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Ae _my
Ap Mg

2. (a)

from equation (i) and (ii)

1. (c) de Broglie wavelength 1 =

for electron, 4, = \/% ()
for proton, 4, = \/#_k . (i)
14

i = ggwCsin wj
i=¢ew(

3. (b)

1%
@ Tc
Cc
O 8 a
l—g]
. gSinwt |
i= 1 j
wC
1
X=We
i A
»E
v




>
In pure rolling
VO - CL)()R
[ ; =2 V,2

V=v2 vV,

Therefore x = 2.

4. (a) X = Asin wt + Bcos(wt)

PAPER - 13 2021

X =A%+ BZ{ sm wt + _cos(wt)}
X = +/A? + B?{cos ¢sin wt + sin ¢pcos wt}
[ . ¢ B
sin¢gp = ———
VAZ + B?
" A
COSp = ———
VAZ + B?
) _ B
an¢ = yl
B
¢ = tan 2

X =+ A? + B?sin(wt + ¢)
Therefore, C = VA% + B2, ¢tan™! (%)
5. (d)I =0.92w/m?

1 B2
[==c=2
2 ug

092 1 3x10% xB2
92 =-X—7F
27 1.26x 1076
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5 0.92x 2% 1.26 X 106
0~ 3 x 108

By =0.877 x 10T

By =8.77 X 1078T

6. (b)
A7
F, -ov sy
4—o—o ) » X
10mm 2mm Fz
v
A=4x10"c/m
Electric field due to infinitely long charged wire € = A
2TEYX
Foet = F — F,
ql gl

T 2meg x 10X 103 2meg X 12 X 103

2q 22 )

4=qX ( 3
1" \4e,102 ~ 4mey x 12 x 103

2X4%x107°x2x10° 2x4x10°%x9x103
4=qXx - - -
10-2 12 x 1073

4=qgx12x107°

= Lx10msc
173
q =0.33uC
7. (a)

&' is apparent dip, let a be the angle made by dip circle with magnetic meridian.

Now rotating dip circle by 90° from this position. It will now make angle 90 — a with the magnetic meridian. In this
case apparent dip is §"'

Now we have relation
cot? 8’ + cot? §” = cot? § ... (i)
Where, & is true dip in magnetic meridian

From eq (i)
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cot? 8’ < cot? s
or cotd’ < cotéd
=8 >0

8. (b) The center of mass of the uniform semicircular ring is at % hence the value of x is 2
9. (a)

P L P
~ |gsin26 R?

2\ 172
t < <1 +ﬁ>

4
; '
For ring
kZ
R2=1

For solid cylinder

H_1
R2 2

1
t; < (1+1)2

1

115
t, X -
2 ( +J

Ho 2 |4
E— E— §$t1>t2
2

10. (a)

bAoA A A A
bAoA A A A
bAoA A A A

Ferromagnetic material: All the molecular magnetic dipoles are pointed in the same direction When the ferromagnetic
material heated, all magnetic dipoles are disturbed and get disoriented. Due to which the net magnetic dipole moment
becomes very weak, so they behave as paramagnetic material.
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11. (b) The average kinetic energy of a molecule is given by %fkT Where f is degree of freedom For monoatomic gas

f = 3 so average kinetic energy is %kT
12. (d)

=
= O &

i(1-0)—j(1—-0)+k(1-0)

i(1—0)—j(1—0)+k(1-0)

+ @+ WO~
= |

|
I
~—~.
L

0 1 1
-1 1 0

=i{(-1)—j0+ 1)+ k(+1)
=—i—j+k

&Z:Bxcz|

Angle between @, &,

Ay =(—j+Rk)(—i—j+k)
=—1+1+1

&1'&2 :1

|0f1|:‘/§

|052|=\/§

dy - dp, = a,a,cos 6
- -
a1a,c080 = aq - a,

(V3)(/3)cosO =1

0 ==
COS 3

1
9 - - (_)
COS 3
13. (a) Range d = 1500 km, Radius of earth R, = 6400 km

d = /2hR,

d* (1500 x 10°)?
2R, 2 x 6400 x 103

14. (—60°) When set at minimum deviation position, A — 2i — d
i—45°,d-30°
A—2x%x45-30-60°

15. (0) T, = 75°C, T, = 65°C,t = 5min, Ty = 25°C,T =?
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T, —T. T, +T. 10
L-T_ <(12_2)_T0>:>T:45k

T, —T (T +T,) 65—T (T +65)

_ 45
==

From (i) and (ii) —=

on solving for T,T = 57°C
16. (a)

a=10"¢C"1,AT =10°C,Y = 1011 N/m? A = 0.01 m? = 1072 m?
£ = alAT = % = aAT (strain)
= (10 x 107°)
Eper unil length = % X Y X (strain )2 X area
= % x 10 x (10 x 107%)2? x 1072
=5x10"2]/m
17. (c)

M->X+a

pZ

=Zm

Let Total energy = T

T = E, + Ey
M =M, + My
My = 180

Conservation of momentum

Pa = Px

ME, = M, Ey
M

Ea:ﬁxT

g, =184 5.5 = 5.4MeV
=—XJ.0=0.

« =180 ¢

18. (0) T = 271\/%




, L
=16

, L 1 L
T =2m E—Z 2n 5
, T
=z

19. (b) We know that

Projection of @ on b is

Qu

— ) B
|b|
Given:

A

i+7

o)
I

i+7+k

-~ Projection = Nereraeri

_1+1 2

V3 V3
20. (b) |Impulse|=|Change in momentum|
Mass of bullet = 4gm = 4 x 1073Kg
Here initial velocity of bullet = 0

Here final velocity of bullet = 50 m/s
~ |AP| = m|(V, — V)|

=4x1073(50 — 0)

=2 x 107 1kgm/s

= 0.2kgm/s

By conservation of linear momentum
0= (4%x1073)(50) — 4(V)

Here V = recoil velocity of gun

~V =005m/s=5cm/s

PAPER - 13 2021
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21. (c)m =80 kg

Ah = —80 cm = —0.8m [height decreased]
g =10 m/s?

Work done=Change in potential energy
[K.E. doesn't change]

W =AU

= mg(Ah)

= 80(10)(—0.8)

=—640]

22. (a) Total energy of body will remain zero
TE=0

At a distance ' h ' from surface of earth
M=mass of earth

M = mass of body

R = Radius of earth

1 Mm

_ 2 _ - —
va G n 0
_ 2GM
V= Th

dh _ [26M
dt | h
= Vhdh = V2GMdt

> [ VRdh = VZGM [ | dt

° [wr]e" = g

%[(R + )32 — R3/?] =t
=

V2GM
_2[(R+h)3% - R3/?
-3 3vV2GM

23. (15)
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24. (b) As temperature increases, solubility of gas decreases.
25. (a)

SF, —sp3d
IFs — sp3 d?

NO, * —sp
NH, * —sp3

26. (b) CsHgCH5CICsHs — CHy, g

10 g benzene gives = % x10g

% yield = 92‘;‘;"78 x 100 = 78%
27. (d)
HsC CH,

\. /

C—C

J 0\

HEC H —> isoprene
i

H\C‘/’C\CQ

I ~N

H = acrylonitrile
*ITCHQ—?:CH—CHQ}

Cl " = neoprene

0 N

H — Caprolactam

28. (c) Half-life of tritium is 12.33 yrs

29. (b) When AgNO; is added to KI solution, Ag + is an excess so we get accumulation of Ag*ions outside Agl,
giving positively charged sol AgNO5 + KI — Agl + KNO3

30. (b)

31. (d) K,S0, » 2K* +S0,2% .....i=3

KI-Kr+1"....i=2
A12(504)3 g 2Al3+ + 3804 = 1= 5

C¢H;,04 — No dissociationi = 1
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More the value of i, greater will be depression in freezing point

32. (d)
33. (a) Thiamine: Vitamin B;

Pyridoxine: Vitamin Bg

34. (c) E-H bond energy decreases down the group. So, best reducing agent in group 15 is BiH;
35. (c) [Co(NHj3)¢]Cl, contains 1 unpaired electron while [Co(NH;3),]Cl; contains O unpaired electron
36. (a)

N,ClI
A
HPO/H,0
(A4) Anhy.AICI,
B) | cHal

OCH;CH;

37. (b) Mn2* and Cu?* both are paramagnetic as well as coloured
Mn?* — 2 unpaired electrons and light pink colour

Cu?* — 1 unpaired electrons and blue colour

38. (a) It is non-planar molecule in which B atoms are sp3 hybridised. Molecule contains two 3c-2e bonds
39. (b) Lone pair of NH, combines with AlCl; due to which further reaction is not possible

- @ ©
NHZ NHZ—AICI3
AICI, CH,CI
— —————>» No reaction
40. (¢)
GI Possible

\ GI Possible

S g

41. (0.004) Molarity = %

GI not possible
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M of glucose = 180 g/mol

Molarity = 222 = 0.004M

42. (12.00)

23V = 1s2,252,2p%,3s2,3p®%, 4s2,3d3
Total p electrons = 12

43. (2.00)

KP = K¢ (RT)A"8

47.6 = K[0.0821 x 288]

47.6

C=2365
44. (d)sin’ x + cos’x =1

If sinx #0and cosx # 0

sin’ x < sin? x and cos’” x < cos? x

Adding both we get

sin” x + cos” x < sin® x + cos® x

= sin”x + cos’x < 1

Hence sin” x + cos” x = 1 is only possible
When sinx = 1and cosx = 0

orcosx =1andsinx =0

= —0n5n2 4
X = l2I2l T[I T
45. (d) Syo = 5[2a + 9d] = 530 = 2a + 9d = 106

Ss = =[2a + 4d] = 140 = 2a + 4d = 56

N Ul

=>d=10anda =8
~ Sp0 — S¢ = 10[2a + 19d] — 3[2a + 5d]
= 14a + 175d = 1862
4. (b) f(x) = 2T
st (25)

0<sin_1(2x_1)<E
2 -2
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2x —1

0< <1

0<2x—1<2

1<2x<3

1_ 3

257" =3

2 _ytl=x?—x+s 1+1—( 1)2+3>3

S I I 7 By

2

AISO,xz—x+1=x2—x+l—l+1:(x_l) +3

4 4 2 4

x2—x+1<1
x2—x<0
x(x—1)<0
x €[0,1]

From (1) and (2)

e (3.1]
X €3

1 3
a+ﬁ=§+1=§

47. (96) f(x) = (g)x +(2)

10\* 10 9 8
£ = (g7) Wi+ (g5)mi <0
f(x) is decreasing
f(@) >1and f(5) <1
Hence x = 1,2,3,4 will not satisfy
x =5,6,7,...,100 will satisfy

Number of integers = 96

48. (96) Number of numbers formed =4 x4 X3 X2 X1 =96

49. (5°)
a b c 01 0
LetB=|d e flandA=[1 0 0]
g h i 0 0 1
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« AB = BA
0 1 0o]fa b c a b c1f0 1 0
1oodef]=[def”100]
o 0 lg n il lg n illo 0 1

=>d=be=af=cg=h
So, i can be selected in 5 ways and each pair by 5, so total ways = 5°

50. o
Leta = [? Z]

For A to be singular, ad = bc
~ad=16andb,c=32=>8
a,d=26andb,c=43=>8

So, total case of singular matrix =8 + 8 = 16

=~ Total non-singular matrix =6 X 5x 4 X 3 — 16
- Probability = 322 = 23
360 45

_V5-1
51. e —-—7;—

52. (100,181)

36x% + 36y% —108x + 120y + C =0
108x 120y C

2 2 _ Rl
XAy T3 T35 T35 0
x? + 2—3x+E +£—0

Y 37736

Circle does not touch or cut axes
>g?—-C<0andf2-C<0

2 2
(o C
:(3) ——<0and(£) ——<0
2 36 6 36
s_¢
36

<0andC>36(%)

36X%5

" and=> C > 100

=>C>

=>(>81

Also g2+ f2—C>0

¥'d JEE MAINS PYQs




m(’GP PAPER - 13 2021

G165

36 4 9
= ( <81+100
= (<181

From (1), (2) and (3)

C € (100,181)

53. (3!x 7 1)
fAO+f2)+fB)=3

Only possible combinationis 0 + 1 + 2
So total bijective function = 3! x 7!
54. (a) 2x + y = k istangent to x? — y? = 3
y=-2x+k

c2 = a?m? — g2

= k? =3(-2)*-3

=>k?=9

= k=43

y=-2x+3andy =—-2x—-3

If y = mx + c is tangent to y* = 4ax then ¢ =

2 _or-3=-2

R R T

>a=-240ra =24

55. (1/2)

z=x+1y

(x+iy)?+3(x—iy) =0

x2 —y? +2ixy+3x—3iy=0
x2—y2+3x+i(2xy—3y) =0
>x2—y2+3x=0andy(2x—3) =0
|fy=0x2+3x=0:>y=00rx=§

>x=0,-3
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Andifx =2
2

Hence 3 solutions

21 i—_+_+...oo
k=03k = 3 7 32

56. (c)
T, 12,13 € {1,2,3,4,5,6}
1,1y, 173 are of the form 3k,3k + 1,3k + 2

3Ix 2¢;x 2Cx %2C; 68

Required Probability = ~ =

57. (¢)

x + —4
(x| =3)(x+4]) =6

= |x|-3=

|x + 4|

PAPER - 13 2021

_ 2

T

Number of solutions = 2
58. (2/9)

e*(2 —x?)

==
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_fex< ! + 1+x>dx
B 1-x)V1—-x2 V1—-x

Let |22 = f(x)

1-x

, 1
Then f (X) = Wm

=1=[e*(f(x) +f'(x))dx

=e*f(x)+c

INPRE ’1+x+c
1—x

T, 12,13 € {1,2,3,4,5,6}

1,1y, 173 are of the form 3k,3k + 1,3k + 2

. - 3I1x 2¢;x 20y x 2C 6x8 2
Required Probability = 2*—2* =X &1 _ 2%% _ 2
6X6X6 216 5

.2 .2
59. (¢) folooﬂ —S“{li}x dx = 100f07t —Smixdx
elm

em

Letgzt:dx:ndt

1= 1007Tf018_t5i1’12 mtdt = 507Tf01 (1= cos2nt)e~tdt

-t

1+ 4m2

= sor (1 ‘é) _ng’ d]

5o (1 1) 4m® '\ 2007 1 — ey
=501 =N T amz) " Trane L ¢

1
[ =501 [(—e‘t)1 - ( {—cos 21t + 2msin 27rt}> ]

0

~a=200(1—-e"1)
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