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GENERAL AND PARTICULAR SOLUTION

®

@D

(iii)

Solving or integrating a differential equation involves determining the dependent variable in terms
of the independent variable. The solution or integral of a differential equation is a relationship
between the dependent and independent variables that is free from derivatives and satisfies the
given differential equation.

d
Therefore, obtaining the solution of d—y =e” involves integrating both sides.
X

. d . x? . .

i.e., y = eX + cand that of, d_y =px+qis y= pT +qgx+c, where cis arbitrary constant.
X

The primitive of the differential equation is also referred to as its solution, as the

differential equation can be seen as a relation derived from it.

There can be three types of solution of a differential equation:

General solution (or complete integral or complete primitive)
A relation in x and y that satisfies a given differential equation and involves exactly the same
number of arbitrary constants as the order of the differential equation.
x
For example, a general solution of the differential equation F =—4x is

x = A cos 2t + B sin 2t where A and B are the arbitrary constants.

Particular solution or particular integral
[s the solution to the differential equation derived by substituting specific values for the arbitrary
constant in the general solution?
For example, A specific solution to the differential equation is given by x = 10 cos2t + 5
sin2t.
& =-4x.
dt?
The general solution of a differential equation can be represented in various forms that
are equivalent to each other.
For example logx-log (y+2) =k (D)
The general solution of the differential equation xy' =y + 2, where k is an arbitrary constant, is
expressed as equation (i). This solution, as given in equation (i), can also be reformulated as
follows:

X X "

log(m}:kory+2:ek =¢, (i)

Or x=c¢1 (y+2) .. (iii)

Where c1 = ek is an additional arbitrary constant, the solution (iii) can also be expressed as:
y+2=cyx

Where cy = 1/cq is another arbitrary constant.

Every differential equation we encounter possesses either a unique solution or a family of

solutions. For instance, the differential equation iy | 'y |= has solely the trivial solution,
X

wherein y equals 0.

dy

The differential equation m +|y|+c=0,c>0 has no solution.
X

Singular Solution
It cannot be derived from the general solution. Geometrically, the general solution serves as the
envelope for the singular solution.
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METHODS OF SOLVING ORDINARY DIFFERENTIAL EQUATION OF FIRST ORDER AND FIRST
DERESS
Differential Equation Of First Order And First Degree
A first-order and first-degree differential equation belongs to the type:
dy
& +f (x,y) =0
This expression can also be represented as: Mdx + Ndy = 0, where M and N are functions of x and
y.

Solution methods of First Order and First Degree Differential Equations
Variables Separation
Certain differential equations can be solved using the separation of variables method. This
approach is applicable when the differential equation can be expressed in the form A(x) dx + B(y)
dy = 0.
Where A (x) is solely a function of 'x' and B(y) is solely a function of 'y'.
A general solution for this is provided by,
[Ax) dx+ [B(y)dy =c
Where 'c’' is the arbitrary constant.

Ex. Find the solution to the differential equation (1 +x)y,dx=(y-1)x,dy.
Sol. The equation can be written as -

e
J{i+1jdx=f[1—$)dy2

Inx+x=y-Iny+c
Iny+Inx=y-x+c

xy=e""
2
Ex. Solve the differential equation xyd—y = 1ty (1 +x+x° )
dx  1+x°
Sol. The differential equation can be expressed as:

xy%:(1+y2 ){1+

X ]
1+%°

Y dy:(l+ ! ]dx
1+y2 X 14x?

Integrating,

N |-

1n(1+y2):1nx+tan_1x+c

-1
J1+y? =cxe™ X

Ex. Solve j—y:(ex +1)(1+y2)

X
Sol. The equation can be formulated as:
dy _ (eX + 1)dx
1+y?

Integrating both sides, tan-ly = eX+x + c.
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Ex. Solve the differential equation (X3 —yx3 )3—}, +y3+x%y =0
X
Sol. (X3 —y2x3)d—y+y3 +x4y3 =0
dx
2 2
1=y dy + 1t+x dx=0
y? x

J 1.1 dy+J‘[i+ljdx:O
vy 3 x
x| 111 1
log| — |==| —+— |+¢
y) 2 y2 x?
Polar Coordinates Transformations
At times, converting to polar coordinates makes the separation of variables more convenient. In
this context, it is helpful to recall the following differentials:
A If x=r cos 6; y =r sin 0 then,
0] xdx +ydy = rdr
(ii) dx* + dy? = dr® +r*de?
(iii) xdy —ydx = r’de
3B Ifx=rsecO &y=rtan0 then
0] xdx —ydy =rdr
(i) xdy —ydx = r? secf de.

Ex. Solve the differential equation xdx + ydy = x (xdy - ydx)
Sol. Taking x =r cos6, y = r sinf

K1yt =1?
2xdx + 2ydy = 2rdr
xdx+ydy =rdr ... )
Y —tano
X

dy
Xi [—

dx =sec’0- @

XZ dx

xdy — ydx = x% sec? 0-d0
xdy-ydx=r’d6 ... (i)
By employing (i) and (ii) in the provided differential equation, it transforms into:

rdr = rcos0-r2d0

d—zr:cosede

r

1 .

—=sinO+A

r

- ! = y +A
\/x2+y2 x2+y2
y+1

=c 3(y+1)2=c(x2+y2)

VX2 +y?
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X+ yd—y 4
Ex Solve : dx _y2 1oy Y
_ dy x*
y dx
X+ yd—y 4
Sol. dX _ 2 2y* + L
_ dy x*
Y dx

x* +2x2y? 4yt

XZ

xdx +ydy _ (XZ +y2)2

ydx —xdy x>
xdx+ydx —(xdy—ydx)
2 2
(x2+y2) X
lZde+2ydy :_d{zJ
2
2 (xz +y2) X
2,2
14(+y?) (2)
~=—d| =
(xz +y2) X
Now integrating both sides
11 Y.
2 XZ +y2 X
y 1 .
X 2(X2+y2)

Reducible to the Variables Separable form

If a differential equation can be transformed into a separable variables form through an
appropriate substitution, it is termed "Reducible to the variables separable type." Its general form

is. j—y =f(ax+by+c)a,b=0. To solve this, putax + by + c =t.
X

Ex. Solveg—y =cos(x+y)—-sin(x+y).
X

Sol. 3—y:cos(x+y)—sin(x+y)
X

xt+y=t
dy _dt_,
dx dx

— —1=cost-sint
dx

dt

4t
1+cost—sint
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Ex.

Sol.

Ex.

Sol.

sec? £dt
[—=—=ldx
2{1 —tan t]
2
—In l—tanXer =X+cC
2
Solve & — (4x+y +1)>
dy
Putting dx+y+1=t
L4y _de
dx dx
dy _dt_,
dx dx
. . dt 2
Given equation becomes ——4=t
dx
dt _dx
t*+4
(Variables are separated)
Integrating both sides,
t
[ =[d
4+t
1, 4t
—tan " —=x+c
2 2
ltan’1 4X+y+1]:x+c
2
Solve:y' = (x +y + 1)?
y'=x+y+1)? (i)
Let t=x+y+1
ﬂ =1+ d_y
dx dx
Substituting in equation (i)
We get, i =t +1
dx
J- dt :_[dX
1+t

tan ' t=x+C
t=tan(x+C)
x+y+1=tan(x+C)
y=tan(x+C)-x-1

Equation of the Form

= yf (xy)dx + xg (xy)dy =0

The substitution xy = z transforms the differential equation of this structure into a form where the

variables are separable.
Let Xy =7
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xdz —zdx

X
using equation (ii) & (iii), equation (i) becomes

Ef(z)dx +xg(z) {M} =0
X X2

Ef(z)dx +g(z)dz - Eg(z)dx =0
X X

2 (£(2) - g(2)}dx + g(z)dz = 0a
X

Laxs g(z)dz _
X z{f(z) - 8(2)}

Solution by Inspection

At times, by recognizing a certain group of terms as being part of an exact differential, we can
solve the differential equation in which they occur by inspection. The following list will be of help

in finding a perfect differential made up of group of terms.

d(xy) = xdy + ydx
yy _ xdy —ydx
1) =—=
x\ ydx — xdy
-2
xdy — ydx
d (1n X) =Xy -y
X Xy
dy —yd
X x% +y?

< _1X)_ydx—xdy
T ox2+y?

<y2) 2xydy — y*dx
d(=)= _
X X
<x2> 2xydx — x2dy
d(=)= _
y y
d( 1 )_ y2dx + 2xydy
xy? - x2y4
xdy + ydx
d{sin"(xy)} = ——
1 — x2y?



CLASS-12 JEE - MATHS

Homogeneous Equations
A function f(x, y) is considered a homogeneous function of degree n if the substitutionx =1 x,y
=Ay,, A > 0results in the equality:

fOx 1) = A" f (xy)

The degree of homogeneity, denoted by 'n', can take any real number.

Ex. Find the degree of homogeneity for the given function.
33
. 2 2 .. x2 + y2 . x
@ fx,y)=x"+y (i) f(x,y)= (i) f(x,y)=sin| —
(x+y) y
Sol. (i) f(x,Ay) = A%x? +0%y?
-2 (Xz : yz)
= 2’f(x,)

Degree of homogeneity — 2

7\.3/2)(3/2 + 7\43/2}’3/2

ii fOX,Ay) =
(in) (Ax,Ay) Tty

f(ux,Ay) = A2 f(x,y)

Degree of homogeneity — %

(iii) f(Ax,Ay) :sin[x—XJ
ry

=\ sin(ij
y

=1f(x,y)

Degree of homogeneity — 0

Ex. Ascertain whether each of the following functions is homogeneous or not.

(i) f(x,y)=x>—xy (i) f(x,y)= Xy 3 (iii) f(x,y) =sinxy

X+y
Sol. (i) =A% - Axy
=2 (x2 —xy) = ﬂ.zf(x, y) Homogeneous.
y WXy on
(i) fOAX,Ay) = ——=—F # A f(x,y) Not homogeneous.
AX+ATy
® f(x,1y) = sin(kzxy) #A" (x,y) Nothomogeneous.

Homogeneous first order differential equation

dy _ f(x,y)
dx  g(x,y)
Where f (x,y) and g(x,y) are homogeneous functions of x,y and of the same degree, is said to be

A differential equation of the form

homogeneous. Such equations can be solved by substituting y = vx,

10
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®

Ex.

Sol.

A function F(x, y) where f(x, y) and g (%, y) are homogeneous functions of x and y and of the same
degree, is considered homogeneous. Such equations can be solved by substituting y = vx.
So that the dependent variable y is changed to another variable v.

As f(x, y) and g(x, y) are homogeneous functions of the same degree, denoted as n, they can be

f(x,y) =x"f, [%J

g(xy)=x"g, [XJ
X
y=¥X
d dv
d—z =V + X&
The given differential equation, therefore, becomes
v+ X
v )
dx g )

g(Mdv  dx
f(v)-vg,(v) x '
So that the variables v and x are now separable.
In certain cases, homogeneous equations can be resolved by substituting (x = vy) or by

expressed as:

employing polar coordinate substitution.
Find the solution for the differential equation (x2 - y2) dx + 2xydy = 0, with the initial condition y

=1whenx=1.

dy __x-y®
dx 2xy
y =ux
d_y dv
dx dx
dv 1-v?
V+X—=—
dx 2v
J. v dv=-— d—X
1+v? X

ln(1+v2):—lnx+c

x=1,y=1, v=1

In2=c

2
Ind|1+% |xt=In2
X2

X +y2 =2X

11
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Ex.

Sol.

X X

Find the solution to the differential equation: | 1+2e¥ |dx+2e¥ [1 —Ej dy=0
y

The equation is homogeneous with a degree of 0.
Put x =vy, dx=vdy+ydv
Subsequently, the differential equation transforms into

(1 +2¢" )(vdy +ydv)+2e¥(1-v)dy =0
(v+2e")dy+y(1+2e")dv:0

\'
d_y+1+2e

y  v+2e’

dv=0

Integrating and replacing v by x
y

We get lny+ln(v+2ev)=lnc

X

And X+ 2ye; =C

Non-homogeneous Equation of First Degree in X and Y
Equations reducible to homogeneous form

Ex.

Sol.

dy a,x+b,y+c, a, b
G _AXTRYTG AL 21 canbe reduced to homogeneous form

2 2

An equation of the form where
dx a,x+byy+c, a

by changing the variablesx,ytou,vas Xx=u+h,y =v+k
Where h, k are constants chosen to make the given equation homogeneous.

dy _dv
dx du

We have

The equation becomes,

dv a1u+blv+(a1h+b1k+cl)

du a2u+b2v+(a2h+b2k+c2)
Let, h and k be chosen so as to satisfy the equation
a; h+bk+c¢; =0 - (1)
a, h+b,k+c, =0 . (if)

Solve for h and k from (i) and (ii)
NOW, ﬂ = M
dv a,u+b,v

Is a homogeneous equation and can be solved by substituting v = ut.

Solve the differential equation dy = X+2y-5
dx 2x+y-4
Let x=x+hy=Y+k
dy = i(y +k)
dX dX

12
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dy _dy
dxX  dx

On dividing (i) by (ii)
dy _dvy
dx dx
dy X+h+2(Y+k)—5
dX 2X+2h+Y+k-4
X+2Y+(h+2k—5)
:2X+Y+(2h+k—4)

h & k are such that
h+2k-5=0
2h+k-4=0
h=1k=2
dY X+2Y
dX 2X+Y
Now, substituting Y = vX
d—Y:v+Xﬂ
dX dx
dv  1+2v
dX  2+v

J'2+v dXx

Which is homogeneous differential equation.

dv=|—
1-v2 X

j[2(341)+z(1zg_v)]dv=lnX+c

%1n(v+1)—%1n(1—v) =InX+c

v+1
(1-v)?

In =InX%+2c

Y+X) X _ 2
(X-Y) X2
X+Y=c¢(X-Y)

eZc :CI
x—l+y-2=c'(x-1-y+2)
x+y-3=c(x-y+I)’
L,
a, b,

are separable.

&
C

#
2

Ex. Solve: (x +y)dx+ (3x+3y-4)dy =0
Sol. Let t=x+y
dy = dt-dx
tdx + (3t-4) (dt-dx) =0

13

then the substitution ax + by = v will reduce it to the form in which variables
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2dx+[32t_4jdt=0

2dx—3dt+idt:0
2—t
Integrating and replacing t by x + y, we get
2x-3t-2[In| 2-0)[] =cq
2x-3(x+y)-2[In| 2-x-y)|]=c1
x+3y+2In|(2-x-y)|=c

dy 2x+3y-1
dx 4x+6y-5
Sol. Putting u=2x+ 3y

l ﬂ_z _u-1
3\ dx ~ 2u-5
E_Bu—3+4u—10
dx 2u-5

_[ 2u-5
7u-13

Ex. Evaluate

dx=[dx

1
7u-13

zfl-du—gf -du=x+c
7 7

Eu—g-lln(7u—13):x+c
7 77

9
4X+6y—7ln(14x+21y—13):7x+7c

-3x+6y —;ln(l4x+21y -13)=¢'

Ifay + bq =0, then a simple cross multiplication and substituting d (xy) for
xdy + ydx and integrating term by term, yield the results easily.
Ex. Evaluate dy _xz2y+l
dx 2x+2y+3
dy x-2y+1
dx 2x+2y+3

Sol.

2xdy + 2ydy + 3dy = xdx — 2ydx + dx

(2y +3)dy = (x+ 1)dx — 2(xdy + ydx)
On integrating,

[(2y +3)dy = [(x+1)dx -2 d(xy)

N
y2+3y:7+x—2xy+c

Ex Find d_y:LM
dx 2x+y-1

Sol. Cross multiplying,
2xdy +ydy —dy = xdx — 2ydx + 5dx
2(xdy +ydx) +ydy —dy = xdx + 5dx
2d(xy)+ydy —dy = xdx + 5dx

14
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On integrating,

2 2

y X
2xy +—-y=—+5x+cC
Y 2 Y 2

x? —4xy—y* +10x+2y =c¢’'

¢ =-2c
Ex. Solve y(xy+1)dx+x(1+xy+x2y2)dy =0a
Sol. Let Xy =V
\%
y=—
X
dy = xdv — vdx
<2

Now, differential equation becomes

2

X(V+1)dx+x(1+v+v2)[Mj:0
X X

On solving, we get
v3dx—x(1 +V+v2) dv=20
Separating the variables & integrating

We get, fd—x— 11 av=o
X V3 VZ v

1 1
Inx+—+—-Inv=c
vt v

2v? ln[X] —2v—1=-2cv?
X

2x%y? Inn —2xy —1 = Kxx’y?

where K=-2c¢

15
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Linear Differential Equation (Lagrange's Linear Differential Equation)

Note:

Ex.

Sol.

A linear differential equation has the following characteristics:

The dependent variable and its derivative are of the first degree and not multiplied together.
All derivatives should be in polynomial form.

The order of the derivatives may be more than one.

The mth order linear differential equation is of the form.

dmy dmfly dy
P, (x) o +P (x) T S O Pm_l(x)aJr P (X)y=¢(x)
Where P(x), P{(X) correererrnnns P, (x) are called the coefficients of the differential equation.
The coefficients of the differential equation are denoted as Po(x), P1(X) .occerreeen. Pm(X).

While a linear differential equation is always of the first degree, it's important to note that not
every differential equation of the first degree is linear.

2 3
E.g. the differential equation d—z + (j—yj +y? = is not linear, though its degree is 1.
dx X

d . . . . . .
d—y+ y2 sinx =Inx is not a Linear differential equation.
X

Which of the following equations is linear and which one is nonlinear?

dy 2 _ 2 dy _ X dy )
(A)E+Xy =1 (B)x &+y—e (C)E+3Y—XY
dy = o dy dy
(D)xa+y =sinx (E)E:cosx (F)E‘*Y—O
dy 3 2
G)dx+dy =0 H)x| == |+ =
( ) x+dy ( )X[dxj dy Y
dx
None Linear (A), (©), (D), ()
Linear (B), (E), (F),(G)

Linear differential equations of first order

The differential equation 3—}, +Py =Q islineariny.
X

(Where P and Q are functions solely dependent on x.)

Integrating Factor (LF.) :

Itis an expression that, when multiplied by a differential equation, transforms it into an exact form.

Pdx
The integrating factor for a linear differential equation is = g(x) = ej After multiplying the
above equation by (ignoring the constant of integration),
L.F it becomes;

d_y'eIde +PY'eJ.PdX =Q'e'[PdX
dx

2yl

dx

J.de I Pdx

e =] Q-e +C

Attimes, the differential equation becomes linear when x is considered the dependent variable and
y as the independent variable. In such cases, the differential equation takes the following form:

16
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dx
E + P1X = Ql
[p,dy
Here, P1 and Q1 are functions of y. The I.LF. nowis €
. -1, \d
Ex. Find 2 ety ) dy _
X in (1+y )+(x e ix 0
Sol. The differential equation can be expressed as:

dy

dy 14y?  14y?

dx 1 etan’'y
f—x

tan-1_ _tan! y

So, solution is xem v o8& Ve "4y
1+y?
Let, etan—ly -t
tan—1
€ Yay=dt
1+ y2

-1
xe®" Y = [dt

Putting e y=
Or xe™ly -1~
tan! y 2tan ! y
2xe =e +c

2 .2
Ex. Solve d_y+ 3x _sn )3(

X 1+x°7  1+x

Sol. dy +Py=Q
dx

3x%

1+%°

p=

e nfrex)

F =eIP~dx —e 14x 3

=1+x
General solution is

y(IF)=][Q(IF)-dx+c
sin’x
y(1+x3)=1m(1+x3)dx+c

y(1+x3):fl_czﬂdx+c

sin2x
4

1
1+x3):—x—
y( :

Ex. Evaluate xIn Xj_y +y=2Inx
X

Sol. d—y+y:E
dx X

17
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1 2

X /Inx’ X
1
IF = efP.dx — eJXlnxdx — eln(lnx) =Inx
General solution is

yo(lnx):fglnx~dx+c
y

y(Inx) =(Inx)* +c

Equations reducible to linear form

By change of variable.
Frequently, a differential equation can be transformed into a linear form through a suitable
substitution of the non-linear term.

Ex. Solve: j—i:cosx(sinx—yz)
Sol. The provided differential equation can be transformed into a linear form through a change of
variable by an appropriate substitution.
Substituting v =z
oy dy _dz
dx dx

differential equation becomes

sinx dz .
— +C0SX-Z=Ssinxcosx

2 dx

E+ 2cotx-z=2cosx which is linear in d_z
dx dx

IF = echosxdx _ emeX _ sinz X
General solution is

z.sin® x = [2cosx-sin*x-dx+¢
. 2 .
y2 SlI'l2 X = ESIH3 X+cC
Bernoulli's equation

Equations of the form j—y +Py=Q-y",n#0andn=1 where Pand Q are functions of x, is called
X
Bernoulli’s equation.

dy

Equations in the form —+Py =Q-y",n#0 and n=1 where P and Q are functions of x, are

dx
referred to as Bernoulli's equations.
e.g. Zsinxd—y—ycosx:xy3eX
dy
On dividing by y»
We get y—n d_y + Py—n+1 _ Q
dx
Let y =,
1 dy dt
So that n+l)y ==
( 2 dx dx

Then equation becomes g—t +P(1-n)t=Q(1-n) linear with t as a dependent variable.
X

18
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Ex.

Sol.

Ex.

Sol.

2
Find W _Y_Y

3 5 (Bernoulli’s equation)
X X x

Dividing both sides by y?
1dy 1 1

e A |
y2dx xy x?
Putting 1 =t
y
_ldy dt
y? dx dx
Differential equation (i) becomes,
Jde 1
dx x 2
dt t
—+—=—— which is linear differential equation inE
dx x X2 dx
(La
=e* =e" =x

t-x :I—Lz-xd)u-c
X

Determine the solution for the given differential equation: j—y —ytanx = -y’ secx
X

1 dy

—2———tanX:—secx

yedx y
1 _V_—l dy dv
y 'yz dx dx
—av
———vtanx =-secx
dx
—+vtanx =secx,
dx

Here, P=tanx,Q =secx

_ [sanxdx = _ 2
LF.=e = secx|v|secx|=[sec’ xdx+c

Hence the solution is y ! | secx |=tanx +c

19
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GEOMETRICAL AND PHYSICAL APPLICATIONS

iii.

vi.

vii.

The following results will often be used to solve problems having geometrical flavour.
For the curvey = f(x) or f(x,y) = 0

. d
Slope of tangent to the curve at (X, y) is d—i.

Slope of normal to the curve at (x,y) is — g—; = - %.
-dx

The equation of tangent to the curve at (x,y) isY —y = % (X —x)X, Y being the current
co-ordinates
The equation of the normal to the curve at (x,y) is (X — x) + % Y-y)=0

. . . d d )
The intercepts of the tangent on the x-axis and y-axis are x —y ﬁ andy — xd—i respectively.

. dx\? dy 2
The lengths of tangent and normal are respectively y |1 + (d—y) andy [1+ (E)

The lengths of sub-tangent and sub-normal are respectively y g—; andy j—i

20
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ORTHOGONAL TRAJECTORY
Let a family of curves be represented by the equation
f(x,y.c)=0 (1)

And we want to determine the family of curves each member of which cuts members of the given
family (i) at right angles. Then the family of curves we are seeking constitute, the orthogonal
trajectory of family (i).
The procedure can be systematically described as thus:

(i) We first form the differential equation of the family by differentiating (i) and eliminating the
arbitrary constants.

(ii) As products of slopes of tangent at a point of intersection of (i) and its orthogonal trajectory is -1,

we replace 2 with — % in the differential equation of family (i).
dx dy

(iii) Now we solve the resulting differential equation to obtain the family of orthogonal trajectory.

21
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Q.1 Which of the following functions satisfies the differential equation %+2y=0?

(@) y=-2¢" (b) y=2¢* (@©y=e™> (d)y=e™
2

d7y

Q.2 The function y = 8 sin?x is a solution to the differential equation ol +4y=0.
X

(a) True (b) False

Q.3 Which of the following functions satisfies the differential equation xy' - y = 0?
(@) y = 4x (b) y=x? () y=-4x (d) y=2x

Q.4 Which of the following differential equations is satisfied by the solution y = 3x??

2

dy dy
—2 _6x=0 b) == -3x =0
@ PR ()dX X
© Xﬁ_ﬂ_o (d) @_&_0
dx? dx dx?  dx

Q.5 Which of the following functions satisfies the differential equation y" + 6y = 0?
(@) y =5 cos3x (b) y = 5 tan3x
(c) y = cos3x (d) y=6cos3x

Q.6 Which function among the following is a solution to the differential equation % —14x =07

@ y=7x (b)y=7x3 ©y=x (d)y=14x

Q.7 Which of the following given differential equations has y = log x as a solution?

d’y dy (dyY
a) —2--x=0 b) —2+| == | =0
()XmX ()dxz i
2 2
© j_z_%=o (d) xj—z’—logx=0
X X

Q.8 How many arbitrary constants will be present in the general solution of a second-order differential
equation?

(@3 (b) 4 (©2 (d1
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Q.9 The count of arbitrary constants in a specific solution of a fourth-order differential equation is ___

Q10

Q11

Q.12

Q13

Q.14

Q.15

Q.16

Q17

Q.18

Q.19

@1 ()0

The function y = 3 cos x is a solution to the equation

(@) True

dy/dx

Degree of the differential equation e =xis
@M1 (B) 2
3 (D) Zero

The order of the differential equation whose solution is given by

¥ = X+ (c; + c3)e'°8* + ¢ cos(x + c5)

where c,, ¢y, 3, ¢4 and cs are arbitrary constants, is

A2 (B) 3
©) 4 D)5

The differential equation of all circles at fixed centre («, ) is

WE=x-0F-h B) L =
d oa—X d
©L=-= D)5 =

()4

dx

(b) False

X—
y—B
X—a

B-y

dzy

(d)3

The order of the differential equation of ellipse whose minor and minor axes are along x-axis

and y-axis respectively, is
A1 (B) 2
©3 (D) 4

The differential equation satisfying all the curves y = ae** + be 3%

where a and b are arbitrary constants, is

(A)by =y, +y, By=y1+y2
(C) 6y = 2y, + 2y, (D) 6y =

2
The degree of the differential equation % + ,1 + (%)3 =0is

A1 (B) 2
©3 (D)6

Which of the following differential equation is linear?

yi—

(A) V1 —x%dx+4/1—y2dy =0 (B)(§)4+3 s _ g
2
(€ i% =e (D) (xy? + x)dx + (y — x%y)dy = 0

The differential equation of all the non-vertical lines in the xy-plane is
(A)——X—O ()——x——O

dx2

©% =9 O +x=0

dx?

The differential equation of the family of curves represented by the equation

(x—a)l+y2=a’is
(A) 2xy% +x% = y?

dy | 2 _ 2 dy | 2
(C)xydx+x =y (D)de+x

23
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.20 The differential equation of the family of curves v = A + B,
Q q y .

where A and B are arbitrary constants, is

d?v  1dv d?>v  1dv
Wa+tra=0 B~ rar =0

d?v  2dv d?v dv

Q.21 The general solution of differential equation % = :—i is

(A) Jx2+y?2=c (B) tan™?! (g) = log(cy/x% +y?)
©xtan™' () =logx +y2 +c D)y =x+c

Q.22 Iij—i = y(logy — logx + 1), then the solution of the equation is

(A) log (3) =cy (B) log (i) =cy
(C) log (3) = cx? (D) log (i) =cx
2 2
Q.23 The slope of the tangent at (x,y) to a curve passing through (2,1) is ng , then the equation of

the curve is
(A) 2(x* —y?) =3x (B) 2(x% —y?) = 3x
O xx*-y*) =6 (D) x(x* +y*) =10

Q.24 Solution of the differential equation : (2xcosy + y2cos x)dx + (2ysinx — x?siny)dy = 0 is
(A) x*sinx + y%cosx = ¢ (B) x?siny + y%cosx = ¢
(C) x%cosy + y?sinx = ¢ (D) x%siny — y?cosx = ¢

Q.25 Solution of the differential equation (3xy? + xsin(xy))dy + (y® + ysin(xy))dx = 0 is
(A) xy® —cosxy = ¢ (B) xy® + cosxy = ¢
(C) xy? — cosxy = ¢ (D) xy? + sinxy = ¢

Q.26 The solution of the differential equation (1 + x*)(1 + y)dy + (1 + x)(1 + y*)dx = 0 is
(A) tan"'x +log(1 +x*) + tan" 'y + log(1 +y?) = ¢
(B)tan™lx — %log(l +x%) +tan"ly — %log(l +yH)=c
(C)tan™x + %log(l +x¥) +tan"ly + %log(l +yH) =c
(D) tan"tx + %log(l +x?)—tan"ly + %log(l +y)=c

Q.27 The solution of % =(@x+y+1)2is
(A) 4x—y +1 = 2tan(2x + 2¢) (B) 4x —y — 1 = 2tan(2x + 2c)
(@) 4x+y+1=2tan(2x + 2c) D)y=3x+c

Q.28 The solution of ydx — xdy + 3x%y%e* dx = 0 is
(A)§+ex3:c (B)E—e"s:c

(C)—§+ex3=c MDy=x*+c

Q.29 The solution of the differential equation 3e*tan ydx + (1 + e¥)sec? ydy = 0 is
A) (1 +e¥3tany =c¢ (B) (1 —e¥)3tany = —c
(©) (-1 + e¥3tany = —c My=x3+c
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Q.30

Q31

Q.32

Q.33

Q.34

Q.35

Q.36

Q37

Q.38

Q.39

The slope of the tangent at (X, y) to a curve passing through (1, E) is given by % — cos? (i) then

the equation of the curve is

— -1 € _ -1 X
(A)y =tan (log (;)) (B) y = xtan (log (E))
— -1 e = X
(C)y = xtan (log (X)) (D)y =log (y)

. . . . dy X . .
Integrating factor of the differential equation i (1_X2) y = sinxis
A VI =2 (B) —

1
© Tie (D) y = cosx
The solution of the differential equation x % = - % - % is given by
(A) xy? = cos?x+ ¢ (B) xy? = sin’x + ¢
(O yx* =cos?’x+c (D) xy =sinx+c¢

A spherical rain drop evaporates at a rate proportional to its surface area at any instant t.
The rate of change of the radius of the rain droo is

(A) Proportional to radius (B) Proportional to surface area

(C) Proportional to volume (D) Constant

If y(t) is a solution of (1 + t) % —ty = 1andy(0) = 1, theny(1) is equal to
e? 1

A5 (B)e+:

©e—> (D) e? -~

The orthogonal trajectories of the family of curves a"~'y = x" are given by
(A) x" + ny = constant (B) ny? + x* = constant
(C) n®x 4+ y" = Constant (D)y=x

One of the solution of the differential equation, (%)2 - x% +y = 0 may be

Ay=2 (B)y = 2x
@Oy=2x—-4 D)y =2x*—4

The equation of the curve passing through the origin and satisfying the differential equation
(1 +x3) L+ 2xy = 4x? is

A) (1 +x?)y =x3 (B) 2(1 +x?)y = 3x°
(©)3(1 +x?)y =4x3 D) x+y=x?

. . . o,y 0O
The solution of the differential equationy’ = ot o i
M) xp() =k (B) $() = kx
©yd) =k (D) () = ky

2

The differential equation % + x% + siny + x% = 0, is which of the following types question
mark
(A) Linear (B) Homogeneous
(C) Order two (D) Degree two
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Q40 Ify = y(x) satisfies Zzs—i(d—y) = —cosx, such thaty(0) = 1, theny (g) is equal to

+y  \dx
3 5
(A ®3
©3 (D)1
Q.41 Ifm,n are order and degree of differential equation yﬂl—y +x3 ey Xy = cos x, then
dx dx?
(A)m<n (B)m=n
(COm>n (D)m—-n=3
2 3
2
Q.42 The degree of the differential equation [1 + (%) ]2 = % is
(A) 4 (B)2
(C) Not defined (D) 2

Q.43 The order and degree of the differential equation whose general equation is y = c¢(x — ¢)? are
A1,1 (B)1,2
113 (D) 2,1

Q.44 The second order differential equation is
A )=y -x B)y'y’ +y =sinx
©y"+y"+y=0 Dy =y

Q.45 The order of differential equation of family of all concentric circles centered at (h, k) is
@M1 (B) 2
©3 (D) 4

Q.46 Integrating factor of the differential equation cos x% +ysinx = 1is
(A) cosx (B) tanx
(C) secx (D) sinx

Q.47 Integrating factor ofx% —y=x*-3xis
(A) x (B) logx
© (D) —x

Q.48 The solution of differential equation cos x - sinydx + sinx - cosydy = 0 is

(A) Z:; =c (B) sinx-siny =c
(©)sinx+siny =c (D) cosx-cosy =c
Q49 If 3—; = 3%5Y¥siny, then P is equal to
(A)siny +c (B)3%%Y +¢
_gcosy .
© - +c (D)3%™MY +¢

Q.50 The integration factor of equation (x? + 1) % +2xy =x% —1,is

2
A)x2+1 B 5
x?-1
Ok (D) 1-x*
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Q.51

Q.52

Q.53

Q.54

Q.55

Q.56

Q.57

Q.58

Q.59

Which of the following differential equation has y = x as one of its particular solution question
mark

@y 2dy - ¢y _ 2dy -
(A)dxz XS h Xy =x (B)dxz xdx+xy—0
Py | ady - ey dy -
(C)dx2+x Ty =X (D)dx2+xdx+xy—0
Family y = Ax + A3 of curves will correspond to a differential equation of order
(A)3 (B) 2

1 (D) Not defined

The differential equation representing the family of curves y? = 2c¢(x + +/c) (where cis a
positive parameter), is of
(A) Order 1, degree 3 (B) Order 1, degree 2

(C) Order 2, degree 3 (D) Order 2, degree 2

The solution of % +y=e%y(0)=0is

Ay=e*x-1) (B) y = xe*
Oy=xe*+1 D)y =xe™*

The general solution of differential equation (e* + 1)ydy = (y + 1)e*dx s

A y+1=k(*+1) B)y+1=e*+k
(©) y = log{k(y + 1)(e* + 1)} @)y =log(S2) +k
y+1
For solving % = 4x +y + 1, suitable substitution is
Ay =wx (B)y = 4x
QOy=4x+v Dy+4x+1=v
If y(t) is a solution of (1 + t) % —ty = 1andy(0) = —1 then y(1) equals,
) -5 (B) e+

©e—= (D)5

STATEMENT-1: The degree of the differential equation, eV — xy" +y = 01is not defined.

And

STATEMENT - 2 : The differential equation mentioned in statement - 1 can’t be written as a
polynomial in derivatives.

(A)Statement-1 is True, Statement-2 is True; Statement-2 is a correct explanation for Statement-1
(B) Statement-1 is True, Statement-2 is True; Statement-2 is NOT a correct explanation for
Statement-1

(C) Statement-1 is True, Statement-2 is False

(D) Statement-1 is False, Statement-2 is True

STATEMENT-1: The differential equation _ 2o
dx  x%+y?

And

STATEMENT-2: When the differential equation is homogeneous of first order and first degree,

then the substitution that solves the equation is y = vx

(A)Statement-1 is True, Statement-2 is True; Statement-2 is a correct explanation for Statement-1

(B) Statement-1 is True, Statement-2 is True; Statement-2 is NOT a correct explanation for

Statement-1

(C) Statement-1 is True, Statement-2 is False

(D) Statement-1 is False, Statement-2 is True

can't be solved by the substitution x = vy
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Q.60

Q.61

Q.62

Q.63

Q.64

Q.65

Q.66

Q.67

Q.68

Q.69

STATEMENT-1: The orthogonal trajectory of a family of circles touching x-axis at origin and
whose center the on y-axis is self-orthogonal.

And

STATEMENT-2: In order to find the orthogonal trajectory of a family of curves we put

dx . dy . . . . . .
- d—; in place of d—i in the differential equation of the given family of curves.

(A)Statement-1 is True, Statement-2 is True; Statement-2 is a correct explanation for Statement-1
(B) Statement-1 is True, Statement-2 is True; Statement-2 is NOT a correct explanation for
Statement-1

(C) Statement-1 is True, Statement-2 is False

(D) Statement-1 is False, Statement-2 is True

A tangent to a curve at P(x, y) intersects x-axis and y-axis at A and B respectively. Let the point of
contact divides AB in the ratio y2: x2 (For questions 61 to 65)

The differential equation of family of curves is
A)x*+y*=c B)x*+y*—2x=c
(C) x? +y?% = cx?y? D)xy=c

If a member of this family passes through point (5,12) then area of this curve in square units is
(A) 257 (B) 144n
(C) 1691 (D) 2257

The centre of each member of this family is

© (0, 2) D) (2,2)
If a member of this family passes through (3,4), then its equation is
(A)x? +y? =25 (B)x? +y?—2x=19

(C) x% + y? = 25x2y? D)x2+y*=7

If a member of this family is passes through (3,4) then area bounded by this curve in square units
is

25 2

W (E+T) (B) 2(m + 4)

4
(C) 251 ) (16m+2)

2
. . . d3y 3 dzy d3y A

The degree of the differential equation (ﬁ) +4-3 =t 5 == Ois
@1 (B) 2
3 (D) Not defined

The differential equation for which y = acos x + bsin x is a solution is

d? d?
A gz +y=0 (B) gz —y=0
d? d?
(O +@+by=0 (D) 5+ @—by=0

The degree of the differential equation of the curve(x — a)? + y? = 16 will be
Ao (B) 2
©3 (D)1

The differential equation of all parabolas with axis parallel to the axis of y is

Ay, =2y, +x B)ys =2y,
©y:*=w Dy;=0
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Q.70 The differential equation of all circles passing through the origin and having their centers on the

X - axis is

d d
Wy* =x"—2xy B)x* =y* +xy
O x*=y*+ 3xy% (D) y? = x* + zxy%

Q.71 Solution of the differential equation xdy — ydx = 0 represents
(A) A rectangular hyperbola
(B) Parabola whose vertex is at origin
(C) Straight line passing through origin
(D) A circle whose center is at origin

Q.72 Solution of the differential equationtany - sec? xdx + tanx - sec? ydy = 0 is
(A)tanx+tany =k (B)tanx —tany =k
(C )tanx— (D) tanx -tany =k

tany

Q.73 The solution of differential equationﬂ -1

dx = 1+x2  (1+x2)2 is
(A) y(l +x%)=c+tan"x
_ -1
(B) Tox 2 =c+tan " x
(©) ylog(1 +x?) =c+tan"'x
M) y(1+x%) =c+costx

Q.74 The solution of the equation (2y — 1)dx — (2x + 3)dy =0is(x>—2,y>)

2x-1 2y+1
( ) (2y+3) k ( ) 2x— 3
2X+3 2x-1
( ) 2y— 1 (D) 2y— 1
Q.75 % X’:y then the solution of differential equation is
A y=xe*+c B)y=¢€e*+c
Oy =cxe*™¥ D)y=x+c

Q.76 The differential equation y% + X = crepresents

(A) Family of hyperbolas (B) Family of parabolas
(C) Family of ellipse (D) Family of circles

Q.77 The differential equation of family of curvesx? + y? — 2ay = 0, where a. is an arbitrary constant is

A) x* - yz)j—i = 2xy (B) 2(x* + yz)ﬂ—i = xy
2 o2\dy _ 2 24y _
©) x y)dx—xy (D) (x +y)dx—2xy
2
Q.78 The solution of differential equation % = 132 i
(A)y=tan"lx+c (B)tanly =x+c
@O F—x)=c(+xy) (D) tanxy = ¢

Q79 Letf(x) = secx.f(x), f(0) = 1, then f(g) equal to

W% (B) Ve
(© ez (D) ;=

29



CLASS-12 JEE - MATHS

Q.80 The solution of differential equation % = cos(x—y)

(A)y + cot (X;—y) =c (B) x + cot (X;—y)

X+y

(C)x—tan (X;—y) =c (D) x + tan (T)

C

Il
a

XZ
Q.81 The general solution of differential equation % =e2 +Xxyis
2 2

(A) y= Ce_X? (B) y = cex7
©y = (x+0c)ez D)y = (c—x)ez

Q.82 The differential equation vdy + xdy = dy renresents
(A) A set of circles with center on x axis
(B) A set of circles with center on y-axis
(C) Aset of ellipse
(D) A set of circles with center on y axis

Q.83 The general solution of % = 2xe¥ Vs
A) XY = (B)e™¥ + e =c
© e =e +c (D) e+ = ¢

Q.84 The solution of the equation 2xy’ —y = 3 represents a family of
(A) Circle (B) Straight line
(C) Ellipse (D) Parabola

Q.85 The solution ofy' —y = 1,y(0) = 1, is given by y(x) =
(A)e* (B) —e7*
©1 (D) 2e* -1

Q.86 The solution of differential equation(1 + x?) % +y= etan ! x jg
A) yetan‘lx — %eztan_lx +c (B)y = %eztan‘lx +c

(C) yetan™'x = pe2tan”lx 4 ¢ (D)y-tan"'x = iem Txic

Q.87 The solution of differential equationx?y?dy = (1 — xy®)dx is
A)x3y? =x2+c B) 2x3y3 =3x% + ¢
y y
Ox3y?=x2+x+c D) x3y3 =3x*+¢

Q.88 The solution of the differential equationydx + (x + x?y)dy = 0 is
(A) logy = cx (B)—%-Hogy:c
1 1
(C)E-Hogy—c (D)_E_C
Q.89 Solution of ydx — xdy = x%ydx is

(A) y2e¥’ = cx? (B) ye ™ = x?
©y"+y"+y=0 Dy =y

Q.90 Solution of differential equation%tan y =sin(x +y) + sin(x —y), is

(A) secy + 2cosx =c (B) secy — 2cosx =c¢
(C)cosy —2sinx=c (D) tany — 2secx = ¢

30



CLASS-12 JEE - MATHS

Q1

Q2
Q3

Q.4

Q5

Q6

Q7

Q8

Q9
Q.10

Find the order & degree of following differential equations.

dy 1
1 ——ty=—
® Y dy
dx
2) sin”! (d_y) =X+y
dx
)., ¢
dx dx3 y
3 e =In| —+1
® B

1
4) (d—y)z +y| = dy

Derive a differential equation for the family of straight lines that pass through the origin.

Derive the differential equation for all circles that touch the x-axis at the origin and have their
centers on the y-axis.

Derive the differential equation for the family of curves described by y = a sin bx + ¢, where a and
c are arbitrary constants.

Demonstrate that the differential equation for the system of parabolas y2 = 4a x - b is provided by:
2 2

dy (&)

dx* \dx

Derive a differential equation for the family of parabolas with the focus at the origin and the axis

of symmetry along the x-axis.

Find the solution for the given differential equation:

D) Xzyd—yz (x+1)(y+1) (2) Y _ x4 g2
dx dx
3) xyd—y=1+x+y+xy €3 d—y=1+e"’y
dx X
(5 j—y =sin(x +y)+cos(x +y) (6) —=xtan(y—-x)+1
X X

Determine the solution for the differential equation: (1 +x)ydx = (y —1)xdy
dy
Finde®™ =x +1, given that whenx =0,y = 3

Evaluate . = (4x+y+1)°
dx
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Q11  Solvesin™ [d—yj =X+y
dx

Q.12  Find the solutions to the following differential equations:

(@9 (xd—y—yjtanlzsziven thaty=0atx=1
dx X

2) xd—y:y—xtanl
dx X

dy x+2y-3
@ W _x+2y-3
dx 2x+y+3
d x+y+1
@ W xryrl
dx 2x+2y+3
dy 3x+2y-5
(5) &y _X+ey—o
dx 3y-2x+5

Q13 Findx¥dy +y(x+y)dx=0
Q.14  Solve: (x? -y?) dx + 2xydy = 0 given thaty =1 whenx =1

Q.15  Evaluate the differential equation dy = X+2y-5
dx 2x+y-4
' 2
Q16  Solve dy _yf)-y°
dx f(x)
Q.17 Evaluate d_y = ﬂ
dx 2x+y-1

Q.18  Find the solutions for the following differential equations:

@Y x(x2+1)j—i:y(1—x2)+lenx

@) (“23’3)%:3’

3) xj—i-ky = yzlnx
4 xy? (:—yj—2y3 =2x> giveny =latx=1
X

3x% B sin® x

. dy
Q.19 Find =+ 2= =
dx 1+x° 1+%x°

Q.20  Solve: xlnxj—y+y:21nx
X

Q.21  Evaluate: ysinxd—y = cosx(sinx—yz)
dx

2
Q22 Solve W _Y_Y
dx x x°
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ANSWERKEY - LEVEL -1
Q 1 Z 3 4 5 6 7 8 9 10
Ans. C A D C A A B C B B
Q. 11 12 13 14 15 16 17 18 19 20
Ans., A B C B A B C C A C
Q 21 22 23 24 25 26 27 28 29 30
Ans. B D A C A C C A A C
Q. 31 87 33 34 35 36 37 38 39 40
Ans. C A D C B C C B C C
Q 41 42 43 44 45 46 47 48 49 50
Ans. C D C B A C C B C A
Q. 51 52 53 54 55 56 57 58 59 60
Ans., B C A D C D A A D D
Q 61 62 63 64 65 66 67 68 69 70
Ans. A C A A C C A B D D
Q. 71 72 73 74 75 76 77 78 79 80
Ans. C D A C C D A C B B
Q 81 82 83 84 85 86 87 88 89 90
Ans. C A C D D A B B A A
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