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FINAL JEE-MAIN EXAMINATION - SEPTEMBER, 2020
(Held On Wednesday 06** SEPTEMBER, 2020) TIME: 9 AM to 12 PM

MATHEMATICS TEST PAPER WITH SOLUTION

Which of the following points lies on the locus

of the foot of perpendicular drawn upon any

2 2
tangent to the ellipse, 7+7 =1 from any of

its foci ?
() (-1:453) @ (-142)
3) (-243) @ (1,2)

Official Ans. by NTA (1)
Let foot of perpendicular is (h,k)

\Ak
/— (h,k)

XT + y? =1 (Given)

2 e= /I_E—L
a= 7b=\/§7 4 \/E

.. Focus (ae,0) =(\/§,0)

Equation of tangent

y=mx ++a’m’ +b’
y=mx ++/4m”* +2

Passes throguh (h.k)

(k — mh)?2 = 4m?2 + 2 ..(1)
line perpendicular to tangent will have slope
1
m
y — 0= —i (X —\/5)
m
my =-X+ V2

Sol.

(h + mk)2=2 ..(2)

Add equaiton (1) and (2)

k2(1 + m2) + h2(1 + m2) = 4(1 + m?)
h2+k2=4

x2 + y2 = 4 (Auxilary circle)

(—1,\/5) lies on the locus.

Two families with three members each and one
family with four members are to be seated in
a row. In how many ways can they be seated
so that the same family members are not
separated ?

(1) 21314! (2) 3M3.(4)H)

(3) 3NH2.(4)) (4) 31413

Official Ans. by NTA (2)

Total numbers in three familes=3 +3 +4 =10
so total arrangement = 10!

Family1||Family 2| |Family 3
3 3 4
Favourable cases
= 31 31x3!x4!

Arrangment of 3 Families Interval Arrangment of families members

.. Probability of same family memebers are
31313141 1
10! 700

so option(2) is correct.

together =

(x-1)
I tcos(t2 )dt
lim| —%——
x>l (x - l)sm(x - 1)

1
(1) does not exist (2) is equal to E

1
(3) is equal to 1 (4) is equal to _E

Official Ans. by NTA (1)
Official Ans. by ALLEN
(Bonus-Answers musbe zero)
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(xe1) 5. The values of A and p for which the system of

2 1 .
I tcos(t )dt 0 inear equations

Sol. lim—2 X (_J xryrz=2
Hl(x—l)sm(x—l) 0 X+2y+3z2=35

Apply L Hopital Rule X+3y+iz=p

. 2(x —1).(){—1)2 cos(x—l)4 —0( 0 ) has infinitely many solutions are, respectively
x>1 (x—1).cos(x —1)+sin(x—1) \ 0 (1) 5 and 7 (2) 6 and 8
(3) 4 and 9 (4) 5 and 8
i 2(x=1) cos(x 1) Official Ans. by NTA (4)
Hl { SIH(X 1)} Sol. For infinite many solutions
x 1 cos —
(x-1) D=D,=D,=D;=0
2 4 111
=lim 2(x-1) cos(x-1) Now D=[I 2 3/=0
(x—l){COS(x—l)+Sl?(XI)1)} 1 3 %
X —
1.2Lh-9) -1(A-3)+1.3-2)=0
) 2()(—1)2 cos(x—l)4 A=5
=lim -
x>l s1n(x—1) 2 11
cos(x—l)+7
(x—l) Now D, =5 2 3|=0
on taking limit o35
0 0 2(10-9) - 125 -3w + 1(15-2w) =0
1+1 p=3

4, If {p} denotes the fractional part of the number | 6. The area (in sq. units) of the region A = {(X,y)

{3200} sIxl+ Iyl < 1, 2y2 > Ixl} is e
p, then g [-18 equal to 1 1 , 1 . 7 \ 5
1 S \ ; 1 % @) 3 3 % @ %
hg @7 G5 @y Official Ans. by NTA (4)
Official Ans. by NTA (1) Sol. Ixl + 1yl < 1

2y2 > Ixl

3200 (32 )100
W (e

{ (14 }
{1 100C 8+100C 82+ +100C1008100}

8
1+8m}
8

For point of intersection

Xx+y=1=>x=1-y
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2 _X 2
:—:}2 =X
y > y

2y2=1-y=>2y2+y-1=0
Qy-D(y+1=0

Y—2 or —
1 1
Now Area of AOAB :EXIXIZE
Area of Region R, =—xLx— =
rea of Region R, 5*3%5 73
1
Area of Region R _Lj‘\/;dx—l
2y 6

Now area of shaded region in first quadrant
= Area of AOAB - R, - R,

Y

| INEANE
So required area %) 6

so option (4) is correct.
Out of 11 consecutive natural numbers if three
numbers are selected at random (without
repetition), then the probability that they are in
A.P. with positive common difference, is :
H @ G
101 101 33
Official Ans. by NTA (3)

Out of 11 consecutive natural numbers either
6 even and 5 odd numbers or 5 even and 6
odd numbers

o 10
()99

when 3 numbers are selected at random then
total cases = 11C;

Since these 3 numbers are in A.P. Let no's are
a,b,c

2b = even number

even + even
A4+ = {0dd +odd
so favourable cases = °C, + 5C,
=15+10=25
25 25 5
P(3 numbers are in AP. =—=—+=—)
C, 165 33

Sol.

Sol.

1rY.(x,~a)=nand D, (x;,—a) =na_ma>1)
i=1

i=1

then the standard deviation of n observations

X[, Xgeeee, Xy 18
(1) nva-1

B)a-1

(2) Ja-1

4 n(a—l)
Official Ans. by NTA (2)

n n

Z(xi ~a)

SD = | | =t
n n

{Given Z(Xi —a) =1
=+va-1

Let L,

y2=4(x+ 1) and L, be a tangent to the parabola
y? = 8(x + 2) such that L, and L, intersect at

be a tangent to the parabola

right angles. Then L, and L, meet on the straight

line :

MHx+3=0 2)x+2y=0
B)2x+1=0 @Hx+2=0
Official Ans. by NTA (1)

y2=4(x+ 1)

equation of tangent y = m(x + 1) +—
m

1
y=mx+m +—
m

y2=8(x +2)

. \ 2
equation of tangent y =m (X+2)+E

y=m'x+2[m'+i'j
m

since lines intersect at right angles
. mm' = -1
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1 Sol. f(x +y)=fx). f(y)
Nowy:mx+m+a ..(1) "
Zf(x)=2 where x,y € N
yzm'x+2[m'+§j F() + £Q2) + £3) +.... 0 = 2 ...(1) (Given)
. | Now for f2)putx =y =1
YZ_EX+2[_E_H1J f@) = fA+1D=fD). f(1) = (f(1))?
fG = f2+1=fQ2. f)=(f(1)?
y z_iX_QKm +ij ) Now put these values in equation (1)
" - F) + (FA? + [F(1)? + .0 = 2]
F tion (1) and (2)
rom equation an f (1) )
mx+m+i=—ix—2[m+ij 1-£(1)
m m m
F(1)=3
[m+ijx+3[m+ij=0 = 3
m m ;
L X+3=0 Now f(2)=(g)
10. The negation of the Boolean expression 3
pv(~pAq) is equivalent to : f(4) :(%)4
3
(1) ~pv~q (2) ~pvq
3) ~pr~q @) pr~q [2}4
ici : 4) (3
Official Ans. by NTA (3) then the value of ( ): 3 _ 4
Sol. Negation of ¢v(~p/\q) f(2) (2j 9
3
pv(~prq)=(pv~p)a(pvq) 12. The general solution of the differential equation
=(T)r(pva)

J1+ x4y 5%y +xyg=0 is :
dx
=(pva)

. . (where C is a constant of integration)
now negation of (pv q) is

[ 2
~(pva)=-pr~q 1) \/1+y2+\/1+x2=lloge RIS SN I
2 1+x* -1
11, If f(x +y) = f(0) f(y) and 2 f(x)=2.x.y €N, L (E
- @) Jl+y* —V1+x* =~log | 22" i C
where N is the set of all natural numbers, then 2 I+x° -1
() 1 1+x* -1
the value of 5y is J1+y° +41+x* ==log, | ————|+C
£(2) 3) 2 V1+x* +1
M ®F O @ - v —Jlax =1 L+x* -1
- - - - 2 2
9 9 3 3 I+y" =v1+x" ==log, | ————|+C
@ 2 N1+x* +1

Official Ans. by NTA (2)
Official Ans. by NTA (1)
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0N VIDYAPEE:!;IE;!{,
2, 2, 2.2 dy
Sol. \/1+x +y +xy +xy—=0
dx
= (1+x)2(1+y2)+xyﬂ=0
dx
=S VI+xJ1+y? =—xy?
X
ydy  pV1+x° q
=[===- X )
1+y X
Now put 1 +x2=u2and 1 + y2 = v2
2xdx = 2udu and 2ydy = 2vdv
= xdx = udu and ydy = vdv
substitude these values in equation (1)
ﬂ__J‘ u’.du
v u’ -1
u’—1+1
= |dv=—|———du
-[ -[ uw -1
:>v——.[ 1+ ! du
u’ -1
:>V_—u—llo —+c
2 Se
1 VI+x® +1
:>\/1+y2 =1+x2 +—log, |[-——]+c
2 VI+x* -1
1 VI+x® +1
= J1+y” +V1+x* ==log, |-———|+c¢
2 T WI+x -1
13. A ray of light coming from the point (2,2\/5 )

is incident at an angle 30° on the line x=I at the
point A. The ray gets reflected on the line
x = 1 and meets x-axis at the point B. Then, the

line AB passes through the point:

M (*%} @ (3-3)
3) (‘“?J () (4-3)

Official Ans. by NTA (2)

Sol.

14.

Sol.

15.

For point A

23 -k

2-1
=23k
S k=3

so point A(l,\/g) x=1

tan 60° =

1L,KA

Now slope of line AB is m,z = tan120°

mm,g =—\/§

Now equation of line AB is

y-V3=-V3(x-1)
\/§x+y=2\/§

Now satisfy options

Let a,b,c,d and p be any non zero distinct real
numbers such that (a2 + b2 + ¢2)p? — 2(ab + bc
+ cd)p + (b2 + ¢2 + d2) = 0. Then :

(1) a,c,p are in G.P. (2) a,c,p are in A.P.
(3) a,b,c,d are in G.P. (4) a,b,c,d are in A.P.
Official Ans. by NTA (3)

(a2 + b2 + c2)p2 + 2(ab + bc + cd)p + b2 + c2 + d2
=0

= (a?p? + 2abp + b2) + (b%p? + 2bcp + ¢2) +
(c?p?+2cdp+d?) =0

= (@b+b)2+(bp+c)P+(cp+d2=0

This is possible only when
ap+b=0andbp+c=0andcp+d=0

If T, =j(l—x5°)100 dx and I, =.1[(1—x50)101dx

0 0

such that I, = al; then o equals to

| 5050 ) 5050
1 5051 @) 5049
3 5049 4 5051
%) 5050 @) 5050

Official Ans. by NTA (1)
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Now apply IBP

) 50100 d(x) cd(x w 50100
IZZII—|:XIX4 .(l—x ) dx—J‘%).J‘%).J‘x .(l—x ) dx}
Let (1 —x30) =t

—50x49dx = dt
1 50 101 | 1_ 50 101
Lt {x.(_ij( L) dx]
50) 101 oL 50) 101
11 1
L= -0-——.—1I =1 ——I
> 50°101°° ' 5050 °
5051
L+—1 =1, =>——1 =1
5050 2 ' 75050 !
5050
5051
5050 ,
: 50511
° IZ = OL.II

The position of a moving car at time t is given
by f(t) = at2 + bt + ¢, t > 0, where a, b and ¢
are real numbers greater than 1. Then the
average speed of the car over the time interval
[t;,t,] is attained at the point :

(D a(t = t) + b @) (4 - )2

(3) 2a(t; +t) + b “) (¢, +t,)/2

Official Ans. by NTA (4)

Sol.

17.

Sol.

18.

Sol.

)10

t,—t

a(t; -t )+b(t,-t,)

tz _tl

1

=2at+b

=al,+t)+b=2at+b
t,+t,

2
The region represented by

= t=

{z=x+1y € C: Izl - Re(z) < 1} is also given

by the inequality :

D y2>x+ 1 2) y?22(x + 1)

3) tox b o ) y* <2 x4+
ysx+5 y = 2

Official Ans. by NTA (4)

Z=X+1y

Izl — ke(z) < 1

= /x> +y? —x<1

2 2
=X +y <1+x
=x7+y <1+2x+x°

=y><2x+1

2 1
=y <2 Xx+—
y ( !

If a and B be two roots of the equation
— 64x + 256 = 0.

s 1 B 1
Then the value of (EJ (_SJ is
o

(11 (2)3
(3) 4 4) 2
Official Ans. by NTA (4)
—64x + 256 =0
o+ p =064, ap =256

a_3 1/8+ B_3 1/8
BS aS

3/8 3/8
_ p

- Bs/s + a5/8

o+p

aB)5/8

—_




o VIDYAPEETH ¢

19.

Sol.

Final JEE-Main Exam September, 2020/06-09-2020/Morning Session

The shortest distance between the lines

x—-1 y+1 z d 120
0 T X+y+z+1=0,

2x -y +z+3=0is:

1 1
@)1 G pH @ N
Official Ans. by NTA (4)
Line of intersection of planes

1
M 5

X+y+z+1=0 ...(D)
2x-y+z+3=0 ...(2)
eliminate y
3x+2z+4=0
X_—22—4 3
3 ...(3)
put in equaiton (1)
z=-3y+1 ...(4)
from (3) and (4)
3X+4=—3y+1=z
x_(_‘j y_L
3) 7 3 z2-0
2 1
3 3
now shortest distance between skew lines
x—-1_y+1 z
0 -1 1
|4 o (L
3 _y 3) z-0
2 b
3 3

¢=(0,-11)
373

1
SD=—
RN

20.

Sol.

21.

Sol.

Let m and M be respectively the minimum and

maximum values of

cos® x 1+sin”x sin 2x
2 .2 .
1+cos™ x sin” X sin 2x Then the
cos® x sin” x 1+sin2x
ordered pair (m,M) is equal to
(1) (=3,-1) (2) (-4,-1)
(3) (1,3) 4) (=3,3)
Official Ans. by NTA (1)
cos® x 1+sin’x sin 2x
1+ cos* x sin® x sin 2x
cos® x sin’ x 1+sin2x

R,>R,-R,, R, >R, - R,

-1 1 0
1 0 -1
cos’x sin®x 1+sin2x

= —l(sin2 x) —1(1 +sin 2x + cos’ X)

=—sin2x -2

m=-3,M=-1

Let AD and BC be two vertical poles at A and
B respectively on a horizontal ground. If
AD =8 m, BC =11 m and AB = 10 m; then
the distance (in meters) of a point M on AB
from the point A such that MD2 + MC?2 is
minimum is_.

Official Ans. by NTA (5.00)

C(10,11)
D(0,8)
11
8
A0 M(h0) B(10,0)
) 10 ”

MD)2 + (MC)2=h2 + 64 + (h - 10)2 + 121
= 2h2 - 20h + 64 + 100 + 121

= 2(h2 — 10h) + 285

=2(h - 5)? + 235

it is minimum if h = 5
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22.  The angle of elevation of the top of a hill from | 24 [f 5 and f are unit vectors, then the greatest
a point on the horizontal plane passing through
the foot of the hill is found to be 45°. After value of 3[a+b|+[a—b| is _.

walking a distance of 80 meters towards the top, Official Ans. by NTA (4.00)

up a slope inclined at an angle of 30° to the _ _
horizontal plane, the angle of elevation of the Sol. \/g‘a +b‘ +‘a—b‘
top of the hill becomes 75°. Then the height of

the hill (in meters) is_.

=x/§(x/2+20056)+x/2—2cose

Official Ans. by NTA (80.00) =\/8(«/1+cose)+\/§(x/l—cose)
0 .
h =2\/§ CcoS—| + 2[sin—|
75° 3 5
Sol. . 140 S\/(2\6) +(2) =4
30°
h+40 h+40-40v3 25. Let f : R > R be defined as
o_ B
A" = 40403 .
x> sin(—j+5x2 , x<0
2443 h X
B _ f(x)= 0 , x=0
! h+40 40\/5 ( ) 1 . The value
— 2h+80—80+/3 ++/3h +40+/3-120=h XSCOS(;j+7»x2 , x>0
:>h(\/§+l)=40+40\/§
—h =40 of A for which f"(0) exists, is _.
~. Height of hill = 40 + 40 = 80m Official Ans. by NTA (5.00)

23. Set A has m elements and Set B has n elements. 1 s
= . pa— + .
If the total number of subsets of A is 112 more Sol. f(x) X .S X X if x<0

than the total number of subsets of B, then the fx)=0 ifx=0

value of m.n is _. S 1 5

Official Ans. by NTA (28.00) f(x)=xcos—+x"if x>0
Sol. 2m—2n=112 LHD of f'(x) at x = 0 is 10

m=7,n=4 RHD of f'(x) at x = 0 is 2A

27 =24 =112) if £"(0) exists then

mxn=7x4=28 2% = 10

=>A=5




