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DIFFERENTIAL EQUATIONS
DEFINITIONS Sol. Clearly order of the differential equationis2.

In certain situation we notice that the relation between the
rates of change of observable quantitiesis simpler than the
relation between the quantities themselves. In such cases
differential equations are taken as model for several
problems in Engineering. Physical sciences, Biological
sciences. In this chapter we shall study some basic
concepts.

DIFFERENTIAL EQUATION
An equation containing an independent variabl e, dependent
variable, and differential coefficientsof dependent variable
withrespect toindependent variableiscalled adifferential
equation. For Example-

(i)%:sinx (ii)%ery:cotx
Lo dly oy 2 _
(iii) dX—2—5&+6y:x (iv)

( g2y 2 3
5 e o

dx
3/2
2 2
(v) d—g+{1+(ﬂ) } =0
dx dx

NENR:
(vi) kdij —4&+4y =5c0s3x

d2 2
(vii) x? dx_)zl +,f1+[%} =0

Order of differential equation:

The order of a differential equation is the order of the
highest derivative occurring in the differential equation.
Degreeof differential equation : Thedegreeof adifferential
equation is the degree of the highest derivative occurring
in the differential coefficients are free from radical and
fraction.

Examplel:
Find the order and degree of the differential equation

2 13
ay + [ﬂ) +xY4 -p.
dx? \dx

L7

dzy V4 (dy) 3
—Z 4+ X = —
dx

. [ d?y
Agdn 3 ) =l

which shows that degree of the differential equation is 3.

3
+Xﬂ4} .

Example2:

d2y

dx?

2 312
Find the order of the DE {“[d—zj } =

Sol. Order=2 d2y
[Order of the highest order derivativei.e. d_2 is2]
X

Example3:
Find theorder of thedifferential equation of all conicswhose
axes coincide with the axes of co-ordinates.
Sol. Sincethe general equation of all conicswhose axes coincide
with the axes of co-ordinatesis ax? + by2 = 1 and
it has two arbitrary constants a, b.
itsdifferential equation will be of order 2.

Example4:

i 1+
Find the degree of the DE L dx a2
[ rav)2) (d2y)?
y 21 d%
(O] - Y
Sol. Clearly, WehaveL i J LdXZJ
Itsdegreeis2 d2y
[degree of the highest order derivativei.e. of d_2 is2]
X
Example5:
Find the degree of the differential equation.
2/3
[ d®y) d%y . dy _

de_3J +4—3dx—2+ ” 0

Sol. The given differential equation can be written as

(d3y\ 2 B ( d2y dy
(o) "Pae %o

degree of the diff. equation=2

3

e
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Example6:

(2 2 (g2
. y [dyj . d%
—| +|=—| =x8n|—
Find the degree of the DE dezj I kdsz
Sol. Since the given differential equation is not a polynomial
equation in differential coefficients,
its degree is not defined

LINEAR & NONLINER DIFFERENTIAL EQUATIONS
A differential equation in which the dependent variable
and itsdifferential coefficientsoccur only inthefirst degree
and are not multiplied together is called aslinear differentia

equation.
dny dn—ly dnfzy dy
R—+R +P, o Pr1i—+Ry=Q
dx" dx" L dx"? ax "
Where Py,Py,Ps,........ P,_; and Q are either constants or

functions of independent variable x.

Those equations which are not linear are called non- linear
differential equations. A differential equationisanon-linear
differential equationif

(i) itsdegreeismorethan one.

(i) any of thedifferential co-efficient has exponent more
than one.

exponent of the dependent variable is more than one.
products containing dependent variable and its
differential co-efficientsare present.

(dzy\3 dy 2
) [ 2] 2 2) sy = s anondi
BEx (i) dezJ i 5y = x%is a non-linear

differential equation| - - itsdegreeis3, morethan onej

(i)
(iv)

d?y [dyjz
(i) o2 + i + 8y = x4, isanon-linear differential

equation.

d
[ differential co-efficient &y has exponent 2]

(x2+y2) dx — 2xy dy = 0 is a non-linear differential
equation.
- the exponent of the dependent variabley is 2.

(i)

dy d’y dy
V) —=+3—=+X— =dgnxi -li
(iv) o3 Tl i sinx isnon-linear
o X & is present
Todx
d2y
(V) d—2+Y= 0 isalinear differential equation of order

X

2 and degree 1.

d2y dy .
i) —5—-5—+6y=8nX | i i [
(vi) o2 dx y is a linear differential

equation of order 2 and degree 1.

Note: Thedegreeof alinear differential equationisaways
one. But the converse is not always true.

& Xy degrent and order 1Bt
€9 2y isof degree 1 and order 1 But it is not
2,2
linear. [ -.- itcanbewrittenasxy%= X ery |

d
[--yand &y are multiplied together]

d
Again, y &y — 4 = x is of degree one but is not a linear

differential equation.

FORMATION OFDIFFERENCE

(i) Write down the give equation.

(i) Differentiateit successively with respectto x that number

of times equal to the arbitrary constants.

Hence on eliminating arbitrary constants results a

2

differential equationwhichinvolvesxy, & Y .

dx " gx2

(i)

Example7:

Form the differential equation corresponding to
y2=m(a?-x2) by eliminating m anda.
Wearegiventha  y2=m(a2-x?)

Since the given equation contains two arbitrary constants,
so we shall differentiate it two times and we shall get a
differential equation of second order.

Differentiating both sides of (i) w.r.t.x , we get

Sol.

dy dy N
2y —=m(-2X) >y —=-mX
Y i (-2x) =y o™ e (ii)
Differentiating both sides of (ii) w.r.t.x , we get
d%y ( dyj 2
—+| —| =-m
y o2 + e (iii)

d?y (dy)*| . dy
From (i) and (iii) , weget X ydx_2+ o0 Y

Example8:
Find the differential equation representing the family of
curves
y=Acos(x + B), whereA, B are parameters.

Sol. Sincey =A cos(x + B) (;—d){ =—Asin(x+B)
2

= ig =—-Acos(x+B)=-y= d—)zl +y=0
dx dx

Example9:
Find the differential equationfor y =A cosa X + B Sina X
where A and B are arbitrary constants.

T
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Examplel2:
Sal. — = —Aasinax+B acosax Find the solution of the differential equation
dx xcosydy =(xe*logx +e*) dxis
d2y Sol. x cosy dy = (xe*log x + €) dx
— =—Ao?cosax-B o?sinax=-oa2y ( X\
dx X €
, = cosydy = ke |°9X+?J dx
d
dx_)zl +0?y=0 Onintegrating, siny =e“logx + ¢

SOLUTION OF DIFFERENTIAL EQUATION
A solution of adifferential equation is any function which
when put into the equation changes it into an identity.

General solution : The solution which contains anumber
of arbitrary constants equal to the order of the equation is
called general solution for complete integral or complete

primitive of differential equation.

Particular Solution : Solution obtained from the general

solution by giving particular values to the constants are

called particular solutions.

Example10: d
Find the general solution of x2 d—y:2.
X
dy 2 2
—=— = dy = —dx
x 2 VT2

2
Now integrate it . Weget Y = X +C

SOLVINGAFIRST ORDER FIRST DEGREE DE

Example11:
Find the solution of the differential equation
ﬂ:%cx (secx +cotx)
dx
dy
Foibce (secx +cotx) = sec?x + secx tanx
X

Sol.

d
Differential equation of theform d—i =f(x):

Differential equation of theform

To solvethistype of differential equation we integrate both

Y100 9)

sides to obtain the general solution.

dy _ ﬂzj
&_f(x) g(y)z,“g(y) f(x) dx +c

Example13:

. . - dy
Find the solution of equation o y (e¥+1)

dy

o Yoyesny o Yo (@ +nox
dx y

Integrating both sides, we get logy=€*+x+c¢

Examplel14:

d
Find the solution of x &y =y+xy+x+1.

Sal. xﬂ Sy+xy+x+1

To solve this type of differential equations we integrate
both sides to obtain the general solution as discussed

below

dy
—=f(X) = dy= d
dx () y f(x) X

Integrating both sides we obtain

[dy=]feydx+c or y= [ f(xdx+c

d

i
Fy(@+x)+(x+1)=(1+x) (1+y)

= ﬂz“—xdx:(lJrljdx
l+y X X
= log(1+y)=logx +x+A
1+
= |09[—y] =X+A
X
1+y
= =eXtA =M eX=Ce
= 1l+y=Cx¢
Examplel5:
Find the solution of differential equation
Iog[ﬂ] =ax+hy
dx
Sal. Y _ Jaxby) : Yy oty Y gy
dx dx dx

Now integrating both sides, weget y=tanx +secx +c
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dy dx dv
i i i — = f(ax+by+c): Thus v4+x—=f (V) > — =
Differential equation of thefor m of ™ ( Y +C) ™ (v) X TV
To solve this type of differential equations, we put
heref Iution i dx dv
dy 1[dv ] v Therefore solution is I?:J‘f(v)—erC
axtby+e=vand 4 =y ge %) - atbf (v)
Example18:
So solution is by integrating I—a+ b (v) j Find the solution of DE dy/dx = y/x + tany/x is
Sol. Puty/x=v, ory=xv ordy/dx =x+xdv/dx
Example16: x Y vovitany = ¥ _tany
dy dx dx
Find the solution of differential equation &=cos(x+y). dv  dx dx
= = cotvav = —,
dy tanv X X
Sol. We are given that &=cos(x+y) or /nsinv=/¢nC
Putx+y=v, so that sinv sin(y/x
yd d dy dy T (3(/ )=C
y_av_ &y _d L
I T ax  ax dx or x=C'sin(y/x)
So, the given equation becomes Example19:
ﬂ—l cosv Q 1+ cosv d
dx = dx Find the solution of —y:%
dx x°+y
dv = dx 1s;eczvdv dx
= : —_— —_ =
1+cosv 2 2 Sal. ﬂ:% is homogeneous
Integrating both sides, we get dx  x“+y
1 ,v v Xty Puty =vx
—sec” —dv = | 1dx A [7] -
'[2 > I = tan2 Xx+C = tan > x+C . ﬂ:Verd_V .V+Xﬂ_ VX v
which is the required solution. odx dx X %2 v2x2  14v2
Examplel7: ) XQ_ v _V_v—v—v3 _ ve
- , dy T dx 142 1+v? 1+v2
Find the solution of vl (Ax+y+1)2.
_ 1+v2 dv cdv cdx
Sol. Put4x+y+1;lz ) j = dv+ J‘ 0 - J'FJFIVJFJ?
z z
by ——4=22:I _Idx+C
Tk o dx 2.4 1 x2
= ——2+Iogvx=logC: - +logy=1logC
1, 42 1, g(x+y+1 2v 2y
= QS =xHC S I T ) =xeC ,
= IogX:X— =>y= Cex2/2y2
C 2y2

Differential equation of homogeneoustype:

Aneguationinx andy issaid to be homogeneousif it can
DIFFERENTIAL EQUATIONREDUCIBLETO

beputintheform dy _fxy) where f(x,y) & g(x,y) ae HOMOGENEOUSFORM

dx g(x,y)
. : . d yX+ by X+
both homogeneous functions of the same degreeinx & y . A differential equation of theform d_y :% ,
So to solve the homogeneous differential equation X X+ DX+ G
dy _f(x.y) dy dy Where ® . PL can bereduced to homo formb
e A ; - &y Sz = geneous form by
X gx.y) substitute y = vx and so i + X a, b,

adopting the following procedure

e
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dv dy
X+h,y=Y +ksothat =

The equation then transformed to
dy _ aX+DbY +(ath+bk+c)
dX  ayX +b,Y + (ah+bok+cy)

Now choose hand k suchthat a;h + b,k +¢;=0and
ah + bk + ¢, =0. Then for these values of h and k the

dY  aX+bY
dXx a.zx + b2Y

This is ahomogeneous equation which can be solved by
putting Y =v X and then Y and X should be replaced by

Put x =

equation becomes

dv -3V+7 —7v2
vaex dv _7-7v

X V-3 ~ Tdx 7v-3
_7dx 7 2V qv - 3 Y
X 2'v2_1 v2_1
Integrating , we get

—7log X :—Iog (V2 —1)——Iog——|ogC
= logC= Iogx7+ log[(V + 1)5 (V—1)2]

= C=(V+1)° (V-1)2X7 or C=(Y +X)3(Y-X)2
C=(x+y-1)>(y-x+1)?

y—kand x-h. which is the required solution.
Special case:
b a b Example21:
If dy/dx = _ax+oy+c and —=—=m (say)i.e Find the solution of (3x + 2y + 1) dx — (3x + 2y — 1) dy = 0.
a'x+b'y+c' a' b d N
when coefficient of x andy in numerator and denominator  Sol. We hav by _oX+ey+2
areproportional, then the above equation can not be solved ®ax 3+ 2y-1
by the method discussed before because the values of h & Put3x+2y=z
kgivenvytheequ_ationwillbeindeterminate._ln or_der to dy dz dz 741
solve such equations, we proceed as explained in the 3+2 —=— - Sl -3 :—1
following example. dx dx X Z-
_ - dz 2z+2 5z-1 z-1
Sopve I _ 3 6y+7:3(x 2y)+7 L % g _ - dz= dx
dx x-2y+4 x-2y+4 dx z-1 z-1 5z-1
a b 1(5z-1-4
[obvisously —=—= ] = 5\ 5,1 dz=dx=
a b
dy dv l_|.dz =Jdx+c
Put x-2y=v = 1-2 —=— . Nowwecansolveit. 5
dx dx
z 4
Example20: = 55 l0g(z-1)=x+c

Find the solution of differential equation
(Bx—=7x+7)dx+ (7y-3x+3)dy=0.
Sol. The given differential equationis
dy 7x-3y-7
dx —3x+7y+3
Substituting x=X +h,y=Y +k, weobtain
dy  (7X-3Y)+(7h-3k-7)
dX  (-3X+7Y)+(-3h+7k+3)
Choosing h and k such that 7h—-3k —7=0and

—-3h+7k +3=0 whichgivesh=1,k=0.
Under the above transformations equation (i) can be

_ dy  7X-3Y
written as dXx

= 5(3x+2y)-4log (5(3x +2y) —1) = 25x + constant
= 4log (15x+10y-1) + 10x— 10y = constant

5
= 4log(15x + 10y + 1)5 (x-y)=c

LINEARDIFFERENTIAL EQUATIONS
A differential equation is linear if the dependent variable
(y) and itsderivative appear only infirst degree. Thegeneral
formof alinear differential equation of first order is

d
Tipy=Q
dx
Where P and Q are either constants or functions of x.
This type of differential equations are solved when they

=3X+7Y aremultiplied by afactor, whichiscalled integration factor,
d g because by multiplication of this factor the left hand side
Putting Y = VX sothat VX2 weget of the differential equation becomes exact differential of

dXx dXx some function.

Multiplying both sides of (1) by oJPd , we get

[¢
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o P [ﬂJr ): oJpox
o Y)=Q
On integrating both sides with respect to x we get
yefpdxzj'Q L
which is the required solution, where c is the constant and

o PO iscalled theintegration factor.

Example22:
Find the solution of differential equation

Sal. % +y=¢*. Thisislinear equation of the form

% +y:ex_

d
—y+Py Q, whereP=1,Q=¢*

Sointegrating factor (I.F) = o/ P _gx
Thus solution is given by

ye[poIX :IQ e[pdx dx+c

2X

= ye' =Jexexdx+c = ye :eT-i-C
2X
= yet _E e
2
Example23:

Find the solution of (x + 2y3) dy =y dx.
Sol. (x+2y3) dy=ydx

dxx22 dx X

y ———— =2y?
Tdy y Ty y Y
-1
dPoy vy ooyt 1
y
dx
Type@ +P'x=Q .. Solis —:JZydy+C y?+C
= x=y3+Cy
Example24:
Find the solution of the differential equation
dy vy _.
—+— =
i sinx
dy 1 ) dy
Sol. -+ y=sinx {yp o Py Q}
1
e[de:eJQdX:elogx:X

Sol.isyx = _[xsinxdx+C

=X (—cosx) — Jl.(—cosx)dx +C=-xcosx+sinx+C

=Xx(y+cosx)=sinx+C

EQUATION REDUCIBLETOLINEAR FORM

() Bernoulli'sEquation : A differential equation of theform
dy/dx + Py = Qy", where P& Q are function of x aloneid
called Bernoullis equation. This form can be reduced to
linear form by dividing y" and then putting y1™" = v
Dividing both sides by y" , we get

_nd _
y n dy+Py n+l_ Q

Putting y ™1 =V so that

a-myn L=<

o e get

=(1-n)Q

whichisalinear differential equation.

d—V+(1— n)P.Y
dx

(if) If the given equation is of form % + P f(y) =Q. gy,
where P and Q are functions of x alone, we divide the

1 dy f(y)

W ol 2

equation by g(y), weget ;v

Now substituted sz and solve.
a(y)

Example25:
Find the solution of DE % —ytanx=-y2secx.

1dy 1 1
Sol. —————tanXxX=-secxXx —=V ;

—ldy adv
y2 dx  dx

dv
—— —vtanx=-secx; — +Vtanx = secx,
dx dx

Here P =tanx, Q = secx
IF.= @ XX _gecx vsecx= jseczxdx+c

Hence the solution isy™! secx = tanx + ¢

IFDIFFERENTIAL EQUATIONISOFTHEFORM OF

42
—)2/ = f(X) then itssolution can be obtained by integrating

it with respect tox twice.

Example26:
Find the solution of the differential equation

COS2 X =1

=
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P2 P2 (b) Volume of thebrineinthetank at time t
Yy _ Y _ o2 = initial volume + (inflow — outflow) - t
Sol. cos?’x — =1 —5 =S X
o T T w2 =100+ (5-4) t= (100 +1) litres.
d (¢) Let y(t) istheamount of salt at timet then outflow
. . y
Onintegrating weget ——=tanx*¢c 4
dx rate of salt = Y
(100+1)

Againintegrating, weget y=logsecX*¢c;X ¢,

PHYS CALAPPLICATION OF DIFFERENTIAL EQUATION:

1 MixtureProblems:
A chemical inaliquid solution (or dispersed in agas) runs
into acontainer holding theliquid (or the gas) with, possibly,
a specified amount of the chemical dissolved aswell. The
mixture is kept uniform by stirring and flows out of the
container at a known rate. In this process it is often
important to know the concentration of the chemical inthe
container at any given time. The differential equation
describing the process is based on the formula.

(rate a which) (rate a which)

Rate of change

of amount = L chemical J _ L chemical J
in container arrives departs
(1)

If y (t) isthe amount of chemical in the container at timet
andV (t) isthetotal volumeof liquid in the container at time
t, then the departure rate of the chemical at timetis

y@®

Departurerate =
eparturerate V(1)

- (out flow rate)

_ [ concentration in
= | container at timet | -(out flow rate)

Accordingly, Equation (1) becomes

dy _ o . y (t)
at = (chemical's given arrival rate) — V0 ) -(out flow rate)
w(2)

If, say, y ismeasured ingrams, V inliters, and tin minutes,
then unit in equation (2) are

grams _ grams grams litre

minute minute litre minute

Example27:
A tank initially contains 100 litresof brinein which 50 gms
of salt dissolved. A brine containing 2 gm/litre of salt runs
into the tank at the rate of 5 litre/min. The mixture is kept
stirring and flows out of the tank at the rate of 4 litresmin
then
(a) At what rate (gms/min) does salt enter thetank at timet.
(b) What isthe volume of the brinein the tank at time't.
(c) At what rate (gms/min) doessalt leave thetank at timet.
(d) form the DE of the process and solve it to find an
expression for the amount of salt present at timet.

Sol. (@) Inflow rate of brinesolution= (2 gmy/litre) - (5litre/min)

=10gm/min.

(d) Rateof changeof saltincontainer = (rate at which salt
arrives) — rate of which salt leaves

T . A .
dt (100+t)  dx (100+t)
4dt
Integrating factor = e (100+1) = g4In (100 +1)
=(100+1)*
y (100+t)*=10 [ (100+ t)*dt =2(100+1)3+C
at=0, y=50

= 50-(100)4=2(100)°>+C = C=-150(100)*
= y(100+t)*=2(100+t)>- 150 (100)*
= y=2(100+t)- Loél
1+ —)
100

Example28:
Find thetime required for acylindrical tank of radiusr and
height H to empty through a round hole of area'ad at the
bottom. The flow through the hole is according to the law

v (t) =k ./2gh (t) wherev (t) and h (t) are respectively the
velocity of flow through the hole and the height of the

water level abovetheholeat timet and g isthe acceleration
due to gravity.

Sol. Let at time t the depth of water is h and radius of water
surfaceisr.
If in time dt the decrease of water level is dh then
—rr2dh =
7 r<dh = ak /(2gh) dt“ o T
2
-nr
= ————dh=dt
aky2gvh
"
= __nrz ﬁ—dt o
29 ¥ !
Now whent=0, h=H and ¢
whent=t,h=0 hole
2 0 t 2 0
N Ly L LY PO L W Y R
2z b 1= e 12

t_anZx/ﬁ_ﬁ fﬁ\
oak2g &k W)

=
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2 Satigtical Applicationsof Differential Equation:

Example29:
The population of acertain country isknown to increase at
arate proportional to the number of people presently living
inthe country. If after two yearsthe population has doubled
and after three yearsthe population is 20,000, estimate the
number of peopleinitialy living in the country.

Sol. Let N denote the number of peopleliving in the country at
any timet, and let N, denote the number of peopleinitially
living in the country.

. dN
Then, fromequation — —-kN =0

dt
which has the solution N = cekt ...0)

Att=0, N = N, hence equation (i) statesthat N, = cek(©,
orthat c=N,
Thus, N = Nyekt
At t=2,N=2N,
Substituting these values into equation (ii), we have

.. (ii)

1
2Ny =N fromwhichk = 5 n2

Substituting this value into equation (i) gives
N =N, el2In2 ....(iii)
At t=3,N=20,000
Substituting these values into equation (iii), we obtain

20000
= /2In2 - = =
20,000 N0e3 = Ny >/2 7071

3 Geometrical Applicationsof Differential Equation :
We also use differential equationsfor finding the family of
curvesfor which some conditiong involving the derivatives
are given. For thiswe proceed in the following way
Equation of the tangent at apoint (X, y) tothecurvey =f (x)

isgivenbyY - y= %(X—x).

Atthe X axis, Y =0,and X =x— y
dy / dx

(intercept on X-axis)

d
Atthe Y axis, X=0,and Y=y - &y (intercept on Y-axis)

Similar information can be obtained for normals by writing

d
equations as (Y —y) &y +(X-x)=0.

Example30:
Find the equation of the curve which is such that the area
of the rectangle constructed on the abscissa of any point
and the intercept of the tangent at this point on y-axisis
equal to 4.

Sol. Equation of tangent P(x,y)isY -y = % X=x)

v Y
- Y-intercept =y —x ix

dy]
x[y X dx

Areaof OABC =

4. Orthogonal trajectory:

Any curve which cuts every member of a given family of
curves at right angle, is called an orthogonal trajectory of
the family. For example, each straight line passing through
theorigin, y = mx, isan orthogonal trajectory of the family
of thecirclesx? + y2 = &

Finding orthogonal trajectory of agiven family of curves:
() Letf(x,y, c) =0 bethe equation, where c is an arbitrary
parameter, of givenfamily.
(i) Differentiate the given equation with respect to x and then
eliminatec.
dy

(iii) Replace& by - % inthe equation obtained in (ii)

(iv) Solvethedifferential equationin (iii)

Example31:
Find the orthogonal tragjectories of xy = ¢
dy

Sol. xy =c. Differentiatingw.r.t. X, we get Xp Y= 0

dy dx dx
—~Lhy-—togetx—-y=0
Replace ax y dy g I y

Integrating x dx -y dy =0 = x2-y?=c
Thisisthe family of required orthogonal trajectories.

=
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Example32:
Find the orthogonal trajectory of y2 = 4ax (a being the Q.8 Solve: Xﬂ =y+2y y2 —x2
parameter). dx
Sol. y2=dax : 2y dy _a Q.9 Solvethefollowing differential equation:
' CoT dy d 1
. 2 _ Lo ay
Eliminating afrom equaiton (1) and (2) () cos"x o ry=tanx (i) =7 oSy +sin2y
y2= Zy% X. Q.10 Solvethefollowing differential equation:
d
reoacing Y b dx 0) d—i:xy+x3y2
eplacing by —x dy,weget |
( dx) (i) ysinx—L = cosx (sinx—y?)
y:ZL—d—y X ; 2xdx+ydy=0 dx
Integrating each term, Q.11 Supposethat amothball volume by evaporation at arate
5 proportional to itsinstantaneous area. If the diameter of
2+ Y —¢ D 2xX2+y2=2¢ the ball decreasesfrom 2cmto 1cmin 3 months, how long
will it take until the ball has practically gone?
whichis required orthogonal trajectory. Q.12 What constant interest rateisrequired if aninitial deposit
TRY ITYOURSEL E placed into an account the accruesinterest compounded
_ —_— _ ) continuously isto double its value in six years ?
Q.1 Find the order & degree of the following differential (In|2|=0.6930)
equation '
m Q.13 Find the equation of the curve passing through (2, 1)
dy dy 6 which has constant sub-tangent.
M7= Y5
dx? dx Q.14 Findtheorthogonal tracjectory of the curvex2 + y2 = &.
iy , ANSWERS
(i) edxg i XM+ y=0 @ @ order_: 2,degr_ee: 4, (_|_|_) order :_3, )
dx 2 degree=not defined (iii) order = 1,degree=1
2 24y _ 2 _ 2(%]2 oy W
(i) In[;ﬂj:awrby @ 6TY)ge=2y @Y =yl 2
X
. . . . . 3
Q2 From the d|ffer_er_1t|al equation of all ci rcles touching the @ (i)y = elcosee x—cotx) (jj) ¥ = & X
x-axis at the origin and centre on y-axis. 3
Q.3 Fromthedifferential equation of thefamily of parabolas 1 4
with focus at the origin and axis of symmetry along the (5) 2 v+§log | v—1|—§log lv+2]j=x+c
X-axis
Q.4 Solvethefollowing differential equation: Wherezv - 2" 1+2X +;/
(|) y'sinx:y|ny;y(7-c/2):e (6) (1+y) =C (X +y)
oy xy 2 -y
—== +X°-€ -
0 dx (7 2X+y =¢ (>0 (8)y+\/y2—X2=CZX3
dy (9 (i)y=(tanx-1) + ke @,
Q5 Solve: o yl¥x+y=x+y-1 (ii) x =2 (siny + 1) + ceSnY.
Q.6 Solve:xdx+ydy=x(xdy-ydx) ﬁ
. . - - _ 2 . 3
> _ 10) () y = ———5— (i) y?sin?x = 220X ¢
Q.7 Solve:xcdy+y(x+y)dx=0 2
) x
ﬂ__y(Xer) or ﬂ__l_ﬁ (X —2)62+C
dx X2 dx  x x? (11) 6 months (12) 11.55 percent
(A3)kIny=x-2. (14 y=cx
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IMPORTANT POINTS l

Thefunctionf (X, y) issaid to be ahomogeneous function
of degreenif for any real number t (= 0), we have

f(tx, ty) =t"f (x, y).
Fore.g. f (x, y) = ax?3+ hx¥/3.y1/3 + y23 jsahomogeneous
function of degree 2/3.

d
A differential equation of theform %Jr Py=Q ,whereP

and Q are constants or functions of x only iscalled afirst
order linear differential equation.

d
Differential equation of theform d—i =f(x):

y= [ f(x)ax +c

g—izf(x) a(y) :I%:If(x) dx +c¢

d—y:f(ax+by+c): L: dx
dx a+ bf (v)

Differential equation of homogeneoustype: Anequation
inxandy issaidto be homogeneousif it can beput inthe
dy

dy _f(x.y)
form 4 “9(0y) where f (x ,y) and g (x ,y) are both

homogeneous functions of the same degreeinx & vy .
J ol
Differential Equation reducibleto homogeneousform:

dy _ ax+bx+c
dx  agX+bx+C, |

f(v)- v

A differential equation of theform

where ﬁ;ﬁ % can bereduced to homogeneousform by
a Dy

dav _dy

using x=X+h,y=Y +ksothat =
dxX dx

Linear differential equations:
d
%+Py=Q Ly PP = [Q dP¥ e, P iscalled

the integrating factor for this equation.

d

ot (xy) is
dx

homogeneous if f (X, y) is a homogeneous function of
degree zeroi.e. f (tx, ty) = t0f (x, y) =f (X, ).

A differential equation of the form

@)
(if)

(iii)

(iv)

v)

(vi)

(vii)

(viii)

(i)

*)

The function f does not depend on x and y separately but

ly ontheir ratio L or >
only on their ratio - or v
Sometimes a given differential equation becomeslinear if
we take y as the independent variable and x as the depen-

d
dent variable. e.g. theequation; (x +y + 1) &y =y2+3can

be written as (y2 + 3) (;—d){ = (x +y + 1) which isalinear

differential equation.
Thedifferential equation of the family of circles
x2+y2 + 2gx + 2fy + ¢ = 0; wheref, g and c are arbitrary

~3y'(y")?=0

A normal isdrawn at apoint P (x, y) of acurve. It meetsthe
x-axisat Q. If PQisof congtant length k, then the differential
equation describing such curves is,

y— =

: i/kz—yz,
X

Following exact differentialsmust beremembered :
xdy +y dx = d(xy)

constants is [1+ (y")?].y""’

dy

xdy — ydx [y]
2y PR gl L
x2 X
ydx — xdy d/x\
y? y
M d('nxy)
Xy
dx + dy
—==d(In(x+
oy " dnGry)
xdy — ydx =d(|nl)
Xy X
ydx — xdy _ d{ln@
Xy y
xd32/—y;jx :d(tan_lx]
X< +y X
L g
X°+y y
xdx +ydy [ 2 2}
—x2+y2 =d|Inyx“ +y

=
I 137
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Example3:
<) d 1) xdy + ydx Find the solution of the differential equation
(<) L Xy) —Xzyz &
— +1l=e "y
dx
oy d ) ye¥dx - eXdy N
Xl e
v y? Sol. o tl=e@=eY g teY=e
(&) xedy e dx yoy ey @
(xiii)dtyjz—dyxz PeY=z eV g T T T
. dz . .
i.e. & —z=-eXwhichislinearinz. HereP=-1
ADDITIONAL EXAMPLES Ipdxzj_dxz_x . P _ o

Examplel:
Find the general solution of the differential equation

(@ re) = (@ e

Sol. We have (X +€7%) % = (e¥-e7%)

dy e -e*
dx &+ e‘x
7X

Integratingy = j © dx+c

Pute*+eX=tso that (ef-eX) dx = dt

dt
=IT +c=log|t|+cC.
Hencey=log|e*+eX|+¢C
which isthe reqd. general solution.

Example2:
Find the solution of different equation

103 Y -
(2x 10y)dx+y 0.

Sol. The given eguation can be written as :
%+ 2 X = 10y

dy y e (2) [Linear Equationinx]

Here'P' = 5 and'Q' = 10y?

120y

|E = Pl _eg v _g?lodlyl _ Jogy?

Multiplying (1) by y2, we get :

dx
y2. — +2yx=10y*
dy
d
= W (x.y?) = 10y*
y

Integrating, xy2 = 10J' yidy +c
= xy2 = 2y®+ cwhichisrequired solution

Sol.is z.e*= J'—ex.efxdx+c —_x+¢

= eYeX=c-x=eX*V=_(x-0)
= (Xx-c)eX¥Y+1=0

Example4:

Find the equation of family of curves for which the length

of the normal is equal to the radius vector.

dy 2
Sol. Length of the normal =y, [1+ o)

Itisgiventhat Yy 1+[ ) x2 +y
[ radius vector =r = \/x2 + yz}

2 2
d d
sy () e 5 v(g) o

=vydy+xdx=0 = y2+ x2=k?

Example5:
dy ydx
Find the solution of the equation xdx +ydy + ———— =
X2 +y?
xdy— dx
Sol. Wehave, xdx+ydy+ — 5 +y =0

1
= -dx2+y)+d tan_l[lj =0
2 X

(x2+y2) + tan~!

X |<
N|o

1
Integrating, 5
=x2+y2+2tanl (y/x)=c

[C_XZ_yZ\\
Ly= xtan\ J isthe required solution.

B
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Example6:

Sol.

Find the general solution of the differential equation

(;—d){ +y g (X) =g(x). g (x), whereg(x) isagiven function of

X

Wehave, 2 = (g 00-y).' ()

dy av

Putg(x)-y=V =g(x) Tax

Hence, 9'(x) v V.g'(x)
dx
= S -a-VIgW
X

= ]i—vvzg'(x)dx
- jl(i—vv=jg‘(X) dx
= -log(1-V)=g(x)-C
= g(X)+log(l-V)=C
g tlog[1+y-g(x)]=C

Example7:

Sol.

The equation of the curve which is such that the portion of
the axis of x-cut off between the origin and tangent at any
point is proportional to the ordinate of that point is
(A)x=y(a-blogx) (B)logx =by?+a
(C)x2=y (a-blogy) (D) None of these

[b is constant of proportionality]

(A). Let the equation of the curve bey =f (x).

y5f()

Itisgiventhat OT o« y
= OT=by= OM-TM=hy

y

X — = by
dy /dx
[ TM = Length of the subtangent]
= X- y% =hy
dy
= & _x =-b
dy y

Itislinear differential equation. Its solution is given by

gz_b|ogy+a:>x=y(a—blogy)

Example8:

Sol.

A body at a temperature of 50F is placed outdoors where
the temperature is 100 F. If the rate of change of the
temperature of a body is proportional to the temperature
difference between the body and its surrounding medium.
If after 5 min. the temperature of the body is 60F, find

(a) how long it will take the body to reach atemperature of
75F and (b) the temperature of the body after 20 min.

Let T bethe temperature of the body at timetand T, = 100
(the temperature of the surrounding medium)

dT

dt dt
wherek is constant of proportionally.

=-k(T-T,) or +KT =KT,,

d—T+kT—1OOk
A

This differential equation whose solution is

T =ce X+ 100 ...0)
Since T =50 whent =0, then from equation (i)

50=ce () + 100 or ¢c=-50.
Substituting this value in equation (i), we obtain

T =-50e K+ 100 ....(ii)
At t=5, wearegiventhat T = 60; hence, from equation (ii),

60 = -50e~5K + 100.
Solving for k, we obtain — 40 = —50 e~5k

1, 40
or k= = In 0
Substituting this value in equation (ii), we obtain the
temperature of the body at any time t as
din4;

T=-50e5 5 +100 ... (iii)

(a) Werequiretwhen T =75, Substituting T = 75in equation

1p4
(i), wehave 75 = —50e5|n5t +100, fromwhichweget t
(b) Werequire T whent = 20. Substituingt =20 in equation
(iii) and then solving for T, wefind

Lin4(20)
+

T=-50e5 5 100

Example9:

Sol.

Find the curve such that the intercept on the x-axis cut off
between the origin and the tangent at a point is twice the
abscissa and which passes through the point (1, 2).

The equation of the tangent at any point P(x, y) is

Y-y= % (X=x)

Given that intercept on X-axis

(putting Y = 0) = 2 (x-coordinate of P)
&y by &

= X-y g =X v~ x

Integrating we get xy = ¢

Since the curve passes through (1, 2), c =2

Hence, the equation of the required curveisxy = 2.

e
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Example10: Examplell:
Find the equation of the curve passing through the origin Find the orthogonal trajectory of the curve
if the middle point of the segment of its normal from any x2+y2-2ay=0
. _ . . 2=
point 9f the curveto the x aX|§I|e£0n th.e parabola 2y< = x. Sol. X242 —2ay =0 = 2%+ 2yy'—2ay' = 0
Sol. Equation of normal at any point P(x, y) is
4 (2x+2yy")
o (Y=y)+(X-X)=0 = 2=y
dy (229
This meetsthe x-axis at A(Xﬂ/&,oj X2+y2—L y' Jy=0
1 dy vy ; )
Mid point of AP is (X+§ i’ Ej which lies on the For orthogonal trgjectory, replacey’ by 7
parabola2y?=x.
2y
2 2X——> |y
y 1 dy 2 dy ( y']
=X+ Dy — = - 242 > -
2% 2 X+ >Y g oY 2x+ydx X2 +y2— [_1] =0
N dy dt y'
Putting y- =t, so that 2y —=—,
dx dx = x2+y2+(2xy'=2y)y=0
dt B . dy
Weget&—Zt——4x(I|near) = x2+y2+2xy&—2y2:0
IF =g g dy  y2-x2
= i = o (a homogeneous equation)
-, solutionis te 2 = —4_[ xe X dx+c y
1 1 Puty=vx . d—y—v+xﬂ
:—4[—xe‘zx—j——e‘zx dx}c YEVE dx
2 2
= YReX=xeX+e2X+C - v+xﬂ: v2 -1 av _ v2 -1, ~(v?+1)
or  y2=2x+1-e? jstheequation of therequired curve. dx  2v dx 2v 2v
2v —ax
= 2 dv=—
ve+1 X

= In(v¥+1)=-Inx+Inc = x2+y2=cx

g
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CHAPTER 9 : DIFFERENTIAL EQUATIONS

EXERCISE-1[LEVEL-]]

PART -1 - ORDER AND DEGREE OF DE’S

Q.1

Q.2

Q3

Q4

Q5

Q.6

Q.7

Q8

(2N ()2
The differential equaﬂonLd J _y

dx
has the degree
(A) 12 (B)2
Q3 (D)4

The order of the differential equation whose general
solution is given by

Y = €1 C0S (2X +Cy) — (C3+C4) @7 +Cgsin (x—¢7)
(A)3 B)4

©5 (D)2

) o4
d%y dy
Order and degree of DE a2 =\Y+|l are

dx
(A)4and2 (B)1and2
(C)1and4 (D) 2and 4

Family y = Ax + A3of curverepresented by the differential
equation of degree

(A) Three (B) Two

(C) One (D) None of these

If m and n are the order and degree of the differential

(a2y)®

L)

(dgy\
dx3

(dzy\\s

equation de J +4—r d3y

xz—l,then

(A)m=3andn=5 (Bym=3andn=1
(C)m=3andn=3 (D)m=3andn=2
Order of the differential equation of the family of all
concentric circlescentered at (h, k) is

(A)1 B)2

©3 (D)4

The degree of the differential equation

2
u dy 3 X
dx? Vdx
(A)2 (B)1
© 12 (D)3

The order and degree of the differential equation

d

d—sx =,/a%p? +b? | where p = dy/dx

(here a and b are arbitrary constants) respectively are —
(A)2,2 B)11

©1,2 (D)2,1

y:

Q9

Q.10

Q.u

Q.12

Q.13

Q.14

Q.15

If mand n are degree and order of (1 +y,%)23=y2, then

m+n .
the value of is —

(A)2 (B)5
©4 (D)3
If ‘m’ and ‘n’ are the order and degree of the differential
r (y’,) " _ o

equation (y'')° +4x=—"—+y"" =sinx, then
(A)m=3,n=5 (Bym=3,n=1
(C)m=3,n=3 (D)m=3,n=2
The order and degree of the differential equation
y=X— dy + 2 is —

dx dy/dx
(A)1,2 B)13
©21 D)1,1

The order of differential equation of all circles of given
radius ‘a’ is —
(A)4
O1

(B)2
D)3

PART - 2- FORMATION OF
DIFFERENTIAL EQUATION

The differential equation whose solution is
y=Asinx+B cosx,is

2 2

d%y d%y
A) —5+y=0 B)—-y=0
( )dx2 ()dxz

d .
© dX+y—0 (D) None of these

Thedifferential equation of the family of curves

A
V= T+ B, where A and B are arbitrary constants, is

div, 1dv_ gy &V _2dv
( dr? radr ( a2 rar
d’v 2adv
( )— ?a (D) None of these

The differential equation obtained on eliminating A and
B from the equationy =A coswt + B sin ot is

B)y"+y=0

D) y" - 0%y =0

(A) yu — _wzy
(©)y"+y' =0

yre
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Q.16

Q.17

Q.18

Q.19

Q.20

Q.21

Q.22

The differential equations of all conics whose axes
coincide with the co-ordinate axis —

d?y (dy]2 dy
—Z = =2 -0
(A) xydx2 +X o +ydx

d?y [dyjz dy
Xy—>5+X|—| +X—=0
®) de2 dx dx
d? dy)? d
©) XVW_Z”[(TO —yX -0

d%y [dyj 2 dy
x| Y _o
(©) dx? X dx Ty dx

The differential equations of all circles passing through
origin and having their centres on the x-axisis

Yy &Y Y
dx  2xy dx  2x

. dy Y2 S dy yP-x?

( )dx2 2xy ©) dx  2xy

Thedifferential equation of family of parabolawith foci
at the origin and axis along the x axes —

2 dy)® . d
(A) y[ﬂ] +2xg—y:0(|3)x[—yj +2y—y—y:0

dx dx dx dx
(@) y(ﬂjz + 2Xﬂ+ y = 0(D) None of these
dx (04

Thedifferential equation satisfied by thefamily of curves

1
y=ax COS(; + b] , where a, b are parameters, is

(A) X%y, +y=0 (B) x%y,+y=0
(C) xy,-y=0 (D) x%y,-y=0
PART - LUTION OF

DIFFERENTIAL EQUATION
The general solution of the differential equation
dy . .
2X——-y=3 —
X y is a family of

(A) hyperbolas
(C) straight lines

(B) parabolas
(D) circles

The general solution of (;—d){ =1-x2-y2+x%y2js—

1
(A)2sinly=x1-y? +c (B)sinly= Esin‘1x+c

(C)cosly=xcosIx+c (D) Noneof these
Solution of e®/dX = x when x = 1andy = 0 is —
(A)y=x(logx-1)+1 (B)y=x(logx-1)+4
(C)y=x(logx-1)+3 (D)y=x(logx+1)+1

Q.23

Q.24

Q.25

Q.26

Q.27

Q.28

Q.29

Q.30

Q.31

Q.32

The general solution of the differential equation

\/1—x2y2 dx=y-dx+x-dy is-

(A)sin(xy)=x+c (B)sinl (xy)+x=c
(C)sin(x+c)=xy (D)sn(xy)+x=c

A gardener isdigging aplot of land. As he getstired, he
works more slowly. After ‘t” minutes he is digging at a

rateof (2/ Jt ) square metres per minute. How long will
it take himto dig an area of 40 square metres?

(A) 100 minutes (B) 10 minutes

(C) 30 minutes (D) 40 minutes

d
The solution of differential equation x%+ 2y =x?

x2+C 2

X

A) Y= B)y=—+C

(A) 2 By 7

© y_x4+C (D)y—X4+C
x2 4x2

d
Solution of the differential equation §+% =dgnxis

(A)x (y+cosx)=cosx+C (B)x(y-cosx)=sinx+C
(C)x(y+cox)=dnx+C (D) None of these

The solution of ﬂ: a+h
dx by+k

(A)a=0,b=0 (B) a=1,b=2
(C)a=0,b=0 (D)a=2,b=1
The solution of the differential equation

represents a parabolawhen

sec? x tan ydx + sec? y tanxdy = 0 is
(A)tanx=ctany (B)tanx=ctan(x +Yy)
(C)tanx=ccoty (D)tanxsecy=c
Thedegree of the differential equation of all tangent lines
to the parabolay? = 4ax is —

(A)1 (B)2

©3 (D)4

Solution of the differential equation x dy —y dx = 0
represents

(A) parabolawhose vertex isat origin

(B) circlewhose centreisat origin

(C) arectangular hyperbola

(D) straight line passing through origin

If cisan arbitrary constant, then the general solution of
the differential equation y dx —x dy = xy dx is given by —

(A) y= cxe X (B) X = Cye‘X
(C)y+eX:CX (D)yeX:CX
Solutions of the differential equation

2
[%j ‘(Z_O (€°+e)+1=0 are given by -
(A)y?-ex=C (B)y3+e*=C
Cy+e*=C (D)y+eX+e*=C

e
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. . dy AR ) x2 y2
Q.33 The solution of the equation x&:y—xtan X is (D) log [x(1-Y) ]:7—7—2y+c

Q.34

Q.35

Q.36

Q.37

Q.38

Q.39

Q.40

[ x) _
(A) xsme+c=0 (B)xsiny+c=0

Y
(C) Xxsn [;j =C (D) None of these
An integrating factor of the differential equation
dx 1-x2 1-x2

(B) (1_ XZ)—l
© x/@1-x?) D) x/1-x2

Solution of the differential equationy’ =y tan x — 2 sin x,
is

(A) y =tanx + 2c cosx (B) y =tanx + ccosx
(C)y=tanx—2c cos x (D) None of these

A curve having the condition that the slope of tangent at
some point is two times the slope of the straight line
joining the same point to the origin of coordinatesisa/an
(A) Circle (B) Ellipse

(C) Parabola (D) Hyperbola

The solution of the differential equation

(sinx +cosx) dy + (cosx —sinx) dx =0 is

(A) (1+x%)7L

(A) e*(sinx+cosx)+c=0 (B) € (sinx+cosx) =c

(©) & (cosx—-sinx)=c (D) €“(sinx—cosx) =c

d
The solution of differential equation xd—§+ y=y%is
(A)y=1+cxy (B)y=log{cxy}
(Cy+1l=cxy (D)y=c+xy
. . . gy (1+x)y.
Thesolution of the differential equation 5 (y—Dx 'S

(A)logxy +x+y=c (B) Iog[§)+x—y=c

(C)logxy+x-y=c¢ (D) None of these
The solution of the differential equation

A-x%)A-y) dx =xy (1+y) dy is

2 2

X Y
(A) log[x(1-y)“]= > + > 2y+c

2 2

71X Y
(B) log[x(1-y)“]= P +2y+cC

2 2

(©) log[x(1+ y)z] = x7+y7+ 2y+c

Q.41

Q.42

Q.43

Q.44

Q.45

Q.46

Q.47

dy e(sinx +sin2x) .
y(2logy +1)

The solution of =
dx

2

(A) y?(logy) - € sin>x+¢c=0

(B) y?(logy)—€* cos® x +c =0

(©) y?(logy) + € cos® x +c=0

(D) None of these
Solution of the differential equation
dy . . .
d—tany:sm(x+y)+sm(x—y) is
X
(A)secy+2cosx=c
(C)cosy-2sinx=c

(B)secy—2cosx=c
(D)tany—-2secy=c

d
Solution of differential equation 2Xyd—)): =x2+3y? s

2 .3
Ty
B) —
()2+

(A) x3+y2:px2 7:y2_|_p

(C) X2 T y3 _ px2 (D) X2 T y2 _ px3
Solution of the differential equation

d
—y+ysec2x=tanxseczx is

dx
(A) y=tanx —1+ce @ (B) y? = tanx — 1+ ce™*

(©) ye™* = tanx-1+c (D) ye X =tanx—1+c
PART -4- MISCELLANEOUS

o dy
If solution of differential equation ax y=1-€" and

y (0) =y, has afinite value. When x — oo then, y is
equal to

(A)-1/2 (B)0
O1 (D)-1
The degree of the differential equation
( 3 \\ 2/3 2
L I L X A
k dx® ) dx? dx
(A)1 B)2
©3 (D) None of these

The equation of the curve satisfying the differential
equationy(x +y3) dx =x (y3—x) dy and passing through
thepoint (1,1) is

(A)y3—2x+3x%y=0
(C)y3+2x—-3x%y=0

(B) y3+2x+3x%y=0
(D) None of these
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Q.48

Q.49

Q.50

Q.51

Q.52

Q.53

The differential equation representing the family of
hyperbolas a®x? — b%y2 = 2 is

y' 'y 1 Y" y'
— = z 4L -
(A) vy =% (B)y y %2
y' y_1 y_y 1
© y''y x (D)y y' X
Ify= Injox| (where c isan arbitrary constant) is the

general solution of the differential equation

dy_y.
vl ¢L J then the function ¢L J is:

X2 X2
(A) 2 B)-—

y y?

2 2

y
© 7 0-%
The curve that satisfies the dlfferentlal equation

%2 4 y2

2y and passes through (2, 1) is a hyperbola

with eccentricity-
(A) V2 (B) V3
©2 D) 5

The solution of the differential equation,

2x2 (;ﬂ =tan (x2y?) — 2xy? given y (1) = \/% is

(A) sinx?y2 = <1 (B) sin(x?y?) = x
(©) cos><2y2 +x=0 (D) sin (x%y?) = e.e*

d
If y+& (xy) =x (sinx +logx), then

2 2 . S
(A)y—cosx+x smx+X2 cosX + 3 0gx -7 2

B 2 2 XI x+c
=—COSX—— Sinx+ 5 cosx+ = logx— 5o+~
(B)y=-cosx—— sinx+_ 7 3 logx- "7

c 2 2 XI x+c
=—C0SX+— SINX+ 5 COSX — ogX—- o+t
(C)y=-cosx+— sinx+ 7 cosx— = logx- g+~ 7

(D) None of these
Equation of a curve which satisfies the differential

dy _ y2—6y+9
dx 6x —2xy -1
point (1, 2) will be
(A) apair of lines

(B)x[(y-3)?+1] =
(C) anéllipse
(D) arectangular hyperbolaor aline

equation and passes through the

Q.54

Q.55

Q.56

Q.57

Q.58

Q.59

Q.60

The solution of the differential equation (;—d){ +1=¢etY

is

(A) (x+y)e*Y=0 (B) (x+c)e**Y=0
(C) (x-c)eX*ty=1 (D) (x—c)eX*Y+1=0
The general solution of the differential equation
(1+yddx +(L+x2) dy=0is
(A)mx-y=C(1-xy) (B) x-y=C(1+xy)
(C) (x+y)=C(1-xy) (D)x+y=C(1+xy)
The solution of differential equation

bt —_\2 i

o ytan X = -y secxis

(A)ylsecx=cotx+c  (B)ylcosx=tanx+c
(C)ylsecx=tanx+c (D) None of these

A tank contains 30 lit. of achemical solution prepared by
dissolving 120 gm of a soluble substance in the fresh
water. Fluid containing 4 gm. of this substance per lit.
runs in at the rate of 4 lit./min. and the well—stirred mixture
runs out at the same rate. The amount of substance in
thetank after 30 min. is

(A)ogm. (B) 120gm.

(C)60gm. (D) 80gm.

The curve which satisfies the differential equation

3
y'= 7)( and passesthrough (1, 1) isa

(A) Pair of linesthrough the origin
(B) Hyperbolawith eccentricity 2

(C) Hyperbolawith eccentricity 2

V3

(D) None of these

_ dy _
The solution of il (4x +y+1)2is

“HTV”]:HC

(A) t *1(

®) 1t ‘1[LH] —x+C
2 2

(C)ztan [ 2y]+C

(D) None of these

The differential equation of all ellipses centred at the
origin having major and minor axesalong coordinate axes
is

(A) Xyy, - Xy]_ +yy, =0

(B) xyy, + Xyl -yy;=0

(C) xyy, + Xyl +yy; =0

(D) none of these

B
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Q.61 The solution of the differential equation, Q.68 Thedifferential equation of the system of circlestouching

Q.62

Q.63

Q.64

Q.65

Q.66

Q.67

dy .
3 — .
(x+2y)dX y is:

X
(A) — =y+c ®) X =y2+c
y y

2
© % =y2+c ©) 5 =X+
y X
Theorder of the differential equation associated with the

primitivey = ¢, + C,€* + C,e "%,

where ¢y, C,, C3, C4 are arbitrary congtants, is

(A)3 B)4

©2 (D) none of these

A curve passes through the point (1, n/4) & its slope at

any point isgiven by Y _cos? [X] . Then the curve has
X X
the equation

(A) y=x tanL(In S) (B)y=xtarl(in+2)

_1o 1 €
(C)y—;tan (In ;) (D) none

The solution of the differential equation

dy
dx
(A) y=secx+tanx+c (B)y=secx+cotx+c
(C)y=secx—tanx+c (D) None of these
The solution of the differential equation

xcosydy =(xe‘logx+eX)dxis

=SECX (SeCX +CotX) jis—

1
(A)siny:;ex+c (B)siny+€e*logx+c=0

(C)siny=€*logx+c (D) None of these

The general solution of the differential equation,

Y +yo' (X)—d(X). o' (X) =0 where ¢ (x) isaknown
functionis:

(A)y=ce *®+¢(x)-1

(B)y=ce" ¢ +¢(x)-1

(©y=ce ¢®—¢(x)+1

(D)y=ce *®+¢(x)+1

where ¢ isan arbitrary constant .

Spherical rain drop evaporates at a rate proportional to
itssurface area. The differential equation corresponding
to the rate of change of the radius of the rain drop if the
constant of proportionality isK > 0, is

dr
(A)—+K 0 (B)E_

d
(© d_: = Kr (D) none

Q.69

Q.70

Q.71

Q.72

Q.73

the x-axis at origin is—

d
(A) (x2 - yz)%+ 2xy =0

)ﬂ—nyz 0

2 .2
(B) (x* -y dx

2 2\ dy
© (X +y )&

(D) asecond order differential equation

+2xy =0

ﬂ=cos(x+y) is

Thesolution of differential equation X

(A) tan( ;y] x+C (B) cosec(izyj:wrc

© cot[x;ryj x-C

Solution of the differential equation

(D) None of these

e e T _dkdy
2 4 Cdx+dy
X+——+
20 4
(A) 2ye?* =ce® +1 (B) 2ye® = 2ce®™ -1

(D) None of these

©) ye** =ce® +2

d 9
Thedifferentia equation d—i + 4—); =0representsafamily

of
(A) parallel straight lines whose slopeistan™ (3/2)
(B) concentric circleswith centreat (3, 2)

(C) ellipseswith eccentricity \/5/3

(D) hyperbolas with eccentricity /5 /2
If the independent variable x is change to y then the

d’y (dy) dy

. . OV (Y Y
differential equation dx2+ ax ax ischange

d2y+ d—X\ =k wherek equal
to X L dy J =K where k equals
(A)O (B)1

X

©-1 ©) g

The solution of different equation (2x — 10y3) % +y=0
is

(A)xy?=y°+c
(C)xy*=2y°+c

(B)xy?+2y°=c
(D) None of these

B
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Q.74 The solution of the differential equation Q.83 The solution of differential equation

Q.75

Q.76

Q.77

Q.78

Q.79

Q.80

Q.81

Q.82

X (x + 1) dx + (ye&¥ — xeX) dy = Owithinitial conditions
f(0)=0is-

(A) xe¥ +2y2eY =0 (B) 2xe* +y2e¥ =0

(C) xeX - 2y%e*=0 (D) 2xe*-y2e¥ =0

The differential equation of the curve given by

—ax+2 is
y= X

dy dy dy _ dy
(A)dex—z X +y=0 (B)dex—2+2xd—x+2y=0

d? d d? d
(C) x2 ﬁz’ +X d_i —-y=0(D)x? ﬁz’ -X d_i
The curve in which the slope of the tangent at any point
equals the ratio of the abscissa to the ordinate of the
point is

(A) anéllipse (B) aparabola

(C) arectangular hyperbola (D) none of these

A curve which passes through (1, 2) and whose sub-
normal at every pointis 2, is —

(A) 2=y (B)y?=2x+2
(C)y?=x+3 (D) y?=4x

If thedifferential equation of thefamily of curvegiven by
y =Ax + Be® whereA and B are arbitrary constant is of

+y=0

d d
the form (1 - 2x) &(dy+KY]+k[d—Z+€y] =0 then

™
the ordered pair (k, ¢) is —

(A)(2,-2) (B)(-2,2)
022 (D)(-2,-2)

Thetangent at apoint P(x, y) onacurve meetsthe axesat
P, and P, such that P divides P, P, internally intheratio
2: 1. Theequation of the curveis-

(A)xy=c (B)x%y=c

(C)xy?=c (D) None of these
Solvethe differential equation,

(xy?-y) dx+ (x?y*—x)dy =0; (y (1) = 1)
(A)x3+y3+3(xy)t=5  (B)x?+y2+3(xy)1=5
©)x3+y3+2(xy) =5  (D)x3+y3+3(xy)1=15

The solution of the equation % =cos (X —Y) is—

(A)y + cot [X;zyj =C  (B)x+cot [X;Zyj =C

(C)x+tan[—y] =C

> (D) None of these

d
The solution of the differential equation y&y =x-1
satisfyingy (1) =1is
(A)y2=x2-2x+2
(C)y=x2-2x+2

(B)y?=2x2-x-1
(D) none of these

Q.84

Q.85

Q.86

Q.87

Q.88

Q.89

dy
lo [—]=ax by ;
g ax +0Yy js

(A) e = e ®) e = leaic
a a

1_ 1
(©) _Be by :Eeax +C (D) None of these

The equation of a curve passing through (2, 7/2) and
having gradient 1—% a(x,y)is
X

(A)y=x2+x+1 (B)xy=x2+x+1

(C)xy=x+1 (D) none of these
The general solution of the differential equation
dzy _2x

dx_2 =€ is

1 _
(A)y=ze2X+c (B)y=e2+cx+d

(D)y=eZ+cx?+d

A functiony = f (x) satisfiesthe differential equation

f (X).sin 2x — cos x + (1 + sin®x) f ' (x) = O with initial
conditiony (0) = 0. Thevalue of f (n/6) is equal to —
(A)1/5 (B)3/5

(© 45 (D)2/5

The gradient of the curve passing through the point

(C)y:%e_zx +cx+d

(4,0) isgiven by ﬂ_erS—x
dx x (x+2)(x-3)
(5, a) lies on the curve, then the value of ‘a’, is
(A)5In(7/12) (B)67/12

(C)54n(7/12) (D) None of these

=0. If the point

_ . o X+y+1
If gradient of acurve at any point P (X, y) is —2y+ o+l

and it passes through origin, then curve is

(2x+3y+ 2)‘

(A)2(x+3y) = In >

(B)x+3y:|n&2y+2

(©)3y+x=In(3x+2y+1)
(3x+3y+ 2]

(D)B6y—-3x=1In >

The solution of differential equation % =sec(x+y)is

X+y

(A) y—tanT:c Xry

tan——=c
@Y+t

X+
©y+2tan*Y ¢ (D) None of these

yre
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Q.1 The order of the differential equation whose general Q.9  Solution of differential equation

Q.2

Q.3

Q.4

Q5

Q.6

Q7

Q.8

solutionisgivenby y = (c; +¢,) cos (x + c3) — c4e**5,

where ¢y, Cy, C3, C4,C5 are arbitrary constants, is
(A)S (B)4
©3 (D)2

Solution of thedifferential equation % =&Y (e*-¢)

(A) eey(ex—ey+1)=c (B) eey(ey—ex+1)=c

X
©€ (&-+h)=c (D) (- +1)=c
Thedifferential equation onthat representsall parabolas
each of which has a latusrectum 4a and whose axes are
parallel to x-axis, is —

(30 wan(2
—2 4+ =] =0 2a— +|—=| =0
(A) adX2 + dX (B) adX2 + dX

d?y (dy)?
© Zad—g—(d—i) =0 (D) Noneof these
X

The general solution of all the differential equation
(2xy —x) dy +ydx =0 is -

(A) Iogx+\ﬁ=c (B Iogy—\ﬁ:c
X y

© Iogy+\f); =c (D) None of these

d
Solution of differential equation nyd_)}: =x2+3y2js—

(A) x3+y3=cx? (B) x2+y3=cx?

2y3

(C)x2+y2=cx3 (D)X?+—:y2+c
X

Let P and A be respectively the degree and order of
differential equation of thefamily of circlestouching the
linesy2—x2=0and lyinginthefirst and second quadrant;
(A)P=1,A=2 B)P=1,A=1
(C©)P=2,A=1 (D)P=2,A=2
The particular solution of the differential equation
y' + 3xy = x which passes through (0, 4) is —

2 2
(A)y=1-11*2 (B)3y=1+11e /2

2 2
(C)3y=1-11e>"/2 (D)3y=1+11e>*"2
If y = C,e2 + C,e¥ + Cye™* satisfies the differential

. dy  d’y . dy 3 (@ +b3+c3)
equation dx—3+aw(—2+b&+cy— 0, then kiabc J
(A)-1/4 (B)-1/2
(©)0 (D) 12

Q.10

Q.12

Q.13

Q.14

Q.15

572 ﬂz 573 ﬂg
X2:1+[§)—13_Z+[yj Zdej +[y] SEdX) N

is—

(A)y2=x2(Inx2-1)+c  (B)y=x2(Inx-1)+c
2.2

(O y?=x(Inx-1)+c (D) y=x"€ +cC

The orthogonal trajectory of system of curve y = ax?

which does not passes through origin, is —

(A) elipse (B) parabola

(C)circle (D) hyperbola

A particle movesin astraight line with a velocity given

dx
by o X+1 (x is the distance described). The time
taken by aparticle to traverse a distance of 99 metreis
(A) log,e (B)2log, 10

1
(D) 5logi0€

A particle starts at the origin and moves along the x-axis
in such away that its velocity at the point (x, 0) isgiven

(C)2logyp€

dx 2
by the formula e COS” TX.
reaches the point on
(A)x=14 (B)x=3/4
©)x=12 (D)x=1

Thesolutionof y'=1+x+y?+xy? ,y(0)=0is

Then the particle never

[ x2)
(A) y° = eXp\XJFX?J -1 (B) y?=1+c exp(xjux—:J
2 [ x2)
(©) y=tan(c+x+x°) (D)y:tanL)HEJ
If y(t) isasolution of (1+ t)%—tyzl andy (0) = -1,
theny (1) is equal to —

®e(3)

If the gradient of the tangent at any point (x, y) of acurve
which passes through the point

m) ]y -2[)/] . .
= Z_sin?| 2],
(1 4] 'S{x > } then equation of thecurveis

1 1 1
(A) 5 © e (D) 5

(A) y = cot (log, ) (B)Y= COt_l(Ioge %]

(© y=xcot *(logeex) (D) Y= COt_l(Ioge S]
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Q.16

Q.17

Q.18

Q.19

Q.20

Q.21

Q.22

, , . dy . X
Thedifferential equation y&+ X =a(aisanyconstant) Q.23 |f Ity(t)dt =x2 +y (x) theny asafunction of x is

(A) A set of circles having centre on the y-axis
(B) A set of circles centre onthe x-axis

(C) A set of ellipses

(D) None of these

The solution of dy = cosx (2—ycosecx) dx where
y=2whenn/2is

X X
(A)yzslnX*'CO%CX (B)yztmE+COtE

Q©Vy= \/—930 2 V2cos> (D) None of these
The general solution of the differential equation
(2x-y+) dx+(2y—-x+1)dy=0 is

(A) X2+y2+xy—x+y:c

(B) x> +y? —xy+x+y=c

(©) x?
(D) x2

The solution of ye™*/Yax — (xe ™Y +y3)dy =0 is

—y2+2xy—x+y:c
—y2—2xy+x—y:c

y2 X2
(A) -+ eV =k B) —+e XY =k
2 2
2 2
©) 2+ eY =k ©) L&Y =k
2 2
The solution of the differential equation
xd—y+y=x2+3x+2 is
dx
3 4
A xy=X—+§x2+2x+c B xy=X—+x3+x2+c
3 2 4
4 3 4
C) x =X—+X—+x2+c D) x =X—+x3+x2+cx
Y 4 3 Y 4

The solution of the differential equation
dy

d—+ycotx =2C0SX is

(A)ysinx+cos2x=2c
(C)ysinx+cosx=c

(B) 2ysinx + cosx =c¢
(D) 2ysinx+cos2x=c

Solution of the differential equation

[ex +ey] dy+e (xy? -x)=0,

(A) &’ (y2-1)+ &’ =c (B) &’ (x2-1)+ & =c

(©) e (y2-1)+ & =c (D) & (y-1)+ & =c

Q.24

Q.25

Q.26

Q.27

Q.28

y=g(X)= j sn'Vidt+ [ costVidt o<x<X

a

Xzfa2 Xzfa2

(A)y=2-(2+a9e 2 (B)y=1-(2+ad)e ?

x2—a2

(C)y=2-(1+a%)e 2  (D)none
A functiony = f (x) satisfiesthe differential equation

d

dx y
bounded when x — «. The areaenclosed by y =f (x),
y =cosx and the y-axisis

(A)V2-1 (B) 2
©1 D)1/ 2

Thedifferential equation whose general solutionisgiven

= c0s X — sin x with initial condition that y is

by, y =(c, cos (x+02))—(c3e(’x+°4))+(cssinx) :
where ¢, C,, Cg, Cy, C5 are arbitrary constants, is

dy d% dy d’y dy
A———+y 0 B—+—+ +y=0
(A) o2 (B) ICIY

d° dy d’y  dy
C) —5 ty=0 D)3~ 2+, Y0
( )dx5 ©) dx3  dx? ox

The equation of acurve passing through (1, 0) for which
the product of the abscissa of a point P & the intercept
made by a normal at P on the x-axis equals twice the
square of the radius vector of the point P, is

(A) x2+y2=x4 (B) x2+y2=2x4

(C) x2+y2=4x4 (D) none

The x-intercept of the tangent to a curve is equal to the
ordinate of the point of contact. The equation of the
curve through the point (1, 1) is

X X

(A yel = (B) xe¥ =
y Yy
(C) xeX =e (D) yex =e

Let the curve y = f (x) passes through (4, —2) satisfy the
differential equation, y (x +y3) dx=x (y3-x) dy &

S n2 X 0032 X

l\)

18

Then find the area of the region bounded by curves,
y=f(x),y=g(x) andx=0.

A 5(3—75]4511 units B }(3—nj43q units
( )4 16 ' ( )8 16 '

C E(:S—nj‘lsq units D l[?’—7tj3sq units
© 38 ' D) gl16)

wyre
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Q.29

Q.30

A tank consists of 50 litres of fresh water. Two litres of
brine each litre containing 5 gms of dissolved salt arerun
into tank per minute; the mixture is kept uniform by
stirring, and runsout at therate of onelitre per minute. If
'm' grams of salt are present in the tank after t minute,
express'm'intermsof t and find the amount of salt present
after 10 minutes.

A) 50 u B) 25 u
(A)50- % (B)25- %

11
(©)15- ry (D) None of these

Let f (x) be adifferentiable function such that
f'(x) +f (x) =4xe*.sin2x and f (0) = 0. Find thevalue of

Lim Zn:f(kn)

n—oo K=1

(A~ & —
(€ -1 (€" -1)?
—2ne”

C D) N f th

( )(e"—l) (D) None of these

Directions: Assertion-Reason type questions.

Q.31

Q.32

(A) Statement- 1isTrue, Statement-2 isTrue, Statement2
isacorrect explanation for Statement -1
(B) Statement-1isTrue, Statement -2isTrue; Statement2
isNOT acorrect explanation for Statement - 1
(©) Statement - 1isTrue, Statement- 2 isFalse.
(D) Statement -1isFalse, Statement -2isTrue.
Satement 1: TheD.E. of al circlesin aplane must be of
order 3.
Satement 2 : There isonly one circle passing through
three non-collinear points.
Satement 1: Theequation of the curve passing through
(3, 9) which satisfies differential equation
dy 1

o X+? is6xy = 3x3 +29x — 6.

Satement 2 : Thesolutionof D.E.

2
d _
() Ve o410 isy=cetr e

Passage (Q.33-Q.35)

Q.33

Q.34

A curvey =f (x) satisfiesthe differential equation

d
(1+x3) &y + 2yx = 4x2 and passes through the origin.

Thefunctiony =f (x)

(A)isstrictlyincreasing V x e R

(B) issuchthat it hasa minimabut no maxima

(C) issuch that it has amaximabut no minima

(D) has no inflection point

Theareaenclosed by y = f~1(x), the x-axisand the ordinate
atx=2/3is-

Q.35

4
(A)2In2 (B)§|n2
2 1
—In2 =In2
©3 (D) 3

For thefunctiony =f (x) which one of thefollowing does
not hold good —

(A) f (x) isarational function

(B) f (x) has the same domain and same range

(C) f (x) isatranscidental function

(D) y =f (x) isabijective mapping

Passage (Q.36-Q.38)

Q.36

Q.37

Q.38

Lety=f (x) satisfies the equation

X

f ()= (e*+e) cosx—2x— [ (x—1) (t) c
0

y satisfies the differential equation

(A) g_ier:ex(cosx—sinx)—e‘x(cosx+sinx)
dy X H —X ]
(B)&—y:e (cosx —sinx) +e " (cosx +sinx)
dy X - —X ]
(c)&+y:e (cosx +sinx)—e " (cosx —sinx)

(D) %—y: €*(cosx —sinx) + e * (cosx —sinx)
X

The value of f’ (0) + f” (0) equals —
(A)-1 B)2
©1 (D)0
f (x) as a function of x equals —

A e’x(cosx—sinx)+§(3cosx+sinx)+ge’x
5 5

x . e . 2
(B) e (cosx+smx)+€(3cosx—smx)—ge

x . e . 2
©e (cosx—smx)+€(3003x—smx)+ge

X
. . 2 _
(D) e’x(cosx+smx)+%(3cosx—smx)—ge x

Passage (Q.39-Q.41)

. . . dy
Differential equation &=f(x).g(y) can be solved by

dy

separating variable —— =f (x) dx .
a(y)

Q.39 The equation of the curve to the point (1, 0) which
satisfiesthe differential equation (1 +y2) dx—xy dy=0—

(A)x2+y?=1
(C)x2+y2=2

(B)x?-y?=1
(D) x*-y*=2

Y.
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. : ; o dy 1vy" y° =0 Q.45 Thedifferentia equation & S represents a famil
Q.40 Solution of the differential equation d_x+\/1_7 - ' = dy — 2x ® y

is—
(A)tanly+sinlx=c
(O tanly.sinlx=c

(B)tanlx+sinly=c
(D) tanly-sinlx=c

d Q.46
Q.41 If&y =1+x+y+xyandy(-1)=0theny=
(1-x)2 (1-x)?
(Ae 2 Be 2 -1
(C)In(1+x)-1 (D)1+x Q.47

NOTE : Theanswer toeach questionisaNUM ERICAL VAL UE.
Q.42 Thedegree of the differential equation

(1 [dy)qglz Ly
lad | fea s

Q.43 Theorder of the differential equation

a2 3/2
{1+ [—yj } =e
dx
Q.44 Theorder of the differential equation of all conicswhose
axes coincide with the axes of co-ordinatesis

Q.48

dXZ is

Q.50

of hyperbolas (except when it represents a pair of lines)

A A
with eccentricity \/; or \/; Find the value of A.

If the function y = e™ + 2e™X is a solution of the
LSRN
differential equation @ % _  then the value of K
y

is—

Let C be the curve passing through the point (1, 1) has
the property that the perpendicular distance of the origin
fromthe normal at any point P of the curveisequal tothe
distance of P from the x-axis. If the area bounded by the
curve C and x-axis in the first squadrant is kn/2 square

units, then find the value of k.
For the primitiveintegral equation

ydx+y’dy = xdy; x eR, y >0, y=Yy(x), y(O =1,
theny (-3) is

Let f beareal-valued differentiablefunction on R (the set
of al real numbers) suchthat f(1) = 1. If they-intercept of
the tangent at any point P(x, y) on the curvey = f(x) is
equal to the cube of the abscissa of P, then the value of
f (-3) isequal to
Lety'()+y(¥)g'(x)=9(x)9'(x),y (0)=0,x € R, where
df (x)
dx

f ' (x) denotes and g (X) is a given nonconstant

differentiable function on Rwith g (0) =g (2) =0. Then
thevalueof y (2) is

[¢
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Q.1 The solution of the differential equation (A) first order and second degree
(x2—y2) dx + 2xy dy = 0is- [AIEEE 2002] (B) first order and flrst_degree
(A) X2 +y2 = cx (B)x2—y2+cx=0 (C) second order and first degree
(C) X2+ 2xy =y2 + cx (D) X2 +y2 = 2xy + Cx2 (D) se_cond order and _second degree _
Q.2 Thedifferential equation, which representsthefamily of ~Q-11 The differential equation of all circles passing through
plane curvesy = e | is- [AIEEE 2002] the origin and having their centres on the x-axisis-
Ay =cy (B)xy'—logy=0 [AIEEE 2007]
(C) xlogy =yy’ (D)ylogy=xy' dy dy
Q.3 Theequation of the curvethrough the point (1, 0), whose (A)x?=y? + XY ax (B)x2=y2+ XY 4x
oy-1. d d
dopeis Jis [AIEEE-2002] 2_ 2 ay 2_.2 ow, WY
%2 4 x @y =x"+2xy ¢ (D) ye=x-2xy o
(A)(y-1)(x+1)+2x=0 (B)2x(y-1)+x+1=0 Q.12 Thedifferentia equation of thefamily of circleswith fixed
O x(y-)(x+1)+2=0 DO)x(y+D)+yx+1)=0 radius 5 units and centre ontheline y = 2is
Q.4 Thedegree and order of the differential equation of the (A) (y-2)y'2=25-(y-2)? [AIEEE 2008]
family of all parabolas whose axis is x-axis, are (B) (y—2)2y'2=25-(y-2)2
respectively- [AIEEE 2003] (C) (x—=2)2y2=25—(y—2)2
(A)2,3 (B)2,1 (D) (x-2)y'2=25—-(y-2)?
©12 (D)3,2 Q.13 Thesolution of the differential equation
Q.5 Thesolution of the differential equation dy x4y
_ — = —— satisfying the conditiony (1) = 1is-
@+ + (- ¢ ) D=0 is [AIEEE 2003] o x
ax [AIEEE 2008]
4 1 1 (A)y=x/nx+x2 (B) y = xe*1)
(A)xe?® Y= Vi (B)(x-2)=kel® Y (C)y=x/nx+x (D)y=/nx+x
1 1 1 - Q.14 Thedifferential equation which representsthe family of
(©)2xe!™ Y=e2@ VikD)x ™ V= tanty+k
. . . : curves y = ¢, €2 where ¢, and c, are arbitrary con-
Q.6 Thedifferential equation for the family of curves Sants. | AIEEE 2009
x2 +y2 — 2ay = 0, where a is an arbitrary constant is- ans, 15 5 Y [ ]
[AIEEE 2004] EQ y=y Eg; Y o
(R202-yAy =xy  (B) 2:E+y)y =xy Y L thediferential caumy
(©) (2=y?)y' = 2xy (D) (2 +y2)y' = 2xy Q.15 Solution of the differential equation
Q.7 Thesolution of the differential equation dv=v (i q L3
ydx + (x +x2y) dy =0is- [AIEEE 2004] cosxdy=y(sinx-y)dx,0<x< > [AIEEE 2010Q]
1 1 (A)ysecx=tanx+c (B)ytanx=secx+c
(A)—X—y:C (B)—X—y+|09y:C (C) tanx = (sec X + )y (D) secx = (tanx + C)y
Q.16 Let | bethe purchase value of an equipment and V(t) be
1 thevalueafter it hasbeen used for t years. Thevalue V (t)
© Xy +logy=C (D) logy=Cx depreciates at a rate given by differential equation
i i i i i dv(t
Q.8 The differential equation representing the family of (1) -k (T—t) wherek > Oisa constant and T is
curvesy?=2c(x + Jc ), wherec>0, isaparameter, isof hdt A lit i henth
the total life in years of the equipment. Then the scrap
order and degree asfollows - [AIEEE- 2005] . -
(A) order 1, degree 2 (B) order 1, degree 1 valueV (T) of theequipment is: [AIEEE 2011]
(C) order 1, degree 3 (D) order 2, degree 2 ) T2 1 ® KT2
d k 2
Q9 Ifx &y =y (logy - log x + 1), then the solution of the 2
2
equation is - [AIEEE-2005] ©1-XT =" (D) kT
(A) ylog (xly) =cx (B)xlog(y/x)=cy (C)log 2
(y/x)=cx (D) log (x/y) =cy
Q.10 Thedifferential equation whose solution is
Ax2 + By? = 1, where A and B are arbitrary constantsis
of- [AIEEE 2006]
["151
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Q.17 The population p(t) at timet of acertain mouse species Q.24 If y =y (x) isthe solution of the differential equation,

Q.18

Q.19

Q.20

Q.21

Q.22

Q.23

dp(t)
dt
If p (0) = 850, then the time at which the population

satisfiesthe differential equation —— =0.5p (t) — 450.

becomes zero is — [AIEEE 2012]
(A)2In18 (B)In9

1
© E|n18 (D)In18

At present, a firm is manufacturing 2000 items. It is
estimated that the rate of change of production P w.r.t.
additional number of workersx isgiven by

dP
o 100-12Vx . If thefirm employs 25 more workers,

then the new level of production of items is —

[JEE MAIN 2013]
(A) 2500 (B) 3000
(C)3500 (D) 4500
Let the population of rabbits surviving at a time t be
governed by the differential equation

dp(t) 1

% = Ep (t)—200. If p (0) =100, then p (t) equals —
[JEE MAIN 2014]

(A) 400 — 300 et/ (B) 300200 e~12

(C) 600 —500 et/ (D) 400 - 300 e~¥2

Lety (x) be the solution of the differential equation

(xlog x)%+ y =2xlogx, (x >1) .Theny (e) isequa to

(A)O (B)2 [JEEMAIN 2015]

©2e (D)e

If a curve y = f (x) passes through the point (1, -1) and

satisfiesthedifferential equation, y (1 + xy) dx = xdy, then

f(-1/2) is equal to — [JEEMAIN 2016]

(A) —4/5 (B)2/5

© 45 (D)-2/5

If (2+sinx) % +(y+1)cosx=0andy (0) =1, then

y (/2) is equal to — [JEEMAIN 2017]
(A)-1/3 (B)4/3
©13 (D)-2/3

Lety =y (x) bethe solution of the differential equation
—
sinx i +ycosx=4x,x € (0, n), Ify(n/2) =0, then

y (n/6) is equal to — [JEEMAIN 2018]

® -8y (B) -2 r
4 5 -8 »
© ﬁ“ (D) ﬁ“

Q.25

Q.26

Q.27

Q.28

Q.29

STUDY MATERIAL : MATHEMATICS
ay 2 _ .
X o +2y = X° satisfyingy (1) = 1, theny (1/2) isequal
to: [JEE MAIN 2019 (JAN)]
(A) 7/64 (B) 13/16
(C) 49/16 (D) 1/4

Lety =y (x) be the solution of the differential equation,
(x2+1)2+ 2x (x2 + 1) y = 1 such that

y(0)=0.If \/_(1)—— thenthevalueof 'a is:
[JEE MAIN 2019 (APRIL)]

(A)1/2 (B) /16

©va D)1

The solution of the differential equation
dy

X +2y= x% (x#0) withy (1) =1, is
[JEEMAIN 2019 (APRIL)]

3
X 1 4.3
= — —_— =—X P——
W y="5+ @Y= 43
y 3x2+ 1 x?
= — _— =
©Y=3%"*72 @Y="+

T
If cosxﬂ—ysinx:6x, (O<x<£) and Y(§j=0,
dx 2

T
then Y[g] isequalto— [JEEMAIN 2019 (APRIL)]

2 2 7t2 2

RPN ©7%5 P2

B ——
B8) -
If y =y (x) isthe solution of the differential equation

dy b
d——(tanx y) sec?x, X € _EE , suchthaty (0) =0,

theny (-n/4) isequal to:  [JEE MAIN 2019 (APRIL)]

D 1 +e
) 5
Lety =y (x) bethe solution of the differential equation,

1 1
(A)2+2 (B);7¢  (Ce-2

dx
(0)=1.Then:

wy(3)v(5)--2

@v(g-r(5)-n- 2

4
@ (3)7)-2

|
on(2) ()5

4

T T
+ytanx =2x + x2tan x, XE[—?E),suchthaty

[JEEMAIN 2019(APRIL)]

[4
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Q.30 Consider the differential equation, Q.34 Ify(x)isasolution of differential equation
y2dx +{x—% dy = 0. If valueof yis1whenx = 1, the J1-x2 ﬂﬂ/l— y? =0, such that y[i) :ﬁ, then —
y dx 2 2
thevalue of x for whichy = 2, is: [JEE MAIN 2020 (JAN)]
[JEEMAIN 2019 (APRIL)] ™ y[i) 1 ® y[ij _ﬁ
(A) l-i-i (B) E_\/E \/E \/E \/E 2
2 e 2
o y(i)_i oy y(3)-2
(C)ng% (D)g_% ©ONR) "2 OINZ =32
] ) ) ) Q.35 Differential equation of x2 = 4b (y + b), where b isa
Q.31 The general solution of the dnfferenual quaﬂon parameter, is — [JEE MAIN 2020 (JAN)]
(y2-x3) dx—xy dy =0 (x = 0) is: (where cisaconstant of , ,
integration) [JEEMAIN2019(APRIL)] dy dy > dy dy
(A)y2+2x3+cx2=0 (B)y2+2x2+cx3=0 (A) X i :2y&+x (B) X ™ =2yd—X+X
(O y?-2x3+cx?=0 (D)y2-2x2+cx3=0
_ . . ) . ! 2
Q.32 Lety=f(x)isasolution of differential equation ﬂ ~ ﬂ ) dy 2 o dy )
(© X =y—=+X" (D) X| | =y +2X
y[ DY 4)_ : dx dx dx dx
e o =€" andf (0) =0thenf (1) isequal to: ) ) ) _
X Q.36 If for x>0,y =y (x) isthe solution of the differential
[JEE MAIN 2020 (JAN)] equation (x + 1) dy = ((x + 1)2+y—-3) dx,y (2) =0, theny
(A)In2 (B)2+In2 (3) isequal to . [JEEMAIN 2020 (JAN)]
(©)1+In2 (D)3+In2
Q.33 Lety (x)issolution of differential equation

Q.37
d
(y2-x) % =1landy (0) = 1, Thiscurveintersectsthe x-
axisat apoint whoseabscissais:[JEE M AIN 2020 (JAN)]

(A)2-e (B)2+e
©2 (D)e

if - XYy (1)=1; then avalue of x satisfying
dx x2+y2

y (X) =eis: [JEE MAIN 2020 (JAN)]

Wze B (©50% 0
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CHAPTER-9:
DIFFERENTIAL EQUATION

SOLUTIONSTOTRYITYOURSELF

14 4
oy y+[dy]6 (d?y) _ y+(d_y]6
0 g2 Y ad | = e dx
Hence, order is2 and degreeis 4.
B
i) ex® xS, y_0
dx

Clearly, order is 3, but degreeis not defined as it cannot
be written as a polynomial equation in derivatives.

dYJ dy _ ax+by
— | = —=€e
(iii) In[ ax+by= i

Hence, order is1 and degreeisalso 1.
Such family of circlesis given by

X2+ (y~a)2= 2
= x2+y2-2ay=0 ... 1)
'y y
X' X
y
Differentiating,
dy dy dy _dy
2X +2y— = 2a— X+y—=a—
y dx dx or y dx dx

Substituting the value of ain eq. (1),

d
(x*- yz)d—i =2xy (order=1and degree=1)
Equation of such parabolasisy?=4A (A +X) ......... @

Differentiating w.r.t. we get
dy dy
2y—=4A —=2A
= <y ax =Yy w e )
Eliminating A fromeq. (2) and (1)

2 2
d

yzz(yﬂ] ry Y or yz:yz(ﬂ) +2xy—r
dx dx dx

which has order 1 and degree 2.

dy

0) &snx ylogy = I _[cosecxdx

In(Iny)=1In (cosecx—cotx) +InC

Iny = C (cosec x — cot X)
Atx=m/2,y=e;soln(e)=C(1-0)=C=1
= y= glcosec x — cot X)

d §
(i) d—iz(ex+x2)~e Y ¥ dy = (& + x2) dx

3
= ey=eX+X?+C

Putting \/1+ x+y = v, we have

dy .,
dx dx
Then the given equation transforms to

(Zvﬂ—lj v=v%_2
dx

= x+ty-1=v2-2=1+—

dv vZiv-2

av :>I 2V2
dx 2v2 vZiiv—2

4
= ZI{ 3(v-1) 3(v+2)}dv:fdx

- 2[v+%log|v—1|—glog|v+2|}: X+C

where v =/1+x+Yy

xdx+ydy=x(xdy-ydx)
Let x=rcos6,y=rsno ..
do)

dv:.[dx

rdr=rcos# (r?

Id—zr:jcose de:_—lzsin6+c
r r
= 1+rsn@=—cr= (1+rsin0)2=c?2
= (1+y)?=c2(x2+y?)

Puttingy = Y_vax
uttingy =vx = = ™

. . dv
Given equation transformsto v+ X& =—v-V?

dv dx
N e v 1| ] e 5

= Iog|v|—Iog|v+2|=—2Iog|x|+|ogc (c>0)

VX2

v+2|

2
Xy =c (c>0)
2X+y

=

Puting, y = vxand = v+ x 2
utting, y = vxand o= ™




( DIFFERENTIAL EQUATIONS )

TRY SOLUTIONS

SOAL

ODM ADVANCED LEARNING

xv+x2$ﬂ=vx+2x vZ_1

X

dv - d_X , integrating we get

20v2-1 X
%In(v+\/v2—1):ln(cx)

%In{—yh/yz_ixzj
X

=In(cx)

v+ /yz_xz _ 23

coszxﬂ+y= tanx
dx
ﬂ+sec2x y=tanxseczx
dx
. sec? x dx tan x
Integrating factor = J'e =€

y elanX =.[eta”Xtanxseczxdx
Lett=tanx, so dt = sec?x dx
.fetanxtanxseczxdx=jettdt=(t—1) et
So, y = (tan x — 1) + ke~tanx
L d—X—xcos +sn2
dx  xcosy+sinzy _ dy _ y y
&_ (cosy) x = (sin2y)
dx

. _ e[—(cosy)dy _ _-siny
Integrating factor = =€

xe SnY = je‘gnyzgnycosy dy

dt (1)

Putsiny =t, cosy = d_y

je‘§”y25inycosy dyzj'e‘t(Zt) dt

=2[-t et-e=—2e(t+1) =275V (siny +1)

=
© O

(i)
(109 @

xesNy=_2esNY(siny+1)+C
x==2(siny+1)+ceSNY,

d d
—y:xy+x3y2 = —y—yx:x3y2
dx dx

1dy x _-1 _dy
Y X _ 3 put t=— so, dt=—

y2dx y y y

2
X
dt ) d T3
&+tX=X3:> Integrating factor = e[X X=e2
te? :Ie2x3dx:je2xx2dx
2
Put z=— ; dz=xdx
2
2 2

X

[e2x3dx=[e?(22) dz=2(z-D " = (x*-2)e 2

2
X
%2 %2 N

2 a2 2
te2 =(x>-2)e2 +Cze—=(x2—2)e2 +C
y

»®
= y= 2

(x2—2)e7+C

(ii) ysinx%= CoSX (sinx—yz)

Letz=y?

1dz z
—d—+ cot X z = COSX :>j—+ 2cot X z = 2cosX
X

o dz=2ydy

Integrating factor

2

2 i .
- ef cotxdx _ 2In(sinx) _ g2

. 3
. . 2sn” x
z-sin®x :_[Zcosxsmzx dx :T+C

2sin® x

yzsinzx: +C

Let at any instance (t), radius of moth ball ber and v be
itsvolume.
3 dv 2 dr

v—ﬂnr = —=4nr°—
= at at

Thus as per the information,

4nr2% =k 4nr?, wherek eR*

dr
= a=—k or r=—kt+catt=0,r=2cm;t=3month
r=1cm.

1
= c=2,k=13=> r=—§t+2

Now, forr —0,t—6
Hence, it will take six monthsuntil the ball ispractically
gone.

[4
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(12)

(13)

The balance N (t) in the account at any time't.

dN
E—kN=O,itssolutionisN(t):cek‘ ...... 2

Letinitial deposit be N,

(14

Att=0, N (0) = 0= N,, which when substituted into eq.

(1) yields Ny=cek@=c
and eq. (1) becomesN (1) =Nyt L. 2

We seek the value of k for which N = 2N, when't = 6,
substituting these values into eq. (2) and solving for k

1
wefind 2Ny =Nek® = efk=2= k= §/n12]=0.1155

Aninterest rate of 11.55 percent isrequired.

We are given that sub-tangent

y

_ Y _ v
=&y /o = (constant) =k (say) = K y dx

Integrating weget, kIny=x+c

Given that curve passesthrough (2,1) = c=-2
Hence, the equation of such curve iskIny =x - 2.
X2+y2=a=2x+2yy'=0=x+yy'=0

For orthogonal tracjectory, replace y' by -1/y’

X—%:O:xy’—y=0

dy dx
_ = ——-—=0
= xdy-ydx=0= y X

= Iny-Inx=Ihc=y=cx

[4
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Y

2
. . ) (10)
() (D). Fromthegivenequation, H dsz y e

Hence, it is obvious from the equation that degreeis4.  (11)

@ ©

(12
Y =€ C0S (2X + C,) — (C3 +C4) @ "% +CgSin (X —¢7)

Y = €1 COS (2X + Cp) — py@° + Cg Sin (X —C7)
Sincetheaboverelation containsfive arbitrary constants,
soorder=5

(3) (D). Making fourth power both the sides, we get the

(13)

diferental equetion [ 22| = +(d_yj2
ifferential equation | ——| =»+|

Obviously, order is2 and degreeis 4.
(14)

d
(4  (A). Differentiating the given equation, we get é -4

. dy) (av)
Ly EX T + I whichisof degree 3.

(15
(5) (D). The highest order (m) of the given equation is

3
Z—f= 3 and degree (n) of the given equation is
X

(16)

d3y ?
{dx_3J =2 Thereforem=3and n=2.

©  (A). (x—h)? +(y-k)? =r* . Hererisarbitrary constant
.. order of differential equation=1.

x=‘2—3
dx

ing both sid Iy 2—[d—y_3j
Squaring both sides, we get nZ “\ &

2 2
AR L PN

dx? dx dx?

@ A

d? d’y d
:[dx—fj +x? - 2x de; =ﬁ*3 . Clearly, degree=2.

2
© O y-a| Pl o L] o2

17)

2
2| +b? . Order=2,deg=2

y ¥, 2 d? dy)2 dy
- ﬂ_yﬂ{d_y) :>xy—y+x(—y) -y—==0

(B). (1+y,)?3=y2; (1+y,9)?=(y)3
~ m=deg=3; n=order=2
m+n_3+2_5
m-n 3-2
(D). Multiply by y"'; Order = 3, degree=2

2
dy (dyj
—y=X|—] +2 - = =

(A). ax y i ; Order=1, Degree=2

(B). (x = h)2 + (y - k)2 = &, aisfixed. Hence it hastwo
independent arbitrary constants .. order is?2

(A). y=Asinx +Bcosx = Z—i}: Acos x — Bsinx

d’ .
= d—);:—Asmx—Bcosx =—Asinx + Bcosx)=—y
x

2
= Z—f +y =0 istherequired differential equation.
X

C ﬂ_——+0 — _dZV_zi
©). dr r? :>alr2 s :>dr2 r\r?
dzv_z_d_v d2v+2dv_0
= ar* r -
(A). y'=—Awsinw ¢ + Bw cosw ¢
Again, y" = —Aw? cosw t — Bw? sinw ¢
=—W?2(4coswW ¢+ Bsinw 7).

Therefore " = —w?y .

(C). Any conic whose axes coincidewith co-ordinate axis
isax2+by?2=1 ¥0)
Diff. both sidesw.r.t. X', we get

2ax+2by% =Oi.e.ax+by% =0 (i)

( d2y [dy] 2)

Diff. again, a+bLde_2+ ™ J =0 (i)
L8 ydy/dx
From (ii), b »

(@)

From (i), E}Ly " )

X dx2 \dx dx? dx dx
(D).The equation of such circles
x2+y?=2hx =0 . (i), whereh=radius
Differentiatew.r.t. x,
dy dy
2X+2y = —2h=0 - h=x+y—
e dx h ey dx

=
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Putin equation (i), x2 +2 72x(x +yZ—yj =0
X

x2+y2—2x2—2xyd—y:0
dx
(22)
dy dy yz—x2
—xr -2y =0, —=——"—
yiox xyd " dx 2xy

(18) (A).Parabola
distance from focus = distance from diretrix
x2+y2 = (2a+ x)2

y2=4a(a+X) (23)

_ydy
T 2dx

d (Xﬂ . )X(j -2
dx \ 2 dx

Zy% =4a(0+)) : ©.0)

Using (1), Y° =2y

2
y(ﬂj +2X d_y -
dx dx

(24)
y=0

(19)

)5 ~arcos L] @5)

Differentiate (i), we get

ool 2
:a{m GH’}%“I{%MJ} ..... (i)

—a 1 (26)
Again, differentiate (i), weget V2 = COS[X +b]

_ —ax 1 -y
—_4005[;+bj =5 = xty, +y=0.

X
dx
dy_y 3. dy

(20) dx Ty-— 3 2x

(B). 2x

1
log(y-3)= Elogx+logc @

log (y—3) =log (v/X) +logc

y-3
N

. (y=3)2=x ¢, = family of parabolas.

(21) (D). % =1-x2-y2+x%y?=(1-x2) -y?(1-%?) (28)

dy _
& - a-y)

=(1- x)dx;

= [@-x) dx

1, (1+y\ X8

91my) =

Yoo
A). ex =x Y _
dx

+C

loge x =Yy =xlogx—x+c

(on integrating)
y=xlogx—-x+c
Atx=1,0=0-1+c ~c=1
y=xlogx-x+1 ..y=x(logx-1)+1

(C).Putxy=2z

Diff. eq.is y1- z2dx = dz = — dx integral
1- 72

snlz=x+c; z=sin(x+c); xy=sin(x+c)
dA 2 2

A). —= 2 s [da=[Zd=A=2x20t+C
dt \/— .[ J.\/f
Wheret=0,C=0 4t = 40 = t=100

D Q_FE —X-L' 1
(D). i Xy— ;Lineariny

j’gdx 2logx 2
IF=ex =e"%9% =x

2 2., . C
XS = X-xdX+—=
y x% =] -
© Lt y=sink [Typed—ywy:Q}
“ax x Y dx

ld
e[de:eJ;X:elogx:X
o Sol.isyx= _[xsinxdx+C

=X (—cosx) —Il.(— cosx)dx + C =—xcosx + sinx+ C
=X (y+cosx)=sinx+C

dy ax+h

C
©) dx by+k

= (by +K) dy = (ax + h) dx

a
= by?+ky= §x2+hx+C

For this to represent a parabola, one of the two terms x2
or y2iszero. Therefore, either a=0,b=0o0ra=0,b=0

(C). sec? x tan ydx +sec? y tan xdy = 0

2
S€C xdx+sec yd -0

tan x tan y

On integrating, we get log tan x + log tan y = log ¢

= log(tan x tan y)=logc = tan x = ccoty.

e
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(29)

(30)

31

(32)

(33)

(34)

(39)

(B). Equation of thetangent y = mx + a/m
where misarbitrary constant

. order=1

ﬂ:m.1+0=m

dx
. y:ﬂx _a x(dyj ﬂ+a—0
YTy Vax 8T
" degree=2
(D). xdy-ydx=0; xdy=ydx

dy dx
logy=logx+logc=logxc ; y=Xxc

Straight line passing through origin
(D). ydx—xdy=xydx

ydx —xdy X

—dx
= y2 y
d(x/y) [ x) X _ x.c
=5 ——=dx=In|—|=x+Cc=> =€ €
xly LyJ y
= y.ef=cx

(C). Then given equation can be written is

(&-)(-e)-e
dx dx
dy _x dy
——-e " = —-e =0
= i Oor X

On integration we get
= y+e*X=Cjor y-e*=C,

dy y) dv _y [y
— =y —xtan —tan
©). dx I (x j Tax  x X

It is homogeneous equation, hence put y = v x

dv ¢
Weget’ V+xa—v7 an v

(36)

37)

(38)

(39)

(40)

(41)

(42)

dx [y
:>IC0tVdV :*J‘TS log(x sinv) = logc = X SN - =c.

2x _
(B).I.F. _ 1oz = g toati®) = gl g

d .
(D). y'=ytan x —2sinx = %—ytanx =-2sinx

—J. tan x dx

I.F

—e log cos x

=e = COS X

LS. ycosx = I(—2 sin x)(cos x)dx + ¢

= ycosx = —J-siandx +c

= 2ycosx =cos2x +c.

—x3)t.

(43)

d_y:2_y = logy =2logx +logc = y=cx>.
dx x -

cos x — sinx

N dy :7(005)6 —smx]dx

sin x + cos x

®). L -

On integrating both sides, we get
= y =—log(sin x +cos x)+log ¢

sin x + cos x

= e’(sinx +cosx)=c -

et
sinx + CosS x

d d
(A). x—Chy=yt = xE=yt oy

dy :d_x ;__d_dx
=2y Do YT

On integrating, we get log(y —1)—1logy =logx +logc

y—1
:T:xc =>y=l+axy.

dy (1+x)y

()dx - can bewritten as

yly A¥0 g (1—1de (1 + de

y X y x

= (y-logy)=(x+logx)+c=>x—-y+logxy =c.
(D). (1 =x*)(1 = y)dx = xy(1 +y)dy

(1-x?)
I X

1+
I y( y) dx ; Now integrateit.

dy e*(sin? x + sin 2x)
y(2logy +1)

:>J‘ Qylogy + y)dy = j e* (sin? x + sin 2x)dx

On integrating by parts, we get y2(log y) = e* sin® x +¢ -
dy . .

(A). ——tany = sin(x +y)+ sin(x —y)
dx

siny

Z—y(tan y)=2sinxcosy = dy = 2 sin xdx
x

cos®y

=-2cosx+c

ISlny ly = 2Is1nxdx -
cos”y cos y

secy+2cosx=c.

dy x?+3y?

(D). It is homogeneous equation ——- i Py

d 142 2vdv  dx
S0, we get PRAA =5 =
dx 2v 1+v X

Onintegrating, we get x? +y2 = px°.
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(44)

(45)

(46)

(47)

(48)

(49)

(A) |.E.= ejseczxdx _ etanx

tan x tan x

. Solutionis ye :c+Itan xe ™% sec? x dx

tan

=y=ce ™ +tanx—1.

L N
dx

Ly.eX= _[(e’x —e ) dx

yeX=—gX +%e’2x +C
Ifx=0,y=Y,

1 1
=-1+-+C=C=yp+—
Yo 5 Yo >

1 1
Lyet=—eXiZe P py 4=
y 5 Yo >

If X — oo, theny,=-1/2
3 \2/3

(B). kﬂJ +4—3ﬂ+5ﬂ— 0

dx3 dx?2  dx
2 3
R
de# dx?  dx

Itisadifferential equation of degree 2.

(©). y (x+y3) dx=x (y3-x) dy
= y3 (ydx—xdy) + x (ydx + xdy) =0

ydx — xdy
= x2y3 [—xz J

d[lj + d(xy) =0

+xd(xy)=0

. _ —(y! x)2 1
integrating, 5 Xy
It passes through the point (1, 1) = ¢=-3/2
thecurveisy3+ 2x—3x%y =0

(A). Differentiating the equation twice with respect to x,
we have 2a2x — 2b2yy’ = 0, a2 - b2 (y’2 + yy™) = 0.
Eliminating a2 and b2 we have the differential equation

y ¥y 1
y' oy o ox’
D). Inc+I X
. + = —
(D)-Inc+In|x]| y
1 -X y2 dy
diffwrtx, == Y20 o Ty x
X y X dx

——=C = y3+2x+2cx%y=0

(50)

(51)

(52)

(53)

2 2

&y ¥ x) Y

dx x x2 LyJ x2

A). With —xvxv’—1+V2 V_l—v2

(A)-Withy =xv, xv’= =2 = —v=—0
2VdV_dX H lution i 1-v2) =

=102 = whose solution is x (1 - v2) = c.

Whenx =2,v=1/2sothat c = 3/2.
The equation of the curveis

2
3X 3 9
2_y2=— X——| —y2=z —
Xy 2:[ 4] Y"'=16"

Thisisarectangular hyperbolawith eccentricity /2.
(A). Putx?y2=z

dy

—+ y2.2x =tan (x2 y2)
dx

Given x2.2y
d 2.2 2,2 2 2
&(X y?) =tan(x“y®) put x?y*=z

dz
now given expression transformsto X tanz

_[dx:jcotzdz ; x=In(sinz)+C

I T
Whenle,y:\f2 = Z:E = C=1

sox=Insin(x%y?) +1 s Insin(x%y?) =x-1
sin (x2y?) = ex1

(D). The given differential equation can be written as

xﬂ +2y=x(sinx +logx) = d—erg y =sinx + logx
ax dx x

whichislinearinyi.e.

f thet ﬂ+ =Q.H P—E
0 eypedX Py = Q. Hence =3

_[de =2logx =logx® .. ol Pdx _ elog><2 —x2

. Sol.isy. xzz_[xz(sinx+logx)dx+c

2 2
_ w2 . X X
=—X cosx+2xsnx+2005x+?logx—3 +c

2

. 2 X X C
i.e.y=—COSX+— SiNX+_5 COSX+_ logx— —+—
X X 3 9 2

dx  2x 1
D). —+——F=-""5
dy y-3 (y-3

2y
IlIF=eY? =(y-32=x(y-3)2=-y+c =c=3
=>Kxy-3)+1)(y-3)=0
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(54)

(55)

(56)

(57)

(58)

(59)

(60)

dy Ly
(D). P +l=e&d=eY g +tey=¢
dy dz
V=7 Y LT=—"F
Put e zZ.. —€ i ox

dz . dz . .
- — +z=¢€Xi.e. — —z=-eXwhichislinearinz.

dx dx
HereP=-1 .. dex=I—dx=—x . @ P _ X

. Sol.is zeX= I—ex.e‘xdx+c =—Xx+¢C

(61)
> eYeX=c-x
e+t =_(x-c) = (x-c)eXY+1=0
dy
(©)- (1+yA)dx+(1+xAdy=0 = — 5+ ——>5=0
1+x° 1+y
On integration, we get
tanlx+tanly=tanlC (62)
fizc = X+y=C(-xy)
Y (63)
(©) izﬂ——tanx——secx 1=v,_—;Lﬂ—ﬂ
Tycdx oy Ty y<dx  dx
—dv dv
. —— —vtanx=-secx; —— +Vtanx=secx,
dx dx
HereP=tanx, Q=secx
IE= ™ —secx  yseox= Iseczxdx+c
Hence the solution isy ™! secx = tanx + ¢
(B). As concentration of input and that of tank is same
(alsorate of inflow = rate of out flow), thenthe amount of
substance in the tank will remain same.
(B).ydy—3xdx=0 = y2—3x2=c. Thispassesthrough
(1,1)sothatc=-2.
The curveisthe hyperbola3x2 - y2 = 2 with eccentricity
(64)
2,
3 —
LZ/SJ =2
(A).Putdx+y+1=2z
65
Wy e w )
X dx odx 7
dz 1, 4,2
:>'[22+4 'fdx+C:2 > x+C
(66)

(240 v
2 2

(B). The general equation of given family of ellipsesis

2 2
X_+y_:l
2 b

Q

. o 2x 2y :
differentiating with respect to x, ?"'?-yl =0 ...@)

1 1
Differentiating again ?JFF (2 +yy,) =0 ... (i)
from (i) and (ii)

xy12 + XYY — VY1
b?x

=0 = Xyy,+Xy;>-yy; =0

dfx_éx 2 whichisli
y dy y =2y4 whichislinear

5 dx _x+2y°

1 1
Ifidy —gIny- =
I.F. e v € y

1 1 2 X
Loux= | oytdy =y2hc f - =y24c

y " J y y i
(A).y=C +Cy"+ Cog "% = C, +C,&+ Cye™ 2
So, Differential equation will be order of 3.

d_Y oY .
dx ’

(A). ” X

y = VX

dv 2
V + X—— =V -C0s“V
dx

dv dx
J.cosvar'[?:C

y
tanv+Inx=C ; tan;+|nx=C

. T Yy e
|fx=1,y=z = C=1; an;=1—|nx=|n;;

y=xtan?! (In %j = A]

dy

(A). o secx (secx +cot x)

:% = sec?X + SecX tanx

Now integrating both sides, we get
y=tanx+secx+cC
(C). x cosy dy = (xe*log x + €X) dx

X

(e

:cosydyz(e |°9X+?J dx
Onintegratingsiny =e*logx + ¢
(A). L +y§00=0 ()50

1= el Y009 i)

hencey.eb®) = I ). ¢(x).¢'(x) dx = J-e‘.t dt

wTTm
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(67)

(68)

(69)

(70)

(71)

where¢ (x) =t
=tel—et+ C = ¢(x).e?®) — e¢®) + C
Ly=ce ™ +¢(x)-1

dv
@ o__ 2
(A). e kdnr (D)
4 dv d
butV:§Trr3 = g =4 2(7; (2
h ar K
ence a
(B).x2+(y-r2=r2 .. €}
. dy _ dy _
SLXE(Y=1) i =0 .. (r-y) ix =X
_x
LrEy+ (dy/ dx)
Putitin (i) we get (X2—y2)%—2xy:0

. dy
(A). We are given that &:cos(x +y)
Putx+y=v,
dy dv dy _dy
dx dx dx dx
So, the given equation becomes

dv dv
——1=cosv = —=1+cosv
dx dx

<0 that 1+

=

1 v
dv=dx = —SeCZEdV=dX

1+ cosv 2
Lo Yav=| 10x
2 2

Integrating both sides, we get I

= tan%:x+C:>tan[i2yj =x+C

Which is the required solution.
e -

e +eX

_ dx—dy
dx +dy

(B).

By compendo and dividendo % —g X

9x
(C).y'+ 2y " Ointegratesto 4y2 + 9x2 = 36c,

¢ being an arbitrary constant. Thisrepresentsafamily of
ellipses whose equation in the standard formiis

9c-4c _ 5
% 3

2 yz
— + =— =1 with eccentricit
4c 9 Y

(72)

(73)

(74)

(75)

dy 1
®) ax " ax/ay
dy_df 1 \dy_ 1 d%x
dx2  dyldx/dy) dx (dx/dy)3 dy?
d2x [oly]3 dy
X— _ _—=
Hence dy2+ ax ax
e 1odx o1 1
becomes =y T dy)® dy?  (dx/dy)®  (dx/dy)
2 2 2
xd—)z(—lJ{d—X} =0 de{d_J =1
dy dy d
. k=1

2
Here'P' = v and'Q' = 10y?

2

2 2
IF:e‘de zej-ydy =e2|og|y|=e|09y :y2
Multiplying (1) by y2, we get ;

d

dy +2yx=10y* = — (x y2) = 10y*

Integrating, xy2 = 10J y4dy +C

= xy2= 2y®+ c which is required solution.
(B). Put xe* =t
(eX+x€X) dx =dt

dt dt
—+(ye-t)=0 —, ——t+ye¥ =0
=ty (y ) =ty y

Integrating factor N A I ye¥ e Ydy

= xe*teg?¥ == +C

f(0)=0=c=0,2xe*e¥Y +y2=0

dy
(C)y=ax+ — . ; d_x:a T e 2
d? b
TZ:F ............ (3)

d
From equations (1) and (2), y + X d—i = 2ax
o &%

2b
From eguation (3), = =X dx_2

[4
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.. Fromequation (1),

d d?
2y= (y+x%) +x2dx—)2/ =x2—

dy x
(76) (C).d—i=§:>jydy:jxdxsz_yzzc
dy
(77) (D). Length of subnormal = y&: 2 ; ydy=2xdx

2
y—:2x+c
2

Since (1, 2) liesonit,
s.c=0 .. thecurve isy?=4x
(78) (A). y.eX=Axe>*+B
ey, -2y X =A (e - 2x &™)
Cancelling e2* throughout
y1—2y=A(1-2x)
differentiating againt
2y1-Y>

Yo—2y,=-2A= A= 5,

2(y,1—-2y) = (2y;-y,) (1-2x)
2y, —4y=2y;(1-2x)-(1-2x)y,

o) elgo)

_ox)—|—-2 2| —=-2y|=0

(1 2X)dx dx )T dx Y
hencek=2and ¢ =-2 = ordered pair (k, )= (2,-2)

(79) (C). Equation of thetangent at (x, y) :

dy
Y-y= (X=x)

dx dx
PlE (X_YE' Oj s P2 (01 y_Xaj

d
:>3x=x—y@x or3y=2(y—><%j

Both give the differential equation
2x dy +y dx = 0 whose solutionisxy? = ¢
(80) (A).x%2dx +x2y*dy = xdy + ydx
x2y2(x2dx + y2dy) = xdy + ydx

N )
x2dlx =

Y'Y= ()

2 2 d(xy)

Integrating, IX dx+.[y dy:.[(xy)z

3 .3

2y

=

3 3 Xy *C

3 -
(X3+y3)+x_y =C; now if x=1;y=1 = C=5,

hence, x3+y3+3(xy)1=5

du dy
=x— —=1-=2
(81) (B).Putu=x-y,then X X

du du
— = — = | dx
= 1-cosu i = jl—cosu _f

= %jcosec2 [%] du= de

X-y
= X+cot (W2)=constant = x+cot | =C
@ @A)y =x_1- yiy=(x-1)dx Y _X e
YT =X—-1= =(X— = —=—
de yay 5o
forx=1y=1
1 1
—==-1+C =
:>2 > = C=1
2 2
Thus L =X _x+1 = y2=x2-2x+2
2 2
(83) (C) d_y:e(ax+ by)
" dx
Y _ g gy e‘byd—y:eaxdx: Lty L o
dx dx b a
dy . 1
= -
84) (B) 4 2

1 1
jdyzj‘[l—?]dx:y:x+;+c

1
So, y=X+;+l:>xy:x2+x+1

d’y o  dy e

85 (C).-—5=€= Y-
(&) ()dxz “ax 2 ¢
—2X e—2x
y= +cX+d=—"—t+cx+d
7T (2(-2) 4

(86) (D).ysin2x—cosx + (1 +sin%x) % =0 wherey =1 (x)

dy sin2x
ax 2 Y= o2
X \1+s8n“x 1+sn“x

COSX

SI’.]22X dx ‘[E | .2 2
IFE=eWsn®x  —gt —gn@sn™) _q,4n2x

(by putting 1 + sinx = t)
y(1+dn2x)=fcosxdx
y(1+sin®x)=sinx+C; (y(0)=0)= C=0

__snx [z]_z
Hence, Y 1+sin2x'y 6/ "5

=
I 163




SOAL

ODM ADVANCED LEARNING

Q.B.- SOLUTIONS

STUDY MATERIAL : MATHEMATICS

(87)

(88)

(89)

y_ oX o
(A). &—;——m whichis lineariny

1
Fzd ® _gmx 1
X

o yi__j;dx+c
So the solutionis ¥+ (Xx+2) (x+3)

1 [x+2)
y.—=In| —|+cC
X x-3
It passes through (4, 0)
..0=In6+c=c=-1In6
X:|ni2_|n6

X x-3
Then point (5, @) lieson it
. a=5In(7/12)

ﬂ_ X+y+1 d_y: X+y+1
(©). dx 2y+2x+1° dx 2(x+y)+1

Letx+y=t; 1+ﬂ—ﬂ L
XY=L ST Tdx T dx

t+1
2t+1

_3t+2

+1=——+
2t+1

N J‘ 2t+1
3t+2

or6(x+y)—-In(3x+3y+2)=9x+c

orin(3x+3y+2)=6y—-3x+¢

Since it passes through (0, 0) hence equation of curveis

dt = [dx or %—%In(3t+2):x+c

6y - 3x = |n‘(WJ‘
dy dv
= 1+ =—
(A).Putx+y=v or I dx

[ﬂ_] _ v _
dx =Secv, dx_M+1

dv " ; cosvdv_dx
secv+1 cosv+1
1
1- =
[ CosV + dv = ax
( )
1
S 1 \
Ll ZCOSZVJ dv=dx or (1—539025) dv =dx

v X+Yy
v—tanz =x+cor x+y—tanT =x+cor

X+y
—=c

—tan
Y 2

1)

)

3

(4)

EXERCISE-2

x+cs

(©). y =(c, +cy)cos(x +c;3)—c,e

¥y, =—(c, +c,y)sin(x +¢;)—c e

Yy =—(c; +¢y)cos(x +¢3)—cietS ==y —2¢, e
X+

= yy =y =2, ==y +y, +y

Hence the differential equation is y; -y, +y, -y =0,
whichisof order 3.
(D). Given equation can be written as

eyﬂ+ex.ey = e
dx

&y _dv
dx dx
So transformed equation will be

Now, let &¥ = v, then €

X

X
X o its IF—el @ _ g

dv
—+ev=e~
dx

3 . X X
-» Solutionis v.e® = j e e dx+c

= e = € -D+c = & @ -e+)=c
(B). Equation of the family of such parabolais
(y-k2=4a(x-hy .. @
where h and k are two arbitrary constants
. order=2

d
anddiff. wrt.x (Y—k) Y = 2a
dx

Ondiff. again
-kK)—+|—| =0
(y )dX2+ ™
i 2a—+|—| =0
Solving eg. (1), (2) and (3), dx2+ i
(©). & =Y which is homeogenous
dx  x-2xy
Puty=vxsothat L =x L v x Ny Y
Y=V g " T Tax o 1-2dv
av v %2 dx 1-20v

X— = —v= —=
Tk 1-20v 1-20v X

1 1 1
o T

= —v12_Jogv=logx-c

X X
= —\/; —logy+logx=logx-c = |09Y+\/;=C

2V3/ 2
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dy x2 + 3y2
5) (C). Y 2—xy ........ (@)
which is homogeneous equation
Puty =vx
b V+X v 2
dx dx

Now eg. (1) reducesto

v 1+v2 2vdv _ dx _[ 2vdv _ J- 1
2

& 2v e X
=log(1+v?) =logx+logc
[ y2)

- L1+Z_2J =XC 324 y2= 0

X

1+v

(6) (C). . Equationof circle
(x=0)+(y-a)* = (a/~/2)?

—dx

a2
X +y2 2ay+7—0 ..... D
dy dy
2X + 2 —-2a—
Y P O
(X+y dy )
a= dx
Ldy/de ...... 2)

Fromeqg. (1) and eg. (2)

() dy)®
X2+y2_2yt d;jo%leL(Mde;
2( &)

. order=1,degree=2 i.e.P=2,A=1

dy
" (B). &+3Xy=X:>dy:x(l—3y)dx

-3dy
(1-3y)

=-3x dx

=

—3x?

Integrating we get, log (1-3y) = - +C

or (1-3y) = e—3><2/ 2, C, Which passes through (0, 4)

C,=-11 .. Required curveis 3y=1+11e>* 212

) (A). C, 62+ C e+ CyeX
=ey= Cle%X + Czeax + C3 ....... @
Again differentiating both the sides, we get
e jy+ye =3C,¥ +2C,e% 10

Again, e {d2y+ﬂJ—[ﬂ+y]e‘2X=301

dx? dx dx
(q2y )
o 2% y _
or Ld > yJ =3C;, . 3

Finally, differentiating both the sides, we get

(3 ) (2 \
@ dx) (ax?
dy _d’y dy
—5-2—-—+2y=0 .. 4
dx3 dx? “)
On comparing with
&y d%y
a—+b +Cy=0 . 5
dx® dx? ©)
Wegeta——2,b——1,C=2
(a3+b3+c3\_—8—1+8__1
' abc 4 4
-1
X dy y)(dy
G G - R 1
k2= Y o [xInx?ax = [y dy
X dx
x2=t=2xdx=dt
1 y2 _ _ 2
E_[Intdt=7 ict+tint—t=y
ory2=x2(Inx2-1)+c
(A). y=ax?
ﬂ=23x or a:iﬂ
dx 2x dx
1ldy » xdy
= X
Now, equation of curve Y = o O or2d =y
h . dx 2y
orthogonal trajectory —@=7
2 2
X 2 2 X
- = +C +—=0C
> y or y 5

Thisisthe equation of ellipse.
(B). i—};=x+1 = log(x+)=t+c

Putting 1=0,x=0,weget logl=c = ¢=0
St=log(x +1).
For x =99, t =1log, 100 =2log, 10 .

E
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(12)

(13)

(14)

(15)

. d. . .
(C). Given d_); =cos’ px , Differentiatewrr.t. t,

d’*x
dt?

= —2p sin 2px = —ve

d*x
dt?
=2px=p = x=1/2.

. d
(D). Given Ey: L+x+y" +xp°

= d—y:(l+x)+y2(1+x) = d—y:(l+x)(l+y2)
dx dx

dy
=+ x)dx

dy
1-4—y2

Integrating both sides, I = J(l + x)dx

2
_ X
= tan ly=x+7+c

Put »(0)=0,..0=0+0+c=c¢=0

2
: tan'ly:x+ﬁ:>y:tan x+x—
RS > 5 |-

. dy t 1

(A). Rearranging theterms, 5 1) 1es
t

— ——dt
1F= ) e+

ion i TA+H=]| 1+’ +
Solutionis ye -(1+1) _[ (1+2).e ) c
ye'(l+fH)=—e"+c

-1
Also, yO0)=-1=c¢=0=y)=—.

ody oy oy

— =Z——381ln e

(C). Given o x (x
Puty =vx :>—=V+xd—v
d dx

dv .2 2 X
v+xd—:v—sm v — —cosec ‘vdv = —
x

dx

Integrating both sides, - Icosec vdv = .

Y
= cotv=logx +c, COt;ZIng+c

This curve passes through the point (L%J

c=1 > cotl:logx+loge e
X

=0 = 2psin2px =0 = sin2px = sinp

(16)

1)

(18)

(19)

Y

cot—=logxe = y = xcot” (logxe).

X

d
(D). We have y%ﬂc =a of ydy + xdx = adx

y2 2

Integrating, we get Stk

or x* +y? —2ax+k=0,
which represents aset of circleshaving centre on x-axis.

dy dy
—=2cosx —ycotx ——+ycotx =2cosx
(A). e y =Y

l.F=¢

Icot xdx

=sinx ;y.sinxszcosx.sinx+c

ysinx =sin’ x +¢ a y=2

_p
and X—2

, c=1, y=sinx + cosecx

(B). Cx—y+dx +Qy—x+1)dy =0

dy 2x—y+1

dx x-2y

_l,putx:X+h,y:Y+k

d_Y_ZX—Y+2h—k+1

dX  X-2Y+h-2k-1
2h—k+1=0 = h-2k-1=0

oy v 2y
nsolving j=—1, k=-1: " 7y =% 5y
Put .. d_Y—v+Xd_v

Y=v¥, - gx dx

v 2X-vX 2-v

viX—=

dX X-2vX 1-2v

dv 22—

2w+ 202 2w —v+1)

dx
ax

1-2v 1-2v
1-2v)

X 207 —v+l)
Put 2_, 112> Qv-1)dv=dt

L ax
X

2 S log X =logt

dt -1/2
+logc

X=X =0P-v+ ) e

X2(? —v +1)=constant

(Hl)z((yﬂ)z 0D

(x

+1|=
1 ] constant

+1)

G+ -+Dx+D+x+1)* =¢

Y +xl-xy+x+y=c-

(A). ye™dx —(xe ™" +y*)dy = 0

e V(ydx —xdy)=yidy = €

“x/y (vdx —Zxdy) — vy

=
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(20)

(21)

(22)

(23)

0¥ Wd[%) =ydy . Integrating both sides, we get

2

k—e™" =y7 =L je g

dy

(A) xd—+y—x +3x+2 = — —x+3-&-g

X X X

1 2 !
HaeP:;,Q:x+3+;,thereforel.F. _e.[ ;dx _

Now solveit.

(D). j—y+ycotx =2cosx
/X

. . d
Itislinear equation of the form Ey+Py =0

IPaix Icotxuix logsi
=e =e %" =ginx

So, Ik _

Hence the solution is y sin x :J 2sin x cos xdx +c¢

. 1
= ysmx :—50052x+62>2ysinx+cos2x:c.

Hence the differential equation becomes
2 dt 2
e +et]— X (Xt —X) =
( o 2e" (xt—-x)=0

2

2 d
e +d+2€ -x(t—l)—x =0

2 2 dx dz
X© __ . X _
put € =z; € -2x o dt
e oz _ e

o= (t-1)

z+et+f(t 1)=0;

[

IF=etl=d oy
z(t-1)=- [()dt ; z(t-1)=-e'+C

2 2 2 2
e y2-1n=-¢ +c & y2-1+¢€& =cC
(A). Diff. both sides xy (X) =2x-Yy' (X)

2
- X
henceﬂ—xy:—ZX IL.F= JdxX _g2
ax
—x? -2 x? -x%
ye2 j —2xe 2 dx: ye2 =-2xe 2 +c
-x?
y=2+ce 2

if xza=>a+y=0=>y=-

(24)

(25)

(26)

—32 2
—a
2 — ce 2
—ac=2+

ez =2+

c=-@+ade 2 ;y=2-(2+ade 2
(A).1.F. =eX

- yeX = [e™(cosx—sinx) dx

put—x =t
=— Ie%cost+sint)dtz—e‘sint+c

y

[¢}

yeX=gXsnx+c
sincey isbounded whenx > o = ¢=0
s y=sinx
n/4
Area= I(cosx—sinx)dx =J2-1
0

(B).y=CyC08(X +Cy) — (Ca€ X T %4) + (csinx)
. y=¢q (CosX cosc,—sinx sinc,)

-(c5 el eX)+ (c5sinx)

.Y =(cy€0SC, ) COSX — (€4 SN C,—Cg) SiNX — (C3 @4 ) 7%

s y=1lcosx+ msinx—ne™ (i)

wherel, m, n arearbitrary constant
d . .
dl =—lsink+mcosx+ne* .(i)

ﬂ

dx?

d? .

g —{ =|sinx—mcosx+neX

dx

—l cosx—msinx—ne>X

..(iii)

(iV)

2
(i) + (iii) gives i(—‘z’ +y=—2neX

(V)
d’y dy

(i) + (iv) gives $+f =2ne*

™ (Vi)

3 (d
From (v) and (vi) we get %+ﬂ:—k—g

\
’)

istherequired differential equation
__ 1 dy
(A).Y-y=- - o
take, let Y =0
X=my+x

(X=x) whenm =

=
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hencex (my +x) = 2 (x2 +y?)

dy
xy&=><2+2y2

Now puty = vx

P (x,y)

G

dv x2(1+ 2v2)
V+X
dx ~ X3y

_1+2v2
Y

dv 1+ 2v?
dx Y

_1+v2
v

[y 1 2

12 X ,Eln(1+v)—lnx+c
(1+v2\
—| = x2 1 v2= x4

In( 2 J =C; X“+y“=cX

my+x

@7 (A).Y-y=m(X-Xx)
for X-intercept Y =0
Y oW
X= x—m hence x — m =Y g T X
put y =VX
vV
Xax T 1-v
av Y,
Xax “1v Y )
2
_V-V+V ol
1-V
1-V dx 1
7 =I7 v —InV=Inx+c
X
-— - InX=Inx+c ; —izlny+c
y X y
X
x=1,y=1 =>c=-1; — =Iny
y
y= e.e—X/y : e—X/ng ' yex/y=
(28) (B). Sincegivendifferential equationis

y (x +y3) dx=x (y3-x) dy

(xy dx +x2 dy) + y*dx —y3x dy =0
X (ydx +xdy) +y3 (ydx—xdy)=0
xd (xy) =y3 (xdy -y dx)

o) = (2] % -(Ya(¥)

Y

y=3r/16

-~

(29)

(30)

Onintegrating, —

2
1 1(y] e
xy 2

1( 2)2
—|—-—| +c=c=0
8 2\ 4

=-2x = y=(-2x)13

Sll"IZX COSZX

Since, y=g(x) = I snidt+ [ costdt
s

At(4,-2) =

. y3

s
Todx
.y = ¢, (constant)

1

Put sinx =cosx = ﬁ

—=g'(x) =x.9n2x+x.(-sin2x) =0

42 1 1 n(l 1 3n
. = sin~ +/t+cos T/t dtz—(—__jz_
LA 13.8( Vs \[) 2\2 8/ 16

3n
. = X)=—
. y=9(x) 16

3n
Hence areabetweeny = = and y = (-2x)1/3
3n/16

16
316 3) 4
y 1(3n .
xdy = I -——|dy :—[—j . units
0 0 L 2) 8\16

(A). Let mgms of salt is present at time t differential
equation of the process is

m(l) ( 1 j
- —|Mm =10
50+t ’ 50+t 10;

at
I.F= € S0t =50+

dm _
dt

dm
dt

(50+1)2
2

m(50+1) = [ (50+ t)dt = 10 +C

m(50 +1t) =5(50+1)2+ C;t=0; m=0, C=-5.(50)2
m(50 +t) = 5(50 + )2 - 5 (50)2

2
m=5(50+t)2— 5(50) m(t=10)=5-60- 507
50 60
2 g2 50{6—@} 50x =
3 3 60 6

(A).Let f(x)=y

d
. —y+y 4xe™* - §in 2x

i (linear differential equation)

IF.e¢ yer=4]x sin2x dx
| I

[¢
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_ X(_ cost] +1jcoszxdx dy 4 @+x?)3x*-x*2x|_4[3x*+x* | 4x*@+x%)

yer=4 2 2 dx 3 1+x3)? 3 1+x3)? | 3(@+x?)?

XC0S2X Sin2x dy

- — + —>0

yeX 4[ > ) } +C Hence, i V x= 0,

yeX = (sin 2x— 2x cos 2x) + C dy

f(O):O —=C=0 &=0atx=Oanditdo&notchangesign:x=0isthe

=e%(sin 2x — 2x cos 2X)
now f (k) = €K™ (sin 2kn — 2kn - cos 2kr)
= ek (0 - 2kn)
f (km)=— 21r (k - ekm)

point of inflection.

y=f(X)isincreasingforal x e R

X—> 00,y —> 00, X—>—00,y—>—00

Areaenclosed by y = f-1(x), x-axisand ordinate at x= 2/3.

3 f(kn) =—2n Y ke A=2 A1 X g
k=1 3 3y1+x?
S
Put1+x2—t:2xdx:dt
s =1 e‘”+2e‘2“+3 2 +o0
Se"= e2m +2e3m+ .. + 2
o0 2 J'(t 1) g—gj[l—}j ot
"3 3 2
S(l-eM=eT+e2+e3n+ oo !
y
e’ 1 —E—E[t—lnt]l
S(l-g™= —= 3
1-e* €' -1 23
2 2
1 & =5 5l2-In2-1 o1 7
- Ty 2
(" -D1-e") ("= 2 9

(31) (B).S1:Equation of all circlescan be given by =3 3-na= "”2

x2 +y2 + 2gx + 2fy + ¢ =0, will beof order 3.
S-2isobvioudly true but it does not explain statement-1. (36) (A).f(0)=2

32) (B LA ~xdk+ = d t T
(32)  (B)-y X2:>dy—xx+x—2 % f(x)=(ex+e‘X)wsx—2x—[xjf'(t)d J.E ]
0 ol
x2 1
> y=—-=+c¢C
2 x f(x)=(€* +&*)cosx — ZX—{xf(x) f(0)— tf(t)\0 If (t)dt}
3,y=9=09= 2——+c 9 l—c
TXESYEI = IO T R ST
f(x)= (e +e*)cosx —2x — xf(x)+2x+{xf(x) If (t)dt}
27+2 29 x> 1 29
6 2 x 6 .
(33) (A), (349)(C), (35) (O). f)=(e +ecosx-[f (ot )
[dy]+[ 2 ]y— LS Differentiati 1) 0
~ > Y= 2 ifferentiating eq.
o/ ALt x Lx £ (x) + (X) = COSX (& — ) — (€ + €%) SN X (2)
ax” dy - . -
ILF= J1x2 '”(1+X2)=(1+x2) Hence&+y—e(cosx—smx)—e (cosx +sinx)
X (37) (D).f'(0)+f(0)=0-2.0=0
y(+x?)= I4XZdX=%+C (38) (C).I.F.of DE(1)ise~.
y.e* :fezx(msx—gnx) dx—_[(cosx+sinx) dx
ax3
: _ . S — X _ 2X e _ : _
passing through (0,0) = C=0 .. ¥ 31+ x2) y.e _J.e (cosx —sinx) dx J'(smx cosx)+C

Let | =.[e2X(cosx—sinx) dx = e” (A cosx + Bsinx)

[¢
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(39)

(40)

(41)

(42)

(43)

(44)

(45)

(46)

(47)

SolvingA=3/5andB=-1/5and C=2/5

y=¢ (§cosx—lsinx] —(sinx —cosx) e % +ge‘X
. 5 5 5

(B). d7x: 1):)//2 = Inx:%.ln (1+y2)+c
From the given conditionc =0
. X2_y2:1
dy 1+y2 dy dx
A). o+ =0= + =0
(A)- ax V1-x2 14y J1-x2
=tanly+snix=c
& (1+x)?
o @0 .(L+y)gives y=e 2 -1

(dzy\ 2

2)3 ,
) =)

(1+ (d_yj
2. Clearly, we have L dx

Itsdegreeis2

q2
[degree of the highest order derivativei.e. of KZ is2]

2. Order = 2 [order of the highest order derivative i.e.
d2
dx_z is2]

2. Since the general equation of all conics whose axes
coincidewith the axesof co-ordinatesisax? + by?= 1 and
~* it hastwo arbitrary constants a, b.

.. itsdifferential equationwill be of order 2
5.2xdx=3ydy, ifc>0

y* % [5
Ifc<O,L—X—=—c:> e=,—
2 1 2

12.y =X+ 27Xy, = 46X - 27X
y, =166 + 267X ; y, = 646 — 267X
Now, y5 — 13y, = (64 - 26™) — 13(4e* - 267
= 12e™ + 247X
=12(e™ + 27X) = 12y
L Yamld
y y

1. Equation of normal is I
N9
X+mY —(x+my)=0....(1)

Perpendicular distancefrom (0, 0) toeq. (1) is

x

Y—y:—i(X—x)
m

(48)

(49)

X+ my

V1+ m?

= (x+my)2=y2 (1+m?) = x2+ 2mxy = y2

=|y]|

y2 —x2

=>m=

dt
Puty?=t= Zy%=&

. Equation (2) becomes xSt — t—x2 = & _ L, _
.. Equation (2) becomes i i x

—J'édx _inx _ 1
L lR=e X =g =—
X

Now general solution is given by

t(ij =—Xx+C= yztlj =-—x+C
X X

As(1, 1) setisfyit, soC=2
Sy2=-x2+ 2= x2+y?-2x=0

kr

Hence, required area= > k=1

3. Thegiven equation is
ydx+y?dy=xdy; xe R,y>0,y(1)=1

~ yadx —2xdy

0= 9(X) g o
y +dy_0:>deyJ+dy_0

X
On integrating we get, §+ y=C
y(1)=1=1+1=C=C=2
5+y:2
y
To find y (=3), putting x = -3 in above eq" we get

3
—§+y=2 —y2-2y-3=0=y=3-1

But giventhaty >0 ..
9. y-y;=m(xX-xy)

Put x = 0, to get y intercept

yy - Mx; =x,3

dy
yl—xlale?’; Xg TY="X

y=3

1
ﬂ_lz_xz- eJ.—;dX =e—|nX =1
dx X ' X

4
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xlzj—xledx
X X

2 3
X:I—xdlez—x—+c:>f(x):—X—+§x
X 2 2 2

s f(=3)=9
(50) 0. y'x)+y(x)g'®)=9g(x)g'(x),y(0)=0VvxeR
d
&(y(X))+y(X)9'(X)=g(X)g'(X).9(0)=g(2)=0
| = o 9100 e

y(x) €90 = [e8Mg(x) g'(x) dx +c

Letg(x)=t
g'(xX)dx=dt

y(x) e9*) :J‘tet dt=te' —e' +¢

y(X)=(g(x)-1)+ce 9%
Letx=0, y(0)=(g (0)-1) + ce 9
0=(0-1)+c=>c=1

y (X)= (g (x)-1) +e 9%
y(2)=(g(2)-1)+e92
y(@2)=(0-1)+e@=_1+1=0

EXERCISE-3

(1) (A).(-y?)dx+2xydy=0

ﬂ_yz—xz
= dx 2xy

........ )

~+ Itishomogeneous D.E.
o Puty =vx
2 2

dy dv dv  v2x2—x
—=V+X— " V+X—=

From (1
dx dx dx 2X.VX [ (1)

x(v2 -1 dv vZ-1
x2.2v dx  2v

vZ_1-2v2 B vZ_1
2v 2v

_ -2 d
2oy o [ v [
(2 +1) X (v +1)

=—log (v2+1)=logx +logc

=log =logx = ——=xc= =XC

v+l ve+1

X <
N

X2

y2_"_)(2

= = XC

X
=Xx=c(y2+x%) = < =x2+y2 = x2+y2=kx

@) (D),y=e°X:Iogy=cx:>c=lo%
Q—ECXC y':y—lOgij': |og
ax ; T y =ylogy

dy y-1 1 dx

@A) TXZax T y-17 X2ax

X+1-X
-[ dy J.x(x+1)
| 1= i1 dx
= logly-1=J3"37
= logy-1=logx-log(x+1)+logc

c
=>y-1= X (" curve passesthrough (1, 0) it will

X+1
satisfy equation of the curve)

1c
=0-1=— = c¢c=-2

1+1
: 1—ﬂ 1) (x+1)=-2
cy-l=-"m = -+ =-2x
=>(y-1)(x+1)+2x=0

(4  (C). Equation of family of all parabolas whose axisis x
axisisy?=4a (x-A)

dy

dy
2y—=14a —=2a
= ydx = ydx

dx2 dx dx dx?
. degreeis1and order 2.

ey dy &y, yﬂ [dyjzzo

B (©). @L+yH)+(x-

-1
ox x ey o
——+t——=——— thisislinearinx.
dy 1+y 1+y

1

-1 e
. soln, s xe® Y =_[ iy,
1+y?

dy+c

eZz
Sdy=dz = J'ezzdx+c=7+c

Put tan~t y=z=>
1+y

_ e2tan_1y
2

+C

2xetan_1y _ e2tan‘1y Lk {where2c=Kk}

=
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(©)

™

®

©)

(10)

2.,..,2
X +y
2y Q)

2x+2yy —2ay'=0=2x+y'(2y-2a)=0

J:O

= 2xy +y'[2y?-x? -y = 0= 2xy +y (y?-x?) =0

=y (x2-y?) =2xy

(B).ydx+(x+x2y)dy=0;ydx+xdy+x2ydy=0
dixy) dy _,

2 -0 A~
d(xy) +x<ydy=0; 22y

x2+y2-2ay=0=a=

( (x2+y?2
y°)
= 2X+y Lzy—z 2y

= jmz_jﬂ:;lz—logy+c
X2y2 y Xy

1
= ——+logy=c
Xy

©). y?2=2c(x++C) e Q)
dy

2y&=2c SC=YY; e @)

From(1), y2=2cx+2c32

=y2-2cx=2c32

= y2-2yy,;x=2(yy,)¥?  [From(2)]

= (y?- 2W1X)2 =4 (W1)3 = 4)’3)’13
Thisisof order 1 and degree 3.

dy
L =y(logy-I 1
(C). x5, = y(logy —logx+1)

¥ = X(Iogl+1)
dx x X

y dy dz
Put » SY=XZ=> i dx+

d
. z+X§= z(logz+1) [from(1)]

dz | J‘ dz  rdx
X 29% N 109z T
=log(logz)=logx+logc
=logz=cx=log(y/x) =cx
(C).Ax2+By2=1

2Ax+28y%=0

d’y _dy dy
- -A=By—+B—=+—
Againdiff. w.r.t. x weget y a2 TP ax

=-AxX=Bxy o2 +Bx i

(1)

(12)

(13)

dy . d% [dyjz
By—=Bxy—=+Bx| —
= de de2 (0)%
2
dy _ d% (dyj
—Z = XY—=+ X| —
= ydx de2+ dx
X ﬂ‘f‘(xﬂ— )d—y—o
= de2 ax Vax

thisis of order 2 and degree 1.

/(m

Equation of required circleis

(x-a)2+(y-02=2 .. 1)
{ - where(a, 0) iscentreof circleand aisradiusof circle}
Differentiating w.r.t. x
2(x—a)+2yy;=0
=>X-a+tyy;=0= a=x+yy,;
Put thisvaluein (1) we get

(Yyn)2 Y= (C+yy)2
= YAy Z+yP= X2 +ydy  + 2xyy,

©).

dy
2_2 2 dy v, o Y
= YyS=XS+2Xyy1 =X +2xydx { Y1 dx}
(B). - Centreof circlelieonliney =2

.. Let coordinate of centreis(a, 2)

Radius of circleis5 unit (given)

. equation of circleis (x—a)2+(y—2)2=5% .. )
Differentiating w.r.t. x
2(x-a)+2(y-2)y;=0
= X-a=-y-2y1 2
Put thisvaluefrom (2) in (1) we get
(- (y-2)yp?+(y-2)%>=25
= (y-2)%y,%+(y-2)?=25
= (y-2)?y?=25-(y-2)?
dy x+y
(©). o (@)
Puty = ﬂ—v+x— v+xﬂ—X+VX
YEVX= Tk ~ x dx X
= V+X—=1+V = jdv:_[— =v=logx+c
y _ —
:>;—Iogx+c ........ @ y(®=1
1 S
1=Iogl+c:>c=1 Solutlonls;=logx+1

= y=xlogx+x

[4
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(14)

(15)

(16)

(17)

(18)

(19)

(D). Y= Cleczx =Yy= Clczeczx =Cy= % =Co
Differentiating again we get, y"y = (y')?
(D). cosxdy =y (sinx-y) dx

dy 2 . id—y—ltanx:—szecx
o S ytanx-yiseex (o Ty

1, Ltdy_a  dy
Let =00 T2 Tk ¢ g T tanx = mseex
dt

&+(tanx)t=secx; LE = oJtanxdx _

Solutionist (I.F.) = J(I.F.) secx dx

(B). ¥=—k(T—t) [ av ()= [ (~kT) dt+ [kt ot

2
V(t)=—th+k%+c
Att=0,c=|

2
V(T)=—th+kt7+I
Now, att=T

2
1
V(T)=—kT2+—k12- + V(T)=I—EkT2

dp() _
(A)- “900—p (1)
—-2In(900-p (1)) =-t+c
whent=0, p (0) =850

oo 50 )
2|ntm)——t

900 —p (t) =502

p (t) = 900 — 50 e¥2

letp(t)=0

0=900-50e%"? .. t,=2In18

(C). dP = (100—12v/X) dx

-2In(50)=c

By integrating, _[dP = j (100—12+/x) dx

P=100x-8x32+C

When x = 0then P=2000 = C=2000

Now whenx =25thenPis

P =100 x 258 x (25)32+ 2000
=2500-8 x 125 + 2000 = 4500 — 1000

= P=3500

dp _ p—400

a2
dp

p—400

(A)

1 1
> ; In|p—400| 2t+C

Att=0,p=100
IN300=c

—400| t
|n‘p3T‘=§ =  |p-400|=300e%2

= 400-p=300e"2(asp<400)

= p=400-300e!2

(B). It is best option. Theoretically question is wrong,
because initial condition is not given.

(xlogx)d—y+y: 2xlogx
dx
Ifx=1theny=0

1
—d
Y, Yy K™

uy _ — gloglogx = logx
dx xlogx

Solutionisy.logx = _[Zlogx dx+c

ylogx=2(xlogx-x)+c
x=1,y=0.Then,c=2,y(e)=2
©).y(@+xy)dx=xdy

dx X dx x

Bernaulli’'sDE, n=2
IF=[1-2) [—1] dx =j1dx =X,
e X eX

Solution, yl_zx = j(l— 2)-x-1dx

2

iz—X—JrC.Givenf(l):—l
y 2
i=—1+C:> C=—E
-1 2 2
) X x2 1

Equation 52_7_5
When x =-1/2, we have

1 1 1 1 5 4
Ty a2 27 Ty a0 Vs

dy _ —(y+1) cosx . .[dy :_J COSX
" dx 2+sinx y+1 2+sinx
In(y+1)=-=In(2+sinx)+Inc
(y+1) (2+snx)=c; y(0)=1

©

(2 (2=c=4; y(n/2)=2
(y+1)(2+1)=4; y=1/3
dy

(23) (A). &+ y cot X = 4X cosec X

= d(ysinx)=4xdx
Integrating both sides we get:
ysinx=2x2+c
Also,y (n/2) =0=c=—-n?/2

=
I 173




SOAL

S Q.B.- SOLUTIONS STUDY MATERIAL : MATHEMATICS
2 2 2 2 2
. 8n T 21 T
snx=2x2-1 - [sz—— 0=3"_.(2)+C(2) : 2c= c=-1_
y > =Y % 9 S (2+C(2 ; 3 = 3
dy (2 2 2( 9 2\ [ 72) 2
(24) (C).—+[—)V=X SIFE= 0™ ok 2 y[ﬁ)zs"—[—]+[—]- L
dx X e X =€ =X 6 36 \/é \/é L SJ Y 2\/§

2_x* 3 L [X_%)_@ .
yxf ="t (Asy@=1) =~ V(X737 75 (o) (C).&=(tanx—y)seczx

d_y+[ 2 ] 1 dt ) dy
(25 (B): g (241 y—(x2+1)2 Now, puttanx =t = - =SC"X. So, o +y =t
(Linear differential equation) On solving, we get y e=¢ (t-1)+c
LF. = & (x 20 _ —x241 = y=(tanx-1) +ce™® Xy (0)=0; c=1
o ) ! = y=tanx-1+e@"X So y(-n/4)=e-2
So, general solutionisy.(x<+ 1) =tan™x + ¢
Asy(0)=0=¢=0 dy
y© (29) (B).d—+ytanx=2x+x2tanx
tan~tx i X
YO0 ="5 As Nay@®=o;
+ F:e[tanxdx :eln,secx — secX
1 1
= x/5=Z:a=E y-secx:j(2x+x2tanx)secx~dx

= [ 2xsecxdx + [ x?(secx - tanx) dx
(26) (D). xﬂ+2y=x2:y(1):1 J Jx )
dx YSECX=X2SeCX + A= Y =X2+ A COSX

y(0)=0+1=1=2r=1
dy (2 .
&4. ; y=X (LDElny) y=X2+COSX

2 y[ﬁjzﬁ 1 [_zjzﬂ_z+i
IF:eI;GIX:eZ'”X:x2 16 V2 1642

, Y (X) = 2x—sinx

y-(XZ):IX~X2dX=XT+C ,(E)_Efi ,[i],i+i
o1 Y\ )72 & ¢ 4) 2 2

1-1,cocop-tl3
4 4 4

. 2 ) dy odx x 1
, x* 3 _x2 3 yedx+xdy=— . —+—=—7
p2=Xs2 y 4 +4 (30) (D). y tdy y2 B
dy jidy 1 1 1
——ytanXx = 6Xsecx 2 - -
@) © gV IF=e¥" =eV _e¥.x=[e¥.1ay+cC

/(3)-00(3) - .

v Ty e’ C =
edex :e—fthdX :elncosx — cosX xeV=eY +T+C , C=-1/e
y.cosxszxsecxoosxdx § 3 1 ) ,

=———= wheny=
6x> 2 e ’
y~cosx=T+C :y=3x2secx + Csecx

B
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dy

2 3
=_ =0
(3 (A).xy ax y +X

2 dy 1dk
Puty =k = Y&=E&

Given differential equation becomes

%+ k[—gj =-2x?
dx X

2
——dx
ped WL
X

Solution is k-i=.[—2X2 -idx+7\
2 2
X X
y2+2x3= %2
Take A = — c (integration constant)
&=t
eyﬂ: da dt

— . ——t=€"
dx dx ' dx

32 (©.

”::effldx —e X t(e’x):_[exe’xdx
e X=x+c

Putx=0,y=0thenc=1

@ X=x+1;y=x+In(x+1)
Atx=1,y=1+In(2)

dx 2
(33) (A gt ¥V IF=dW _ ey

Xey:J.yzeYdy:yzey_.[Zyeydy
y2eY -2 (yeY—eY) +c

x.&¥ = y2eY —2yeY + 2&¥ + C
X=y2-2y+2+c.e”Y

x=0,y=1

C

0=1-2+2+— ; c=-¢
e

y=0,x=0-0+2+(-e) (e
X=2-¢

dy+dx

\J1- y2 V1-x2

snily+snlx=c

V3 n

Atx:l,y:—:c:—
2 2 2

B4 (©. =0

:sin‘ly:cos_lx-

a1

Hence, y(%} =sin[cos E)

(35 (B). 2x=4by' = b= x
2y’

N

So, differential equationis

(36)

@37

(3.00)
(x+1)dy—ydx=((x+1)2-3)dx

(x+1) dy -y dx _(1 3

- d
= (x +1)2 (x+1)2J X

y ( 3 \
= d(mj g

Integrating both sides

Giveny(2)=0=c=-3

3 )
w+n_%

y=(X+1)[X+ - y(3)=3.00

D). dy  xy

&_x2+y2

; Lety=vx

dy dv dv  xwx v
el = VHX— 5 =

dx  x2+v%

1+v?

dv Y _v—v—v3_ v3

&:1+v2_

1+ V2 1+ v?

dv:f—d%: fv’3-dv+j%dv=— d7x

J'1+V2

V3
v2

= —2+Inv:—lnx+k

1 y
——+In[—) =—Inx+2x
= 2v2 X

1 x2
———+Iny-Inx==Inx+A
= 2y2 y

1 1
——+0=A=>A=—=
= 72 2

2
1x 1
= ———2+Iny+—=0aty=e
2y 2
1x2 1 x2 3 2 a2
=S +1l+==0> 5= X =3¢
= 2@ 2 2¢? 2
x =+/3e

[5
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