CHAPTER

DIFFERENTIAL
EQUATIONS

DIFFERENTIAL EQUATION:

An equation containing independent variables, dependent variables and derivatives of

dependent variables with respect to independent variables is called a differential equation.

ORDINARY DIFFERENTIAL EQUATION:

A differential equation involving derivative or derivatives of the dependent variable with

respect to only one independent variable is called ordinary differential equation.

ORDER OF A DIFFERENTIAL EQUATION:

The order of a differential equation is the order of the highest order derivative appearing in the

equation.

DEGREE OF A DIFFERENTIAL EQUATION:

The highest power (positive-integral index) of the highest order derivative involved in a

differential equation in terms of polynomial form, is called degree of a differential equation.

FORMATION OF A DIFFERENTIAL EQUATION:

STEP I Write the given equation involving independent variable x(say), dependent variable
y(say) and-the arbitrary constants.
STEP.2 Obtain the number of arbitrary constants in step 1. Let there be n arbitrary constants.

STEP 3 Diffentiate the relation in step 1 n times with respect to Xx.
STEP 4 Eliminate arbitrary constants with the help of n equations involving differential
coefficients obtained in step 3 and an equation in step 1. The equation so obtained is the desired

differential equation.
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SOLUTION OF A DIFFERENTIAL EQUATION:

A relation between the dependent and independent variables that satisfies the differential

equation is called a solution of that differential equation.

GENERAL SOLUTION OF A DIFFERENTIAL EQUATION:

A solution that contains as many arbitrary constants as the order of the differential equation is

called general solution of that differential equation.

PARTICULAR SOLUTION OF A DIFFERENTIAL EQUATION:

A solution obtained by giving particular values to the arbitrary constants in the general solution

of the differential equation is called a particular solution of that differential equation.

DIFFERENTIAL EQUATION IN VARIABLE SEPARABLE FORM:

Suppose a first order and first-degree differential equation, Z—z =f(x,y), is such that f(x,y)
can be written as g(x). h(y)

Then, expressed the given differential equation as Z—z = h(y).g(x)
If h(y) # 0, then separating the variables, equation can be written as ﬁ dy = g(x)dx

On integrating both sides, we get the required solution of given differential equation.

HOMOGENEOUS DIFFERENTIAL EQUATION:

dy _ f(xy)

If a first-order first degree differential equation is expressible in the form 2% 9y

where f(x,y) and g(x,y) are homogeneous functions of the same degree, then it is called a

homogeneous differential equation.




(ZL= 2 ab 1-51 = (LasA

— -1
K=

wi
2

(x+a) (x-a)

ok T - gl 1ED

SOLUTION OF HOMOGENEOUS DIFFERENTIAL EQUATION:

STEP I Put the differential equation in the form Y _ 2by)
dx w(x,y)

STEP 2 Puty = vx and % =v+x % in the equation in step 1 and cancel out x from the right

hand side. The equation reduces to the form v + x % = F(v).

STEP 3 Shift von RHS and separate the variables v and x.
STEP 4 Integrate both sides to obtain the solution in terms of v and x. @

Step 5 Replace v by % in the solution obtained in step 4 to obtain the solut@ms of x and
y. Q
LINEAR DIFFERENTIAL EQUATION: O

.
A first order and first-degree differential equation in which th @ of dependent variable and
its derivative is one and they do not get multiplied togetheiE @l d a linear differential equation.

There are two types of linear differential equations.

.
TYPE 1 If differential equation is of the f% = @, where P and Q are constants or

functions of x. Then, its solution is y.(I.F 6 Q x (I.F.)dx + C where LF. =eJ P 2%,
TYPE 2 If differential equation is @rm % + Px = Q, where P and Q are constants or

functions of y. Then, its solutio-'m&(I.F.) = [Q x (I.F.)dy + C where LF. =eJ P&

P

i +1 = i+ (Xn/@)(a-Yi%)
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PBACHCE QEESTIONS

1. The order and degree of the differential equation of the family of parabolas having vertex
at origin and axis along positive x-axis is are
a) 1,1
b) 1,2

c) 2,1 @
d) 2,2 ‘\Q
2. The general solution of the differential equation e*dy + (ye* + @: 0is

a) xe¥ +x2=C O
b) xe¥ +y?=C %.
c) ye* +x2=¢C K

d) ye¥ +x2=C A@

3. The general solution of the differential equa f the type % + P;x = Q4 1s
a) yel n = [{Qie/ ) dy + e

b) yefPldx _ f{QlefPldx} =a£o;-(123
oth) =

il
z -F
d) xel P19 = [{Q,elP9¥) dx + C { ;}

ydx—xdy

4. The general soluti the differential equation =0,is

5)

a) xy=0C
b) x.=Cy?
c).y~=Cx
d) y=Cx?

1 La0]

I Lavel
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5. The integrating factor of the differential equation (1 — y?) Z—; +yx=ay(-1<y<1)

is

a) oy
1

b) —

c) L

1-y? @

) = . Q
6. The integrating factor of the differential equation x Z—z —y = 2x? Q\\

a) e * O

b) e % .

c) 1/x K

d) x A@
7. Which of the following is a homogeneous di ntial equation?

a) (4x+6y+5)dy—(3y+2®=0

b) xydx — (x3 +y3)dy =0 C)

c) (x3+2y?dx + 2x

d) yZdx + (x? —nyQ) y=0

8. A homogeneous d@
the substitutionc‘

equation of the form Z—i =h (5) can be solved by making

a) y=uwvx
b) v=yx
¢). X =vy
d x=v

: . . . d .
9. The general solution of the differential equation d—z =e**Y is

a) e¥+e ¥ =C
b) e*+e¥=C
c) e*+e¥=C

d) e*+eV=C

: Vi 414 = Yi+r (Xn/2 a...y;)
S = m_a ‘_a, i+1 ?I -
T Konet = (Xnl2) (3-axn®)
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10. Which of the following differential equations has y=x as one of its particular solution? L

d? d
a) —— Zy

b) —+xd—x+xy=x

d? d
) =2 —x22

d L

11. The solution of the differential equation (1 + y?) tan~*x dx + y(1 + x% is

a) log (tan x) +yQ+x*)=c Q\\

b) log(1+y?) + (tan"1x)? =¢
c) log(1+ x?) +log(tan"ty) +c % N
d) (tan"tx)(1+y*)+c=0
12. The solution of dy = cosx (2 — y cosec x)dx Q@ V2, when x = /4 is
a) y—smx+—cosecx .
b) y = tan(x/2) + cot(x/2) \
o y=(1/V2) sec(x/Z) + /2 cos(x/2)
d) None of the above

13. The slope of a curve at a % t is the reciprocal of twice the ordinate at the point and
3

it passes through the ). The equation of the curve is

a) x2=y+5
b) y2=x-5
c) y2=x+5

d) x2=y-5
14, The equation of the curve satisfying the differential equation y,(x% + 1) = 2xy,
passing through the point (0,1) and having slope of tangent at x = 0 as 3 is

— .3
a) y=x"+3x+1 Ea0i

b) y = x3 - 3x + 1 [a*Cael
Ciz)
o y=x*+3x+1

Bus fien Nt
3> X ﬁrl*(ﬂ-—!-)d
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15. A function y = f(x) has a second order derivativef'' = 6(x — 1). If its graph passes
through the point (2,1) and at point the tangent to the graph is y = 3x — 5 then the

function is
a) (x—1)?
b) (x—1)°
c) (x+1)3

d) (x+1)?
. e

2
16. The degree of the differential equations x = 1 + ( dx) + % (Z_Z) +=

a) 3 QK
b) 2

c) 1 %9

d) Not defined K

17. The equation of the curve in which subnormal m@the square of the ordinate is (4

is constant of proportionality) N @
2Ax

a) y=Ce
b) y=Ce?* C)Q
c) y; +Ax=C \@'
d) y?2+21x2=¢C
18. The order of the %l equation whose general solution is given by y =
(¢, +¢3) cos(xa‘ — c,e**% where ¢y, ¢,, €3, c4and cs are arbitrary constants is
a) 5
b) 6
c).3
d) 2
19. The solution of‘;—z = cos(x + y) +sin(x + y) is

x+

a) log :1+tan(—): +c=0

2
b) log _1+tan(%)_ =x+c

[ x+y \] _
C) log_l_tan(T)__x_l_c
d) None of these
m " g, = DBi-3s" Vi +1 = i+ | Xn/@)(a-Yi%)
0 K a4 +(n-13d i) =Y NE = (Xrllﬂ) (3._““’_)

LSS LLRRIE I - S ﬁ.‘ e i e Cotw (2) = [ cot G2PMALZY =i sin(i2) 4

-k WA e

N 20
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20. The function f(0) = i f oe ngiﬁ satisfies the differential equation
a) — + 2f(®) =0
b) ——2f(0) =0
c) i 2f(6) =tanb6
d) — + 2f(®) cot6 =0
21.If y = f(x) is the equation of the curve an its differential equatlon‘ls® — =
m, then the equation of the curve, if it passes through (2, 2), is Q
a) x2—y?+4x—6y+4=0 O
b) x2—y%+4x+6y=0 %’
c) x2—y?—4x—6y=0 K

d) x2—y2—4x—6y—4=0 &

215/2
22. The order and degree of the following &wl equation [1 + (Z—z) ] = % are

respectively
a) 3,2 @.
b) 3,10 K\'
c) 2,3 @'
d) 3,5

23.y =ae™ +b satisfies which of the following differential equation?

1 La0]

I Lavel
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Haw = (anﬂ) (3-«::.-. )
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24. The solution of the differential equation kil
y —xa

—x + 2y? +—1s

y 1
a) =+——=¢
) 4 +x2+y2
y 1
b) =— =c
) x  x%+y?
X 1
c) =— =c
) y o x2+y?

d) None of these
25.1f ¢1, ¢y, €3, €4, Cs and cg are constants, then the order of the dlfferel\®ion whose

general solution is given by

Yy =cycos(x + cy) + c3sin(x + ¢y) + cse® + cq is Q
a) 6
b) 5 K%
c) 4 @
d 3 A

.
26. The solution of the differential equatt%\(%)z} dx

a) Inl | (x 5=¢
b) In|xy |+ yy) CK\'@.
o

xy =
9 G = ce”
d) =X =Gx)

(x-y)

- {(xf;)z = %} dy =0is

27. A curve y.= f(x) passes through the point P(1,1). The normal to the curve at point P
is a(y = 1)+ (x — 1) = 0. If the slope of the tangent at any point on the curve is
proportional to the ordinate at that point, then the equation of the curve is

a) y=e¥* -1
b) y=e*™+1
c) y=e%¥ —a

a(x—1)

d y=e

fi +1 = Yir (xn/2)(a-Yi?)
Konst = (Xnl2) (3-axn®)

n= Sﬂ = m __.a ‘_l- y
5>x @y+(n-1d {=r
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28. The differential equation of the family of parabolas with focus at the origin and the x-

axis as axis, is

a) y(d )2+4 Z—z=4y
W 7 (F) ==dy

d) y(Z—z 2+2xydy =0 . @
29. The real value of n for which the substitution y = u™ will trans Xe differential
equation 2x* y + y* = 4x°® into a homogenous equation iso
a) 1/2 % X3
b) 1 K
c) 32 A@
d 2
30. The equation of the curve for which t xare of the ordinate is twice the rectangle
contained by the abscissa and the ir@}@
@, 1)is @.
a) x2+y2—x=0 \
b) 4x? + 2y?% —

of the normal on x-axis and passing through

7~
d) 4x2+2y2-9x=0

31. The differential equation of all straight lines touching the circle x? + y? = a? is

) (y - —) - [1 ¢ (3—1)2]

>% aHCfH)d : = Knwr = (Knl.i',) (3-axn® )

y n g
 xn (E =

L t

1 La0]
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32.If x = Acos 4t + B sin 4t, then % is equal to
a) —16x
b) 16x
c) x
d) —x
33. The solution of the differential equation y,y; = 3y? is
a) x =Ay2+ Ay + A
b) x =4,y + A,

c) x =Ay>+ A4,y \\Q

d) None of these
34. A particle starts at the origin and moves along the x-ax1s way that its velocity
at the point (x, 0) is given by the formula — = cos n§ , the particle never reaches

a) x=i @
oo S
c) x=%1 K\'Q.

. . . da?y dy 3/2
35. The order and degree o differential equation |y + Sz xt (E) are

a) 2,2
b) 2,1 .%
c) 1,2

02,3

the point on

d) x=

36..The differential equation of all circles in the first quadrant which touch the coordinate
axes is of order
a) 1
b) 2
c) 3
d) None of these

g, = Bu-ait Vi +1 = Yi+ (Xu/2)(a-Yi%)

=
x 31*-("1—13d I~ Konst = (Xnl2) (3-axn®)
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37. The order and degree of the differential equation oz 1- (E) are respectively

a) 23
b) 3,2
c) 2,4
d)y 2,2
38. Observe the following statements. @
L. IF dy + 2xy dx = 2e™*" dx, then ye*" = 2x + ¢ ‘\Q
II. ILIF ye"2 — 2x = c, then dx = (Ze"‘2 — ny)dy Q\
Which is/are correct statements? O

b) Neither I nor II is true

¢) listrue, Il is false :@
d) 1is false, Il is true N @

39. A particles moves in a straight line wi@city given by % = x + 1 (x isthe distance | = =42

a) Both I and II are true % .

described). The time taken by a PE le to traverse a distance of 99 metres is =@ (n-1)d

3 logyg e \ ,A};(m
b) 2log, 10 é {’L ;F]
c) 2logpe
d) %10810 %@

40. The differential equation of the family y = ae* + bx e* + cx? e* of curves, where

a, b, c are arbitrary constants, is

.y +3y"+3y'"+y=0
b) ¥y +3y"-3y'—y=0

o) y'"=3y"-3y"+y=0

d y"=3y'+3y'—y=0 1 L0

I Lavel
ciz)

fi +1 = i+ (Xn/@)(a-Yi%)
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41. The difference equation of the family of circles with fixed radius r and with centre on
y-axis is
a) y2(1+y7) =7%yf
b) y* =71y +yi
o) x*(1+y7) =r’yf
d) x* =r?y; +y7
42. The solution of the differential equation x dy — y dx = m dx, is

OQ

a) x+./x2+y2=_Cx?

c) x—4x?2+y?=_Cx
d) y+/x?+y?=Cx?
43. The solution of the differential equation y’ = 1 + l®+ xy?,v(0) = 0is

3 y2 = expe+2)—1 Q)
b) y?2=1+Cexp(x+%) \é\g
c) y—tan(C+x+x2)

d) y—tan x+Z \@'

44. The differential equatlol® ‘Simple Harmonic Motions’ of given period 27”, is
dZ

a) ey + nx

b) —+ n?x=0

C) d“x

d)

45. The order and degree of the differential equation

5 (%) +4 (313;) + (%)3 + 2y + x3 = 0 are respectively
a) 2,5
b) 3,2
) 13

d 2.3

S - Ay-aet Yoty = \-!fi- (Xn/a R-Yf )
n B

x aﬁcn—nd | 1=° Kot = (Xnl2) (3-axn®)

ats 215 AR 3P XK 1 comoni = by GV €. coth (2) = | cot (izpMh(2) =1 "‘"'hc"@' fi
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46. The equation of the curve whose tangent at any point (x,y) makes an angle
tan~1(2x + 3y) with x-axis and which passes through (1,2) is
a) 6x+9y+2=26e3*"D
b) 6x — 9y + 2 = 263~
¢) 6x+9y—2=26e3*"D
d) 6x—9y—2=26e3*"D
47.y = Ae* + Be?* + Ce3* satisfies the differential equation

.
a) y'"—6y +11y' -6y =0 \\Q

b) y"+6y"+11y'+6y =0

c) y'"+6y"'—11y'+6y =0 O
d) y" —6y"—11y' + 6y =0 %0
48. Observe the following statements A:Interating facto Sty = x?is e*

R: Integrating factor of % + P(x)y = Q(x) i@%ﬂx .Then, the true statement among
.

the following is

a) Ais true, R is false Q
b) A is false, R is true @0
¢) Aistrue, R is true K\,
d) Ais false, Ris fa]@
49. The solution of the ential equation Z—z =e Y +x%eVis

9P
a) y=e*¥V—x%e 7V +¢

1

b) ey—ex=§x3+c
1

©) e"+e3’=§x3+c
1

d) ex—ey=§x3+c

2 2
50. The solution of differential equation t = 1 + (ty) % + & ( Z—z) +...00 is

2! 1 La0]

) 7= t/logt)? +e o
b) ty=tY+c¢

c) y=logt+c
d) v=(logt)?+c¢

Bus fien Nt
3> X ﬁrl*(ﬂ-—!-)d
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26.A

27.D

28.B

29.C

30.D @

31.B . Q

32.A \\

33.A Q
O

34.C
35.A 6 ¢
36.A é

=
R

,&\"’ e
%® 44.B
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47.A
48.C
49.B
50.A

an = ! ' S = Br-ae™ Vi 44 = Yfi- Xn/d a-—Yf ) y :
x B +(n-1d : 1=r Knst = (Xm_fﬂ}(}‘d)(ﬁ.,') «5’ : )"”f:
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z —cﬁ ; comin = bl sle™ NS €.
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HINTS 4NR SQLETIQNS

1. Order=1
Degree=1
2. e*dy+ (ye*+2x)dx =0

Xdy = —(veX dy _ -ef+2x)

e*dy = —(ye +2x)dx=>dx— —

ay _ —x 4y - _ =% @
=Y 2xe =>dx+ y 2xe

L 2 Q 1 LaD]
LF=eldx = ¢* \\ T o
E Ciz)
e (d_y+J’) = —2xe *e* > ie"y = —2x OQ Ln,.\*
JdeXy = =2 [xdx = e* y_—2—+C=>ye +x? —%0 Bin(x)
3. E"‘ Plx = Q1 é
LF. = ¢l Pdx A

efpdx(dy+P x) = el PaxQ, =>xe“’1d"\@b el P} dy + ¢

dy =B+ (n-1)d
dx—xd y—x—=
Yax—xay _ o = dx o+ =F (ko)

»—F

Divide.equation by (1 — y?)

dx y ay
| X =—

On comparing we get P—l_y

1 [e0]
la Lol

Ciz)
a+b)t

log
—v2
2% S1F=e Nl SIF=

Iz

ILF.=e

Sin (%)

S IO ~ fi +1 = Yi+ (xn/2)(a-Yi%)
Bretnd I WK = (Xul2) (3-ax®)

2 | _ : b
4’-2&‘. L comone i L YR € C?ﬁr (2) = icot (izpinh o

= iﬂ;_—-‘a'ﬂ"



a": 2 ab v bt = (AP

A _+f 1+0034 X *_'*'
C_,O5?=— T 2 wi

xt}\g‘l = (_J(fa) (.‘*.—ﬁ)

P N LR

A differential equation is homogeneous if all the terms in the equation have equal degree

and it can be written in the form 2 = &)
dx  f(xy)
8. A homogeneous differential equation of the form Z—z = can bx\ making

the substitution§ =v>x=vy Q

9. D= oxty o [eVdy = [e¥dx = —e ™V = e* +C=>e +e

dx
10. y=x K
v _1q l@
dx
%y a’y
d——0=>x +——x =>xy+
11. Given, tj
= M + - log(l + y& = (tan x)z + log(l + yZ) =c
. dy dy
12. Given, = 2cosx — cosecx = ——+ycotx = 2cosx
Tr+1- Comd™ IF = efcotxdx — glog(sin ) = sinx

N

Solution is y%= f2cosxsinx dx+c=ysinx = [sin2x dx + ¢

— COS 2Xx
2

At x=%,y=\/7

w2 sin% = s/ 2(1:/4) +c

= ysinx = +c

= =
¢ 1 t La0]

1 cos2x -
ysmx———cost+1=> y =—-.——+ cosecx fa* Lol

2 sinx Liz_)
p v b

= y=- (1 - 2sin® x)+cosecx=>y——cosecx+smx

2sinx

Ein (%)

2

Yi+1 = i+ Ofn/2)(a-YiZ)

X 31 +(n-12d . f=r Wavt = Xnl2) € 3"’@’;&")

a1 I
1 comoni = by GV €. coth (2) = | cot (iz}



13.

14.

15.

We have,

Wy _ e _ 1 —
Slope—dx:dx—2y=>2ydy—dx
Integrating both sides, we get y2 = x + C
This passes through (4, 3)
~29=4+C=>C=5

So, the equation of the curve is y2 = x + 5

dZ
. _ de 2x
Given, (x +1) = 2x => —dy e

On integrating both sides, we get

log% =log(x?+ 1) +logc = % =c(x?+1)

Asatx =0, £ =3
dx
3=c(0+1)=> c=3
: From Eq. (i), 2 = 3(x2 +1) > dy + 1)dx

Again, integrating both sides, we gec’Q
y= + x + c1®

At point (0, l)
c1 =1

1—3(0+0)
)® y=x3+3x+1

Since, f”(x) =6(x—1)
= f')=3x-1%+c ...(3)
Also, at the point (2,1) the tangent to graph is y = 3x — 5.Slope of tangent=3
= f'(2)=3
32-1)2+c=3
From Eq. (i),
ffx)=3x—-1)2?= f(x)=x-1)>?+k
Since, it passes through (2,1)
1=Q2-1)2+k =2k=0

= 34+c=3= ¢c=0

[integrating]

Hence, equation of function is f(x) = (x — 1)?

@y

o aﬂfﬂ-l:’d

exp fixorh) =F (ko)

...(ii)

1 La0]

I Lavel
ciz)



a":fﬂhbb": 'y
i,fx v

C,O&i'f 140934

2 1 2 5
x"—Aa‘ =z (x+a) (x-a)

16.

17.

18.

19.
20.
21.

22.

wi

-
s

sk Exd - iaady I

_ 149y, 1(dy)? 1(d_y)3
x_1+dx+2!(dx) +3! dx e

dy dy

=> x =edx > — =]og, x

= Degree of differential equation is 1.

=>%dy=/1dx=>logy=/1x+logC=>y=Ce“

.
y = (¢ + ¢;) cos(x + ¢3) — c,e**cs \\Q
Y1 = —(Cl + Cz) sin(x =P C3) —Cy eX*cs Q

y2 = —(c1 + ¢c3) cos(x + ¢3) —c et = —y — 2¢,e*"%
o
Y3=—"Y1tY,—Y é

Y3 = —y; — 2c,e*F6s

-~ Differential equation is
YV3—Y2+y1—y=0 ‘\Q
Which is order 3 Q

Solve on your own.

Solve on your own. \@'
The given equation is %
2
(y+3)dy = (x 52 +3y="+2x+c

Since, it passes%:gh (2,2).
“246=244+c >c=2

2 2
23y =T+ 2x + 2

Syl+ey=x*+4x+4=>x>+4x—y*—6y+4=0

aven, [1+(&)T" =2 (&)= [1+@]

Here, order=3, degree=2

i +1 = Yi+ (Xu/2)(a-Yi?)

{ S - a,L-—-;a'l‘n’
x Byeand e Konst = (Xnl2) (3-axn®)

Aty i ‘ .-"1' comoni = by GV €. coth (2) = [ cot GzpMh(Z) =i siniz) dn=deln-0d



ﬁn ;alr{.—ﬂ'ljld
exp flxorh) -F (ko)

m;ﬂ i 3
2 -F
23. y =ae™ + be™™ }

On differentiating w.r. t. x, we get
d

Y _
— = mae™ — mbe "™
dx

Again, on differentiating, we get
d%y

— 2 pMX 2
— =m*ae™ + m°be
dx?

= m?(ae™ + be ™) = m?y

.
= % —m?y =0 \\Q
24. Solve by yourself Q
25. Given, y = c;cos(x +c¢;) +czsin(x+c¢,) +cse* +¢ O
y = ¢;[cos x cos c, — sinx sin ¢, | K@
+c3[sinx coscy + cosx sinc, | + cse* + ¢ @
= cos x (¢, cosc, + c3sincy) + sinx (— + c3coscy) + cse® + ¢

'S
=Acosx + Bsinx + Ce*+ D \

—-mx

Where, A = ¢, cosc, + c3sinc,

=@+ (n-1)d
B = —c¢;sinc, + c3coscy, C — @ '

Hence, order is 4 \\t'
26. The given equation can % en as

(E_d_y) n (x%2dy—y?d 0

x y (x=p)?
dx d d_;) dx dy d_JZI_d_)ZC
ax 2) _ ax _dy\ , y2 A% _
> (& ﬂh—(ﬁ)z =0= (4 y)+(%_;%)2 =0

On integrating both sides, we get
1
In|x| —1In |y|—@=c
Xy

xy
y—x)

:In|| —c=>In||+

(x— y)

1 La0]

I Lavel

Ciz)

Haw = (anﬂ) (3-«::.-. )
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"> Equation of normal at P(1,1) is
ay+x=a+1 (given)
* Slope of normal at (1,1) = —%

~ Slope of tangent at (1,1) = a ...(I)

dy

2 dy
Al iven — X y =
50, given —— o y ™

=ky

dx (1,1)

dy _ .
Then, == = ay \\Q

ay =k = a [from Eq. (i)] @

=>°;—y=adx=>ln|y|=ax+c

*+ It is passing through (1,1), then ¢ = —a O
= Inly| = a(x — 1) = |y| = e**™V % ’
28. Equation of family of parabolas with focus at (0, )@x axis as axis is
yi=4a(x+a) ..(»3) &
On differentiating Eq. (i), we get
2yy, = 4a, putting the value of a i @

d
ey ot (2 5

o dy_ n—1du %

On substituting the values of y and % in the given equation, then

= y? —2yy1 yyl

29. vy =u"

n—1 du N du _ 4x®-

2xt - um nu™ = 4yt = 46 =
dx dx 2nx4y2n-1

4121 must be

Sinee, it is homogeneous. Then, the degree of 4x® — u*™ and 2nx*u
same.
~4dn=6and4+2n—-1=6

Then, we get n = %

fi +1 = Yi+ (Xn/2)(a-Yi%)
Knst = (Xnl2) (3-axp )

n= Qo= Bu-aret
5 x @3 +(n-12d {=r



ﬁn ;alr{.—n'ljld
exp fixorh) =F (ko)

mxnt [
= A 2

0. ~ Equation of normal at (x, y) is
Y _ & X
Put,y =0
= 5
Then, X =x +y ”

Given, y? = 2x X

%
=>y2=2x(x+y3—z)=> Z_i’_yz-sz_(x)y)z ‘\Q
Put y = vx, we get Q\

— \Gf
AQ

dv (2+v?) 2vdv  dv
>xZ=— = ==
x dx 2v (2+v2) + 0 ¢ @

On integrating both sides, we get

dv
Then, v + x— =
dx

In(2+v?)+In|x| =Inc=1 +v2)) Inc=>|x|(2+ ) @

It passes through (2, 1), t&\,

2(2+ )—c:c——

Then, |x]| ( 2 +
= 2x2+y2= §]x| = 4x? + 2y% = 9|x|
31. The equation of straight line touching the given circle is
xcosf +ysinf =a ...(1)
On differentiating w. r. t. x, regarding 0 as a constant

= cos @ +%sin9 =0 ..(ii)
1 LaD]

dy
. .. : — a I Lavel
From egs. (i) and (ii), we get cos 8 = _y_ and sinf = — @y e
Xax Y Xax Y Ciz)

cos?0 +sin’f8 =1

N e Rl

(x %)



_t el i T

a = Zab 3B =

Y -
A_+f 100 '
Cos 3= ‘ 2‘“ 2

T_al = (x+a) (x-a)

Conh e -t 1N

32. Here, x = Acos 4t + B sin4t

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

dx )

— = —4Asin4t + 4B cos 4t

dt

Again, on differentiating w.r. t. t, we get

d?x :

—— = —16A cos 4t — 16B sin 4t

Q

= —16(A cos 4t + B sin 4t) . Q
d?*x \

33. We have, O
y1ys =3y3 =2 =32

Y2 Y1

Integrating both sides, we get é

S

logy, = 3logy; +logc,
Y2 L 2

ﬁyz—clyliz_C$ \@
Integrating both sides w.r.t. x, we ng

1
_; C1x+C2 K\@
> Y12 (- 2c1)x+( 2 % ot h Where a= _ch,b = —2 CZ
1
> =F&

ax+b

Integrating both sides w.r.t. x, we get

y=§\/ax+b+c3=> Y% = \Jax + b

ax — 03)2

=>ax+b=( >

3 1 2
:x=%y2—%y+;(c43—b)=>x—A1y + Ay + As,

a

[
where = 4; =, 4, = —fand

1=t

ik S == Ea-t-"-;a”l‘n :"'1 - tﬁ%- .Kn Ll R_Yf )
>x & +(n-1d ! B s an_.fﬂ:.}"(s-axﬂ )
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. dx
34. Given, — = cos? mx

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

d?x . .
g —2m sin 2mx = negative

The particle never reaches the point, it means

d?x .
— =0 =2 —2msin2mx =0
dt?

. . 1
> sin2nx =sinmt > 2nx =1 =>x=5 @

. 1
The particle never reaches at x = > . \Q 1 [a0]
\ {a*Lao]

35. The given differential equation can be rewritten as L (i2)

a+b)*
iy 3/2 ? .
y+o2= + =y + — =x*+ (
dx % Bin(x)
2 2
@y 2 (V] 2 g (2) K
= [y i dx? x (dx) ] - [Zx (dx) @
~ Order and degree of the given differential e n is 2 and 2 respectively.

36. The equation of the family of circles whic both the axes is

(x —a)?> + (y — a)? = a?, where a@arameter This is one parameter family of ~ Foiter

curves. Order=1 0*“) FOra)
37. Given differential equation & " . F
2y _ 3 : dy
dx? x2

% Order=2, de 3

dy — 9=
38. I.dx + 2xy = 2e
=l 2xde — gx?
~ Complete solution is l
yexz = zfe"‘2 eX’dx +c = ye"2 =2x+c

II. ye"2 —2x=c

1 La0]
2 2 d 2 d 2 o Lwe
= yeX' 2x+eX. 2L —2=0> .2 =2-2xye* S
dx dx ciz)
o +b)E

d 42
= 2 =27 —2xy
dx

~ Tis true and II is false. Sin ()

g 1 'S“__:g a,_—-‘aq‘l"' :
x aﬂfﬂ-ﬂd L st = (Xanl2) (3-axn®)

Jdﬁ om0 = b Le £V s G?‘Eﬂ" -{.‘?’) = icot iz}
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a”: 2 ab v bt = (AP

A _+f 1+0034 X iy
| * -—
C_,m?:— 5 & W

- al = (x+a) (x-&)
A

Conh e -t 1N

1

39. We have,% =x+1

=

+1dx=dt=>log(x+1)=t+C

Putting t = 0,x = 0, we get

logl=C=>C=0

~t=log(x+1)

Putting x = 99, we get t = log, 100 = 2log, 10

40. Given, y = ae* + bx e* + cx?e”* ..(D) ‘\\Q

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

y' = ae* + b(xe* + e*) + c(x%e* + 2xe¥) Q
= y' = ae* + bxe* + cx?e* + be* + 2cxe* >y =y be* + 2cxe*
Again, differentiating w.r. t. x, we get 6

y"' =y + be* +2c(xe*+e*)=> y" @bex + 2cxe* + 2ce”
= y' =2y —y+2ce* ...(iii) @Q [from Eq. (ii)]
Again, differentiating w.r. t. x, we ge \

y'"=2y" —y" + 2ce* §
=  y'=2y"=y'+ " "+ y)

= ylu_3yu Iey\'J’:O

41. The equation of the fa @circles is
X2+ (y = )% = (6..(1)
V of

Where k is a parameter

[from eq. (iii)]

Differentiating w.r.t. x, we get

2x +2(y — kK)y, =o=>y—k=—yi ..(ii)
1

Eliminating k from (i) and (ii), we obtain

2 X% _ 2 2 _ 8 2(n2 2.2
i+t =riaxt=—"S=x*(yf+1) =r’yf
yi 1+y7

: Ao Vi +1 = Yi+ (Xu/2)(a-Yi%)
S, = ay-apt B +1 \fl e | _
R Kust = (Xnl2) (3-axn?)
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_ r%_F}
42. We have,
_ S P dy _y _ Jx*+y?
xdy —ydx = x*+y?dx=-—-==

X
' — v _ D
Putting y = vx and o, = Ut x—, we get
dv 1 dx
v+tx——-v=+14+0v%2> dv =—
dx 1+ v? x

Integrating, we get

loglv + V2 + 1| = logx +logC = v +VvZ+1=Cx =>y+,/x2’+¢ x?

43. Wehave, \\
1[ 7 Q
_—= I X 2 2

1

=>Z—z=(1+x)(1+y2)=>1+y2dy= (1+x)dx=>{%v’= (x.|.xz_2)+c . (D)

It is given that y(0) = 0i.e.y = 0 whenx = 0 : @

~tan10=04+C=c=0

L3
Hence, tan y—x+2$y—t =y 2

44. The displacement x for all SHM is given by = A Cn-1)d

x = acos(nt + b) \@b °M,;ch
dx . d? 2 £ F

= — = —nasin(nt +b ; = —n“acos(nt + b) £
d%x

> —=-n?x=>~—=+4n
dt? t

i5.5(22) + 4@ + (@ 42y =0

Here, highest order derivative is 3 whose degree is 2.

2x =0

1 La0]

I Lavel

Ciz)

fi 41 = Yir (xn/2)(a-Yi
Konsr = (Xnl2) (3-axn®)
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46. Given, Z—y tan @ = 2x + 3y

X

_ dy _ dz
Put 2x+3y=z =243 ool
0 (&2 _ o) &
= dx (dx 2) 3
£ _2=3:52 -4
dx 3z+2
On integrating, we get
log(3z+2) —x+C Q@
.
I TN, N
Since, it passes through (1,2). OQ
log(6+18+2)

= C

3 =1+C % .
3 @
log(6x+9y+2) log 26 9 _ _
= . ) =3(x—-1)

. x + —1= lo

.
= 6x+9y+2=26e3*"D \
47. Given, y = Ae* + Be?* + C%g) ..(1)
= y'Ae* + 2Be?* K
From Eq. (1), @

Ae* =y® —Ce3* = y' =y + Be?* — (Ce?*
y" %’ Be?* + 6Ce3* ...(i1)
From Eq. (ii), .
Be?* =y' —y —2Ce3*
y' =y' +2y' — 2y —4Ce®* + 6Ce*
> y" =3y’ — 2y + 2Ce3* ...(iii)
Again, differentiating w.r.t. x, we get
y'"" =3y" —2y' + 6Ce3*
From Eq. (ii1),
2Ce3* =y" —3y' + 2y
y" =3y"=2y"+3(@" -3y"+2y)= y" —-6y" +11y' -6y =0

1 G = Buoppek Jite= i Lrnrd “"Y‘l) —~ =
x @ +(n-1)d |=° Kt = Xnl2) (3-axn®)| | _ i >=y?
lp = At (n-d

o' = Zab +b¥ = Caghyt e d
i i,.. T WA cominim bl s le Y05 6

- 30

coth (2) = | cot (izpMh(Z) =i "s‘.r'-.ﬁc_i-g)

~ o K
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) N g
mixrl o
:a‘ Z‘FJ

. dy 2
48. Given, LTy =x
o IF:efldx=ex
dy _
D4 Py = Q)
~IF = efP(x)dx
. Both statements A and B are true and R = A

49. Given, Z—y =e V(e +x?) @

X

= [eYdy = [e*dx+ [x?dx ’\\Q
\

x3
= e¥=e"+—+c
: O
> eY—e¥=24¢
3 % 23
50. The given equation is K

dy\ . (ty)? [ dy\® @
=1+ @) () g () e\
" X2,
:t:ety(ﬁ) \ o=y 2
. \\
= logt =ty d_Jt, 0 =8+(n-1)d

04’1\-} 'F (’-q}

&

On integrating both si ,&'
y* _ (logt)®
== 2 D

1 La0]

I Lol

Ciz)

i+ = Yixr (Xn/d) R-Yi'
Ko = (Xnl2) (3




