Differential Equations
Short Answer Type Questions

1. Find the differential equation of the family of curves y=A¢’* +Be ™.
Sol. y=Ae” +Be™.
2
ﬂ =2Ae* —2Be and d—Z =4Ae* +4Be™*
dx dx

2 2
Thus, %: dyie., ny 4y=0.

=

2. Find the general solution of the differential equation il—iz =2
X
dx x y X y X
= logy=logx+logc = y=cx
3. Given that @ =ye* and x=0, y=e¢.Find the value of y when x=1.
dy _ (D _ [ _
Sol. E—ye :>J.7 = J.edx = logy=e'+c
Substituting x=0 and y=e we get loge=¢"+c, i.e, c=0(Qloge=1)
Therefore, log y=¢".
Now, substituting x = 1 in the above, we get log y=e¢ = y=¢".
4. Solve the differential equation %+l =x
X

Sol.  The equation is of the type ?+ Py =0, which is a linear differential equation.
X

Now LF. j e oo —
X

Therefore, solution of the given differential equation is
4

yx= jxxzdx, i.e.yx:%+c

3

Hence, y =x—+£.
4 x
5. Find the differential equation of the family of lines through the origin.
Sol.  Let y=mx be the family of lines through origin. Therefore, ? =m.
X
o dy dy
Eliminating m, we get y=—.x orx——-y=0.
g get'y e T y

6. Find the differential equation of all non-horizontal lines in a plane.
Sol.  The general equation of all non-horizontal lines in a plane is ax+by = ¢, where

a#0.

Therefore, aﬁ +b=0.
dy



Sol.

Sol.

Again, differentiating both sides w.r.t. y, we get

d’ d’
asZl=0=>"2=0.
dy dy
Find the equation of a curve whose tangent at any point on it, different

from origin, has slope y+ X
X

Given ﬂ: y+X: y[1+lj
dx X

X
:ﬂ=(1+ljdx

y X
Integrating both sides, we get
log y=x+logx+c = log(lj2x+c
X
Yoo zete = Loke
X X
=y =k.e.

Long Answer Type Questions

Find the equation of a curve passing through the point (1, 1) if the
perpendicular distance of the origin from the normal at any point P(x, y)
of the curve is equal to the distance of P form the x—axis.

Let the equation of normal at P(x, y) beY —y = _d—dx(X - x),ie.,
y

Y+X§— y+x@ =0 ..D
dy dy

Therefore, the length of perpendicular from origin to (1) is




Case I:Q:O:dxzo

dy
Integrating both sides, we get x =k, Substituting x=1, we get k=1.
Therefore, x =1 is the equation of curve (not possible, so rejected).

dx  2xy :Q_yz—xz

Case II: —= . Substitutin =vx, we get

dy yz—x2 dx 2xy & 8
dv  Vxr—x* dv Vv -1

VEX—=———— D X—— -y
dx 2vx dx 2v

— 2 —

_ 1+v7) - 2v2dv: dx

2v 1+v X

Integrating both sides, we get
log(l+v2)=—log x+loge = log(1+v2)(x) =log c(1+v2)x= c
= x*+y’ = cx. Substituting x=1, y=1, we get c=2.

Therefore, x* + y> —2x=0 is the required equation.

9. Find the equation of a curve passing through (l%j if the slope of the

tangent to the curve at any point P(x, y) is Y _cos’ 2.
X X

Sol.  According to the given condition

d

R R ()

dx x X

This is a homogeneous differential equation. Substituting y =vx, we get

dv ) dv )
V+X—=V—C0S"V => X— =—CO0S" V
dx dx

) dx
= sec vdv=—— = tanv=—logx+c
X

= tan2+logx =c ...(i0)
X
Substituting x=1,y = %, we get ¢=1. Thus, we get

tan (1)+ log x =1, which is the required equation.
X

10. Solve xzﬂ—xy=l+cos(lj,x¢0 and x=1,y=z
dx X 2

Sol.  Given equation can be written as

o dy 2( YJ
x ——xy=2cos”| =— [,x#0.
dx v 2x

2dy _ secz(yj
" dx v 2x { > dy



11.

Sol.

Dividing both sides by x’, we get

(yj LAy
y
20)) Zdr | 1 d {tan( y H_L
dx

2 x° X 2x X

Integrating both sides, we get
tan (lj = _—12 +k.
2x) 2x

Substituting x=1,y = %, we get

k= E therefore, tan Y= %4—2 is the required solution.
2 2x 2x° 2

State the type of the differential equation for the equation.
xdy — ydx = \|x* + y*dx and solve it.
Given equation can be written as xdy = (\/xz +y* + y)dx, ie.,

dy X*+y +y

—— ..(D

dx X

Clearly RHS of (1) is a homogeneous function of degree zero. Therefore, the given
equation is a homogeneous differential equation. Substituting y = vx, we get

form (1)
/ 2 2.2
v+x%=M i.e.v+x%:\/1+v2+v
X

i oA o

dx J1+v? X

Integrating both sides of (2), we get

log(v++1+v*)=logx+logc = v++1+1v* =cx

2
=24 1+%=cx =y Y =

X

Objective Type Questions

Choose the correct answer form the given four options in each of the Examples 12

to 21.

12.

Sol.

3 2 \?
The degree of the differential equation (l+ﬂj = (d—Zj is
dx dx
(A)1
(B) 2
@3
(D) 4

The correct answer is (B).



13.

Sol.

14.

Sol.
15.

Sol.

16.

Sol.

17.

Sol.

2 2 2
The degree of the differential equation d—f+3(ﬂj =x’ log(d 2; J is
dx dx dx
(a)1
(B) 2
(€3
(D) Not defined

Correct answer is (D). The given differential equation is not a polynomial
equation in terms of its derivatives, so its degree is not defined.

dzy
dx*

2 2
The order and degree of the differential equation {1+(%) } =

respectively, are

(A)1,2

(B)2,2

02,1

(D)4,2

Correct answer is (C).

The order of the differential equation of all circles of given radius « is:
A)1

(B) 2

@3

(D) 4

Correct answer is (B). Let the equation of given family be (x— k)" +(y-k)" = a’.
It has two arbitrary constants h and k. Therefore, the order of the given
differential equation will be 2.

The solution of the differential equation 2x.il—‘; —y =3 represents a family of
(A) straight lines

(B) circles

(C) parabolas

(D) ellipses

Correct answer is (C). Given equation can be written as

Z_dyzﬂ = 2log(y+3)=logx+logc
y+3 x

= (y+ 3)2 = cx which represents the family of parabolas.
The integrating factor of the differential equation
dy .
—(xlogx)+y=2logx is
 FlogxX)+y g
(A) ¢
(B) log x
(C) log(log x)
(D) x
dy y 2

Correct answer is (B). Given equation can be written as —+———=—.
xlogx x



1
J. lo, xd’c log (log x)
X 2
2 =¢ g (log

Therefore, L.F. =¢ =log x.
2
. . . . dy dy .
18. A solution of the differential equation | — | —x—+y=0is
dx dx
(A) y=2
(B) y=2x
(C) y=2x-4
(D) y=2x"-4

Sol.  Correct answer is (C).
19.  Which of the following is not a homogeneous function of x and y.

(A) x*+2xy

(B) 2x-y

(C) cos? (lj +2
x) x

(D) sinx—cosy
Sol.  Correct answer is (D).
20. Solution of the differential equation ﬂ+ @ =0 is
x )
(A) l+ 1 c
Xy
(B) logx.logy=c
(C) xy=c
(D) x+y=c
Sol.  Correct answer is (C). From the given equation, we get log x+log y =log c giving
xXy=c.
21. The solution of the differential equation x% +2y=x"is

2
A :X +c
(A) y ™

2

x
B) y=—+c¢
(B) y 1

X +e
Q) y=—
X

X +e
4x?

(D) y=

2
J.;dx 2logx log)cz

Sol.  Correctanswer (D). [.LF.=¢’* =e =¢™" = x’. Therefore, the solution is

¢ e
X = xz.xdx:x—+k, ie., =27
y<=| 4 e
22. Fill in the blanks of the following:
(i) Order of the differential equation representing the family of parabolas

v’ =4ax is



Sol.  One; ais the only arbitrary constant.

2
dyY (&
(ii) The degree of the differential equation (Eyj +[ de j =0 is
Sol.  Two; since the degree of the highest order derivative is two.
(iii) The number of arbitrary constants in a particular solution of the
differential equation fan x dx+tany dy=0 is
Sol.  Zero; any particular solution of a differential equation has no arbitrary constant.
2 2

X +y +y
X

(iv) Fxy=

Sol.  Zero.
) An appropriate substitution to solve the differential equation

x*log (Xj =x
Y

— =" _  _is

dy xylog (;j

is a homogeneous function of degree

Sol.  x=vy.
(vi) Integrating factor of the differential equation x%— y=sinx is
Sol. l; given differential equation can be written as Q—Z _ X and therefore

X X X

_t
IL.F.= ej o =e =l.
X
(vii) The general solution of the differential equation % = is
X

Sol. ¢’ =e¢"+c¢ from given equation, we have e'dy =e"dx.

dy ¥
X X

(viii) The general solution of the differential equation =1is

x2 jldx logx . . x2
Sol. xy=?+c;I.F.=e * =¢*" =x and the solution is y.x=jx.1dx=7+C.

(ix) The differential equation representing the family of curves y = Asinx +
Bcosx is__.

dzy
dx®

Sol. + y = 0; Differentiating the given function w.r.t. X successively, we get

ﬂ:Acosx—Bsinx
dx

2

and Z =—Asinx—Bcosx
X
d’y . . . .
= P + y=0 is the differential equation.

-24x
(x) (e Y J dx =1(x # 0) when written in the form %+ Py=Q, thenP =

Vxo xJdy



Sol. 1. the given equation can be written as

’\/;7
dy e . d 2V
d_7 Y Y

de xo Nx U de Jxo Ax

This is a differential equation of the type ?+ Py=0.
X

23. State whether the following statements are True or False.
(i) Order of the differential equation representing the family of ellipses having

centre at origin and foci on x-axis is two.
2 2

Sol.  True, since the equation representing the given family is x—2+§ =1, which has
a

two arbitrary constants.

dx
Sol.  True, because it is not a polynomial equation in its derivatives.

2
(ii) Degree of the differential equation |, /1+ ZXZ = x+ﬂis not defined.

(iii) %+ y=35 is a differential equation of the type %+ Py =0 butitcan be
X

solved using variable separable method also.
Sol.  True

yCos (yj +Xx
F(x,y)=——"4

xcos [yj
x
Sol.  True, because f(Ax,Ay)=A"f(x,y).

2 2
) F(x,y)= rry is a homogeneous function of degree 1.

(iv)

is not a homogeneous function.

Sol.  Ture, because f(Ax,Ay)=A'f(x,y).

(vi) Integrating factor of the differential equation %— y=cosx is e".
X

Sol.  False, because I.F = ej_ldr =e "

(vii) The general solution of the differential equation x(l +y’ )dx+ y(l +x° ) dy=0
is (1+x°)(1+y*) =k.

Sol.  True, because given equation can be written as

2x2dx= —2y2 dy
1+x 1+y

= log(l1+x’)=-log(1+y*)+logk
=  (1+x)1+y)=k

(viii) The general solution of the differential equation %+ ysecx =tanx is

y(secx—tanx):secx—tanx+x+k.



Sol.

(ix)

Sol.

(%)
Sol.

. sec xdx . .
False, since I.F. = ej = /¥t — goc x4+ tan x, the solution is,

y(secx+tan x) = I (sec x + tan x) tan xdx

=I(secxtanx+seczx—l)dx=secx+tanx—x+k

xX+y= tan"ly is a solution of the differential equation y2 ﬂ+ y2 +1=0
X
d 1 d
True, x+y=tan'y =1+2 = 2_y
dx 1+y dx

_ 2
= Q L ~—1|= 1,i.e.,ﬂ :M which satisfies the given equation.
de\1+y dx y

d’ d
y = x is a particular solution of the differential equation Y 29 Xy

" dx
False, y = x because does not satisfy the given differential equation.



Differential Equations

Objective Type Quesitons

Choose the correct answer from the given four options in each of the Exercises
from 34 to 75 (M.C.Q)

34.

Sol.

35.

Sol.

36.

Sol.

2.2 2
The degree of the differential equation (j J J +(ﬂj = xsin (%) is:

I dx
(A)1
(B) 2
A3
(D) Not defined
(D) The degree of the differential equation is not defined because when we
. (dy e . . . dy
expand sin (aj we get an infinite series in the increasing power of e

Therefore its degree is not defined.

2 % 2
. . . dy d’y .
The degree of the differential equation | 1+ o = is

dx*
(A) 4
3
B) =
(B) 5
(C) Not defined
(D) 2
3
2 5 5
(D) Given that 1+(@j _d zy
dx dx

On squaring both sides, we get

H(]-%)

So, the degree of differential equation is 2.
1

2 1
The order and degree of the differential equation %+ (?j4 +x3 =0,
X X
respectively, are
(A) 2 and not defined
(B) 2 and 2
(C)2and 3
(D)3 and 3

2 174
(A) Given that, d f +(ﬂj =-x°
dx dx

1/4 2
L(8) wcfe e
dx dx

On squaring both sides, we get




Y (1 atyY
(2] <[ x L2
dx dx

Again, on squaring both sides, we have
2

@z 54 d’y 2
dx dx

order=2, degree=4
37. If y =¢ " (Acosx+Bsinx), then y is a solution of

yzdy 0
dx
dy dy
B) —-2—+2y=0
()d2 n
d’y _dy
C +2—+2y=0
()d)62 e

Sol. (C) leen that, y =e™*(Acosx+ Bsinx),

On differentiating both sides w.r.t., x we get

Zy —¢*(Acosx+ Bsinx)+e * (—Asinx+ Bcos x)
x
dy x .
S =Tyte (—Asin x+ Bcos x)
Again, differentiating both sides w.r.t. X, we get
2 —_—
d—Z=ﬂ+e”‘ (—cosx—Bsinx)—e " (—Asinx+ Bcos x)
dx dx
d’y —d d
_2y AN . A
dx dx dx

dLy_ & Ay

o de D dv

d’y dy
CY_ D 5
o ax
2

SNU P S
d dx

38. The differential equation for y = Acosax+ Bsinox, where A and B are
arbitrary constants is

(C




d2
(D) = 5-ay=0
Sol.  (B) Given, y= Acosa+ Bsina
= % =—aAsin ax+ aBcosax
X
Again, differentiating both sides w.r.t. x, we get
d’ .
dxf =—Aa’ cos ax—a’ Bsin ax
d’ :
= de =—-a’ (Acosax— Bsinax)
d2
= de =-a’y
2
= Zb; +a’ y=0

39. Solution of differential equation xdy — ydx =0 represents:

(A) a rectangular hyperbola

(B) parabola whose vertex is at origin

(C) straight line passing through origin

(D) a circle whose centre is at origin
Sol.  (C) Given that, xdy— ydx=0

= xdy = ydx
b _&
y X

On integrating both sides, we get

log y=logx+logC

= log y=log Cx

=y=Cx

Which is a straight line passing through origin.

40. Integrating factor of the differential equation cos x% + ysinx=1is:
X

(A) cosx
(B) tanx
(C) secx
(D) sinx
. dy .
Sol.  (C) Given that, cos XE-'- ysinx =1

dy
= —+ ytanx:secx
dx

Here, P=tanx and Q = sec x
pdx tan xdx
IF — ej — e_[ — elogsecx
.. =8S€CXx

41.  Solution of the differential equation tan ysec’ xdx+ tan xsec’ ydy =0 is:



Sol.

42,

Sol.

43.

(A) tanx+tany=k
(B) tanx—tany=k
t
© =k
tan y
(D) tanxtany=k

(D) Given that, tan ysec® xdx+ tan xsec” ydy =0
=> tan ysec’ xdx =—tan xsec’ ydy

2 enpl
o SO X =T Y gy (i)
tan x tan y

On integrating both sides, we have
dre— J- sec’ y

J‘SCC2 X

dy
tan x

Put tanx =t in LHS integral, we get

tan y

sec’ xdx = dt = sec” xdx = dt
and tan y =u in RHS integral, we get
sec” ydy = du
On substituting these values in Eq. (i), we get
di__rdu
t u
logt=—logu+logk
= log(ru)=1logk
= log(tan xtan y) =log k
=tanxtan y =k
Family y= Ax+ A’ of curves is represented by the differential equation of
degree:
(A)1
(B) 2
(3
(D) 4
(A) Given that,
y=Ax+A’
dy

- — =
dx

[we can differential above equation only once because it has only one arbitrary
constant]
- Degree=1
Integrating factor of xd;‘b)— y=x"-3x is:
X
(A) x
(B) log x

©
X



Sol.

44,

Sol.

45.

(D) —x
(C) Given that % —y=x"-3x

3ﬂ y—x3—3

dx x

Here, P=—1,Q=x3—3
x

~AF = eIPdX = e—jidx — e—logx

Solution of ?— y=1,y(0)=1is given by
X

(A) xy=—¢
(B) xy=—¢"
(C) xy=-1
(D) y=2¢" -1
(B) Given that
dy
2 _yv=,
dx Y

dy
=>—=—=1+

e y
= & =

1+y

On integrating both sides, we get
log(1+y)=x+C ...(i)

When x=0 and y=-1, then
log2=0+c¢

=C=log2

The required solution is
log(1+y) =x+log2

= log (HTyJ =X

31+_y:ex
2
=l+y=2¢"

=y=2e¢"-1

The number of solutions of % = y——i_; when y(1)=2 is:
x—

(A) none
(B) one
(C) two



Sol.

46.

Sol.
47.

Sol.

48.

(D) infinite

(B) Given that, L = +l
dx x-1
dy  dx
y+1 x-1

On integrating both sides, we get
log(y+1)=log(x—1)-logC
C(y+1) =(x-1

x—1

=>C=—
y+1

When x=1and y=2, then C=0
So, the required solutionis x—1=0

Hence, only one solution exists.
Which of the following is a second order differential equation?

(A) (y) +x=y’

(B) y'y'+y=sinx

(C) ym+(yn)2 + y:0

(D) y'=y’

(B) The second order differential equationis y'y"+ y=sinx.

Integrating factor of the differential equation (1- xz)% —xy=11is
X

(A) —x

X
(B) 1+x

(C) V1-x*

(D) %log (1-x%)

2

(C) Given that, (1-x) % _ xy=1
dx
dy X 1

dx 1-x° r= 1-x°
Which is a linear differential equation.

".I—J.Cvc2 zix

o IF=e
2 dt
Putl—-x"=¢t= 2xdx=dt = xdx =——

1dt 1 1 2
—|— —logt —log(1—x~
Now, IF =¢e* ' =¢? =¢? | )=\/1—x2
tan”'x+tan”'y = ¢ is the general solution of the differential equation:

dy 1+y°
(A) =2

dx  1+x°



dy 1+x°
B) ="
dx 1+y
Q) (1+x2)dy+(l+ yz)dx: 0
(D) (1+x2)dx+(1+ yz)dy =0
Sol.  (C) Given that, tan' x+tan™' y=C
On differentiating w.r.t. x, we get

1 1 dy
2 2'_=0
1+x° 1+x" dx
1 dy 1

1+ dc 1+
:>(1+x2)dy+(1+ yz)dx:O

49. The differential equation y?+ X = crepresents:
X

(A) Family of hyperbolas
(B) Family of parabolas
(C) Family of ellipses

(D) Family of circles

Sol. (D) Given that, y%+ xX=c
X

3yﬂ=C—x
dx

= yd y=(C—x)dx
On integrating both sides, we get
y_2 =Cx _x_2 +k
2 2
= x_2 + y_2 =Cx+K
2 2
= x_2 + y_2 -Cx=k
2 2
which represent family of circles.
50. The general solution of ¢'cosy dx—e"siny dy =0 is:
(A) e'cos y=k
(B) e'siny = k
(C) €' = k cosy
(D) €' = k siny
Sol.  (A) Given that, e*cosy dx—e"siny dy =0
= e'cosy dx = e'sinydy = 0
= ﬂ =tany
dy
= dx =tan ydy



51.

Sol.

52.

Sol.

On integrating both sides, we get
x=logsecy+C
= x—C=logsecy
=secy=e"°
=secy=e'e"
1 e’

= =—
cosy e

=e'cos y=e"

=e'cosy=K [where,K:ec}

2 3
The degree of the differential equation %J{%) +6y° =0 is:
X

(A)1
(B) 2
A3
(D)5
dy (dy), s
(A) e +(dxj +6y° =0
We know that, the degree of a differential equation is exponent highest of order

derivative.
- Degree =1

The solution of %+ y=e",y(0)=0 is:
X

(A) y=e"(x-1)
(B) y=xe”

(C) y=xe " +1
(D) y=(x+1)e™

(B) Given that, ﬂ+ y=e"
dx

Here, P=1, Q=¢"

IF = eJ.de _ ej.dx _ ex
The general solution is
ye' = Ie_xexdx +C

= ye' = Idx +C

= ye =x+C ..(>i)

When x=0 and y =0, then
0=0+C=0

Eq. (i) becomes y.e' =x

= y=xe”



53. Integrating factor of the differential equation % + ytan x—secx =0 is:
X

(A) cosx
(B) secx
(C) eL‘GSX
(D) eSFC)C
. dy
Sol.  (B) Given that, o +ytanx—secx=0
x
Here, P =tan x,Q =secx
IF = edex _ ejtanxdx
— e(log sec x)

=S8€C X

1+y’
54. The solution of the differential equation ii—‘; = 1+—yz is:
X

(A) y=tan'x

(B) y-x=k(l+xy)
(C) x=tan™"y

(D) tan(xy)=k

1+y’
Sol.  (B) Given that, %— J

14X
dy dx

1+y> 1+x°
On integrating both sides, we get
tan”' y=tan” x+C
=tan"' y—tan" x=C

:tan’l( y—XJ:C
1+ xy
y—x

1+xy
= y—x=tanC(1+xy)

= =tanC

= y—sz(l+xy)
Where, k=tanC

55. The integrating factor of the differential equation % +y= Ity is:
X X
() =
e
(B) =
X

(C) xe*



(D) €
Sol.  (B) Given that,

dx X
dx X

Ly 1ty
dx X
dy 1, y(1-x)
dx x X

—(I-x 1
Here, P= ( ),Qz—
X X
IF _ eJ.de 7J.1_Txdx J.X—_ldx
1—l dx
e
_ .[x—logx
1
log| —
=c'e g[*'j
1
=e'.—
X
56. y=ae™ +be™ satisfies which of the following differential equation?

dy
A) —+my=0
()l y

(B) Z-my=0

d2
®) 3

Sol.  (C) Given that, y=ae™ +be™
On differentiating both sides w.r.t. X, we get

% = mae™ - bme™™
X
Again, differentiating both sides w.r.t. x, we get
2
% =m’ae™ + bm’e™"™
2
= de =m’ (ae"”+ be’"”)
2
=4y _ y

dx2



2

d’y
de
57. The solution of the differential equation cos x siny dx+sinx cos y dy=0 is:

=

-m’y=0

sin x

(A) =C

sin y
(B) sinx siny=C
(C) sinx+siny=C
(D) cosx cosy=C
Sol.  (B) Given differential equation is
cosx siny dx + sinx cosy dy =0
= cosx siny dx =- sinx cosy dy
095 X e CF)S y
sin x sin y
= cot xdx = —cot ydy
On integrating both sides, we get
logsin x = —logsin y+log C
= logsin xsin y =log C

dy

=sinx.siny=C

58. The solution of x%-'_ y=e'is:

ek
A)y=—+—
X X
(B) y=xe" +cx
(C) y=xe"+k
y
D) x=+X
y oy
: dy .
Sol.  (A) Giventhat, x—+y=e¢
dx
Ay, y_ e
dx« x x

Which is a linear differential equation.

1
o AF = ekdx =) =

The general solution is y.x=j(d .dex
X

= yx= Iexdx

= yx=e +k
e)(

S y=—+—
X X

59. The differential equation of the family of curves x* + y’ —2ay =0, where 4 is
arbitrary constant, is:



d
A) (¥ —y) L =2xy
dx
®) 22 +y) D=y
dx
d
@ 2(-y) Z=xy
dx

dy
D) (X’ +y’) —=2
(D) (" +y7) = =21y

Sol. (A) Given equation of curve is

X +y' =2ay=0
X4yt

y

On differentiating both sides w.r.t. X, we get

y(2x+ 2yzj—(x2 + yz)@

2a

dx

v’ =0
dy dy
= 2xy+2y" ——(x*+y*)—==0
ey dx ( y)dx
dy
=2y’ —x* -y’ )—==-=2
(2y y)dx Xy

2.2 d)’:_
= (y X )_dx 2xy
2 2 dy=
= (x y )_dx 2xy

60. Family y=Ax+A’ of curves will correspond to a differential equation of

order
(A)3
(B) 2
A1
(D) Not defined
Sol.  (C) Given family of curves is y= Ax+ A’

:Q:A
dx

Replacing A by % in Eq. (i), we get

3
rac
dx \dx

.. Order=1

61. The general solution of ? =2xe" 7 is:
X

(A) eV =c
(B) ¢ +e' =c



Sol.

62.

Sol.

63.

(C) ' =¢" +c

(D) & =c

(C) Given that, % =2xe" " =2xe" e
X

d P
=e’ & _ 2xe”
dx

=e'dy= 2xe" dx

On integrating both sides, we get

J.eydy = 2_[ xe® dx

Put x° =¢in RHS integral, we get

2xdx = dt

J. e’dy = J. e'dr

=e'=e+C

—e'=¢" +C

The curve for which the slope of the tangent at any point is equal to the
ratio of the abscissa to the ordinate of the point is:

(A) an ellipse

(B) parabola

(C) circle

(D) rectangular hyperbola

(D) Slope of tangent to the curve= %
X

X
and ratio of abscissa to the ordinate = —

d
According to the question, = y_2
de y
vdy=xdx
On integrating both sides, we get
2 2
X-2,c
2 2
y2 2
> - =C=y-x"=2C
2 2

Which is an equation of rectangular hyperbola.

XZ

The general solution of the differential equation Ey e? +xy is:

(A)y=ce?
>

(B) y=ce

(€) y=(x+ C)e%



2

(D) y=(c-xe?
: dy cn
Sol.  (C) Given that, i e+ xy

d b
:>—y—xy:ex 2

dx

22
Here, P=—x,0=¢"

—xdx _ _2/2

s AF =ej
The general solution is
yefxz/z :jefxz/z _exz/zdx_l_c

= ye‘xz/2 = Ildx+ C

:ye#”=x+C
— y:XeXZ/Z + Ce+x2/2
= y=(x+C)e" "
64.  The solution of the equation (2y-1)dx—(2x+3)dy =0 is:
2x-1
(A) 3=
y+3
2y+1
2x-3
2x+3
2y-1
2x—1
(D) =
2y—1

Sol.  (C) Giventhat, (2y—1)dx—(2x+3)dy=0
= (2y-1)dx=(2x+3)dy
de  dy
2x+3  2y-1
On integrating both sides, we get

%log.(2x+3) zélog(Zy—1)+logC

k

(B) k

(4 k

k

= %[log.(2x+3)—log(2y—l)] =logC

1 2x+3
=-—lo =log C
! g( J .




65.

Sol.

66.

Sol.

67.

2x+3

=k, Where K = C*
2y—1
The differential equation for which y = acos x+bsinx is a solution, is:
d’y
A +y=0
(A) oty
d’y
B -y=0
(B) =Y
d’y
Q) 12 +(a+b)y=0
2
@ L2 @-pyy=0
dx

(A) Given that, =acosx+bsinx
On differentiating both side w.r.t. x, we get

ﬂ:—asin)H—bcosx
dx

Again, differentiating both sides w.r.t. x, we get
d2
dx2
d’y
dXZ
d’y
dXZ
. dy _x .
The solution of EJF y=¢",y0)=0 is:

(A) y=e"(x-1)
(B) y=xe'

(C) y=xe " +1
(D) y=xe™

=—asinx+bcosx

=

=Yy

= +y=0

(40) Given that, ﬂ+ y=e¢"
dx
Which is a linear differential equation.
Here, P=1land Q=¢"
IF =e/™ =¢"
The general solution is
ye' = Ie"‘ e'dx+c

:yex:jdx—f-C

= ye' =x+C ..(>i)

When x=0 and y=0 then, 0=0+C = C=0

Eq. (i) becomes ye' =x= y=xe "

The order and degree of the differential equation



Sol.

68.

Sol.

69.

Sol.

2
il Z 3d—2+2[dyj =y" are:
dx dx dx

(A) 1, 4
(B) 3, 4
(€2 4
(D) 3, 2

3.2 4
(D) Given that [Z;J 3‘;2) 2(3) =y

. Order =3
and degree=2

2
The order and degree of the differential equation {l+(%j }
X

3

(B)2,3
©2,1
(D) 3,4

2
(C) Given that, | 1+ [ dy} d f
dx dx

- Order =2 and degree =1

The differential equation of the family of curves y* =4a(x+a) is:

2y dy
(A) y dx( +Ej

(B) 2yﬂ:4a

dx

d’y (dyjz
C)y—+|—| =0
©) ydx2 dx

dy dyY
D) 2x—=+y| = | —
(D) X y[dxj y

(D) Given that, y* =4a(x+a) ...(i)
On differentiating both sides w.r.t. X, we get

dy dy
2y—=—=4a=2y—=4a
Y ydx

dy 1
=2a=>a=—y— ..(ii
y— e 5 y d .(iD)
On putting the value of a from Eq. (ii) in Eq. (i), We get

dy 1 dy
229 —:()H—— —j
Y E 2V ax



70.

Sol.

71.

Sol.

2
=y =2y Dy (ﬂj

dx dx
dy dy ’
=>2x—+y|— | —-y=0
a (dxj Y
2
Which of the following is the general solution of Z f - 2%+ y=0?
X X

(A) y=(Ax+B)e"*
(B) y=(Ax+B)e™

(C) y=Ae" +Be™
(D) y=Acos x+ Bsinx

2

(A) Given that, dy_ 2@+ y=0
dx dx

2

D*y—2Dy+y=0,
Where, D:i
dx

(D*-2D+1)y=0

The auxiliary equation is m* —2m+1=0

(m=1)"=0=>m=1,1

Since, the roots are real and equal.

o CF=(Ax+B)e* = y=(Ax+B)e"

[since, if roots of Auxiliary equation are real and equal say (m), then
CF =(Cx+C,)e™]

. d .
General solution of Ey + ytan x =sec x is:

(A) ysecx=tanx+c

(B) y tanx=secx+c

(C) tanx=y tanx+c

(D) x secx=tany+c

(A) Given differential equation is
dy

—+ ytanx =secx
dx

which is a linear differential equation
Here, P =tan x, Q =secx,
tan xdx '
IF=eI = el Zgec x
The general solution is
y.8eC X = jsecx.secx+ C

= y.secx = Isecz xdx+C

= y.secx=tanx+C



72. Solution of the differential equation % +2 =sinx is:

X X
(A) x(y+cosx) =sinx+c
(B) x(y—cosx)=sinx+c
(C) xy cosx=sinx+c
(D) x(y+cosx)=cosx+c
Sol.  (A) Given differential equation is
dy

1
— 4+ y—=s8inx
dx yx

Which is liner differential equations.

Here, P:land O=sinx
X

LN
IF = ejx =€ =x
The general solution is
VX = jx.sin xdx+C ..(I)
Take I :jxsinxdx

—xcosx—j—cosxdx

=—xcosx+sin x

Put the value of 1 in Eq. (i), we get
xy=—xcosx+sinx+C

= x(y+cosx)=sinx+C
73. The general solution of the differential equation (ex +1) ydy=(y+1)e'dx is:
(A) (y+1)=k(e +1)
(B) y+l=e"+1+k
(€ y= log{k(y+1)(e" +1)}

(D) yzlog{e +1}+k
y+1

Sol.  (C) Given differential equation
(e‘ +1) ydy=(y+1)e‘dx

dy _e'(1+y) _dx_(e+1)y

:>
dx (e ) dy e (1+y)
_dx__ ey
dy e (1+y) e (1+y)
a_ y Y

dy 1+y (1+y)e

dy 1+y e’

X



dx y (e +1
= —=—
dy 1+y\ ¢

=L |dy=| £ |ax
1+y e +1
On integrating both sides, we get

y e’
dy = dx
1+y Y I1+ex

I+y-1, ¢ e
'[ 1+y dy_-[1+exdx

jjldy—jliydy:flj;dx

:>y—log(1+y)+10g(1+ex)+logk
= y=log(l+y)+log(l1+¢e")+log(k)
:yzlog{k(1+ y)(1+e‘”)}

74. The solution of the differential equation ? =V +x’e” is:

X
(A) y=e""—x’¢ +c
3
(B) ¢’ —¢" :x?+c

3
(C) e +¢€’ :%+c

3
(D) e —¢’ =%+c

Sol.  (B) Given that, % = +x’e”’

d . - _
=D e p %

dx

dy e +x°
=== ,

dx e’

=eldy= (e‘ +x2)dx
On integrating both sides, we get
J.eydy = I(e'” +x° )dx
3
Sl =+ +C
3
3

R
:e}—e':?+C

2xy 1 is:
+x* (1+x2)*

75. The solution of the differential equation %+



Sol.

76.

Sol.

(i)

Sol.

(iii)

Sol.
(iv)

Sol.

(A) y(1+x*)=c+tan'x

(B) y2:c+tan"1x
1+x

(C) y log (l+x2): c+tan”'x
(D) y(1+x*)=c+sin'x

dy 2 1
(A) Given that, Dy xy2 = -5
de 1+x° (I+x°)
Here, P = 2x2 and Qz%
I+x (142)
Which is a linear differential equation.
J.z—xzdx
s IF =
Put 1+x* =t = 2xdx=dt
a og(1+x?
IF:eI‘ = = ef1+ ):1+x2
The general solution is
y(1+27) = [(1+x) ! ~+C
(1+x2)
1
= y(1+x*)= dx+C
y( ) j1+x2

= y(1+x’)=tan" x+C
Fill in the blanks of the following (i to xi)

2, @
The degree of the differential equation d—z)+ e*=01is
dx

Given differential equation is
d’y &
E + e‘b‘ =0

Degree of this equation is not defined.

d 2
The degree of the differential equation 1+(Eyj =x is

d 2
Given differential equation is , |1+ [Eyj =X

So, degree of this equation is two.

The number of arbitrary constants in the general solution of a differential
equation of order three is

There are three arbitrary constants.

d 1
Dy Y -~ isan equation of the type
dx xlogx x
: . . .. dy y 1
Given differential equation is—+ =—
xlogx «x




The equation of the type %+ Py=0

(v)  General solution of the differential equation of the type % +Bx=0, is

given by .
Sol.  Given differential equation is% +Bx=0,
X

The general solution is

xIF =IQ(IF)dy+C ie., er Py =J‘Q{ejpdy}dy+c

(vi) The solution of differential solution xd;aly +2y=x"is
X

dy

Sol.  Given differential equation is xd— +2y=x"= @ +Q =X
X

dx x
This equation of the form %+ Py=0.
X

2

—dx
2logx 2

X g =X

s AF :eI
The general solution is

yx® = jx.xzdx+ C

=e

4
2 X
=>w =—+C
Ty

2
x
=>y="—+Cx"
Y7y
(vii) The solution of (1+ xz)?+ 2xy—4x> =0 is
x

Sol.  Given differential equation is (1+x°) % +2xy—4x* =0

2 4x*
dy+_xy_ X

@Y =0
dx 1+x* 1+x°
dy 2x 4x°
-t 2 V= 2
dx 1+x 1+x
sz,dx
s IF =e

Put 1+ x> =t = 2xdx=dt
dr

o IF = eIT = =
The general solution is

y.(1+x2):j(1+x2)(1'j)i2)dx+(f

:>(1+x2)y:I4x2dx+C

log(1+x?
eog(+ ):1+x2

3

:>(1+x2)y=4%+c



4x°
3(1+x7)
(viii) The solution of the differential equation ydx+(x+xy)dy=0 is

=>y= +C(1+x2)_l

Sol.  Given differential equation is
= ydx+(x+xy)dy=0

= ydx+x(1+y)dy=0

jﬂ:(“_yjdy

= Jlidx = —j (é + ljdy [on integrating
= log(x)=-log(y)—y+logA
log(x)+log(y)+y=1logA
log(xy)+y=log A
= logxy+loge’ =log A
=xye’ = A
= xy=Ae"’

(ix) General solution of %+ y=sinx is

X

Sol.  Given differential equation is ?+ y=sinx
X

IF = j et =e"
The general solutions is
ye'= j e sinxde+C ..(i)

Let Iex sin xdx

I =sin xe* — Icos xe'dx

= sin xe* —cos xe* + I (—sin x)e*dx
21 = ¢* (sin x—cos x)

I :%e’“ (sin x—cos x)

From Eq. (i).

y.e' zg(sinx—cos x)+C

=y =%(sinx—cos x)+Ce™

(x) The solution of differential equation cot y dx = xdy is

Sol.  Given differential equation is
coty dx = xdy



(xi)
Sol.

= 1 dx = tan ydy
X
On integrating both sides, we get
1
= | —dx=|tan yd
[~ dr=[tan ydy

= log(x) =log(sec y)+log C

= log( j =logC
sec y
—-* =
secy
= x=Csecy
The integrating factor of %+ y= 1+y is
X X

Given differential equation is

dx X
ﬂ+y— +2
dx X X
:ﬂ+y(l—lj——
dx xX) x
1—l dx
o
=ex—logx
=ex.e—logx =e_x
X

77. State True of False for the following:

()

Sol.

(i)

Sol.
(iii)

Integrating factor of the differential of the form % + px=Q, is given by
eJ. pdy )
True
Given differential equation,
;ﬂ +Bx=0Q,
Y
wIF =

Solution of the differential equation of the type % + p,x=(Q, is given by

xI.F.= I(I.F)ledy.

True
Correct substitution for the solution of the differential equation of the type

b _ f(x,y) where f(x, y) is a homogeneous function of zero degree is

dx
Y=VX.



Sol.
(iv)

Sol.
v)

Sol.

(vi)

Sol.

(vii)
Sol.

Sol.

True
Correct substitution for the solution of the differential equation of the type

% =g (x,y) where g (x, y) is a homogeneous function of the degree zero is
X

X=VYy..

True

Number of arbitrary constants in the particular solution of a differential
equation of order two is two.

False

There is no arbitrary constant in the particular solution of a differential equation.

The differential equation representing the family of circles x* +(y - a)2 =a’

will be of order two.

False

We know that, order of differential equation= number of arbitrary constant.
Here, number of arbitrary constant=1.

So, Order is one.

. dy y 3 2 2
The solution of —=| — | is y?—x3=c.
dx \x

True

1/3
Given differential equation % = (lj

On integrating both sides, we get
J‘y—l/a dy = jx—l/adx

—1/3+1 —1/3+1
- +1 - +1
3 3

= +C'

jéym =§x2/3+C'
2 2

=y -x=C [thfm,%C':C}

(viii) Differential equation representing the family of curves
2
y=¢"(Acosx+Bsinx) is fixf —2%+2y =0

True
Given that, y=¢"(Acosx+ Bsinx)

On differentiating w.r.t. x, we get
ﬂ - ex (

y —Asinx+ Bcos x)+e" (Acosx+ Bsin x)
x



(ix)
Sol.

(%)
Sol.

dy

= ——y=e"(—Asinx+ Bcosx)
dx
Again differentiating w.r.t. x, we get
d’y d : ' .
Z——y= " (—Acosx— Bsin x)+¢* (—Asin x + Bcos x)
dx-  dx
d’y dy _dy
oDt y=——
a dv 0 dx
d’y _,dy
— > 254‘ 2y =0
The solution of the differential equation ? = x+2y
X X
True
Given that, ﬂ = LZy
dx X
ﬂ =1 +E
dx X
dy 2
=>———y=1
dx x Y

-2
[F=e" = =y
The differential solution.
yx = jx’z.ldx+ k

—2+1

A

X 241
12:_—1+k
X X

Solution of xdy =y+x tan2 is sin (lj =cx
dx X X

True

Given differential equation,

Ldy: y+x tan(zJ
dx X

= ﬂzlﬂan(lj ()
dx x X

Put L=vie. y=vx

X

dx xdv
=>—=y+—
X dx

On substituting these values in Eq. (i), we get

xdv
—+v=v+tanv

dx

is x+y=k.



dx dv
: —_—

X tan v

On integrating both sides, we get

1 1
JF=lom®

= log(x) =log(sin v)+log C'

:log{ .x ]zlogC'
sin v

X

= =C'

sin v

=sinv=Cx {where, C= %}

= sinl: Cx
X
2

(xi) The differential equation of all non-horizontal lines in a plane is d_): =0.
Y

Sol.  True.
Let any non-horizontal line in a plane is given by
y=mx+c
On differentiating w.r.t. X, we get
a_
dx
Again, differentiating w.r.t. x, we get



Differential Equations
Short Answer Type Questions

1. Find the solution of ? =27
X

Sol.  Given that, ﬂ =2

y m
:ﬂ:z_ |:_’_am—n:a :|

dx 2"
dy dx
2>
On integrating both sides, we get
[2dy=[27dx
27 -2
log2 B log 2
=-2"+2"=+Clog?2
=2"-2"=—Clog2
=2"-27V=k [where, k= +Cl0g2]
2. Find the differential equation of all non-vertical lines in a plane.

+c

Sol.  Since, the family of all non-vertical line is y=mx+c, where m # tan% .

On differentiating w.r.t. X, we get

ﬂ =m
dx
again, differentiating w.r.t x, we get
d’y _
e
3. Given that % =¢? andy=0whenx=5.
X
Find the value of x when y =3.
Sol.  Given that, @ = = C_Z—Z =dx
dx e’

2y

:>J.ezydy=.|.dx:>%=x+C ..(0)

When x =5 and y =0, then substituting these values in Eq. (i), we get

0
e

—=5+C

2

:>l:5+C: C:l—Sz—2
2 2 2

Eq. (i) becomes >’ =2x-9
when y=3, then ¢’ =2x-9=2x=¢°+9



(66 +9)
2

X =

4, Solve the differential equation (x* —1)% +2xy=— T
x —
Sol.  Given differential equation is

dy
)=+ 2xy =
(x )dx v x -1

:ﬂ+[ 2x j __ 1
a \F-1)” T ey

Which is a linear differential equation.

On Comparing it with %+ Py =0, we get
X

2x 1
P: ’Q:
(362—1)2

x* -1
IF = ej . ej(%j(b

Put X —1=t=2xdx=dt
dt

o IF = eI7 =™ =t= (x2 —1)
The complete solution is
y.IF = j O.IF +k

= y.(x*-1) =j(x2 1_1)2 (= 1)dx+k

dx
(¥ 1)

3y.(x2—1):%10g[i—:)+k

= y.(xz—l)zj

5. Solve the differential equationﬂ+ 2xy=1y.
dx
Sol.  Given that, ﬂ+ 2xy=y
dx
= @ +2xy—y=0
dx

:ﬂ+(2x—1)y20
dx
Which is a linear differential equation.
On comparing it with %+ Py=0Q,we get
x
P=(2x-1),0=0

Ipdx _ eJ.(fol)dx

IF =e




Sol.

Sol.

2 2_x

=e =" "
The complete solution is
y.exz"x = I Q.e‘z_x =0+C

= y.exz_x =0+C
=>y= Ce™

mx

Find the general solution of ?+ ay=e
X

Given differential equation is ?+ ay=e"
X

which is a linear differential equation.

On comparing it with %+ Py =0, we get
X

P=a, Q="

IF =™ = e = g

The general solution is

ye“ = Ie”“.e‘“dx +C

= y.e“ = j "V e+ C

(m+a)x

= ye" =
Y€ (m+a)
(I’IH'(J)X C
:(m+a)y:e — +(m+;l)

(m+a)x C
= (m+a)y="— +(m+ff)

e e
=(m+a)y=e"+Ke ™ [ k:(m—f-a)C]
Solve the differential equation? +1=e"".

X

Given differential equation %+ 1= ..>0)

On substituting x+ y =¢, we get
1+ ﬂ = ﬂ
dx dx

t

Eq. (i) becomes ar =e
dx

= e'dr=dx

=—-'=x+C
-1

:>T:X+C
e y

=-1=(x+C)e™



= (x+C)e™ +1=0
8. Solve: ydx — xdy = x’ydx.
Sol.  Given that, ydx — xdy = x’ydx

1 1 dy o 2
— ——.—==1 | dividing throughout by X~ ydx
=1 | dividing throughout by X ydx

2

Xy

Which is linear differential equation.

On comparing it with %+ Py =0, we get
X

P:(x—lj,on
X

If = eIPth

The general solution is

1 - 1 -
y.—e' "’ :J.O.—eA Pdx+C
X X

1 > 2
=y—e"=C =>y=Cxe"”
x

9. Solve the differential equation b 1+x+y’+xy’,wheny=0,x=0.
Sol.  Given that, L 1+x+y> +xy°
dx
:ﬂ:(1+x)+ y>(1+x)
dx
:ﬂ:(n yH(1+x)
dx

:>1dy = (14 x)dx

7=

Ty



On integrating both sides, we get
2

_1y=x+%+K ..... (l)

tan
When y=0 and x=0. then substituting these values in Eq. (i), we get
tan” (0)=0+0+K
= K=0

2

i x
= tan 1y=x+?

= y=tan x+x—2
2

10. Find the general solution of (x+ 2y3)% =y.
X
Sol.  Given that, (x+ ZyS)% =y

= y.ﬂzx+2y3
dy

= ﬂ X +2y° [Dividing throughout by y]

dy 'y

= de_x =2y’
dy 'y
Which is a linear differential equation.

dx
On comparing it with d_+ Px=0Q, we get
Yy

y
:>£=y2+C
y
=x=y +Cy

11.  If y(x) is a solution of (wjz =

—=—cosx and y(0)=1, then find the
I+y

value of y(gj



Sol.  Given that, 2+sinx Qz—cosx
1+y Jdx
dy _ cosx d

1+y  2+sin
On integrating both sides, we get

1 J- coS X I

— dv=-—
I+y Y 2+sin

=log(1+y)=—log(2+sinx)+log C

=log(1+y)+log(2+sinx)=logC
=log(1+y)(2+sinx)=logC
=(1+y)(2+sinx)=C

=>1+y= -
2+sinx
=>y= C -1 ...(9)
2+sinx
When x=0 and y =1 then
1:£_1
2
=C=4
On putting C =4 in Eq. (i), we get
J— 4 —
2+sinx
. Y(Z): 4 ﬂ_—l: 4 —1
2 2+4sin— 2+1
3 3

12.  If y(¢) is a solution of (1+t)%—ty =1 and y(0)=—1, then show tha y(l) = —%.
t
Sol.  Given that,
dy
I+1)—-1ty=1
(1+1) Y
N (Lj ye b
dt \1+t 1+¢
Which is a linear differential equation.

On Comparing it with %+ Py=0Q, we get
t

t 1
P:— —, = —
[i)ei;

ra e Jametre
IF=¢ " =¢ "\

— e—r .elog(Ht)



=e ' (1+1)
The general solution is
(1+1) ((1+1).e”
e (1+7)

—t 12 12

e e Ce
= y(t). . +C',where C'=
)y g O here O =1

dt+C

1
=>ylt)=——+C'
y() 1+1
When ¢t =0 and y=—-1, then
-1=-1+C'=C'=0

Y1) === y(1) =

13. Form the differential equation having y = (sin‘lx)2 + Acos”'x+ B, where
A and B are arbitrary constants, as its general solution.
Sol.  Giventhat, y= (sin_lx)2 + Acos™'x+ B,

On differentiating w.r.t. X, we get
dy 2sin'x (-A)
A +
1= A1-x°
= l—xzﬂ:ZSin’lx—A
dx
Again, differentiating w.r.t. X, we get

2
el h 3
Pode 21402 A1-2

2 dzy X 2 dy
= (1-2*) P Al—x =2
2
= (l—xz)d—f—xﬂz 2
dx dx
2
= (1—x2)d—f—x@—2=0
dx dx
Which is the required differential equation.
14. From the differential equation of all circles which pass through origin and
whose centres lie on y-axis.
Sol.  Itis given that, circles pass through origin and their centreslie on Y-axis. Let (O,
k) be the centre of the circle and radius is k.
So, the equation of circle is

(36—0)2%—()7—16)2 =k’
= xz%—(y—k)2 =k’
= x+y —2ky=0

2 2
LY k(i)
2y




15.

Sol.

On differentiating Eq. (i) w.r.t. x, we get
2y[2x+2yjyj—(x2 + yz)@
X

: dx -0
4y
dy 2 2\ dy
=>4y x+y— |-2(x"+y )—=0
y( ydxj ( Y )dx

2@_ 2 2 ﬂ:
=4xy+4y i 2(x +y )dx 0
:>[4y2—2(x2+y2)]%+4xy=0

X
:>(4y2—2x2—2y2)§+4xy=0
X
2 A2 ﬂ _
:>(2y 2x)dx+4xy 0
:(yz—xz)%+2xy:0

dy

=(x—y*)=-2xy=0

(¥ =) 2%

Find the equation of a curve passing through origin and satisfying the

differential equation (1+ x*) % +2xy =4x>.
x

Given that, (1+ xz)%+ 2xy =4x’
X

:ﬂ_l_ 2x _ 4x*
e 142 ” 1eR

which is a linear differential equation.

On comparing it with % +Py=0Q,we get
X

2x 4x*
P = s =
1+ x° ¢ 1+ x°
2x
s IF = ejpdx = ej“)“2 dx

Put 1+x° =t = 2xdx=dt
dr

IF=1+x>=¢" ="' =

The general solution is

elog(1+x2)

r(1020) = [ 2 (140 e
X
:>y.(1+x2)=j4x2dx+c
:>y.(1+x2)=4%3+c ()

Since, the curve passes through origin, then substituting



16.

Sol.

17.

Sol.

x=0and y=0in Eq.(i), we get
Cc=0
The required equation of curve is

=4
y(1+x )— 3
4x°

3(1+x%)

2 dy

= y=

Solve: x’ —=x"+xy+ y’.

Given that, x’ %: X +xy+y’

d 2
:>—y:1+1+y—2
X X

2

Let f(x,y)=1+l+y—2
X X

/’ly /12))2
f(/lx’ﬂ’y) = 1+E+ 1242

2
f(ﬂx,/iy)zﬂ"(l+z+y—2J

X x
=A°f(x,y)
Which is homogeneous expression of degree 0.
Put y:vx:>ﬂ:v+xﬂ
dx dx
On substituting these values in Eq. (i), we get

(\H—xﬂj:1+v+v2
dx

dv )
=>x—=14+v+v —v

dx
SN
dx
dv _@
1+v  x

On integrating both sides, we get
tan”' v=1log |x| +C
= tan”' (lj = 10g|x| +C
X
Find the general solution of the differential equation

(1+ y2)+(x—e”"‘_ly)%=0.

Given, differential equation is

(1+ y2)+(x—eta“ly)%=0



(1) oo
(1+y2)%——x+eta“ !

dx X ey
> — =
dy 1+y° 1+y

Which is a linear differential equation.

[dividing throughout by (1 +y )]

dx
On comparing it with d_+ Px=0Q, we get
Yy

1 etan’] y

P: s =
l—f-y2 Q l—f-y2

Pdy y _
IF:eI Toe M =™y

tan™! ¥y

The general solution is x.e® * = I 6—2.6‘3“le dy+C
I+y
)
= xe™ = I—z.dy+ C
I+y
1
Put tan™' y=t:>1 ~dy=dt

0
- oxe™ ZIez’dt+C
= x.e“ =le2‘a‘{1 Y+ C
2

-1 -1
= 2xe™ Y =¢"" Y 42C

-1 -1
= 2xe™ V=" Y+ K [vK=2C]

18. Find the general solution of yzafx+(x2 —xy+ Yy ) dy=0.
Sol.  Given, differential equation is
yzafx+(x2 —-xy+ yz)dy =0
= ydx =—(x2 —-xy+ yz)dy

, dx

dy

2
- ﬁ:—(x—z—fﬂj (D)
dy oy

Which is a homogeneous differential equation.

=y =—(x2—xy+y2)

X
Put —=vorx=vy
y



dx dv
= —=v+y—
dy dy
On substituting these values in Eq. (i), we get
dv )
vty—=—|v —v+l
v ]
= yﬂ:—v2 +v—1-v
dy
= yﬂ:—vz—lj Zdv :_ﬂ
dy v +1 y
On integrating both sides, we get
tan”' (v)=—log y+C

= tan”’ (fj—f-log y=C { V= f}
y y

19. Solve: (x+y)(dx—dy)=dx+dy. [Hint: Substitute x+ y =z after separating dx

and dy]
Sol.  Given differential equation is

(x+y)(dx—dy)=dx+dy

= (en)1-2 )12 )

dx
Put x+y=z
= 1+ﬂ:%
dx

On substituting these values in Eq. (i), we get
dz dz

Z| l-——+1 |=—
dx

dx
:z(Z—ng%
dx dx
:22—2%—%20
dx dx
dz
:>22—(z+1)—=0
dx
dz 2z
> —=—
dcx z+1

:>(Z+1jdz:2dx

z
On integrating both sides, we get

J.(l+éjdz=2j.dx

= z+logz=2x-logC
= (x+y)+log(x+y)=2x—logC [+ z=x+}]
= 2x—x—y=logC+log(x+y)



= x—y=10g|C(x+ y)|
=7 =C(x+y)

x-y

= (x+ y)z%e

=>x+y=Ke"” { K= %}

20. Solve: 2(y+3) —xyil—iz =0, given that y(1)=-2.

Sol.  Given that, 2(y+3)— xy% =0,
x

:>2(y+3):xyﬂ
dx
X y+3
:>2ﬂ= y+3-3
X y+3
2.@—[1—ijdy
X y+3

On integrating both sides, we get
2logx=y—3log(y+3)+C.......(i)
When x=1and y=-2,then
2logl=-2-3log(-2+3)+C

=20=-2-3.0+C

=C=2

On substituting the value of Cin Eq. (i), we get
2logx=y—-3log(y+3)+2

= 2logx+3log(y+3)=y+2
= log x> +log(y+3) =(y+2)
:>10g)¢2(y+3)3 =y+2
:>x2(y+3)3 ="
21.  Solve the differential equation dy = cos x(2 - ycosec x)dx given thaty = 2
when x=2.

Sol.  Given differential equation,
dy=cosx(2—ycosecx)dx

dy
e 2—
cosx(2— ycosec x)

dy
:E: 2C0S X — yCOSs ec X.COSs X



d
=9 2cosx—ycot x

dx

:>Q+ ycotx =2cos x
dx

Which is a liner differential equation.
On comparing it with %+ Py =0, we get

P=cotx,0=2cosx

Icotxdx log sin x

IF = eI Mo
The general solution is
y.sinx = IZcos x.sin xdx+ C

=e =sinx

= y.sinx= jsin 2xdx+C [ sin 2x = 2sin xcos x]

. cos2x .
= y.sinx=-— B (i)

When x :% and y=2,then

COS(ZXZJ
— 24 C

2.sin£ =—
2 2

:>2.1:+1+C
2

:>2—1:C:>E:C :>C=é
2 2 2

On substituting the value of C in Eq. (i), we get

. 1 3
ysinx=——cos2x+—
2 2

22. Form the differential equation by eliminating A and B in Ax’ + By’ =1.
Sol.  Given differential equation is Ax”+ By’ =1
On differentiating both sides w.r.t. x, we get

2Ax+ ZByﬂz 0
dx

= ZByﬂ =-2Ax
dx

ra__ A
x dx B
Again, differentiating w.r.t. x, we get

2 x@—y
yday &\ "de " |_,

x dd®  dx x°

:Byﬂ:—Ax:
dx



23.  Solve the differential equation (1 +y? )tan’lx dx+2y (1 +x° ) dy=0.

Sol.  Given differential equation is
(1+ yz)tan'l xdx+2y(1+x2)dy =0

= (1+ yz)tan’1 xdx=—2y(1+x2)dy

tan”' xdx _ 2y
1+x° 1+y?

On integrating both sides, we get

tan~' x 2y

dx=- d

J. 14 x° J.1+ y’ Y
Put tan™' x=tin LHS, we get

lzw:ﬁ
I+x
and put 1+ y* =u in RHS, we get
2ydy = du

2

S L S
:>_[tdt— Iudu:>2 logu+C
:%(tan'l x)2 :—log(1+ y2)+C

= %(tan’1 x)2 +log(l+ y* ) =C
24. Find the differential equation of system of concentric circles with centre
(1, 2).
Sol.  The family of concentric circles with centre (1, 2) and radius « is given by
()c—l)2 +(y—2)2 =a’
=X +1-2x+y +4-4y=a’
=X +y —2x—4y+5=a’ ..(>i)
On differentiating Eq. (i) w.r.t. x, we get
dy dy

2x+2y—-2-4—=0
dx dx

:>(2x—4)%+2x—2=0

= (1=2) 2+ (x-1)=0



25.
Sol.

Differential Equations
Long Answer Type Questions

Solve: y+ di (xy) = x(sin x +log x)
X
Given differential equation is

y+i(xy) = x(sin x+log x)
dx
d .
= y+xa+y:x(s1nx+logx)

:x%+2y:x(sinx+logx)

:>Q+2 =sin x+log x
I x y g
Which is a linear differential equation.

On comparing it with %+ Py =0, we get

P:z,Q:sinx+logx
X

2 dx
x

IF = eJ =2t = i

The general solution is

yx’ = J.(sinx+logx) Xde+C

= yx° :j()c2 sin x+x logx)dx+C
= yx = Ixz sinxdx+_|‘x2 log xdx+C
=Sy =L+1L+C ..>0)

Now, I, =_[x2 sin xdx

=x (—cosx)+_[2xcosxdx

=-x’ cosx+[2x(sin x)—_[Zsin xdx]
I, =—x" cos x+2xsin x+2cos x ...(ii)

And I, :j)c2 log xdx
X 1 X

=logx.——|——dx
g 3 -[x 3

X l¢,
=10gx.?—§jx dx

X o1x
=logx.———.— ..(iii
EX 7373 (1)
On substituting of value of I, and I, in Eq. (i), we get
3

) 1
y.x2 =—x’cosx+ 2xs1nx+2005x+x?logx—gx3 +C



2sin x Zcozsx+flogx—f+Cx'2
by by 3 9

26.  Find the general solution of (1+7an y)(dx—dy)+2xdy =0.

S y=—cosx+

Sol.  Given differential equation is (1+an y)(dx—dy)+2xdy =0.
On dividing throughout by dy, we get

(l+tany)(§—lj+2x=0
dy

:>(1+tany);ﬂ—(l+tany)+2x=0
y

= (1+tan y);lﬂ+2x:(l+tan y)
Y

dx 2x
=>—+ =1
dy l+tany

Which is a linear differential equation.

dx
On comparing it with d_+ Px=0Q we get
Y

2
P= ,0=1
I+tany
2 2cos
J.1+ta.n &y J‘cos +siyn o
[F =g 1"y = o cosywsiny
€os y+sin y+cos y—sin
v[ . cos§+sin; ydy
—e S Y
cos y—sin y
-[ ! i J +log(cos y+sin y)
cos y+siny y
=e TR =

=e¢”.(cos y+sin y) [ e = x}
The general solution is
x.e’ (cos y+siny) = Il.ey (cos y+siny)dy+C

= x.e’ (cos y+siny) z_[ey (sin y+cosy)dy+C
= x.e’ (cos y+siny)=e’siny+C [ Ie"{f(x)+ f(x)}tdx= e"‘f(x)]
= x(sin y+cos y)=sin y+Ce™

27. Solve: % =cos(x+ y)+sin(x+ y). [Hint: Substitute x+y=—z]

Sol.  Given, ? =cos(x+ y)+sin(x+y)
X

Put x+y=z
:>1+ﬂ=%
dx dx

On substituting these values in Eq. (i), we get



28.

Sol.

(dz j .
——1|=cosz+sinz
dx

:>£=(cosz+sinz+l)
dx

dz
>— —=dx
cosz+sinz+1
on integrating both sides, we get
dx
S —
cosz+sinz+1
dz

=
J‘l—tanzz/Z_‘_ 2tanz/2
l+tan’z/2 1+tan’*z/2

:Idx

dz _
:I1—tan2z/2+2tanz/2+1+tanzz/2_jdx
(1+tan” z/2)
(1+tan®z/2)dz
=] 2+2tan’z/2 =[ar
I sec’ z/2dz J-
2 1+tanz/2

Put 1+tanz/2—t:>(—sec z/2jdz—dt

——jdx
= 10g|t|=x+C
= 10g|1+tanz/2|:x+C

(x+y)
2

= log|l+tan =x+C

Find the general solution of ? —3y=sin2x.
X

Given, D_ 3y=sin2x
dx
which is a linear differential equation.
On Comparing it with ?+ Py =0 we get
X
P=-3,0=sin2x

The general solution is
—3x __ . -3
ye = J‘51n12x e dx
Let ye ™' =1
1= Ie‘“ sin 2x
i 1



29,

Sol.

-3

—3x —3x
:>I:sin2x(.e ]—IZCOSZJ{e 3 jdx+Cl

=] = _le’3x sin 2x+2J.e'3x cos2xdx+C,
3 3 11 1

-3
e

e

; —I(—Zsin 2x)

I 5, . 2 !
=1 :—Ee"“ sin 2x+§(cos2x de+C1 +C,

= 1=—Lovgin 2x—§cos 2xe™* —gH— C' [where,C'=C, +GC,]

= I+4—12= +e7* (—lsin 2x—zcos 2x]+ C'
9 3 9

:Elze’“ —lsin2x—20052x +C'
9 3 9
:Izie’” —lsin2x—gc052xJ+C {where,C:E}
13 3 9 13
3 ) 2
=>I=—e —sin2x——cos2x |+ C
13 3
—3sin2x—2cos?2
:ie’“( sin 2x—2cos x)+C
13 3

—3x
= = el3 (—3sin2x—2cos2x)+C

—3x
Ny
13

(2cos2x+3sin2x)+C

On substituting the value of  in Eq. (i), we get

—3x

ye " =_e13 (2cos2x+3sin2x)+C

=y= —%(ZCOS 2x+3sin2x)+ Ce™

Find the equation of a curve passing through (2, 1) if the slope of the
. ) 2 + yz
tangent to the curve at any point (x, y) is ———.

X +y°

It is given that, the slope of tangent to the curve at point (x, y) is

8] 42
dx (x.y) 2xy

SN Y S
dx« 2\y «x

Which is homogeneous differential equation.
Put y=vx

2xy

dy dv
= —=v+x—
dx dx



30.

Sol.

On substituting these values in Eq. (i), we get

dv 1(1 j
tx—=—|—+v
dc 2\v

dv 1{1+V*
=Sy+x—=—
dce 20 v

dv 1+
&

dx 2y

dv  1+v=2?
SX—=—
dx 2v
dv 1-V*
= x—=

2v dx
-y X
On integrating both sides, we get
2v dx
I 1-v = JA?
Put 1-v* =¢ in LHS, we get
—2vdv = dt
dt dx
- =12
t X
= -logt=logx+logC

= —log(l—vz)zlogx—f-logC

2
= —logEI—y—z] =logx+logC
X

2

2_
= —log(x 2y jzlogxﬂogC
X

2
= log( 2x 2]zlogxﬂogc
X =y

2
X

= =Cx

e y2
Since, the curve passes through the point (2,1)
2 2
D _coymc-2
(2)"-(1) 3

So, the required solution is 2()62 — y2 ) =3x.

Find the equation of the curve through the point (1, 0) if the slope of the
y—1

tangent to the curve at any point (x, y) is .
X +x

It is given that, slope of tangent to the curve at any point (x, y) is




31.

Sol.

AN
dx x"+x
L b &
y=1 x"+x
On integrating both sides, we get
dy _J' dx
y—1 Jx+x
dy dx
- =
-[y—l J‘x()c+1)

dy (1 1
:‘fﬁ—f(; L

=log(y—1)=logx—log(x+1)+logC

xC
=lo —1)=log| —
g(y-1) g(ﬁ J
Since, the given curve passes through point (1,0)
.-.O—IZE:C:—Z
1+1
. L —2x
The particular solutionis y—1=——
x+1

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

=(y-1)(x+1)+2x=0

Find the equation of a curve passing through origin if the slope of the
tangent to the curve at any point (x, y) is equal to the square of the
difference of the abscissa and ordinate of the point.

Slope of tangent to the curve= %

and difference of abscissa and ordinate =x—y

According to the question, % =(x=y) ..(0)
x

Put x—y=z
= l_ﬂ = @
dx dx

&

dx dx
On substituting these values in Eq. (i), we get
1—%2 22 =>1-7° :ﬂ

dx dx
=dx= dz 5

1-z

On integrating both sides, we get



32.

Sol.

d
Idx:jl—zzz

1+Z+C

= x—llo
2 g -z

1 _
XTI e i)
y

1
= tx=—1log
2 1-x+
Since, the curve passes through the origin.
1 1+0-0

s 0==lo
2 g1—0+0

= C=0
On substituting the value of C in Eq. (ii), we get
1

x=—1lo
> g

+C

I+x—y

I-x+y
I+x—y

= 2x=log
I-x+y

2x

I+x—
= eX=| X7

I-x+y
=(l-x+y)e =1+x—y
Find the equation of a curve passing through the point (1, 1). If the tangent

drawn at any point P(x, y) on the curve meets the co-ordinate axes at

A and B such that P is the mid-point of AB.
The below figure obtained by the given information
Let the coordinate of the point P is (x,y). Itis
given that, P is mid-point of AB.

So, the coordinates of points A and B are

(2x, 0) and (0, 2y), respectively.

. Slope of AB= H —

2x-0 X
Since, the segment AB is a tangent to the curve at P.
H__y
" dx X
LB &
y X

On integrating both sides, we get
log y=—logx+logC

logy= log£ ..(1)
X
Since, the given curve passes through (1, 1).

loglzlog%



33. Solve: x%: y (logy—logx+1)

Sol.  Given, x?= y (log y—logx+1)
X

:x?: y log(1+lj

X X

dy y( y j .
=—==|log=+1| ...(i

o= log~ (i)
Which is a homogeneous equation.
Put l:v or y=vx

X
dx dx

On substituting these values in Eq. (i), we get
v+xﬂ— v(logv+1)

e g
=P v(logv+1-1)

dx

= x%: v(logv)

X
dv_dx
vlogv x

On integrating both sides, we get
b
vlogv by

On putting log v=u in LHS integral, we get

l.dv:du

Y
du_pds
u X

= logu=log x+log C
= logu=1logC x
>u=Cx

= logv==Cx

= log (lj =Cx
X



