
 

SOLUTIONS & ANSWERS FOR JEE MAINS-2021 

17th March Shift 1 
 

[PHYSICS, CHEMISTRY & MATHEMATICS] 

 

PART – A – PHYSICS 
 

SECTION A 

 

 
 
 Ans: 1 
 

 Sol: ĵ35î5r,ĵ35î5r,ĵ3î4F 21 +−=+=−=


 

  Torque about 0, ( )k̂32015Fr10 −−==
 ( )( )k̂32015 −+=  

  Torque about Q, ( )k̂32015Fr2Q −==


 

 



 

 
 
 Ans: 4 
 
 Sol: Given KE = PE 
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 Ans: 2 
 
 Sol: m = 0.5 kg, u = 20 m/s 

  Initial KE = KEi = J100205.0
2

1
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1 22 ==  

  After deflection it moves with 5% of initial kinetic energy 

   Final kinetic energy, KEf = J5100
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5
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  Let the final speed be v m/s 

   5mv
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  v2 = 20  v = 20 =4.47 m/s 

 



 

 
 
 Ans: 4 
 
 Sol: Since each vibrational mode has two degrees of freedom, total vibrational degrees of freedom = 48 
  f = 3 + 3 + 48 = 54 
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 Ans: 2 
 
 Sol: R2 = r2 + (R – t)2 = r2 + R2 – 2Rt + t2 
  Neglecting t2, we get 
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 Ans: 2 
 

 Sol: tcostsin 21 +=  
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 Ans: 3 
 

 Sol: 
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 Ans: 1 
 

 Sol: == nnB r0  

   = 4 × 10-7 × 500 × 1000 × 5 

   =  T 
 

 
 
 Ans: 4 
 

 Sol: Let the final temperature of the mixture be x. Since there is no loss of energy, U = 0 
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 Ans: 1 
 
 Sol: Positive zero error = 0.2 mm 
  Main scale reading = 8.5 cm 
  Vernier scale reading = 6 × 0.01 = 0.06 cm 
  Final reading = 8.5 + 0.06 – 0.02 = 8.54 cm 
 

 
 
 Ans: 3 
 

 Sol: Energy of Hydrogen atom E = 
2

2

n

Z6.13
−  

  For hydrogen atom Z = 1 and for ground state, n = 1 

   E = -13.6 × eV6.13
1

1
2

2

−=  

  For single ionized carbon atom Z = 6 
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   n2 = 62 
  N = 6 
 



 

 
 
 Ans: 2 
 
 Sol:  
 
 
 
 
 
 
 

 
 
 Ans:  2 
 

 Sol:  Velocity of electron in the nth orbit of a hydrogen atom is given by 
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A • B → NAND gate 



 

 
 
 Ans: 1 
 

 Sol: V0 = t1 and 0 = V0 - t2 
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  Distance = Area under the velocity time graph 
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 Ans: 3 
 

 Sol: ( )vrmL


=    

  With respect to A, we get direction of L


along (+) ve z-axis and the constant magnitude of L


as mvr. 

 But, with respect to B, we get constant magnitude but continuously direction. 
 
 

 
 
 Ans: 3 
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 Ans: 1 
 

 Sol: 
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 Ans: 1 
 

 Sol: Efficiency of Carnot engine, 
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 Ans: 1 
 
 Sol: i = 10 A,   Vd = 2 × 10-3 m/s,   A = 5 mm2 = 5 ×10-6 m2 
  i = n A vd e 
  10 = n × 5 × 10-6 × 2 × 10-3 × 1.6 ×10-19 

   n = 0.625 × 1028 
  = 625 × 1025 
 



 

 
 

 Ans: 2 
 

 Sol: Excess pressure at common surface,  

  
r

T4

b

1

a

1
T4Pex =








−=  

  
b

1

a

1

r

1
−=

ab

ab −
=  

  
ab

ab
r

−
=  

 

Section B 
 

1.  

 
 Ans: 4.00 
 

 Sol: mg sin  R = (mK2 + mR2)  
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  For least time, value of K should be least K is least for a solid sphere 
 
2.  

 
 Ans: 2.00 
 
 Sol:  
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3.  

 
 Ans: 1206.00 
 

 Sol: Rh2d =  

  2dA = Rh2=  = 
1000

30
6400214.3  = 1205.76 km2  1206 km2 
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4.  

 
 Ans: 21.00 
 

 Sol: Maximum acceleration, amax
  8.9

7

3
g =  

  F = (M + m) amax = 0.5 + 4.5) amax = 5 amax 

  = 5 × 8.9
7

3
 = 21 N 

 

5.  

 
 Ans: 25.00 
 

 Sol: 
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6.  

 
 Ans: 728.00 
 

 Sol: t
2
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  Let N be the number of revolution 
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7.  

 
 Ans: 64.00 
 
 
 
 



 

 Sol: Escape velocity, Ve = )1(
R

Gm2
−−−−−−  

          10 Ve = )2(
'R

Gm2
−−−−−−  

  
'R

R
10

)1(

)2(
=  

  

km64
100

6400

100

R
'R

100
'R

R

===

=

 

 
8.  

 
 Ans: 4.00 
 
 Sol: R1 + R2 = s ------(1) 
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  R1R2 = p (R1 + R2) = sp 
  R1R2 = np2 [s = np] 
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9.  

 
 Ans: 864.00 
 

 Sol: 
2
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2

1
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  pJ10081214
2
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  ( )0mf KCCpJ144pJ
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1008
U ===   

  Mechanical energy = U = 1008 – 144 = 864 pJ 
 



 

10.  

 
 Ans: 2.00 
 

 Sol: )1(
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M
2Ta −−−−−−=  

  )2(

2
K

M
2Tb −−−−−−=  

  x2
T

T

)1(

)2(

a

b == 2x =  

 

 

PART – B – CHEMISTRY 
 

SECTION A 
 

 



 

 Ans: 2 
 

Sol: The dielectric constant of normal water is higher than heavy water. 
 

 
 
 Ans: 2 
 

Sol: Reducing smog is a mixture of smoke, fog and SO2 
 

 
 
 Ans: 2 
 

Sol: As the size of the ion decreases it get more hydrated ion increases and therefore the ionic mobility 
decreases. 

  the correct order Cs+ > Rb+ > K+ > Na+ 

 



 

 
 
 Ans: 4 
 

Sol: OC2H5

O O

Ethylene glycol

H+ O O

OC2H5

O  

 

 
 
 Ans: 2 
 

Sol: The electronic configuration of element with atomic number 25 
 [Ar] 3d5 4s2 
 Total number of unpaired electrons = 5 

 92.575)2n(n ==+=  

 

 



 

 

 
 
 Ans: 1 
 

Sol: The structure of tyrosine is 

 

COOH

NH2 H

OH

 

 

 
 
 Ans: 3 
 

Sol: The correct order of absolute value of electron gain enthalpy of halogens is Cl > F > Br > I 
 



 

 

 
 
 Ans: 1 
 

Sol: Cyclopentadienyl anion is aromatic 
 

 
 
 Ans: 4 
 

Sol: Dows process, requires 623 K temperature and 300 atm pressure 



 

 

 
 
 Ans: 2 
 

Sol: The shape of the molecule with 3 bond pair and 2 lone pair is ‘T’ shape. 
 

 
 
 Ans: 2 
 

Sol: A system where gas is dispersed in solid is called solid sol 
 

 
 
 Ans: 3 
 

Sol: Allosteric inhibitor do not bind with the active sites of the enzyme but binds to a different site called 
allosteric sites which changes the shape of the active site. So that substrate cannot recognize it 

 



 

 
 
 Ans: 2 
 

Sol: 
)cmin(frontsolventthebymovedcetandis

)cmin(componentthebymovedcetandis
valueRf =  

 

 

 



 

 Ans: 2 
 

Sol: 
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CH3

Methyl shift

CH3

CH3
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CH3
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 Ans: 3 
 

Sol: The central atom in PCl5 doesn’t carry any lone pair 
 

 

 



 

 Ans: 1 
 

Sol: C6H5−C−CNH2 C6H5NH2 C6H5NC

O
Br2 + NaOH

(A) (B)

CHCl3

KOH
 

 

 
 
 Ans: 3 
 

Sol: Nucleophilic substitution reaction of an alkyl halide with NH3 resulting in the formation of amine is 
called ammonolysis 

 

 
 
 Ans: 4 
 

Sol: Methyl oxide is CH3−C=CH−C−CH3

O

CH3  
 It is the self aldol condensation product of acetone 

 

 
 



 

 Ans: 4 
 

Sol: 22
manganate.pot

42
tepermangana.pot

4 OMnOMnOKKMnO2 ++⎯→⎯


 

 Both −− 2
44 MnOandMnO  are tetrahedral 

 

 

 
 
 Ans: No Answer 
 

Sol: The point of intersection represent G = 0 
 The sudden increase in slope is due to melting or boiling point of metal 

 
SECTION B 

 

1.  

 
 Ans: 80 
 



 

Sol: 

78 g

HNO3

H2SO4

123 g

NO2

 
 

 3.9 g of benzene gives g15.69.3
78

123
= nitrobenzene there is 100% yield 

 Percentage yield %80
15.6

92.4
==  

 

2.  

 
 Ans: 24 
 

Sol: 15 × M (Fe2+) × 1 = 20 × 0.03 × 6 
 Molarity of Fe2+ = 0.24 M = 24 × 10–2 

 
3.  

 
 Ans: 2 
 

Sol: 
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4.  

 
 Ans: 1389 
 

Sol: 4

4
H

O
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p
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O 22
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 Let the volume of water be 100 mL 

 then 
3
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2

−==   

 Molar solubility of O2 
54 108.1388
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5.  

 



 

 Ans: 4 
 

Sol: P4 + 3NaOH + 3H2O → PH3 + 3NaH2PO2 

 
mole1

22PONaH + 4AgNO3 + 2H2O →
mole4

Ag4 + H3PO3 + 3HNO3 

 
6.  

 
 Ans: 230 
 

Sol: 3caO + Al → Al2O3 + 3Ca 

 ( ) ( )
RfPfr HHH  −=  

          = (–1675) – 3 × (–635) = 230 kJ mol–1 
 
7.  

 
 Ans: 0 
 

Sol: Since m = –3,  = 3 
 No. of radial nodes = n –  – 1 = 4 – 3 – 1 = 0 

 
8.  

 
 Ans: 64 
 

Sol: For aqueous solution 2
solute 1064
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9.  

 
 Ans: 150 
 

Sol: 2.0
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10.  



 

 Ans: 2 
 

Sol:   HA        H+    +    A– 

 Initial 0.01        -            - 
 Eq       (0.01-x)      x             x 

   HCl    →    H+    +    Cl– 
 Initial 0.1      -             - 
 Eq    -              0.1         0.1 

 [H+] = x + 0.1  0.1 
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 x = 2 × 10–7 
 Since x = Cα 
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PART – C – MATHEMATICS 
 

SECTION A 
 

 
 
 Ans: 3 
 

Sol: A → 7 boys, n girls 

 B → 4 boys, 6 girls 
 Number of matches = (7C1 × 4C1) + (nC1 × 6C1) = 52 

  25 + 6n = 52  6n = 24  n = 4 
 

 



 

 
 
 Ans: 1 
 

Sol: Option (1) 
 

 
 
 Ans: 2 
 

Sol: kx + y + z = 1 ---- (1) 
 x + ky + z = k ---- (2) 
 x + y + zk = k2 ---- (3) 

 (1) – (2)  (k –1)x + (1 – k)y = (1 – k) --- (A) 

 k × (2) – (3)  (k – 1)x + (k2 – 1y) = 0 --- (B) 

 Clearly k  1 since if k = 1, the equations (1), (2) and (3) are identical hence infinite number of 
solution 

  (A)  x – y = –1 and  

     (B)  x + (k + 1) y 

 (A)  –(k + 1)y – y = –1  (–k – 1 –1)y = –1 
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 If k = –2 then the equations have no solution 
 

 
 



 

 Ans: 1 
 

Sol:  
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 Ans: 3 
 

Sol: Die A : 1, 2, 3, 5, 7, 11 
 Die B : 1, 2, 3, 5, 7, 11 

 S = 2  (1, 1) 

 S = 3  (1, 2), (2, 1) 

 S = 4  (1, 3) (3, 1) (2, 2) 

 S = 5  (2, 3) (3, 2) 

 S = 6  (1, 5), (5, 1), (3, 3) 

 S = 7  (2, 5), (5, 2) 

 S = 8  (1, 7), (7, 1), (3, 5), (5, 3) 
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 Ans: 4 
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Sol:  
 
 
 
 
 
 
 
 
 
 S is the mid point of PQ 
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 Slope of L2 is 1
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  L2  y – 1 = 1 (x – 1) 

          y – 1 = x – 1  x – y = 0 
 C is the point of intersection of L1 and L2 
 Solve : 2x – y = –2 --- (1) and  
   x – y = 0 ---- (2) 
 
   x = –2, y = –2 

 C (–2, –2) 
 

 
 
 Ans: 3 
 

Sol: 5log.xlogylog5y xlog ==  

  5log1ylog
5log

ylog
xlog ==  

 5log
1
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2x – y + 2 = 0 
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 Ans: 3 
 

Sol:  
 
 
 
 
 
 
 
 

 ( ) ( ) ( )k̂3zĵ2yî1xAP −+−+−=
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 k̂3ĵiî1OA ++=
→

 

 k̂0ĵ1î0axisy ++  

 The above three vectors are coplanar 
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 Ans: 1 
 

Sol: ( ) 3412525r,5,5:C 11 =−+=  

 ( ) 3802564r,5,8:C 21 =−+  

 ( ) ( ) 35558CC
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 Ans: 1 
 

Sol: 

x

1
5

1
4x

+

+=  

 
( ) 1x5

x

x
1x5

1
4x

+
=

+
=−  

 ( )( ) 0x4x20xx5x1x54x 2 =−−−+=+−  

 
10

8040020
x04x20x5 2 +

==−−  

 ( )0x
5

302
2

10

30420
+=


 

 

 
 
 Ans: 4 
 

Sol: 
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 One of the value of α is 4  

 



 

 
 
 Ans: 4 
 

Sol: terms100to.....32cot18cot8cot2cotcot 11111 ++++= −−−−−  
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 1st      :   1tan3tan 11 −− −  

 2nd        :   3tan5tan 11 −− −  

 3rd         :    5tan7tan 11 −− −  

 ---------------------------------------------------------- 

 100th     : 199tan201tan 11 −− −  

 Sum = ( )( )








=









+

−
=− −−−−

202

200
tan

12011

1201
tan1tan201tan 1111

 

 =







=








= −−− 111 cot

100

101
cot

200

202
cot  

 01.1=  

 

 
 
 Ans: 3 
 

Sol: ( )7xlog2xx +  

 ( ) xlog343xlog4
3134

2x.x
3.2.1

5.6.7
xxC7TT === +  

  
( )

4480x35
xlog34 2 ==

+
 

 
( )

128x
xlog34 2 =

+
 

 2x = (By back substitution) 



 

 
 
 Ans: 3 
 

Sol:  

p q qp   q p~  ( ) ( )p~qqp   

T T T F F 

T F F F T 

F T T T T 

F F T F F 

 

p q p   ~ q q p  

T F T T 

F T F F 

   ( )pqq~p =  

   If ( ) ( )p~qqp   

   Is a tautology 
 

 
 
 Ans: 2 
 

Sol:  
 
 
 
 
 
 
 
 
 
 

 mAC 2
1

2
m,

2h

5k
1L =

−

−
=

−

−
=  

 ( ) 12
2h

5k
1mxm

1LAC −=








−

−
−=  

A (2, 5) 

(h, k) 

C 

2x + y + 1 = 0 (L1) 

x – 2y = 4 (L2) 



 

 2h10k2 +−=−  

 ( )1_________12k2h =+  

 (h, k)  satisfying the equation x-2y=4 

 ( )2______4k2h =−  

 ( ) ( ) 2k,8h16h221 ===+  

 ( )2,8C  

 ( ) ( ) ( ) 5345365228ACr
22221

==−+=−+−==  

 

 
 
 Ans: 2 
 

Sol: ( )( )1y1xyx1xy
dx

dy
+−=−+−=  

 ( ) ( ) Cx
2

x
1ylogdx1x

1y

dy 2

+−=+−=
+

    

 ( ) 0CC0
2

0
10log

2

=+−=+  

 ( ) 1eyx
2

x
1ylog

x
2

x
2

2

−=−=+













−

 

 ( ) 1e1e1y 2
11

2
1

−=−=
−−

 

 

 
 



 

 Ans: 3 
 

Sol: ( ) ( ) 







=−++ −−−

31

8
tan1xtan1xtan 111  

 
( ) 31

8
tan

1x1

x2
tan 1

2

1 −− =













−−
 

 
31

4

x2

x

31

8

x2

x2
22

=
−

=
−

 

 08x31x4x31x48 22 =−+=−  

 8or
4

1

8

108931
x −=

−
=  

 x = –8 satisfies the given equation but 
4

1
x =  does not satisfied 

  only root is x = –8 

 
4

32
8Sum

−
=−=  

 

 
 
 Ans: 4 
 

Sol: ( ) 


 



+
=

3

6 xsinxcos

xsin
g = 
















−


+








−









−



3

6
x

2
sinx

2

a
cos

dxx
2

sin

 

 ( ) ( ) −+=
b

a

b

a
dxxbadxxf  = 








+

3

6 xcosxsin

xdxcos
 

 ( ) ( )
12

g
6

dx1g.2

3

6


=== 





 

 ( ) ( )=− g
12

g  is an even function 

 



 

 
 
 Ans: 3 
 

Sol: 0brar =













−
















→→→→

 

 












−==














−

→→→→→→

bar0bar  

 ( )k̂10ĵ4î5r +−−=
→

 

 ( ) ( ) 1331085k̂ĵ2î.r =−=−=+−−=++
→

 

 ( ) ( ) 121012101k̂ĵ3î2.r =++−=+−
→

 

 

 
 
 Ans: 3 
 

Sol: As 0h,0x →→ +  and x = h where h>0 

 The given limit = 
 ( )   )( 

3

2121

0h hh

hhsin.hhcos
lim

−

−− −−

→
 

 as h → 0, [h]=0  0h   

 














−


=













−

−

→

−−

→ 3

1

0h3

11

0h hh

hsin
iml.

2hh

hsin.hcos
lim

2

h31

h1

1
lim.

2

2

20h


=

























−

−


=

→
 

 
 



 

SECTION B 
 
1.  

 
 Ans: 6 
 

Sol: Let ( ) ( ) ( ) zEPandyEP,xEP 321 ===  

 ( )( ) ( )( ) =−−=−− x1z1y,z1y1x  and  

 ( )( ) ry1x1z =−−  

 ( )( )( ) and
2

z1y1x1
2

P
−


=−−−

−


=  

 ( )( )( )
( )r3

r2
z1y1x1

−


=−−−  

 ( )( )( ) ( )( )( )
( )( ) ( )( )x1z1y2z1y1x

z1x1y1xy
z1y1x1

2

−−−−−

−−−
=−−−  

 
( )( )( )

( ) 
( )( )( )

y2xyx

z1y1x1xy

xy2y2xyxz1

z1y1x1xy
2

−+

−−−
=

+−−−

−−−
=  

 ( )1________y2xxyy2xyx ==−+  

 ( )( )( ) ( )( )( )
( )( ) ( )( )y1x1z3x1z1y

x1z1y1yz2
z1y1x1

2

−−−−−

−−−
=−−−

( )( )( )
( )( ) ( )

1
yz2z3y

yz2

yz3z3yzyx1

x1z1y1yz2
2

=
+−


+−−−

−−−
=  

 ( )2_______z3yyz2yz2z3y ==+−  

 ( ) 6
z

x
z6xz32x ===  

 

2.  

 
 Ans: 481 
 

Sol: 
2

x2

x2
x2

x2
1

21

21
1

1

21

21
coscos

dx

dy















+

−
−

−






























+

−
= −  

 
( ) ( ) ( )

( )2x2

xx2xx2

21

4log4214log.4.21

+

−−−+
 

 If 
( )( ) ( )( )








 −−−


−

−


−
==

25

4log434log45

25

9
1

1

5

3

dx

dy
,1x  

 2log
25

12
4log

25

6

25

4log8

4

5

5

3







 −
−==

−


−
=  

 12band25a −==  

 481ba 22 =−  

 



 

3.  

 
 Ans: 4 
 

 Sol: The required plane is ( ) ( ) 011z4y5x33z4y7x2 =++−+−+−  which passes through the point  

(-2, 1, 3) 

 ( ) ( ) 011125631274 =++−−+−+−−  

 
6

1
0122 ==+−  

 011z4y5x318z24y42x12 =++−+−+−  

 472847307cba207z28y47x15 =−+−=−++=−+−  

 

4.  

 
 Ans: 1 
 

Sol:          

 

−+−=−

2

0

2

1

2
1

0

22 dxxcosxdxxcosxdxxcosx  

     dxxcos1dxxcos0

2

1

1

0




−+−  

   1xdx0dx.1
1
0

2

1

1

0

−=−=+− 



 

 

5.  

 
 Ans: 6 
 

Sol: 
( )








 −
=

→ x

xcosxsincos
lim

k

1

0x

( )







 +−
=

→ 30x x4

xsinxcos.xsinsin
lim  

     
( ) ( ) ( )













 +−−+−
=

→ 2

2

0x x12

xcosxsin.xsinsinxcos.xsincos
lim  

( ) ( ) ( )
( ) ( ) ( )





















−+

+−−+

→ x24

xsinxcos.xsinsinxsin.xcos.xsincos

xsinxcos2.xsincosxcos.xsinsin

lim

3

0x
 

  6k
6

1

24

1

24

1

24

1

24

2

24

1
==−+++=  

 



 

6.  

 
 Ans: 1 
 

Sol:  
 
 
 
 
 
 

  ( )2121 rrCCAB +−=  

  ( ) ( ) 3412525r,5,12:C,5,5:C 121 =−+=  

  316025144r2 =−+=  

  ( ) ( ) 755125CC
22

21 =−+−=  

  6rr 21 =+  AB = 1 

 

7.  

 
 Ans: 2 
 

Sol: 13b.a =−−−=
→→

 

 ( )1______242 −=−=  

 312c.b −=++−=
→→

 

 ( )2______42 −=−  

 From ( )1   and  ( )2  

 2,1 =−=  

 

121

112

321

3

1
c.ba

3

1

−−

−−

−

=















→→→

 

  ( ) ( ) ( ) ( ) 2963
3

1
143122211

3

1
=+−=−++−−−−=  

 
8.  

 
 
 

C1 
C2 

r1 r2 A B 



 

 Ans: 904 
 

Sol: ( )1_______100y4x3 =+  

 ( )2______75y3x4 =+  

 
 Solving   x=0, y=25 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 2yxy6Z +=  has minimum value at (0,0). As x or y increases, the value of Z increases  

 Z gets maximum value at some point on the line segment AB. 
 Equation of AB is 4x+3y=75 

 






 −
=

−
=

4

y25
3

4

y375
x  

 
( ) ( ) 22 yyy25

2

9
y

4

y.y25
36z +−=+

−
=  

 ( ) 222 y
2

7

2

y225
yyy25

2

9
−=+−=  

 
14

225
y0y7

2

225

dy

dz
==−=  

 







=−=

14

225
yatmax07

dy

zd
2

2

 

 

2

max
14

225

2

7

14

225
.

2

225
Z 








−=  

 
( ) ( )

904
144

225

2

1
1

142

225
22

=


=







−


= (approx) 

 

9.  

 
 Ans: 16 
 

Sol: 








−
=

10

32
A  

 ,etcA.AAA.AA 242 ==  

 We get 







=

10

10231024
A10  

 








−
=

20

64
A2  

 ( )  







=









−

−−
=

10240

307201024

20

62
A2adj

10
10

 

A 

B 

y 

(0, 25) 

4

75  
3

100  x 

3x + 4y = 100 

4x + 3y = 75 



 

 ( )  








−

−
=−

10230

296970
A2adjA

1010  

 ( )  0A2adjA
1010 =−  

 16)2(AA 444 =−==  

 

10.  

 
 Ans: 4 
 

Sol: ( ) ( ) 37623762
2119172021 −=  

 3762217 +=      [Binomial theorem] 

   and ( ) ( )940294043762 11742.22 −==  

   ( )( ) 41741174 +=+=  

 ( ) ( )( ) 4174172021
3762

++=   

  Reminder =4 

 
 


