Very Short Answer Questions (PYQ)

[1 Mark]

Q.1. What is the degree of the following differential equation?

2 2.
53:((1“') =il 6y =log z?

dx dx”

Ans. Degree of differential equation is 1 because power of highest order
2
derivative &2 is one.
dx
Q.2. Find the order and degree of differential equation:
d*y 5 ( dgy)
— +sin|— ) =0
dx” .5 dx
Ans.

Order is 4 but degree is not defined because given differential equation cannot be
written in the form of polynomial in differential co-efficient.

Q.3. Find the differential equation representing the curve y = cx + c2.
Ans.
Given y = cx + c?

dy
dx

= =c+0 [Differentiating with respect to x|

dy _

= =
dx

Q.4. Find the differential equation representing the curve y = e™ + ax +
b, where a and b are arbitrary constants.

Ans.



Given curve is
y=eT+ax+b

Differentiating with respect to x, we get

d)'__ T
E—e +a

Differentiating again with respect to x, we get

Q.5. Find the differential equation representing the family of curves v = é+ B,
where A and B are arbitrary constants.

Ans.

Given family of curve is
v:é+B

Differentiating with respect to r, we get

dv

dr

A
3

Again differentiating with respect to r, we get

d _ 24

a0

dzv_2 A
T ow o Tm

d*y
a?

U
[
e
|
2%
Neni?

d* dv
£ e ==
dr” dr




Q.6. Write the sum of the order and degree of the following differential equation:

2{(2)} =0

Ans.

Given differential equation is
da [(a)?] _ 0
dx dx -

dy \2 d%
= s k —
3( dx ) dx?‘ 0

ie, order = 2, degree = 1
Required sum = 2 + | = 3.

Very Short Answer Questions (OIQ)

[1 Mark]

Q.1. Write the order and degree of each of the following differential equations:
. dy (dzy) _ dy L
ra i) e =

’ 2 3
3 dly> ‘)(dv)
iL. : FEP== =1
(dx2 5 dx

Ans.

I.  Order =3, degree =1
ii. Order=2, degree =2

Q.2. Write the integrating factor of
dy .

= (1—11)3/ = (1+z)e

Ans.

e e[ (ﬁ)dx _ el (11z) _ elog'(].z) '. .. |

14z

Q.3. Write the integrating factor of



(:z:logzz:)% +y=2logx

Ans.

From the given differential equation, we have

dy 1 2

E+zlogz ¥y=1z
3 J——dx _ 1og |(lo
So, IF = €’ 7ez = elog (e z)| _ o0 o

Q.4. Write the integrating factor of

Ans.

dx s s
d—y+(tany):z:_sec Y



Short Answer Questions

[2 Mark]

Q.1. Write the integrating factor of the following differential equation:
2 _ . -
(1+32)+ (2xy — coty)o =0

Ans.

(1+92)+ (2xy - coty)zl—ii =0

dr
= (2xy - coty) = (1+y?)

d_V 1 1y2
= R O P oo TP
dx 2xy - coty
2xy ot
= f4E._  (3Fi—voly)
dy 11y?
2 colb
= dx + v - Y

& CagpE T A

It is in the form (% + Px = @Q, where Pand Q are function of y

2y
. —dy a2
5> W=elrd _Jia® _ Joeity =1+y°

Q.2. Write the general solution of the differential equation % = %

AnNs.



dy

We have, =

L
I
y I
Integrating both sides, we get
log |y = log |x|+ log |C]
= j=hq

= y=0Cx

7

2
Q.3. Find the general solution of the differential equation Z—y =

X 1+x2
Ans.
: dy 1+4+y°
ve — T e—
Given dx 14zx2
=y dy _  dx
1+42 1422

Integrating both sides we get

dy _ p dx
fi—=fsm

= tan'y=tan™' x+ C

Q.4. Find the general solution of differential equation.

dy _ 1 -cosz
dx = 1l4cosz

Ans.



: d 1—cos
Given o = 1%z

dx  T+cosz
s & iw's
dx 2cos2-§

dy
= gar s
= tan 3

Integrating both sides
= [dy= [sec?z/2dx — [dx

= y=2tangy-z+C

Q.5. Solve the differential equation

T = (1+2?) (1+4?)

Ans.

4 d
Given E‘Y = (1+2?)(1+4?)

& =(1+22) dx

1+y?

= [or=f(1+2?) &

THy?
= ta.n“ly=:c+§+C

Q.6. Solve the differential equation.
ylogydx- xdy = 0

AnNs.



Given ylog y dx - xdy = 0 |

= ylog y dx = xdy

Let logy=

= %dy =dt

= % =logx + C}

= logt=log x+log C \where C, = log C]
= = Cx

= logy=Cx

SO

Q.7. Solve differential equation % + ‘;—y = 0.

Ans.



. dx dy
leenT+T_0

= & _ &
-

y
Integrating both sides, we get
Iz %
= logy=-logx+log C
= logy+logx=1log C
= logxy=1log C

= xy=C



Long Answer Questions-I (PYQ)

[4 Marks]

Q.1. Find the particular solution of the differential equation log (Z—z) = 3x + 4y,
giventhat y = 0 when x = 0.

Ans.

Given differential equation is log % =3z + 4y

= ﬁ o e3z-4y

= —
— =¢’.e
= dTy=e3".dx
ey

= e¥dy =" dx

Integrating both sides, we get

[e*dy = [* dx

4y 3zr
= i
— + +C1
= 3% =4e*4+12C,

= 4+ 3e ¥ =- 126

= 4+ 3eV=C (1)



It is general solution.

Now for particular solution we put x = 0 and y = 0 in (i)
4+3=C = C=7.

Putting C = 7 in (1), we get
4%+ 3¢V =7

It is required particular solution.

Q.2. Solve the following differential equation:
d

22° T —2xy +4* =0

Ans.

Given 22 % —2xy +9y2=0

o2dy _ 52

= 2z o 2xy —y
dy  2xy—y° )
= a = 522 ...(1)

It is homogeneous differential equation.

Let y=vx



dy dv
:> — — —
dx v+mdx

Equation (1) becomes

i xg a3 2z vX—1P 22

dx 272

2

= ;pg:v—f;—v

dx
dv 2
- L,
T 3x T
= 4 _ _ 2dv
z =z

Integrating both sides, we get
5 [

= loglz|+ C = —2%
= loglz|+C=2.2
Putting v = % we get

log |z| + C=27""'

Q.3. Find the particular solution of the following differential equation:

% =1+ 224 % + 2%y given that y= 1 when x=0

Ans.



: dy
Given — =1+ z? + y? + z2y?

> T=(1+2?)+y*(1+2?)

> F=01+)1+y")
= (14+22)dx=-——

(1+y2)
Integrating both sides, we get
2
2
= [dx+ [z*dx = f(1+y2)
= :z:+3§-+C=tan‘1y
Putting y = 1 and x = 0, we get
tan™ (l) =0+0+C
5 |
= C=tan" (1)=1%
Therefore, required particular solution is
t -1 _ 13 ™
an Y=+ 4 +3
Q.4. Find the particular solution of the differential equation:

z(z2— 1)% =1; y=0;when x=2

Ans.



Given differential equation is,

z(z® —1)
dx
= dy_ z (z2-1)

z (z—1)(z+1)

Integrating both sides, we get,

g dx
Jdy=[ S (1) (2F1)

dx :
% W= f-z(z—lj (z+1) (1)
1 __ A B
Let z(z—1)(z+1) -z =T ::+1
1 _ A(z—1)(z+1)+Bx (z+1)+Cx (z-1)
z(z—1)(z+1) z(z—1)(z+1)

= 1=A(x-1)(x+1)+Bx(x+1) + Cx(x~- 1)
Putting x= I, weget 1=0+B1.2+0 = B=gz
Putting x= -1, weget 1 =0+ 0+ C.(-1).(-2) = C=%

Putting x= 0, weget 1=A(-1).1 = A=-1

) 1 — 1 1
Hence, m T T + 2(z—1) + 2(z+1)



1 1
From y f(‘? 2(1 1) + 2(z+1)) o

= y=—[F+3

11—1
= y=—loga:+-;-log|a:—1|+-;-loglw+1|+log01
= 2y=210gé +log|z? — 1| + 2log Cy
= 2y=log Ii—;ll + log C? . (i1)
Whenx=2,y=0
= 0=log|4%l|+log0'12
= log C? = —log%
Putting log C2 = —log% in (i) we get
2y = log l%) — log%

1

ylog 7

= Y= .2.

(+2) g Fy=e"",
Q.5. Solve the differential equation

Ans.



Given differential equation is

Equation (1) is of the form

dy | 1 __ €
E+Py—Q,WhereP—l+—Iz,Q——

1
IF =efpdx =ef ltz2dx —c tanlz

Therefore, general solution of required differential equation is

y.etan’ —fet‘m”eum dx+ C

tanly etz 3
= y.e T = — ——dx+C .. (1)
Lettan! x=2z = ——dx=dz

112



(ii) becomes
y'etan"lz - fe2zdz 4 C

-1 22
= y.etan = ST + C

-1
e2tan z

= y.e = ——+C |Putting z = tan™! x]

1, & ) =
= Y= em; 4 C.etan’'z Dividing both sides by & ]

It is required solution.

Q.6. Find the particular solution of the differential equation
T /1—2 Yav —
€ \/1 yrdx - -dy =0

given that y=1 when x = 0.

Ans.

We have, e* /1 — y2dx + %dy =0

= €,/1—y?dx=—2dy

= xedx=-— 1_?2’_3; dy
= efdx = — Y d
/ 1o / Ve
= xeT — fezdx = % % .where t=1 - ).’2 ('Using [LATE on LHS)



= xe"—e”=-;-(%)+0
= xe*—e*=41t+C

=  xe® — e® = ,/1 — y% + C, is the required solution.

Puttingy = 1 and x = 0, we get

0’ —e"=y1-1*+C

Therefore, required particular solution is xe® — e* = /1 — y2 — 1.

d
Q.7. Solve: xi"z =Y~ stan (%)
Ans.
We have, w?—‘i =y — x tan (%)
d )
= o =2%—tan(%) (1)

Clearly, the given differential equation is homogeneous.

X dy dv . .
Putting y = vx and - = U+ Zx in (i), we get

aw
v+wa =v — tanv



dv -
v+a:E—v tanv

dv
—) e
T tanv

= cotvdv = # L EED By separating the variables]
Integrating both sides, we get
[ cotvdv=—[&
= log|sinv| = —log|z| + logC
= log|sinv| =logC
> lesind| = |C]

Hence, zsin £ = C'is the required solution.

Q.8. Solve the differential equation:
(tan'! y-x)dy = (1 + y?)dx
OR

Find the particular solution of the differential equation (tan'y - x)dy =
(1 + y?)dx, given that x =1 wheny =0.

Ans.



The given differential equation can be written as

dx z _ tan'ly .
dy + 1+y> 1432 i)

Now, (i) is a linear differential equation of the form — + Px =0

1 tan 'y
W 3 ——
here, P i and Q= g

| =4

L
Therefore, IF = ¢’ 102 = = gtal 'y

Thus, the solution of the given differential equation is

xetan’y — | (tanly ) e’ vdy + C ..(ii)

1+y

Let I— [ (52 ) et v dy
Substituting tan™! y = ¢ so that ( )dy dt, we get
I=[tédt=te — [lL.ddt =t —e =€ (t—1)
or I=e®"¥(tanly—1)
Substituting the value of I in equation (if), we get
z.eB0'Y — ettty (tanly 1)+ C
or = (tanly— 1)+ 2et0"y

Which is the general solution of the given differential equation.

OR



For general solution same as above.

. . a2 = -1
General solutionis = (tan! y— 1)+ Ce ™0 ¥
For particular solution putting x = I, y = 0, we get

1= (tan10- 1)+ C.eta’p
D= AT = @=2

Therefore required particular solution is
z—=(tan! y— 1)+ ety

Q.9. Solve the following differential equation:

eVT Yy dx
5% - #]E =120
Ans.
Giver (;’—%)%=1,m¢o
—y .= at® W
dx VT T
dy 1 __eE
S &t EVTE
It is in the form%—l—Py=Q, where P=%,Q=ej_f
=1
1 1 -



Therefore general solution is
y.e2V? = [QxFdx+C

= y.e?V? =fe;2/‘_f eVFdx +C

Q.10. Solve the differential equation

(22— 1)L +2xy =

, Where z € (—oo0,—1)J(1, o0)

2 —1

Ans.

The given differential equation is ( T | )% + 2xy %

dy 2z 2 &
= RN —

o T (1)
This is a linear differential equation of the form

d £ i s——
Ey = Py — Q: where P = 322—1 and Q . (:1'231)2

IF — e/ Pax — of2/(1)dx _ gog (1) — (52 1)

Multiplying both sides of (i) by IF = (¥ — 1), we get (2? — 1)% + 2xy = %



Integrating both sides, we get
y(z* —1)= [F=dx+C [Using :y (IF) = [Q.(IF )dx + C]
= y(z®—-1)= -g-log|;—:| +C

= y(z? —1)=log|z_1| +C

z+1

This is the required solution.

Q.11. Find the particular solution of the differential equation Z—i’ =1+x+y+xy
given thaty = 0when x = 1.

Ans.

Given differential equation is -g-x{ =1l+z+y+xy

> T—(1+z)+yl+z)

> T-(1+z)1+y)

dy
1+y

= (1J=z)dx

Integrating both sides, we get log|1 +3y| = [(1+z)dx

Integrating both sides, we getlog|1 +y| = [(1+z)dx
= logll+yl ==+ i; + C, it is general solution.
Putting x = 1, y = 0, we get

logl =143 +C

= 0=3+C
-3
= U= -
Hence, particular solution is log|1 +y| =z + 3,; - %-

Q.12. Solve the following differential equation:



xlog:c% +y= 2logz
Ans.

We have the differential equation

dy o
:z:loga:E +y=2logx

U
gl &

+ — .y=%

z log =

It is linear differential equation of the form

dy _ 4 _ 2
a-i—Py—Q, where P = S and Q = =

1

Now, IF = e/ pdx — of 7% — o logz| =logz

Hence, solution of given differential equation is y x IF = [Q x IF dx

12
= gylogz=[2. logzdx=2[21.logz dx=2(£ggi +C

= ylog x = (log _r;)2 +C

dy 2
| _ _ :cloga:a-l—y:;log:c.
Q.13. Solve the differential equation

Ans.

. i o dy T
Given differential equation is  log x = ty= =log z

dy 1 2 Tivs :
——— A J 2 ) ¥ > > 3) »
= ] (z.logz ) = = (Dl\lde each term by x log x)

Itisinlheform%—l—PyzQ where P=—_0=2

z.logz’

T - S |




1
Putlog z=2 = % =dz=el7% =8z = z=logz
. General solution is

y.log z = flogx.%dx—i— C

> ylogz=2[%2dx+C

Let logz=2z = %d.x=dz,

Also logx=2 = x=¢
ylogz=2[Zdz+C

= ylogz =2[ze *dz+C

> yloga =[5 - [ +O
= ylogz= 2[-ze *+ [e *dz]+C

Z

= ylogx=-2ze“-2¢“+C

= vylog x=-2log x e log x _ Ze—lug X,LC
= ylogx=—2logx.%—2+c [ e logz _ olog

= ylog :c=—%(1+log:n)+C
Q.14. Solve the following differential equation:
cosec z log y % + 2242 =0

Ans.



We have, cosec x log y % + :1:23/2 =0

d
= cosec z.log y% = —x%y?
- lgydy = 2dx
y2 cosec x

= [yl logydy=— [z’sinzdx

241

2;:1
= logy.?_’2—+1 —f%.%dy=—[a:2(—cosm)—f2:c(—cosa:)dx]

- —%logy—{-fy*?dy:x?cos:c—2fa:cos:cdx

24
= —%logy—l-—z_-’—%—ll=x2cosa:—2[a:sina:—fsinxdx]
= —%logy—%=a:2cosa:—2:csin+2(—cos:c)+C
= —%(logy—f-1)=:c2cosa:—2:csin:c—2cos:v+C

Q.15. Solve the following differential equation:
dy . :

= +y= cosz— sSin x

Ans.

Given differential equation,

d G e : \ ; . d
d—i + y = cos ¢ — sin z is a linear differential equation of the type Ey + Py = Q, where

P=1 Q=cos x-sin x



Here, IF = ¢/l X — ¢=
Its solution is given by
= ye* = [e"(cosz — sinz)dx
= ye* = [e" coszdx— [e”sinxdx (Integrating by parts)
= ye* =¢cosz— [-sinxe®dx— [e” sinz dx
yet=¢e*cosx+ C
= y=cos x+ Ce™”

dy . (¥ ERC 5 Y
o ~zgsin (3) +z—ysin (7) =0
Q.16. Show that the differential equation
is homogeneous. Find the particular solution of this differential equation, given

that x =1wheny =~.
Ans.

. x . e i Y e U e B
Given differential equation is T—sin - + T —ysin- =

Dividing both sides by x sin % we get

dy y y
E%—cosec; — = =0
dy y Yy

= E i ‘_COSQC; (1)

Y

T

Let F(z,y)= = — cosec

F(Azx, \y)= % - cosec% = X0 [% — cosec %] =XF(z,3)



Hence, differential equation (i) is homogeneous.

Let y=vx
T
dy dv
—" — = —
dx v+m'dx

Now, equation (i) becomes

dv. _ wvx vX
v+x.a-—? — cosec —
v+ 2. ¥ — v — cosec v

.dx_

dv
= — = —
z.= cosec v
= —sin’udv=%

. dx

= — [sinvdv=[=

= cosv =loglz|+ C

= cos= =loglz|+ C

Putting y =5, = lin (ii), we get
cos-;i =logl +C

= 0=0+C = C=0
Hence, particular solution is

cosyz =loglz|+ 0  i.e,

(i)

¥ -
Cos = =

log |z|



Q.17. Solve the following differential equation:

cost% 4+ y = tan z

Ans.

Given differential equation is,
d
cos? xay- +y=tanz

2

d
= % + ysec® z = tanz.sec? z

Given differential equation is a linear differential equation of the type Ey + Py = @ where

2 2
P=sec”x, Q=tan x.sec” x.

]erdex =efsec2xdx =etan:r

 Solution is given by
e™%y — [tanz.sec’ z.e™ 7 dx
Let I = [tanz.sec’z.e™"" dx
Put tan x = f, sec” x dx = dt, we get
I=[tedt
v =t — [ dt=ted - +C [Integrating by parts|
=tan x " * - ¥+ C

Hence, " * y = " *(tan x - 1) + C

7

= y=tanx- 1+ Ce"™"



Q.18. Find the particular solution of the differential equation satisfying the given

dy
= —y tan:z;
condition given thaty =1 when x =0.
Ans.
' have 9 N dy
We have — =ytan ¢ =  — =tanz dx
By integrating both sides, we get
d
[Z = ftanz dx
y
log y = log [sec x|+ C (1)

By putting x = 0 and y = 1 (as given) in (1), we get
log 1 =log (sec 0) + C = (C=0

(i) = log y=log

sec x|
=  Hence, the particular solution is y = sec x

Q.19. Solve the differential equation:

\/1+x2+y2+x2y2+xy%:0

AnNs.

Given /T + 22 + 42 + 2242 +xy% =0

By simplifying the equation, we get

xy%=—\/1+x2 o

> xy g =—/A+2)+ (1+y)=—/(1+2)/(1+¥)




- ¥ dyz_‘/(l—*-ﬁ)dx
y +y?) i

Integrating both sides, we get

\/ (1+22)

y .
dy=— —dx s
e J (1)
Let 1+ y° =t = 2ydy=d\ (For LHS)

and 1+x*=m> = 2xdx=2mdm = xdx=mdm (For RHS)

v (1) = %f—};dt=—f—rﬁ~,—'-"—_-l-.mdm

1 ¢/2

= 21/2+f

- ﬁ+f%dm=0

= \/Z+f( j_l)dm=0

= \/_+m+-2-log| I—O

Now, substituting these value of ¢ and m, we get

1422

\/_1+C 0

IS o e 1+w2+%log

Q.20. Show that the following differential equation is homogeneous and then
solve it.

ydx + zlog (£) dy — 2zdy =0

Ans.



We have ydx + z log (%) dy — 2zdy =0
Simplifying the above equation, we get

[a:log (%) — 2:1:] dy = —y dx

dy y y
— e ——————— R
dx 21‘—1:10g(¥) (I)
Let Fz,y)= —2L
( y) 21:—zlog(;)
F(uz, py)= LY = ! =p F(z,y)

2uz+px log(%) 2z — zlog(;)

" Function F (x ;) is homogenous and hence the equation is homogeneous.
dy
;= V) = — = Q=i
Let y=wx 1 v+

Substituting in equation (1), we get

dv VX
v+ x.d_x " 2z—zlogv
dv v
= — o
TE& = g
5 mg . vlog v—v
dx 2—loguv

2-1
= %Y dv = -‘1:;

viogv—u o



Integrating both sides, we get

21
fvlog‘z,g_v dv —f%

1+(1-logw) dx
f v(logv—1) szT

= =
Letlogv—1=m = %dv=dm

= [Adm-[lav- [

= log|m|- log |v|=log |¥ + log |(]

= log|Z|=1log|Cx|] = Z=Cx
= (logv-1) = vCx

= [log(3) -1 =Cy

which is the required solution.
Q.21. Solve the differential equation:
(2 + 1)L + 2xy = V2% + 4

Ans.



We have (z2 +1) +2xy = /22 + 4

Simplifying the above equation, we get

dy oz - 244
= T Za¥" =O)

. . : : . . d
This is a linear differential equation of the form % +Py=0Q

Its solution is given by
2 2 vzi+d
(2 + 1)y=[(z*+1). Ty = [/x? +4dx
= (2 +1)y=5/z>+4+ Floglz +/z2+ 4+ C

Q.22. Find the particular solution of the following differential equation satisfying
the given condition:

(3:1:2—I—y)%y =z,z>0,whenx=1,y=1
Ans.

We are given

(3w2+y)g—;-=a:,w>0

X Bx. . W8

dy 3r2+y

dy  3+y y
= - —3x+;

dx 1
: == —
& Yy =3z



This is a linear differential equation of the form % + Py =Q, where P = —é,Q =3z
IF —efPdx _ o[ 3dx _ glogz _ Jogz _ é
Its solution is given by
Y= [13zdx=3[dx
= % =3z+C
= y=322+Cx
Putting x = 1, y = 1, we get
= 1=3+C

=. GC=-2

2
y=3x" - 2x

Q.23. (x? + y»)dy = xydx. If y(1) = 1 and y(xy) = e, then find the value of x,.

Ans.

Given differential equation is (z® + y%)dy = xy dx

It is also written as

Xy )
- (1)

&

Now, to solve let y = vx.
Differentiating y = vx with respect to x, we get

Xy
z2+y?

gle




. d dy . .
Putting y = vx and EY —v+z in (1), we get

ax
v+m?—‘;=ﬁ
— v—l—:c-g—;::?(-‘i—w
- -t
~ TR =
= (1+i)dv__i:_

Integrating both sides, we get

(1422 ) dv
f = =_fix'

T

= f%—:--i—fc:,v =—log|z| + C

= - 5%2- + log |v| =—log|z| + C

= —;—:2 +log|Z| =—log|z| + C

= —2’—;2 + log |y|-log |z| =log|z| + C

g4 5
= gt logly| =C .. (1)



Given, x= 1,y =1

= - -2)1(—1- +log|l|=C

= - 5=C [ log 1=0]
Now (11) becomes

z2 1
—57 tloglyl =3

z? 1
= loglyl=57 -3

> SRR
= log|y|=%

Putting x = xp and y = e in (iif), we get

3 - &

2e2

log |e| =

= z; =+/3e
Q.24. Find the particular solution of the differential equation.
d 3
ﬁ + y tanz = 322 + 23 tanz, 7&%, given that y = O when z =3

Ans.



Given, % +ytanz = 322 + 2’ tan z

= % +tanz.y = 322 + z® tanz

Comparing the given differential equation with linear from
% + Py =Q, we get
P =tanz,Q = 3z% + 2’ tan=z.
IF — oftanz dx _ Jlog sec = _ oo 4

Therefore, general solution is given by

y.secz = [ (32 + 2’ tanz).secz dx + C
= y.secz = [3z’secz dx + [z’ tanz. secz dx + C
= ysecz = [3z’secz dx + z*.secz — [3z%.sec z dx + C
= ysecz =z secz + C
= y=a>+Ccosz
Now z =§,y =0

0=(3)"+C.cos(3)



Hence required particular solution is

y=2z° - %’;cosm.

(z-v)g=2+2
|

Q.25. Show that the differential equation S

homogeneous and solve it.

AnNs.

Given, (x — y)% =gF 2y

By simplifying the above equation, we get

dy z+42y o
B T (1)
Let Fzy)= ?_2:

then F(Az,Ay)= '\,\?_2/(\: = )i\(;?;)) =Ao F(z,y)

F(x, y) is homogeneous function and hence given differential equation is homogeneous.

dy dv
;= yX = e — il
Now, let y = vx o it

Substituting these values in equation (1), we get

mdv o 120 .. i 1+20 — v+e? e 1+v+1?
dx 1-v = 1-v SRS T




1-v _ dx
1+v+02d Tz

By integrating both sides, we get

= dv= [ i (1)

LHS f v2+v+1 dv

Let 1 -v=A(2v+l)+ B=2Av+ (A+ B)

Comparing coefhicients of both sides, we get
2A=-1, A+ B=1

or A=— 2 , B= %

1 3
) P ——(2v+1)+-
v24v+1 2o+l

38 2v+1
7fv2+ +1d VF 2 fv‘?-+v+1

_ 2v+1
—3) = +1dV+ J

el w

v+)+

=——;-log|v2+v+1| +; x 2 tan



Now, substituting it in equation (if), we get

—slog|v? + v + 1| + /3tan! (2"“) =logz + C

73

1 2y
=2 - 510g

73

e gl 2 2/, 1 2 t -1(2y+z
slog|z® + xy + y°| + zlogz® + y/3tan =

= —3log|e? + xy + % + 3tan? (25;:) =C

Q.26. Solve the following differential equation:
(:1:3+a:2+:c+1)% — 222 4z
Ans.

Wehave (28 +a’+z+1)5=22"+z

dy 222 4z
= o e—— S
dx 3 +z24z+1
222tz
= | ——
dy (z2+1)(z+1)

Integrating both sides, we get

2%+ p
fdy=fmdx ...(1)

272+ 2 Bx+C
(I2+1)4(}-1+1) = x‘il + 222 —A(22+1)(Bx+C)(z +1)

241

2 —+1
Z_2+%+1}+\/§tan'l(’+>=logm+0

)=logm+C

[By partial fraction|



= 2% 4+4x=X (A+B)+x(B+C) + (A+ ()
Comparing coefficients of both the sides, we get

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

Ty
1 T
@) » v=1 |+ 5|«

Y= %log|:c $=3| 4 :::-log|a:2 d]= %tan‘la: o
Q.27. Solve the following differential equation:
(1 +y2)(1 +logx) dx+xdy=0
Ans.
We have (1 + \‘) (I +logx) dx+xdy=0
xdy=~ (1+)")(1+log x) dx

dy 1+logz
1442 z

dx

Integrating both sides, we get

d 1+]
[ R gy

T+?
= tanly=—[2dz [Let 1+logx=z=>édx=dz]

o tan"1y=—%2 +C

= tan"1y=—%(1+logx)2+0

Q.28. Solve the following differential equation:



xdy- (y+ 2x2) dx=0
Ans.
We have xdy—- (y+ 2_\'2) dx =10
The given differential equation can be written as
i gl g9y % -
= e Yy=2z or — =.y=2z
This is of the form % + Py = Q, where P = _Tl, O =2
SR [ QSR T L. .3
I[F=¢ /38 — g logz _ Jogz = —

“ Solution is y.% = f2a:%d.x

= Y.

Bl

=2x+C or y=2z2+Cx

Q.29. Solve the differential equation, xdx + (y - x3)dx = 0.

AnNs.



We have xdy+ (y- x° ) dx=0

= xdy = (y- 2°)dx

dy  —y+ 3
dx z

dy v 2

d
% + (é).y=m2

=
It is in the form of % + Py = @, where P=é and Q = z?
IF — el 9% — gz _ 4
Hence, solution is y.z = [z.z?dx + C
Xy = % +C = y= % + %

Q.30. Find the particular solution of the following differential equation.

m%— y+ z sin(£) = 0, giventhat whenx=2,y=T

Ans.
Given differential equation is x% —y+ zsin ( %) =0
dy y s y a

It is homogeneous differential equation.

Let %=v = Yy=7VX



Putting these values in (i), we get

v+x% —v+sinv=20

dv .
= — —
T +sinv =20

v e
= Ir— = —sinv
dx
s v T
dx
= cosecvdv =——

Integrating both sides, we get

= [cosecvdv=— [&
= log|cosec v — cotv| = —log|z| + C
= log|cosec £ — cot Z| +log|z| =C s ()

Putting x = 2, y = p we get
= log |cosec-’2'- —cot-gl +log2=C
= logl+log2=C [+ log 1 = 0]
= C=log?2
Hence, particular solution, is

log |cosec £ — cot Z| + log |z| = log2
= log|z. (cosec £ — cot )| =log2

= a:(cosecy cot%)=2

T



Q.31. Find the particular solution of the differential equation:

(1 —yz)(l +log x) dx + 2xy dy = O given that y = 0 when x = 1.

Ans.
We have

(1= y*)(1 +log x) dx+ 2xy dy = 0,
= 2xyadye=i s Y ) (1 + log x) dx
- dy (1+log z ) dx

1—-y? T 2

Integrating both sides, we get

2y d (1+log z)
i R

T

(1+logz) Ji

= —log|l—y’[=—[

= —log|l - 47 =—[zdz [Let1+loga:=z

=

édx = dz]



= 10g|1—y2|=-z;-+0

12
2| = (1+1c;g A,

= logll-y
Putting x = 1 and y = 0, we get

1 2
= loglzgﬂ-{-c

= 0=3+C = C=3
Hence particular solution is

2[ — (1+logz)

logll_y ) 2

Q.32. Find the general solution of the following differential equation:
2 _ _tanly)dy __

(1+92)+ (z— ') =0

Ans.

We have (1+y?%) + (z — ™™ y)% =0

Sl i - SRR

2
T P
dx r—etanly
DR A
dy 1+y2
s G _ = g Sy
dy 1+42 1+y2
e ARG A, g



4 dx =
It is in the form &t Px=().

an 1y

Where P = — and Q = 1+y
1
IP‘ == efP' dy = ef 1:y2 dy
= ei:an“l y

Therefore, general solution is

tan 'y pant
Yy
T ¢ dy +C

> z.eMY = [e*.e*dz+ C Let tan 'y =2

dy = dz

= gp.etam'y =fe2zdz+C

1+2

2 2z
= .t y=%—+C’

1
eg2tan " Y

— +C

1 1 _tan-1
> =z €T VL0 .Y

Q.33. Find the particular solution of differential equation

ﬂ_ T4y cos T

tdx 14sin z
given thaty =1 when x =0.

Ans.



We have

dy = =ztycosz
dx = Ifsmz
% o 2 0w
dx 1+sin = 14sin z
dy Cos = . T
R E + i+smzy _T+sz

Comparing it with linear form of differential equation % + Py = Q, we get

P 1+sz ? Q 1+smz

Now IF — ¢f Tz %% — glog [lusinz| _ 1 4 ging

Therefore, general solution is

y(1+sinz)= [~y (1 +sinz)dx + C
=— fzdx+C
y(1+sin:c)=—f;-+0

Given y=1land x=0
1(1+sin0) =0+C

= C=1

Hence, particular solution is

> y(l+sinz)=-3 +1

e 272
Y= siamsma)



Q.34. Solve the following differential equation :
(cot“1 y+x)dy= (1 +y2)dx
Ans.

We have
(col'] y+x)dy=(1+ yz)d.\'

This can be written as

dx_oot‘y+z_cot‘y+ T
dy  1+32 = 1+ 1+32
-~ dx _ 1 __cotly

T A S
dy 1+y2 1442

It is linear differential equation of the form

dx cscc e | __ ooty
d—y+PX—Q, WhereP—TyQa,nd Q—1—+yT
1
— — 3
[E =ef 1:y2 y:emtly

Therefore, required solution of differential equation is

1
z.e®t'y = f%y;’ YAy 6
> zet'V=]4+C s 1)

1
Where, I = [ %yf.ec"t 'Y dy

Let cot 'y =t



= I=—[t.éfdt=—[t.e" — [dt]=—t.e" +¢
—ef(l—t)=e 'Y (1—cotly)
Hence, required solution is

z.e Y — Y (1 _cotly)+ C
z=(1-cotly)+Ce ™ ¥

Q.35. Form the differential equation of the family of circles in the second quadrant
and touching the coordinate axes.

Ans. Let C denotes the family of circles in the second quadrant and touching the
coordinate axes. Let (—a, a) be the coordinate of the centre of any member of this family
(see figure).

AY




Equation representing the family Cis

(x+a)?+ (P a)% =2 (1)
or x>+ y*+2ax-2ay+a*=0 .. (1)
Differentiating equation (i) with respect to x, we get

2z + 2y=L +2a —2a 3 =0

. dy dy
or Tty =a (E 1)

. _ ztyy y _ dy
or a=Z (y _E)

Substituting the value of a in equation (i), we get
2 e 12
z+yy' oty | =ty
[cc * y'-1 ] w [y y'-1 ] | [y’—l ]

o

or' [xpi-@tmapy]™ b [yyle poip= yy]z =[x+ yy]

i

2 2

or: (X+y)y -+ (x+Yy) = (x+ yy) 2

or (x+ y)2 [(\)2 +1] =[x+ )-;v]z. is the required differential equation representing the

given family of circles.

Long Answer Questions-I (OIQ)

[4 Marks]
Q.1. Solve: sec?xtanydx + sec? ytan x dy =0

AnNs.



2 53
We have, sec” xtan ydx+ sec” ytanxdy=0
2 2
= sec” xtan y dx = — sec” ytan x dy

sec2 = . sec? y
ta.n::dx__tanydy

5 sec?
= fsecz h:—fﬁdy

tan =

= log

tan y |+ log C

tan x| = - log

= log | (tan x) (tan y) | = log C

tan x tan y |= C

Clearly, it is defined for x € R - §(2n+ 1)T/2: n € Z|

Hence, = C where x € R - g(2n + 1IYW2:h € Zg is the solution of the

tan x tan y

given differential equation.

02 Solve: (m+3y2)% =y(y>0)

Ans.

Given differential equation is (z + 3y2)g§ =y, y0)

We can write this as

dy Yy
dx 3 o
= d—y+( 5).:1:—33/

This is a linear equation of the form
X + Px=0Q, where P=-1,Q=3
d—y-i— X =, where P = ?’Q_ Y

ok 2 -1 2

|-



Multiplying both sides by IF, we get

1 dx 1
7 X d_y y—2$ =3
d 1k
— 2 G —
& (y a:) 3
Integrating both sides, with respect to y, we get
1

2 . . .
Hence, x = 3y~ + Cy is the required solution.

dy _
N Solve - + y sec z = tan z.

Ans.

The given differential equation is
T 5 (secz)y=tanz (7

This is a linear differential equation of the form g—;’é + Py = Q, where P=sec xand Q =

tan x
IF — e/ Pdx _ gfseczdx _ log (secz+tanz) _ (sec:c + tana:)
Multiplying both sides of (7) by IF = (sec x + tan x), we get

(seczx + tanz)% + ysecz(secx + tanz) = tanz(secx + tanz)



Integrating both sides, we get
y(secz + tanz)= [tanz(secr + tanz)dx + C [Using:y(IF )= [Q.(IF )dx + C]
= y(secr+tanz)= [(tanzsecz + tan’z)dx + C

= y(secz +tanz)= [(tanzsecz +sec’z —1)dx + C

=y (sec x +tan x) = sec x + tan x -~ x + C, which is the required solution.

Solve : :i—ii —e* Y4 zleV
Q.4.

Ans.
We have,
&y _ 2y 2,¥

=€ tzTe
= dy=(e""Y+x*e) dx
= & dy=(e+x%) dx
Integrating both sides, we get
= [eldy= [ (e +a?)dx

3 - - - -
= e'=e"+ % + C, which is the required solution.

Q.5. Form the differential equation representing the family of curves y? —
2ay + x? = a?, where a is an arbitrary constant.

Ans.



Given family of curves y* - 2ay + x* = a* o (1)
Differentiating with respect to x, we get
dy dy o
QyE - QGE +2x=0
= (y—a )— +x=0

dy
(y—a)a— z

Al dx
= M= (y+z-(§)

-2 (vt e )yta® = (yrak)
> 9?2 —2xy —y’iz ((;2) +2xy 4
> (@-y)- 2y E=v*+2* (&) +20 &
> (2227 -axy & — o2 (&) (i)

2
Therefore, (if) becomes, (z? —2y?) — 4xy % = g2 (%)

= p (.\2 - 2% ) — 4xyp = X

= p*(x* - 2y%) - 4xyp - x* = 0, where p = %x!.’

Q.6. Find the general solution of the following differential equation:



2 oos (2) & = yoos () +2

Ans.

. . : : . d
Given differential equation is ¢ cos (3) ¢ = ycos () + <

dy ycosy/z iz :
= "z cos y/x (1)

It is homogeneous differential equation.

Lety=wx = %=v+z%
() » vtol = momris
= m%: U—c‘%lv*—l—v

N m%:vcosv;svvcosv

- ook

= cosvdv = %

Integrating both sides
= sin v=logly +C

= sin% =log |x| + C



Long Answer Questions-Il

[6 Marks]

Q.1. Solve the following differential equation: 3eXtany dx + (2- eX)sec’ydy = 0,

T

given that when x = 0,y =~
Ans.

Given, 3e'tanydx+ (2 - ¢') sec” ydy=0

= (2 - é') sec® ydy=- 3e*tan y dx

sect y 3e*
t;mydy 2—-e*

sec? y dy » ¢~ dx
e f tan y ::3~’ 2-¢

|
L9V ]

= log i tan y| = log \ 2 - e“j +log C

= log|tany|=1log| C. (2 - e“)"\
= tany=C(2- ¢’

Puttingz =0, y :41 we get

= tanf=C(2-¢)

= I=0p-Aap

= 1=C

Therefore, particular solution is

tany = (2- e*)3.

Q280|Vex dy_ ydx — \/md}(

AnNs.



The given differential equation can be written as

d Var2iy?y
y: Iyy’z#o

&= z

Clearly, it is a homogeneous differential equation.

2 dy dv o 4 i
Putting y =vx and 5 =v+z5 init, we get
v+z% ca \/zzlt:zzivx

dv e
= vizg =/1+v?+v

= m%:\/1+v2

= dv dx
z

V1i® o

Integrating both sides, we get

f lllvde:f%dx

= loglv++/1+0?| =logl|z|+logC

= |v++/1+v2| = |Cx|
i S AR
> |3+y1+%|= |ox] [ v=y/z]
= {y+22+y?%}* = C%* [Squaring both sides]

Hence, {y + /2% +y2}* = C?z* gives the required solution.

Q.3. Find the particular solution of the differential equation

(1+a:3)% + 622y = (14 z2),

given thaty =1 when x = 1.

Ans.



The given differential equation is
(1+2%) +6a2y = (1+22)

dy 6z2 . 142°
= E+ (1;::3)y_ Lyz®

- - dy — .. 6% _ e
It is in the form of a;+Py—Q, where P—W,Q— e
612
m:efpdx:eflnxsdx
2 [ 3 gx &
s T TS [Let 1+2° =t= 3z2dx=dt]

o)

=etloat_ Jogiz _ g2

(1+x)°
Therefore, general solution is
y.(1+z3 )P :f::—ﬁ x (1+a3Pdx+C

=[(1+2*)(1+2*)dx+C = [(z° +z* +2® +1)dx+C

.bl"L

y.(1+2* =2 +Z +Z tz+C

Putting y = 1, x = 1, we get
4=1+1+3+1+C

=

o3| -
|

1 1
= C=4-31-1_

PN

+5 T

z° z’
w taty

Required particular solution is y(1+ z* f =

Q.4. Show that the differential equation (xei + y)dx = xdyis homogeneous.
Find the particular solution of this differential equation, given that x =1 wheny =

1.



Ans.

Given differential equation is,

(m.e% + y) dx = xdy

¥ v

F(dzy)= 220 _j0=e W _ yop(zy)

Hence, given differential equation (1) is homogenous.

dy

= VX — = dv
Let y=vx = o =v+z.4

Now, given differential equation (7) would become

dv T.ex |vx
v+27-d-;= T
= v4z.¥ ety
dx
dv v

= — =
.’de €
a _ &
v I
v o dV
= [eldv= i

= %:logz:+0

B logz +C



B, |

=logz +C

C1E]

e

v
= e%.log:c+Ce? +1=0
Putting x = 1, y = 1, we get

elogl+Ce+1=0

The required particular solution is

e%.log:c—%e% +1=0 or e%log:c—e% 14+1=0

=2 (Y
. . _ sin® (=) — yldx+ady =0,
Q.5. Show that the differential equation [ (-"‘) y] TGy is
homogeneous. Find the particular solution of this differential equation, given
that y = ~when x = 1.

Ans.

Given differential equation is,
|z sin’ (%) ~y|ldx+zdy=0

dy Y "inz(%)

2 me = (1)
y-zsin®( 3
Let F(z,y)= ZT()
Ay Az sin? 2 in? X
Then RiAz M) = —— 2 _ 0¥ s _ soprey
Az z

Hence, differential equation (1) is homogeneous.



dy dv
- § _— = —
Now, lety=w = l v+ Ty

Putting these value in (1), we get

dv - F3
dx z
dv  z{v sin’v}
= ’U+$E =
= v+z¥ —p_sin?v
dx
dv 2
= i o e
de sSm- v
3 dV = —d_x.
sin® v =

Integrating both sides, we get
= [cosec? vdv=— [1dx
= —cotv=—logz+C
= logz —cot(3)=C
Putting y =7 and x = | in (if), we get
log1 — cot% =C
= 0-1=C

= C=-=1

Hence, particular solution is
y
logz —cot (3) =—1

= log:v—cot(-;i)+1=0



Q.6. Find the differential equation of the family of
(z=hP+(y— kP =7

curves “where h and k are arbitrary constants.

Ans.
Given family of curve is:
(2= hP+(y- kP =1 ()
Differentiating with respect to x, we get

= 2(z- h)+2(y- k)% =

= = R 1)

Differentiating again with respect to x, we get

dy : z-h
dy (v k)(z - h).4 e (v - k)}(z - h).o— s
a { (v kP }_ { (v kf [[Been, L)
[ o) g :
=3 5 { &P }— T ... (i) [From (i)]
S dy 2 h 2
From (i) (E) = (;—k)
- (&)W
dx v-k°
Adding 1 both the sides, we get
dy)2 (z b’ (z Py k)
=> =) +tl1=—++1=
(d" (v k) (v k)
Putting exponent (power) % both sides, we get
[ dy )2 lE r E s
_(dx | [(y k)’] (v k)
2 s 13
dy : Il 4 r2 .k ﬁ . sss
= (E) +1- = [ Using (iii)]

= rﬁ+ [(%)2+1]3/2:0



dy  z(2 log z+1)

Q.7. Find the particular solution of the differential equation @ S ¥ty cos y

given that y = gwhen x = 1.

Ans.

o : . 5 . dy z(2logz 1)
Given differential equation is - = T

= (siny+ycosy)dy=x(2logx+ 1)dx

= [sinydy+ [ycosydy =2 [zlogzdx+ [z dx

= [sinydy+ [ysiny— [sinydy /=2 [log:z:% - f%%dx] + [z dx

= [sinydy+ysiny— [sinydy =z?logz — [zdx+ [zdx+ C

= ysiny=x"logx+ C —

It is general solution.

For particular solution, we put y :-;— when x = |

(1) becomes 3 sing =1.logl+C

S [ log1=0]

Putting the value of Cin (1), we get the required particular solution
ysiny = x2 logz +3

Q.8. Show that tzhezfamily of curves for which the slope of the tangent at any point

=

(%) onitis ¥y 7 is given by x? - y? = Cx.

ANs.



. . d
We know that the slope of the tangent at any point on a curve is =

dx
. dy 2 4y?
Therefore, s
2
1+
dy 22 2
= s W ...(1)

Clearly, equation (1) is a homogeneous differential equation. To solve it we make substitution

Yy=VvXx
dy dv
= E—'U'f‘za

Putting the value of y and % in equation (f), we get

vtodl - 12
o m%: 12:2
= lz"tpdv:—‘il
v?zvldv:_%

Integrating both sides, we get
[ dv=[1 dx

or log|v?— 1| = —log|z|+log|Ci|

or log |(v2 - 1) (x)| = log |G,

Replacing v by % we get
yz
(£-1)z=+01
= (y*-z?)==Ciz

= z22-y?’=Cx (where+ C;=C)
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