Mathematics Differential Calculus

Differential Calculus
Single Correct Answer Type
1. Let f(x)=4x+8cosx—|n{cosx(1+sinx)}+tanx—23ec—6. if f(x)>0vxe(0,a)
then

a) a=z b) a=z c) a=z d) none of these
6 3 2

Ans. a

(—sin X +C0s? X —sin’ x)

Sol. f’(x)=4—85in X — +5sec® X —sec xtan x

cosx(1+sinx)
= 4(1-2sin x)+sec” x(1—2sin x)—4sec(1—2sin x)
=f(x) =(secx—2)2 (1-2sinx)

If f (X) >0VxXxe (O, a), then f(x) is increasing in (0, a) = a :%

n 1l
2. Iff(x) is continuous for all real values of x, then ZI f (r —1+ X)dX =

n 1 1 e 1
a) J. f(x)dx  b) J.f(x)dx 9 n.[ f.(x)dx d) (n—l)_[ f (x)dx
0 0 0 0
Ans. a
n 1 1 1
Sol. ij(r—1+x)dx:If dx+I 14 x dx+j 2+X)dX +...... +If(n—1+x)dx
r=1 o 0 0
1
= [f(x dx+.|' dx+j X)dX . +j j X ) dx
0
3. The coordmates of thepoint'on the curve x3 = y(x a)?, a > 0 where the ordinate is minimum
a) (2a, 8a) b) ( —2a, ﬁ) c) (Ba,@) d) (—36\ ﬂj
9 4 16
Ans. C

3

The ordinates of any point on the curve is given by y = 5

(x-a)

2
-3
sol. AR -32)
dx.* (x—a)
Now, ﬂ =0=x=0o0r x=3a
dx
5
OI—zlxo—Oand dy = 72a6>0
dx x| . (2a)

L _ 27a
Hence y is minimum at x = 3a and is equal to T
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2sin(2n-1)x Zsin?
4. tetl,=| (20=0)% g, 3o =2 dx, neN, then
. sinx 2 sin’ x
a) ‘](n+1)_‘]n =1, b) .J(M) J, = I(M) o J,, +J, =7, d J,., +J,..=J,
Ans. b
%sinznx—sinz n—1)x 2
Sol. Jn_‘]n—l:I ik (n-1) dx— Ism(Zn Dx— smde:In
! sin® x ! sin” x
i.e J,-J,=1,=3.,-J,=14
5. A curve whose concavity is directly proportional to the logarithm of its x-coordinates at:any
of the curve, is given by
a) ¢,X*(2logx—3)+c,x+c, b) ¢,x*(2log x+3)+C,X+C;
c) ¢,x*(2logx)+c, d) none of these
Ans. a
d’y dy
Sol. —=klogx = —==k(xlogx—x)+A
° dx? 9 dx (xlog )
1
=>y= k{EX log x— I ———dx}+Ax+B
:>y=z{2leogx—x2—2x2]+Ax+B
=y =¢ (2logx—3)x*+c,x+C;
6. The domain of the function f(X)=\/3—2X — +\/sin*1x is
a) [-1,0] b).[0,1] c) El} d) [1, 2]
Ans. b

Sol. sin?'x>0=0<x<1
and 2X+ 27X <8=2¥+2.2*-3<0
Put 2 =t, thent?-3t+2 < 0 =(t—2)(t-1)<0

=1<t<2iel<2" <2
=0<x<1

T
7. Area bounded by the curve y = sinx, y = cosx, X = —§ , X=2r

Ans. d

\/_+1

Sol. A= I|S|nx cos X dx = 4+/2 +

-zl3

n-1 m
8. Let f(1) =1 and f ZZ f then Z f (n) is equal to
n=1

r=

a)3mt-1 b) 3" c3"-1 d) none of these




Mathematics Differential Calculus

Ans. b

sol. - f(n)=2(f(1)+f(2)+...+ f(n-1))
o f(n+ 1) =2(f(1) + f(2) + ...+ f(n))
= f(n+1)=3f(n)for n>2
Also f(2) = 2f(1) =
f(3) = 3f(2) =

Sf(n)= 1)+ f(2)+...+ F (m)

n=1

=1+42+23+23%2+...423™2=1+2(1+3+3%+...43"7?
2+3cosd

9. Izj - dé, then
sin@+2cosd+3
o0
tan[)+1
a) I:%+§Iog|sin(9+20036?+3|—§tan‘l _\2) e
5 5 5 2
o
tan(]+1
b) I:%—gIog|sin49+2cos'9+3|—§tan‘l A2 e
5 5 5 2
o | =6—;9—§Iog|sm<9+2c039+3|
d) none of these
Ans. a
Sol. ~ 2+3cos@=1(sin@+2cos@+3)+m(cos6—2sinO)+n, then integrate
10. The value of lim Vo 5+ Jn 5, +i is equal to
i (3+4Jﬁ) JE(&/E +4Jﬁ) 49n
a) i b) g c) E d) none of these
14 7 7
Ans. a
Sol. lim Z Jn 5
Ly \/F(3\/F+4\/ﬁ)
Put£=X:>1=dX
n n
T
o (3&+4) 14
11. Solution of differential equation xdy—(y+ xy® (l+ log X))dX =0
—x* 2x(2 X2 2x%(2
a) —=—| - +logx |+cC b) - =—|=+logx |+cC
y 313 y 3 \3




Mathematics Differential Calculus

2 3
c) _XZZZL(ZHOQ XJ+C d) none of these
y 3 3

Ans. C

Sol. —d [%) = xy (1+log x) dx

J’_ﬁd (fj = I x*(1+log x)dx gives solution
y Y

12. Let f:R—>R and g:R—R be twice differentiable function satisfying f”(x) = g”(X),
2f '(1) = g'(l) =4 and 3f(2) = g(2) = 9. The value of f(4) —g(4) is equal to
a)-6 b) - 16 c)-10 d)-8
Ans. c
sol. — f'(x)=g(x)-2
f(x) =g(x)—2x-2
f(u) —g(u)=-10
13. Let a, b, c be three real numbers such that a < b < c. Let.f(x). be continuous ¥V Xe[a, C] and

differentiable ¥ X e(a,c). If f”(x) >0V Xe(a,c) then
a) (c—Db) f(a) + (b —a) f(c) > (c—a) f(b) b) (c — b)f(a).+ (a—c) f(b) < (a —b) f(c)

c) f(a) < f(b) < f(c) d) none of these
Ans. a
Sol. By LMVT
f(0)-f(a) _ f(c)-T(b)
b—a c-b
14. The solution of y°X+ y—x% =0.is

4 5 5 4 5 4 5
a)x—+1 X =¢ b)x—+1 Xl e o2 +2=¢c d) (xy)4+x—:c
4 5ly 5 4\y y 4 5

Ans. b
Sol.  y°xdx+ydx —xdy =0, multiply by x>/ y®

:>x4dx+§—2(d(x/y)):0

4
x> 1( X
>=+=|=] =c
5 4\y
15. A point P lying inside the curve Yy = \/2ax—x2 is moving such that its shortest distance from

the curve at any position is greater than its distance from x-axis. The point P enclose a region
whose area is equal to

2 2 2
a) 72 b) % o 2 d) [3”_4ja2

2 3 6

Ans. ¢
Sol.
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y=v2ax—x* =(x-a) +y? =a?

Let P(h, k) be a point then BP > PN
For the boundary condition BP = PN = k

a /M-
X ’ :
.. boundary of the regionis y = X—2—a N Ca 0)

a 2 2
Required area = ZJ{X —X—]dx = 2
5 2a 3
16. If log, (Iogy k) >0 where X,k €(0,1) then y e
a) (0, x) b) (0, k) c) (k, 1) d)R*
Ans. ¢
Sol. logk<1
casel:ify>1 = k<y
for logyk >0 = k> 1 which is not possible
case2:ify<l = k>y
and for log,k >0 = k <1 which is true

Now AP=a-k=/(h-a)’ +k? =k=h-— p i

17.  Period of f (X)=X—[X+A]—u where 4, z1€R and.[-] denotes the g.i.f s
a) A b) u o) |[A-4 d)1

Ans. d

Sol.  f(X)=X—[x+A]—p=x+A-[x+A]=(2+ )
={x+A}—(A+n)
.. Period of f(x) =1

18. If f(x)=2sin’x—3sin® x+12sinx+5 V X e(o,%j, then

a) fis increasing in (O,%j b) fis decreasing in (O,%j

c) fis increasing 0,z and decreasing in z,z
4 4 2

d).f is.decreasing is O,E and increasing in z,z
4 4 2

Ans. a

sol. f'(x) =6005x(sin2 X —sin x+2) >0V e (0%)

Thus f(x) is increasing in [O, %j

19. Total number of points of non-differentiability of f (X) =[3+4sin X] in [72', 272'] where []

denote the g.i.f are
a)5 b) 6 c)8 d)9
Ans. ¢

Sol.
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f(X) =3 + [4 sinX]

f(x) is non-differentiable where g(x)
=[4sinx] is non differentiable

In [r, 2 =], g(x) is clearly non-differentiable
at 8 points.

y = [4 5inX]

k
20. If f(X)+2f(1—X):X2 +1VxeR and If(x)dX:O,then k equals to
0

a)3 b) 2 c)4 d) none of these
Ans. a

_ , X* —4x+3
Sol. Putting (1 —x) for x and subtracting we get f (X) = T

k2 3
Now jwdx=o:%—2k2+3k=o
0

=k=3

21. A point p(x, y) moves is such a way that [x + y + 1] = [x] (where [ ] denotes g.i.f) and
Xe (O, 2) . Then the area representing all the possible positions of P equals

a) \/E sg. units b) 2\/5 Q. units c) 4\/§sq. units d) none of these
Ans. d
Sol.
If Xxe (0,1) X
Then -1<x+y<0 T )
and if x€(1,2) AN
0<x+y<l1 N
Required area = Y N
= S —
4 l-1-\/§sinz =2squnits - . ] R
2 4 : =E .
‘, ‘~.._‘\“\ “*-1} ey=1
S, x+y=0
X+y=-

22. «let f(x). be a polynomial with real coefficients satisfies f (X) = f'(X)x f’”(X). If f(x)=0
satisfies x = 1, 2, 3 only then the value of f '(1)>< f '(2)>< f’(3) =
a) positive b) negative c)0 d) inadequate data

Ans. ¢

Sol. f (X) =f '(X)x f "'(X) is satisfied by only the polynomial of degree 4.
Since f(x) = 0 satisfies x = 1, 2, 3 only. It is clear one of the root is twice repeated.

= /(1) f'(2) f'(3)=0

1/n
. n!
23. The value of lim - is
= | (mn)
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e 1
a)em b) — c) — d) none of these
m em
Ans. ¢
2 3 n 1/n
Sol. L=l i(l ......... —j
n—o M\N N N n

r=1

n 1
=Inm+lim 1Zln(ij:—ln m+j|n xdx:—lnm—lzln(ij
n—® n : em

24. Let A=1{1,2, 3, 4,5} and f : A —> A be an into function such that f (i);ti Y i eA, then

number of such functions f are
a) 1024 b) 904 c) 984 d) none of these
Ans. d

Sol. Total number of functions for which f (I) #£i=4°

and number of onto functions in which f (I) #i=44

= required numbers of functions = 980

’

25. The area of the region bounded . between the curves y:eHx|In|x

X +y? —2(|X| +|y|)+12 0 and«x-axis where |X| <1, if a is the x-coordinate of the point of

intersection of curves is 1st quadrant,.is

a) 4:Iexln xdx+i(1—./1—(x—1)2)dx} b) ﬁexln xdx—I(l—Jl—(x—l)z)dx}
c) 2_—Iexln xdx+i.(1—1/1—(x—1)2)dx} d) ZHexln xdx+i(l—,/1—(x—1)2)dx}

Ans. ¢

Sol.

Required-area is

Zﬁexln xdx+I(1—\/l—(x7—1)2)dx}

26. Thevalueoflimn|: > 1 +— 1
o | 3n°+8n+4 3n°+16n+16

a) 1In(gJ b) lIn(g) c) 1In(gj d) lIn(gJ
4 \5 5 b 4 \5 4 \7
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Ans. a
Sol. Use definite integral of first principal as a limit of sum

1
im
(1+j -1
n
27. The area of the region containing the points satisfying |y| +% < e“x‘ , max(|x|,|y|) <2is

a) 2log(g] b) 2Iog(%j c) 3Iog(gj d) 3Iog(%j

Ans. a

N o y=2
;
©.172)

y=2

1
28. If y=22";then limy is

x—1"
a)—1 b) 1 )0 d) =
Ans. b
sol. lim2? "™ =29=1
h—0
2. Ify= 32X+5 (d_y](_sj is equal to
d?y ‘ d y d’y ’ d?x
i —_— 3| — d) 3—
a)[dxzj ¥ 35 93 @ ) dy’
Ans. ¢

Sol. ~.3xy.+10y = 2x + 5, now differentiate 3 times.

30.==If ‘the number of solutions of In|sin X|=—X2+2X when XE(O,JZ') is m and when
T 31|, .
Xe€| ——,— | isn, then (m + n) is equal to
2 2
a)2 b) 4 c)6 d)1

Ans. a
So. m=0,n=2

31. If x, {x} and 2[x] represent the segments of a focal chord and length of latus rectum of an
ellipse respectively, then length of major axis of ellipse is always greater than (where
xI Z)
a)7 b) 5 c)8 d)2
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Ans. d

2x{x}
learly, x, d inH.P= = =1
Clearly, x, [x] and {x} are in H.P [X] X+{X}:>[X]

Sol.

2
:%zl:a(l—e2)=1:>2a>2 [since0<e<1]

6
32.  Thevalue of (‘)(\/X+ V12x- 36 + \/X- \12x- 36)dx is equal to

3
a) 6\/§ b) 4\/§ c) 1243 d) none of these
Ans. a

Sol. | =

(738 (-3

W e O

. . dx
33. If integral 0 =

X
==
(secx+ cosecx+ tanx+ cotx) &

a+b+cisequalto

COS 2X
+
C

+

\/Ecosgw Z%
s - + d, then

a)-2 b)-4 c)2 d) none of these
Ans. b
Sol. Clearly,
. ((sin x+cosx)2—l)2
Izj _sm XCOS X > d zlj - dx=1J.(sinx+cosx—1)2dx
(sin X +Ccosx+1) 47 (sinx+cosx+1) 4

On simplifyinga+b+c=-4

34, If 1, = o) {X+ 1}{X2 + 2}+ {X2 + ?:}{X2 + 4})dx, (where {.} denotes the fractional part)

then |1 is equal to

a) - 1 b) - g c) 1 d) none of these
3 3 3
Ans. b
h h 2
sol. I = ({x! I3 Ixldx =2 {x*ldx = 2x—| =—=
° ] Jl({ } { }){ } .!.{ } 3 . 3
35. Area bounded by y = f(x) and tangent and normal drawn to it at the points with abscissae 7t
and 2w, where f(x) = sinx —x is
p’ p’ p’ p’
a) —-1 b) —- 2 c) —- 4 d) —
2 2 2 2
Ans. b

2z 2
Sol.  Required area A= J‘ ((sin X—X)+ 27[) dx = % —2 sg.units

36. Let a curve y = f(x), f (X)3 0" xI R has property that for every point P on the curve

length of subnormal is equal to abscissa of P. If f(1) = 3, then f(4) is equal to

a) - 2\/6 b) 2\/6 c) 3\/§ d) none of these
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Ans. b
d
Sol. Given y—y:X
dx

ydy = xdx

yi=x*+c
f(1)=3=9-1+c=c=8
= y=x"+8
f(x)=vx*+8
f(4)=+16+8 =26

37. Rangeof f (X) = COSl(X ij:i_lj is
Vs Vs Vs
a) |:O, E:| b) |:0, Ej ) (0, E} d) [0, wt]
Ans. b
Sol. Let g (X) = w
x*+1
=0<g(x)<1

So range of f(x) is {O, %)

38. If f(x) = 0 is a cubic equation with positiverand distinct roots a., B, y such that B is H.M of the
roots of f ’(X) =0, then o, B andyarein

a)A.P b) G.P c)H.P d) none of these
Ans. b

Sol. (%) =(x=a)(x=p)(xz7)

= f'(x ) 3 —2x(a+ B+y)+af+ Py +ya

=>pf=—= 20 (where @, 3, are the roots of f'(X) =0)
o+ p

= =y

39. Lletacurvey =f(x), f (X) >0V XeR has property that for every point P on the curve, the
length of subnormal is equal to abscissa of P. If f(1) = 3, then f(4) is equal to

a) 2.6 b) 2.6 c) NG d) none of these
Ans. b
Sol. yﬂ:x:y2 =x*+C
dx
f(x)=Vx*+8= f(4)=26
72 72
40. |If 5 5 dx T = id , then the value of I dx > is equal to
o a“Cos” X+b"sin“x  2ab 0 (40052 X +9sin2 x)
a) & b) 13—7[ c) i d) none of these
864 864 ~ 864

10
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Ans. b

7l2 dX P
Sol. | = > =
o a°cos” x+bsin“x  2ab
d_I_ —7T
da 2a’b
i cos? xdx 7
:j 2 o2 229\ AAS
> (a’cos® x+b’sin’x)  4a’b
differentiating with respectto b
i sin? xdx oz
> (a°cos® x+b?sin”x)  4a’d
i dx z[1 17 z[1 1] 13z
:>_[ 2 2 220\ =t =57 T8 | T aas
» (a?cos” x+b?sin?x) 2abla® b*] 24[4 9] 864
41. If I%: Atan™(sinx+cosx)+B In f(x) + C, then A is equal to
COS™ X—SINn~ X
a) Z b) Z c) —2 d) none of these
3 5 3
Ans. a
dx COS X —sin’X
Sol | :I - = - X
. sin 2x " N2 sin 2x
(cosx—sinx)| 1+ 5 (cos x—sinx)"| 1+ 5
Put cosx + sinx =t
2. i, 2
| ==tan™(sinx+cosx)———=In f (x)+c
3 32
. . 4 . 4 dy _ 2\..2 . .
42. Solution of the differential.equation y(2x +y)&—(l—4xy )x is given by
2 3 X3
a) 3(x%y) +y*&£xi=c b) ¥+ —%X 1c=0
) 3(xy) +y ) -
3 3 3
c) gyx‘5+y—:)(——4ﬂ+c d) none of these
5 3 3 3
Ans. a
Sol. Given equation can be written as
22y(x°dy + 2xy dx) +y> dy—x2 dx =0
or.2x’'y d(x%y) + y?dy — x?dx =0
Integrating, we get
3(x%y)2+y3—x3=c
43. If 1 :Iﬂxzdx, then dex is equal to
o (x+2) o X+1
a)21 b) i—l—l c)o d) i+£—1
T+2 2 T+2 2
Ans. d
T 1 —cosx |© Fsinx
Sol. szcosxd(— jz{ co } —J.S—dx
0 X+2 X+2 Jg 9 X+2

11
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1 1 "fsin2x
4o dx
r+2 2 5 x+1

44. The number of solutions of Sin 77X =‘|Og|X” is
a) infinite b) 8 c)6 d)o

L
W2é3

45. If f (X) =‘X2 +(k—1)|x| —k‘ is nonrdifferenti-able at five real points, then k will lie in
a) (—0,0) b) (O,oo) c) (—», O)—{—l} d) (0,00)—{1}

Ans. ¢

Sol. f (x)z‘x2 +(k—1)‘ x|K| :‘(|x|—1)(|x|+k)‘
Both roots of (x — 1) (x + k) = 0 should be positive and-distinct
=k e(—oo,O)—{—l}

46.  Let g(X) =_[ f(t)dt and f(x) satisfies the following condition

f(x+y)=f(x)+f(y)+2xy=1,v% yeR and f'(0)=v3+a—a’, then the exhaustive set
of values of X where g(X) increases is
3 3

a) (_OO_EJ b) (_E'Oj c) (0,0) d) (—o0,)
Ans. d
Sol. f(x):x2+(M)x+l

9'(x)=f (x)>0, vxeR

47. Number of positive continuous function f (X) defined in [0,1] for which
1 1 1
J. f(x)dx=1, J'xf (x)dx=2, J'xzf (x)dx=4,is
0 0 0
a)1 b) 4 c) infinite d) none of these
Ans. d

1
Sol. Multiplying these three integral by 4, - 4, 1 and adding we get j f (X)(X—Z)2 dx=0.
0

Hence there does not exist any function satisfying these conditions.

12
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48. Tangents are drawn at the point of intersection P of ellipse x*+2y® =50 and hyperbola
XZ 2
E_y? =1, in the first quadrant. The area of the circle passing through the point P which
cuts the intercept of 2 unit length each from these tangents, is
a) 2x b) 27 ¢) 4x d) 67

Ans. a

Sol. Given conic are confocal so they cut orthogonally.

1
49, Let f(X)= X3+ —, X' 0. If the intervals in which f(x) increases are (— ¥ ,a] and
X

[b,¥ ) then min(b — a) is equal to

a)o b) 2 c)3 d)4
Ans. b

3
Sol.  Here f'(X)=3X2——4ZO:>X6—1ZO:>XE(—00.1]U[1,OO)
X
min (b —a) =min(b) —max(a)=1-(-1)=2
50. Let y = f(x), f : R > R be an odd differentiable function such that fgﬁﬁ(x)> 0 and

g(a, B) = sin®a + cos®p + 2 — 4 sin%aL cos?P . If f;{l‘(g(a,b)): 0, then sin‘a + sin’b s

equal to

a)0 b) 1 02 d)3
Ans. b
Sol. f”(x) is odd function = g (e, ) =0

= (sin* 05—1)2 +(cos* ﬂ—l)2 +2(sin” a - cos ,8)2 =0
=sin“a+sin® =1
51. if f(x)= 0 (f (t))2 dt; fR® R™ be differentiable function and f(g(x)) is differentiable
0

function at xi= a, then

a) g(x) must be differentiable atx = a b) g(x) may be non-differentiable at x=a
c) g(x).may be discontinuous at x=a d) none of these
Ans. a

Sol.  Here, f'(X)=(f(X))2 >0; %f(g(x))|x_a= f'(g(x))lim 9(x)-9(a)

X—a X_ a
As f’(g(x)) #0
g(x) must be differentiable at x = a.

52. A polynomial of 6% degree f(x) satisfies f(x) = f(2 —=x) " X1 R, if f(x) = 0 has 4 distinct and
two equal roots, then sum of roots of f(x) =0 is
a)4 b) 5 c)6 d)7

Ans. o

Sol. Let ¢ betherootof f(x)=0 = f (05) =f (2—0{) =0

f(x) has 4 distinct and two equal roots.
. sum of roots =6

13
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53.

Ans.

Sol.

54,

Ans.

Sol.

55.

Ans.

Sol.

56.

Ans.

Sol.

¥

Intdt
The number of integral solutions of equation 4y — e pIn2=0;x>0is
0
a)o b) 1 c)2 d)3
c

2

X
We have on putting T = ? and solving

T Inx 27zlnx Inx 1In2
J‘ 77 d = =
o X*+t X X 2
= x =2 and 4; two solutions.

e* !, 0f£ x£1

" f(X)_ix+1- {x} 1<x<3

in [0, 3) then the values of aand b is

and g(x) = x> — ax + b, such that f(x). g(x) is continuous

3
a)2,3 b) 3,2 c0 E,l d) none of these

b
Clearly f(x) is discontinuous at x = 1 and 2, for f(x) g(x) to-be.continuous at x =1 and 2 ; g(1)
andg(2)=0 = a=3andb=2

16n%/p r \

o cos2 E0l

0 gn#
a)o b) 1 c)2 d)3
a

ton*
XIT Fia 16n 4n
let —=t= jcos { }dx——J‘cos dt—— cos = [t]dt =0
n 5 20N 2 Ty 2

-1 2
If (‘)(axz- 5)dx: 0 and 5+ (‘)(bX+ c)dx: 0 then

a) ax? — bx + c='0.has atleast one root in (1, 2)
b) ax? <bx + ¢ =0 has atleast one root in (-2, -1)
c) ax? + bx +'c = 0 has atleast one root in (-2, -1)
d) noneof these

b

-1 2 -1

We have j(axz—S)dx+j(bx+c)dx+5=j(axz—S—bx+c+5)dx=O
-2 1 -2

= ax? —bx+c =0 has atleast one root in (-2,-1)

14
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Differential Calculus

Multiple Correct Answer Type
1. If f(x)=[sin™(sin2x) | ([-]denote gi.f), then

2
T .
a) I f (X)dX :E_Sm_l (sml) b) f(x) is periodic with period &
0
c) lim f (X) =-1 d) none of these
x—Z
Ans. a,b,c
Sol.
y
A
z
2
1
= _B
- 2 .
: 0 *x
—b
2 The equation (x—n)m +(x—n2)m +(x—n3)m +.... +(X—nm)m =0, where mis odd
integer has
a) all real roots b) both complex and real roots

c) one real and (m— 1) complex roots d) (m — 1) real and 01 complex roots
Ans. b, c
-1

sol. f’(x):m((x—n)m_l+(x—n2)m Fo. +(x—mm)ml)>0
= f/(x) =0

= f (X) =0 has exactly one real root.

3. Let f(X)=I|Sint|dt,then
0

a) fis continuous everywhere b) f '(X) is differentiable at x=7
c) f(m) =2 d) f(X)ZO for all real x

Ans. a,c,d

Sol. f'(x)=|sin X|. Now draw the graphs

1+tanx, 03x<%

. et 1(x) {x+2, 0<x<?2

, 9(x)=
— >
6-x, X2 3—cotx, %5x<;z
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a) fg(x) is continuous in [O, 72') b) fg(x) is not continuous in [O, 72')
c) fg(x) is differentiable in [0, 7Z') d) fg(x) is not differentiable in [0, 7[)
Ans. a,d

3+tanx, 03x<%

Sol. fg(X):
3+cot X, %g X<

fg(x) is continuous in [0, 7)

T
but fg(x) is not differentiable at X = Z

" dt
5. Iff(X):j—,X>Oandn>m,then
w It
X" (x-1
a) f’(X)z% b) f(x) is decreasing for x>.1
nx
c) f(x) is increasing in (0, 1) d) f(x) is ihcredsing for x > 1

Ans. cd

n-1 m-1
f'(X): 1-x _1-mx , clearly c and d are the'ahswetrs.
(In x”) (In xm)

Sol.

6. The triangle formed by the normal to the ctifve f (X) =x%*—ax+2a at the point (2, 4) and

the co-ordinate axes lies in second quadrantifits area is 2 sg. units then a can be

17 19
a)2 b) Z )5 d) Z
Ans. b, c
Sol. f'(x)=2x-a
At (2, 4)
f'(x)=4-a
Equation of normahat{(2, 4) is

1
4= (x-2
(-4 g -2)
Lét, pointefintersection with x and y — axis be A and B respectively then

4a—18)
a—-4

A=\(-4a+18,0),B = (0,

Hence a > E as
(4a—18)

*. area of triangle = %(4a—18) =2

=(4a-17)(a-5)=0

:>a=50rE
4
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V4

2
7. Let In:jcos”xdx, neN, then
0
a)l,>1, bn(l_,—1)=1_, ol, -1 S d) none of these
n+1
Ans.  ab
n-1 T
Sol. l,=—=1_,and |, 1, ;>0ascos"x>0in|0,=
n 2
>

Also |, = (n—_l) I,
n

8. Iff(x) besuchthat f(X)=max{[2—x|,2-x’} then
a) f(x) is continuous V X € R

b) f(x) is differentiable ¥ X e R

c) f(x) is non-differentiable at one point only
d) f(x) is non-differentiable at 4 points only
Ans. a,d
Sol. Clearly from the graph, f(x) is continuous V X € R

y=2-x
but not differentiable at — 1, 0, 1, 2, (4 points).
-1
T ain2
9. Let In:J‘SI!q Znede, e N , then
5 Sin“ @
a) |, =4r b) I, =57 c)l,=57 d) I, =4~
Ans. a,b
2sin(2n+1)6
Sol. |n+1—|n=j¥ df=7VneN
sing

0
11,00, 13400 form an AP with common difference ©t

h=2+(n-1)z=1 =nx

10. tet f(x)=absin X +by1—a? cosx+c, where laj <1, b>0, then

a) maximum value of f(x) isb if c=0
b) difference of maximum and minimum value of f(x) is 2b

c)f(x) =cifx=-cos?a d)f(x)=cifx=cos'a
Ans. a,b,c
M2 12 22 o : 1-a?
Sol. f(x):\/ab +b? —b’a’ sin(x+a)+c=bsin(x+a)+c where tana =
a

(F () e =(F (%)), =20
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Also,at x=—cos™a, f(x)=c

. sin X tan x . o
11. lim || n—=|+| m—— ||, (where [] represent greatest integer function) is
X

x—0 X

ajm+n—-1ifn,me N b)m+n-2ifmel,neN

cm+nifme N,nel dm+n-1ifm,ne I
Ans. a,b,c,d

Sol. fmneN,andL=n-1+m
fmel,neN,thenL=m-1+n=m+n-2
IfmeN,nel ,thenL=n+m
m nel thenL=n+m-1

12. Let f :R—R, such that f”(x)—2f’(x)=2ex and f'(X)>O, V X €R, thenwhich of the

following can be correct.

3 4
a) [ f(x)dx=10 b) [ f(x)dx=-5 ¢ f(4)=5_ d)\f(-5)=-4
2 1
Ans. a,c

d /o x(¢r
Sol. &(e’ (f'(x)-f(x)))=2
=e*(f'(x)-f(x))=2x+c,
= f (x)=(x2+clx+cz)eX and f’(x)=(x2+(cl+2)x+cl+c2)eX
Giventhat f'(X)>0  =c’—4c+4%0
=cl-4c,<0 = f(x)>0, WX
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Differential Calculus
Assertion Reasoning Type

e

1.  Statement—I:If 2f (X)+ f (—X)z%Sin(X—%j then value of | = I f (X)dXzO
1/e
2a

Statement—11: If f (2a—x)=—f (X), then I f (X)dX=O
0
a) Statement 1 is true, Statement — 2 is true; Statement 2 is a correct explanation for

statement 1
b) Statement 1 is true, Statement 2 is true; Statement 2 is not a correct explanation for

statement 1
c) Statement 1 is true; Statement 2 is false d) Statement 1 is false; Statement:2 is true

Ans. b

Sol.  2f (x)+ f(—x)=2f (—x)+ f(x)= f(x)=f(—x)

f(x)= X&n(x—%)

L=I£4m x—ldx=—jimnt—}dx=—1
3X X 3t t

1/e

=1=0
2. Statement - 1: If y is a function' of “x such that y(x—y)Z:x then
dx 1 2
=—ilog(x-y) -1:+c

Statement — 2: jxd—);))/ =log(x—8y)+C

a) Statement-1 is true, Statement-2'is true, Statement-2 is a correct explanation for statement-

1
b) Statement-1 is true, Statement-2 is true, Statement-2 is not a correct explanation for

statement-1
c) Statement-1is.true, Statement-2 is false d) Statement-1 is false, Statement-2 is true

Ans. ¢

1
X—3y

d
Sol.  For statement.1, we will prove that d—( R.H .S) =
X

R.H.S =%|0g|:§— :|:%|:|Og(x—y y]_—{M_log y}:%{logx_sk)g y}
:»i(R.H.s)zl 1 3dy| 1|1 3dy| 1 LE( yj x+y |_ 1
dx 4| x ydx T4 x y dx T4 x y x=3y | x-3y

. listrue

For statement 2 : I =log (X —3y) +C, we are assuming that y is constant.

X—3y
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3.

Ans.

Sol.

Ans.

Sol.

Ans.

Sol.

Ans.

Statement — |: The function f(X)=(3X—1)‘4X2 —12x+5|coszx is differentiable at
15

X==,=
2 2

Statement — 11 : €OS(2n +1)% =0Vnel

a) Statement 1 is true, Statement — 2 is true; Statement 2 is a correct explanation for
statement 1

b) Statement 1 is true, Statement 2 is true; Statement 2 is not a correct explanation for
statement 1

c) Statement 1 is true; Statement 2 is false d) Statement 1 is false; Statement 2 isdrue

a

Statement 1 is correct as though ‘4X2 —12X+5‘ is non differentiable at X= but

N |-
N | Ol

coszzX =0 at those points. So f’(%j and f’(g} exists.

_ 15-x, x<2
Statement — I: For the function f (X) =
2X—3, X=2
X = 2 is neither a maximum, nor a minimum point.
Statement—11: f '(X) does not exist at x = 2.

a) Statement 1 is true, Statement — 2 is true; Statement 2 is a correct explanation for
statement 1

b) Statement 1 is true, Statement 2-is true; Statement 2 is not a correct explanation for
statement 1

c) Statement 1 is true; Statement 2'is false’ d) Statement 1 is false; Statement 2 is true

d

x = 2 is a point of local minima.

Statement — 1: A tangent parallel to x-axis can be drawn for f (X) =(X—1)(X—2)(X—3) in

the interval [1, 3]
Statement — 2: A horizontal tangent cannot be drawn in [1, 3]

a) Statement-1 is.true, Statement-2 is true, Statement-2 is a correct explanation for statement-
1

b) Statement-1 is true, Statement-2 is true, Statement-2 is not a correct explanation for
statement-1

c) Statement-1 is true, Statement-2 is false d) Statement-1 is false, Statement-2 is true

c

Apply Rolle’s Theorem.
Statement — |: Tangent drawn at (0, 1) to the curve y = x* — 3x + 1 meets the curve thrice at one
point only.
Statement — Il : Tangent drawn at (1, -1) to the curve y = x> — 3x + 1 meets the curve thrice at
one point only
a) Statement 1 is true, Statement — 2 is true; Statement 2 is a correct explanation for
statement 1

b) Statement 1 is true, Statement 2 is true; Statement 2 is not a correct explanation for
statement 1
c) Statement 1 is true; Statement 2 is false d) Statement 1 is false; Statement 2 is true

c
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d d
Sol. Here &Y =3x? -3, statement—1 &y =-3
dx dXl.¢ (o)
Equation of tangenty =-3x+ 1 meetsy=x3-3x+1 = -3x+1=x>-3x+1
= x=0

.". tangent meets the curve at one point only = statement -1 is true.

at (1,-1)

_dy
Statement — 2 again —
dx

". equation of tangentisy+1=0(x-1)i.ey=-1
=-1=x-3x+1= (x-1)(x®*+x-1)=0 = (x-1)*(x+2)=0
—> the tangent meets the curve at two points.

7. Statement — I: The equation 3x? + 4ax + b = 0 has atleast one root in (0, 1) if 3 +4a =0
Statement — Il : f(x) = 3x? + 4x + b is continuous and differentiable in (0, 1)
a) Statement 1 is true, Statement — 2 is true; Statement 2 is a correct explanation for
statement 1
b) Statement 1 is true, Statement 2 is true; Statement 2 is not a correct explanation for
statement 1
c) Statement 1 is true; Statement 2 is false d) Statement 1.is false; Statement 2 is true

Ans. d

Sol. Ifb<0,thenf(0)=b<0,f(1)=b<0

.. 0, 1 lie between the roots, statement — 1 is false.

¥ 1

. Odxo_ o . dx
8.  Statement—I:Ifn>1,then g ~=0 T
0 1+ X 0 (1- Xn)
b b
Statement— 11 : ¢) f (x)dx= o f(a+ b= x)dx

a) Statement 1 is true, Statement = 2.is true; Statement 2 is a correct explanation for
statement 1
b) Statement 1 is true, Statement 2 is true; Statement 2 is not a correct explanation for
statement 1
c) Statement 1 is true; Statement 2 is false d) Statement 1 is false; Statement 2 is true

Ans. b

Sol.  The statement =1 can be proved by showing that both integrals are equal to a third integral.
If we put.x" = tan?0 in the integral on LHS and x? = sin%0 in the integral on RHS, then both

2 7l2 g 2 72 g
integrals-will be equal to — I tan('" l¢d¢ and — J- tan®"* gdo respectively. Since the
n n
0 0

last'two integrals are equal statement — 1 is proved but correct statement — 2 has no role to
play here.

np
\

- sin X
9. Statement—1:If NI |, then 0
0

X

dx>g§_+1+1+ ..... +£3
pg 2 3 ny

sinx_ 2 & po
Statement—1Il: ——> — in §U,—

X p 20
a) Statement 1 is true, Statement — 2 is true; Statement 2 is a correct explanation for
statement 1
b) Statement 1 is true, Statement 2 is true; Statement 2 is not a correct explanation for
statement 1
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Ans.

Sol.

10.

Ans.

Sol.

11.

Ans.

Sol.

12.

c) Statement 1 is true; Statement 2 is false d) Statement 1 is false; Statement 2 is true

b
[ e
ol X 0 (n)el X
:]isiﬂdwrjsm t+72' Ism (u+2r) |du+ -----
. X 0 ol u+27
T osinx ok smx
= d
§£x+( 21:-'. X
-3 ]T.Siﬂdx= n £=£[1+1+1+...+1j
oy 7r ol 2

Statement — |: Function f(x) = sin(x + 3sinx) is periodic
Statement — Il : f(g(x)) is periodic if (g(x) is periodic
a) Statement 1 is true, Statement — 2 is true; Statement 2 is"a correct explanation for
statement 1
b) Statement 1 is true, Statement 2 is true; Statement 2 is not a correct explanation for
statement 1
c) Statement 1 is true; Statement 2 is false d) Statement.1is false; Statement 2 is true
b
Clearly we have f(x + 2r) = f(x) = 2m is period
Statement 2 is obvious

Statement — I: Sum of LHD and RHD of f(x).= ‘Xz - .5x+ 6‘ atx=2is0

Statement — Il : Sum of LHD and RHD. of f(x) = ‘(X- a)(x- b] atx =a (a < b) is equal to zero

a) Statement 1 is true, Statement —*2 is true; Statement 2 is a correct explanation for
statement 1
b) Statement 1 is true, Statement 2 is true; Statement 2 is not a correct explanation for
statement 1
c) Statement 1 is true; Statement 2 is false d) Statement 1 is false; Statement 2 is true

a

X% —5X + 6, X<2
Here f(X)={-X*+5x-6, 2<x<3
x?> —5X + 6, X>3

2X -5, X<2
f(x)=1-2x+5 2<x<3
2X-5, X>3

f(27)+f'(27)=-1+1=0
Similarly in statement 2, f ’(a‘)+ f ’(a*) =0 = statement 2 explanations statement 1

n

X n
Statement—1: lim —=0 " x>0
¥ nl
Statement — Il : Every sequence whose nth term contains n! in the denominator, converges to

zero
a) Statement 1 is true, Statement — 2 is true; Statement 2 is a correct explanation for
statement 1

Differential Calculus
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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 1 is true; Statement 2 is false d) Statement 1 is false; Statement 2 is true

Ans. C
n

X
Sol. The statement — 1 is true for any x > 0, we can choose sufficiently larger n such that - is
n!

small.

Statement — 2 is false, since contains n! in the denominator but diverges to o

(n)’
n
13. Statement - I: Minimum number of points of discontinuity of the function f(x) = (g(x)) [2x —1]
" X1 (- 3,- 1), where [.] denotes the greatest integer function and
g(x) =ax3 + x* + 1is zero
Statement — Il : f(x) can be continuous at a point of discontinuity, say x =/¢; of [2x —1] if g(c1) =
0
a) Statement 1 is true, Statement — 2 is true; Statement 2 is a correct explanation for
statement 1
b) Statement 1 is true, Statement 2 is true; Statement 2 is not a correct explanation for
statement 1
c) Statement 1 is true; Statement 2 is false d) Statement.1 is false; Statement 2 is true
Ans. d

—5.-3
Sol.  Clearly, [2x — 1] is discontinuous at three points. X = ?,7and -2
o . -5 -3
f(x) may be continuous if g(x) = ax®> + x* +x + 1. =0 at x=?,7or—2

g(x) can be zero at only one point for a fixed value of a
. minimum number of points of discontinuity = 2

), 5

14. Let (sin y)sm(7 7sec‘l(2x)+2x tan(x+2)=0
dy

Statement — 1: d_ at x.= IT'will not exist.
X

Statement= 2: ( f (X))g(x) is discontinuous if f(x) < 0

a) Statement-1 is true, Statement-2 is true, Statement-2 is a correct explanation for statement-
1
b) Statement-1 is true, Statement-2 is true, Statement-2 is not a correct explanation for
statement-1
c).Statement-1 is true, Statement-2 is false d) Statement-1 is false, Statement-2 is true

Ans. a

. (X

Sol. Sincey<O0forx=-1, hence (sin y)sm(7j does not exist in neighbourhood of x =-1

1 2 3
+ +

15. Statement—I: Let f :R—{1,2,3} — R be a function defined by f (X)= 1t %2 %3

Then f is many-one function.
Statement — Il : If either f'(Xx)>0 or f'(x)<0 Vxe domain of f, then y = f (X) is one-one

function.
a) Statement 1 is true, Statement — 2 is true; Statement 2 is a correct explanation for
statement 1
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Ans.

Sol.

b) Statement 1 is true, Statement 2 is true; Statement 2 is not a correct explanation for

statement 1

c) Statement 1 is true; Statement 2 is false d) Statement 1 is false; Statement 2 is true

c
From the graph it is clear that f(X) is not
one-one statement 1 is true. Also f'(x)<0,

Y X € domain of f but the function is not 1 —
1 so statement — 2 is false.

Y
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Comprehension Type
Paragraph - 1
Consider the curve given by parametric equationx=t—-t3,y=1-t4 teR

1. The curve y = f(x) intersect y —axis at
a) one point only b) 2 point only ¢) 3 point only d) 4 point only
Ans. b
2. The curve y = f(x) is symmetric about
a) x —axis b) y-axis c) y =x d) none of these
Ans. b
3. The curve forms a loop of area
a) 8/35 b) 16/35 c) 31/35 d) none of these
Ans. b

Sol. Forx=0,t=0,1,-1,y=1,0
If ¢ =t—t> replace t with —t, ,le—t4
So=—t+t=—q,f=1-t'=p
:>(05,,8) and (—a,ﬂ) both lie on curve

=H(t—t3)(—4t3)dt

1
Area= = ‘ZJ. xdy _16
0

Paragraph - 2
Let n be non-negative integer, | =Ix"\/a2 —x’dx,.@>0. Relation between | ,,1 ., I can be

s 3/2
obtain by integrating by parts. Clearly I, :?(a2 —XZ)

1.2 o 2)32
—X (a —X ) \
4. if 1, = +a°Bl,_,, where A and B are constants, then A must be equal to
ajn+1 b)n—-1 cjn+2 d)n
Ans. C
5. In the above question, B =
n+1 n n+2 n-1
a) —— b) —— c) —— d ——
n+2 n+2 n+1 n+2
Ans. d

a
6. The value of the integral IX4\/ a?—x2dx is equal to
0

ra® ra
a) 2 ) 16 c) )

Ans. a

_ _%|:Xn1§(a2 B X2)3/2 _'[(n _1) 2 %(az 2 )3/2 dX:l




Mathematics

:—Xn—1(az_x +n_1az|n_2_n__1|n
3 3 3
n 3/2
- X" (a* -x*) n—1az|m2
n+2 n+2
_3 2_ 23/2 _3 2_ 23/2 _ _ 3/2
I, = x(asx) +%a2I2= x(a6x) +%2 x(a4x) += aj\/a —x?dx

+—SIn " —

—x3(a2—x2)3/2 azx(az—xz)gl2 a‘| xWal-x* a* . ,x
2 2 a

a 6
za

Ix“ a’—xPdx="—
) 32

Paragraph - 3

An equation of the form 2nlog, f (X) =log, g (X) ,a>0, a=l, nelN is equivalent to the system

f(x)>0 and (f(x))" =g(x)

7.

Ans.

Sol.

Ans.

Sol.

Ans.

Sol.

Solution set of the equation log (8—10X—12X2) =3log(2x +1) is

a) {1} b) {2, 3} c) {5} d)¢
d
2x—1>0,8-10x—12x>>0and 8 #10x —12x? = (2x — 1)}

= (2x-1)(4x* +2x+9) =0

No solution

Solution set of the equation 10g,, (x—9)+2log,, v2x—1=2is

a) {1} b) {13} c) {%} d) ¢
b

Xx—9>0,2x—1>0and (x—9) (2x—1) =100
= x=13

Solution'set of % log, (X +1) —log, (1— X) =log, (2X +3) is

1 J5+1 11
a) {E(\/g—l)} b) { > } c) {E’g} d) none of these

a
x+1>0,1-x>0,2x+3>0

:>—§<x<1
2

*. Equation

X—+1=2x+3
1-x

Differential Calculus
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Paragraph - 4

P Y

dx

10.

Ans.

11.

Ans.

12.

Ans.

Sol.

= f (x)+| f (x)dx, then

O Ly

The equation of the curve y = f (X) passing through (0, 1) is

2e* —e+1 3e*—-2e+1
f S — == == -
) F0=—37 b) £ (x) 2(2-¢)
c) f(X):% d) none of these

The number of points of discontinuity of y = f(x) in (0, 1) are

a)4 b) 3 c)2 d)o
d
The area bounded by the curve y = f(x), x =0 and x =.is
_ — 3(e-1
) S p) S o —= o 3
e—-3 3—e 2 e+l

b

f'(x)=f(x)+

= log( f'(x))=x+Inc

f(x)dx= f"(x)=-+'(x)=

O ey
—y
—~
>
~
I
[N

] 2o o (1) o8 D ey
Sof(x)=ce*+1-c

= ce* =g +1—c+.1[(ceX +1— c) dx
0

X L a2

= C=1={ce +(1—c)x}0:>c_§
X 1 4

R (X) 2e" —e+1 J-2e —e+1dX:e—1
3-e 3 3-¢ 3-¢e

f(x) is continuous everywhere.

Paragraph - 5
f(x), g(x), h(x) all are continuous and differentiable functions in [a, b] also a < c < b and f(a) = g(a) =
h(a). Point of intersection of the tangent at x = ¢ with chord joining x = a and x = b is on the left of c in
y = f(x) and on the right in y = h(x). And tangent at x = c is parallel to the chord in case y = g(x). Now
answer the following questions.

13.

If £'(x)>g’'(x)>h"(x) then
a) f(b) < g(b) < h(b) b) f(b) > g(b) > h(b)
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c) f(b) < g(b) < h(b) d) f(b) > g(b) > h(b)
Ans. b
14, If f(b) = g(b) = h(b) then
a) f'(c)=g'(c)=N"(c) b) f'(c)>g'(c)>h(c)
c) f’(C) < g'(C) < h'(C) d) none of these
Ans. C
Sol.  According to paragraph (b)_ (a) > f'(C), g (bt))_g (a) = g'(C) and
h(b)_ h(a) < h’(C)
b-a
AS f/(x) > g!(x)> h!(x):> f (b)_ f (a) > g(b)_g(a) > h(b)_h(a)
b-a b-a b—a
15. If c= a+bh for each b, then
a)g(x)=Ax?+Bx+C  b)g(x)=logx c) g(x).=sin.x d) g(x) = e*

Ans. a
Sol.  If g(x)=Ax’+Bx+C
N g

b)-g(a) A(b*-a*)+B(b-a) b+a (b+a
(b)-s(a) AL-2)rB0-2) _opleia) g _gbr2)

b

Paragraph - 6

If f:R—>Rand f(x) = g(x) +.h(x) where g(x) is a polynomial and h(x) is a continuous and
differentiable bounded function on both sides, then f(x) is onto if g(x) is of odd degree and f(x) is into
if g(x) is of even degree. To check.whether f(x) is one-one we need to differentiate f(x). If f’(X)

changes sign in domain of f thenf is many one else one-one.

16. f:R—>R andf(x).= aix + asx® + asx’+ ... + @+ 12" — cot’x where 0 <a; < a3 < ....... < ams+1,
then the functionf(x) is
a) one-one into b) many-one onto c) one-one ontod) many-one into

Ans. ¢

Sol. f(x).= odd-degree polynomial + bounded function cot'xe (0, 72'), also f'(X) >0

X(X*+1)(x+1)+x* +2
17. f:R—>R and f(X): - , then f(x) is
X“+X+1
a) one-one into b) many-one onto c) one-one ontod) many-one into
Ans. d
4 . . 1 4
Sol. f (X) =X"+1+ 5 = even degree polynomial + bounded function ———€ 0,—
X“+X+1 X“+X+1 3
2
4% (x* +x+1) —2x-1
, F(x)= 5 2
(x*+x+1)
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= f'(X) =0 has atleast one root which is repeated odd number of times or it has one root

which is not repeated since numerator of f '(X) is a polynomial of degree 7.

= f(x) = 0 has a point of extrema.

18. f :R —R and f(x) = 2ax + sin2x, then the set of values of a for which f(X) is one-one onto
is
11 11
ae|-=,= b) ae(-11 acR-|-=,=| dyaeR—(-11
a) E(ZZ) )e(l,) c) ae (22} )ae (l,)
Ans. d

Sol. f(x) = odd degree polynomial + bounded function Sin2x = f (X) is onto
f(x) is one-one if f'(X) >0or f'(X) <0 VX
—a>lua<-l=aeR-(-11)

Paragraph - 7

X o

\ . & 10
We are given the curves Y= (3 f (t)dt through the point éO'Ei andw.= f(x), where f(x) >0 and f(x)

(%]
- ¥

is differentiable " xI R through (0, 1). If tangents drawn-to.both the curves at the points with
equal abscissae intersect on the same point on the x-axis; then
19. Number of solutions f(x) = 2ex is equal to

a)o b) 1 c)2 d) none of these

Ans. b
f( x)

20. lim ( (x))

a)3 b) 6 c)1 d) none of these
Ans. c
21. The function f(x) is

a) increasing for all.x b).non-monotonic c) decrease for all x d) none of these
Ans. a
Sol. We have'the equations of the tangents to the curve Yy = I dt and y = f(x) at arbitrary

—00

points on.them are
Yo j t)dt=f (x)(X —x) : (1)

and Y — £ (x) = £/(x)(X —x) Q)
As (1) and (2), intersect at the same point on x-axis

". Putting Y = 0 and equating X-coordinates we have
X

f () [ f(t)dt

X~ f’(x))zxwf(x
f(x f'(x ¢
= - f((x))::[of(t)dt—cf( ) -3
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0
Also f(0) = 1 :>j f(t)dt=%=c><1:>c=%

f 1
= j f (t)dt =§ f (X); differentiating both sides and on integrating and using boundary

condition.
We get, f (X) =e?; y = 26X is tangent to Y =e” = number of solutions = 1

Clearly f(x) is increasing for all x

lim (e2X )efzx =1 (oo0 form)

X—>00

Paragraph - 8

X

f (X)= 0O (4t4- at‘°’)dt and g(x) is quadratic polynomial satisfying g(0). +6 = g¢(0) -c =
0

g¢(0)+ 2b= 0. If y = h(x) and y = g(x) intersect in 4 distinct points with abscissae x;; i = 1, 2, 3, 4

such that § 1= B,a b,cl R, h(x)= f¢(X); then
1

22. Abscissae of point of intersection are in

a)A.P b) G.P c)H.P d) none of these
Ans. a
23. aisequalto

a)6 b) 8 c) 20 d) 12
Ans. o
24. cisequalto

a) 25 b) § ) § d) §

2 4 8

Ans. a
Sol.  We have g(x):g(0)+xg’(0)+X?g”(O):—bx2+cx—6

h(X)= g(X)=4X4 ~ax® +bx® —cx+6 =0 has 4 distinct real roots. Using Descartes rule

of sign
= given biquadratic equation has 4 distinct positive roots.
Let X1, X2;.X3 and Xa

1 2 3 4
SRR
Now, X X X X, . 24
4 X1X2X3X4
:>222:>—=£=i:i:
X% XX
123 4 a4
XX XX
:>£=k4 k=2
3/2
:Rootsarel,l,g,Z
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a=20,c=25

Paragraph - 9
Graph of a function y = f(x) is symmetric about the line x = 2 and it is twice differentiable ¥V X e R.

Given f '(1/ 2) =f '(1) =0, then
25.  Minimum number of roots of the equation f "(X) =0in (0, 4) is/are

a)2 b) 4 c)6 d) 8
Ans. b

26. The value of j f(2+x)sin XdX is equal to

a)1l b) f (2) c)2m d) none of these

Ans. d

27. If (m , M) be the number of points of minima and maxima .respectively of y = f(x) in
(0, 4), then m x M is equal to
a)4 b) 5 c)6 d)7

Ans. ¢

Sol. f(2—x)=f(2+x)

Paragraph - 10

1
Let f (X): m, let m be the slope; a be the x intercept and b be the y intercept of a tangent toy

= f(x)
28. Abscissa of the point of.contact of the tangent for which m is greatest, is
1 1
a) — b).1 -1 d) - —
3 VE]
Ans. d
29. Value of b for the tangent drawn to the curve y = f(x) whose slope is greatest, is
9 3 1 5
a) — b) = c) - d) =
3 8 8 8
Ans. a

30. Value of a for the tangent drawn to the curve y = f(x) whose slope is greatest, is

a) - \/3 b) 1 Q-1 d) V3
Ans. a
2

Sol. Here we have f'(X):ix2 and 1E"(X)=6X—_23
(1+x2) (1+x2)

1

(X)) . X =

( )ls maximum at N
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33

If m is greatest then m=——

3
y coordinate of the point of contact is —

33

. . 3 1
.. equation of the tangent is y—Z:— X+—

8 V3

s.a=—J/3 and b:g
8

Paragraph - 11

Consider the function f(X)= max{xz,(l- X)Z,ZX(l- X)};Xi [O,l]

31. Theinterval in which f(x) is increasing is

al 20 d 16 a 26 M 16,20 &
b) 6=, == & 29 % 0
335 '3 0% C)gé o it
Ans. d

32. Let RMVT is applicable for f(x) on (a, b) then a + b +.c (where c is the point such that

féc)=0

2
= b
a)3 )

Ans. d

1
= d
C)2 )

33. Theinterval in which f(x) is decreasing.is

al 20 & 10 16, & 20 ® 16.a2 O
JF e o) >3 )gb—_ﬁ S A B L
3 30 3 20 36 82’35 320 83 ©
Ans. c

Sol.

We draw the graphs of fi(x).= %2 3 f2(x) = (1 — x)? and f3(x) =
2x(1-x)
Here f(x) is redefined as

(1-x)’, 0<x<2 ) |
3 [x}={1—x}f{.}_2x“ }
1 2 X)Z2x 1
f.(%)=92x(1-x), §£x£§ Nﬁx]:x“
1
X2, g<x§1 : '
3 ! 1

)
Interval of increase of f(X) is (l,l U 2,1
32 3 :

Interval of decrease of f(x) is O,1 ) l,g
3 23

12
Clearly Rolle’s theorem is applicable on ‘:E 5} where f(x) =

2x(1-x)
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:f’(c):2—4c=0:>c:%

1 2 1 3
—a+b+c==+=-+===
3 3 2 2

Paragraph - 12

Let y = f(x) and y = g(x) are two function defined as

ax? +b, 0<x<1 cx? +d, 0<x<2
f (x) =1 2bx+2b, 1<x<3 and g(x)=qdx+3-c, 2<x<3
(a-1)x+2a-3, 3<x<4 x*+b+1, 3<x<4
34, f(x) is continuous at x = 1 but not differentiable at x = 1, if
a)a=1,b=0 b)a=1,b=2 c)a=3,b=1 d) none of these
Ans. c
Sol. |XILI‘11 f(x)=a+b
ALrP f(x)=4b
a+b=4b = a=3b
fr(17)= /(1)
=2b#2a=a=#b
35. g(x) is continuous at x = 2,'if
a)c=1,d=2 b)c=2,d=3 cJc=1,d=-1 d)c=1,d=4
Ans. a
so. i o()=lig o(x)
=4c+d =2d+3=cC
=d =5c-3
36. If f.is continuous and differentiable at x = 3, then
a)a=—1,b=Z b)azg,b:—1 c)azl,bz—g d)a=2,b=l
3 3 3 3 3 3 2
Ans.. d
Sol. XIl%rglf(x)lelﬂrpf(x)
=8b=5a-6
f'(37)=2b
. (a-1)(3+h)+2a-3-8b
f(3)= lim (BZDEN) = 2b
h—0" h
=5a-8b-6=0
= f(3)=a-1

=a-1=2b=a=2b=%
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Paragraph - 13

v(x)
Let y = UE[() f (t)dt , let us define % as % :V'(X) fz(v(x))—u’(x) fz(u(x)) and the equation
dy
of the tangent at (a, b) as y_b:(_j (x—a)
dx (a.b)

2

X
37. If y= Itzdt , then equation of tangent at x=1s
X

a)x+y=1 b)y=x-1 cy=x dy=x+1
Ans. b
Sol. Atx=1,y=0

o) () 2

Equation of tangentisy=x—-1

38. Ify= I(Int)dt,then Iimﬂ is

x—0" (j)(

a)o b) 1 c)2 d)-1
Ans. a

dy 2 2
Sol. &=4x3(lnx4) —3x2(lnx3)
=64x*(In x)2 —27x*(In x)2

lim a _ 64 lim x*(In x)2 —271im%?(In x)2 =0

x—=0" QX x—0* x—=>0"
39. If f(X):Jl.etzlz(l—tz)dt,then %f(x) atx=11is
a)o b)1 c)2 d)-1
Ans. a

Sol. f(x):j.etz’z(l—tz)dt

10
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Ans.

Ans.

Ans.

Ans.

Sol.

Ans.

Differential Calculus

Integer Answer Type
If the least value of the area bounded by the line y = mx + 1 and the parabola

. . b6a .
y =x?+2x -3 is o where m is a parameter then the value of 5 is

2

i
A:j(yl—yz)dx where ¢, 8 are the roots of

X2+ 2x — 3 = mx + 1, on solving we will get

l(m2 —5m+20)3/2. Hence o _%
6 3

ba

=>—=2
32

The value of constant ¢ such that the straight line joining the points (0, 3) and (5, -2) is

c
tangent to the curve y =——
x+1

4
Equation of line joining (0, 3) and (5, -2) is x + ¥ =3

. C
Now it touches the curve y = —— at (X1,¥1)
x+1

Hence (%) =1=(x, +1)" £, (Xy,) lie on the line. Substituting we get
(% %)

+Jc=2=c=4

Let f (x) =x?+3x—3, x>04if n points X1, Xz .... X, are so chosen on the x-axis such that

N 1 N .

D R 3 ) B AR ES 3EY
Nz N= i1 i=1

where f ' denote inverse of f. Find A.M. of x; is

1

f (X)=x
X° 4 3x—3=x=>x=1
Atihow many points in the interval (0, 2), f (x)=x’ [ZX]—X[XZ] is discontinuous (where

[-] denotes the greatest integer function)

4
Conceptual
n H —n
£ (x) = lim lim &SI Fleosxa f(ﬁ) s
N0 g1 a"+a 2
1
f (x)=[sinX

(e
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n

X" —sin x

6. If lim ———— exists and has a non-zero value, then n =
x>0 X —sin" X
Ans. 1
By putting n = 1, the result can easily be obtained.
7. IfI dx aln|x|+bIn|x" +1+c, then |a+7h| =
1+ x
Ans. 1
Differentiating both sides, we get
1-x*  a 7x°

————~=—+b-——==a=La+7b=-1
x(1+x) X 1+X

8. If T[ZeX]dx =Ink([-] dentoe the g.i.f ) thenk =
Ans. 2 0

[Ze’xjdx—j[Ze’x dx+j 2eX]dx—T[2e dx+0=1In2

In2

O ey 8

9. The shortest distance between (1 x)2 +(x- y)2 +(y— z)2 +7° :% and
4x + 2y + 4z + 7 = 0 in 3 — dimensional cooerdinate.system is equal to
Ans. 2
Leta=1-x
b=x-y
c=y-z
d=z

thena+b+C+d:1anda2+b2+C2+d2:%

=(a-b)’ +(a=c)™(@%d) +(b—c) +(b—d) +(c—d) =0

—a=b=c=d

4 X—E y—l Z—l
; 4 2V 4

\ . 311 .
So.the“distance from the point 22'2 from the plane 4x + 2y + 4z + 7 = 0 is
3+1+1+7_2
NI
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Ans.

Sol.

Ans.

Sol.

Differential Calculus
Matrix-Match Type

Match the following:-

Column -1

Column—1I

A) The area of the figure bounded by y =x*and y = \/; is

P) 4/3

4
B) f{ﬁ}dx has the value ({x} denotes fractional part of x}
0

Q) 5/3

C) The area of the region for which0<y<3-2x—x*andx>0is

R) 7/3

7l2

D) j Jcosx—cos® x dx equals

—zl2

S).1/3

A-S;B-R;C-Q;D-P

A) Required area = j'(\/;—xz)dx =1/3
0

>

o [{mo] ([
Iﬁ dx ::[[\/ﬂdx—

O e N

[&]dx=7/3

(3—2x—x2)dx

Area =

O Ly

by

3 1
:{3X—X2 —X—} = 5/3
3 0

7l2

D) 2.|. Jeos xsinxdx=4/3
0

Match.the following

Column =1

Column—1I

A) Number of points discontinuity of f(x) = tan?x — sec?x in (0,27)
is

P)1

B) Number of points at which f(x) = sin"Xx + tan"’x + cot™x is non-
differentiable in (-1, 1) is

Q)2

C) The number of points of discontinuity of y = [sinx]; X I [O, 2p)

(where [.] denotes the greatest integer function) is

R) O

D) Number of points where Yy = ‘(X- 1)3‘+ ‘(X- 2)5‘+ |X- 3| is

non differentiable

SE

A-Q;B-R;C-Q;D-P

Via 3
A) tan® X and Sec’ X are discontinuous at X =— and 7
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*. number of discontinuities = 2
. _ _ . 4T
B) Since f(Xx)=sin" x+tan™ x+cot™ x =sin l+E
*. f(x) is differentiable in (-1, 1) = number of points of non-differentiability =0

T
Q) y = [sin x] is discontinuous at X=— and 7

o y=[eDf 42y

+|X—3| is non differentiable at x = 3 only

3. Match the following
Column -1 Column—1I
A) The maximum value attained by y=10- P)3
- 1£ x£ 3is
2 . 2 . . .
B) If P(t3, 2t) ; tI [0,2] is an arbitrary point on Q=

parabola y? = 4x, Q is foot of perpendicular from focus
S on the tangent at P, then maximum area of APQS is
C)Ifa+b=1,a b >0 then minimum value of | R)5

= is

D) For real values of x, the greatest and least value of 1
2x*+ 3x+ 6

Ans. A-P;B-R;C-P;D-Q,S

Sol. A) Ify=10- , xe[=1,3]

-11< X—lOS—?:>7S|X—10|Sll:> ye[—l,3]
. y=10-(10-x)=

. maximum value ofy =3

expression

B) Equation-of tangent at P is ty = x + t?, it intersects the line x =0 at Q.
*. Coordinates of Q are (0, t)

0 t .
1 0 1==(t+t%)
t° 2t 2

.. area of APQS =

N

WL 1(3t2 +1)>0 vt e[0,2]
dt 2

‘. areais maximum fort =2
‘. maximum area =

Q) Asa+b=1and 1+—
V ab
l

Again \/_b a+h —% %

(l+§j(1+6) >1+8=3
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X+2

2X% +3x+6
= 2yx* +Xx(3y-1)+6y—2=0

=D>0=>(3y-1)° -8y(6y-2)>0

D) Let y = = 2yX* +3Xy + 6y = X+2

4. Match the following:-

Column -1 Column—1]
9(9) oS X P)-2

dt .
A) If f(X)= &) ———, where g(x)= ¢ (L+ sint?)dt,
() O e () (O)( )

0
then value of f@&—=is
20

B) If f(x) is a non-zero differentiable function such that | Q)2

of (t)dt= {f (X)}2 " X1 R then f(2) is equal to

0

b R)1
Q) If (‘) (2+ X- Xz)dX is maximum, then a + bis‘equalto

a

. &in 2x b o S)-1
D) If lim + a+ — == 0, then3a +b has the value

@0 B %3 Nl%)

Ans. A-S;B-R;C-R;D-Q

Sol.  We have f’(x)zﬂ and g’(x):<l+sin(cos2 x))(—sin X)

1+9°(x)
(1+ sin (cos” x))(—sin X)  (x 140 .
e (1) S (=) 20 yz)
197 () veo!(7)
2
3 f'(sz—l
2
Q) Maximum whena=-1,b=2 = a+b=1
1 H 3
D) IfIim Sm32X+a+£2=0:Iim sm2x+3ax +bx:0
x—0 X X x—=0 X

for limittoexist2+b=0= b=-2

. sin2x+ax® —2x
~odim =0

x—0 X3

Using L.H rule and solving we get a = §

. 3a+b=2
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Differential Calculus

5.

Ans.

Sol.

Ans.

Sol.

Match the following

Column -1 Column-—1I
A) The equation x logx = 3 — x has atleast one root in P) (0, 1)
B) If 27a + 9b + 3c + d = 0, then the equation 4ax? + 3bx? + 2cx + d = 0 has Q) (1, 3)
atleast one root in
R) (0,3
Q)Ifc= \/§ and f (X): X+ l, then interval of x in which LMVT is ) (0.3)
X
applicable for f(x) is
S)(-1,1
D)If C= % and f(X): 2X- X2, then interval of x in which LMVT is A )
applicable for f(x) is
A-Q;B-R;C-Q;D-P
A) f'(x)=log x—§+1:> f(x)=(x—3)logx+c
- f (1)= f (3)
B) f'(x)=4ax’ +30x* + 2cx +d
3 f(x)= ax* +bx® +ox® +dx+e
. f(0)=f(3)=27a+9%b+3c+d =0
(b) ( ) 2 ab-12
C f' 3 =—:—=_
) (\/—) 3 ab~. 3
f(b)—f
o) M: fr(lj:,am:l
b—a 2
Match the following
Column — | Column-—1I
. X+sinx p
f f h Ll
A) (X) 01+CS dx and f(0) = 0, then fé—gls P)2
p/6
B) Let f(X)= e™ Xéﬁ :dX and f(0)=1if f ael% ky/3e p
,/ NG 20 P Q) 3
thenk =
0 Let f.(x)= 0 dx and f(0) = 0 if f(\/§): ik,then kis R) P
(x*+1)(x*+9) 36 4
D) Let f(X): (‘)_—de and f(0) =0 if f?i%— 2— then k is S)n
sin X cos X 4 p

A-P;B-P;C-R;D-S
A) f(x)=jx+smxdx I x><15ec X ttan 2 dx=xtan = +¢
2 2 2 2

1+cosx

Since f(0)=0 =¢ =0 and f( ):z
2 2

)
=e™" *J1-x* +cC

= f(x)

]dx
X2

- . 1
B) f(x)=]e" *|1-— |dx=|e™" * Al-xt -2
) J. ( \ll—sz I [ 1—x? 1-
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= f(0)=1+c=c=0

f[lj:eﬂ/G.QZ@eﬁm
2 2 Vs
S k=xl2

Q) f(X)=%j( 21 -~ 21 )dx=%(tanlx—%tanlgj+c

X“+1 x°+9

f(0)=0=c = c=0
.1(7z 17[) 57 5k

T
== il
144 36 4

"8l3 36
D) j VX gy — I (tanx)"* sec? xdx = 2\/tan x +c
sin X cos X

f(0)=0=c = c=0

" f(zj:Z:z—k:k T

T

Let f(x)—i[x] < 2.0).

|X| xi [0’2] i oglx) = setxy;"XI'R- (2n+1)%. In the interval

0
é- —p —pE match the following
2 20

Column.— | Column—1I
A) Limit of fog exist at P) -
B) Limit of gof does not exist.at Q)=
C) Points of discontinuity of fog is/are R 5p
) 6
D) Points of differentiability of fog is/are S)—-7

Ans. A-P,R;B-P;C-—QS;D-P,R

2, xe[-2-1)
Sol. A) After defining we have f (X) =<-1 Xxe [—1, O) and
X, x€[0,2]

g(x)=secx, xeR—(2n +1)%

Clearly we have fog =< -1, X=—7,7

T
SecC X, Xe|l——,—
3 3}

Limit of fog existatx=-1
Points of discontinuity of fog are —mt,
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S5t
Points of differentiability of fog are — 1, ?

%c@Q),>uﬂ—Z—n—{—%}
gof =4sec(-1), xe[-10)
SecX, x €[0,2]- {%}

Limit of gof does not existat x=-1

n+1

Consider an expression f(X)zX”+X , heN f(x) is differentiated successively an

aribitrary number of times then multiplied by (x + 1) and again differentiated‘successively till
it attains the form of Ax + B. It is found that A — B is always divisible by a properiinteger A
which depends on n. Now in column | different values of n are given and‘in column Il
different values of A are given, Match the corresponding values of n and X.

Column -1

Column =1l

A)5

P) 15

B) 7

Q) 81

)9

R) 49

D) 13

5)91

Ans.
Sol.

A-P;B-P,R;C-P,Q;D-P,Q,S
f(x)=x"+x""

fk(x):( n!

n—k)!
n!

(n+1)!
(n+1-k)!
(n+1)!

n—k n+l-k

n=k

W

(o

(n+1-k

|
- A—B= n

21

I XM J(1+ X)=g(x) (say)

i

nt (n+1)!
n—k)! (n+1-k

)J(n+1—k)!

(n+1-k
=(nYn(n+1-k)

(n+1)! T2 KL
jo20

n—k)!+(n+1—k

(n+1ﬁ)J(n+1—kﬁ
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9. Match the following
Column —1 Column—1I
A) g(x) = 2 — x*3 and f(g(x)) = - x + 5x*/3 — x*3, the local maximum value of P10
f(x) is
. . . -3\ &«
B) No. of points of intersection of the curves arg| —— [=— and
-1 4 Q)1
z(1-i)+z(1+i)-4=0
C) Iff(x) =ax®* +bx>+cx +d, (a, b, ¢, d € Q) and two roots of f(x)=0 are
eccentricities of a parabola and a rectangular hyperbola, thena+b+c+ | R)2
d=
D) Number of solution of equation 1*+ 2*+ 3* ...+ n*=(n + 1)* are S)3
Ans. A-S;B-Q;C-P;D-Q
Sol.
=2-9(x) Y
2 3 _
= f(x)=5(2-x)—(2-x)" —(2-x) N arg(zz_J:%
=>X-TX+1IX-2=f =
Clearly 1istheroot => a+b+c+ =0
1Y 2 Y n Y > X
+ +..|— | =1 o) @O (39
n+1 n+1 n+1 '\
Z(1-1)+Z{1+i)-4 =0
Ty
\H\O,n}\n
(0.,1)
'\-.7“‘-—-.,___) 5 .
7l2
ax
10. ifl, = . , then the value of | for
o"2C0SX+SsinX+a
Column -1 Column -1
A)a=1 P) log 3
1
B)a=3 Q) —IogB
Cla=2 R) 1 (tan )
i Al ™
1
D)a=4 s) tan™" (—j
3
Ans. A-Q;B-S;C-P;D-R
X 2dt
Sol. Ift=tan—,then dx= >
2 1+t
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a=1 I :j dt
T p2(1-t7)+2t— (1417
2

¢ oodt foodt 1
|, =2 = =Zlog3
. £t2—2t—3 !4_(t_1)2 29

Similarly for others

11. Match the following

Column—1 Column-—1I

cos(tan x)—cos x )

A) lim - P)1
X

x—0

) lim 1-cos(1-cosx) i} Q)

x—0 X4

. sin*x—=sin?x+1
C) lim =

2 2 = R)0Q
x> C0S” X —C0S“ X+1

D) Tangents PA and PB are drawn to y = x* — x + 1 from
S)

P(%,h). If area of APAB is maximum, then h =

Ans. A-S;B-Q;C-P;D-R

. [ x+tanx) . [ x—tanx
2sin sin
cos(tanx)—cosx . 2 2
=lim

Sol. A) le—rjg X4 x=0 X4
3 2
2 X 2 5
X X+ X% ..
1, x—tan’x . ( 3 15 j 1
==lim =——— = =lim ==
2 x>0 X4 x—0 X4 3
2sin?| sin? X
. 1-cos(l-cosx) . 2) 1
B) lim - =lim —— ——===
x—0 X x—0 X 8
Q) sin* x—sin? x+1= (1—cos2 x)2 —(1—cos2 x)+1=1+ cos* x—cos? X
D) Vertex E,E , equation of the line AB is l(y+h):x~1~l X+1 +1
2 4 2 2 2 2
3
—=y=—-h
y 2

Soh=0




Mathematics

Differential Calculus

12.

Ans.

Sol.

Match the following

Column —1 Column—1I
A If f(Xx)= X% —2x" 4+ 2x+1 and g be inverse of then 9'(1) s PO
equal to
B) lego] ‘X(X—l)‘[coszx] (where [] denotes the greatest integer Q2
function)
C) If the equation x*—4x3 + ax®> + bx + 1 = 0 has four positive integer R) =
roots thena+b
D) f :R—R is defined by f(x) = x> + ax? + bx + ce* (c > 0) a, b, c are
variable real number be an increasing function, then minimum value of | S) 1

b+c

A-R;B-5;C-Q;D-P

—~
x
~ T

for g'(l):> f =1 at point (0, 1)
, 1

9'(f(x)=3

C) X1+X2+X3+X4=4

X1X2X3X4 = 1

= A.M of roots = G.M of roots
LX1=X2=X3=Xs4=1

D) f'(x)=3x*+2ax+b+ce’>0
, 2a_ b a* a’ .
=3| X" +—X+—+———[+cCe
3 349 .9

2 2 X
:3£(x+§) +(3b_a +3D20
3 9 3

2
a
= b+ce* 2?

at x=0
2
a
b+c>—
3

b+c>0




