Paragraph for Questions 1-3: Consider the functions defined
implicitly by the equation y* — 3y + x =0 on various intervals in the
real line. If x € (—ee, —2) s (2, ==), the equation implicitly defines a

unique real valued differentiable function y = fix).
If x e (-2, 2), the equation implicitly defines a unique real valued
differentiable function y = g(x) satisfying g(0) =

[IT-JEE 2008]
1. If f(-10+2)=242, thenf"(-102) =
4.2 4
() ;’: (B) —3—{
73 773
442 4
© 42 i <2
73 7°3
Solution: We have
y¥=3y+x=0
Differentiate both sides, we get
3y?y' —3y'+1=0 (1)

Put y:EuE, x =-10+2.Then
-1
(=10v2)=—
¥ ) -
Differentiate equation (1), we get
gy_zyn' + E}r{y!}l—B}'H:ﬂ

-1
Put F:I«,E;xz—lﬂu'i,}"f: E.ThE-I'I

4.2

y i

¥ (=1042)=-

Hence, the correct answer is option (B).
2. The area of the region bounded by the curves y=f(x), the x-axis,
and thelinesx=agand x=b, where —=<ag<b<-2,is

b
X
dx + bf(b)—af
) {ﬂiﬂx}]"'—ﬂ % + bf{b)—af(a)
b

(B) -

jsuf{xlf _ﬂdx + bf(b)—af(a)

dx —bf(b) + af(a)

b
!3{[1'{11} =1



b
(D) —[—————dx—bf(b)+af(a) 2tanX
* 3((F(x))2 1)

H—tan2X
2

dx

= L]

Solution:

b
Required area:_{f{x]dx

. Put tan%:t. Then
b
=[xf{x]]2— x(x)dx By parts
j [ J lsecjidx=dt
2 2
=bf(b)=-afla)+ | ———— _ 2dt
I3[f{ 21 RS

Hence, the correct answer is option (A). _ v]. ‘[ }
1 1+ W1-

3. j g'(x)dx = v‘
-1

Hence, the correct answer is option (B).

(A) 2g(-1) (B) 0 () -2g9(1) (D) 2g(1) S. Area of the region bounded by the curve y = ¢* and lines x =0
Solution: andy=eis
1 £
y=——- (A) e—1 (B) |In(e+1-y)dy
30— (F(x)*] .][
- ) » i 5 1 e
Clearly f(x) is an odd function, then g ‘(x) is an even function, so (€) e—je’dx (D) flny &
1 1
]
g =2|g'(x)d
j]g G !g e [NT-JEE 2009]
=2[g(x)]} Solution: See Fig. 24.41.
e
=2[g(1)-g(0)] Required area = jlln:.-r dy
=2g(1) (As gl0)=0)
Hence, the correct answer is option (D). =(ylny -y} =(e-e)-{-1}=1
1+sinx Also,
4, The area of the region between the curves y= ‘J and
COSX

ilnydy = ]:Infe+‘|—y]dy
1 1

¥= LisinibL? bounded by the lines x=0and x=2is
cosXx 4

Further the required area can be written as

ex1—_|l.e’dx

J2-1
dt
(1+t%) \..’ - £ {1+r W=
V24 y y=e*
R L— f
N {I+t2hl 2
[IT-JEE 2008] |Hl1 fll* IHII 'l'

i : : i r
Solution: Since, both curves lie above x-axis in x € (0, E]

Therefare, area bounded between the curve is

X
T x=1
H N+sinx ’1—sinx
I \f = dx Figure 24.41
. cosx cosx g
Hence, the correct answers are options (B), (C) and (D).

F 3

4 [1+tan£ 1-tan Paragraph for questions 6-8: Consider the polynomial fix) =1 +
=j o i dx 2x + 3x? + 4x*. Let 5 be the sum of all distinct real roots of f{x) and

0 1—tan5 l+tanE lett=|s|.

[NT-JEE 2010]



6. The real number s lies in the interval

&8

(8) [—1 1 —3]
4
(D) (u. l]
4

()

=5 liein [-E -1]
4 2

Hence, the correct answer is option (C).

7. The area bounded by the curve y = f{x) and the linesx=0,y=0
and x =t, lies in the interval

3 0 1
-A ._1
t]LASJ “(54 15]
21
9,1 D
(C) (5,100 (D) ( E#J
Solution:
T .
2
1 3
—f e —
2 4
142 34

I (4% +3x% +2x + )dx < area< j (4% +3x% +2x + Nex
]

112 3/4
lo la

*+x + 52+ x])? carea<[x* + ¥+ 2" + x

1 8k .1 81 27 9 3
—+—+—+—<area<—+—+—+—
16 8 4 2 256 64 16 4

15 525
—<area< —
16 256

Hence, the correct answer is option (A).

8. The function fix) is
1
(A) increasing in (—r. —%Jand decreasing in [“Z’ rJ

1
(B) decreasingin [—f. —E}and increasing in (_l, g]
4

(€} increasingin (-, f)
(D) decreasing in (—t, t)
Solution:
) =4x3+3x%+ 2x+ 1
f)=12x2 +6x+2
Fix)= 2{12:: +3]=
lf.i f{x}
So, the funtion is decreasing in (-, t).
Hence, the correct answer is option (D).

O=x=-1/4

9. Let the straight line x = b divides the area enclosed by y=(1 - x)?,
y=0and x =0 into two parts R (0 <x £ b} and R,(b £x < 1) such

1
that R, - R, e .Then b equals

3 1 1 1
A) = B) — C} - D) —
(A) 7 (B) 5 (€ 5 (D) r
[NT-JEE 2011]
Solution: See Fig. 24.42,
Therefare,
jn-xJ dx - ]’{1 x) dx—
[rx-uf'] [u-ﬁ[:l
0 3 4
3
el o u:--u ]:1
3 3 4
oLl ——i S(b-P=-tmb=l
3 8 2

Y

Figure 24.42

Hence, the correct answer is option (B).

10. Let £ [-1, 2] — [0, ==] be a continuous function such that

2
flxl=f(1 —x)forallxe [-1, 2]. Let R, = J xf(x)dx , and R, be
1

the area of the region bounded by y = fix), x = -1, x= 2, and
the x-axis. Then

(R) R,=2R, (B) R,=3R,
(C) 2R, =R, (D) 3R, =R,
[NIT-JEE 2011]
Solution:

2 2
Ry= [ xfx)dx = [(2-1-x)f(2-1-x)dx
=1 -1

2 2
= j{l- X)F(1— x)dx = J’ (1= x)f(x)dx
1

2
Hence, 2R, = I flx)dx =R,.
-1

Hence, the correct answer is option (C).

11. Let S be the area of the region enclosed by y = e, y=0,x=0
and x=1.Then

(A) S‘gi (B) Sf_*1—l
e e
1 1 1 1 1
5] 14— S e
€ 4[ +JE] (0) \5*&[ EJ

[IT-JEE 2012]



Solution: See Fig. 24.43.

Ya
A0, 1) P12, 1)
B2, 1//e
t\ I
c D1, 1/e)
o] 5 X

Figure 24.43

5> ! (As area of rectangle OCDS = 1/¢)
e

Since,

e*X 2e*¥xe [0,1]
1
3
:>5>Ie"dx:{1—l |
; e

Area of rectangle OAPQ + Area of rectangle QBRS = 5

33
V2 V2 )\ Ve
Since,
1 1 i
E[.H—E] < I_E
Hence, the correct answers are options (A), (B) and (D).

12. The area enclosed by the curves y = sin x + cos x and

i m].
y =|cos x - sin x| over the Inten.ral{ﬂ, 5] is

(B) 232(~2-1)
(D) 242(42+1)
[JEE ADVANCED 2013]

Solution: Figure 24 .44 depicts the area enclosed by the given
curves, we have

(A) 4(+2-1)
€ 242+1)

vk

o w4 a2 X
Figure 24.44

2f2 afa af2
j {sinx +cos x)dx — Jr (cos x —sinx)dx + j (sinx —cos x)dx
=i4

- —|cosx|;n + |5inx|gn —|:|sin x[;H +|cos x|: —|cos MLM_1 [sinx |ﬂ4]

1 1 1 1
=—m—1}+11—01_[E+E_1_{0_E}_{LEH
[Jz-nT_nT!- [243-2]
=4-22=2J/2(y2 )

Hence, the correct answer is option (B).

13. For a point Pin the plane, let d, (P) and d, (P) be the distances
of the point P from the lines x —y = 0 and x + y = 0 respectively.
The area of the region A consisting of all points P lying in the
first quadrant of the plane and satisfying 2<d, (P) + d, (P) £4,
15

[JEE ADVANCED 2014]

Solution:

sY=X

Required
Area

2
5]
=¥

d :ix_}'l
e
|x+y|
d,=1"——
2
Therefore, according to the question (Fig. 24.45)
sel¥=yl le+yl
vz 2
= 22| x-y|+|x+y|sa2 (1)

Since x, y 2 0in the first quadrant.

When x>y (ory—x < 0),
Ix-y|=x-yand|x+}y

Therefore, Eqg. (1) is true given that,

=x+y

2ﬁ£x—y+x+ys4ﬁ:>ﬁ£x£2v’i

checking with (2, 1) inregion x>y ie 2> 1.
Therefore, we shade area below y = x from W2, 24J21.

Area of this region =%(2J2_ szi}—%Ji x\2=4-1=3 sq. units

By symmetry about y = x, total area required = 6 5q. units
Hence, the correct answer is (6).



: "
X

14, Let F(x)= I 2cos’tdt forall xeR and f:

[JEE ADVANCED 2015]

Solution: We have

Fla)+2= jf{x}dx
]

Differentiating both sides, we get

Now,

F(a)=f(a)

Eaer 2]

Flx)= j 2cos’ tdt

F{x)=2x-2cos’ [xz +%J—2ms? X

t ; 1
[0,5] —[0,%)

. X 1] . .
be a continuous function. For ae[ﬂ,ﬂ, if F'la)+ 2 is the area

of the region bounded by x =0, y =0, y = fix) and x = g, then
fl0) is :

= F"(x)=-16x" cos(xz +%]5in[x"‘ + %]-t—-ﬂrcosx sinx

+ dcos” [xl % f]
6

= F"(a)=-164" cos(az +%]sin{aE +%]+4cosa sina

+Acos’ {az +%]

=>f(0]=4c052[%J=4(%)=3

Hence, the correct answer is (3).

15. Match the Column | to Column Il
Column| Column Il

(A}| In AXYZ, let a, b and ¢ be the lengths of the (P} 1

sides opposite to the angles X, ¥ and Z,

respectively. If 2(a? - b%) =c?and A = M

sinZ

then possible values of n for which cos (ntl) =0

is (are)
(B)| In AXYZ, let a, b and c be the lengths of the sides | (Q) 2

opposite to the angles X, ¥ and Z, respectively. If

14+ cos 2X — 2 cos 2Y = 2 sin X sin ¥, then possible

a .

value(s) of b is (are)

()] In B let 3i+], i+3],and Bi+(1-B)j be | (R) 3

the position vectors of X, ¥ and Z with respect
to the origin O, respectively. If the distance of 2

from the bisector of the acute angle of OX with

OV Is -, then possible value(s) of |8] is (are)

V2

Column | Columnll
(D)| Suppose that Fle) denotes the area of the region | (S) 5
bounded by x=0,x=2,y*=4xand y=|ax— 1|+
|arx— 2| + erx, where cc € {0, 1} Then the value(s) of
F{a}+%ﬁ, when =0and &z =1, is (are)
(T) 6
[JEE ADVANCED 2015]
Solution: See Fig. 24.46.
2at-bH)=c* (1)
Azsm{-x—y} @
sinz
cos (nad) =0 (3)
g @m+ i
From Eq. (2),
o sinxcosy—cosxsiny
sinz
=l= M (By Sine formula)
g+l b i’ d
a -b
” 2ac 2be
A=
C
20a*-b%) 1
A== ‘= 5
g 27 2 ¥
Therefore, from Eqs. (4) and (5),
I k] =n=(2m+1)
2 2
So,
(A) = (P), (R}, (5)
Checking option (B):
X
o b
¥ Fo
a
Figure 24.46

So,

1+cos 2x—2cos 2y=2sinxsiny
= 2cos’x—2(2 cos’y—1)=2sinxsiny
= 2cos’x—4cos?y+2=2sinxsiny

= 2 sin’y— 2sinx siny+sinxsiny—sin‘x=0

= 2 sin y(sin y — sin x) + sin x(sin y —sin x) =0

= [siny—sinx) (2siny+sinx)=0
= b=aor 2b=—a (impossible)

= —=1

b

my 7D



Checking option (C): See Fig. 24.47.

Ya

—

x(4/3,1)

Figure 24.47

Vector along the bisector of acute angle between OX and QY is,

Jh+1+i+Ji:JJ§+Hﬁ+ﬂ
2 2 2
Slope of OB =tan{z/4)=1

= Equation of OB is y=x

Since,
-(1-p) 3
ZL=3/\2, B=Uopl 3,
R - TR
=[28-1|=3
=(28-1)=%3
= fi=2or ff=-1
=|f=10r2
Therefore, (C)— (P}, (Q).

Checking option (D): See Fig. 24.48.

Y
y=3x-3
y=3-x
—x—1 yi=4x
3 B .
21
A
1__
: 4 > X
1 2 3
x=2
Figure 24.48

y=|ox=1|+|ax-2|+ax; & {0, 1}
Case(l)Fora =0,y=3
Case () Forer =1,y=|x=1| +|x=2| +x

3-x; x=1
= y=1 X+, l<x<2
3Ix-3; x=2

Therefore,

2

2
Fo1-fa-20eks [ .07
o

[+]

=[a—5{zﬁ)}=a—§ﬁ
3 3

8 n
=}F{D}+-3-'\|2 =6 = {T)

and Fi1) = F(0) — area of AACD

e 8 Y Doprenean B
_(s NE |- @ =5-212

::-F[‘!}+§\E:5 = (5)

Therefore,

(D) — (T}, (S)
Hence, the correct matches are (A) — (P), (R), (5); (B) = (P); (C) —
(P), (Q); (D) — (S), (T).

16. Theareaoftheregion {(x,y)e R? Y= \|'|x +3|, 5y £ x+9<£15}

is equal to
1 4
(A) — (B) -
6 3
3 5
(9] (D) -
2 3
[JEE ADVANCED 2016]
Solution: It is given that
yz[lx+3
That is,
m_ (x+3), x=2-3
¥ V=x=3, x<-3
It is also given that
Sy=x+9<15
That is,
¥+9<15=x=6
Sy=15=y=3
Sy=x+9
From Fig. 24.49, we have
¥
L3 [EI 3}
Sy=x+9 3#’.________
T
Q R o x
(-4, 0)(-3, 0) (6. 0)

Figure 24.49



Sy=x+9 (1)
and

That is,

2
(%} —_(x+3)

¥ +81+18x=-25x-75
¥ +43x+156=0

x+39)(x+4)=0=x=—4

(Since, x 2 —-39)
Substituting the value of x in Eq. (1), we get the coordinates of
point P as follows:

Sy=—4+9=y=1=P-4,1)

The area of trapezium PQRS is
1
—x10x4=20
F

Hence, the area of the given region is

-3 a
20 - _[ =X=-3 dx - j VX +3dx
—4 -3

3 ]

=1{]+§{—x -3y

2 3/2
——(x+3)
3

4 _3

_20+2(0-1-292
3 3

=20-2-2427
33

=2—3=E 5Q. units,
L

Hence, the correct answer is option (B).



