Differential Equations

Multiple Choice Questions

Choose and write the correct option in the following questions.

I

10.

1.

4 d ¥
The degree of the differential equation xzzyzl = (x% 2 y) is [CBSE 2020 (65/3/1)]
(@) 1 ® 2 3 (ORC
2 2 2
The degree of the differential equation ‘;—g+ 3(ddx_y) =2 Log(z—g) is [NCERT Exemplar]
x \ dx
(@) 1 ) 2 )3 (d) Not defined
. . . dy V[ _ 2y .
The order and degree of differential equation |1+ (E) = = respectively, are
(a) 1,2 ) 22 (©) 2,1 (d 4,2
d;
The solution of the differential equation Zx% -y =3 represents a family of
(a) straight lines (b) circles (c) parabolas (d) ellipses
d
The integrating factor of the differential equation d—yﬁx]t)gx) +y=2logx is
* [NCERT Exemplar]
(a) e (b) logx (c) log(log x) (d) x
g . : . (dy\ dy .
A solution of the differential equation E) —E Y= 0is [NCERT Exemplar]
(a) y=2 by y=2x ()y=2x-4 d) y=2-4
Which of the following is not a homogeneous function of x and y?
(@) x2+2xy (b) 2x-y (c) cos? (%) + % (d) sinx—-cosy
: : ; e E 2 W
The solution of the differential equation s 7 =0is [CBSE 2023 (65/3/2]
1.1
(a) ;+§=C (b) logx—logy=C (c) xy=C d) x+y=C
% 4 i o dy 2 .
The solution of the differential equation Xt 2y=x"is
2 2 4 4
i X i xi+C
a = by y=—+C c) y= d) y=—7—
el &= ® y=7 ¥ ==z W =" A
Degree of the differential equation sinx + cus(%) =ylis [CBSE 2023 (65/2/1]
(a) 2 ) 1 (c) not defined 0
B2
d
The degree of the differential equation |1 +(j—y) = X}: is
x

(a) 4 (b) % (c) Not defined (d) 2
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20.

2t

1
&Py [(dy\s
The order and degree of a differential equation Py Flag) & x3 =0, respectively, are
x
(@) 2 and not defined (b) 2and 2
(¢) 2and 3 (d) 3and 3
. . . . dy 2y ; g
The solution of the differential equation ar +— =0 with y(1) = 1is given by
1 1 1 1
W y= (b)x:? (C)JF; @ y==
Th 1 soluti LB
e general solution of v *xTe s
43
@ y=e¥-2e¥+C (b) ey—e”=?+C
3 3
© e+e¥="uC @) e-e¥=2scC
3 3
z ¢ < 5 . 2\ dx = i
The integrating factor of the differential equation (1 =y )f:Ty +yx=ay,(-l<y<1)is
[CBSE 2023 (65/2/1]
1 1 1 1
() ® (© @ —
=1 Vii-1 T=g% V-7
; dy o
Solution of e y=1,y(0)=1 is given by
(@) xy=- ®) xy=-= () xy=-1 (@) y=2-1
Th ber of soluti f o gt h 1)=2i
e number of solution of 5 -=-"—"2 W eny(1) =2is
(@) none (b) one (c) two (d) infinite
d
Integrating factor of the differential equation (1- xz)% -xy=1is
x g i 2
(@) -x (b) e (c) v1-x (d) 2lt)g(l—x)

What is the product of the order and degree of the differential equation

iy /dy P _
?sm y+ (E) cosy=yy? [CBSE 2023 (65/3/2)]
(@) 3 b2 (c) 6 (d) not defined
. . T -
The sum of the order and the degree of the differential equation FEi i x| Tsiny is:
[CBSE 2023 (65/1/1)]
(@) 5 ® 2 )3 () 4
The general solution of the differential equation x dy - (1 + %) dx=dxis: [CBSE 2023 (65/1/1)]
% =
(a) y=2x+?+C (b) y=210gx+?+C
2 2
© y:x?+C () yzZlogx+%+C



Answers
1. (a) 2. (d) 3. (c) 4. (0)
7. (d) 8. (c) 9. (d) 10. (c)
13. (a) 14. (b) 15. (d) 16. (d)
19. (b) 20. (c) 21. (d)

Solutions of Selected Multiple Choice Questions

5. (b)
11. (d)
17. (b)

6. ()
12. (a)
18. (c)

2. The given differential equation is not a polynomial equation in terms of its derivatives, so its

degree is not defined.
. Option (d) is correct.

8. Given differential equation be

BB ey S,
X i x y
- dx dy i ] !
| e 7J? (on integrating both sides)

logx=-logy+log C

uuu U

xy=C
. Option (c) is correct.
9. Given differential equation is

dy sl d_y 2.
xdx+2y—x = dx+xy_x

dl 2
It is of the form %+Py=Q,where P=;,Q=x.

2 2
IE = eder=ejx.:’x=ezlngx=elngr _—

~. Solutionis yxx* =[x xx? dx+ C = [x3dx + 5

4
x
= yx2:T+C1
4
¥ +4C, xi+C
= yx2 g where C = 4C;
4 4
= _ 2+C
y 22

. Option (d) is correct.
10. Given differential equation be
dy

sinx + cos (—) = yz , which is not a polynomial in

dx
Thus, degree is not defined.
. Option (¢) is correct.

d
14. Given, o &Y+

dx
dy _ 2, dy 2
=V (p* = (e
= g (e*+x9) = -y (e* + x%)dx

=% e¥dy = (e* + x%)dx = e"dx + x%dx

logx+logy=logC = log xy =log C



Integrating, we get
[e¥dy = [e*dx + [x*dx
3
= ey=e"+x?+C = ef—e*=—+C
~. Option (b) is correct.

15. Given differential equation be

dx
2y = i,
(Ify)dy+yx ay, -l<y<l
dx y ay
a0 =
dy l—yzx 1-y2

=

Itis a linear differential equation of the form
dx

dy
P=

+P.x = Q, where P, Q be the function of y or constant.

y
Ly

ay
1—3,'2

and ()=

2

2y
l—yz

1.
dy = dy

: ki
JE=pl Pl =, 1=

1
. &
_aloslt-y] _ loglt-y?[

= 2 '% s 1
‘(1—1!) _\;ﬂl_yz
. Option (d) is correct.
16. Given that, 4y -y=1
Y dx
= ;I_y =1+y =% iy =dx
b 1+y

On integrating both sides, we get log (1+y)=x+C
When x =0and y = 1, then

log2=0+C= C=log2
The required solution is log (1 +y) = x + log 2
= log(l%]=x = 1;y =e
=5 1+y=2¢ — y=2-1

‘. Option (d) is correct.

18. Given that, (1- xz)d—y —xy=1
® * ax Y=

i 1
d_i_ " i Ty= 1—2, which is a linear differential equation.
-x -x
[ d 2 dt
IF=e 2%, Letl-x"=t = 2xdx=dt =>—xdx=?

1.t 1

1
. efj e ezlngf - eElog(l—f]

—
=4y1- x?

. Option (c) is correct.



19. Given differential equation be
2 3
%Siﬂy + (%) cosy =,y
Order =2, degree =1
= Product of order and degree=2x1=2
Option (b) is correct.
20. Given differential equation be
2 3
Its order = 2 and degree =1
= Sum of the order and the degree =2+1=3
Option (c) is correct.

21. Given differential equation,

xdy - (1 + x)dx = dx = xdy=(1+x"+ Ddx= (2 +x7)dx
2+x%
= dy= 7 dx
On integrating both sides, we have
2+2° 1 2
= Jay=] x:r dx:ZI;dx"'fxdx = y:210g1+x?+c

Option (d) is correct.
Assertion-Reason Questions

The following questions consist of two statements—Assertion(A) and Reason(R). Answer these
questions selecting the appropriate option given below:

(a) Both A and R are true and R is the correct explanation for A.
(b) Both A and R are true but R is not the correct explanation for A.
(c) Ais true but R is false.

(d) A is false but R is true.

a2 [dy
1. Assertion (A): The degree of the differential equation E‘i’; =1+ y % is 2.

Reason (R) : The degree of a differential equation is the degree of the highest order derivative
occurring in the equation, when differential co-efficients are made free from
radicals, fractions and it is written as a polynomial in differential coefficient.

dy

2. Assertion (A): Solution of the differential equation (1 + x2)3+ y=tanx is

yetmilr = (tan'x - 1)6'3“7lJr +C

d
Reason (R) : The differential equation of the form % + Py = Q, where P, Q be the functions

of x or constant, is a linear type differential equation.



3. Assertion (A): The integrating factor of differential equation % +(tany).x = sec’y is secy .

dx

dy

Reason (R) : Linear differential equation of the form +Px=(), where P, Q = f(y) or

constant has integrating factor, IF = ¢/P#

d
4. Assertion (A): General solution of differential equation % = % isy=Cx.

22
Reason (R) : The differential equation d_g +y =0 has order 2.
X

5. Assertion (A): Solution of the differential equation /% =x? is y = 2(xlogx-x)+C.

d
Reason (R) : The integrating factor of the differential equation (1 + x%) £+ y=tan"x

Answers
1. (a) 2. (b) 3. (a) 4. (b) 5. (b)

Solutions of Assertion-Reason Questions

dly Ff'd_y
1. Wehave, & e
dz F'T 2
- (d_g _ 1) = ( V-' d_i) [Squaring both sides]
% \
Ly\ by dy Py\ Py dy
= (F)’ZE”‘E > (@F)-vak-das
Degree =2

Clearly, both Assertion (A) and Reason (R) are true and Reason (R) is the correct explanation of
Assertion (A).
Option (a) is correct.

dy dy 1 tan”'x
2. (1+x)+y=tan’x = T+ Y=
( )dx Y dx 1+x2y 1+x2
1
IF= eflﬂldr e etan‘lx
- tan”'x -
Solution willbe  y x g™ x =i el x e gy (D)

tan”'x

o
Let ™ *=t =

3 sdx =dt and log (et"“il‘] =logt = tan'x=logt
+x

From equation (i), yx et s o [logt. dt =tlogt —t+C =t (logt-1)+C
¥ R R SR (log(tan™x)-1)+C

Clearly, both Assertion (A) and Reason (R) are true but Reason (R) is not the correct explanation
of Assertion (A).

Option (b) is correct.



dx 5
E+(tany].:r =sec’y

Here, [F= ol=nydy =glgsey =gacy
Clearly, both Assertion (A) and Reason (R) are true and Reason (R) is the correct explanation of
Assertion (A).
Option (a) is correct.
We have
d d dx
wF s
Integrating, we get
logy=logx+logC
= log y =log (Cx) = y=Cx
So statement A is true.
Also statement R is true but R is not correct explanation of A.
Option (b) is correct.
We have, /% =42

Taking logarith both sides, we get

dy
dy/dxy — 2 S 2
log(e )=logx® = . log x
d
= d—i=210gx = dy=2logxdx

Integrating, we get
y = 2[[logx x 1dx]

log x[dx - [{%(iogx)j‘ dx} dx

= y=2[xlogx-x]+C

=

=52

logxxx—f%xxdx

=5 y:Z[xl{)gx—x]+C
= y=2x(logx-1)+C
So statement A is correct.

For statement R,

dy 5
(1 +x2)a+y =tan"'x

= y 1 y=Ltan’lx
dx  1+5% 1+%°
It is of the form
%+Py=Q
Where, P=L Q=Ltan’1x
. 1+x% 1+x7

1 -1
IF = E]de = ej l__'xzdx .
So statement R is also correct, but R is not correct explanation of statement A.
. Option (b) is correct.



2.

Sol.

= dv_*-1  *-1-20" (1+79)
T w YT 2v T
= szdv=—di
1sp
Integrating, we get
2v dx
J‘14-1:2“‘[}_7"‘T
= logl1+¢?|=-loglx|+logC
= log|1+¢?| +log|x| =log C
=P log|(1+09x| =log C
= 1+v)x=C
2 [ 2+ 2
= {1+(1)}x=c — (x Zy)x=C
x x
= x2+y2:Cx

Read the following passage and answer the following questions.
If an equation is of the form
dy
P
PR A ©)
Where P, Q are functions of x then such equation is known as linear differential equation. Its
solution is given by
yxIF=[QxTFdx+C
Where IF = ¢/ P&
oAy oy
Now suppose we have equation. T trTx
(i) Write the value of P.
(#i) Write the value of Q.

(iii) (a) Find the general solution of given differential equation.

OR
(iii) (b) If the value of Q replace by sin x find the solution.
Given differential equation i d_y # L o
aleq Bog e

dy
It is of the form e Py=0Q

(i) Here P= %
(i) Here Q= x
(1
(i) (a) IF = el Pix = of 5 = glogx — o
Solution is given by

yxx:szxxdx*'c = yx:j‘x"'dx*-c
4
= yx:xTﬁLC = y=%+



OR
(i) (b) T Q =sinx
From (iii) above IF = x
Solution is given by
Y= fxsinxdx+C
yx = x_fsi.nx dx — f{%(x)fsin % dx}dx +C
Yx= —xcos x— f(—cosx)dx +C

yx= —xcosx‘chosxdxw‘C

= yx=-xcosx+sinx+C
- _ +sinx+£
b AR v 4 e i

3. Read the following passage and answer the following questions.
Polio drops are delivered to 50K children in a district. The rate at which polio drops are given is
directly proportional to the number of children who have not been administered the drops. By

the end of 2™ week half the children have been given the polio drops. How many will have been
given the drops by the end of 3 week can be estimated using the solution to the differential

d;
equation % =k (50— y') where x denotes the number of weeks and y the number of children who

have been given the drops.

d
(#) (a) Find the solution of the differential equation % = k(50 - y) 2

(b) Find the value of C in the particular solution given that (0) = 0 and k = 0.049.

(#i) Find the solution that may be used to find the number of children who have been given
the polio drops.

Sol. (i) (a) We have,
dy
0k (50-y)

dy
= —y=fkdx =  -log|50-y| =kx+C

I 50—
(b) Given y(0) = 0 and k = 0.049
-log|50-y| =kx+C

=3 —log|50-0]| =0.049x 0+ C
L
=3 -log50=C == C=log 50
(i) We have,
“log|s0-y|-kr+logzs  [from () (@), (2)]
fx = log| 50— y |+ log - W
= —kx =log|50 -y |+ ogey = —kr=log—;
50—y y y
shp_ T d g B gk - gk
= € =0 1 = = 55 1-e™ = y=50(1-¢™)
This is the required solution to find the number of children who have been given the polio
drops.



CONCEPTUAL QUESTIONS

Sol.

Sol.

Sol.

Sol.

Sol.

Sol.

Sel.

How many arbitrary constants are there in the particular solution of the differential equation
d
d—i’ =-dxyl y@ =12 [CBSE Sample Paper 2021)

0

For what value of n is the following a homogeneous differential equation?

d -
L FR it [CBSE Sample Paper 2021]
dx xzy + xyz

3

d
Find the general solution of the differential equation ¢¥ ™" % =1. [CBSE 2020 (65/2/1)]
Given differential equation is e/dy = ¢* dx ¥
Integrating to get e/ =¢* + C %

[CBSE Marking Scheme 2020 (65/2/1)]

Find the integrating factor of the differential equation

d
¥ =2y [CBSE 2020 (65/2/2))
: [wrih'ng given equation as
. = " dx
Integrating factoris &' x“* or dy y _ ¥
2oy
| dx .x

1
-— ]ﬁ
A [CBSE Marking Scheme 2020 (65/2/2)]

Find the order and degree of differential equation:
[NCERT Exemplar]

Order is 4 but degree is not defined because given differential equation cannot be written in the
form of polynomial in differential co-efficient.
dy
x -

Find the general solution of the differential equation &¥"~ e )

d ¥ d
gilel o Sl

& dx
= ddy=edx
On integrating we have
fe¥dx = [e*dx

= d=e+C = y=logE+0)
Write the sum of the order and degree of the following differential equation:

3
i{(d_}/) } =0 [CBSE Allahabad 2015]
dx |\ dx
Given differential equation is
d 3 d 2 dz
defle - s
dx |\ dx dx /]~ dx?




Sol.

Sol.

Sol.

ie., order=2, degree=1
Required sum =2 +1=3.

d, .
Solve the differential equation (y + SxZJE:- =x.

(y + 3)dx = xdy

= ydx + 3x%dx = xdy

= 3x%dx = xdy — ydx

= ames ¥ d(g)
x x

Integrating, we get

e %
= 3x="1+C = 3" =y+Cx

= =32+ Cx=0.

Solve the following differential equation:
Gy TY=cosx—sinx

Given differential equation,

Ay,
Gy Ty=cosx-sinx

Itis a linear differential equation of the type

di
d—z +Py=0Q, where P, () be the function of x or constants.

P=1,0Q=cosx-sinx
Now, integrating factor, IF = e'[ Panz ej ldx o o1
Solutionbe yxIF= [QxIFdx

=5 ye = [e*(cos x —sin x) dx
= ye'=e“cosx+C
= y=cosx+Ce™
Very Short Answer Questions
Find the general solution of yzdx + (k- xy+ yz) dy = 0. [NCERT Exemplar]

Given, differential equation is y’dx + (x" —xy +y")dy = 0.

= yrdx = —(x*- xy + yP)dy

dx

S = o
dx 2 x )

= e T Py (2
dy (yz Yy ®

Which is a homogeneous differential equation.



Sol.

Sol.

x

Put —=porx=
y vy
dx_ L do

o dy—v ya’y

On substituting these values in equation (7), we get

v+yj—;=—[vz—v+1]

= y%=—02+v—1—v
do 2 dv dy
= L | =
Yay Tl

On integrating both sides, we get
tan™ (v)=—logy +C

= tan’l(i)ﬂo o l"v—i
y) Y Ty
d
Solve the differential equation (y + 3x2}£ =x. [CBSE 2019 (65/5/2)]
(y+3Ndx=xdy = ydx+3x°dx=xdy
= 3x%dx = xdy - ydx
dy — yd
5 anaTSYE_ )
x X

Integrating, we get

> m=Lsc = 3=y+Cx

= y-32+Cx=0.

Write the integrating factor of the following differential equation:

d
1+ + 2xy - coty)Ey =0 [CBSE Allahabad 2015]
1+y7)+(2 t @=D
(A+y7) +(Zay —coty)

dy _ %
= (2xy —coty) - =~(1+y7)
dy 1+y?

= dx  2Zxy—coty
- dx _ (Zxy - coty)
dy 1-!-_1},'2
2 t
= By =y

dy 1+y2'x= 1+42
It is in the form %-i- Px =, where P and Q are function of y.

fray_ gy
=5 IF=ol? y=eJﬁy=gngil+y2I=1+y2



Solve the following differential equations Q(4 - 6).

4 dy h 0.
5 dx—ytanx,y—lw enx=0.

d
Sol. The given equation is % =ytanx
1
= —dy = tanx dx

y
1
f?dy = [ tan xdx

log|y|==log|cos x|+ log C
log|y|+log|cosx|=log C

ugu

log|ycosx|=logC = ycosx=C
Puttingy=1landx=0

We have, 1.cos(0)=C = C=1
ycosx =1 = y=ﬁ = y=secx
dy )
5. cus(a):a(—lSaSl);y=1whenx=D.
; o dy
Sol. The given equation is cos d_) =da.
x
dy i ; -1
= Gy Scosa = dy = cos” adx
= [dy=[cos adrx
= [dy = cos™afdx = ¥= (cos'a)x+C
Puttingy=1landx=0
We have,
l=cost(@)x0+C |
= -1 -1
y=(cos a)x+1 = cos a=—
= a=ms(y_1).
x
dy 1+y°
§ T,
dx 2y
Sol. We have,
dy 1+y* dy 1+y7? 2y
Lo = —=_ ——dy=—
dx 2y i dx 2y = 1+y2 L
. 2y
= _I1+ 2dy=—_fdxputﬁng1+y2=t = 2ydy=dt
y

= J‘%a’f=—fdx+C

U

logt=-x+C
= 10g|1+y2|+x=C.



dy
7. Solve the differential equation cosx—— = cos3x - cos2x.

dx
dy
Sol. cosx——=cos3x-cos2x
dx
dy s 2
= cosx - = (4 cos’x - 3cosx) - (2cos"x~1)
dy 1
=™ 2y m - ki
= qx 4cosx -3 Zcosx+cosx
4(1 +cos2x
= dy = %—3—2cnsx+sec:r)dx
= [dy=[(2+2cos2x — 3~ 2cosx +secx)dr = [(2cos2x — 1~ 2cosx — secx)dx
= =@—xfhmxfloglsecxi-tanxhc
= y =sin2x - x - 2sinx — loglsecx + tanx |+ C

8. Find the general solution of the differential equation

d
log(Ey) — [CBSE 2021-22 (Term-2)]
Sol. i Vg [ dy 4y = ooy
T dy ) ;
5 - anvby

R e e _
4y - gk g L Nt ph e
da i I

= ay cﬂud’l

o

3 EWH - eodi

“on WIRYTAL  bo Sy .

(A R Y

9 ogthl gt 4p
b [y
L e’ 3 e e Ce'l-—e]
a . M AR

. weete, (3 € vt fengtants

| ey e e
[ a b |

el i [Topper’s Answer 2022]




9. Find the sum of the order the degree of the differential equation:

dy\ _ _y)’
( +dx) (dx +1 [CBSE 2021-22 (Term-2) (65/1/1)]

Sol. Given differential equation can be written as

d d dy \2
(] o2

d dx  \dx
. 2, W
it, x + Zxa =1; Order =1, degree =1 ot+la
Sum of order and degree=1+1=2 1

[CBSE Marking Scheme 2022 (65/1/1)]

Short Answer Questions

d
1. Find the general solution of the differential equation xi =y(logy-logx+1).

dx
[CBSE 2021-22 (Term-2) (65/3/2)]
Sol. - - —— = T
Ay ey twumeﬂ *iJ
A
Tioq ! ¥ b e
2o,y L) *i) T M—L( T
* - Sl

o0 vgwa\m\ 5\(\3(., \a-,.,\q,

S, ’H)‘W _ﬂ: ey | 3)»,1)

Re) n 9] rl.aq(‘!"\+m\
s x

= b IR\

L Twt,  twh gqu}mn » \-w\mo?lwm‘ e?uWh

e B 5 i et Y. L T T o S _
\ x _
I & 'wfw o
a T S 3
| d3 - 4 % wdb
dx da




Aaadt = 1 Ctagyag) 03 o] B
dx R i - = -
I T T T T L
[, dn : o
A - it
i AN T e
A
P T
- i g 2
i on wdegromud b gidu -
o [ ae . [ ]
) gt 5 e
P e AL i
([ oax e tmese lgx fc ]
&7 -bl.cﬂt . i \'- )
L, W _wabew
(I e adlreroatlakng -
L il ELVLV: B & " e SO
oo :
[ aw - baw a¢ [oga-twn] |
A = = 3
Wy s owm s P CD vt ener) el
L. WD = [uslog s e
P e (Wl - g re
wwi%)) ~wmx - ¢ AR
w [ w¥o\ ¢ o T
A— \ o/ _ —
" e [logo-tgh = *ﬂ%lf“;_’b_)]__“_
Mnswer W ‘LP“_U(Q\ i o
xr J IR ]
= SR |
. [ where bnot= Loy, x
i AT T ¥~ |Topper's Answer 2022]




2. Find the particular solution of the differential equation xz—i +xcos” (%) =y ; given that when
x=1,y="r. [CBSE 2021-22 (65/1/1) (Term-2)]
Sol. Given differential equation can be written as
% = % - cosz% iy 1
Lety=vx .. %='v+x§—z %

Equation (1), Becomes v + x% =y-cosov

sec’vdy =- %
Integrating both sides we get ;]

tanv=-log |x|+¢
¥
tan - =-log | x |+¢
x=1,y=%=c=1 1
~. Particular solution is tan%=g!og [x]+1 ¥

[CBSE Marking Scheme 2022]

3. Find the particular solution of the differential equation

d
xEy =y-x tan(%), given that y = %ut x=1 [CBSE 2020 (65/1/1)]

Sol.

L ray s y.ateny

LR ) it

3 M. 3~f%(i'.=PC‘“ﬂ'ﬂ o
d-'x '_;\

" itea homogeneous Puntion .

ek g 8 yavy
x

__ DifRerendosing s vesped dose
5 Ay vV
‘e equaron ) @n be writen ag
Vind¥ = V-gany
5 cdlr e
379V = ~tapy
S R e
9 [~ cotvdV=Jdx
x:

o
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4. Solve the differential equation (1+xzbay'!-Zry—&x2 =0, subject to the initial condition

y(0) =0 [CBSE 2019 (65/1/1)]
Sol. F=— — —
L) g g pun = U
i ar o
el Spene P Mo P gy e SRR B e s ey cepi s -
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f o et a2
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[ R
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5. Find the general solution of the differential equation : E(xy ) =2y(1+x%)
d(v?) [CBSE 2023 (65/3/2)]
Sol. Given differential equation be ;y =2y(1+x%)
N
= X +yd—=2y(1+x2)



d
=5 213’%*3’2 =2y (1+x)

dy
Lty =
= 2oty =2(1+ %)
dy 1 . 2(1+ xz)
= T VT &
I I S S
dx ¥ x
It is a linear differential equation of the type
dl
ﬁ + Py = Q, where P, () be the function of a constant
_ L, 1
T’ x
1 1
Fe P'[de - e[zdx - eEIngx » elng.’x - \-‘;x

Its solution be
yxIF= [QXIFdx

. 1+x2 1+x2
=> yxv’x:f X X Jxdx = J‘ ,xx dx:rf’(x—%_‘_xi/z)dx
y
= y‘;;=2x%+%x%+c
25
= y=2+ ¥ g
X 5 g i v dy
6. Solve the following differential equation : xe/x—y + o= 0 [CBSE 2023 (65/3/2)]
Sol. Given differential equation be
¥ dy
xexr—-y+ e 0
dy _ v/ dy _y
S x g =y-xe S g, el
It is a homogeneous differential equation.
dy dv
= < =+ r— . W
Puty =vx and e VX g , we have
o L
vEx g =U-e XL T
- dv cdx . ;
= ] — =-/— (on integrating)
e x
d.
=% [ePdo= —f—x
x
= -eé?=-logx+C
&
= logx—ex=C
7. Solve the differential equation given by x dy —y dx - y/x* + y*dx =0. [CBSE 2023 (65/1/1)]

Sol. Given differential equation be
xdy—ydx—\f’,:r2+y2 dx=0
= xdy=(y+x+y’)dx
d + /2t y?
iy L SO L

dx x



It is a homogeneous differential equation.

dy dv
Put y = vx and i —v+xdx, we get
d il BT J—
L L R e
dx x
- dv el dv dx
E= vl =— ==
dx " y1+p2 X
On integrating both sides, we have
dv dx ,
——=[— 1 +y1+0%|=logx+logC
fv'1+z;2 7 =lglo+yi+o'|=logx+log
+y1+0?
N . w|=logc
] 2
i.;.\:."‘l.'.y_z -
=5 < B el = ¢ :‘y+\.*"x2+y2=Cx2

8. Find the particular solution of the differential equation % + sec” x. y = tan x. sec” x, given that
y(0) =0 [CBSE 2023 (65/1/1)]
Sol. Given differential equation be
L e 2 . -
o TR XY= tanx.sec’x, giveny(0)=0
It is a linear differential equation of type
dy
dx
-~ P=secx, Q = tan x sec’x

+ Py =Q, where P, Q be the function of x or constant

IE = edex = efseczxdx = planx
Its solution be

yxIF=[QxIFdx
= yxe™ = [tanx.sec’x. e™dx

Lettanx=t = sec’xdx =dt
= ft.e'dt=ffe'dt—J‘(%.fefdf)dt
=tel—[eldi=te'—e'+C =¢'(t-1)+ C
= ye™™ =™ (tanx-1)+C
= y=tanx-1+Ce ™™
Given,y(0)=0 = O=tan0-1+Ce™°
=0=C-1 = C=1
Particular solution is given by
y=tanx—l+e™*
9. Find the general solution of the differential equation:
(xy — %) dy = y*dx. [CBSE 2023 (65/2/1)]

Sol. Given differential equation be

(xy - x%) dy = yPdx



dy

= & xy -2
i ..
- dx _xy-x
dy' y2
It is a homogeneous differential equation.
. d_ o
utx = oy = dy_v ydy
do vyt -v'y®  v-v? p
= oty ——= =Sy
dy e 1
e %
= vty & v—v
d d dl
5 gl = o dy
¥ v Y
On integrating both sides, we have
di d
f—2=—f—y = [vPdv=-logy+C
v ¥
-1 1
=3 T:_logy+c mlogy_;:(:
= logy - % =C
10. Find the general solution of the differential equation:
d J—
(x2+1)%+2xy= Vit+a [CBSE 2023 (65/2/1)]
Sol. Given differential equation be
d JE—
(x2+1)£+2xb’=v‘xz+4

@ 2x _\,‘""xz+4
dx x2+1'y 2+1

It is a linear differential equation of the type

=¥

dy
dx+Py_Q
2x v'x2+4-
Hence; P="5— 0=~
el o | b |

2
IF=glPdr= eI = = plogl® 1) = (x> +1)
Thus, its solution be

yxIF=[QxIF dx

2 \J’{IZ+4 5 Py
= yxl(x syl 5 x(x? +1)dx=[Vx* +4 dx
x 1
3 (= _X ;3 4 [z
y(x +1)—2 Vx +4+210g|x+\ex +4]|+C

= %V-"'xz+4+210g | x+y/22+4 |+C



11.

Sol.

12,

Sol.

d
Find the particular solution of the differential equation Xy 2y tan x = sin x, given that y =0

dx
when x= 3" [CBSE 2018]
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Solve the following differential equation: (1 +&¥*)dy + e¥™ (1 - i)dx 0,(x#0).
[CBSE 2020 (65/2/1)]

Given differential equation

(1 ey + (1 K)ax=0



= (1+e-"’”)dy=(%,1)e5""dx
dy (§-1)
- o

dx (1+e¥/%)

It is a homogeneous differential equation.

dy du
Put y= —=p+x—
y=vx and o
We have,
dv (@=1) , pe¥—¢"
= =
PTG T 14e 1+¢6”
s Iﬂzve”—e”_t;;ve”—e”fv—ve“
dx  1+¢” 1+e”
dv _ ([+e)
= xdx_7 1+¢"
= 1+de __dx
v+e’ ¥

On integrating both sides, we have

f_1+ev - Jd_x
L

= log|v+e"| =-log|x| +log|C]|
= log|v+¢"| +log|x| =log|C]|
= log|x(v+¢9)| =log|C|
= o+e)=C = x(%+gy"x)=c
= y+xeT=C
; ¢ : 2y dy tanx
13. Solve the differential equation (1+ ¥ )E =i A [CBSE (AI) 2014]

Sol. Given differential equation is

dy i
(1+x2)E+y=et x

1 gl:m"x

ay . e
dx l+x2y_ 1+2°

=

Equation (i) is of the form

<1
tan " x
e

1+x?

dy
dx

1
+Py=(Q, where P=——,0=
¥=0Q I+:1rZQ

p 1 oy
IF = o/ Pdx = E'[ﬁdx = ptan ¥

Therefore, general solution of required differential equation is

5 5 tan~'x
2 B [ +xzdx+C
e, eztan’lx
= ye ™ = fﬁdx +C ()



14.

Sol.

15.

Sol.

1
Lettan'x=z = ——dx=dz
1%
(i) becomes
2
y.Ehn_lx=J.€22dZ+C sy ylelan'l.\':%“_c
A _Ztan'l.x
= ye™ ¥ = 7 *C [Putting z = tan™ x]
Ftan’lx - -
= y="—>5 +Cetm X [Dividing both sides by & *]
It is the required solution.
/ 1
Find the particular solution of the differential equation e*y1-y*dx+ %dy =0 given that
y=1whenx=0. [CBSE Delhi 2014]
We have, e*y/1-y*dx+ %dy =0
= EV1-yldx=— %dy = xe'dx=- ;1--% —dy
Vil
= [xedx= —]‘%dy
I8 Ji-y
B A 1. dt dt :
= xe* — [ etdx = EJ'T, wheret=1 —yz = 5= ~ydy (Using ILATE on LHS)
v
12 _
A A [ P X _oA=JT %
= xe —¢ 2(1/2) G = xe-e =y1+C
= xet—e" = v"’-l - _l,.'2 + C, is the general solution.
Putting y =1 and x = 0, we get
0e°-e%=y1-12+C = =]
Therefore, required particular solution is xe*—¢* = \ﬁ-;i -1
Solve the differential equation: [CBSE (Al) 2013; Delki 2015]
(tan™ y—x) dy = (1 + y) dx
The given differential equation can be written as
dx x tan™ )
o S il (0)
dy 1+ y 1+y
. dx 1 tan”'y
Now, (i) is of the form ——+Px =, where P=——and Q= 5
dy 1+y 1+y
1 4
Therefore, TF = ¢/ 1+y1d3’ =y
Thus, the solution of the given differential equation is
k [ tan™ e
xe Y = | (Lf)et““ lya'y +C (i)
1+y
tan™ ¥\ ant?
Let =y e i
1+y

1
Substituting tan™ y = ¢ so that (W)dy =dt, we get

I=Jtedt=te'—[1efdt=te'—e' =¢'(t-1)



16.

Sol.

i

Sol.

18.

Sol.

or I= em'ily(ta.n’ly -1)

Substituting the value of I in equation (if), we get

=1 =
xe™ V=" ¥(tanTy ~1)+C

or x=(tany-1)+C e 7Y s the required solution.
d;
Solve the differential equation - 1)—IJr + ny = . where x € (- oo,— 1) (1, 0).
dx 2.9
[CBSE Delhi 2014; (AI) 2010; (F) 2009, 2011]
: . : 5 g g dy 2
The given differential equation is (x* - 1)54- 2xy = &4
s
dy  2x 2 ,
L 4TS = =4
a2 qY x*-1)* ©
s . . . dy 2 2
This is a linear differential equation of the form g T Py=(Q, where P=— . and Q= 5
& (x*-1)

1F = ¢l Px = pJ2x/G-1)dx _ Jlogle®-1]_ 42 _q

d 2
Multiplying both sides of (i) by IF = %% 1, we get (x2 - 1)%+ 2xy = ;>
2
= dlyx*-1))=
(yet-1)= 5

Integrating both sides, we get

y(x2—1)=fx22_1 dx+C [Using:y (IF) = [ Q.(IF)dx + C]

- g

X
x+l

o 1
:>y(x2—1)=510g +C =  y(x’-1)=log il [T

This is the required solution.

d
Find the particular solution of the differential equation % =1+x+y+axy given that y =0

whenx=1. p [CBSE (AI) 2014]
Given differential equation is % =l+x+y+ay.
dy _ dy dy

::»E—(l+x)+y(1+x) = H=(l+x)(1+y) = m=(1+x)dx

Integrating both sides, we get log | 1+y |= [ (1 +x)dx

o
2
Puttingx =1,y =0, we get

= log | 1+y |=x+—-+C is the general solution.

1 3 =3
logl—1+E+C = 0—5‘!‘(: = C—T

2
Hence, particular solution is log | 1+y |=x+ x?_ %

d; 2
Solve the differential equation xlogxd—i ty= ;logx 2 [CBSE (F) 2014]

d 2
Given differential equation is xlogx% Y= ;logx



19.

Sol.

:.»”'—3"+(1 )—i Divide each term by x 1
IR o .y = (Divide each term by x log x)
i Y, o= B w2
It is in the form dx+Py-Q,where P_x.logx and Q—le
[F=€'J.Pd‘=ejxlﬂgx
d:
Putlogx=z = Tx=dz

1
IF /5% = glogz = 7 = ogx
General solution is

lo g

y.logx = flogx.%dx +C = ylogx=2 dx+C
x
Let logxzz::rldx:dz also logx=z = x=¢
x
. ylogx = ZJ‘%dz +C = ylogxr=2[ze *dz+C
e

= ylogx=2|z +C = ylogx=2[ze "+ e %dz]+C

£
o -

= ylogx=-2z27-27+C = ylogx=-2logxe ¥BX— 268X 4 C
12 o o 1]
=_ N <mgtlopE = dog s 2
= ylogx 2103;3&;'c = C [.e £ FI=
2
= ylogx:—;(l+10gx)+c

d
Show that the differential equation x%sin(%)+x -y sin(%) = 0is homogeneous. Find the

T
particular solution of this differential equation, given that x =1 when y = 5 [CBSE Delhi 2013]

d
Given differential equation is x%sin% tx-— ysin% =0.

Dividing both sides by xsin”, we get

L] 2.8 _ L. ¥ .
i +cosec “= 0 % — cosec p LA}
Let F(x,y)= —coseci
F(h\x, \y) = —cosec Yy —?\D[y 7cosec— = A"F(x, y)

Hence, dlfferentlal equation (l) is homogeneous.

» dy _ do
Let y=ox = dx—v-v-x.dx

Now, equation (i) becomes

v W ux
(i e Y v -
Hr & x

dv dv
V+X.——=U-C08eCTY =  X.——=-C0secv
dx dx



20.

Sol.

s B
Sol.

dx cd
= -sinvdo=— = —[sinvdy = | s
x x
= cosv=log | x |[+C = Cos% =log | x|+C (i)

T
Putting y = 5= 1 in (i), we get
COS%=1051+C = 0=0+C = C=0
Hence, particular solution is
y ; ¥
e + o=
cos log|x|+0 ie, cos = log | x |
Solve the differential equation:
A T d
J1txP+yteatyt 4 xy% =0 [CBSE (AI) 2010; (F) 2015]
4
dx ~

By simplifying the equation, we get

Given 41+x2+y2+x%  +xy 0

xy%=— S+ 42420 = 1+ 2242 (1+4%)

dy _ ; ;
= =D+ =T+ {1+ )

/(1+x2
I’ y . y=—‘( r)dx
V(1 +y%) *
Integrating both sides, we get
» - —
. 1+ LEF
e e [ e 0
yil+y e

Let 1+y/=t= 2ydy=dt and 1+x’=m’ = 2xdr=2mdm = xdx=mdm

| | m
e md
(@ 27 fmz_l mdm
1:442 m? o emP+1-1
El/—zﬁ-fﬁdm—ﬂ = Vf+jﬁdm—0
= Jr+[[1+ )u' op ws JEemreme | T ey
‘ ( mio1 ) VERHEE I8 | g 1™

Now, substituting the value of ¢ and m, we get

[ L
gy e VIF [
1+ +1+22 + Slog|—S——|+C=0
s 2 ‘gy’1+x2+1

2 + yAdy = xy dx. If y(1) = 1 and y(x)e, then find the value of . [CBSE Bhubneshwar 2015]
Given differential equation is (x*+y*)dy = xy dx
It is also written as

.
dx  Pay?

)

Now, to solve let y = vx. [ (i) is a homogeneous equation]



Differentiating y = vx with respect to x, we get

d
_b"=v+xdz.’
dx dx
d
Putting y = vxand Ey =ut xj% in (i), we get
U+xd_v:7x.vx
dx  x2+(px)?
dv ox? dv vx? v
+yr—=— +yr—=—=
. xdx 2+ it = 7 xdx x2(1+vz) 1+0°
= :rd—v= Ly = xd—ﬂ=7v_ﬂ_v3
dx  (1+9% dx  (1+29)
dv g (1+v%)do dx
X, = = il (i .
dx  (1+79) 7 x
Integrating both sides, we get
J.(1+v2)dv_ fdx
3 x
d d 1
=[5+ T=iog|x|+C = ——gtlog|v|=-log|x[+C
? 4 20°
= .l [L=<log|z]+C = X ly|-log|x]|=-log|x|+C
_Zyz og | |=-log | x _2y2 og |y |-log|x|=-log|=x
x? .
= —2—y2+log|y\=C ... (7))
Given, x=1,y=1
1 - 1_ » =
= S E|L]EE = ~5EC [log1=0]
Now (if) becomes
2 2 2.l
% 1 x 1 X,
——+lo =—= = lo N = o = -.(id
27 glyl=—5 gyl 2w 2 g |y o (i)
Putting x = xg and y = e in (iif), we get
o i3 73
Xy —€ xXy-¢ i
log|e|= = 1= = x;-e =2
glel 2¢7 2e 0
= x3 =36 = x,= 3¢

d.
22. Show that the differential equation (x - y)d—z =x+ 2y is homogeneous and solve it.

[CBSE (AlI) 2010, 2017; (F) 2013; Ajnier 2015]
: dy
Sol. Given, (x- y)a =x+2y

By simplifying the above equation, we get
dy  x+2y
de = x-y



+2
Let F(x,y)= %
Ax+2hy  Mx+2y)
M- Mx-y)
F(x, y) is homogeneous function and hence given differential equation is homogeneous.

Now, 1 = . + i
ow,let y=vx = e TR T

then F(Ax,Ay)= =A"F(xy)

Substituting these values in equation (i), we get

dv  x+2ox
v+x——=
dx x-ox

dv _1+2v 1+-v+v’  1+p+d?
= x—= —s =
dx 1l-v l-o 1-v
1-v dx
i T
l+v+7? x
By integrating both sides, we get
;o 1-w dx ;-
] 1+v+z;2dv_j = .
LHS = J'iv
v +o+1
Let 1-v=A(20+1)+B=2A4v+(A+B)
Comparing coefficients of both sides, we get

i) 3
2A=-1, A+B=1 or =_—,B=E
1 3
——=2v+1)+
i =2 2 v
2+v+1 ?+v+1
L 241 4
T2 vz+v+1 o+l
_ 1, 29+l +_J. dv
2?4041 2 1)2 3
] +=
2 4
1
y 24p+1 |+ x—tan™ F
=—<log | v +v 5 X—ztan
5 log | I*5x 73 7
2
Now, substituting it in equation (if), we get
1 ; 2p+1)
~—log | *+0v+1 [+.,e’3tan"(?T)=logx+C
2 V3
2
1, |¥ ¥ = ofa e
= —Elﬂg ?+?+1 +4/3tan 7 =logx+C
) yt+x
= —llog\x2+xy+y2\+llogx2+v"3tan"( Y )=logx+C
2 2 V3x

2y+x
= 71{)g | ¥ +xy+y” |+y/3tan™
V3x



23.

Sol.

24,

Sol.

d,
Solve % =cos(x+y) +sinlx+y). [NCERT Exemplar]
- dy :
Given, Jr - cos (x+y) +sin(x +y)
. g Ly _dz
ut x+y=z = de e
On substituting these values in equation (7), we get
dz ) ’ dz ¢ dz
(——1)=cosz+smz e ——=(cosz+sinz+1) = S EETE—
dx dx cosz+sinz+1

On integrating both sides, we get

dz
— =14
‘[cosz+s'mz+1 ‘[ =
. d:
= J i E = [dx
1-tan“z/2 2tanz/2
1+tan?z/2 1+tan’z/2
d;
= 5 = 7 =fdx
1-tan“z/2+2tanz/2+1+tan"z/2
(1+tan”z/2)

(1+tan’ z/2)dz sec’z/2dz

————=]d — = =y
= I itz % = f2(1+tanz/2) L

1
Putl+tanz/2=t == (Esec2z/2)dz=dt
dt
= _fT=jdx = log|t|=x+C
o Gy |_
= log | 1+tanz/2 [=x+C = log|l+tan 2 =x+C
Find the particular solution of the differential equation:
- yz)(l +log x) dx + 2xy dy = 0 given thaty =0 whenx =1 [CBSE Delhi 2016]

Wehave (1-37)(1 +logx)dx +2xydy=0

2y d 1+1] d
= 2wy dy =-(1-1A)(1 + log x) dx 3l Briere

l—yz x
Integrating both sides, we get
; 1+1] 1+
= | Zyzdyz—f( ng)dx = —log[l—yz[z—fwdx
1-y X x

1
= -—log|1-y"|=—-[zdz |Let1+logx=z = ;dx=dz

2
(1+logx) -

3 c

2
= log|1-y’|=5+C = log|1-y|=
Putting x = 1 and y = 0, we get

_(+logh)* gl o e
& 2 =3 T
{1+1t)g:c)2 1

Hence, particular solution is log | 1-y* |= R

= logl



25. Find the general solution of the following differential equation:

a
A+yhew-e=" g0 [CBSE Delhi 2016]
2 tan! dy
Sol. Wehave (1+y2)+(x—¢ y)a=0

_ )Y 2
= (x_¢ )dx (1+47)

l [ 1+12 _ tanly
- $6E) - 5
x

dx = E‘tzm_ly @ - s y2
= . - Canll = d—x+ ! x= Lo
dy 14y 1+y° dy 1+ 1447
- dx 1 ey
It is in the form d—+Px= Q, where P=——andQ=——.
i 1+y 1+y

1 o
F=glPd= leﬂ{z dy oty
tan~!

¥ -1
— =Yy C.

- a
Therefore, general solution is x.¢®" ¥ = [

1+y
tan? =3 1
= xe™V¥=[efe?dz+C Lettan " y=z = ——dy=dz
1+y
= xe V= [eBgzeC
22
tnly _ € tanly _ €
= x.e 7 = x.e 3

1 El -
= x=Ee'a“ Yol BN

dy x+y cos x

26. Find the particular solution of differential equation: B given that y = 1 when

1+sinx
x=0. [CBSE (North) 2016]
Sol. We have
dy  xtycosx
dx 1+sinx
dy X Y COs X dy = cos x x
S e S s FH. S ;
dx 1+sinx 1+sinx dx 1+sinx 1+sinx
L. dy cosx x
— 4+ Py= = e :
It is in the form i Py=(Q, where P Lt ein o
COSX -
Now IF = e/ Trgny @ = o8l 145t = 1 4 giny
Therefore, general solution is
y(1 +sinx) = [ (1+sinx)dx+C =—[xdx+C

T 1+sinx
xZ
= y(1 +sinx) =—7+C

1(1+sin0)=0+C [Giveny =1and x = 0] = C=1



Hence, particular solution is
2

y(1 +sinx) = —%+1

Ty

= L 2(1 +sinx)

Long Answer Questions

1. Solve the following differential equation:
T

3¢" tan y dx + (2 - ¢°) sec” y dy = 0, given that when x =0,y = 7y [CBSE (F) 2012]
Sol. Given, 3¢* tany dx + (2 —¢") sec’ ydy =0
= (2-¢)seydy=-3"tanydx
2 X
sec’y , =3¢
= fany y—z_exdx
2
.sec ydy —e*dx
= tany - 3J‘ gt
= log |tany|=3log |2-¢| +1log C
= log |tany| =log |C. 2-¢9°|
= tany=C(2-¢)
T
Putting x=0,y = 7 weget
LS
= tanZ=C(2—eo)El = 1=C(2—1)3 = 1=C
Therefore, particular solution is tany = (2- ).
2. Solve: xdy-ydy= /x> +y dx [CBSE (AI) 2011]
Sol. The given differential equation can be written as
dy y-*";i +yt+y
dx x WD
Clearly, it is a homogeneous differential equation.
. dy dv .
Putting y = vx and Gy = Ut A, init we get
% do i+t +ox - o T
— —— = af )
vEx o vhx o =vVlte 4o
v —— do dx
= E = V1+o = - T=—
x Vv1+w x
Integrating both sides, we get
1 1 =%
——do=|—dx = log|ov+y1+0%|=log| x |+logC
b=l g | vty |=log | x |+log



Sol.

Sol.

=  |o+/1+7%|=|Cx| =

¥, 1.1
f 1 wros =] B CU=y/x
i \ 2 | I | [ y/x]
= fy+ /2P =02 [Squaring both sides]
Hence, { y+ V"_:( + y2 }2 =(C2x? gives the required solution.

Show that the differential equation (xe¥™ + y) dx = x dy is homogeneous. Find the particular

solution of this differential equation, given thatx =1 wheny=1. [CBSE Delhi 2013]
iy ¥
< di e
Given differential equation is (x.ex + y}dx = xdy = % = % (1)
¥
x4
Let Fry)=—¥
- .
+ +
= F(Ax,A\y) = " Y=o s AR =AF(x,y)
Hence, given differential equation (i) is homogeneous.
a dy_ . &
et y=vx = R U
Now, given differential equation (i) would become
x
L RN | o L o
dx x dx dx

dy _dx - dv B

—=— = dv=[— = —=logx+

& x Je va 1 ogx+C

s 1 £

= -¢ *=logx+C = ——g=logx+C = ¢* logx‘rCe“-l 0

{4

Puttingx =1,y =1, we get
elogl+Ce+1=0 = (s

The required particular solution is
¥ 1 ¥ ¥ iy
ex.logx—;ef+1=0 or eXlogx-er +1=0

Show that the differential equation {x sin ( y]dx+xdy 0 is homogeneous. Find the

T
particular solution of this differential equation, given that y = Fy when x = 1. [CBSE (AI) 2013]

ﬂ . y—xsmz(%)

Given differential equation is [xsm y]dx txdy=0 = i p <)
y- xsinz(i)
Let F(x,y)= %
.2 ?\‘,‘f .ol
Ay —Axsin® < y—xsin®=
Ax _+o0 X _so
Then F(Ax,Ay)= e =A p =N'F(x,y)

Hence, differential equation (i) is homogeneous.



Sol.

r
I
|
|
l
I
|
|
l
I
|
|
l
I
I
|
l
I Sol.
I
|
l
l
|
|
l
l
|
|
l
|
I
|
|
|
I

dy dv
, i L =g y—
Now, lety=ovx = G TR
Putting these value in (i), we get
L o UX
N L v x{v-sin’v}
pHx—=——————— =2 vtx—=
dx x dx x
do 1= dv a2 do dx
= ptx—_—=v-sin"v = X, =-S8In'v = -
dx dx sino ¥
Integrating both sides, we get
. -, |
= Jcoseczvdv=—_l¥dx = -—cotv=-logx+C = logx—cot(%)= [ ... (i)
o
Putting y = 2 and x =1 in (ii), we get
b
loglfcotZ:C = 0-1=C = (C=-1

Hence, particular solution is

logx—cot(%)=—1 = logxfcot(%%l =1

: ; ; g ; op Gy xQlogxt1)
Find the particular solution of the differential equation ——=——————— given that
dx sinytycosy
b
W= whenx=1. [CBSE Delhi 2014] [HOTS]

21 +1
Given differential equation is L] = w
X siny+ycosy

= (siny+ycosy)dy=x(2logx+1)dx
= [sinydy+[ycosydy=2[xlogxdx+[xdx

1

2 2
= [sinydy+|ysiny - [sinydy]=2 logx%— f;.%dx + [ xdx

= [sinydy+ysiny —[sinydy = x*logx - [ xdx + [ xdx+ C
= ysiny=x*log x + C, is general solution. ase Y
For particular solution, we put y = g when x =1

y o s
(i) becomes Zsinw = 1log1+C > 7=C [--log1=0]

Putting the value of C in (i), we get the required particular solution
1!
ysiny = x*logx + 5
If a curve y = f(x), passing through the point (1, 2) is the solution of the differential equation

25 dy = (2xy + y¥)dx.
Find the value of f(1/2).

We have
22 dy = (2xy + P)dx
dy  2xy+y

xS o ()



2wy +y°

flx, y) =

5,2
20y + NP 2yt
= Ax, hy) = = = AOf(x,
fOx, ny) PSR P f(x.y)
= Given differential equation is a homogeneous differential equation.
dy dv
Puty=ovx = P v+xE

Using these values in (i), we get

dv _ 2xox+0’x® 270 +0%R?

U+xdx = = = i

= U+x@:_20+vz
dx i

= d_v:20+vz :20+UZ—ZU:7J_2

T g ¢ 2 2
L do_ldr _ ,do_dr

2 2 e
Integrating, we get

-2

= — =loglx|+C
= ]{ﬁ=leg|x|+c (i)

Since (if) passes through (1, 2).

;—2=lﬂg|1|+C = C=-1

From (i)
7;—x=logx—1
= 2—;:1—10537 = y=1—21zgx
(L) 23 " B
—I_log%_l-v-logz

e, ¥(2)=12) Tz

y . T b3 ' n
7. If cos X g THUSNES bx,0 <x < 5 and y(;) = 0. Find the value of y(g)
Sol. We have
ay
Rl e SIE= 6x
dy ysinx gy dy [ _sinx\ _ 6x
T = = —+ )y —;
dx ~ cosx T cosx dx \ cosx cosx

—sinx bx

dy
It is of the form dx TPu=0Q, where P=-0m QF Goex -

-sinx

1= ol Pl =

dr _ logleosz| - cosx



6x

Solution is yeosx = [gicpcosxdx+C
i _ 6’ = 9.2
= ycosx-]ﬁxdx+C—T+C-3x +C
n
(3)=0
2 2 2
n n s
0=3X—+C=—+C = C=-—
= 3 9 3 € {6 3
2
T
ycosx=3x2—?

2

= S (3x2 - %)seex

7(ﬁ n_z)xi LA
2 3/ 3 12 /3 243
d
8. Solve: xEy +y-x+xy cot x=0(x#0) [NCERTIICBSE (East) 2016]
Sol. The given differential equation x%+ y-x+xy cot x=0(x#0)
= Ay + (cntx + l) =1 (Dividing both sides by x) (1)
dx x & Y

d 1
This is a linear differential equation of the form %+ Py =Q, where P = cotx + & and Q=1.

So IF= ef(cotx+%}dx = plogl sin| +log] x|
;
- elaglxsinx|=

xsinx

Multiplying both sides by IF in equation (i), we get

o Ay 1 :

xsinx o - +xsinx{cotx+_ |y = xsinx
X X

__dy ; . d, . .
=5 xsmxﬁ+(xcosx+smx)y = xsinx = E(yxsmx) = xsinx [By product rule]
On integrating both sides, we get
= d(yx sin x) = x sin x dx

yxsinx:fxsinxdx+c 1:4#)
Let I= [xsinxdx = xx(~cosx) - [1.(- cosx)dx (Using by parts)

I=-xcosx+sinx
Putting the value of [ in (i), we get

yxsinx=-xcosx+sinx+C

= yxsinx=sinx-xcosx+C

1 e
Hence, y = — —cotx + ——_— is the required solution.
x xsinx



9. Find the particular solution of the differential equation

(1+e®)dy + (1+y?) ¢ dx = 0 given thaty =1 when x = 0. [NCERTI [CBSE (F) 2011]
Sol. We have, (1 + ™) dy + (1 + ") ¢*dx = 0 and given thaty = 1, whenx = 0
dy () Ay etax
dx T 14% —(1+y2)_1+ez"

Integrating both sides, we get

dy edx \ e'dx
= = = —tanly=[——F—
j]+y2 Il+elr e I1+(z*)2
-1 dt : X x
= ~tan y=]1+t2 [Putting e* = t = e*dx =di]
= —tan_]y=t.am'1 H+C
= —tanly=tanl () +C (i)
Putx =0,y = 1in (i), we get
QT e r_ X w BB
tan” 1=tan™ () +C = 3 4+C = O 3

Putting the value of C in (i), we get

T T
~tan"ly = tan"! (¢¥) - o =% o= tan™ (¢*) + tanly

E £ L . .
Hence, tan™'(¢") + tan™ y = 7 is the required solution.

Questions for Practice :

m Objective Type Questions
1. Choose and write the correct option in each of the following questions.

dyV [Py
(i) The degree of the differential equation is (1 + %) = (T{) [NCERT Exemplar]
X
@1 (b) 2 () 3 (d) 4

4 dy\*
(ii) The order and degree of the differential equation d—z =y+ (%) are respectively
x

(@) 4,1 (b) 4,2 {c) 2,2 (d) 2,4
(iii) The integrating factor of the differential equation x% ~1 =222 ig

@ ¢* (b) e © + @ x
(iv) Solution of the differential equation x% +y=x¢is

(@axy=e(1-x)+C b)) xy=e(x+1)+C

©xw=e@y-1)+C @) xy=€"(x-1)+C

(v) The general solution of the differential equation ¢* dy + (y ¢* + 2x) dx =0 is
@xel+x*=C B xd+y7=C ©@ye+*=C @y +2*=C



B Conceptual Questions

2. What is the degree of the following differential equation:

dyyV d%y
—] - = 24 j
Sx( It ) I 6y = logx ? [CBSE Delhi 2010]
3. Write the degree of the following differential equation:
2y dyy
© (—g) +2{5) =0 [CBSE Delhi 2013]
dx dx
4. Write the sum of the order and degree of the following differential equation:
-
£ dy \?
( F) +(l) satop [CBSE (F) 2015]
dx? dx 22 e
5. Find the product of the order and degree x(E) +(£Ty) +y? =0, [CBSE Chennai 2015]
x
d
6. Write the integrating factor of %(xlogx) +y=2logx. [CBSE Punchkula 2015]

7. Solve: ™™ = 2?
8. State whether y = ¢*(x + ) is the solution of differential equation:

dy i
PRl
d +1
9. Solve: J—M=O
dx x

m Very Short Answer Questions

d
10. Write the general solution of the differential equation Y l.

dx  x
. . ; dy Ley
11. Write the integrating factor of R

d
12. Given that Ey =e and y =0 when x = 5. Find the value of x when y = 3.

13. Find the general solution of the differential equation % =2¥7%,
B Short Answer Questions

14. Solve the following differential equation:

Coszxz—i +y=tanx [CBSE Delhi 2008, 2011; (AI) 2009]
15. Solve the differential equation:

(2 + 1)% oy =y/xT+4 [CBSE (AI) 2010}
16. Solve the differential equation:

(x* + 3xy + y")dx — x’dy = 0 given thaty = 0, when x = 1 [CBSE (East) 2016]

17. Solve the differential equation: (x + 1)%’ —y= e (x+ 1)3 [CBSE (South) 2016]

d
18. Find the particular solution of this differential equation xQ% e cos(%),x # 0. Find the

particular solution of this differential equation, given that when x =1,y = % [CBSE (F) 2013]



b &

20.

21.

22.

23,

25,

d i
Find the particular solution of the differential equation T given thaty = 1, when x = 0.

dx Ey
&Y [CBSE Delhi 2015

d n
Solve the differential equation % +ycot x =2 cos x, given that y =0, when x = 7

[CBSE (F) 2014]
Solve the differential equation (x* - yx) dy + (i + x’y*) dx = 0, given that y = 1, when x = 1.
[CBSE (F) 2014]
Solve the differential equation:
o=y CBSE 2019 (65/3/
ey [ 19 (65/3/1)]
Solve the differential equation:
{1+ xz) dy + 2xy dx = cotxdx [CBSE 2019 (65/3/1)]

Find the general solution of the differential equation ¥y dx - (x* + ) dy = 0. [CBSE 2020 (65/3/1)]

d
Find the particular solution of the differential equation log (%) = 3x+ 4y, given that y = 0 when

F =0 [CBSE (AI) 2014]

® Long Answer Questions

26.

27.

28,

29.

30.

31.

32.

33.
34,

35.

n
Solve the following differential equation, given that y = 0, when x = —:

4
oy ;
stxE -y=tanx [CBSE Chennai 2015]
Solve the following differential equation:
[y = xcos(%) dy + ycos(%) -2x sin(%)]dx =0 [CBSE (F) 2015]

y) giventhaty =1,

d ’
Find the particular solution of the differential equation (1 + x° )% = (e”""“ &

when x = 0. [CBSE Panchkula 2015]
Find the particular solution of the following differential equation:
di

xyﬁ =(x+2)(y+2)y=-lwhenx=1 [CBSE Delhi 2012]
Find the particular solution of the differential equation

% +xcoty =2y +y*coty, (y # 0) given that x=0 when y = % [CBSE (Al) 2013]
Find the particular solution of the differential equation x(1 + y")dx - y(1 + ¥*)dy = 0 given that
y=1whenx=0. [CBSE (AI) 2014]

Find the particular solution of the differential equation satisfying the given conditions
Pdy+(xy+1)de=0;y=1whenx=1. [CBSE Delhi 2010]
(" +1°) dy = xy dx. If y(1) = 1 and y(xp) = ¢, then find the value of x,. [CBSE Bhubaneswar 2015)

Find the particular solution of the differential equation (y —sinx)dx + (tanx)dy = 0 satisfying the
condition that y = 0 when x = 0. [CBSE Guwahati 2015]

dx — x
1t % =0, %, y>0 and y(1) =+ then find the value of y(5)



Answers

L ® (i) (a) (iif) (c) () () @) ()
21 34 4. 4 5. 4 6. log x
X
7.y=2(xlogx-x)+C 8. Yes 9. y=xe&'C 10 y=Cx 11 e?
b+
12 % 13. 27-2¥=C 14 y=tanx-1+Ce ™
& =X )z [ _ xloglx|
15. (x"+ 1)y SVx +4 +2log|x ++/x*+4]| 16. y 1- loglx]
LR 5

= iy L T X -
Vo=l 540 =1 tan(zx)——2x2+2 19. —2y2+10g|y|—0
20. 2y sinx =—(1 + cos 2x) 21. log|y|+%=—%+x+l

YLy = ; = s

22. tan (x)—zlog(x +y)+C 23. y= szmglmxl+Hx2 24. logly|= 3y3+c
25. 4 + 3¢ =7 2. y=tanx-ytanx 27. yQ—ZxZCOS(%)=C

g (m+1)tan " x 2
” tan'x _ € m _ s T
28. ye =y +m+1 29. x+2log|x| -2 30. xsiny =y siny 5
312 =27+ 1 32. 3x%y=y+2x 33. x,=3e
34. y“—'%sinx 5. 25



