CLASS - 12 MATHS NCERT SOLUTIONS

differential equation

Chapter

Exercise 9.1

1.

Ans:

Ans:

Ans:

Determine order and degree (if defined) of differential equation

dly .
—+sin(y™")=0.
dX4 (y )
- H d4y - my\ — .
Rewrite the equation F+sm(y )=0. as:
X

= y"+sin(y")=0
The highest order between the two terms is of y™ which is four.

The differential equation contains a trigonometric derivative term and is not
completely polynomial in its derivative, thus degree is not defined.

Determine order and degree (if defined) of differential equation y'+5y=0.
The given differential equation is y'+5y=0.
The highest order term is y', thus the order is one.

As the derivative is of completely polynomial nature is and highest power of
derivative is of y' which is one. Thus degree is one.

Determine order and degree (if defined) of differential equation

4 2
(%j +359 89,
dt dt
4 2
The given differential equation is (Ej +35d—§:0.
dt dt
2
The highest order term is % thus the order is two.

As the derivative is of completely polynomial nature is and highest power of

4
derivative term (%) which is four. Thus the degree is four.



4.

Determine order and degree (if defined) of differential equation

2
d—)zl cos(dyj =0.
dx dx

2 2
Ans: The given differential equation is (g—yj +cos(dyj-0.

Ans:

Ans:

Ans:

X2

dx

The highest order term is j y , thus the order is two.
x?

The differential equation contains a trigonometric derivative term and is not
completely polynomial in its derivative, thus degree is not defined.

Determine order and degree (if defined) of differential equation .
2

2
[%) -Cc0S3x+sin3x=0

2

2
The given differential equation is [j_gj -c053x+sin3x=0
X

2 2
(%} -c0s3x+sin3x=0 The highest order term is j y . thus the order is two.
X x?

As the derivative is of completely polynomial nature is and highest power of

2 2
derivative term which is two. Thus degree is two. (%}
X

Determine order and degree (if defined) of differential equation
(Y +(y") +(y") +y*=0.

The given differential equation is (y")" +(y")’ +(y')" +y®=0.

The highest order term is (y")”, thus the order is three.

The differential equation is of the polynomial form and the power of highest order
term y" is two, thus the degree is two.

Determine order and degree (if defined) of differential equation

y"'+2y"+y'=0.
The given differential equation is y"+2y"+y'=0.
The highest order derivative in the differential equation is y™. Thus its order is three.

The differential equation is polynomial with the highest order term y™ having a
degree one. Thus the degree is one.



8. Determine order and degree (if defined) of differential equationy* +y = ¢e*,
Ans:  The given differential equation is y' +y = ex.
=>y+y-ex=0
The highest order derivative present in the differential equation is y'.
Therefore,

its order is one.
The given differential equation is a polynomial equation in y'
and the highest power raised to y' is one. Hence, its degree is one.
Q. Determine order and degree (if defined) of differential equation
y+(y') +2y =0
Ans: The given differential equation is y'+(y')2 +2y=0.
The highest order derivative in the differential equation is y'. Thus its order is one.

The given equation is of polynomial form with the highest order term y" with highest
degree two. Thus the degree is two.

10. Determine order and degree (if defined) of differential equation
y"'+2y'+siny =0

Ans:  The given differential equation is y"+2y+siny=0.
The highest order derivative in the differential equation is y". Thus its order is two.

The given equation is of polynomial form with the highest order term y" with the
highest degree one. Thus the degree is one.

11. Find the degree of the differential equation
2,\° 2
d—% +(d—y) +sin(d—yj+1=0 :
dx dx dx

2.,\° 2
Ans: The given differential equation is d—)zl {d_yj +sin(d—yj+1=0.
X dx dx

The differential equation is not polynomial in its derivative because of the term

sm(jx) thus its order is not defined.

The correct answer is (D).

2
12, Find the order of the differential equation 2x? d—y-33—y+ y =0.
X X

Ans: The given differential equation is 2x° 3 Y. dy+y 0.

The highest order term of the equation is j y , thus the order is two.
x?

The correct answer is (A).



Exercise 9.2

1. Verify the function y=e*+1 is solution of differential equation y*'-y = 0.

Ans:  The given function is y=e* +1 .
Take its derivative:

@y _ i(ex + 1)

dx dx

=y'=e" ... (1)

Take the derivative of the above equation:
d, . d/

o V)= ()

=y"=e"

Using result from equation (1):
y'=y'=0

Thus, the given function is solution of differential equation y"-y'=0.

2. Verify the function y=x*+2x+C is solution of differential equation y'-2x-2 = 0.

Ans: The given function is y=x*+2x+C .
Take its derivative:

d—y:i(x2+2x+C)

dx dx
=y '=2X+2
=>y-2x-2=0

Thus, the given function is solution of differential equation y'-2x-2=0.

3. Verify the function y=cos x +C is solution of differential equation y'+sin x =0

Ans: The given function is y=cos x + C .
Take its derivative:

dy_ i(cosx +C)

dx dx

= y'=-sinx

= y'+sinx=0

Thus the given function is solution of differential equation y' +sin x = 0.



4, Verify the function y=+1+x? is solution of differential equation y'= 1?'2 :
X

Ans: The given function is y = v1+ x* .
Take its derivative:

Y2 ()

dx dx
1 d
"= x —(1+ x>
Y 24/1+ X2 dX( )
2

a 241+ X2
, 1

=V'=
Y V1+ X2

Multiply numerator and denominator by 1+x”:

__ 1 1+ X2
J14X2 14X
Substitute y = v1+x°

XY
f— =
Y S
Thus the given function is solution of differential equation y' :1 *y =
+ X

5. Verify the function y=Ax is solution of differential equation xy'=y(x=0)

Ans: The given functionis y = Ax .
Take its derivative:
= ()
dx dx
=Yy =A
Multiply by x on both side:
xXy'= AX
Substitute y = Ax:
=>Xy'=y
Thus the given function is solution of differential equation xy'= y(x # O).



6.

Ans:

Ans:

Verify the function y=xsinx is solution of differential

Xy'=y+xy/x*-y? (x = 0and x > yorx<-y) .
The given function is y = xsin x .

Take its derivative:

dy_d

» dx(xsmx)

S R
:>y—smxdx(x)+xdx(smx)

= y'=sINX+ XCOS X

Multiply by x on both side:
Xy'=X(sinXx+Xcosx)

Xy' = Xsin X + x*Cos X
Substitute y = xsin X :
= Xy'= Y+ X C0SX

Use sin x = Y and substitute cos x:
X

Xy'=Yy+X*v1-sin’x

2

Xy'=Yy+X? 1—(X]
X

= XY'= Y+ Xy —X°

equation

Thus the given function is solution of differential equation Xy' =y + X/y*-x* .

Verify the function xy=logy+ C is solution of differential equation

2

y
1) .
1-xy(Xy¢ )

The given function is xy=logy + C .
Take derivative on both side:

4 ()0

y':

el — |
dx(xy) dx( °9Y)

a dy _1dy
jydx(x)ﬂ(dx - y dx



=y +xyy'=y'
Shift the y' terms on one side and take it common.

= (xy-1)y'=-y*
atd 13 ;y
Thus the given function is solution of differential equation y' = 1Y>jy :
8. Verify the functiony-cosy =x is solution of differential equation

(ysiny +cosy +x)y'=1 .
Ans:  The given functionis y-cosy =x .
Take derivative on both side:

dy d _d
dx dx(cosy)— dx(X)
=y'+y'siny=1

= y'(l+siny)=1

=Y :1+siny

Multiply by (ysin y+cosy+ x) on both side:
(ysiny +cosy +x)

siny+cosy+Xx)y'=

(y 4 4 )y 1+siny

Substitute y =cusy + x in the numerator:
iny+

(ysiny+cosy+x)y':M
1+siny
iny+

(ysiny+cosy+x)y':y(sm—¥1)
1+siny

= (ysiny+cosy+x)y'=y
Thus the given function is solution of differential equation(ysiny + cosy +x)y' =y

9. Verify the function x+y=tan™'y is solution of differential equation
y'y'+y*+1=0.

Ans: The given function is x +y =tan™y .
Take derivative on both side:

d d _
&(x +Y) :&(tan 1y)

1+y'= L y'
1+y?




=Y 1+ly2 —1}:1
.'1—(1+y2)}_1

—
y 1+Yy?

|-y
=1
=Y 1+ yz}

=-yy'=l+y’

= yy'+y* +1=0

Thus the given function is solution of differential equation y*y'+y* +1=0.
10.  Verify the function y=va*-x*x(-a,a) is solution of differential equation

x+yd—y:0(y £0) .

dx
Ans: The given function is:

y = va’-x*xe(-aa).

Take derivative on both side:

Substitute y = va® - x?

ay _-X
dx vy

:>x+yd—y:0
dx

Thus the given function is solution of differential equation:



d
x+y%:0(y¢0).

11. Find the numbers of arbitrary constants in the general solution of a
differential equation of fourth order.

Ans:  The number of arbitrary constants in the general solution of a differential
equation is equal to its order. As the given differential equation is of fourth order,
thus it has four arbitrary constants in its solution.

The correct answer is (D).

12, Find the numbers of arbitrary constants in the particular solution of a
differential equation of third order.

Ans:  The particular solution of any differential equation does not have any arbitrary
constants. Thus it has zero constants in its solution.

The correct answer is (D).
Exercise 9.3
. i 1-
1. Find the general solution for dy _1-cosx :
dx 1+ cos X
. . . . 1- X
Ans:  The given differential equation is dy _1-cos :
dx 1+ cos X

Use trigonometric half —angle identities to simplify:

dy _1-cosx
dx 1+cosx
2sin? 2
W2
dX 92 X
2
:>d—y:tan2§
dx
:d—y:seczi—
dx 2

Separate the differentials and integrate:
Jdy = f(sec2 g —ljdx



:yzfseczgdx—ldx
:>y:2tan%—x+C

Thus the general solution of given differential equation is y = 2tan% -x+C.

2. Find the general solution for g—y:«/4 -y? (-2 <y< 2) :
X

Ans:  The given differential equation is g—y:~/4 - y? (-2 <y<2).
X
Simplify the expression:
d_y — /4 _ y2
dx
dy =dx
NEEaYS
Use standard integration:
- fox
4-y°
1y

=

=sinT==x+C

= % =sin(x +C)

= y=2sin(x+C)

Thus the general solution of given differential equation is y = 2 sin(x + C).

3. Find the general solution for j—y+ y=1(y=1).
X

Ans: The given differential equation is g—y+ y =1(y #1).
X

Simplify the expression:

Use standard integration:



Ans:

dy
fﬂﬂdx
= —log(1-y)=x+C
= log(1-y)=—(x+C)
—1-y=¢ %

y=1-Ae*(A=e°)

Thus the general solution of given differential equation is y=1- Ae™ .

Find the general solution for sec®xtany dx+sec’y tanxdy=0.
The given differential equation is:

sec’ X tan ydx +sec” ytan xdy = 0.

Divide both side by tan xtany :

sec’ xtan ydx +sec” ytanxdy 0
tanx tany

2 2
SeC’X ., Sy
tan x tany
Integrate both side:
sec’ X sec’
| dx + ] 22 Y
tan x tany

dy=0

dy=0

sec? sec?
P VY
tany tan x

aX . (1)

Use a substitution method for integration. Substitute tan X = u:

For integral on RHS:
=tanx=u

—sec’ xdx =du
2
sec” x du
= dx = —
tan x u
jsec2 X
tan x

dx =logu

X



Isec2 X

an x
Thus evaluating result form (1):

= log(tany)=—log(tanx)+log(C)

C
log(t = —
= log(tany) Og(tanxj

dx =log(tanx)

= tanxtany=C
Thus the general solution of given differential equation is tan x tany = C.

5. Find the general solution for (e*+e™)dy-(e*-e™)dx=0 .
Ans: The given differential equation is:

(e +e™)dy—(e* —e™)dx =0.

Simplify the expression:

dy:{eX —e:x }dx

e*+e
Integrate both side:
Idy:I{ex_e_x}dx ...... (1)

e“+e
Use a substitution method for integration. Substitute e*+e™=t :
For integral on RHS:
e +e " =t
= (e —e™)dx =dt

= | ex—e_x ax =73t s
e +e " | t

= eX—e_X dx=Int+C
e +e™ |

SJ S =S dx=log(e* +e™)+C
e e

Thus evaluating result form (1):



y=log(e* +e™)+C

Thus the general solution of given differential equation is y=|og(ex+e‘x)+C.

6. Find the general solution for d—y:(1+x2)(1+y2).
dx

Ans: The given differential equation is:
dy 2 2
—=(1+x")1+y°).

X
Simplify the expression:
dy 2
Try? _(1+x )dx
Integrate both side:
dy 2
J1+y2 :I(1+x )dx

Use standard integration:
tan'y = [dx + [ x?dx

3
:>tan1y:x+X?+C

. . . : e x°
Thus the general solution of given differential equation is tan™y=x+—+C.

7. Find the general solution for ylog y dx-xdy=0.
Ans: The given differential equation is:

ylog ydx —xdy =0.

Simplify the expression:

ylog ydx = xdy
L ox_ dy

x ylogy
Integrate both side:

d d
= (1)
ylogy X

Use substitution method for integration on LHS. Substitute log y=t:



= —dy=dt
y
j_dy _dt
ylogy t
=] dy =logt
ylogy
d
:I—yzlog(logy)
ylogy

Evaluating expression (1):

log(logy)=logx+logC

= log(logy) =log Cx

= logy =Cx

= y=e~

Thus the general solution of given differential equation is y=e“*.

8. Find the general solution for x5d—y=—y5.
dx

Ans: The given differential equation is:
dy s
x°—L =—y°,

dx y

Simplify the expression:
dy __dx

y5 X5
Integrate both side:
Y _ X

5 -5

y X
= Jy°dy =—[x°dx

—5+1 —5+1

Y - X .c
-5+1 -5+1




-4 4
:>y—4=—x—4+C

=x*+y*=-4C
=>x*+y*=A (A=-4C)
Thus the general solution of given differential equation is x*+y“=A.

Q. Find the general solution for g—y=sin'1x.
X
Ans:  The given differential equation is:
9y _ sin™' x.
dx
Simplify the expression:
dy =sin " xdx

Integrate both side:

[dy =[sin™ xdx

=y = [1xsin™xdx

Use product rule of integration:

[sin"txdx =sin*xJdx —I( ! fdxjdx

NEE

X

— [sintxdx = xsintx — | dx
1-x?

Substitute 1-x>=t>

1—x%=t?

= —2Xdx = 2tdt

= —xdx = tdt

Evaluating the integral:

2X% + X A Bx+C
2 - T2

(x+1)(x +1) X+1 x°+1

o

= [sintxdx = xsintx + |

\/?



= [sin"txdx = xsin*x+t+C
— [sin"txdx = xsin*x ++1-x? +C
=y=xsin"'x++y1-x*+C

Thus the general solution of given differential equation is y = xsin*x++/1-x*+C

10.  Find the general solution for e*tanydx + (1-¢*)sec’ydy = 0.
Ans:  The given differential equation is:

e* tanydx +(1- e )sec’ ydy =0.

Simplify the expression:

(1-e")sec ydy = —e” tan ydx

sec’y X
dy =— dx
tany Y (1-e")
Integrate both side:
2 X
Isec ydy:—,’.e—xdx ...... (1)
tany (1-e*)
Substitute tan y=u
tany=u
= sec’y=du
Evaluating the LHS integral of (1):
2
N Isec y dy =] du
tany u
2
125 Y gy — logu
tany
2
[ Y gy~ log (tany)
tany
Substitute 1-e*=v
l-e*=v

= —e*dX =dv



Evaluating the RHS integral of (1):
—-]— dx= I
(1—e)

X

= —|—dx=logv

(1—6)
= —[— _dx=log(1—e"
(1 T (1-¢)
Therefore the integral (1) will be:
log(tany) =log(1-€")+logC
= log(tany) =logC(1-¢*)
= tany=C(1-¢)

Thus the general solution of given differential equation is tany:C(l-eX)

11.  Find the particular solution of (X‘°’+x2+x+1)3—y
X

the given condition.

=2x+x; y=1,x=0 to satisfy

Ans:  The given differential equation is:

(x3+x2+x+l)d—y:2x2+x; y=1x=0.

dx

Simplify the expression:
dy  2x°+x
dx (x3+x2+x+1)

dy 2X° + X
—

dx (x3+x+x2 +1)

dy 22X +X

dx (x +1)(x2 +1)

2

=dy= 2X°+X dx

(x +1)(X2 +1)



Integrate both side:
2X° + X
Ty =] 2
(x +1)(x +1)
Use partial fraction method to simplify the RHS:
2x°+x A  Bx+C
(x+1)(x*+1) x+1 x*+1
= 2X% + X =A(x2 +1)+(Bx +C)(x+1)
= 2x*+x=(A+B)x*+(B+C)x+(A+C)
By comparing coefficients:
A+B=2
B+C=1
A+C=0
Solving this we get:

1) (3, (.1
2x+x |2 L2 2
(x+1)(x2+1) X+1 x% +1
2X% + X 1( 1 3x—1j
= = — +
(x+1)(x2+1) 2\x+1 x®+1
Rewriting the integral(1):
11 31
y—2 x+1 x? +1

=—f dx 13x1
2x+1 2x+1

dx ...... (1)

dx

== 1
=Y 209(X+) 2" x? +1

dx—ltan‘lx

1 3; 2x
—=vyv==log(x+1)+—
y 2 9 ) 4Ix2+1

:y:%Iog(x +1)+%Iog(x2 +1)—%tan‘1x+c

For y=1 when x=0.



1:%Iog(0+1)+%Iog(0+1)—%tan‘10+c

=C=1
Thus the required particular solution is :

:>y=%|og(x +1)+%Iog(x2 +1)—%tan‘1x +1

12.  Find the particular solution of x(xz—l)g—yzl; y=0 when x=2 to satisfy the
X

given condition.

Ans:  The given differential equation is:
x(xz—l)d—yzl; y=0 when x=2

dx
Simplify the expression:
d
x(x2 —1)% =1
dx
s dy = dx

- x(x-1)(x+1)
Integrate both side:
dx
dy =
Iy =) D
Use partial fraction method to simplify the RHS:
1 A B C

x(x-D(x+1) x  x-1 x+1
:>1:A(x2 —1)+ Bx(x+1)+Cx(x —1)
=1=(A+B+C)x*+(B-C)x-A

By comparing coefficients:
A+B+C=0

B-C=0

-A=1




Solving this we get:

NENORG
x(x-1)(x+1) x x-1 x+1

1 1 1( 1 1
x(x—_D)(x+1)  x 2 x——1+x—+1j

Rewriting the integral(l):

Y= j( X 2 x—1 x+1DdX

Z>Y=—f—dx+—f—dx+—f—dx

X 2 x-1 X+1
:>y:—logx+%Iog(x—1)+Elog(x+1)+IogC
:>y:—glogx+%Iog(x—1)+%log(x +1)+§IogC

= y:%(—logx2 +log(x—1)+log(x +1)+ Iong)

Thus the required particular solution is :



13.

AnNs:

14.

"2

Find the particular solution of cos(d—y

the given condition. dx

The given differential equation is:

cos(j—zj:a(aeR); y=1when x=0

Simplify the expression:

cos(d—yj =a
dx
= dy _ cosa

dx
= dy = cos " adx
Integrate both side:
[dy =Jcos™adx
— y=cos*a]dx
= y=Xxcosa+C
For y=1 when x=0.
1=0cos*a+C
=C=1
Thus the required particular solution is :
y=Xxcos ‘a+1.

-1 _
Y _costa
X

= COS(y—_l) =d.
X

j:a (aeR); y=1 when x=0 to satisfy

Find the particular solution of 3—:ytanx; y=1 when x=0 to satisfy the

X



given condition.

Ans: The given differential equation is:
d—y:ytanx; y=1when x=0

dx

Simplify the expression:

dy

— =ytanx

dx Y

= dy = tan xdx

y

Integrate both side:

Id—y:Itanxdx
y

= logy =log(secx)+logC
= logy =log(Csecx)

= y=Csecx

For y=1 when x=0.

1=CsecO

=C=1

Thus the required particular solution is :
Yy =Secx.

15. Find the equation of a curve passing through the point (0, 0) and whose
differential equation is y'=e’sin x.
Ans: The given differential equation is:
y'=e*sinx
The curve passes through (0,0).
Simplify the expression:
dy .
— —=—=e*sinx
dx
= dy =e*sin xdx
Integrate both side:
[dy =[e*sinxdx



Use product rules for integration of RHS. Let:

| = Je*sinxdx

= | =sinxe*dx — (cosxe*dx ) dx

= | =e*sinx —Je* cos xdx

= :exsinx—(cosxfexdx+I(sinxjexdx)dx)

= | =e*sinX — e* cos X —I(exsin x)dx

= l=e"sinx—e*cosx —1|
X

=1 =%(sinx—cosx)

Thus integral will be:

y=%(sinx—cosx)+C
Thus as the curve passes through (0,0)

0

0 :%(sinO—cosO)+C

=0= %(0 -1)+C

1

2

Thus the equation of the curve will be:

=C=

X

y:e—(sinx—cosx)+l
2 2

X

:y:%(sinx—cosx +1)

16.  For the differential equation xyd—y:(x+2)(y+2) find the solution curve
passing through the point (1,-1).
Ans:  The given differential equation is:

d
xyﬁ =(x+2)(y+2)



17:

The curve passes through (1,-1).
Simplify the expression:

y+2 X

:Ll—iny:de

y+2 X
Integrate both side:

I(l—ijdy:fwdx
y+2 X

— Jdy—2]—2 dy=1Xdx +[2dx
y+2 X X

=y-2log(y+2)=x+2logx+C

= y-x=2log(y+2)+2logx+C

==y-x=2log[x(y+2)]+C

:y—x:log[xz(y+2)2}+c

Thus as the curve passes through (1,-1)
= -1-1=log| (1)’ (-1+2)’|+C
—-2=10g1+C

=C=-2

Thus the equation of the curve will be:
y—x:log[xz(y+2)1—2

:>y—x+2:Iog(x2(y+2)2)

Find the equation of a curve passing through the point (0,-2) given



that at any point (xyy) on the curve, the product of the slope of its tangent and
y -coordinate of the point is equal to the x -coordinate of the point.
Ans:  According to question, the equation is given by:

dy
—Z =X
ydx

The curve passes through (0,-2).
Simplify the expression:

= ydy = xdx

Integrate both side:

[ydy = [ xdx

2 2

=Y % ,c

2 2
=y —x*=2C
Thus as the curve passes through (0,-2)
=(-2) -0*=2C
—=4=2C
—=C=2
Thus the equation of the curve will be:
y?—x*=2(2)

=y -x’=4 .

18. At any point (x,y) of a curve, the slope of the tangent is twice the slope of
the line segment joining the point of contact to the point(-4,-3) . Find the
equation of the curve given that it passes through (-2,1).

Ans: Let the point of contact of the tangent be (x,y) .Then the slope of the segment
joining point of contact and (-4,-3):

+3

According to question the for the slope of tangent j—y it follows:
X



d—y=2m
dx

Ly 2(y_+3)

dx X+4
Simplify the expression:
dy _ z(y_+3j
dx X+4

dy 2
y+3 x+4
Integrate both side:
ay =] 2 dx
y+3 X+4
= log(y+3)=2log(x+4)+logC

dx

= log(y+3)= Iog(x+4)2 +logC

= log(y+3)= IogC(x+4)2
:>y+3:C(x+4)2

Thus as the curve passes through (-2,1)

1+3=C(-2+4)

—=4=4C

=C=1

Thus the equation of the curve will be:

y+3:(x+4)2 :

19. The volume of spherical balloons being inflated changes at a co nstant rate.
If initially its radius is 3 units and after 3 seconds itis 6 units. Find the radius
of balloon after t seconds.
Ans:  Let the volume of spherical balloon be V and its radius r. Let the rate of
change of volume be K.
v _k
dt



4 d
:>§n(3r2)d—:: k

= 47tl‘zﬂ =k
dt

= Aqrédr = kdt

Integrate both side:
[4nr®dr = [ kdt

= 4x|r’dr=kt+C

:gnr3 =kt+C

At initial time, t=0 and r=3:
%:33 —Kk(0)+C

=C=36mn

At t=3 the radius r=6:
4
§n(63)=k(3)+367c

— 3k =2881— 367
= k=84n
Thus the radius-time relation can be given by:

%nr3 =84nt + 367

=1’ =63t+27

=r=(63t+ 27);

The radius of balloon after t seconds is given by: r = (63t + 27)§ .

In a bank, principal increases continuously at the rate of r % per
year. Find the value of r if Rs. 100 doubles itself in 10 years (log,2=0.6931).



Ans:

Let the principal be p, according to question:

dp_(_r
dt _(mojp

Simplify the expression:

d_P:(Ljdt
p 100

Integrate both side:

f%pﬁ(ﬁjdt

:>Iogp—r—t+c
100

n
—tC

= p — elOO
r7t
= p=Ae® (A=¢)
At t=0, p=100:
1(0)
100 = Ael®
= A =100
Thus the principle and rate of interest relation:

rt

p =100e1%
At t=10, p=2x100=200:

r(10)

200 =100e 100

T

=2=¢l

Take logarithm on both side:
Iog[emj =log(2)

— ' -0.6931
10

=r=6.931
Thus the rate of interest r=6.931%.



21. In a bank, principal increases continuously at the rate of 5% per year. An
amount of Rs 1000 is deposited with this bank, how much will it worth after 10

years (e’°=1.648).
Ans: Let the principal be p, according to question principle increases at the rate of
5% per year.

dp_( 5
dt _(mojp

Simplify the expression:

dp_p

dt 20

:%:idt
p 20

Integrate both side:

dp 1
— =] —dt
Ip Izo

:>Iogp:2io+C

L+C
= p=e®

il
= p=Ae® (A=e°)
At t=0, p=1000:

0

1000 = Ae®
— A=1000

Thus the relation of principal and time relation:
t

— p=1000e2°
At t=10:

10

p =1000e2°



= p =1000e*°
— p=1000x1.648
— p=1648

Thus after 10 this year the amount will become Rs. 1648.

22. In a culture, the bacteria count is 100000 . The number is increased by 10%
in 2 hours. In how many hours will the count reach 200000, if the rate of
growth of bacteria is proportional to the number present?

Ans:  Let the number of bacteria be y at time t. According to question:

dy
at Y

dy
2L —c
a

Here ¢ is constant.
Simplify the expression:

dy = cdt
y
Integrate both side:

1Y fedt

y
=logy=ct+D
— y:ect+D

=y=Ae" (A=e®)
At t=0, y=100000:

100000 = Ae*?
— A =100000

At t=2, y= %(100000) 110000

y =100000e*"

— 110000 =100000e?

e 11

—e*="=
10



= 2c=log (Ej
10

1 11
c==log| = | ...... 1
= o= g[m) 1)

For y=200000:
200000 =100000e”
—e% =2
=ct=log2

_log?2
C

=t

Back substituting using expression (1):
log2

2 10
2log 2

log (11)
10

Thus time required for bacteria to reach 200000 is t=

t=

=t=

23. Find the general solution of the differential equation g—y:e”y.
X

g

Ans:  The given differential equation is r
X

. Simplify the expression:



ay _ e*e’

dx

= @y _ e*dx
ey

= eYdy =e*dx

Integrate both side:

[eYdy = [e*dx

=-e'=e"+D

—e"+e”’=-D

—e*+e”’=C(C=-D)

Thus the general solution of given differential equation is e*+e”=C

Exercise 9.4

1. Show that, differential equation (x2+xy)dy=(x2+y2)dx is homogenous and

solves it.
Ans:  Rewrite the equation in standard form:

dy  x*+y°
dx  X°+Xy
Checking for homogeneity:

X? +y°
Fxy)= X2+ Xy

(%) +(ny)’
(kx)2 +(Ax)(ry)
7»2(x2 + yz)
7»2(x2 + xy)

= F(AX,Ay) =
= F(Ax,Ay)=

x> +y°
X? 4+ Xy

= F(Ax,Ay)=

= F(X,y)=F(Ax,Ay)
Thus it is an homogenous equation.
Let y =vx:
d(vx) x° +(vx)2
dx X2+ x(vx)




dx _dv X (l+ v2)
SV—tX—=—n L
dx ~ dx X (1+V)

dv 1+V?
=S V+X—=

dx 1+v
dv_1+V°
ax  1+v
dv_ 1+vi-v-V?
dx l+v
de 1-v

dx 1+v
Separate the differentials:
1+v dx
——dv
1-v X
Integrate both side:

I1+Vd —f

:f#dv:logx—logk

v:—logﬁ—Zlog(l—v)

=log [Lz]
x(1-v)

Back substitute v= y



2 _y
= (x—y) =kxe

'
X <

The solution of the given differential equation (x-y)2 =kxe

2. Show that, differential equation y':X+7y Is homogenous and solves it.
Ans:  Rewrite the equation in standard form:
dy _x+y
dx X
Checking for homogeneity:
X+Yy
F(X,y)=
(xy)==—
Ax+ Ly
F(AX,AY)=
= F(Axy)=—=
A(x+Y)
= F(AX,Ay) =
=50
= F(hx,ny) =Y

X
= F(x,y)=F(2x,2y)
Thus it is an homogenous equation.

Let y=vx:
d(vx) x+(vx)
dx X
dx _dv_x(1+v)
=>V—+X—=

dx dx X



dv
=>V+X—=1+V
dx

:>xd—V:1
dx

Separate the differentials:

dv = &
X
Integrate both side:

fov=] &

= Jdv=logx +logk
= Vv =log kx

_Y.
X

Back substitute v

:>X:Iogkx
X

=y =xlogkx
The solution of the given differential equation y=x log kx

3: Show that, differential equation (x-y)dy-(x+y)dx=0 is homogenous and
solves it.
Ans:  Rewrite the equation in standard form:
dy _X+y
dx x-y
Checking for homogeneity:
X+Yy
F(X,y)=——=
(x¥)=3=y
= F(AX,Ay)= AX+ 0y
AX — Ay
A(x+Y)

M(x-y)

= F(AXx,Ay) =



X+Yy
X-y
= F(x,y)=F(Ax,Ly)
Thus it is an homogenous equation.
Let y=vx:
d(vx) x+(vx)

dx  X-—Vx

dx _dv x(1+v)

S V— 4 X—=
dx dx x(1-v)

= F(AX,Ay) =

dv 1+v
SV+HX—=——
dx 1-v
dv _1+v
dx 1-v
dv _1+v-v+V*
dx 1-v
dv _1+v°
dx 1-v
Separate the differentials:
1_\/2dv:d—x
1+v X

Integrate both side:

1
1+v

\Y;
dv — dv=Ilogx+C
2 I1+v2 J

2V

=]

:tan‘lv—lf

dv=logx+C
2 1+V°



:tan‘lv—%log(uvz): logx +C
-1 1 2
— tan v:Iogx+EIog(1+v )+C
:>tan*1v:llogx2 +1Iog(l+v2)+C
2 2

— tanlv:%log[x2(1+ vz)]+C

Back substitute v=§:
y 1 y?
=tan" L ==log| x*| 1+ ||+C
X 2 X2

1
—tanY = Z1og(x? +v2)+C
~=5100(x* +y?)

The solution of the given differential equation tan'lxzélog(x2+y2)+c.
4, Show that, differential equation (xz-yz)dx+2xy dy=0 is homogenous and
solves it.

Ans:  Rewrite the equation in standard form:

dy _ x*-y*

dx 2Xy

Checking for homogeneity:

X2 — yz
F , ——
(X y) 2Xxy
2 2

= F(Ax,Ay) = ) =(3y)
2(Ax)(ny)
2,2 2\,2

— F(}\'X’}\‘y) = _M

202Xy



= F(Ax,Ly)=— Xz;;/

= F(x,y)=F(Ax,Ay)

Thus it is an homogenous equation.

Let y =vx:
d(vx)  x* —(vx)2
dx 2x(vx)

dx  _dv xz(v2 —1)
dx T dx  x*(2v)

dv v?-1
S V+X—=

dx 2V
dv vl
dx 2V
dv _vi-1-2v°
dx 2V
dv_ 1+V°
dx 2V

Separate the differentials:

2V ax
~dv=——
1+v X

Integrate both side:

| 2V2dv:— dx
1+v X



—logx+C

= log(1+v?)
= Iog(1+v2)+ logx =C
= Iog[x(l+ vz)] =C

Back substitute V:X :

X

e

2 2
:{X Y j:kk:ec

X
= X +y* =kx

The solution of the given differential equation x*+y*=kx .

5. Show that, differential equation ng—y:x2-2y2+xy is homogenous and solves
it. X
Ans:  Rewrite the equation in standard form:

dy _x*-2y*+xy
dx x?

Checking for homogeneity:

X? - 2y% + Xy

F(X’y): 2

APx? - 20%y% + (Ax)(Ry)
A2

= F(AX,Ay) =

A (X% -2y% +xy
= F(Ax,Ay) = (kz(xz) )

X? - 2y% + Xy
2

= F(Ax,Ay)= .



Back substitute V=X 'S

X
1+ \/E(y)
= 1 log X =logx+C
el
X
1 X+ \/Ey‘
= 2\/Elog x—ﬁy‘ =logx+C
The solution of the given differential equation L log ‘x+\/§y‘ =logx+C
22 2]

6. Show that, differential equation xdy-ydx=+/x*+y*dx is homogenous and
solves it.
Ans:  Rewrite the equation in standard form:

xdy = /X% + y?dx + ydx
:d_y_\/x2+y2 +y
X X

d

Checking for homogeneity:
X2 +y° +
F(x,y)= xy Y

22 24,2
:F(kx,ky):‘/kx + Ay + Ay

AX

kz(x2 +y2) +Ay

= F(Ax,Ay) = -~




%(\/ﬁyz +y)

M%)

2 2
= F(AX,y) VX +xy Y

= F(AXx,Ay)=

= F(x,y)=F(Ax,1y)

Thus it is an homogenous equation.
Let y = vx:

dx
= x:—v =1+ V?
X
Separate the differentials:

1 dv=d—x

V1+V? X

Integrate both side:
Jom—dv=] &

V1+V X
= Iog‘v + 14V

=logx+logC

Back substitute v=1 'S

X
2
:>|09X+1/1+y_2 =logCx
X X




= log =log Cx

Y+ 1+ X3
X

y++/1+ x> =Cx?

The solution of the given differential equation y++/1+x*=Cx?.

7. Show that, differential equation
{xcos(xj +ysin(xj}ydx= {ysin(xj-xcos(xj}xdy Is homogenous and solves
X X X X
it.

Ans: Rewrite the equation in standard form:

e e T

dy ) {x cos@:j +ysin (zj}y
{ysin(){j - xcos@:)}x
Checking for homogeneity:
{x cos(){j + ysin (ij}y
F(x,y)=
’ {ysin@:j - xcos@:j}x
i {kx cos@ij +ysin @O}ky

= F(AXx,Ay)= y y
{kysin( j—xx cos(j}kx
AX AX




= F(hx,hy) = {XCOS@:} ysm(xj}y
el
L F(xhy) = {Xcos(ij +ysin xj}y
bl

= F(x,y)=F(Ax,Ay)
Thus it is an homogenous equation.

Let y=vx:

xcos( +vxsm % VX
d(vx) B X x

dx ) vx
VXSsin -X cos X

dx dv X {cosv+vsmv v
=S V— + X— =
dx  dx {vsmv cosv}

dv  vcosv+visinv
=S V+X—= _
dx VSinV -Ccosv

dv VCOSV + V2 smv
dx VSinvV -CcosvVv

dv _ vcosv+visinv—v?sinv+vcosv
dx vsinv-cosv

dv_ 2vcosv
dx vsinv-cosv

Separate the differentials:



VSINV —CoSV dx
dv=2—
VCOSV X

Integrate both side:

vain V —COoSV
VCOSV
vsinv CcosVv
[ dv—]
VCOSV VCOSV

dv=2fd—x
X

dv:ZId—X
X
:Itanvdv—]%dv:ZIog|x|+ logC

= log|secv|—log|v| = IogC|x|2

secy = log C|x|2

= log v =

—secv = Cvx?®

Back substitute v=2:s
X

—secy = C(ijz

X X
= cos? = L3 k= 1

X Xy C
The solution of the given differential equation cosX=£.

X Xy
8. Show that, differential equation xj—y-y+xsin(szo IS homogenous and
X X

solves it.

Ans:  Rewrite the equation in standard form:

xd—y-y+xsin(zj:0
dx X



_xsinl Y
dy_y xsm(xj

dx X
Checking for homogeneity:

)= y—xsin@:j

X
Ay —AXsin (Xy]
AX

AX

= F(Ax,y) = x(y—xsin@:n

AX

y— xsin(yj
= F(1xhy)=—— X

= F(x,y)=F(Ax,Ly)

= F(Ax,Ay) =

Thus it is an homogenous equation.

Let y = vx:
. [ VX
d(VX) ) vx—xsm(xj
dx X

dx _dv _x(v-sinv)
>V—4+X—=———~
dx  dx X
dv .

= V+X—=V-Sinv
dx
dv .
= X—=-8InV
dx
Separate the differentials:
1 dx



Integrate both side:

[cosecvdv = —] d7X

= log|cosecv —cotv|=—logx +logC

C
= log|cosecv — cot v|=log =
X

C
= COSecv —cotv =—
X

1 cosv_C

sinv sinv X

C .
=1-cosv=—sIinv
X

_Y.
X

:>1—cos¥ :Esinz

X X X

= x(l— cosxj = Csin(xj
X X

The solution of the given differential equation x(l-cosxj :Csinizj.

Back substitute v

X X

Q. Show that, differential equation ydx+x|og(xjdy-2xdy:0 iIs homogenous and

solves it. X

Ans:  Rewrite the equation in standard form:

ydx = 2xdy — x log (X] dy
X



dy y

dx 2x —xlog (y)
X

Checking for homogeneity:

F(X’Y) ] 2X — x:/og(yj

= F(AX,Ay)= Ly
20X — AX Iog(

<E

J
)

= F(Ax,Ay) = ry

x(2x—xlog(

= F(Ax,Ay) = Y
2X — X Iog(zj

= F(x,y)=F(Ax,1y)

Thus it is an homogenous equation.
Let y=vx:

d(vx) VX

dx 2x —xlog (VXJ
X

Sy ad
dx dx x(2-log(v))

dv Vv
=S V+X—=

dx 2-log(v)

dv %
=>X—=
dx 2-logv

X <

dv _v-2v+vlogv
dx 2—logv




dv _vlogv-v
dx 2-logv
Separate the differentials:

2—logv dv:d—x
viogv-v X

Integrate both side:

IZ—Iogv dv=Id—X
viogv-v X
wdv:logxﬂogc
v(logv—v)
=[—— _dv+ ﬂdvﬂogxﬂogc
v(logv-1) v(logv-1)
:I;dv—fldv:long ...... (1)
v(logv-1) \Y
Solving :
1
—————dv
v(logv—1)

Substitute log v-1=t:

logv-1=t
1
= —dv=dt
Vv
Thus the integral will be:
:>f;dv: at
v(logv-1) t
| ! dv =logt



1
——————dv=log(logv-1
:>Iv(logv—l) 9(logv-1)
Using above result for solving (1):
= log(logv-1)—-logv =log Cx

logv-1

= log =log Cx

logv-1
v

=

Cx

Back substitute v:X :
X
log Y 1
=

=Cx

X < %

:Iogx—1=Cx(zj
X X

—logZ-1=Cy
X

The solution of the given differential equation Iog1-1:Cy.
X

10.

Show that, differential equation [1+ey]dx+ey Ll-fjdyzo IS homogenous
and solves it. y

Ans:  Rewrite the equation in standard form:

(1+ eyjdx =—e’ (1—§de
y



= F(x,y)=F(Ax,Ay)

Thus it is an homogenous equation.

Let x =vy:
e“v’(l_vyj
d(vy) _ y
dy 4



d e'(1-v)
SV+y—=—
dy 1+e’
dv _ e'(1-v)
ydy 1+e"
d_v: —e'+ve' —v—-ve'
dy 1+e"
dv —(eV+v)
>y—=—"
dy  1+e"

Separate the differentials:

1+e dv:—d—y
e’ +v y

v

Integrate both side:

J‘lv-l-e dV:_J'd_y
e +Vv

e’ +1
15
e’ +v

dv=-logy+logC  ...... (1)

Solving the LHS integral. Substitute e’ +v=t:
e’ +v=t

= (" +1)dv =t

Solving the expression (1):

:Ildt: IogE
t y



= log(t)= Iog%

:>Iog(e“+v):log%

v C
=e'+v=—
y
Back substitute v=2
y
, X _C
=>el+—=—
y 'y

X

— ye¥ +x=C

X

The solution of the given differential equation yeg +x=C.

11:  For the differential equation (x+y)dy+(x-y)dx=0.Find the particular
solution for the condition y=1 when x=1.

Ans:  Given differential equation is:

(x+y)dy+(x-y)dx=0

dx  X+y

Sy x-y

Checking for homogeneity:

X-y
F(x,y)=—Xer
AX —AY

= F(AX,Ay)=— Xy

Mx-y)

= F(Ax,Ay) :_k(x+ )




= F(xx,xy):—):i’/

= F(x,y)=F(Ax,Ay)

Thus it is an homogenous equation.

Let y = vx:
d(vx) :_x—(vx)
dx X +(vx)

dx v+1
dv_ 1+V°
dx v+l

Separate the differentials:

v+1 ax
> dv=——
1+v X

Integrate both side:

J'V+1dv__ d_X
1+ v? X
Y, 1
= [——dv+]/——dv=-logx +k

1+v 1+v



:%Iog(1+v2)+tan‘lv+logx:k

:%IOQ[X(].'F vz)]+tan‘1v: k

Back substitute V:XZ

X

2
:>llog x[1+y—zﬂ+tanlxz K
2 X X

M2 2
:>1I0g =y }tan‘lxzk
2 X X

Now y=1 and x=1:

2 2
:>£Iog L antiok
2 1 1

kzllog2+E
2 4

The required particular solution:

2 2

:>£Iog Xy +tan‘1¥:1I092+E
2 X X 2 4

12. For the differential equation xzdy+(xy+y2)dx:0.Find the particular

solution for the condition y=1 when x=1.
Ans:  Given differential equation is:

xzdy+(xy+ yz)dx =0

2
jd_y:_xyty
dx X



Checking for homogeneity:

2
F(x,y):—xy+y

2

X
2y,2
= F(x, hy) = - OX0Y) 2y
AX
A (Xy +y?
= F(kx,ky)z——(kzx2 )

2

= F(Ax,hy)=— Xy;y

= F(x,y)=F(Ax,Ly)

Thus it is an homogenous equation.

Let y=vx:
d(vx) __x(vx)+(vx)2
dx x?

dx dv  vx®+Vvx?
SV—+X—=m——————
dx dx X

xz(v+v2)

v
S V+X—=— .

dx X

dv )
S V+X—=-V-V

dx
= x_ 2oy
dx
Separate the differentials:
> 1 dv= _&x
vV +2V X
Integrate both side:




1 ax
dv=—-]—
jv2+2v
1.v+2-v
= dv=—-logx +logC
:>21v(v+2) g g
1, v+2 1 Vv
g dv-—= dv=—-logx+logC
2Iv(v+2) Zjv(v+2) g g

N P LY
2V

dv=—-logx +logC
2 V+2 g g

1 1 C
= —logv—-=log(v+2)=log—
2 J 2 g( ) gx

1 \Y}
= =log——
2 V+2

5

V+2 X2

C
=log—
X

\Y

V2

Back substitute vzl X

X

X 2
x _C

T2
+2 X

=

y

X
X2y — CZ
Y + 2X

=

Now y=1 and x=1:

—

r'@ _

1+2(1)

2



1

=C’==
3
The required particular solution:
x?y 1
Y+ 2X 3

= Yy +2X =3x%y

13: For the differential equation {xsinz(ij-y}dﬁxdy:O.Find the particular
y

solution for the condition yz% when x=1.

Ans:  Given differential equation is:

oo
o b

dx X
Checking for homogeneity:

"l

=

F(x,y)=- "
%xsinz[gj—ky
F(Ax,Ay)=—
= F(AX,Ay) -
?{xsinz(){j—yj
F(AX,Ay)=—
= F(Ax,Ly) .
xsin{yj—y
= F(AX,Ay)=— X

X



= F(x,y)=F(Ax,Ay)

Thus it is an homogenous equation.
Let y=vx:

d(vx) __xsinz(\;xj—vx

dx X
dx _dv —xsin®(v)+vx
S>V— 4+ X—=
dx dx X

dv . 5
= V+X—=-SIN“V+V
dx

dv .,
= X—=-8InVv
dx
Separate the differentials:
dx

cosec’vdv = ——
X

Integrate both side:

[cosec?vdv = —] ax
X

= —cotv=—logx—logC
= cotv =logCx

Back substitute v=1:

X

—cot? = log Cx
X
T

Now y:Z and x=1:

n

4 _
cot L= logC(1)
= IogC:cot%

=logC=1



=C=e
The required particular solution:

—cot = log|ex|
X

14, For the differential equation g—y-x+cosec(x):\0 .)Find the particular
X X X

solution for the condition y=0 when x=1.
Ans: Given differential equation is:

d_y Y + cosec(x) =0
dx X X

:d_y:x-cosec(Xj
dx X X

Checking for homogeneity:

F(x,y)=¥—cosec(%)

= F(Ax,Ay) = o8 cosec(ﬂj
AX AX

= F(Ax,Ly) :¥-cosec(¥)

= F(x,y)=F(Ax,Ay)

Thus it is an homogenous equation.

Let y =vx:
d(vx) =V - cosec(V)
dx

ax dv
= V— +X—=V-cosec(V)
dx dx



dv
=S V+X—=V- cosec(v)
dx

dv
= X— =—C0sec(V)
dx
Separate the differentials:

) ax
sinvdv =——
X

Integrate both side:
[sinvdv =— ax
X

= —cosV =—log|x|-logC
cosv = log|Cx|

Back substitute v= Y :

X
= cos% =log|Cx|

Now y=0 and x=1:

= cos% =log|C]]

=logC=1
—=C=e
The required particular solution:

— cos? = log|ex|.
X

15: For the differential equation 2xy+y?-2x° g—y:O. Find the particular solution
X

for the condition y=2 when x=1.

Ans:  Given differential equation is:

2xy+y2-2ng—y:0
X



2
- dy 2xy+y
dx 2%°
Checking for homogeneity:

2Xy + y?
F(X’y) = 2X2
2(Ax)(hy)+22y?

= F(AX,Ay)= o

_2xy+y’
2x°

= F(x,y)=F(Ax,Ay)

= F(Ax,Ly)

Thus it is an homogenous equation.

Let y = vx:

d(vx) _ 2x(vx)+(vx)2
dx 2X°

dx dv 2v+V?
SV— 4 X—=
dx dx 2

V2

dv
S>V+X—=V+—
dx 2

dv V2
X— = —
dx 2

Separate the differentials:

%_1%
vi o 2\ x

Integrate both side:



\Y; X
—2+1
= =log|x|+C
2+1
—==log|x|+C
Back substitute v=1:
X

:—Z—X:Iog\x\+c
y
Now y=2 and x=1:

:_@: log[t|+C

=C=-1

The required particular solution:
X log|x|-1.

y
2X

- 0,
1-log|x| (x#0e)

=Yy

16.  What substitution should be used for solving homogeneous differential

equation ax =h (ij :
dy \y

Ans:  The required substitution will be:

—=v
y

= X=Vy

The correct answer is (C).



17. Which of the following equation is homogeneous:
A. (4x+6y+5)dy-(3y+2x+4)dx=0
B. (xy)dx—(x3+y3)dy=0
C. (x*+2y*)dx+2xydy=0
D. yzdx+(x2—xy—y2)dy=0
Ans:  For option (A):
F(x,y)= 3y +2x+4
4X + 6y +5

3y +20x+4
4)X + 6Ly +5

F(Ax,Ay)

F(Ax,Ay)#=F(X,y)

For option (B):

Xy
F(X’y) = N y3

__ () (ny)
F(Ax,Ay) = (kx)3 +(ky)3

F(AX,Ay) = 7»(:((1 ]

F(Ax,Ay) = F(X,y)

For option (C):

x® +2y°
FOay) == 2Xy




A3+ 20%y?

F(Ox,hy)=—

(Wx.4y) 2(0x)(2)
3 2

F(ox,ay)=— X2y 2;y2y

F(AX,Ay) = F(X,Y)

For option (D):

2

y
ey
}\‘ZyZ
F(AX,Ly)=—
2
F(AX,Ay) = TV >)</y— v

F(Ax,Ay)=F(x,y)
Thus the correct answer is option (D).

Exercise 9.5

1. Find the general solution for the differential equation g—y+2y=sinx.
X

Ans:  The given differential equation is:

ﬂ+2y:sinx

dx

It is a linear differential equation of the form g—y+py:Q, with:
X

p=2

Q=sinx

Calculate the integrating factor:

LF=e/P



= Il.F=¢e

= | F=¢®

[2dx

X

General solution is of the form:

y(L.F)=](QxLF)dx+C

ye? =[sinx(e”)dx +C

= ye™ =

|+C (I :Isinx(ezx)dx)

I:Isinx(ezx)dx
= | =(sinx)/e*dx —I((sin x)'Iezxdx)dx

2X

2X
~& sinx —I[cosx(e—Ddx
2 2

=
2 - 1 B 2X 1 2X
— = sinx -2 cosx /e dx—I((cosx) (Je dx))dx}
2X ) l_ 2X 1 o )
= 1= smx—E cosx+§fe (sinx)dx
2X 1_ 2X 1
= l=—sinXx—-= cosX +—1
2| 2
2X 2X
) 1
=1= SINX — cosX ——1I
4
5 2X 2X
= —|l=-—sinx - COS X
4
2e2x 2X
== sinx — COS X
2X
= | =——[2sinx —cosXx|




Back substituting | in expression (1):
2X

5

= ye® =——[2sinx —cosx|+C

=y= %(Zsin X —CosX) + Ce ™

The general solution for given differential equation is yz%(Zsinx-cosx)+Ce‘2X.

2. Find the general solution for the differential equation 3—i+3y:e'zx.

Ans:  The given differential equation is:
@, 3y =%
dx

It is a linear differential equation of the form j—y+py=Q, with:
X

p=3

Q — e—ZX
Calculate the integrating factor:
LF=e/P
= lLF=¢

— |F=¢*
General solution is of the form:

y(1.F)=J(QxIF)dx+C
= ye* =g (e3x)dx +C

— yeSX _ J‘e72x+3xdx + C

J3dx

= ye* =[e*dx + C

=ye> =e*+C

=y=e+Ce™

The general solution for given differential equation is y=e®+Ce™.



3. Find the general solution for the differential equation d—y+X: 2,

dx x

Ans:  The given differential equation is:
by Y_y
dx X

It is a linear differential equation of the form j—y+py=Q, with:
X

1
p==

X
Q=x’

Calculate the integrating factor:
LF=e/P"

Iidx
= |lF=¢e~*

= |.F=¢"
=lF=X
General solution is of the form:

y(1LF)=J(QxIF)dx+C
= yx =Jx*(x)dx+C
= xy =[x%dx+C

3+1

3+1

X4
=>Xy=—+C
Y 4

= Xy = +C

4
The general solution for given differential equation is xy:XI+C :

4. Find the general solution for the differential equation

dy +(secx)y=tanx (O <x< gj :

dx



AnNs:

Ans:

The given differential equation is:
dy

— +(secx)y=tanx

dx ( )y

It is a linear differential equation of the form g—y+py:Q, with:
X

P =secx
Q=tanx
Calculate the integrating factor:
LF=e/P™
= lF=e
= lLF=e
= |LF=(secx +tanx)
General solution is of the form:
y(1F)=J(QxIF)dx+C

secx +tanx)=Jtanx(secx +tanx)dx +C

[secxdx

log(secx+tan x)

Jtan xsecxdx + [ tan? xdx + C

=secX + [sec? xdx —Jdx + C

=y(
= y(secx + tanx
=Y(
= y(secx + tan x
=y(

)
)=
secX + tan x ) = secx +I(seczx —1)dx +C
)
)=

secx+tanx)=secx+tanx —x+C

The general solution for given differential
y(secx+tanx ) =secx+tanx-x+C.

Find the general solution for the differential

coszxd—y +y=tanx (0 <X< Ej.
dx 2

The given differential equation is:
cos’ x I y = tan x
dx

dy 2 2
—4+(Sec” X =sec Xtanx
_+(sec’x)y

equation

equation

IS



It is a linear differential equation of the form j—y+py:Q, with:
X

p =sec’ X

Q =sec’ xtan x

Calculate the integrating factor:

LF=e/"

= lL.LF=e

= |.LF=e
General solution is of the form:

y(I.F)=[(QxLF)dx+C

J'sec? xdx

tan x

= ye' =Je" (sec* xtanx )dx + C
= et :I+C(I:Ie‘anx(seczxtanx)dx) ...... (1)

Solving the integral I:

| = et (sec2 X tan x)dx
Substitute tanx=t :

tanx =t

— sec® xdx =dt

= | =Je'tdt

= I =tfe'dt—[((t)"[e'dt)dt
= | =te' —I(et)dt

= |=te' —¢'

Back substitute t:

I — tan Xetanx _ etanx

Back substitute | in expression (1):
=ye™ =1+C

tan x

= ye"™ =tanxe™ —e""* +C

The general solution for given differential equation is ye®™ =tanxe®™-e*™+C .

Find the general solution for the differential equation xg—i +2y=x’logXx .



Ans:  The given differential equation is:

xd—y+2y=leogx
dx

OI—y+gy:xlogx
X

dx
It is a linear differential equation of the form g—y+py:Q, with:
X

p=—
X

Q = xlogx

Calculate the integrating factor:
LF=e/P™

Igdx
=IlF=e~x

— |.F = g?"9x
=I1lF=e
= |F=x*

General solution is of the form:
y(1F)=J(QxLF)dx+C

= yx* =]x*(xlogx)dx +C

log x?

= yx*=[x*logxdx + C
=yx*=1+C(I=[xlogxdx) ... (1)

Solving the integral I:
| = [x®logxdx

= 1 =logx[x°dx —[((logx)' x*dx ) dx

= | :§Iogx—1[%()§ndx

x* 1
= 1=""logx —=[x%dx
4 g 4



x* 1( x*
= l=—logx-=| —

4 41 4
x* x*

= l=—Ilogx—-—
4 16

Back substitute | in expression (1):

—>yx’=1+C
:>yx2—x—4logx—X—4+C
4 16

2

—y= 1(—6(4Iogx ~1)+Cx*

2
The general solution for given differential equation is y::—6(4logx-1)+Cx'2.

7. Find the general solution for the differential equation xlogxg—y +y=zlogx.
X X

Ans: The given differential equation is:

dy 2
xlogx—+y=—logx
dx X

&y, y 2

dx xlogx x?

It is a linear differential equation of the form g—y+py=Q, with:
X
1
p =
x log x
2
Q=

Calculate the integrating factor:

LF=e/"



1
xlog x

dx

= l.F=e
Substitute logx=t:
logx =t
— Lox—dt

X
ot
= |.F=e'!
— |.F =g
=Il.F=t
= l.LF=logx
General solution is of the form:
y(1.F)=J(QxLF)dx+C

:>y|ogx=I%(logx)dx+C

:>y|ogx:I+C(I:f%(logx)dxj ...... (1)
Solving the integral I:

I:I%(Iogx)dx

| = 2_Iog xI%dx —I((Iog x)‘I%dx)dx}

e

|=2_—"’%+I(%)dx}

Back substitute | in expression (1):

ylogx=1+C



= ylogx =—E(Iogx +1)+C
X
The general solution for given differential equation is ylogx:-g(logx+1)+C.
X

8. Find the general solution for the differential equation
(l+x2 )dy+2xydx:cotxdx (x#0).
Ans:  The given differential equation is:

(1+ xz)dy+ 2xydx = cot xdx (x #0)

:>d_y+ 2Xy _ Cotx
dx 1+x* 1+x?

It is a linear differential equation of the form j—y+py:Q, with:
X
0= 2X
1+ X?
cotx
Q= 14 x?

Calculate the integrating factor:

LF=e/"

fz—xdx
— |F=g ¥

Substitute logx=t:

1+ x% =t
= 2xdx =dt

Lot
= |l.F=¢e!

= LF=¢""



= lF=t
= | F=1+x*
General solution is of the form:

y(LF)=J(QxIF)dx+C

= y(l+ xz) = flcit)z(z

(l+ xz)dx +C

= y(1+x*)=/cotxdx +C
= y(l+ xz): log|sinx|+C

The general solution for given differential equation is y(1+x2)=log|sinx|+C.

9. Find the general solution for the differential equation

xg—y +y-x+xycotx=0 (x #0).
X

Ans:  The given differential equation is:
xd—y+y-x+xycotx:0
dx
:>d—y+x-1+ycotx:0
dx X

:>d—y+(£+cotxjy:1
dx (X

It is a linear differential equation of the form g—y+py=Q, with:
X

(o]
p=| =+cotx
X

Q=1
Calculate the integrating factor:
LF =e/*

o lF- eI(imotx)dx



10.

Ans:

Ildxﬁcot xdx
= l.F=eX

— |F= elogx+log(sinx)

log(xsinx)

=IlF=e
= .LF=xsIinx

General solution is of the form:
y(IL.F)=[(QxLF)dx+C

= y(xsinx)=[(1)(xsinx)dx +C
:>xysinx:I+C(I :Ixsinxdx)
Solving the integral I:

| = [ xsinxdx

= | =x[sinxdx — f((x)'fsin xdx)dx

= | =x(-cosx)+(cosx)dx

= | =—XCcosX +sin X

Back substitute | in expression (1):
xysinx=1+C

= XySINX =—XC0SX +sinx+C

1
=>Y=—COtX+—+—
X XSInX

i i . i . 1
The general solution for given differential equation is y=-cotx+—+

X XSinx

Find the general solution for the differential equation (x+y)d—y =1.

The given differential equation is:

dx



It is differential equation of the form g—x+px=Q , With:
y

p=-1

Q=y

Calculate the integrating factor:
LF =P
= IF=¢""%
=IlF=¢"’

General solution is of the form:
x(L.F)=[(QxLF)dy+C

= x(e‘y)zf(y)(e‘y)dy+c
=xe?=1+C(I=[yedy) ... (1)
Solving the integral I:

| =[yedy

= I=y[e~dy-[((y)'Je~dy)dy

= 1=-ye” +[((1)e”)dy



=l=—ye” +Jedy

=l=-ye’ —¢e”’

Back substitute | in expression (1):

xe’=1+C

=>xel=-ye?-e?+C

= Xx=-y-1+Ce¢’

= X+y+1=Ce’

The general solution for given differential equation is x+y+1=Ce”.

11. Find the general solution for the differential equation ydx+(x-y2)dy:0.
Ans:  The given differential equation is:
ydx+(x -yz)dyzo
2 J—
| dx_yiox
dy vy

dx (lj
=>—+| — |X=Y
dy \y

It is differential equation of the form 3—X+px:Q , with:
y

1
p —_— —
y
Q=y
Calculate the integrating factor:

LF =e/P¥

fldy
= | F=e"’

= LLF=¢"%¥
= l.F=y

General solution is of the form:



x(1.F)=](Qx1F)dy+C
=x(y)=I(y)(y)dy+C
= xy=]Jy’dy+C

3

y
=>Xy=—+C
y 3

2
:>x=y—+E
3.y

2
The general solution for given differential equation is x:y?+—.
y

12.  Find the general solution for the differential equation (x+3y2)3—§/(:y (y>0).

Ans: The given differential equation is:

dy

X +3y? )= =

(x+3y°)
dx _ x+3y°
dy vy

dx [1)
=——| — [X=3y
dy \y

It is differential equation of the form 3—X+px=Q , With:

1
p=——
y

Q=3y
Calculate the integrating factor:
LF = e/P
EY
=IlF=e "’
= |.LF=¢ "%

= |F=g"



1
y
General solution is of the form:

x(1F)=](QxL.F)dy+C

= x(EJ = I(By)(%jdy+ C

y
=2 _3fdy+C
y

= |.F=

—2-3y+C
y

=X =3y’ +Cy
The general solution for given differential equation is x=3y*+Cy.

13. Find particular solution for :—y+2ytanx=sinx satisfying y=0 when ng.
X
Ans:  The given differential equation is:
d—y+2ytanx:sinx
dx

j—i+(2tan X)y =sinx

It is differential equation of the form g—y+py=Q, with:
X

p=2tanx

Q=sinXx

Calculate the integrating factor:
|F =P
= lLF=e
= lLF=e

2Jtan xdx

2log|sec x|

log(secx )’

= lF=e

— |.F=sec? X



General solution is of the form:
y(1F)=J(QxLF)dx+C

= ysec’ x =](sinx)(sec’ x )dx + C
— ysec? x = [tan xsecxdx + C

= ysec’x =secx +C

=y =Cc0sX + Ccos® X

Given y=0 when x:g:

0= cos(zj +Ccos? (Ej
3 3

2
:>0=E+C(Ej
2 2

=C=-2

Therefore the particular solution will be:

=y =COSX — 2C0S* X

The particular solution for given differential equation satisfying the given conditions
IS Y=COSX-2C0S°X .

14.  Find particular solution for (1+x2)d—y+2xy: > satisfying y=0 when x=1
dx 1+x
Ans: The given differential equation is:
dy
1+ X% )L +2xy =
( ) dx y 1+ x°
dy 2X 1
P 7 |Y= 2
dx \1+x (1+ XZ)
dy

It is differential equation of the form d—+py=Q, with:
X

2X

2




1
(1+ X )2
Calculate the integrating factor:
LF=e/*

Q=

J‘ZXd
=X dx
= lLF=e™*

— |.F= e2log\secx\

= 1F=¢""")

= lF=1+x?

General solution is of the form:
y(1LF)=[(Qx1F)dx+C

= y(1+x?)=] (l+x2)2 (1+x%)dx +C
1
1+X

= y(1+ xz):tan’lx+C

dx+C

:>y(1+x2):f

2

Given y=0 when x=1:
0(1+1)=tan*(1)+C
—C+2=0

—C=-=_
4

Therefore the particular solution will be:
= y(1+x?)=tan'x -~
y(1+x) 7
The particular solution for given differential equation satisfying the given conditions

_ . 4m
is y(1+x* )=tan 1x—z.



15.

Ans:

Find particular solution for g—y
X

The given differential equation is:
dy

— - 3ycotx =sin2x
dx

dy .
= 4+ (-3cot —sin?2
i (—3cotx)y =sin2x

It is differential equation of the form

p =-3cotx

Q =sin2x

Calculate the integrating factor:
|F = erdx
= Il.F=e
= lF=e

-3/ cot xdx

—3log|sin x|

1
TSI )
1
sin®x
General solution is of the form:
y(1LF)=1(QxLF)dx +C

= I1F=

3ycotx=sin2x satisfying y=2 when ng.

d—y+py=Q, with:
dx

= y(sin13xj =[(sin 2X)(Sinlgx)dx +C

:>y( _13 jzzj(sinxcosx)( _13 jdx+C
sin® x sin®x

y =2{(Cosxjdx+c

= — :
sin®x sin®x

= y3 = 2] cot xcosecxdx + C
sin®x

= )/3 =-2cosecX +C
sin®x

=y =-2sin’x +Csin’x




16.

Ans:

Given y=2 when x=2.

2 =-2sin? (Ej + Csin{ﬁj
2 2

=C-2=2

=C=4

Therefore the particular solution will be:

=y =-2sin®x +4sin®x

The particular solution for given differential equation satisfying the given conditions
is y=-2sin’x+4sin’x .

Find the equation of a curve passing through the origin given that the slope
of the tangent to the curve at any point (x,y) is equal to the sum of the

coordinates of the point.

According to question the slope of tangent g—y Is equal to sum of the
X

coordinates:

dy

— =X+

dx y

The given differential equation is:
gx—x+y

dx

dy

—+(-1)y=x

dx ( )y

It is differential equation of the form g—i+py=Q, with:
p=-1

Q=X

Calculate the integrating factor:

LF=e/"



17.

Ans:

= |F=g™®

=IlF=¢"

General solution is of the form:
y(L.F)=[(QxLF)dx+C
=y(e™)=Ix(e™)dx+C

= ye ™ =x[Jedx —[((x)'Je*dx)dx +C
=ye*=—xe”+[(e™)dx+C
=ye*=-xe"-e"+C

= y=-x-1+Ce*

= y+x+1=Ce"

Given y=0 when x=0 as it passes through origin:

0+0+1=Ceg’
=C=1
Therefore the equation of the required curve is y+x+1=e*.

Find the equation of a curve passing through the point (0,2) given that the
sum of the coordinates of any point on the curve exceeds the magnitude of the
slope of the tangent to the curve at that point by 5.

Let the slope of tangent be g—y
X

According to question:
x+y=9X+5
dx

The given differential equation is:

x+y:9X+5

dx
dy
—+(-1)y=x-5
dx ( )y

It is differential equation of the form g—y+py=Q, with:
X



p=-1

Q=x-5

Calculate the integrating factor:
|.F =elP™
= lF=e
=IlF=¢"

General solution is of the form:

y(1LF)=1(Qx LF)dx +C
=y(e™)=J(x-5)(e*)dx+C

= y(e‘x) :Jx(e‘x)dx —5fedx +C

= ye ™ =x[e™dx —[((x)'Je *dx)dx ~5[e*dxC

—1[dx

= ye ™ =—xe " +[(e*)dx+5e " +C
—>ye ' =-xe"-e"+5e7"+C
=ye*=-—xe"+4e*+C

= y=-Xx+4+Ce"

= Yy+x-4=Ce"

Given as it passes through (0,2) :

2+0-4=Ce’

=C=-2

Therefore the equation of the required curve is:
y+X+4=-2¢e".

dy

18.  Find the integrating factor of the differential equation x&-y:ZXZ.
Ans: Given differential equation is:
xd—y -y =2x°
dx



Thus it is a linear differential equation of the form g—y+py=Q:
X

Therefore integrating factor is i. Thus the correct option is (C).
X

19. Find the integrating factor of the differential equation
2\aX
(1—y )@+yx—ay(—1<y<l).

Ans: Given differential equation is:

e

(1-¥°)




1
= |.F= e'og(l_yz) :

1
1-y

= lL.F=

2

Therefore integrating factor is . Thus the correct option is (D).

1
1y

Miscellaneous Exercise on Chapter 9

1.

Ans:

Ans:

For each of the differential equations given below, indicate its order and
degree (if defined).

o dy Y’
(i) d—)()zl+5x(d—i) -6y=logx

The given differential equation is:

2 2
%+5x(3—yj —6y—logx=0

X X
d’y

The highest order derivative in the equation is of the term vl thus the order of the
X

equation is 2 and its highest power is 1. Therefore its degree is 1.

(i) (Sl_ij —4(3—0 +7y=sinx

The given differential equation is:

3 2
(d_yj _4[d_yj +7y—-sinx=0
dx dx

3
The highest order derivative in the equation is of the term (g—yj , thus the order of
X

the equation is 1 and its highest power is 3. Therefore its degree is 3.



o dly . (d¥
-sin =0
{D); ™z i (dx?’

Ans:  The given differential equation is:
4 3
d—{f—sin d—{ =0
dx dx
4
The highest order derivative in the equation is of the term % , thus the order of the
X

equationis 4.
As the differential equation is not polynomial in its derivative, therefore its degree
is not defined.

2. For each of the exercises given below, verify that the given function (implicit

or explicit) is a solution of the corresponding differential equation.
. _ d’y _dy
=ae* +he™+x* :Xx—= +2—L-xy+x*-2=0
) xy dx* dx v

Ans:  The given function is:
Xy = ae* + be™ + x?

Take derivative on both side:

:>y+xd—y=aex—be‘x+2x

dx

Take derivative on both side:

2
:ﬂ+xd—¥+d—y:aex+be‘x+2
dx dx® dx

2

:>xd—32/+2d—y:aex+be‘x+2 ...... (1)
dx dx

The given differential equation is:
Yy, dy 2
X—=+2—=-Xy+X"-2=0
dx dx

Solving LHS:



2
Substitute xd—¥+23—y from the result (1) and xy:
X

dx
2
(xd—y+2dyj—xy+x2—2
dx> dx

:>(an +be™ +2)—(an +be ™ +x2)+x2 ~2

=2-x*+x*-2
=0

Thus LHS=RHS, the given function is the solution of the given differential equation.
dy ,dy

I e” (acosx+bsinx +2y=0

(i) y=e*( ): A o

Ans:  The given function is:
y =e*(acosx + bsinx)
Take derivative on both side:

:di e*(acosx +bsinx)+e*(—asinx +bcosx)
:>d)>: e*((a+b)cosx+(b—a)sinx)
Take derivative on both side:
2
:%:ex((a+b)cosx+(b—a)sinx)+ex(—(a+b)sinx+(b—a)cosx)
dy _ i
= 7=e ((a+b+b-a)cosx+(b—a—-a—h)sinx)
2
:>d—y—e *(2bcosx —2asin x)
dx?

The given differential equation is:

dy L4 0
dx>  dx
Solving LHS:



= ¢*(2bcosx — 2asinx) - 2e* ((a+hb)cosx + (b —a)sinx)+2y
( (2b—2a—2b)cosx +(—2a—2b+2a)sinx) -2y
e*(—2acosx —2bsinx)—2y

= —2e*(acosx + bsinx) -2y

=0
Thus LHS=RHS, the given function is the solution of the given differential equation.

2
(iii) y=xsin3x :%+9y-60053x:0

Ans:  The given function is:

y = XSin3x
Take derivative on both side:
= ﬂ =Sin3X + 3X oS 3X
dx
Take derivative on both side:
2
= j—y 3c0S3X + 3(0033x +X(=3sin 3x))
X

2
= % =3c0S3X + 3¢c0S3X —9xsin 3x
X

2
= d_y =6C0S3X —9xSin3x
dx?

The given differential equation is:

d’y
dx’
Solving LHS:

2
= d—y+9y 6.c0s3X

dx’
= (6c0s3x —9xsin3x)+9(xsin3x)—6cos3x
= 6c0s3x —9xsIn3xX +9xsin 3x — 603X

=0
Thus LHS=RHS, the given function is the solution of the given differential equation.

+9y—-6c0s3x =0



(iv) X*=2y’log y :(X’ +y2)d—y—xy=0
dx
Ans: The given function is:
x> =2y*logy

Take derivative on both side:

= 2X = Z(Zylogy +y° (EBd—y
y ) )dx

dy X
- — =
dx (2ylogy+y)
Multiply numerator and denominator by y:
dy Xy
- — =
dx (2y*logy+y?)
dy Xy
5> ——=—"—
dx (X’ +y?)

The given differential equation is:

dy
x> +y? )= —xy=0
Solving LHS:
dy

= (X*+y*)—L-x

(X +y?) g %
S (x2+y?) = | —x

( y)(xzwz} y
= Xy — Xy

=0
Thus LHS=RHS, the given function is the solution of the given differential equation.

3. Prove that x2—y2:c(x2+y2)2 is the general solution of differential equation
(x*-3xy? Jdx=(y*-3x’y)dy , where ¢ is a parameter.

Ans: Given differential equation:
(x3 - 3xy2)dx = (y3 - 3x2y)dy

3 2
Oy X' -3xy
dx y®-3x%y



As it can be seen that this is an homogenous equation. Substitute y=vx:

_ d(vx) _ x° —3x(vx)2

dx (vx)3—3x2(vx)
Vv x3(1—3v2)
SV+X—=—r— L
dx x3(v3—3v)
dv  1-3v?
SV+X—=
dx v¥-3v
dv 1-3v?

X—=— —
dx v’-3v
dv _1-3v*-v'+3v*
dx v: —3v
dv. 1-Vv*
= X—=—
dx v'-3v
Separate the differentials:

v: —3v dx
—dv=—
1-v X

Integrate both side:
v —3v dx

dv=]—

I 1-v* I X

v: —3v
| =

dv=Ilogx+logC

3

:>I:Iogx+logC(I=IV1 _?jvdvj ...... 1)
\/

Solving integral I:

v —3v
| =] dv
1-v*
Vi-3v_ V-3

TV (1—v2)(1+ V2)

:>v3—3v_ Ve —3v
1-v' (1-v)(1+V)(1+V?)

Using partial fraction:



vi-3v A B Cv+D
4 = + * 2
1-v 1-v 1+v 1+v

Solving for A,B,CandD:

vi-3v o2 o -2v+0
= + + >
l1-v 1+v 1+v

2V
l=—=[— dv+= —d _
2I1—v 2I 1+v I1+v

| = —%(—Iog(l—v))+%(log(1+ v))—log(1+v?)

:%(Iog(l—vz))——log(1+ vz)

At

NN

y2
1 [ _XZ)
:>I:E log 2
L

2 2 2

:>I=1 IogX (X —yz)
2 (x2+y2)
2 2

:>I=i log (X R4 )2 + =log X

2 (x2+y2)



2 2
=1 :l{log(x;y)zl+ log x

v

Back substitute | in expression (1):
= l=logx+logC

X2 — /2
:>1 Iog(—y)2 +logx =logx+logC
2 T (xP+y

:Iog(t;y:)z:mogc
(x +y )
L XY
(x2+y2)2
= x* -y’ =¢(x’ +y2)2 (c=C?)

Thus for given differential equation, its general solution is xz-yzzc(x2+y2)2.

\/2
4, Find the general solution of the differential equation ﬂ+ L yz =0.

dx V1-x
Ans:  The given differential equation is:

_ 2
d_y+ l_yZ:O
dx Vl-x

dy  [1-y°

dx 1-x?

dy dx
= =—
J-yF V1-x2
Integrate both side:
dy | dx

1-y>  i-x?

=sin'y=-sin"x+C

—sinty+sintx=C

Thus the general solution of given differential equation is sin™y+sin“x=C.




2
5. Show that the general solution of the differential equation d_y+ y2+y+1 =0 is

given by (x+y+1)=A(1-x-y-2xy) where A is a parameter. dx  X“4x+

Ans:  The given differential equation is:

2
dy Yy eyl
dx x"+x+1

2
_dy_ yiry+l

dx  x?+x+1

2,9 1) 114
:>d_y_ y+(2y+4 4+
dx x2+2(1jx+1—1+1
2 4 4
)
dy Y72) "4
dx ( 1)2 3
X+= | +—
2 4
dy dx

=
() @ (e 2) @

:>(\/§Jtan1 y:/rgz [\/gjtan ! XJ; +C
2 2 2 L 2

gl i)




AnNs:

7.

Ans:

Thus the general solution for given

tan™ {%} +tan'{2x—+1}=ﬁc
J3 3|2

differential

Find the equation of the curve passing through the point

differential equation is sinxcosydx+cosxsinydy=

Given differential equation is:
sin xcos ydx + cos xsin ydy =0

= sin xcos ydx + cos xsin ydy =0

Divide both side by cosxcosy:

- sin xcos ydx + cos xsin ydy 0
COSXCOSY

= tanxdx +tanydy =0

= tan ydy = —tan xdx

Integrate both side:

— [tan ydy = — [ tan xdx

= log(secy)=—log(secx)+C

= log(secy)+log(secx)=C
= log(secxsecy)=C

= secxsecy =k (k=e°)

As curve passes through (0%)

secOsec(zj =k
4

:>k:\/§

—>SECXSeCy = \/5

0.

Thus the equation of required curve is secxsecy=\/§.

Find the particular solution of the

differential

(1+e2x)dy+(1+y2)exdx:0 given that y=1 when x=0.

The given differential equation is:
(1+€™)dy +(1+y*)edx =0

equation

(0,1) whose
4

equation



Divide both side (1+e”)(1+y?):

dy e’ 3
ry) @) 0
dy ¢
o) e ™

tan_l y - —_[e—zdx
(1+(ex) )

Substitute t =e*:

dt =e*dx

:>tan*1y=—f;dt

(1+t2)
=tan"'y=—tan"t+C
=tan'y=—tan"e* +C
=tan'y+tan"e* =C
As y=1 when x=0:

tan"*(1)+ tan"*(e°)=C

SN
4

N3

U

O

[l
N3

= tan'y +tan e =g

Thus the required particular solution is tan‘1y+tan'1eng.



Ans:

Solve the differential equation yegdxz

The given differential equation is:

yeYdx = (xey + yZ]dy
ye’ X _ ey 4 y?
dy

:>yey3—§—xey:y2

Z=¢
da,_4d.
dy dy

Il
9>

dz 5 d (xj
:>_ —_— —_
dy dyly

dz §K1jdx x}
=>—=¢'|| = |———>%
dy y)dy 'y

X

|

X

xe¥ +y°

]dy(yio).



= dz=dy
= [dz=]dy

=z=y+C
—e’=y+C

Thus the required general solution is e’ =y+C.

9. Find a particular solution of the differential equation (x-y)(dx+dy )=dx-dy
given that y=-1 when x=0. Hint (put x-y=t).
Ans:  Given differential equation is:
(x-y)(dx+dy)=dx-dy
= (x—y)dx—dx=(y—x)dy—dy
= (x-y+1)dy=(1-x+y)dx
— dy _1-x+y
dx x-y+1
Put x-y=t:
X—y=t
dy dt
Cdx dx
dt dy

=>]1-—=—=
dx dx

dt 1-t
=>1-—=—"—
dx 1+t



10.

Ans:

dt _, 1-t

= —=1--—
dx 1+t
dt 1+t-1+t
= =
dx 1+t
dt 2t
= — =
dx 1+t
:»“Ttdtzzdx

Integrate both side:

:>I1+Ttdt=21dx

:J%dt+fdt=2x+c

= log|t|+t=2x+C

= log|x —y|+x-y=2x+C

= log|x—y|-y=x+C

As y=-1 when x=0:

= log|0—(-1)|-(-1)=0+C
=logl+1=C

=C=1

Thus the required particular solution is:
log|x —y|-y=x+1.

: . . e y |dx
Solve the differential equation -— |—=1(x=0).
. { NN } (x#0)

Given differential equation is:

ey |dx_,
Jx W |dy



11.

dy _e y
=== e —
dx  x  Wx
Ly, oy et
dx  Vx  Vx
It is linear differential equation of the form 3—y+py:Q ;
X
1
P=—=
X
g2V
Q = \/—
X
Calculating integrating factor:
LF=e/P™
Lax
IF=g¥
|LF =e?¥

The general solution is given by:
yxLF=J(QxLF)dx+C
NN

yx(ezﬁ) :J(%xemjdx +C

—2/x+2%
e
= ye?¥ = I(

Jx
1
=y =[—dx+C
AN
= ye?* =2x +C
Thus the general solution for the given differential equation is
ye?* = 2x +C.

]dx+C

Find a particular solution of the differential

3—y+ycotx=4xcosecx(x #0) given that y=0 when ng.
X

equation



Ans: The given differential equation is:
dy + ycot X = 4xcosecx
dx

It is linear differential equation of the form j—y+py=Q:
X

p = CotX

Q = 4xcosecx

Calculating integrating factor:
LF=e/P™

|F = gle

|F = '

I.F=sinX

The general solution is given by:
yxLF=](QxLF)dx+C

= yxsinx = [(4xcosecx)sinxdx + C

= ysinx=4/xdx+C

XZ
:>ysinx:4[7)+c
= ysinx=2x*+C

As y=0 when x=g:
2
Oxﬂn(zj:Z(Ej-+C
2 2
2
4

2
T

c=-=L
2

Thus the required particular solution is:

2
sinx =2x2 -
y 2



12. Find a particular solution of the differential equation (x+1)g—y=2e'y—1 given

X
_ _ ay .-
that y=0 when x=0.(x +1)d—X =2e7-1
Ans:  The given differential equation is:
dy  dx
2 -1 x+1
Integrate both side:

J' dy _ dx
2¢7 -1 x+1
=] dy =log(x+1)+logC ... (1)
2e77 -1

Evaluating LHS integral:
dy e’dy
o =
f2e‘y -1 I2— y
Put t=2-e”:
t=2-¢’
dt =—e’dy
[ e

267 -1 t
dy
= =—log(t
j2e‘y -1 g( )
dy
2e77 -1
Y ogt
2e77 -1 2—¢’
Back substituting in expression (1):

= dy
2¢7Y -1

=]

= Iog1
t

=]

=log(x+1)+logC

1
= |0g (ﬁj = IOg C(X +1)



1
C(x+1)
As y=0 when x=0:
1
C(0+1)
1

=2-¢e' =

—=2-e’=

=2-1=

=C=1
Thus the required particular solution is:

: .. : . +
Thus for given conditions the particular solution is y=|og(2x+1lj :
X

ydx-xdy
y

=0.

13.  The general solution of the differential equation

Ans: Given differential equation:

ydx — xdy 0

y
Divide both side by x :
- ydx — xdy 0

Xy

= dx _dy =0

Xy
Integrate both side:

S W _g
X



14,

ANs:

15.

Ans:

= log|x|—log|y| = log k

= log|—|=logk

y ‘

-2 _k

y
1

=Cx | C==
=Y ( kj

Thus the correct option is (C)

Find the general solution of a differential equation of the type 3—X+Plx=Ql.
y

The given differential equation is:

dx
w‘}— P]_X = Ql

It is a linear differential equation and its general solution is:
xe Ay — | (QleJ Ady )dy +C

With integrating factor I.LF=e

JF’ldy
Thus the correct option is (C).

Find the general solution of the differential equation exdy+(yex+2x)dx:0.

The given differential equation is:
e*dy +(ye* +2x)dx =0

Xd X
—>e —+ye’ =-2X
dx

= d_y+ y =-2xe*

dx
The given differential equation is of the form:

Y py=Q

dx

=P=1

= Q=-2xe”"

Calculating integrating factor:
|F ="

= |F=¢/*

= LLF=¢"



It is a linear differential equation and its general solution is:
y(1LF)=J(QxLF)dx+C

y(ex) = I(—er‘x x e* )dy+ C

= ye* =—2[xdx +C

2
= ye* =—2(X7j+c

= ye*+x?=C
Thus the correct answer is option (C).
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