JEE Main 2021 August 31, Shift 1 (Mathematics)

1. Find the mean of first 10 numbers of the series 7 X 8,10 x 10,13 X 12,16 X 14,19 X 16....
Ans. 398
Given
7x%8,10x 10,13 x 12,16 X 14,19 x 16....
General term of this series is
@Br+4)2r+6)

Therefore, Y"'_,(3r + 4)(2r + 6) = Y12, (612 + 261 + 24)

10 10 10
=6Zr2+262r+224

r=1 r=1 r=1

nnmn+1)2n+1 nn+1
P o e NP

}+24n

_ ({10010 + 1)(20 + 1)} 4 26{10(10 + 1)}

240
6 +

=6

10.11.21 10.11
— }+26{—2 }+240

= 2310 + 1430 + 240 = 3980

_232,(3r+4)(2r+6) _ 3980 _

Mean = 398
10 10
dx
2. Evaluate [ =5
1
x—2\5
(W-5(2) +cC
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(D) —4 (5)Z +C

Ans. (D)

=) —&
Yx-1)3(x-2)8

I = f ds—x

(=) ey

et (82) =

3. Ifangle between @ & b is 60° and g is a unit vector. If |2d + 3b| = |3d + b| then the magnitude of b is
(A) 5
(B) 7
()10
(D) 13

Ans. (A)

-

. a. .
Sol. Given 3 is a unit vector.

=1

| Qu




= |d| = 8
Also given |2d + 3b| = [3d + b|

Squaring both sides

= 4|d|* +9|b| + 12]d||b|cos60° = 9]d|? + |b| + 6]dl|b|cos60°
N -2 S

= 5|d|* = 8[b| + 6ld||b|cos60°

= 5(64) = 8[b|? + 6(8) - |b|;

= |b|2+3|b|—40=0

= (|b[ +8)(|b| =5) =0

= |b| = 5 as modulus is always positive.

4. Given a quadratic equation P(x) = x2 + ax + 1. If P(x) is increasing in [1,2] then minimum value of a is 4 and
if P(x) is decreasing in [1,2] then maximum value of a is B then the value of |[A — B] is

Ans. 2

Sol. Given

P(x) =x*+ax+ landx € [1,2]

If P'(x) = 0 then function is increasing in that interval and if P’ (x) < 0 then function is decreasing in that interval.
IfP'(x) =2x+a=>0Vxe€[L2]

>a=-2xV x €[12]

Amin = A = -2

If P'(x) <0V xe€|[L2]

=>2x+a<0Vxe€e([12]

>a<-2xVxe€|[12]
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5. Find the term independent of x in the expansion G - ;)

5

3
(A) 12¢, >

5

3

(B) —12¢, 53
(C) 12¢,3°
34—

(D) 12¢, 75

Ans. (D)

Sol. Given

(x 12)12
4 x2

General Term of the expansion is

o =12 () (2

x2

12-r

=12¢ (Z) (—12)7 - x12-r-2r

For independent of x the power of x must be 0.
= 12-3r=0

>r=4

So term independent from x is T

1
= Ts =12, 45 3% 4*

34
- 12C4.ZZ

6. Find the value of 8 f_ll([Zx] — |x])dx (where [¢] greatest integer function)
2



(D)3
Ans. (A)

Sol. To calculate 8f_11([2x] — |xDdx
2

Let I = [1a([2x] — |x[)dx

Limits of integral to be break where greatest integer function becomes integer

= f_O%(—l + x)dx + fO%(O —x)dx + f;(l — x)dx

Il
~
o
—
I
~
N
+
|-
N—
I
|-
+
—
—_
I
N R
—
I
~—
N =
|
®|r
—

So, 8] = 8[_11([2x] — |x]Ddx = =5
2

7

! ' ! 5
7. Find the sum of first 10 terms of the series 23 z + 88—
12x22 | 22x3

(A) 1

440
(B) Vel

99
©) 05

120
(D) 1

Ans. (D)

Sol. Given

3 5 7
12x22 © 22x32 ' 32x42

General term of the series

10 (2T+ 1)
T=1r2.(r41)2

Using method of difference

10 _@r+1) _ 10 (D212
T=172.(r41)2 T=1 r2.(r41)2

32x472



_ V10 {1_ 1 }
Tar=1rz (r41)2

1 1 1 1 1 1 1 1
=(—z——z)+(—z——z)+(—z——z)+"'--+(—z——z)
1 2 2 3 3 4 10 11
1 120
121 121

8. Let f be a non-negative function defined on the interval [0,1]. If fox 1—(f'())%dt = f;f(t)dt, 0<x<1

* F(o)dt
Jo £@®) is

and f(0) = 0, then the value of lirré
X—

x2

(A) —=

(8)5

(C)2

(D)1

Ans. B

o V1= F1@)%de = [ f(tyde

Differentiate w.r.t. x

JI—F @) = f(x)

51— (@) = (F())?

= (F @) =1 - (F(0))?
d 2

- <1y

dy
—=4+,/1-y2
:dx - Y

day
S st

by integration
sin"ly=+x+C
Given f(0) =0

“y(0)=0:C=0



but f is non negative
asinTly =x

= y = sinx

Now,

1

S f©at
m 2

li = lim
x-0 X x->0X

. sinx 1
=lim (—) ==
x—-0 \ 2X 2

fox sintdt

y 2X+Y _px

9. If a curve follows the differential equation d 2~ and curve passes through the point (0,1) then find the

value of y(2) o
(A)y = logy(e™® +1)
(B)y = log,(1 +e*)
(C)y = log, (e — 1)
(D) y = log,(1.e%)
Ans. (B)

. d 22Xty 2%
Sol. Given &£ == =
dx 2Y

d 2XTY_2X 2Y-1
- (5
dx 2y 2y

Applying variable separable form

2Ydy
2y —1

/

Let2Y — 1=t

[ 2%dx

= 2YIn2dy = dt

Lpdt o
> — —_—=
In2" t x
Int _ 2% c

n2  In2 In2
Int=2*+C

=Y -1)=2%+C



whenx =0,y =1, =-1
n2Yy-1)=2*-1
=2V —1=¢e2"1

=27 =1+e¥"1
When x = 2
=>2Y=1+¢3

=y =1log,(1+e?)

10. Distance of lines xcosec8 + ysecO = kcot260 and xsinf + ycos0 = ksin26 from origin is p and q respectively,
then which of the following is correct

(A) 4q? + p? = 4k?
(B)p® +q* = 4k?
(C)4p? + q* = k?
(D) 4p® + q* = k?
Ans. (C)

Given

Ly : xcosec + ysec8 = kcot26

x y cos260

sinf + cos6 - sin26
. k
xcos6 + ysinf = 560529

Given that Perpendicular distance from origin(0,0) is p

0+0 — gcosze

5p=—2
p Vcos20+sin26

Ly:xsinf + ycos8 — ksin20 = 0
Given that Perpendicular distance from origin(0,0) is q

- 0+ 0 — ksin26
1 Vsin260 + cos?0




= q% = k?sin?20....(ii)
From equation (i) & (ii)
4p? + q? = k?(sin?20 + cos?20)

= 4p? + q* = k?
11. If a, = cos (?) + isin (%),(i =+-1),r=1,2,

(A) agay — asag
(B) ag

(C) ay

(D) azag — a,as
Ans. (A)

Sol.

Given a, = cos (%) + isin (?), (i= \/—_1), r=12....

Converting it into Euler’s form

(2TTT
al‘ = el( 9 )
a; a, as
Now, |a, as ag
a; ag Qg
2T Am 6
el 9 e 9 e 9
8m 107 121

e 9 el 9 e 9
141 16m 181
e 9 e 9 e 9

2n an
) 9
om sm 1am |1 € e
_ T+ e+9) 2T AT _
=e 1 e9 e9|=

2T AT

Now a, = ei(z%)

Checking all the options

8m_ 187m (14w 12m
) — el )

i } }
a4a9—a7a6=e(9 9 9 9 /=0,

wv we s, then the value of

a;
Qay
as

a;
as
ag

as
Qg
Qg

is



ag = e'®m =1,

2T
a1=e 9,

a3ag — ;A5 = ei(ﬁ';z= ) e.(1zn=12n) £0

12. Three terms form an increasing G.P. with common ratio 7.If the second term of the given G.P. is doubled then
the new series is in A.P. with common difference d also the 4" term of G.P. is 3r2. Then the value of (12 — d)
is:

(A)7 +3v3

(B) 7 ++3

(©7-+3

(D)7 —3V3

Ans. (B)

Sol. Three terms form an increasing G.P.

Let three terms are g, a,ar and also given 4t term of G.P. is 3r2.

a
—a,ar, 3r2 > G.P..... (D)

After doubling second term

a

;,Za, ar - A.P..... (id)

From equation (i)

Using properties of G.P.

a’r = 3ar asr # 0 and a # 0 for increasing G.P.
>a=3

From equation (ii)

Using properties of A.P.

4a=ar+E
-

4=r+2
"



r2+1=4r
r2—4r+1=0

_41V12

— =2 +v3,  2-V3 ((2-+3)rejected)

=32-2+V3)=3V3
Hence, 72 —d = (2++V3)? - (3V3) =7 ++/3

sin?(mcos? x) .
4

13. The value of lirr& is equal to
X—

(A) 41t
(B) ?
(C) 2m?
(D) 4m?

Ans. (D)

sin?(m(1-sin? x 2
Sol. lim (= n /)
x—0 X

. . . 2
51n2(1'r(1+sm4 x—2sin? x) )

= lim -
x—0 x

sinz(rr—r[(ZSin2 x—sin* x))

= lim n
x-0 X

sir? (7'[(25in2 x—sin* x))

= lim

x—0 x*
2
— lim (sin[rf(Zsin2 x—sin* x))2 n?(2sin? x—sin* x)
T x50 m(2sin? x—sin? x) x%

o4

. sinx .

= n?lim ( ) - (2 —sin? x)?
x—0 X

Substituting the limits and using standard formula of limits



sin?((1 — sin® x)?)

2 42
x—0 X

14. The number of words made by the alphabets of 'VOWELS' such that consonants are not together is:
Ans. 0
Sol. Given word is 'VOWELS' in which number of consonants are four 'VWLS' and number of vowels are two 'OE".
As per asked condition when no consonants are together is not possible to form any number of words.

15. If vertex and focus of a parabola drawn on the side of positive x axis are (R, 0) and (S, 0) respectively then the
length of latus rectum is

(A)2(S — R)
(B)S — R

(C) 4(S —R)
(D) 4S

Ans. (C)

Sol. y2 = 4a(x — R)
y2=4(S—-R)(x —R)
Length of LR = 4(S — R)
16. The quadratic equation having cosec(18°) as its root, is

(A)x?—2x—4=0

(B)x?—2x+4=0

(C)x?2—-2x—1=0

(D)x?+2x—1=0

Ans. (A)

Sol.

o_ 4 V5+1 _
cosecl8° = N X N V5 +1

Hence equation x = V5 +1

(x—1)2%=5



x2—-2x—4=0

17. If the statement (p *~ q) = (p @ q) is a tautology, then
(A) xis A, B isA
(B) *isV, & is A
(C)xisA, @ isV
(D) xisv, @ isVv
Ans. (C)
Sol. (p A~q) = (pVq)
~@A~ VPV
(~pvaVvVvae
=(~pVpP)V(@Vg =tvq

=t

18. A pole AB is 18cm apart from a point M. Point C lies in the pole AB such that % = % and the angle of elevation
of a point B is twice the angle of elevation of point C for a man standing at point M. If the height of the pole is

12vk cm, then the value of k is equal to
Ans. 10

Sol.



Tx

3x

M 18

: 3
In the triangle AACM, tanf = ﬁ = g
. 10 5
In the triangle AABM, tan26 = 1—; = ?x
Now, using tan260 = oo we get
’ g " 1-tan26’ g
X
e . 1
9 X
36
3
=5=—73;
=%
2
>1-2=32
36 5
x? 2
=> —
36 5
5 72 6v2
= = — = —
X s oX=gc

= Length of pole = 10x = % = 010 — 12y10 em

145
1 b
a

fthe f p x<0
19. Ift ti =
e function f(x) I x=0
cos? x—sin? x—1
— Ve © 0

equal to

. . 1,1 4,
is continuous at x = 0, then the absolute value of - + 5 + 2 is



Ans. 5

Sol.
1 E
log(;—,l})
LHL = lim —&
x-0~ X
. log 1+% —log 1-%
— llm ( b) ( a)
x—-0" X
. log 1+£ 1 log 1—f 1 1 1
= lim (x b)x—— (x “)x—=—+—
x—0~" 7 b 2 a b a
. cos’x—sin®x—1 _ VxZ2+1+1
RHL = [lim

X
X0 Variio1 . VaReiel

= lim 2 (\TET41) = —4

x—-07t x?

1 1 1 1 4
SO,E+;—k——4ﬁa+E+E——4—1——5

20. If the system of equations2x + y+z =3, x —y+z =

Ans. (C)

—1and x + y + az = b has no solution, then

Sol. For no solution, the condition is D = 0 and not all of D4, D,, D5 is equal to 0

2 1 1 )
D=1 -1 1=0=>2—1—3a=0=>a=§
1 1 a
3 1 1 ;
pi=|-1 -1 1|=2(b-3)
b 1 a
2 3 1 ;
D=1 -1 1{=;-b
1 b a
2 1 3
Dy=[1 -1 —1|=>7-3b
1 1 b




For the system to have no solution

:b¢z
3

EMBIBE




