Chapter

Differential Equations

v:_: Topic-1: Ordinary Differential Equations, Order & Degree of Differential Equations

o . 3 i ; : ; i C2EN (2y) 1
22 1 MOQs with One Correet Answer (c) src| :\ |=logx+ 2 (d) cos| \ |:p0u =
S E 1200081 = e : S

b TR 1, 1}1‘»“ ? [20005] 4 l'he differential equation representing the family of curves
(@) w"-200)+1=0 (b)) "+ +1=0 L —\ : 115 1
(c) '+ ‘.""': ~1=0 d m"+20°)2+1=0 y2=2c |x++c|, wherecisa positive parameter, 1s of

o = : 11999 — 3 Marks]

29 6 MOQs with One or More than One Correct Answer [1999 -3 Marks|

(a) order ] (b) order2 (c) degree3 (d) degreed

2. Consider the family of all circles whose centers li

. e 3 The order of the differential equation whose general
o ¥ e v=rx. Ifthis familv of circle 18 r¢ - .
straight line y =ux. Ifthis family of circle 15 rej solution is given by
differential equation Py"+Qy'+1=0, where P, Qare y=(e, ¥ ¢c,)cos (xtcy) —c,e™ 5, wherec,, ¢,, €4, €4, Cs,

v y are arbitrary constants, is [1998 — 2 Marks]
e L ) 5 ) 4 o 5
functions of x, y and »' | here y _:-.1 = e then @) - 0} 4 (c) 3 (d 2
which of the following statements is (are) true? Y i) Subjective Problems
[Adv. 2015 na =T - :
Py Pyt BN 6. Anormal is drawn at a point P(x, v) of a curve. It meets the
(@) it S T r 2 x-axis at Q. If PQ is of constant length k, then show that
(c) P+0=1-—x+y++(¥(d) P-0=x+y—y-0) the differential equation describing such curves is
3. A curve passes through the point | 1, g | Let the slope of \% = I_\‘,f',;-: __-l-f [1994 — 5 Marks]
A St ax
the curve at each point (x, y) be Y isec| Y } x>0, Find the equation of such a curve passing through (0, k).
J X \x/ -
Then the equation of the curve is [Adv.2013] " 3 d’y [ dv =
g ! If(a + bx) &'*= x, then prove that x ==
Ay \ E I (y) : ¢ d* U dx
(a} S = [=logx+— [ osec| = [=logX+.
(a) 5'”'-.\;; ___.| og X+ (b comec) = |50 [1983 —3 Marks|
@ Topic-2: General & Particular Solution of Differential Equation
g
:;: MOQs with One Correct Answer > : ; _ dy \u’II — _1-‘2 .
T . : 2. The differential equation —=———determines a
If y = y(x) satisfies the differential equation L . dx y
e _ family of circles with [20055]
8x (/o + Vx )dy = (_\M A9+ a/x J dx,x>0and (a) variable radii and a fixed centre at (0, 1)
) s - T s (b) variableradii and a fixed centre at (0, —1)
(( 77 . ny(230)= fAdv. 2018 2 3 : :
=7 ben yi26) : (c) fixedradius 1 and variable centres along the x—axis.
(a) 3 (b) 9 (c) 16 (d) 80 (d) fixed radius 1 and variable centres along the y-axis
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3.  For the primitive integral equation ydx + y2dy = x dy;
xR, y>0,y=y(x),¥(1)=1,theny(-3)is  [2005§]
(a) 3 (b) 2 () 1 (d) 5
4. Thesolution of primitive integral equation (x2 + %) dy=xy
dxisy=y(x). Ify (1)=1 and (x;) = e, then x;, is equal to
[20055]

(@ J2(e% -1) () 2(e2 +1)
2
@ |Be @ S

5. Ify=y(x) and it follows the relation x cos y + y cos x =

nthen y" (0)= [2005S]

(a) 1 (b) -1 (c) m—1 (d) —m

. 2+sinx [ dy]
6. Ify=yx)and——| —|=—cosx, p(0)=1
y+1 \dx
T
then y[;] equa[s [20045]
(a) 1/3 (b) 2/3 (c) —1/3 (d 1

7. Ify(f)is a solution of (1 +t)%—ry =1 and y(0)=-1, then

y(1) is equal to [20038]
(a) -1/2 (b) et+1/2
(c) e—1/2 (d) 12
8.  Asolution of the differential equation [1999 — 2 Marks]|
2
a’y] dy .
— | —x—=—+y=01s
[ir i
(@) y=2 (b) y=2x
© y=2x-4 ) y=2-4

|§§E,}

9.  Ify(x) is the solution of the differential equation
xdy— (2 —4y)dx =0 forx>0, y(1)=2,
and the slope of the curve y = y(x) is never zero, then the

value of 10 y(ﬁ) is

10. Letf:R — R bea differentiable function with /(0)= 1 and
satisfying the equation

[Adv. 2022]

fE+P) =) )+ ¥)f@) forallx,y e R
[Adv.2018] 15

Then, the value of log,, (f(4)) is :

11. Letf:R — IR bea differentiable function with £(0) = 0. If
v=fix) satisfies the differential equation

dv
i (2+5y)(5-2),

then the value of lim f(x)is
X—p—00

[Adv. 2018]
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Let I denote a curve y = y(x) which is in the first quadrant

and let the point (1, 0) lie on it. Let the tangent to " ata
point P intersect the y-axis at Y, If PY, has length 1 for
each point P on I', then which of the following options
is/are correct? [Adv. 2019]

/ 2
(a) y :—lgge[i}i]qy\“-—xz
X

) x'-y1-x* =0

1+v1-x* =32
(c) - 2| B | e

v =log
x

@ xp+v1-x* =0

A solution curve of the differential equation

d
(x2 +xy + 4x +2y + 4) EY —y?=0, x>0, passes through

the point (1, 3). Then the solution curve  [Adv. 2016]
(a) intersects y=x + 2 exactly at one point

(b) intersects y=x + 2 exactly at two points

(c) intersectsy=(x+2)*

(d) does NOT intersect y= (x +3)2

Let y(x) be a solution of the differential equation
(1+e*)y'+ ye* =1.Ify(0)=2, then which ofthe
following statement is (are) true? [Adv. 2015]
(@) »(-4)=0 (b) y(-2)=0

(¢) ¥(x)hasa critical point in the interval (-1, 0)

(d) v(x)hasno critical point in the interval (-1, 0)

== A T s e i

2
xvx? -1 dv—y yz—ldx=0 satisfy y(2)=—=

5

STATEMENT-1 : y(x) = sec[sec_] x—%) and

243

x X

[2008]

(@) STATEMENT - 1 is True, STATEMENT - 2 is True;

STATEMENT- 2 is a correct explanation for
STATEMENT - 1

1
= fi==

STATEMENT-2 : y(x)is given by L =
¥
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(b) STATEMENT - 1 is True, STATEMENT - 2 is True:
STATEMENT-2 is NOT a correct explanation for
STATEMENT - 1

(c) STATEMENT - | is True, STATEMENT - 2 is False

(d) STATEMENT - 1is False, STATEMENT - 21s True

&8

16. If length of tangent at any point on the curve y = fix)
intecepted between the point and the x—axisis of length 1.
Find the equation of the curve. [2005—4 Marks]
17. A hemispherical tank of radius 2 metres is initially full of
water and has an outlet of 12 cm? cross-sectional area at the
bottom. The outlet is opened at some instant. The flow

through the outlet is according tothe law v(£)=0.6 y/3gh(1).

where v(7) and h(7) are respectively the velocity of the flow
through the outlet and the height of water level above the
outlet at time t, and g is the acceleration due to gravity. Find
the time it takes to empty the tank. (Hint : Form a differential
equation by relating the decrease of water level to the
outflow). [2001 — 10 Marks]

18.

19.

20.

B63

A country has a food deficit of 10%. Its population grows
continously at a rate of 3% per year. Its annual food
production every year is 4% more than that of the last
year. Assuming that the average food requirement per
person remains constant, prove that the country will
become self-sufficient in food after n years, wheren is the

- : _Inl0-n9
smallest integer bigger than or equal to 1 70070 03 -

[2000 — 10 Marks]
A curve passing through the point (1, 1) has the property
that the perpendicular distance of the origin from the normal
at any point P of the curve is equal to the distance of P
from the x—axis. Determine the equation of the curve.

[1999 — 10 Marks]|
Determine the equation of the curve passing through the
origin, in the form y=f(x), which satisfies the differential

equationfj—; =sin (10x + 6y). [1996 — 5 Marks]

d

Topic-3: Linear Differential Equation of First Order

=

1. Letf:[1,o)— R beadifferentiable function such that

e
i T

(

3
f{l}=§ and 3jle(t)dt=xf(x)—%,xe[l,oo)Let e

denote the base of the natural logarithm. Then the value

of f(e) is [Adv. 2023]
2
e” +4 log. 4+e
(a) 3 (b) =
2 -
© = @ =
2. The function y=7(x)is the solution ofthe differential equation
dy xy a2, e
-4 === in (- 1, 1) satisfying f (0) = 0.
dx xz =1 1_x2
¥
Then T f(x)d(x) is [Adv. 2014]
V3
n 3 x 3
2o L
T -\E n 3
O s e o

Get More Learning Materials Here : &

@ >

cnrene €

the value of y(2) is

For x R, let y(x) be a solution of the differential equation

(x2 —5)%—2){}! _ 2x(x?-5)" such that y(2) = 7.
Then the maximum value of the function y(x) is [Adyv.
2023]

Let y/'(x) + 1(x) 2(x) = g(x) g'(x), ¥(0)=0,x R, where f
'(x) denotes % and g(x) is a given non-constant
differentiable function on R with g(0)=g(2)=0. T?ze{t)ll !

For x R, let the function y(x) be the solution of the

d n
differential equation ay +12y =cos [Ex) v(0)=0

Then, which of the following statements is/are TRUE ?

(a) y(x)isan increasing function [Adv. 2022]

(b) y(x) is a decreasing function

(c) There exists a real number B such that the line y = p
intersects the curve y =y(x) at infinitely many points

(d) y(x)isa periodic function

For any real numbers o and B, let y,, B (x),x eR, bethe

solution of the differential equation

dy px
F e 3 =1
ay=xe™ ,y(1)
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LetS={y, 5 (x):a, B € R }. Then which of the following
functions belong(s) to the set S? [Adv. 2021]

2

—£ =% .._l. e_"—
@ =2 +[e ZJ

(a) lim xf

x—0+

lim f'[ij =1 (b)

K=+ X.

(¢) lim x*f'(x)=0
X

Mathematics

B

(d) [fix)|<2forallx € (0,2)

g 9, lf_l"l'.\-'] sagsﬁes the differential equation
®) f(x):—i')-—e"x+(£'+ %] = ¥ —ytanx=2x s;?crand_r{ﬁ}=0, then : [2012]
< Xy > (T
_e-\'( 1] [y B @) N3) sh ® 3"{4]‘18
© ﬂIJ_? I_E +Lg_?Je ) =t ) 1:] n o 2n?
O35S 0i(3)-T35
£ e :
(d) f(-T}:FLE—I]+(‘E'+—2'—]E’ -__:é:‘_ L I ﬂmF‘ﬂ] 1317 ‘
7. Let f:[0,%0)—> R be a continuous function such that 10.  Match the following : (2006 - 6M]
J. 5 s Column 1 Column Il
f(x)=1-2x+| & f(r)d: =2
: (a) | Ginx)™> ® 1
forall x €[0,%). Then, which of the following statement o
(o) WO _ I"\_d‘ s ( cos xcot x —log(sin r]““]dr
(@) Thecurve y= f(x) passes through the pont (1, 2) /
(b) The curve y = f(x) passes through the point (2. -1) B) Afef‘ bounded by X (@ 0
(¢) The area of the region “h*=xandx-1=-5)
e (C) Cosine of the angle of (N 6ln2
i ; M R e
ft{.\'._r)e [OI]xR: f(x)< y<+l1—x" g 2 intersection of curves
(d) The area of the region y=3""!logxandy=x*-lis
ROk j 2] . m-1 dy 6 4
{(.r._r):- e[0I]xR: f(x)Sy<vl-x } is (D) Let % =;: where (s) 3
8. Letf: (0, f‘:) — [ be a differentiable function such that (0) =0 then value of y when
sy HE) x+y=6is
filx)=2 ‘ forall x € (0,c)and f{1)= 1. Then [Ady. 2016] ;
g Answer Key
Topic-1 : Ordinary Differential Equations, Order & Degree of Differential Equations
1. (b) 2. (be) 3. (@) 4. (ae) 5 (©)
Topic-2 : General & Particular Solution of Differential Equation
L@ 3. (@ 4@ S &6 16 5 9. ®)
10. @ 1L 04 12 (cd 13. @d 4. (o) 15. (o)
Topic-3 : Linear Differential Equation of First Order
W 2@ L0600 40 5 (© 6 @) 700 8 @6 9. (a,d)
10. (A)—p, (B)—s, (C)—>p,(D)—>r1
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Hints & Solutions

Topic-1: Ordinary Differential Equations,
=)__Order & Degree of Differential Equations

() Given x? +_v2 =1.Differentiating w.r.t. x, we get

x+p'=0

Again differentiating w.r.t. x,

1+ P+ =0

(b, ¢) Let the equation of circle be
2+12+2ex+2gy+¢=0

= 2x+2p'+2e+2gy'=0

= xtwt+tgt+g'=0 (1)
On differentiating again, we get

1+ "+ P +g"=0=g=— o

1+ “‘ﬂ
A J

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

1+ ()% + " : |(l +() + ") V=0
I L y" J

= 0+ =1=-0P - =y =0 = yyy" =0
= (@-yp'-yA+y+P=1

= @-xP"+[1+y+0)]y+1=0

. R‘Jfl+QyJ__l=0

s P=y-x,0=1+y'+"

Hence, P+ Q=1-x+y+y'+ ()

x+y'—

dp y ¥y
(@) —==—+sec—
K X x
y dv
Put y=wr, ..—=vV+x—
dx dx

dv
o S Elie | _{cosvdv = j—
dx b

(i x=0)

= sinv=logx+c
S
sin= = 1 s
- - ogx+c
. = i 1
Since, it passes through |1, —| =c¢=—
6 2
1

i
Hence, SIn— = logx+—
i X 2

(a,¢)y?=2c(x++Jc) = 2 =2¢c = c=y
Eliminating ¢, we get
9
_1‘2 =2y (x+ ) or(y=2x4)" = 4}59,3
It involves only Ist order derivative, its order is 1 but its
degree is 3 as yj 1s there.
{c) The given solution of differential equation is

\ ) X+Cs5
v=I(c +cy)cos(x+c3)—cqe

=(¢y+ey)cos(x+ey)—cy et e’
= Acos(x +¢3)— Be”

[Here, ¢) + ¢, = A,c4e‘:'5 = B]
Hence in the solution there are actually three arbitrary
constants and hence this differential equation should be
of order 3.
The length of normla PQ to any curve
y=f(x) is given by ¢
Cdy)?
ay

0%

Given, length of PO = k

¢ dll-\z 2 2 O --\'
p=\ +y =k
[' d\.’J +
dy 2 2
= y—=H\Jk -y
de ¥

which is the required differential equation of given curve,
On solving this D.E., we get the Eqn. of curve as follows

III 2 2
—Ak -y =xx+c
Since, it passes through (0, &), we get c = 0
Equation of curve is

tdx = —%.2\/:3 —y? =tx+c

—
> 7 % pl

-—\u'lk*—_v' =tx = x +y =k

a+bx
Diff. w.r. to x, we get

'1_ a+bx—bx
;o 3 =
- o (a+bx)”
5
dy 3 ax?
= [,\';— _1'] ¥ =— (i)
dx (a+bx)®
From (i) and (ii) we get
Y Y= Sk «(111)

Differentiating (ii1) w. r. to x, we get

@’E www.studentbro.in


H2O TECH LABS
Rectangle

H2O TECH LABS
Typewritten text
Hints & Solutions


8222 Mathematics |
a'zy +iy__d_y X (a+bx)a—axb 4. (c) The given differential equation is (12 + yz)dy = xydx
dx* dx ax (a+bx)? suchthaty (1) =1 and y(xg)=e
dzy = az dy xy
B ) = e
dx®  (a+bx) dx x4 32
d? 2 . )
L ody (=) P
dx” a+%)x dx 1442
Comparing (iii) and (iv), we get a
dv -y 2
sd?y (& )2 ————— :»J'”; dv+J’5x_:0
X g_ixT_ xdﬁr ¥y 14+v v X
iﬁ Topic-2: General & Particular Solution = —-—1—2-+ng [v|+log|x|=c
=] of Differential Equation 2v
2
x
1. (a) Given differential equation can be written as A oEy St 2,2 LEv=7i5)
1
Idy = _[ dx 1 2 _yz
( 4+J9+«/¥){\/9+J§)s\/§ Now, y()=1 = e log y = 252
Putting /4 ./ =1, we get . 2_ 2
£ y4+ 9';'& & since y(xp)=e — 10ge=x0 : = x{}:\/ge
dx =dt 2e
2\/4+ \/9+\(;‘2\/9+\/; 2x 5. (¢) Given that y = y(x)
and xcosy+ ycosx=m7 (1)
J-dy=jdt = y=t+c From eqn. (i), when x = 0 then y = nt
On differentiating (i) with respect to x, we get
= ly= 4+ 19 +Jx Y —Xsin y.y'+cos y+ y'cos x— ysinx =0
Now, ¥(0)= V7 = c¢=0 ey y,=_____ysinx—cosy i)
COSXx—xsin y
y=V4+/9+Jx = y(256)=3 ~ %0y =1
I Y 24y 2de=0 eadun ol
X T y i 7R s = Differentiating (i1) with respect to x, we get
& (y'sinx+ycosx+siny.y')(cosx-xsiny]
= \,,‘l—y2 +x=c = (x_c)z +y2 =1 w_ —(=sinx —sin y — xcos yy')(¥sin x— cos y)
which is a circle of fixed radius 1 and variable centre s (cos x - xsin y)?
(¢, 0) lying on x-axis. J
: woy < D -1
3. @ ydv+y’dy=xdyixeR,y>0,y(l)=1 == e x
vdx — xdy d [x] [2+sinxJ dy
= ———+dy=0 = —| = |+dy=0 6 @) | V= 3(0) =1
3 2 ) i Iy Jais r
.

Get More Learning Materials Here : &

On integration, we get £+ y=c
y

Now tofind y(-3), putting x =3 in above equation, we get
3
—;+y=2:>y2-—2y—3:{]=>y=3,—]

y>0, .. y=3

(1+y)  2+sinx
On integrating both sides, we get

= In(l+y)=—-In(2+sin X)+e (i)

Put x=0andy=1 = n2=-In2+¢ = c¢=I4

n . -
Put x:; in egn. (i), ]n(l+y)=-]n3+ln4=ln-j—

1
= P=—
=3
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- B a1 so, 224008 oyt
W T 1t U T raes ailds - ¥
IF. = f Tl _f[‘-;:,] — o~ (t=log(1+1))
_ —t log(l+1) _ ~t 4
=e .E‘ =(l+1t)e Take y = - = y(\[i)=i
Hence solution is I+x 5
(+0)dt+c So, IOy(J_)=8
{ 10. (2) f(x+y)=f) ' (y)+ £ (x) f(y) -1
= yell+)=-e"+c zy___+_ﬂ'€_ On puiting x = y =0, we get
1+t 1+t 1
y(0)=-1, o ¢=0 fO)=2f"(0)f(0) = f'(0)= 3 [ f(0)=1]
2 43l y ik On putting y = 0 in equation (i), we get
Hence, y= —+!- = y(i)— 5 f{x)=f(x} f'(o}“"fJ(x) f(O]
8. (c) Given differential equation is f '
- = =i TR fﬁdpljdx
d}-‘ e dy 4 f(?{) 2
=] e hp=4 (i)
dx dx
[+ RO)=1and f'(0]=%_-]
dy
@ y»=2= E—O = logef(x)=%+logec
& fﬂgl}nf Y = f®=ce? = fx)=e
= y =0 which is not satisfied. [ f(0)=1]
X
(b) y:ltﬁ%: = Ioge(f(X))—E = log, (f(4))=2
On putting in Eq. (i), n . iy_ - e [ E)[ ﬁz]
QP -x.2+y=0 0.4 (By+2)(5y-2)=25 iz ks
=4-2x+y=0 =
= y = 2x which is not satisfied. = zsjﬁzj\ Idx
P £
() y=2x—4:>—y=2
dx
On putting in Eq. (i) = 25_[ = T m—octly = J'dx
2P -x-2+y 5 y+ E
4-2x+2x-4=0 [ y=2x-4] 2
y = 2x — 4 is satisfied. a0 oy Y-
d) y=2x*-4 = —x=—/n =1 N
dy 25 4 +g
= Ay 5
dx
On putting in Eq. (), L e B
(4x)*—x.4x+y=0 20 Sy+2
>y= 0 which _is not satisfied. As, fl0)=0, . 0=0+¢c = ¢=0
9. (8 Given differential equation x dy—(y2 —4y) dx=0 =
A y-2 ox
dy & Hence, =
e g
y "4)’ * S
= i e g lim e =e®=q
[—._—_.}]& j_ X—»—0 5f(x)+2 X—»—o0
=455y ; 2
= 5 lim fix)-2=0 = lim fix)= g= 0.4
E el o e X——o I
:;41:1 5 ' In|x|+c 12. (d)

= Putx=landy=2,wegetc=0
In y‘_“ =4In|x|

Get More Learning Materials Here : &

Tangent to the curve y = y (x) at point P (x, y) is given by
Y-y=y'(x)(Xx)

It intersects y-axis at Y_, putting x =0
Y-y=Xyx)=Y=y-xy'(x

Yp (0, y—xy'(x))

Given PY, = 1= \/(x—U)z +(y-y+xy'(x))* =1
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13.

Get More Learning Materials Here : &

l—x2

= 2 +x* )’ =1=2>y® =

Now y = y (x) less in first quadrant and its tangent
passes through (1, 0), therefore it has to be a decreasing
function, so derivative should be negative

| [or xy' (@) + V1-x% = 0}
X

l—x2

y'(x) =

= y=-] dx
put x =sin 6 = dx = cos 0 d0
y—aj-coiecosﬁde— I(cosecﬁ—smﬁ) do

sin 6
y =+ log |cosec 6 + cot 6] —cos 6 + ¢

1:l;xz—\.v'l—ﬂ{z +c
X

forx=1andy=0,wegetc=0
||| 2
_h(ﬁ]_‘\“_xz
X

options (c) and (d) are correct.

y =log

dy
@d)  [(x+2)(x+2+y)] G- -y =0, Puty=(x +2)t

:g=(x+2)£l£+t
dx dx

dt
(x+2y=0o0r(l +t)[(x+2)a+t]—t2 -0

dt
2)(1+t)—+1t=0
(x+2)( )dx

[E’l)dtz_ﬂ
t x+2

Int+t=-In(x+2)+c

- o) ()
Xx+2 x+2

=—In(x+2)+c¢

Yy
— + + —— =] +
Iny—In(x+2) <2 In(x+2)+c

y
+ ——=C
my x+2

=In3e

In3+1l=c=>hy+
%+

y
+ — = = + + = +
(A)lny e In3e=In(x+2)+1=In3+1

= one solution

2
D) y=(x+32=In(x+3*+ w(iﬂ—=ln3+1
X+2
2
Zln(x+3)+(x+2) +1+2(x+2) =l
X+2

gx)=2In(x+3)+(x+2)+ 2+ . ~In3-1
(x+2)

14.

15.

16.

Mathematics

o 2 e 1 2(x+ 2} (x+3) 150
(x+3) x+2)?  (x+3)(x+2)°

Since x > 0 given and g(0) > 0, therefore g(x) will never

intersect x-axis when x > 0.

e’ s 1
1+¢* l1+¢*

LE. =1 + &*. Hence solution is
l+e)=x+c

d
@9+

+4
Now, (0)=2 = c=4, . y=—
¥ +1

= y(4)=0

dy _ (e*+1)—e(x+4)
dx (ef +1)>

Also—

- . dy
For critical point, put E =0

= Mx+3)=1 = x+3=¢*
Its solution will be intersection point of y =x+3 andy=¢™*
2
2
3
y=e
e
/ __] O > X

Clearly there is a critical point in (-1, 0).
(c) The given differential equation is

xVx? - dfp y\,’y —ldx 0

~1 1
j = seCc y=seC x+c¢
y\/y ~1 ;w{x -1
= 2
= y=sec[sec” x+c], -.-y(2)=-ﬁ
= i=sec(scc_12+c):=>sec_}-%—— T2=¢c
3 V3
RS ec[sel_}
5 3 6. 7 -
Statement 1 is true.
Al *1*- C‘JJS[(:::@.']i ﬂ}
e e x 6
[ =1 1) b0 [ =1 1] 2
=C0S| COS — |COS—+S8IN| cos — |SIn—
x 6 % 6
LS, S8 o W
vy 2x 2 x2

Statement 2 is false,

‘We know that length of tangent to curve y = f(x) is
given by
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2
2
1+ [w
W'
[
dx
According to the question,
2
dy]
1+ [—
4 dx
(%)
dx

2 2 d
= [ﬁ] =7 =5 —y=i‘ 4
dx 1—}’2

I\/?dy=ifdx

Put y = sin 6 so that dy =cos0d0

0
IC?S b
sin®

= I(cosec&—sinﬂ)dﬁ =tx+c

= log|cosecO—cotB|+cosO=%x+c

1-41-)?7
¥
Let the water level be at a height & after time ¢, and water

level falls by dh in time dr and the corresponding volume

of water gone out be dV.

= | dV|=|nrldn|

= 4V _ —mip? i (=
di dt

Now, velocity of water, v = %,/Zg}:

= log + l—y2=ix+c

(. dh is very small)

as f increases, h decreases)

Rate of flow of water = Av(4=12 cmz)

av [3 ] > dh
= —=|=2ghd|=-n?"=
& \BE L

Also from figure,
R*=(R-h2+r* = r?=2nR-1?

So, %@ hd=-n2hR —hz).%

2hR - h? 3
= - dheuPDedd
Jh SV e

18.

0 I
Integrating, jR(szE 12 = -3’5&_14. L} dr
¥

{13 13050 15 )
5 2 2
= T= Sn ZR.h__k__
34J2g| 3 5

1 ae

__om [—ER5’2+E.R3”)= St 14 52
342z\ 5 3 342g 15
5n

14 5/2
= % — % 200
3x12x2Jg 15 k)

n

n
= ———= x(2)? x (2)12 x (100)2 x (100) 12
54\5@*() (2) x (100)* x (100)

141

27g
Let X, be initial population of the country and ¥, be its
initial food production. Let the average consumption be a
unit. Therefore, food required initially aXj. It is given

90
Yp =aX (HU-] =0.9aX (1)

(2)51"2 3 (1 00)5!2

(10)° units.

Let X be the population of the country in year ¢.
dx
Then, e Rate of change of population

=3 x-003x
100

= % =003dt= j% = j'o.osdr

= logX=0031+¢

= X=A4.e"%% where 4 = ¢
Atr=0.X=)§?,thusX0=A

5 X=X, 00

Let ¥ be the food production in year r.

4
Then, Y=1@[1+T:~OJ = 0.9aX,(1.04)

¥y =09aX, [from Eq. (i)]
Food consumption in the year ¢ is aX, %%
Again, Y-X =0 [given]

= 0.9 X, a(1.04) > a X003

(1.04 1 10
E R TR
Taking log on both sides, we get
1[log(1.04)-0.03] > log10 —log9
5 log10—log9
log(1.04) - 0.03

Thus, the least integral values of the year n, when the
country becomes self-sufficient is the smallest integer
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Hence, required curve is x? + 32 = 2x.

log10—log9 4
Brcaioe that or equalto 1 01.04) 0,03’ 20. Given, DE, = =sin(10x+6))
19. Equation oz:onnal at point (x,y) 1s Put 10x+6y=y
=yl (i) o 30 6%:% 5 -z—;—lo 6sinv
Distance of perpendicular from the origin to Eq. (i) A i
&2 =% _— = dx or ——*—‘T =iy
PF—ox 6sinv+10 12sin—cos—+10
* dy 2112
] ( ﬁ]z On dividing numerator and denomenator by cos® (%} :
dy _ we get
Also, dls!ar;f between P and X-axis is |y|. s v de
y+d—»x - 2 = dx
2 LO 12tan > +10sec® ~
2 2 2 2
Top | 22 [V] bya¥ - d
Now put, tan == —8eC —=—
&y . 2 g al ey e
2
=y? +ﬁ_x2 +2xyﬁ=y2 1+[£] = Zdr—secz— dv
dy dy dy
2dt dt
e 2 o _—2 =dx or —2-—=dx
ﬁ[—} (x2 = y)+ 2xp—=0 12641001 +17) 5t +61+5
dy dy
:)—id-x——[[ ](x -y )+2xy} 0 3
s =i
dx dy y*-x? 2
= —=00r —=-= > _151+3
dy d‘( 2:‘1.‘ — = SI+SC
dx i 4
But a‘—‘o = x = ¢, where ¢ is a constant. — mn‘lﬂzatx +e (1)
Since, curve passes through (1, 1), we get the equation of 2
the curve as x = 1. Atoﬁginx=0,y=0=~»v=0=>z=tan—2~=0
. &y P . 43
The equation & = 2 is a homogeneous equation. oL tan T —=¢
On putting the value of ¢ in equation (i), we get
dy dv 5t+3 3
Put y=w=-==v+x— tan ' — " —tan 1= =4
dx dx 4 i
dv  vix?—x? Stt3 8
vV x—=—r— T 2080,
dx 2x%v = —_HS‘_J’E 3 =tandx = I andx
:xdv V-1 2 Vv —1-2v7 V41 1 54 4
——— _ = = - = + — =
=Y ¥ 7 7 = 4t=(5+3t)tandx = ¢(4—3tan4dx) St;n4x4
L3y g = lgn e B e
== ldv=-; 2 4-3tandx 4-3tandx
g Stan4x
5 . = sre3y= (224
=) 51 lOg(VZ + 1) lOg |X[ 2 \‘ & 4—3tandx
Y e
=log|x|(V+1)=¢ = x| +1|=¢ 1[ _,[ Stan4x ] )
=5 =—/tan” | ———— -5
2" 273 4-3tandx)
= x*+ y2 =+e%xorx® + yz =+¢“x is passing through
(L, 1).
altl=+el
=+ =2
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5} Topic-3: Linear Differential

=
=) Equation of First Order putx=2, =l ittt e iemed

" y=—(x2-5)(x*+3); Letx*=1>0

3
1. (¢) Given that 3"‘ t)dt= xf(x)-——-

i
i
!
1

differentiate w.r. to x both side y=—(t=5)(t+3)
3(x) = fix) + xf(x)—x2 o \ 3
dy [2] ymx=l6whenx2=l .
AL R S e e
dx \x ¢ [ y=Rx)] 4, (0) The given equation is 34‘8 ()Y = gx) gx)
1 1 1
e s — | = — "(x)dx
=g i®~ xzﬁy[xz}_jx'xzd" L = el €O _ ety
1 Hence solution is y.e8™)_ [e#g(x).g'(x)dx
y=x fxkons . y (D= 3:>c_3 Put g (x) = ¢ so that g'(x) dx = dt
2 X)= | =ab
Yl y(e]=4i y.e8® = [tat =et(t-1)+c
LBy oot = e [gx) 1] + ¢
2. O dy x S +2x Asy(0)=0andg(0)=0, .. c=1
& 122" i 2 S p.e2®) =8 [o(x)— 1]+ 1
= 4 5 As g (2) = 0, putting x = 2 we get
IF. e gz foifio (2).e8® = 2 [g(2) - 1] + 1 =5y (2)= 0
Hence, solution is givell by2 5. © %+12y=cos[%j
+
Wi-x? = [N1-22 2= TR i
1-x? LE = H & = 125
5
¥ l*x2 =i1£-+.a|:2 +c Solution is: }’.el 2x=felzx.cos[%]dx+c
f(0)=0= Atx=0,y=0 =c¢=0 12x
2 xs 5 ::»y.el?"‘r =9_[12msﬂ+£sin(ﬂ):|+c
S oWwWl=x =?+x 122+[E]2 Ko it 12
% ¥ .5 12
S 2 = LAt Putx=0,yl——éﬂweget
= pef)=——in 1= [ =2 dx Gmee s
1_x2 3 et 122 +(£]
25D 12
¥
=2 ? x? dx oy is odd Soy=— 12cos[ ]4»—sin(ﬂ}—12e“l:‘ZJlr
A B S 2) 12, \12
Putx = smf} = dx= cos{-) de fl(x)
I= 2jsm 0d0 = j (1-c0s20)d6 LW
5 [-EJ +122
(9-““29] E_[?l 12
2 Jo 3 4
dy e n[——)+—2 +144¢71%%
3. (16) Given differential equation is (x*>—5) - —2xy=-2x dx -1 12/ 12 12
(x2-5)? falx)
d o5 When x is large then 12¢'%* tends to zero.
= y=—2x(x2 —S)

i xz - 2 T * 2 3 5
% fx dx 1 | But £, (x) variesin | =7 +[12J P +[EJ
= " x ¢l = =

d
" Hence E{- is changing its sign.

x- -5 So, y(x) is non-monotonic for all real number.
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Also when x is very large then again —12¢~!2¥ is almost
zero but f, (x) is periodic, so there exist some p for

which
= P intersect y = y(x) at infinitely many points.
d
6.  (a,¢) Integrating factor = ef A o

Solution : ye®* = fxe(mmx dx

Casel :
2
If oo + B = 0 then ye™ = -2—+C

Putx=1landy=1

option (a) is correct,
Casell :
Ifa+f=0

(a+Pix
ar.  X.E

e
a+p

efu—B}.t elu+5}x

Lox _ X

a+p {Ct-i—[ﬂ?'
Putx=1andy=1, we get

e ‘“ﬁ+ $2t8 8.
o+p ('(1+|3]2
eP*
=———((a+B)x-1)
(a+B)
o+p a+p
S R [Tl o
a+p (a+[3)2
Fora=f=
x 2 22
y=—Q2x-1)+e" | e-—+—
X 2
y:%-[x—%)irc_x[c—mj
So, option (c) is correct.
7. (00 f(x)=1-2x+ J'D"e"—‘f(t)dt 9.

= f(x)=1~2x+e"_[o"e“f(t)dt

= f(x)=-24¢X j; e 'f(t) dt + e[ *f(x)]

= f'(x)=-2+[f(x) -1+ 2x]+f(x)
= f'(x)-21{x)=2x-3
Its a linear differential equation.

= eJ'-'sz = c—2x

Solution: f(x)x e Ie-zx (2x —3)dx

= =2%
= fx)xe X = I L 5 x 2 dx
-2x —2x
=5 t’:‘z’(l"(x)=‘3 5 (2x—3)+e +c

Sreel
= f(x)z—x+5+—2+ce2x = f(x)=-x+1+ceX

From definition of ﬁ,mct:on fl0)=1
I=l+e = =0, : f(x)—l-—x
Clearly curve y = | — x, does not pass through (1, 2) but it
passes through (2, — 1) y
. (a) is false and (b) is true.
Also the area of the region B

]—-x<y<\|'l— , is shown in
the figure by the shaded region,

is given by > X
= Area of quadrant — Area AOAB 0 ax

n—2

= —l-xnxlz—lxlxl e
4 2
= (c) is true and (d) is false.
fi 1
(@ f'(x)= E—E—) =g + =fx) =2
X X
LE.=elo8x=x, - fix)x= [2xdx =x?+c

Cc
= fix)= x+;—,c¢0 as fix) = 1

: 1
(@) lim f'[—) = lim (1-cx?) =1
x—0" X x—0"

A 1 :
(b) lim xf(l)= lim x(—+ cx] lim ]+cx2=]
X X

x—0" x—0" x—0"

(© lim x%f'x = lim x? (l—%} = lim x?*-c=-¢
x—0* x—0" X x—0"
(d) Forc#0, f{x)is unbounded as 0 <x < 2
C

i C ¢
=5 —<—<WD—<X+—<©
2% 2 X

d _dz tanx = 2x
(a, d) 4y ~ytamx=2xsecx,
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— [ tan xdx intersection points as(—4, + 1)
LE =¢? =C0sx Re:;uiredm
y.cosx= IZxdx =x*+c 1 g : 1 3 4
Now, y(0)=0=¢=0, . y=x*secx =J-_1{(1‘5J" )+4y ]05’=2IU(1‘)' )03'=§,
=y =2rsecx+ x’ sec xfan x
e : (B) > (s)
3 A E o 2= n (C) By inspection, the point of intersection of two curves
St AT TR y=3"logxandy=x*-1is (1,0)
== Tr?. znz d 3x_1
r ‘—‘ =—) = _}i— x—1
JLBJ T ) Forﬁrstcurvedx_. = +3"" log3logx
[?‘E] 2 n T n
! e 24 —xl=—%+— d
POW g M TeE " w2 :(—}—’] =1=m,
2 2 &/ 1,0)
,r[EJ _ZTI 2 Zi 3 =2T€ +_4_T'-' d
ST T & g 33 3 For second curve Ey=xx(]+logx)
10. (A)—)Pq(B}_)SS(C)_}ps(D)_’r dy
{2 . = —— =]=
(A) IO“ (sin x)°%* (cos x cot x — log(sin x)*™* )dx [dJ[LO} "2

= [ du where (sin ) =u=1
(A)—(p)
®) (4, 1) Y

(1,0)

(_49 =] )

1 1
Solving yz = _ZI and J»‘2 = —E(X—IJ , we get

Get More Learning Materials Here : &

" m; = m, = Two curves touch each other
= Angle between them is 0°

SoocosB=1,

© -

D) Q= o =£—lx=-¥-
dx x+y g 6 6
LE =g

= Solution is x-I-F-=I(-€--I'F-)a§/+c
=>xe6=—ye 666+
e*-"‘rﬁ(x+y+6)=c

=x+y+6=ce

= x+y+6=6¢" S w(O)=0)

= 12=6¢" (using x +y = 6)
=y=6In2(D)—(1)
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