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1.(C) p+q=2
p4 +q4 =272

(p? +q?)* -2p?q? =272

[ p+q)? 2pq} ~2p%¢? =272
( 2 2pq) 2p2q2 =272

(4 —2pq)2 —2p2¢2 =272

16+4p%q2 —16pq—2p%q? =272

16 —16pq + 2p2q2 = 272

2p29? -16pq—256=0 ; (pq)? -8pq-128 =0

8+ {64 +512 8+24

pg = = ; pq=16, -8

2 2
2.(2) Casel: x=>5

2 2 2 27
(X +1) +x—5=7 = X +2x+l+x—5—7=0
D=9+43=52
-3+2413 | -3-2413
Roots ————— ignore, ——— ignore
2 2
Casell x <5
2 27 2 27
(x +1) +(5—x)=7 = X +2x+l+5—x—7=0 =
= 4x2 +6x-2x-3=0 = 2x(2x +3) - (2x + 3)
1 3
= X=—0r X=-—
2 2

Both acceptable
3.B) D<O

=0

x2

=

X“+3x-——=0
4

3 2
+X—Z=O = 4x°+4x-3=0

(2x -1)(2x +3)=0

2
4(3k -1) —4(8k2—7)<0 = (3k—1)2—8k2+7<0 = 9kZ16k-8k2+7<0

= k?2_-6k+8<0 = (k-4)(k-2)<0 = 2<k<4 =k=3

L e R L

O sag S(ag —Bg) i

3(a9—59)
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Also a2 -6a-2=0=a?-2=6a
Similarly [32 -2=6B
- from (A)

9_p9
310—238=“9-60€—B8-6B=6(a _B)

3ag 3(a9—;39) 3(a9—;39) -2

5.(324) a+p=1 af=-1

6.(5)

7.(D)

p, = o +p"

Pn1=11 Pny1 =29

p2=2

Equation whose roots are o,p is
x2-x-1=0.

0 -a-1=0

o =+l

o :an—1+an—2

Bn :Bn—1+Bn—2

ol + " =((xn_1+[3n_1)+((xn_2+[3n_2)
Ph =Pn1tPn_2

Pn+1=Pn +Pna = Pn =Pn+1=Pna
P, =29-11=18

p2 =324

f:[-11] >R f(x)=ax? +bx +c
f(-1)=2 > a-b+c=2 ()
f'(-1)=1 -2a+b=1 ...(ii)

Also, f"(x)=2a=£3a=£
2 4

_8-1+6 _13
4 4

fF(x) = Lx2 +3x +%:%( 2, 6x +13)

Assuming the continued fraction is convergent

X =3+ = x=3+ 1
4x +1
4+
X X
= X =3+ X
4x +1
= 4x2 £ X =12x + 3+ X
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= 4x2 -12x -3=0 = X = 12+V144+48 l§4+48 (Rejecting the negative value)
L _3+V9+3 _3+V12
2 2
8.(B) Let 4+
5+=—
y
y
=4+
Y 5y +1

(5y +1)y =20y +4 +y
5y2 +y =21y +4
5y2-20y -4=0

++/ + 44/
y=70_ 400+80 _20+4 SO:Zig@
10 10 5
y>0:>y=2+§\/30
1
9.(B) v x2 443 =-34x =N x* +243x2 +3 =43x2
= x4+3:—\/§x2:> x8 +6x%+9=3x4 = x8+3x%19=0
o and B are the roots of the above equation 08 =-9-30%
= 0(12=—90c4—30c8=—9a4—3(—9—3(x4) = ot2 =27

Similarly p'? =27

96 (0(12 —1) 8 (;312 —1) ~(27) x26+(27)° x 26 = 52x 278 ~52x3%4

10.(1) Iogx+1(x +1)(2x + 5) +log,y .5 (x +1)2 =4

Iog(2x +5) 5 Iog(x +1) _

+ +
Iog(x +1) log(2x +5)

Case 1 r=1

log(2x +5) = log(x +1)
2X+5=x+1 x=-4
Case2 A=2

log (2x +5) = log(x +1)2

2x +5=x2 +2x +1

x2=5_1
X=12; X =2

11.(1) o and B are the roots of x2 +5\/5x +10=0

P, o "

P17P20 +5V2P 7P1g
2
PgP1o +5V2 P
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P17('320 +5\/EP19) Py

0_pg20 +5\/5(0&9 _519)

_P7

Pls(Plg +52 Pls) Pig| o9 - p19 + 52 (ocls - ;318)

alg(a+5\/§)—[319([3+5\/§)

Pig als(a+5\/5)—[318([3+5\/§)

0c2+5\/50c+10=O:a(a+5\/§)=—103a+5x/—=—10/a

o®.(-10/0)-p'*(-10/B) | Py, Pig

B2 +5J2B+10=0 P+5J2=-10/p = Pz = =1
Pig| ot (—lO/oc)—B (—lO/[}) Pig P17
12.(B) say |x] =t
t2-t-12=0
t-4@t+3)=0
= t=4 ort=-3 = | x| can't be negative = Ixl=4 = X=x4

13.(13) a, b, c are the roots of the equation

x3-x242x-3=0

aZ+b2+c? =@+b +c)2—2(ab +bc+ca)=1-4=-3

as+b3+c3 =(a+b +c)(a2+b2+c2—ab—bc—ca)+3abc =(-3-2)+9=4

x* =x3 - 2x2 4 3x

a*+b*+c*=3a%-23a%+3ra=4-2(-3)+3.1=13

14.C) x2+@0M* x+5Y2 -0

WA

x2 + 5=—(20)1/4~x = x4+5+2\/§~x2—

o®+p8=25+25-50

1 1
15.2) e _eX-_4-—+ =0
eX e2x
1 1 1
e2x 4 —le*+—|-4=0, eX+— =t
e2x ex eX

t?-2-t-4=0
t°-t-6=0
t=3,t=-2 Not possible
1
e*+—=3 2 value of x .
eX
16.(D)
oL
Prax+b-0"
P
Case-la=8
a=a’-2
a?-0-2=0
a=2 or-1
Now o +a = -a
20 =-a
a=-2a
a=-4or a=2

a-oo=hb

= X =—5:x8=25
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17.(D)

Case -2 a=f
(i) a=0?-2 and p=p2-2
o, p=2-1
a+f=-a and oaf=b
a=-1 b=-2
(a,b)=(-1,-2)
(ii) a=p?>-2 and B=a?-2
a-B=PB-o)B+oa)
= B+a=-1
-a=-1
a=1

a+B=(0+B)° -20p—4

-1=-3-2af
= afp=-1=b

b=-1

(a,b)=(1-1)

(iii) a=a?-2=p>-2

oa=-P
and a=2 or -1
B=-2 or 1l

a+f=-a = a=0
af=b=-4 or -1
(a,b)=(0,-4) or (0,-1)
6 pairs of (a,b)

Let 3x2+4x +2 =t

(t+1) - (< r)( +2)(t) +k(t2) -0
(t2 +2t +1)—(k +1)(t2 +t)+kt2 =0
2t +1-(k+1)t =0

(1—k)(3x2 +4x +2)+1:0

3(1-k)xZ +4(1-k)x +(3-2k) =0
k=1 D>0

16(1-k)* -4.3(1-k)(3-2k) 20
4[4(k2 2k +1)—3(2k2 sk +3)} >0

2k%2 47k -5>0
(k —1)(2k —5) <0

o
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18.(18)
3x2-3x +61=0

3x2-10x +27%. =0
— + —

7x-210 =0 af = 2%
X =3\ (common root) B :% :%
o 31
92 -31+21L=0 ayzz—;k=9k
9.2 -%=0 o _Sr_ 9
a 31 3
k=0;7»=1
9
Common root =3X1=£=0(
9 3
2.9 18
Pr_3°3_9 _g
P11
9 9
1966 > Y 2.0 [20x -2)- (x -]k [2 3 2}
. - =— k=0 = X —2)—(x — =2|X°-3x +
x-1 x-2 Kk
= 2x2 +X(-6 —K)+ (4 +3k) =0
Since, we have no real root = D<0 = 36+k?+12k -8(4+3k)<0
V128 V128
= k2—12k+4<o:6—T<k<6+T:> K e (0.xx, 11.Xx)
. 11x12
= Sum of integral values of Kk =1+2+3+...+11= =66
JEE Advanced 2021
1.(4)  If x2>1; 3x2-4x%+4+x-1=0
—x2+x+3=0; x2-x-3=0
1++yJ13 1++/13 1-+13
X = = or
2 2 2
If x2 <1
3x2+4x2—4+x—l:0; 7x%+x-5=0
1+41+140 -1++141 -1-+141
X = = :
14 14 14
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Quadratic Equations Class - XI | Mathematics

JEE Main 2022
1.(C) x2+(3—a)x +1=2a

= x2 +(3-a)x +(1-2a)=0

o, B are (roots)

1-2a

a+p=@-3) ap=—

2
a? +p% =(a+p) -20p =(@-3?-2(1-2a) =a’-6a+9-2+4a
fa)=a’?-2a+7=@-1%+6
minimum value of o2 +[32 =6

o
2.(16) x2-x-4-0{

\p
a“—-a-4=0 Py =0o -B
o —a" 140" 2 =0 ..(1)

11y PP -p"1-apg" 2 -0 .2

-3

(an 7[3”)7(0&”71 7Bn—1)74(an—2 7Bn—2): 0 Pn —Pn_1 =4Pn_2
2
So P15P16 ~P14P16 ~ P15 + P14P15
P13P14
- - 4 x(4
(P15~ P14)(P16 — P15) N (4P13)*(4P14) _16
P13P14 P13P14

3.B8) (2 -4)(6e2* -3e* -2eX +1)=0
@2 —4)(3e* -1)(2¢* -1)=0

x 1 1 1 1 1
e =4,e" =—, " =— oX=—In4,x=In—,x =In—
3 2 2 3 2

1 1 1
. Sum of real roots =—In4+In—+In—=-In3
2
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4D) x'-7x-2=0
f(x):x7 -7x-2

f'x)= 7x8 7= 7(x6 -1 s P'(x) = 7(x2 —1)(x4 +x2 +1)

f'X)=0=>x=%1

™~

58 a+p-—-  ap-—

2
3, a3\ 2 2 [kzj[kz ]
Hence, 6(a” +B7)" =6((a +B)((a +B)” —3aP))” =6 o ?+1 =24

6.(B) Given ax2 - 2bx +15=0

i
Root o o

2b b

Sum =2a=—= o0 =— ()
a a
15
Product = o2 = —— ..(ii)
a
(i) ® 15 a 15
P
(i) o a b

o also lieson x2 —2bx +21=0

=02 -2ba+21=0

225 30b
3_—T+2120

b2
SR =
b

How, a+f, af =21

o? + 2 = (0 +B)° - 20p = 4b% - 42
-100-42 =58
3 1

7.(727) An, =1-—=-_
9 2 2

Archive Solutions | JEE Main & Advanced | Page 8 Class — XI | Quadratic Equations



Vidyamandir Classes: Innovating For Your Success

8.(98) x2 - 4ix+5= 0§
x2 —(3ﬁ+2ﬁ)x +(7 +3x£):o<3
o+B=4n
at+y=3v2+2y3
B+2a=3V2  oy=7+33

a+2k+\/§ a+p=5
B=2r—-3  a2-8=1r=42

(a+2ﬁ+x)2 =(4a+3\/§)2 :(7\/5)2 - 98

9.B) Let f(x)=x*-4x+1

f (x) = 4(x —1)(x2 +X +1)
f (x) Tx>1

f (x) Ix<1

Two real solution

81
10.(45) e2* —11e* — 45X +— =0

2e3X ~22e?X _90+81eX =0

Let e* =t

2t3 -22t2 181t - 90 = 0; Routes are exl,eXZ,eX3
X1tX2+X3 _ 45

x1+x2+x3:In45 P =45

11.(A) Let f (x) = (x +1)(ax +b)
f(-2)+f(3)=-1(-2a+b)+4(3a+b)=0

2a-b+12a+4b =0

14a+3 =0

-b 14

a 3

Sum of roots = _1+i :_1+E:E
a 3 3
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12.(B) Given equation
x7 +5x3 +3x+1=0
Let f (x) =x7 +5x3 +3x +1
f (x) = 7x6 +15x2 +3>0,Vx eR
Function is an increasing function, and ranges from (—oo,oo) .

So, there is only one solution.
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1.(A) Max. (2(65in3x+80053x)) _ 210 .

Min. (2(6sin3x+8c053x)) _ 2—10 =B

Vs _y4 pYS-

Product of roots = 1= =c=8

c
8

1
Sum ofroots = 4+—=— = b=-34
4 8

2.(A) cose018°=;=L=\/§+l
sin18°  5-1

Let x =cosecl8° = \/§+l
X —l:\/g
Squaring both sides
x2+1-2x =5
x2-2x-4=0
i 2 . 2sinx
3.(B) Given: t“-9t+8=0 Toflnd—(0<x<n/2)
sinXx ++/3 cos X

cos? x +cos? x +oeer)

_ e(cos2 x +cos? x +cos® x +....)logg 2 _ (eloge Zj( _ 2((:032 X +C0S% X +..... 0)
cos? x cos? x
- 2
—921-cos’x — psin®x _ pCOt"Xx

2
Now 2€0t° X satisfies t2 — 9t + 8 = 0

t2_8t-t+8=0

2 1
tt-8)-1(t-8)=0
t=18 =
3
2C0t2X =1 2C0t2X =8
200t2 X _ 20 2cot2 X _ 23
cot?x =0 cot?x =3

as O<x<n/2

= cotx =\/§
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4.(C)

5.(B)

6.(C)

7.(11)

8.(1)

1
2i
\/E. 2sinx B [ZJ B 1 _1

. 1
sinX = —, COSX = — ; = =
2

2 sinx +4/3cosx 1 3 13
+\/§[\/7] —+—
2 2 2 2
X
tan6=— (i)
75
3x X
tan(90-0)= —=—
25
to X (i)
cotf=— ’
25 X

Multiplying equation (i) and (ii) 0 90°— 6

3x

X X
tan0-cotf = —x—
75

+—150m—mm—

25 75 75
X2
1= : x2=75%x25 ; x =253
75x25
. sin 20
sin20|1+ >0 = [1+c0326]>0 = tan26(1+00526)>0
c0s 20 c0s26

T 3n 5n r
— tan206 >0 and (1+00526¢0):> 0<2e<E or n<2e<? or 2n<2e<? or 3n<ze<?

- LMY

2u+1_§=0
2

2

XY cosX*Yi1-0

COSX +COSY —COS(X +y)=§ = 2c0sX Y cos* =Y _5cos
2 2 2
= Zcoszﬂ—ZCosX+y.cosx_y+£=0 = 4coszx+y—4cos
2 2 2 2
= c0s2 XY _cos XY s XY L 0s2 XY L in2 XY | _g
2 2 2 4 2 2
1 2 1 2
= cosX Y _ZeosX Y| L 3lsin| XY | -0
2 2 2 4 2
= sinf¥_0o & cos XY _ L1 ps XY
2 2 2 2
1
= x =y and cosx=5=cosy
sinx =73 sinx +cosy=¥.

3sinx +4cosx =k +1

Range of 3sinx +4cosx is [—5, 5}
= -5<k+1<5 = -6<k<4
No. of values of k =11

\/Ecoszx —(\/5—1)cosx -1=0
\/Ecoszx —+3cosx +cosx —-1=0
\/Ecosx(cosx —1)+(cosx —1) =0

(cosx —1)(\/§cosx +l) =0

-1 T
COSX =1,COSX = — [No solution in {0, ED

7z

One solution is possible

2 2
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h
9.(C) tan60°= — = h =+/3x
X

12 h
h X+ 60° h
tan 30°= h = 2
B = \/E 30
X+— & 12
5 Ekm
12
Xt 6 6 6
= \/§X= \/5 :>X=Ekm = h=\/§xEkm =\/§xgx1000m=1200\/§m
10.(B) x+2tanx=£;XG 0,27
" xefo2r]
T X
= tanx = —-—
4 2
Lety=tanx &y =2~ - X ...(ii)
Y Y 4 2

y = tanx
Y ('
A H H i |

‘
DRSS, TN

A

=

X=

X
2
el g T
y X+

(i) & (i) = number of point of intersections are 3.

11.(1) |cotx|=cotx +

sinx
Obviously cotx <0

= —cotx =cotX +—
sinx
2C0sXx 1
= -—— = —
sinx sinx
1 n 2%
or COSX = —— = X=m——=25"
2 3 3
12.(B)
A
B &
tan60° = —
h =23

13.(B) 15sin* a +10cos*a =6 ;a R
lSsin4a+lO(l—sin2 )2 =6
15sin* @ +10(1 + sin* @ - 2sin%a) =6
15sin* a +10+10sin* o - 20sin?a -6 =0
25sin*a - 20sin?a+4 =0

(5sin®a-2)> =0
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sinzoz=E cosza=§
5 5
27sec® o + 8cosec®a = 27 + 8 = 27 + 8 = 27 + 8 =125+125 =250
(cosa)® (sina)® (3/5)° (2/5° 27/125 8/125
L2 L2
1—
14.(A) - (81" * 4 (81) " ¥ =30
in2 81
Now let (81)°" X =t . t+—=30=1t2-30t+81=0 .. t=327
t
2 1 1 5
When t=3= 815" % =3 = sin?x =7 sinx =E('.'X clox]) = X =g?n

L2 3
When t =27 = 815" % _33  gin2x = =

. 3 T 27 .
sinx = 7( x elox]) - X=2 Total number of solutions = 4
15.(D) Since cot[ J 2443
say @ ——=0 = 20="
24 12
cot?0-1 2
cot(20) == —==2+ +3 = cot20-2(2 ++/3)coth =1 = (coto—(2++/3)2 =(2+3)2 +

(coto—(2++3)%2=8+443
coto—(2++/3)=2y2++3
cot9=2\/2+\/§+2+\/§ =\/8+4\/§+2+\/—=\/(x/5+\/g)2 +2+4/3 :\/§+\/g+2+\/§

1 1
16.(A) sin9+cose=5 = 1+sin29:z

sin20 =-——
.2 9 9 -1
cos40=1-2sin“20=1-2x—=1-— =—
16 8 8

COS40 = —

27 27 9 27-36 -9

64 16 4 16 16

-3
sin 66 = 3sin 20 — 4sin3 20 =3><T—4><

. 9
Sin60 = ——
16
. . -3 1 9
16(sin20 + cos46 +sin60)=16| — - ——-— |=-12-2-9=-23
4 8 16
1
17.(A) x=—,y=0
2
1 1 1
fl—(+f|—|=2f|—]| f(0)
2 2 2
-2=2(-1) f(0) = f0)=1
1 l
X =—, =
> Yy
f@)+ f(0) 1 f !
+ —
2 2
fQ=1= f2)=1 = f(3)=1 like wise
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18.(B)

19.(B)

20.(B)

21.(56)

20 20

Z 1 1 Z Sin(k +l—k)
=) sink sin(k +1) sinl = sink sin(k +1)

1 & (cotl-cot21) sin20
—_— cotk —cot(k +1) = - =— - -
sinl =) sinl sinlsinlsin21

T n
2x =tan| — |+ tan| —
9 18

2x =tan(20)+tan70

b 5n
2y =tan| — |+ tan| —

2y = tan 20 + tan 50

tan20 +tan70 tan70 - tan 20 - 2tan 50

0

X -2y = —tan20 -tan50 = >
cot20 -tan20 -2tan50
2

2cot40 -2tan50 0

5 =
2003x[4(sin245°—sinzx)—l]:1
2cosx[4coszx—3]:l

50 7n
cos3x =1/2 SX=n/9 —, —
n=3
13n
s=""
9

tanQ:S_X:L

8 6

Tx
tan29:].0_X:5_X
9

tan29=ﬂ_5_x SXI

1-tan®0 9

2x /6 :5_x: 3(36) _5

1-x?/36 9 36— x>

5x2 =36x2 = X =6\E

height = 10x =10x6\E =12+10

sin% 0+ cos?0-sin0.cosf=0

2

(sin29+cosze) —2sin20.c0s2 0 —sin0.cos0 = 0

1, 1
1-—sin“20-—sin20=0

2 2
sin229+sin29—2=0, sin20=-2,sin20=1
For sin20=1in 96[0,4TC:|
0 5t 9 13=x
4’44’

Y
4’ 4

v

18m
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22.(C)

23.(D)

24.(D)

25.(B)

287
sum =——=7n
4
8 8.7«n
_— = =56
Y Y
1
tan ZACB = —
2
tanp -
anf =—
> C
X
tan (o +B) = — ()
b b
A
tano =
a+b
a
tano + tan
tan (o + p) = —on et AP v
l1-tanatanf B D
X
1 X
—+
X 2 a+

-2 a+b =x2_2ax+ab+b2=0
X

T

1 n. 3P 1] =« < 1[17P 1
2| =||sin=sin—| = —=|cos—-cos—| = = = =
2 8 8 4 4 2 412 8

tan0 =2

Sine—i—m
NN
PM =2
sina=—F—
J5
= tana:1
2
Angle of rotation =0-a = tan 12— tan_lé = tan_lg
_LosX —‘taHZX'XE LI P
1+sinx ' 2'2 44
- T
2x e (-m,m) -4 —,—=
< (-n) {2 2}
Case l: 2x ¢ [—n,_?nju[o,n/Z):
-~
/2

-n/2
COS X 2sinx cos x sin 2x
——— =tan2X = ——— — < tan2x =
1+sinx 1-2sin?x cos 2X
= cosx[l—Zsinzx}:cosx[Zsinx(lJrsinx)}
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= cosx =0 (OR) 1-2sin®x =2sinx +2sin®x
= X € (OR) 4sin®x +2sinx -1=0;x e | —,~ % |U[0,2)
2 4 4
i.e., sinx :\/5_1,_ J5+1 = x =18°,-54°
4 4
Casell: 2x e| =0 u|Z,x]:
2 2
CoSs X sin2x  —-2sinXx cosx
——= - _tan2x = - = y
1+sinx cos 2X 1-2sin?x
= cosx[l—Zsinzx}:—cosx[Zsinx(lJrsinx)]
= cosx =0 (OR) 1-2sin?x = -2sinx —2sin?x
X OR) sinx =-1/: T rr
= € (OR) sinx 4,Xe[4,0ju[4,2
Hence, (Case I) u(Case Il) = X =18°,-54°,-30°
Sum = —66° = —i"
30
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VMC Vidyamandir
Classes snce s
T JEE | MEDICAL | FOUNDATION

Solutions of Archive - JEE Main & Advanced

Trigonometry Class - XI | Mathematics

JEE Main 2022
3ol 2o
1.(D) C€OS| —+X |COS| ——X |=—C0S” 2X
3 3 4
4(0052 (g] _sin? x] = cos? 2x
4[£sin2xJ:00522x
4

= 1-4sin®x =cos?2x = 1—2(1—(:052x):cos2 2x

Now let cos2x =t

. —1+2cos2x =c0522x t2—2t+1=0 =>t=1
Socos2x =1 .2x=2nm
X =Nmn

. n=-3-2-10123for x ¢[-3r,3n]

C0oS 2X 1
4X + 3+ o E<X<l
2.(B f'(x)=
®) (x) C0S 2X 1
—(4x +3)+ 'OSX<E

1
f'(x)<0for x <—
2
1
f'(x)>0 for x>5

. x =—Iis point of minima and x = 1is point of maxima
2

f [%j +f@)=3+ %(1 +2cos(l1))sin(1))

3.(B) sinftan 6 + tan 6 = sin 26
. 2tan©

tanO[sin0+1] = ——

1+tan? 0

tan6=0= 0=-1,0,n

(sine+1)=2c0326
. 1 n 5n
sinf=—= 0=—, —

2 6 6
nb)=5

T 5n
T =cosO +0052n+0032n+cos§+cos?

T=4
T+n(s)=9
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4.(D)

5.(4)

6.(B)

7.(80)

8.(C)

sin12°+sinl12°-sin72° = sinl12° -2sin 30°cos42°

= siN12°-sin48° = -2sin18°cos30° = T(l—\/g)

l4cosec2x —23in2x = 21—4(:052x
14 L2 o2
= —2sin x—21+4(1—sm ):0
sin“ x
= 14 - 2sin* x —21sin?x + 4sinx —4sin?x =0
-21 2
= 6sin?x +17sin?x -14 =0 = sin? x =—,—
6 3
1 1
—>_
2 J
= sinx =+,/[— = 372 \/5
3 -1 -1
—<_
J372 2
* n/4
7n/4
v

n 7n
.. For X €| —,— |, we have four solutions.
4 4
165sin(20°) sin(40°) sin(80°)
. o m o (m 1 .
We know that sin6 sin| ——0 |sin| —+6 | = —sin(306)
3 3 4
165in(20°) sin(40°) sin(80°) = 4 sin(60°) = 24/3
.2 . . . . 1.
sin“(10°) sin(20°) sin(40°) sin(50°) sin(70°) = o — Esm(loc’)
. . . 1
Using the fact sin 6(60° — 0) sin(60° + 0) = Zsm 30

1
We get o =—
64

16+0 =80
J5-1
CosS72° =
4

5-1

= 172sin236°:\/>
4

= 4-802=+5-1

= 5-802 =45

= 2546404 -8002 =5 = 640% —8002 +20=0

= 1604 —2002 +5=0
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9.(B)

10.(A)

11.(C)

12.(D)

2n 4n 61
S = Cc0S— +COS— + COS—
7 7 7

sinn— —B
cosa +cos(o+pB)+...... +cos(a+n—1ﬁ) = 2003[a+n—lEJ

sin—
2
2n 2n
a=—;p=—;n=3
7
sin3.— {21‘c Zn}
S = X COS{— +—
. 7
sin —
. 3n 4r . 3n 3n . 6n .m
sin—.cos— -sin—cos— -sin— -sin— 4
S = 7 7 _ 7 7 _ 7 _ 7 __—
. T . T . T . T
sin — sin — 2sin— 2sin—
7 7 7
-5 - -
cota:1,sec[3:?,cos[5=—,tan[5=—
1 4
T2 -1
tan (o +p) = <
1+—x1
P
A
2h
h
0 n/8
B a C a Q

h n  2h
tan6=—, tan—=—
a 8 a

1 n 1 2 3-2y2
:tanzez—tan2—=—(\/§—1) :_\/7
4 8 4 4

In the given figure, let AB represent the pole and CD be the tower.

C

D
In AABC : ZACB = ZABC = 30°

= AB = AC =20m

Also /BAC =120°= ZEAC = 30°
= CE =20sin30°=10m

= CD =30m
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13.(4) sinx =cosZx =1-sin?x
= sin?x +sinx -1=0
_ 1-45 —1+45
= sinx = ,
2
1445
= sinx =——
2
= No. of solution in (0, 10) = 4

14.(32) 3c0s220+6c0s20-10c0s20+5 =0

2 1+cos260
= 3c0s“20+6c0s20-10 T +5=0

= 3cos2 20+c0s20=0

c0s20=0 = 20=(2n +1)g — 16 solutions of 0 in [-4~r, 4n]

c0s 20 = —i = 16 solutions of 8 in [-4r, 4x]
3
Thus number of solutions = number of elements in set S = 32
15.(1) 20-cos20++2 =0

26+\/E=c0326

Number of solutions = Number of point of intersection of graphs y = cos?p and y =20+ \/5 =1

y=20++2
% y=c0s’0
-3n 2n -m 0 T 2n 3m

i T (3n) . (5n) . (7)) . (9=:
16.(B) 2sin| —|sin| — | sin| — | sin| — | sin| —
22 22 22 22 22
T 2n 3n 4n 5n
2cos| — | cos| — | cos| — | cos| — | cos| —
11 11 11 11 11
T 2n 4n 8n 16n
=2cos| — | cos| — | cos| — | cos| — | cos| —

. 32n
sin——

1

=2 11 _ —
Y

29sin — 16
11
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17.(C)

18.(C)

19.(A)

h
tan2a = —
AP
AP =hcot2a
B
2h 0
h
20 o
A P R
d=~Th
tanoa = —
2h 2
tana =

hcot2a+\/7h B cot2a+\/7

2
l1-tan“a
tanu[—+\/7] =2

2tana

1—tan2a+Zﬁtana:4

tanza—zﬁtana+3=0

27 +@J7 -41.3

2x1

tan o

_7Ea o

7x2
2

2 solutiOns in (0,2m)

So, 8 solutions in [-4r, 47]

15 .
— =tan60° . (i)
AQ
15+x .
=tan75° ... (i)
i
Q = X :10\/§
(if)
P
X
R
15
155
K 60° Q

So, PQ = 5(2\/§+3)m
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20.(5)
I I
I I
I I
I I
I I
I I
n T
2 2
tan 0 = x, x[1+\/§ 2 ]=\/§_ 2X
1-x2 1-x2
x(l—x2+2\/§x)=\/§—\/§x2—2x
2 positive
© =35x2 =3x+/5=0 .
1 negative
21.(B)
P B
B P .
A 450 A C
h \\\//,
a ,’/\\\
”’{ 150\(\\
O b A

h
—=—=tanl5°=a=>b
a b

1
oc == V2a?2 +2a2 ~162

1
a tan15°=5\/4a2 ~ 256 :\/a2 —64
2 2 2
(2—\/5) a“=a“-64

(6—4\/§)a2 - 64

2 64

ac =
43 -6
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22.(A)
P
h
/ ¢
'/
”/
70
il >E
BE—9——7A
Ky
Given OB =15
COSP =—
13
V13 2
21
by
tan B 2
anp = —
3
P
2
h
i
B
15 0
tanf =—
2 _h
3 15
10=h
O
15
B ) A
0AZ2 + ABZ = 225
OAZ +81=225
OA =12
P
10
a
A 12 0
10
tano = —
12
12 6
cotoo = —=—
10 5
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23.(16) 7c0s®0-3sin?0-2cos? 20 = 2
4cos2 0+ 3c0s20 —2cos2 20=2

2(1+c0s26)+3c0s20-2cos220=2

2cos2 20-5c0s20=0
c0s20(2cos20-5) =0
cos20=0

T

20=(2n +1)
2

0=(2n+1)=
4

S{n 3n 5n 7n}
4474 4
For all four values of 0

x2 —2(tan29+0052 G)X +6sin20=0

= x2 -4x+3=0
Sum of roots of all four equations = 4x4 =16

24.(3) Equation 1 2sin?0-c0s20=0

2sin20-(1-2sin20)=0= 4sin20=1

1
sin® =+—
2
5t 7n 11 )
0=—,2",~5 =" (1)in [0, 2r]
6'6 6 6

Equation 2 2c0s20+3sin0=0
2(1-sin?0)+3sin0=0
2sin?0-3sin6-2=0

2sin20 =4sin0+sin0-2=0
2sinf(sin6-2)+1(sin6-2)=0

1
sin 0 = 2(reject), 5

. 1
ssing=-——
2
7n 11 i
0-—==" (2)in [0,2x]
6 6
- 7n 11n
sum of common solutions —,—— =3¢
6 6
25.(A)
10 - dcos30 P
10 - dsin30°
B A 60°
35 dsin30° dsin30°
A
< deos30° R =Q
10
10 - dcos30°
d
10-—
tan 60° = 2__J3
d«3
10 -———
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20-d =3(20-d3)

2d = 20(\/3 -1

d -10(V3 -1

Area =~ (10~ d c0530°)(10+d sin 30°)

1 25
=Ex(\/§—l)5x5(\/§+l)=?x2=25

26.(C)
ZSec[9+a ——]sec 9+0c)

Y
sin 9+(x GHX_H
6

cos[e +a —Jx cos(e +(x)
6

9
S = Ztan(9+oc)—tan[9+a—g}

Y Y Y
ty=tan|0+—|-tan| 6+ —-—
6 6 6
2n 2w
ty=tan| 6 +—|-tan| 0+ —-—
6 6 6

6 6
S =tan| 0 S tano 4
= + — | = = ——
2 V3
4
coto+tanb =—
J3

Y
0=—
3

L2 2
27.(C) 825|n 9+82—25m 9=16

64
y+— =16
y

=>y=8 = sin?0=1/2

1
+% cos(n/ 4+26)sin(rn/ 4 +26) =4+(-2)x4=-4
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vMC

Vidyamandir
Classes snce s

IT JEE | MEDICAL | FOUNDATION

Solutions of Archive - JEE Main & Advanced

Sequence and Series

Class - XI | Mathematics

JEE Main 2021

1.(B)

2.(3)

3.(D)

4.(9)

a+2+a 10

3 3
Letb=a+d=4+d
c=a+2d=4+2d
c+b+b 7

3

a=4

2

o +p2 —ap = (a +B)° - 30p b

a2

65
a+ar+ar? +ar3 :1—

65
= a(1+r+r2+r3):—
12

a r3

1{1” +r2+r3] 65
Using(1)
1 1 65 65

= — X —X

a (3 12xa T18

Also given a%%=1=ar-=1

2

3dterm =ar“ =ar xr

=1xr = —
2
2a =3
1 1
X = y=——
1—sin2¢

1
Now, z=—— =

1- 0052 0

5
=— =12+4d =7 = d=-——
3 4

3 121

5
b=4+d=4-—=—
4 4

11

3x64 121-192 71

a 16x16 4x64

1
= coszezl—— )

256

256

Xy

1-cos? sin? ¢

X+y-1

A =12;

= z

12 12

5

12x12
on -1

So, Area of A, =

1

S ZX+ZYy-Z =Xy = z(x+y):z+xy

Ay, =—; Aaz? ..and A =

12
n-1
2

<1 = 144<2™1 = -9

xy —(xy -x -y +1)

Archive Solutions | JEE Main & Advanced | Page 1
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5.(A)

6.(C)

7.(D)

8.(C)

9.(10)

Apply AM >2GM =——& > |a® «x

Let the g.p. be (a >0,r >1) in G.P.

a,ar,ar?, ar3, ar?, ar® ar®, ...

25
Given T, +Tg =ar +ar® = > (1)

Ty:Tg = ar?.ar? = 25, a%r® =25

ar=5 (i)
In (i)

T, +Tg+Tg=ar®+ar®+ar’ =ar3(l+r2+r4)=5~(l+2+4)=35

Given series
2 7 12 17

27 81
1 1 2 7 12
—S=—+—F+—+—+.....
3 3 9 27 81
2 1 5 5 5 4 5/9 4 5 5 13
—S=1+—+—+—+—+..... =—+——=—+— = S=2+—=—
3 3 9 27 81 3 1—£ 3 6
3

in2+6n+10
~ (2n+l)'

x -1
(2n+1):x:> n=

2

|
x=357 x! Xo3o.. 4x! 4x!
11 1 1 11
=—q| —+—+—rennn +1 —+—+—F s +29| —+—+—+....
4|11 31 51 21 41 6! 31 51 71
! e - 2 e 2
1% & e e 1 19 41 19
= e ;11| —¢€ +29/ —¢€ -Z|a1e-—2_80|=—e-—et
2 2 2 e
-16,8,-4,2,— — ———— G.P
8 1
A=-16 r—— -_=—
-16 2
Pt -1\
T, =-16| — =32x| —
P 2 2
.\
Tq=32[—

x—l2 6 x -1 10
i 2 " 2 |7 ~ i x2+10x+29_zx(x—1)+llx+29
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4x2-9x +5=0
roots are 4x2—4x—5x +5=0
4x(x -1)-5(x-1)=0

p+q=10

10.2)  2l0g;o(4* ~2)=1+logyq [4X v %J

(4% =2y =1o[4X +%]

4% =t

t2+4 -4t =10t + 36

t2-14t-32=0

t2-16t+2t -32=0

t(t —16)+2(t -16)=0

(t+2)t-16)=0

= t=16 = 4¥=16=4%> = x=2

31 4

1 0 2/=3(0-2)-1(0-4)+41-0)=-6+4+4=2
210

11.(C) (100) (100) + (99) (101) + (99) (102) + ......+ (1) (199)

99 99
Z(lOO ~r)100 +r1) = Z(lOO ~r)100 +r)
r=0 r=0
99 100
- @00? -r?)= %" 100% -r?)
r=0 r=0
- (1002).100 - 29200)A99) _ ;5012 _ 10 100)AOD(20D)
6

=100° - (33)(50) (199)
a=3; B=(33)(50)

Slope Slope =+ =550

100 100 llOO 1 1
12.(B = =
(&) z(2r+l Z 2r+2 ZrZ:l:[Zr 2r+2j
1(1 1 J 1 200 25

22 202) 2 2202 101

Q=
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1
13.(14) By the condition _6 aand b arein G.P.
1

b
a2-—=16a%=b
16

11
And it is also given that —,E, 6 are in A.P.

a
2 1 1
—=—+6; =—+6; a=— and a=-——
b a 16a2 a 1 4
. 1
Given that a > 0,soa = —; b=—
12

Now value of 72(a +b)=l4
14.(16) S, (x)=log, x{2+3+6+11+18+27 +.....+nterm }

Let S=2+3+6+11+..... +nterm
Then S =2n +w; So Sn(x)={2n +W}Iogax

It is given that  S,, (x) =1093

24 x23 x 47 1
48+T log, x =1093; log, x :Z

x =al/4 ()

Now S;,(2x) =265

11.12.23 1 1/2
(log, 2x)| 24 + ——"—| =265 Ioga2x=5=l, 2x =a
2a1/4:a1/2; 16a=a2; a=0 and a =16
But a #0. so a =16
4n 2n
15.(8) S, —S,, =1000 = 7(2a +(4n -1)d —?(Za +(2n —1)d) =1000
= 4an +2nd(4n -1)-2an -nd(2n -1) =1000
2an + 6n%d —nd = 1000
67”(2a +(6n —1)d) = 3000
Sg, = 3000
16.(3) G.P.:4,8,16, 32, 64, 128, 256, 512, 1024, 2048, 4096, 8192
A.P.:11,16, 21, 26,31, 36 .......
Term 256, will be 50™" term of A.P.
Common terms are 16, 256, 4096 only No. of common terms = 3
17.(A) 2loggx +3logg x +4logg X +....+22logg X = 504
21
loggx[2+3+4+..+22]=504 = |Oggx?><|:2+22:':504
21
= IOQQX?XI:2+22:|:5O4 = logg X 21x12 =504
| 504
0gg X = =
99X = o2
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x=92 =5 x =81

1 _A0 Ay Azo
18.09) a(a+l)...(0c+20)_ a +0c+2+"" o+20

1=Ag(o+1)...(a+20)+Aja(d +2)...(a+20)+...+ Ayga(a+1)....(x+19)

1
PUt o = -14 =
Aaa (-14)(-13)....-1.2...6
Put 15 !
o=- =
P15 (-15)(-14)..(-D12..5
13 !
o= =
Fus (-13)(-12)....(-1) 1...7
1 1 1 2
2 X — 2
[A14+A15] 14 6 (-15)(-14) =[i_iJ _°
Ars 11 5 2/ 100
6 7
a a a S a a
19.(7) S={—1+—2+—3+..} —={—1+—2+..}
23 56 59 56 |59 o2
1 1 1 an—a a,-—-a
gli_ A |t .t 3" 33-3
64 53 56 59 512
63 1 1 2a2 2a3
64 |8 64 29 ol2
63 8+1 1 1 63 9 5 1
S— = +—|S-—— || S—=| —+——— 635-165 =7
64 | 64 22 >3 64 |64 4 32
63 9+165-2
— 22 _|2ETTA ) 475=7
64 64
20.(1251)

2040 = 23 x 3L x5l %17
.. Required numbers must not be the multiple of 2,3,5 & 17

Let n(A)= sum of number divisible by 2
n(B) = sum of number divisible by 3
n(C)= sum of number divisible by 5
n(D) = sum of number divisible by 17

Required Ans :(1+2+3+....+100)—[n (AuBuCuD)}

100 x101
2

-[Zn(A)-Zn(AnB)+En(ANBNC)-n(ANBNCND)]
_n(A)+n(B)+n(C)+n(D)

- (AnB)-n(AnC)-n(AnD)-n(BNC)-n(BnD)-n(CnD)
+n(AmBmC)+n(AmBmD)+n(AmCmD)+n(BmCmD)
_—n(AmBmCmD)

=5050 -

(2+4+6+....+lOO)+(3+6+9+....+99)+(5+10+15+....+100)+(17+34+....+85)

~(6+12+18+........ +96)— (10 +20+....+100) - (34 +68) - (15+30 +... + 90) - (51) - (85)
= 50997 (30+60+90)+ (0)+ (0) + (0)

)
=1251
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21.(C) Leta = first term of A.P
d = common difference of AP
S3n =35y,

3x2n

37r][2a +(3n —1)d}= [Za +(2n —l)d}
2a+(3n-1)d = 4a +(4n -2)d

0=2a +(n —1)d

an
o San 7(2a+(4n ~1)d) _2[—(n ~1)d +(4n —1)d]_2[3nd]_6
Son 2—n(Za +(2n —l)d) ~(n-1)d +(2n -1)d nd

2

22.3) Let Acis2q 2 20

i = +§+3—2+3—3+ ...... 00

1 1 1

:§+3—2+33+ ...... 0

1/3 1
===
R
3
N 10
=l+—+—+—+........ 00
3 32 33

| = (3)I0g0_25(0.5) _ \/5

12=3
100 50 49 50 49

23.(D) z{(‘f ”} -y [(—1)2”‘ @} - {(—1)2“1*(2”‘2”)} “S me Y m+
n=8 m=4 m=4 m=4 m=4

49 49
= Zm—2m+50—46=4
m=4 m=4

7
24.(3) 2logg(2* -5)= Iog32+log3[2x _E]

Let 2X =t

2 7
log,(t —5)° = logs 2 t—E
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t-52=2t-7
t2 12t +32=0

t-4)(t-8)=0 = 2X=4o0r2"=8
x = 2 (Rejected)

Or x=3
n-1
nn-1)(n+1)
25.B) S, =Z r-(n-r)= .
r=1
= 1 1j1 1 1 e-1
Z —|=_ —I+—|+—|+.... = —
~= 3mh-3)! 3|1 2! 3! 3
26.B) a;,a, ag, a,; > A.P.
20
lja,.,—a 4
> —{M}— = a(a +20d) = 45 - (i)
~ d| a,a 4 9
and S,, =189 = a+10d =9 — (ii)

a=15 and d =-3/5
or a=3 and d=3/5 .. ag a =72

27.(398) 7x8,10x10,13x12,16x14......
T, =(8n +4)(2n +6) = 2(3n + 4)(n +3)

=2(3n? +13n +12) = 6n? + 26n + 24
10 10 10 10
Sio = ZT” = GZn2 +262n +24Zl
n=1 n=1 n=1 n=1

_810x11x21) | 56, 10;11 +24x10 = 3980

S
Mean:ﬂ:ﬂ:SQS
10
1+2n 1 1
28.0) T, = > > =" >
n<(n +1) n (n+1)
10
S0 =2 Tn
n=1
1 1
T, = -
1
1?2 22
1 1
T, =—-—
2
22 3
1
1
|
poi 1
n2 (n+l)2
s 1 1 1 1 120
n~-_2 2 10 5 .2 a4
1?2 (n+1) 1 112 121
n =10
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29.(B) Let numbers be i,a,ar — G.P.
r

3,2a,ar — A.P.
r

2(2a) =ar + a
r

4a=ar+3
r
r+£=4
r
r2-4r+1=0
r=4i—“l6_4 =4i£ =2++3
2 2
4 term in G.P. = ar? = 3r?
a=3
r-2+v3,a-3d-2a-2 —6-_3
r 2+\/§
d=6-32-+3)
d=3/3

r?-d =(2+\/§)2—3\/§ =4+3+4J3-3J3 =7+43

244+6+...+ 4 2(1+2+3+....+y 4
30.(C) Y _ ( ) = = logyo X = 6 = x =10°
3+6+9+...43y logjgx ~ 3(1+2+3+...+y) log)x
1 1
Also, y = (logyg X ) +| logyo X3 |+| log;o X 9 |+.....0
- [1+—+—+ ....... ooJ(Ioglox) = y = T [l0g10% =9 (x,y) = (106’9)
1-=
3
31.(7744)
A number is divisible by 11 if difference of sum of digits at even places and sum of digits at odd places
is divisible by 11.
Possible cases are:
209 + 220 + 242 + 253 + 264 + 275 + 286 + 297 + 308 + 330 + 352 + 363 + 374 + 385 + 396 + 407 +
429 + 440 + 462 + 473 + 484 + 495 = 7744
32.(2021)
d=-3 Cy, =a, +b, €3 =13
r=2 al—3+b1~21:12 ag +by =13
a;+2b, =15 ... 0) a;-6+b; 2% =13

a, +4b;, =19 ..._(ii)

-2b; =4 =

10

K=1

10
= %[2><11+ 9(-3)]+ 2{22 1

a;+4b; =19 ... (i)

ZCk=(al+a2+ ..... +ay9)+(bg +by +..... +byg)

. } =5[22 - 27]+2(1023) = —25 + 2046 = 2021
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33.(136) 'p, +2.2P, +33P;, ,c°Pc =%, -5;0<s<1

n!
- 1142.(21) +3.(3!) +... +1515!) = 9p, —s P = -n!
(n—n)!
15 15 15
= Zr.(r!):qpr—s = Z[(r +l)r!—(r!)J:qpr—s = Z((r +1)t-r)=9p, -s
r=1 r=1 r=1
21-1!
+3!1-2!
= +41-31 t=9p —s=161-11=-9p -s = ®p _1-9p _s
+16!-15!
= g=r=16ands=1= 9%%Sc__=1c . =136
34.(A) a+ar+ar?+...... oo=15:li=15 (i)
-r
2 2
aZ+(ar) +(ar?) +........ 0 =150 = =150
o)+ o)
= 2 || -2-]-150= (15)| -2~ |=150 = 210 (ii)
1-r ){1+r 1
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vMC

Vidyamandir
Classes snce s

IT JEE | MEDICAL | FOUNDATION

Solutions of Archive - JEE Main & Advanced

Sequence and Series

Class - XI | Mathematics

JEE Main 2022

1.(2) Mass of acetic before adsorption
w; 1000
= — X —
60 2000
w; =2.44g
Mass of acetic acid after adsorption
w, 1000
0.1=—5x
60 200
w, =129

Mass of acetic acid adsorption
W -W, =2.4-1.2=1.2gram

. . 1.2
Mass of acetic adsorption per gram of carbon = — =2
0.6

2.(B) a)+ay+ag+..... +a
a, +ay +agt ... =120 ()]
= a1+a3 +a5 ...... :192_120:72 (|i)
Equation (i) — (ii)

(a2—a1)+(a4—a3)+ ..... :48

n ..
1+1+1+..... +—times =48
2

...... 100 terms

3-2) (32-22) [33_23) [34_24
= + + + F o
3 32 33 34

3.(98) S=—qotoiy
81

2101 2101
[s]= 98+3100 =98+ 100 =98+0

=98
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4.(40) aj+ay=2az+1
ar +a1r3:2ar2+1 ()
3aqr + a1r2 = 2.’:11r3
ar(3+r —2r2):0
2% _r-3=0

22_3r+2r-3=0
r(2r-3)+12r-3)=0

1
a1=—Z<O but a; >0
So, r = -1 (Not possible)

For r=

N w

3 27 5 9 1
A X—+ay Xx— =2a, Xx—+
1 2 1 3 1 4
12a, + 27a 36a
1 1 _ 1.4
8 8

8
a; =—
173
8
alzg,az=4,a3=6,a4=9,a5=27/2

a, +ay +2a5 =4+9+27=40

6 12 20 30
5.(C) S=2+—+—+—+—
72 73 44
Considering infinite sequence,
6 12 20 30

?
6S 4 6 8 10
= —=2+—+ +—t—+ ..
7 7 72 73 44
6S 2 4 6 8
= = —_t +—+....
72 7 72 43 44
6S 1 2 2 6
—|1l-—— =2+ —+—+—+......
7 7 7 72 43
62 2 2
= — =_1=EX7
7 1_7
7
< 2x73 as 78 (7
= = = =—=|—
63 33 (3

Archive Solutions | JEE Main & Advanced | Page 11 Class — XI | Sequence and Series



Vidyamandir Classes: Innovating For Your Success

6.(D)

7.€)

8.(276)

9.(C)

1
aja,,ag....AP.;a; =285 = 3;dl = 3

1
bl,bz,b3, ..... A.P.;bl = E;b10 = ;d2 =—

[Using ayb; =1=a,4b;g;d; &d, are common differences respectively]

el i) 623

o0
X=Za" —1+a+a%+ad+....0

n=0

1

1
X=——=a=1-—
l-a X

Similarl ! b=1 !
imilarly y=——=b =1-—
1-b y

1 1

z=——=Cc=1-—
1-c z
-.a,b,c arein A.P.

1 1 1 .
1-—,1-—,1-— arein A.P.

1 .
— are in A.P.
X

N | P

3 4

_

2
65 325 1025 2501

+ upto 10 terms

T =
(2r2 -2r +l)(2r2 +2r +1)

1 2r2 +2r +l)—(2r2 -2r +l)

T =_
v
4 (2r2 —2r +l)(2r2 +2r +l)
10
Sip = ) T, =276
r=1
. DY SR A,, 100
[ |
(n+2) terms
100 -a
d=
n+1
100 -a
a+n
A, a+nd n+1 -
A - 100-a
A a+d as
n+1
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an +a +100n —an

an+a+100-a
33-n+100n

“n(33-n)+100
= 33+99n =7(—n2 +33n +1oo)

= 7n? -132n - 667
On solving n = 23.

2 2
n n(n+ )
10.(41651) s, = 1 = (n +2)
Y
(n +l)
n(n2+2n +l)
S =— 7
n (n+2)
n[n(n+2)+1}
Sh =
(n+2)
s 1
=n|n+
n n+2
n+2-2
Sn -n?
(n+2)
2
S, =n2+1-
n (n +2)
50
1 1 1
Now _+Z (nz—n)—Z -
26 n+2 n+1
n=1
= 41651
11.(C) A A, Ag Ay Ag
a a a
— — a ar
r3 r2
a a 3 1
—.—.ar. =—
r3 r 1256
1
at-—_
1296

1 50x51x101 50x51 5 1 1
E— — —_ —_—
26 6 2

Ag  Ag Ao

2 3 4 ar5 ar 6

1 7 1 7 1 1
al =+lj=—>=>—+l=—=>—=—=r== 6,r=+\/g
r2 36 6 2 6

2 r

Neglect r = _\/E
Now Ag+Ag+Ag
Now Ag+Ag+Ag

2 4 6

ar-+ar " +ar

a(r2 +I'4 +I'6)
1
—(6+36+216)
6

(1+6+36):43
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12.(C) Denominators of given series are in G.P.
Denominators of numerators are in A.P.

Let Ny denote the k™ numerator
N1 —Nig =3k +1
= N, -N; =4

N3 -Ny, =7

N, -N,_1=3r-2

)
= N, —N; = (3r+2)

2

r-1)3r+2 3rc—r

O e (C
2 2

r-1
th ; 1
Also: D, =r denominator = g

o0
r+1)(3r+2
L sy Ed)
6!’
r=0
1 5 12

S
= — =4 —+—......
6 6 62 63

13.(2223) First AP 3,6,9,12, ................ ,234
Second AP 5,9,13,17 .........cc... , 237
Common terms of AP are 9, 21, 33, .....
Let no. of common terms be n
Then 9+(n -1012 <234
= 12n-3<234

12n <237

n<19.75

Sum of common terms
=9+21+33+45+...... upto 19 terms

LUl

19
= [2x9+(19-1312]

19
= ?[18 +216] = 2223
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14.(B)

@nip—8py —ay +1

n=0 a,-a;=a;-ag+1
n=1 ag-a,=a,-a;+1
n=2 ay-ag=az-a,+1

8n42 ~@ny T8nyg —8p +1

Adding a,_ » -a; =a,,1 -85 +(n+1)

= 8ny2 A =n+l
n=0 a,-a; =1
n=1 ag-a, =2
n=2 ay-az=3

anip-8p=n+l=a,,,=

(n-
n- 2
1(1.2 2.3 3.4
—)—t—tt—+...
272 73 74
1.2 2.3 3.4 4.5
OO:_2+_3+_4+_5+"'
7 7 7 7
1 1.2 2.3 3.4
=S, =—F+——F+—+...
7 73 74 7P
6 1.2 22 2.3 2.4
—S =—+—+ + + e
7 72 73 74 7P
2 2 3 4
=—|1+—+—+—+
72 7 72 78
1
2 1 1x—
“ 2T 1" 2
1= 1 1
7 7
2(7 7 1
= | - — | =—
496 36 18
17 7

i 1S (h-1n

n+L(Nn +2)

2

n
n=2 7
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VMC Vidyamandir
Classes snce o
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Solutions of Archive - JEE Main & Advanced

Complex Numbers Class - XI | Mathematics

JEE Main 2021

1.(10) Z=Xx+ly

X+iy +on/(Xx—1)% +y? +2i =0
y+2=0; Xx+ay(x-1)%+y?=0

y=—-2;x*=a?(x* - 2x+1+4)

2

2 X
e S
X" —2X+5
?e[0,5/4] = {-??} ;P=—§, q=§ = 4(p°+q°)=4x(5/4+5/4)=

2.(310) -1+i+/3 =20

(—l+ |\/§)21 — 221

A+iV3)=-

@+iv3?t

a4 :(\/E.e—in/4)24 _ 12 -ibn _,l12
@+i4 =212 . k=0

Z(]+5 Z(]+5) =(5%+62+72+82+92110%)-(5+6+7+8+9+10)=310
j=0

3.(D) Puttingz=x+Yyi

%:3 = 2y =x ..(i) and (2+i)(x +yi)+(i-2)(x -yi)-4i =0 =>X+2y—-2=0 ...(ii)

On solving (i) and (ii) P (1,%]

- 1
Now line iz+z+1+i=0 = x-y+1=0 which is at a distance — from (1, —]

2f

4.B) - apeR
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Given eq" : 2% +az +B=0

If one root is 1 - 2i, then other root is 1 + 2i.

Sum of roots = —q = (l+2i)+(l—2i)=—oc:>oc=—2

Also product of roots = B

(1+2i)(1-2i)=p = p=1+4=5 . o-B=-2-5=-7

5.(3) x3-2x2+2x-1=0; (x—l)(xz—x+1):0; x=1 X >

162

_1i\/§i

X =—w,—032 ; (1)162+(—w)162+(—w2) =1+ 4+ 0% 2141+1=3

6.48) |z+5/<4
z(1+i)+Z(1-i)=-10
Max. value of |z +1|2 is o+ B2
(a+B)=?
Z2+7+i(z2-7)2-10

X+iy +X—iy+i(x+iy —x+iy)=-10

2x+2yi*2-10 ; 2x—2y>-10
X—y=>-5 (i)
|z+5/<4 (i)
(x+5)* +y? =16

X=y-5

(y-B+B) +y2=16; 2y’ =16=y?=8 ; y=-22
x=-22-5; z2=-22-5-2/2i

7+1=-2J2-4-i2J2 ; |z+]f=(—2\/§—4)2+(2\/§)2 =32+16V2 = 0 +p=48

7.(D) 312{2ec:|z71|sﬁ} ()
S, :{z eC: Re((1—i)z)z1} ...(ii)
S, :{z eC: |m(z)s1} ...(iii)

S, represents all point lying on a circle
and interior to the circle

having centre A(1+ 0i)with radius J2.
Let z=x+iy = Re[(l—i)z] >21= x+y21
Sy Imx +iy)<1l=y <1

Hence, shaded portion represents S, NS, N S;.

8.(A) a‘z‘2+az+az’+d=0 or a‘z‘2+ai+az+d=0

Solutions Archive | JEE Main & Advanced | Page 2
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Comparing this equation w.r.t. ‘Z _ZO‘ =r

= (z-20)(Zg-2Zg)=r% or ‘z‘zfizofz’oz +‘zo‘27r2=0
a o d
or I:%:m = aeR
0
2
or ‘zo‘z—rzz9 or 202=Z2
a a
g sy e
7_r2_ﬂ N r2:|oc| ~d_lo’]-ad
a? a a? a a?
or |(x|2 -ad >0

9.(6) if z;,z, and origin form an equilateral triangle, then either

n/3

7, =z.€ or Z2, =2 eiﬂ/3 z23423-0 722 _z2.2,+722-0

2=4 1722 = 2t =0 = 2702 +2Z1 =
2 _

= (21 +25)" =32425

Z,+2y=-a;2Z,=12 = a’=36 = a =16 = lal=6

10.(D) ‘5ﬁ+9i‘: (25x7)+81=16

log,, 2
s :e[ [l ]:e,ogez[ EE [2+4

RH.S. =log 716 =2log,16 =8 = 23

To saive :[HH] ;

Hz‘+1‘

Multiply by |z|+1 (always +ve) :>(‘z‘+3)(‘z‘—l) >3z +3

Let|z=t>0 =t?-t-620=(t-3)(t+2)20  =te(-=o-2]u[3x)

Ast>0 = |z| =3, minimum value.

11.(C) Clearly the area of triangle is %|z lzil= % |z |2

12.(A) Areaof AWOZ = L1x2x1 -1
2 "2
Z
£
O
2,
W(l-\/Ef)

13.(0)  P(x)is divisible by x? +x +1 = (X — @)X — ©?)

Where o & o® are non-real complex cube root of unity
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P(w)=0 = fQ)+wg@)=0 ... (i)
P(0?)=0
f(1)+ w’g(1) =0 .. (ii)
From (i) & (ii)
fQ=9@)=0 ~PQ=f@Q+9@=0
oo o e, (100, e
5\azl-y 1z1-1° 2
- |z|2 -4]z|-21<0 = lzlg7 .. Largest value of |z |=7
15.(4) - |z +i|=|2—3i| = zliesontheliney=1 .. Z =X +i

Now, @ =27 -2z + 2

o)=(X +i)(x—i)—2(x +i)+2
m:(x2—2x +3)—2i

Re(oa):x2 -2X +3

For min Re(w), X =1 = 0=2-2i Minimum value of
n(neN),o" =(2(1-i))

Isrealisn=4

16.(A)  arg [1_ 27(0} =arg [ﬂj =arg(1-2i)(1-3i) =arg(-5-5i) = —37”

1+37Zw 1+3i
17.C) z - 1 X1—cos®—2isine
1-cos0+2isin® 1-cosO-2isin®
1-cos0-2isin0®
(1— cos 9)2 +(23in 9)2
1-cosH .2 1 2 2
R(z):—+4sm 0=— = 5-5cos=1+cos“06-2cosb6+4 —-4cos“0
(1—0039) 5
= 300326—30036:0
T
cose(cose—l)zo 0=0,— ec—(O,n)
2
n/2 /o
. T
sinx dx:[—cosx}o =1
0
18.B) S, = {z eCl|x-3- 2i|2 = 8} represents a circle centered at (3,2) and radius = 2+/2

S
S3

{zeC|Re(z)>5}:x>5
{zeC||z-7|28}:y=>4
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) ) x=3
(-3 +(-2) =8
A
y=4
o)
[ ]
3.2)
(5,0)
y=-4
(5,-4)

Number of solution =1

19.B) S, =2z(l+i)+Z(1-i)>4

2 2
X-y=2
S, nS,
1 2
d=
2 2z
1 1 1
d=
22 JE
d 5 1
=4 —
4 2
20.(1) (3+2icos0) (1+ 3icoso) 3-6c0s?0+11icosl
’ - (1-3icos0) 1+ 3icosoh) - 1+9co0s?0
1
Real (2) =0 = coszezz = 0 =45°
. 5 1 1
sin“(135°) + cos“(45°) =—+—=1
2 2
21.(A) Given Z_i_ eR = arg Z_I_ =0ormn = i,—2i and z are collinear
zZ+2i z+2i
= z lies on y-axis
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i i \n-2 H \N— H -\n-2 . .\n-2
22.(6) (Z-I):—z XG-HJ :(Zl)n(i-l.2+l)?22 - (ZI)n(ltzl)n - z "n(l_-;I)n =4.i"1+i)"2
—i +1 (17| )n 2n 2n
n=2 -4
n=4 =4(2i)

nN=6 4.i%.(@+i)* =4i%(2i)*> = -4(-4)=16
23.(A) (V3 +i)%9 =299 +iq)

(\/§+i):29in/6

T

i(lOO—] i(soﬁj

N (V3 +)L00 — 2100, 6) 2299 2e \ 3)| 2991, f3i)
= p=-landq =3

Equation is x2 —(+/3-1)x -+/3 =0

However it's not given that p,q e R and so there can be many such equations.

_1-iV3 :_(—1+i£J:_w

24.(13) z

2 2

3 3 3 3
1 2 1 3. 1 21 1
Now, S=21+{z+—| +|z |+ z T |t z t—T
z z z z
3 3 3 3 3 3
1 > 1 3 1 4 1 5 1 6 1
=21+{|-|o+—| |+ +—| |0 +— HoTt | S OT | O e
) 0)2 u)3 ® ® [0)
3 3 3 3 3 3
1 1 1 1 1 1
+ —[0\)134’?] +((,014+?] —((1)15"’?] + (,016+? - (D17+? + (018+?
[ co co [ [ co

3 3 3
1 1 1
R B R e B Kt s
Q) [0 (O]

Clearly, all the terms present in curly bracket cancels each other.

@ [O)

3 3 3
o2 +1 ot +1 ® 3 2
=21- + -8 =21-|——| +|-—| -8 =21+1-1-8=13
® @2 ® 2

25.(B) arg(Z _1J = %

3 3
1 1
Hence, S =21+{0}+ _(QH_J +(w2+—2] —2%

z+1
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Z
)
i
(-1.0) (1,0)
z, -1 z,-1 |z, -1 =
= arg| = =z = e 2
z,+1) 2 z,+1 |z, +1
z,-1 . , B L
= Z°+1:| {..‘Zo—l‘—‘zo+l‘ and e? =i}

Hence, Centre : (O,l) & Radius = \/E

A0
P 40 0= (2, 2)
o

26.(5)

|3iz+6]=3]z-2i]
Maximum value of 3]z -2i| woule be attained at Q (3, 2)
Q(z)=3+2i =a+ib

27.(98) Let z = x +iy

X —2+iy Vs
arg| —— ==
X +2+iy 4

arg(x —2 +iy)—arg(x +2+iy):%
tant| Y |_tani| Y _|-Z
X -2 X+2 4
y |y
X—-2 X+2 —tanZ =1

v )

XY + 2y — Xy + 2y _1
x2—4+y2

4y =x2—4+y2
x2 +y2 -4y -4=0

Locus is a circle with centre (0,2) & radius = Z\E
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minimum

min. value = (AP)2 = (OP —OA)? = (9\/5_2\/5)2 - (7&)2 - 08
28.B) a, =e'?"/° S r=123..

r

aq,a5,Ag,. are in G.P.

2 .3 2
a, a, ag| (A1 & 1 a a)
.4 5 6| _ 4_7 2| _ _ 410 10 _
a, ag ag|=[a; a; a |=ya;a41 a; aj|=0 and a,ag-agza;, =a; —-ay =0
a a a 7 8 9 2
7 8 9of |2y a; 1 a; aj
b1 Vi -y b1
29.(6) Arg(zl—zz)z—:gztan—
4 Xq = Xo 4

= Y17Y2=X1=X3

and|z —3| = Re(z)

(x—3)2+y2 =x2

= y2=6x—9

Vi -¥3 = (6%, -9)(6x; -9)

(y1 *yz)(yl +y2):6(x1—x2) = Y1+y2=6
30.(C) Let z=x+iy

22+3Z=O:x2—y2+i2xy+3x—i3y=0:>x2—y2+3x:O

= x?-y?+3x =0 & {y =0(OR)x =3/2]

Case I: y=O:x2—02+3x=O:x=O,—3

ie. x=0y=0;x=-3,y=0=2z=0,-3

9 o, (3 343 3 .33
Casell: x=3/=2-y?213|2|=0y=t"2"5z="4j23>
A i (2] Y 2 27 2

Hence, k =4
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JEE Advanced 2021
1.(0) z =€

2 =7y _ge'%

2y - oi(01+0)

0,
=‘/2—200392 =|2sin—=
2
0
: 3
Za—Z5|=|2SIN—=
[23- 22| 5
0.
(210 —21) =[2sin 2L
2
0 0 0
2| lsin—2| + |sin—3{ + ..... sin—19| ¢ [sin—L
2 2 2 2

Like wise for g statement also

Z‘Sin 92‘ + Z‘Sin 93‘ +..... Z‘Sin 910‘ + Z‘Sin 91‘

2.(BD)

= | a3

3.0 (—a, ())‘

Solutions Archive | JEE Main & Advanced | Page 9
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VMC Vidyamandir
Classes snce s
IIT JEE | MEDICAL | FOUNDATION

Solutions of Archive - JEE Main & Advanced

Complex Numbers Class - XI | Mathematics

JEE Main 2022

1.(B) Student may get confused as coeffcient of x in the given quadratic equation is missing.

2.0) A={ZcCA|Z-1+I)<A&B={ZecA:|Z-1-i)]=1

3.(C) ‘736 + p«/Ei‘ -52

18+2p2 =50 =p? =16p = +4
4.(80) Here |z-3]<1
= (x—3)2+y2 <1

and z(4 + 3i)+ Z(4 - 3i) < 24

= 4x -3y <12 (3.0

4 .
tan6 = — Jl 4
3

. 12 4
Lo+ —+—i
5 5

- 25(c.+B) = 80

Solutions Archive | JEE Main & Advanced | Page 10 Class — XI | Complex Numbers
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5.(C) Z;=iZ,
=(Z,)=(Z,)
=27y =-Z, ..-(i)
Given,
A
arg[_—lJ:n
Z7
= arg| —==|=n from (i)
Z7
:>arg(—i22)—arg(z_2):n
:>arg(—i22)+arg(22):n
Let arg(Z) =6
T
-——+0+0=mn
2
3n 3n
=>20=—=0=—
2 4
arg(z )—3T[ and arg(Z,)= T
9(£5)= 2 9(£1 =2
6.B) z,(3+4i)=A(34)
z,(4+3i)=A,(4,3)
z5(51) = A5(0.5)
z(;t z)zA(x,y)
[NV bkl (i N P W
S| ——||—|=-1=>2x-2=y ...
AMithhs =175 02a Y
Equation of circle : x2 +y2 =25
. . -7
() & (i) = X =3 —
5
y=4,-24/5
7 24 _1|-2475
=| —-—i |=>arg(z)=tan
5 5 -7/5
:tan*1(24/7)fn
7.(2) Asgiven 2% +2+1=0
~1+4/3i 5
= = 0,0
2
15 1
n n
Now, Z[z +(-1) —n]
n=1 z
15 1 15
_ 2n . — N 2n n
_Z(z +—n +2(-1) ]_Z[z +z
n=. z n=1

(i

...(ii)

+1+2(-1)" —1}

Solutions Archive | JEE Main & Advanced | Page 11
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15 15
=Y a+2"+22M+ > @1 -y
n=1 n=1

= (3x5)+(2x7 —(2)(8)-15)
=15 +(-17) = -2

15 1 2
Z [z” + (-1 —nJ

n=1 z

z-1) 2=n
Z+1<1 and B=zeC:arg =—
1 z+1 3

8.(B) Asgiven A :{z eC:

S <z

/ ' > e 1.0(0.0)
{_10)///%22:3 - 2413 » LA

Zy

zZ —

0-z4
1/+/3) 2/43

After solving we get z5 =1/ \/g)i

Using rotation theorem

9.(C) (x —4)2 +(y —3)2 =4

H.uy\ (2.0) (5,0)

Lower Extermity of vertical diameter of circle — (4, 1)

2
o (4-2)° 1

Put in ellipse = +E_1

4 1
=—+—_-1

9 5

29
=""_1<0

45

Two solutions
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10.B) a=a-ipacR;peR
. . 2n . . 2= _
4ix +(1+|)y=0 and 8(cos?+|sm?]x +ay =0

4i 1+i

gei21/3 =0

= 4ia - (1+i)8e'2™3 = 0

= 4i(a+i[3)—8(1+i)[¥}:0
= ia—B+l+\/§+i(l—\/§)=O

= ia—B+l+\/§+i(l—\/§)=O

= B:\/§+1
(12\/5—1
J3-1
So, . —2-3
° BoV3+1 s

11.(A) Let Z =X +iy
According to question
zZ =iz?

X —iy =i (x2 —y2 + 2ixy

By comparing

X =-2xXy & x2 —y? =y

By solving X +2xy =0

1
Weget x=0 & y=-——
2

If x=0theny=0o0r1

V3

-1
If y=— then Xx =+—
Y 2 2

_ J3 -1 3
So non-real Solution are P(O,l),B —— | & R| —,—
2 2 2 2
1 3 33
Hence area of polygon PQR - ZxZx43 :Tf
2 2

—i 0

w3

12.25) A _{1_” 1}
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el L

A4 |t Oy
0 1

A4n+1 - A

= total elements in the set is 25

13.(2) z 4z =iz2 4+ 22

Consider z = x +iy

2x = (i +1)(x2 —y2 + 2xyi

= 2X =x2—y2—2xy and x2—y2+2xy=0
= 2x = —-4xy
= 0 —
x=00ry=—
Y 2

Casel: x=0=y=0herez=0

-1
Casell: y =—
Y 2
2 -
= 4x“ -4x-1=0
(2x—1)2=2
2x—1=4_r\/5
1442
X =
2
1+v2 i 1—\/5 i
Here z = -—orzs= -—
2 2 2 2
2
(1—&) +1 (1—&) i1 g
Sum of squares of modulus of z =0+ + =—=2
4 4 4
14.(40) 1<|z—3+2i|<4
= 1<(x—3)2+(y+2)2<16

Shift origin at (3,-2)
= 1<x?+y® <16
For x? +y? <16 = (0,0) and ((0,1),(0,2),(0,3)) on + X axis
and (11),(1,2),(1,3),(21),(2.2).(2,3),(3.1).(3,2)in first quadrant.
- 1+4x3+4x8=45pointsand for x* +y® >1=remove (0,0),(0+1) and (1,0)=5

points. So total required points = 45 -5 = 40

Solutions Archive | JEE Main & Advanced | Page 14 Class — XI | Complex Numbers
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15.(A) x% +x2 +1 =(x2 + X +1)(x2 +X +1)

= Roots are: t o, + @2
= b =1and o® =11
- 42022 _4
and (xlO]‘l _ (x3033 —4+1

N 41011 _ 3033 _
16.(C) |z | =3 represents a circle with
C,:(0,0)

Rl = 3
Y
arg(3-1)—arg(3+1) = 7
Represents the major arc of the circle (lying above x-axis) with centre.
C,:(0,1
R2 :\/E
C1C:2 = 1< Rl - R2
= 2nd circle is fully contained inside first.
17.(A) x2=1-2i
a? =p%=1-2i
a8 =p8 =@-2i) =1-4(2i)+6(2i)% - 4(2i)° + (2i)*

=1-8-24+32i +16
=—7+24i

‘as + 38‘ =|-14 + 48i| = 196 + 482 = 2\49+ 242 ~ 50

18.(26) |z - 2| <1 represents interior of the circle ((2, 0), 1)
Let z =x +iy then
z@+i)+z@1-i)<2
= X +iy)L+i)+(x —iy)d-i)<2
= X+IYy+Xi—y+X-y—Xi —-yi <2
= Xx-y<1

. 1 2i
|z —4i| is maximum at z4(L+0-i) and minimum at 22(2 ——+—]

J5

J5
5(Jaf + e2f | #

1 4 4 /
=5(1+4+———+—]
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=5(6—%]=30—4\/§

:a+[3\/§
a+B=30-4=26
19.(A) Let z =x +iy
v=[eff +[z - 3f + |2 -6

V=X2

+y2+(x—3)2+y2+x2+(y—6)2
v =3x2 +3y2 —6x —12y + 45

_ g2 2
v=3X-2x+1)+3(y“ -4y +4)+30
_ 2 2
v=3(x-1)"+3(y—-2)°+30
Vg =Vpin =30 whenx=1andy =2

Zq =1+2i

2
2 =3 2
220 -Z4 +3 +Vg

2
‘2(1+2i)2—(1—2i)3+3 +302

.12
:|8+6|| +302 =100 + 900 = 1000

20.(0) z2+z=0
Let Z =X +liy

22 47 = (x +iy)? +(x —iy)

=(x2 -y2 £ x)+iy(2x —~1) = 0 + Oi

x2-y?+x =0 and y(2x -1)=0
Ify=0,then x2-y2+x =0
= x2+x:0 = x =0,-1
1 1 1
If x==,x%2-y2+x=0=> —+ =
2 Y 2 277
L3
Y 5
1 3i |1 3i
z=0,-1,—+—, ——L
2 2 2 2
1 3 1 43
Z(Re(z)+IM(z))=0—1+—+£+——£:0
2 2 2 2

ZeS

Solutions Archive | JEE Main & Advanced | Page 16
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21.(D) n has infinite solution.

2 -1 -1
22.(17) A={1 0 -1|=>A’=A= A" =Avne{L2,...100}
1 -1 0
1 -1 -1
Now, B=A-1=[1 -1 -1
1 -1 -1
B2--B - B3--B2-B - B%-B - B®-8B
Also, O)Sn =1

So, n = common of {1,3,5,...99} and {3,6,9,...,99} = 17

3
23.6) lzl=lz+1ll=>z=—*—i=0or o’
2 2
(Dn :(_wZ)n
. 1
24.(D) Given |z-—|=2
z

As we know

21 2o < fz - 22

1
|z|——£2
d
2] =r
r-—<2
r
-2<r-—<2
r
1 1
= r-—=-2 & r-—<2
r r
2 1>-2r & r2_1-2r<0
r2+2r—120 & r2—2r -1<0
71 i1
© <
+1-/2 B+l
r2+2r—1
o -2+V4+4
2
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o 2+42
2
r:—li\/i
r2—2r—1:0
‘o 2+J4+4
- 2
rzli\/E

|z|max =1+ \/5

25.(B) |z—1+i|2|z| = X-y<1

x+y=0
o 135°
N
W =2X +iy
1
2X £ —=> X £ —
4

26.(C) z=x+iy
IzE2= x2+y2 =4 ...(1)
and |z—i|=|z +5i|

= |x +ily —1)| = |x +i(y+5)|

:>\/x2+(y71)2 = x2+(y+5)2
=y?-2y+1=y?+10y +25
=>-12y=24=y=-2&Xx =0
So (0,-2) lieson xX+2y+4=0
1-isino 1-2isina

= X
1+2isino 1-2isina

27.(C)

N

1
Given Re(zl) =0

. 1 57 7n 57 7=
:>1—25|n2a=0 :>sin2a=— s>a=—,—, 200 = —,—
2 4 2 2

1+icosfp 1+2icosP
= X
1-2icospp 1+2icosp

Zy
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Now, Im g(zz) =0

3n
= cospB=0andf = ?,2[3 =3rn

D (izaﬁ Lt J =S iz - ‘Zasz

a,peS

28.(D) AB =A0.z ™2 _ 24

SO OB = (-2+i)+(1+2i)

z2,=-1+3i |221—22|=\/E
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VMC Vidyamandir
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Solutions of Archive - JEE Main & Advanced

Permutation and Combination Class - XI | Mathematics

JEE Main 2021

1.(A) Atleast 2 Indians & twice foreigners .. (21, 4F)+ (31, 6F)+ (41, 8F)
- 8C, 8C, + °Cy 8Cq + °C, BCq =15x 70+ 20x 28 +15x1=1625

2.(31650)

C gets 110c; x (29 - 2)

C gets 210¢, x(28 - 2)

C gets 310c5 x(27 - 2)

Add to set 31650
3.(A) xyz=24=233

Let x =2al><3bl, y =2%2 «3%2 and z = 233 x3P3

a;+ap+ag o

= xyz =2 by +bp +b3 = a;+ay+ag=3and by +by, +by=1= 502><3C2 =30

4.(32) Number divisible by 3 = 18 cases
=1,2,3,-6 cases =2,3,4—6cases =1,3,5—6cases =3,4,5—-6 cases
Numbers divisible by 5=4x3 x1 =12
Nos divisible by both = 4
Numbers divisible by 30 or 5=24 + 12 -4 = 32

5.(A) n(A)=3; X = °P3 = 60
. 15 15!
n(B):51 y: P3 2522730 = 2y=5460=91x

6.(45) For 3" +4" to be divisible by 10.

n can be any odd number . Number of odd two digit numbers = 45
41
7..C) 2 2 2 1 1 1 1 — =35
413!
7!
3 2 1 1 1 1 1 ; =42

Total 77 ways
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8.0) n=23Y5% y+z=5 y‘l+2_1=%y>2

So; Number of odd divisors = (1)x(y +1)x(z+1) =(y+1)(z+1)=1+(y+2z)+(yz)

1 5 y+z 5
— - =S —=—
Z 6 yz 6

1
=1+5+6=12 {- y+z=5 &;4-

:>£=§:>yz=6}
6
9.A) A={123,....10}

k+1 kisodd
FA=A f(k):{ k k iseven

f(1)=f(2)=2 f(3)="1(4)=4
f(5)=f(6)=6, f(7)=1(8)=8
f(9)=f(10)=10.
= 9(2)=2 g(4)=4

9(6)=86, 9(8)=8, g(10)=10.

So remaining 5 can map to any 10.
So number of functions g are 10x10x10x10x10=10°

10.(1000)

18=2x3 9k +3
4 digit numbers are 9000

From 4digit number
9k 1000

9k +1 1000

9k +8 1000

GcD of given number & 18 is 3.
Provided

(1) number should be odd

2) number should be divisible by 3.

(3) number should not be divisible by 9.
So number can be of the form 9k + 3 or 9k + 6
So total nos. will be 2000 out of which 1000 will be even so rejected
Final answer =1000

11.(C) Sum of numbers =3!(1+10 +107 +103).2 +3(1+10 +102 +103)(:L+ 3)
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=12 (1111) + 12(1111) = 26664

12.(300) Number of times 3 will be listed

13.(C)

14.(C)

15.(B)

16.(777) Total number of ways for at least 4 bowlers, 5 batsman and 1 wicketkeeper

=3C;9.9+3C,-2-9+3C5-3-1 =300

B=°C, x ‘C;x%; x%C, =1890

A
o =5C1><7C1><6C1-t-5C1><7C1><9C1-t-5C1><6(_‘,1><9(31-t-7(31><6(_‘,1><9C1
=210+315+270+ 378 9
B-—oa =717
7x4+6n =52 D
6n =24
n=4

Total number of points=3+5+6 =14

; 14 3 5 6
Required result = ""C5 - °C; - °C5 - °C5; =333
A

=9C, (7Cex2C, +7C5 x2C, ) +5C4 x 'Cy x 2C,= 777

17.(96) 0,2,4,6,8

(LI,
3waysl 1 way

4 ways 2 ways
4 ways to fill
{2.4.6.8}
= Required Ans = 4x4x3x2x1=96

18.(720)

f(1)+f(2)+f(3)=3 (i)
Since, function is bijective i.e.

one - one and onto;

1,2,3 € Domain, must have their individual different images in 0,1,2

Co-domain
{~= (i) must be true}

This can be possible by 3! ways.

5 points

6

Now, rest 0,4,5,6,7 ¢ domain, must be connected with 3,4,5,6,7 one to one by 5! ways

.. Required Ans = 315! =6x120 =720

19.(238) Number of students in class 10" =5

Number of students in class 11" = 6
Number of students in class 12" = 8

Solutions Archive | JEE Main & Advanced | Page 3
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Possible selection according to the question
(@) 2 from 10t
3 from 11t
5 from 12t
Number of ways in this case
5C2 X 6C3 x 8C5
(b) 2 from 10t
2 from 11
6 from 12t
Number of ways in their case
5C2 X 6C2 X 8C6
(©) 3 from 10%"
2 from 11%
5 from 12t
Number of ways in this case

5 6 8
C3x7C, x"Cyg
So total number of ways = 502 X 6C3 x 805 + 5C2 x 6C2 x 8C6 + 503 x 602 x 8C5 = 23800

So required answer is 238.

20.c) "c,="c,, = r+r-1=n = 2r=n+1 and "P="P.,,
= n-r=10r n=r+1 = 2r=r+1+1 = r=2 and n=3
21.(490) F(mn) = f(m)- f(n)
Put m=1f(n)=f@)-f(n) = f@)=1
Put m=n=2

f(2)=1 = f(4)=1
f(4)=1(2)-f(2) or
f(2)=2 = f(4)=4

Putm=2,n=3
when f(2) =1
f(3)=1to 7
f(6)=1(2)-1(3)
f(2)=2

f(3)=1or 20r3

f(5), f(7) can take any value

Total = (Ix1x7x1x7x1x7)+ (Ax1x3x1x7x1x7)=490
22.(924) 210 510 (4k, — )Mt (4k, +2)13

210 (4K, +1)10 (4k, )M (4k, +1)13

Number of divisor =(11x6x14) =924
23.(100) 5lalblblals]

It is always divisible by 5 and 11.

Required number =10x10 =100

24.(52)0,1,3,4,5,6,7
We need to find three digit even numbers
Case I: 4 or 6 are in unit's place
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25.(77) Words starting with A=A

26.(D)

i.e. 2 ways to fill unit's place

& 4 ways to fill hundred’s place because zero can not be placed here & 4 ways to fill 10's place

j i i2 ways

4 ways
4 ways

= Totalno.s=4x4x2=32
Case Il: Zero is fixed at unit’s place.

l i i1 ways

4 ways
5 ways
Hence, required number of numbers = 32 + 20 = 52

R R together = 4!
=60-41=36
Words starting with E =36

Rank of FARMER =36 +36+1+1+2+1=77
No. of distinct triangles = 1503

No. of triangles for which i+ j+k =15 is 12

Ans. 1°C, -12 =443

27.(576)
All consonants should not be together = Total — All consonants together = 6! - 3! 41 =576

JEE Advanced 2021

1.(ABD) n, =10% = 1000

For n,: Letj=j+2 = je{B. 10}
Because j>1 and j+2<10

For i < j', pick any 2 no. s from {1, 2... 10} except (1, 2)

10,
= n, =19C, -1=44
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1.(576) Let the number be abcdefg
“(@a+c+e+g)-b+d+f)=11K
a+tb+c+d+e+f+g=31
La+c+e+g=21&b+d+f =10
ora+c+e+g=10&b+d+f =21
Ifa+c+e+g=21&b+d+f =10
(b,d, f)e{12,7),(2,3,5),1,4,5)}
(a,c,e,0)€{14,7,9),(3,4,5,9),(2,3,7,9)}
. Total =(3'x3)(4!) =432
Now if a+c+e+g=10&b+d+f =21
Then, (a,c.e,g) €{(12,3,4)}

(b,d, f) e {(5,7,9)}
- Total=31x41=144
. Total numbers =432 +144 =576

2.(1633) Sum =(1+2+...+100)-(2+4 +...+100) - (3+6 +... + 99) + (6 +12 +.... + 96)

100x101 2x50x51 3x33x34 6 16 x17
= - - +
2 2 2

=5050-2550-1683+816 =1633
3.(40) Xy +Xy+Xg+X,+Xg=5
There is only one possibility i.e.
3,3,3,-2,-2

51

2x2 =40

. Number of ways is =
312!

4.(243) 1- - > 27 3 digit no, starting with 1 will be 27.

27 x9 =243
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5.(63)

6.(150)

AR
v v
#0 odd

Maximum sum of digits = 27
Possible sum of digits which are divisible by 7 =7,14,21

r=1=p+q=6=(p,q)=(15),(24)(33).(4.2).(51),(6,0)
r=3=p+q=4=(p,q)=(13),(22),(31),(4.0)
r=5=p+q :2:(1.1),(2,0)

C-ll: sum =14:

C-lll; sum =21:

r=3=p+q=18=(9,9)

r=5=p+q=16=(7,9),(8,

o
X2
—
©
-

r=7=p+q=14=(59),
r=9=p+q=12=(39),(4,8),(57).(6.6),(7.5).(8.4).(9.3)

Hence, total =

gcd(n, 36) =2
= 2n and 4n and 3n
And n is a 3 digits

n =106, 110, 118, 122, 130, 134, 142 =150

7.(1120)

Total number of ways

10 5 8 5

=1120
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8.(56)

9.(D)

10.(0)

11.(B)

11 Blue 5 Red

R BB R BB R BB R BB R
N N M M M N
Xl X2 X3 X4 X5 X6

No. of ways is equivalent to no. of non-negative solution of equation.

X1+ X5 +Xg + X4 + X5 +Xg =3
n=6r=3
n+r-1 6+3-1
C, = Cy =56
X1+ X +Xg+Xy =30

4sx2s7, 2sx3s6,xl,x420.

2
Coffs of x?’oin(xO +xtix +....+x30) (

2
31
1-X
Coffs of x%%in| =~
1-X
4
. 211-X% 1-Xx
Coffs of x2%in (1—x)
1-Xx 1-Xx

. -4
Coffs of x24 m(l—x) (1—x4—x5+x .
4+24-1 4+20- 4+19- 4+45-

Coq - Cp0 - Cig+ C15.4-

27 23 22 18~ -
Cpy — 23Chg - %Cyg + 8¢y, = 430.

7

Z|xi —62|

20 =11

= |xq —62|2 +[xy —62|2 L —62|2 =140

X +X7+X" +X

(1+x +x2 +x3)(1+x +x2

3 4 5 6

XT+X"+X +X7 +X

Now if any student have less than 50 marks RHS becomes negative, hence no student can get

less than 50 marks .. No student will fail.

For non existance of solution

2 3 -
A=|1 1 1|=0=Ar=1%7
1 -1 |x|
2 3 -1
A=l 4 1 1
-4 -1
For A =7
2 3 -1
A=|4 1 1|=0
24 -1 7
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For » = -7
-2 3 -1

A =4 1 1(#0
-32 -1 7

Thus for A = -7, the given set of linear equation has no solution.
12.(D) Set-1 {1,2,56,7}

Set-2 {J, 2,3,5,7}

We have to form even number with set 1 and set -2 without replacement taking all at a time.
When we use set -1

Total number of number =41x2

When we use set -2

Total number of number = 41x1

Then total number of number =48 +24 =72

13.(1086)
Possible First three Last digit No. of 4-digit numbers
digits
0,1,2,3,...... , 9 1 9 x 10 x 10
0,2,4,6,8 2 4x5x%x5
0,3,6,9 3 3x4x4
0,4, 8 4 2x3x3
0,5 5 1x2x2
0,6 6 1x2x2
0,7 7 1x2x2
0,8 8 1x2x2
0,9 9 1x2x2
Total no. of 4-digit numbers = 1086

14.(37830)

n(AuB)=n(A)+n(B) -n(AnB)
n(A) =Number of ways in which by, b,and b are consecutive.

3 consecutive numbers can be selected in 98 ways.
Now these 3 consecutive numbers can be arranged in 2 ways in ascending or descending.
Now bs can take its value in 97 ways.

Nn(A)=98x2x 97

n(B) =Number of ways in which b,, bz and b, are consecutive.

3 consecutive numbers can be selected in 98 ways.
Now these 3 consecutive numbers can be arranged in 2 ways in ascending or descending.
Now b: can take its value in 97 ways.
n(B)=98x2 x 97
N(A N B) =Number of ways in which by, b,,bzand b, are consecutive.

4 consecutive numbers can be selected in 97 ways.

Now these 4 consecutive numbers can be arranged in 2 ways in ascending or descending.
N(ANB)=97x2

n(AuB)=n(A)+n(B)-n(AnB)

=(98x2x97)+(98x2x97)—(97 x 2) = 37830
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15.(7073)
Total number of required passwords

= Total number of passwords - {Total number of passwords which are made up using {1,2,3,4,5}
only}

- (106 —56)+(107 —57)+(1o8 —58)

=10°(1+10+100)-5°(1+5+25)=7073x5°% = o = 7073

16.(1492)

[(M]a[n[k][i[n]D]

4x6! 41x3
( o0 J+(5! ><O)+[ o J+(3! x2)+ (2! x1)+ 1! x1)+ (0! x0)+1=1492
17.(6) For divisibility by 55

Number should be divisible by 5 & 11

[a]blc]s]

Now, a+c=b+5

For :> a=2 c=4

a=4, c=2

For b=2 :\a=3,c=4\ or \a=4,c=3

For 3 a=6 c=2

a=2, c=6

'5" digit number is not possible
Hence '6"' possible four digit
Number are divisible by '55' [6]

18.(30) Number formed by last 2 digits should be divisible by 4.

List 2 digit 1,23 4,5 6 L2
12 0
16 1x3 =3
1
3
24 1x3 =3
T
3
32 1 x 3 =3
T
1336 2 x 3 6
X =
I3
3
52 1 x3 =3
J
1356 2 x 3 6
X =
RN
2 364 2 x 3 6
X =
I3
2 3
Total 30
51 5! 51 51

19.(180) 3x

+
2121 32t 21 3!
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VMC Vidyamandir
Classes sice
IIT JEE | MEDICAL | FOUNDATION

Solutions of Archive - JEE Main & Advanced

Binomial Theorem Class - XI | Mathematics

JEE Main 2021

1) (7042150, -3Cs +....15- 505 )+ (M +MC + MG + .+ My

r=1
=28 _14
2.8) 2c,=2c,
Scy+ic, =%y

4 4 5

n n n+
n+1C2+2 n+1C3 :n+1C2+n+1C3+n+103 :n+203+n+103

n+2 n+1 1

((n+2)(n +2)(n) + (n +2)(n)(n 1))—1n(n +)[n+2+n-1
. 1) =gt +3[n+2n 1]

= + =
6n-1 6n-2 6

L n-(n+1)(2n +1)
6

3.(12) The given expression is:

A

i =0
. n . .
Since ( J =0 for n <r. so no maximal value of k exists.
r

10

For example, let k = 1000, (
i

J:O foralli> 10

Solutions Archive | JEE Main & Advanced | Page 1 Class — XI | Binomial Theorem
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So, no upper bound on k exists.

Note: They state that the largest value of k is 12. But for k = 12 some the binomial coefficients of

Kk

10 15

Z( . ](k J must be zero. The same argument can be extended to k = 1000 and so on.
1 -1

i0

4.(1) Letx=4k+3

)2022 (

(2020 +X =(2020 + 4k + 3)2022

- (4(505) + 4k + 3)2022 = (4P + 3)2022 = (4P +4 —1)2022 =(4A —1)2022

2022 2022 2021 2022 2022
=2022C,(4A)7 77 =025 (4A) T+ =T Cypq (4A) + 705 Chp, =B8R HL
Remainder = 1

)1/10 i

1-X

10-r
5.(D) General term lOCIr (txlls) . (
t

Effective power of t =10-r —(r) =10-2r
To be independent of t >10-2r =0
r=5

1/2 .
lOCSX (1— x) is the term independent of t

1/2 . 2
yzx(l—x) to be maxima at X=§

1/2
2(1 10 2
So max value = 10c, —[—J = [0

6.(45) A=30-30C,+29.-3C, +....+2.39C,4 +1.39C,

nc,="c

n-r

A =30-30C,, +29-39C,g +....+2-3%C, +1.3%C,
30 30 30 30
29 29 29 29
ZSOXE- C29+29XEX C28+2X7X C1+1><T>< Co
n
nC:r:_r171C:r—1
r
A =30| 22Cq +2Coq + ...+ 2°C, +2°C; | = 3022 =152 = m+n=-45

6
6 6 6~ 6 6~ 6 6~ 6 12 121
7.(A) z C, - "Cgy ="CyCs+ CyCqt...ct Cg°C="Cy=——=924
r=0

a n
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9.(A)

"C,a?:"c,a®:"Cc,a*=12:8:3
nC3a3 8
nCza2 12
n-s+l,_2 ()
3 3
nc4a4_3
nC3a3 8
n-4+1,_3 (i)
4 8
(i) 7 (ii)
n-2 2 8
2.8
3(n_3) 3 3
4
4n-2) 2x8
3n-3) 3x3
n-2)_4
n-3) 3
3n-6=4n-12 = n=6
4 2 1
—a=— > a==
3 3 2
n-3r=0
r:1:2
3

2
1 15

Required term = 6c | =| ===
2\ 2 a4

@+x +2x2)20 =ag +ayx +a2x2 +

40

Zar _ (4)20 _ 240

r=0

40

Z(_l)rar — 220

r=0
18

= 22a2r+1 _ 240 _ 220 _ 220(220 —l)
r=0

Now a5g Is the coefficient of x3%in

@+x +2x2)20 =1+x +2x2)(1+ X +2x2)

_ ZOCl .219 -20. 219

Required sum = 219(220 -1)-20 219

= 219220 _ 21

(@+x +2x2)

Za2r+1 = 219270 -

Solutions Archive | JEE Main & Advanced | Page 3
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10.(6)
k k k k
n n n n n
k 1 k 3 k 7 Kk 15 Kk 31
A:Z(—l) nck(z] +Z(_1) nck(z] +Z(_1) nck[g] +Z(_) n "{EJ +Z(_) n k[§
k=0 k=0 k=0 k=0 k=0
1Y 3Y) 7Y 15Y" 31Y)
A=|1-—| +|1-——| +|1-——| +|1-— ——
8 16 32
5
1_(1j 1
1 1 1 1 1 1 n T 55 1
Ay — 4 — 1~ 4 ;A= 2 27" (2” 1)A—17
2" 4" g" 16" 32" 2" 1 2" -1 25"
2n
It is given that
1
63A=1-——; 5n =30; n=6
230
11.4) =(2021)%7% = (17x119-2)>"%% = (-2)376% = 22[ 257%0 ]
4[17 -1"*°= 4 (remainder)
x \3
12.(C) T4:703x4_(x1092) - 4480
x* x3100s _ 4480 _,og
35
X3
X4+Iog2 -128
X =2
13.(BONUS)
Question incomplete, n should be given as 10
10 10
14.(160) Zr 1(r3 +6r2+2r +5) = Zr (r +2)(r +2)(r +3)-9r -1)
r=1 r=1
10 10
= Z(r +3)-9(r +1)1+8r! = Z{(r +3)=(r + 21 +{(r +2)1-(r +2)!} -8{(r +1)1-rY)
r=1 r=1
=131-31+121 - 21 - 8(111-11) =13! +12! -8x11! - 3! =21 + 8 =(13x12+12-8)11! = (160)11!
a =160
X +1 x -1 o 10 10
_ — _ 1/3 -1/2 _ | 3 -1/2
15.(210) {x2/3—x1/3+1 x—xllz} _[(x 1) -1+ x )} _[x X }
10-r 10-r r

_ 10 1/3110-r —1/2y _ 10, —r/2 _ 10
General term =""C_ - (x PO (—x 712y = C,-x 3 (1) r"F=(-1°cC -x 3 2

10-r r _o10-r_r L o0_2r=3r =r=4

3 2 3 2

Term independent of x = (-1)* - 1004 x0 = 1004 =210
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( 1 jeo_r( 1jr 60-r r
16.0) T, =°°c,\34 58 = T, =°9C,3 4 58,0<r<60
For rational terms r =0,8,16,...... ,56

Total terms = 61

Total Irrational terms = 61-8 =53 n —-1=52 which is divisible by 26
3)" 2 3 3
17.(A) - (1—x +X ) =ag+ayX +asX < +agx” +....... +ag x>
Put x =1, 1:a0+al+a2+a3+a4+ ........ +ag,
3
Put x =-1 l=ag-a,;+a,-ag+a,.....+(-1)"ag,
Solving, we get ag +a, +a, +....... =1
And a;+ag+ag+... =0
S
2 2
Now a2j+4 Z azing :(a0+a2+a4+ ..... )+4(a1+a3+a5....):1
i=0 i=0

18.8)  Given that (1-x)™ (x* +x+1)" =(1-x)(1-x*)"

~(1- X){lOO Cy —100C 33 +100C, X6 4......+ 200G, x?52 ~100C, x5 4 100C x258...}

" 256 _100~ _ 100
coefficient of X™° =""Cg; =" C5

1 1 120 1 1 120 1 120-r .
19.21) v (4Z + 55) = (25 +55) T, =2C, (25) (5)s
For rational terms, r =6A,0<r <120 .. Total Number of terms = 21

20.(B) (1—my+mC2y2....)(1+xy+xC2y2)
ag=-m+n=10] a, :mC2 +nC2 -mn =10

m(m —1) n(n —1)

n=10+m + > -mn =10
m(m —1) +(10+m)(g +m) —m(10+m):10
2 2

m2 -m +m? +19m +50 - 20m - 2m? = 20
—2m =-70; m =35
n=45; m+n =80

21.(96) n€{1,2,3,....,100}

11" -9" 510" = (10+1)" ~(10-1)" >10"
= {”co (10)" +"c, 10"+ ..+ "C 100} -
{ ncy(10)" -, (20)" e, (10) o (<2)] ”cnloo} >10"

= 2[ nc,10M N 10" 3 } >10"
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3[ nC,10" +1Cg10" 2 4. } >10" = 1[ nc, + "C41072
10 5

Clearly; n >5 satisfies this.
= Req. n are 5,6,7,8,........... , 100

X2

A
10-1
22.(8) T, - 1OCX(2xr) (1j zlockzlo—kxlor—r)\—ZA

21

Put 10r -r> -2A=0=r =
10 -2

Now; T, ;=180 (when power of x is zero)

= 10c, 219" =180 =1 =8
(i) in (i) = r=8

2 3

23.D) Ifx>0= =14+X+XT+ X" 0

1-Xx

1 1 1 1

+ + +
a-b a-2b a-3b a-nb

1l b (b)Y (b) 2b  4b
=—|[|1+—+|—| +|—]| - |F|L1+—+—+
a a l|a a a a2

Ignore cube and high power

1 b
s=—|n +(1+2+3+....n)—+(1+22+32+....n2)
a a

2 a 6 a2

_12p%
y = coefficient of n3
a 6a’

24.(1) Coefficient of middle term in 1+ x is

19
Sum of coefficient of two middle terms in (1+ x)

10

25.(210) _

&(\/;—1)

10
(X1/3 B X—1/2)

1{n+n(n +1) b ( +1)(2n +1) b2

.19 19,
is Cg+ C10

Required no. of elements =96
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26.(C)

27.(D)

28.(D)

10-r .
_10, 3 -1/2
T ="C/Xx (fx )

For r = 4 coefficient of x becomes 0.

So term in dependent of x is Tg =1004 =210

1Y 1 1
Consider (1+J =1+"C - =+"C, =+ "Cy- —+..... +c_.—
n

Consider: ”Cr:r _Nh = =2)...n =r +1) :(1)(11j(12j...[1(r 1)j1 <L

n ri nr n n n r! r!
n n n
C C C
So, 1+—L4+ =24 . +—0
n n? n"
£1+1+31+31+31+ ...... +El<e
2! 3! 4! n!
1 n
and obviously the number is greater than 2 = (n +j =3
n

For sin(2a) =1, the maximum occurs at a =2and for sin(2a) = -1, the max. value of the function

Occurs at a =-2.

. .. 10! |a > 10! (a >
The maximum value of the function is — T ——|—
(51?2 (5?2
12-r r
Tra="%C(2) 3 @)7°
r is a multiple of 3 as well as 4 = r must be a multiple of 12 = r=0andr=12

sum = 12cy(2)* +1%C,(3)3 = 16 + 27 = 43

n

n n
29.98) Y (2r +1) "C, =2'%0.101 =23 r-"C, + » ", =2'%°.101

7 8
30.(55) "C (2N @ ="Cg(2)"® m

31.(B)

r=0 r=0 r=0
2.n.2" 1 o0 _2100 109

2"(n +1) =299 .101 = n =100 = 2{”1} =08

3
! n!
nc,.6="c, = nc,.6="Cc, = n'"__ g-
7 8 7 8 (h-7)7! (x —8)!8!
6 _1 = n-7=48 = n =55
X-7 8

1 11
[XZ ]
bx

Solutions Archive | JEE Main & Advanced | Page 7 Class — XI | Binomial Theorem
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11 ovir (1Y) _1 222r 1 1~ (1Y s

_ o )
Tra="C,-(x) r[aj ="C,-X -W: Cr.[gj - X r
22-3r=7=3r=15= r=5

1
Coefficient of x’ = *c, [Bj
1 . ]

1 . _1n ur (1) 1 -1 11-3r
o) T e (] e ()
11-3r=—7=3r=18 = r=6

6
Coefficient of x™" = 'C, (%1]

1\ 1)
llCS[Ej 21106'[?j — b®=p° = b=1; +b#0

2 8
32.(B) T,= 1°c8( (251 + 7)) ((5X*l +1)*1/8) -180 = 45251 +7) (5" +1) ™ =180
5X—1 =t

t2+7
=4 = t=1t=3
t+1

51-1 = x=1

20 2 20
.. 20 20 20,
33.(8) - > (Pci) = D He, <Py,
k=0 k=0

=4c,, [+ Sum of suffix is constant]

34.(49) °cy -2y, + % - 1%C 5 4 + 9C, - 1%C 4 g H e +9%4-12C,,

9 12 9 12 9 12 9 12
Co "Cp+7Cp-"Cpg+7Cr-"Cp o+ +7Cq-"Cy o=

Similarly

8~ 13 8~ 13 2
z Co Cizkii :z c, - %c, . =?'c,

21x20x19x18 21x20x19

A, =2x 2% 2 - =190P

kT K { 1.2.3.4 1x2x3 }

A, - Ay =190P 25 21x20x1919 41 _190p

1.2.3 |2
2[?'c, - ?Xc;1=190P 7><20><19><g=190P
P =49
35.(924) Sum of coefficients = "¢y + "¢, + __ + "¢, =2" = 4096
. n=12
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Greatest coefficient = 1206

12 12
36.(55) | X -==£
4 x2

12-r r
12 X 12
Tr 1 = (—1)r . Cr (Z] (—ZJ

X

12-r
T (71)I’ . 120'. (%j (12)I’ '(X)12*3I’

r+1 =

Term independentof x =12-3r=0 = r =4

8 6
1 3
Ts = (*1)4 ’ 1204 (Zj (12)4 = 4—4'k
= k=55
37.(15) 3x (7)22 + 2(10)22 ~44 =3 x(48 +1)11 +2(9 +1)22 —-44

= 3 x(multiple of 48 +1)+2(multiple of 9 +1) - 44

=multiple of 18 + 3+ 2 - 44 =multipleof 18 +5+10 -54

= Remainder =15
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VMC Vidyamandir
Classes sice
IIT JEE | MEDICAL | FOUNDATION

Solutions of Archive - JEE Main & Advanced

Binomial Theorem Class - XI | Mathematics
JEE Main 2022
n 174\ (4174 4
134) TT5 B a2t n)—4 :§
n-3 nCn_4(21/4) (3—1/4)
n-— n-
- 2434 -¢/4
= 6" 8-6
= N-8=1=n=9
Te —905(21’4)4 (3-/4) :f%
3
a=84

2.(0) 32022 _gl011 _ (10 )10 _1om-1-10m-5+4

. Remainder = 4

3.(A) (5+x)500 +Xx(5+ x)499 +x2(5+x)498 o+ x200

Here, a = (5 + x)SOO

X n =
r = 1-r
5+x

501
. (5 + x)P01 _ x 501 (5+X) _ 501
um = =
B5+x)-x 5

501 501
- 5+ X% - X
Coefficient of x191 in ( )

5

10
4.(83) [2X3 . i]
X

r
10-r (3
T, +1:1°cr.(2x3) [—]
X
:10Cr_2107r_3r_x3073r -r
:10Cr _2107r_3r_X3074r

30 - 4r should be even positive nor=0, 1, 2, 3, ....7
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7
_ 10
sum = » 10c, .2107".3" = (2+3) ~10cg22.3% 104239 -10¢, 310
r=0
=510 _180x3% —20x32 - 310
=59-3%(60+20+3)

-510 _39,83
1 1 1 k
5.(D) + T S S
2310 2239 2103 510310
1 1 2310 3
a= ; =—
2.310 2239 1 2
30 .
1 2 1 3110 2
Sum = x = J|= 1l =
2.310 3, 2.310 (2 1
2
= — , = = = —
2 2
- (e e -2
= (243 + 32)(243 - 32) : = (275)(211)
k 5)(1
kK B, s
6 6
6.(286)
10c, 13 210C2+5.310C3+ up to 10 terms
10 o 10 10 4
= 2r -1 C, = 2(r-1)+1f.—°C
for 1y 2o, =Y (2(r 1) e 2%,
r=1 r=1
10 9 10
8 9 9
-10 2(r—1).:. Crp+ Y %, 4 |=100x2
r=2 r=1
I 10 1 2 10
Also, (1+x) :CO+Clx +sz +oeenens +Cle
x=1 2 3 11 ¢t
C X CorX CinaX
I (1+x)10dx: CoX + 1 422 Foreenns 10
2 3 11
x=0 x=0
11
| c, C C
:CO+—1+—2+ ....... +—10
11 2 3 11
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x 211 Cl C2
= Co+—+—"=+...... uptol10 terms
2P 1 2 3
11
o ax2l(21 1 a(z _1)
= 100x 27 = — 275 =
2P_1| 11 oB_1

= a=275 B=11=0+p =286
7.4) o, =19"-12"

31(199 —129) —(1910 —1210)

3loag —ayq
S7ag 57 (198 —128)
8 8
199(31-19)-12°(31-12) 12xl9[19 -12 } .
57 (198 —128) 57[198 —128}
0
-1
8.0 A=Y ———andB- Z Sl
o B+ e+

1 1 1 1 1 1
A=—F —F+—+—+—+—+...

-1 1 1 1 1 1

Be—t———— b — ¢
2 42 23 44 25 46
1 1
> 2 2 1 11
S A MR TR
1- 51—
2 4
2 1 9 A 11
B = J— = - =
3 15 15 B 9

9.(102) 40c, + 41, + 42C, +...+ 89c,, = — 89¢c,,
n

o =m/n 60020
61! m 60!

41120! n 40!20!

m 61
n 41
m+n =102
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10.(C)

11.(57)

12.(C)

13.(5)

(2021)2023 _ (289 x 7 - 2)?0%3
_70-22023 _7; _ 553,674

=TA-27+287 =727 +1) =70 -2u)-2=T(.—2u-1)+5
Where A and p are integer so remainder is “5”

coefficients and there cumulative sum are:
Coefficient Commulative sum
X7n 5 7C0 1
65 . 1+14
x> 5 2.7cy 1+14 + 84

1+14 +84 +280

X5n -10 N 22_ 7C2
1+4+84+280+560 =939

X4n -15 N 23_ 7C3

X3n—20 N 24_ 7C4

X2n—25 N 25 ) 7C5

3n-20>20n2n-25<0nn el
7<n<12

Sum=7+8+9+10+11+12 =57

n=7;,success=p; q=1-p

p(x :3):5p(x :4)
703 . p3(1—p)4 :5x7C4 . p4 .(1—p)3

1 5
p=—iq=—
6 6

1 . 15
Mean = np =7 x—; Variance =npq =7.—.—
6 6 6
. 77
Mean + Variance = —
36
60-r r
oo [ 5
r+1- | 5174 <1/3

X 2 3 _ 410
5r
20=—>=r =24
6
12
5
60 16
T25: C24><X X 9
5

60 3
Coeff = Coy x5
@ @ @ @ @ 3
60x...x55x...x40x...x45x ...x40x ...x 5
=

24 x...x20x...x15x...x10x...x 5x...
@ @ @ @

—5°«|
K =5
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11-r r
5 -1
2 5x2

5 11-r 1 r
(1_X2+3X3) 11(:r (_] (__] 33-3ry -2r
2 5

11-r r
5 1
1lcr ~ = X33—5r_
2 5

5 11-r 1 r
11Cr [_] (__] (X33—5r _ 4 35-5r , 3,36-5r

14.(B) (1— x2 +3x3

~——

(1—x2 +3x3

~——

2 5

Clearly r = 7. for independent term.
4 7
e (5[ L] _ 33
12 5] 200

30
31 31 30 30
15.(A) E Cyk- C32—k‘§ Ck""C31k
k=1 k=1

62! 60! 60! (62x61 1 60! (3782-960 60! 2822
32130! 31129! 31129!( 32x30 311291 32x30 (31)!x(3o)!' 32

2822

2
Here o = ? S0 160 = x16 =1411

Correction option A.

12
3
16.(2) General term in the expansion of (2X3 +—k] is
X

TI’+1 = k

_ r
12c (2X3 )12 ' (i] _12c, (2)12—r (s)r 36-3r-rk
X

If 36 -3r-rk =0

36
k=—-3 =r=123,4,6,9,12
r

For 28 x odd integer = r =4 and 6 are the only suitable values.
17.(C) q" =@+8)" =1+8n+82("C, +"C,8.....Nc,,8"?)

= a="c,+"Cy8...NC, 8" 2

6" = (1+5)" =1+5n +52("C, +" C55...."C,;5" ?)

=p="c,+"Ccy5...."c,;5" 2

= a-B="Cy(8-5)+"C,(8%-5%) ...."c,(@8" 2 -5""2)

Solutions Archive | JEE Main & Advanced | Page 14 Class — XI | Binomial Theorem
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r
18.(5) T, =15C (2xV/OL5T (—x—lf 5)

2r
%)
15 15—
=2C, 277" (-1 - x
Put r =10 coeff. of x 1 = 1501025 =m
Put r =15 coeff. of x> =15¢;20(-1)!° = - 1%c;c = -1=n
mn2 _ 15Cr of = 1501025 _ 15C of

= ¢y .2°=1% .2" = r=5

10
5
19.(D) General term in expansion f [Sx3 —2x2 +—5]
X

10!
alblc!
For constant term 3a+2b =5c =510-(a+b))
=8a+7b=50 a,b>0and a+b <10
7b =50-8a
= 50-8a >0 and is divisible by 7

is 38(_2)856x3a+2b-5¢ 5 p >0 and a+b+c =10

Only possibility a=1,b=6,c =3

10!
= Constant term=
6!3

|3><26><53 =29x32x5%%x7 k=9
20.(D) Re (11)1011+(1011)11}

Re| (9 + 2101 L 112x9+ 3)11}

Re| 21011 311]

3
Re| (9 -1)337 +?} =-1+0

Hence remainder -1+9 =8

21.(A) (2021)2022 | (2022)2021
(2023 - 2)2922 (2023 -1)2021
1 -2023)2922 _(1-2023)2021
[2022C0 22022 _ 2022Cl 22021(2023)1 n
B [2021C0 B 2021Cl (2023t + . 1
= (22022 L 7K ) - (1 + Tky) = (23)874 —14 7(ky — k) =@+ 7)874 —14 7Kk — k)

=1+7kg -3 +7(k; —ky) =7k Remainder = 0
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22.(C) 72972432022 _ (54 2)2022 +(s- 2)2022

= (5x1 + 22022) +51y + (<207

1011

5(hy +hp)+ 2822922 = 5(3g +2,)+2(4)

—5(hg +p)+ 2[(5 1)1011} =5(hy +2p)+ 2{5x3 . (1)1011}

=5(2y +1p)+1005 -2

Hence, remainder = -2 i.e.,3

1 V15
! 10
- @1-x
23.(6006) |t2x5 Nl
t
_ r
1 15-r (1 )B
15 2.5 -X
T =""Cr |t x> T
t
For independent of t,
30-2r-r=0 =r=10

So, maximum value of 15C10x(1—x)will be at x = 1 i.e. 6006
2
1 2 B 3
24.(57) 4c, | ——| B2, %c,(-3p), bc, | —
2 \/g B 1( B) 3 2

2 -5 3
— 6B —
B=, — 6B, > B
5 , 5 12
12=p-—p?=5p2-2p-24=0=p="">

25.(99) 1+(2+2%° -1)(2%° -1)=298
20

26.(B) Z(r2+l)ﬁ

r=1

20 2
;((r +1) —ZrJE
20

20
Z(r +1)w—r[—2r[

r=1 r=1
20

Z(m)@—rt—i(w—m

r-1
=(21@1—1)—(@1—1)
=20[21=[22-2-21
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10
2
27.(221) ) K2 (10CK ) — 22000L
k=1
10 5
2(10 -9 ) — 22000L
K-1
k=1
n 2
z(ncr ) = 2nCn
r=0
So, _
(o] 18(:9 220L
48620 = 220L

+nC1( Ncy+MC, +'Cy +...+nCn)

28.(A) 2”CO(nC1+nC2+....+nCn
n n n n
+ ... + Cn( Co+t Cit.t Cn—l)
+...+'C (2” —”cn)

n n n n_n
= co(z ~1)+ cl(z -nc,

n+1 n+1 a 3 1
29.24) ——— -1l<r<——— | —=——+=—
a || bx 3
1+|— 1+|— 6x—
X X
n+1 n+1
-1<8«<
1
1+— 1+—
3

NCg3"° (6x )6

”(:33”*3(6x)3

Now k = =14

=>k+n=24
30.(23) Since coefficient of x is — 3

= Pc;-9%;=-3

= p-q=-3 ..(1)

Comparing coefficients of x 2

- pcl qcl + pCZ + qCZ =-5

p(p-1) a(a-1)
2 2

Solving (1) and (2) p=8,9=11

—-pq + =-5 ..(2)

Coefficient of x° is -9c5 +Pcg+ Pcy 9c, - Pc, 9
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VMC Vidyamandir
Classes sice
IIT JEE | MEDICAL | FOUNDATION

Solutions of Archive - JEE Main & Advanced

Straight Line Class - XI | Mathematics
JEE Main 2021
1.(D) Equation of AB = Path of man —> i+%=1 } 0.2
a
Since it passes through (h, k) P(h.k)
" E+E=1 ...(i) A
a b N
14_1 (a,0)
Also, a b =1
2 4
1 1 1 .
. g+6—§ ...(II)
". AB passes through of a fixed point (2, 2)
From (i) & (ii)
x-3 y-5 (3-5+1) o .
2.(B) = =-2 [Finding image of point (3, 5)]
1 -1 2
X =4 y=4

3.(C)

4.(C)

5.(D)

Clearly (4, 4) lies one (x 72)2 +(y 74)2 =4
P.O.I of the given lines are
A(3,0),B(11),C(2 2)

AB = \/g AC = \/g BC = \/E Isosceles

m ttana

Slope of the given line= ———
lFrmtana

Where m = 3\/5 and tano = \/E

_32:2 42 or 22

Sl
ope 156 5 7
Equation of the line y—3=4'5\/§(x -1)
y-3= &(x -1
7
One of the lines will be 5y—15=—4x/§x +4\/§ = 4\/§x +5y—(15+4\/§)=0

3x+4y=9andy=mx+1

Solutions Archive | JEE Main & Advanced | Page 1
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3x +4(mx +1)=9 - x(3+4m)=5 = X =—2
3+4m
For x to be an integer (3 + 4m) must be a factor of 5
= 3+4m =+1 or £5 = m=-2orm=-1
6.(A) B(3.4)
A[fl.ll Y=L
[2?0)
Equation of side AC x +3y =2
Point P (y =mx)
2 .
= N
*17 1 3m @
Equation of side BC 4x -y =8
PoINt Q(y =mx) x, =—>— ... (ii
27 4-m
1 2 01 13
==]-1 1 1j===
A1 2 2
3 41
2 0 2
A, =Llx, mx == x2m|xy =X, 2 8 | 26m
272t 1 12 1+3m 4-m| (1+3m)(4-m)
Xy MXy
13 26m?
Al=3A,>—=3.————
2 (1+3m)(4-m)
(1+3m)(4-m)=12m?; 15m2 -11m -4 =0
. -4
(m-1)(15m +4)=0; m=1m=—; =
15
7.(B) Right Bisector of PQ
y=X
Solving 2x -y +2=0and y = x
(-2, -2)is centre
P(-2.4) M(1,1) Q(4,-2)
s r-10+0-31
V2 A
Solutions Archive | JEE Main & Advanced | Page 2
B C

x+y=3
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r=—

V2
R=0C=2r
sin30°=L=l

R
R+r:3r:i
V2
9.(144) mg, =tana, Mgz =tan B, m, =tany

Circumcentre = 0(0,0)

B
(cosp, sinp)

C(cosy, siny)

A(cosa, sina)

Orthocentre is (cosa +cos 8 +cosy, sina +sin B +siny)

But orthocentre lies on y-axis

. cosa+cosf+cosy =0

cos® o + cos® B+ cos® y = 3Cc0Sa cos B cosy

cos3a +3cosa  cOs3B +3cos B  cos3y +3cosy

=3cosacosfcosy

4 4 4
2
= c0s3a +cos3pB+cos3y =12cosacosSfCOSy = Cos3a +C€053f +cos3y :(12)2 =144
Cos o cos fcosy
C(3,8)
m=13
10.(9) 1
i 2:7
A PR |
(-2,3) E B(1,9)
. 17
Eg. of line = —2(x =2
y-l=2(x-2)
Putx =0
17

y—?:—432y—17:—8

2y =9

a 9 18

—=—=>a=—=9

2
11.(A) For the pair of lines ax? + 2hxy + by2 =0, the equation of angle bisectors is

%2 —y2 Xy

a-b h

So for the lines: x? —4xy —5y2 =0
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x2 _y?2 xy

6 -2

x2 +3xy—y2 =0
12.(B) (a,b)—>— (b,a)

b,a)—>> (b+2 a)

c ,(1+i] b+2-a _(b+2+a]
(b+2,a)——> b+2+i) = +i

V2 V2 V2

b-a+2 -1
V2 2
b-a=3
b+a—+2:lb+a:5

V2 2
b-1
— 2a+b=9

1 1
13.(B) Mid point of diagonal = (E _]

Tx+2y=0

hx+7y=9
Other diagonal y = x

14.(A) - A(0,6) and B(2t,0)

Co-ordinates of M = (t,3)

Equation of perpendicular bisector of AB is

2
y-3= t—(x -t) - Co-ordinates of C = (0,3 —t—J
3 3
Let P (h,k) be the mid-point of MC

h=E,k=3—— = 2x2 +3y-9=0 (By eliminating t)

15.(C) BM is the median. L is angle bisector from C.
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A(-3.1)

BM :2x +y-3=0
L:7x-4y-1=0

Let M (a,B) = C(2a +3,2B—1) (using mid-point formula)
Now, M (a,pB) satisfies BM = 20.+B-3=0

& C(2a+3,28-1) satisfies L = 7(2a+3)-4(28-1)-1=0

= 140-83+24=0 L. (ii)
(i) & (i) = a=0;=2=M(0,3) &C(3,5)
. 4 2 ] | m,-m 1
Now; mAC:gzs&mL =% . tan(%)_ 1+(r¢::AC)(r;L) =5
2tan(e/2)
Now; tan©0 = =4/3

16.(6) Solving x -y +1=0
X-2y+3=0
2x -5y +11=0
We get P (1, 2)

Q(2,3)
R (7, 5)
3 3
Area of APQR =— area of AABC =—x4=6
2 2
17.(1250)
P (-3, 4)

R\
£ Q (0, -2)

For PR +RQ to be minimum P, R, Q' Should be collinear equation of PQ"
y+2=-2X

y=0 = x=-1 R(-1, 0)
PRZ =20
RQZ =5

Ccos2a

18.(C) L, :xcoseca-yseca =kcot2a =k =
sin 2«
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2x cosa -2y sina =k cos2a

L,: xc03a—ysina—§c032a =0

‘OOkCOSZ(x
2

Dist. From (0,0) = =P
sin? a + cos?

p2 _ k2 cos? 2a
4
Similarly q —| 0+0-Ksin2a | = g2 =k?sin? 2«

|\/sin2 a +cos® a |

4P? +q2 = k?(sin? 2a + cos? 2a) = k2

1a 0 1
19.(C) Areaof A=]—|b 2b+1 1jJ=1
2 0 b 1
a 0 1
b 2b+1 1l=+2 :a(2b+1fb)70+(b2—0):i2
0 b 1
+2 -b?
a= .
b+1
2-b? —2-b?
a= and a =
b+1 b+1
, . —2p?
Sum of possible values of ‘@’ is =
a+1l
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JEE Advanced 2021
1.(B)
(1. 1) yzil}_itude
(0, 0) o
L {))\< Altitude
(1,-2)
x+y+1=0

Angular point (0, 0), (-1, 0), (1, -2)

2
Centroid =|{ 0, ——
3

0 2 1
(1,1 G Circumcentre
0.-2/3) (4 b
1 3
a=—5,b=—5; x2+y24+x+3y =0

Solutions 2 & 3

[h\5+k —1][h\/§—k +1] 2

V3 V3
‘th s —1)2‘ =312

(k 12 —2h2 =322

Locus of P y —-1=2x, ‘(y—l)z _ox2| =332

3 3
2x2 =32 ; x2=32 . x = =
2 2

Distance between R, S = \/§|x1 - x2| =270

2.9 22=9

2

Now locus is =27

R(3\/§, 36 +1J s(—3\g, -3J6 +1]

Mid-point (0, 1)
Perpendicular bisector x +2y =2

(y -1)-2x

Intersect (y—1)2—2x2 =27 at R'S’
2 ) 27 27
Ty -1 =27 (y-1)=+— =|y-yy|=2|—
7 7
> 20x27 540
3.(77.14) d© = - :7:77.143:77.14

Solutions Archive | JEE Main & Advanced | Page 7
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VMC Vidyamandir
Classes sice
IIT JEE | MEDICAL | FOUNDATION

Solutions of Archive - JEE Main & Advanced

Straight Line Class - XI | Mathematics

JEE Main 2022

1oc 0
1.(C) El a =14 = 0 =%8
0 a

Now given points (8,-8), (-8,8), (64,p) or (-8,8),(8,-8),(64,p)are collinear

8 -8
8 8 1-0= p=-64

64 B
2.(51)
X
z=0, —+ y =1
1 1
8 42
y
=0, — =1
y —l+ -1
8 63
Ifz:O,£+X:1&y:O,L+£:1
a b -a ¢
1 1 1
.0)2 - a2 p2 2 _64+32+108 204
4 4 4
A (6,1)
3.(C)
A (@
(K.,4 - 2K) \ (P4-2P
2x+y=4

.. AB = AC
(6-K)+(3-2K)* =(6-P)* +(3-2P)

(P —K)(5(P +K)—24) -0
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4.(B)

P=K so 5(P+K)=24
Centroid
K+P+6  9-2(P+K)
o= P =
3 3
24
15-(P+K) 15—
a+f= =
3 3
ipotl
oa+p= =
15(a+B) =51

Points A lies on L,

4
Ala,4+—a
3

Points B lies on Ly

Points P divides AB internally in the ratio 1 : 3

5
4+§a 2
3 +12-%p
3 5
200+
= P(23)=P ath
4 4
3 95
> oao=—,p=—
13’7 13

. 3 56 95 12
Point A| —,— |,B| —,—
13 13 13 13

Vertex C of triangle is the point of intersection of L; & L,

15 32
cl-——
[ 13 13]

3 56
B 13
1l o5 12 3 56 13
Area AABC:E E —E 1| = 3 95 -12 13
2x13°|_
15 32 15 32 13
-— — 1
13 13

132 .
area AABC =Esq. units.
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5.(31) p'=mirror image of P about x axis.
=p'= (2,—3)

Now equation of line P'Q is 7x -3y =23
Point A is [EO]
7

Now point R divides the portion AQ in the ratio of 2:1

= Co-ordinate of R = [EEJ
7

3

= Co-ordinate of pointM = [2__]
7 3

=7a+3=23+8=31

6.(C) Let the given Ahave vertices A, B, C
Let AB have equation x -2y +1=0

And AC have equation 2x -y -1=0
= A:1L1

77
Let H:|—, —
= Slope of BC =-1{AH L BC}

1
Also, altitude through B has slope = Y

= Equation of BH : x +2y =7
Solving with equation of AB : B(3, 2)

. X+y=5
= C lieson 2x-y=1and -~ .
Eq. of BC
= C(2, 3)
= Centroid: (2, 2)
7.(C)
B(2,3)
A(=2/5,2) A'(10, 2) 3
2 3 s
43 = n/475/4 y =tan tan_'——E x:2 x=—x
y=tan|tan” —+— |x N 2 4 143 5
2 4 0 - 2
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3o -4p+12
8.(D) s =1
8a+6B+11 1
10 -

Now solving

30-4p=-7
8a+6p=-1
23 106
25 100
These point satisfy the given conduction
-23 106
Hence 100(a.+B) =100| —— + —— | =
25 100

9.(C) Let B(xq, X, -2)

V29

\/(x1—4)2+(x1—2—3)2 -

Squaring on both side

18xZ ~162x, +340 =0

51 10
Ty ety
33 4
BT o nTy

. . . 10 4
Option (C) will satisfy (?g]

10.(B) mym, =-1

2 2 1
a“+11a+3 mi+— =220

2

my

D C

m,

A = B

AC :(COSa—sin (x)X +(sinoc +cos<x)y =10

sina — cosa tan
m =——— = tan
AC sino +cosa
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Equation of line making s = with AC:
4

m+1

mq,m, = ..(1)

1Fm
Put mac =m in (1)
= my,m, =tanaq,cota

a=10

2 2 1
a“+11a+3 my +—2 =220

my
= 100 +110+3(tan2a+cot2 a):220
1
= tanzoc =3 or _
3
_ T T
3’6
Puta & a in given egn
Ans. 128

11.(B) A(a,—2),B(a,6),C(%,—2]

AC 1L AB
B (8, 6)

€@,

12.(B)

B (b, 5)

(0, b)_

(0,3)+
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mAC—>oo

Mpp =
(a+a b+3j
D ,
2 2

( b+3j
D|a,
2

Mpp =0

b+3

b+3-2=0
b=-1

(b+a 5+bj (af j
E , = —,2
2 2 2

McgMep = -1

[Sbj 2-1
= =-1
b-a a-1

1
2

=5

12=(1+a)a-3)

12=a%?-3a+a-3

= a?-2a-15=0
(a-5)(a+3)=0

a=5o0ra=-3

Given ab >0

a(-1)>0

-a>0

a<o

a = -3 Accept

AP line A(-3,3)P(1,1)

3-1
y—1=[ a 1J<x-1)

2y+2=x-1
= X+2y=3 Appling ...(1)
Line BC B(-1,5)
c(-3,-1)
(y —5) = g(x +1)

y-5=3x+3
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y=3x+8 -.(2)
Solving (1) and (2)
X + 2(3x + 8) =3

= 7x +16 =3
7x =-13
13
X = ———
7
y =3(—EJ+8
7
-39 +56
B 7
17
a2
-13+17 4
YT

13.(D) Point of intersection of given lines

39 -78 3p+39 36
A(1,—2), B and C| ———

1—2p’1—2p p+1 ’p+1

If 0(2,3) is the circumcentre then

(0A)? = (0B) = (oc)? = (radius)’

39 2 -78 2 3p+39 2 36 2
26 = -2 + -3| = -2 -3
1-2p 1-2p p+1 p+1

= p=8

So the point A(1—2)B—3§ dc=(7,4
o the points are —2).B| ——| an =(7,4)

1 1 1
. 1 13| 324
Area of triangle ABC =—|1 7 ——|=—+
2 5 10
26
-2 4 J—
5

14.8) (x —1)2 +(y—2)2 +(x +2)2 +(y—1)2 14
x2 - 2x +1+y2 +4—4y+x2+4x +4+y2+1—2y =14

2x2 +2y2 +2x -6y -4 =0

3+J9+8 3+vn
y = =
2

2

x2+y2+x—3y—2=0

3+17

2

y intercept :y2 -3y-2=0y=

Solutions Archive | JEE Main & Advanced | Page 14 Class — XI | Straight Line
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D <0’ 3+{17 )
2

(-2, 0) (1,0)

A B

({J.ﬂ)
c\v 2
x intercept= x2 +x -2=0 X=-2,x=1

1 3
Area (ABCD):EXC%x\/l_ =E\/1_7

15a -30a
1—2p’1—2p

15.(3) Coordinates of A(l,—2), B( ]and orthocentre H (2, a)

Slope of AH = p

a+2=p

a+2=p ..(1)
Slope of BH=-1
3la-2ab=15a+4p-2 ...(2)
From (1) and (2)

a=1&p=3
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VMC Garaeney

IIT JEE | MEDICAL | FOUNDATION

Solutions of Archive - JEE Main & Advanced

Circle

Class - XI | Mathematics

JEE Main 2021

1.(3)

N

Distance between (1,3) and (2,1) :\/E

2 (VB) (@2 =

r=3
2 2 _ 2 2 2 2 2 2
2.(56.25) (X =5 +y° =9|(X+5) +y = X< +y< -10x + 25 = 9x“ + 9y“ + 90x + 225
2, au2 2 2, 25
= 8x“ +8y“ +100x +200 =0 = X“+y +?x+25:0
2
25 5 625 > 625 225
r=,|—1| -25 = rc=——-25 - 4rc =——-100 =——=56.25
4 16 4 4
3.(A)
P
OB
Q
Power of the point about A
1.12=x-Xx = x=+12
1 1
Area of APQB = SPQAB = ~-2x-12 =12\12 = 2443
4.(D)
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P(3,2)

O (o, )

2 2
x =l

Let Q((x,B) be a variable point lying on the circle. M is the mid pointof P & Q.

&k:BLZZ:azzh—s&Bzzk—z

_o+3
2

Now; Q((x,B) satisfies X° + y2 =1

=  a?+p?=1=(2h-3)°+(2k-2)’=1 =  4h?+4k®-12h-8k+12=0

= h? +k*-3h—-2k+3=0 Locus is X* +y? —3x—2y+3=0 (circle)

Radius =r = ,/g+1—3 =1
4 2

5.(9) To satisfy the given condition, the curve must be a circle with centre C(a,b)& circle passes

= h

through P (3, —3) &Q (4, —2\/5)

P
(3.3

CP2=CcQ? =  (a-3)+(b+3)’=(a-4) +(b+2ﬁ)2

= a+(3—2ﬁ)b=3 ...... (i

Also, a—2v2 b=3 (given) .. (ii)

(i) & (i) = a=3b=0 =N a’+b%+ab=9
6.(1225) Normal at (5, 7)is y-3 = :z(x -2)

= y—3=%(x—2) = 3y -9-4x-8

= 3y-9-4x-8 = 4x -3y +1=0

Equation of tangent is 3x +4y +A =0 (5, 7) lies on it

= 15+28+A=0 = A =-43 = 3x+4y -43=0
1 (43 1 1 175

Area = —x|—+—|x7 .. 24A = —x x7x24 =1225
2 3 4 2 12

7.(A) Centre of the circles are

©.0) (0.1) ———(1.1)

Solutions Archive | JEE Main & Advanced | Page 2 5[1 0) Class — XI | Circle
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8.(A)

9.(A)

10.(2)

11.(B)

1, 0)

(1, 1)

©, 1)

Which are the sides of a square

The circles have their centre as radii
C,=(55;:;n=3

C,=(115);r,=3

CiCy =1y +15

The circles touch externally.

2 2
2\/gz—c:2,/a7—c:2x/§ = %—c:Z
2Jf2-c=2y5=2a2-c=5 .. (i)

a?=4=a=-2and c=-1

Equation of circle x2 +y2 -2x-4y-1=0
(x -2)° +(y-2)° =6 ......(i)

Equation of tangent

(y—2) :m(x —1)4_r\/g\/1+m2

Put (m = 2) as the tangent is perpendicular to x +2y =0

y-2=2x-2+645

2X —yi\/%:O
Distance from origin = 0-0+130 .
5

mindist. between two circle isl

Eqn. of circle should be (x —2)? +(y —5)° +A(2x -y +1) =0

Contre (2x—4,—x—1oj =(2—x, A+10
2 2
rA=-6

Centre (8,2) r=+36+9 =35

. ()

jmustlie on x-2y=2-1-1-10=4 =21 =-12

Solutions Archive | JEE Main & Advanced | Page 3
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12.(C) C;=(5,5) n=3

C, = (8,5) ry =3 a
CiCo =3 '

13.(D) Let the centre of variable circle be C(h,k)and radius =r

Jih —02 +(k 02 =3¢

= h?2+k?2=@3-r)y? 0

&\J(h-22+(k-02 =r +1

= h-2P2+k2=(r +1)? ..(ii)
= h?-4h +4+k® =(r +1)?

From (i) 3-r2 —4h +4 =(r +1)°

B-r?-(r+1?+4=4h

= 9+r2-6r-r2-2r-1+4 =4h = 12-8r =4h :h:s—zrzrz%
2 2
From (i) h2 +k2 = (32 =[3-8=M) | _[3+h
2 2
= 4h?+4k?=9+h? 1 6h = 3h?-6h +4k?-9=0
Locus
3x2-6x+4y?-9=0
Passes through the points (2,i3/2)
14.(1) CCoH1-r]|
Jor qi-r= 2r2 =@-r)? = r=+v2-1 y(0.1)
A
Equation of CE : y—l:m(x —1) D
7C(1,1)
=>mx-y+1-m=0 - J
It is tangent to the smaller circle
Q.
r -
mr-r+1-m| ST e i
I—— r
V1+m? : z
X'« p X

(U

= -— =7
1+m?2
2 2
-1
= M:(LJ ,putr:\/a_l
1+m?2 (r-1

On solving we get m = Zi\/g

Taking greater slope m =2+ \/5

Solutions Archive | JEE Main & Advanced | Page 4
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Equation of CE: y-1= (2+\/§)(x —1)

-1 1
Put y=0:>X—1:m:>1—X :m
+ +

1 2-3

BE=l-X=——x— "2 _2_ 3 aq=2p=-1
2+J3 2-3 b

15.(B) Equation of tangent to the circle x2 +y2 =25 at R(3,4) will be xx; +yy; =25

3x +4y =25

—~ P[22 0]aql02
3 4
25 125

29
oP=22,0Q=%2;PQ
3 4 12

25 25
12’ EJ

This incentre will act as the centre of
the required circle passing through

= Incentre (I)= (

A

origin.
Hence, radius of required circle

25\ (25  [625 , 625

bt SR el I b N G

12 12) \72 72
16.(D) LAPthanl(%J

= 29:tanl(gj = tan26?:E = ZLng:E
5 5 1-tan“0 5

= 6tan’0+5tanfd-6=0 = tanez_?s,%

Since, 20 € (0,7) (given) = 0 e(O,%j

Hence, tan 6 = 2 tan 6 = ﬁrejected
3 2
In APAC ; ZA =90° = £:tané’:ngP _3r
AP 3 2
L (AP)(PB)sin 20 1(3r 3rj(12j
= sin S5 5 o
Now, ar. AAPB o _2\2){2)\13) _ 9

ar. ACAB %(Ac)(Bc)sin(LACB) ;(r)(r)(lzj

2

- tan 26 = % = sin20 = 1—3 & ZACB =180°- ZAPB

because ACBP are concyclic points

17.(B) X2+y2+2x +4y -4 =0 centre (—1,—2) r=+1+4+4-=3

Pt

Solutions Archive | JEE Main & Advanced | Page 5
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&
r= 3[2+3
=333

r 2+1 2+1+242

1 V2 = 2 =3+2V2
r, ~2-1 1

18.(C) 36x2 +36y2 -108x +120y +C =0

Acc. to question; x-intercept =0 & y —intercept = 0 {-- circle is neither touches nor cuts axes}

= a+b=5

= gz—c<0&f2—c<0
54 C 607 C 9 C 25 C
—| —<0& | —=| ~——4<0=>—-—-—<0& —-—<0
36 ) 36 36 36 4 36 9 36
= C>81&C>100=C >100 ....(i)

Now; Point of intersection of x -2y = 4 & 2x -y =5 i.e. P(2,-1)lies inside circle

= $,<0=36(2)" +36(-1)° ~108(2)+120(-1)+C <0
=  C<156 o)
()& (i) =  100<C <156

19.(1) If z =x +iy 2 =X —y? +2ixy
Re(;gz):xz—y2

Im(z)=y ; Re(#)=x

x2—y2+2y2+2x=0 = x2+y2+2x=0

Centre =(-1,0)

The parabola is : x2 - 6x +13 =y

(x - 3)2 =y-4
Vertex (3, 4)

Line passing through (-1, 0) and (3, 4)
y=x+1 |, y intercept is 1.
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20.(A) Circle A and Circle B
Should lie completely inside Circle C

2 2
Azx2+y2—x—y=%z(x—%J +(y—%) =1

7 32
BEX2+y2—4y+Z=0 E(X_O)2+(y_2)2:(EJ

C=(x-2)2+(y-1?<r?

A lies inside C

2 2
Ir-1> [2—1j +(1+1j Y O
2 2 4 4 2

B lies inside C

r—ngd4+1=J§
3
|r|min :E+\/g

21.B) x2+y?-2x-6y+6=0

V2

P(-1,1)

B
AB=—-Xx+y-(x-1)-3(y+1)+6=0

=—X+y-X+1-3y-3+6=0=-2x-2y+4=0= x+y=2
AB =2./2

Area (AABD) =%>< 2\J2x2\2 =4

22.(A) ZOCP =90° sl

y-3 3-0_

x—2 2-0
(x-2)2+(y-3)2=(2-0)%+(3-0)?

-1= y—3=%2(x—2)

:>(x—a2+g(x—az=13

::!§U—2f=1&3(x—32=9:>x=2+&2—3

x=5—1; {P.Q}={(-15), (6.1}
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23.(D) 4=+36+45

(0. 6) :
B
‘ 315
r =481
r=9
2
2 (1- [0n2 _opn
24.(61) - r= %+( 4p) _5_N2P 22p 9. re(05] = 0<2p?-2p-19<100
N pe{l—\/ZSQ 1—\/39})[1“/39 1+\/239}
2 T2 2 2

. Number of integral value of p? is 61.

25.B) C:(x-2)2+(y-1?+Ax-2y)=0
Cl:x2+y2+2y—5:0
Centre of C; =(0,-1)
The common chord of C and C; is:-2(2x -2)-1(2y -1)+ Mx —2y)-2y +5=0

and it passes through: (0, -1)

4+3+M2)+2+5=0 = A=—7
: 2 2 _
C: (X=2)+(y-1)"-7(x-2y)=0
x2 +y? -11x +12y +5=0
D=7J5

26.(16) Let the given points be A(0,0),B(1,0),C(0,1)and D(1,1).

Let P(x,y) be the point whose locus is to find.

PAZ +PB2 +PC% +PD? =18 = (x2 +y?)+((x ~12 +y2)+ (x2 +(y —1)% +((x 12 +(y ~1?) =18

= 4x? +4y? ~4x -4y -14=0
7 1 1 7

= x2 +y2—x—y——=0isacircle of radius = }—+—+—=\/Z=2
2 4 4 2

= Diameter =4 =d = d? =16
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27.(C) Let L be the tangent to the parabola y* = 30x.

L
(-30.0)P

y'=30x

a 15
L:y=mx+—=mx+_—
m 2m

It passes through P (-30,0)

0 =-30m +£ = m
2m

1
I+
N

. 1 -1
l.e. y=—x+15;y =—x -15
Y 2 Y 2
iile. x-2y+30=0; x+2y+30=0

Given circle has centre and radius as (—15,0) and % respectively.

2 (]-15+30|)
AB =2MB = 2/BC? —-CM? _2\/[125] —[+] -3J5

v1i+4

28.(165) _—
e

(x-9)"+(y-1)"=4
r=1

3x+4y=u
G- 1)%+(y-1)%=1

Both centres should lie on either side of the line as well as line can be tangent to circle.
B+4-a)-(27+4-a)<0

(7-a)-(Bl-a)<0 = a <(7,31) ...(i)
d, =distance of (1,1) from line

d, = distance of (9,1) from line
d. > 17-a] ..
1_rl:>T21 = a e (-0,2]U[l2,0) ...(ii)

|31-«a]
dy >r, = =—=1

>2 = a e (-»,21]ul4l,©) ... (i)
)N (ii)yn(iii) > o € [12,21]

Sum of integers = 165
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29.(40) Circle touches at (1,2) and common tangent 4x +3y =10

Centre liesat 3x -4y +5=0
3 . 3 4 .
tan6 =— = sin® =+—, cos® = +— (same sign)
4 5 5

Centre of both circles of radius 5 lie at 3x -4y +5 = 0 and touches at (1,2)

centres = (1+rcos6,2+rsin0) = (1+ 5(1%],2 + 5(13] =(1+4,2+3)=(55)or(-3,-1)
Now |(oc+ ) (v +8)| =[10x(-4)| = 40

30.B) x2+y?<4....(3)
No. of integral points satisfying (0,0),(1,0),(2,0),(-10),(-2,0), (1.1),(1-1),(-11),(-1-1),
(0.1).(0.-1).(0.2).(0.-2)
(x - 2)2 +y2<a

2

No. of integral points satisfying (x - 2)2 +y“ <4

No. of integral points satisfying (2, 0), (3,0),(4,0),(1,0),(0,0), (3,1),(3,-1),(1,1),(1,-1),
(2.2, -1).2.2).(2.2),

(x-2f+(y-2) <4

No. of integral points satisfying (2, 2), (3,2),(4.2),(1.2),(0.2), (3.3),(3.1),(1.3),(1.1),
(2,0),(2,1),(2 3),(2.4)

Common points = (0,0),(1,0),(2,0)(1,1),(1,-1) of C;andC,

Similarly points common in C,andC, = 5points : (1, 1), (2, 0), (2, 1), (2, 2), (3, 1)

No. of relations = 2>® =22°

Solutions Archive | JEE Main & Advanced | Page 10 Class — XI | Circle
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JEE Advanced 2021
1.(D) C, lies inside M iff distance between centres <r —a,
Sha<r-a, =r>S,1+a, = r>S,
1-1/2" 1025
h=———=2-2"; r>S, iff >2-21 "
1/72 513
iff 21" >
513

True for n <10 = k =10

Consider Cnl and an {ny >ny}

Cnl and an will not intersect iff distance between their centres exceeds sum of their radii
= Snl_1 —Snz_1 >a, tan, = Snl_1 —ap, > Snz
(e — 1 _ _
= 2 -2t _ >2-2'"2 o MM2.3 o non,>2
ong -1

We can select at most 5 circles from the k =10circles lying inside M such that no pair of circles
intersect
= =5

2.(B) D,, lies inside M iff \/Esn_l = distance between the 2 centres <r -a,,

r> \/ESn_l+an

2
242 - ‘gs > 22 - 210Dy, ol
2
2
242 - \158 > 242 — 232 x 2L 4ol
2

2242 ~1) <

n 199
198 = 2'<2 [2

*)

True for n <199
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Circle

JEE Main 2022

1.(7)  (x -h)?+(y —k)? =r? touches x-axis

At (1,0)
S (1-h2+k?=r? = h?+k?-2h+1=r?
~h=1&k-=r p (1.1
Distance from (1, k) on x +y =0 is d = k) _jier O
=z
Q 5

2 1+r 2 Py
Sor :1+ \/E \(1‘0)

2% -1 =r?+1+2r
r2_2r-3=0

s r=3orr=-1 (rejected)
k=3
h+k+r=1+3+3=7

2.(D)
y-axis
A

x+y=0

v

A

Perpendicular Drawn from (h, k)
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On x+y=0is

=h|

NA

Squaring both side

=h? 1k? 4+ 2hk = 2h?
—h?_k?_2hk =0

:>x2—y2—2xy=0

= x2 —y2 = 2Xy

3.(C)

A C_[—1.2)

L,

(B-6) g

(—1,2) lies on L

S0 4x(-1)-3(2)+ky =0

k; =10 ; (3.-6) lieson L,
4X3—3X(—6)+k2 :O , 12+18+k220:>k2:—30
|AB| B |10+3o| 40

- J16+9 5

So radius = 4

. . . 3-12-6
Center of circle = midpoint of CD = [——] = (1, - 2)
2 2

So equation of circle = (x 71)2 +(y+ 2)2 - 42
4.(C) f(x +y)=2f(x)f(y)

Given f (1) =2

Solutions Archive | JEE Main & Advanced | Page 13 Class — XI | Circle
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=2f(oc){2+23+25+ ........... }—Zf(a) w
2(220_1) 512 o0
2 (a) 3 3 ( ) ; 4f(a)=512= f(a)=——=128

5.(B)
2.-1) A B (3.4)
os0, 1 + asin0)
fe of C
2 G 9 2
(x-5) +(y-2) ={13/2) =a
OA=0B
= (5+acose—2)2+(1+asin9+1)2 =(5+acose—3)2+(1+asin9—4)2
2 2 . 2 2
= 9+6acosO+a“cos 0=4+4asinb+a“cos”0
=4+4acose+a2c032e+9—6asine+a23in29
100sin® =-20cos0
sin0 = 1/,/26
1 /c059=75/4f26
= tan0 = ——
5 \
sin0 = -1/4/26
cosh = 5/4/26
Hence centre of circle C may be 5+\/E>< ™ ,1+\/1_3x 1 - Ei or Ei
J2 26 2 26 2’2 22
, , , (5 % (3 .F 15 ¥ (1 F
If radius of the centre Cisare than r“c=|——2| +|—+1 or —-2| +|—+1
2 2 2 2
1 25 121 9
=—4+— or —_—t—
4 4 4 4
26 130
=— or —_
14
13 65
r2=""or —_—
2
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6.(D)

7.(11)

C:4x%+4y? —12x +8y +k =0
2.2 k
= XS +y S -3x+2y+ Z =0

13-k
=k <13

3
Centre | —,-1;r =
2

-1
(i) Point (1?] lies on or inside circle C

92
= SlsO:kS—
9

(i) C lies in 4" quadrant

. |

r<1
V13 -k
<1
2
= k <9

92
Hence )n(2)n(B)=k e (9?}

4x +3y+2=0
3x +4y -11=0

(1)

.2

..(3)

Solutions Archive | JEE Main & Advanced | Page 15
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X -1 y+2:ir5

cos 6 - sin®

2+5 4 6
=—2+ —— =
Y 5

3
x=1+5(—]=4

5

Req. distance

|5(4)-12(-6)+51| [20+72+51| 143 1
| 13 N

| 13
8.(16) (5.2)
D 913, 6)
Q 2x-y+4=0
R S

PQlI2x-y+4=0
PQ=2/5
Pt R will be image of Pt 'P' in 2x -y +4=0

So, Let R(oc,B)

p-2 -1
=—>=>2-4=-0a+1

a-1 2

a+2=5 ..(1)

& Mid Pt of 'PR" willbeon 2x -y +4 =0

(owl] (B+2]
2 - +4=0
2 2

2(a+5)=(p+2)

20-f=-8 (2
From (1) & (2)

11 18
o=—,/p=—
5 5
8
PR:E\/E

Area of Rectangle = PQ x PRAB = 25 x =16

8\5
5
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9.(10) PQ is diameter of circle

10.(C)

S:x2+y?-22x -6\2y +14 =0
c(V2,3v2),0(2v2,2V2)

r =6
Sl:(x—Z\/E)2+(y—2\/§)2=
Now is 40CQ

loc/? +1cQ P=10QP 4+6 =r?

r2-10

P(1+]5.2)

(0,0)

Q1+5,0)

Slope of CO =2
1
Slope of OQ = ——
2

a-0 1

1+45-0 2
a:—£(1+\/§)
2

Equation of OP is y =

2
=

1
Area of OPQ = EOP x QM

1 2
Area of OPQ. :EX 4+(1+\/§) x

On simplification we get

+3\/§
2

L)

)

1)

1+
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11.(No options match)
Y
Since ZBAC :E,BC is the diameter

= BC =2

AB =2 = AC =2
1
= Ar(AABC):Ex\/Ex\/Ezl

12.(C) Equation of AB=y-x=2

C: Centre of C2: (3, 2)

3
Length of perpendicular from (3, 2) to AB = —

V2
Radius of C, = JE
3

cb S 3
In the above figure cos6=——= ﬁ =—

AC 5 10

sin® !
= =
J10

Area(AANB) = AD x ND
= (AD)? tan 0
AD =Rsin6

R%sin®0 5 1 1
= Area=—— = —x— =_
cos o0 3 10 6

13.(25) S; 1 x2 +y%2 +6x+8y+16=0 1, =3
S, x2+y? +2(3-\3)x +2(4 - 6)y —k - 63 - 86
S; -S, =0 is common tangent

2x -\[3 +2/6y +16 +k + 63 +86 = 0
23x +2/6y +16 +k +6+/3 + 86 =0

k +16
— =3 k +16 =18
V12 +24

k=2

Centre of S; =(-3,-4) radius =3

Centre of S, = (\/5—3, \/g,—4) radius = 6
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14.(D)

15.(B)

3-3
Hence L:—S
2

a++3 =-3
B+6 -4
—_—=-4

2
B++/6 = -4

(a+£)2+([3+\/€)2 ~324:42_25

x 2 +y2 -2gx +6y-19c =0
Passing the (6, 1)
36+1-12g+6-19c=0

12g + 19¢c = 43 .. (1)
Centre lieson x - 2cy = 8
Centre (g, - 3)

g+6c=8 .. (2)

From (1) and (2)
12(8 -6c)+19c = 43
96 -72c +19c =43
53 =53c

c=1,9g=2

x-intercept = 2\/92 —Cc =244 +19 =223

Here we need to find out the locus of centroid first.

Let (h,k) be the centroid.

Hence, 3h =a +sint + cost

& 3k =b +sint —cost

(Sh —a)2 = (sint + cost)2 ()]
3k -b) =(sint —cost ... (i)
(3 -b)° = y

(i) + (i) = (3h-a)’ +(3k-b)* =2

Replacing h by x& K by vy;

a ) b2 2 ab 1
X-——| +|y-—| =—= centre =| —,— |=|1,=
3 3] 9 3'3 3

= a=3&b=1=a%2-b%-=8
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11
16.(B) x2?+y?-x +2y—7=0

1)

_ 45° o
0 22.5 R

= Radius =2=PC=CQ =CR
PQ = QRsin(22.5°) = 4sin i
- 5°) = .
PR = QR c0s(22.5°) = 4 cos—
- 5°) = .
Area of APQR = 1(PQ)(PR)
2
1 LW T
=—|16sin—cos—
2[ 8 BJ
4
:45in[%]:—:2\5

17.(C) (a-0)2+(B-1)°2 = (B+1)2

18.(B)

00,00 3 ©
arA OAB :%x\/gx\/gxsin(g]:ﬂ

4

Solutions Archive | JEE Main & Advanced | Page 20

Class — XI | Circle



Vidyamandir Classes: Innovating For Your Success

19.(72)
0
P
AM =MB =6
AC =BC =—
12
cosf=—=—
13 13
2
. 5
sin® = —
PM = AM cos6
12
—6x= = 5(PM) =[72]
5
2 2
-3 -4
20.(27)5:(X ) +(y ) <Lx,ye{123..

16
T:(x—7)2+(y—4)2s36;x,yeR
Let x-3=X & y-4=Y

x2 y?2

S:———+—<1Xe {72,71,0,1,.....}
16 9

T:(x —4)2 +Y2<36Y ¢ {-3,-2,-1,0,...

0.2/3)

(0,0)

0.-2/3)
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(

(-1-1),(0,-1),.......(3,-1) > (5)

(-1.2).(0.2).(1.2).(2.2) > (4)

(1.-2).(0-2) (1-2).(2.2) > (4
(0.3).(0.-3) > (2)

Hence total pointsare =7 +5+5+4+4+2

- [27]

21.(A) Equation of Circle
(X =X1)(X =X2) +(y -y1)(y ~¥2) =0
x2 = (Xq + X)X +XXo +y2 —(Y1 +Y2)y +Y1¥2 =0
x2 —4x -6+y2+2y-7=0

x2+y? —4x +2y-13=0
a=-2b=1c=-13
a+b-c=12

. . 2
22.(A) Circle C, is (x —2) +y2 =4 = x2 +y2 -4x =0

4 8
Yy =2X meets the circle C, at (0,0) and [—,—J
55

4 8
Equation of tangent at C,, at point A [Egj is X+2y=4

Which meets x-axis at P (4,0) and Q(O,Z)
=QA:AP =1:4
23.(12) Image of centre ¢, =(1,3) in x —y +1=0 is given by

x;-1 y;-3 -2(1-3+1)
1 -1 12 +12

= xl:2,yl:2

Centre of circle ¢, =(2,2)

. 38
Equation of ¢, be x2 +y? —4x _4y+? -0

. . 38 2
Now radius of Cy is ,[4+4-—— = ,[— =r
5 5

(radiusof 01)2 = (radius of 02)2

2 48
= 10-a==—=a=—
5 5

> 48 12
o+ 6r :—+?:12
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VMC Gaveanet
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Solutions of Archive - JEE Main & Advanced

Conic Sections

Class - XI | Mathematics

JEE Main 2021 5 o)
at >
1.(8)  Let the midpoint be (h, k) B
M(h k
at’+a 2at+0 , 2h-a k wh
" h= y k= ‘. t = &t:— &
2 2 a a S(a,0)
k? 2h-a
a’ a
. . 2 . . - a -a
. Locus of (h, k) is y“ =a(2x—a) . Its directrix is X——=7 ~ x=0
. . 1
2.(B) Checking by options |m = -——
J3
x2+9y2 =9
d _
ox+18yx Y 20 = d_y:_iz3_£1:_i
dx dx 9y 2y gx \/§
2
t2+4-4t+1
3.0) (t, t%+4); Dist. From y -4x +1=0 iS ——————
' V17
d o5 o
For min. a(t -4t +5)=0 point is (2, 8)
2 2 2 2
a@ XY XY
a b c d
[dy} -Xx b [dy] x d
_ = —— X — _— [ —
dx . a 'y dx 5 y ¢
dy dy x° bd
Clearly | /| x| —| =-1; —.—=-1 (1)
dx J; (dx ), y2 ac
1 1 1 1
Also N [ +y2 ———=
a b b d
2 o4 2
b d d-b -
X __ :X—:— ac d b_1 d-b=c-a; a-b=c-d
y2 11 y2 c-a /bd c-a

Solutions Archive | JEE Main & Advanced | Page 1

Class — XI | Conic Sections



Vidyamandir Classes: Innovating For Your Success

5.(A) y=mx +2 s tangent to y? = 4ax
m

ie,y= ix + 3 is tangent to y2 =6X So (5, 4) doesn't lie on it
2

2 2
X

—4y3 = 3x%2_y2-48= A
16 48

6.2) 3kx+ky=4J3 = @

7.(A)

(3.\0)

2 2

Equation of ellipse X Y
25 16

a? =25 b2 =16

b2 :az(l—ez) =16 = 25(1—e2)

Eccentricity of Hyperbola = g

2 2

Let Eq" of Hyperbola : %7)’7213%213 A2 -9,

A2 B? A

Also BZ2-=A2 (e2 —1)

2 2

Eqg" of Hyperbola : % Y

16
8.(B) PR

_Q

»
>
X

=4
ﬂ

’

\I’y

Making homogeneous the equation of ellipse x2 + 2y2 =2 with the help of eq" of line x +y = 1.
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2
= x2+2y2—2(x+y) =0 = —Xx%-4xy =0=x%+4xy =0
= X(x +4y)=0 Lines are x = 0 and y:—%x.
. b1 11
Angles between lines = — + tan™ =.
2 4
9.(9 B(c,
) (c.d) y(er]
.
> x
O&
Let A(t2,2t)

Equation of tangent at A

ty=x+t2:>x—ty+t2=0

2
This is also the tangent to the circle. 3-0+t7 =3=t= O,\/§, —\/§
\/1+t2
Point lies on 15t quadrant A(3,2\/§)

And Equation of tangent X —\/gy +3=0
For point B, which is foot of perpendicular from (3,0) to the tangent x —\/gy +3=0

_ -0 —(3-0+3
c-3_d-0_ ( +3) C:E,d:—S\/5 2(a+c)=2 3:3]-9
1 3 1+3 2 2 2
10.(A)
T 404
; P
aeL.) TR
*B(1,-5)
v

P(c.p) lies on (X—l)2 +(y—1)2 =1

PA? + PB2 = (a=1)" +(B—4)° +(c—1)" +(B+5)° =2(c” +° ~20) + 2B+ 43
=2(2B-1)+2B+43 (. Point P(a,p) satisfies (x-1)*+(y—-1)° =1 ie.

o +p2—2a=2p-1}

PA? + PB? =6 + 41

To get maximum value of PA? + PB?; B must be 2& hence

P will be (oc,2):>oc=1. Hence, P will be (1,2). Hence A, P,B lie on a straight line.
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11.(3)

12.(4)

2 2
X
A2 19y2=36 = 4 ¥ g
9 4
31
2 2
XS4+ ys="=
y 4
1
9m2+4=—(m2+1)
4
31 31
m?—=m?==2-4
4
5m? 15
e — o m?=3
4
OA L OB
-1 1 2,2 . 1
a—z-b—zz—l = abh =1 ... (i) Ala -1/a)
11 2 Pla+ b/2.-1/a)
(@+b)® \b a 1
2 1 B (b, 1/b)
@ +b)? (a-b)? =16a%p?
=16 = @2-b?? =16
If a?-p2=4
= a2_L224 = a*-4a®-1=0
= a2:4i“20: a2:2+\/g;b2 \/7 2
2 2+\/7
2
ABZZ(ab)ZJr(iJrIJ —a’+b%- 2ab+—+—2+——2+f +5-2+V5-2+5+2 =45
a a b
If a?-p’=-4 = a2-L.a-0
2
a
a%+4a’-1=0
a2:—4ix/16+4
2
- 2+45
a’=5-2
b2:\/§+2
1 1Y 1 1 2
2:(a—b)2+—+f =a+b%-2ab+——+-—+-= :\/§_2+\/§+2+\/§+2+\/§_2:4\/§
b a a2 b2 ab

Area of square = 4\/§
Its square =80
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13.(C) Image of y2 =4x about y=x is x2 = 4y
Tangent at (2,1) iS X.X; = 2(y +y1)
x.2=2(y+1) is x -y =1

x? y? .
~—+2-=1 andcircle x? +y? =4b, b>c,

14.(D
© 15+

Centre (0,0) radius = 2vb

As y2 = 3x2 has intersection with both curves.

2 2
X 3x
XT3, x2(b2+48):16b2
16 p?
16b2 16b?
x2=—"—" . x?+3x%=4b; x°=b = =
(b2 +48) b2 1+ 48
15.(D) Equation of tangent
Lcose+ys;in9:1
33
A 3\/5 ,0
cosd
B:|O, _1
sin@
Sum of intercept = 3\/5 + L
cosf sin@
y :3\/§sec0+cosec6?
y' :3\/§sec0tan0—cosec:0cot0
y'=0
3\/§>< sing tan@ =cotd
cosé
tan9:i
V3
="
6
2 2
16.0) 2 -Y¥Y 1
4 2
a=2 e2=1+l=—:e= E
2 2
b=+2
Tangent equation at P : 4x —2><y><\/g =4
ax —2\6y = 4
Q:(1,0)

F :(ae,0) = (@,o)

=b

B

x'p(&?m‘qe sin@)

dhy

—f’///// AN
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LR atR
x =ae =6
4\/5—2x/gy=4
4(\/6_1) _ 2(\/8—1)
YA A
1 0 1
AreaofAzéx/g 0 1
£$1
Area = 2|1 0_2(\/8_1)—0+1(2\/8—1)_0 —_\/€+1+\/€—1_—\/€—1+6_\/€ _7-26
KRR R I S R

17.(C) For parabola y2 = 4ax , for more than 3 normals from the point (h,0), we have

1
h>2a = a>2xE:a>1

18.(C) Tangent line to the parabola y? = 4x — 20 at (6,2) is YY1 =2(X +Xq)—-20i.e. 2y = 2(x +6)- 20

ie.y=x-4 ...(i)

o o x2 y?
This is also a tangent to the ellipse — +>—=1
2

= y=Xx+2+b ..(i))  {~~m =1 using (i)}

Comparing (i) & (i) > -4=%++2+b = 16=2+b = b=14
19.(A) Let mid-point of chord AB of the circle is P(h,k)

Equation of AB is T =S,

= hx +ky = h2 + k2
- h  h?+k? 0
=——X +
Y k k

x2 2

This is tangent to the hyperbola — - =— =1 P
9 16 \

A (h, k) B
2, k2 2 h 2

he+

= c2=a’m?-b? = ( ” J :9(—;} -16

2
Locus is (x2 +y2) -9x2 +16y%2 =0
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20.(D) Equation of tangent at P is

(2,2

/

X—2y+2=0
Q(-2,0)
Now, 2at, =2=1 =2
Again t, =—t1—2=—3
4
1 2 1 9
R=|=(-3)",2| = |(-3) |=]| =,-3
30rA3))-(5)
2 2 1 )
ar(PQR):%—Z 0 1=755q.units
9 31
2
21.(1.25) |ar + B +y|=1.25
22.34) o y®=-64x= focus=(-16,0)

y=mx+c is a focal chord.
= c=16m (i)

y=mx-+c is tangent to (x+10)° + y2 = 4

0 (-2.0) \\,
R

= y=m(x+10)+2y1+m?

= c=10m=+2y1+m? = 16m=10m+2 1+m2:>m=L(m>O)
22

8 17
= Cc=— 4\/§(m+C)=4\/§X =34
V2 242
23.(D) 2h-o =2k -40° -1
h+k=40a? +a+1 .. (1)
2(k-h)=4a®-a+1l .. (2) P(a, 4a+1)
Slope of PQis -1
2
%1 (h.k)
—a )
2 2 Q Ll
k-40“-1=-h +k ; h+k=40“+a+1 (2;?_%2},(_4&2_1)
(1) & (2) 3h -k =2a
3h -k
o =
2

Putting in equation (1)

2

2
3h -k 3h -k
h+k=4 + +1; (3h—k)2=i—i—l
2 2
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24.(9) (a,\/6a) is a point on parabola
2 (3 ?
D% =(3-a) +(——\/6a]
2
2 2 9 [
=9+a —60(+Z+60c—3 60

d
—(DZ) 20-6+6-3J6——=0
2

da \/7
W6, 36
T2da

3 9 27 3

a” =—xb6b=—=Da=—
16 8

2 2
25.(B) Since, tangent to the hyperbola szfyfz =1 with slope 'm" is
a b

2 2

y =mx +va’m? -p? = y =mx +v3m? -3 is the tangent for %—y?zl

Comparing it with 2x +y =k i.e. y = ( )x+k

= m=-2&k=+3(-2)° -3 =3=3(-k >0)

So, equation of tangent is 2x +y =3 i.e. y = -2x +3

Thisisalsotangentaty2=ocx=4gx;azg = y=mx+i=mx+i
4 4 m 4m
Compare it with y = -2x +3; we get m = 28& -+ -3
4(-2)
ie. a=-24
26.(B)
A
B(p,
( E
A
2 2
El.x— y—_l; a>b >0, Ez:y—+x—:1; A>a>0
a’? b? A2 a?
Foci of E, are (O,ib) E(O,iXe):b =)e (i)

Let 'e’ be the eccentricity of E; & E,.
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2 2

2 b 2 a .
= e =1-—&e“=1-— ... (i)
a’ 22
2 2.2
= 1-82 _1-3%" (using (i}
a2
4 2
= b” 2P ...(iii)
a4 a2
1+ —
(iii) in (i) = e?=1-e=e’+e-1=0=e= 126 = e_ﬁz1

27.(D) For ellipse

2a%=3p%....... (i)
. V3
And it pass through {71]

372 1

a? b2

3p2 +2a2 =2a%b? ......(ii)

From (i) and (i) a® =3,b% =2
Focus F (ae,O) - (1,0)

Let the point (acos6,bsin) lie at the circle and ellipse both
2 .
(acos6-1) +b?sin%0 =r?
2 _2
(\/Ecose—l) +2sin“0=4/3

4
3c0529—2\/§cose +1+2sin%0 :E

5
c0529—2\/§c059+§ =0

3c0329—6\/§cose—5 =0

9 1 5
COS0 = —— or —
V33
coso - sin0 +\/E
=—= =+ |—
J3 3
-p (a cos0,b sin e), Q(a cos0,-b sin 6)
V2 oa
PQ = 2blsin6| =22 "= = ——
Q = 2bsin | 55
2 16
fpaf =12
3
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28.(C) vertex (2,0)

29.(B)

Focus = (4,0)
Equation of parabola y? = 8(x -2)

a=2

1
ASOR = 2A0RS = Z[EOF .FS] =4 x4 =16units

Given  equation can be written as

x+l=Xandy-1=Y

Eccentricity of the hyperbola is

[ 16 5
e=1+—==
9 3

X coordinate of foci are +5

Y coordinate of foci is O
y

S
(5.0)

S

5 X
(-3,0)

where

P(3secl, 4tan0)

Let (h, k) be the coordinate of the centroid of the triangle.

h— 3sec6+5-5
- 3

=secO=h

4tan6+0-0
Ke——

3k
= tan6=—
3 4

Now sec2 0 —tan2 6=1

h2- 221
16
2_9 (v _

X 16(Y) 1

16(x +1)° ~(y -2)° =144

16x2 - 9y? +32x + 36y —36 = 0
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30.(D)
Let the tangent be
X .
EcosE)+ysm 6=1

B=(-2,y;) and C =(2,y,)

%

Equation of the circle with BC as diameter is
(X =2)x +2)+(y -y )y -Y,) =0 (-2.0)
x2+y? —(yy + Y)Y +Yy, -4 =0

_1+cos6

-
.

\J

(0.-1)

2cos20/2

=cot0/2

—cosb+y,sinf=1 =
"1 = 1 sin @
cos0+y,sinf=1 Y, =tan6/2

Equation of the circle

2,2 0 0
X —-3)—-|cot—+tan— |y =0
o220 [snsran )y

Which always passes through (\/5,0) and (—\/§, 0)
Equation of reflected ray

3-1
—1l=——(Xx+2
y 5+2( )

= 7(y-)=2(x+2)
= 7y-7=2X+4
= 2x-7y+11=0
8

31.(C)

~

(-2,1)

3 a
Given, ——ae=

"~ 2sin0/2 cos0/2

(5.3)

2,1

J53

e
8 3
V53 53
Other directrix 2X—7y+c=0
c-11] 2x9
53| 53
2Xx—-7y+29=0or 2x-7y-7=0
(x —3)?
4

:>3a—3= = a=
3

Such that = c=11+18 =29, -7

2

mX2

(x -3)? (y+4)°
+ =1 =
4 3

32.(3)
3

y=mx-4
x2(3+4m?)-18x +27-12=0

x2(3+4m?)-18x +15=0
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3
D=0 = m?== = 5m?=3
5
33.(2) Equation of tangent at P is

\‘“B[D! 2a J

sin O
/_ &GD\‘.

X cos0 +ysine _
b 2a

AE[ b ,0], BE[O, 2a ] = area of A(OAB):EX b 2a 2ab
cos6 >

4
>
o

sin® cosexsinezsine
Minimum are of AOAB =2ab =
34.(D) Equation of tangent at (2,-4) is x+y+2=0 ...(i)
And equation of normal at (2,-4) is x-y-6=0 ... (i)
And Equation of directrix is X =-2 ... (i)
A=(-20), B=(-2-8)

And Q E(a,b) and P(2,—4) and AQBP is a square

= Mid-point of AB = Mid-point of PQ

= AB :(—2,— ):(a+2,b;4j = a=—6,b=—4 2a+b =-16
2 2
35.(A) x2+9y? -4x+3=0 = (x2—4x +4)+(3y)2=1
(x-2)° y2 : :
-~ =1 (Equation of an Ellipse)
1 1 2
3
As it represent an equation of ellipse x and y can very on or inside the ellipse.
11 11
= X-2¢€ [—1,1} and y e {—Eg} = X e [1,3} and y e {—Eg}
2 2
36.(D) ﬁ—izl and §:1+b— = b—:Eor 2b=a
a2 p2 4 a2 a2 4

Solve toget b = ﬁ a= 2\/5

2 |2
So, the hyperbola is X Y 4
12 3
= Tangent at (—2\/6, \/5) is - ~Vx —@ =1 and normal is 12x + 3y =15
6 3 26 3
= Q =(0, -v3),R =(0,5v3) = QR=6V3

37.(C) Let the mid-point be (h, k) so the equation is:
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xh —yk =h? -k? or

xh —(h? -k?) :X(hj(hzkz)

Y= K 3 K
2 2
Thisistangenttoy2=8x is:y:mx+£: mzﬁad—(h k)_g
m k k m
2 2
o (" -k 4
K2
2y2 =—x3 +xy2 or y2(x -2)= x3
X2 2
38.(B) E+y721 ..... (0)
a’*=8b*=4
b2:a2(1—e2)

v
2 1
= e“=1/2 = e=—
V2
S(ae,0)=5(2,0)& S'(-2,0)
Let T be the tangent at a point lies in the 2" quadrant on ellipse and L be the line x +2y =0

suchthat T LL. Now; T:y=mx+ a2m2+b2=2xi6{'.'TJ_L}

Since, P lies in 2" quadrant = T:y=2X+6....... (ii)
-2 0 1
(i) & (ii) = P(-8/3,2/3). Now; Ar. APSS'= A= 1| 2 0 1-4/3
-8/3 2/3 1

Now; (5—e2)A =(5—1j4=6
2)3
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1
39.(C) Equation of parabola X2 =Y where X = x Py

v 3
=y 7
\'/P[l /2, 3/4)
y=1/2
. 1
Line x = —— meets the parabola
2
X2 =Y at P(-11)
For x? =y at P(-1,1)
Equation of normal = X -2y +3 =0
. . 2 39 5, 125
Solving with X“ =Y, we get Q| —, — PQc =—
2 4 16
o . 3 B
40.(A) Point of intersection | + > + >
Slope of tangent drawn to ellipse =m;
dy -x4 -1
m=—=—=—=
dx 9y, 33
Slope of tangent drawn to circle =m,
d —X
my= -1__[3
dx y;
Now tan6 = 2/\/5
41.(C) 144x2 +25y? = 3600
12x cos @ +5ycosé =60
X cosd N ysing _1
5 12
. 2 2
Equation M+ ysing _ 1is tangent to XY
x2 y? 2 2
—+—=—=1 = 144x“ + 25y“ = 3600
25 144

42.(A)

Latus rectum= 4(S - R)
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43.(36) Normals are to be drawn at

A(seco, 2tan 6) and B(sec ¢,2tan ¢)on the curve 2x2 —y2 =2.

But the points do not lie at the given curve as per parametric point the co-ordinate must be in the
form of (aseca,b tana)

i.e., (seca, \/Etan a).
The data is the question is wrong so it cannot be solved further.

44.(A) As equation of tangents are perpendicular
= Their point of intersection lies at directrix thatis x-3=-4 =x+1=0
JEE Advanced 2021
1.(ABD)P lies on directrix x =-2
(A) Correct using the property that portion of the tangent cut off between directrix and the
point of contact subtends right angle at the focus.
(B) Correct using the property that tangents to a parabola from any point lying on its
directrix are perpendicular to each other
©) F:(20)= PF =42
(D) Correct using the property that points of contact of perpendicular tangents of a parabola
are end-points of its focal chord.
2.(1.50)
3.(2)

4.(4)

Let the centre of the circle in family F with largest radius be
(h, 0) and let its radius =

(0. 2)
= Equation of circle is (x —h)? +y? =22 7%

This will touch the parabola y2 =4-X W(fl. 0)
= (x —h)® +4-x =22 has equal roots = 22 =15/4-h ©,-2)

Since the given circle lies inside the region R:
O<h-X and h+A<4

2 15 5 2 2 1
= 4)°+4)-15<0 and T—X +A<4 = 4)°+4)1-15<0 and A —XJrZZO

=  1e[-5/2,3/2] = Ay =372 and h=3/2

2 2
3
So, the required circle is (x _E] +y2 = (E] and it touches the given parabola y2 =4-x at

2+2) = a=2
. . . 3 3 . S
NOTE: One can verify that any general point on the circle (E(1+ cose),Esm 6] will lie inside the

region R.
In APQQ', using mid-point theorem, line segment joining M(P, Q) and M(P, Q) is parallel to QQ’
and is equal to half its length

1 1
= Max length of the line segment :EX Max length of the line segmentQQ' = E>< length of

1
longest Chord of E = E>< length of major axis of E=4
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Classes sice
IIT JEE | MEDICAL | FOUNDATION

Solutions of Archive - JEE Main & Advanced

Conic Sections

Class - XI | Mathematics

JEE Main 2022

1.(A) Let point P(x,y)
Y -y=y'(X-x)

Y:O:X:X—l

y'
Q[X _l',o]
Yy

Mid-point of PQ lies on y axis

x—ll+x=0
y
d d
y':L: 2_y:— = 2Iny=Inx +Inc
2-x y X
= y? =cx

- this curve passes through (3,3) ..c =3

. required parabola y2 = 3x and L.R. =3

X2 y2
2.(A) —+—=1,a>2
a2 4

(acosB, 2sinB)
(a.0)

(acosB, -2sinb)
1
Area = Ea(l —c0s0)(4sin0)

Area =2a(l-cos0)sin6
dA

d_e = 2a(sin2 0 + cos 0 — cos? 0)=0

l+cose—200529:0

. cosO =1 (not possible in this case)
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-1 2n
and cosf=— .. 0=—
2 3
d?A _ _
———=2a(2sin26-sin )
de?
d2A 21
<0 for 6 =—
do 3
3V3
“ Amax =Ta =6\/§ La=4
2 2
a“-b 3
". eccentricity e = ,|[—— = £
a2 2
2 2 2 2
X X
3.(42) ——y—:l —+y—:1
4 3

a2 1
e 1Lt L 3.1
= +— e- = o =
H a? E 4 2
2 3
L.R. (Hyperbola) = — LR. =2x--13
a 2
2 2
. —=3 La=—
a 3
1 13
eH = 1+ > -
(27/3) 2
1 13
12(e2 +e2 ):12 4y |=42
E H 2772

; P,
4.(10) Focus =(4,4)and vertex=(3,2)
". Point of intersection of directrix with axis

of parabola = A =(2,0) BQ’KL}]

The directrix of Pjis x +2y =2

Image of X +2y =2w.r.tline X +2y =6is X +2y =10 x+éy=6

5.A) (x-22+(y-42+Max-y-4)=0
As circle passing through (0,6) therefore,
-8 4

4+4+0(-6-4)=0 > A=—=—
-10 5

4
g (x2 +474x)+(y2 +1678y)+g(4x -y-4)=0

4x 4y 84
= x2+y2 f—f—y+—:0
5 5 5

80
© A+C=—=16
5
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2
AX —
6.(D) azxz—( > HJ =b?

Discriminant=0 = (4a2 —7L2)x2 + 2\ ux _u2 ~4b2 =0

420242 + a(4a2 -2.2)(u? + 4b2) = 0
4)2p? — 4a2)2 =16a%2
2 2

SAT T

a2 b2

1
7.(2929) Equation of tangent of parabola y2 = 4x is y =mx + —
m

! 6 Lsi 0| =(a,p)
—c0s0, —sin® | = (a,
5 2

equation of tangent is

1 . 1 1
—sind=m—cos0+—
2 5

m
0 1
mz[cos ]—m[—sin9]+1:0
5 2
1 .
—sino
T mg+ms, =
1 2 cos0 ®
5
5
And m;m, = ... (i)
2 cos0
From (i) and (ii)
—5J_r\/§a —5+\/Ea
cosf =————— Lo =—
2 10
(100 +5)% = 29 (i)

1
p? :Zsinze = 16p% = -50 +10+29

. (10a +5)2 + (16p2 + 50)2 = 2929
8.(C) 4+kx =x —x2

:>x2+(k—l)x+4=0
=D=0=k=5

k-1°%-16=0
U

k=5

=P =(-2,-6)

N

5
Slope of PV = 5
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9.(A) Let P=(X1,¥1); Q=(X2,¥5)

X
—=3x24+4x-2=0 {
Xy

1
r= E\/(Xl - X2)2 +(1 _y2)2

1 1
= EX \/E,/(xl - x2)2 = ﬁ\/(x1 + x2)2 —4x1Xo

10.85) XY _1e-2
4

» 4a?x sp?%y , 25 Bx 5 b2 25
=a“+bh* "= —+—=a“x— = +——y=—
X1 v 8 12 16 8 12,2 16

25x 5 9 25
= +—X—Yy =—
2x8 12 16° 16

16
:>2\Ex+Ty=25 A =100, p=15

= 8J5x +15y =100 A -p =85

11.(C) Yy =myX+Cq; Y =MyX +Cy.

1 .
Tangent to y2:x:>y:mx +— e (i)
4m

Tangent to x2 +y2 =2.

Then ¢2 =r2(1+m2)

5 1 3 > 3 1
me+—=1+ > mc=—=-—
a2 a2 2
, 3-22
a2
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8|mm |78>< 3-2V2 76_4\EX £
el a2 V2 V2

=(3—2\/5).\/§=3\/§—4

12.(D)

B(0, o)

S
O,

v

A
v

Parabola x?2 =12y
SA 1. SB
So, mASmAB =-1

B

(0-2t) (0-2t)

. 27t2 +
By solving 30 = ———
t2-9
t2
o+—+3
Ordinate of centroid of ASAB =K = — 3
3

Ks—7—; limk =lim=|9+t¢+——— | =
9 t>1  t-19 (t2—9) 18

13.(B) y =mx +\/16m2 +9 is atangent to x2 +y2 =12

16m2 +9
L [aemtrel g

\/m2+1

= 16m? +9 =12(m? +1)

= am? =3 = 12m? =9
4 +2cos0 3++25sino
14_(C) h - + ZC0S ;k: +\/73|n
2 2
2 2
2h -4 2x -3
- N -1 = (x —2)% +2(y —3/2)% =1
2 V2
2, 11 L1
= =1-—=— = =—
2 2 J2
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2
15.(C) (—J -3=1 = [E]=2 = a=4
a
2 2
Now, X__y_=1
16 9
X 2y 9
———y'=0 = = ——
8 9y y 16
1 -16y
y’_ 9x

Normal y - 343 = —%(3«/5)(x -8)
16.(12)

: 2
/16—y /a=1

(4.K)

y =mx i\/azm2 —b?
Equation of L; k=mh i\/16m2 -4

1
Equation of L, y =-—x
m

“h
K=—
m
h
m=-—
Kk
h 16h2
k=|-——|h+ —4
k k2
2
h2 16h2 — 4k2
Kp— | =—— ™
k k2

k?+h?%)?  16h? - 4k?
k2 k?

(k% +h2)2 =16h2 - 4k?
0=16, p=—4
a+p=12
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17.(B) Given curve is

18.(4)

y2 = 6x ()

Equation of normal to curve y2 =4ax at point (at2,2at) is given by y = —tx + 2at +at where

a=—
2

Now this normal is passing through point (5, -8)
3
~8 = -5t +3t +—t°
2
t =-2 is a root of above equation
P(at?,2at) = P(6,-6)
Equation of tangent at point P X+2y+6=0 ()]

3
And equation of directrix is x = —— ... (i)
2

Now solve equation (i) and (ii)
Q 3 -9
= =|-——,—
2 4
. . . 9
So required ordinate will be T

2

2_9 2
The curves are x“ +y =Z and y© =4x

A

25
o
?\?;I

S(-3/2.-9/4)

x=-3/2

il
N

Say the common tangent is y = mx +—
m

Since it's a tangent to the circle so

1/m 3
2

\/m2+1 2

= 4 =9m?m? +1) = om* +om?-4=0 =

So the point intersection in Q =(-3, 0)

0Q=3 a=6

|
=4
e2

Q(6.-6)

(3m? +4)m? -1/3)=0
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19.(D) Vertex (5, 4)
Directrix: 3X+y—-29=0
Co-ordinates of B (foot of directrix)
x-5 y-4 :_(15+4—29]:1

3 1 10
x=8y=5
S =(2,3)(focus)
Equation of parabola
PS =PM
So equation is
x2 +9y? —6xy +134x -2y —711=0
a+b+c+d+k=9-6+134-2-711=-576

2 2
X
20.8) +2 -1 @ (a>b)
a’ b2
1
b2 :az(l—ez) (.'.e :—]
4
2
p2 - 12 (2
16

2
As equation (1) passes through {—4\/%,3}

32 9
So —t 1

5a2 b2
Replace b2 from equation (2)
32 48

+ =1 =
2 5a2

5a2 = 80

5a

\az :16\&\b2 :15\
So

21.63) r=2; V =(0,0); S 1o
. =2; v =(0,0); >

(x—h)2+(y—K)2 =22

h? +k? =4
1 2 Solve
——h| +k“=4
2
1 63
h="; k?=—
4 16

Solve circle & parabola

Directrix

(8, 5)

(5. 4)
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1 2
Let | X ——

4
Equation will be of form

AZ2 +BZ+C =0
For one solution D=0

2
, 1 B+JD
i.e. _— =—
4 2A
B .
Also —— - o for one solution
2A
1
X = —
4
= (a-k)Y =4
a-k=%2
a=+2+k
V63 V63 .
=2+ ,—2+ not possible as o >0
4 4

= 40(:81@

(4a—8)2 =63
11
22.D) e2=""]
14
a? 11(2a?
>l+—=—| —
b2 14| b
:>7(a2 +b2) ~11a% .(0)
11
(e ==
8
b2 11[2b?
>1+—=—|—
a2 8 a
4(a2+b2):11ab2 (i)

b2 65 7 7 65 65
= = CLa=—Db=—x—=

a2 77 7T a4 a4 71 a4

Hence, 77a+44b =130
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|8+3—21| 10

23.(B) Clearly, a = =2
5 5

(Distance between vertex and directrix = a)
. 4a=8

24.B) e =1+—

2
2b
Length of latus rectum=——= 6\/5

a
2b?
=>—a= 6\/5
a2
3
3(5]61 =6y2

a:Z\/E
3
b = 242 x 522\6

. X2 y2
So the hyperbola is 5 12 =1

12
For the line y = 2X +C to be tangent
c? = 8(2)2 ~12

c2=32-12-20

25.(D) Since the 2 tangents make angle of I with the same line, the tangents are Lr and their points
4

of contact are the extremities of a focal chord. Hence, A, B and S are always collinear irrespective

of the value of a.

26.(B) Let P(t2, 2t)
1 2 i .
Q(—Z, ——] {since PQ is a focal chord}
t

LetR = (3, 0)

2t
Slope of PR =
t2-3

" 2t
Slope of QR = —1t =
1 3t? -1

t2 -3
PR L RQ = 4t% +(t° - 3)(3t%> -1)=0

= t2:1
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27.(88) Given

28.(A)

29.(D)

= P(1, 2) and Q(1, -2)
Since PQ is focal chord of ellipse

2 2
X Y _1@2sb?)

a’ b
Focus of ellipse (1, 0) = (ae, 0)
= ae=1

The given chord is perpendicular to the major axis of ellipse.

2 2
b
= 2 =— {Ends of latus rectum are (ae, i—J}
a a
= b2 =2a
= a2(1—e2)=2a
2 1
= a“-2a-1=0 a=—=v2+1
e

2a+2b =4(2J§+J1_4)
a+b =2(2\/5+\/1_4)

11 11 7
e=£:e2=—:ez—1=—
2 4
2
b 7 7
= —:—:>b:£a ............. )
a2 4 2
From (1) & (2)

{1+£]a =2\/§(2+\/7)
2

= a:4\/§

b =214
a’+b%2=32+56-88
a=7 b:2\/g

b2 =a?(1-e?)
5

e=—
7

y2—2x—2y=1
dy dy

2y—-2-2—=0
ydx dx
dy 1

dx _y—l

= —and | — =——
dx 13 2 dx 11 2
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3= (x-1
p— :_X_
Y 2

2y-6=xXx-1= x-2y=-5 ...(i)

+1= 1(x 1)

YTy

2y -2=x-1= x+2y=-1  ..(ii)
P(-3,1)

Area of APAB
-3 1 1

=—[1 3 1
1 -1 1
1
=—|—12—4| -8
2

30.0) X_,Y _q e =

N
N
M w

X2 y2
144 o

25 25
3 12

X—=—Xe

4 5

31.(D)

Tangent

Let point p(at?,2at) = (2t2,4t) 4da=80=2
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Tangent at point
ty = x + 2t2
If passes through C(5, 7)
7t = 5 + 2t
2t2 -7t +5=0
2t2 -5t -2t +5=0
t(2t -5)-(2t —5) =0
(2t -5)(t -1) =0

)
t=1 ort:E
2

B = 16(1)[2 =40

> (5 2 5
A=21)2.2|=| =4.==25
2 4

A+B=65
32.(1552)
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113(a2 - 64) -1024

2 1024
a“-64=——
113
1024
, 2[ 64]
2a 13 231
I = = =|——+16|p
N e
- 2039
113
113l =2039
33.(75) Given ellipse is
x2+2x+4y+8yzx+5
+1 +4
= (x+l)2+4(y+2)2=k+5
2 2 2
X +1 +2 X
( ) + v+2) =1 = —+y—:1
L+5 (A +5) a2 p2
4
A+5
Here a2 =2 +5 and b? = 2
262

Length of latus - rectum =——
lal

5 A+5 1 "
4 VA +5

= JA+5 =2x4 = A+5=64
A=64-5=59
A=59

Length of majora x13 =2a =2/L+5 =2/59+5 =2x8 =16
So, A+1=59+16=75

34.8) R(01)

R/ P
Q
Parabola : y2 =2x-3 ()]

Chord of contact : S =T
ie. yy; =(x+x1)-3
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= y(1)=(x+0)-3

N y-x-3 ....(ii)
() & (ii) = X=20r6=y=-10r3

So, vertices of APQR are (0,1),(2,—1) and (6,3)
Here (mpg )(mpg )= -1= PR L PQ

= (2, —1) is the orthocenter.
P(2-1)

i (6,3
1’{(011) {_(), )
X2 y2 X2 y2
353 H:—-—=1 & E:—+-—=1L a>b>0
1 1 a2 b2
b2 1 1 1
e
a H f1+f
1
2 2
a“-b
= =—=a?=20% . (i)
a2

5
y = \/:x + K be the common tangent

2
5
K =+Va’m? +b? =+ /az(—]mz {for ellipse}
2
5 5 3
&k =+JaZm? —b? =+ [a?| = |-bZ =+ }——1:J_r\/:
2 2 2

5 1 1
Equating = a?| = |[+b%2 =3/ = b2 = _{using (i)} & a2 = =
quating 2] 3  lusing (i} -

4(a2 +b2)=3

36.2) 2p+f-1=0 (i)
2-pf-4p=0 ...(ii)
2=p(f +4)

2
P= f+4
2p=1-f
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f243f=0
f=0o0r -3

2
Hyperbola 3x2 —y2 =3, x2 _y? =1

y =mx i\/m273

It passes (1,0)

O=m= m273

m tends oo

it passes (1,3)
3=m +tym 2_3

(3—m)2 -m2-3

m=2

64.5 3
37.(10) x2=—— y-——
75 5

8 6
Equation of tangent at (E E]

6
+7
, 86475 3
5 15 2 5
3x-4y =0

Equation of family of circle is

x—§2+ —EZ+X(3X—4 )=0
5 Y75 Y=

It touches y axis so f2=¢

s 16 12
XT+y~+X 3}\,—? +y —4>\—? +4=0

2
12
4h +—
5
N T g

4
2 8
A=—o0or A=——
5 5
2
A=—,r=1
5
8
A=——,r=4
5
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/
}\(2@, ~22)

38.(B)

y2=4aex

8 8

EE——

a2 b2
b2

4ae =e x = 2a2=b2
a

= a2:4,b2:8

39.(13)

R (v2.2v2-2)

J2p

(0.-2)
Solving c.o.c with ellipse gives P(JE, 0), QQ, \/5)
SP2+SQ2=4+9=13

1
40.9) y=mx -—
8m

m ==

1
4
1 1 (5.0)

=—X-—o0rx-4y-2=0
y ) > Yy

3
-

41.(B) Line is passing through intersection of
bx +10y -8 =0 and 2x -3y =0 is (bx +10y -8)+1(2x -3y) =0 .

(2,0)

As line is passing through (1, 1)so A =b +2
Now line (3b+4)x —(3b-4)y -8 =0 is tangent to circle 17(x2 +y2) =16
8 4

(0] =
J@bia?i@_a? 17

2 3
= b =2=e=,—
5

S
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42.(B)
2 2
X
He XY g
4 4
Focus (ae, 0)
F(2v2,0)
Line L:y =mx+c pass (1, 0)
o=m+C —..(1)
2 y2
Line L is tangent to Hyperbola — -=—=1
4 4

C =+Ja’m? - /?
From (1)

-m = i\/4m2 -4
Squaring

m2 =4m? -4

4 =3m?2

2

——=m (as m > 0)
3

C=-m

-2
C=——

V3

2
=4x

2X -2

- [ﬁJ

= x2 +1-2X = 3X

= x2—5x+1=0

5
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43.(B)

44.(B)

45.(C)

y? =23y +4
= y2-23y-4=0
Area
1
2

0 x; 22 x, 0
Oy, 0 vy, O

- E[—Zﬁyl #2402y, |
By WELZTE

111

=56
-2\14

Equation of pair of tangents

Ss, =T2
(2x2 +3y2 -5)x24 = (2x + 9y 75)2
44x2 —9y? —36xy + 20x + 90y —145 = 0

h?_ab 24

tano = 2 0= tan~1| 22
ano = = — b =1an ——
a+b 7\/§ 7x/§

1
y=x2,T:y=mx——m2

4
y=—(x—2)2,T:y=m(x—2)+—m2
Now, —2m +=m? = —im2

4
m=0,4
T:y=4(x-1)
X2 y2 L
(6/k) 6

Direcrtix : x =1 = & =
3
Now, b2 = a2(e2 -1)

6(6
6=—|—-1|=>k=20r k=-3
k| k

but k = -3, so

Hyperbola is 2x2 —y2 =6
(\/E - 2) satisfies.
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46. (C)

47.(20)

48.(D)

I =4A

a
l=4x—— =16 >a =42

V2

Yy =mx i\/azm2 +b?

4m?2 +9 = 42m?2 -143

2X-y+5=0
Tangent for ellipse

XX
X1 YY1
4 9

1

Tangent for hyperbola
XXy VYo

42 143
On comparing with 2x +y =-5
8 -84
We get x; = ——,x, = ——
17572 5

= |2x1 + x2| =20
Tangent at (a, B) has slope 1

p2 = 24q

] 12
Equation of tangent yp = 12(x + a),F =1

=>a=6p=12
" (o+4,B+4)=(10,16)

2 2

X
Normal at (10, 16) to g—y— =1is

144
2x +5y =100
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49.(45) f'(x)=4x-=—

1
2

a-=

Let P (xq,y;) be any point on y? = 4ax
13-y,
y; 4-Xq

y1=2,4 = P(8, 4) as P(2, 2) rejected

=y? -6y, +8=0

Equation of normal at P.
y-4=-4(x-8)

Xy

—_—t —=

9 36

a=9p=36

a+p =45
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VMC Vidyamandir
Classes snce s
T JEE | MEDICAL | FOUNDATION

Solutions of Archive - JEE Main & Advanced

Inverse Trigonometric Functions Class - XIl | Mathematics
JEE Main 2021
1.(1) tan| lim > (tan}(r+1)—tan*(r) | =tan| lim | tan}(n+1 ——j _tan(——ﬁj_tan—:l
@ [Mrzl( (r+D- ()] [ [ (-7 )= tan?
Ay 6 _
2.(A) Let 2cot (5)=0 = cot2_5
0 2
2tan — =
= tang=l tan0 = 2 S =E><2—5
2 5 1- tanZg l—i 5> 24
tan9=£:9=tan’l(£] cosec[tan — +C0S™ 4}
12 12 5
=cosec{sin15+sin13} =cosec[sin 1[ ﬁ 12 3}}
13 5 13 5 13 5
- cose s (32 = coss com*{ |- 2
= cosec|sin™t| = = cosec|cosec | — || = —
65 56 56
s -1 -1
3.(A) sin~"x _cosx =tan yzk
a b c

sin"tx +cos™tx =ai+bi =(a +b)k

=(a+b)p L (i)
tan™t (y)=cr (ii)
T _a +b

2tan‘l(y) Coc

mc

=2tan?t
a+b Y

C 1-y?
cos T = 003(2 tan‘ly) = Y
a+b l+y2

-1 1 _
4(D) O<ab<l& tan"a+tan b_%

a+b
tan* =T ~rab<1
= (1—ab) A ( )
a+h —tant=1=a+b+ab=1 ()]
l1-ab 4
2 2 3, 13 4 L4
Let S =(a+b)- a“+b R +b* ) [a"+b N
2 3 4
a? a® a* b> b® b*
=la——+———+...... +Hbh——t =+
2 3 4 2 3 4

=In(1+a)+In(1+b)=In(1+a)(1+b) =In(1+a+b+ab)=In(1+1)  (using (1))

=In(2)
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N J63

5(C) LetsinT——=qa sino =—— coso =—
8 8
20(
1-tan”® —
> 1
o
1+tan®—
2

Apply C & D tan?

6.(B) sin'l{x2+%}+cos"l{x2 —g}=x2

For both cases x?2 =

Which doesn’t satisfy (i) Hence no solution

cosec lX

el

-1JU[, ) -

]
8.(B) %1/ 16X 1/ X =0 or 3y25-16x2 +4y25-9x2 = 25

V25 -16x2 = 25— 4425 —9x2
9(25—16x2) 625 +16(25—9x2)—200\/25—9x2 —J25-9x2 —4; x2 =4

Finally x = {—1,0,1}

7.B) f(x)=

X € (-0,

100

9.D) cotla= Ztan‘l( j > an‘l( 2 lj = > tan"(2r +1)-tan"*(2r -1)

l+4r r=1

- tan}(201)-tan"t1 = tan’l( 200 j = tan~ (2ooj -1 (&j =a=1.01
1+201 202 100
10.(B) tan*(x +1)+tant(x -1)= tan’l(%j x-1>0
tant 2); =tant (ij
1—(x —1) 31
2x 8
2-x%2 31

Archive Solutions | JEE Main & Advanced | Page 2 Class — XII | Inverse Trigonometric Functions



Vidyamandir Classes: Innovating For Your Success

31x =8 -4x2
4x2 +31x -8=0

x:—8andx=l
4

But x :% doesn’t salsify equation ( LHS > % and RHS < gj
Only x = -8 is correct.
3I‘

K r A K
2.3 r+1
11.(A) - Sk = E tant = Sy = E tan™t 2
-1 =1

={uf3]”) 2okE]

3 r+1 3 r
% — | = 3 K+1 3
= Sk = Ztan71 % = Sk = tanl[—] —tanl[—]
< =G R
1+|— —
2 2
13

i T 713
limS, =—-tan""—=cot ~—
Kk—o 2 2 2

12.(C) - tan*Vx®+x+sintVx 4 x+ :%

For equation to be defined, x> +x>0=x®+x+1>1
only possibility that equation is defined is

X2 +x+1=1 = x2+x=0 = x=0,-1
And none of these satisfy the given equation Number of roots = 0

5
13.(B) =tan tan~t S, tan e

[ 6x5 5 15 5
=tan tan‘1—+tan‘1— =tan tan‘1—+tan‘1—
2 6 12

15 5

+7
15x12+40 180+40 220
=tan tan_1 b_12 = * = A —
1_Ex3 8x12-15x5 96-75 21

8 12

2x -1

14.D) 0<x?-x+1<1&0c< <1

= x2_x+1>08&x%2-x<0 &0<2x-1<2

1 3 1
= XeR & xe[0,1] & = <X <— = X e(=,1]= o= &B=la+p=3/2
A& Z<x <3 e & B
X1y
X +1
X -1
X +1
x—l—x—lSO
X +1

15.(A) | -1

-1<0

<0

X +1

2 >0
X +1

X >-1
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x -1 X-1+x-1
< = >

Tx+1 X +1
2X
>
X +1
P, = T xe(-o-1)u[0, |
: ! ! !
. 0
m M 1
(x-1)

3x2+x—1s x2—2x +1
2x21+3x-2<0
2x2 +4x -x -2<0

2x(x+2)-(x+2)<0

+ - +
(x+2)(2x -1)<0 } }
-2 172
X e[—Z,E}
2
2
v 3x +x2—1>_
(x-1)
= 3x2+x—y2—x2+2x—1
4x%2 -x >0
X(4x -1)=0
e = +
0 L
4
1 L. 11
X e (—oo,O]u[Z,oo){l} By all the conditions x e [ZE}U{O}
12
16.(C) ( ) (cos’ x)
= (sm X + CO0S 1x)(sin’lx —cos’lx)
ES a="|2_2costx = 2cos tx =£_2_a 2x2 _1=cos?® £_2_a =sin2—a
2\ 2 2 = 2 n b
= 2r+1)—(2r
17.(B tan1_— tan1 — tan 1(2r +1)-tan }2r -1
(®) Z Z (1+ 2r+1)(2r—l)J Z )= ( )
1 101-1 _1(100
—tan"1101-tan 11 =tanl-——— —tan"l| — =p = tan =@=@
1+101x1 102 102 51
s 4 [1-Xx
18.(A) f(x):cos[Ztan [sm[cot /]J];O<x <1
X
1- x>o&x>o{ (,1)}
Hence, 1-x >0
V NS d
: f(x)_cos(Ztan “(sin 9)) Jx
_ 0
{where cot™ 1-x —ezsinl[f]—eésine_& } ;
X =
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=
- f(x)zl—tanzq):l—x
l+tan“¢ 1+x
-2 2 2 1-xY
f'(xX)=—— = 1-x) f'(x)+2(f(x)) =-2 +2
W= e (e =2 ] o
19.(A) cosY(cos(-5)=2rn-5 ...(I)
sin'l(sin 6)=6-2=n ... (i)
tanY(tan12) = 4n-12 ...(iii)
(i) + (i) - (iii)) = 4n-11
JEE Advanced 2021
n 1 X
1.(AB) (A S, = tan™"| ———
@8) @ n I(Z::lan 1+(k+1)xkx]
n
S, = Z tan~Y((k +1)x) - (tan 1 kx)
k=1
Sh = tan_l(n +1)x —tan_l(x)
Si0 = tan 111x —tan_l(x)
= tan_l[lo—xj = E — Cot_l[ﬂ] = E
1+11x2) 2 1+11x%2) 2
(B) S, (X) =g—tan_1(x) x>0; Hence B is correct
© tan_l[s—X = 1]
1+4x2 4
1+4x2 =3x No solution
(D) Counter example x = %,n =2
_1[ 2x ] 1
tan| tan <—
1+3x2)) 2

1-x
1+X

- tan_l[

=

f(x):cos(Ztan’lx/;):cos(Zcb) {where ¢=tan’1x/; = tan¢=TX }

jzo

1+11x2

10x

|
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VMC Vidyamandir
Classes snce s
T JEE | MEDICAL | FOUNDATION

Solutions of Archive - JEE Main & Advanced

Inverse Trigonometric Functions Class - XIl | Mathematics

JEE Main 2022

1 1 1
1.(B) tan|2tan 1= +2tan 1=+ tan 1=
5 8 2

1 1
tan| 2 tan_l% +tan_1
1-—
L 40
2
1 1 a 1
= tan 2+tan 1 itan 12 = tan tan‘1i+tan_1
3 2 1
L 1-=
9
~ 3 1
—1(3 1 142 1
= tan|tan — |+ tan — || = tan|tan ———=— :tan[tan 2}:2
4 2 3 1
L 1-—x—
4 2
2.®) sinIx  costx sin"lx+cosix b1
' o B o+p 2(c +P)

sin"1x b1 . oL .
Now =—— = X =sin =sin6
o 2(a+B) 2(a.+B)

. 210 . .
sin =sin406 = 2sin 20.cos 20
o+

= 2><2X’\/1—X2(l—2X2)
= 4X\/1—X2(l—2X2)

3.8 flx)= -3a>0
1+4x
and _—n<x <—
6
n2
0<x2<—
18 2 6
= -3a < -3a<2-3a = -3a=>0 =ac<
T[2+9 1+4x ™ +9 n2+9
Max (@) =

-1 Y 3n 6
r =tan | —|+7-—.
atx:g 4 8 72+9

Y -1 _
fx g =tan ~(2x)-3ax +7

So, no option is correct

(Actually, NTA has assumed tan_l[gj as 1 which is wrong)
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4.B) (x*1)*1=x*(1L*1)
(x2+1)*1=x*2
(x2+1)2 +1=x2+8
x4 +x2-6=0 = (x2+3)(x2-2)=0
Thus, x2 = 2 since x2 = -3
1 x4+x2—2
= 2sin _
x*+x242

Putting x2 =2

.1 1 T w
= 2sin —|=2x—=—
2 6 3

T3
.3 l1-cos| —-x
_1|1-sinx 1 2
5.(B) y =tan — =tan 7| ————=%
cosx sin E—x3
2
3 T xS
Since ———¢|-——0|=> y=|———
4 2
o, -3x2
L y'= >
y'=-3X
2w 3n
L Xy"-6y+—=0
2
6.(A) (tan_lx)3 +((:ot_1x)3 =kx3  let tan"1x =t

3 3 2

T T 3n 3n
y=t3+|——t| > y=t3+——t3+ 2T ¢

2 8 2 4

Sy O
(tan_lx)3 +(c0t_1x)3 e|l—,—
32
1 7
kel—,—
{32 8}
1
E—
7.(B) tan~t \/E:L =tan_1(l—\/5)=tan_1(x/5—l)=——
2

=tan_1 tan| —
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3 4 2 4
8.(C) cos 1| Zcos|tan™t—||+Zsin|tan1| —
10 3 5 3
4 3 4 4
cos|tan"1= |== and sin|tant| 2 ||=2
3 5 3 5
9 8 1
—cost|| —|+—|=cos} = =E
50 25 2 3

9.(B) f(x)=2003_1x +4cot Ix —3x2 —2x +10
Notice f is decreasing and continuous in [-1, 1]

fnax = f(-1)=21+31+9=5n+9=D

f fl)=n+5=a

min
Range [t +5, 5+ 9]
4a-b=11-=n

10.8) tanl T tanl[_(” +1)-n ]
1+n+n? 1+n(n+1)

= tan_l(n +1) —tan"1n

50

So, Z:(tan‘1 (n +1)- tan‘ln)

n=1

= tan_151— tan_ll

-1 -1
cot tan | —— || =cot (tan 51+ tan 1)
z (1 +Nn + 12 ]

1 l+51><l 52 26
tan (tan_151—tan_1l) 51-1 50 25

2 7 3 b b1 b
11.(A) sin~Lsin i +cos™t (:os—Tc +tan"ttan 2T _sin~Lsin [n - 5] + cos_lcos(n + g] +tan"ltan [n - 5]
3 6 4

P 1 T -1 T T T T 4n+127 11n
=SINn ~SIn—+C0s —C0sS— |+ tan -tan—|=—+g-———=——-27-31 = —
3 6 4 3 4 12 12

1
12.(C -
(©) lim 6tan Ztan [1+(r+1)(r+2)]

n—oo
r=1

-1
= nITthan Ztan r+2) tan (r+1)

= lim G(tan tan n+2) tan 1(2)))
n—oo
. n
= lim 6| tan| tan™
n—w 2(n +2)
= lim 6
noo (2n+5
i 3
= lim ——=3
n~>ool+

n
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13.(29) 50tan (3 tan~1 (EJ +2cost (LD + 4\/5 tan [i tan~t 2\/5]
2 J5 2

1 2 1
—50tan|3tan 1= +2cot 12 +4«/§ —
2 1 J2

a1
=50tan| n+tan E +4

=25+4=29
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VMC Vidyamandir
Classes snce s
T JEE | MEDICAL | FOUNDATION

Solutions of Archive - JEE Main & Advanced

Functions Class - XIl | Mathematics
JEE Main 2021
1.(D) f(x)=2x-1 :
x-1/2  gseesscseles ,K
g(x) = 1 ] D
- f(9(9)=29(x)-1
1 \
o T o x x=141 1 '
ST x=1 T x-1 ox-1 0 x-1

. f(g(x)) is one-one. But not onto.

2.(2) a-f[£]+uf [i]=bx +E
X X X

)03
af | — |+ af (X) =—+Bx

X X

)-eles )] )-73)
Add @+a)f(x)+@+ao)f| —|=b|xX+—|+B| X +— = fxX)+f|—|=2|x+—
X X X X X

3.(B)
=
g
For the function g(n) as shown above g is onto but fog is not one-one
X
4.D) f(x)=—>
54 +5
f(2—X)=L= > = f(x)+ f(2-x)=1.
527% 45 5+5%
Sum=19 +f(1) =19+ > —194+ = -39
10 2 2

5.(1) log, (x -1) = Iogz(x -3)
Here x -1>0,x-3>0
X>1 X >3
X >3
Now log, (x 1) = log, (x -3)

1
Elogz(x 1) = log, (x - 3)
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2
log, (x 1) = log, (x -3)

(x —3)2 =x-1

X% -7x+10=0

Xx=2,5

x =5 (Possible)

Hence only one solution

2
6.(C) f(x)=sinx 9“):£ZE%E%

_ (x=2)(x+1) _ x+1 _
~(x-2)(2x+3)  2x+3 =%

x =2 istakenas lim g(x):g(z):g

X—2

fog =sin~*(g(x))

-1<g(x)<1
x+1 <1 x+l—2x—3£0; X+2 >0
2X+3 2X+3 2X+3
G2 >
-2 - -3/2
(-2l Foo] ()
2
and X+1 > 1 x+l+2x+32 ; 3x+4ZO
2X+3 2X+3 2X+3
= >
=3/2 - —4/3

-3

He— G

=2 =3/2 —4/3

4
(—o0,-2] u{—g,ooj

7.(B) Domain of fis [0,) and g is (-oo,1]
Domain of f+ g =10, 1] and f-g is [0, 1]
f/gis [0, 1) and g/f is (O, 1]
Common domain (0, 1)

8.(D) y=5"9% — Express x in terms of y

9.(D) fFx)= X2 & flx)=3+ L gx)=2x -3 = gix) = X123
X-3 x -1
F1x)+ g Hx) =3+ 1 +X+3:E=X+3+ 1 :E_3=Z
x -1 2 2 2 x-1 2 2
=w=1:x2+2x—3+2=7x—7:x2—5x+6:0
2(x —-1) 2
x=2o0r3 Sum = 5.

Archive Solutions | JEE Main & Advanced | Page 2 Class — XII | Functions



Vidyamandir Classes: Innovating For Your Success

10.(C) For x # -4

Ix1-3-

Ix+4]

e _n
\Jl y y=|x|-3

a3 4

x=4

No. of solutions = 2

11.(A) Claim : fis one-one
Proof : say h(x)=g(f(x))
If f is not one-one, say for x; = x, f(x;)= f(x,)
= h(x;) =h(x,). So h is NOT one-one.
Claim: gis ONTO
Proof: f:A—>Bandg:B—>C

gof :A—>C

If g is NOT onto then gof will NOT take all values from C.
12.(A) g:N —>N

9(4)=5.9(5)=6,9(6)=4

9(7)=8,9(8)=9.9(9)=7
g(x) is onto
onto (onto) = onto if f (x) is onto then f (g (x)) =onto

13.D) e® 2 _12e%X 1 X +1=0
eGX 2e3x +1) ( ax —ex)—lzezx =0

(
(e3x ) - ( 3x —1)—12e2x -0

j((e:”x —1)+3er -0

Now e3X —4eX —1=0o0re3* +3eX-1=0
X =y =y« (0,x)

f(y)=y3—4y—l : f'(y)=3y2—4=0

y=%:x=mge[%]

Only one real root

And g(y)=y2+3y—l | 1 -
Y
g'(y)=3y2+3>0 )

g<o>=—1}

g(1)=3

Only one real root So total two real roots
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14.(C)  For domain

x[|—-2
H3 .
Case I: when |[x]|—220
And [[x]-3>0
= X €(—o0,-3) U[4,0) ..()
Case II: When |[x]|—2£0
And [[x]-3<0
= xe[-23) ... (i)

So from (i) and (ii)
X €(—o0,-3)U[-2,3)U[4,»)
a+b+c=-3+(-2)+3=-2

5(5x +3)
—
25x +15+18x -3 43x +15-3
15.(A) f(f(x))=—8x=¢ = ¢ .  15-30-0; «=5
[5x+3] 30x +18-a(6x ~a)  x(30-6c)+18+ o>
6 6 -a
X -0

16.(B) f (x)=1ix
18=26 =1r=3
f(x)=3x
f(2).(3)=6.9=54

17.(256) A =(—01)U(3,%)
B= (—oo,—Z) U (2,00)
C=(=02]|u[6o) .. ANBNC=(=0-2)u[6,x) = (ANBNC) =[-26)

(AmB mC)'mZ ={—2,—1,0,L2,3,4,5}

Hence total no. of subsets = =28 =256
18.0) 1*Xs1 or 1+X 4
X
N 1.0 14X 1.0 = 1+2x
X X
= x>0 . 0]
g =" %
-1/2 0
1
= Xe|l-=,0 ... ii
30] et

Taking union of (i) and (2)

1
X e{—z,ooj—{O}
19.B) f(x)= |og£[3+J§ (cosx —sinx]

y €[0,2]
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VMC oy

IT JEE | MEDICAL | FOUNDATION

Solutions of Archive - JEE Main & Advanced

Functions

Class - XII | Mathematics

JEE Main 2022

1.(1440)
A —(x —1)(x —9) <0

=S Xe [1,9] =S Xe {1,2,3,4,5,6,7,8,9}

f(x

f(2)<2-51%2 51 possibility

IA

f(3 1—>12—>1p033|b|I|ty

f(4)<251° 51 possibility

f (6) <10 —12,22,3% - 3 possibility

f(7) <17 »12,22,32,42 5 4 possibility

IA

f (8) <26 —12,22,32,42,52 _, 5 possibility

(x)=
(2)
(3)<
(4)
f(5)<5—>1%,2% - 2 possibility
(6)<
(7)
(8)
f(9) <37 »1%,22,3%,4% 52,62 - 6 possibility
= total =2x|6 =1440

2.(C) -1<2x%2-3<2

2<2x? <5
5
1£x2<—
2
5 5
—|—<x<-lorl<x<,/—
2 2
2—5x+5>0

and Iogl(x2—5x +5)>O
2
—=x2_-5x+5>0 and x2-5x+5<1

X 5_\6 5+\/§ and 1,4
= €| —oo, > ) > ,00 Xe(, )

Combining all x e [1,

5-5
2

(x- ) +1= f(1)<5 1222 - 2 possibility
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3.(112)

4.(11)

5.(B)

6.(C)

7.(A)

8.(D)

nCnB)canbel, 2,3

Also C n B cannot contain the element'9'as Cc A,and 9¢ A
Case-1 n(CAB)=1 A= {1,2,,4,5,@,}

selecting 1 out of 3, 6, 7 and remaining 4 elements each has 2 options will belong to C or will not belong
to C.

Number of set C = 3C1><2><2><2><2:48
Case 2 n(CmB):Z

selecting 2 out of 3, 6, 7 and remaining 4 elements each has 2 options will belong to C or will not belong
to C.

Number of set C :3C2 x2x2%x2%x2=48

Case 3 n(CnB)=3

Selecting all 3 of 3, 6, 7 and remaining 4 elements each has 2 options will belong to C or will not

belong to C.

Number of set C :3C3><2><2><2><2 =16

Total =48 + 48 + 16 = 112

s={469  T={91011....1000}

Alaj+a,+...a, 1K eN} and a; €S

Here by the definition of set ‘A’

A={a:a=4x+6y +9z}

Except the element 11, every element of set T is of the form 4x + 6y + 9z for some x,y,z e W
T-A={11

Number of possible values of a = 60, for b = pq,

Ifp=3,9=3,5,7,11,13,17,19

Ifp=5 g=5,7,11

Ifp=7 gq=7

Total cases = 60 x 11 = 660

x2—3x +2
-1< <1

x2 1 2x +7 -
= X e[—l,oo)
2
X< +X
2cos =4X 147X

LHS. <2 &R.H.S >2

X2+X

6

= 2cos =2

X =0
Using A.M, G.M. inequality
i.e., AM >GM , we get that

KEXEXAYEY ey S

5
3X + 2y 3y2)1/5
3X + 2y 15)1/5
5
" (3X +2Y)min = 40
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sinh

9.(C) f(—2+): lim f(-2+h)= lim =1
h—-0 h—-0 h
. f is continuous at x = -2
_ . sin(-1-h +2) .
f(-17)= lim ————— =sinl

h—>0 (L-h+2)
f(-)=0, f(-1)=0

fah=1& fa)=0

. f is not continuous at x =1

- fisdiscontinuousat x =-1,1 . m=2
fis not diff. at x =-1,0&1 .. n =3

0O b
Azz—la—la
O bi|lO0O b

1 -a+ab
lo b2

10.(100) A= {_l a}

L Th ={Ae s; AN 1} Here, n(n +1) is always even

. b must be equal to 1

w Ty, To, Ta,.n, Ty are all | for b =1 and a can take any value from 1 to 100

100
+ [ Tn =200
n=1

x2 _5x +6 1

11.0) -1 """ <l=xe|-=,®
x2_9 2

X% -3x+2>0 = X e(-0,1)U(2,0)

3+45
2

And x #

12.(31) 3f(c)+2f(a)+ f(d)= f(b)
3(0)+2-1+2=4
+3=5
+4=6
+5=7
+6=8
+7=9
+8=10

3(0)+2-2+1=5
+3=7
+4=8
+5=9
+6=10

3(0)+2-3+1=7
+2=8
+4 =10

3(0)+2(4)+1=9
+2=10
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13.(34) Let y =

14.(B)

31)+2-(0)+2=5
+3=6
+4=7
+5=8
+6=9
+7 =10

31)+2(2)+0=7
+3=10

31)+2(3)+0=9

3(2)+2(0)+1=7
+3=9
+4=10

3(2)+2(1)+0=8
3(3)+2(0)+1 =10
Total 31 ways.
9-x2 25-x? 16
5-x  5-x _5—x
dy 16

-1 Cfor Y0 = 16-(5-x > x =1

dx (5-x)? dx

Critical pointis 1

5
SO, a=2&pB=—
3
2:2-1 3
2 9—X2
j max , X |dx = Imax
-X -X
5 8 -1
3 3
9/5
9—x2 3
= j dx + j x dx
-X
-1 9/5
9/5
I=.[5+x— dx+jxdx
-X
-1 9/5
28 8 72
| =14 +—+16log| — |+—
25 15) 25
(x1:18&a2:16
0] Ix+1k2
= -2<x+1<2
= -3<x<1
= x €(-3,1)
A:x e(-31) ..(i)
(D) Ix-1]=2

X-1<-2o0rx-1=>2
=>x<-lor x=>3

= X € (—0,-1]U[3, ©)

B :x € (—0,-1]U[3, ©) ...(ii)
B-A=R-(-3,1)

:(5+x)—5

[+ 0<x<2]
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15.(C) f(x +y)=2f (x) f (y)

16.(A)

17.(A)

Given f(l):2
(2)=f(1+1)=2f(1).f(1)=2.2% =23
(3)=f(2+1)=2f(2)f(1)=2x25x2=2°

éf(wk):éf(a)f (k)=2f((x):Zjlf(x)

:2f(a){f(1)+f(2)+f(3)+ ....... +f(1o)}
:2f(a){2+23+25+ ........... }2f(a)|#]

2f(a)l&]5—;2(220 —1) ; 4f («)=512 = f(a):54£:128

f
f

fa)=128=0a=4
f(x)= x3+x-5
f(gx) X=g is f1:>g( ())

o'(f(x))-t(x)=1=g'(f ())Zf-(x)

f'(x):3x2+1:>g'(f(x)): !

3x2 +1

f(4):(4)3+4—5

(t(a)=—2 -1
o(1(4) 3(4)2+1 49
7(9) = 45

1-2e2%

f(x)= Ioge(x2 +1)—e*X +1& g(x) =

f[g[“f}f[g(a%ﬁ

+e >0 ¥xeR

eX

X
1+x

g(x)=e™>-2e" =g'(x)=-eX -2e* <Ovx eR

f(x s increasing & g(x) decreasing function

(o= e-3)
[ 3 }g[“‘sj; o
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((x—l)z <3a-5

a2 +1-2a<3a-5
a2 -50+6<0

(a-2)(a-3)<0

ae(23)

18.(2) f(x)= {2{1—?](2 +x25)}

- o) e

oY) = f(f (f(l)))+ £(F(1)=f(1)+1=3Y041
[g(l)} = [31’50 +1} = [31’50} +1=1+1=2
19.(D) Notice g is even. So, fog can’t be one-one.
Notice for no value of x f(g(x))=1. So fis NOT onto.
20.(248) f(x +y)=2" f(y)+4Y f(x), f(2)=3
Swapping x and y
fly+x)=2Y f(x)+4% f(y)
= 2Xfy)+4Y f(x)=2Y f(x)+4" f(y) = f(x) (@Y -2Y) = f(y)(@* -2%)

) = ') =k (constant)

4% _2%  4Y _2Y

= f(x)=k@*-2%) = f(x)=k (4% In4-2%1n2)
f/2x) =k(@%* In4-2%1n2)

f'4) 4%In4-2%In2
= o a2 2
f'(2) 44In4-2%In2

In22° -2%) 496 124

In2(2°-22) 28 7

f/(4) 124
14— =14x
f'(2)

=248
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21.(B) As given f(x):X_:L and "= £(f"(x))
X +1
x—1_1
F20) = F(Fx) = )T xen T X7loxol 1
f(x +1) X—1+1 X-1+x+1 X
X +1
F3x) = F(F(FO0) = e = | 2
- T f(x) lx-1
x -1
+1

X-1+x+1
= =X

f4(x) = £3(f(x)) = X+1 -
*J () Xx-1 x+1-x+1

1-
X+1
5,07 7X—1
o0 = F6)=——
6 __i 7 __i__(x+1)
f (X) X’ ( )_ f()()_ (X _1)
so, 5@+l 8_9_3

22.(D)
Graph of y = flx) 4Y

(1, 2) .
o(F(x) = (F)2+ky x F(x) 5 f(x)<0
4f(x)+ky . f(x)=0
(x + 3)2 —k1|x +3| X € (~»,-3)uU(-3,0)
= k, X =-3
4e* +k, X >0
x|=73
' x=0
9(f(x)) = (x +3)% ~ky [x +3 9(f (x)) = 4eX +k,

ky =2 as g(f(x)) is differentiable at x = 0
9(0")=g(0") = 9-2k=4+ky=>  9-6=4+k,

(x+3)2—2|x+3| ; x<0

Hence, g(f(x))=
4e* -1 © x>0

(gof )(-4) +(gof )(4) = -1+ 4e? —1=2(2e* 1)
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n
— ;' n=24,6,810
23.(190) f71(n)= 211
n +
5 n=13579

n+1 ; n eodd
f(g(n)):{n_l ; neeven

( ) f_l(n +1) ; neodd
= n)=
? f_l(n —1) ; Neeven

n+1
> ;. neodd
g(n) - n+10
; Neeven
2

9(10).[9(1) +9(2) +9(3) + 9(4)+9(5)]
=10.[1+6+2+7+3]=190

24.99) f :R >R

f(x)- 2e2% (1) 2 |

_92X+e E _e+e -
2(1—x)

faox)=2 .

+ +
1
1 99 2 98
=f|— |+ f|— |+ F| — |+ f| —|+....
100 100 100 100

2 2

. 50
Upto 49 pairs +f [—]

100
1
—2x49+f[5]—99

25.8) Ry ={(ab)eNxN:Ja-bf13]
Ry ={(a.b) eNxN:la-b]+13]
For R, :
(i) Reflexive relation (a,a)e NxN :Ja-a|<13
(ii) Symmetric relation (a,b) Ry,(b,a) Ry :lb-a]<13
(i)  Transitive relation (a,b) e Ry,(b,c)eRy,(a,c)eRy:(12)eRy(3,15)eRy but (1,15) ¢ Ry

Hence not transitive

For R, :
0] Reflexive relation (a, a) eNxN :|a —a| #13
(ii) Symmetric relation (b,a) eNxN :|b —a| 13

(i) Transitive relation (a,b) € Ry,(b,c) e Ry,(ac) Ry

(L3)eR,(314) e R, but (1L,14) e R, hence not transitive
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26.(37) (1, 1), (1, 4), 4,1), (2,4), 4, 2), (3, 4), 4, 3), 4, 4) - all have one choice for image.
(2,1), 1, 2), (2, 2) - all have three choices for image
3, 2), (2, 3), (3, 1), (1, 3), (3, 3) - all have two choices for image.
So the total functions =3 x 3 x2x2x2x2=72
Case |: None of the pre-images have 3 as image
Total functions =2 x2 x1x1x1=4
Case II: None of the pre-image have 2 as image
Total function =2 x2 x 2 x 2 x 2 =32
Case Ill: None of the pre-images have either 3 or 2 as image
Total functions =1x1x1x1x1=1
. Total onto functions =72 -4-32+1 =37

27.D) If f (nl) =f (nz) =n; =n, only, then function is one-one
2n; =2n,,ny =N, only.
ng-1=n,-1=1n; =n, only

n1+1: n, +1

=nq =n, only

2
2n; =n,-1
. n,+1 . L . .
And the equation 2n, = have no implication under given condition.
n,+1
2n; -1= 22

So the function is one-one function and onto also because for any natural number n; exactly one of the

equation.

ng =2n
n, = 2n -1 willhave solution
2n +1

2

So the function is one-one and onto.

Ry = {(p,pn),n zo},Rz = {(p,pn),n =00r1}

n1=

28.(10

~

Ry-R, = {(p,pn ),n > 2}

= {(2,4),(2,8),(2,16),(2,32),(3,9),(3,27),(4,16),(5,25),(6,36),(7,49)} =10 possibilities.
29.(702) n(A) =n

Number of min distinct elements possible are (2n 71) if the number are in A.P.

n(A)=n=20=n(B)=2n-1=39 = a,,a,,ag,.....a.g are 18

AM inserted between 1 and 77

= aj+ay +ag+....... alS:E(1+77):702

2

30.(18) Let f(x)=ax2 +bx +¢c

and g(x)= Ax +B
f(g(x)) = f(Ax + B)

=a(Ax + B)2 +b(Ax +B)+c

=a’a%x? +(2ABa +bA)x + aB2 +bB +c
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= 8x2 - 2x (i)

g(f(x)): A@x? +bx +¢)+B = 4x2 +6x +1

= Aax? + Abx + AC + B = 4x2 + 6x +1 ...(ii)
Solving (i) and (ii), we get
a=2 b=3 c¢c=1
A=2 B=-1
f(2)+g(2)=4a+2b+c+2A+B =18
31.(D)
A

(X, X)eR VX € A
(x,y)eR=(y,x)eR
(X1y)1(y1X)ER 3X,y,ZEAi

=(X,z)eR

23in_1[ 5 ]
32.0) -1<— \4x7-1)

-ls——<1 4x%-120
4x° -1
[ ! —1][ ! +1]<o = (2-4x°)4x?%)<0 :>XE[—OO —i}u{i oo]u{O}
ax?2-1 Nax2-1 ) - C2] V2]
33.(3395) f(x+y)=f(x)+ f(y)-xy
= (c +1)(x +y)2+(l—cz)(x +y)+2k =(c +1)x2+(1—c2)x
12k +(c +1)y2 + (1-c2)y + 2k — xy
= (c +1)(2xy) = 2k — xy
= (2c +3)xy =2k V X,y
3
= c=——,k=0
2
= f(x)———x2+[1——]x +2(0)—[—%][x2+5x]
20 5 20
|2(f(1)+f(2)+f(3)+...+f(20)|= x2+—Zx
x=1 2x:l
_ 20(21)(41) 5 (20)(21) _ 3395

6 2
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JEE Main 2021

1)  f(¥)=[x —1]cos{ 2X

2.(A)

3.(C)

4.(2)

L,

Doubtful points of discontinuity are x = I (integer) [x —1]is discontinuous¥ x |

cos(zxz_l}cis zero V xel S~ LHL=RHL =f(l)=0 .. f(x) iscontinuous Vv xeR
X2
J. sm\f

lim & ——

X—0 X3

Using Leibnitz rule

. (sinx)(2x) 2 . sinx
Iim ——M =— As lim =1
x>0 3x2 3 x>0 X

lim (1+ f(x))q(x)=e'- where L = lim f (x).q(x) {(1°°)form}

n—o X —>0

= e
. 1
Consider —+—+....+—
n
1 7 11
= —t+— . +—<J.—dx = —+—+.... +—<In(n) = 1+—+—+..... +—<1+In(n)
n X n n
1
1 1 1 1
—+— F—+—Fot—
1+—+—+..... + 1+1In(n) ~ 1+In(n) n
= 0< < ;o lim 0 li 0
n n nowo N n—w n

L. . 1
f(x)=12x +1]-31x +2]+]x% +x —2] => Critical points are —E,—Z&l

x2+2x+3 X <=2

2 1
f(x)3—x“-6x -5 ;—2<XS—E

2 1
-X“-2Xx -3 ;—E<xsl

x2—8 1< X

. . . 1
Clearly f is not differentiable at x =—— and x =1
2
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min{|x|,2—x2}, -2<x<2

[1x1]. [-3-2)v (23]

Graph of the function is

A

5.(5) f(x)=[

L 2;
\E\

Number of points of non differentiability in (-3,3) =5

ax —(e4x —1) 0
6.(5) lim —————= exists | —
x—=0 gx (e4x —l) 0

4x
Applying L.H. Rule lim a-4e (A
x—0 g (e4x —1) +ax (4e4x )
For limit to be exista =4

4x 4x
- from (A) lim 4-4e [0} = lim —16e

x>0 4(e4x —l)+16xe4x 0] x-016e% +16e%* +16x.4e%
- ~16 :_E:b a—2b=4+2x£=
16+16 2 2

7.(C) |f(x)—f(y)|s|x —y|2

f(x)-f(y) <|x -y
X -y
|f’(x)|s|x—y|
h|i2~10|f'(x)|s|h|
|f’(x)|so vx eR
f’(x):o
f(x):constant : As f( ) = =1
\/E[lcosh+\/§sinh] {cosh—smh
8.0) lim2 2 2 [s'”hjxizi
h—-0 NE (\/Ecosh smh hﬁo h 3 3
9.(B) )=|a+1+b|& lim (smnx)— I|m sinm(1+ h)
x—1"
Since, f" is continuous at Xx=1 = |a+l+b|=0:a+b+l=0:a+b=—1

10.0) f'(a)=2 f(a)=

i xf (a)-af (x) ~im [xf (a)-af (x)+af (a)-af (a)]

X—-a

11.(0) Let L = lim w
n—ow n
Since, [x]e(x -1,X]

Hence, [r]le(r -1r]
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[2r]e (2r —1,2r]

[nr]e(nr —1,nr]

Now, lim r-1+@r-1)+....+(nr _l)<Ls lim (r+@2r)+....+(nr)
n—ow n2 n—ow n2
lim r+2r+....+nr im [l < L < tim rn(n +1)
n—o n2 n—o n2 n—o 2n2
1 rn2[1+—J
lim [MJ—O <L < lim|——"/ ' o<L<t Using sandwich theorem ; L -
now| 2n2 n—o 2n2 2 2

2 2
12.(C) L = lim 2n(zcos”0) _ ;.. tan(zcos” o)
0-0sin(27sin20) 0-0sin(2z — 27 cos2 0)

. 2 )
=—lim sin(z cos” 0) — _ lim sec?(z cos? 0) = —l(l) _ -1
00 cos(r cos? 0)- 2sin(r cos? 0)cos(rx cos? ) 60 2 2
Ux x>1
13.(C) f(x)={axZ+b ; -l=<x<1
-Ux ; x<-1

For the function to be continuous atx =1 & -1

a+b=1
For the function to be differentiable at x +1
a=-1 = a=_£, = =§

2 2

14.(A) g(x+1)-g(x)=log f (x +1)-log f (x) = Iog(xf (x))—log f(x)=x

' (x+1)-g"(x) = - 9'(5)-9"(1)=(0"(5) - 9"(4)) +(0"(4)-9"(3))

+

15.6) lim cos(sinx) - cosx

x—0 X4
2 ‘4 4
L sin?x sinfx g2 {1 coszl} sin” x
2 4 _ 2 2], a4t |
X4 X4 X4
. 4 x
2sin (2)_1 1 4 1
T T84 a6 0
10x 2
16
1(x - in~1(x — -1, cin-1
16.0) tim SO (X=0):SINT(X-0),  p, cosTx.sinTx _x
x—0" X —X x—0" X(l—xz) 2
17.(B) -+ f(x)is continuous at x =0
lim f(x)=f(0)= lim f(x)
X —>0" X—>0"
f(0)=b
LHL = lim (a +1)cos(a +1)x +2cos(2x) =(a+1)+2=b
x—0" 2 2
a+3=2b 0|
f 2
RHL = lim YA+bxZ -1 . 1r (@) |_1_y

x —>0* bx 2 x>0" 2| opy ("l+bx2j 2
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b=£:a+3=l
2

a=-2
a+b =—2+£=ﬁ
2

18.(3) f(x+y)=f(x) f(y)¥vx,y eR

Put x =0,y =0

f(0)= f(0)> = f(0)=0or 1
But f
f(0)

(x)=0 forany x eR
1

IimM= |imw=f'(o)=3
h-0 h h—0 h

x3 4+ 2, X <0
19.0) f(g(x))=1{x5, 0<x<1
(3x —2)2 x >1
At x =0, f(g(x)) is discontinuous.

x = 0 is the point of non-differentiability
, T(g(x)) is continuous as well as differentiable.
Number of point of non-differentiability = 1

At x =1

. ae* -bcosx +ce ¥
20.(4) lim - ....(A)
x—0 X sin x
o L 0
For limit to be exist, it should be of the form of —.
a-b+c .
—=b=a+c ()]
. ae* -(a+c)cosx +ce [0 __ae* +(a+c)sinx —ce™
From (A) lim - —| = lim -
x—0 X Sin X 0 x—0 Sin X + X COS X
0
Again it should be of the form of — for finite limit
= a=c ... (i)
. aeX*+2asinx-ae ¥ |0 ae* +2acosx +ae X 4a .
= lim - —| = - =—=2(given)=>a=1=c
x—0 sin X + X cosx 0 x—0 COSX + COSX — X Sin X 2
= b=2 a+b+c=1+2+1=4
21.(C)

Max (sint 0 <t <x),0<x <n

Jix¥

x—0

22.(D) lim x@1-sinx +§1+sinx) @1-sinx +¥1+sinx) (&1-sinx + L +sinx)

—(2sinx)

. X 2x2x2
Iim —=
x—0 sinx (-2)
23.(5)

0] 1
1-{x}=1-x;0<x<1
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o 12 1 32 2 52 3

Non differentiable at  x :%,1%,2,E

2

x2f(2)—4f(x) 2xf (2) =4 f'(x)

24.(A) lim = lim =2-(2)-f(2)-41'(2) =16-4=12
X—2 X— X—2
cot4x tan2x 1
25.(C) RHL = lim ecot2x = |jm etan4x = g2
x—0* x—0"
3a . 3a
— [sin x| x ——
LHL = lim (1+|sinx])¥™ = lim e fsinx| _ g3a
Xx—0" x—>0"

-+ f(x) iscontinuousat x=0
1 1 1
e2=b=e* = b=e?: a=s 6a+b?=1+e

26.(39) f(x)= ;ﬁ\x)z, X # 2
=7, xX=2

Obviously the degree of P is less than or equal to 2.

lim =7 = P(2)=0
X—o2X -2
(@) P(2) = P(3) so P is NOT a constant

(b) Say P is degree 1

P(x)=a(x —2)
P(x) _ _
X2 sin(x—2)_7 = a=71
= P(X)=7(x-2) But P(3) = 7 contradiction
(c) Let P(X)=a(x —2)(x —a)

tim 2% jim ax o) =7
X2 X —2 x-52
= a-a)=7

PB)=aB-a)=9 = a=2;a:_g
3) . 3 13 _
P(x):2(x—2)(x+§] , P(5)—2.3[2] 39

3[1+%] ; x e[-2,0]

27.(4) f(x)= 3[1—%] ; x €(0,2]

0 ;X e(—oo,—Z)u(Z,oo)
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28.(D)

29.(3)
30.(B)

31.(3)

X+2
3[1+ 5 ] : XE|:—4,—2:|
f(x+2)= 3[1—";2} : x e (~2,0]
0 : XE(—OO,—4)U(O,OO)
X-2
3[1+ 5 j : x €[0,2]
f(x-2)= 3[1—’(;2] ; x €(2,4]
0 : XE(—OO,O)U(4,OO)
0 ; Xe(—oo,—4)
X+2
3[1+ 5 ] ; xe[-4,-2]
X+2
3(1— > j ; xe(-20)
gx)=f(x+2)-f(x -2)= 0 ; X =0
—3[1+X‘2]; x €(0,2]
2
—3[1—X;2J; x €(2,4]
0 ; Xe(4,oo)
After solving
At x =4 At x =-2 At x =0 At x =2 At x =4
Conti. N N N2 < <
Diff. % X < X X
= n=0m=4=n+m=4
f . - _ o
(x)lscontlnuousatx 0= f(0) )!li)nof(x)
f(O):a
%3 x In(l+2xe’2x) 2In(l—xe’x)

lim f(x): lim ) -
x-0 4 sin% x X X

e 2infioxe o)

| ) skt PR S R N T

sin® x -xe
Solvingwe get a =B=6asy=-9 = a+Pf+y=3
Continuous at X =0

= f@0)=f0)=>a-1=0-¢ = a=0

Also continuous at x =1

= fah=f1) = 20)-b=a+(-1)=>b=3
a+b=3
1-cos x+/cos 2X
X+2 iml—— % (x+2)
) im NG
lim (2—cosx\10052x) x2 (1°°) =g x>0
x—>0
1
SiN X+/C0S 2X ~€OS X x—————(~25sin 2x . )
Iim[ 2./cos 2x ] lim (x+2) lim sin X cos 2x +sin 2x cosxX lim (x+2)
— e x>0 2x x—-0 —e x>0 2x x—0

1
(74-1]2
e\2 —e3=2a-=3

Archive Solutions | JEE Main & Advanced | Page 6
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_ 3tan®xsec® x —sec? x

32.B) a= =-4 Using L-Hospital rule
—sin(x +£j
4
B = let glcosx-Dcotx _ g0 _q i.e., —4,1 areroots, .. a+b =4 and 16a -4b =4
x—0
a=1b=3
2| x2+bx+c
e[ )—1—2(x2+bx+c)
33.(D) .. lim >
X—>p (X _B)
2P 1 a(x —a)(x -B) [0 ,
= lim — ['.‘a,Baretherootsof X“+bx +c = O}
i (x —B)Z 0

B ez(x—a)(X—B)Z(ZX ~(o+B))-2(2x (@ +P)) ) 2(2x - (a +B)){ez(x‘“)(x—ﬁ)_l}(x ~a)
X0 2(x —P) ~x0p 2(x —B)(x -a)

= 2(2p—(a+B)(B-a))=2(B-a) = z(b2 —4c)
34.0) f(x)={x}
9(x)=1-{x}

h(x) = min {f (x), g(x)}

Obviously continuous everywhere but non-differentiable at more than four points

asin l(x—l) ; x<0
> ; X<

35.(14) f(x)=
tan 2x —sin 2x

;x>0
bx3
f(0)=-a
. . tan2x - sin 2x . tan2x |[1-cos2x |2
f(0")= Iim | ————— = lim —
X0+ bx 3 h—-0 2X x 2 b
i tan 2x 5 sin?x |(2 L) 2 4
= lim — = — ==
h—0 2x x2 b b/ b
. L i 4
Since, function is continuous at x =0 = f(0)= f(0") = -a = N —>ab=-4

10-ab =10-(-4) =14
36.(7) Using L’ Hospital
nx" 1 f(1) - f'(x)

Lt 44

x -1 1

nf@l)-f'Q)=44

where f(1)=9

f'(1)=19 ; nN-9-19=44 = n=7

Archive Solutions | JEE Main & Advanced | Page 7 Class — XII | Differential Calculus-1
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37.(2) f(x) is discontinuous at 0 and 1
38.(B) Using L’ Hospital Rule
n/ 4. f(sec?x)-2sec? x - tan x
Lt =2f1(2)

X—n/4 2X
39.B) x3-6x%2+ax+b=0

2+4+a=6

a=0

~a=8and b=0
f(x)=x3—6x2+8x

f’(x)=3x2—12x +8

f/(xy) = -1=3xZ-12x, +8

“ Xg=1or 3

f'(x,)=0=3x5-12x, +8
2
Xy =2F—

3

3 2 2
X, =3<X, =24 —
1 2 3

. Sl IS true.

J3 3

2 2
f(x) is decreasing in [2, 2+—] and increasing in [2+T, 4]

L, 2
Xy =24 ——
4 \/5
Now 2f/(x3):\/§ f(xy,)

~16 24
2[3x§ ~12x;+8| V3 —= = X5 =" or 12/9

33

) 2
. X3 =?<X4 =2+—

N

. S, istrue

40.(2) f(x)=x%+ax+1

f'(x)=2x+a

When f(x) is increasing on [1,2]
2x+a >0Vx €[1,2]

a>-2x Vx e[12]

R=-4

When f(x) is decreasing on [1.2]
2x+a <0V xell2]

a<-2x Vxell,2]

S=-2

IR-S|=]4+2]=2

Sinz(ﬂ—ﬂCOS4X) _ Sinz(ﬂ(l—COSZX)(l+COSZX))

41.(A) lim = lim
X —>0 X4 X —>0 X4
_ lim sin2(7r><sin2x><(l+coszx))x(7rxsin2 x(l+<:os2 x))2
x =0 x* x (7 x sin? x(1 + cos? x )2
2 2 2 aind
= Jim T X@HCOSTX)TXSINTX _ iy 22(1 4 cos? x)? = 42
x>0 X4 x>0
42.(D) LHL=RHL = f(0)
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cos® x —sin? x -1 x%+1+1

lim f(x)= lim

x>0* N W2 4141
—25in2x(\/x2 +l+lj

lim > =_4

x —»0* X
1 1+x/a

lim =log,

x -0~ X 1-x/b

43.(D) Rationalising
(x2 -X +1)—a2x2
lim

X—® \/x2 -X +1-ax

=b

lim
X —0 1 1

For limit existence 1-a2 =0 = a = +1

a=-1. Na-=1

1
DNE -—=b
2
. X X . X X
SmEH:OSE + smz—cosE
44.B) y(x)=cot™
. X X . X X
sin — + cos—| — [sin — — cos —
2 2 2 2
osin X
sin—
X X d 1
y(x):cot_l 2 |—cottan= | : y(x):f__; &v__Z
X 2 2 2 dx 2
2C0Ss—
2
X +a+1, XE(—OO,—a)<O
f(x)+1, f(x)<0

45.(1) (gof )(x)= (gof )(x) ={(x +a —1)2 +b, xe [—a,O)

2 ;

f(x)-1) +b, f(x)=0
( (x) ) (x) (|x—1|—1)2+b, x €[0,20)

It is given that (gof )(x) is continuous everywhere, so (gof)(x) must be continuous at x =0 and x =-a .

By applying the condition of continuity at x =0 and x =-a weget a+b =1.

46.(481) f (x) = sin (20)
X
f’(x):200329.@ 2"log _db
dx 1+4%  dx
2X X 2
f'(x)=2 1—22 -2 .Iozg
1+27% ) 1+2°%
-3 2 _
f’(l):Z%XZI(;g =2i52|og2 —a=-12,b=25 =[a? -b?| = 481
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X

J'(s fl-tpdt, x>2

47.(C) f(x)=1°
© () 5x +1 , X<2
lim f(x)=f(2)=11
X—2
X
lim f(x)= lim |G+]1-t])dt=5.2+1=11
x—27" x—>2+O
f is continuous at 2
1 X
J.(5+(l—t))dt+J.(5+(t—l))dt, )
5x +1, X <2
£/(x) = 5+x-1 ; x>2
5 DX <2
RHD at2 is 6
LHD is 5
So f is NOT differentiable at 2.
1 1
48.(17) -- y4 +y 4 =2x

Differentiate both side w.r. to x.

11y
- = yt -y 4 | gy
dx
= -8y = 2\/X2—l.:—y=4y
X
Again differentiate
/ 2
X2_1'ﬂ+7\/2)('d7y=4d7y (Xz‘l)dy x N a2l Y 164
dX2 2 X2—l dx dx dX2 dx
B=-16,a=1 ‘B*Oﬁ‘=17
- 1 Y i
49.(B) lim sin “x —tan ~x _ lim (sin X—X)+ X —tan"— X
x—-0 3x3 x—0 3x3 3y 3

Our good fortune that both the these limits can be evaluated independently by application of

L' Hopital’s rule

1
. —
-~ [sinTIx —x |l y1-x? . 1-1-x2
Let lim = lim > = lim
x—0 3x x—0 Ox x>0 (1 - x2)(9x?)
. x2 1
= lim =—
X0 (1, \1-x2)1-x2)ox2) 18
1
_ x—tan"1x . 1_1 X . x? 1
Let L, = lim = lim + lim ==
x—0 3)(3 x—0 gXZ X—)0(1+X2)9X2 9
1 1 1
L=Lj+lo=—+—== = 6L+1=2
177271879 6
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50.(D) 2 points

F(x) = [x - 3)(x +1)-e®*-2"
Critical points are x = 3,-1

(x = 3)(x +1)~e(3x'2)2 ;X >3
Fx)=4—(x -3)(x +1)-e@ 2 . _1<x<3

(x —3)(x +1)- @27 x < _1

Clearly f(x)is non-differentiable at x = -1, x =3

51.(40) logg(x +y) =4xy = x +y =e® ... (i)

= 1+y'=e®Y [4xy'+ 4yJ ..... (ii)

Again differentiating w.r.t. x, we get

= y" =P (axy" + ay'+ 4y") + eV (4xy'+ 4y ) ... (Gii)
Put x =0in (i) = y=1 ....(iv)

Put x = 0in (i) = 1+y],_o=e°[0+4@)]

= Y|x0=3 V)

Put x =0in (iii) and using (iv) and (v) in this, we get

= v _o =€°(0+4(3)+4(3) +e2(0 + 41))* = (24) +(16) = 40
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VMC Vidyamandir
Classes snce s
T JEE | MEDICAL | FOUNDATION

Solutions of Archive - JEE Main & Advanced

Differential Calculus-1 Class - XIl | Mathematics
JEE Main 2022
2, 2n 1 2 T2 P
1.(C) nitwén2+K2 =;Z 2 =E[1+x2 Ax =2‘tan 1xO
1+(n]
=  a=—
2

e )

(In(1+ x2 4+ x4)j COoS X

2.(A) lim
x—0 1-cos? x
In(l+x2 +x4)
x2(1+x2)cosx
x2 4 x4
lim =1 k=1
x—>0 sin? x 2
X
X2

. 1 x<0 ;x<0
3.(D f _Jx+a; x<0 ; _ X+ ,
©) (X) {|X—4|;x>0 g(x) (x—4)2+b;x20
For continuitya=4andb =-15
o(f(2))+ f(o(-2)-9(2)+ f(-2)--8

4.(B) f(3x)—f(x):x

Archive Solutions | JEE Main & Advanced | Page 12 Class — XII | Differential Calculus-1
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5.(B)

6.(C)

7.(D)

3

x)-f(0)== [~..Mwin=oJ
)

1/7 -6/7
(37+3x) -3 3(37+3x) x3
f(x)= » 75— = applying LH. rule f (x) = - » —73
(9 +qx) -9 (9 +qx) x q
= qf (o):i = 21qf (0)—p2 =0
7
ax —[e3* —1)
= lim ——— 7
x>0 ogx(e3X -1)
(3%)°
oaX —41+3X + +....—-1
21
B= lim
X—0 (3X)2
aX <1+ 3x + + e -1
21
2
(0 =3)X ——— +......
B= lim 5
x=0 3ax? +—ax3....
2
for finite limits
-9 9 -1
a-3=0=a=3 and B= S —
2 x 3a 6x3 2
How o +B=3-—=—
2
log, cosec x
|Ogg>< ge—
log,, cos x
differentiating wrt x
loge cos x x x (—cosec x cot x) — log,, cosec x x x (—sin x)
2 cosec X COS X
= loggx >
(loge cos x)
2 | logg cosx x (-cotx) + log, cosec x x tan x
= loggx >
(Ioge cosx)
but x _z
4
1
2 |OgéE>< (1) +logg \/Exl 2 | 2xlogg \/5 2% Iogg
= logg x logg x = =4
2 2 1 2
1 (Ioge \/5) E><Ioge
Ioge\/E
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8.B) f(x)gx-1]cos|x-2]sin]x-1]+(x-3)|x%-5x +4]
dx-1]cos|x -2]sin]x -1]+(x =3) [ x -1]|x -4
Ax -1][cosIx -2]sinx -1]+(x -3)x = 4]
Non differentiable at x =1 and x = 4.
x2 x3 x% x3 x3
a 1+x+—l+—l+... +B 1—x+—|——|+ Y x——|+...
9.C) lim 2! 3! 2! 3! 3!
X—0 X3
Constant terms should be zero
= a+B=0
Coeff of x should be zero
= a-B+y=0
Coeff of x2 should be zero
o o
Xs[_B_YJHA[_B_YJ ,
lim 3! 3! 3! 3! 3! 3_=<
X —0 X3 3
p a B oy 2
= —+-=0  ————— —
2 2 6 6 6 3
= a=1=-1Ly=-2
10.(79) f(x) =4|2x +3|+9 X +i —12[x +2o]vX e (-20,20)
2
f (x) is not differentiable at x e I
x ={-19,-18,.....,19} = 39 values
1
at x =1 +—, f (x) is non-differentiable at 39 points
2
3 A A —
Check at x = ——,= discontinuous at x = —
2 2
So number of point of non-differentiability =39 +39+1 =
11.(7)
3.5+
gisl= ®
2561
[2x%-3%-7], x < -1 —» |4 [ax?-1], -1<x<1 P |€— |x+1|+[x-2].x>1
21 L—()
1.5 T
] it
0.5
w311 1 1
2 J2 2 2 2 2
| | | [l | | | | | | | | | | |
| I I I | | I | I I I | I I l
1.6 -14 -12 1 |-0.8 |-0.6 |[-04 -0.2 0.2 04 |06 08 1 12 14 1.6 18 2 22
-0.5 T
-1
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12.(A)

13.(62)

14.(A)

(\/ZSin2 X +3sinx +4 +\/sin2x +65sinx +2]

lim tan? x x (\/25ih2x+3sinx +4—\/sin2x+65inx+2]x
x>
2
. 2 2sin?x +3sinx + 4 —sin?x —6sinx — 2
lim tan“ x
NN _\/ZSin2X +3sinx +4 +\/sin2x +6sinx +2
2
. 2 sinx —3sinx + 2
lim tan“ x
n (3+3)
X —>— L

sinZ x(sin x —1)(sin x — 2)

lim
n 6 x cos? x
X ——
~ sin? x (sinx —1)(sinx -2)
lim

n 6(1 — sin x)(L + sin x)

1 1

6x2 12

2x -3; x<0
fx=2x2+1}, X) = ’
x) [ 90x) {2x+3 X >0

=f(2x +3); x>0

fog = f(2x -3);x <0 _{[2(2x 32 +1 x<0

50

\18

50

W

X €(-1,0) = 2(2x - 3)% € (18, 50) - 31
X €(0,1) = 2(2x + 3)% <[18, 50) - 32

But fog is cont. atn =0

So no of points =31 +32-1 =62

f(x)+f'(x)+f"(x):x5+64;

f (x) = 5a5x4 +4a4x3 n 3a3x2 +2a,X +a,

[2(2x + 3)2 +1;, x>0

(\/ZSin2 X +3sinx +4 +\/sin2x +6sinx +2]

Let f (X) = a5x5 +a4x4 +a3x3 +a2x2 +a4X +ag

o f (x) = 20a5a3 +12a4x2 +6Bagx +2a.,.

f (x)+ f '(x)+ f (x) = a5x5 +x4(a4 +5a5)+x3(a3 +4a, +20a5)

+x2(a2 +3ag +12a4)+x(a1 +2a, +6a3) +(a0 +ay +2a2)

Comparing coefficients

ag=1&a,+5a5=0=>a, =-5 ;

ag+4x(-5)+20=a3=0

ay+3x0+(12x(-5)) = a, =60 ;

a;+2x60+6x0=0=a, =-120

ag+ay +2a, =64

ag+4a, +20ag =0
a,+3agz+12a, =0

a, +2a,+6az=0
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ap —120 +2x60 =64 = a, = 64

f(x)=x°-5x* +60x2 —120x + 64

T(x)
lim :>f'(1):5—20+120—120:15
x—>1Xx-1

15.(B) \ / n

16.(3) F(x)=[1+x]+=

. ol 4
lim f(x)=a—-—=0+ =o-—
x—0 -1 3
1 4 1 10
= 2-——=0a-— = aot—=— = a=3el
o 3 a 3

17.(B) Check continuity at x = 0 and also check continuity at those x where g(x) = 0
g(x):O atx=0, 2
fog(0+) =-1
fog(0) =0
Hence, discontinuous at x = 0
fog (2+) =1
fog (2‘) =-1

Hence, discontinuous at x =2
n/4
18.(B) g(x): (f '(t)sect+tantsect f(t))dt

g(x)= TEJ. d(f (t).sect) = f (t)sect

X

9(x)= f[g]secg— f (x).secx
g(x)=2-f(x)sec 4{@]

COsX

lim g(x)=2- lim [M]
S
X — X —
2 2
ing L Hopi im )
Using L’ Hopital Rule =2 - Iim ——2—

XH[EJ_ (-sinx)
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sin(3x2 —4x +1)—x2 +1
19.(11) lim
x>l 2x3_7x2iax +b
For finite imita+b-5=0 ..(1)

Apply L'H rule

-2

cos(3x2 —4x +l)(6x —-4)-2x
lim =-2
x—1 (6x2—l4x +a)

For finite imit6 -14 +a=0
a=8

From (1) b = -3

Now (a-b)=11

20.(C) On redefining the function

0 if x <0
aeX -1if0<x <1
f(x)= b ifatx =1

b-1 ifn 6(1,2)

—C if X e[2,0)
Since b’ and (b—l) can not be equal to each other for any value of x, so the given function will be

discontinuous for at least one point for all value of a, b and c. If we want to make function
discontinuous at only one point, then

aeo—1:0:>a:1
And b-1=-—<c=b+c=1
Soa+b+c=2a+b+c#1s

So correct option is c.
21.0) x%-2x3+2x -1=(x? -1)(x -1)2

. (xz—l)sinznx . sin? nx
= lim = lim

x> (x2 —1(x -2 x->1(x ~1)?

Put x -1 =h to get the answer
22.(4) Let h(x)= f(x)g'(x)
= h'(x) = f(x)g”"(x)+ f'(x)g"(x)

Hence, minimum no. of solutions of h"(x) =0 in (-2, 2) are reqd.

1
fisevenand f [Ej

1
-
/N
NG
Ne—
1
o

g is even function = g(x) = g(-x)vx € (-2,2)

= g'(x) = -g’(-x)

= 9'(0) = -9'(-0)

= g'(0)=0

= h(0)=0

= h has min. 5 roots in (-2, 2)
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= h’(x) has min. 4 roots in (-2, 2)

- - - - . 64 2 1 2 1
And this minimum value is attained for f(x)=—|x“ —— || x“-——

45 4 16
32( , 9
And g(x):7 X< ——

Graphically or otherwise: h’(x) has exactly 4 roots in (-2, 2) since it's a polynomial of degree 4.
Graph of h(x):

A

< A /\n_// -
/1/2 _{74) V412
v
23.(C)
ybﬁl
*—oO
f0T10 10
91 9
-3t 2
1o / 2
/:\ s -1 23 4 5
-1 1 2
o+ non diff at {2, 3, 4, 5}
m=4
-1 , 2 o7
| = j(x —3x)dx+_[2dx :T
-2 -1
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VMC Vidyamandir

Classes suce o
T JEE | MEDICAL | FOUNDATION

Solutions of Archive - JEE Main & Advanced

Differential Calculus-2

Class - XII | Mathematics

JEE Main 2021

ax3 -3x2
6
f'(x)=(2x —1)(x —sinx)

1 1
(x)=0i Z, o| And f'(X)<0i —0, =
f'(x)=0in Xe|:2 ] n (x) |nXe[ 2}

2.(D) Equation of tangent at P(t,t3) is

1.(D) f(x)= —2sinXx +(2x —1)cos X

d d
y-t3 =3t2(x -t) i) |~ o3x2and at @13 - 32
dx dx
on solving with y = x3 ... (i)
-3+2413 -3-2413
T ignore, ——— ignore ; x2 ¢ xt +12 = 3t2 ;

x2 xt-2t2 =0
(x—t)(x+2t) =0 = x=-2t,t .. Q(-2t, -8t

3 3
2t -8t
.. Ordinates of required point (point which divides in 1:2) = # =23

3.(C) It passes through (0,0) = ¢ =0
(1, 2) lieson it
= 2=a+b (D)
dy
&=2ax+b=b at (0,0)=1 = b=1&a=1

4.(A) f(x)=x3—ax2+bx—4
2 4 16 8a
f'(x)=3x*-2ax+b = f° 3 :?—?+b:0 = 16-8a+3b=0 = 8a-3b=16
Also f(1)=f(2) = 1-a+b-4=8-4a+20-4 = 3a-b=+7
On solving (i) and (ii)we get a =5,b =8
5.(144) Let F(x): x% +bx® +cx? +dx3
o (x)
As given lim —==1
x>0 x

d=1 . f(x) x8 +bx® +ox? +x3

f x)=6x5+bx4 + 4cx3 4+ 3x2
f'(-1)=-6+5b-4c+3=0 (i)

f'(-1)=6+5b+4c+3=0 ...(ii)

3
Adding land Il b = _E and ¢ = ——
5

3 3 3
f(x)=x8 _EXS——X4+X3 ; f(2):64—g(32)—3(8)+8

5+(2)=320-96-120+40 =144
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6.(B)
r
s Q)
///
///
x2=2y:>2x =2d—y:>d—y=x
dx dx
For shortest distance x =1 (Slope is same as the slope of the line x -y = 1)
When x =1,y _1
2
1 1‘%‘1 1
Shortest distance = Distance of point |1,= | fromx-y-1=0 = =——
[ ZJ Vis1| 242
7.(4) x:y4:>l=4y3d—y:>d—y=i ml:i and xy=k:>x.d—y+y=0
dx dx  gy8 4y3 dx
dy _ -y m2=—X mm, =-1= 1, Y_,
dx x X 4y® X
1
1
- 1y - yezgjy_[ljs x =y
4y6 4 4

1)6
X = Also xy =k .

4 1
i = 4
1 6. 1 6=k; 1 .£=k6:>46><i><£=46k6 = (4k)6=4
4) |4 4) 4 44 4

1
8.(C) y:Ex4—5x3+18x2—19x

d
Slope m = d_y = 2x3 -15x2 + 36x
X

dx
+ +

For max slope am _ 6x2 - 30x +36 = 6(x -2)(x -3)

2 3
= Max slope x =2

At x=2->y=2

9.(B) ABC be an equilateral A.

BD:OBsin60°:§

BC =+/3r
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10.(2)  f(x)=2x>+5x" +10x> +10x* +10x +10
f(x)=x° +5x+9+(x+D

f'(x)=5x* +5+5(x+1)" >0

f (x) is increasing function.

f(-2)=-34 f(-1)=3 So root liein (-2,-1) So
11.D) f:R—>R

[Z—Sin[iﬂlxl;x #0
f(x)= X

0 i x=0
Here, f(X) >® as X > -0 & X - ®
Hence, we can clearly say that f(x) is non-monotomic on

cos 1 (1— {x}zjsin’l(l - {x})

a=-2 |[a|=2

cos’l(l—hz)sin’l(l—h)

12.(C) f(x)= » Xx#0. f(0+h)= lim
9 {X}‘{X}3 (©+n) h—0 h-h3
a X =0
-1 2
~ cos (1—h ) sin’l(l—h) 1 n
= lim x x D
h—0 h 1-h 1+h 42
1 2
cos (1—(1—h) j sinfl(l_(l_h)) cos’l(—h2+2h)sin’lh n
f(0-h)= lim x = lim .
h—0 (l—h) |:l+l—h:||:h:| h—0 (l—h)x(2+h)><h 4
L.H.L # RHL So no value of o exists.
13.(C) - log;gsinx +log;gcosx =-1 = Ioglo(sinx.cosx):—l
. 1 .
= SinX.cosx = — ()
10
1 Ig n— 1
. 10 n "
Also lo sinx +cosx |=—(lo n-1) = sinx +cosx =102 2 | ... (i)
910 ) 2( 9101 -1) 10
. . n 1 n .
By squaring, 1+2sinxcosx = — = 1+2x—=— (from (i)
10 10 10
= n=12
14.(A) - f(x):(4a—3)(x+I0965)+(a—7)sinx = f'(x)=(4a—3)+(a—7)cosx=0
3-4a 3 4a
= COSX = -
@a-7) (a 7)
. 4 4
By solving —Esa <2 . a e{_E'ZJ [At x = 2, open bracket ]
15.(3) xq+X5 =22
Area of the rectangle = \/— 2\/52_£x12 —£x2
b. 5 X,
A:@(S—xlz—xzz)
X X5
Now (xl2 + x22)2 > (Xq + x2)2
x12+x2 >4 = As§4 = A3 = A% <3

Archive Solutions | JEE Main & Advanced | Page 3

Class — XII | Differential Calculus-2



Vidyamandir Classes: Innovating For Your Success

16.(A) f (x) =12sin3 cosx + 30sinZ x cos x +12sin X cos X
=6sinx cosx(25in2x +5sinx +2) = 6sinxcosx(25inx +l)(sinx +2)

sinx + 2 is always positive

. - . - T
2sinx +1lis always >0 in {?E}

R R Y
sinx -ve in | ——,0
R Y
cosx +vin | ——,0
R R R R Y
so function is decreasing in [——,O]
6

17.(A) f(0)=0; f (O*) =0; f (O’) =0= f(x) is continuous at x =0.

—4x2 1 4x +3; x>0

3eX [x +1]; X <0

Now; f'(x):{
f'(x)=0= x=%forx>0andx=—1forx<0
f'(x) >0 VX e [—1,%] = f(x) is increasing vx e[—l,gj

18.(A) v f(x)=ax’+6x+15
= f'(X)=2ax+6

For maxima or minima, f'(x):0:>X:—E
a
But given that —E :E —a=-4
a 4
Now, g(x)=—-4x?-6x+15
= g'(x):—8x—6:0:>x:—%

x:—% is point of maxima as g"(x)=-8<0

x[(x -2)(x —3)} Y

W))W

tan(x—z) o2
19.B) f(x)=1e x{x]

n X =2

tan(2+h-2)
For continuity  lim f(x)=_—; lime 2+h-2 _gl
X2~ |2 x—2*
-\

f(2)=p =>=—=e=p

(@)=n ==
p:e,k:—e’z

r+p=e(l-e)
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20.(22) f"(x)=xr(x +1)

2
f’(x)=£+kx +c
2

f’(1)=%+x+c=0 :c:—gk

2
f’(x)=&+kx—§x
2 2
3 2
f( )=&X— M 3ix+c
23 2 2
f(1)=-10
f(-1)=6 —10=&+&—§k+c
6 2
6—i+&+7k+c
6 2 2
A=6,c=-5

f(x)=x3+3x2-9x -5
f(3)=27+27-27-5=17+5=22

21.(4) Let f(x)=3x*+4x®-12x*+4 = f'(x) :12x(x2 +X —2)
- f'(x):O - x=-2,0.1 - f(x):O has 4 real roots.
22.(A) Let the wire is cut into two pieces of length x and 20—X.
2 2
Area of square = [%] and area of regular hexagon = 6.\?[206_ X]
2
2 20— X
Total area = A(x) = X 4 ﬁu
16 2 36
2(3V3
Ar(x) =2 - ( )( 0-x)
16 2x36
For maxima and minima A'(x)=0 = 2—X—ﬁ(ZO—x) =0=>x = 40V3
16 36 3+ 243
Also A"(x)>0 at x = 40\/5
3+243
Length of side of regular hexagon = 1(20 -x) = P 40V3 __10
6 6 3+243) 3+2\3
2 X
23.(A) Lety-= [—] x>0
X
Iny = len(zj
X
Differentiating w.r.t. x both sides
d x*
E—y:xz.i _2 +In 2 (2x)=-x +2x1In 2 = d—y: 2 - X —1+2Ing
y dx 2/x | x2 X X dx | x X
For local maxima d—y:O 2In£:1 = InE:l :>E:e1/2 = x =202
dx X X 2 X

5 4e71
Ymax. = [281/2] = (91/2 )4/e —e2/e
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24.(36) Circumference of circle = 2xr .

36 — X } |

= 36 —-x =2nr = r= - 7
2n le—X—>le—36 — x —>»
2
X x/4
Now, A; = Ar.of square = Z
x/4 x/4
2 2
36 - X 36 — X
A, = Ar.of circle == :( ) x/4
2n 4n
x2 (36—x)2
S=Al+A;=—+———
16 4n
dSs 2x 2(36-x)(-1)
—_—t—
dx 16 4rn
. ds 144
For critical value; — =0 = x =
dx n+4

d’s 1 1 o 144
—=—+—>0 = Sis minimum at x =
dx? 8 2= n+4
. . . 144 367
Since, circumference = k(meter) (given) = 36-x=k = k=36- =

4 4+7n) 36w
Now, | —+1 |k = =36
T T n+4

25.(C) v :(a —2x)(b —2x)x = 4x3 —2x2(a +b)+abx

.. . dv
For critical point — =0

n+4 n+4

dx x X
12x2—4x(a+b)+ab=0 x x
b-2x
- 4(a +b)i\/16(a +b)2 —48ab _ (a +b)i\/a2 +b2_ab a-2x
2(12) 6 o I C—
X X

(a+b)+\/a2+b2—ab (a+b)—\/a2+b2—ab

o= P =
6 6

B<a
dv
&=12(x—a)(x—[3)
+ - +

B a
Maxima Minima

a+b—\/a2+b2—ab
X =B=
6
26.(A) f(x):tan’l(sinx+cosx)

=tan~t isin x+£
= \/5 2

x=0 atx:Z tanM —tanm \/5—1 \/E—l
M- f(x)=£ f(x)=tan"12 ; tan(M _m):1+tathanm "2 +1X\/E—1 -3-2\2
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27.B) x<-5 f'(x)<0
5<x<4 f'(x) = 6x2 —6x —120 = 6(x —5)(x + 4)
Increase in (-5, -4)
X >4 f'(x)=6x2-6x-36 =6(x—3)X +2)

Increase in x >4

x -1 2
28.C) f(x)=3In -
X+l x-1
L X- _ x -1 2
Case I: X+l>0:>X€(—OO,—l)U(l,OO), f(x)=3In — I 3
f'(X)=3[X+l][(x+l)_(x2_lﬂ+ 2 . 6 2 : :6(x—1)2+2(x+1)
x-1) (x4 (x-1  (x+1)(x-1) (x-q) (x -1 (x +1)
() - 4(2>2< -1)
(x -1)"(x +1)
+ I - I + { +
-1 1/2 1
If f'(x)>0; X e(—oo,—l)u{%,lju(l,oo)
Finally x (—oo,—l)u(l,oo)
Casell: =——<0=x e(—l,l); f(x)=3ln[l_XJ— 2
X +1 1+X x -1
f'(x)=3[l+XJ —(l+x)—(i.—x) L2 4(2>2< -1) jxeF'l]
1-x (1+x) (<=1) (x-1(x +1) 2
X
29.(406) y(x) = J'(ztz 15t +lO)dt y'(X) = 2x2 ~15x +10
0
slope of tangent at x = a is 2a® -15a +10
Given, slope of normal = —% slope of tangent=3 .. 2a%-15a+10=3=2a%-15a+7 =0
a=7,— a>l=a=7
2
[T 263 15t2
Now, b =y(7):J'(2t 15t +10)dt - (L Y,
0 3 2 o
= 6b = 4x73-45x7% +60x7 = 6b = -413 |a +6b| = |7 - 413| = 406
30.(B) f(x)=>5 roots
f'(x) =4 roots
= f"(x)=3roots at least ; f'(x)=g(x), f"(x)=g'(x)
31.1) h(t)=t®-6t?+9t-3
h'(t)=3t% -12t +9 :3[t2—4t+3}
= t=13
x3-6x2+9x -3 x<1 3x2-12x +9 x <1
g(x)= 1 1<3 5 g'(x)= 0 1<x<3
4 —x X >3 -1 X >3

Not Differentiable at x =3

Archive Solutions | JEE Main & Advanced | Page 7 Class — XII | Differential Calculus-2



Vidyamandir Classes: Innovating For Your Success

f7(2
32.(C) f(x)=x3—3x2—3¥x + (1)
3
f'(x)=3x2—6x—5f”(2); f'(x)=6x-6= f"(1)=0, f"(2)=6

3
f'(x):3x2 -6Xx —EXG =3x2-6x-9 =3|:X272X73]

= 3[(x —3)(x +1)}

v, =
1

-1 3

- 3 2 3
Minima at x = 3 f(3)=3 -3.3 —Ex6><3+0=—27

33.(D) Consider g(x)= f (x)-x
g(0)=0
9(1)=0
g(2)=0
Now by Rolles theorem g'(c,)=0c, (0,1)
9'(C,)=0 c, €(0,1)
Also g"(x)=0 c e(cy,cCy)
i.e.,, f'(x)=0 for x €(0,2)

34.B) e +2e3X —eX-6=0

4
e +2e3X _eX _2 =4 glx) = —
3x 3x e 2

e*Ee> -1+2e>* -1=4 A
o

@ -1E*+2)=4 )

> -y=—2

e*+2

Let f(x)= e -1 increasing graph passing through (0,0)

Let g(x) =

< = Decreasing curve, lies above x-axis
e’ +2

(asx T syl

No. of real solution = No. of point of intersection of f(x)& g(x)

JEE Advanced 2021

(x2+2+4)—(x2 -3x —6)(2x +2)

1.(AB) f'(x)=
(x2 +2X +4)2

(2x3 -3x2 + 4x2 —6x +8x -12) - (2x3 +2x2 - 6x2 - 6x -12x +12)  5x2 + 20X

(x2 +2x + 4)2 (x2 +2x +4)?
f(x) T in (-o0,—4)U(0,)
f(x){ in (-4, 0)
x2—3x—6 2
y=—/—-—7-— = x“(y-1)+R2y +3)+4y +6=0
x2+2x +4
D>0

2y +3)2 - 8(y ~1)(2y +3) >0
2y +3)[2y +3-8y +8]>0

311
(2y +3)(-6y +11)>0; ye|:——,—:|
2 6
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1.(C) f’(x) =3x%-2x+10>0 = f(x) is increasing

f (1) = 3 = max f(x) for x <1
Now —2+Iog(b2 —4)33

= Iogz(b2 —4) <5

= b%-4<32

b2 <36 = b <[-6,6]

Also, b2-4=be(- 0, ~2)U (2, »)
be [-6,-2)U(2, 6]

2.(5)

3
tano = —
4
ar 5r
>h=—,=—
3
Y Y
v=—r2h=—r3
3

dv 4r 2 dr
—=—3rc.—
dt 9 dt

5n
Now S =xlr = —r
3

dS b5=xn dr b5=n 1

=—2r—=—2r.—=5

dt 3  dt 3 ‘2n
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3.(C) LetP beapointony = x2
\ /P(?\’-, X))

Centre of circle (1, -1)

Minimum distance 5 CP | -r
= J(x -1 +(x? +12 -1 ....(1)
we need to minimize

f(x)= (x —1)2 +(x2 +1)2
f(x) = 2(x —1) + 2(x2 +1) x 2x
= 2x — 2+ 4x3 + 4x
f'(x):4x3+6x—2

f'(x)= 2{2x3 + 3x —l}

3
4.(D) f(x)= 81.3(X2 -2)

3 2
f'(x) = g1.3x2-2) m33(x2-2)" .2x

= (81x 6)3(X2‘2)3x (x2 - 2)2 /n3

+ — + "
l I I

— \-'/3 0 \:

x = 6 is point of local min

(x2-2)° 2
f(x) = (486.n3)3%° ~2) x (x2 _2)
k g(x)

3 3
g'(x) = 3(X2_2) (x2 —2)2 + X.S(XZ_Z) ax(x2-2)+ x.(x2 - 2)2 .3(’(2_2)3 m3.3(x2 - 2)2 .2x
3
= S(XZ_Z) (x2 —2)[x2 —2+4x% + 6x2/in3(x2 —2)3}
3
g'(x) = 3(X2_2) (x2 —2)[5x2 ~2+6x2m3(x? —2)3}
f"(x)=kg'(x)

f(v2)=o0,f "(J?)>0,f "(JE_)<0
X = \/E is point of inflection

f"(x)>0 for x > J2 so f'(x) is increasing
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5.(195) y =5x? +2x - 25, p(2,-1)
y'=10x + 2
Yat p = 22
tangent at p (2,—1)
y+1=22(x -2)
y =22x - 45
Now above equation is tangent to the curve

y:x3—x2+x at Q(a,b)

d
[—y] =3a2-2a+1
dx atQ

3a2_-2a+1=22
a=3 or a=—
3

but a = = is rejected

So:> b=a3-a%+a

b=21
So [2a + 90| = [195]

—dx X
6.(D) Slope of normal = ——

dy xy-x%y?-1

x2y2dx +dx —xydx = x2dy

x2y2dx +dx = x2dy + Xydx

x2y2dx +dx = x(xdy +ydx)

x2y2dx +dx = xd(xy)

d d :
X X 4

ax __dey) = Inkx = tan~}(xy) passes though (1,1) = Ink =£ = k=e4

X 1+x2y2

T -1
Z+Inx = tan™ ~(xy)

T
xy =tan| —+ Inx

B 1+ tan(In x)
- 1-tan(In x)

1+tanl
put x =e = ey(e)=—
1-tanl
7.(0)  fy(x)=43x3-360x2 +36x +48
f,(x) =124x2 - 72)x + 36

f,(x)=120x% ~6)x +3)> 0
. A>0&D<0
3602 —4xAx3<0

92 -31<0
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1 1
3IBL-1)<0 = he|l0=| ~ax==
3 3

* 4 4 2
Now, fk(X)ZEX —12x“ +36x +48

*

f, @)+ f, (-1) = 72

2 ds dr
8(A) S =4nur = d_ = 8nr d_
t t

ds 2
d_ =cont. = 8nrdr =kdt = 4nr“ =kt +C
t

t=0,r=3 = ¢c=36n

s 4nr? = 32xt +36n
t=5r=7=k=32n

- r2-8gt+9att=9r2-81=r=9

9.(C) f(x)=4log(x —1)—2x% +4x +5, x >1

f'(x)= 4 -4(x -1)
1

(x -2

f'x)>0 for 1<x <2
f'(x)<0 for x >2
Option (A) is correct
f (x) = -1 has two solutions, option (B) is correct
f'(e)- f "(2) > 0, option 3 is correct
fle)>0& f(e +1)<0

f(e)- f(e +1) < 0, option (D) is correct

10.(D)  Let (x4,y4)lies on curve
Y= X13 + 3x12 +5 ...()

d
And [—yJ = 3x12 +6%xq
dx
(X1:¥1)

Tangent also passes through (0,0)

-0
Slope of tangent = b
X1 -0
= 1 = 3x12 +6X%q
X1
y1:3x13+6x12 ...(iN)

From equation (i) and (ii)
xl3 +3x12 +5= 3x13 +6x12

2x3 +3xf -5=0 = x; =1&y; =9
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11.(C)

OC =35cm
OA =7
OA 7 .
tanf=—=— ()
OoC 35
tano - (i)
an=— (]
h

r 7
From () and (i) —-—=

h
1
V = —nréh
3

dv. d (1 2
— =—| —mxr<xbr
dt dt(3

dv d(5 4
—=—|—=mur
dt  dt|3

Conical surface area =S = nrl = nr x \/h2 yr2

=nr X\/25r2 +r2
= ar X\/26r2

S = 26nr?
ds dr
—= \/§6n><2r—
dt dt
When h =10
ds 2y26 26
thenr =2, — =——=—+—
d 10 5
12.(C)
dx 2
E =12(1 +cos2t) =24 cos“t
dy .
— =24(1+sint)cost
dt
d 1+sint 1+sint)?
Y _ - I LY
dx cost cos2t 6

2
Yo —12[1+sing]
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13.(3) f(x):|(x ~1)(x%-2x = 3)|+x ~3,x eR xe(0,4)

x+1)(x—3)|+x—3; x €(0, 4)

X —3)|(x +1)+x —3; X €(0,4)

+ - +
——

1 3

f(x)=(X-1)@B-x)(X +1) +(x —3)

=(x —3)1-x2 +1) = (x - 3)(2-x2)

Jox —2)(
Jox —2)(

If x e, 3)

f(x)=(x -3)(2x)+2-x2=0
= -2x2+6x+2-%x%=0
= -3x2+6x+2=0
=3x%-6x-2=0
6+36+24 6460 3+415
n= 6 R
3+\/:IE
2
If x €(0,1]UI[3, 4)
f(x) = (X —1)(X —3)(x +1) + (X — 3)
=(x —3)(x2 -1+1) = x3 -3x2
f'(x)=3x2-6x =0 = 3x(x -2)=0

x =0, 2, xno points

Only x =

(1)

Also, x =1 and x = 3 will be the points of extremum,
so total point =2+1=3
14.(B) Given that

2(8x2 +10x2 +20x2) + 3nr? =k

76x2 +31r? =k

dr dr 76X
= 76X +3nr + —=0 = - =_
dx dx 3nr
2
V =40x3 + Zqr3
3
dv dr dr
— -120x%+2mw?—=0 = 60x2 = —nr? —
dx dx dx
2 o 76X X 76 19
= 60X“ =-nr=| — = - -
3nr r 3.60 45
d
15.D) x —y +2y = xeX
dx
dy 2 X
—+—y=e
dx x

Zd

If =eJ~; X _e2Inx _ 2
yx 2 =J‘eX x2dx +C

yx2 = x2eX —IZX eXdx +C

yx2 = x2eX —2[xex —J.exdx}+C
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yx2 = x%eX —2xeX + 2¢X +C
Put x=1y=0
O=e-2e+2e+C

C=-e
yx2 = x%eX —2xe* + 26X —e
« 2% 2eX e
= y=e" - + -
X x2 X2
z(x) = x2eX —2xe* +2e* —e —e
z(x) = x2%* —2xeX +eX —e
dz
= —x2%X 4y 2e%x — 2xeX —2e* 1 X
dx
dz
- _ Xzex _eX
dx
For maxima and minima
dz
—=0
dx
eX(x2-1)=0
X =1
d?z
7~ x2eX 4 2xeX —e¥
dx 2
d?z
At XxX=1 ——=e+2e-e>0
dx 2
2
d<z
At X =-1 —2=e_1—2e_1—e_1
dx
2 1 4
Z(X)max +—+——-e=—-¢
e
16.(A) f(x)=[x?-3x —2‘—x

f(-1)=[+3-2/-(-1)
=2+1=3
f(2)=|4-6-2-2=2

Now, x2—3x—2:0

x—SiE

2
=-—<0

(1,3)

2
(-1, 3)
x2 —-4x -2
f(x)=
—x2 +2X +2
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17.0D)

18.(B)

19.(B)

y=x2—3x—2—x f(x)=7x2+3x+27x
-x2_4x -2 =x%+2x +2=3-(x -1?
=(x-2?-6 fx)=3

x=1

2

[}

1417 +217 -24  6+2J17 -3+17
- - - and f(2)=3-(2-1%=2

4 4
. e -3++17 3+17
Sum of maximum and minimum value = > +3 = >
Xn n
—+ y_ =2
a" p"

For slope of tangent to above curve at point (a, b) differentiate both side w.r.t. x

an—l nyn_l dy
+ —=0
an bn dx
dy b
= — = —| — | = slope of tangent
dx a
(a.b)
. . b y —X
Hence equation of tangent will be y -b =-—(x -a) = E—l: —+1
a a
Xy .
= —+==2 This is true forall n e N
a b
m = L. max
N = L.min
2
X t2 _st 44
f(x) = J' :
0 2+e
(x4 —5x2 +4)2x 2X (x2 —1)(x2 —4)
i) = 2 - 2
2+eX 2+eX
2X (x —1)(x +1)(x —2)(x +2)
- 2
2 +e%
A e >
2 1 0 1 2
L.min L.max min max min
So,m=2and n=3
differentiating both sides
—cos? xf (cosx).(—sin x) = 3sin? x.cos x - sin x
= f (cosx) -3tanx —sec?x = f '(cosx)(—sin x) = 3sec? x — 2sec? x tan x
2 3
= f*(cosx)cosx = ——
cos2 x  sinx.cosx
1 V2 1)1 9
When cosx = —;sinx = — .. f'l =|——==6-—
3 V3 [@J@ V2
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d
20.(B) d_y =2tan x cosx —2tan x.y
X

Z—Z+(2tan x)y = 2sinx
JZtan xdx

2

Integrating factor = e =sec” x

1 2sinx
y :I dx
(cos2 X J cos? x

y =2C0SX +C cos? x

Passes through (% , OJ

c
0= 2+E:>C=—2\/§

f (x) = 2cosx - 24/2 cos? x : Required curve

n/2 n/2 n/2 . n/2
j ydx =2 j cos xdx — 2\/5 I cos? xdx = [2 sin nglz - 2&{% + S|n42x}
0 0 0 0

_ Y

T2

21.(2)Lete* =t =t >0
So e +4e3* _58e2X 1 4eX +1-0
=t*+4t3-58t2 +4t+1=0
:>(t4 +1)+4(t3 +t)—58t2 =0

> 1 1
=>|t“+—|+4|{t+—-|-58=0
t2 t

1 2, 1 2
Lett+—=y=>t“+—+2=y
t t2

So the equation becomes (y2 - 2) +4y-58=0
y2 +4y-60=0=y =-10,6

1 1
t+—=-10o0ort+—-=6
t t

= t2 +10t +1 = 0, nosolutionast > 0
And t2 -6t +1 =0, twosolution.

22.(13) Given curveis y = 2x2 1 x 12

dy
Slope of tangent = d_ =4x +1
X

Slope of normal at point P (X,y)

-1y, -4 -1 2xPix +2-4
= = =
4x;+1 xq-6 4xq+1 X, -6

= 8x3 +6xZ —6x,-8=0

= (x —1)(8x12 +14x1+8) =0 =X =1=y; =5

00
So area of triangle formed by O(0,0),P (:LS)and Q(6,4) in = i 6 4 = é =13
2 1 5 2

Archive Solutions | JEE Main & Advanced | Page 17 Class — XII | Differential Calculus-2



Vidyamandir Classes: Innovating For Your Success

23.(C)

24.(B)

Using wavy curve method
Graph of f for (A) is:

(A) is true
B)

A
v

(B) is true
©

A
v

(C) is not true
(D)

= 9x-4y3.22+43x =0

88y3

X =
443 +9

22 883
22-x 4J3+9 66

3 3 443 +9
(D) is true
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VMC Vidyamandir
Classes snce s
T JEE | MEDICAL | FOUNDATION

Solutions of Archive - JEE Main & Advanced

Integral Calculus-1 Class - XIl | Mathematics
JEE Main 2021
COSX —Ssinx . _1[ sinx +cosx
1.(B) Im=asm [T]+C

sinx +cosx =k = (cosx —-sinx)dx =dk = 1+sin2x =k?

- dk rodk _1[kj
I = = = —|+C
e e G)

. _1[ sinx +cosx
| =sin —|+C . a=1& b=3

3

2.(D) J.cose(sin69+sin49+sin2 9)\/23in49+35in26+6 do

Icose(sin59+sin3e+sin e)\/ZSin66+35in4 0+ 6sin? d 0

1
Put 2sin® 0+ 3sin*0+6sin%0=t = 12[sin59+sin39+sin9}cosed9=dt = Ej.tllzdt

1(32) 17 4 . L, P2
— — =—|:23In 0+3sin” 0+ 6sin 9}
12| 3/2 18

3/2
1 2.3 2,2 2 1 2 4 6,172
= E 2(1—003 9) +3(1—cos 9) +6(l—cos 9) = E[ll—lScos 0+9cos™ 6-2cos 9}

8x3 +20x2 8x + 20 2X +5
3.A) 1= %dx = ZX; _4J'2X7+dx =4In‘x2+5x—7‘+c.
X7 +5X° -7xXx X< +5x -7 X< +5x -7
(x —l)dx dx
4.(6) J' - +J' )
(x4 +3x2 +1)tanl[x +J (X +3x +l)
X

R o O R

=l +15
1 (x +3x +l)
Xx+—| +1|tan™t x+—
x X
1 1 1
Put tan X+—|=t; ——dx =dt
X 2
1
X+—| +1
1 1
— = log, tan™ " | x +— |; 1 =loggtan™"| x +—
X X

Archive Solutions | JEE Main & Advanced | Page 1 Class — XII | Integral Calculus-1
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So Iy +1,
oo tany 2 L) Lt x?2-1| 1 NETI
=10Q, tan X+—|+ an -—=tan X +—
€ x| 245 5x | 2 X
o _ 16 1 1.1 16 1 1.1
n comparison o =1p=——,y=—,8=——; oa=Lp=-——,y=———,6=-
245 5 2 245 J5 2

So, value of 10(o+py+3) =6

(2x —1)005( (2x —1)2 +5j

5.(A) J'(Zx —1)cosy/(2x —l)2 +5

dx ; | = dx
Jax2_ax +6 \/(ZX ~12+5
[on 112
Let  Lsin(J@x-12+5)=t ; SOSWE@X-D"+5) 5 1) 4x —dt
2 (2x —12 +5
1. 2
I:J‘dt:t+c:§sm( 2x -1)“+5)+c
8 6
6.(D) f(x):I&dx,(x >0),£(0)=0 and f(1)= =,
(x2+1+2x7)2 K
5,7
6" .8
f(x)=J. XX 5 dx ; u-2.1 ,du=[—5—7]d _fdu_l .. 1 +C
1 01 x°  x x% x8 u? u 1.1,
—+-—+42 X N
x® x’
7 7
X X 1
f(x)= +Cc = f(0O)=0=c = f(x)= ; f=—= k=4
2x7 +x% +1 2x7 +x% +1 4
7.(15) 1= dx
17 3
Xx+=| +=
2 4
Put x +%:§tan6 = dx :ﬁsecze de
4 sin26
|:ijCOSZGdG:ij(l+COSZG)dO |={9+ }+C
33 3V3 33 2
2x +1
= I=4tanl[2X +1J+4. \/E 2+C
33 J3 ) 33 [ZXHJ
1+
J3
oA 2L x4 9(@a+b):9(4+1]:15
3V3 V3 ) 3 x%ax+1 3V3 3 2
dx
8.(B) J'
(x —1%% (x + 274
_J‘ dx
B 5/4
(X—l)2 X+2
X -1
LetX+2=t - wd =dt
x -1 (x -1y
_Sipdt 4 4 x—1]l/4+C
3 t5/4 3tl/4 3l x+2

Archive Solutions | JEE Main & Advanced | Page 2 Class — XII | Integral Calculus-1
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JEE Advanced 2021
3n/8
1.2 8- _[ sin? xdx (1)
n/8
3n/8
= I sinz(n/8+3n/8—x)dx
/8
3n/8
= I cos? xdx ... (2)
n/8
3n/8
= 25 - _[ dx = /4 e
/8 T
3n/8
2.(1.50) S, = _[ sin?x | 4x — x| dx
/8
Lett=x-n/4
/8
= s,= _[ Sin2(t + n/ 4)x 4|t | dt
-n/8
n/8 (sint N COSt)Z /8 - n/8 /8 -
—4 _[ 14 Rk BT _[ It [+ sin 2t)dt =4Itdt+2 _[ It | sin 2tdt
-n/8 -n/8 0 -n/8
n? 48s,
T 0= 215
T
X2
3.0 A g(x) = Iﬁe’tdtx >0
0

X
2
Letu=+t =>t=u? = g(x):J‘ue’u x 2udu
0

X 2 X 2 X 2
:IZuze’u du = que’u du = J‘tze’t dt
0 -X —X

T -2 1 2 N
f(X)+g(x)=_[|tp dt:_[zte dt —1-e
—X 0
Put x =+//n3to get

f(v/n3)+g(-//n3) =§

(B) Let yy(x)=1+oaxVx >1 for some ae(1,x)
l+ox >1+x {a>1}

= yy(X)>1+xVx >1

= e *>1vx >1 Contradiction

1 -2 1 2_-t2
D) f(x):the dt—jzte dt
0 0

f'(x) = 2x(l—x)e”‘2
f'(x)<0vx €(0,1) = f(x) decreases in (0, 1)

Archive Solutions | JEE Main & Advanced | Page 3 Class — XII | Integral Calculus-1
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=

y(x)=x+e”*

yy(x)=1-e* >0vx >0

y, increases throughout its domain
Wo(x)=x2 —2x —2e7% 42

Wo(X)=2x —2+2e 7% = 2y, (x) -2

W'Z(x) increases Vx >0

x2 -2x -2 X +2 < 2x(x +e X —1)vx >0
W2,(0)20

\VZ'(X)20VX >0 = v, increases throughout its domain.
TPT : ¥x>0,3p €(0,x)st.

Vo (x)=2x(y1(8)-1)

Y1(0) <y (B)<w1(x){Be (0, x)}

1<y (B)<yyq(x)

The given proposition holds iff

O <yy(X)<2x(y1(X)-1)VvVx >0

y5(0)=0 = y,(x)<0Vx<0

Hence, we need to prove that :

x%-2x -2 X 42 <2x(x +e X ~1)¥x >0

x2-2x —2e X +2<2x2+2xe X —-2x =

Let hy(x) = x2 +2xe X +2e7X -2

h,(0) =0

h'l(x) =2x+2e X —2xe* -2 X = 2x(L-eX)>0Vx >0

=
4.0) &
(B)

©

Now

(D)

h;(x) increasesvx >0 = hy(x)>0vVx >0
Y1 (X)>y1(0) Vx>0
Yo (X)>yo(0)VXx >0

2 2 5 2
Let hy(x)=f(x)-1+e +§x3—gx5

Differentiating

2
h5(x)=f'(x)-2xe ™ +2x2 2x?

x2 +2xe X +2e

X _2>0vx >0

2 2
—2x(1-x)e X" +2x2 +2x2 —2x?4 = 2x2(1-x2—e™X") =2x2(l—‘1‘1(x2))

Y (x)>1vx >0 = hlz(x)<0 = hy(X)<h,(0)Vx >0 = h,(x)<0Vx >0

Let hy(x)=gix)-2x% s 2x5 %
X)=g(X)-—XZ +—x ——
3 3 5 7

h3(0)=0

2
hé(x):2x2e_x —2x242x% X6 =—x2w2(x2)

Since  y,(x)>0vx>0

. 2 3-2 5
h3(x)<0Vx>0 = hgz(x)<0Vx>0 = g(x)<§x —X

7

X
+—V x>0
7
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Vidyamandir
Classes snce s

vMC

IT JEE | MEDICAL | FOUNDATION

Solutions of Archive - JEE Main & Advanced

Integral Calculus-1

Class - XII | Mathematics

JEE Main 2022
[l—l](cosx —sin x)dx
1.(A) J' J3

[1+\/2§]sin2x

Let cosx +sinx =t
cosx —sinx)dx =dt

Pl
V3

J3-1 X
- tan| —+ —
1 2 2 12
=—log, \/» +C loge ErevE— +C
_ Y
+ 3-1 tan| —+—
2 2 6
T Y
il il 5 X
2 dx 2 sec” —.dx
2
2.(8) I ZIS 2sin X + cosx :I X X
0 * * 02tan25+4tan5+4
1
X dt 1 1
Put tan— =t, so | =J.—2=tan (x +1)
2 O(t +l) +1 0

n n
3.(A)  lim ZT

1
1-x
2
0

1 1 X 1 1
=_J.[—— ]dx +—(In(1+x))O
20{14x2 1+x2 2

! I
=—|tan" "X ——Inl+x“)| +—In2
2 2 2

0
1ln 1 1
=—|——-—In2|+—In2
214 2 2

r 1
=—+—In2
8 2

Y
= tan_12——
4

dx 1 11 dx
N T
@L+x2)@+x) 2o91+x 291X

Archive Solutions | JEE Main & Advanced | Page 5
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4.(D)

5.(C)

6.(A)

7.3

g:(O,oo)—>R
eX +1—xex)dx X (x)

I[ X J(cosx—sinx)dx+J.g(X)( B exso

X 2 X
e’ +1 (ex +1) e” +1

X ) eX+1-xeX |,
= (smx +cosx)—j - - (smx+cosx)dx
eX +1 (ex +1)2

+I—2(g(x))dxz[ X ]g(x)+C = g(x) = sinx +cosx

eX+1

' . T L . . T
g (x) =C0SX —sinx > 0VX € O,Z = g(x) is increasing in O,Z

T

T
"(x)=-sinx —cosx <0Vx €| 0, = g'(x) is decreasing in | 0,—
() 0|~ oin [0
g+0g'=2cosx
. i . L. T
(g +g')' =-2sinx < 0vx e[O,EJ = g+g' is decreasing in (OEJ
g-g'=2sinx

T

(g —g')' =2cosXx > 0Vvx e[O,ZJ = g-g' isincreasing in [O%J

_[sinx+x) . (x-=sinx
. 2sin sin
€os(sin x) — cos X . 2 2
=— = lim

lim
X—0 X4 Xx—0 X4
. [ sinx +x . [ x —sinx
2sin sin
. 2 2 1
= lim . =—
X—0 X X3 6

1/1-x 1
I— dx =g(x)+c, g@@ =0, then g(EJ

X V1+X
1-Xx 2 x 1-t2 2
=t = ~ = -1+
1+X 1 1+t2 1+t2
at @+t?) 4t 42
dx = ———dt :—j 1 dt:j dt
@+t2)?2 a-t2) @+t?? 2 -1)
4 2 2 2
:J' 4+ dt:J' 4+—S 1 2 |dt —4at+2In 2 -1+C
t2 -1 t-1 t+1
24?E (2 -x2) dx
TS @ex2Na+xt
24& (2 -x2) dx

Archive Solutions | JEE Main & Advanced | Page 6
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2
2 =
Bl 2
b 2
2 2
° (+x] [+x] -4
X X
— 4+ X =
X

2
_dt=[__ ]dx
X2

242f dt
oo tt?-a
24 % dt
b 2
2\/5 tvtc -4
t =2secO

dt =2secOtan6do

24 /2 2secO tan6do

T 2secO 2tan6
n/4

12(n = 12 =«
| ———|=—x—=3
n\2 4 n 4

8.(D) Let costx =0

X =C0Ss6
1 T
As X —>—,0>—
J2 a4
J2 x L (sin6 - cos®
sin(COS—lx)_x _ xﬁ(sm —cos0)
T T o T tane
- - 4 (1-tan
x5+ 1l-tan(cos ~x) > 1-tand), | iang)
V2 1+tan6
R Y
\/Esm(e—]
4

1
= lim R
0>n/4

o tan(:—ej(1+tane) \/5

1 0
9.(A) J' 11 dx:—J' 11 dx
ol )
7 7

X

1/2 1/3 1/4
1 1
()|  Rae | Laxe | Laxrnn
7 72 73
1 1/2 1/3

(1 1 1 J [1 1 1 J
=|—+ + +0 | — | —F+——+——...®
7 272 378 72 723 724

1 1 1 1
=—In|1-—|(-7 + + +.. 00
7 722 733 7%4
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asln(1+x):x——+———....oo

x2 x3 x4
2 3 4

x2 x3 x4
asln(l—x):— X+ —t ..
2 3 4

6 1) 1 6
=-In—7|In|1-—|-—|=6In—+1
7 7) 7 7

18-[1-x

OO Tl
LHL
Iiml?-[—nh]: 24 8

h-0[7-h-3a] 3(2-a) (2-a)
18-[1-7-h] 25

iy [7+h-3a] ~(7-3a)

Limit exist
25 8
So =—
7-3a 2-a
a=-6
(x2 +1)
11.(B) J.ex S dx = f(x)eX +c

X+1 (x 41y
) f(x)
1253
)= (xfl.)z
e
o

1 1
12.0) f(x)=x {u‘[ f(t)dt] —J'tf (t)dt
0 0

=ax +b, where a & b are constants

1
= a:l+jf(t)dt
0

Archive Solutions | JEE Main & Advanced | Page 8 Class — XII | Integral Calculus-1
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1
=l+j(at +b)dt =1+a/2+b
0

= a/2-b=1 ..(1)
1
a b
and —b=j(at2+bt)dt=—+—
3 2
0
a
= —=-3—
3
= a=-9—
18 4
= a=—>b=-—
13 13

f(x)= ! @8x —4)
13

2 -2022

13.(A) I(x):jsec X.sin

xdx — 2022-[sin_2022 x dx
1l |

2023

-2022 )—2022

=tan x (sin x) + j2022tan x.(sin x)_ cos x dx —j2022(sin X dx

I(x)=tan(x)(sin x)_2022 +C

Y
At X =— > c=0
4

(x) = tan x
( )_(sin x)2022

502
|
(g

@

1

= I
31010

/N
ol a
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Vidyamandir
Classes snce s

vMC

IT JEE | MEDICAL | FOUNDATION

Solutions of Archive - JEE Main & Advanced

Integral Calculus-2

Class - XII | Mathematics

JEE Main 2021
1
1.5) 1= I([Zx]+|x|)dx
-1/2
1 1 0
_ I[Zx]dx+ leldx:0+ I (=x)dx +
-1/2 -1/2 -1/2

2.(B) Differentiate w.r.t. x : (leibinitz rule)
1-(1'00)) = £(x)
1-(F)) = (fx))

f(x) = £y1-(f(x))°

Let f(x)=y
dy 2
=2+ 1=
dx Y
I dy :i.[dx = sin_ly:ix+C
1—y2
sin}(0)=Cc =0
cC=0
sinly = +x
= £sin(x)

. 1
lim —[-cos x]j
X —0 X2

. 1-cosx 1
lim ==
x—0 XZ 2

|

y=[2x]

= /a

%0 /2 1

Archive Solutions | JEE Main & Advanced | Page 1
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3.(A) Case-1xe(0,n/4)
Y, = Sinx +cosx
Y, = COSX —sinx
n/4 n/4
Area = A, = Iyl—yz dx = I 2sinx dX=2—\/§
0 0
Case-Il xe(n/4, n/2)
Y, =SiNX +C0SX ; Y5 =SsinXx —cosx
n/4 n/4
Area A, = j Y, Y dx = j 2cosx dx =2 —+/2 .. Required area A1+A2:2x/§(x/§—1)
0 0
2, (5(r-1)) 1 Do(r-1 1 r-1
4.D) lim Zf[u — = lim 5( )+1 t X
h—w© n n h—w© n n n
r=1 r=1
1 5 1
5 7
= lim (5x+1)dx |:5X—+X} =—4+l=—
n—ow 2 2 2
0
0 2 a
5.(3) J' (=2x + 2)dx +J'(x +2 - x)dx +J'(2x _2)dx =22
-a 0 2
—a a
x2 _2x +2x|§+x2—2x =22 ; a2+2a+4+a2—2a—(4—4):22
[0] 2
2 _ _
2a“ =18 = a=3
-3
J.(x+[x])dx=—(—3—2—l+l+2)=3
3
3 3 3 J2+1 J3+1 3
6.(B) J'[xz—zx]dx—zj'dx :J'(—l).dx+ J' 0.dx + J' 1.dx + J' 2.dx —2x(3-1)
1 1 1 V241 NEpE]
=-1+0+V3-V2+2x(B-3-1)-4 =-1+/3-V2+4-2y3-4=-3-2-1
7.0) 5x2=2x?+9 = 3x2-9=x=1/3
J3
Area =2J. (2x2+9—5x2)dx
0
V3 V3
=2J'(9—3x2)dx =2[9x—x3} :2><|:9\/§—3\/§:|=12\/§
0 (0]
8.(C) f'(x)=f'(2-x)

Integrate f(x)=-f(2-x)+C
1=-e2+C=c=1+e2 =
2
Let I:J.f(x)dx
0 0

Xx=0

f(x)+ f(2-x)=1+e2

2

2
; I:J.f(2—x)dx Add 2I=J.(l+e2)dx

0

Archive Solutions | JEE Main & Advanced | Page 2
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0 1
1 [3] 0 1 3 3
X 1| x X 1 1 1 1(1 1
9.(D) LetI=J.x2e =J.x2e_1+J.x2:> l=—|—| +|— = —|0+—|+—=—|—+1 _&t
el 3 3 e
-1 -1 0 -1 0
v

A

10.(64)

|3

A= j (sinx—cosx)dx:Z\/E : A4:(2\/§)4 =64

2
11.(19) 1 =3 [Ix® -x -2]dx
-2

Now xz—x—2=(x—2) X +1)

—F
-1 2
-1 +2 3 2 -1 3 2 2
N x> x
. 1=3 J.(xz—x—Z)dx+ J.(—x2+x +2)dx =3 || —-——-2x +| ——+—+2X =19
3 2 3 2
-2 -1 -2 -1
/2 2
cos? x .
12.8) | = J' O (0
_n/21+3
Using (a +b —x)
w2 cos® (x) ™2 cos? x ™2 3X cos? x .
J' — " ax - J' Zdx = J' =2 dx (ii)
S 1+3 _n/21+3 2 1+3
2 ( cos? x 3% cos? x M2 143X 5
2I=J. de+ < dx = J. —cos xdx
2 1+3 1+3 _n/21+3
a n/2 1
Using J. f(x)dx property ; 21=2 J. cos?xdx = |=—
-a 0] 4
100( n
13.8) > J'ex‘[x]dx
n=l\n-1
1 2 100 1 1
Ie{x}dx +Ie{x}dx T I eldx =100Ie{x}dx =100Iexdx =100(e —1)
0 1 99 0 0

14.(4) y=|Ix-1]1-2|

The problem is very clumsy in its current form
as it gives no due as to what the other curve is
w.r.t which the area is calculated. Let's ignore
thin folly and assume that the area is calculated
w.r.t the x-axis.

(1.2

(-1,0) 3.0)

1
The given curve is area = —-2-4 = 4 sq. units
2

For the area to be 8 sg. units the problem would be area enclosed between |y |= || x—1|-2 || and the

X-axis.
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n/2 m /2
CcoSs 2Xx
15.(2) I|sm2x|dx = J. sin 2xdx — J. sin 2xdx ——{
0

n/2

= l -1- 1) l(1+1) 1+1=2

16.0) f( j [lzgft }1 x>0 )
1) log
f[xJ_ j [1+t Jdt
t=1

Replace t by 1/t
1

G o fe

11+—
t

e

n/4
17.(D) A, = area (OCDO) = j (cosx —sinx Jdx
0

A =][sinx +cost =J2-1 & A, = area (0CBO)

n/4
=2 j (sinx)dx :2[—cost
0

A, =2-42
Al J2-1 2-1

Now—
Ay, 2-42 2—2

& Ap+ Ay =(V2-1)+(2-V2) =1

n/4
0

+\/5 1

2 2

2
X
2

18.(A) I =

1
> L +E[COSZXJ:/2

y =sinx,

(y)n -1

1

| _0 1 (1— 1}”1 1 dy_°° 1
mn oo(l+Y)(m_1) l+y (l+y)2 o(l+y)m—1

ey

dy

1 (1+y)2

Archive Solutions | JEE Main & Advanced | Page 4
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19.(B)

20.(A)

(l+ x)m+n

1
Put X:E in second integral.

m-1 1

+x1~

1
-1 X
dxz—ff
t 0 (1+X

[sin 27rx]dx
ex—[x]

)m +n

10
Let | =I
0

[sin27x]

Clearly,
A

is a periodic function with period1l.
1/2

ot

1 1
- =10Ide ~10 J' [ijdx + J' D ax =10[O+[e
e* e*
0 0 1/2

Since, | :ae‘l+ﬁe"l/2+y
= a=10;=-10;y=0= a+p+y=0

e
19
I = J'x (log | x |)"dx
1

201,y =alg+ Blg
a, feN

T n 19 n x 20
| =Ilo x)' - x=dx =(logx)" - ——
n l( g x) 0

e
(log x )" *x1%dx

e20

| ==
" 20 20
1
Put n =10,9
e20 10

20 20
20 9

IlO 9

e

20 20
~10 9
20 20
.10, .9
107209 20
201,, =1014 +9l4
=10, f=9

a-p=1

|9 8

lio-lg= lg

lg
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21.(41) A= f(x+6)dx+j 2dx+J\fdx

-3 -2

o

L 2,302
3

3
-2 X
+ 6x| + —
-3 3
-3

2

-2

_4 9 62+3)+[0+2]:2 -3 -2
2 2 3) 3

-5 8 2 -15+36+20
=—+6+—F+—=—"———""——
2 3 3 6
41
6

6A =41

A==

22.(A) f:R->R; f(x)=e*sinx
F:[01>R: F(x)=If(t)dt

= F'(x)= f(x) {using newton Leibnitz rule}

1 1 1
. I(F (x)+ f (x)eXdx :IZf(x)ede =2I(5in x)dx = 2[-cosx[s = 2[-cos(1) - (-1)]
0

2 4 6
2 2cos)=2- 2{1_1_ 1__1_+2[£_i+i}<_
2! 4! 6! 2 24 720
1
and E[(F '(x)+ F(x))e*dx >2{%—i} > % ... (i)
1
(i) & (ii) :>E|).(F () + f(x))eXdx [% %}
4 4
23.(512) J'f(xz)dx:zj'f( dx—zj' 4x3 —g(4 - x)) dx
4 0
Jos-of
I =8| x3dx -2 g4 -x)d
0 0
4 4 4
Now J.g(4—x)d J.g(x)dx J. (4 —x)dx
0 0 0
4
= J'g(4 x)dx =0 So |_8J' 3gx =84 _g.43 _512
0
10 [X:I 9 m+l 9 m+1
24.B) 1= I&dx ; = _[ @dx == me™ [e’”l}
0 ex1 m=0 m €~ - m=0 m
9 9
=—Zmem(e’m e’mﬂ) -(1-e) Y. m =45(e-1)
0 =

25.D) 4y?=x%(4-2)(x-2)=>y= +E (4-x)(x -2)

4
Area bounded =2J‘% (4 -x)(x —2)dx
Let x = 2cos? 6 +4sin%0 ;dx =4sinfcosfdl =2sin20do

4-x=4-4sin’0-2cos?0 =2cos’ 0
X —2=2c0s’0-2+4sin?0 =2sin’ 9

Archive Solutions | JEE Main & Advanced | Page 6
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/2
Area = I (200320+4sin29)-23in90039~23in29d0

0
/2 /2

_2 J' (L+ 0520 +2 —2¢0s26)-sin220d0 = 2 J' (3-c0s26)-sin220d0
[0} [0}

/2 /2 72'/21 a 6 ina /2
6 J' sin220—2I sin220c0s20d0 = 6 J' 1-cos4f 4, _6[4_sin40
2 2 4 )
0 0 0
6 © 3rx
= —X—=—
2 2 2
26.(8) Let P(x)=ax®+bx? +cx +d
P(-3)=0
-27a+9 -3c+d =0 ...(I)
P(-1)=0=P'Q1)
P'(x) = 3ax? + 2bx +¢
3a+2b+c=0 ... (i)
3a-2b+c=0 ... (iii)
From (ii) & (iii)
b=0&3a+c=0=c=-3a
Equation (i) becomes -27a +0+9a+d =0
-18a+d =0
d=18a
1 1
IP(x)dx = Iax3 —3ax +18adx =18
-1 -1
4 2 1
T _33X" 18ax| -18 — 36a-18>a-—
4 2
-1
P(x)=£x3—§x +9 Sum of coefficients =£—§+9=8
2 2 2
. 0
2 1 n/2 1
27.(1) J‘[[xz}—cosx}dx :I[O—cosx]+ I [1-cosx] = j(—l)dx +0 =|-1=1
0 0 1 0
n 1
i 1 r
28.(1) LetL=21lim Y ~f [—] = L= 2J' f(x)dx
n—o n n
=1 0
2 n X .
= L=—7/7|/mfl+tan— [dx ... 0]
/n2 4
0
> i . > L 1—tan7
SN L=——|n 1+tan—(l—x) dx = L=—|/n|1+——=|dx
n2 4 /n2 X
1+tan—
2 7 2 2 ¥ 2 nx T
= L =—J.€n ——|dx = L =—J.£n2dx——J.€n 1+tan— |dx = 2L =2J.dx =L=1
/n2 X /n2 /n2 4
0 1+tan— 0 0 0
4
(from (i)
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< f(t)<1vt e[0,1]

< f(t)s%Vte(l,S]

3 1 3
Now, g(3) = J' f(t)dt = J' f(t)dt + I f(t)dt
0 0 1

1 1 1 1 -

: E[Edt sz[f(t)dt sz[l.dt ()
3 3 3 1 -
And - !oat < Jl' f@)dt < !Edt ...(ii)

Adding, we get %+Osg(3)sl+%(3—l)

<g(3)<2

W

30.(16) - fx)+ f(x+1)=2 ..(i)
Put x =x+1,weget f(x +1)+ f(x+2)=2 ...(i)
Subtract f(x)= f(x +2)
= Period of f(x) is 2

2 2
Il=4jf(x)dx and 1, :2jf(x)dx N
0 0
1 2
Now, I, =2 J.f(x)dx +J.f(x)dx =
0 1

I, =21,

1 1
l, =2 J'f(x)dx +J'(2— f (x)dx
0 0

1
= I2=4J.dx=4
0

from (i) 1, =8

n/2
L2
(sin®x)e SN X dx = 2 I

0

L2
31.(5) |I= (sin®x)e 5" X dx

O 3

/2 5
| = I 2sinx (L-cos?x)e~S"" X dx

/2 5 n/2
2 I sinx e S X dx —
0 0
n/2 5 n/2 5
2 J. sinx e " Xdx + J. cosXx (—2sinx cosx)e S *dx
cosx
0 0 !

) 2
2sinx cos®x e SN X dx

1
/2 /2

2 2 w2 2
=2 J. sinx e 5™ X dx +cosx e 5" X} + J. sinx e S X dx
0

5 0
n/2 5
=3 J. sinx e "M X dx -1
0
n/2
3 H COSZX
=— sinx e dx -1
e

COSZX =t

....(iii)

1 1
I, =2 J.f(x)dx +J'f(x +1)dx
0 0

I +21, =8+2x4 =16

Archive Solutions | JEE Main & Advanced | Page 8
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32.(B)

33.(16)

2
o —2sinx cosx gtos X o
dt 3 — -3 re
-2cosx sinx = — =— dx =—J.—dt—l
dx e —2c0sX -7 2e \/{
0 1 1

Sj' L P
R e | — —
2e Tt

-— =

2e [o]

3 {[et 2]

ot—r

2(et ﬁ)dt]—l

1
3e 3

= 2 etytdt-1
e e

3l
2——J. et Vit dt
e
0

a=2 =3 a+P=5

y=X+2

y =x?

x2=x+2

x2-x-2=0 (-lw
x-2)(x+1)=0

X=2, x=-1 ‘

2
J' 2+ x —x2)dx
]

2 2 3
2X3+[2__<—1> ]_[Eﬂ ] 6.3 5.9
2 2 2

F(3)=0
e F(x) = j (3t2 + 2t + 4F () dt
3

eXF(x) + e*F'(x) = 3x% + 2x + 4F (x)

(e —4)%+exy = (3x% +2X)
X

QJF e _(3x%+2x)
dx (e*-4)" (e"-4)
eX eX
I(ex_4) ox _ J' (.?)X2 + 2X) ejﬁ dx
(e*-4)
y- (e —4):J.(3x2 +2x)dx+c

ye

yEe* -4 =x3+x?+c
Put x=3 = c=-36

)= (x3+x2 —-36)

F(x @ 2

Archive Solutions | JEE Main & Advanced | Page 9
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(3x2 + 2x) (e* — 4)—(x® + x® - 36)e”

F'(x)=
() & 4y
4 N aanb 4
I:.(4):56(e 44) 244e :12e4 2?24 = 012
(e"-4) (e"-4)

B=4; o+Pp=16
34.(1) For domain
logs (log3(18x — x2— 77) >0
logs(18x— x* —77) >1
18x—x?-77>3
x? ~18x+80 <0
x € (8,10)
= a=8&b=10
sin®x
sin®x+sin®(@a+b-x)

sin3(a+b—x)
sin®x+sin®(@a+b-x)

D —T D —T

21=(b-a) = |=b;2"’l (~a=8&b=10)
I:10—8:1
2
35.(C) f(a+b—x)="1(x)
n/4 XCOSX
I = _[ xcosxe F) 4 X
2, Ate )(sin™ x4+ cos” X)
nl4
21 = %
248N x+cos” x
nl4
21 = ;dx

—n/41—£sin2 2X
2

4 2
2l = J. 2sec” 2x dx (put tan2x=t)

2
7 ,%ect2x+1

2|_ﬂji_(itan—lew - ="
292+t2 \2 2, 22

0

1 2
36.(A) Required area = J. (2% —0)+J.(2X —Inx)dx
12 1

2)( 1 X 2
== 4+ = - (xInx=x)?
In2 In2
1/2 1
2-2 2
- +< 4[(2In2-2) - (@In1-1
In2 In2 [( )= )]

= (4-+2)(l0g,2) ™ + (-2)In2+1

__—/

Archive Solutions | JEE Main & Advanced | Page 10
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L a=4-42,B=-2y=1

= (a+p-2y)%=2
N 1 1
37.(C) lim 12(21_1”8” :jz”gdx:ju

n—on{=(2j-1)+4n 02x+4

dx = x+2-In(2x+4)f, =1+2In 3
2X+4 2

1 1
38.(C) I= J.Iog(x +\/x2+l)dx ;= J.Iog(—x +\/x2+l)dx
-1

-1
1
2I=J.Iog((x2+l)—x2)dx=0 = -0
-1
39.(A)
X coordinate of points Ais x = 1
A
0
1 ) 7
I(4—2x -2x )dx =—
3
(0]
i
24
dx .
40.D) | = (1)

n/J.24 A1+ (tan 2x )1/3

Apply x »>a+b-x

51 =
X >—+——-X =X >——X
24 2
1/3
5n/24 dx 5n/24 (tan 2X)

w724 1+ (cot 2x)l/3 w24 (tan 2x)l/3 +1

5n/24
5n b4 T b4

21 = J. (lﬂxzz—zzg, I:E
n/24

X
41.(A) f:[0,0) >[0,)be defined as f(x)=J'[y]dy
0

1 2 [X] X
= f(x):J.Ody+J.ldy+....[ J]. ([x}—l)dy+[j][x]dy=(O+1+2+ ...... ([x]—l))J{xJ(x—[x])
_ [XJ([@_]') +x[x}—[x]2 —x[x]- [XJ([X]”')

For continuity at intger
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lim £ (n +h) = tim (n +h)n_n(n +1) _ n(n-1)
h—0 h—0 2 2

r!ii1>10f(n—h)=r!i_r1;(|)(n—h)(n—1)— =

Ath »0f(n+h)=f(n-h)=f(n)=
= f (x) is continous at x = all integer

Now f'(x)=[x]
Which is discontinuous at x = integer

= f (x) is not differentiable at x = integer.

42.(2) x2+2y—l=03x2=—2[y—ﬂ (i)
y?+4x -4 =0=y? = -4[x -1] (i)
D(0, 1/2)
y?-4x-4=0=y? =4[x +1] ... (iii)
Required Area = 2Ar.(ACDA)
x=1
2 [ (v Jo
x=0
x=1
1 3/2 -
—x2 1-x 3 _
=2 J' a(1-x) -1 Jax =2 2(7)—5x+x— _olfo-1il) [ _040]|-2
2 3 2 6 2 6 3
0 (-1) .
2
x=0
1 1 1 1 -1
T
43.(C) J.ﬁn(\/l—x ++/1+x)dx =2J.£n(\/l—x ++/1+ x)dx :Z{Mn(\/l—x +\/l+x)—5x +Esin_1x :ﬁn2+z—l
-1 0 10
44.(A) X_[X}{X}: period of {X}ﬂ
T T T T
Also, period of sin®x =n
T 2
- LHS =1OOIMX w {x 7z} =% for x e[0,m)
eX/Tc T
0
lOOTC T T
=7J.e’X/“(1—0052x)dx =50 J.e’X/“dx —J.e’X/“ cos 2xdx
0 0 0
TC
X =T —x/n _
=50 —n[e’”“} - el |:10032X +2$in2x}
Xx=0 - L4 s
s x=0
aX ax H
je cos(bx +c)dx :ﬁ[a cos(bx +c)+bsm(bx +c)}
a“+b
2 200n3(1—e*1)
soor 1] 292 o 3] o 2 I
1+4n? T d 1+4n?
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16 o0 16 ¢
45.(A) | = J' nx dx = I-= J"”—de A
2/nx + 24N (x - 22) mx +¢n (x - 22)
6 6
Y n(22-x)
- | = j—dx ..(B)
Zn(22—x)+mx
6
16
A) + (B) 21 =Idx=10:| -5
0
;4
46.(B) L I n*
. et /= Ilim (U
®) lim (Un)
n 2
4r r
mt=lim-— mil+—
R
1
n 2
/n/t=lim “rl /n 1+L = €n€=—4J‘xﬂn(1+x2)dx
n—ow n n2
r=1 0
2
2
PUt 1+ x% =t = 2xdx = dt ﬂnﬁ=—2jﬂntdt=—2[ﬁnt—t]l
1
_2 2
= nit= —Z{Kn 3} —/n [fj =
e e 16
47.(114) g—y=6x2—6x ~12-6(x2 —x - 2) = 6(x - 2)(x +1)
X
3 2 X4 3 2
I(Zx —-3x“-12x) = ?—x - 6X
4 /
A =ti1og-2 " % .. "

2 2 < a 4 2 >
AZ:‘878724‘:24

A=A1+A2=g+24 . 4A=18+96=114

n/2 )
48.D) Let | = _[ 1esin™x g 0
l+TCSInX
-n/2
b b /2 14 sin2
Using property J.f(x)dx:J.f(aer—x)dx ;= j %dx
a a —n/21+n

n/2 .
| J‘ 75X (1 + sin? x)

S dx (ii)
2 1+x
By adding (i) and (ii)
n/2 n/2
21 = _[ L+sin2x)dx ; 21 =2 J' (L+sin2x) dx
-n/2 0

/2 1 5
= | = J. (l+(—cosx]]dx
2
0
/2

. /2
| = I §—£COSZX dx =§(x)ﬁ/2—l sin 2x :ﬁ—l(O):ﬁ
2 2 2 0 2 2
0

Archive Solutions | JEE Main & Advanced | Page 13 Class — XII | Integral Calculus-2



Vidyamandir Classes: Innovating For Your Success

5
49.(A) J.XtK]]dx I X[X] dx +2.|' [X]
e
0 0

0 2 3 5 4 3 5
_5_‘. ) dx + ZJ. dx+J. 1 dx+J. dx+J. dx+J. 4 dx
e{x} ex—O x-1 ex—Z ex—3 e><—4

1€ 2 3 4
1 2 3 4 5
= 5J.xe’xdx + 2eJ.e’de + 4ezje’xdx + 6e3J.e’de + 8e4J.e’de
0 1 2 3 4
1 L 2 ) 3 3 4 4 5
=5 (—xe’x) +J.e’xdx —Ze(e’x) —4de (e’x) - 6e (e’x) —8e (e’x)
o J 1 2 3 4

= 5[(—1e’l +0)- (e’l -1)]- 2e(e’2 - e’l) - 4e2(e’3 —e’z) - 6e3(e’4 —e’3) —8e4(e’5 - e’4)
=-10et+5-2¢1+2-4e1+4-6e1+6-81+8

-25-30e t=qelip=a=-30,p=25=(a+p)? =25

50.(27) S = {(x,y);3x? < 4y < 6x +24}

joo]

4
= xzsgy and 4y <6x +24

4
ie. x2 < Ey and 3x -2y +12>0

N

|

o

) P~
v

4
Solving x2 =§y and 3x -2y +12=0

We get x =-2,4

. K 3x+12 3x2
Hence, required area = J Viine — Y parabota )X = J - px= 27
X=— -2

51.(0) S=Ilim=

r 1
Put — =x; =|,—=
u - Xy -['n

When r =0 &n — «; then x =0

Andr=2n—l&n400:>x=2n_1=2—£=2{:naw}
n n
X=2
x22 tan™(2x
s=] 1 ax - (2%) :ltan’1(4)
Lol+4x? 2 W 2
w2 2 2
52.0) 1= | [X”-X 1]dx= [ =2 ax
A Xx-1 x+1 X -1

x?-1

dx {
1

_ 2yf[l‘_";2jdx - —4yf(_12_)())(‘jx ~[-4mp- xﬂ:ﬁ - [—4In [;D ~(-4In(2)) = In(16)

is aneven function}
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/2
53.(D) f(x)=x+sinxj cosy - f(y)dy
0
n/2
f(x):x+AsinxwhereA:I cosy - f(y)dy
0

n/2
Now A = I cosy (y + Asiny) dy
0
A=n-2
X

54.(4) xg(x) = j3t2 _24'(t)dt
5
x(x) = x> ~125 - 2[¢(x) - §(5)]
XP(X) = x> =125 — 2¢(x) + 24(5)

#0)=4 = §5)+ =2

3
X~ +8
X)= —F—
px) X+2
#(2) =4
55.(7) 2e* +3e7* = A(4ex +7e’x)+ B(4ex —7e’x)
. . 13 1
Comparing the coefficient A =— B =—
28 28

X X

2eX +3e7% 4e* —7e7% « .
I—:j A+B| — | |dx =Ax+BIog(4e +7e )+c

4e* +7¢7% 4e* +7e”

Comparing with the given data

u Vv
—=A,—=8B
14 14
13+1
u+v:14(A+B)=14 =7
28

56.8) (y-2)° =(x-1)
For y=3,x=2

Diff. w.r.t to x,

(1,3
(1,2)

“4,0)
dy 1

y = 3, [—] = —
dx (2’3) 2

(y - 3) = %(x - 2) isrequired equation of tan gentat (2,3)

3

Area = !ﬂ(y 2 +1} ~(2y —4)de — 9sq. units
i Jx

57.(D) dx

et ! :£(1+x)(1+3x)(3+x)

Let x = A2

5.0
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(22)d (sxz +1)—(x2+1)dx

. l(mz)(mxz)(mz)=£(1+kz)(1+3k2)(3+k2)

da r dn

(1+22)(3+22) _;[ (t+202)(3+22)

O —y >

11dk(3+k2)—(k2—1) (1+3t2)—3(3+t2)dt

2y (1022)3+27) %! [1eat?)ae?)

_(m)_B(x) B(x)_(x) V3 __=[ B

ls) s8l6) 813/ |8)] 16 8| 2
58.(A) - a>0

Let n<a<n+lneW

a=[a]+{a}

Let [a]=n
a
Now, J‘exf[x]dx =10e-9

n a
= je{x}dx + jex’[x]dx =10e-9
0

1 a
n.[exdx + jex’[x]dx =10e-9

n
= n(e—l)+(ea‘”—1):10e—9
= (ne—n)+(ea‘”—l):10e—10+1
n=10 and e? " -1=1

And e =2—=-3-10=/n2
= a=10+log, 2

Y Y T
59.(C) 1, +l,,5= Lf (cot” X + cot"*2 x)dx = Lf cot" x (1+cot2x)dx = Lf cot” x.cosec?x dx
a 4 4

Put cotx =t = —cosec?dx = dt

L
_ 0.n B 1 n _tn+1 ~ 1 ~ 1
In"'anrZ_,[lt (_dt)_.[ot dt_n+l _n+l:>|n+|n+2_m
[¢]

I2+I4,I3+I5,I4+I64H.P.
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Vidyamandir Classes: Innovating For Your Success

60.(D)

61.(A)

62.(B)

63.(B)

n-1

lim| 240 O = lim 3 —" — lim
norin? n+1® (ne(n-1)) | MOm0mn? N

1 1 1
1 T =5 (h "2

+X g
1 3 2
I(x2+bx+c)dx=l X—+bi+cx =

3 0

0
E+9+c=1
3 2
= 3b+6c=4 ()
Andput x=2=4+2b+c=5
2b+c=1 6b+3c=3 ... (i)
= 9(b+c)=7

:
1 2 1
= g(1)=—2 I cosf(x)dx = 9(1)239(0) =
2

J29(1)=9(0)

Archive Solutions | JEE Main & Advanced | Page 17
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JEE Advanced 2021
1.(A)
0,2)
x=3yp
0, 1) (9/4, 1) -
32,172
Q (3.4, 3/4)
RN\S|(974, 0)
(1%
=2
3 1
113 3 112 2
Area APRS = —x—x—=—7; Area APQR=—|2 O =—
2 4 4 32 2
9 3
4 4
3 1 11
Total area = — + — = —
3 4 32
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Vidyamandir
Classes snce s

vMC

IT JEE | MEDICAL | FOUNDATION

Solutions of Archive - JEE Main & Advanced

Integral Calculus-2

Class - XII | Mathematics

JEE Main 2022

1.(24) Let Ilzj.(l—x”) dx,IZ:I(l—x”)erldx IZ:J.(l—x”)

2.(6)

3.(B)

1 2n

0

Iy =-n(2n +1){1, -1}

(2n2 +n +1)I2 =n(2n +1)I1

I, 2n?4n+1 1177

E: n(2n +1) - n(2n +1)

= 2n2 4N -1176 =0 = n = 24

x4 = 3yxy’ — 3y2

d
= 3xy—y=3y2+x
dx
dy
Put y2 =tyy—>=——
y ydx dx
dt 2 2
_ =—X3
dx x 3
2 2
t X
=—+C = y—=——2
X2 3 X2
y2
Put (3,3),C=-2 .. —
2
X
3y2=x4—6x2

x? —6x2 =1080

X =6
3
]?'_ . ya+l 364
y = = —_—
a+1 3
1 1
3@+l 1 364
a+1l 3

True fora=5

4.(385) f(x)=[x-10]

10

0

:12+22+32+...+102:

| = J.(f(x)+|f(x)|}jx + J.(f(x))zdx =O+J.102dx +

=35x11=385

2

1

10

0

. 1dx

J.92dx +...J.12dx

Archive Solutions | JEE Main & Advanced | Page 19
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5.(12)

6.(C)

V3 (.2
f(x):%_‘. f[%}jx

_Xf(t)dt
f(x)\/;_z[ N
L () f(x)
A
xf'(x):f(zx)
xf,(x)xzxi
Of(x) 2x
Xf'(x) X
Inf(x):ln\/;+c c=Iny3
In f (x) =X +Iny3
f(x):@
6 = V3Va
a=4x3=12
t % y)
A,
2 A,
- >

Given A =2A,

And AL +Ay, =Xy -4x2

E)J(.f(x)dx =xf (x)-8

2
4

Leibnitz rule g(f (x)—O) =xf'(x)+ f(x)

=2 () =£:2Iog f(x) = loge x +logg ¢
f (X) X e e e

= fz(x):cx :>y2 =CX

Passes through (4,2) =>Cc=> y2 =X is the equation of curve

-~ slope of normal = 2y, =-6=yy=3

= equation of normal = 6x +y-57=0

Archive Solutions | JEE Main & Advanced | Page 20
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{_Dd

2
7.(B) J'szz _3x
0

3/2 2 1/2 3/2 2
—J. (2x2—3x)dx +—J. (2x2—3x)dx+ J. (—l)dx+ J. 0dx + J. 1dx
0 3/2 0 1/2 3/2

Solving,

2 27 3 9 16 9 3 -2
2X| ——X—+—X—| +|——-6|=2x—|-1+—|+| —
3 8 2 4 3 4 2 3

9 2 27-8 19

2 3 12 12

8.(A)
T
l’ Il
] 7
0
]. 3\/)7—£ dx = —x ><|:y3/2:|4=i><8
5 2 o 3
9.(D)
f f {
-1 0 1
2 2 2 2
—(x +1) x+1) (x +1) (x +1)
-X -X +X X
+(x —1) +(x —1) +(x —1) —(x —1)
-X X +2 3X +2 X +4
\2 \2
S1 1 1 3 1 = 4

-1 0 i 2
x?Z x?Z 3x2 x?2
S2 |-—— +|—+2X +|—+2X | +|—+4Xx
2 2 2 2
-2 -1 0 1
1 1 3 1
—— 42|+ —-2||+|—+2|+|2+8-—-4
2 2 2 2

10.(D)
|

1 V2

Area =2 J.(l—(l—xz))dx+ J.(l—(xz—l))dx
0 1
1 V2

-2 {ﬁi +{2x—£] =2F+{2\/’—£J—[2—£J]=E(J§—1)

3 3 3 3 I

Archive Solutions | JEE Main & Advanced | Page 21 Class — XII | Integral Calculus-2



Vidyamandir Classes: Innovating For Your Success

11.(D)

12.(D)

207

J. (|sinx|+|cosx|)2dx

0
20n 207 207

= J. (lsinx|2+|cosx|2+|sin2x|)dx = J. 1dx + J. | sin2x | dx
0 0 0

Y
Here,|sin 2x| is periodic with period >

T
40x—
2
=20n+ j | sin2x | dx =20mn+ 40 | sin(2x)dx

0

Ot—N | a

T
Here, 0 < X < —
2

=>0<2X<n

T

—cos2x )2
=200 +40 x| ——
2 o
=20n+20x2 =20+ 40
e’ /nt
f(e3) = J"—dt (1)
1 m10(1+t)
) /nt dt
_l(ﬂnlo)(1+t)
1 1
t=—=>X=—
X
-1
dt = —dx
<2

1
'I (/nl(_)ﬁEJ).: J (_X%de

(02

1 /nx
f(a) = J'—dx
/nl10 1 X (x +1)

3

e
-3) _ 1 /nt
fle®)- /n10 »[t(t+l)dt @

Add (1) and (2)

f (e3)+ f (e_s)
e3
{L ﬂ{lﬁ}dt
mlo] 1 @+t) t

[ 1 J3€nt
- —dt
/nl10 t

1

nt =r

— =dr
t

Archive Solutions | JEE Main & Advanced | Page 22
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3

1
= J.rdr
/nl10
0

(]
(o))

9
2log, 10

3
0

13.(D)

| x —1|<y<\/5—x2
When |x -1 V5 - x2

= (x-1)? =5-x2
= xz—x—2=0
= X =2,-1

Required Area = Area of AABC + Area of region BCD

Jroa
B RN S
2|7 51 4 2
_or 1

T4 2

a a
14.(C) We know that J' f(x)dx =I(f(x)+ f (-x))dx
0

-a

/2
" 1 1 1

= I = I + dx
5 1+e* 1+e* ) (sin®x +cos® x)
n/2 n/2

dx dx
3':.[ 6 6 :.[ 3
0Slrl

X +C0S™ X 0 1—Zsin22x

X

n./|-2 4sec2 2X Zn./|.4 4 se02 2X

4+tan22x 0 4+tan22x

0

Now, tan2x =t = Zsec2 2xdx =dt

o0

T 2dt it n
I:ZJ. =2|tan "—| =2—=n1
2 2 2

o4+t 0
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15.(18) x +y =4
y2:2x
y® =2(4-y)
y2+2y-8=0

Ly=-4y=2
L X=8,X=2

2 2
. Area = I{M—y)—y?}dy
-4

(2.2)

(8.-4)

n/2
16.(1) f(®)=sin6+ J. (sin®+tcoso) f(t)dt
-n/2
-n/2 n/2
£(6) = sin 6 + sin O .[ f(t)dt |+ cose .[tf(t)dt
-n/2 -n/2
A i) B ...(ii)
~ f(0)=sin®6+Asin6+Bcoso
f(0)=(A+1)sin6+Bcoso
n/2 n/2
J' £(0)d6 = J' (A +1)sin0 +Bcos0do
-n/2 -n/2
n/2
A= J. (A+1)sin6+Bcos6do
-n/2
A=0+2B ... (iii)
n/2 n/2
B - J' t((A +1)sint + B cost)dt - J' t(A +1)sint dt
-n/2 -n/2
n/2
B=(A+1)2 J' tsintdt
0
B=(A+1)2-1
2A+2-B =0 ...(iv)
From (iii) and (iv)
52 At
3 3
n/2 n/2

1 . 2
J. f(0)do| = J. ——sin®-—cos6 |do| =1
2 3 3

17.(19) y2 =X &Y= x3 (1.1)

X =x => x=0,1

y:2x&y2:x
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18.(A)

19.(D)

1 3/2 4 °
2X X 5
S:J.\/—_x?’dx: _[_] -
3
0 1

(1/2. 0)

Solving (i) and (ii)

_y*+3
4

X
2

and x=y7+l

y2+3 y2+1

a4 2

:>y2+3:2y2+2

=

= y2 =l=>y=+1
Point of intersection (1, -1) and (1, 1)

4 2

1 2
+3 +1
Area = j Y Y

T
‘2[ cos? nx — cos? (n-1)x
0

sinx

T

2 . .

J- —sinx x sin(2n —1)x
- sin x
0

General term is linear function of n.
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b

dx

R/ I

b 2 . 2
20.(6) 12.[10'—":_2 7 -1)-(x7-4)
02 -Dx%-4) 35 (x?-1(x®-4)
b b
1 1 1 X -2 1 X -1
=4 J. _ dx |=4|—log ——Ilog
x2_4 x2_1 4 Xx+2) 2 X +1
3 3
4 1 | b-2 | 1 1 | b-1 | 1
=4|=Jlog| —— |-log| = |} = =4log| —— |- log| =
4 9 b+2 9 5 2 9 b+1 9 2
log b-2 log ! 2log b-1 2log !
= — —_ —_— _ + J—
b+2 5 b+1 2
b-2 1
«
log b+2 4 49
e =8 7 3
b-1P 1 40
2T =
b+1 5
b-2)b+1 5 49
( X +) x P bos
(b+2)b-1)°x4 40
U COS X :
21.(C) |=j e sinx dx )
(1+ coszx).(ecosx +e‘C°SX)
0
T COS(T[ X) -
e smx(n—x)
x—>(n—x) : I
01+ cosz( )[ecos(“_x) . e_(cos(“_x))
K sin x.e~ 608X .
J‘ dx .. (ii)
(1+cos x)( ‘COSX+eC°SX)
0
T .
N sinx )
(i) + (ii) = |———dx let cosx =t = —sinxdx =dt
01+cos X
T dt -1 T
21 :j 5 21 :—I(tan_lt)dt = 2l :—jtan_l(cosx)dx
01+t 1 0
21 :—{tan_l(cosT:)—tan_l(coso)} ;
2 2
22.(C) y?=8x andy? =16(3-x)

A4 ‘Zﬁ\
@l

v
8x =16 (3-x)
X =2(x-3)

= X =2

2 3
Area =2 J.\/Sx +J.\/48—16x dx
0 2

=16
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23.(NTA D)
VMC Bonus

y=‘x2—9‘ andy =3

7
9-x2=3
x% =6
x =6
J6 3 NP
Required Area =2 9-x2 - 3dx +2J. 3-9+x2dx +2 J. 3—(x2—9)dx
0 J6 3
J6 3 V12
x3 x3 x3
=2 6X—? +2 —6X+? +2 12X—?
0 J6 3

=2\/5[6—§]+2{(—18+9)—\/g{—6+§}} +2[J1_2(12_4)_(36-9)] = 8(4y3 + 216 - 9)

24.(21) f(x)=max {|x +1].Ix+2],....] x +5]}

0 -3 0 -3 0
J. f(x)dx = J.|x+1|dx+ J.|x+5|dx =—J.(x+1)dx+ J.(x+5)dx=21
6 z z - -3

2

T 2 .
48 3nx sin x
25.(6) I =— ~x3 dx
1+ cos” x

T 2 .
48 31X sin x
| =— [x?’ - - n2] dx

n4o 2 1+ cos? x
48T sinx
T ol+cos X

Put cosx =t

1=6

1
3 3/2
26.(36) A = E.|'(1_x2/3) dx
0

=

=]
—

<

Let x:sin39
n/2
A== J. (1—sin29
2
0

372 2
) .3sin“0cos6do

xty O
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375/2
= E J. 3sin20cos? 0do
0

9T[/2
=— J. sinZ20cos? 0d o
2 0
9 1.3.1 T
2 (2+4)4)2) 2
O 64A
= A=—= =9
64 b

256A
=36

T

X3+X

-2 [exx +1J

2 |x3+x

I [Mxx—]

2
dx = ZJ.(X?’ + x)dx
0

2

27.D) Let | = dx (1)

x|x|
xe

dx ...(2)

X3+X

2
x4 x2
l=|—+—| =4+2=6
2

0

28.(6) A = {(x,y) : |x| < y2,|x| +2y < 8}

(0. 4)

y = Ix|
[_4’ 2] W
twﬂ x(\)

2y =8-|x|
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Area of square ABCD = A,
2
A2 = 2k
27(ar.A ) =5(ar.A,)
27 x—=5xk
3
k? =4x9 k=6

or k = -6 Rejected
29.(C) f (x)+ f (x +k) =n

= f(x): f(x+2k)

f (x) is periodic with period 2k

Iy = T f(x)dx:ZnJ. f(x)dx
I, = J. f(x)dx =2J. f(x)dx

Now, f(x)+f(x +k):n

k k
= J'f(x)dx +J'f(x +k)dx =nk
0 0
k 2k
= J.f(x)dx+J. f(x)dx =nk
0 k
2k
= J. f(x)dx =nk
0
= I, =2n%k, 1, = 2nk
1 12
= I, +nl, = 4n%k
30.(C)
7
—+2X, X <-1
2
3 1<
=1=, l<x <=
Y 2
5 1
——2X, — <X
2 2
Jny
B [0,312)C
A // AR
'—l-,[]‘E ['s

i N F (8] _'r
2% (-1,0) (0.0)

Area bounded = ar ABF + ar BCEF + ar CDE

S e
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31.(C)

B AB=1/8
-------------------------- y=-1
........................... y=-2
........................... y=-3

3+417
1/74 8 1
ZI(—l)dx +2 j (—2)dx+ J (—S)dx
0 3 3417
4 8

On simplifying we get

V17 -13
8

So option (C) is correct.
32.(B)

Required area

4 4 4 4 5
I(Z\/Exllz —\/EX}iX = \/EJ.(ZXUZ —x)dx = &J.Zxﬂzdx —\/EJ.xdx = \/Eg
1 1 1 1

33.(C) Each of the integrals in the equation & options can be computed BUT since all options are in the form of
integrals, the given requires a better approach.

Note that: f(x)= \/E{X €[0, oo)} has

2
Inverse f’l(x):y—
2
b f(b)
Also: If(x)dx + I fL(y)dy = bf (b) - af (a)
a f(a)

To prove the above, put y = f(t) in 2" integral, and then apply by parts.

2 2 o
= J.\/ZXdX+J.y7dy=2><2—O><O=4
0 0

2 1
Also: J.\/2x—x2dx =2J. 1—y2 dy {Puty:x—l}
0 0
2 2 5 1 1 1 2
= I=J.\/§dx +J.y—dy—2J. 1—y2 dy+J.\ll—y2 dy—J.ldy—J.Zdy
0 0 2 0 0 0 1

1 1 1
= I=4—J.«/l—y2dy—3=l—‘|. l—yzdyzj.(l—wll—yz)dy
0 0 0
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34.(12) ma? - nab =30n=aZ —ab = 30

nab — b2 =181 = ab -b2 =18

= a?+b%-2ab=12
= (@-b)? =12
35.(C)
y =~/2x
=1
x (. 2)
y=22
1
(0,0)
y2 =8x

4
g(@-@)dx -gﬁxl

4
[ 2
gx 24/2x372 _ ZTX

36.(D) Note: J.COS‘IIXdX =0 Vvm,n,e Z

m

X
Using this, the given integral will be O for all values of {E} with x €(0, 5)
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VMC Vidyamandir
Classes snce s
T JEE | MEDICAL | FOUNDATION

Solutions of Archive - JEE Main & Advanced

Differential Equations Class - XIl | Mathematics

JEE Main 2021
1.(2) j—i’ =2(x +1) = jdy = IZ(X +1)dx = y(x) = x2 +2x +C

Given Area = ﬂ

3 x=-1
th e (O—(x2 +2X +C)jdx = ﬂ
-1 3 \ 1 }
—1+y1-C _1+1-C
= 2 J. (—(x +1)2—C+ljdx=g

-1

(X +1)3 —1+y1-C 2\/§
= -~ -Cx+X =—

-1
3
= —(\/l—C) +3C-3Cy1-C -3+3y1-C —3C+3=2\/§

= cC=-1 f(x):x2+2x—1:>f(1):2

d
2.(D) %J% =bx3

ILF =x
yxx=J.bx3xx dx = Xy =——+C

(1, 2) lieson it

b b _ bx® b
2=—+C=>C=2-—— Curveis xy =——+2 - —
5 5 5 5

Integrating between 1 & 2

2
bx > b
—+|(2-——|logx
25 5 3

32b-b b 62
_ +|2-=|log2 =— When b =10
25 5 5

3.(D) ccjj—|:=0.5|3—450 ; P(0)=850
d_P:E_450 ; dp _P-900
dt 2 dt 2

1 1
IF>—9000|P:I§dt

In|P—900|:%t+C
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at t=0, P=850

In[850 —900| =0+C
C=In50

Letat t=t, populationP =0

Now, In|0—900| :%1+ In50

t, 900

t
IN900—In50==2; L=In=—""; ,=21In18
2 2 50
4.(C) f(x)- f "(x)=f'(x)- f'(x)
f(x f(x
J' ()dx:j ) 4 fFrx) =k - F(x)
f'(x) f(x)
x=0 = 2=kx1l k=2 = f'(x)=2f(x)
f'(x)
J' dx=2J.dx © log f(x)=2x +C
f(x)
Xx=0=c=0 = f(x)=e2X
5.8 . x?-4x+y+8 dy y x2-4x+8
' dx X -2 "dx x-2 X -2
Integrating factor If = e—log(x—z) __ 1
X -2
2 2
1 X% —4x +8 y (x-2) 4
Soy =J. > dx ; =J. > +J. >
x -2 (x-2) x -2 (x-2) (x-2)
Y . X — +C passing through (0, 0)
X -2 X -2
c=-2 Ly =(x- 2)2 — 4 = passes through (5, 5)
6.(1) (2xy2 —y)dx +xdy =0 = 2xy2dx =ydx — xdy
= 2xdx =M = 2xdx =d[XJ
y? y
. 2 X .
Integrating we get x“ =—+c¢ ..(i)
Now point of intersection of lines are (2, 1)
from (i)c=2 Equation of curve x2 = 5+2
y
Now y(1)=-1=]y@Q)E1
dN
7.(D) —xN
dt
dN KN
gt *
dn J'K dt
N J 1
InN =Kt +c
Att=0
N =1000
¢ =1n,1000

Also at t = 2hrs
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8.(1)

9.(2)

N =1000 + 200 =1200
In1200 = 2K, +In, 1000

2K, = Ineﬂ= IneE
1000 5
Ky iIneE
2 5

K
Att=——
6
In—
5

+1n1000

1 6

In2000 = —In—x
2 5

In—

K 2000
—=1In
2

. dy .
esiny cosyd— +e5"Y cosx =cosx
X

eSY -t = esmycosyd—y =i
dx dx
dt
— +1COSX = CcosX
dx
jcosxdx .
ILF.=e = Sinx

. dt .
eSNX| — ttcosx |=eSMX cosx
dx
d sinx sinx
—(t.e ) =e .COS X
dx
Integrating both side

t-eSinX = J.es'”x -cos xdx

t'esmx =eSII’]X +c

esmy 'esmx =eSII’]X +c

At x =0,y =0
1=1+¢c = ¢=0

siny _

e 1 = y=0

a
y2=a[x +g],a>0 .......

a3/2

) 2 2 a® 4 2
Squaring (y —ax) =T Yy —2y“ax +a

2
d d 8y3(d
44 _zyz[zyd_y]x +4yz[_y] 2 :L[_y
X

2

dx 4 | dx

Degree=3 order =1 Diff =2

0=In2 = K=2In2 = [

2

3

a
X< =—
4

;
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X
10.(D) f(X)ZJ.etf(t)dt-i-eX;XER
0
Using Newton’s Leibnitz rule,
fl
f'(X)ZeXf(X)+eX:%ZEX

= 1)t
At x=0, f(0)=1 (using (1))

Using (iii) in (il) = c=In(2)-1

de:jexdx: In(f(x)Jrl):eX +C

..(0)

...(ii)

...(iii)

f(x)= e "l 1o f (x)= 2e° 11

dy _xy’+y

11.(C
© dx X

xdy = xy2dx + ydx
—(ydx — xdy)

—d [5] = xdx
y

It passes through (-2,3)

= Xdx

="4c
3 2

2 4 X x° 4
c=S-2=-" = A
3 3 y 2 3

(3,y) liesoniit.
3.9 4 -3 _271-8

y 2 3y 6 'y 18

1 -19

12.(C) (cosxdy-ysinxdx)(3sinx +cosx +3) =dx
dx
3sinx +cosx +3
dx
3sinx +cosx +3

sec?x /2

cosx dy —ysinxdx =

Id(ycosx) :J.

ycosx:J. dx

2tan2 X t6tan X + 4

tan X —t
2

dt

,_ 18
19

dt _inlt2], o

seczgdx =2dt = ycosx =2J.

22 +3t+2)

J&

= +
+1)(t +2) |t+2|
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tan£+l

ycosx =1In 2 |.c
tani+2
2

y(0)=0 = C=1In2

P 1443 2+2y3 2+2J— 23 -1
y[gjzz[ [1+2f} 2]=2In[1+2\/§J=2I [2 311 23 - 1]
n[4\/§—2+12—2\/§J =2In[2 3+10J
11

11
13.(A) 2(x +x5/4)dy -y (x +xl/4)dx = 2x %4 dx
2x5/4 (x3/4 +1)dy —yxll4 (x3/4 +1)dx = 2x 9% dx

d_y_L:;(LDE)
dx 2x x3441

J——dx —ilnx 1
IF=e’ 2x =e 2 =—

Ix
dx +C

3/4 dx

J. 3/)4(1+1\/“
N

XX e
1/4 3/4+l)

It passes through [1,1—%Ioge ZJ

1-%in2-2%2_In2)+c ; 1——|n2:§—i|n2+c . c-1-8.2%
3 3 3 3 3 3

va6)=4x|2@+1-n9)-2|—a[12-%ing-2]_a[3L _41no] _4[3L_8n3
3 3 3 3 3 3 3 3

14.(C) y?=4a(x +a)
2yy'=4a = yy' =2a

y;lj =2yy'x +(yy

’

= y2 — ZW’(X + /)2

= yy'? +2yx =y
15.(C) :—y+ytanx =sinx is a linear differential equation.
X

It's integrating factor I.F. = ejtan xax _ eloge(secx)

= secX
So the solution is y.secx = J'sin x.secxdx +c¢
y.secx =logsecx +c; y(0)=0

=log.1+c=c¢c=0

x=[zJ:y[ZJ.ﬁ=.ogﬁ+o; y@wlzlogfzzji.ogz
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d d 2
16.(B) G: 2xy—y=y2—x2,x>0; 2y—y=y——x
dx dx X
dy dt
Put y2 =t ; 2y —=—
Y ydx dx
dt t dt t
—=—-X; ———=-X
dx x dx x

1 2 2
=>t.—=-X+C =Yy~ =-X"+cCX
X

Passes through (1,1)

=1=-1+cC =c=2 :>y2:—x2+2x
2xy dy

2 2
¢, =>x“+y“-2x=0 C =
1 y 2 x2-y2 dx

After solving given passes through (1,1)
1
y=(x2+y2)c i C :E; x2+y2—2y=0

n 1 T
Area by C, = __E; Total area = E_l
4

17.00) 3%(’ —y(x -1)+(x -1)

dy
— =(x-1)(y+1
= (x-1)(y +1)
d7y=(X—1)dX
y+1

2
log(y +1) = (x _21) +C

c-1
2

(x-17 1 1

y+l=e 2 2 y(l)=e 2-1

18.(C) :—y Hy +1)x = (y + 12X /2
X

(y+1)7? j—y +y +1)Ix = X212
X

Put (y +l)'l =z = _d_y =(y +1)2
dz
dy _ —-dz
(v +17
_d_z+z)( =ex2/2 = d—Z—XZ =—ex2/2
dx dx

—| xdx 2
I.F.=e-[ —e X2

2 2 2
e /2Z =J._ex /er—x /ZdX

e'XZ/Z(y +)t=-x+C

y(2)=0

e?.(0+1)t=-2+C
1

C=2+—
o2
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-X +
1

1
2+—2

e

(y+1)

2
e X /2

e

-x2/2

dy
19.(A) 2
X

2

y(sec

N 2

ytanx =sinx

X) = jsecx tan x dx

y.Sec“ X =secx +¢
. Y
Given at x =§,y=0:c =-2

2

Y = COSX —2C0S“ X

1
y=-2 [cos2 X —Ecosx} =-2 [cos2

=
2
1 1
= y=-2 [cosx——] -—— =
[ 4) 16
d d e
202) Y_emey o e dx = eV =
dx eY o
_ 2’1
(In2,In2) > —=—+c
o
1
0,-In2) > -2=—+¢Cc = a=2
o
21.(A) xdy —x3dy = ydx +yx2dx —3x%dx
xdy —ydx
L—xdy—ydx+3x2dx =0
%2
d[lj—d(xy)m(x%:o
X
Z=xy+x3=c
X
y(3)=3
c=19
Z—xy+x3=19
X

y
2 _4y+64=19
4

15y

4

-45 Syatx=4y=12

1
X —-2.C0SX.— +— ——
4

Solution of D.E. is

1

|

1 2[ 1]2
=—-2/CcoSX ——
Y738 4

16 16

| ~

Ymax =

Archive Solutions | JEE Main & Advanced | Page 7
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22.(2) sec y% =2sinxcosy
X

sec? ydy = 2sin xdx
tany =-2cosx+cC
c=2 (- y(0)=0)

tany =-2cosx+2 = atx:g

tany =2
sec? yd—y:ZSinx - M,
dx dx

23.(D) log, (g—ij =3x+4y

o Wy
dx

= Ie“‘y -dy = Ie3xdx

_ e3x+4y _ e3>< .e4y

~ y(0)=0

1 1 -7 eV ¥
= —=—+4+C=>C="F=> —=——
4 4 3

3 12

.
12

4e¥ —7
12

= e W= %(7 —4e*)

x:—glogeZ = e :%(7—4e‘2'°ge‘2) :%(7—1):2 = —4y=log,2 = y:—%logez

dy __ 2%
dx xInx

dy _ 2dx
y xlInx

Idiyzzjdix
y x In'x

Iny =2In(Inx)+c

24.(1)

=

In(IN2)? =2In (In2)+¢
c=0
Iny =2In(Inx) =

vyl

Iny(e)=0 = y=1

25.(C) xdy =ydx +x°3cosx dx

xdy —ydx

X2

=X cos X dx
d(%} =d(x sinXx +cosx)

=XSiNX +COSX +C =

X <

O=-m+mnc =

. T
y=x23|nx+xcosx+x y(i

y =x?

Iny(e)=2In(Ine)

SiNX + X COSX +CX

Archive Solutions | JEE Main & Advanced | Page 8

Class — XII | Differential Equations



Vidyamandir Classes

: Innovating For Your Success

26.(4) Let e¥=z

Z ; . 2
— —2sinXxz = -sin x cos“ x
dx
Ify =e2cosx

g2C0SX gy _ —J.ezcosx sin x cos? xdx

1 1
ey @200SX _ T 152 o2C0SX _ T nnoyx@2C0SX
2 2
Now y i =0
2
1 1 3
e =20-Z0+—+cc=—
2 4 4

For y(0) putx =0

d
27.(C) —-1=xe¥™*

dz
— =xe? = Ie’zdx = dex

dx
2 2
>eZf="1tc=>e¥ y=?+c
y(0)=0:>—e0=0+c
2
X
e Y+ —=1...03)

eZCOSX

+——+¢C

4

2
o dy (0-x) 1=—*X x2-2x -2
For minimum value —=1- = =0 =— =0
dx x? x? x% -2
1-—  1-—
2 2
X =1-+/31++/3
L e
2 1B P LB
x =1-+/3 = point of minima
2
23]

y=(l—«/§)—loge 1 :(1—x/§)—log(x/§—l)

Archive Solutions | JEE Main & Advanced | Page 9
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y+
28.(4) |(x+2)ex+2+(y+1)|=(x +2):%:;y(1)=1

PutX+2=X & y+2=Y jdl_dl
dx =dX & dy =dY dx  dX
Y Y /7%
= X eX 4y |2XdY _dY _Xe "7 +Y ipE) .. (ii)
dXx dXx X
Put Y =VX Dd—Y:V +Xd7V
dXx dXx
i) - N.C xeV +VX eV Ly
dXx X
d7x= %:In‘X‘:—e’V iC ..
_y+
= In‘X‘+e’Y/X=C:>In‘(x+2)‘+e X+2 =C
= In(3)+e_2/3 =C { y(l):l}
(i) => In‘X‘:—e’Y/X +In(3)+e_2/3
= e Y/X :In(3)—|n‘x‘+e_2/3
= e Y/X :k—ln‘x‘ {where k:ln(3)+e_2/3}

Since, LHS >0 = RHS >o:x—|n\x\>o:|n\x\<x

= O<‘X‘ <er = X e(—ek,e}‘)—{o}
= X +2€(—e7‘,e7‘)—{0}:>x e(—Z—ex,—2+e}‘J—{—2}
= a=-2-e*&p=-—2+e" = o +p|=4

29.(D) cosec®xdy +2dx = (1+ycos2x )cosec?xdx; y[%] -0

= d—y+L2=l+y0052x
dx  cosec®x
= d—y+(—0032x)y:1—25in2x (L.D.E.)
dx
Lsin2
I.E. = g/Pdx _ oJ-cos2xdx =e—53|n X
1. .
| i —=sin 2x —=sin 2x
= ye (1/2)sin2x =J.(l—23in2x>e 2 dx +c :J.e 2 (cos2x)dx +c
= —J.etdt +C where —%sin 2x =t = —cos2xdx =dt
—lsin2x —lsin2x lsin2x
= ye 2 =-e 2 +c = y=-1+ce2
= 0 1+ce { y(A) 0}
= c=e V2
—£+lsin2x
So; y=-1+e 2 2
,l 2

Now; (y(0)+l)2= 1+e2 41| =e?
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30.(2) Thecurveis y=2 sin[%cos‘l(e‘)< )] -1.
The point of intersetion with the x-axis is (a,0)
e® =2

31.(A) yx = ZJ.(xsinx +x)dx ; yx = x2 +2x (—cosx)+2.[cosx dx
yX =x2 -2xCosX +2sinX +C; X =ny=n+2
n(n+2):n2+2ﬂ:+0+c:>c =0

y(x) =x2 _2x cosx +2sin x

b b 2 b .n
X=—=>y—=—-2x—x0+2sin—
2 2 4 2 2
T 1t2+2_ n 4
22 4o -z
y2 4 Y 2 7
q ytan(y)—x
32.(A) - a__ \xX)
dx xtan Y
X
dy dv . dv  vxtanv—x vtanv-1
Put y=vx=>—==v+x— S V+X—= =
dx dx dx xtanv tanv
= ﬂ:—i %:—tanvdv
dx tanv X
Integrating we get InX=/ncosv+/nc = X=CCOSV = X= ccos(lj
X
. 1 e
Given, when x==,y=— c=1
2 6
—  costx=2=y=xcostx
X
1 1 L 1
N7 2 5 22 V21-(1-x2
Now, area = J.xcos’lxdx = X—coslx] + J.X—dx:lJrlJ.de
0 2 0 0 2\/1—)(2 16 2 0 1—X2
1
12
T 1. 4.\F 2 n 1lln [1 = n—-1
=—+>|(sintx)V2 — | V1-x%dX| =—+Z| S+ |=——
16 2( )0 I'). 16 2{4 {4 8 8
33.(D)  Given equation can be written as xe* dx = _yzdy
1-y

Integrating, we get jxexdx: —j ydy = xe* —e* =\1-y® +c
J1-y?

Given y()=1=c¢=0

2

xe* —e¥ =41-y

Put x=3, we get (y(3))2 =1-4¢e°
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34.(A) - :—i—ny=2(Zsinx—5)x—ZCosx

) ) _ o 2 2
Solution of Differential equation is ye ™" = Ie’x (2x (2sinx -5) —2cosx)dx

2 2 2
. ye™ =e™ (5-2sinx)+C = y =5-2sinx +Ce*
2 2
Givenat x =0,y=7=C =2 y =5-2sinx + 2e* Soat x =n, y=5+2e"
35.(C) Given: y+Xx g—y =x? = ydx +xdy = x 2dx = d (xy) = xZdx
X
Integrating, we get
X (i
Xy =—+¢ (i
Y 3
Curve is passing through (—2,2) = -4 = _?8+c =c=-4
from (i) 3xy =x° -4
= x3—3xf(x)—4:0
36.(A) 2x2dy +(eY —-2x)dx =0,x >0
2x2dy +(e¥ —2x)dx =0, x >0 say eY =t
2x2%+(t—2x)dx =0
2x2dt +(t% —2xt)dx = 0
t2dx = 2x(t dx — x dt)
dx _ 2(tdx —xdt)
X - t2
dxzzd(xj
X t
d
X=2Id(xj = Inx =X 4¢
X t eY
Sincey(e) =1 1=2+c=c=-1
2X 2 y _
Inx =—-1 = In1)=—-1 = el =2 = y=In2
eY eY
37.D) (y+1)tan®xdx +tanxdy +ydx = 0;x € [Ogj
= (y+1)tan2x+tanxd—y+y=0 = ytan2x+tan2x+tanxd—y+y:0
dx dx
2
= dy (N x+l) onx = d—y+y(tanx+cotx)=—tanx (L.D.E.)
dx tan x dx
ILE . = ej(tanx+cotx)dx =e|n(secx)+ln(sinx) =e|n(secxsinx) _ eln(tanx) - tan x
Now; y.(tanx) :J.(ftanx).(tanx)dx +C = —J'(sec2x ~1)+c
ytanx =-tanx +X+c =>y =-1+ X +C
tan x
Now; lim (x y(x)) =1= lim [x[_l+ X +CH 1 = lim K X j(—tanx o x +c)} 1
x—0" x—>0" tan x x—>0" tan x
= (1)[-0+0+c]=1=c=1 : (x)——1+x+l: I ——1+£+l—E
B Y tanx |4 1 4
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1
38.(A) x2dy+ [y - —] dx =0
X

dy vy 1

—_— =

dx XZ X3

IF —e X
. H H P -1/x -1/x 1
. Required solution is y -e =e +—e
X
Using f(1)=1 = c=-1/e o fA/72)=3-¢
X4y _oX
30.8) WY 27727 . 0)_1 then y()
dx 2y

dy ~2%.2¥-2%
dx 2y

oy Y _ox oy g

dx
y
J' 2" dy = J'zx dx
2Y —1
In(2Y -1) 2~
In2 In2

log,(2Y -1)=2"log, € +C
At x=0,y=1

log,(2'-1) = 2% log, e +C

O =log,e+C

C=-log,e

= log,(2¥ -1) = (2" -1)log, e
At x =1

log,(2Y -1)=log, e

2Y =e+1; y=Ilog,(e+1)

3 dx 3
40.(B) (2x—10y )dy +ydx =0 :>yd—+2X =10y
y

dx 2 >
—+—Xx =10y
dy vy

ILF = y?
xy2 = I10y4dy +C

xy2 = 2y5 +C

It passes through (0,1)
c=-2

xy2 = 2y5 -2

It passes through (2,[3)

2p2 =2p°-2=p%-p2-1=0

Bis a solution of y5 —y2 -1=0
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JEE Advanced 2021
1.(AC) The given differential equation is a LDE with I.F =e®*
X _y +yue°‘x - Xe((HB)X - i(ye(xx) _ Xe((l+B)X
dx dx

2 cases arise
General case: a+p#0

ﬁ[e(‘”mx (o +B)x —1} +C
o+

Solution ye®* =

1
(a+P)?

Usingy(1)=1,weget: C=e%-

[e((”B)(oc +B —1)}

> lB) ; [e(‘“ﬁ)x (o + )X —1)} e -
o+

N yeoX —

(o +B)?

1
(o +P)?

= y=

[e“ﬁ((a +B)x —l)} +e X g% —
(a+B)?

[e(a*'ﬁ)((ﬁﬁ,l)}

[e(‘”ﬁ)(a B 1)}

COMPARING: since highest degree of x is 1, only (C) & (D) options can be possible.

© option fits with a=f=1
(D) not possible
Special case: (a+B)=0

X2

= —(ye®™)=x = ye™ = 4¢
OIX(y ) >

. 1 x? 1
Usingy(l)=1,weget C=e*-= = ye*™= 7+e°‘ —

2
Only (A) and (B) are possible because of the presence of x2 term

Fits with: ¢ =1
2.(57) 3.(6)
f1(x) = (x ~1)(x - 2)%(x - 3)>........ (x 212t

Drawing sign scheme for fl'(x) :

< ! ! ! | | | N

- 1+ 2 +3-4-54+6

Generalising: fl'(x) changes sign from negative to positive at x = 4k +1

ke{0,1,.....5) = m; =6

= n =5
f,(x) = 4900(x ~1)*® — 600 x 49(x ~1)*® = 4900(x ~1)*8(x - 7)

f,(x)changes sign from negative to positive at x =7

= m, =1 and n, =0
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JEE Main 2022
dy )
1.(A) ——+2ytanx =sinx
dx
.[Ztanx dx 5 )
I.F =e :eln(sex X) =sec” x

y(seczx) = Isinxseczx dx +C

y. secZx =secx +C

T
Put x =—,y =0
3y

1 1 2
y=COSX—20052X =——-2|COSX ——
8 4

S Ymax TG

5
2.(16) (x2 —y? —1) =3-x2-y?

Point P lies at the curve = ((x,(x) = (\/E\/E)

Differentiate w.r.t x

4 d d
5(x2—y2—1) [2x—2y%]=0—2x—2y%
dy 3
_y=—atP(\/E,\/E)

dx 2

Now differentiate again w.r.t

2 2 P dy \? 2 2
=20(x -y —l) 2x—2yd— +5(x -y
X

d d d?y -23
C ooy 8 [ y|* a2
dx?2 dx dx2 42
d d
N0W3—y y y_3X_+2\/7
dx dx? 4[
d
3.3) X _y_2_e thisis LDE.
dx

P=-1,Q=2-e7%

J. Pdx .[ —1dx

I.LF.=e =e

d? d
) 2- 2y—y—2 2
dx?2 dx
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—X
€ X
y(x)=y :—2+T+Ce

lim y(x) = finite

X —0
e—X
lim | -2 +——+Ce* | = finite only if
X =0 2
—X
Y(X) = 2+ —

3 -1
equation of tangent y + — = —(x)
2 2

2y +3=-X

for x-intput y=0, x =-3= a

-3
for y-int put x =0,y=?= b

-3
a-4b=-3-4|—|=3
2

dy Xy x4 +2x

2y 2 Ty e(1))
dx X2 -1 ,1—X2

dy
—+P(x)y =Q(x)
dx

4.(B)

1
—In(l—xz) [ 2
=e2 =elnVIx" _\1_x2

How y.ﬁ = J‘(Xl_—\/;::)x(ﬁjdx

5

[ X
=Y. 1-x2 :j (x4+2x)dx = yx 1-x2 :?+x2+c

it passes (0, 0)
0x1=0+C =[C =0]

x5+5x2

5x\1-x2

f(x)=
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5.(B)

6.(A)

NE)
1\/5/2 %5 2 %2
— I dx + .[ dx
5 N 1-x2 NE) 1-x2
2 2
V3
0 ZT x? d
+ X
0 \)l—XZ
put x =sin® = dx = cos6do
T
2 sin2
2_[ x C0s 6d 0
cos
0
T
— T
3 sin20)3
I(l—cosZG)dG: 60—
0 O

T 1 +/3 n 3
3 2 2 3 4
dy 1

ax Y T e

i . . Il.dx X
So integrating factor is e =e

So solution is y.e* = tan_l(ex)+c

Now as curve is passing through [Og] SO

Y
= c=—
4

lim (y.ex): lim
X —>00 X —>00

dx 3
yd— =2x +y°(y+1e¥, x(1)=0
y

dx 2 2
—— =X =y
dy vy

2
LF. =e17dy— !

vy +1)e¥Ypl

y2

X
— =(y+1eY-e¥Y+C
y2

=yeY +C

x =y%eY +cy?

x=0,y=1=>c=-e
x =y3eY —ey?

x(e) =e3(® -1)

[tan_l(ex ) + E] ==
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7.(B)

8.(B)

d
2x2—y —-2xy = -3y
dx

X 2dy x -3
= | — —_——— = —
y) dx y 2

- oo

dt  -3t?
SX—=—
dx 2
dt -3 dx

t2_2 X

2

_3|||c
—=—1In|x |+
2

-3
—=—1In|x]+C
y 2

-e -3
—x3=—+C
e 2
3
cC=_>
i—In X i
v | |+2
U
)2
y()—3
(x+l)y'—y=e3x(x+l)2;y(0)=§
(x+1).3—y—y=e3X(x+l)2
X
dy__¥ =e® (x +1)
dx x+1
[ g
LF. —ed xe1 Ml 1
X +1
! —J.e3xdx
‘X +1 '
3% 3x
Y :e—+c, :(x+l)e +c(x +1)
X +1 3
1 1 1 eSx
y(o)ZE : 5=§+c:c=0:y=T(x+1)
3x
3—:2 e—(x +1)+e3x}
X
3x
= (x+1+3)
< - Fo? + »>
< 2 >
e3x

= 5 (x +4) at x = —4; it will be minima.
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9.(C) y2dx +(x2—xy+y2)dy=0
&
dx  xZ - xy+y?
Put y =vx
xdv ~v2x2 dv ~v2
V+——-= ; V+X— =
dx  x2 _yx? +v2x?2 dt  1-v+v2
xdv  —vZ —v+vZ —v3 jl—v +v2 dx
dx 1-v+v2 , v3 v X
v2+1 \Y dx 1 1
J. - =-|— ; j—— 5 v =-InXx+cC
v(v2 +1) v(v2+l) X Vove+l
Inv-tan™tv =-Inx +c ; In[ ] tan™ [ ]_—Inx+c
Iny—Inx—tan‘1[¥]=—lnx+c ; —In[y]+tan [y] Inx +c' where ¢'=—-—
X X X
Put x =1,y =1
c'=£ ; tan~1 Y —log Y =Iogx+£
4 X X 4
Puty=\/§x:>g—log(\/§)=logx+£ ; Iogx:%—%—log\/g
=l—log\/§ ; Iog\/gx =n/12
12
Xy 2
10.(C) |.|:.:eJe KE-2HX_ geX(x?-2x)
PN e (x2-2x) 2 2 2x _eX(x%-2x)
Solution is y -e :I(x -2x)(x< -2),“” e dx +C
Let eX(x2 —2x) =
dt
eX(2x —2)+ (x2 —2x)eX = —
dx
= eX(x? - 2)dx = dt
2
= yeex(x —2x) :jet tdt+c =te' —et +C =elt-1)+C
yeex(x2—2x): eX (x2-2x) X %2 _ oyeX _1)+C
At Xx=0,y=0
0=1-1)+C = c=1
X (o2 X(y2
= ye® (XT=2X) _ g87(X7-2X) (eX .42 _oyeX _1)41
At x=2,y=0
11.(12) y = y(x)

(4+ xz)dy - 2x(x2 +3y +4)dx =0

dy 6xy

—= + 2X
dx  x244

d 6x

_y_ y:2x
dx x214
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I _26X dx 1

If e” X°+4 N
(X2 +4)1/3

2X

So, the solution is y[

sec2 X dx =dt

3
y=—(x2+4)+c(x2+4)1/3
y(2)=12
dy 1 sec x
12.(66) — = =
dx (cosx +sinx)® (L+tanx)?
Put tanx =t =
dt
dy = =
@+t)?
1
y=—-|—|+cC = y
[l+tanx] [
c=1
tan x

_l+tanx

tan x . .
_ 2sinx = sinx =0
1+tanx
or secx =\/§(1+tanx)

1+tan’x = 201+ tan? x + 2tan X)

1+tan2x +4tanx =0

-4 +12
tanx:T\/_:Zi«/g =
-1

X tan
13.B) — + =

dy 1+y? B 1+y?

J

2
I.f =" 1Y

dy
-1
_etan™y

etan” 1y J‘tan y otan” ydy
1+y

-1 -1
X.et@an 7y o (tan_ly —1)et"’lln Yic
(1,0) lies exitc =2
For y=tanl=x =—
e
14.(16) y =(x) = (x*)*
Iny( )

1 x?Z
—Y'(X)=—+2x.Inx
y(x) X
y'(x) =y(x)[ x +2xInx |

yQ)=1y'Q)=

x2.Inx

1
= d
(x2+4)1/3] J.(x2+4)1/3 X

n =66

3
=~ (x2+47/31c
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y"(x) :y'(x)[x +2x.|n(x)} y"(x) :y'(x)[x + 2x.|n(x)} +y(xX)L+2@+Inx)]

y'1)=1[1+0]+1(1+2) =4

d2y [dy]3 d?x
.dyz

dX2 dx
4 d2x

= =-—

dy2

d®x
——=-4
dy2

d?x

—=-4

dy2

-4+20=16

d
15.(320) (1—x2)d—y:xy+(x3+2) 1-x2
X

dy ( —X J x3+2
= —+ y =

dx (1-x? -2
—-X
J e
IF =e” 1-x*  —y1-x?
2 x*
Y(X)AN1-X“ =—+2X +¢C
4
y(0)=0=c¢c=0
2 x*
1-x y(x)=T+2x

1/2 X4 1 1/2
Required value = j —+2x]dx——.2jx4dx
4 4
~1/2 ]
1 1/2 1
%l 5

10 Jo " 320

k1=320
dy ax-by+a

16.(B) =
dx bx+cy+a

(ox +cy +a)dy = (ax —by +a)dx

b(xdy +ydx)+cydy—axdx +a(dy—dx) =0

2 2
bd (xy)+cd Y |lald| X2 +ady —adx =0
2 2

Integrating both sides

cy? ax?

bxy + —-——+ay -ax =k
y ) > \

ax? b cy? K -0
———bxy -——+ax —ay +k =
2 y 2 Y

For above equation to be circle

[b:O[ & [a:—c[
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ax? ay?
—+—+ax-ay+k =0
2 2

a(x2 +y2 + 2X —2y)+2k =0
-, its passes through P (2,5)

a(4+25+4—1o)+2k=o

23a+2k=0 =

x2+y2+2x—2y—23:0

&

Shortest distance (QR) = |CQ —r|

5
17.(D) cos_l[zj = In[i]
2 5

cos_l[%] =5Inx -5In5

(11.6

=13-5
=8

Differentiate both sides w.r.t x

L'z=; = xy'+5«l4—y2 =0
Va-y

Different w.r.t. x

5
xy"+y'+—x(—2yy')=0
24 -y?
Xy "+y'+ by L =0
4—y2
5
Xy"+y'+5yx—=0
X
2, ' -
Xy"+xy'+25y =0
X=Yy oY
dy 2 (2 —1)
180) X, " T o *x¥>0
dx (2x _1) y(1) =1

] (;iyl) | (jx dl) -

In {(2y —1)(2" —1)} —k

(2y —1)(2X —1) —ef—¢c

(2y —1)(2X —1) =c
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~y(1)=1=c=1

(2y —1)(2X —1) =1

| 4
y =109, —
23
y = 2—I0923
x/y2 2 x/y2
19.(D) 2ye dx +|y“-4x e dy =0

2
2eX7Y [ydx - 2xdy] +y2dy =0

2 y2dx - x.(Zy)dy
y

2eX7Y +y2dy =0

Divide by y°3

2

dx—x.(2y |d 1

2| YO (y)dy | 1
4 y

2e Y

2 X 1
2eX7Y d[—2]+—dy =0
y y

2 X 1
Integrating J.ZeX/y d[—]+J.—dy=O
y2) 7y

2
2e*Y" yiny+c=0
0, 1) lies on it.
2% 1 iml+c=0=c=-2
H x/y?
Required curve: 2e*/Y 4+ /ny-2=0
For x (e)
2
2eX/e +Zne—2:0:x=—ezloge2

20.(A) On rearrangement

2
1| Y
Dividing both sides by x2

—X+eylxd(y]= dx

{xdy —ydx } +eY/X {xdy - ydx} = xdx

X X

y
d sin_l(l}rex —loggx =0
X

sin 1Y 4 e¥/x

—log, x =c
X e
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Curve passes through (:LO)

sin_1(0)+eo—logelzc:>c =1

y
sin_l[l}rex —loge x =1
X

This curve also passes through (Za,a),a >0
)

sin E +e —logg 20 =1
g+\/g—l=log(32a

1
o =—exp E+\/e7—1

2 6

2\dy 2 3
21.(A) x(l—x )—+(3x —l)y =4x

dx

2
dy (3X —l) 4X3
—_t y:
dx x(l—xz) x(l—xz)

This is a liner equation

3x2-1
J.bdx j;dx
x—x3 1
I.F =e =e =
x(l—xz)
Solution
1 4x3 1
y(x) =J. dx +¢
x(l—xz) x(l—xz) x(l—xz)
1 4
y(x 5 :I 2dx +C
x(l—x ) (1—x2)
1 2
y(x =- +cC
x(l—xz) (x2 —1)
1 2 -2 -2
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22.(C)

23.(14)

dy -2@1+y?)e*

dx 1+e%X
dy 2eXdx
= J. +J. =0
1+y2 J14e2
= tan~Y(y)+2tan2(e>X)=C
At x =0,y =0
= C=—
2
1
When x = In\/g,y = _T
3
d -2
Also el =—=-1
dx 2
x=0

Hence, y’(0) = -1

And final answer = 4

dy 2x 1
—_ y:
dx  x-1" (x-1)72
2x «
lLE. =’ x-1 =e2><+2In(x—1)=(X _l)ZeZX
.. Solution of equation (i) is
2 _2x 2.2x 1
y(x -1)“-e :I(x—l)e ——+C,
(x -1
e2x
= +C
er
= y(x 1% = 4C
24 ¢
y(@)@)“e” =—+C
2
1+e? 4 et
= et =—+C
2e? 2
1+e? e*
= -——=C=>C=—
2 2 2
1 [1+e2X
= y=—— | —
(x —1)2| 2e2%
1(1+e% )| eb+1 e*41
Y@)=—|——F|=—% =
4| 2e 8e pe®
= a=6,=8

C : Constant

C : Constant
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24.(A)

25.(2)

d_y_ y+w/y2 +16x2

,let y =vx

dx X Y

dv [
ViX—=v+\v2+16

dx

dv dx

Ww?+16 X
log(v +\/v2 +16)=logx +logx = vy +\/y2 +16x2 = cx?
c=8,y(2) =15
Given differential equation is a LDE

X) dx
Hence I.F. :e-[p( )

V2

X —C0S2X

Where p(x)=

2cos
J2

= {cost = CcoSs
CoS™ X +sin™ x

4

4 4

X —sin™ x

Ip(x)dx =Ide

cos? x +sin? x

J~ \/Eseczxdx
cos? x +sin? x tan? x
Let tanx =t

J. \/Edt
2
1 t
+12
1+t2 1+t2

.[ V2 @+t2)dt

1+t4

IF =e

V2|1 at
-
—e 1+t4
1

JE 1+— |dt

J—

1

2+

=e t2

1
Letu=t-—
t

J2du tan"l[ 4 ]

IF e’ u?+2 ¢
2
:etan‘l tan“x -1
J2 tan x
1 1+tan? x
tan~l 2| %
2tan x
=e

tan"l(—\ﬁfcotZX)
=e
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Hence, solution of the differential equation

tan‘l(—\/Ecot 2x) x2
e :jxdx +C :7+c
2
At X :E y :TE_
4’7 32
=c=0
X2 tan‘l(\/EcotZX)
>y=——ot8
2
At x =—
L 2
2 tan [—]
3
y=—¢€
18

26.(A) -

dY X +Y
dX X -Y
dv
Y =VX > — =V + X —
dx
dv  1+V
V+X—=
1-v
dv  vZ2i1
dX 1-V
1-v dx
I av = [22
1+v2 X

dv 2 v dx
j 2j dv =
1+Vv?2 X

1+Vv?2

a1, 1 2
tan V—Eln(l+v ):InX+C

=In (x —1) +C
Passes through (2,1) > C=0

Passes through (k +1,2)

1
2tan_1[E] = In(k2 +1)
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27.(B)

dy [ 2x2 +11x +13 J (x+3)

+
dx | x34+6x2+11x+6 X+1
(2x2+11x +113)
7 dX
(x +1)(x+2)(x+3)

I.LF.=c

Using partical function

2x2 +11x +13
(x +1)(x + 2)(x +3)

4
A=—=2B=1C=-1
2

(x +1)(x +2)
(x+3)

y.(I.F.):jQ(I.F.)dx

ILF.=

X+3

(x+1f (x+2)| x® 3x2

<

(x +3) 3
Pass through point ¢ =

Vi)

NlwW w|N

y (x+1)7(x+2) =J.(();:i))(x+(1;()+(;()+2)d

=—+—+2X +C
2
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