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CHAPTER 9

DIFFERENTIAL EQUATIONS

POINTS TO REMEMBER

o Differential Equation : Equation containing derivatives of a dependant
variable with respect to an independent variable is called differential
equation.

e Order of a Differential Equation : The order of a differential equation is
defined to be the order of the highest order derivative occurring in the
differential equation.

o Degree of a Differential Equation : Highest power of highest order
derivative involved in the equation is called degree of differential equation
where equation is a polynomial equation in differential coefficients.

e Formation of a Differential Equation : We differentiate the family of
curves as many times as the number of arbitrary constant in the given
family of curves. Now eliminate the arbitrary constants from these
equations. After elimination the equation obtained is differential equation.

o Solution of Differential Equation
(i) Variable Separable Method
ay
i f(x,y)
We separate the variables and get

fix)dx = g(y)dy
Then If(x) dx = fg(y)dy + C is the required solutions.

(i) Homogenous Differential Equation : A differential equation of

dy f(x,y)
the form — = —— where f(x, y) and g(x, y) are both

dx g(x,y)
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homogeneous functions of the same degree in x and y i.e., of the

form % =F (Zj is called a homogeneous differential equation.
X X

For solving this type of equations we substitute y = vx and then

dy

dv . .
=V + X—. The equation can be solved by variable

ax ax
separable method.

Linear Differential Equation : An equation of the from

d
A Py = Q where P and Q are constant or functions of x only

dx

is called a linear differential equation. For finding solution of this
Pd

type of equations, we find integrating factor (I.F.) = ej X,

Solution is y (IF.) = [Q.(LF.)dx + ¢

VERY SHORT ANSWER TYPE QUESTIONS (1 MARK)

1. Write the order and degree of the following differential equations.

(i)

(iii)

(Vi)

2 2
P aosy = 0. (i) (d—y] +3dY gy
dx dx ax
d ) d
_Z+smx =L_2J (iv) é/ Iog(ﬂ) 0
dx dx dx i
(42 \1/3 5732 »
1+Q=Ld7J (vi) 1+(_j _kd)z/
ax dx dx d_X
(BN (200
Ld 3J + Ld_ZJ = sin x.  (viii) QJF tan(d—y] -0
ax ax dx dx
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2. Write the general solution of following differential equations.

i Y-ox®ix®-2 (i) (eX+ &) dy = (&* — e¥)dx
dx X
iy o x® et 4 xS iv) Y5
ax ax
d 1- cos2x I | 1-2
(v) o mE08X vy &1
dx 1+ cos2y dx 3x +1

3. Write integrating factor of the following differential equations

Nooay o
(i) a+ycosx_smx

(ii) %+yseczx = sec x + tan x

2 dy 4 ) dy

(i) X wx Ty =X (iv) Xa+ylogx:x+y
dy 3 L ay
(v) xa—Sy:x (vi) a+ytanx:secx
(vii) QJF L y = sinx
ax 14 x?

4. Write order of the differential equation of the family of following curves

() y=Ae+ Bex+°¢ (i) Ay = B

(i) (x—af+(y—-b2=9 (iv) Ax + By’ = Bx2 — Ay
E: 2

(v) —z—y—2=0. (vi) y=acos (x+ b)
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SHORT ANSWER TYPE QUESTIONS (4 MARKS)

. -1
5. (i) Show that y = e™™ *is a solution of

d d
(1_X2)d7}2/—xd—§—m2y = 0.

(i) Show that y = sin(sin x) is a solution of differential equation

2

d_jz/ + (tanx)g—y + ycos2 x =0.
dx X
2 2
(i) Showthat y = Ax + B is a solution of X d2y o x Y y =0.
X dx ax

(iv) Show that y = a cos (log x) + b sin (log x) is a solution of

2
x2d—g+xﬂ+y=0.
dx ax

(v) Verify that y = Iog(x +4x2 + az) satisfies the differential
equation :

2
(a2 + XZ)H + xﬂ = 0.
dx? ax

(vi) Find the differential equation of the family of curves
y = e (Acos x + Bsin x), where A and B are arbitrary constants.

(vii) Find the differential equation of an ellipse with major and minor
axes 2a and 2b respectively.

(viii) Form the differential equation representing the family of curves
(y - b)? = 4(x - a).

6. Solve the following differential equations.

(1) ¥y + y cot x = sin2x. (ii) xd—y + 2y = x° log x.

dx ax
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Loodx 1 sin x
(i) —+—.y =cosx + , x>0.
dy x X
(iv) cos® x &y + COsS x = sin x.
dx

(v)  ydx + (x - ys)dy =0

(vi) ye'dx = (y3 + 2xey)dy

7. Solve each of the following differential equations :

(1) y—xd—y: 2[y2+d—j.
dx dx

(i) cosydx+ (1 + 26X sinydy=0.
(i) xy1- y2dy + y\N1 - x%dx = 0.

(iv) \/(1 - x2)(1 - y2) dy + xy dx = 0.

(V) (xy2+ x) dx+ (yx°*+ y) dy = 0; y(0) = 1.

vy ¥
ax
(vi) tan x tan y dx + sec® xsec? ydy =0

. 3 3 X
= ysin" xcos” x + xy e .

8. Solve the following differential equations :
(i) x®yadx—(x®+ )3 dy=0.

(ii) XZZ—y = X+ Xy + y2.
X

(ii) (x2 - yz)dx +2xy dy =0, y(1) =1.
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(iv) (y sin—dx = (x sini - y\ dy. (v) ay Y + tan [Xj
L yJ L y J ax X X
(vi) & 22xy > (vii) Y k2
ax X" +y ax
2
iy 2o 12Y
dx 1-x

() (axy + y2>dx + (xz + xy)dy =0

9. (i) Form the differential equation of the family of circles touching
y-axis at (0, 0).

(i) Form the differential equation of family of parabolas having vertex
at (0, 0) and axis along the (i) positive y-axis (ii) positive x-axis.

(i) Form differential equation of family of circles passing through
origin and whose centre lie on x-axis.

(iv) Form the differential equation of the family of circles in the first
quadrant and touching the coordinate axes.

: : . dy  x+2y
10. Show that the differential equation d_ =
X

is homogeneous and
X -2y

solve it.
11. Show that the differential equation :

(% + 2xy — y?) dx + (V% + 2xy — x°) dy = 0 is homogeneous and solve it.

12. Solve the following differential equations :

M ¥

— — 2y = cos 3x.
ax
(ii) sinxﬂ+ycosx = 2sin” x cos x if y[ﬁ) -1
dx 2

(i) 3" tany dx + (1- ") sec? ydy =0
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13. Solve the following differential equations :

() O+ )3 dx = (Fy + xP)dy.

(i) xdy — ydx = x° + yZdx.

(i) y{x cos G] + ysin [%j}dx

- x{ysin[%j —xcos[%j}dy - 0.

(iv) xPdy + y(x + y) dx = 0 given that y = 1 when x = 1.

y
(v) xex—y+xZ—y:0ify(e):0
X

(vi) (@ = 3xy?) dx = () — 3x°y)dy.
(vii) v _y + cosec (zj = 0 given that y = 0 when x =1
ax x X

16. Solve the following differential equations :

cos2 Xﬂ = tanx — y.

(i) dx

" d
(ii) xcosxd—§+ ¥ (xsinx + cos x) = 1.

(i) (1 + e7)dx L e [1 - %j dy = 0.

(iv) (y—-sin x) dx + tan x dy = 0, y(0) = O.
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LONG ANSWER TYPE QUESTIONS (6 MARKS EACH)

17. Solve the following differential equations :

(i) (xdy- ydx)ysin(%) = (yadx + xdy)xcos(%}

(i) 3etan y dx + (1 — &) sec?® y dy = 0 given that y = % when

x=1.

(iii) Z—i + ycotx = 2x + x? cot x given that y(0) = 0.

ANSWERS
1.() order = 1, degree = 1 (i) order = 2, degree = 1
(i) order = 4, degree = 1 (iv) order = 5, degree is not defined.
(v) order =2, degree =2 (vi) order = 2, degree = 2
(vii) order =3, degree =2 (viii) order = 1, degree is not defined
X6 XS X —Xx
2.()) y="—+"—-2loglxl+c¢c iy y=Ilog,le" +e |l+c
6 6
X4 Xe+1
iy y=>"+6"+ +cC. (iv) 5*+57¥=c
4 e+1

(V) 2(y—x) +sin2y+sin2x=c. (vi 2log|3x+ 1|+ 3log |1 -2y =c.

3.() esinx (i) e x

(log x)?

(i) e (ivy e 2
1

(v) ? (vi) sec x
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tan ' x
e

. c
y=sinx+—,x>0
X

Xy =—+¢c

cy = (x+2)(1-2y)

\/1—x2+\/1—y2 =cC
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(Vi)

2 2
X[QJ +xydy= dy

2 =Y
ax adx dx

2
y:X (4Iogex—1)+%
16 X

y=tan x — 1 + ce?tan x

x=— y2eV + cy?

(e +2)secy = ¢

J1-y% -1
J1-y? + 1

(x2 + 1)(y2 + 1) =2

1
—log
2

:\/1—x2—\/1—y2+c
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(vi)

(iii)

(iv)

1.

L

1 4 1 6 X X

logy = ——cos x + —Ccos X + xe© —e +¢C

6

3
_ 1 jLos 2 osox +(x-1)e* +¢
16 3
COoSs 2x
log |tan y| - =
—x3 -1y
— +logly| = ¢ (i) tan [—]=|og|x|+c
3y X
X 4+ )P = 2x
y = ceCOS(X/Y) [Hint : Put% = v]
NEAN , 2 2\
smK;)_cx (vi) c(x —y)_y
- X X3
-e”’ =9 +?+C (i) sin'y = sin ' x +c
xlog(xsy) y =cx
x2—y2+2xyd—y:0 (i) 2y:xd—y, y:2xd—y
ax ax ax
x2—y2+2xyd—y:0
ax

(x-yP(1+yf =(x+y)

2 2 1 X+ 2y
log|x™ + xy +y = 2J/3 tan [ ]+c
| | =

3
X

C
5 - _(x+y)
X" +y X
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_ 3sin 3x 3 2 cos 3x . C€2X iy v -= gsinz X + lcosecx

12.(i)
13 13 3 3

(i) tany = k(1 e")3

13.() -y = xlog{c(x - y)} (i) ox® = y+x% +y°
(i) xy cos [Zj _ ¢ (v) 38x°y =y +2x
X

(v) y = -xlog(loglxl), x = 0 (vi) c(x2 + y2) - X - )~

i) cos? = loglx| + 1

X

16. () y=tanx—1 +ce® X (i) , = 3NX COSX
X X
x
(i) x+ye’ =c (iv) 2y = sin x

17. () cxy = sec [%}

(i) (1-eStany=(1-e9°
i)y =%
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