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

If the tangent at the point (a, b) to the curve x> + 1° = ¢3

meets the curve again at the point (p, ¢), then

(@) ap+bg+pg=0 (b) ag+bp+ab=0

© da’+b*= p2 +q2 (d) None of these

The equation of the normal to the curve x + y =x”, where it
cuts x-axis is

(@ y=x (b) y=x+1
() y=x-1 (d x+y=1

If the parabola y = f(x), having axis parallel to the y-axis,
touches the line y =x at (1, 1), then

@ 27'0)+70)=1 (b) 27O+ (0)=1

© 2/(0)-70)=1 d 2/0)-/0)=1
The sum of intercepts on the axes of coordinates by any
tangent to the curve \/x + \/; =218

@@ 2 (b) 4

) 8 @ 242

The angle between the tangents at any point P and the line
joining P to the origin O, where P is a point on the curve

In (x2 +y2) =ctan”! Z, c is a constant, is
X

(a) Constant (b) varies as tan™! (x)

b
(c) wvaries as tan™! () (d) equalto —
2

The general value of o such that the line
X cos O+ y sin o0 = p is a normal to the curve
(x+a)y=ctis

(@ |2nm +— ,(2n+ l)nj (2;171 +—.,2n+ 2)7'5)

(b)

(Znn + T, 2nm +3_n)
2
() (21175 +28 2n+ 2)11:)

2nm, 2nm+— J ((2}1 +1)m, 2nn+37n,j

(nel)
The tangent at any point on the curve x = a cos® 0,
y = a sin® 0 meets the axes in P and Q. The locus of the mid
point of PQ is
(a) 32 +y3/2 =g37 (b) x2/3 +y2/3 = g2/3
© 4x+y)=a d 462 +)yH)=a?
If the relation between subnormal SN and subtangent ST

at any point S on the curve by2=(x+a)3 is

p(SN) = q(ST)2, then £ is equal to
q
8a
@ -4 b ==
27b 27b
8D 8b
© 2 @ =
27b 27

The value of 7 in the equation of curve y=g'™ x"

>

so that the sub-normal may be of constant length is

(@ 2 (b) % © % @ 1
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10.

11.

12.
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15.

2 dr
The equation of the tangent to the curve y = .[ , T—
14
atx=11s
@ 2y+l=x ®) Bx+l=y
© Bx+1+B=y (d) None of these

Given a function f:[0,4]——R is differentiable, then

for some a,b € (0, 4) [f (@) -Lf(0)] =

(@ 8/'(6)f(a) (®) 41'B)f(a)

(© 2f'B)f(a) @ f'®f(a)

A function f'is differentiable in the interval 0 < x < 5 such

that {0) =4 and /' (5) =— 1. If g(x) = %, then there
X

exists some ‘c’ in 0 < ¢ <5 such that 1'(c) equals

1 5
(a 5 (b) 3
(©) 1 (d) none of these
6

The distance covered by a particle moving in a straight
line from a fixed point on the line is s. Where

s% = at? +2bt + ¢, then acceleration is proportional to

(@) s2 b) s73

(c) s12 (d) None of these

A man is moving away from a tower 41.6m high at a rate of
2m/s. If the eye level of the man is 1.6m above the ground,
then the rate at which the angle of elevation of the top of
the tower is changing when he is at a distance of 30 m from
the foot of the tower is

2 _
@ -2 rad—s! ®) —Zrad—s"!
125 125
© " ad_g! (d) None of these
300

At any point of the curve 2x%)? — x* = ¢, the mean propor-
tional between the abscissa and the difference between
the abscissa and the subnormal drawn to the curve at the
same point is equal to

(a) ordinate (b) radius vector

(c) x-intercept of tangent  (d) subtangent

16.

17.

18.

19.

20.

21.

22,

Two men P and Q start with velocities v at the same time
from the junction of two roads inclined at 45° to each other.
If they travel by different roads, the rate at which they are
being separated is

(a) w2 (b) vx/2+\/§
© w2-2 @ v/2
2

x and y are the sides of two squares such that y = x — x~.
The rate of change of the area of the second square with
respect to the area of the first square is

(@ x*—x+1 (b) 2x2+2x-1

() 2x*2-3x+1 d x*+x-1

With the usual meaning for a, b, c and s if A be the area of

atriangle, then the errorin A, (8A) resulting from a small

error in the measurment of ¢ (d¢) is given by

@ = (b) sa=2
4s 4s
©) A= w (d) None of these

If the sides and angles of a plane triangle vary in such a
way that its circumradius remains constant, then the value

of da db + de is (where da, db, dc, are small

+
cosd cosB cosC

increments in the sides a, b, ¢ respectively)

@ o0

(b) atb+c

(¢) asind+bsinB+csinC

(d) None of these

If £ (x) and g (x) are differentiable functions for 0 < x <1
such that /(0) =2, g (0)=0,f(1) =6, g (1) =2, then there

exists ¢ € (0,1), for which f"(c) =

(@ g () 2g'(0)

() g)—-¢g() (d) None of these

The equation 3 2 +4ax+b =0 has at least one root in
0, if

(a 4a+b+3=0 (b) 2a+b+1=0

() b=0.a= —% (d) None of these

The real value of k for which the equation x> — 3x + k=0
has two distinct roots in (0, 1) is

(@ keR (b) 0<k<l
(©) —1<k< oo d) keo

&
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23.

24,

25.

26.

27.

28.

If o and P are any two roots of equation e* cos x = 1, then
the equation e* sinx — 1 =0 has

(a) exactly one roots in (c, 3)
(b) exactly two roots in (c, )
(c) atleast one root in (c, B)

(d) norootin (a, P)

If the normal to the curve y = f(x) at x = 0 be given by the
equation 3x — y + 3 = 0, then the value of

Lh%xzanQ)—SJx4x2)+4fx7x2»‘l=
1 1
@ % () —3

1 1
(© -3 @

Let P be a point on the hyperbola X% - y2 =a?, where a

is a parameter, such that P is nearest to the line y = 2x.
Then the locus of P is
(@ y=2x
© 2y=x

(b) y=x
d) x+y=0

2
For the curve ax’ +by2 =c, y3 Ld—;J+4 =0, then the
dx

equation ax? + bx + ¢ = 0 will have
(a) imaginary roots (b) real and unequal roots
(c) real and equal roots (d) both roots infinite

Let f{x) and g(x) be differentiable for 0 < x <1, such that
f(0)=2,2(0)=0,f(1)=6. Let there exists areal number ¢ in
[0, 1] such that f'(c) =2g'(c), then the value of g (1)
must be

@ 1 (b) 2
© -2 @ -1

If /” and g’ exist for all x €[a,b] and if
g'(x) #0 V x € (a,b) then for somec € (a,b),

/@~ 1@ _
§()-5(©)
/©
@ fOg ® 7o
o] @@
© SO0 D ebrg©

29.

30.

31.

32.

33.

34.

35.

If the equation ax® + bx + ¢ = 0 has two distinct positive
roots, then the equation ax?+ (b + 6a) x + (¢ +3b) = 0 has
(a) two positive roots

(b) Exactly one positive root

(c) at least one positive root

(d) no positive root

425
Let f{x) =Inxand g(x)=x2.If c € (4, 5) then ¢ In (?]
5
equals to
(@ cln5-8 (b) 2(c’In4-8)
(¢) 2(c’In5-8) (d clnd4-8
A rocket of length 4 is fired vertically upwards with velocity

v(t)=(2¢t+3) ms~!. Ifthe angle of elevation of the top of
the rocket from a point on the ground at time =1 sec is 30°
and at =3 sec is 60°, then the value of % is

5
(b) 3

> © 3 @ 1

1
(@ 5

2

-1.,2
The slope of the tangent to the curve Y = _[ cos 17dt gt

X

1
ngis
@ 0 ® 5

B 1
© |3 4"

Equation of the tangent to the curve y = e M at the point

where it cuts the line x =1
(a) isey+x=2 (b) isx+y=e
() isex+y=1 (d) does not axist

A point is in a motion on the curve 12y = x>, the ordinate

is changing at a slower rate than the abscissa in the inerval
(a) (_ 27 2) (b) (—oo’ _2) o (27 oo)

© (2,%) d 0.2
If m is slope of common tangents y = X -x+ 1,

y=x2—3x+1 then m is

d -2

N | —

@@ 2 (b) -1 ©
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. +y—fIn(x+y)=2x+ i
36.  Slope of the normal to the curve x = /2 4 3¢ — 8. 41 The curve x +y — /n (x +y) =2 x +5 has a vertical tangent

at the point (o,). Then o+ is equal to
y= 212 —2¢-5, atthe point P (2, -1) is given by (@ -1 ®) 1 ) 2 @ -2
42.  Ifthe fuctionf: [0,8] — Ris differentiable then for

7 7 6 6
@ & b —¢ © 7 @ ~-=

8
0O<a,p< Z,J'f(t) dt is equal to
37. If m be slope of a tangent to the curve ¢ =1+ x* then 0

@ [|m|>1 (b)) m<1 s
© |ml<l @ misl @ 3o f(o)+ B2 ()]
38. Angle formed by the positive Y-axis and the tangent to (b) 3[0c3f(0c2)+[33 (B
5 -3
y=x?+4x-17 at ( 57) is © 3o’ f (o)) +B2/(B7)]
- @ 3o’ /@) +B* 1B
(@ tan'9 ® - tan~'9 43. Iff(x) =0 is a cubic equation with positive and distinct
roots o,fB,y such that B is the H.M of the roots of
I -1 T
©) E+tan 9 (d) 5 f’(x)=0. Then o,B,y arein
39. Ifthelinejoining the points (0, 3) and (5 ,-2) is a tangent to (@ AP (b) GP.
(¢) HP (d) none of these
the curve y = ﬁ, then value of ¢ is 44,  Let the equation of a curve be x = a(6+sin ),
(@ 1 b -2 (c) 4 (d) -4 y=a(l-cos0). If O changes at a constant take & then

. . Do te of ch f the sl f the t t to th t
40.  Coordinates of the point on y? =8y which is nearest to rate of change of e siope of fhe tangent to the eutve a

the circle x2 +(y+6)2 =1 is; 0 =§ is
(@ 2.4 (b) (18,-12) o . "
© 2,-4) (d) (18,12) (@) 5 ®) = © k o =

&
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COMPREHENSION TYPE
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
ONE is correct.

PASSAGE-1 @) g'(x)#0 forany x € (a,b)

then there exists at least one point ¢ € (a,b) such that
Cauchy Theorem : If two functions fand g are
® continuous in [a, b] Sb)-f(a) _ S'(©)
@)  derivablein (a, b) gb)—gla) g'lc)




1. Which of the following inequalities is true
@ |tan'x—tan"' y|</x—y|V x,yER
(b) |tan'x—tan' yH{x—y|V x,yER
(¢) |sinx—siny|Z|x—y|V x,y€R

(d) |cosx—cosy|=2|x—y|V x,yER
2. Suppose o, [ and 0 are angles satisfying

0 0 T sina—sinf
Sos <[3<E,then cosP—cosa

(@) tan® (b) —tan6

(©) cotb (d) —cot6

3. If f(x) is continuous in [, b] and differentiable in (a, b)

then there exists at least one ¢ €(a,b) such that

—f (:3) :53(0) equals
@ 31 ® L9
3c

© f(e)fe) (d) 3cf(e)f ()

PASSAGE-2

The relation between the distance of any point on a curve from
the origin and the length of the perpendicular from the origin to
the tangent at the point is called the Pedal equation of the curve.
Let the cartesian equation of a curve be y = f(x)

Equation of the tangent at a point (&, k) is

y—k=f'(h)(x=h) = xf'(h)=y+k-hf(h)=0
If p, be the length of the perpendicular from (0, 0) to this tangent,
then we have

b= |k—hf'(h)|

rpre - 1)
Furtherk=fh) .. 2)
and 2 =h*+k> .. 3)

where 1 is the distance of the point (4, k) from origin.
Eliminating /4, k between (1), (2) and (3), we obtain a relation
between p and r, i.e. p = f{r), which is the required pedal equation
of the curve.

For example if the equation of a curve is y*> = 4a (x + a)

Tangent at (4, k) is

y_k:%(x—h):Zax—ky+k2—2ah=0 ()

The length p of the perpendicular from the origin to the tangent (i)
is given by

k% —2ah 4a(h+a)—2ah
p=—=-x (2 ) =~a(x+2a) (i)

Vaa +1k*  \J4a® +4ath+a)
Also, 12 = 2 + kK2 = >+ 4a (h + a) = (x + 2a) ...(1ii)

From (ii) and (iii) we obtain p* = ¢, which is the required pedal
equation.

2 2
X
4. The pedal equation of the ellipse — +z}—2 =1is
a
@ p?=d®+b>—1?
G Lol,1 7
(b) 2 B AR

11 1 2

- = -
© PR Y R )
1 N 1 1
@ 7t
5. The equation of a curve is given in parametric form

x=a cos’0, y =a sin®0
The pedal equation of this curve is

@ r*=da%+3p? (b) 312 =da?+ p?

© r?=a*-3p? d P =d>-3p?
6. The cartesian equation of a curve is given by

c2 (x* + y?) = x?2. The pedal equation of this curve is
1,31 1.3

(a) PRI (b) PRI
LI 1,31

© RS (d) IR

PASSAGE-3

Read the following write up carefully:
If f(x) = (x—0)" g(x),

then f(a)= f'(a)= f"(Q) =...= f”‘l (o) =0 where f(x)
and g (x) are polynomials.

For a polynomial f(x) with rational coefficients, answer the
following question.
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10.

If /' (x) touches x-axis at only one point, then the point of
tangency 1s

(a) always arational number

(b) may or may not be a rational number

(c) never arational number

(d) nothing can be said

If f(-3)=/f(2)=0 and f’(-3)<0, then the largest
integral value of ¢ can be (where f(x) = ¥ +ax? +bx+c)

@ —18 (b) —19
© —12 d) -6

If fa)=f"(a)=f"()=0, fB)=f"B)=/"B)=0
where o< [} and f(x) is a polynomial of degree 6, then
(a) all the roots of f”(x)=0 are real and distinct

(b) atleast two roots of f”(x) =0 are always non-real
(c) exactly two roots of f”(x)=0 arereal

(d) f”(x)=0 has exactly two coincident roots

PASSAGE-4

In second degree curves, a line which once touches the
curve cannot meet the curve again but in cubic and other
non-algebraic curves, the tangent can meet the curve again.
If we solve the equation of tangent and a cubic curve, we
will in general get three roots two of which will be equal
since they will correspond to the point where the tangent
was initially drawn.

The equation of tangent to the curve y = x> +1 at(1,2)is

11.

12.

The tangent at (1, 2) of ¥y = 3 +1, will meet the curve

y= x3 +1 at
(@ 2,-7) b)) 2,9
(©) (3,28 (d (=3,-27)

The tangent at ‘#” of the curve y = 87 — Lx= 4¢2 +3 meets

the curve at ¢” and is normal to the curve at that point, then
value of ‘# must be

@ *

1
® *7

(o) =

(d) none of these

o 5l

PASSAGE-5

f:R— R, f(x)is adifferentiable function such that all its successive
derivatives exist. /' (x) can be zero at discrete points only and

@) f"(x)<0V xeR

13.

14.

15.

If f(a) = 0, then which of the following is correct
(@ flath)f”(a-h)<0

(b) flath)f”(@-h)>0

(©) f'(ath)f”(a-h)<0

(d) f(ath)f”(@-h)>0

If o and B are two consecutive roots of /(x) = 0, then

(@ =0 Y e (o, B)
b f(m=0 Y e (o, B)
(© (=0 Y e (o, B)
(d (=0 Y e (o, B)

Iff” (x) # 0, then maximum number of real roots of /”/(x) =0
is/are

@

MARK YOUR

(@ y=3x (b) y=3x+1 (a) no real root (b) one

(c) y=3x-1 (d) none of these (c) two (d) three
V7 .
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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:

(©) Statement-1 is true but Statement-2is false.
(d) Statement-1isfalsebutStatement-2is true.

Both Statement-1 and Statement-2 are true and Statement-2is the correct explanation of Statement-1.
Both Statement-1 and Statement-2 are true and Statement-2is not the correct explanation of Statement-1.




1.  Statement-1 : The tangent to the curve y =4 +sin” x Statement-2 + Line Jjotning (1, 1.) and (2, 0) is
' ) perpendicular to the line y = x.
atx = 0is parallel to x-axis. 3.  Statement-1 : Wherever exists the slope of tangents

Statement-2 : The range of function y(x) is[4,5]. to curve tan(x+ y) = ¢** is constant.

2.  Statement-1 : The shortest distance of the line y = x Statement-2 : Wherever defined the equation

from the curve (x—2)2 + y2 =1 is represents family of parallel lines.

J2-1.

#
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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.

L. For the curve y = be*/4 4. Let o and B are two distinct positive numbers such that
(a) the subtangent is of constant length

) log, oo=0a and log, B =P then a can attain the values
(b) the subnormal is of constant length

i ) from the set(s)
(c) the subnormal varies as the square of ordinate

1
(d) the subtangent varies as the radius vector (a) (0, ;) (b) (1%)
2. If a, b, ¢, be non-zero real numbers such that
© (. @ (e,

1
1+cos® 2 4bx+
J-O( cos” x)(ax” +bx +c) 5. The tangent lines for the curve y = I; 2|t|dt, which are

parallel to the bisector of the first quadrant angle are

2
dx:I(l+cosgx)(ax2+bx+c)dx=0, () y=x+% (b) y=x+%
0
then the equation ax® +bx+c =0 has © y=x 4 @ y=x 4
(a) roots of opposite sign x 4
(b) at least one fractional root 6. If ;+Z =1 isatangentto the curve x=4¢,y = ?J ER
(c) onerootin [0, 1]and other rootin[1, 2] then
(d) onerootin [—oo, 1] and other root in [2,c0] (a a>0,6>0 (b) a>0,b<0
. . (c) a<0,b>0 (d a<0,b<0
3_ =
3. The real values of a .for which thc? equationx’*—3x+a=0 7. The values of the parameter ‘a’ so that line
has three real and distinct roots is
reu<n B a<-2 (3—a)x+ay +4?—1=0 isanormal to the curve xy =1,
@ -2<a ®) - is / are;
© a2 d —2<a <% @ (3,) (b) (~.,0)
2
© (03 () (=e=-3)
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MATRIX-MATCH TYPE

Each question contains statements given in two columns, which have to be matched. The PqQr s t

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 A

OR MORE statement(s) in Column-II. The appropriate bubbles corresponding to the B @@@ @ @
answers to these questions have to be darkened as illustrated in the following example: C @@@ @ @
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 D @ @ @ @ @
darkening of bubbles will look like the given.

1.  Observe the following columns :

Column-I Column-II
2
a
(A) The normal line to y = he ™/ p. b_z

where it crosses y-axis, has slope equal to

2b2

(B) Subnormal length to xy = a* b~ at any point (x, y) qg-.

S|

is p then i| y3 | is equal to
p

(C) The length of subtangent at any point (x, y) on the . a b

2 2 ¥
ellipse x_2+y_2=1 is p then P 2 |
a y

is equal to

(D) If m be slope of tangent at any point (x, y) on the curve

x2 § my .
— ~5 =1 then — is equal to s.  —
a X

2. Observe the following columns :
Column-I Column-II

3
(A) Ifthecurvesy=1-cosx,x e (-m, m)and y = §|x| +a touch p- O

each other then the number of the possible values of a is
equal to

B) If two curves y* =4a(x — b)) and x> = 4a(y — b,),where a is q 2
a positive constant number and b, and b, are variables,
touch each other then their point of contact lies on
xy = ka?, where k is equal to

(C) The point on the parbola y2 = 4x, which is nearest to the r 3
circle x2+ (y— 12)2=1 has the ordinate equal to

(D) The ordinate of the point(s) on the curve y* + 3x2= 12y s. 4
where the tangent is parallel to y-axis is/are t. 2

&

P qr s : P qQr s t

Al@OOO® Al@@OOOGO®
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3.  Observe the following columns:

Column-I Column-II
(A) The intercept of the common tangent to the curves p. 2

2= 8x and xy =—1 on the axis of y is equal to
(B) Let fbe a real function whose derivatives upto third qg 0

order exist and for some paira,b€ R,a<b

tog L@/ @+/ @) _
SO+ 1 @)+ ()

a— b,then 3c € (a,b)

for which /) is equal to
f()
(©) Letflx)=(x2—1)(x2—4),and o, B,y be the roots of r 1

the equation f"(x) = 0 then [o] + [B] + [y] is equal to
([] represents the integral part of £)

5
(D) If three normals can be drawn to the curve y> =x S. 7
from the point (¢, 0) then ¢ can be equal to t. 2
4. Column-I Column-II
(A) Number of points on the curve p. 4
xy =2, where tangent makes an
acute angle with x-axis is equal to
. ] . dy
B) If y =sin (fn(smx)) then E at qg 0
x== 1t
5 is equal to
(C) The slope of the tangent to the curve r 1
e ¢ : _I
x=¢'sint,y =¢' cost at the point f—z
is equal to
. : 1
(D) If O be the angle of intersection of the S. 5

curves y=yx> and 6y=7-x> at

(1, 1) then sin 0 is equal to

P qr s t P qr s

3 A[@OOO® NG00
®@OO® ®@OO
POOO® 010166,
0]0161610 0]016)6)

MARK YOUR
RESPONSE

o QO w >
o aQwp»




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.

The appropriate bubbles below the respective question numbers in the response grid have to

be darkened.

For example, if the correct answers to a question is 6092, then the correct darkening of bubbles

will looklike the given.

Forsingle digitinteger answer darken the extreme right bubble only.

©
(@]
(€]
(€]
@
©)
©
@

(€]
[0)
(]
(6]
[©)
6]
©
Q
®

®®
[0)(©)

ORERPPLEOO

PRrEEIeLCIE

1. If the tangent at (a, b) to the curve x*> + )3 = ¢> meets the 6.  If the point of intersection of the tangents drawn to the
curve again at (a;, b,), then a_1+ﬁ +1is equal to curve x2y =1- y atthe points where it is met by the curve
a .
2. Ifthe curves ax? + by? = 1 and a,x* + b,y* = 1 may cut each xp=1-ybe (0.B) then o+ is equal to
1 1 1 1 7. The segment of the tangent to the curve x2/3 + y2/ 3 - 16,
other orthogonally such that ———=A (— - —j then A .
a aq b b contained between x and y axes, has length equal to
is equal to 8.  Tangent at H(2,3) on the curve 3y = x> +1 meets the
3. If the acute angles between the curves y = [x> — 1| and y = .
lx?> — 3| at their points of intersection be 8 such that curve again at P. The tangentat P, meets the curve at 7
0= then m? s equal to and so on. If the sum of the ordinates for A, P, B,.....Fy
7 183
4, If the tangent at any point P (4m?2, 8m3) of x> —1*=0is a be S then § _{ 27 - j is equal to
normal also to the curve x3 —y% = 0, then 9m? is equal to
5. If 6 be the angle of intersection of curves
y=[|sinx|+]|cosx|] and x2 +y2 =5, where [.] denotes
the greatest integer function, then tan? 0 is equal to
OOO@ 2. OO 3. OO 4 OOOO SN (0][0](0](0]
OIOIDID DIOIDID DIOIDID OIOIDID OIO|DID
e][e]e]e)] e][e]e]e)] e][e]e]e)] e][e]e]e)] e][e]e]e)]
MaRrk [©)(e](e](©) [©)(e](e](©) [©)(e])(e](©) [©)(e](e](©) [©)(e](e](©)
YOUuRr [0][0)[0)(©) [0][0)[0)(©)] [0][0)[0)(©)] [0][0)[0)(©) [0][0)[0)(©)
resrons:. RESIO)E) QlOIOI® olo)e)e) olo)e)e) elo)e)e)
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SINGLE CORRECT CHOICE TYPE

(b) 9 (c) 17 () 25 () 33 (a) 41 (b)
(c) 10 (a) 18 (d) 26 (a) 34 (a) 42 (c)
(b) 11 (a) 19 (a) 27 (b) 35 (d) 43 (b)
(b) 12 (b) 20 (b) 28 (b) 36 (b) 44 (d)
(a) 13 (b) 21 (b) 29 (c) 37 (d)
(a) 14 (a) 22 (d) 30 (b) 38 (b)
(d) 15 (a) 23 (c) 31 (c) 39 (c)
(d) 16 () 24 (b) 32 () 40 (c)
COMPREHENSION TYPE

1 (a) 4 (c) 7 (a) 10 (c) 13 (b)

2 (c) 5 (c) 8 (b) 11 (a) 14 (b)

3 (b) 6 (d) 9 (a) 12 (c) 15 (b)

REASONING TYPE

L1 ] @ [ 21 @ 3] @ |

1 (a,¢) 3 (a,d) 5 (b, d) 7 (a,b,d)
2 (b, ¢) 4 (b, ¢) 6 (a,d)

1 A-q;B-r;C-p;D-s 2. A-q;B-s;C-s;D-q
3 A-t;B-r;C-p;D-r,s,t 4. A-q;:B-q;C-q;D-r
IEIE NUMERIC/INTEGER ANSWER TYPE
1 1 3 32 5 4 7 64




SINGLE CORRECT CHOICE TYPE

1.

b)

©

b)

b)

The equation of tangent to X+ y3 =c at (a, b) is
a2x+b2y =a’ +b°, which passes through (p,q)
azp+b2q=a3+b3 ..... (N

Also p*+g3=a*+p> L. 2)
Let p=ao and ¢ =hB On climinating ¢> and b
from (1) and (2), we get
o+B+1=0=>aq+bp+ab=0

Givencurveis x+y=» ... )]
at x-axis y=0=>x+0=x0 =x=1

. Pointis 4 (1,0)
Now to differentiate x + y = ¥¥ take log on both sides

= log(x+y) = ylogx

! {l+ﬂ} = y.l+(10gx)ﬂ
x+y dx X dx

Puttingx=1,y=0, we get

{Hﬂ}:oi(‘f_y) .
dx dx (1,0)

.. Slope of normal = 1

Equation of normal is, y—0 =1= y=x-1
x—

Let y=f(x)=ax2+bx+c

f'(x)=2ax+b

f(O)=cand f'(0)=b

f'(x){at(,D}=2a+b=1 f(H=a+b+tc=1
Solving, we have a—c=0ora=c.

Now, 2/(0)+ f'(0)=2c+b=2a+b=1

For the curve \/;+\/;=2, the parametric

coordinates are given by
Jx =2cos? 0 and\/; =2sin>0 ie, x=4cos*0
and x =4sin*0

dy _ 4x4sin’ B.cos0
dx  4x4cos’ 0(—sin0)

=—tan20

= Eq. of tangent

y—4sin4 6 = — tan? 9(x—4cos4 0)

@

@

. 4
x-intercept = 4cos49+4sm2 0 =4cos’0 and
tan” 0
. 4. 4sin*o .9
y-intercept = |4sin” 0+ =4sin” 0
tan” 0

Hence, the sum of intercept made on the axes of

coordinates is 4cos0+4sin? 0 =4

Let P(x, y) be a point on the curve

In (x2 +y2) =ctan”! z
X

Differentiating both sides with respect to x, we get

2x+2yy'  ce(xy'-y)
2 +y?) (P +r?)

N ,=2x+cy=

m (say)
cx—2y

and Slope of OP = P my (say)
X

Let the angle between the tangent at P and OP be 9

2x+ey y
tan6 = ml_m2|= =2y x2 =E
1+m1m2 1+2xy+cy c
cx2—2xy

0= tan"! (Ej which is independent of x and y.
c

2 2
Here y:c—:d—y:— ¢
x+a dx (x+a)2

Slope of normal is =

2
@ >0 (forallx)

C

Ccos

s.xcoso+ ysino = p isnormalif, — >0

sino.
or cotor <0
i.e.,, o liesin Il or IV quadrant.

So, aLe (2nn+g, Qn+ 1)nju(2nn+37n, (2n +2)nj



7.

@

@

©

dy )
We have, Q a8 —3a sin” Ocos® _ _ tan©
x  dx  3gc0s? O(-sin6)
do
Equation of tangent at '9' is

y—asin3 0= —tane(x—acos3 0)

2
acos® asinB
. Pis(acos9,0)and Q (0, asin ). I[fmid point of

= =1

PQis (h, k), then 10.
0 in 6
p=48 k= asim Eliminating 6, we get
2 2
W+ k% = @
2
. focus is x° +y2 ==
4
Here by2 =(x+ a)3, differentiating both sides, we
get
2
+
FYLE v J EC ) AV
dx dx 2 by
2
Length of subnormal — SN = dy 3 (r+a)
dx 2 b
..... 1
M 11.
2
and length of subtangent = g7 = y@ = 2y
dy  3(x+a)’
...... )
2
Eai (ST) (given)
q (SN)
2
= 2o OO uging i) and i)}
9 {B(x+a)}"3(x+a)
i?M {using, by = (x+a) }= 2—1;
(x+ a) 12.
p_38
g 27
Given curveis y=a'"x" 13.

Taking logarithm of both sides, we get
Iny=(1-n)lna+nlnx
Differentiating both sides, with resect to x, we get

1'2204-2 or ﬂ:ﬂ (1)
vy dx X dx x

@

@

b)

(b)

.. Length of sub-normal = y% = y,ﬂ {from (1)}
X X

2 1-n_n\2
n a X —
:L:nu ¢ y=a"x")
X
— n.a272n .x2n71

Since length of sub-normal is to be constant, so x
should not appear in its value i.e., 2n — 1=0

n=—

2
Differentiating the given equation, we get

L
dx | \14s2 ] _ s 1+ ]_2

2
d (xz) 3x 2x

dx =\/1+x6_\/1+x4

Therefore the slope of the required tangent is

(ﬂ) 3 2 1
di). N2 2 V2
This tangent passes through the point x = 1 and

So, its equation is

=0

1
-0=—x-1)=>+2ypy+1=nx.

Since f'(x) is differentiable in [0,4], using Lagrange’s
Mean Value Theorem.

IGO0
4 b b

AG) (1)

HS (4) S0}

Now, {/(#)’-{/(0)}* = @ +70)

=41 (O)Lf @)+ £(O)} (2)

Also, from Intermediate Mean Value Theorem,
f(4)+7(0)
2
Hence, from (2) [/ (4)F =/ (0)]* =8 (b) (a),

Since f(x) is differentiable in 0 < x <5, sois g (x) and
hence applying Lagrange’s Mean Value Theorem

= f(a) for a e (0,4).

o 80)—g0) -1/6-4 5
g'() 5 5 5
Given s2 = (af*> + 2bt +c) (i)

or  s=+at’ +bt+c

Differentiating both sides with resepct to ‘t” we get

é: (at+b) _(at+b)
Jav2mive)y 5

(say) {From (1)} ...(2)




Again differentiating both sides with respect to’#’ then

d2s B S(a)—(at+b).% _ as—(at+b).@

dr? 52 52

{From (2)}

_ as® - (at+ b)2

S3

_a(at® +2bt +¢)— (a6 + 2abt +b*) _ ac—b*

s s

. 1
. acceleration o =

s
14. (a) Let RS be the position of man at any time ¢. Let

OS=x,and ZQRP=0

Given, OP=41.6 m, RS = 1.6 m and §= 2m/sec.
t

PO=40m

P,

Q
>X
O¢<—x—>S
P 40
From APQR, tan6=—Q=— ..... (1)
OR «x
Differentiating w.r. to #, we get sec’ 6ﬁ = ﬂﬂ
dt 2 dt
or sec2 Gﬁ = _ﬂ'Q
t 2
do -80 2
= cos’B= _@'—x
e ? X% x? +40?

[ cosO = ;}
Vx? +40?

do 80

- when x=30m
dt  x*+40

9 _ —L = —i radian /sec

di 3074407 125

15. (@ Givencurveis 2x2y2 -xt=c . (N

Subnormal at P(x,y) = yy, = y% ...... 2)
X

16.

17.

©

©

From(l),2(x2.2y2—y+ 2xy2)—4x3 =0

X

L=yt
dx x2 y

d
Now, x(x-yy;) =’ —xyd—i =xt-(x*-)?)

[from (3)]
1 y=1f(x)
J
P (x,y)
V[o
0
O Q L R

= y2 = mean proportion = /x(x—yy) =y
Let R and S be the positions of men P and Q at any
time ¢. Since velocities are same

OR = 0S8 =x (say) and given ? =y andletSR=y
t

OP—»X R

Now in triangle ORS, applying cosine rule, we get

2 =x2+x2-2x.xc0s45° = 2x% - x*\2

y=xJ(2-~2)
s LogfevE vl

Hence the required rate at which they are being

separted is /2 —+/2.

Given x and y are sides of two squares thus the area

of two squares are x?and y2

2 2
We have to obtain ao7) = dx _ Z,d_y .(3)
d(xz) 2x x dx
where the given curve is, y =x— X2
= D_ o (i)

dx



18.

19.

or

@

@

2
Thus 200 = 2 (1~ 2) [from (i) and (ii) ]
X

d(x*)
dy®) _ (=220 _, 2 5
d(x?) x 20.

So, the rate of change of the area of second square

with respect to first square is (2x2 —3x+1).

Since A =./s(s—a)(s —b)(s—c)

= {s(s—a)(s—b)(s—)}'?
Taking logarithm of both sides, we get

In A =% {Ins+In(s—a)+In(s—b)+In(s—c)}

ldr _1jlds, 1 dis-a) 1
Ade 2|sde (s—a) dc (s=b)

d(s—b)+ 1 'd(s—c)} ()
dc s—c dc

But s=%(a+b+c)

Nowézl d(is—a) ds da 1 0 1

de 27 de
d(s=b) ds db 1

Cde de 2 2

1
de  de de 2 2

21.
and d6-0) _ds 1 1
dc dc 2
Now from (1),
ltoa 1jp1 4 1, 1 1 1 1
Ad 2|s2 (s—a)2 (s=b)'2 (s—c)2
1)1 1 1 1
=—4—+ + -
4{s (s—a) (s—b) (s—c)}
Hence 8A=é{l+ ! + LI }60
4s s—-a s—-b s-c 22.
Since inatriangle A+B+C =1
dA+dB+dC=0
If R is circumradius then — % — b -_° =2R
sind sinB sinC
a=2RsinA
On differentiating, we get da = 2R cos AdA
or da =2RdA 23.
cos 4
.. dc
Similarly, =2RdB and =2RdC
cos B cos

®)

®)

@

(©)

da_, db_ | A o R(dA+dB+dC)=0
COosc

cosd cosB

da db dc
cos A

Let F(x)=Ag(x)+ f(x) ... )

Since f(x) and g(x) are differentiable in [0, 1]

Therefore f(x) and g (x) are continuous in [0, 1].
Thus F(x) is a continuous function in the closed
interval [0, 1] and differentiable in the open interval
0,1).

Hence,

+

+ =
cosB cosC

From(1) F(x)=Ag'(x)+ f'(x) ... 2)
F'(c) = Ag'(c)+ f(c)
We choose 4 such that F(0) = F(1)
Af(0)+g(0) = Af () +g()
4=_8W=g® 3)

AORNA()
F (x) satisfies all condition of mean value theorem in
[0, 1], therefore there exists at least one ¢, 0 < ¢ <1
such that F'(c)=0

s Af'(e)+g'(c)=0

_4=8W-g®) _2-0
6-2

g'©) _ )
S(=£(0)

f'©)
= fc)=2g'(c)

Consider the function f(x)= x> +2ax> +bx

1
2

Obviously f (x) being a polynomial function is
continuous in [0, 1] and differentiable in (0, 1)
Also f(0)=0
If f(1)=0, then all the three condition of Rolle’s
theorem will be satisfied.

f'(c)=0, for at least one ¢ in (0, 1)

Hence, f'(x)= 3x? +4ax+b=0 at least once in

,1)

i.e. the equation 3x2 + 4ax + b = 0 has at least one root
in (0, 1)iff(1)=01i.e. 1+2a+b=0.

Let o and P be two distinct roots of
fX)=x*-3x+k=0

then0<a<B<land fo)=£AP)=0

The function satisfies conditions of Rolle’s MVT,

so, for some y € (a, B)

/' ()=0=3y?-3y=0= y=0o0r | butnone of
these lies in (ct, B) so, k€ ¢ .

Given e®coso =1 ...(1)

and eB cosp=1 ... )

Let fix) = e* — cos x, then f{x) is continuous and
differentiable.



24,

25.

26.

®)

©

@)

Also, flo)=£(B)=0 (from (1) and (2))
Therefore by Rolle's MVT, f"(x) = 0 has at least one
root in (a, ).

= —¢ ¥ +sinx =0 for at least one x € (at, )

= ¢ sinx =1 has at least one root in (a, B).

Slope of normal atx=01s 3,so f'(0) = _1

3
Now, the required limit

2
li * (— formj
50 f(2) =5 () +4f (Tx) \O
. 2x
lim
10 2xf (x> ) =40 £ (4x>)x +56 1 (7x%)x
(L' Hospital Rule)

. 1
50 £102) =20/ (4x2) + 28 (1%

B 1 1 1

F0)=207(0)+287'(0)  9x(~1/3) 3

2 =42 is (asecH,atan6)

Any point on x? —
This point is neareast to y = 2x if the tangent at this

point is parallel to y =2x

NOW, xXT—=y"=a = —=—
dx y
d
= (_y) = cosecO
dx (asecH,atan 0)

cosecd =2 = 9:%

e L T . 2a a
Hence the point is (a sec—,atan —) Le. (—,—] ,
¢ )"\ BB

Clearly they lie on the line 2y = x
ax?+ by? = c. Differentiating, 2ax + 2byy' = 0
=ax+byy'=0 . (1)
Differentiating again a +by y"+b(y ')2 =0

N2
=a +byy"+b(ﬂ] =0 [from(1)]

2.2
= a+byy"+b%= 0

b7y
2.2

= ayz"l‘abX :—by y"

N ot(atx2 +by2) _
b

iyt = LD

27.

28.

29.

30.

b)

b)

©

b)

= ac = 4b* = b* —4dac
=b> —4(4b%) = -15b*> <0

. ax* + bx +c = 0 has imaginary roots.
Consider the function ¢ (x)= f(x)—2g(x) defined
on [0, 1].
As f(x) and g (x)are differentiable on (0,1) and hence
continuous on [0, 1], hence ¢ (x) is also differentiable
on (0, 1) and continuous on [0, 1].
Also, $(0)= f(0)—2g(0)=2-0=2
o) =f()-2g()=6-2¢g(1)
Now, ¢'(x) = f"(x)-2g'(x)
= 0'(©)=f'(c)-2g'()=0
Hence, ¢(x) satisfies all conditions of Roll’s Mean
Volue Theorem, on [0, 1], therefore,
00)=0(1) = 2=6-2g(1) = g)=2
Let h(x) = {f(x)—fla)} {g(b)—g(x)}

Then A(x) is continuous and differentiable and 4(a)
=nb)=0

Therefore A(x) satisfies the conditions of Rolle's
MVT.

Therefore for some c € (a, b), f'(c)=0
= f'(){gb)-g()}-g'(){f(c)- f(a)} =0

. f=fa) _ [
gb)—glc) glo)

Consider /' (x) = ¢*/3(ax? +bx +¢). Clearly f(x)

= 0 has two distinct positive roots o and . So,

f'(x) =0 has at least one root in (o) [Rolle’s
Theorem]

1
or 563)‘ {ax2 +(b+6a)x+c+3b} = 0 has at least

one root in (o, [3)
= ax’ +(b+6a)x+c+3b=0 has at least one
positive root.

Let ¢(x) = x? In(4) —161n x , which is continuous on
[4, 5] and differentiable on (4, 5), so by LM VT,

% =0'(c), c€(4,5)
425

Now, ¢(5)—¢(4)=In [1_6J
5

25
16

and ¢'(c) =§(c2 In4—-8)= cln[:—]: 2(c*n4-8)



1
3. @ 0d=[vdr=(+30; =4 M. @
0
: 3
0B = [var = +30[; =18
0
35. @
t=3s|h
B
t=1s|h
A
60309
o x
1
tan300 = 27 — ——x=4+h =
X 3 N
o 18+h
tan 60° = = Bx=18+h
NNy S AL
NERNE] 36. M)
1 18
N LR
- {555
6
h=—=3.
-
dy -1, 4 -1,.2
32. (¢©0 —=cos (x)2x—cos (x7)
dx
dy 1 non (¥ 1
— =2—X———=| ——— |7
dx|,_ 1 3 4 |3 4
2
33. (@ The point of intersection is (1,3_1)
_ : . _ X
- x =1, so equation of the curve is y=e 3. @
Dd—y:—e_x
dx

dy -1
[d_} =7¢ - Hence equation of tangent is
X x=1

y—e_l :—e_l(_x—l) or, ey+x=2

ly x2 Q_xzdx

a4 di 4 di
h x? then & <&
when 4 < cn d[ dt

= x’-4<0 = x€(22)

A point on first curve is P(tl,tl2 —t+1), slope of
tangentat P =2¢# —1. So, the equation of tangent at P
(1)

A point on second curve is Q(t,,15 —3t, +1), slope

is y—(f —1+1) =2t ~1)(x-1)

of tangent at O =2¢, —3.
So, the equation of tangent at Q is

y—(15 =3t +1) = (2t = 3)(x—15) (2
(1) and (2) are same lines, so,
2{1—12212—3 = bh—4 =1 (4)

and
(2t~ 1)+ 1 —1+1= =1, (2t = 3)+ 15 =31, +1
—t12 +1:—t§ +1
Hh=1%t =

h=-f (= Hh#Lh)

1
From4), 4 =——

2
Desired slope =2¢ —1=-2
x=1>+3t-8, y=2t2-2t-5 at(2,-1)
2 43-8=2 and 22 -2/-5=-1
and 21> —2t-4=0
and (¢t+1)(t-2)=0

= 2+3t-10=0
= (t-2)(t+5)=0

= t=-5o0r2 = t=-1t=2
= t=2
D _goa
dt dy/dt 4t-2 6
= =— = slope of tangent
dx dx/dt  2t+3 7
E=2t+3

7
. slope of normal = G

LD
dx

2x
1+x°

2x

1+x

e’ =1+x> = yzfn(1+x2)

.. Slope of tangent at any point, m = 3

2|x|2 <1 = |ml<1

Now, 1+ x> >2[x] =
1+x



38. )

39.

40.

©

©

(-2,-21)

y=x?+4x+4-4-17
y=(x+2)?-21 = Vertexis (-2,-21)

Also y =x* +4x-17

= Y 2x+4 = Slope of tangent at (%, —%)
X

m=ﬂ=2x§+4=9
dx 2

B=tan 19
. . T -1g _ -1
. angle by y-axis = 2 tan "9 =cot™ 9

Equation of'the line joining given points is

_2_3(x—5)

(D=7

= y+2=-1(x-5)
= y+x=3

c
Solving with the curve ¥ =——, we get
x+1

B-x)(x+1)=c

= x?-2x+c¢-3=0

For equal roots 4—4(c-3)=0=c=4
General point on y2 =8x

(2t,t4t) t>0

@ _4 >
by o2t —4n

_ 1
t
Equation of normal at ¢

(y+41) = t(x—2t%)

41.

42.

43.

b)

©

)

y+4t=tx—2t3 it passes through (0, — 6)
= —6+4t=-2

= 28+41-6=0, 1 +2-3=0

= (t-D(2+1+3)=0

= t=1
point (2,—4)

d 1 d
o1+ 2 (1+—y)=2
dx x+y dx
dy x+y+l
= dx x+y-1
a =OC—+B=°°when0c+[3:1.
dx(O(,B) O(+B—1

3

Let ¢ = [ f()ds
0

g(2)—g) N g(H)—-g(0)

8
Now ! S0 = g(2)= £ —

=g'(o)+g’(P) where l<a<2,0<B<1

=3[o” £ (o) +B2 £ (B
S(x)=(x—a)(x-PB)x—v)
= f’(x)=3x2 =2x(o+B+7)+op+Py +yo

_ 204B,
P oy +Py

(where oy, B; are the roots of f'(x)=0

_ 2(0B +py +Y0)

BT



= ﬁz = Yol

44. @ %=a(l+cose) and%zasine

COMPREHENSION TYPE

1.

.. Slope of tangent is given by

dy 0
0)=—=tan—
JO)=—- )

a’tan9

dO _~ 2,d0 _k 28

dt do

dt

(df(e)) 2%
= dt at0=" 3
3

sec
2 2

@

©

)

Let f{x) = tan"'x, then using Lagrange's MVT, for some

OLE(X, y), f'(O()Z f(x)_f(y)
x=y

1

tan”' x—tan”! y

xX=y

= So, <1

Again if f{x) = sin x, then as above

sinx —sin y
X=y

=|cosa| <1

Similarly, for f (x) = cos x
Let f{x) = sin x and g(x) = cos x, then fand g are
continuous and derivable. Also, sinx # 0 for any

X € (0, g) so by Cauchy's theorem,

SB) - f(a) f'(G):> sinB-sinot _ cos@
gPB)-g(0) g'(®)  cosP-coso —sin®

£ (x) is continuous in [a, b] and differentiable in
(a, b)

Let g(x)= x° then g(x) is everywhere continuous
and differentiable.
Now using Cauchy’s theorem

-1l f'(c)
2(b)—g(a) = 20 for some ¢ € (a, b)

Thus f(b?)) _f?)(a) = f (ZC) ('.' g'(x) = 3x2)
b’ —a 3¢
ALTERNATE SOLUTION :
Let us define a function
h(x)=f(x)—f(a)+ k(x> —a®), where kis selected
in such a way that 4 (b) = 0. Also

©

=—=—t—

©

h (a)=0. So, the function / (x) satisfies all
conditions of Rolle’s theorem. There must, thus

exists ¢ € (a, b) such that 2'(c)=0

= f(c)+k(Bc?)=0

Sf(b)~f(a

)

R

|

(3c?)

where k =

The equation of tangent at (4, k) is

_SB)-f(a)

b -d’ :|

2
y—k=—l)2—h(x—h).
a‘k
So. p= e N s
0, - -
NI RN ORI
k2
L T )
a® b2

1 W K b - dPK )+ at (aPb? —bPh)

pz a4 b4 - a4b4
_dbP (@ b - k)
a*p?
1 1 r2 2 2 2
—2 b_z_ ) ( r-=h"+k )

ﬁ = —3acos’ Osin 0
do

d . d
and d—)é=3as1n2 Gcoseﬁd—)é= —tan 0

So, the equation of tangent at 6 is

y—atsin3 6=—tan6(x—arcos3 0)

| asin® 0+ asin Ocos’ 0] |asin6|

\/1+tan26

_|sece|

=| asinOcosH |

e



Also,

¥ = az(cos6 0+ sin® 0) = az[l —3cos’ Osin’ 0] -2 10. (¢
From(1)and (2), > = a>-3p*

d
D 3223

Equation of tangentis y—2=3 (x—1)

6. (d The equation is %+L2=L2. = y=3x-1.
x> y° ¢
Let x=c sech, y = c cosec 0. 11. (@) Solving y=3x-1and y= 241
[Note that it is always easier to solve such questions
with the help of parametric forms, as only one = 3x-l=x"+1 = x=11-2
unknown remains for elimination. You can solve The equal roots (1, 1) corresponding to (1, 2).

question (1) using parametric forms. Try!] So the tangent meet the curve again at

dy _ccotBeosO _

So,
dx csecOtan®

—cot’ 8 (=2,(=2)% +1) or (-2,-7).

Equation of tangeut at 0 is 12. (¢) Equation oftangent at ¢

y—ccosec 0 =—cot’ 0 (x—csec0) Y- (83 —1) = 31[x — (4> +3)]
_ccosecG+csec6cot39_ c

= If this meet the curve again at ¢’ then
\/1+cot66 \/cos69+sin66

83 —1)— (83 =1) = 34t"> +3 - (4¢% +3)]
= L = %[cos(’ 0+ sin® 6} = l[l —3cos? Osin? 6}

2 t
p- o< ¢ we will get ¢’ = =5 (1 =¢ willberejected)
_1 3
2 Normal at ¢ is — ! =£
3" 3t
13 1
~—2+—2 = But slope of tangent at ¢ = 3¢
p°or c
2 since they are the same line = 3¢ = £
= c?sec? 0+c? cosec?0 = 3t

sin?Ocos O
7. (@) Iff(x)touchesx-axis at only one irrational point, then - (=t ﬁ
3
2 . . .
=(x—0 , where o is irrational. )

S)= . )" &) . 13. (b) Accordingto graphf(a+h)f" (a—h)>0.

= coefficients of f(x) can’t be rational

= for f(x) with rational coefficients, the point of

tangency is rational.

8. () Apossible graph of y = f(x) is shown.

The third root o is lesser than — 3.

= c<-18.

/(x -3 2

9. @ f()=@x-0)’x-p)°

14. (b) According to above graph if f(a)) =0 and f(B)=0
=f" (a)=0andf" (b)= 0 (these are points of inflection)

S =/"1)=0
= f()=x-a) (x-p)"2x—(a+P)) o <y < B (using Rolle’s theorem).
= f”(x) hasroots o, and aroot in each of 15. (b) f' (x)# 0 =f(x)=0has atmost one real.

= f" (x) =0 has atmost one solution.

0532 (532



REASONING TYPE

1. (@ y=4+ sin? x > 4 and absolute minima occurs at x =0 N

Xl=-1 = g=1
a—

So, the tangent to the curve at x = 0 must be parallel ) ) o )
So, the point 4 is (1, 1) and the minimum distance

to x-axis.
(IVOTE that the function is differentiable everywhere) =AC-BC =21
2. (@ dy dy
2 x+
Y sec”(x+ )| 14— |=" V| 1+—
A 3 (a) ( y) I: dx:| l: dx :|
d
= [1 +—y}[secz(x+y)—ex+y] =0
dx
b
=
Further, tan(x + y) = ¢
> X = (x+y)=Intan(x+y)
¢ 2.0)
’ = u=Intanu, where u =x+y

If the above equation has roots say u =a.,f3,Y........
The centre of the circle is C (2, 0). If 4 (a, a) be the point then the family of curves represented by the given
on y =x , which is closest to the circle then implicit equation are
AC must be perpendicular to y =x X+y=0,x+y=0, X+ V="V,

@E MULTIPLE CORRECT CHOICE TYPE
1. (a,¢)

/
_ bexl/a bel'

x/a

The given curve is y = be

a
Let us consider a point (x1, y) on the curve.
. 1 1 .
Then, y, = be™ fa L (1) = ﬁ( et1’a )22 = — 2 [using ()]
a a
Differentiating the curve y = he*/“ with respect to x we get . i
Therefore, subnormal varies as the square of ordinate.
Q:bex/a'l 2. (b,©)
dx a ;
. (d_J’) =éex1/a Let f(t)=J.(l+cos8 x)(ax2 +bx+c)dx
dx (Xl 7 ) a 0

] then f(1)=0 and f(2)=0 (Given)
X

Thus, the length of subtangent =|y, (d_y] Also f(0)=0
(x>31)
i Thus by Rolle’s Mean value theorem f’(£)=0 has at

a_|_|peula 4 least one root in (0, 1) and another in (1, 2)

=y

ola = | a | (constant)
e

1 X /a
be®t! Now £7(£) = (1+cos® )(at® + bt +¢)
[using (i) and (ii)]

8
= Subtangent is of constant length | a | But 1+cos™7#0

-~ (=0 = at’ +bt+c=0

. dy
Again, length of subnormal = yl(gj@q " Thus ax® +bx+c =0 hasarootin (0, 1)and other in (1, 2)



(ad)

Let f(x)=x" —3x+a = f'(x)=3x>-3
= 3(x—1)(x+1)

Now, f()=a—-2, f(-))=a+2

All the roots would be real and distinct if,

AY

o/&
e

f(x;)>0,f(x,)<0

X2
:YX

fOfED<0 = (@-2)(a+2)<0 = 2<a<?2
Thus the given equation would have real and distinet roots

ifae(-2,2)

(b, )

The given equations can be rewritten as

Inoa  In

—= TB_ Ina. So the graph of y = Inx and y =1Ina
o x

must intersect at two distinct points. From the adjacent
graph we get

1
O<kna<-=l<a<e¢
e

[+ e <e®, so, ae, Ye)]

rd

y =Ina

Ina

~<
Il
>

> X

6.

(b,d)
We have the given curve, y = J. x2 |t]dt,
0

Differentiating the curve with respect to x we get

Ll =2 | x| [using Leibnitz-rule]
dx
Since, the tangent lines are parallel to the bisector of the

first coordinate angle we have,

ﬂ=1:>|x|=l:>x=il
dx 2 2
1/2 2 1z 1
= y=2f Trdr=2| | ==
0 2 4
0
. 11 .
Thus the points are iE’Z = Equation of tangents

are y—l— ](x-l—lJ
4 "2

3 1 . .
Therefor, y =x+ 1 and y=x- 1 are required equation

of tangents.
(a,d)

Slope of tangent =

So, _—b<0 = é>O.
a

a
(a,b,d)

. . a-3
Slope of the given line =——>0.
a

= (@a-3)a>0= a<0ora>3

EE MATRIX-MATCH TYPE

A-q;B-r;C-p;D-s

(A) Point of intersection (0, b), L2 —he @ (_lj :
dx a

dx (0, b) a

= Slope of normal = %



dx X
J _ 2 2 3
Subnormal = y—y = y(—y) =2 S - L]
dx X X a2b2 a2b2
y
o w2
( ) m= dx yaz ]
Y Y yz az
Length of subtangent= | 5 ||~ 5 |= 75
g g dy xb? | x| p?
dx 2
ya
2 2
X y 2x 2)/ dy
D) 2 = 2 2 ax
dy _bx
= dx azy
A-q;B-s;C-s;D-q
d d 3
(A) —(I-cosx) = —(£x+a) assuming x >0
dx dx 2
. 3 o 27
=sinx=—=x=— and —
2 3 3
i 21
Due to symmetry x = 3 and T3 can also be

the points and so the points

(J_rg ) and (izs—n,%) satisfy

!
2
—£|x|+a givinga—l—i orz—i
Y= 2 235 2 3

(B) Slope of the curves at the point of contact are

2
— and i Thus —azi:> xy=4a2
y 2a 2a
(C) Theleast distance will occur along the common
nornal. Normal to parabola at
(#%,2t)isy =—tx +2¢+ £ which is normal to circle if
12=2t+1 = t=2 Hence the pointis (4,4)
(D) Differentiating we get
2
b b o

dx  dx 32 -4

3y2ﬂ+6x=12
dx

=>y2—4=O or y=12

4
Ify=2,thenx= i—3 ify=-2,then x¢ R .sothe

points are [ii, 2)

NG

A-t;B-r;C-p;D-1,5,t
1
(A) Equation of tangent to xy =—1 at f,—; is

1 2
y=gx—s and any tangent to y? = 8x is
t

2
y=mx+—.
m
1 2 2
Som=— and ——=—=1r=-1
t t m

So, the common tangent is y =x + 2.

B) Let 0(x)=[f(x)+f'(x)+f"(x)] e . Clearly ¢(x) is
continuous on [a, b] and differentiable on (a, b).
Also,

0(a) _ {f(a)+f'<a)+f"(a)} Ja
o) [ f(B)+ [(b)+ (D)
[From the given condition]

S 0(a)=4¢(b)

Hence by Rolle's theorem, these exists ¢ € (a, b)
such that

P=0=-{f(+f" (O +f"()e+e* {f'(c)
'O+ =0={"(c)-flc)} e=0
=/"()=A¢)

© fE=2=/ED=/M)=f(2)=0
Therefore by Rolle's mean value theorem the
equation f"(x) =0 has roots in (-2, 1), (-1, 1)

@b P =

and (1, 2).

~lal==2,[B]=-L [y]=1.

dy 1 s
(D) —=—,sothenormal at the point (¢-, ¢) is

dx 2y

y—t==2t(x—1?). It passes through (c, 0) if
—t=2t(c—1)

1
?=c _E for three distinct values of

1
t2>0=>c>—.
2

A-q;B-q;C-q;D-r

2
X
dy
= d_ =——75< 0, for all non zero real number x.
29 X

Thus angle of any tangent with x-axis is obtuse.



1.

©

L d 6d
(B) siny=Inx(sinx), x=5,y=0 D) d—z 2x,d—;——3x2
dy At x=1
COs y—— =———.C0SXx =cotx d 1
dx sinx ml=d_y=2’ my=——
a X 2
20
x mmy =-1= 0=—
dy/dt e'[-sint]+coste _ (cost —sint) _
dx/dt et COSt+et sint (COSI+Sil’1 t)
EE NUMERIC/INTEGER ANSWER TYPE
Ans:1 Ans:1
Given curveis x® +)3 =3 Equation of given curves are
2 2 .
ﬂ__x_ N a -_* (1) ax2+by2:l ..... @)
dx 2 dx b2
y (a,b) 5 5 B
and gx“+by =1 .. (i1)

and tangent at (a,b) cuts the curve again at (a;,b;)

_ 2
Slope of tangent = b=b =4 {From (1)} ......(2)
a—a  p?

Also & +63=¢4 L. (3)
and o +b =¢> L (4)
Subtracting (4) from (3), we get (> —a;’)+(b> b)) =0
= (a—a))a®+aa;+at)+((b-by) (b2 +bb; +b?) =0

b-b a2+aa1 +a12
aj—a 4 bb +bi

=

2 2 2
From (2) and (5), -4 =_4 *taa*a

b bE+bb +bf
= a’b’+ azbbl +‘12b12 =a’b? + abzal + a12b2
= ab(ab, —bay)+a*b} —atb* =0
= ab(abl - bal ) + (abl + alb)(abl - alb) =0
= (ab —ayb)(ab+ab +a;h)=0

3/a3 +b3

a Cc
= =—=1
C

If aby — a;b = 0 then _=£
(Law of proportion)
a=ay and p = p; which isimpossible.
abj—ab#0
by

a
Hence, ab+ab +ab=0 or L+ L=
a

. d
From (i) 2ax + 2by—y =0
dx

From (i) 2a,x + 2b1yd_y =0,
dx
b _ax

w Ty (iv)

Curve (i) and (ii) will cut each other at right angles if the

product of the values of % for the two curves is —1
X

2
ie., (—EKJ(—MJz—I or INX %)
by)\ by bby y?

from (i) and (i), ax? + by2 = a1x2 +b y2

or (a—apx® = (b —b)y*

© _hh v

y2 - a—a

2 -
Putting the value of 2 in (v), we get aay[b=b =—1
v bb,

a—aq bl -b b— bl 1 1 1 1
= - = or
aaq bb bb aq a b b



Ans : 32

Given curvesare y=| x> 1| ..(1)
y =| x2 -3 | (2)
xz—l, x<-lor>1
y= 3
1-x%, -l<x<l )

x2—3, x<— 30rx2\/§
and y =

3—x2, - 3SXS\/§
Equating the two values of y from (1) and (2) we get

|x% ~1|=|x* -3

or x> —1=+(x* -3)= x=+/2
From (1), when x:ix/a,yzl
Let 4=(~2,1) and B=(—/2,1)

Here 4 and B are the points of intersection of curves (1)
and (2)

Angle of intersection between curves (1) and (2) at

A2,

12 V3

From (3), (‘%) . = (2x—0) =22 = m; (say)
at(~2,1

dy
From(4), | —
dx )i 2,1)
Let g be the acute angle between curves (1) and (2) at A4,

then

=(2x)= —2\/5 = my (say)

|ml—m2|=|2\/§+2\/§|_4\/§

tan O = =
ltmmy| | 1-8 | 7
= m=4\/§
Ans:2
yv=x L. )
= Zyxd—y=3x2
dx
dy|  3x?
Slope of tangent at P = d_y =2L =3m
X|p Y (4m2’8m3)

.. Equation of tangent at P:y— 8m° = 3m(x— 4m2)
y=3mx—4m> .. @)

It cuts curve again at point O, solve (1) and (2) we get

x=4m?, m?

Put x=m? in equation (2)
= y=3m(m?) —4m>=-m
o Qis(m?,—m?)

3

d 3mYy -3
Slope of tangent at Q = _y‘ ) 3= 3 =—m
dx (m%=m) g (-mdy 2
Slope of normal at O = _ = 2 . Since tangent at
(-3/2)m 3m
Pisnormal at O
2
L =3m = 9m? =2
3m
Ans : 4
(@) Weknow that, 1 <|sinx|+]|cosx|< \/Z for all real
values of x

[Notethat (|sinx|+]|cosx |)2 1+]sin2x =1

y=[|sinx|+]|cosx|]=1
Let P and Q be the points of intersection of given
curves
Clearly the given curves meet at points where y =1
so, we get
l=5,x=%2
Now, P(2,1)and Q (-2,1)

Now, x2+)2=5
Differentiating the above equation with respect to x
we get
d d
2x+2yd_y:0:>d_y:_£ [d_yj =-2
X X y dx )y

V-5 0 V5

dx )1

Clearly the slope of line y = 1 is zero and the slope of
the tangents at P and Q are (—2) and (2) respectively.
Thus, the angle of intersection is tan™! (2).



Ans:1
(c) Solving the two equations, we get

x2y=xy = xp(x-1)=0
= x=0,y=0,x=1

= ¥ # 0, So, points of intersection ot two curves are

1
(0, 1) and (I,Ej

2. _ 2 dy dy
Now, x“y=1-y = x* = 42xp=——
dx v dx
dy__ 2w
dx x?+1

d 1
(@J =0 and (_y) Nalry
dx 0,1 dx (LEJ 2

The equations of the tangents are
1=0(x—0) and ! ! (x-1)
—1=0(x— —_=——(x-
y y B 2

= y=land x+2y-2=0

Clearly, these intersect at (0, 1)
Ans : 64

Let x = 64cos> ¢

y = 64sin’ ¢

& = —192cos? t(—sint)
dt

4 =—192sin? ¢ cost

dt

dy _ sint

dx cost

Equation of tangent at ¢ is

. sint
y—64sm3t=— (x—64cos3 1)
cost?
. X
.L—64sm2t=— +64cos’ t
sint cost

X Ly
64cost 64sint

= segment of tangent between x and y axes

= J(64)? cos2 1 + 642 sin? ¢ = 64

Length = 64.
Ans: 20
b

dx
= Equation of tangent at B (x,)7) is
Y=N
=7 (1, =)
e 23— =3x7 (xy 1)
= x% +x12 +X1%p = 3x12
= 2x12 — X1 X —x% =0
= X =-2x
Similarly x3 = —2x, = 4x

X4 = _2)63 = _le

3(y1+y2 +y3 ........ +y2n)

=(x13+x%+x§’+ ......... +x2n3)+2n

2n
Y (G

x13 2
+2=-"@" -1)+2n
-8-1 9

3
X 2n
e Vityratyyta.tyy, = —(?lj 2" 1) +(?j’

Now putn=30and x; =2 then

3
2
VY3 +J’6o=—(§) (2180 _1)420

183 _ 183 _
= S=—2 > 8+2O or S+[2 8j:20



