TIATION

ach of these questions has 4 choices (a), (b), () and (d) for its answer, out of which ONLY ONE is correct.

SINGLE CORRECT CHOICE TYPE
A E

x[x—1], 0<x<2

1. Consider the function: f(x) =
[x](x-1), 2<x<3

[x] denotes the greatest integer < x . Then

(a) f(x)is continuous every where
(b) f(x)isnot differentiable at infinite points

(¢) f(x)isnot continuous at x =1
(d) f(x)is continuous at x = 2 but not differentiable

Let f(x)=x—x> and

, then in the

max f(t), 0<7r<x, 0<x<1
gx)=1 .
sin mwx, x>1

interval [0, o)

(a) g (x)is every where continuous except at two points
(b) g(x)isevery where differentiable except at two points
(c) g(x)isevery where differentiable exceptatx =1

(d) none of these

Given f:[-2a,2a]—— R 1is an odd function such that
the left hand derivative at x = a is zero and
f(x)=fQRa-x)V xe(a,2a), then its left had

derivative at x =—a is
@@ 0 (b) a
() —a (d) does not exist

If f:R—>R be a differentiable function such that
f(x+2y)=f(x)+ f(2y)+4xy V x,y € R then;

@ f'O=r'0)+1 b)) f'®=r10)-1

€ f'0)=rf'1+2 @ £0)=r1-2

5, If y=tan™! /l—smx , then the value ofd—y at x=2 is
1+sinx dx 6

1 1

- b —

(a) 5 (b) 5
(© 1 (d) does not exist

3
If the function f(x)= {M} sin(x —2) +acos(x —2),
a

[.] denotes the greatest integer function is continuous and
differentiable in [4, 6], then

(@ ael8,64]
() ae[64,x]

(b) a<(0,8]

(d) none of these
Suppose that fis a differentiable function with the
property that f(x+y)= f(x)+ f(y)+xy and

lim lf(h) =3, then
h—0h

(a) fisalinear function (b) f(x)=3x+ x2

2

© f(x)=3x +x7 (d) none of these

Suppose the function f satisfies the equation

f(x+y)=f(x)f(y) forallxand yand f(x)=1+xg(x)

where Lim g(x)=loga If f"(x)=Kf(x),then K=
x—0

(a) loga (b) nloga

(© (loga)" (d) n(loga)”
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9. A function y = f(x) defined parametricallyby , = ¢! iny» 4 If oo f(3x+4j and £'(x) = tan 2 then dy is equal o
‘ . . S ’ dx
y =¢ cos t satisfies the relation
x4} 1
@ 'ty =20 y) @ -2 tan( j L
5x+6 (5x+6)
®)  yr+y)=200"-y)
¢ 3tanx” +3 2
©) »y@E+y"=2(x-»") (b) —5 T Tve tan x
(d) none of these
2
1 . L ) d_y e (¢) tanx (d) none of these
0. y=cos (cosx),then ;= at X = 4 8 15. Let g(x) be the inverse of an invertible function f(x)
(a 1 by -1 which is differentiable for all real x, then g"(f"(x)) equals
1 5w "
() — @ = @ __ '
2 4 (f )
1 dy dy _ ! " _ [ 3
11.  If y=—,then + = S0/ ") - (f'(x))
X \/l+y4 Vi+x? ®) f'x)
1 " 1 2
@ O (b) —iz © LW/ (2f ()" (@) none of these.
X (f'(x)
4 16. Let F(x) = f(x)g(x)h(x) forall real x, where f(x),g(x)
(©) I+y (d) none of these
1+ 4 and Ah(x) are differentiable functions. At some point
x0, F'(xg) =21 F(xg), f'(x) =41 (x9), 8 "'(x0) = —7g(xp)
T .
12. If f(x)= COS{E[X]—X3} , =1 <x <2 and [x] is the and h'(xy) = kh(x,) . Then the value of k can be equal to
(@ 1 (b) 7
n © 24 d 5
greatest integer less than or equal to x, then f'| 3 B is
17. If F(x)= LZJ' x(4t2 —2F'(t))dt then F'(4)equals
equal to x“ 74
@ 0 ®) 1 32 64
1 (a) ) (b) 3
© — d —
2 2 64
(0) 5 (d) none of these
1— 2n d
13. If \/l—xzn +\/1—y2" =a(x" —y"),then ,1 xzn d_i = 18. If f(x)=x+tanx andfisinverse of g, then g'(x) is equal
-y
to
X 1 1
@ 1 b X @ — b
y 1+[g(x) - x]? 2-[g(x)-x]
© X (d) none of these () ;2 (d) none of these
ynfl 2+[g(x)—x]
YN CTE O @O0 | 10.@®O@ | 1. @®OW | 12.@®OO | 13. @®OW
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19. Ifu=7K , V= x? ,f'(x)=cosxand g'(x)=sinx, @ AP (b) GP
/) gx7)./" () &' (c) H.P. (d) none of these
du
then — =
en dv 26. If g(x)= 2h(+ | ) | where /(x) =sinx—sin" x ,
| . 20(x)~ | )|
(a) —xcos x>cosec x° (b) Zxcos x’cosec x° n . ..
2 2 ne R™ , where R" is the the set of positive real numbers,
and
(©) lx sec x° sin x° (d) éxsec x>cosec x°
2 2 . T
2 [g(x)], X e [Oa _ju(_a ﬂ-j
200 Ify=x- x? then the derivative of y2 with respect to x f(x)= 2 2
is 3, v=r
@) 1-2x (b) 2-4x 2
© 3x—2x> ) 1-3x+2x> Where [x] denotes the greatest integer function , then
21, Let f(x+y)=f(X)+f(V)+2xy—-1V x, yeR.Iff(x)is (a) f(x)is continuous and differentiable at x = % , when
differentiable and f'(0) =sing¢, then 0<n<l
@ f(x>0vVxeR b) f(x)<0VxeR (b) f(x)is continuous and differentiable at x = % , when
() f(x)=sing VxeR (d) none of these 1
n
2.1 /h=2 and g'/2)=4. then the derivative off(tan (¢) f(x) is continuous but not differentiable at x = %,
. T
ith respect to g(secx) at x =— is
X)W P glsecx) at x 4 when0<n<1
@ 1 (b) x/E (d) f(x) is continuous but not differentiable at x =%,
() % d 2 when n> 1
[ 2x-1 .2 dy
2 27. Ifyzj[ J and f'(x)=sinx”, then — =
23, If 2x=y"3 +373 then (x2—1)ﬂ+xﬂ = 2+l dx
dx2 dx
— 2 —
@ 5 (&) 25y @ 2raox km(Z;‘ 1]
(©) 25y2 (d) y+25 x“+1 x“+1
2
_ 21+ x—x?) . (2x-1
24. Ify= _ —b)—(q— -1 147Y Gh (b) s1n( ]
y=la=x)(=B) ~(a—b)tan™" [T where o
then dy can be equal to 2 2
O<b<x<a, — qu 20+x—-x7) . (2x-1
dx (c) 5 sin| —
x“+1 x“+1
@ 1 b)) [ (d) none of these
x=b 28. If x =cosecO—sin0 ; y= cosec@—sin™ @ then
1
© Ja-x)(x-b) d) — 2
Ja—x)(x—b) 2+ 4| D] _p2)2=
. . dx
25.  Let f (x) be a polynomial function of second degree.
If f()=f(-1) and a,ay,a; are in A.P. then @ »? (b) 242
f(ay), f'(a), f(a3) arein ©) 342 (A 452
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29.

30.

31.

32.

33.

34.
If f(x)=x>+x2 ') +x"(2)+ f"(3) forall xe R,
then f(x)=
() x> +2x2-5x+6 (b) x*+2x*+6x-5
©) x> =552 +6x+2 (d) X =5x2 +2x+6
If y= tan”! +tan”! 3
x“+x+1 x“+3x+3
-1 dy
+tan +...to n terms, then — =
x°+5x+7 dx 35.
1 1 1 1
@ - (b) T3
x“+n° x“+1 (x+n)“+1 x“+1
1 1
(c) 3 >3 (d) none of these 36.
x“+(m+1)" x"+1
If f'(x)=sinx+sin4x.cosx then f’(Zx2 +%j =
(a) cos 2x% —sin8x? sin 2x?
37.

(b) 4x(cos2x® —sin8x? sin 2x?)

(©)  4x?(cos2x? —sin8x? sin2x?)

(d) none of these

If y = (14 )10+ x2) (14 5o (1452 ) then Z_y at x
X

38.
=0is
@ 0 ®) 1
() n (@ 2"

If for all x, y a differentiable function f'is defined by

S+ )+ /() f(y)=1 and f(x)>0 then f'(x)=
@ 0 (b) x

© ~x-1 d f'(x)20Vx

If | x| <1 then
1-2x | 2x—4x°  4x° -8y’
2 + 3 n + 2 g T =
I-x+x 1-x"+x" 1-x"+x
@ 1 b) 1+2x
a e
1+ x+x° 1+ x+x7
2
(© L=x+x d 1
1+ x+x°
Let f(x;yj: f(x);f(y) and £(0) = a and f(0)=b
then /" (x) =
@ 0 (b) a
() b d a+b
If the function f'(x) = | x> + a | x | + | b | has exactly three
points of non-derivability, then
(@ b=0,a<0 (b) b<0,aecR
(¢c) b>0,aeRrR (d) None of these
cot ! x, | x|>1
Let f(x)=11 T 1 , then number of
—|x[+=—=, |x|<1
2 4 2

points which domain of f'(x) does not contain is
(a) one (b) two

(c) three (d) none of these

Which of the following functions is not differentiable
atx=1?

@ f(0)=-D[(x-1)(x-2)|
(b) f(x)=sin(|x—1))—|x—1|

© f(x)=tan(|x—1)+[x—1]

(d) none of these
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39. Let

()= (2 =3x+2) [ (x> —6x> +11x—6)| +

' [ TE]
sin| x+—
4

The set of points at which the function f (x) is not

differentiablein [0, 2n] is

3n 7
@{uéfi% ®) {123

3n In n 3m 5m
“)%4%} @{??T}

o . . . 2
Letf(x) beaperiodic function with period 3 and f (—Ej =7

X
and g(x) = J‘f(t+ n)dt, where n = 3k, keN. Then gvgj
0

is equal to

#

2
@ -3 ©® 7

SN

© -7 (d)

41. Let f(x)=[r+ psinx],xe(0,n),r€l and p is prime
number ([.] denotes greatest integer function). The number
of points at which f(x) is non-differentiable is

@ p (b) p-1

(c) 2p+1 d 2p-1

42. Let f(x) be a four times differentiable function such that

j'(2x2 —1) = 2xf(x)VxeR, then fiV (0) is equal to (where

f v (0) represents fourth derivative of f(x) atx=0)

(@ 0 (b) 1
(c) -1 (d) data insufficient

40.@®OW
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COMPREHENSION TYPE

ONE is correct.

This section contains groups of questions. Each group is followed by some multiple choice questions
based on a paragraph. Each question has 4 choices (a), (b), (c¢) and (d) for its answer, out of which ONLY

PASSAGE-1

A0, A A,
Hx) L) fi(x)
The sum of such a series can be obtained in the following way :
Step1: Obtain the product f,(x) f,(x) ..... £, (x).
Letf,(x) f; () ....... J,(x)=g(x)

Take log of both the sides, you get

log f,(x) +log f,(x) +..... + log f, (x) = log g(x)
Differentiating both sides with respect to x, you get
A1), S £ _g'w)

h®) &) L@ g
The above method can be extended for the sum of infinite terms of
the series provided the series is convergent.

Consider a series of the form

Step2:

Step3:

+on. +

~

1. The sum of n terms of the series
1, 2 +4x3+8x7+ ,
..... 1S
I+x 1+x2 1+x* 1448
l 2ﬂx2n—1
(@ 7.~ P
I-x 1— 2
1 2}’lx2n*1
b T s
I-x 1+x2
1 2nx2”71
© —T_-~ p
1-x 1— 2
n-1 1 1
d -2"x* —+ n]
1-x? 1+x°

£

MARK YOUR
1.
©000




2. If | x | < 1 then the sum to infinite terms of the series given

in(1)is
1
@ 1=, ®
1
© T3 (@ 1
3. The sum of the series

1 x 1 X 1 X 1 X .
—tan—+—tan—+—tan—+...... +—tan— 18
2 22 22 23 23 2’1 2’1
~

(b) —cotx +anot Y

(a) cotx

x
(©) cotx—cot; (d) —tanx

PASSAGE-2

If u be a function of two variables x and y given by the relation

Lt Sx+oxy) - f(x,y)
ox—0 Ox

u=f(x,y) then

provided this limit exists is called Partial differential coefficient

of f(x, y) i.e., u w. r. t. x and is denoted by the symbol LA or ou
ox ox
or f,.
o S, y+6y)-f(x,p)
Similarly, 5,7, Sy

If it exists is called partial differential coefficient of f(x,y) or of u

w.r.t y and is denoted by the symbol g or ou or f .
ay y

oy

Hence in order to find Zi we have to differentiate f'(x, y) w.r.t x
X

. of . . . _
treating y as constant and al is obtained by differentiating the
y

given function w. r. t. y treating x as constant.

4. Ifu=tan'Z then

y
@ ‘Z—Z:xz’fz (b) %:%
Yy y
© %Z:ffyz @ Z—ijcfyz
»

0 0
5. Ifu=a+y*+2)7""? then xa—+y5”+ =
(@ 0 (b) u
© —u ) u?
2 2
Ou 0
6. Ifu:tan_lx Yy , hen—u:—u=
xX+y Ox Oy
x4+ 2xy— 2 x2 —y?
@ ——=— (®) 2
X" +2xy+y xT+y
(x+3)* X2 —xyp+y?
© 3.3 & Z——>
X" +y xX“+xy+y

PASSAGE-3

If y = f(x) be such that it possesses a differential coefficient /”(x)
which is called the first derivative of f(x), then /'’ (x) being itself
a function of x is capable of being differentiated further. Now if

S'(x+6x)- /()
ox

then this limit is called the first derivative of f”(x) or second deriva-

tive of f(x) and is denoted by /"’ (x). Similarly the first derivative

of "'(x) is called the second derivative of /' ' (x) and third deriva-

tive of f(x) and is denoted by /""" (x). The nth derivative of y is also

f'(x) is differentiablei.e. it L? exists finitely,
6x—0

n

denoted as ¥y, d_’f D"y, y", f"(x).
X

LEIBNITZTHEOREM
The nth derivative of product of two functions of x.

Suppose u and v are two functions of x and all their derivatives
exist; then by Leibnitz’s theorem.

D" (uv) =(D"u)v +"Cy (D" u)(Dv) + "Cy (D" 2u) (D) + oo
- 2

+1C (D" u) (D) o +u (D).

Note : When one of the two functions in the above theorem is of

the form x™, then we should choose it as v and the other as u

because X" shall have only m differential coefficients and not
more, which may be simplified.

£
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10.  The derivative of f(x), i.e., /" satisfies the equation

7. If y= o +1 hen y, =
S o Ty @ [ 6= @+ 0) O L@ )
© fE+N=L®f0) d fxty)=r'e+f»
(-D".n! !
(@ o) (=2 (x—3)"] 11.  Theratio ];((j:)) for all x, equals to
Sl 1 1 (@ 1 (b) 2
(b D" n! _(x—l)”“ +(x—2)n+1 +(x—3)"+1_ (©) x d 2x
- ; L1 n f(x)—xf(—x) _

© D"n! - +(x_2)n+1 +(x_3)n+1_ o o 2
a

(d) None of these ) 3 (d) 4

8. If x2y2 +xy; +y =0 then

P Yppa +QuAl)xy, g +nly, = PASSAGE-5

@ 0 (b)  wy . — .
Let f (x) be a real valued function not identically zero, which
© = () ny, satisfies the following conditions.
9. Differentiating x> successively n times by two different L Fx+y?" Y = FO+{FO)P", neN x, y are any

ways, the sum of the series
real numbers

n? 2m-12  nt(n-1)*(n-2)>*

et O OO e L [©)20
be obtained, which is m  fM=0
2n)!
@ @n! ®) % 13.  The value of /(5) s
a) 1 b) 4
© @ (2 o s @ 5
(n}) 14.  The value of //(10) is
(@ 10 () 0
PASSAGE-4 © 2n+l @ 1
15.  The function f'(x) is
A function f: R — R satisfies the following conditions : (a) Continuous and differentiable everywhere
) f(x)#0 forany xe R (b) Continuous everywhere but not differentiable at some
@  f@+y)=/().f() forallx,yinR points
() f(x)is differentiable (c) Discontinuous at exactly one point
@ =2 (d) Discontinuous at infinitely many points

#

TS 7 @®O@ | 8 @O |9 @®OW | 10.@®O@ | 1. @O
RESPONSE 20O | BOO®OG | 14000 | 15@®O@




REASONING TYPE

In the following questions two Statements (1 and 2) are provided. Each question has 4 choices (a), (b), (c) and
(d) forits answer, out of which ONLY ONEis correct. Mark your responses from the following options:

(@  BothStatement-1and Statement-2 are true and Statement-2is the correct explanation of Statement-1.

(b)  BothStatement-1and Statement-2 are true and Statement-2is not the correct explanation of Statement-1.
(c)  Statement-1istruebutStatement-2is false.

(d)  Statement-lisfalsebutStatement-2is true.

2 2 T Statement-2 : Forn>2, lim f(x)=0
1. Statement-1 : f(x)=cos” x+cos x+§ x>0

3. Statment-1  f(x)= sin”! (cosx) is differentiable
—COS X COS (x +§] forall x
Statment-2 D f'()=-1, 0<x<m
then f'(x)=0
. . _ 3.
Statement-2  : Derivative of constant function is zero. Statement-1  : The function f(x)=|x[" is not
differentiable atx=0
1
2. Statement-1  : f(x)=x"sin [;j is differentiable for all Statement-1 : The function f(x)=|x]|is not

differentiable atx =0
real values of x (n > 2). Herentiabieatx

~

&y
. OEEQ |2 EEEA | EEEA |+ EEEE

MULTIPLE CORRECT CHOICE TYPE
Each of these questions has 4 choices (a), (b), (c) and (d) for its answer, out of which ONE OR MORE is/are correct.

. then [f(x)] (where [ ] represents the greatest integer
j0{1+|1—t\} dt  If x>2

1. Let f(x)= , then function) is not differentiable at x =
S5x-=7 If x<2 |
a) —4,-3,2 b) 3+——
(a) fis not continuous at x = 2 @ ®) 2
(b) fis continuous but not differentiable at x =2 © -2,-1,0 @ 0,1,3
(C) flS differentiable every where 3. IfF(X) :f(x) g(x) andf’(x) g '(X) =c, then
(d) f ’(2+) = 2 " " "
s £ gt 2
) (@ F'=c|-5+= b & +2 f
2x% +12x+16 —4<x<-2 f fog g
S b “rersl LA LA
4x—x* -2 l<x<3 © F g ) T T

&

L 0000 |2 0609 |» 0600




If /:R— R is a function such that 8. The function
.
f(x) = 3 +x2f’(l)+xf"(2)+f“‘(3),x R, f(x) = | |tan x +cotx|—|tanx—cot x| |, 0<x <5 18
then /(1) — £(0) is equal to (a) continuous every where
@ -2 ®) Q) (b) dlfferent}able everywhere '
, (c) not continuous at some points
© SG) @ /'@ (d) not differentiable at exactly one point
2
_|x"+a, 0<x<1 : 2
Let f(x)_{2x+b, 1<x<2 9. Let f(x)=]mn X *20 hen
max {2x, x> -1} X<0
_J3x+b, 0<x <1 (a) f(x)iscontinuousatx=0
and gW=15 " 1o <n (b) f(x)is differentiable at x=1
(¢) f(x)isnot differentiable at exactly three point
It dar exists then (d) f(x)is every where continuous
dg 10.  Let f(x)=x>+3x>—-33x—33forx>0and ‘g’ be its in-
@ a=-1 (b) b=-2 verse, then the value of ‘K’ such that kg'(2) =1is equal to
() 4 _2 (d) none of these (@ -36 (®) 51
dg 3 © 72 (d) 42
11.  Let f(x)=|x-1]+|x—-2]| and
cos(x+a) cos(x+P) cos(x+7)
If f(x)=| sin(x+a) sin(x+B) sin(x+v) | then B min{f(¢)};0<r<x,0<x<3 .
sin(B-y) sin(y —a) sin(o—P) gx)= x—2, >3 > then g (x) is not
(Givena # B # v) differentiable at
(@ x=1 (b) x=2
@ 2/(B)=f()+f(v) 3
Y =3 d) x=—
(®) 2/(@)+/(B)=3/(r) © @ x=3
¢ f'(a)=0 12.  f(x) is defined for x >0 and has a continuous
@ f(a)=0 derivative. It satisfies f(0) =1, f'(0)=0 and
If 1 is a twice repeated root of the equation ax> + bx2 + bx (1 + f(x))f"(x) =1+ x. The values /(1) can’t take is
+d =0 then (are)
(@ a=b=d b)) a+tb=0 (@) 2 (b) 175
() b+d=0 (d a=d (c) 150 (d) 135
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MATRIX-MATCH TYPE

Each question contains statements given in two columns, which have to be matched. The
statements in Column-I are labeled A, B, C and D, while the statements in Column-II are
labelled p, q, r, s and t. Any given statement in Column -1 can have correct matching with ONE
OR MORE statement(s) in Column-II. The appropriate bubbles corresponding to the
answers to these questions have to be darkened as illustrated in the following example:

If the correct matches are A—p, s and t; B—q and r; C—p and q; and D-s and t; then the correct

darkening of bubbles will look like the given.
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1.  Observe the following Columns :

Column-I Column-II
d ) -1 [1+x .
(A) —|smn” cot — |, where —1<x<1,is p. 1
dx 1-x
x h'
B) Ifh(x)=e® then _ M is g 0
h(x)log(h(x))
a® 1
(©) If f(x)=+ax +—— thenf" (a), where a>0,x>0, is L ——
Vax 2
n dy _y ,
D) If xy=(x+y)" and — == thennis s. 2
dx «x
2. Observe the following Columns :
Column-I Column-II
tan_lx, |x|>1
(A) Let f(x)= 2 _1 , then f(x) is p. -1
, |x]<1
not differentiable at x equal to
B) fx)=(x>-4) ‘xz —5x+ 6‘ +cos |x| is non derivable at q- 1
x equal to
. dy .
(C) Ifsin(x+y)=e**Y-2,then s equal to r 2
(D) Letf: R — R isdefined by the equation s. 3
SN =f&) ) Vx,yeR,f(0)#0andf'(0)=2,
then /) is equal to t. 0
J(x)

3. Letf:R — R satisfies | /(x)| < x?Vx e R and g: R —> R satisfies g(x + ) = g(x) — g(») + 2xy— 1 and g'(0) = 3+ a + o> . Now

match the entries from the following two columns :
Column-I Column-IT

(A) Atx=0,f(x)isnecessarily p. continuous
(B) Atx=0, g (x)is necessarily q. differentiable
(C) The number of roots of the equation g (x) =f"'(0) is r O
(D) Iff(¢) canbe a non zero root of the equation g (x) = 0 then the least s. 1
integral value of ¢ can be t. 2
£
1. P qgQr s 2. P qgQr s t 3. P9 r s t
, Al®OOG AOOOOO® AGOOOO®
MARK YOUR B[OOO® BIO@OOO® BI®@OOO®
RESPONSE ClOOO® ClOE@OOOO® ClO@OOO®
D[OOO® DIOOOO® PIOOOO®




NUMERIC/INTEGER ANSWER TYPE

The answer to each of the questions is either numeric (eg. 304, 40, 3010 etc.) or a single-digit %%%%
integer, ranging from 0 to 9. Qe
The appropriate bubbles below the respective question numbers in the response grid have to  |@|®|O|®
be darkened. %%%%
For example, if the correct answers to a question is 6092, then the correct darkening of bubbles |®|®|®|®
will looklike the given. [@@]@)e]
Forsingle digitinteger answer darken the extreme right bubble only. ololole
L. Let f(x)= X+ xg'(D+¢g"(2) and 3.  Thenumber of point where f(x) = {[COS <1 h 1,
[2x=3|[x-2] x>1
gx)=f (l)x2 +xf'(x)+ f"(x) then f(g(1)) is equal to (where [.] denotes the greatest integer function) in [0, 2] is
non-differentiable is
5 o d2y dy -1 4. Let f(x)=[x]+]|l-x|,-1<x<3, (here [.] denotes
2. If )" —y=2x then y {[x - E) 2 + XE:I is equal to greatest integer function). Thenurber of points, wheref(x)
* is non-differentiable is
1. |OO®O 2. (OIOO®| 3. OO0 4. QOO
0)[0)(©0)(©] 0)[0)(©0)(©] [0][0)(0](©] [0][0)(0)(©)]
QIO PR POl OO
MaARK ©)[6]6)(©] RIRIBI® ©][6)©](©] ©][6)©](©]
Your O)[c]O](C] O)[c]O](C] POBO® POBO®
Ml 0000 [OIOPB OO [POPG
O)[6)6)(6] O)[6)6)(6] 0)[6)(6)(6] 0)[6)(6)(6]
0)(0][0](6] 0)(0][0](6] [0)(0][0](6] 0)(0][0](6]
©)(0][0](©) ©)(0][0](©] 0)(0](0](©] O)(0](0](©]




SINGLE CORRECT CHOICE TYPE

1tloO]le|Olu]l@lie]e@l21]@[26] ®][31] ®]36] @] 41 | @
ol 7ol 2lol2z7oln2o]37]o]4w] e
3 @ s|olBlolslol23ols]ol3k]@]38]©
s ]9 |@|al@|[m2alo[20l@]34] 0 ]39] 0
5 @l w[is]l@20l@l2[@[30]o][35]@]40] o

COMPREHENSION TYPE

I @] 4@l 7 [@J10]@©]13] @
(a) © @nN]|®|14)]d
3 o] 6|l @] 9@l 2]@][15] @

9]
[~}

REASONING TYPE

[t l@l2]d[3[@]4]@]

1 (b, d) 3 |(@abe)] 5 (a,b, ) 7 [ (bed)]| 9 | (a,cd) 11 (a)
2 |(abe)| 4 | (ab) 6 | (a,b,c) 8 (a,d) | 10 | (a,b,0) 12 | (a,b,c,d)

1. A-r; B-p; C-q; D-s 2. A-p,q,B-s,C-q,D-r
3. A'po q, B'pe q, C-t,D-s

IEIE NUMERIC/INTEGER ANSWER TYPE =——m
L1 ] 4

| 2 [ o [ 3 [ 5] 4]3 |




SINGLE CORRECT CHOICE TYPE

1.

(© Let0<x<l = —1<x-1<0 = [x-1]=-1

©

Let1<x<2 = g<x-1<1= [x-1]=0

-

Let2<x<3 = [x]=2

—X, 0<x<l
s f(x)=40, 1<x<2
2(x—1), 2<x<3

Form the graph it is evident that

£ (x) is not continuous at x = 1 and 2 and hence not

differentiable also.
f'(x)=1-2x>0 Ifx<% and<0ifx>%

. L 1
. f(x)isincreasingin 0 < x <—

N

= max f(1) = f(x)

Also maximum of

f(x)=f@ - 0<x<l)
: Maxf(t):f(lj—l il
o 5 4 SSxs

@

@

@

x—xz, OSxSl

2

so g(x)= %, %stl
sinrx, x>1

It is clear from the graph that
g (x) is continuous every where except atx =1,
hence not differentiable at x = 1

1
At x = 7 f(x) is continuous as well as differentiable.

Given f'(a) = /}i%%}l—f@) -0

Now fv(_a*) — I}ljﬂ) f(_a_}i)h_ f(_a)

— lim _KL]W [+ £(x) is odd function]

h—0 -

o Sa=h) @)
h—0 —h

[+ f(2a-x)=f(x)= fla+x)= f(a—x)]
= lim wzo
h—0 h
Letx=y=0=£(0)=0
Now we have

S22 @), SCY) _ f@)-f(0)
2y 2y 2y

[From(1)]

Taking limit on both sides as 2y — 0, we get
f'(x)=2x+f'0) as
f0)=0 = f(O0)=7'1-2

2

X X
s1n§—cosf
y=tan |[|—=—*=| =tan_
X x
sin —+cos—
2 2

X X
sin——cos—
2

. X X
sin—+cos—
2 2



In the neighbourhood of x = %,sin%—cos% <0

.X X . X X
sin——cos — sin——cos—
2 2 2 2

. X X . X X
sin —+cos — sin —+cos —
2 2 2 2
1—tan— x
= 2 :tan(———j
1+tan— 4 2
From (1) y:ﬁ—E = ﬂ:_l

Note : At (1) if you write

X X X X
sin——cos — sin——cos—
2 2 2 2

X X . X X
sin—+co0s — sin—+cos—
2 2 2 2

You get L = % , which is wrong. Actually in this func-

dx

tion @ ! or 1 depending on the value of x.
2 2

dx

Since [x3] is not continuous and differentiable at
integral points. So f (x) is continuous and

differentiable in

[4, 6] if {ﬂ}o — a>64
a

f'(x): Lim f(x+h)_f(x)
h—0 h

_ i SO )+ xh— £ ()

h—0 h

Limlf(h)+x=3+x
h> h

2
Integrating we get f(x)=3x+ % +c

Putting x = y = 0 in the given equation, we get

2
f(0)=0= ¢c=0 f(x)=3x+x7

f'(x): Lim f(x+h)_f(x)
h—0 h

L LU=l 1+ hg(h) -1)

h—0 h h—0 h

= hLi"éf(X)g(h) =loga f(x)

Hence f(x) = (loga)(f'(x)) = (loga)® f(x)
Thus f"(x) = (loga)” f(x) so K =(loga)"

Here x = ¢’ sint
On differentiating with respect to t we get,

dx . .
7: ¢’ cost+ e sint = e’ (cost +sint)
t

and y = e cost
On differentiating with respect to t we get,

%:et(—sint)+et(cost):e’(cost—sint)
dy
So Q_E_et(cost—sint)_y—x
Tdx dX J(cost+sint) y+X
dt
or & _y-x
dx y+x

Differentiating both sides w.r.t. x

4%y B (y+x).(%—lj —(y—x)(%ﬂj

dx? (y+ x)2

o +0).0=D--x0'+D

or y 5
(y+x)

= (x+y)"y"=2(x'-y)
y= cos_l(cos xX)= cos”! {cos2n—x)} = 2n—x

[~ 0< cos'x<m = inthe neighbourhood of

5
szn we have 0<2nm—x<m]

@v__,

dx

N 1) i+x* 1
Here (1+y4)= [1+x—4]— 2 ( =

4
- \/1+y 1 )

Vi+x?t x?

But y= - R S @)
X dx x2
1 4
Form (1)and (2) Y02 _ 4V
Vi+x? dx
dy dx

- N " N )



12.

13.

14.

15.

@

©

@

@

As we know

1<§/§<2

So, f(x)= cos{g— x3} =sinx’

Ifx:3§ = =1

= flx)= cos x> 3x?

f(\/* 2/3 cos_:o
.

We have \J(1-x2") +4/(1—

v =a(x" - y")

Putting x" =sin®@ = O =sin"

p=sin"'y" L. ©)

Then (1), becomes cos 0+ cosd = a(sin0 —sin ¢)

2cos(9;¢jc s[ezd)J _azcos(¥] sin(%

2cot(e;¢) =a = 9—¢:200t71a

1

sin™!x”" —sin"! 3" =2cot ' a

Differentiating both w.r.t. x we get

1 1 dy ~0
'(1_x2n) '(1 2}’1
dy xnfl (1_y2n\
dx - yn—l kl—xsz
dy _3x+4
! , where y
dx =S ) T 5x+6
But d_u:3(5x+6)—(332c+4)5:_ 2 .
dx (5x+6) (5x+6)
2
Thus ﬂ=—2tan[3x+4j !
dx 5x+6/ (5x+6)°

Given that g‘l(x):f(x)
= x=g(f(x) or g'(f(x)[f'(x)=1

= g =—
g'(f(x)) f,()

\ SN A C))

= g"(f().f(x)= oo

£(x)

/(0P

= g'(f(x))=-

I'x" and y" =sin¢

16.

17.

18.

19.

©

@

©

b)

F(x) = f(x)g(x)h(x)

= F'(x)=1'(x)g(x)h(x) +

S (0)g'()h(x) + f(x)g(x)h'(x)
F'(x0) = f'(x0)g (x0)h(xo)

+/(x0)8 '(xg)h(x0) + f (x0)& (X0 '(x)

= 21F(xy)=4/(x9)g(xq)h(xg)

+f (3o )(=7)g (x0)r(x0) + 1 (x9) & (xg )k (xg)

= 211 (x9)g(xp)h(xp)
=(4=T+k)f(x0)g(x)h(xg) = k=24

_ L T2 o
F)= j 4 —2F e

= 22 F(x) = j 42 —2F(0)]dt ...(1)
4

= 2xF(x)+x% F'(x)=4x> = 2F'(x)
From (1), F(4)=0
16F'(4) = 64— 2F(4)

18F'(4) =64 = F(4)—ﬁ=%

f(x)=x+tanx
ST ON =7 )+ tan(f T ()
= y=g(y)+tang(y) or x=g(x)+tang(x)
Differentiating 1= g'(x) +sec? g(x).g'(x)
1 _ 1
2+ tan?(g(x))

g'(x)=

1+sec? g(x)

1
2+{g(x)-x}

Here, u :f(x3)

du . 3. d 3
= dx—f(X)-dx(X)

= (cos(x3)).3x2 =3x%.cosx’ and v= g(xz)

dv
= =g

o %(xz) = (sinx?).(2x) = 2xsin x>

du
du _ £3x2.cosx3
dv v 2y sinx?
dx

du 3
= — =—X.COS x3.cosec x2
dv 2



20 () Letu=y%andv=x?

du d d dy _
du_d o _dod_
dx dx dy” dx

2p.(1-2x) = 2(x — x*)(1 - 2x) = 2x(1 - x)(1 - 2x)

(1)
and @ =2x 2)
X
()
H du dx 2x(1—x)(1-2x)
ence, — = =
dv [ ﬂj 2x
dx
(from (1) and (2))

= (=x)(1-2x)=1-3x+2x>
21. @ f(x+p)= )+ ()+2x-1
Put x=y =0=7(0)=2f(0)-1 = £(0)=1
Also, fv(x)zLimM
h—0 h

i SO U+ 25h =1 ()

h—0 h

= x4 Lim I =1 =2x+ f'(0)=2x+sind
h—>0 h

Integrating, we get f(x)= X2+ xsing+C
f(O)=1 =1=C

f(x):)c2 +xsin¢p+1>0Vx eR [- A<0]

22. (¢) Let u= f(tanx) = %:f’(tanx).seczx
x
L dv )
et v=g(secx) = o g'(secx).secxtanx
X

du f'(tanx)seczx

_ f'(tanx)

dv  g'(secx)secxtanx B g'(secx)

du | [ 25 A2
dv_xz_g'(ﬁ)'(ﬁ) 4J_ 2

3. ) My =SSy
Then, (y1/5 _yfl/S) —ax?_4a
[using 2x:y1/5 +y71/5]

PS5 7S _ o3 1 i)

and "7 +y715 =2x [given]

CoSseC x

24,

25.

Adding (1) and (2), we get

2y1/5:2xi2 X -1
yl/szxi\/xz—l
or y=(x+yx*-1° ... (iii)

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

% = 5(x+x? —1)4{1 i—l'zzx }
X

249x° -1

dy 5(x+\/x2—1)5_ Sy

Using (+) sign — = =
dx \/ x* -1 \/ x2 -1

PRy
or (x2_1)(_y) =257
dx

dy _S(x—\/)cz—l)5 _ Sy

Using (—) sign — = =
dx \/x2 -1 \/xz -1

2
2()62_1)(%) =25p7 iV)
X

Again differentiating both sides w.r.t. x get

2 2
b{ﬂj +(x% - 1)2d_y‘ﬂ = 5oyd_y , dividing
d. dx’ dx? dx

X

by 2 ﬂ on both sides,
dx

dy 2 d2y dy
—_—+ —)—==25y 3-- == %0
xdx (x )d 2 Y dxi

X

(b) Let x = acos”0+bsin’ 0

a-x=a—acos’0—bsin’0 =(a—b)sin26

and x—b=acos29+bsin29—b:(a—b)c0526
y=(a—b)sinecose—(a—b)tan_ltane

a-b

sin20—(a—b)0

dy dyld® (a—b)cos20—(a—b)

dx dx/do (b—a)sin20
1—cos260 a—-x
=—— =tanfO=
sin 20 x—=b

@ Let f(x)=k’+mx+n = f'(x)=2x+m
Now, fOh=f(-)= (+m+n=L-—m+n

= m=0 2 S =2
S ay)=2ta, [(ay) = 2lay, [ (a3) = 2las



As aj,ay,a; areinA.P.

S f@), f(ap), f(a3) areinA. P.

. il . _an
2. () g()6)22(s1nx sin” x)+ |sinx—sin” x|

2(sin x —sin” x)— | sin x —sin” x|
. . n 1
for 0<n <1, sinx <sin" x,s0 g(x)= 3 and for

n>1, sinx >sin” x, so g(x) =3

“ forn>1, f(x)=3,xe(0,m)

. f(x) is continuous and differentiable at x :g

and forO<n<1

. . I .
-+ f(x) is not continuous at x = 3 Hence f(x) is

also not differentiable at x = g

dy d [2x—lj
27. Here — = —
®) Here dx dxf ¥ +1

_ f,( 2x—1] {(x2 +1).(2)—(2x—1)(2x)}

X2 +1 (x> +1)°

. (2x—1)2 262 +1-2x% +x)
sin .

X2 +1 ()c2 + 1)2

. [Zx—ljz 21+ x—x%)
= Sin .

LV (P +1)?

dy 20+x-xY) . (2x-1)?
LT T 2 e T
dx (x*+1) x“+1

28. (@ -+ x=cosecO—sinb
= x’+4= (cosecH —sin 9)2 +4
= (cosecO + sin 9)2 ....... )
and y? +4 = (cosec"d —sin" 0)* + 4

=(cosec"0+sin" 0) ... )

29.

30.

(i)

dy \de

N —_— =

ow, dX (dxj
o

3 n(cosec”10)(—cosecO cot0) — nsin” ' O cosO

—cosecOcotO —cosO

_ n(cosec"Ocot 6 + sin” ' 0cosO

(cosecBcotB + cos0)

_ ncot6(cosec”0 +sin" )

cotB(cosecO

+5sin0)

_ n(cosec"0+sin" 0) ny? +4

(cosecO+sinf) \/x2+4

[From (1)and (2)]

2
Squaring both side, we get (ﬂ)

dx

2
or (x? +4)(%j =n*(y* +4)
X

_n’(7+4)
(o

+4)

@ Given f(x)=x>+x2f'()+x/"Q2) + £ "(3)
Let f'(D=a,f"(2)=b,f"B)=c...

f(x)=x3+ax2+bx+c

= f'(x) =3x> +2ax+b

or f'(1)=3+2a+b ..

= f"(x)=6x+2a

or f'(2)=124+2a ...

(if)

(iif)

= f"(x)=60r f"(3)=6......(Iv)
From (i) and (iv),c=6

From (i), (ii), and (iii) we have, a=—-5,b=2

F(x)=x =53 +2x+6

®) Given, y=tan™!

+tan~

1

x“+3x+3

2

x“+x+1

+tan~

)

to n terms



31.

32.

b)

b)

= tan~! {;} +tan”! {;}
I+x(x+1) I+(x+1D)(x+2)

+tanl{—1 }
I+(x+2)(x+3)
1{ 1 }
s + tan
I+(x+(n-1)(x+n)
:tan—l{ (x+D-x } +tan1{ (x+2)—(x+1) }
I+(x+1x I+(x+2)(x+1)

+tan”! (x+3)-(x+2)
I+(x+3)(x+2)

Froe +tan1[(x+n)—(x+n—l)j 33. (@

1+ (x+n)(x+n—1)
o y={tan ! (x+1)—tan"' ()

+tan ' (x+2)—tan" 1 (x+1)}

+{tan M (x+3)—tan "' (x +2)

Foot {tan N (x+ 1) —tan " (x+ (1)}

So, y=tan ' (x+n)—tan"!(x)
On differentiating both sides w.r.t. x, we get

d__ 1 1
dc 1+(x+n)’ 14y

Since, f'(x) =sinx+sin4x.cosx

f'[zx2 +§j :M

dx
) d{f(sz +gj} | d (2x2 +§j
) d(2x2 +ch dx
2

{sin(bc2 +§j +sin(8x2 +2m).cos (2)62 +gj}4x
= {cos 2x? +sin8x2.(—sin 2x%)}4x

= {cos 2x> —sin 8x7 sin 2x )4x

Here, = (14 x)(1+x2) (1 +x)o (14 22)

=%{(l—x)(l+x)(l+x2)(l+x4) ...... a+x2 )
—X

=ﬁ (A=) A+ A+ xb) (127 )

- e et e
1-x

n+l
_(1-x" )

(1-x)

& 26 a-n-a-2")

dx (1-x)

Now’d—yat XZO;
dx

(d_yj _2"0.m+1-0) _,
dx)._o (1-0)? ’
Here f(x)+f(»)+f(x).f(y)=1

Put x=y=0,weget; 21(0)+ £(0)% =1

= (O +2/(0)-1=0
f(0)=—_2i2V4+4 1 Zor 1442,

as  f(0)>0= f(0)=+2-1
Again, putting y = x in (1);

2/ () +{f(x))2 =1

On differentiating with respect to x

2/')+2f(0) /() =0=2/"(x)(1+ f(x))=0
= f'(x)=0; because f(x)>0
Thus f'(x) =0 whenf(x)>0.
We have
(l+x+x2)(l—x+x2)= (1—x2)2 —x? =1+x o xt
Now, (1+x+x2)(1—x+x2)(1-x* +x*)

= (l—i—x2 +)c4)(1—)c2 +x4) =1+x* 48
Continuing in this way, we have

(I+x+x0) Q=x+x%) (1=x2 +x%)

n-1 n n n+l
(l_x +x) ........ (1_x2 +_x2 ) :(1+x2 +x2+)

Now, for | x |< 1,x* = 0, Taking Limit n — oo in (1),
we get

(1+)c+)c2)(l—x+x2)(l—)c2 +x4)

Taking logarithm of both sides, we get

= In(+x+x>)+In I-x+x*)+1n

A=x?+xH+In 1-x* +x%) o =0



Differentiating both sides w.r.t. X, we get

3

1+2x —2x+4x

+
2 1-x% +x*

. —-1+2x

1+x+x2 1-x+x

37, (©
4.3 7
4x” +8x n =0

y R

1-x"+x

Hence,

2x— 4xi_ 4x78x’

1-2x
g —

+
4
l—x+x? 1-x?+xM-x"+x

, this holds for any real x,

5 @ f(xw]: 109/ )

2

@ _,
d.

X

yand y is independent of x i.e.,

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

[ x+y)1 dy _1) Vo
f( 5 jE[HEJ _2{f (x)+f(y)~dx}

1 . (x+y _l . d_y:
Ef[ 2 ] A {as dx 0}

r f'(HTy#’(x))
Taking x =0 and y =x in (i), we get
f'(ogx}f'(m :»f'@:a

On integrating we get

38. (0

f (§j=a§+c or f(x)=ax+c

Ifx=0,/(0)=b=c
L f(x)=ax+b= f'(x)=a and f"(x)=0.

For exactly three points of non-differentiability of
f(x), the graph should be as shown in figure.

36. (@)

Y

>X

X O Xy

That is the equation x2 + ax + b = 0 has one root
zero and other positive root.
=b=0anda<0.

cot ' x, |x|21
1 T
X)=<4——x+— , —1<x<0

S(x) 57
1
—x+£——, 0<x<l
2

A==t T L 1 +0)= cot™ (1) =
2T T g 0=

n 1
f(0—0)=f(0+0)=z—5

F(=1-0)=cot (-1 =3T7T and f(~1+0)=

x=-1
1
- 5 [x|>1
1+ x
Now f'(x) = —%, -l<x<0
—, O<x<l
Fa-0=1 and ra+0)=-2
o T2

l _ __l i :l
f'0-0)= 2al’1df(0+0) 3

T
4

Thus, f'(x) is not differentiable at x =0 and 1
Further f (x) is discontinuous at x = —1, so not

differentiable.

S =07 =D =D (x-2)
=(x+Dx-D|x-1||x-2]

Clearly f'(1-0)= f'1+0)=0

= f(x) is differentiable

f(x)= sin(| x—1 |)— |x—1|

[=sin(x=1)+(x=1)
| sin(x—1)—(x—1)

ifx<l1
ifx>1

—cos(x—1)+1

S'x)= {

cos(x—1)—1
Clearly f'(1-0)=/f'1+0)=0
differentiable at x =1
f(x):tan(\x—1|)+|x—1|

_J-tan(x—1)—x+1
B tan(x —1)+x—1

ifx<1
ifx>1

ifx<1
ifx>1

= f(x)

T
4

f(x) is continuous at x = 1 and 0 but discontinuous at

is



39.

40.

COMPREHENSION TYPE

o~ {—secz(x—l)—l, ifx <1

sec?(x—1)+1, ifx>1

Thusf'(1-0)=-2andf'(1+0)=2 = f(x) is
not differentiable atx =1

© f()=G-Dx-2)[(x=Dx=2)(x-3)]

+

b g'x)=/f(x+n)=f(x+(n-3)+3)
=f(x+n-3)

=fx+3)=f(x) = g'()=/1(x)

RRLFUNENNE

. [ th
sin| x+—|.
4

) . . 3t In
Clearly f(x) isnot differentible at x = 3’7’_'

4

41. @

42. ()

f(x) is non- differentiable at only those points where

. . . . r .
p sin x acquires integral value. Nowsin x = — will
p

have two solution in (0, ©t) for r € {,2..., p—1} and

sin x = 1 will have only one solution.

= total number of points of non-differentiability
=2(p-D+1=2p-1.

FOR2 ) =2xf(x) )
Replace x by —x then
FQ2x2 1) = =2x f(=x) wl2)

From (1) and (2)
2x[f()+f(=x)]=0 = f()+ f(-x)=0

f(x) is an odd function.

=  fV(x) isalsoodd = /V(0)=0

1. @ Wehave (14+x)(1+x2) 1+ x%) (1422 )
n-1
=%(1—x2)(1+x2)(1+x4) ...... A+x2 )
—X
1 4 4 on-1
=——({-x)A+x7)....Ad+x" )
1-x
2n71 2n71 o
_ _(0=x" )(I+x" ) 1-x
....... - -
Taking log of product obtained above, we get
log(1+ x) +log(1+ x2) +log(1 + x*)
o=
+.....+log(l+x° )
= log(1—x2" ) log(1 - x)
Differentiating both the sides, we get
n—1 n
1 2x 44X P L
+ >+ Tt ——= - p
I+x 14+x° 1+x 14+ 12 I-x _.2
. o . 2n71 _
(@ If|x|<I,then Limx~ = Limx =0
n—>0 n—»0

1
So, the sum of the series to infinite terms = T

3.

X X X X 1
cosEcos—zcos—3 ........ cos— =
X
2 2 2 2sin—
21’1
.X X X X
2s8in—cos— | cOS——.....COS—
o o 2n—1 2
1 .X X
= sin COS——....... cos—
. 2n71 2n71
2sin —
1 .X
= Sin——-..... cos—
.X -
22 gin-> 2
n
. X sin x
= smE cos— =
.X
2" lgin 2 2" sin —
2" 2

Taking log and differentiating both sides of the
product obtained above, we get

1 X
= cot x ———cot —
2" 2"



=l LanX v+ ln® h —12+1
—tan=+—tan—+...... — tan— Then, A= =1
2 22 22 2" " (1-2)(1-3)
1 x 2
=—cotx+—cot— 27 +1
21’! 2n -
2-D(2-3)
Ou I 1 c
@d —=c > TE S Y 7 (v constant) 3241 . .
Ox 2y x4y =—————————=5 [Also, see partial fractions]
I+~ B3-D(3-2)
y
Thus. ¥ = X2+l
_ - us, S
Again , a_uzc, 1 . ,_;C: . X (x constant) (x-1D(x=2)(x-3)
U S N C b
5 1 5 5
y =
x-1 x-2 x-3
| R N
(© ”:m - (x-1)
1 1
5" nl——m— +5(-)" n!————
au 1 2x _ x2 ( ) n (x_2)l’l+1 ( ) n (X—S)n+l =(_1)nn!
—_— =X - .
Ox 2(x2 -i—y2 +22)3/2 (x2 +J/2 +22)3/2
15 s
Similarly, we can find yZ—u and zg—u. (X—l)n+1 (X—z)n+1 (X—3)n+1
'y zZ
8. (¢) We have,
o 2 2 2
T D (x2y,) = X° +n.(2x) LU
ox (x2+y2+22)3/2 (x“»7) Yn+2 . Vn+1 T Yn
_ -1 . D" (xy1) = xp,4q +1.y,
2 2 2
X“+y“+z
(F+ym ) D"(y) =y,
Adding, we get
@ a_u: 1 (x+y).2x—(x2+y2) )
ox [x2+y2 JZ (x+ )2 0= X"Vpi2 +2n+1) Wyp1 + (n* +1) y,
P
2
Xty S R R N ) S S M
P 2xy—y? 9. (0 Ify=x*",then
1+ G2+ y?)? _ @m0, .
Vn = x = X (1)
5 5 (2n-n)! n!
ou _—x"+2xp+y
N1+ +p?)? (By symmetry) Again regard XM s X" X"
ou ou  x*+2xy—y? D" (x*) = D"(x"x")
CaT 2y = D"(x")x" + O D" ().
o 241 +1CyD" 2 (x").D*X" + ... X" pr (X"
y:
(-D(x-2)(x-3) Gl
= P'Xx" +n. —xnx”
Breaking into partial fractions, " " 1! o
2
x“+1 _ A N B N C n(n—-1) n! , w2 "
(x—l)(x—Z)(x—3) x—1 x—-2 x-3 +Tax Xn(nfl)x Foereen x" n!



BRI - 1=
1 LA 2x —2x
m%f(x) S hrr%)e —  —2-(-2)=4
21! ; . X—> X X X
- ( nl) x [by (1)] : 2n+l1 2n+l
n: 13. (¢) Given f(x+y )=f()+{f(»)} (1)
| n®  n*(n-1)> _(2n)! Atx=y=0 o
+1—2 12.22 ........... = _(n')z = f(O) — f(0)+ {f(O)} n+ N f(O) =0
10. (© GivenfGx+»)=f®f0) (1) Nextputx=0,y=1,we fet’l 2
Putx=y=0=£(0)={f(0)}*=/(0)=1 SO+D) = £O)+{/D}" = fFOI{S D} ~1]=0
[since £ (0) = 0] _ - =
Differentiating both the sides of (1), we get _‘g(l)tl;t (1)13 JM=1. T A1) =0, then fix) =0 v x
identically.
£+ ) {1 +_} £ £ y) + £ f) Put y = 1 in the functional equation we get
fEHD = fE+HFOP = frtD) = f(0)+1
Above holds for all x, y, so % =0 S f2)=2, f3)=3, f(A)=4and f(5)=5
) = RSO 14. (d) Differentiating (1), we get £'(x+ y*"*1) = f(x)
1L () Putx=0,wegetf'()) = (0)A) [x and y are independent so, Zy =0]
S
f( ) =/'0)= = f'(x) is constant, say f'(x) =k
Integrating we get /' (x) =kx + ¢
12. @ /) =2 . Integrating we get log, | f(x)|=2x+C . Nowf(0)=0 = c=0 andf()=1 = k=1
/) A f)=x= fi0) =1V x
Puttingx =0, we get C=0 15. (@ Asf(x)=ux,so itis everywhere continuous and
o f(x) =t  f(0)=2 differentiable.
REASONING TYPE
1. @  f(x)=cos® x+cos’ (x + %) —COS X COS (x +§j 3. @ f'o= \/1__55% = |_s:1n;|
2n 1 if sinx <0
:1+C082x+1+cos(2x+ 3] =41 ifsinx>0

1 b
——[2cosxcos| x+—
2 2 2 3

I m) 1 i T
—1+cos(2x+—jcos(—)——{cos(2x+—j+cos—} 3
3/0\3) 2 o34 e f(x)=x|3={3
X

= 1+lcos(2x+Ej—lcos(2x+ﬁj—l=E
2 3) 2 3) 4 4

J'x)=0

Derivative of constant function is zero.

lim f(x) = lim x" sin (l] = for positive integer n
x—0 x—0 X

Now f (0) does not exist, hence function is not
continuous at x =0

doesnotexist if sinx =0

if x<0
if x>0
Clearly f'(x) is continuous at x =0

. —3x2,x<0
=1
3x°,

Thus £1(0%)=£'(07) =0
. f(x)is differentiable atx =0
Statement 2 is clearly true.

x20



@E MULTIPLE CORRECT CHOICE TYPE

1. (,d) For x> 2,fg{1+|1—t|}dt

2

1 X X
:IO(Z—t)dt+Il =1+

1+x >2
Thus, f(x)= 5

5x-17, x<2

X2+

2
L@ h’ -3

f'e+H)=1
x— 0+ h
2
~ lim (1/2)h +2h:2
h—0 h

L SQ2em)-7-3

f'2-)=1 =5
—0- h
Hence f'is continuous but not differentiable at x =
2.
232 +12x+16, —4<x<-2
2. @b f(x)=<2-]x], —-2<x<1
4x—x> -2, l<x<3
2x+3)% -2, -4<x<-2
=42—|x]|, -2<x<1
2-(x-2)%, 1<x<3

The graph of y = f(x) is shown

lim f() =145 =3 = /@)= lim /()

3.

(a,bye)

Solving 2x2 +12x+16 = —1

= 22 +12x+17=0,

1 1
we get x:—3—$and X=—3+E

Thus we get
0, x=-4
1
-1, —4<x<-3-—
2
-2 —3—L<x<—3+—
’ ﬁ V2
-1, —3+—£x< -2
[f(x)]= V2
0 —2<x<-1
1, -1<x<0
2, x=0
1, O<x<?2
2, x=2
1, 2<x<3
[f (x)] is discontinuous at
x=-4,-3- 1,0,2.

A i

Given F(x)=f(x) . g (x)....(1)
Differentiating both sides w.r.t., x we get

Fi(x) = f'(%).g(x)+ g'(x).f (x)

:F@)fum<{ﬂ” “”}

S g'x)
= F'= {Ljé} = (a)is correct
/g
Again differentiating both sides w.r.t., x we get
FUx) = f"(x).g(x) + g "(x).f (x) +2 f(x).g '(x)

= F'(x) = £"(x).g(x) + g"(xX).f(x) + 2 ....(2)



4.

Dividing both sides by F(x) = f{x) . g(x)
{ /'(x).g'(x)=c}

') _ ') 8", 2
Flx)  f() g fg)

then

o g
F

or +

=> (b) is correct.

_J', 8", 2
/ fg
Again given f'(x) g'(x)=c
Differentiating both sides w.r.t., x we get

S')g" () +g'(x)/"(x)=0

From (2), F'(x)=/"(x).g(x)+g" (x).f(x)+2c
Differentiating both sides w.r.t., x we get

FU(x)=f"(x).8'(x) +"(x).g(x) +&" (x).1'(x) +f(x).g"(x) + 0

(ab)

=/"(x) . g(x) +g"x) .f(x)+0 [from(3)]

Now dividing both sides by F(x) =f(x) g (x)

Then F10) _ £"0) ")

F(x) f(x» gk
A 4
fog

Putting x=0 and x =1in (1) we get
/(0)=/"(3) and

SO =1+ M+ "2)+ f"3)

W SO=FO) =1+ D)+ f"Q2) ..(2)
Differentiating both sides of (1) w.r.t. x we get
L@ =32 42 D)+ f1"Q2) 3)

and  f"(x)=6x+2/'(1)
also f"(x)=6 .. ®)

Putting x=1,2,3 in (3), (4), (5) respectively, we get
S M=3+21'D+/"(2)

or f')+f"Q)=-3 .. 6)
— f"2)=12+2f' 1) or 2£'1)- £"(Q2) =12
...... o)

and f"3)=6 ... ®)

5.

6.

7.

8.

(a,b,0)

(a,b,0)

(bye,d)

(ad)

Solving (6) and (7), we get

7 (1)=—5and £"(2)=2

Hence f(1)— f(0)=1-5+2=-2 ....(9)

Also from (1), f(2)=8+4/'1)+2/"2)+/"(3)
=8-20+4+6=-2 ..(10)

and (10), weget /(2) =£(1)—£(0).
f(x)isdifferentiableatx=1ifl +a=2+b ... (D
g (x)isdifferentiableatx=1if3+b=1 ... )
From(l)and (2),b=-2anda=-1

Hencefrom(9)

df:Z andd—g=3:> £= 2

Now ——
dx dx dg 3
—sin(x+o) —sin(x+p) —sin(x+y)
f'(x)=| sin(x+a) sin(x+p) sin(x+7)
sin(B—y) sin(y—a) sin(a—f)

cos(x+a) cos(x+p) cos(x+y)

+ | cos(x+a) cos(x+B) cos(x+7Y)

sin(B—v) sin(y—a) sin(a—p)

=0+0 = f(x)isa constant function.
Thus f()=f(B)= f(7)
Letf(x)=ax>+ bx>+bx+d
Thef(1)=0and f'(1)=0
= a+2b+d=0.... 1)
3a+2b+b=0
From(1l)and (2)a=d=-b
f(x)=min {|tanx]|, |cotx|}

From the graph it is clear that f(x) is everywhere

. . 1o
continuous but not derivable when x = —

INEE
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9. (a,c,d) All the options can be checked easily from the

graph of the function. We find that f'(x) is every 3-2x, x<I1
where continuous but not differentiable at x = 11. (a) f(x)=141, 1<x<2
1_\/5’0,1. 2x—-3, 2<x<3
Y Ay
A 2
Yy=X
2 3 %
—x
f(x), 0<x<1
Thus g(x)={ 1, 1<x<3
x-2, x>3
Notice that x = 1—-+/2 is the point of intersection 3-2x, 0<x<1
ofy=2x,y=x2-1(x<0). =gx)=7 1, 1<x<3
x—-2, x>3
10. (a,b,0) g(f(¥))=x = g'(f(x)f'(x)=1
1 = Thus g (x) is not differentiable at x = 1

= g'(f(x)= @
12. (ab,e,d) 1+ x isnever zero, so 1+ f(x) isnever zero. Itis 1

Now, f(x)=2 = B3 3353322 for x =0, so it is always positive.

Hence f"(x) is always positive. f'(0)=0, so
= x°+3x?-33x-35=0 ! op 7O

f'(0)>0 for all x>0 and hence f is strictly
= x> -5x%2+8x% —40x+7x-35=0 or

increasing.
= (x=5)(x?+8x+7)=0 So, in particular, 1+ f(x) > 2 forallx.
= E-5E+DE+7)=0
We have f"(x) < M
x=-7,-1,5 2
Thus we have,
) Vo)< £ x  x? i x?
k=f'(-1)= 3(_1)2 +6(~1)—33 Integrating , f'(x) < £'(0) +5+T = 5+T
=3-6-33=-36
. . x2 x3
K =f(-7) = 3(_7)2 F6(=T)-33 Integrating , again, f(x) < f(0) +T+E. Hence

=147-63-33=51

1 1 4
f(l)S1+Z+E:§
k=f(5)=3.52+65-33 = 75+30-33="72



EE MATRIX-MATCH TYPE

A-r; B-p; C-q; D-s
(A) Putx=cos20

= 4 S(sin? .cot ! (cotB))
dx

d (1+cos260 d(1-x -1
- — = — e p—
dx 2 dx\ 2 2

B) log(h(x))= exzmh’(x)—e = log(h(x))

-3

© [flx)= \/_7+a\/_( j(x)z

1 1 1
(a)=———aJa——=
f@=5-3 aa
(D) Take log on both sides, logx+log y =nlog(x+ y)

Diff. w.r. to “x’ we get

l_{_lﬂ:n ; (14_@)
x ydx xX+y dx

A'p’ q, B-s, C'qs D-r
tan”~! x, |x|=1

A) f@=12_,

, |x|<l

Clearly f(1-0)=0and f(1+0) =%

f(—1—0)=—% and f(—1+0)=0

f (x) is discontinuous at x = —1 and 1, hence not
differentiable also.
s lx[>1
Again f1(x) = I+x
2x
—, |x|<1
4

f'(x) exist for all x except x = +1

(x2—4)(x2—5x+6)+cosx, x<2 orx23
B fx)=

(4-x*)(x* =5x+6)+cosx, 2<x<3

Clearly f'(x) is everywhere continuous. So,

P (x? —4)(2x - 5)+2x(x> —=5x+6)—sinx, x<2 or x >3
X)=
(4-x>)(2x-5)— (x> =5x+6)—sinx, 2<x<3

lim f'(x)= lim f (x)——sm2

x—2" x—27"
limi f'(x)=-5-sin3 and limi f'(x)=-5-sin3
x—3 x—3
Thus f(x) is differentiable at x =2 but not at x = 3.
(C) Differentiating both sides we get,

cos(x+y) 1+@ =Y 1+@ 3@:—1
dx dx dx

Now

f(x+h) SO _ iy LS~ ()

h—0 h

O f'x)=

m L)~ F(0)]

h—0 h

=f(x)/'0) [ £(0)=1]

S(x)

3. A'pa q, B'pa q, C'ta D-s

(&) | £(0)[<0=> £(0)=0
Also, 7(0)= tim LI=LO _ gy S 40

x>0 X

@so:f'(m:o
X

‘M
X

<|xf= lim
x>0

.. f(x) is continuous and differentiable at x = 0.
B) Putx=y)=0,we getg(0)=-1

\ g(x+h)—g(x)
g'(x)= 0—

h

g g(h) £ 21— g(v)
h—0 h

=2x— limwzbc—g'(m

x—0

cog(x) =x?—\3+a+a’*x+C and

g(0)=-1=C=-1



.'.g(x):xz—\/3+a+a2x—1

So, g(x) is continuous and differentiable at x = 0.

© g =f'(0):>x2 —\3+a+a*x—1=0which

clearly has two distinct roots.

D) g(-Dg()=-GB+a+a’)<0 (- 3+a+a’>=0)
Thus g(x) = 0 has at least one root in [-1, 1].
Also —1< f(1)<1. So, (1) can be aroot of g(x) =0.

[But not necessarily]

EE NUMERIC/INTEGER ANSWER TYPE

1. Ans : 4
Letg(D=a, g'(2)=b ...
Then, f(x)=x’+ax+b, f()=1+a+b
f'(x)=2x+a, f'"(x)=2
g(x)=(+a+b)x>+(2x+a)x+2

= x2(3+a+b)+ax+2

= g'(x)=2x(3+a+b)+a and
g"(x)=23+a+b)

Hence, g'(1) =2(3+a+b)+a ......(i1)
g"(2)=23+a+b) ... (iii)
From (i), (ii) and (iii), we have,
a=2(3+a+b)+a and b=23+a+b)

ie., 3+a+b=0and b+2a+6=0
Hence, b=0 and a=-3

So, f(x)=x2-3x and g(x)=-3x+2

= f(g(x) = (-3x+2)? —=3(-3x+2) =9x*~3x -2
2. Ans:9
Giveny’—y=2x
Differentiate both sides with respect to x, we get
dy

By* -D=>=

S S —
dx dx  (3y=-1)

Again differentiating both sides with respect to x, we get

d
42 2.6y
y _ dx .
_dxz = —(3y2 B 1)2 Using (1) we get
d’y  -24y
-~ . )

x?  @y?-1?

= [xz —L] —24y + 2x [From (1) and (2)]
27){ Gy* -1 ) Gy*-1)

(Y20 [ =24y ) yGZ-D
4 27){ Gy* -1 ) Gy*-1)
(¥’ —y=2x)

_ R0 -4 (24y) L yG2-D)
108 Gy*-D* Gy’-1)

O |«

—54y%(y? -1)% +8 ) 9(y? -1)
Gy?-1)° Gy? -1)

_ %{—2(1+(x)(a—2)2+8+3(u—2)}:% (a=3y>—1)

ol a
Ans:5
[cos mx], x<1
f(x)=
[2x-3|[x-2], x>1
[cos mx], 0<x<1
e f(x)=<5—|2x-3]| I<x<2
0, x=2
1, ifx=0
. 1
0, if0<x<—
2
|
—1, 1f5<)€§1
= f(x)=

2x-3, ifl£x<%

3-2x, if%ﬁx<2

0, ifx=2



From graph, (i) For-1<x<l,y=-l4+l-x=—x

f(x) is discontinuous at x = 0,%,2 (i) For0<x<l, y=0+l-x=1-x
(i) For1<x<2, y=1l+x-1=x
1.3 .
f(x) is non differentiable at x = 0,5,1,5,2- (iv) For 2<x<3, y=2+x-1=x+1.
Given function is discontinuous at x =0,1,2,
Ay Given function is not differentiable atx=0, 1, 2.
y
V' N
3
[0/ T
1
Ans: 3
y=[x}+[1-x] for -1<x<3 -1 1 2 3 7

S



