1. (a): The given differential equation is

dx dx
o Its order is 2 and degree is 1.
2. (b) : Order = 2, Degree =3
. Required sum=2+3=5

3. (d) : The given equation can be written as

2V 3 2.8 ([ 53.\ 3
dx dx dx dx dx

Order = 3, degree = 2

4. (c):Given, \/? =cos ' x
"y =(cosx)?

dy_ -1 -1
= E_ZCOS x{m}

(ﬂ )2 _ 4(cos 1 x)?
dx 1-x2

= (1—x2)(Z—Z)2 =4y

2 2
- (1—x2)2(g—y)d—y-2x(ﬂ) _4Y
X

dx? dx dx
d’y _ (dy )

= (1-x3)=—3-x|-Z|=2

(-9 dx? x(dx
Sooc=2
5. (b): Wehave, x> +1*=9
= 2x+2yy'=0 [On differentiating both sides]
= x+yy'=0
= 1+yy +(y)*=0 [On differentiating both sides]
6. (a): Given differential equation can be written as
= _y =x*-3

dx «x

1
24 .
LE= ej P o~ logx _ log(x) 1 1o 1

=

7. (0):Wehave, W _YFxtany/x_y ¥ g,
dx x x x
which is clearly a homogeneous differential equation
dv

Putti =ox = ﬂ—vﬂc—
utting vy = vx o Ix

Differential Equations

SOLUTIONS

dx
dv=—
X tanov b

. dv
.. From (i), we have, v+ xd— =v+tanv =

= logsinv = logx + logC = sinv=xC = sin(%): xC.

8.  (d) : Given differential equation is

(2x—10y3)Z—Z+y=0

—_— p— 3 pa—
N ﬂz_}/ﬁd_xzwzﬁmyz
dx 2x-10y dy -y
= ﬂ+2x=10y2
dy y
2
=d
I.er".y yzeZIOgy =elogy2 =]/2

9. (a) : Given differential equation is 4y LA
x X

LF.= ej%dx =elo8¥ — x
Solution is given by
y-x=Jx><x3dx+C=J‘x4dx+C
5 4

= =t iC> y=14=
= TTETY

d - _
10. We have, d—Z:xex Y=xe-eV

= J.eydyzjxexdx+c = eyzxex—J.lexdx+C
= d=x-¢+C

- (x-1)=C

11. We have, d_y =(x+ y)2
dx

dy dt

Letx+y=t = 1+—==—

erry dx dx
Given equation can be written as
£—1=t2=>£=t2+1=>j zdt =J.dx
dx dx t°+1

= tant=x+c

= tan'(x+y)=x+c



Py (dyY_, 2 (dy
12. We have, dx_2+x(a) =2x"log| —%

dx?
d*y dy)2 2 [y
SV ) Z2x210g| LY |0
= dx? x(dx T8 dx?

Since, L.H.S of the differential equation cannot be
expressed as polynomial in % So, its degree is not
defined.

13. Given, eJde:sinx

= log(sinx):dex

Differentiating w.r.t. x, we get

-cosx=P = P=cotx

sinx
J 1
14. We have, —y=(z)3
dx \x
1 1
= Jy 3dy :Jx Sdx
2 2
3 3
- L -
2/3 2/3
- y2/3—x2/3=§C'

y2/3 —-x2/3=C is the required solution.

15. The arbitrary constants in the general solution
of the differential equation is equal to the order of the
differential equation.

Number of arbitrary constants is 3.

OR
dy .
We have, cosxd—+ysmx=1
x
-, %y sinx 1
dx cosx CcoSXx

dy 1 .
= +(tanx)y = » which is of the form
dx cosx

ﬂ+Py =(Q.Here, P=tanx, Q=
dx cosx

LF.= ejpdx = eJtanx = olo8(5ecY) _ gocy

16. (i) (b) : Given, T is the temperature of the body at
any time f. Then, by Newton's law of cooling, we get
dT

N = k(T — 50), where k is the constant of proportionality.
t

(ii) (c) : From given information, we have
At 8 p.m. temperature is 70°F

Att=0,T="70°F

(iii) (b) : From given information, we have
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At 10 p.m., temperature is 60°F
Att=2,T=60°F

. L dT ar
(iv) (o) : E:k(T—SO) = m—kdt
On integrating both sides, we get
log|T-50| =kt +log C = T-50=Ce"
Clearly, fort=0,T=70° = C=20
Thus, T - 50 = 20"

Fort=2,T=60° = 10 =20 ¢*

1
= 2imtog(3) = koo 5)

t
Hence, T =50 + 20(%)2

1 t/2
(v) (b):Wehave, T=50+ 20(5)
t
Now, 98.6=50 + 20(%)2

t
486 _(1)2 _ (48.6)_£10 (1)
20 (2) 7 %820 )72 782
1Og(48.6) 10g(48.6)
= Lo 20 o | AN 55

) el
&l 5 8| 5
So, it appears that the person was murdered 2.5 hours

before 8 p.m. i.e., about5 : 30 p.m.
17. (i) Clearly, according to given information,

% = ky(5000 — i) , where k is the constant of

proportionality.
. . Lo 5000
(i) The given equationis y = 190500k 1
Substitute ¢ = 0 in the given equation, we get
5000 ~ =100
Yo TV
18. We have, d_y = M.
dx by+f

= (by *+f)dy = (ax + g)dx
Integrating both sides, we get

= [(by+ f)dy = [(ax+g)dx+c

2 2
= b%+fy=ax?+gx+c
= by +2fy - ax® - 29x - 2¢ = 0, which represents a
circle.

Coefficients of x°

-a=b

and y* must be equal ie.,

= a+b=0, which is the required condition.



Differential Equations

19.

=

20.

We have, d_y M =0

x x
dy  y(x+1)
A x
dy x+1
v ox

J% = J'1+§dx

dx

logy = x +logx + C'

log(y)=x+C’

X

LA SN e o where, C = ¢©

X X

y= Cxe*, which is required solution.

dz z z 2
We have, — + =1 ==
e have ogz=—(logz)

Let u = (logz)™

=

Substituting the value of % in (i), we get

21.

iy

22,

dy, 1
dx xlogx

It is a linear differential equation of the form

du___ 1 14
dx (log z)2 z dx
4z =—z(log 2)2 —

dx

—z(log 2)? % + ilogz = xiz(log z)2

du 1.1 -1
dx xlogz x2
du 1 -1

dx x

—- —-U4=—5,which is of the form
x

dy
2 = 4
We have, x° + yz x

24y 2
v
Y dx g
ydy = (4 - x%)dx
Jyzdy = J(4 —x?)dx
3
LAy I
3 3
3

Y =12x - x>+ 3C

X+ y3 =12x + C, where C =3C’

We have, xlogxd—y+y:zlogx
dx x

_2
y=>

d—y+Py =(Q, whereP =L,Q =£
dx xlogx x

I

1
dx
[F.—¢ xlog x _ elog(logx) _ 1ng

Solution of the differential equation is given by

y(logx) = _[(log x)x%dx

2 d 2
= y(logx)= logxfx—zdx - J-(E(Iogx).[x—zdx)dx

= yllogx)=logx(~2 ) [1(-2 }ux

X

2 2
1 =1 —— |+ |=d
y(logx) ogx( x) sz x

= y(logx)zlogx(—z)—z+C

x/) x
23. We have, (1 - y)(1 + log x) dx + 2xy dy = 0
= (1-y)1+logx)dx =-2xydy

—, (L+logx)

dx=- 2y > dy
X 1- y
On integrating both sides, we get

J-1+logxdx=J-_ 2y2dy
X 1—y
2
—(1+l;gx) :10g|1—y2|+C

Whenx=1,y=0

2
1
a”%l)zlog(l).;.c :>c:E
(1+logx)? ) 1
> og|1-y~ [+

= (1+logx)*=21log |1-y*| +1is the required
solution.
OR
dy ., ,
We have —-+18 (x)=8(x)g(x)
Clearly, it is a linear differential equation of the form
dy

< T Py=Q where P=g'(x) and Q = ()8 (x).

LF. = oJ P _ o J8/dx _ 5(x)
The solution is ¥+ 8= je 8(x 9(x)g" (x)dx +C ()
Let I = [eMg(x)g (x)dx
Putting g(x) = t = ¢’(x)dx = dt
L I=teldt

=t[edt-| [dii(t).[etdt} dt =te' - ['dt

= tet - et = g(x)eg(x) - Eg(x)
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From (i), we have OR
580 = g() _ ,8() ’ _
y-ef=gxe et+ C We have, Z—y=—y2 1
- y.eg(x) + 80 _ g(x)eg(x) = X x“+x
dy dx
_ — (o ~8() = —_—
= y+1l-gx)=Ce / y-1 x?+x
= logly+1-g(x)] = -g(x) +logC by dx
=5 —V—=—
= g(x) +logly + 1 - g(x)] = C, where C =logC’ y-1 x(x+1)
24. We have xd—y—y+xsin(z)=0 = d_y:(l_i)dx
dx x y-1 \x =x+1
N dy_y +sin (1): 0 Integrating both sides, we get
dx x x i
. . : y 1_1
This is a linear homogeneous differential equation. Jﬁ = J(; - m)dx
d d
Puty=ovx = d_z=v'1+xd—z = log(y-1) =logx -log(x + 1) +log C
dv . x
L U+x——v+sinv=0 1 -1)=1 —|cC
I = log(y-1) og[(x_kl) ]
= % b sino=0 = cosec vdo+ X =0 = (-D+1)=xC
dx x Since, it passes through (1, 0),ie, x=1,y=0
Integrating both sides, we get L -Ha+1)=C=C=-2
log |cosecv - cotv| +logx =log C . Required curve is
= x (cosecv-cotv)=C (y-1)(x+1)=-2x
= | cosee o[ 2| ¢ = G-DEr D e
X X dy ex . y
= = 26. Wehave, -2 =—(¢" -
Whenx=2,y=n i ey(e e?)
T T
. 2[cosec5—cot5]=C:>C=2 - eyj_y:ex.ex_ex.ey
x
= x[cosec(z)—cot(z):lZZ = eyd—y+ex-ey=ex~ex
x x dx
is the required particular solution. dy do

Put eyzvzeyd y
x dx
25. We have, ¢* 1—y2dx+zdy20
x

= +ve” =e" -e*, which is clearly a linear differential

x e¥dx+—2 dy=0

,ll—yz

equation of the form ? +Pv=Q,
x

Integrating both sides, we get where P=¢',Q=¢""¢"
1 LF.=el % = o
x X 1 PARDY S
x-e —_[1~e dx—E_[(l—y ) 2(-2y)dy=C . The solution is given by
1 v’ = Jex e¥ e dx
1 (1_3/2)E Putting ¢* = t, ¢"dx = dt, we get
:>xex—ex—57=c g ’ 4 g
/ vel = J.tetdt
= *(x-1)—y1-y*=C =tet—jletdt+C
Whenx =0,y=1, =te'-e'+C
Lov=(t-1)+Ce?
LQ0-1)-V1-1=C = =@ -1+
= C=-1

. 3 27. We have, xcosx(ﬂ)+y(xsinx+cosx)=1
eFx-1)—y1-y*=-1 dx

dy xsinx +cosx 1
x _ _ _ 2 _ . . . = — 4 =
= e (x-1)—41-y° +1=0 is the required solution. x ( oS X ) YOS



Differential Equations

da 1 1
= Y (tanx + —)y =—secX, which is a linear
dx x x

d
differential equation of the form dy

T + Py =Q, where

1 1
P=tanx+—,Q=—secx
x X

J.(tanerl)dx ) ) )
LF.=¢ x :e0gsecx+ogx:eog(xsecx):xsecx

The solution is given by

1
yxsecx = JXSGCX'—SQCXdX
X

= yxsecx= Jsecz dx = yxsecx =tanx +C

28. Wehave, y(1+log x)g—x— xlogx=0
Y

N dx _ xlogx
ydy_1+logx
- Jﬂ:f1+logxdx
Y xlogx

= logy =J‘(¥) dt (Put 1ogx =t = ldx — dt)
X
=j1dt+j1dtzlogt+t
t

= log (logx) + logx

= logy =log(x logx) + log ¢
When, x=¢, y = &

log ¢? = log(e loge) + log ¢
2=1+logc=logc=1
logc=1

logy = log(x logx) + 1

=
=
= logy - log(xlogx) =1

Y
1 =1
- Og(xlogx)

I,
xlogx

= y=-exlogx

29. We have, (x+ 1)Z—y —2xy = (x* +2x% +1)cosx
x

= dy_ 22—xy = (Jc2 +1)cosx, which is a linear

dx  x*+1

a

differential equation of the form d—z + Py =Q, where

P= #, Q= (x2 +1)cosx

x“+1
—2x N
IF.=¢ P+ = logle+1) (> +1)7" = 21
x“+1

5
The solution is given by
1 5 1
. =|(x*+1)cosx dx+C
Y x2+1 '[( ) xZ+1
Y
= |cosxdx-+C

¥ +1 J
= 21/ =sinx+C (1)

x“+1

Aty (0)=0,ie.x=0,y=0, we have

L:sin0+C:C:0
0+1

From (i), we have

] Y
2 +1

which is the required particular solution.

OR
Let Pj be the initial population and P be the population
at any time t. It is given that

=sinx=y= (x‘2 +1)sinx

ar o p
dt
P = AP, A is a constant
dt
P it
P

= I%dP:kjdt

= logP=Art+C ..(i)
At t =0, we have P = P,,. Putting t = 0 and P = P in (i),
we get

log Pp=0+C= C=1logP,
Putting C =log P, in (i), we get
log P = At + log P,
= log (£J: At (i)
P

0

It is given thart P = 2P, when t = 25 days. Putting ¢ = 25
and P = 2P, in (ii), we get

1
log2=25A= A=—log2
og = > og

Putting A= %logZ in (ii), we get

log (P£0): (%logZ)t ..(iif)

Suppose the population is tripled in ; days. i.e. P =3 P
when t = #;.

Putting P = 3Pyand t = ¢, in (iii), we get

1 log3
log3=|—log2 |ty =>t; =25 d
o83~ 1os2 ) = 1 =25( 252 Jays

Hence, the population is tripled in 25 Go—gz Jdays.
08



6

30. Lety = f(x) be the given curve. Then, the slope of the

d
tangent at P(x, y) is é But, the slope of the tangent at P

y

J_ cotzcos—. Therefore,
x x X

is given as

dy _y y .y

==—cot=cos=

dx «x X x
dy dv
Putti =X => ——=U0+x—
utting y = vx Iy iy

dov
Uv+x—=0v—-cotvcosv
dx

dv
= x—=-—cotvcosv
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dx
= secvtanvdv=——
X

= secv=-log|x| +log C [On integrating]
= sec(z)=—10g|x|+c
x

Since, the curve passes through (1, n/4).ie,x=1,
y = n/4 Therefore,

sect/4=-logl+C = c=42

sec (Z ) =—log| x|+ /2, which is the required
x

equation of the curve.
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