
3. ‘Zz' =2x+y giventhatx=0,y=0. (P.B. 2011])
. dy
35.() x -+ =3,y =1 (P.B. 2012)
|
Z (Uttarakhand B. 2015)

dy 2
i) x—+2y=x°,y(1)=
(i1) e y y

d
(iii) x-;x)i+2y =% (x # 0), given that y=0 when x = 1.

(Kerala B. 2016)

dy
36. X;"’)’: X cos X + sin x, given that y = 1,

N ER

(C.B.S.E. 2017)

e oaw
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37. (i) %+2y tan x =sin x, y=0 when x=—
(N.C.ER.T; C.B.S.E. 2018; H.P.B. 2013 S, 10 S ;
C.B.S.E. (F) 2011)

d
(ii) Zy+ ytanx =secx, given thatx=0and y = 0.

(Meghalaya B. 2016)

(ifi) =——3ycot x =sin 2x, satisfying the condition y =

when x = (H.P.B. 2015)

wla'&%

Long Answer Type Questions

dy
: (i) =— +ycotx=2x+x2

41. Solve i cot x,
given that y (0) =0
(ii) & +ycotx=2x+x2cotx, x#0,
dx
: b 4
given that y = 0, when x = i
(N.C.E.R.T))

(iii) Zy -3y cot x = sin 2x,

n

given thaty =2 when x = =
(N.C.E.R.T. ; Meghalaya B. 2015; H.P.B. 2013 S, 10 S)
42. Find the particular solution of the differential

mtan~" x

. 2, dy :
equation: (I+x )'d'; =¢ —y, given thaty =1 when

x=0. (A.L.C.B.S.E. 2015)

1) 27 (Gi)—id) sec x + tan x (iv) .
X

2. —%log(3—2y)=x+c.

3. () y=14+ce™ (i) y=(x—-1)+ce™
4.() y+3 (3 +3x2+6x+6)=ce

g ¥
x
(i) y=¢€" (—2-+C).

| <
5. () y= Zez:: + ce 2x

(i) y=—€e* +cx

1
(iiiy y=—(x-1)e* +c.
x

CBSE -MATHEMATICS
—

equation :
-  x+ycosx
%: —H_);T. given thaty =1 whenx =0.

equation:

when x =

=0 whenx=—

and *y’ denotes the percentage of people who are intelligent.
Find x when y = 2%.

Differential
Equations
q %LL&MGL“CS

3 _dy : n
38. cos" x—-—ysinxcotx =cosx;y|l—| =1.
ax cos y(4)

(J. & K. B. 2010)

39. ye¥ dx=(y* +2x¢”)dy, y(0)=1.

( C.B.S.E. Sample Paper 2018)

40. Find the particular solution of the differential

(A.I.C.B.S.E. 2016)

VO ATO
\_Lled N0

43. Find the particular solution of the differential

. dx .
(i) d—+xcoly = 2y+y2coty, (y # 0), given thatx=0

ply <

(A. I.LC.B.S.E. 2013)

, dy :
(if) tanx Z = 2xtan x+x% —y; (tan x # 0), given that

la'l
= (C.B.S.E. 2017)

44. Solve the differential equation :
| dy
(x+2y%)—==y.

y dx y

Given that whenx=2,y= 1.
If *x” denotes the percentage of people who are polite

6. (i) y=e X 4 ce*

. D
(i) y=ce™=* +2¢"

7. y=€*+cx.
L

8.y=§x—6+ce %,

dp
9. — =k(w-s), wherew=ap + b.

dt '

; . Il 3 ¢
10.(1)y=.—xlog|x|+cx (n;)y:zx +;,

1 "
1L () y= Zx2+cx 2 (i) y=P+er.

6 3 = €
12. y==x"+—.
I=y

Jx

o e oaw
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1
13. y= 29 (2 sin 5x - 5 cos 5x) + ce™,

1
M.())y=ce™*+ = (u)sx+ sin x)

1.
(iy=7 (sin x — cos x) + ce”

2
sin 3x + — cos 3x + ce 2",

iy = 73 sinde 55

1 .
15.(y= —;(sm x+cosx) +ce*
(i) y=sinx + cos x + ce’.

”
16.y = —sin3x = ﬁcos 3x + ce?*

13

17.y (secx + tan x) =sec x + lan x — x + c.

18. (i) ysec x=sec x + ¢
(iiyysin? x +cos x = c.
19. y (sec x + tan x) =

20. y=32+cx

| -

22, (i) y=cos x + ce™

(ii) y=sinx+ce *

23. (Dy=x2+ccosx (i) ysinx=—

. 2 2 .
24. (i) y=sin x+;cnsx—x—zsm x+c

. c
(if) y=sinx+—,
x

25.y =1+ (c —x) (sec x + tan )7\,
.!'2
26. (i) xy= T('.’logx—]) +c

(i)y+logx+ 1 =cx

(iif) xy sSin X =8inX —xXCOs X + C.

1 1 5
Ny = - Jp— -2
27.(t}y—4leugx T X tex

(i) y log x = (log x)% + ¢ (x> 0).

2logx 2
28. ylogx=— -=+c,
ylog - -

~-MATHEMATICS
—

CBSE

seccx+tlanx—-x+c.

cos 2x
+c

-
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29, (i) y sin x=%sin3x+e

Gi) y (x> =D =log| Z—|+¢
x+
(i) y=(1+x2) x+ (1 + ) tan~
-1
30. () y=(tan ! x= 1)+ ce” @ *

(iy(l+x2)=sinx+c
(i) y1-x2 =sin~' x+¢

2

3L xy:%y3+c (i) x=2y"+cy.

32, y=(an~'x—1l)+c e~ 'x,
. y=e"+cx.

M. y=-2x-2+2e"

1
5. (xy= Ix“ -2 (i) dy-x)=

1,4 1
(iii) Xy = Ex4_3'
36. y=sinx.

37. (i) y=cosx-2cos’x
(if) y=sinx

(iii) y+2sin®x =4 sin’ x.

' 2
38 y=—Il+=e™",
e

2 2
y
3. x= -+
e’ e

40. y (1 +sinx) = —i+].

4l.(i)y=12

2
w . 5 . T
(1) ysmx:x‘smx—T

(iiiyy=4 sin’x - 2 sinx.

mian~' x

e
42, y=

—tan~!
F(m+l)e ™ ¥,

i
43. () x = y2 —Tcosccy{y #0).

2 a?

(iysinx=x sinx—T.

4. x=2)"8.

0

)
Lx+c(l +23).

e o
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—1% Hints to Selected Questions

d,
9, Here a'_l: =k(w-s), where w=ap + b.

27. (i) The given equation is x%+ 2y= x log x

2
—_—t—y =
> ! x)’ xlog x.

d 2
28. The given equation is xlogxzy +y =;Iogx

-MATHEMATICS
—
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30. (i) - (ii) Divide by (1 +x2)
(iii) Divide by (1 - x2).

dx  x e
31. (i) —+— =y, which is linear in x.
dy 'y

38. Divide cos3 x



