Class 12 Mathematics Chapter 9: Differential Equations

of Solution: —=2"

Given differential equation,
ﬂ{ _ 2!:—'; _dl _ E
iy dx. %

On separating the variables, we have

! Iy
i i S 2Vdy =2 %ix
2v 2 '

Now, integrating both the sides, we get
_[2"'”:{!! = IZ"'cix

_a % _n-F

= +C = =27=_"12"%+rlop 2
|I.JHZ ]ug?_ &

=2¥%+ 2V =¢log 2
272 ¥ =k [where ¢ log 2 =k]

Thus, the solution of the differential equation 18 2+ 2% =k

1. Find the differential equation of all non-vertical lines in a plane.

Solution:

We know that, the equation of all non-vertical lines are y =mx + ¢
On differentiating w.r.t. X, we get

dy/dx = m

Again, on differentiating w.r.t. X, we have

d’y/dx*=0

Thus, the required equation is dy/dx* = 0.

2. Given that %' —,%' and y=0 when x=>5.
dax

Find the value of x when y = 3.
Solution:

Given equation.

dy _

Tk

dx

dy %

= e dy = e.ay=dx
ll -

Integrating both sides, we get

e 1
ja"'~ dy = Jrf.‘l.‘ = Eezf’ =x+cC

Find the solution
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Puty=0and x=5

0n_ =
= =0 =5+( = ==~
2

w
0]
|
e

So,The equation becomes

Now putting i =3, we gel

lvh = J_'---E = _'|"= it’{'+2
2 2 l 2 2
Thus, the required value of x = 3 (e® +9).
ey 1

4. Solve the differential equation

(P—1) = + 22y =
Solution: cbx

xt-1

(Given different equation,

2 dy
X =1 —=+2xy=—
( ) dx Y =
On dividing by (x? - 1), we have
dy % xy 1

dy x*=1 (¥* -1

Clearly, it is a linear differential equation of first order and first degree.
2% 1
~_and Q=

Now, P = B
I 1 (22 =1y

F=t
P 5 g /
Integrating factor LE = P 71T eut 242 g,
Hence, the solution of the equation is
x—1
241

+C.

y(x -'l}=% log

5. Solve the differential equation ﬁ.,. Iyy=1y
Solution: dx ’

Given differential equation,
dy/dx +2xy =y

{ { l
i y=2xy = ﬁ:y{]—h‘} = LE:EI—ZI}dJ:
dx 7 : dx Il
Integrating both sides, we have

.! -,I
j% = J{T =2x)dx = logy = x - ?_.1?—# log ¢

log y=x-x*+log c= logy - log c=x -x*
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| 5 1 cripd
logL=x-x =ZL=¢
C E
Ly=y=c.et
Thus, the required solutionis y=c.e¢™ e
i i d‘l', trix
6. Find the general solution of " tay=e™
Solution: b

Given equation, dy/dx + ay = e™
Solving for linear differential equation of first order, we have
P=aand Q=™

SO: LF 2 fJJ'FI.\' = E‘Fll.:[\ = t’ﬂ-‘-
Solution of equation is iy » LF = IQ 1LFdv+c

et = _[L”"' LYdx+ e =2y.0" = Ie.*‘ AT ¢

o HEr S iha
et = ¢ = =~ T g™
(m+a) o (it +a)
™ o
= R
¥ (i +1)
lj,ffl'!'
Thus, the required solution is y= +. el
(im+a)

7. Solve the differential equation ﬂ £ =g
Solution: dx
Given differential equation, dy/dx + 1 = ¢*"¥

Substituting x + y =t and differentiating w.r.t. x, we have

Ly _di
rf.‘l' Lf.T
di it
—=¢ = t =dx = ¢ 'dl =dr
dx yr

Integrating both sides, we have
j‘r.' 'dit = _[:fx = —g ' =x+cC
{x =y -] KL
T =x+te=m —=x+tc=z(x+c)e' " ¥=-1
e

Thus, the required solutionis (x +¢).e* Y+1=0

8. Solve: ydx — xdy = x*ydx.
Solution:
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Given equation, ydx — xdy = x*ydx

y dx — x%y dx = xdy

y (1 —x?) dx = xdy

[ S ]ﬂ':r =:—II£ =5 {l— J')¢f1'=d—y
& Yy x ¥

Integrating both sides we get

j('l— - .t}ﬁ.r = ﬂ
¥

L}

2
log x - 1? =log y +logc

3 I
T

.2 ; " 2
log.t‘—Lzlvg ye = Iog.t‘—Iogr.:L => Iog-L:f-—
2 : 2 Tye 2
X 2 fa e -t -7
=g = L:U e = ye=xe .
ye X
I i —y 9 1
Ly=—xe = y=fee [ A‘=—]
C r

Thus, the required solutionis y = kxe 2

9. Solve the differential equation dy/dx =1 + x + y? + xy* when y =0, x = 0.
Solution:

Given equation, dy/dx = 1 + x + )7 + x?
ay

i =1{1+x)+ 3;2(] +X)
4y =(1+ 1)1+ 1°) = i1 =(1+x)dx
dx 1+y°

On mtegerating both side, we get

I d‘”, =_[(‘l +X)dx = tan™! r,r=:c+£+n:
14y ’ 2

Put x=0and y=0, we get tan”(0)=0+0+c=c=0

3
i X X
s tan™ =X +? = Iy = lan (.\"I‘ ]

2
? ;g ¥
Thus, the required solution is y = tan [:u.' + ?)

10. Find the general solution of (x + 2)°) dy/dx =y.
Solution:
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i
Given equation, (X + 2y%) ﬁ =
- 3
rf;t,rr 0 =>=i.1.r.1+2y

dx - ¥ -{-ZJI] dl,l' B I
S X
dy vy oy rhf v

1 7

Here = = and Q =2y,
So. ¢ ! I
- l,J-""!,"’ _ .I',"r'I.” ' 'liIH‘L; 1

Integrating factor LF. = ¢ ¥ =eTod =¢ -=Tf-

So the solution of the equation is

vLF. = [QLEdy+c
| .

v~ = [20° —dy+

v J2y Jue

2
x X y X
— =2 |lydy+c=—=2—+c=—
.v I‘I” ! y 2 U}

x=1r ey =yl +c)
Thus, the required solution is x= y (f° + ¢)

=y’ +c

| 2+sinx .'?11.-'
11. If y(x) is a solution of —=_cosy andy (0)=1, then find the value of y(r/2).
: l+y | dx
Solution: i
Given equation,
2+sinx | dy
——— |5, =—C0§X
I+y Jdx
2+sinx dy R dy ms.x .
cosx | dx : (1+ y) 2 +sinx
Integrating both sides, m: ge
_“I cos x
1 + i 2 +sin 1

logl1+yl ==logl2+sinx|+logc
logl1+yl+logl2+sinxl =logc
log(1+y)(2+sinx) =loge = (1+y)(2+sinx)=c¢
Putx=0and y=1, we get
(l+1){(2+sin0)=¢c = 4=¢
So,equation is (1 +y) (2 +sinx)=4

It
Now put xy=—
P 2
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( -I—y}[2+5ing] =4

4 4 !

I+y)(2+1) =4 I+y=— = y=—-1= —
ey _ 1
S6, [_]z_
*N32)73

‘ - m
Thus, the required solution is H[E] =

dy
12. If y(?) is a solution of (1 + ) T — v =1 andy (0)=-1, then show that y (1) =-1/2.
Solution: o

Given equation,

d d
{1+r)d_-’;’";1;=1 = _E_{'_]JFL

df - {1+! 1+t
Here, p:“_randQ=L
N T+t 1+t e
Integratingfactorl.l’-’.=|3-[P"u=cjl”‘ = IR

[
=1 1= 1
i J[ 1_'!} =LI-[I-I!.TIE{I—-"]
_pitlag{ter) _ o~ log(1+1)

~LE=e' (1+)
The required solution of the given different equation is,

y.LE.= [Q.LF.dt+c

_u.c"(1+r}:_|';.¢:".(1 + 1) dt +c¢

(1+1)
v.el 1+ = _[c"* dt +¢
= y.c ' (1+)=—¢"+c
Putingt=0 and y =-1 [ y(ms_-[]
—1.¢%1 ==e" +¢
=1==1+¢ =2¢=0
So the equation becomes
.l,,'t'_J (1+H= -
Now putt=1
oot (141 ==t
Zy=-1=y= =
1 2

Thus, y(1)= 3 is verified.
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Form the differential equation having y = (sin"'x)? + A cos™'x + B, where A and B are arbitrary
constants, as its general solution.
Solution:

. . . . v P
Given equation is iy = (sin"'x)* + A cos™'x + B
dy

—:ESin']x.%+A. —7]q
li.\' I_ A : ]_ =

On multiplying both sides by /1- ¥, we et

el =
l—.rz——'£=25in le—A
'y

Again differentiating w.r.t x, we get
. _rzndzy+ dy 1x(-2x) 2
;‘h‘z dx g h - 1.3 J] - .1.'1
> n‘zy x oy 2
=1 \l'l— rt—=— —= =

dx? i 2 - x?

On mulliplying both sides by /1~ x° , we get

2
f ‘I.‘:— x d—y -2 =0
dx” ix
Thus, the abowe is the requirad differential equation.

= (1-a%)

14. Form the differential equation of all circles which pass through origin and whose centres lie on
y-axis.
Solution:

The equation of circles which pass through the origin and whose centre lies on the y-axis is given by,
(x —0)? + (y - a)* = a%, where (0, a) is the centre
x? +y? + a? — 2ay = a’

xX2+y?—2ay=0......... (1) oY
Differentiating both sides w.r.t. x, we get
dy dyyf
Ty dla i e
2y +2y. S 2a. = 0 (0,q)
dy dy iy
r4yp—=-ag.—=0 = x =) === X
$ dx dx v+ y -) dx .
neg
y—n= 7
. dy I
“dx |
= i+ =
& “.'..! f
Adx

Putting the value of @ in eq. (i), we get
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.1‘1+_|;1—7[u+ = J:} =0
rf.‘L'

2x . 21
= x° +I; -2y _r—!'_;i_ﬂ = - -UL:TI}I
dx dx

2. d
(=) Z-2xy =0
T T dx )
Thus, the required differential equation is

] ¥ d'."
o) oy =0
-

15. Find the equation of a curve passing through origin and satisfying the differential equation
. 2, Ay =
(l+x")—+2vp=4x"
dx
Solution:

Given equation

(1-+4° } +qu =4y

dy 5 2x " 4:°
AR YT = 1+ 27
4x?

o
i Tig e =
Here, | - and Q 1+ 22

Ty

=X
. B | il
Integrating factor LF. = P _ T _ plog(tea’) 4 42

So, the solution is
iy x LE. = IQ xLF.dxy+c

5 dx
y(l+x)= J']+.1’2

x(1+x*)dr+¢

y(l+a%)= _[4,\'2.-11 +c

= y(1+19)= -‘i-.s.-f' +c 0
Since the curve is passing through origin i.c., (0, 0)
Putting v = ﬂ and x =0 in eq. (i)

U(I+D}— (0}3 +¢ = ¢=0

oW, i ow a2, 4 3 4x?
Equation is _l;{l+.r"]=§1- = y=

4x

Thus, the required solution is Y :—3(1 )
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dy .
16. Solve: v —— =x? + xy + %
Solution: X

Given equation,

s dly 2 2
XT—=x"+xy+y
ix =

dy  x*+xp+y?
=% et +
dx iy
Now, taking y = vx [As it is a homogeneous
dy do  difTerential equation]
—=y+X.—
dx dx
SO’ ] ) )
dv T oxT +utx
D+ —= -
dx X~
do C(l+v+v®)
VEY— = —
dx ¥
dv dov
PiX— = 14040 = Y. — =1+v+v" -0
fix dx
do . dv dx
= X.—/—= 1+ = = S
dx l+p° x
Integrating both sides, we get
J- do ax
1+¢7 “x

[y
= tan"'o= logx+c¢ = tan ’[i] =logx+¢
X

: ! ; =113
Thus, the required solution is tan '(i) =loglxl +¢
X

dy
17. Find the general solution of the differential equation (1 +31%) + (x - é""”‘i—"}; =0.
Solution: o

Given differential equation,

(1+y")+(x - L-"“"1-"'}ﬁ =0
. dx .,
il i tflf _(1 . .'Jr-]
(x—¢* y)g;{ = ~(1+y) = E‘ T oy
ﬂ _ ¥ _‘,r.m"_u . tf_.'i. _ X " r_'t'1“".l"
dy  =(+y") Ty (+y?) 1+
v . ot 'y

= — = 3 [First order linear
dy (1+y7) 1+y differential equation in y|



Class 12 Mathematics Chapter 9: Differential Equations

1 Slan I.If
Here, P= s and Q= : g
I1+y 1+y°
Sl.'.l.| ;sfu
Integrating factor LF. = ;-J'”-" =g‘[‘*-'-" Tz plny

And, the solution 1s
x.1F= IQ.I.F. dy+¢

L,I.m"y

X i

1+y”
1
Put e ¥ =1t , we have
.. 1
et.ln L ;fy =l
1+y
5
N e = _[!.rH+c
-1 1.4
LMY = it
2
& 1 - 1 ¥ C
v ey o = (e P+ = r==(e"" ')+ ,
2 2 olony
Ti= ginly +—2':.,
Et.m Y

= 2y ey = (Tl 4o
Thus, the above is the required solution of the given differential equation.

18. Find the general solution of y’dx + (x* — xy +y*) dy = 0.
Solution:

Given equation, y?dx + (x> —xy +1*) dy =0
ydx = — (2 —xy+ 1) dy
dx .'c'z - X+ _:;3

dy yg
Since it is a homogeneous differential equation

: dx do
Putting. x=vy = —=v+).—
- dy T dy

50' I;.'.y-@ - Irz_ln‘lz_v.lrl-'-_.fz
dy e

dv _y"’(v: -v+1)
iy _Ijz

do do
+ — = _I E e 1 o B 12 | - ==
vty i (- +pv=1) =¥ ay rrr-1-v

ot+y.
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fo 5
yli =_":_1"_] — ﬂdﬂ =_dl
dy (*+1) ¥
Integrating both sides, we get
!
J' . —Ii = tan'o=-logy+c
(0 +1) ¥

4 X
= tan I[l_;] +log y=c¢

=1 X
Thus, the required solution is tan I(FJ +logy=c.

19. Solve : (x +y) (dx — dy) = dx + dy. [Hint: Substitute x + y = 7 after separating dx and dy]
Solution:

Given differential equation, (x + y) (dx — dy) =dx + dy
(x+y)dx—(x-y)dy=dx +dy
-(x+y)dy—dy=dx—(x +y)dx
-xtytDdy=-(@x+y-1)dx

dy x+y-—1

dx  x+y+1
Putting x + y =z, we have

=3

dz
S50, I+-‘ﬂ{= =
dy :f.‘l.‘
dy 'i_z_l
ix N ix
=z z—1
Now, H_l =
iz z=1 dz z=14z+1
—_—= +1 = — 2 — 8 ——
dx z+1 dx z+1
dz 2z z+1

L= O ERLd =8 ule
e =zl o

Integrating both sides, we get
| i W 2[dx

J(l + l) dz = ijh'

2+ ln‘-g Izl = 2v+log lcl
x+y+log lx+yl= 2v+log lel
y+log lx+yl= x+log Icl
log Ix+yl= x—y+log lcl
log lx +yl =log lcl = (x-y)
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Xty

= {rt v
c

X+

= log J]a x=y =
¢

xty= ¢c.e7¥

Thus, the required solutionisx+y=c.¢" ¥

20. Solve : 2 (y + 3) —xy dy/dx = 0, given that y(1) =-2.
Solution:

Given differential equation, 2 (y + 3) —xy dy/dx = 0
dy

2(.':""3)‘-".‘!-‘1— =0
dy
Y o= %46
M dx v

i dx 1 Iy dx
- d i ) & e
[2y+6] J x 2[1,r+3]dr‘l'Ir X

Integrating both qideq we get

—[—L_t

y+3 53

V(o3 Yy - (&
2'[[1 1+3]rfy_ x

3 FEAL e

1 .u _ JJ+3 3 ti_.‘lf
2

= Ey—%lugty+3l=logx+r
Putting x =1 and y = -2, we have

= “;‘{‘“2]“%1031 2+3l=log (1) +¢

-1 —%Iug (1) =log(1)+¢

-1-0=0+¢ [ log (1)=0]
=1

Now, the eqaution is

%l;——loghﬁ-Bl log x =1
y=-3log ly+3l=2logx-2

y—log l(y+3)° = log+®-2
log 1(y+3)°*1 +logx*=y+2
log 132 (y+3)° 1 =y+2 = ¥} (y+3)y=¢"?
Thus, the required solution is ¥ (y + 3)* =V "2,

21. Solve the differential equation dy = cos x (2 — y cosec x) dx given that y =2 when x = /2.
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Solution:

Given differential equation, dy = cos x (2 — y cosec x) dx

dh di
LS cosx (2—1ycosecy) = Y 2C0SX =1/ COS X, COseC Y
dx : dx b

iy d

& 2cosx—ycootx = o +ycotr=2cosx
dx dy -
Here, P=cot x and Q=2 cos x.

S0,

; P tud 5 ;
Agq Ntegrating factor 15, = ol ¥ = pJeotede _ Jogsiny _ ir o

:Requirud solution is y = LF = JQ wIF.dy+c

If.siny = JZ cosx.sinxdx+c¢
; ; ; 1
y.sinx = Ism xdx+¢c = y.sm:-:=—5c052x+c

Putx= % and y =2, we get

i I 1
25in — = ~— +
sin = zr_'o;;n ¢
2(1)= --1{-1)4-.: =92=i+c. o ¢=2_l=§
= 2 , 22
Thus, the equation is iy sinx = = | cos 2x + ‘5 !

22. Form the differential equation by eliminating A and B in Ax?> + By? =1.
Solution:

Given, Ax> + By” = 1
Differentiating w.r.t. x, we get

2A.x -:~.'3Ht,.*drl =
< dx

A1'+B:;.di=ﬂ =% B:;-dl =-Ax
Tonx Yoy
x dx B

Differentiating both sides again w.r.t. x, we have

dy
2 ===yl
v -'ufa[___m, ]

¥ dy? dx L

2 2 2
s A AT

x dx dx L

4™ dy Y fi & f
1_:;-1?;-&1(;'%] *_1;.:?{: =0 = xp.y +x(y }2 A
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Thus, the required equation is
Xy +x(y) =y’ =0

23. Solve the differential equation (1 +»?) tan"'x dx + 2y (1 +x?) dy = 0.
Solution:

Given differential equation, (1 +3?) tan"'x dx + 2y (1 +x?) dy =0
2y (1 +x°)dy =-(1 +°)tanx dx

2y (1 + ) iy = —(1+ _1_11} CtanT'x L dy
21 tan~' ¥
L = iill,l = — . dx
l+y° ° 1+x°

Integrating both sides, we get

9 an ' x
j _y..r‘flj = _jtm .’.'L.!h_
1+~ 1+x°

| 2
—;{tan'll) +C

-

]Ugl'l +_1le

2 4
i %{lan'l x) -Hc}glI +y‘l =

Thus, the above equation is the required solution.

24. Find the differential equation of system of concentric circles with centre (1, 2).
Solution:

The family of concentric circles with centre (1, 2) and radius ‘r’ is given by
(x- 1P+ (y-2P=r
Differentiating both sides w.r.t, x we get

J .
2x-1)+2(y -2 =0 = (x-1) +(|;—2)‘!—*" =0

dx : dx
Thus, the above is the required equation.

Long Answer (L.A.)

/
25. Solve : _‘L'+(—{.1f1=‘] = x (sinx + logx)
Solution: Gh
Given differential equation,

U+-E-{.Tlf} = x (sin x + log x)
odx T )

i+ di.{.u fsin v+ | ‘
i el x (sin x + log x)

dy — )
= =Xx(5nx+iogx)—.2l
T gx) =2y
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=4 L/ (O |:5ir1.1:+]r;}g.f;n:)—2—5i - ‘—f=l'i+gr.f =(sinx+log x)
dx * dr x°

Here, I'= % and Q = (sin x + log x)

Integrating factor LF. = AP _ c";'h = cHloBY = plonx’ _ 42
Now, the solution is
yxLE = [QLE.dv+c
= y.x¥= [(sinx+logx) x’dx+e (1)
LetT S I(sin x+logx) Xdx
=_[.'r2 sinx dx + _[.'r1 log x dx
Lo o
= -xz.jsin xdx— J[D{xl‘} . Jsin % ri.r) {f.\'] +
.log x. [x% dx- j(D{ log x) ._[1'2;1,1') .r!:c]

3 3
© 2 X 1 x ]
=|x"(- -2 |—xcosxdx |+|logy.—- |—.—d
E (- cosx) J X COS X 1] ogx 3 -I-:r 3 X

» 3
= _—.5:2 cosx + 2(3: sin x —II sinx dx )] + 1? log x — % J-.'l.'l!f.'l.'}

. X 1
=—X" CosX +2x $inX +2 cos X +=logx —ax'-*

Now from eq (1) we get,

3

; . X 1
y. 2% = —x cosx +2xsinx +2 cos I+Elog .1'—-’;-13 +c

2sinx  2cosx  xlogx 1 -
SoYE =S X T PF——+ R

X x* 3 9

Thus, the required solution is
2siny  2cosx xlogx 1 2
y=-Ccosx+ t——+ ~=XHE
x X 3 9

26. Find the general solution of (1 + tan y) (dx — dy) + 2xdy = 0.
Solution:

Given, (1 +tan y) (dx —dy) + 2xdy =0
(1 + tan y) dx - (1 + tan y) y +2xdy =0
(1+tany)dy— (1 +tany-2x) dy=0
dx dx l+tany-2x
g — ra 'J ol e ———
(1+ tnny}ﬁy (1+tany-2v) = ay 1+ tany
- e - -
dx 1__ 2 E‘l+ 2x

— = =%
dy 1+tany dy 1+tany

Here, P = . B and Q=1
1+tany
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Integrating factor LF.

] 2ovs, W
|-I N oy J. ————fy
< lstany © _ MW Ca Y
= ‘.s =p ?
ST U ECUS =SV S W oo =N Y
— e e il * iy
e (51 o & oivs w) z SUAF b 05

b= B e Tl
vy
_ LJ'-".” L,jrmu “ gy

o [sin ¥ o Cus )

=¢'. ¢ =¢".(sin y +cos )
Now, the solution is x = LF. = JQ x LF. dy+c
= x.e'(siny+cosy)= II e¥(sin y +cos y)dy + ¢
x.o/(siny+cosy)=e’.siny+c
[ J'vr[f{:-:} + f()]dy=e" f(x) + :::|
(siny+cosy)=siny+c.e”
Thus, the required solution is x(sin y +cos y)=siny +c.e™.

27. Solve: dy/dx = cos(x + y) + sin (x + y). [Hint: Substitute x +y =z]
Solution:

Putting x + y = v and on differentiating w.rt. x, we get

(o dy o
dx ax
¥ PN
dy  lx
dy .
——1=cosv+sinv
dx
£= +ginop+l
So, P cos U+ si
duv
={dx

cosv+sinp+1
Integrating both sides, we have

do
= |1.d
Jmsv+sintr+1 J- o

| dv = [1.ax

i =
— +tan”
5 1+tan

(l +tan? g]
do = J'l Ldx
]

2 0 v 71
T—-tan” —+2tan —+ 1 +tan” —
2 2 2

1+tan>
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o
5@1:2 -y

J-——g—t,—du = Il dx
2+ 2 tan —
2
Now, putting 2+2 tan% =1
i
DifTerentiating, 2.%5@:2-3:10 =dl = 5‘3"3251"“ =l

_[$=J'1.¢fx

log [t =x+¢

log 2+2tan§ sx+e

X+y :
log 2+2tan[T] =x+c=> IugZ|:! +tan(’-;5"]j|=:r+r
lizlgl+i«::ng|:1+I‘.ean[:r-;slr j| =aaL

=5 10g[l+tan[x;y)] =X —log2

Thus, the required solution is

+
Iu&;[l+tnn[xzyj]=x+i’< [e-log 2=K]

28. Find the general solution of dy/dx — 3y = sin 2x.
Solution:

Given equation, dy/dx — 3y = sin 2x

It’s a first order linear differential equation

Here P = -3 and Q = sin 2x
So,
Integrating factor LF. = ¢
And, the solution is

L I.LF. = J.Q LE. dy +r

- f =3
=Y. = J.smlt.e Ty +c

[pdx _ [-3dr _ 3

Nowlet, [ = jsin‘h‘ . .;"H:"I dx

I = sin2x. [e”dx— [(D (sin2x). [e™>dx) dx

-3 -3
e

dx

_ i BT e
= sin2x. 3 —IZcosln.. =
-3x

]
[ =

. 2 ”
sin2x + = Icos’z:-: € I?’ dx
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L= gin2x+ 2 cos2x. e
——3'5"'[ .'I.+3_C'G5 .I.IL ix =—

[ID cos2x. e x| d:c]

-3x 9 L=3x
3 . &
sin2x + 5 CO52X.

) =3x

[
2sin2x . —— |dx
5N _3]4‘.

=3x
; 2 4
T'ms 3 sin2xy— ry cos2x.e ¥ 3 J-sin 2x. e dy

3x

= ‘_ 3 sin2x —% e~ cos 2y —% !
J=3
[+ A 8 sin2x — 2 0™ cos2x
AE 9
igf _ —% [3 e sin2x +2¢ " cos 2.1']

I = —:—30"3‘ [.’3 sin2x + 2 msh]

Hence, the equation becomes

.= _11_" e [3sin2x +2 cos2x] + ¢
2

& IS ~I:l—3[351n2:r+2cosz.r]+f.:'3"‘

Thus, the required solution is
3sin2x+2cos2x 1
y — 13 ‘|" C. l'."1I

29. Find the equation of a curve passing through (2, 1) if the slope of the tangent to the curve at
any point (x, y) is (x2 + y?)/ 2xy.
Solution:

Given that the slope of tangent to a curve at (x, y) is (x> + y?)/ 2xy.
It’s a homogeneous differential function

. ! dy " do
: =X =, =0V*X.—
0, pultmg i =1 e 7
2 ,.2.2

dv X7 +v°X
Fi + A T —— -

dx 2x.ox

duv 14 v*
n+y. — =

dx 2v
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dv 1+o° dp 1+ v =207
A - =X, —m—
fax 20 dx 2y
—t 2
1E = e =5 11?1':.‘1_

dx 2v 1 ¥

Integrating both sides, we get

2 :
I] Uj.:fv = I-d—." :—lug[l— z32|=|ogx+fﬂgf
e

—U-
2 ;
] #
—log|1-=| = logx+logc = -log =logx+logc
% 2
log —| =log xcl = ———= =x¢
1.2 _y- X _y
As,  the curve is passing through the point (2, 1)
(2)° ) 4 2
A LN = - T = — =
@ -(F "~ T 37 T 73
Thus, the required equation is
& 5
1_.\.2 5 - gX = 2r-y)=3x
AT —y 3

30. Find the equation of the curve through the point (1, 0) if the slope of the tangent to the curve at
any point (x, y) is (y - 1)/ (x*> + x)
Solution:

Given that the slope of the tangent to the curve at (x, y) is
dy y-1 dy dx

dx X +x y=1 iy
Integrating both sides, we have

_[ dy j dx

y-1 ¥ +x

i the -
J' . J & . [making perfect squarg]
3 1 1

y-1 B
4 4
de “J dx
ey )
x+—| ==
el T\
1 1
X+ =
log ly-11 = ]]og % % +log ¢
2x— X+ —+—
2 2 2
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; X
log ly=11= log +log ¢
&Y E’.\’-I-‘I 5
]ﬂg ly—11= ]gg c'[ %
) x+1
- TP
y-l= == = @y-1)E+D=a

As, the line is passing through the point (1, 0), then (0-1) (1 +1)=c(1)=>c=2
Thus, the required solution is (y - 1) (x + 1) = 2x.

31. Find the equation of a curve passing through origin if the slope of the tangent to the curve at
any point (x, y) is equal to the square of the difference of the abscissa and ordinate of the point.
Solution:

We know that,

The slope of the tangent of the curve = dy/dx

And the difference between the abscissa and ordinate =x —y
So, as given in the question we have

dy/dx = (x - y)?

Taking, x—y=v

iy _ do
dx  dx
dy o
Ty dx
So,the equation becomes
i 3 5
It i?.=l—zr' = dzr1 =dx
dax dr 1-v"
[ntegrating both sides, we get
v
= |dx
J 1—o? J‘
; 1+ ] l+x—y
—lo =x+¢ = —log H=x+c ..l
2 g]—.‘;l : E-l—.\"f"!f ‘ ()
As, the curve is passing through (0, 0)
1+0-0
then 1 log =0+c = =0
2 1-0+0
= On putting ¢ =0 in eq. (1) we get
1 1+x- f—
o= Rl x = log —1 FXY —oy
2 1-x+y I-x+y
l+x-y 5
Y =
I-x+y

= (1tx-y) =" (1-x+y)
Thus, the required equation is (1 +x —y) =™ (1 —x + )
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Find the equation of a curve passing through the point (1, 1). If the tangent drawn at any point
P (x, y) on the curve meets the co-ordinate axes at A and B such that P is the mid-point of AB.
Solution:

Let’s take P(x , y) be any point on the curve and AB be the tangent to the given curve at P.
Also given, P is the mid-point of AB

So, the coordinates of A and B are (2x, 0) and (0, 2y) respectively.
The slope of the tangent AB = (2y - 0)/ (0 — 2x) = -y/x

idx X I X B
Integrating both sides, we get
. —Id—..' = logy=—logx+logc
¥ X
logy+logx=loge =3 logyr=logc
- e =p
As, the curve passes through (1, 1)
=l=c . c=1
=yxr=1

Thus, the required equation is Xy = 1

33. Solve :
v _
IT=‘1I (I(Jg_'i' —lgagx Sl l)
X

Solution:

Given that: x%:y(lcﬁg y=log x+1)

dy (H] ] dy Jf{ (y] ]
=== If|log|=|+1 — | ] = 141
® dx Jl: & X = dx X 8 X

As 1ts a homogeneous different equation.

Put y=vx = ~d‘£=i'+.\;.E
* dx fdx
v~|~:4r.ﬂl-{-Jl = E[Iﬁg [E)+1}
tx X X
:r+:r.ﬂ =9 |log v+ 1]
dx '
_1:_@ =vllogv+l]-v = lﬁi =v[logvr+1-1]
idx :5.1'
=5 1£ =v.logy = dv  _ ax
dx vlogy «x
Integrating both sides, we get

j do _ d_’t_
vlog o X
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Now, put log =+t on L.H.S.

—do = dt
o
it _ ds
! X
logltl = loglx| +logc
log llog vl =logxc = logv=xc

= log (%) xc

; 2 s !
Thus, the required solution is log [-f—] = XC.
x.

Objective Type
Choose the correct answer from the given four options in each of the Exercises from 34 to 75

(M.C.Q)

34. The degree of the differential equation ( i 1 ] +[ ir] =y sm[ LirJis:
(A) 1 (B) 2 (C) 3 (D) not defined chx e dx
Solution:

Correct option is (D) not defined.
Since the value of sin (dy/dx) on expansion will be in increasing power of dy/dx, the degree of the given
differential equation is not defined.

3

35. The degree of the differential equation 1 +[ dy ] i LE dy %
(A) 4 (B) 3/2 (C) not defined (D) 2 dx i’
Solution:

Correct option is (D) 2.
Given differential equation is

[l*[ﬂ] d’y
dx A

Squaring both sides, we have

(@] - (%)

Thus, the degree of the given differential equation is 2.

36. The order and degree of the differential equation "f‘ +[ d_“]“‘ {45 =()_ respectively, are

(A) 2 and not defined (B) 2 and 2 (C) 2 and 3 (D) 3 and 3
Solution:

Correct option is (A) 2 and not defined.
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Given differential equation is

d? I [ dy
cxl g
da=
¥ E
— d_{|{+r(f£)‘l :_:I.":|
dy=  \dx
As the degree of dy/dx is in fraction its undefined and the degree is 2.

: 1

4 =
— | +x7 =1
dx )

37.1f y =€ (A cos x + B sin x), then y is a solution of

d’y = v d*y dy
.,., '_;:{] —'—2—+2‘=ﬂ
(A) dx” dx ® ax’ dx !
d'y _dy d’y
(C) P +2”r—t+2j|':{} (D) 7 +2y =0
Solution:

Correct option is (C).
Given equation, y = e * (A cos x + B sin x)
Differentiating on both the sides, w.r.t. x, we get

E:I'j =¢" (-Asinx +Bcos x) - ¢ (Acos ¥+ Bsinx)
dx
dl = (-Asinx +b cosa) -y
dx '
Again differentiating wort. x, we get
2 . 1
&y = € (A cosx—Bsinx)-¢"" (~Asinx+Bcosx) L.
dx? dx
r
€ _ { i
d—Jj = —¢ "(Acosx+Bsin r]-[i+ u]—ﬂ
dx” dx - idx
@y ; dy : dy
dx® s dx / dy
9
d”y dy Py dy
Cdw g ety wy S¥. S e
dx? e o I 2 s 2y =0

38. The differential equation for y = A cos ax + B sin ax, where A and B are arbitrary constants is

d*y . d’y 5
(A) —=—0ly=0 B) —5+0 v=0
A) P (B) I
a'y dy
(€) T3 +ow=0 (D) =X —ar=0
dx” A
Solution:

Correct option is (B).
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Given equation is y = A cos ax + B sin ax
Differentiating both sides w.r.t. X, we have

dy

— =_Asinuxy.u+Bcosox. o

ix

Again differentiating w.r.l. x, we get

dy
:f.\':
d*y

dx?
7]

dx”

=-Acsinox+Bocosoy

_Adicosar-Belsinox

- 0” (A cos ¥ + B sin e x)

rl
-oty =

&'y

t

+ot =0



