MATHEMATICS
JEE-MAIN (July-Attempt)
27 July (Shift-2) Paper Solution

SECTION - A

1. The domain of the function f(x) = sin-1[2x2-3] + log <log1(x2 —5x + 5)), where [t] is the
2
greatest integer function, is :

w(-E5) ®EE) 005)  ops)

Sol. C
f(x) = sin™1[2x? — 3] + log, (log:(x? — 5x + 5))

—1<[2x*-3]<1&Ilogi(x*—5x+5)>0
2
=2 <[2x*] <4 & loga(x* —5x+5) >0
2
= [2x?] > 2and [2x?] <4 &x*—5x+5>0&x*—5x+5< 1

:>~2><222&2x2<5&(x<%g or x > 5+\/_

=>x<—1orx>1,<—\/§<x<—1 or1<x<\/§)&(x<5_2—\/g orx>5+\/—)&(1<x<4)

) & 1<x<4

1<x< 5—‘F > x€ (1, ﬂ)
2. Let S be the set of all (o, B), ® < o, B < 27, for which the complex number +2— is purely
B

imaginary and 1s purely real. Let Zop = sin 2a + i cos 2f3, (o, ) € S. Then

§ . 1.
(iZgp + @) isequal to:
(a.B)es

(A) 3 (B) 3i (C) 1 (D) 2-1i
Sol. C
1-isina is purely imaginary =
142isina p y g y
1—isina 1-2isina _ 1-2sin®a-3isina _ 1-2sin’a 3isina
’1+2isine ~ 1-2isina 1+4sin?a " 1+4sin2a  1+4sinZa
1-2sin?a ) 1 m 5m n 7m
— =0=>sina=-2a=n+-==— & a=2n——-="—
1+4sin“«a 2 4 4 4 4
1+icosf .
Now £ is purely real.

" 1-2icospB
1+icosp _ 1+2icosp _ 1-2cos?f+3icosp
1-2icosf ~ 1+2icosf 1+4cos?2p

3cos B 3
=0=cosf=0=>0=—
1+4cos2p ﬁ ﬁ 2
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Now, 2z, = sin2a + icos2f

51 3 .
Putaz:,ﬁz; 1 Zap =1 —1

7T 3 ;
Now puta = T'ﬁ =, Zgg = —1—1i
; 1 ; . 1 , , 1
(a’l%es(lzaﬁ + %) =i(l- D+ +i-1-D+ o5
=@+ +—+—it1+—0
=1
3. If a, B are the roots of the equation

2
3

1
3 _ gllogs3)s _ 1) = 0, then the equation, whose roots

X2 — (5 + 3V10835 _ 5logs 3) +3 (3(log35)

area+%andﬁ +éis

(A)3x2-20x-12=0 (B) 3x2-10x-4=0

(C) 3x2-10x+2=0 (D) 3x2-20x+16=0
Sol. B

Lot ae 308D b o osd)

loga=[log5 log} log b =/logs log o
log3
~ \/710 3 logb =/log3, 1/10?3&1;0

loga= ’logfo -log3,

=loga=1logb

Iy 3(0g) /3 _ 5logdh)*/®

13x2-10x-4=0 | Ans.
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—2
B
(A)-18 (B) 18 (C) -50 (D) 50

4. LetA = (2 ) If A2+ AA + 181 =0, then det (A) is equal to

Sol. B
4 =2
A—[a B ,|A| = 4B + 2a

Characteristic equation |[A — AI| = 0
Or A%-(trace A)A+|A|1=0

= |A| =18

Ans. (B)

7
729+x)—-3 . .
Yp(729+20)73 is continuous at x = 0, then :

5. If for p # q # 0, the function f(x) = 3 2oran)—9

(A) 7pq f(0)-1=0 (B) 63q f(0)-p2=0
(©)21qf(0)-p2=0 (D) 7pq f(0)-9=0
Sol. B

"[p(729+x)-3

f(x) is continuousatx=0 , f(x) =3 (7291009

So f(x) = limf(x)

£(0) = lim /p(729+x)-3 /p(729-3) N
x—0 3/(729+qx)—9’ 0

[p(729) =3 =>p =3
3| (142 %—1
£(0) = an
x—0 2\3
32<(1+x—)3—1>

. 1 —t...—1 . . . ]
f(0) = lim=.—2#*—— (using binomial expension)
x—03 — 4.1

Tl L 7729 _ 1
£(0) = lim3 2 = 2.
7q f(0)-1=0 = 9-7q f(0)-9=0

63q f(0)-p2=0 Ans. (B)
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Sol.

Sol.

Letf(x) =2 +|x| - |x-1]| + [x + 1|, x € R.

Consider
SO (=) + () +r () +r () =2
(52): °, f(x)dx = 12 then,

(A) Both (S1) and (S2) are correct (B) Both (S1) and (S2) are wrong
(C) Only (S1) is correct (D) Only (S2) is correct
D
Let f(x) = 2+|x|-|x-1|+| x+1|
—X x < -1
_x+2 —-1<x<0
=342 o0<x<1
x+4 x=1
-1 x<-1
s _ 1l —1<x<0
FO=13 o<x<1
1 x>1

s: £ (=3)+F(=3)+F G+ (E)=-1+1+3+1=4
S(2): 2, f(0dx = [ —x dx + [ (x+2) dx + [ (3x +2) dx + [ (x + 4) dx

= - =12

=§+§+Z+_
2 2 2 2 2

So Ans. (D)

Let the sum of an infinite G.P., whose first term is a and the common ratio is r, be 5. Let the sum

of its first five terms be %. Then the sum of the first 21 terms of an AP, whose first term is 10ar,

nth term is an and the common difference is 10ar?, is equal to :
(A) 21 a1 (B) 22 a1 (C) 15 a6 (D) 14a1s
A

Sy = 22—1(2A +20d) = %(2 -10ar + 20 - 10ar?) (+ A = 10ar &d = 10ar?)
=21(10ar+10-10ar?)

=21x10ar(1+10r)
a;; = A+ 10d = 10ar + 10 - 10ar? = 10ar(1 + 107) .... (1)
S21 = 21xa11
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8. The area of the region enclosed by y < 4x2,x? < 9y andy < 4, is equal to :

@7 ®F (© 5 D)5
Sol. D
y=4x*
x%=9y
AN [ L
> X

4
Area of shaded region = 2 ['(x; — x;) dx = 2] EN g) dy
0

5 4 15
=2x3 ],y =73
10 80

2 3 10 3

2
9. f (|2x2 — 3x| + [x y %Ddx, where [t] is the greatest integer function, is equal to :
0
7 19 31
(A) (B) ©35 WE
Sol. B

2
f |2x2 — 3x|dx + [x —%]) dx
0

2
2

=j |2x2—3x|dx+j [x—l] dx
0 2

0
= @x — 2 dx + [, (207 = 30)dx + [ 1 dx k[ 70 dx + [, 1 dx

= (F - (B - he ()4 (2-)

27 9 16 9 1 1
R e
8 8 3 4 2 ' 2
9 64-72-27 9 | 64-99 _ 19
T2 72 T2 12 12
Ans. B
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10. Consider a curve y = y(x) in the first quadrant as shown in the figure. Let the area A1 is twice the
area Az. Then the normal to the curve perpendicular to the line 2x-12y = 15 does NOT pass

through the point.
y
Y
=
A2
2
A 1
X
(A) (6,21) (B) (8,9) (C) (10, -4) (D) (12, -15)
Sol. C

Total area = xy- 8 = A1+A2

3A
Xy — 8 = Tl ....(1) ('-’ Al - 2A2)

A = f:f(x)dx value of A1 putin eq (1)

xy —8=2. [ f()dx ....(0)
Now, differentate both side the equation (ii)
xz—z+y=§f(x) =>x2—§+y=§y
dy 1
ax 27
Solve the differential equation, get, y = vxC ...(iii)
Now from equation (ii), put x = 4 both side
We get, 4y-8=0 = y=2
Now put the value of x & y in equation (iii)
We get C=1
Now equation of curve is y = vx

dy 1
dx ~ 2vx

Slope at (X1,y1)=ﬁ = % =>x1=9&y,=3

Point on curve is (9,3)

Now, equation of normal = y-3 = -6(x-9), 6x+y-57=0
Point (10,-4) is not satisfy the equation

Ans. (C)
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11. The equations of the sides AB, BC and CA of a triangle ABCare 2x+y=0,x+py=39andx -y =
3 respectively and P(2,3) is its circumcentre. Then which of the following is NOT true ?

(A) (AC)2=9p (B) (AC)2+P2=136
(C) 32 <area (AABC) < 36 (D) 34 <area (AABC) < 38
Sol. D
A(1-2)
~13 26 (4.1)
(53) P(23)
B x+py=39 C(7,4)

AB: 2x+y =0 ... (i)

BC: x+py=39 ....(ii)

CA : x-y =3 ....(iii)

Equation of perpendiculr bisector AC = y-3 = -(x-2) = x+y=5 ....(iv)
Solving equation (iii) and equation (iv), we get point (D) = (4,1)
Now point c = (7,4)

Point C satisfy the equation x+ py = 39 then p=8

So, equa;tion of BC = x+8y = 39 ....(V)

Now solving the equation (i) and (v) get

. _ 13 26
Point B = (— ?,?)
(AC)2 =72 =9xp =9x8=72
(AC)2 +p2=72+82=72+64 =136

Now, Area of A ABC = % base x height

= %(AC) X (perpendicular distance from B to AC)

_1 54 _ 27-6V2 _ 162 _
_Zx\/72x5ﬁ— 577 s =324

A=32.4
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12.

Sol.

13.

A circle C1 passes through the origin O and has diameter 4 on the positive x-axis. The line y = 2x
gives a chord OA of circle C1. Let Cz be the circle with OA as a diameter. If the tangent to Cz at the
point A meets the x-axis at P and y-axis at Q, then QA : AP is equal to :

(A)1:4 (B)1:5 (C)2:5 (D)1:3

A
Cl:(x-2)2+y2=4
& y=2x

for A

(x-2)2 +4x2=4

X2+4-4x+4x2=4

tangent at A
8 1 4
yo5==3 (=3

16 4
2y-—=-X+=
- 5

P=(4,0) Q=(0,2)

320 20
Ap= |52 AQ:\/:—S

If the length of the latus rectum of a parabola, whose focus is (a,a) and the tangent at its vertex
isx+y=a,is 16, then |a] is equal to :

(A) 2v2 (B) 2v/3 (C) 4v2 (D) 4
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Sol.

14.

Sol.

> (a,a)

Distance from focus to target = A (let)
at+a—a a
(-

zZ )2
Length of latus secution = 4A =j—; = 16 (given)
a=42

If the length of the perpendicular drawn from the point P(a, 4, 2), a > 0 on the line xTﬂ =—=

z—1

— is 2v/6 units and Q(au, oz, a3) is the image of the point P in this line, then a+ ¥>_, a; is equal

to:
(A)7 (B) 8 (C)12 (D) 14
B
1 _ 473 _ 28
2 3 =1

0(2A—-1,3+3,-1+1)

DRofPQ24—-1—-a,34—-1, —4—-1

Now PQ and line is 1r

So 2 (2A-1-a) +3(3A-1)(- A -1)=0
a+2

>1=—
7

Q(Za—3 3a+27 5—a)
7 ' 7 7

Distance between PQ = \/(Za_3 a)z + (3a+27 — u)z + (5_7(‘? - 2)2 = /6 (given)

7 7
35a% +42a+91 =142 X6

3Va + 42a — 1085 = 0
5a% + 6a — 155 =0
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A=22-1
7

Point Q (1,6,0) is mid point P and R, so
1=8r Bt =3
T2 T 2 1=

Similarly a, =8, a3 = -2

a+;a1=a+a1+a2+a3=5—3+8—2=8

15. Iftheline of intersection of the planes a x + by = 3 and ax + by + cz = 0, a > 0 makes an angle 302
with the plane y -z + 2 = 0, then the direction cosines of the line are :

1 1 1 1 1 2 1 v3
A5 50 Bz-70 OF-5° Dz =30
Sol. B

ADb,-3,0

/o /
[/

D.R. of line is =

==

= i(bc) + j(ac) + Ok

S S ~~

[
a
a

a O

D.R. of line (b,a,0)
0x+y-z+2=0
(0,1,-1)

. _ a _l
Sinb = Zra =3

V2a =+ a? + b2

a?2=b2=a=bora=-b

(110 = (5 ~70)

16. Let X have a binomial distribution B(n, p) such that the sum and the product of the mean and
variance of X are 24 and 128 respectively. If P(X>n - 3) = zin’ then k is equal to :
(A) 528 (B) 529 (C) 629 (D) 630
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Sol.

17.

Sol.

B
Mean (m) + variance(v) = 24 (given)
mean(m) xvariance (v) = 128 (given)
ie. m+v= 24 ....(i)
mv=128 ... (ii)
mean(np) = 16, variance (npq) = 0
q=%,p=%,n=32
P(x>32-3) = P(x>29)
=P(x=30) + P(x=31) + P(x=32)
= 32C30(§)32+32C31(§)32+32C32(%)32
32231+32+1 _ 16x31433 _ k_
232 232 232

k =529

=k =16 x31+33

A six faced die is biased such that 3 x P(a prime number) = 6 x P (a composite number) = 2 x

P(1). Let X be a random variable that counts the number of times one gets a perfect square on

some throws of this die. If the die is thrown twice, then the mean of X is :

3 5 7
MAES (B) (Y
D

Let P (prime number) = a

P (composite number) = b

P(1)=c

3a=6b=2c=k

a=kp=tc=t
3 6 2

P(1) +P(2) + P(6) = 1
e Ex3+ix2=12k=2
2 3 6 11

12,22 = (1), (4)

k
P=C=5=3
3 1 4
PAY=q+5=1
k 1
P =5=u

4 8
Mean=nP=2 X —=—
11 11

(D)=
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18. The angle of elevation of the top P of a vertical tower PQ of height 10 from a point A on the
horizontal ground is 452. Let R be a point on AQ and from a point B, vertically above R, The angle
of elevation of P is 602. If ZBAQ = 30°, AB = d and the area of the trapezim PQRB is a, then the

ordered pair (d, ) is:

5
(A) (10(v3 - 1),25) (B) (10(v3-1),%)
5
(C) (10(v3 + 1),25) 0 (10(v3+1),%)
Sol. C
11
|10
0° X
A R Q
Let BR =x
in AARB
sin30° = 2 = %
]

2

PM = 10-x, AARB,tan30°=— = AR =3x

«~BM =RQ = AQ — AR =10 — x\/3

In ABMP, tan60° = 1;:% >x=5(W3-1)

vd=2x=10(3-1)

Now let area of trapezium PQRB = % (x + 10)(10 — xv/3)
= (5V3-5+10)(10 - 5(V3(V3 = 1))
=~(5V3 +5)(10 — 15 + 5V3)
=~ (75—-25) = 25

? 8

19. LetS= {9 € (0, g) :Emzl =

sec (9 +(m—-1) g) sec (9 + %) = } Then
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Sol. C

9
L _z8
cos(6+(m—1)%)cos(9+%) A
m=1

_ ’ sin((6+25)~(o+n-0)) g
cos(6+(m-1)g)cos(O+7=) V3
m=1

. Z9 sin(9+77) cos(0+(m-1)%)—cos(0+7% ) sin(6+(m-1)g) 4
m=1

cos(9+(m—1)g) cos(6+¥) B ﬁ

9 mm T -4
= Zm=1tan(9 +?) —tan(@ + (m— 1)2) =5
= tan(6 + g) — tan6

tan (9 +2?n) —tan (9 +g)

tan(6 + =) — tan(8 + =)
31 -4
= tan(7+9) —tane—ﬁ

-4
—cot@—tan@—ﬁ

T T
6= 3’6

Z 6=+
Aes 3

20. Ifthe truth value of the statement (P A (~ R)) = ((~ R) A Q) is F, then the truth value of which
of the following is F ?

oS

TT|
2

(A ) PvQ—>~R (B)RvQ—>~P
@A ~FPvQ—>~R M) ~RvQ)—>~P
Sol. D

X = Yis false

when X is true and Y is false
so, P->T, Q—F, R—>F
(A)PvQ—>~RisT
(B)RvQ—>~PisT
(CO)~(PvQ)—>~RisT
(D)~(RvQ)—>~PisF
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a B 14

21. Consider amatrixA=| «a? p? y? |, where o, B, y are three distinct natural numbers.

f+y y+a a+f
det(adj(adj(adj(adjA)))) _

= 232 x 316 _ .
If @B 6 (B )1 232 x 316 then the number of such 3 - tuples (o, B,y) is
Sol. 42
a B Y
A=| a?  p? Y2 (v a-B,B-v,y-a)

B+y y+a a+p

A=(a+p+y)(a-p)B-v)(-a)
dt(Adj.(Adj(Adj.(@Ad].A)) _ o3y o
@preE-peg-aye - 2 3 - ()

|A|(TL—1)4 _ |A|16
(a-B)16(B-)16(y—-a)t6 ~ (a—B)16(B-y)16(y—a)le

= 232 x 316

a+f+y=12

Total number of solution = 12-1C3-1 =11C2 =55

But o, B, v has to be distinct

Total = 55 - ((all are equal) + (exactly equal))
=55-(1+12) =42

Note: 2 are equal

1 1 10 = 2—;:3
2 2 = 3
3 3 6 = 3
5 5 =_3

12
Ans. 42

22.  The number of functions f, from the set A={x € N:x? - 10x + 9 < 0} to the set B={n?:n € N}
such that f(x) < (x - 3)2 + 1, for every x €4, is

Sol. 1440
x2-10x+9<0
x €[1,9]
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B={1,4,9,16,25,...... )

1 1

2 4

3 9

4 25

5 36

6 49

7 64

8

9
f(1)<5 = (1, 4) — 2 values
f(2)<2 = (1) — 1 values
f(3)<5 = (1) — 1 values
f(4)<2 = (1) — 1 values
f(5)<5 = (1,4) — 2 values
f(6) <10 = (1,4,9) — 3 values
f(7)<17 = (1,4,9,16) — 4 values
f(8) <26 = (1,4,9,16,25) — 5 values

f(9) <37 = (1,4,9,16,25,36) — 6values
no. of function=2-1-1:-1-2-3:4-5:-6=1440 Ans.

23.  Let for the 9t term in the binomial expansion of (3 + 6x)", in the increasing powers of 6x, to be
the greatest for x = ;, the least value of n is no, If k is the ratio of the coefficient of x¢ to the
coefficient of x3, then k + no is equal to :

Sol. 24
9th term is greatest so
To>Tg & Tg > Ty
ncg3"8(6x)8 > "C,3"7(6x)7 & ™Cg3"8(6x)8 > ™Cy3™%(6x)°
n n—8 8 n n-9 9
ZCs 377 (6%)7 >18&1> G377 (6x)”

nc, 3n-7(6x)7 nCg3n-8(6x)8
P lex>1 1> 1 gy
8 3 9 3
%7.%.6.§>1 1>”‘T"“.2.§
D> 9>3(n-8)
3(n—7)>38 9>3n-24
3n> 29 3n-24<9
n>2 3n<33 =n, = 10
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§<n<1 n<11

§ = 100,310-666 10, 63 14
T 10,3763 1003'3_3 -

k+ny,=10+ 14 = 24 Ans.

23-13  43-33423-13  63-53443-33423-13 303-2934283-273+..+23-13 .
24, +... is equal to
1x7 2x11 3x15 15%63
Sol. 120
23-13  43-33423-13  63-53443-33423-13
+...+
1x7 2x11 3x15
=1+2+3+....+15term
15%X16
= =8x15=120

25. A water tank has the shape of a right circular cone with axis vertical and vertex downwards. Its
semi-vertical angle is tan-1 %‘ Water is poured in it at a constant rate of 6 cubic meter per hour.

The rate (in square meter per hour), at which the wet curved surface area of the tank is
increasing, when the depth of water in the tank is 4 meters, is __

Sol. 5
nrih
\%
3
3
nrd3  4r
V=g
4 3 r 3 w‘:/v
= —qr —-=- h ’
9 h 4 é?
dv 4 dr 4r -5
ot 3 =X
dt 9 dt
4 dr
= 6= -7-3r2—
dt
dar 9
dt ~ 2mr?
A=nrvr2+ h?

1612
=nr ’T +T2
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26. Forthe curve C: (x2 +y? - 3) + (x2 - y2-1)° = 0, the value of 3y’ - y3 y’, at the point (o,a), o > 0, on
C, is equal to
Sol. 16
(x2+y2=3)+(x?—y2—-1)°>=2
(@®>+a?-3)+(a?—a?-1)°=0=2a%’=4a=12
Differentiate
2x+2yy’+5(x2-y2-1)* (2x-2yy’) = 0
2(x+yy) +5(x2 =y = D% 2(x—yy) =0
x+yy +5x2—y2 =D (x—yy) =0 ....(i)
V2 42y +5(-D*W2—v2y) =0
-
Differentiate the equation (1)
T+yy"+ ()2 + 54 —y? = 1)°(2x = 2yy)(x —yy) +5(* = y* = D* (1 - yy" = () =0
Put
1+V2y" +2+20(-1)3(2V2 - 2VZ X )(VZ = V2 + 5(-D* (1 —V2y" =) = 0

Z V2 +40X (=3) +5-5VZy" =2 =0

4

13 45 23
(B ) ismomy -2
3y — ¥y =3x-+ 22 === =16
Ans. 16

27. Let f(x) = min {[x - 1], [x - 2], ...[x - 10]} where [t] denotes the greatest integer < t. Then

10
10
j Fedx + | (F@))?dx + [)°|f (x)|dx is equal to .
0
0

Sol. 385
If f(x) = min {[x - 1], [x - 2], ...... [x- 10]}
So f(x)=[x-10]=[x]-10
= [1°(x] — 10)dx + [, ([x] — 10)dx + [, (|[x] — 10])dx
= folo[x]dx - 10 f010 ldx + (102+92+12)+ (10 +9 +....+1)
_ 10x9

= -100 + %10x11x21+
- _55+385+55=385  Ans. 385

10x11
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28. Letfbe a differentiable function satisfying f(x) = \/_f ) d), x>0 and f(1) = V3. Ify = f(x)

passes through the point (o,6), then a is equal to

Sol. 12
2 3 A2x
fe ==y f(5)dx
Let A2 =2 1=0,>=0-x- o
X X
20dA = — = dx 1=vV33=25x=
di = -1 dx
(=3)
£ = j F(1).52 dx
F) = 2 £ (1).52 f Ldx
2 -3 1\1

fo) = —.ﬁ.% (-3). (v f(1)=V3)
3

fx) = 7 Ar ==

fo) =2 =+3x 2=

z
1=
X
f(a) =V3a =6 = 3a=36
a=12
29. Acommon tangent T to the curves C1: — + — = 1and C;: —2 - % = 1 does not pass through the

fourth quadrant. If T touches C1 at (X1,y1) and Cz at (x2, y2), then |2x1 + x2| is equal to
Sol. 20

Ti:y=mx * m

T,y = mx +/(42m? — 143)

So, 4m? + 9 = 42m? — 142 0

= 38m? = 152

>m=42 & =45

For this tangent not to pass through 4th quadrant
Ty = 2x+5

. XX
Now, compare with Tl + % =1
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X1 -1 8
Weget, ==—=>x; = —=
eget 5 - X1 -

XXz VY2 _
42 143
2x-y=-5
Xz 1 84
=5 = ——- xz —_ —_—
84 5 5
—-100
So, 121, + x| = [ 5| = 20

30. Letd,b,c be three non — coplanar vectors such that a x b=42bx2¢=9dandéx d =

ab,a > 0.1 |d| + |b| + |&| = 3—16then a is equal to

Sol. 36
-+ @,b,¢ are mutually perpendicular vector
|a x b| = 4|¢] = la] |b| = 4] . (1)
Similarly = |b] |c] = 9 |a] .. (ii)
= |¢||a]=oa]b] .. (iii)

Multiply (i), (ii) & (iii) |a| |b| |c|=36a
olel =3V, la| = 2vVa,|b| =6
~a+b+c=36 = 5Va +6=36

5va =30

o =36 Ans. 36
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