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DIFFERENTIAL EQUATIONS

. Differential Equation: An equation involving derivatives of the dependent variable with

respect to independent variable (variables) is known as a differential equation.

. Linear and non-linear differential equation: A differential equation is said to be linear if

unknown function (dependent variable) as its derivative which occurs in the equation,
occur only in the first degree, and are not multiplied together. Otherwise, the differential
equation is said to be non-linear.

. Order: Order of a differential equation is the order of the highest order derivative

occurring in the differential equation.

Degree: Degree of a differential equation is defined if it is a polynomial equation in its
derivatives.

. Degree (when defined) of a differential equation is the highest power (positive integer

only) of the highest order derivative in it.

. Solution: A function which satisfies the given differential equation is called its solution.

. General Solution: The solution which contains as many arbitrary constants as the order of

the differential equation is called a general solution.

. Particular Solution: The solution free from arbitrary constants is called particular solution.

. To form a differential equation from a given function we differentiate the function

successively as many times as the number of arbitrary constants in the given function and
then eliminate the arbitrary constants.

Variable Separable method: Variable separable method is used to solve such an equation
in which variables can be separated completely i.e., terms containing y should remain with
dy and terms containing x should remain with dx.

d d
A differential equation which can be expressed in the form d—y fxy) or d_xg(x, Y) where,
x Yy

f(x, y) and g (x, y) are homogenous functions of degree zero is called a homogeneous
differential equation.

. . . d .
A differential equation of the form ﬁ + Py =Q, where P and Q are constants or functions
of x only is called a first order linear differential equation.
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"An equation involving derivatives of the dependent variable with respect to ;
independent variable (variables) is called a differential equation. If there is
only one independent variaﬁc:n, then we call it as an ordinary differential
S, ; equation. For eg; 2"—2¥+(@J ~o.
i Itis used to solve such an equation in which variables can be de dx

i separated completely. For egpdx=xdy can be solved as
ézﬂ Integrating both sides log_x: logy+ lOgC’=>£= c=>x=cy E

¢ X X y
i is the solution.

It is the order of the highest order derivative occurring

: in the Differential Equation For eg: the order of% =e*
| 2

: is one and order of % +x =0 is two.

Variable Separation
Method

The order of a Differential Equations representing a
family of curves is same as the number of arbitrary
constants present in the equation corresponding to the
family of curves. For eg: Let the family of curves be
y = mx, m = constant, then, y'=m

dy

yem B
Y=y 7 T -
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Order of a
Differential
Equation

i dy
the form =~ = —=g(x, ),
itthe 0l S (x,p)or 5 g(x, )

: Degree of a
i where, f (x, y) and g (x, y) are homogeneous Differential
! functions of degree zero is called a homogenous; Equation
: Differential Equation :
Foreg: (xz +xy)dy=(xz +y7 )dx It is defined if the Differential Equations is a
b s6Hie i substitie v S : polynomial equation in its derivatives, and is
bt T Differential detined as the highest power (positive integer

Equations only) of the highest ordef de}rivative.
For eg: the degree of dV + & 0 is three
dx dx

H°!“°gene.°us Order and degree (if defined) of a D.E. are always
Differential ;_\ positive integers.
Equation
Solution of a
Differential Equation

A function which satisfies the given :

................... |

g . . A
: A Diff tial Equat f the f et = .
: N e dx+Py o : |Formation of Differential
Ewhere P, Q are

Equation

Differential Equation is called its solution. :

The solution which contains as many :
arbitrary constants as the order of the D.E.

‘constants or functions or 'x' only is called a first

is called a general solution and the solution :
:order linear Differential Equations its solution is : free from arbitrary constants is called
ye.[”’ :jQ,eJMx dx+c. Foreg: dy +3y=2x has particular solution. :
: ]' 3.dx j 3ds dx :

solution ye' = JZx.e dxtc= ye''= 2'[xe“‘ +ci

i To form a Differential Equation from a given function,
: we differentiate the function successively as many
times as the no. of arbitrary constants in the given

: function, and then eliminate the arbitrary constants.
i For eg: Let the function be y = ax+b, then we have to
differentiate it two times, since there are 2 arbitrary

constants z and b. . y'=a = y"=0.Jhus y" =0 is the

required Differential Equation.
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Important Questions

Multiple Choice questions-

1. The degree of the differential equation:

[%}3 + {j—:ll +sin [g} +1=0is

(a) 3

(b) 2

()1

(d) not defined.

2. The order of the differential equation:
d’y

2X2E-3%+‘y‘20|—5

(a) 2
(b)1
(c)0
(d) not defined.

3. The number of arbitrary constants in the general solution of a differential equation of
fourth order is:

(@) 0
(b) 2
(c)3
(d) 4.

4. The number of arbitrary constants in the particular solution of a differential equation
of third order is:

(a) 3
(b) 2
(o)1
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(d) 0.

5. Which of the following differential equations has y = c1 ex + ¢z e* as the general
solution?

2
()4 +y=0
dx?

2

(b)d? -y=0
dx?
2

(el +1=0
dx?
2

()X -1=0
dx?

6. Which of the following differential equations has y = x as one of its particular
solutions?

2
(a)” - x?dy +xy =x
dx? dx

2
(b)4” + x4 +xy =x
dx? dx

(C)dzy—xzdy+x =0
- Z+Xy=

dx? dx
2y

(A" +xY+xy=0
dx? dx

7. The general solution of the differential equation &= ex*y is
dx

(Q)ex+ev=c
(b)ex+ev=c
(c)ex+ev=c
(d)ex+ev=c

8. Which of the following differential equations cannot be solved, using variable
separable method?

(a) d_y+ ex+y 4 @-X+y
dx

(b) (y* - 2xy) dx = (x* - 2xy) dy
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() xy@=1+x+y+xy
dx
(d)dr+y=2.
dx

9. A homogeneous differential equation of the form 4. = h() can be solved by making
dx y

the substitution.

(@) y=wx

(b) v=yx

() x=vy

(d)x=v

10. Which of the following is a homogeneous differential equation?
(a) (4x+6y+5)dy - (3y+2x+4)dx=0

(b) xy dx - (x* +y*)dy =Q

(c) (x* + 2y*) dx + 2xy dy = 0

(d) y* dx + (x* - xy - y*)dy = 0.

Very Short Questions:
d?y dy 2 4
1. Find the order and the degree of the differential equation: Xo—— = 1+ (—) ]
dx dx

dy dz}’ _

2. Determine the order and the degree of the differential equation: (5)3 + 2y —=
0

3. Form the differential equation representing the family of curves: y = b (x + a),
where « and b are arbitrary constants.

4. Write the general solution of differential equation:

QL = eX+y
dx

5. Find the integrating factor of the differential equation:

ydr - 2x = yleV
dx
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6. Form the differential equation representing the family of curves y = a sin (3x - b),
where a and b are arbitrary constants.

Short Questions:
1. Determine the order and the degree of the differential equation:

2. Form the differential equation representing the family of curves: y = e2x (a + bx),
where ‘a’ and ‘h’ are arbitrary constants.

3. Solve the following differentia equation:

4y +y = COSX - Sin x
dx

4. Solve the following differential equation:

dx + X = (tan y + sec2y)
dy

Long Questions:
1. Find the area enclosed by the circle:
X2 +y2 = al,

2. Using integration, find the area of the region in the first quadrant enclosed by the x-
axis, the line y = x and the circle x2 + y2 = 32.

3. Find the area bounded by the curves y = Vx, 2y + 3 = Y and Y-axis.
4. Find the area of region:

{(x,y): x2 + y2< 8, x2< 2y}

Case Study Questions:
1. If the equation is of the form dx Y * where P, Q are functions of X, then the
solution of the differential equation is given by ye

— pdx x
yefpdx — f Q e/ P dx + ¢, where e/ P 1 olled the integrating factor (L.F.).

Based on the above information, answer the following questions.
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I. The integrating factor of the differential equation

sinx% + 2y cosx = lis (sinx)*, where A =

anom
W= O

. d
Il. Integrating factor of the differential equation (1 — KZ}E'T — Xy = 1 is:

a —xX
p _X
14x2

c. /1 — xZ

d %log(l —x?2)

iii. The solution of % +y=e ¥, y(ﬂ) =0, is:

ay=e(x—1)
by =xe *
cy=xe *+1

dy=(x+1)e =

V. General solution of % -+ ytanx = SeC X is:
aysecy =tanx+c
b.ytanx =secx + ¢
ctanx =ytanx+c

d Xsecx =tany +c¢
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d .
V. The integrating factor of differential equation i — 3}' — s1n 2X is:
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