Solution
CET25M9 DIFFERENTIAL EQUATIONS

Class 12 - Mathematics

b)ye*+x2=C

Explanation: It is given that e*dy + (ye* + 2x) dx =0

:>ex?—di +ye*+2x=0

= Z—Z +y=—2ze "

This is equation in the form of % + py = Q (where, p=1and Q = -2xe™¥)
Now,I.F=efpdx =efdx = ¢x

Thus, the solution of the given differential equation is given by the relation:
y(I.F.)=[(Q x I.F.)dz + C

=ye* = [(—2xe *-e¥)dx+ C

= ye* = — [2xdx+ C

= ye¥=x2+C

= yeX+x°=C

@2 3)

Explanation: The pairs (2 3

, 2
2
then we use rationalization and convert it into an integer.

(b) not defined
Explanation: not defined

-1
(b) cosyT =a

. d _
Explanation: d—z =cos la

[dy=rcos'a [dz

y=zcos ta+c

Wheny=1,x=0, then 1=0cos la+c e¢=1
s y=xcos la+1

-1 —
L= coSs la
T

9y + XZ) =c+tan’! x

. dy 2ty 1
Explanation: We have, = oy )
Which is linear differential equation.

2x 1
Here, P = and Q =
’ 1+a2 Q (1+22)?

f2—zdar: L1422 )
SR =e 12 =elog(lte’) =14 o

.". the general solution is

2\ — 2 1
y(1+2%)=[(1+2?) oy +C
=y(l+a?)=[5dz+C

=>y(1+x2)=tan'1x+C

(d)2
Explanation: Given differential equation is

1
(dy/dz)

_ 4y dy\ ! _ 4y
y—xE—i-(E) =y =X+

AA

) is not feasible. Because the degree of any differential equation cannot be rational type. If so,
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10.

du \ 2
-5(2) ()

.". Degree = Power of highest derivative = 2

@y —z+2=log (wQ(y + 2)2)
ydy _ (z+2)dz

Explanation: P
f ydy 7‘[\ :c+2)dz
y+2
y+2-2dy f (x+2)da:
y+2

2
fdy [5=lde+ [
— 2logly + 2| = z + 2log|z| + ¢
Here x=1 and y=-1 implies

—1—-2log| —1+2[=1+2og|l|+c = —1—2log|l|=1+c""

Hence,

y — 2logly + 2| = = + 2log|z| — 2
y — z + 2 =2log|z| + 2log|y + 2|
y—z+ 2=2log|z(y + 2)|
y—z+2=logla®(y + 2)°|

D¢ (3)=ke

Explanation: We have,

Yy
dy _y ¢(?) Q)
= =3 ¢/(%>
Putv = %
dv _ d_y
= T +v= 72 "
=z -tv=v+ o from (i)
=& = ‘b,(”)
‘(iz) ¢ (v)
¢ (v _ dz
o do=75
d
¢ =/

= log ¢(V) = log |x|+log k
= log ¢ (%) - log |x| = log k

:logl¢(g>] log k

= o(%) =k

dyy=2x-4
Explanation: Let, Z—Z =p
Pt - mp—i—y:O
yzdfp P’ (')
== (x — 2p) . TP
= p=(z—2p)F +p
T —0

= P is constant

from Eqn. (i), y = = - ¢ — c?

y = 2z — 4 is the correct option

(2,1

AA

log|l|=0 = .c=
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11.

12.

13.

14.

15.

16.

17.

2 2
Explanation: We have [1 + <%) ] 4y

dz?

*. Order = 2 and degree = 1

OF:

Explanation: 1
X

®z= vy

Explanation: A homogeneous equation of the form % =h (%) can be solved by making the substitution x= vy.so that it

becomes variable separable form and integration is then possible

(a) not defined
Explanation: In general terms for a polynomial the degree is the highest power.

Degree of differential equation is defined as the highest integer power of highest order derivative in the equation

d2y 2 dy 2 dy
Here the differential equation is (—2) + (—) =z sm( >

dx dx dz
Now for degree to exist the given differential equation must be a polynomial in some differentials.

dy  d%y d'y
Here differentials mean % O 75 OF e
. . d . . .

The given differential equation is not polynomial because of the term sin d—z and hence degree of such a differential equation

is not defined.

(a) Both (i) and (ii)
Explanation: Both (i) and (ii)

(d) 2 4 bx
Explanation: % + bx
_ 1z
(a) y= 1+ .
i — 1=
Explanation: y = T
(@-1

Explanation: Given differential equation is
(x2+x+1)dy + (y2+y+1)dx=0
= (X2 +x+ 1dy = -(y2 +y+ Ddx

dy _ dz
(1+y+y?) (14+z+22?)
dx dy —
(+z+a?)  (L+y+y?)
dy /
= f - * f 1\2, 3 0
(z+ ) +— ( + ) +3
I dw ¥ dy = 0 [on integrating]

2 1 2z+1 1
= —“tan —> (2y+1) - 2tan'C
V3 _tan 7 1

%
= tan™! ( 2”1) ( ) =tan’lC,

&) GF) (7)

-1 — -1 .. -1 S -1 =ty
= tan - (2 +1)<£> =tan " "Cl[. tan"" x +tan™ y = tan (17%)]
_ V3
V3[(2z+1)+(2y+1)] _
3—(2z+1)-(2y+1) 1
= 24/3(x+y+1)=2C( - x -y - 2xy)
= x+y+1)= %(1—x—y-2xy)

On comparing with (x +y + 1) = A(1 + Bx + Cy + Dxy)
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Here, A is parameter and B, C and D are constants.
The value of C = -1

(b)log(l—i—y):m—g—Z—i-C’
dy

Explanation: Here, —— l—z+4+y—=zy
dy
z—z_l—x—i—y(l—x)
Yy _
§7(1+y)(1—w)
Y — —
m = (]. X)dX

On integrating on both sides, we obtain

log(1+y):x—m2—2+c

(d) siny = e* (log x) + C

Explanation: Given x cos y dy = (xe* log x + e¥)dx
(ze® log z+€%)

——dx

On integrating on both sides we obtain

siny = log, [e*dz — [1(fe*)dz + [ Sdz
siny =logz (*) — [ %dm + f%dz +C

siny =e*log x + C

cosydy =

®b)1,1

Explanation: 1, 1

o
Explanation: 0, because the particular solution is free from arbitrary constants.

(b)-1

Explanation: Given differential equation is
(x2+x+ 1)dy+(y2+y+ Ndx=0

= (X2 +x+ 1dy = -(y2 +y+ Ddx

dy - _ dz
(1+y+y?) (1+z+z?)
dz dy =
(1+=z+2?) (1+y+y?)
dz dy _4
= f l 2 ﬁ + f l 2 i 4 0
(”” 2) 4 (y+ ) 7
d . .
Ny do " Y > = 0 [on integrating]

(7 (2) i) (L)

1
1 1 (a+3) A1) ¥e 2 [ de  _ 1 71£]
é(ﬁ)tan { N +£tan 7 \/gtan Ci . aZHZ—atan "
2

2 2 2

o | =

= ltan’1<2z+l) + 2 tan-l (E) - 2 tan’'Cy
Vv V3

3 Ve

3 V3
12241 _1<2y+1) |
= tan (_\/g ) tan >3 tan™"Cq
(5)-(3)
= tan! = tan"lC1 [','tan1x+tan1y=tan1<i—z‘l’;)]

T (2a\ (2941
) 1*( 7 )(W)
V3[(22+1)+(2y+1)] _ C

3-(2z+1)-(2y+1) L

:>2\/§(x+y+ 1)=2C(1-x-y -2xy)
:>(X+y+1)=%(1—x—y-2xy)

On comparing with (x + y + 1) = A(1 + Bx + Cy + Dxy)
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23.

24,

25.

26.

27.

Here, A is parameter and B, C and D are constants.
The value of B =-1

3
Explanation: y = Ax + A3

Let us find the differential equation representing it so we have to eliminate the constant A

Differentiate with respect to x
dy
Put back value of A iny

d dy \3
o= e (£)

Now for the degree to exist the differential equation must be a polynomial in some differentials

. . d d? dn
Here differentials mean — or —= or .... —
dz dz? dxn

The given differential equation is polynomial in differentials

The degree of a differential equation is defined as the highest integer power of highest order derivative in the equation

The highest derivative is % and highest power to it is 3

Hence degree is 3.

(@y=2tans —z+C

. . d; 1—
Explanation: Given — = ~—>1

dz 1+cosx
. 2T
d_y . 2 sin’ 2
dz 2cos?
2
dy 2z
m = tan 5

— 2
dy=dz (tan %)
on integrating on both sides, we
y=2tany —z+C

(9 (y-x)=C(1 +yx)

. . d 1+y°
Explanation: Given ===t
dx 1422

dy  dz

1+y2 1422
On integrating on both sides, we obtain

tan’ly =tan"'x + ¢

tan'ly -tan"lx = ¢

Yy—x _ . -1 4 -1 v Yy—x
gz — C ( since tan™ "y —tan” "z = —1+ym)
y-x=C(1+yx)

(d) sin x - cos y
Explanation: sin x - cos 'y

(d)y=log {k(y + 1) (e* + 1)}
Explanation: Given differential equation
(e* + Dydy = (y + 1)e* dx

ydy &
y+1 e?+1

=>f(1— ﬁ)dy:fefﬂdm

= y-log(y + 1) =log(e* + 1) + log k

dzr

= y=log (y + 1) +log (1 + e*) + log k
=y =log (k(1 +y)(1 +e%))

AA
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28.

29.

30.

31.

32.

33.

34.

35.

36.

® L +Py=Q

Explanation: Here the degree and order of the equation is 1 and also is of the form dy

dx
differential equation in first order

1
@ =

Explanation: X%

(@ y=(tanz — 1) 4+ Ce 27

Explanation: % + sec?z.y = tanz.sec’z = P = sec’z, Q = tan z.sec’z
= I.F. = efsec2xdz — gtanz

= y.e"™% = [tanasec’ze'®?dx = y. e"*"? = (tanz — 1)e'™* + C

= y=(tanz — 1) + Ce tn*

@y’de + (22— 2y — y*) dy =0

Explanation: it is a homogeneous differential equation ,because the degree of each individual term is same i.e. 2.

(Qy=-e*+C
Explanation: Given differential equation is

log(j—i) +x=0= log(%) =-X

dy _ . o _
:>E—e":>fdyffe T . dx

On integrating both sides, we get y
y=-eX+C

which is the required general solution.

(b) &Y = e’ + ¢

Explanation: We have
d
Y 2ge” Y = 2z - eV
dx P
2

= eV = 2ze”

dz

2

= [eVdy=2 [ze” dz

Put x? = tin R.H.S integral, we get

2xdx = dt
= [eVdy = [e'dt
=e¥=e'+C

=e¥=¢? +C
()2

a2 a2y
Explanation: We have [1 N ( ) ] =—

dz

<[ ()T (@)

So, the degree of differential equation is 2.

(@Y’ =h(x)s(y)
Explanation: y’ = h(x)g(y) since we can segregate functions of y with dy and x with dx.

dy _ &y
de h((l!)g(y) and 9(y) - (:E)d(l?

C

T sinx

b)y= % —cotz +
. d
Explanation: d—Z + (% +cotz)y=1=P= (% + cotac) Q=1

1
= [.F. = ef <?+C0t w)dw _ elog z+logsinz _ elog(;c sinz) _ rsine

AA

Y + Py=Q hence it s linear
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37.

38.

39.

40.

= y(zsinz) = [l.zsinz =zysinz = —zcosz + sinz + ¢

zysinx = —xcost + sinr + ¢
Dividing by xsinx, we get
Yy = —cotr + % +

c
Tsine

It is a linear differential equation in y in the form of Z—Z + Py = Qhence solutionis y. I[F = [IF Q(z)dz + ¢

(b) straight line passing through origin
Explanation: We have

xdy - ydx =0

= xdy = ydx

LW _d
Yy T

On integrating both sides, we get

log y =log x + log C

= log y =log Cx

=y=Cx

This is a straight line passing through origin.

() 2sinty=x4/1 — 22 +sin! x + C

Explanation: 2sin”' y = xy/1 — 22 +sin" x + C

(d) 2y - x3 = ex
Explanation: We have,
o A pp——
dzd Yy
y Y

Multiplying % on both sides,

lﬂ_l_l
T de 22

(b)1,4
Explanation: Given, y = cx + c?-3c¥2+2 ()
On differentiating both sides w.r.t. X, we get

dy ..
ol C...>i0)

From Eqgs. (i) and (ii), we have

_dy dy\ 2 dy \ %2
v (@) (i) e

dy dy 2 _ dy 3/2
=y (2) -2=3(2)

Hence, order is 1 and degree is 4.

AA
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41.

42.

43.

44,

45.

46.

47.

48.

(a) Not defined

d%y\ 3 d
Explanation: It is given that equation is ( = ‘Z) + (ﬁ

Therefore, its degree is not defined.

(d) not defined

Explanation: The given differential equation is not a polynomial equation in terms of its derivatives, so its degree is not

defined.

(@y=vx
Explanation: y = vx

() Only ()
Explanation: Given differential equation is
y=2cosx+ 3sinx...(I)

Now, Z— ==-2sin x + 3cos X
=-(2 cos x + 3 sin x) = -y [from Eq. (i)]
d2
— +ty= 0

So, only Statement (i) is correct.

©x-C)eXY+1=0
Explanation: We have,
L
dz p

XY _ ety _
=, =€ 1.

Letx+y=v

dy_ﬂ
:>1+d_zd*dz
VvV _ dv :
e’ = ....from (i)
=dx=eVdv

= [dz= [e ’dv
= X=-e-v+c
z>x-cz_e'(X+Y)

= (x-c)e* " Y+1=0

(c) one

Explanation: one
()
Explanation: We have, log (%) = (ax + by)

dy _ partby

_e by ar
€ __ e
—=7F+C

On integrating on both sides, we obtain
e—hy o %

b a

(c) Both (i) and (ii)
Explanation'
i. We have, — = f(x) + x = dy = [f(x) + x]dx
On 1ntegrat1ng both sides, we get
Jdy= [[f(z)+z]dx=y= ffa:)dx+—+C

AA

) +sin(£) +1=0

The given differential equation is not a polynomial equation in its derivative
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49.

50.

51.

52.

Let g(x) = [ f(z)dx + %2
Thus, general solution is of the formy =g (x) + C

dz

d 2
ii. Consider the given differential equation (—y> =f(x)
Clearly, the highest order derivative occurring in the differential equation is Z—Z and its highest power is 2.

iii. Also, given equation is polynomial in the derivative. So the degree of a differential equation is 2.

dy?— z*=14

Explanation: Given that yj—z =z
ydy = zdz

Jydy = [zdz

y2

2
— z
2—2+c

When x =0 and y = 2, we get

@1

Explanation: Degree: It is the power of highest derivative in a differential equation

.. Degree =1

(©y=C1e?" + C3
Explanation: We have ,

— .2

yly3 =y

dy d_2y

dz dz?
= = —a

a2y

da? dz3

&Py Ay

dz? da3
= T = 5

&y

dx dz?

4%y 4y

dz2 da3
>

dz dz?

dy d2y
= log 2 = log 2 T logC
dy d2y

0% =5

(&)
= [Cdz = [ "
dx
=>Cx+01:10gjx—y
- % = oCx+Cy

= [dy= [e“*Cldx
=y= 046059” + 03
=y=rc1e?2" +c3

(d) 2, degree not defined
Explanation: 2, degree not defined

AA
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53.

54.

55.

56.

(b)y =xe™

Explanation: We have, Z—z +y=e"?
This is a linear differential equation.
On comparing it with % + Py = Q we get
P=1,Q=¢*

LF. =ef Pl — gfde — ¢

So, the general solution is:

y-e* = [e "e*de + C
=y-e'=[d+C
=y.eX=x+C...»0)

Given that when x =0andy =0
=0=0+C

=C=0

Eq. (i) becomes y.e* = x

=y =xe*

(b) straight line passing through origin
Explanation: Given that,
xdy-ydx=0
= xdy =ydx

Yy _ dz

Yy T
On integrating both sides, we get
log y =log x + log C
= logy =log Cx
=y=Cx
which is a straight line passing through the origin.

@x*=y
Explanation: We have,
Wy _ %

= log|y| = 2log|z| + logc
= log |y| = logz? + logc
= logy = log (z%¢)

=>y= sz
Tangent passing through (1,1), c=1

:>y=x2

(c) tan~? (%) =logx+ C
Explanation: We have,
dy 22t zyty?

dz 1.2
dy y y
- = 1+ <+ =5 ..0)
Lety =vx
dy dv
7z v+acd
1+v+v’ =v+ a2 . from(i)
1+t =g&
dz
dzx dv
x 1+’L)2

AA
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57.

58.

59.

60.

61.

62.

63.

f dz __ dv
x 1402

log |x| = tan"!x + ¢

@1
Explanation: Given differential equation is

WPy o
(dz) + 5, -siny =0

The highest order derivative, present in the differential equation is (

Therefore, its order is one.

(3,2

dx

3.\ 2 2 4
Explanation: We have, (d y) — 3% + 2(ﬁ) =9

da?
.. Order = 3 and degree = 2

(b) 2y — 1 = (sinz — cosz)e”
Explanation: % =e"sinx
[dy= [e"sinzdz
y= %(sina: —cosz)e®* + C
Whenx =y =0, we get

= %(sinO —cos0)e’ + C
o~
Hence, y = %(sin:z: —cosz)e” + %

2y — 1= (sinz — cosz)e”

(a)2and 4
Explanation: We have

1
d?y (dy>Z L
B —_ = —25
dxz2 +

.". Order = 2, Degree = 4

_ zlte
®y="-
Explanation: Here,

. 2 2
Integrating factor, LE = e/ 742 = g2logz — gloga? — ;2

4
Therefore, the solution is y.x2 = f z? - xdr = % +k,
zitc

i.e.y: F

(@3
Explanation: 3

(b) sec x
Explanation: Given that,

dy .

—_ 4 =
cos x-~ +ysinx 1

&, -

= Tx y tan X = sec X
Here, P = tan x and Q = sec x
IF = e/ Pda

AA

dy
L
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64.

65.

66.

67.

68.

69.

— eftanmdz

— eln sec T

. IF =sec x

(b)3,1
Explanation: 3, 1

(@) X2 + y2 =Cix

. d 2_ 2
Explanation: We have, 2_Y
dz 2zy

Lety =vx

On integrating on both sides, we obtain
log x + log(v2 +1)=C

log(x(v? +1)=C

x (Z_j + 1) =c

y2+x2=Cx

(b)x(y+cosx)=sinx+c
Explanation: We have, % + %y =sin x
Which is linear differential equation.
Here, P = % and Q =sin x

S LE=¢l Fdz _ elos? — ¢

.". The general solution is
y-z= [z -sinzdz + C
=-xcosx- [ —coszdz

=-X COS X + sin X

= xX(y + cos x) =sinx + C

(c)2

d2y
2

. L - d
Explanation: It is given that equation is 22 = d—z +y=0
&L

We can see that the highest order derivative present in the given differential equation is - ‘g
L

Thus, its order is two.

(a) sec x
. . d
Explanation: Given that d—i/ +ytanx-secx=0

Here, P = tan x, Q = sec x
IF = edem — eftanzdm

— elog sec X

=secXx

(dk<0

Explanation: We have,
dy .
@ hy=0

AA
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70.

71.

72.

73.

74.

75.

j—-’;dzkdx

[ =k[dx

log ly|=kx +c
y0)=1=x=0,y=1
=c=0

= log |y| = kx
=ekx=y

Given that e¥®° =0
ase =0

= k<0

(0

Explanation: 0

(@Q@A+x>)dy+(1+y)dx=0

Explanation: If y = f(x) is solution of a differential equation, then differentiating y = f(x) will give the same differential

equation.

Let us find the differential equation by differentiating y with respect to x.

= tan'x + tan'ly =cC
Differentiating with respect to x
1 1 (dy\ _
= 1+22 + 1+y2 (dz) =0
(1+y2)dz+ (1+z2)dy 0
(1+z2) (1+y2)dz B

= (1+yd)dx+ (1 +x%)dy=0

(dz?-1=C(1+y?)
Explanation: We have,

xdx + ydy = x%y dy - y?x dx
xdx+y2xdx=x2ydy-ydy

x(1+y2)dm:y(w2 —1)dy
wdz _ Yl
22-1  14y?

f zdx :f ydy
z2-1 14+y2
L 2zde _ lf 2ydy
24 221 27 1442

%log(m2 -1)= %log(l +9y?) +logc
log(z? — 1) =log(1 + y2) + logc
= (1 + yz) c

@ ¢
Explanation: %

(92

Explanation: 2

@y=zsinlz+J1 -2+ C
Explanation: dy = sin~lzdz

[dy= fsin’lacd:v

y=sin 'z [de — [ [dz. %sin’lmdm +c

AA
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y—mm’m—fv%fw
y = xsin~ m——fwr?

AA
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