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Chapter 9: Differential Equations

NCERT - Class 12 - Maths

Exercise 9.1

Question 1
4

d .
Determine order and degree (if defined) of differential equation d—}i%—sm (y’) =0.

Solution

4
Ans: Rewrite the equation %—i—sin (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.

Question 2

Determine order and degree (if defined) of differential equation y'+5y=0.
Solution

Ans: 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.
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Question 3

4 2
Determine order and degree (if defined) of differential equation <§> +3s§20.

dt

Solution

d s
Ans: The given differential equation is (dt> +3s w =0.

2
The highest order term is %, thus the order is two.

2
As the derivative is of completely polynomial nature is and highest power of derivative termi which is

one. Thus the degree is one.

Question 4

dzy \ 2
Determine order and degree (if defined) of differential equation <d—z) ~+cos <d—i> =0.
X

Solution

a2y \ 2 d
Ans: The given differential equation is (dxy) —+cos (di) =0.

d2
The highest order term is — o , thus the order is two.

The differential equation contains a trigonometric derivative term and is not completely polynomial in its

derivative, thus degree is not defined.

Question 5
2

d
Determine order and degree (if defined) of differential equation <d—}; ) -cos3x+sin3x=0.

Solution

&2y \ 2 .
Ans: The given differential equation is (d 32’) -cos3x+sindx=0.

2

d’y
The highest order term is — = thus the order is two.
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T : . : I d? .
As the derivative is of completely polynomial nature is and highest power of derivative term d—‘Z which
X

is one. Thus degree is one.

Question 6

Determine order and degree (if defined) of differential equation (y')*+(y’)’+(y")* +y°=0.
Solution

Ans: 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.

Question 7
Determine order and degree (if defined) of differential equation y'+2y'+y'=0.

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

n

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

degree is one.

Question 8

Determine order and degree (if defined) of differential equation y'+y=e".
Solution

Ans: The given differential equation is y’-+y=e’. Therefore:
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= y'+y-e'=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 degree one. Thus the

degree is one.

Question 9

Determine order and degree (if defined) of differential equation y’+(y’)2+2y:O.
Solution

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 two.

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

the degree is one.

Question 10

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

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.

Question 11

42 3 2 .
Find the degree of the differential equation (d—) + <ﬂ> +sin <%> +1=0.

x2
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D.
not defined

Solution
Ans: The aiven differential eauation is (L) -+ () 4 sin (2 +1—0
ns: The given differential equation is (dx2) +(dx> —+sin (dx) +1=0.

dy

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

) thus its order

is not defined.

The correct answer is (D).

Question 12

d? d
Find the order of the differential equation 2x> d—};-3d—i+y:0.
A.

2
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D.

not defined

Solution

: : . o d’y ,d
Ans: The given differential equation is 2x2 d—xz—?)é—l—y:o.

: .. d :
The highest order term of the equation is d—};, thus the order is two.
X

The correct answer is (A).

Exercise 9.2

Question 1

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

Solution
Ans: The given function is y=e* + 1.

Take its derivative:

dy  d
=y =e* ... (1)

Take the derivative of the above equation:
d d

—(y') = —-(e%)

= y// — %

Using result from equation (1):

y//_y/:()

Thus the given function is solution of differential equation y'-y'=0.
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Question 2
Verify the function y=x2+2x+C is solution of differential equation y'-2x-2=0.

Solution

Ans: The given function is y:X2—|—2x+C .

Take its derivative:

d
@ =@+ 2+ 0)
=y =2z +2

=y —2r-2=0

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

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

Solution
Ans: The given function is y=cos x + C .

Take its derivative:

dy 4
— = 7-(cosz + C)
=y = —sinz

=y +sinz =0

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

Question 4

Verify the function y=+/1+x2 is solution of differential equation y'= =

14x2 °
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Solution

Ans: The given functionis y = v 1 + x2 .

Take its derivative:
dy  d (. /7T 3

V= s X w (i e)

y/ — 2
2v/1+x2

1
Vitz?

=y =

Multiply numerator and denominator by v/ 1+x2:

! 1 YV 1+.722

= X
VY= "Tm= " Vie
Substitute y = v/1+x2
r_ Y
— Y= 1422

Thus the given function is solution of differential equation y’:%

Question 5

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

Solution

Ans: The given functionisy = Ax .
Take its derivative:

Y= 4 (Az)

=y =A

Multiply by x on both side:

xy' = Ax

Substitute y = Ax:

ExameElite - examelite.com
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=axy =y

Thus the given function is solution of differential equation zy’ = y (z # 0).

Question 6
Verify the function y=xsin x is solution of differential equation

xy'=y+x4/x%-y% (z # 0andz > yorz < —y).
Solution

Ans: The given function is y = xsin x .

Take its derivative:

W < (zsinz)

dz = dx

=y =sinz () + - (sinz)
Yy dx dz

=y =sinz + zcoszT

Multiply by x on both side:

zy = x (sinz + x cos )

zy = xsinz + z cosz

Substitute y = xsin x:

=y’ =y +2’cosz

Use sin x = % and substitute cos x:
zy =y + 221 — sin’z

! _ 2 1— Yy 2
zy' =y+ (%)

= zy =y+ z/y? — 2

Thus the given function is solution of differential equation xy'=y + x4/y2-x2.
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Question 7

Verify the function xy=log y + C is solution of differential equation y'=

Solution

Ans: The given function is xy = logy + C..

Take derivative on both side:

2 (zy) = +(logy)

=yl tayy =y

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

= (zy— 1)y’ = —¢°

Thus the given function is solution of differential equation y'=

Question 8
Verify the function y-cosy=x is solution of differential equation

(ysiny +cosy +x)y'=1

Solution

Ans: The given functionisy - cosy = x .

Take derivative on both side:

dy d _d
P 5(00511) = g(x)

=9y +y'siny=1

ExameElite - examelite.com
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=9y (1 +siny) =1

1
1+4siny

=y =
Multiply by
(ysiny + cos y + x)

on both side:

(ysiny + cos y + x)
1+ siny

/

(ysiny +cosy +x)y’ =

Substitute y = cos y + x in the numerator:

,  (ysiny +y)

(ysiny + cosy +x)y = T+ sy
. ,_y(siny+1)
(ysiny + cosy +x)y = ey

= (ysiny +cosy+x)y' =y

Thus the given function is solution of differential equation(ysin y + cos y + x) y'=1y.

Question 9

Verify the function x—i—y:tan_ly is solution of differential equation

yy'+y*+1=0

Solution

Ans: The given functionisx +y = tan_ly :

Take derivative on both side:
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d . d -1
E(w—l—y)—%(tan y)
14y —( )
:>y’ ]:

1+y

— (1442

:>y, 1+y2 :|
:>y’_1_+3;2] =1

= —y’y' =1+ 4

= v’y +y°

Thus the given function is solution of differential equation y2y’ + y2 +1=0.

Question 10

Verify the function y=+/a?-x?x € (-a,a) is solution of differential equation

Solution

+1=0

Ans: The given function is:

Take derivative on both side:

dy _ d
de ~  dz
dy
= — =
dy
:>£ 5

ExameElite - examel

ite.com

dy
xty o =0y #0)
X

y = Va*—z’z € (—a,a)
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dy

dz — \JaT—z?
Substitute y = v/ a2 - x2

dy =z
& v

dy
=T+ yE =0
Thus the given function is solution of differential equation:

m—l—y%:O(y;&O).

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

A.

D.
4
Solution

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

A.

3

Solution

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

Question 1
Find the general solution for %:% .
Solution

ﬂ _ 1l-cosx

Ans: The given differential equation is o 1rcosx
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Use trigonometric half —angle identities to simplify:
dy l—cosz

dz 1+cosx

dy 2sin® 2
= — = :
dz 2c0s25
dy 2z
= Tz tan )
dy 2T
- z_q
= dz secC 5

Separate the differentials and integrate:

fdy:f(seczg—l) dz
= y= [sec’Sdz — [du
=y=2tan —z+C

Thus the general solution of given differential equationis y = 2tan§ -x+ C.

Question 2
. . dy
Find the general solution for —=1/4-y2(-2 y 2).

Solution

d
Ans: The given differential equation is d—i: 4-y2(-2 y 2).

Simplify the expression:

by 2
de 4— Y
dy
= =dz
V4 4731/2

Use standard integration:

[ — = [de

4—q2

—=sin 1L =z+C

N

= % = sin(z + C)
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= y = 2sin(x + C)

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

Question 3

Find the general solution for %—F y=1(y#1).

Solution

d
Ans: The given differential equation is d—z—l— y=1(y #1).

Simplify the expression:

dy o
%-l—y—l
dy

d
= Y —dr
1-y

Use standard integration:

dy

5 = Jdz
= —log(l—y)=z+C
= log(l—y)=—(z+ C)
: 1 _ y — 6—(:1)+C)

y=1—Ae”® (A = 6_0)

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

Question 4

Find the general solution for sec’x tany dx-+sec?y tanx dy=0.

Solution

Ans: The given differential equation is:

ExameElite - examelite.com
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sec’z tan ydx + sec?y tan zdy = 0.

Divide both side by tan x tan y:

sec’z tan ydz+sec’y tan zdy
tanztany

=0

Sec™x sec Yy

d 0
tanx T tan y=

Integrate both side:

fsecmdm+fsecyd =0

tanz tany
sec’ Yy sec?z
= f tany d f tanz 77 T (l)

Use a substitution method for integration. Substitute tan x = u:
For integral on RHS:
= tanr = u

= sec’zdx = du

ifsec:cd fd_;z

tanzx

= [ e g0 — log u

tanzx

= [=£ ez g3 — log(tan )

tanzx

Thus evaluating result form (1):

= log(tany) = — log(tanz) + log(C)

= log(tany) = log ( tanz )

= tanztany = C

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

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

Simplify the expression:

dy = [eze_z} dx

et+e*

Integrate both side:

x

[dy=[ [Z;Zz] dz ......(1)

Use a substitution method for integration. Substitute

e*+e*=t

For integral on RHS:
=e+e =t

= (e* —e ) dx = dt

[ez—e= ] . dt
:>']‘_ez+e*z_dx_ TS
= [ % de =Int+C
= [ Z;—Z:z dx = log(e®* +e %)+ C

Thus evaluating result form (1):
y=log(e®* +e )+ C

Thus the general solution of given differential equation is y=log (e*+e™) +C.

Question 6

. . dy ) 2
Find the general solution for ——= (1+X ) (1—|—y )
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Solution

Ans: The given differential equation is:

dx
Simplify the expression:

%: (1+x2)dm

Integrate both side:

[ = [ (1+2%) da

1+y?

Use standard integration:

tan~ly = [dz + [z’dz
:>tan*1y:a:—i—%3+0

3
Thus the general solution of given differential equation is tan‘ly:X—l—X?—kC.

Question 7

Find the general solution for ylog y dx-xdy=0.

Solution

Ans: The given differential equation is:

ylogydr — xdy = 0.
Simplify the expression:

ylogydr = xdy

de dy
= T T ylogy

Integrate both side:

d x
fyloZy =& .

ExameElite - examelite.com
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Use substitution method for integration on LHS. Substitute

log y=t

logy =
= Ldy = dt
[ 2
ylogy t
dy
fyIOgy = logt
[ - — log(log y)
ylogy

Evaluating expression (1):
log(logy) = logz + log C
= log(logy) = log Cz

= logy = Cx

=y =el"

Thus the general solution of given differential equation is y:er_

Question 8

Find the general solution for X5j—i:—y5.

Solution

Ans: The given differential equation is:

dy
xd—= = —q°.

dz

Simplify the expression:

Integrate both side:
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y5 z75
= /ysdy: —/x5dac
y o+l o AR
= 51 T T +C
- -4

=zt +y?t=-4C
=z t+yt=4 (A=-40)

Thus the general solution of given differential equation is x‘4+y'4=A.

Question 9

. . d .
Find the general solution for d—y:sm 1x.
X

Solution

Ans: The given differential equation is:

W _ sin 'z

dz )

Simplify the expression:
dy = sin 'zdz
Integrate both side:

[dy = [sin 'zdzx

=Y = /1 x sin lzdx

Use product rule of integration:

fsinflxdx — sin 'z [dz— [ (\/% fdaf;) dz
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= [sin” ledz = zsin™ x—f\/_

Substitute 1-x?=t>

1—22=1¢
—2xdx = 2tdt
= —xdx = tdt

Evaluating the integral:

222+ _ _A + Bz+C
(z+1)(22+1) z+1 x2+1

= [sin” ledz = zsin™ a:—l—f tdt

= fsin_la:d:c — zsin 'z +t+C
= fsin_la:da: =zsin 'z +vV1—22+C
=y=uzsin lz +V1—22+C

Thus the general solution of given differential equation is y:xsin'lx—l—v 1-x2+C,

Question 10
Find the general solution for e*tanydx+ (1-e*) sec?ydy=0.

Solution

Ans: The given differential equation is:
e tan ydz + (1 — e*) sec’ydy = 0.
Simplify the expression:

(1 — %) sec’ydy = —e” tan ydx

sec?y e
= tanyd — e dx

Integrate both side:

fsecyd

tany
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Substitute tan y=u
tany = u

= sec2y =du

Evaluating the LHS integral of (1):

sec?y du — du
tany Y= U
sec? Y Jy —

= [ tany Y = logu

= [ i;‘z = log(tany)
Substitute 1-e*=

1—-e*=vw

= —e"dr = dv

Evaluating the RHS integral of (1):

x:f%

d:n = logwv

i e
it e

Therefore the integral (1) will be:

dac = log(1 — e?)

log(tany) = log(1 — e*) + log C
= log(tany) = log C (1 — %)
= tany = C (1 — €7)

Thus the general solution of given differential equation is tany=C (1—ex),

Question 11
Find the particular solution of (x +x +x+1) d—y—2x2+x; y=1,x=0 to satisfy the given condition.
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Solution
Ans: The given differential equation is:
3 2 dy 2
(:13 +x +m+1)a =2z°4+zx; y=1,x=0.

Simplify the expression:

dy 22+
de (2 4a?+z+1)
- ﬁ _ 222+
dz (z34z+x2+1)
N gy _ 2m2+;v
dx (z+1)(2*+1)
2z’ 4z
= dy = —————dzx
Y= G

Integrate both side:

_ 2z +x
fdy = f mdx ...... (1)

Use patrtial fraction method to simplify the RHS:

Bx+C
2241

222+ A
(z+1)(z2+1)  z+1

+
=2z’ +z=A(2*+1)+ Bz +C) (z+1)

=222 +z=(A+B)z*+(B+C)z+(A+0O)

By comparing coefficients:

A+B=2
B+C=1
A+C=0

Solving this we get:

1 3 1
2z 4 o (5) <5>x+<75)
(z+1)(z24+1)  z+1 2241
22+ 1 _1 3z—1
= (z+1)(z2+1) 2 (a:+1 T x2+1)
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Rewriting the integral(1):
_ 1 1 3z—1
y=1/ (G5 +%1)de
-dz + e 1
_ ——dzx
x2+1

1 3 1 1
iy:alog(:v—l—l)%—E/ ° da;—E/ dx

x2 41 241

1 3 2z 1
= y= Elog(w +1)+ 1 / o dx — Etanflx

1 3 1
=y = Elog(a: +1)+ Zlog(w2 + 1) — gtan_lx +C

For y = 1 when x=0.

1 3 1
1= Elog(O +1) + Z1og(0 +1) — Etan’lo +C

=C=1

Thus the required particular solution is :

= oga-+ 1) + $1og(e? +1) — Stan 1z +1

Question 12

Find the particular solution of x (x 1) =X —1; y=0 when x=2 to satisfy the given condition.
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Solution
Ans: The given differential equation is:
d
2 _ VY _q1.y= _
m(a: 1)dw—1,y—0whena:—2

Simplify the expression:

dy
z (iL‘ o 1) dr 1
- dx
= dy = z(z?-1)
= dy = de

z(z—1)(z+1)

Integrate both side:

[dy = f:dx D @

Use partial fraction method to simplify the RHS:

1
z(z—1)(z+1)

8 [

C
z+1

4By
=1=A(22-1)+Bz(z+1)+Cz(z—1)

=1=(A+B+C)z*+(B-C)z— A

By comparing coefficients:
A+B+C=0
B-C=0

—A=1

Solving this we get:

cy . (3) . ()
z(z 11)(1:—1—1) T + z—1 z+1
> e = s+ )

Rewriting the integral(1):
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y:f(_%—i_%(wil + m—ll—l))dx

1 1 1 1 1
— [ Zdz+ = de + — d
-y /$x+2/m—1m+2/m+1x

1 1
=y=—logz + Elog(:c —-1)+ Elog(a: +1)+logC

2 1 1 2
=y = —Elogm + Elog(az —-1)+ Elog(a: +1) + ElogC’

1
=y=3 (— log z* + log(z — 1) + log(z + 1) + log 02)

1 C? (:c2 — 1)
=y = Elog "
For y = 0 when x=2.
1. [C*(2*-1)
0= Elog 52
2
= 0 =log %

3¢ _
= 3¢ —1
=4

w

Thus the required particular solution is :
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4(z-1

Question 13

examelite.com

d
Find the particular solution of cos (—y> =a (a S R); y=1 when x=0 to satisfy the given condition.

dx

Solution

Ans: The given differential equation is:

cos(j—z) =a (€ R);y=1whenz =0

Simplify the expression:

cos(j—i) =a

= % = cos la
= dy = cos ladz
Integrate both side:

[dy = [cos 'adz

=y =cos 'a [dx

For y = 1 when x=0.

Thus the required particular solution is:
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= y=zcos ‘a+C

1=0cos ‘a+C

=C=1
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y=xzcos ‘a+1

Question 14

d
Find the particular solution of d—i:ytanx; y=1 when x=0 to satisfy the given condition.
Solution
Ans: The given differential equation is:

d
d—z =ytanz;y=1whenz =0

Simplify the expression:

dy_ t
- =ytanz

= % = tan zdx
Integrate both side:
[ % = [tanzdz
= logy = log(secz) + log C

= logy = log(C'sec x)

=y =Csecx
For y=1 when x=0.

1 =CsecO
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=C=1

Thus the required particular solution is :

Yy =secx

Question 15
Find the equation of a curve passing through the point (0, 0) and whose differential equation is

y'=e*sin x.

Solution

Ans: The given differential equation is:
y' = e%sinz

The curve passes through (0, 0).

Simplify the expression:

dy

—e%sinx
dz

=
= dy = e*sinxdzr

Integrate both side:

[dy = [e”sinzdz

Use product rules for integration of RHS. Let:

I= [e"sinzdz

= I =sinz [e"dz — [ (cosz [e"dz) dz

= I = €e”sinz — [€® coszdz

= I =e"sinz — (cosz [e"dz + [ (sinz [e®dz) dz)
= [ =e®sinz — e” cosz — [ (e*sinz)dz

=] =¢€e"sinz —e*cosx — I
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=1= %(sinx — cos )

Thus integral will be:

y = %(sinm —cosz) + C

Thus as the curve passes through (0,0)
0= %O(Sillo —cos0) +C
=0=3(0-1)+C

=C=3

Thus the equation of the curve will be:
y = %(sinm —cosx) + %

=y = %(sinw—cosx—kl)

Question 16

examelite.com

For the differential equation xyj—i: (x+2) (y+2) find the solution curve passing through the point

(1,-1).

Solution

Ans: The given differential equation is:
my;l—z =(z+2)(y+2)

The curve passes through (1, —1).

Simplify the expression:

T

= (1- 2 )dy= "2,
(1-5%5) v

Integrate both side:

[(1-32) dy= [P da
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:>fdy—2fy+%dy:f%dm+f%dw
=y—2log(y+2)=z+2logz+C
=y—x=2log(y+2)+2logz+C
== y—x=2loglz(y+2)]+C
:>y—x:log[x2(y—|—2)2} +C
Thus as the curve passes through (1,-1)
11— 1og[(1)2(—1 + 2)2] +C
= —2=1logl+C

= (C=-2

Thus the equation of the curve will be:
y—T = 10g[:1:2(y+ 2)2] —2

Sy—x+2= log(wz(y—|— 2)2)

Question 17

Find the equation of a curve passing through the point (0,-2) given that at any point (x,y) 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.

Solution

Ans: According to , the equation is given by:
dy

Y. = 7T

The curve passes through (0, —2).

Simplify the expression:

= ydy = zdx
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Integrate both side:

[ydy = [zd=
2 2

Thus as the curve passes through (0,-2)
= (-2)" - 0°=2C

=4 =2C

=C=2

Thus the equation of the curve will be:

Question 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).

Solution
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):

_ yt3
T oz+4

, dy .
According to the for the slope of tangent d—i it follows:

dy
dz

dy y+3
= dz =2 (m+4)

Simplify the expression:

dy 9 y+3
dz x+4

= 2m
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dy 2
y+3 ~  z+4 dzx

Integrate both side:

d

= log(y + 3) = 2log(xz + 4) + log C

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

=4 =4C

=(C=1

Thus the equation of the curve will be:

Question 19

= log(y + 3) = log (z + 4)> + log C

= log(y + 3) = log C(x + 4)°

= y+3=Cz+4)°

1+3=0C(-2+4)

y+3=(z+4)

examelite.com

The volume of spherical balloons being inflated changes at a constant rate. If initially its radius is 3

units and after

seconds it is 6 units. Find the radius of balloon after t seconds.
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Solution

Ans: Let the volume of spherical balloon be V and its radius r. Let the rate of change of volume be k.

av
7 =k

= i(%wr?’) =k

- tnt ) -
= %w (3r%) % =k

2dr __
= 47'('7’ E = k
= Adnridr = kdt

Integrate both side:
[Anridr = [ kdt

= 4r [r’dr = kt + C

= %71'7’3 =kt+C

At initial time, t=0 and r=3:

378’ =k(0) +C

= C =367

At t=3 the radius r=6:

27 (6°) = k(3) + 367

= 3k = 288w — 367

=k =84r

Thus the radius-time relation can be given by:

%71'1“3 = 847t + 367

= 3 = 63t + 27
= r = (63t + 27)7

1
The radius of balloon after t seconds is given by: r = (63t + 27)3 .
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Question 20

examelite.com

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).
Solution
Ans: Let the principal be p, according to :
b _ (_r_
dt (100) p
Simplify the expression:
(.
p (100) dt
Integrate both side:
dp o T
T = I (3) at

jlogp:%—l—c

Tt

ip: eﬁ"'c

=>p:Ae% (A =e)

At t=0, p=100:

40
100 = Aen

= A =100

Thus the principle and rate of interest relation:
zt
p = 100e 10

Att=10, p=2 x 100=200:
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r(10)

200 = 100e 100

=2 = e

Take logarithm on both side:
log(elLO) = log(2)

= 0= 0.6931

= r=6.931

Thus the rate of interest r=6.931.

Question 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 (e0'5=1.648).

Solution

Ans: Let the principal be p, according to principle increases at the rate of 5% per year.

dp 5
&= ()7

Simplify the expression:

dp _ P
dt 20

- 1
= 2> = 3 dt
Integrate both side:
dp _ pr 1
P gt
S
= logp = 5 + C
t
= p= e%+0

:>p:Ae% (A:ec)
At t=0, p=1000:
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1000 = Aex

= A = 1000

Thus the relation of principal and time relation:
— p = 1000em

At t=10:

p = 1000

= p = 1000e"?

= p = 1000 x 1.648

= p = 1648

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

Question 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?
Solution

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

dy

w XY
dy_
a Y

Here c is constant.

Simplify the expression:
% = cdt
Integrate both side:

% = [cdt

= logy=ct+ D
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= y= ect+D
=y = Ae? (A=¢€D)

At t=0, y=100000:

100000 = Ae“”

= A = 100000

At t=2, y=1(100000) = 110000:
y = 100000e¢

— 110000 = 100000

11
10

= e =
= 2¢c = log(%)

=c= %logG—é) ...... (1)
For y=200000:

200000 = 100000e“*

= e =2

= ct = log2
_ log2

=t=—

Back substituting using expression (1):

2log?2

log(%)

= t=

Thus time required for bacteria to reach 200000 is

ExameElite - examelite.com
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1 11
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hrs.

Question 23

Find the general solution of the differential equation %:e’“’y.
A.

eX+ev=C

B.

e*+e=C

C.

e*+e¥=C

D.

e*+eV=C

Solution

Ans: The given differential equation is %ze”y. Simplify the expression:
% = eteY

= B _ g

Integrate both side:

[e¥dy = [e*dx

= —eY9=e"+D
=e"+e?=-D
=e*+eV=C (C=-D)

Thus the general solution of given differential equationise* + e ¥ = C
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Thus the correct option is (A).

Exercise 9.4

Question 1
Show that, differential equation (x2+xy) dy= (X2+y2) dx is homogenous and solves it.

Solution

Ans: Rewrite the equation in standard form:

dy 224y
de x4y

Checking for homogeneity:

Ll?2 2
F(x,’y) — 3;2_?;3,
= F (Az, \y) = D2y 0w
’ (Az)*+(Az) (M)
)\2 :c2—|—y2
= F (A, M) = 52

= F(z,y) = F (Az, Ay)
Thus it is an homogenous equation.
Let y=vx:

d(vz) o x2—|—(vm)2

dz 2?4z (vzx)

2 2
dx dv z (1+v )
7 Vi + T = z2(1+v)

dv _ 140°
—v+z dz =~ 14w
dv 1407 .
= de =~ 1+v

dv 140 —v—0?
= T = 14+v
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dv 1—v
T = Tre
Separate the differentials:

1+v _ dz
- dv

Integrate both side:

1+v _ [ dz
1—vd o T

= [ 271(1:)) dv =logz — logk

éflivdv—ft:jdv:log%

= —2log(1 —v) — [dv =log T
= —2log(1 —v) —v=log

= v = —log L — 2log(1 — v)

=uv=1Ilo k
v g(:c(l—v)2 >

Back substitute v:%:

= % = log L?
o(1-3)
= = log( ke 2)
v (z—y)
= ey = k2

Y

= (z —y)? = kze =

The solution of the given differential equation (x-y)*=kxe ' .

Question 2

. . . +y . .
Show that, differential equation y’z% is homogenous and solves it.
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Solution

Ans: Rewrite the equation in standard form:

dy  z+y
dz =~z

Checking for homogeneity:

= F (Az,\y) = M;:\y
= F (Az,\y) = )\E\Z)y)

Tty
= F Az, \y) = —

= F(z,y) = F (Az, \y)

Thus it is an homogenous equation.

Let y=vx:
dvz)  z+(vz)
dz =~ =z
dz dv z(1+v)
= Vg + T = T,

dv
vtz -=1+v
dv

Separate the differentials:

Integrate both side:
fav= [
= [dv=logz +logk

= v = logkx

y.
=

Back substitute v=
= Y _logksx
.’L‘ - g

=y ==zxlogkr

ExameElite - examelite.com
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The solution of the given differential equation y=x log kx

Question 3

Show that, differential equation (x-y) dy- (x+y) dx=0 is homogenous and solves it.

Solution

Ans: Rewrite the equation in standard form:

dy  z+y
de =~ -y

Checking for homogeneity:

F(z,y) =

= F(Az,\y) = i\zfiz
= F (Az, \y) = ig:ﬁ
= F(Az, \y) = %

= F(:l,‘,y) - F()\CE,)\y)

Thus it is an homogenous equation.

Let y=vx:
dvz)  z+(vz)
de ~—  z—vz
dx dv _ z(1+v)
= vd:L‘ + :I;dl‘ T z(1-v)
dv _ 14w
=v+T =1
dv _ 14v
= xdm = 1 ()
dv _ 1+v—v+o?
= LIZdz S B—
dv 1402
= Tz = 1=

Separate the differentials:

1—v dv = dx

1422 o

ExameElite - examelite.com
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Integrate both side:
1—v o dx
f 1+1_)2 dlv - f ?

- o= %

1+0v2

éfljﬁdv—fl:wdv:logx—l—(?

= tan lv — % f%dv =logz +C

= tan"lv — %log(l +?) =logz + C
= tan v =logx + %log(l + vz) +C
= tan"lv = %log z? + %log(l +v?) +C
= tan~lv = flog[z? (1 +%)] + C

y.
—:

= %log[aﬁ (1 + z—z)] +C

Back substitute v=

= tan !

8|<

= tan!

8|

= %log(.ﬂrj2 —l—y2) +C

The solution of the given differential equation tan™

Question 4

Show that, differential equation (x2—y2) dx+2xy dy=0 is homogenous and solves it.

Solution

Ans: Rewrite the equation in standard form:

dy z2—y

de — 2y

Checking for homogeneity:

F($,y) = _232;];

e

= F (Az,\y) = 2(Az)(\y)

ExameElite - examelite.com
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_ )\2m2—)\2y2

= F (Az, \y) = oy
A2($27y2)

— F(xz,\y) = — 2 ¥)
(Az, Ay) X @o0)

2 2

= F (Az,\y) = — 2;5

= F(z,y) = F (\z, \y)

Thus it is an homogenous equation.

Let y=vx:
d(vz) 22— (vz)?
de 2z (vx)
2,2
dz dv 7T (” _1)
= Ve +wdm o 22(20)
=yl = v
de ~  2v
dv __ v*—1
= LIZE = o v
dv _ v?P—1-2¢2
= T = 2v
dv 1402
=T dr 2v

Separate the differentials:

2v . dx
1+0? dv = z

Integrate both side:

2 g (de
1+112dv_ fm

= log(1+v*) = —logz + C
= log(1+v*) +logz =C
= log[z (1 + )] =C

Back substitute v==1":

:>10g[a: (1+ 'Z—z)] =C

2 2

s (m+y

X

):kk:ec’

ExameElite - examelite.com
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= x? +y? =k

The solution of the given differential equation x2+y?=kx.

Question 5

. . . d . .
Show that, differential equation x2 d—}y(:x2—2y2+xy is homogenous and solves it.
Solution

Ans: Rewrite the equation in standard form:

Checking for homogeneity:
2_9,2
F(z,y) = =2

N22—-22%y2+(Az) (\y)

A2g2

= F (Az, \y) =

(22 —2¢y%+x
= F()\ZE, Ay) = - ( )\2(25:2;_ y)

272 2+
= F (Az,\y) = %
= F(z,y) = F (Az, Ay)
Thus it is an homogenous equation.

Let y=vx:

d(vz) _ 22—2(ve) 4z (v)

dz 2

2 2
dx dv T (1—21) —H})
:>vda:+wda:_ 2
:>v+mg—izl—2v2—|—v
=z — 1 22

dx

Separate the differentials:
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1 — dz
1—202 dv = x

Integrate both side:

[ mdv=[%

%f dv—logm—i—C
:>%f : dv—logx—l—C
7 _
L U’
:>%< logf =logx + C
«5_”‘
|1+\/§v‘ .
MR 1-v3o| logz +C

Back substitute V—% S

1 1 ‘l—i—\@(%) 3 C
N va(y)) BT+
|m+\/§y' .
= 5108 p—w =logz+C

[+v2y)|
[x-v/2y]

The solution of the given differential equatlon 1 log =logx+C.

Question 6

Show that, differential equation xdy-ydx=+/x2+y2dx is homogenous and solves it.
Solution
Ans: Rewrite the equation in standard form:

zdy = \/ 22 + y2dz + ydx
dy _ VEryhy
- x

idcs

Checking for homogeneity:

F(z,y) = L0
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A2 4022+ My

= F (Az, \y) = g

A/ A (22 4y2)+ A

Ax

A(\/Wﬂ/)

= F (Az, \y) = )

T

= F(z,y) = F (Az, \y)

Thus it is an homogenous equation.

Let y=vx:

dve) 22+ (vz) +oz

dzx T

dv_ m(mw)

dz z

:>v+acj—z:v1+v2+v

dx
=V T

v _ 2
=T = 1+o
Separate the differentials:

L_dy=%

Vit z

Integrate both side:

do=

1
| 7=

:>log‘v+\/1+v2‘ = logx + log C

Back substitute v:%:s

log|L +1/1+ L] =logC

= log|— + +§—og z
/22 2

:>logy+++m:10g6’x

y+ Vy?+a2? = Co?

ExameElite - examelite.com
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Question 7
Show that, differential equation {xcos (%) ~+ysin (%) } ydx= {ysin (%) -XCOs (%) } xdy is
homogenous and solves it.

Solution

Ans: Rewrite the equation in standard form:

{33 cos(%) + ysin(%) } ydx = {ysin(%) - cos(%)} xdy
ﬁ B {wcos(%)ersin(%)}y

dz {ysin(%)—m cos(%)}m

Checking for homogeneity:

Fle.y) H)E

F(\z,\y) = *””
~ ( v y) {)\ysin(;\—i>f)\a:cos<%>})\x
N F()\x, )\y) B A {mc'os(j)—&-ysin(j) }y
A {ysm(;)—xcos(;)}w

= F(z,y) = F (Az, Ay)
Thus it is an homogenous equation.

Let y=vx:

T

dr {vesin(*) —zcos(%)}x

d (vz) B {mcos(ﬂ) —|—v:csin(ﬂ)}'vx
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dz dv z?{cosvt+wvsinv}v
=V T+ T = 57—
dz dz z?{vsinv—cos v}
dv __ wvcosv+v’sinv
= p+ g — veosviv siny
dx v sin v—Ccos v
dv v cos v+v?sinv
> r— = —————
dx vsin v—Ccos v
dv v cos v+2? sin v—v? sin v+v cos v
= r— = -
dzx vsin v—cos v
dv 2v cos v
> r— = —
dzx U SIn v—Cos v

Separate the differentials:

vsin v—cos v dz
—d’U = 2 —_—
V COS vV T

Integrate both side:

f vsin v—cos v dv = 2fd7m

VCOsv

:>J‘vsinvdv_f cos v d’l):2fd7x

VCOsSv VCOsSv

= [tanvdv — [ +dv = 2log|z| + log C

— log|secv| — log|v| = log C|z|?

|sec v

= log zlogC’|ac|2

|v]
= secv = Cvx?

Back substitute v:%:s

ésec%:C(g)ﬁ

x

Yy __ k. 1
= COS —xyk—c

T

The solution of the given differential equation cos%

Question 8

Show that, differential equation x%-y—i—xsin (y) =0 is homogenous and solves it.

Solution

Ans: Rewrite the equation in standard form:

ExameElite - examelite.com
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m% —y+xsin(%) =0

ﬂ B y— sin(%)

dz T

Checking for homogeneity:

. (y
Y-z sm(;)

F(z,y) = -

)\yf)\xsin(i—ig
= F(Az, \y) = —

A(y—w sin(%))
= F(Az,\y) = ————

< (Y
Yy — xsin( =
= F Az, \y) = &)
T
= F(z,y) = F (Az, Ay)
Thus it is an homogenous equation.
Let y=vx:
d (vz) VT —msin(%)
de T
dz dv z(v—sinv)
:>U+$§_Z = v —sinv
= mg—z = —sinwv
Separate the differentials:
1 _ dz
sinvd/U -z
Integrate both side:
d

[ cosecvdv = — [ =
= log|cosecv — cot v| = —logz + log C

ExameElite - examelite.com
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= log|cosec v — cot v| = log %

= cosecv — cotv = %

1  cosv _ C

sinv sin v x
_ C:
= 1—cosv= —sinwv

Back substitute v=%:
y _ Cg ¥
él—cos; = —sin -

=T (1 — COS %) = Csin(%)

The solution of the given differential equation x (1—cos%) =(Csin (y )

Question 9

Show that, differential equation ydx+xlog (%) dy-2xdy=0 is homogenous and solves it.

Solution

Ans: Rewrite the equation in standard form:

ydx = 2xdy — :Izlog( y)dy

T
B _ v
dx 2m—mlog(%)

Checking for homogeneity:

_ Y
F (x, y) B 2a:f:clog<%>
= F (A«'B, )\y) B 2)\337)\:clog<;\—2)
Ay
F(\z, \y) =
~ ( v y) )\<2w79:log<%>)

= F (Az,\y) =

ExameElite - examelite.com
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= F(z,y) = F (A\z, \y)

Thus it is an homogenous equation.

Let y=vx:

d(vm) o vE

de 27— zlog (%)

= ”j_i + xj_v x(2jgg(v))
= Ut xili_:: 2—1(1))g('u)
= mfll_z o 2—11i)gv -
> adt — e
o =

Separate the differentials:

2—logv dz

vlogv—v T

Integrate both side:

f 2—logv d’l):fd%

vlogv—wv

leogvdv =logz + logC

v(log v—v)
1 1-logwv .
= fmdU—F fmdv = logx + logC
1 1 -
= f mdv - f ~dv =1ogCxz ...... (1)

Solving :

1
f v(logv—1) dv

Substitute log v-1=t:
logv—1=1t

= 1dv=dt

ExameElite - examelite.com
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Thus the integral will be:

/ 1 /dt
= | ——dv= | —
v(logv—1) t
:>/ 1 d logt
_——adv =
v (logv —1) 8

1
= [ ——————dv =log(logv —1
/ v (logv — 1) v = log(logv = 1)

Using above result for solving (1):

= log(logv — 1) — logv = log Cx

logv—1
v

= log

= log Cx

logv—1

Czx

- =

y.
—:

Back substitute v=

log%fl

=Cz

jlog%—lsz(%)
:>10g%—1:(7y

The solution of the given differential equation log%—lsz.

Question 10
Show that, differential equation <1+e%> dx—l—e§ (1-%) dy=0 is homogenous and solves it.

Solution

Ans: Rewrite the equation in standard form:
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e (122
= F (Az,\y) = ——<1 Ay)

o
1+e

= F(z,y) = F (Az, \y)

Thus it is an homogenous equation.

Let x=vy:
= vty =
iyg—z :w

Separate the differentials:

ExameElite - examelite.com
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1+e d ﬁ
e’+v Yy

Integrate both side:

f 1+e” dv @
ev+v Yy

/

e’ +1
e’ +v

Solving the LHS integral. Substitute e¥+v=t:

= (e"+1)dv=dt

Solving the expression (1):

Back substitute v:?

ExameElite - examelite.com

1
:>/—dt
t

= log(e’ + v)

el +v=t

dv =

= log(t)

—logy +1logC

C

log —
Y

—log
gy

) C
— 10 —
s Yy

C
=e'+tv=—
y

<|y

< |8

<[ Q
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éye%—l—x:C

The solution of the given differential equation

yer +x=C

Question 11

examelite.com

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

when x=1.
Solution
Ans: Given differential equation is:

(z+y)dy+ (z—y)dz =0

dy  z—y

j%__m+y

Checking for homogeneity:

F(ZII,y) - z;z
Az—A
= F (Az,\y) = — )‘m“z
Alz—
= F(Az,\y) = — 502

= F(\z,\y) = — Zz

= F(z,y) = F (\z, \y)

Thus it is an homogenous equation.

Let y=vx:
dlvz)  z—(vz)
de o+ (vz)
dz dv z(v—1)
V% T %% T o)

ExameElite - examelite.com
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Svteg =3
ng—:::%—v
éxg—;z%

Separate the differentials:

e = T3

Integrate both side:
v+1 dz
f 1422 d f T

:>flj_’v2dv—|—f1i1}2dv:—loga:+k

= %log(l + v2) +tan v+ logz = k
= %log [z (1+?)] +tan o=k
Back substitute v:%:

= %log[cc (1 + ‘Z—Z)] +tan 1L =k

T

1 z?+y? 1Y
= 5log[ } + tan ;:k

Now y=1 and x=1:

110g[1 +12] —|—tan_1% — L
1
k= 3log2+ %

The required particular solution:

1log[$+y]+ta g:%10g2+§

x

Question 12

For the differential equation x2dy+ (xy+y2) dx=0.Find the particular solution for the condition y=1
when x=1.
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Solution

Ans: Given differential equation is:

z2dy + (acy + y2) dx =0

d ,r—|—2
id_y:_yy
X

xr2

Checking for homogeneity:

F(e,y) = — "

x2
2
P (ha, ) =
2 z 2
= F (Az, \y) = —%

= F (Az,\y) = — xy;yZ
= F(z,y) = F(Az, Ay)

Thus it is an homogenous equation.

Let y=vx:
d(vz) z(vz)+(va)?
de  — z2
dz N dv
= V— Xr—
dz dz
22 (v+v?
R e ()
d x?
dv 2
=vt+x-=—v—U
dz
= — 2 2
dz

Separate the differentials:

1 . dx
V2420 dv = T

Integrate both side:

fv2i2vdv: _f(fv_x

ExameElite - examelite.com
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3 fwi;)’dv— logz + log C

v+2 v
2 5/ U+2)d T2 5/ U(U+2)dv: —logz +log U
:?%f%&r—%fﬁ3&p:—ng+bg0
1 1 C
= ylogv — log(v + 2) = log

1 v C

SN c’
v+ 2 22
Back substitute v:%
Y 2
T C
= = -
= + 2 x
2
Yy o
Y+ 2z
Now y=1 and x=1:
1 (1) )
1+2(1)
1
= 0= =
3

The required particular solution:
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x? 1
Ty _
Y+ 2z 3

=y + 2z = 32’y

Question 13
For the differential equation [xsin2 (%) —y] dx+xdy=0.Find the particular solution for the condition

yzg when x=1.
Solution

Ans: Given differential equation is:
2 ([ x
[xsm (5) — y} dr +xzdy =0

aw _ ()

:%:_

Checking for homogeneity:

in2(£)—
:csm(y) Y

F(z,y) = ———

= F (Az, \y) = —w
= F(Az, \y) = ——A<w5m1§)y>
— F (e, \y) = — m2<j)_y

= F(z,y) = F (\z, \y)
Thus it is an homogenous equation.
Let y=vx:

d(vz) wsin® (%) —vz
dx N

8
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—zsin® (v) + vz

TV T

:v+x3—; = —sin?v + v

= 2 — _ginZy
dz

Separate the differentials:

o
€T

cosec’vdv = —
Integrate both side:

[ cosec?vdv = — [ d—;

= —cotv = —logx —logC
= cotv =log Cz

Back substitute v:%:

= cot % =logCx

Now y=7 and x=1:

|4>-|>-1

cot

=logC'(1)

=

= logC = cot%

= logC =1

=C=ce

The required particular solution:

= cot L = log|ex|
T

ExameElite - examelite.com
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Question 14

examelite.com

For the differential equation —Z- %#—cosec (y) =0.Find the particular solution for the condition y=0

d x
when x=1.

Solution
Ans: Given differential equation is:
dy

%—%—l—cosec(%) =0

Checking for homogeneity:
F (z,y) = £ — cosec (%)

= F (Az,\y) = % — cosec

S

2)
)

8|

= F (Az,\y) = £ — cosec (
= F(z,y) = F (Az, Ay)
Thus it is an homogenous equation.

Let y=vx:

d(vz)
dz

= v — cosec (v)

dx dv

= VvV— +Tr—— = v — cosecC

dx dx

dv

= v+ x5 = v — cosec (v)

d
= o = —cosec (v)

Separate the differentials:

do

sinvdv = — -

ExameElite - examelite.com
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Integrate both side:
. o dz
[sinvdv = — [ =

= —cosv = — log|z| — log C

cosv = log|Cx|

y.

Back substitute v=-_-:

= cos ~ = log|Cxz|
T

Now y=0 and x=1:
0

= cos 7 = log|C1]

=logC =1
=C=e

The required particular solution:

= cos% = log|ex|

Question 15

d
For the differential equation 2xy+y?2-2x> %:O.Find the particular solution for the condition y=2 when

x=1.
Solution
Ans: Given differential equation is:

2zy + y? —2:1:2% =0
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dy 2zy + y?
de 2z

Checking for homogeneity:

2zy+y?
F(way):ﬂ

222

2
L F(he, ) = 200

= F(\z,\y) = 220

= F(z,y) = F (Az, Ay)
Thus it is an homogenous equation.
Let y=vx:

dlvr)  2z(vz)+(vz)’

dz 22

Integrate both side:

2/ % =7 (%)

—2+1

= T—Fl :log|:c| +C

ExameElite - examelite.com
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y

Back substitute v="=_":
= —27”” = log|z| + C
Now y=2 and x=1:

= —@ =log|l|+ C

=(C=-1

The required particular solution:

= —27”: = log|z| — 1.

o 2x
Y= 1-log|z| (x ?é 0, 6)

Question 16

2
—— =loglz| + C
v

examelite.com

What substitution should be used for solving homogeneous differential equation g—;‘ =h (%)

A.

y=VX

B.

V=yX

ExameElite - examelite.com
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Solution

Ans: The required substitution will be:
z _

y =V

=>T=vY

The correct answer is (C).

Question 17

Which of the following equation is homogeneous:
1. (4x+6y+5) dy- (3y+2x+4) dx=0
2. (xy) dx- (x3+y?) dy=0
3. (X3+2y2) dx+2xydy=0
4. y2dx+ (Xz-xy—y2) dy=0
Solution

Ans: For option (A):

_ 3y+2z-+4
F(z,y) = 4z+6y+5
3\y+2Az+4
F ()\ZB, )\y) T 4Az+6)y+h

F Az, \y) # F (z,y)

For option (B):

F(x7y) - %
_ (e
F (Az, \y) = /\(ﬁy)

F Az, \y) # F(z,y)

ExameElite - examelite.com
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For option (C):

3 2
F(x,’y) = _:c+2y

2zy
. )\3m3+2)\2y2
F(Az, M) = —55000)
F (e, M) = — 252

F()z,\y) # F (z,y)

For option (D):

2

F(z,y) = —#ﬁﬂ
- )\2’!/2
F Az, \y) = N2 (Az) ()~ \y?
y2
F(\z,\y) = TP —ay—y?

F (Az,\y) = F (z,vy)

Thus the correct answer is option (D).

Exercise 9.5

Question 1

Find the general solution for the differential equation %+2yzsinx.
Solution

Ans: The given differential equation is:

% + 2y =sinzx

It is a linear differential equation of the form %—i—py:Q, with:

p=2

ExameElite - examelite.com
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Q =sinz

Calculate the integrating factor:

I.F = elrie
= I.F = el &
= [.F = ¢2®

General solution is of the form:
y(IF) = f(Q X I.F)da:—l—C’
ye*” = [sinz (e*) dz + C

= yezx

=I+C (I: /sinaz (e*") da:)

I = /sina: (ezm) dzx

= I = (sinz) [e**dz — [((sinz)’ [e*dz) dz

= = %sinx—f(cosa: (ezw>) dx

2z

= I = S-sinz — 5 [cosz [e**dz — [ ((cosz)’ ([e*dz)) dz]

2 2

2z

__ e . 1| e 1 2% (.
= I =<-sinx — 5[—cosa:—|—5fe (smx)da:]

2 2

2, 2z
=] = <-sinz — l[‘3—cosa:+ %I]

2 2| 2
2z 2
— e’ _ e _ 1
= I = 5-sin Cos T 4I
5 . eZz . e2z
= 4I— 5-sinz 1 COST
26290 62:(:
=1 = sinx — —cos <z
5 5

ExameElite - examelite.com
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62:1:
=1= ?[231113: — cos x|
Back substituting I in expression (1):
e2a:
= e’ = 3 [2sinz — cosz] + C

1 . —2x
=y = 3(25111:1: —cosz) + Ce

The general solution for given differential equation is

y=%¢ (2sinx-cosx) +Ce ™

Question 2

Find the general solution for the differential equation %+3y:e'2".

Solution

Ans: The given differential equation is:

dy _9

gz + 3y = € T

It is a linear differential equation of the form %—i—py:Q, with:
p=3

Q —_ 6721'

Calculate the integrating factor:

I.F=elrd

— [.F = ¢J3dz

ExameElite - examelite.com
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= [.F =e¢¥*

General solution is of the form:
y(I.F)= [(QxI.F)dz +C
= ye¥* = [e " (e’) dz + C
= yedt = [e2t3edy 4 C

= ye3? = [e*dz + C

= ye3? = e + C

Sy—e 2 4 Qe

The general solution for given differential equation is y:e'2x+Ce

Question 3

. . . . . d
Find the general solution for the differential equation d—i—}—%zx?

Solution
Ans: The given differential equation is:

Y
T

4
It is a linear differential equation of the form %—l—pyzQ, with:
P=3

Q=2

Calculate the integrating factor:

I.F =elrd

= [LF=els

= [.F = elog®

=I1.F=«c

General solution is of the form:

ExameElite - examelite.com
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y(I.F) = [(Q x . F)de + C
= yz = [2?(z)dz + C

= zy= [2%dz + C
émy:%—kc

:>xy:%4—|—0

4
The general solution for given differential equation is Xy:XT—i—C.

Question 4

S
N———

d
Find the general solution for the differential equation d—z+ (secx) y=tanx (0 <x<

Solution

Ans: The given differential equation is:

dy

= +(secz)y = tanz

It is a linear differential equation of the form j—i—l—py:Q, with:
p=secx

Q =tanzx

Calculate the integrating factor:

I[.F=e¢lrd

= I.F = eJsecadz

= [. F = elog(secz+tanz)

= I.F = (secx + tanx)

General solution is of the form:
y(I.F)= [(QxI.F)dz +C

= y(secz + tanz) = [tanz (secz + tanz)dz + C
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secz +tanz) = [tanzseczdz + [tan’zdz + C

=y

= y(secz + tanz) = secx + [ (sec’z — 1) dz + C
= y(secx +tanz) = secz + [sec’zdz — [dx + C
=y (

secx +tanz) = secx + tanz —x + C

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

Question 5

ol
N———

. . . . . d
Find the general solution for the differential equation cos2xd—i +y=tanx (0 <x<

Solution

Ans: The given differential equation is:

2, 4y _
cos“z— +y =tanzx

% + (sec’z) y = sec’z tanz
It is a linear differential equation of the form %—pr:Q, with:
p = sec’x

Q = sec’ztanz

Calculate the integrating factor:

I.F=elrd

~ [.F= efsecza:da:

= [.F = ¢tn?

General solution is of the form:

y(I.F)= [(Q x I.F)dz + C

= ye'* = [e"™? (sec’z tanz) dz + C

=y =T+ C (I= [e™* (sec2:1: tanz) dz) ...... 1)
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Solving the integral I:
I = [e'™® (sec’ztanz) dz

Substitute tanx=t :

tanx =t

= sec’zdr = dt

= I = [ettdt

= I=t[eldt — [((t) [e'dt)dt
= I =te' — [ (') dt

= I =tel — ¢t

Back substitute t:

I — tan pet®n® _ ptanc

Back substitute I in expression (1):
= gyt = [ 4 C

= ye!an® = tan petan® — gtane 4 O

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

Question 6

d
Find the general solution for the differential equation xd—i —|—2y:x210gx.
Solution
Ans: The given differential equation is:
2 49y = 22logx
dx

d 2
=l + —y==xlogzx
de =z
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It is a linear differential equation of the form %—l—pyzQ, with:
p=7

Q ==xlogx

Calculate the integrating factor:
I.F=elrk

= [LF=elid

= [.F = ¢?logz

= [.F = ¢loge’

= I.F = z?

General solution is of the form:
y(I.F)= [(QxI.F)dz +C

= yz? = [2? (zlogz)dz + C

= yx? = /933 logxdz + C

=yl =1+C (I:/x?’log:vda:)

Solving the integral I:

I

/a:3 log xdx
=1= logw/w3da: — / ((logm)'/x?’d:r:) dz
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x 1 [zt

Back substitute I in expression (1):

ExameElite - examelite.com

4 2
= yz’ = Ilog:c—l—ﬁ-i—C’
22
=y = E(4logaz ~1)+Cz?

The general solution for given differential equation is

X2

=16

(4logx-1) +Cx
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Question 7

d
Find the general solution for the differential equation XlOng—i —|—y:%10gx.

Solution

Ans: The given differential equation is:

dy _ 2
xlogma +y=Zlogz

dy y 2
E+—__2

zlogx z

d
It is a linear differential equation of the form d—i—i—py:Q, with:

1
zlogz

2
Q==

p:

Calculate the integrating factor:

I.F = elpiz
_1

= [ F=¢lmat®

Substitute logx=t:

logx =1t
= %dwzdt
~ [.F=¢lt

= [.F = elogt

=I1.F=t

= I[.F =logx

General solution is of the form:

y(I.F)= [(Q x I.F)dz +C

éylogazzf%(loga:)daz—l—C
= ylogz =1+ C (I:f%(logw)da@) ...... (1)

Solving the integral I:

ExameElite - examelite.com
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I= f%(logw)dm

I=2 [logw/%dm—/((logm)'/%dm) d:c]
oo () ()

Back substitute I in expression (1):

yloge =1+ C

| X log 1 o
= yloger =2 |— -z +

2
(logz+1)+C

= yloge = ——
x

The general solution for given differential equation is

2
ylogx=-—(logx+1) +C
X
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Question 8
Find the general solution for the differential equation (1—|—x2) dy+2xydx=cotxdx (x # 0).

Solution

Ans: The given differential equation is:

(1+ 2?) dy + 2zydz = cot zdz (z # 0)

2zy __ cotx
1422 1422

dy
j@‘F

d
It is a linear differential equation of the form d—i—l—py:Q, with:

2z
p - 1+m2
Q — cot x
1+

Calculate the integrating factor:

I.F = elpie

2z

L[ F=e o™

Substitute logx=t:

1+ 2% =
= 2xdxr = dt
= [.F=eltd

= I. F = elogt

=I1.F=t

= I.F=1+2?

General solution is of the form:

y(I.F)= [(QxI.F)dz +C
:>y(1+x2):f%(l+x2)da:+0
=y (1+2?) = [cotzdr + C

=y (1+ z?) =loglsinz| + C

The general solution for given differential equation is y (1—|—x2) =log |sinx| +C.
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Question 9

d
Find the general solution for the differential equation Xd—i +y-x+xycotx=0 (x # 0).
Solution
Ans: The given differential equation is:

x%+y—m+xycotw:0

dy Y

= - + = —1+ycotx =0
dy 1

= -+ (—w —|—cotar:)y_— 1

It is a linear differential equation of the form j—i—l—py:Q, with:
p = (% + cot :L')

Q=1

Calculate the integrating factor:

I.F =elrd

L[ F— ef<§+cotm)d:c

— [ F — el 3da+[cotadx

— [. F = elogz+log(sinz)

— [ F — log(wsina)

= I.F =zsinx

General solution is of the form:

y(I.F)= [(QxI.F)dz +C

= y(zsinz) = [(1) (zsinz)dz + C

= zysing =1+ C (I = [zsinzdz) ...... 1)

Solving the integral I:
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I = [zsinzdz

= 1= a:/sin rdr — / ((a;)’ /sin azd:z:) dz

= I =2z (—cosz) —i—/(cosx)dac

= ] = —xcosx +sinz

Back substitute I in expression (1):
zysine =1+ C

= zxysinx = —zxcosx + sinx + C

1 C
>y=—cotxr + — + ———
T rsinx

The general solution for given differential equation is

1
y=-cotx+—+—
X  Xxsinx

Question 10

d
Find the general solution for the differential equation (x+y) d—i =1
Solution
Ans: The given differential equation is:

d
(z+y) == =1

ExameElite - examelite.com
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dy _ 1
:da:_ﬂﬂ‘y

dx

dx .

It is differential equation of the form g—;—l—px:Q, with:
p=-—1

Q=y

Calculate the integrating factor:

I.F =elv®

= [LF=el 1%

= I1.F=eY

General solution is of the form:
z(I.F)=[(Q@xI.F)dy+C

— (e V) = [(y) e V) dy+C
=ze V=1+4+C (I = fye‘ydy) ...... (1)
Solving the integral I:

I= [ye¥dy

=>IT=yfe¥dy— [ ((y)’fe_ydy) dy
=IT=—-ye v+ [((1)e¥)dy

= I =—ye ¥+ [e¥dy
=I=—-ye ¥ —e?

Back substitute I in expression (1):

zeV=1+C

ExameElite - examelite.com
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=ze V=—ye V—eYV+C

=z=-y—1+CéY

z+y+1=Cé

The general solution for given differential equation is

x+y+1=Ce”

Question 11

Find the general solution for the differential equation ydx-+ (x-yz) dy=0.

Solution

Ans: The given differential equation is:

ydm+(ac—y2)dy:O

de Y-z
= dy ~— Y

dz 1), =

= dy + (y) =y

It is differential equation of the form g—§+px=Q, with:
1

b=y

Q=y

Calculate the integrating factor:

I.F=el?®

N A L
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= [. F = elogy
=I1.F=y
General solution is of the form:
z(I.F)=[(Q@xI.F)dy+C
=z (y) = [(y) (y)dy+C
=zy= [y?’dy+C

y3
= zy=5+C

2
:>:c:y?+

<|Q

2
The general solution for given differential equation is X:y?—l—

<|a

Question 12

d
Find the general solution for the differential equation (x—|—3y2) d—i:y (yO).
Solution
Ans: The given differential equation is:

(m+3y2)%=y

de z+3y?

dy Y
dz. (1 _
:>dy (y):):—3y

It is differential equation of the form g—;—i—pX:Q, with:

=

p=—13
Q =3y

Calculate the integrating factor:

I.F = elPw
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S F=e ¥

— [.F = ¢ o8y

— [.F = elogy”’
1

= I.F = 7

General solution is of the form:
z(I.F)=[(Q@xI.F)dy+C
=z (L) =/ Gy (L) ay+C
= L =3[dy+C

= ==3y+C

<@ |8

=z =3y’ +Cy

The general solution for given differential equation is X:3y2—|—Cy.

Question 13

. . . d . .
Find particular solution for d—i+2ytanx:smx satisfying y=0 when ng.
Solution

Ans: The given differential equation is:

dy .

= + 2ytanx = sinzx

d :
d—i’ + (2tanz)y =sinz

d
It is differential equation of the form %+py=Q, with:
p=2tanz
Q =sinz

Calculate the integrating factor:
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I.F = elrde

= T F:e2ftanacdm

= [. F = e2loglsecz]|

—~ [.F = elog(sec:c)2

= I.F =sec’x

General solution is of the form:
y(I.F)= [(QxI.F)dz+C

= ysec’z = [ (sinz) (sec’z) dz + C
= ysec’z = [tanzseczdz + C

= ysec’z = secx + C

= y = cosz + Ccos’x

Given y=0 when x=7

0= cos(%) + Ccos? (%)

=C=-2
Therefore the particular solution will be:

= 9y = cos T — 2cos’T

examelite.com

The particular solution for given differential equation satisfying the given conditions is y=cosx—20052x.
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Question 14

1
1+4x2

d
Find particular solution for (1—|—X2) d—i—|—2xy:
Solution

Ans: The given differential equation is:

1

(1+2%) 2+ 22y = -1

dy 2z 1
+ s V=" o
dz 1+ (1+ z2)

d
It is differential equation of the form d—i—i—py:Q, with:

2z
p - 1+$2
Q=—1
(1+22)*

Calculate the integrating factor:

I.F =elpie

[ F=¢ 1a2®
= I.F = e210g|secalc|
= [. F = eloe(1++)

=] F=14+z

General solution is of the form:

y(I.F)= [(QxI.F)dz +C

(1+a2)*

:>y(1+:c2):f< ! )(1+x2)dzc+0

:>y(1—}—a:2) :f1:m2d$+0

=y(1+z%) =tan'z +C

ExameElite - examelite.com
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Given y=0 when x=1:

Therefore the particular solution will be:

=y (1+2?) =tan 'z — T

The particular solution for given differential equation satisfying the given conditions is

y (1+x?) =tan’x- T

Question 15

d . e
Find particular solution for d—i-3ycotx:s1n2x satisfying y=2 when x:g.
Solution

Ans: The given differential equation is:

dy

- 3ycot = sin 2z

d
% + (—3cotz)y = sin 2z

It is differential equation of the form j—i+py=Q, with:
p= —3cotx

Q = sin2zx

Calculate the integrating factor:

I.F=¢lri

—~ [.F = e—3fcotmdm
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= [. F = ¢ 3log|sinz|
B G
=I1.F=

sin°x

General solution is of the form:

y(I.F) = [(Q x I. F)dz + C

iy( L >:f(sin2a:)( L )dx—l—C

sin’x sin’x

sin’x sin°x

:>y( L ):2f(sin:1:cosa:)( L )dg;_|_C

=L —of(=) a0

sin“z

= = 2 [ cot zcoseczdz + C

= —— = —2cosecz + C
sin-x

= y = —2sin’z + Csin’z

.

Given y=2 when x=

2
2 = ~2sin’ (§ ) + Csin® (3)
=C-2=2
=C=14

Therefore the particular solution will be:

=y = —2sin’z + 4sin’z

The particular solution for given differential equation satisfying the given conditions is

y=-2sin?x+4sin®x.

ExameElite - examelite.com
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Question 16

examelite.com

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.

Solution

. dy . .
Ans: According to the slope of tangent d—i is equal to sum of the coordinates:

Ty
The given differential equation is:
dy

@ =TTy

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

Q==

Calculate the integrating factor:

I.F = elriz

= [ F=¢lld

=I1.F=e”

General solution is of the form:

y(I.F)= [(QxI.F)dz +C
=yle®)=[z(e*)dz+C

=ye? =z [e?dz— [((z) [e*dz)dz+C
= ye ?=—ze?+ [(e?)dz+C

=ye T=—ze*—e*+C

ExameElite - examelite.com
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=y=-—x—1+Ce"

=y+z+1=Ce"

Given y=0 when x=0 as it passes through origin:
0+0+1=Cé

=C=1

Therefore the equation of the required curve is y+x+1=e*.

Question 17
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

Solution

Ans: Let the slope of tangent be %.
According to :

x+y= % +5

The given differential equation is:

d
x+y=E%+5

It is differential equation of the form j—i+py=Q, with:
p=-1
Q=z-5

Calculate the integrating factor:
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I.F = elrde

= [F=¢tld

=I1.F=e™

General solution is of the form:

y(I.F)= [(QxI.F)dz +C
=yle®)=[(z—5)(e*)dz+C
=ye®) = [z(e®)dz—5[e?dz+C
=ye ?=z [e?dz— [((z) [e*dz)dz -5 [e *dzC
=ye " =—ze *+ [(e*)dz+5e "+ C
=ye *=—ze*—e?+5be "4+ C
=ye ¥ =—xe *+4e *+C
=y=—x+4+ Ce”

=y+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+ax—4=—-2e"

Question 18

d
Find the integrating factor of the differential equation x%—yz2x2.
A.

e—a:
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Solution

Ans: Given differential equation is:

dy . 2
T—- Yy =2z

dy 1 9,2
Thus it is a linear differential equation of the form %—l—py:Q:
p=—=
I.F =elre
S ILF=¢ /@

= I.F = e logll
= [.F = ¢

_ 1
=I1.F=+

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

Question 19

Find the integrating factor of the differential equation (1-y2) j—;—l—yx:ay (-1y1).

ExameElite - examelite.com
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1—y?
Solution
Ans: Given differential equation is:

(1—y2)'jl—§—i—ya:=ay

da y _ay
= ay T (1—1/2) T= 1y

I.F=el?®

L[ F=TRY

1 —2y
=/ 12 dy

=I1.F=ce¢

1

v/ 1-y2

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

Question 1

For each of the differential equations given below, indicate its order and degree (if defined).
(|)——|—5X( ) -6y=logx

dy \ 3 dy \ 2 :
(ii)(d—i) — 4<d—)y(> +7y=sinx

A3y
(III)—-SlIl (@) =0
Solution
Ans: The given differential equation is:

2 2
%4—590(%) — 6y —logz =0

2

d’y
The highest order derivative in the equation is of the term —

ol thus the order of the equation is 2 and

its highest power is 1. Therefore its degree is 1.

Ans: The given differential equation is:
dy 3 dy 2 . L
<%) —4(5) + Ty —sinz =0

3
The highest order derivative in the equation is of the term (d—z) , thus the order of the equation is 1

and its highest power is 3. Therefore its degree is 3.

Ans: The given differential equation is:
d4y d3
- sm(dﬁ) 0
d'y
The highest order derivative in the equation is of the term —- oy , thus the order of the equation is 4.

As the differential equation is not polynomial in its derivative, therefore its degree is not defined.
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Question 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? d
1. xy=ae*+be*+x> :xd—:;—l—2d—i-xy—i—x2-2:0
Solution

Ans: The given function is:
zy = ae® + be ® + z?

Take derivative on both side:
dy _ T —z
= y+r - =ae —be " + 2z
Take derivative on both side:
dy d2y

E+w—+%=aem+be’m+2

= dx?
:>xd—2y+2ﬁ—ae“’+be_m—|—2 (1)
d$2 dw — wWwe | UVUle | & sesenas

The given differential equation is:

d’y dy 2 _
xw—I—ZE—xy—l—x -2=0
Solving LHS:

d2y

. dy
Substitute XE+2§ from the result (1) and xy:

= (w%+2%)—my+x2—2

= (ae” +be " +2) — (ae” +be * + a°) + 2% — 2
=2 —x? + x? — 2

=0

Thus LHS=RHS, the given function is the solution of the given differential equation.
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2
1. y=e* (acosx+bsinx) : %—2%+2y:0

Ans: The given function is:

y=e* (acosz + bsinz)

Take derivative on both side:

= % =e” (acosx + bsinz) + e* (—asinz + bcos z)
X
= % =e”((a+b)cosz + (b—a)sinz)

Take derivative on both side:

= % =e”((a+b)cosz+ (b—a)sinz) + e* (— (a+ b)sinz + (b — a) cos )
= % =e*((a+b+b—a)cosxz + (b—a—a—b)sinzx)

d’y .
= =€ (2bcosx — 2asin x)

The given differential equation is:
Ty 2% 4y =0
o
Solving LHS:
= €” (2bcosz — 2asinz) — 2e” ((a + b) cosxz + (b — a) sinz) + 2y
= e” ((2b — 2a — 2b) cosx + (—2a — 2b+ 2a) sinz) — 2y
= e” (—2acosz — 2bsinz) — 2y
= —2e” (acosz + bsinz) — 2y
=0

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

2
1. y=xsindx : %—I—gy—GCOSgX:O

Ans: The given function is:

Yy = xsin 3z

Take derivative on both side:
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d )
= d—z = sin 3x + 3x cos 3x

Take derivative on both side:

= % = 3cos3z + 3(cos3z + = (—3sin 3z))

2
= a9 =3cos3x + 3cos3x — 9z sin 3x
dx?

2

= £y _ 6 cos3x — 9z sin 3x
dx?

The given differential equation is:

2
%—I—Qy—(icos?)w:()

Solving LHS:
= % + 9y — 6 cos 3z
= (6 cos3z — 9zsin3z) + 9 (x sin3z) — 6 cos 3z

= 6cos3x — 9z sin 3z + 9z sin 3z — 6 cos 3x

=0

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

1. x2=2y%log y : (x2+y2) %-Xyzo

Ans: The given function is:

z? = 2y%logy

Take derivative on both side:

1 dy
20 = 2 ( 291 2 = —
= 2T <yogy+y (y)) dz

ExameElite - examelite.com
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dy

= — =
dz

Multiply numerator and denominator by y:

dy
:%_

The given differential equation is:

(m2+y2)Z—Z—my:O

Solving LHS:

dy
aw TY

= (m2+y2)
= (ac2 +y2) (%) -2y
=2y — Y

=0

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

Question 3

2
Prove that x*-y?=c(x?+y?)" is the general solution of differential equation

X
(2ylogy + y)

Y

(2y%logy + y?)

Y

(X3—3xy2) dx= (y3—3x2y) dy , where c is a parameter.

Solution

Ans: Given differential equation:

(z° — 3zy?) dz = (y* — 32%y) dy

d 3 —3zy?
= L = z
dz y3—3x2y

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

d(vz) 23 —3x(vz)?
dr (var)®—322(ve)
= v+ a:j—v = %
= v+ mg—z = %

dv 1-3v2—v44322

= LEE - v3—3v
dv 1
= xdx T ow3—3v

Separate the differentials:

v3—3v dx
— dv =

Integrate both side:
v’ —3v _ dx
f 1—ovt dv = f T

:>f3

ff dv =logzx + log C

1—
3 -3
= I =logz +logC (I:/udv)

Solving integral I:
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:>v3—3v_ v} — 3v
1—vt (1—v)(14+v)(1+0?)

Using partial fraction:

v3 — 3v A B Cv+ D
+ +
11—t 1—v  1+w 1+ v2

Solving for A,B,C and D:

v® — 3v _% % —2v+0

R
1 1
I =—2(—1log(1 —v)) + 5(log(1 +v)) — log(1 + v*)

1= 2 (1og(1 — 7)) - 2log(1 +?)

1, (=)
I= 2<1 g(1+v2)2>
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y2
1 1_?)
= 1= —]log
2 Y2 2
1+ =
X

2 (.2 2
1 x° (x* —
=I1=—|log ( yz)
2\ @)
2 2
1 " — 1
= 1=—|log ( y)2 + —log z2
1 22 — g2
= 1= —1log ( )2 + logx
2\ @2 y?)

Back substitute I in expression (1):
= I =logz +1logC

(«* — )
+logz =logz + logC

1
= —|log———=
2 ( (22 +4?)°

z? — g2
= log ( ) = 2logC
(22 +y?)*
N 2?2 — o’ e
(@? + y2)°

Page 103 of 117
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= 2

— y2 = c(:c2 + y2)2 <c

Thus for given differential equation, its general solution is

Question 4

x2—y2:c (x2+y2)2

d
Find the general solution of the differential equation =y

Solution

dx

Ans: The given differential equation is:

+ =0

Integrate both side:

dy dz
= = —
f \/]_—y2 f V1—gz2
= sin"ly = —sin"lz + C

= sin "ty +sin lx = C

Thus the general solution of given differential equation is sin‘1y+sin'1X=C.

Question 5

Show that the general solution of the differential equation —

dx

(x+y+1) =A (1-x-y-2xy) where A is a parameter.

ExameElite - examelite.com

dy

1-y2

1-x2

_|_

y2+y+
x2+x+1

<)

=0.

=0 is given by

examelite.com
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Solution

Ans: The given differential equation is:

dy | gyl 0
dz 24+l

d 2yl
= % - ziz—tl
I O
& ra(Y)ery- 3
N (v+3) +4
da (w+%)2+%
— dy2 _ d:L'2
(y+§) +3 (m+§) +3
Integrate both side:
dy dx
= S
o e
» Chyte” a3 Syt ey e
2 2 2 2
@ g o [22] o ) <
3 3 V3
ot 2] o [22] < 0

—yH} +tan! [M} :?C.

2
Thus the general solution for given differential equation is tan™ [ 3 3

Question 6
Find the equation of the curve passing through the point (O 1 ) whose differential equation is

sin x cos ydx+-cos x sin ydy=0.
Solution

Ans: Given differential equation is:
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sin ¢ cos ydx + cos x sin ydy = 0
= sin x cos ydx + cos x sin ydy = 0

Divide both side by cosx cosy:

sin z cos ydz+cos x sin ydy

COST COS Y =0
= tanxdx 4 tanydy = 0

= tanydy = — tan xdzx

Integrate both side:

= [tanydy = — [tanzdz

= log(secy) = —log(secz) + C
= log(secy) + log(secx) = C
= log(seczsecy) = C

= secxsecy =k (k: eC)

As curve passes through (O,%):

SGCOSGC(%) =k

= k=12
:>S€C.’IZS€C’y:\/§

Thus the equation of required curve is sec x sec y:\/i.

Question 7
Find the particular solution of the differential equation (1+e2x) dy+ (1+y2) e*dx=0 given that y=1

when x=0.
Solution

Ans: The given differential equation is:

(1+e¥)dy+ (14 y?)e*dz =0
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Divide both side (1+e*) (1+y?):

dy n et
(I+y?)  (1+e*)

dr =0

e$

tan 1y = /mdw

Substitute t = e¥:
dt = e*dx

1
tan 1y = —/—dt
= tan Yy (1 n tz)

= tan 'y = —tan 't + C
= tan 'y = —tan le® + C
= tan ly +tan 'e® = C

As y=1 when x=0:

tan~! (1) + tan~! (e) = C
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us

= tan 'y + tan le? = 5

Thus the required particular solution is tan‘ly—l—tan'le":

Question 8

Solve the differential equation ye% dx= (xe§+y2> dy (y #0).

Solution

Ans: The given differential equation is:

yevdr = (:ce% + y2) dy

eV — = xe?

ye' g +y
Z dx z 9
Yy — — Yy =

= yel g —xe Y

dx

z Y~

jey[ ;2 ] =1

dz 2z 1) dz T
22— py - == _ L
~ oy € [(y) y yz]
vz
dz % dy
:>d_y_ey[ y2}
dz
:>d—y—1

ExameElite - examelite.com

s
5

=dz=dy
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Thus the required general solution is

Question 9

=z=y+C
:>e%:y—i—C
ev=y+C

examelite.com

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).
Solution

Ans: Given differential equation is:
(z —y) (dz + dy) = dz — dy
= (x—y)de —de = (y—z)dy — dy

= (z—y+1l)dy=(1—-z+y)de

dy  1-z+y
= dz =~ z—y+1
Put x-y=t:
rT—y=t
dy _ dt
=1 dz =~ dz
dt _ dy
=1 dz ~ dzx
dt 1-t
=l-a =1

ExameElite - examelite.com
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dt
dx

@ _
de ~—

&t _
dx

U

:%%t

Integrate both side:

= [dt =2 [dx

= [2dt+ [dt=22+C

= loglt| +t=2z+C

=loglz —y|+z—y=22+C
= loglz —y|—y=xz+C

As y=-1 when x=0:

= log|0 — (-1)| — (1) =0+ C

=logl+1=C

=C=1

Thus the required particular solution is:

logle —y|—y=xz+ 1.

Question

2%
Solve the differential equation [e =

Solution

Ans: Given differential equation is:

{_em _ L] do _

Ve VT | dy
dy e 2/z

= T N —

—1—

1-t
1+t

1+t—1+4¢
1+¢

2t
1+t

= 2dzx

10
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dy Yy eWe
R
. . : : d
It is linear differential equation of the form d—i—i—py:Q:

_ L
p_ x

e 2V

@="7

Calculating integrating factor:

I.F = elpde
o
I.F=¢e2Ve

The general solution is given by:

yxI.F=[(QxIF)de+C

Y X (62\/5) :f(% ><e2\/5) de +C

X

:yezﬁ:f<$)dw+0

2y _ L
= yeV? = [ \/Edzc +C
= ye?V® =2./z + C
Thus the general solution for the given differential equation is

ye?V® =2./x + C.

Question 11

Find a particular solution of the differential equation g—i—l—ycotx:4x cosecx (X =+ O) given that y=0
™

when X=3.

Solution

Ans:

The given differential equation is:
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Z—z + y cot @ = 4x cosecx

It is linear differential equation of the form %—pr:Q:
p =cotx

Q = 4xcosecr

Calculating integrating factor:

I.F=elvd

. F = eJcotzdz

I. F — eloglsinz]

I.F=sinz

The general solution is given by:
yxI.F=[(QxI.F)dz+C

= y x sinz = [ (4z cosecz) sinzdz + C
= ysinz =4 [zdz + C

= ysinz =4 (%2) +C

= ysinz = 2z + C

As y=0 when x=7:

Thus the required particular solution is:

=

ysinz = 22% — 5
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Question 12

examelite.com

d
Find a particular solution of the differential equation (x+1) %zZe'y—l given that y=0 when x=0.

Solution

Ans:

The given differential equation is:

(w—l—l)%z e?V—1

dy dzr
= 2ev—1 = z+1

Integrate both side:

dy dz
= f 2eY—1 z+1

= [ 2:371 =log(x + 1) +1logC

Evaluating LHS integral:

dy o evdy
= f 2ev—1  J 2—ev
Put t=2-eY:
t=2—-¢€Y
dt = —eVdy

dy dt
= f 2ev—1  Jt

d
= [ 5 = —log(t)

dy . 1
= [ s = log 4

d
= f—ze,jl_l = log

2—eY

Back substituting in expression (1):

= [ 2;3_1 =log(x +1) +1logC

:>log( 1 ) =logC (z + 1)

2—ey

1

=2—el= C(z+1)

As y=0 when x=0:
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_ o0 — 1
=2-—e — C(0+1)
1
:2—1_0
=(C=1

Thus the required particular solution is:

=2—¢e=

(z+1)
= el =2 (x-lu)
= eV = 2?;21_)1
=ev =28

=y =log(%7)

Thus for given conditions the particular solution is y=Ilog (2;;1) .

Question 13

dx-xdy

The general solution of the differential equation yT:O.

A.
xy=C
B.

z = Cy?
C.
y=Cz
D.

y = Cz?
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Solution

Ans: Given differential equation:

ydz—zdy
= 0

Divide both side by x :

ydx—zdy

Ty =0

= &y _

= = m

Integrate both side:

= log|z| — log|y| = logk

= log|=| =logk

z
Y

= ==k

z
Y

=y=Cz (C:l)

Thus the correct option is (C)

Question 14

Find the general solution of a differential equation of the type :—§+P1X:Q1.

A.
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yefpldy = / (Qlefpldy) dy+ C

yel Prde — / (QlefPlda:) dy+C
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C.

gel Py — / (Q16fp1dy> dy +C
D.

zel iy — / (Q1efpldm) dy+C
Solution

Ans: The given differential equation is:

21 Pz=Q

dy 1T =y

It is a linear differential equation and its general solution is:
zel Pidy — [ (Qlefpldy) dy+ C

With integrating factor 1. F' = el Prdy.

Thus the correct option is (C).

Question 15
Find the general solution of the differential equation e*dy+ (ye*+2x) dx=0.

A.
xe¥ +x?=C
B.
xe¥ +y?=C
C.

ye*4+x2=C
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D.
yel+x2=C
Solution

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

d
= exﬁ + ye® = -2z

dy _ _
= —ty= 2xe "

The given differential equation is of the form:

%-l—Py:Q
=P=1
= Q= —2zxe”

Calculating integrating factor:

I.F = ¢lPde
= [.F=¢lde
= I.F=¢"

It is a linear differential equation and its general solution is:

y(I.F)= [(QxI.F)dz+C
y(e®) = [(—2ze® x e®)dy+ C
= ye® = -2 [adz + C
:>yem:—2(%2) +C

= ye’ +x2 =C

Thus the correct answer is option (C).
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