Paper-2

JEE Advanced, 2017
Part III: Mathematics

Read the instructions carefully:

General:

1. This sealed booklet is your Question Paper. Do not break the seal till you are instructed to
do so.

2. The question paper CODE is printed on the left hand top corner of this sheet and the right

hand top corner of the back cover of this booklet.
3. Use the Optical Response Sheet (ORS) provided separately for answering the questions.

4. The paper CODE is printed on its left part as well as the right part of the ORS. Ensure that
both these codes are identical and same as that on the question paper booklet. If not,
contact the invigilator.

5. Blank spaces are provided within this booklet for rough work.
6. Write your name and roll number in the space provided on the back cover of this booklet.
7. After breaking the seal of the booklet at 2:00 pm, verify that the booklet contains 36 pages

and that all the 54 questions along with the options are legible. If not, contact the invigilator
for replacement of the booklet.

8. You are allowed to take away the Question Paper at the end of the examination.
Optical Response Sheet
9. The ORS (top sheet) will be provided with an attached Candidate’s Sheet (bottom sheet).

The Candidate’s Sheet is a carbon - less copy of the ORS.

10. Darken the appropriate bubbles on the ORS by applying sufficient pressure. This will leave
an impression at the corresponding place on the Candidate’s Sheet.

11. The ORS will be collected by the invigilator at the end of the examination.
12. You will be allowed to take away the Candidate’s Sheet at the end of the examination.

13. Do not tamper with of mutilate the ORS. Do not use the ORS for rough work.
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14.

Write your name, roll number and code of the examination center, and sign with pen in the
space provided for this purpose on the ORS. Do not write any of these details anywhere else
on the ORS. Darken the appropriate bubble under each digit of your roll number.

Darken the Bubbles on the ORS

15.

16.

17.

18.

19.

Use a Black Ball Point Pen to darken the bubbles on the ORS.

Darken the bubble C completely.

The correct way of darkening a bubble is as: QP

The ORS is machine - gradable. Ensure that the bubbles are darkened in the correct way.

Darken the bubbles only if you are sure of the answer. There is no way to erase or “un-
darken” a darkened bubble.
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SECTION - 1 : (Maximum Marks : 21)

This section contains SEVEN questions

Each question has FOUR options (A), (B), (C) and (D). ONLY ONE of these four options is correct.
For each question, darken the bubble corresponding to the correct option in the ORS.

For each question, marks will be awarded in one of the following categories :

Full Marks : +3 If only the bubble corresponding to the correct option is darkened.

Zero Marks : 0 If none of the bubbles is darkened.

Negative Marks : —1 In all other cases.

s 1 : (1f¥r@waw 3 : 21)

. 39 TS § | U 8 |

. TS 9o § IR fAwed (A), (B), (C) a2 (D) B | 577 daet e fadey |l 2|

. TS U B oY R TA. W FEl SR APy & 3Jwd Jeigel DI HIall BN |

. TS U & oy o frfafaa aRRufml § 4 fadl @ @ sgar 3 oA -

. ise : +3 I o AE) fAdded & ITHU gAgA BT Blan fBAT B |
IYRAPF : 0 IR A goagel B Pren & AT B
O AE -1 I a aRReml #1

37. If f : R > R is a twice differentiable function such that f”'(x) > 0 for all x € R, and f[%j = % f(1) =1,

then
I f: R > RU& $H UBR P fgeradmaig (twice differentiable) verw & fb i x e R & forw f7/(x) > 0,

=1 sy=
@Hf(zj = 2,f(1) 1% a9
(A)f(1)<0 (B)f'(1)>1 (C)O<f'(1)s% (D) % <f'(1)<1
Ans. (B)

Sol. f'(x)>0forallx e R, f(1/2)=1/2,f(1)=1
= f'(x) increases
Let g(x) =f(x) —x, x € [1/2,1]
Then g'(x) = 0 has atleast one real root in (1/2,1)
f'(x) = 1 has atleast one real root in (1/2,1)
Hence f'(x) increases = f'(1) > 1
Hindi x & & arafas w41 & forg f/(x) > 0, f(1/2) = 1/2, f(1) = 1
= f'(x) IEH ®
qATg(x) = f(x) = x , x € [1/2,1]
T g'(x) = 0, IIRTA (1/2,1) § HH | ¥ UF IS ol 3@l 2 |
f(x) = 1 3= (1/2,1) H 9 A $H & aR<fad Jol 3@l 2 |
d f(x) qdHE &8 = (1) > 1
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38.

Ans.

Sol.

39.

Ans.

Sol.

-1
If y = y(x) satisfies the differential equation 8\/;(\/9+\/;)dy=( 4+\/9+\/;j dx, x > 0 and

y (0) = /7 , then y(256) =

IfE y = y(x) saFHa FHIBRYT (differential equation) 8«/;(\/9 + &)dy =( 4449 +/x J dx, x>0 @I

=g Bl ® YaH y (0) = 7 &, °9 y(256) =

(A) 16 (B)3 ©)9
(B)
dy (\/4 + M)_

dx  8yx\9+x
1 1
X

1
dy = . .
’ \/4+\/9+\/; V9 + X 8x

Leta T4 + 9+Vx =t = ! x 1 dx = dt
2jorx  2Vx

jdy =J'%.%dt

y=+c
y=V4+V9+x +c

atx:OtI’\’,y:ﬁ
=>J7=J7 +c=>c=0

y=\/4+\/9+\/;
atx =256 W = y=+4+9+256 =3

(D) 80

How many 3 x 3 matrices M with entries from {0, 1, 2} are there, for which the sum of the diagonal

entries of M"Mis 5 ?

T fbdm 3 x 3 angEg M & e ufafiedi (entries) {0, 1, 2} # & waqg M'M & fasoffa ufafeat

(diagonal elements) &1 AT 5 8?

(A) 198 (B) 162 (C) 126
(A)
a b c||ladg
d e f||b e h
g h i||c f i
a®+b’+cf+d?+e?+fP+g?+h’+i°=5
Case Refd - : Five ufa (1's) and four 3R @R (0's)
°Cs =126
Case- Rafd Il : One & (2) and one 3R T& (1)
%Cyx 20=72

.. Total {1 = 198

(D) 135

Page 4 of 15



40. Three randomly chosen nonnegative integers x, y and z are found to satisfy the equation x + y + z = 10.
Then the probability that z is even, is
I8 U T B P AGRBSF (randomly) T W FAMT T FOTHS YUl (nonnegative integers) x, y

TaH z IR X +y +2 =10 B € & 8| d9 zH ¥4 (even) B &I UIRAGAT (probability) &

1 36 6 5

(A) 3 (B) 3 (€) T (D) T
Ans. (C)
Sol. x+y+z=10

Total number of non-negative solutions = 10+3_1C3_1 = 1202 =66

Now Let z = 2n.

x+y+2n=10;n>0

Total number of non-negative solutions=11+9+7+5+3+1=36

Required probability = % = %

Hindi x+y+z=10
IHUTHS gl B ot ded = °°'Cy 4 = °C, = 66
39 ATz = 2n.
x+y+2n=10;n2>0
IFMHAD &l B FA GRAT=11+9+7+5+3+1=36

st = 20 = 8

41. LetS={1,23, ... , 9. Fork=1,2,...... ,5, let N¢ be the number of subsets of S, each containing five
elements out of which exactly k are odd. Then N4+ Nz + N3 + Ny + N5 =
A % S={1,2,3, ..., 9 B1k=1,2,...5% R, a1 & Ny, 99001 S & S7 Suag=Al 3 {1 8
R U Suead 4 5 3/a9d § Uad 59 faual 3 favd sraudl o d@n k| a9
Ni+ Ny + N3+ Nyg+Ns=
(A) 210 (B) 252 (C) 126 (D) 125
Ans. (C)
Sol. N;=°C.'C,=5
N, = °C,."C5 = 40
N; = °C3.*C, = 60
N, =°C,.*Cy =20
Ns = °Cs.*Co = 1
.. Total &<l = 126

42. Let O be the origin and let PQR be an arbitrary triangle. The point S is such that
OP.0Q + OR. OS= OR.0OP+ OQ. OS= OQ.OR + OP.0OS
Then the triangle PQR has S as its
(A) centroid (B) orthocenter
(C) incentre (D) circumcenter
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A f6 O gafd=g (origin) & va¥ PQR U& Wieed [t (arbitrary triangle) & | g S 39 UaR & f&
OP.0Q + OR. 0OS= OR.0OP+ OQ. 0S= OQ.OR + OP.0S
9 fawg S yst PQR &1 2

(A) B=Ed(centroid) (B) ¥a&= (orthocenter)
(C) r: @ (incentre) (D) Rga== (circumcenter)
Ans. (B)
Sol.
P(p)
Q(q) R(r)

pg +rs=rp +qs = qr +ps

= p(4-7) - 8(4-r) =0 = PS.QR =0

Similarly gt R PQ.SR =0

= S is orthocentre of the triangle (S, < &1 @ &= BI)

43. The equation of the plane passing through the point (1, 1, 1) and perpendicular to the planes
2x+y—-2z=5and3x —6y—-2z=7,is
A 2x+y —22=5Tdq 3x -6y —2z =7 & o=dq IR &5 (1, 1, 1) F ToR dTel FHAA Bl AHDBROT 3

(A)14x + 2y — 15z =1 (B)—14x +2y +15z=3
(C)14x -2y + 152 = 27 (D) 14x + 2y + 15z = 31
Ans. (D)

Sol. Let plane be
a(x—=1)+by-1)+c(z-1)=0

i j Kk
Now, direction ratio of its normal = [2 1 —2| = i(=14) - j(2) + k (~15)
3 6 -2

So, —14(x—-1)-2(y-1)-15(z-1)=0
14x + 2y + 15z = 31

Hindi. (D)
HIAT FHJA
ax—1)+bly—1)+c(z-1)=0
i ]k
sfers @ fgarsar = (2 1 2| = i(-14)- j(2) + k (-15)
3 -6 -2
o,  —14(x—1)—2(y—1)-15(z—-1)=0

14x + 2y + 15z = 31
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44,

Ans.

SECTION - 2 : (Maximum Marks : 28)

This section contains SEVEN questions.

Each question has FOUR options (A), (B), (C) and (D). ONE OR MORE THAN ONE of these four
option(s) is(are) correct.

For each question, darken the bubble(s) corresponding to all the correct option(s) in the ORS.

For each question, marks will be awarded in one of the following categories :

Full Marks : +4 If only the bubble(s) corresponding to all the correct option(s) is(are)

darkened.

Partial Marks : +1  For darkening a bubble corresponding to each correct option, provided
NO incorrect option is darkened.

Zero Marks : 0 If none of the bubbles is darkened.

Negative Marks : =2 Inall other cases.

For example, if (A), (C) and (D) are all the correct options for a question, darkening all these three will
get +4 marks; darkening only (A) and (D) will get +2 marks and darkening (A) and (B) will get —2 marks,
as a wrong option is also darkened.

T 2 : (AR i : 28)
39 s ¥ 9| U3 § |
IS U H AR IR A% (A), (B), (C) e (D) g | f59H & Ud I1 U 9 (e [Fveq |21 2 |
TS U & folg SMIARTHA. W AR FEl SR (ITRI) B IJHU JoAgel (Jegati) DI Hrea o |
TS U & forg e fFrefaRe aRRefal 4 4 fadt te & srpar A o’ -

gf i +4 IR R A A (Recdl) & ey gagel (agal) B dren fHar 2 |

JIR® &6 : +1 TAD el [Ahcd & IHU gl B Il I W, IARX DI Told [dPbeq Hrel
e o & |

F@E 0 IR B f gAge B Frem E fam B

RO D -2 gl uRReferl §

ISERY : IR TP WA & AR Fel SR faded (A), (C) T (D) 8, T9 39 dHI & IIHY gl bl Pl
FRA R +4 3% el ; % (A) 3R (D) & ATHI JaAgall Bl Blal B R +2 3% fAei?l da1 (A) iR (B)
% AT gagall BT Bl B W —2 3(F Al i va Tad fAded & gwd gagel o1 W) Hre fHan
T E |

If f : R > R is a differentiable function such that f'(x) > 2f(x )for allx e R, and f(0) =1, then

(A) f(x) > €%in (0, ) (B) f'(x) < €™in (0, )

(C) f(x) is increasing in (0, «) (D) f(x) is decreasmg in (0, «)

I f: R > R 9 USHR &I @FHag (differentiable) Berd & f& Ot x € R, & fo f(x) > 2f(x), TaHq
f(0)=1%, a9

(A) (0, ) F f(x) > e (B) (0, ) F f(x) < e”

(C) (0, ) # f(x) aEHM (increasing) & (D) (0, ) ¥ f(x) EFAM (decreasing) &

(A,C)
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Sol. f(x)-2f(x)>0

= di(f(x).e'zx) >0 = g(x) = f(x).e ™ is an increasing function.
X
forx>0, a(x) > g(0)
= f(x).e> > 1 = f(x) > e*

Now f'(x) > 2f(x) > 2.*

f(x) is an increasing function
Hindi. (AC)

fi(x) — 2f(x) > 0

= i(f(x).e‘zx) >0 = a(x) = f(x).e> adaM Ber &
dx
forx>0, g(x) > 9(0)

= f(x).e™*> 1 = f(x) > e

arq fi(x) > 2f(x) > 2.e>

f(x) T HAT B |

4. H1=30 [0 K+ g, then

(x+1)
J'k+1 k+1
x+1 X
49 49
A)I>I 99 B)YI<I 99 C)l< — D)I> —
(A) 0Qe (B) 0Qe (C) 50 (D) 50

Ans. (BD)
Sol. Putx—k=p @A W

98

1

k+1 b
(k+p) k+p+1)

9

[e3)

k+1
(k+p+1)

1
0
1
k=10

98 1 1
| > ;(k+1)(—(k+ p+1)J0
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46.

Ans.

Sol.

1 98
ot —=——
100 100 100

kel K +1

J. x+1
k+1 < k+1
x(x+1)  x(k+1)

k+1 1

< —
X(x+1) X

(- least value of x+1isk +1)

98 k+1

:I<Zj —dx

k=1 g

=1< an(k+1)—fnk =1</n99

k=1

If the line x = o divides the area of region R = {(x, y) € R®: x°

then

< 1} into two equal parts,

afe @1 x = a & (region) R={(x, y) e R?: x’<y <x, 0<x <1} & &% & a1 R 910 & fawriora

PR B, T9
(A) 20" —40*+1=0

(AC)
y= x°

J-(x x3)dx =

(B)o*+4a°=1=0 (C)%<oc<1

1
4

I\Jl—\
-J:-l—\

o
I(x—x3)dx=
0
40” — 20 =1
20 —40®*+1=0

2P —4t+1=0 (takingt= o’ @1 W)

1

t:4J_r\/16—8
4
t=4J_r2\/§
4
1
t=a?=1% —
V2
oc2=1—L = l<oc<'l
J2 2

(D)0<a<

1

N
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47.

Ans.

Sol.

48.

Let o and B be nonzero real numbers such that 2(cos B — cos a) + cos o cos B = 1. Then which of the

following is/are true?
AT % o TIH P 39 UHR @ [ ardd AR (nonzero real numbers) & &

2(cos B —cos o) + cos o cos = 1.9 /1 94 4 D9 HI(H) I B(E) ?

%) _tan [B)= Bl
A) ﬁtan(zj tan (2] 0 (B) tan( ) V3 tan (2)
(©) tan( ) + /3 tan ( ) (D) ﬁtan(%} + tan (%): 0
(BC)
coso. = (;a) a=tan?Z

1+a 2
cosp = (ﬂ) b = tan? L

1+b 2

() ()

= 2((1-b)(1+a)—(1—a)(1+b))+(1-a)(1-b)=(1+a)1+b)
= 2@+a—-b—-ab-(1+b-a-ab))+1-a-b+ab=1+a+b+ab
= 4(a—b)=2(a+Db)
= 2a—-2b=a+b
= a=3b
tan® — —3tan2[3
2 2
tan%:i\/gtan (%)
Let f(x) = 1_)((1+|1_X|)cos( 1 jforx¢1.Then
[1-x]| 1-x
(A)lim . f(x)=0 (B) lim . f(x) does not exist
(C)lim __ f(x)=0 (D) I|mH1+ f(x) does not exist
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Ans.

Sol.

49.

Ans.

Sol.

A x 2 1D R p () = 22X T=XD

os( 1 jlﬂ’el
1-x

[1-x]|
(A)lim . f(x)=0 (B) lim __ f(x) I 3 =&l 8 (does not exist)
(C)lim . f(x)=0 (D) lim___ f(x) 1 3Rk & 2 (does not exist)
(CD)
f(1+) = lim Mcosl
h—0 h h
2
= lim 1-(1+h) cos1
h—>0 h h
. -h?-2 1
= lim cos—
h—0 h h
= rI1|_r>r2)(—h—2)cos—
= rI1ir'r2)f(1+) does not exist faerm =8 &
—
f(']_) = |im Mcosl
h—0 h h
2
= lim 1-(1-h )cosl
h—>0 h
h2
= lim—cos—
h—>0 h
. 1
= limhcos—=0
h—0 h
sin(2x) 1
If g(x) = Lm sin”'(t)dt, then
Ife g(x) = .[Ssi;nizx)sin‘1(t)dt,ﬂﬂ
(A) g'(—g}zn (B) g (—g}—zn (C) g'[§]=2n (D) g'[§]=—2n
(BONUS)
sin2x
g(x) = j sin”(t)dt
sinXx

g' (x) = sin”" (sin2x) . cos2x. 2 — sin”" (sinx) . cosx
= 2c0s2x . sin”' (sin2x) — cosx . sin™" (sinx)

g [— gj = 2cos (-n) sin”™’ (sin(-=n)) —cos (— %) sin”™ (sin(— %)) =0

g (g) = 2cos () sin” (sin(r)) — cos(g) .sin™ (sin[g] )=0
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cos(2x) cos(2x) sin(2x)

50. Iff(x)= |-cosx cosx -—sinx]|, then

sinx sinx COS X

(A) 1 (x) attains its minimum at x = 0

(B) f (x) attains its maximum atx = 0

(C) f'(x)= 0 at more than three points in (-=, )

(D) f'(x)= 0 at exactly three points in (-=, =)
cos(2x) cos(2x) sin(2x)

Ifg f(x) = |-cosx cosx  —sinx|,dq

sinx sinx COS X
A)x =0 W f(x) ST FAIH (Minimum) &
B)x =0 W f(x) &I 31&HIA (maximum) g
)

C)(—n, ) ® I A s el W/'(x)=02 |
D) (—r, n) # ®ae 9 fagell W /'(x)= 07|
Ans. (BC)

COS2X CO0S2X sin2x

Sol. f(x)=|-cosx cosx -—sinx
sinx sinx  cosx

(
(
(
(

= COS2X — COS2X (—coszx + sinzx) + sin2x (—2sinxcosx)
f(x) = cos4x + cos2x
- f(x) = 2cos?2x + cos2x —1
Let AT cos2x = t
= f(x)=2t*+t-1and te [-1, 1]

f(x) attains its minima at t = —% e[-1,1]

f(x),t=—%e [-1, 1] R s Ear 21

f(x)| = i_l_1=__9
min - 16 4 8
cf) =21 -1=20 (when <79 cos2x = 1)

f' (x) = —4sindx —2sin2x
f'(x)=0 = 4sindx + 2sin2x =0
= 8sin2xcos2x + 2sin2x = 0

= 2sin2x(4cos2x+1)=0 = sin2x=0 or Il cos2x = A

4
NN
g S v

y= sin2x
— \_/l

Hence option ara: fawed (B), (C) W&l 2 |
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SECTION - 3 : (Maximum Marks : 12)

This section contains TWO paragraphs.

Based on each paragraph, there are TWO questions.

Each question has FOUR options (A), (B), (C) and (D). ONLY ONE of these four options is correct.
For each question, darken the bubble corresponding to the correct integer in the ORS.

For each question, marks will be awarded in one of the following categories :

Full Marks : +3 If only the bubble corresponding to the correct answer is darkened.

Zero Marks : 0 In all other cases.

s 3 : (f¥rmaw 3w : 12)

. 39 s # Q AgHT ¢ |
. TS ATET W ARG Y T &y W E |
. 7% U § IR fadwe (A), (B), (C) T2 (D) B | R Pael (@ Rdey @31 31
. A% YT B Y 3. AR, TH. W FE PIid & JJwY gagel DI Hral N |
. IAF U & forg oiw f=ferfea aRRfl # & f5d) o @ R R Srid -
. i 8w +3 IR RI% T I & ITHY JAgS B Brel a1 2|
A D 0 3= ¥t uRRerferal #

PARAGRAPH 1
Let O be the origin, and OX, OY, OZ be three unit vectors in the directions of the sides QR, RP, PQ,
respectively, of a triangle PQR.
ITET 1
A1 f% O qafdwg (origin) 8 waqy OX, OY, OZ %#er: sl PQR & 4 QR, RP,PQ, @ faemel # o=
UHd Afe (unit vectors) g |

51. If the triangle PQR varies, then the minimum value of cos(P + Q) + cos(Q + R) + cos(R + P) is
Ifg s PQR uRasdi & (If the triangle PQR varies), @@, cos(P + Q) + cos(Q + R) + cos(R + P) &1
|[FATH 99 (minimum value) @

3 3 5 5
-3 ® 5 © 3 0)- <
Ans. (A)
R
Sol. P Q

cos(P + Q) + cos(Q + R) + cos(R + P) = —cosR — cosP — cosQ

In any f&¥l 341 7 A, max of cosP + cosQ + cosR = g
So minimum value of the given expression is —%

. 3
w:ﬁnwwwwqu-i
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52. | OX xOY|=

(A) sin(P + Q) (B) sin(P + R) (C)sin(Q +R)
Ans. (A)
Sol.
P
0z .
oy
Q —> R
OoX

cosR =—- OX.0Y
= |cosR]| = |OX. QY |

|OX x OY | = [sin R| = [sin(z — (P + Q))| = [sin(P + Q)| = sin(P + Q)

(D) sin2R

PARAGRAPH 2

a, = pa” + qp".

FACT : If a and b are rational numbers and a + b\/— =0,thena=0=hb.

BT 2

an=pa"+qp" 2|

Let p, g be integers and let a, B be the roots of the equation, x> —x—1=0 where a = B. Forn=0,1,2,...., let

A % p, q 6 8 T@H o, pANIVIX° —x-1=0D A 8, W@ o= pRIN=0,12,.., B o 7 &

T : I a va¥ b uRHT IR (rational numbers) € Taq a+ b5 =08 @9a=0=b2|

53. ap =

(A) a1 + 2ayo (B) 2a11 + aqo (C)an —aqp
Ans. (D)
Sol. As o and p are roots of equation x* —x —1 = 0, we get :

ST 6 o 3R B R X2 —x—1=0, o 2 |

AT ol—a—-1=0 = o= a+1

pP-p-1=0 = p’=p+1

c an +an =pa’ +qp+ pat+ gpt’
= pa’® (a+1)+ qp" (B +1)

pa10 x (‘L2+ qBIOX BZ

pOL12+C|l312

=ar

(D) a1 +a
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54.

Ans.

Sol.

If a;, =28, thenp +2q=

afda,; =288, T4 p+2q=

(A) 14 B)7 (C) 21
(D)

An+2= @n+1 T an

ag=az +ayx=3a;+2a =3pa+3qB+2(p+aq)

1++/5 B_1-J§
2 702

o ay = 3p[1+*/§J+3q[1‘2*/§J +2p+2q=28

2

As o9 b o =

, we get

- (3?p+32_q+2p+2q_2sj=o ....... (i)

= p =q (from (ii) %)

= 7p =28 (from (i) and 7 (ii) )
=>p=4

= q=4

= p+29=12
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