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PHYSICS

CAPACITOR

4.

Sol.

Sol.

Sol.

Official Ans. by NTA (3)
For series combination

A=k
c cC Ca,

11,1

+
C CcC C

eq;

= |C =

eq

<
2

For parallel combination

C s
C.

| | .
C
C,,=C+C = C, =2C

Co _(C/2)_1
C 2c 4

€dy

Official Ans. by NTA (2)

F

=1:4

-
7

velocity along the plate will not change.

2.V COS o=V, cos 3
K _ov_
K, V3
Official Ans. by NTA (BONUS)
When connected in parallel
Ceq=Ci+C,
When in series

o _ GG
“TC+C,
qug&J

4 C+C,

4(C,+C)2=15C,C,
4C2+4C2-7C,GC, =0
dividing by C,2

cos’p
cos’a

¢

4x2-Tx+4=0
b2—-4ac=49-64<0
No solution exits

Sol.

Sol.

Sol.

Sol.

Official Ans. by NTA (3)

3d/4 d/4
[ —>r
G
€, A
C0= Od
C'=C, and G, in series.
.1 1 1 1 (3d/4) d/4
ie. —=—+— —= +
C' C C, C KA A
1 d (34K
C'" 4¢, A K
,_ 4KC,
3+K)
Official Ans. by NTA (3)
Ans. (3)
C= g,A =ZsUA
d d d
7+7 —
2K 2 K
4x3.2
= 2X280 = x3 € =3.04 )
1 4.2
—+1
32

Official Ans. by NTA (2)

A B C D
C, BD C,
|| ] |
A 11 I;JC
—
G,
2C 2¢e, A
Cog = 0o _2%
3 3 d
Cog= 2€0X 2><§ =2 (wA=1lb=2x 2)
3d 2 2

Official Ans. by NTA (864)

1 1
U=—x14x12x12p] (- U= —=CV?)
2 2

= 1008 pJ
1008
U;= — pl=144p] (. C, =kCy)

Mechanical energy = AU
= 1008 — 144 =864 pJ
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Sol.

Sol.

10.

Sol.

11.

Sol.

ALLEN

Officnal Ans. by NTA (16)
=(C+Cy) V=V =2volt
Q2 =C,V=16uC =16
Official Ans. by NTA (2)
_V_30/3
"R 5x10°
. Ans. =2.00
Ofﬁc1al Ans by NTA (161)

=2x107°

— e
O

\5:

e

Sm
A =100 m2

ke, A
Using C= S0

C, =10€0—5(100) =200 €,

€, (100
 =— )=20eo

@)

9}

CICZ
C, +C,

C, & Cyarein series so C,,, =

4000 €,

220
Official Ans. by NTA (2)

=160.9 x 10-12 = 161 pF

v

Taking an element of width dx at a distance
X (x < d/2) from left plate
do = (g, +kx)A

dx

Capacitance of half of the capacitor
1 d/2 l d/2

C BTN '[ g, + kx
1 1 g, +kd/2
C kA £,
Capacitance of second half will be same
C kA
Ceq =———
2 2n 2¢, +kd
2¢g,

12.

Sol.

13.

Sol.

14.

Sol.

15.

Sol.

Official Ans. by NTA (2)

qr Jdb G E() Jb
—

E=E()/ k = =+ E()/ k
—> —_—>

When a dielectric is inserted in a capacitor

Due to free charge E= EO only

After dielectric E'=—>

C
k
1
ds =9 (1_E)

Official Ans. by NTA (3)

-t
e RC

-t
e RC

t=0.69 x 10~ sec.
Official Ans. by NTA (1)
1 d 2d 3d
= + +
C, Ke A 3Keg, A 5Keg A
15K e, A
34d
Official Ans. by NTA (3)

V=V, [1—

50 =100 [1—

Ceff =

2C
+2CV| |-2CV

Now,

Ih |
i}
2CV+CV 3V
KC+2C  K+2

c =
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16.  Official Ans. by NTA (3) 18.  Official Ans. by NTA (1)
A €
Lo o
Sol. C, =2 A% KK,
o d d K, +K,
o---t, Medium ' Ae. (1 KK
+V, = —+—12
Sol. /} d [2 K, +K,
—  —
e d N |an
A2 K$d2
Let E be electric field in air at—— N
T sin® = qE K$d2
T cosO = mg |
E
tand = = 19. Official Ans. by NTA (1)
mg Sol. On simplifying circuit we get
k 4uF 4uF
N [ i
° N °
v INY] [ vV 5v
2 1
C, c, A 1B
c.C A
Q= {ﬁ} [Vi+ V] 40
! ? No current in upper wire.
V. +V
. Q oo [[Vi+V] & Vap= —— x4=4v.
Ae, C,+C,| Ae, 4+1
" 0= (CeqV
C1=€°A :>E=M :>2>.<4=8HC
d—t (C, +C,)(d-1t) 20. Official Ans. by NTA (3)
T = N ———
Now 0 = tan” | 3= DT
Lng } Sol. _|=L|_____ A I."I_
Al G, (B
0 = tan”! i><—CZ Vi +V,) v " 0
mg (C,+C,)(d-t) irs
17.  Official Ans. by NTA (3) It
Sol. p=2000m v
_ 12 (Vp=-V)C +(Vp-0)C3=0
C=2x10"F (Vb= V) 6+ (Vp-0) 12=0
V=40V Vp-V+2Vp =0
K =56 %
VD = ?
t
i — q — qO 67E V
pke,  pke, @=(V-Vp) G = [V —?j (6 uF)
_ 2x107% x40 q2 = (4V) pF
™ 200%50%8.85x10 "2 0 = (Vo 0) Cs = %x 124F = 4VyF
80
=—————=903uA = 0.9mA a1 = (V—0) C; = V(2uF)
10" x8.85 Q:Q:q=2:4:4
Option (3) Q:Q@:qx=1:2:2
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21.

Sol.

22,

Sol.

23.

Sol.

ALLEN

Official Ans. by NTA (100)
C

oL

2kQ2 2kQ2 2kQ2

II
L
i(): 1 mA 6V

Pot. Diff. across each resistor =2V
q=CV
=50 % 10°x2=100x 10° =100 pC
Official Ans. by NTA (4)
1
U==(AC)V?
2 (AC)
1 >
U= E(KC -O)V
1 >
U= 5(2 -DHCV

AU =%><200><10’6 x200x 200

AU=4]
Official Ans. by NTA (2)
V=V, (1-e ")

e—t/RC )

2:20(1—

10
10x.105

Option (2)

=.95uF

. 2

COM & COLLISION

Sol.

Sol.

Sol.

Sol.

Official Ans. by NTA (1)

Before Collision | After Collision
Vl

A
m 3()°
A@—>——@B| Q)
m 9m/s m §mp 30
v,

From conservation of momentum along y-axis.

P, =P
0+ 0=mv, sin 30°] + mv, sin 30° &)

mv, sin 30° = mv, sin 30°

vV, =V, Or ATR
v,
Ans. 1
Official Ans. by NTA (3)
y y

) ==

Let o be the uniform mass density of disc

then
2
(oma’)a—on [ZJ X 3a

2
Xcom = ona’
Gnaz—
5
_ 8 _>2a
L6
4

Option (2) is correct.
Official Ans. by NTA (2)

2

Kinetic energy K = P—, P, =Py)
2m

Koci
m
KA _ mB _ g
K, m, |1
Ans. (2)
Official Ans. by NTA (1)
Py _ P
2x4  2x16
p_1
P,
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S. Official Ans. by NTA (3) 10. Official Ans. by NTA (4)
Sol. Fore =1 & second body at rest Sol. C.OM of quarter disc is at ﬂ 4a _ 4
Vv, = 2m,u, = Zu(M) = 3n 3n
> m,+m, M+m 11.  Official Ans. by NTA (20)
Since M >>m Sol. Let velocity of 2nd fragment is V then by
6.  Official Ans. by NTA (30) conservation of linear momentum
Sol. Before Collision 10(104/3 )i =(10)(10) + 109
A 103m/s B N A
®— @ Rest = V=10/31 - 10]
ok 20ke V| =+/300 + 100 = /400 =20m /
After Collision |V| B * B —eumis
10 m/s 12. Official Ans. by NTA (1)
A
o $10 kg v, m, m
Rest Sol. ——> ° <o o—>
10& M s Y Y
20 m/s
From conservation of momentum along x axis; m;v; =-m;v+myVv
B =P, 2
10 x 10+/3 =200 cos 0 e
cose=§,9=30° (V1+V):&
7. Official Ans. by NTA (3) v m,
Sol. From energy conservation, v
after bullet gets embedded till the ©=5 7 1
system comes momentarily at rest !
1 2 v=-l
M+m)gh= E(Mer)v1 )
[v, is velocity after collision] v,+v,/2 m
“ V1= 4/2gh v, /2 m,
Applying momentum conservation, (just before
and just after collision) 3= m,
mv =(M + m)v, m,
V= (MerJv1 3><\/2><98><98><102 13.  Official Ans. by NTA (5)
m 10x10~
~831.55m/s u
8. Official Ans. by NTA (4)
Sol. (4) vo= \/2gh 150
V=ey2gh =.2gh =e=09 Sol. | >
S=h+2e?h+2e*h+...... \%
v
f f + 2e2 /— .......... |ﬁ|=|\7| (D
v =S 25 i=ucos45i +usin45j ... (2)
av= t - N . 2
9. Official Ans. by NTA (1) V=vcos45i—vsin45j .. (3)
Sol. (1) C comes to rest = S
M v ‘AP‘z‘m(v—u)‘ .4
Vinof A& B=—
2 AP = 2mu sin 45°
1 1 k ) 1
_ISV =— KX =2X5X1073X5\/§X—
V2
,/“XV / =50 x 103
=5x%x 102
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14. Official Ans. by NTA (2)

Sol.
4kg 4 gm

By momentum conservation
4% 107 (50 -v)—4v=0
4x107° x50
v —————
4+4x107
Impulse J = mv =4 x .05 = 0.2 kgms™'
15. Official Ans. by NTA (2)

~0.05ms™

Sol. COM of semi-circular ring is at 2R
T

)
9R I COM

n

Centre

Distance from centre = x = 2

16. Official Ans. by NTA (2)

Sol. Impulse = change in momentum
Ball (a) |Ap| =2mu =17,
Ball (b) |Ap| = 2mu cos45° = I,

I, 1

I  cos45°
17. Official Ans. by NTA (25)
Sol. pi=ps

2x4=2%x1+myX vy
mpvy; = 6 (1)

by coefficient of restitution
-1

2

1=

=>v,=5m/s

by (1)
mp X 5=6
m, =1.2 kg

v oMy tmyv,

cm

m, +m,

_2x1+12x5 8 25

v = =
o 2+1.2 3.2 10
x =25

18.

Sol.

19.

Sol.

20.

Sol.

Official Ans. by NTA (4)

Collision between A and B
A B

m —9m/s |[2m

—v | 2mf—vV

i
=

m X 9 =mv; + 2m v, (from momentum conservation)
Vo— vy
9

= v, = 6 m/sec. , vi = -3 m/sec.

e:l:

collision between B and C

B C
2ml—6m/s |2m| = [dm|—v

2m x 6 = 4mv (from momentum conservation)
v=3m/s
Official Ans. by NTA (4)

TFt
[

|Ta

v

mg

dm
F_ =—V
thrust (dt rel)

(Cil_r? Vrel - mg) =ma

:(1—?}500—10&10:10&20

dm
—=(60kg /s
o~ (60ke/s)
Option (4)

Official Ans. by NTA (400)

0.5m

10g
—
V.V

V'=./5gR =/5x10x0.5
V'=5m/s
m;V=mp,x5-m;x 100
10 vos- 1% 00
1000 1000

V =400 m/s
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21. Official Ans. by NTA (3) 1
Vi AKE. 5

C Vo O, K.E. 13MV2
2 0
Sol. < ) _
B @__ - _ VP +2V; -3V) 3600 +1800 -4800 _ 1
V= Y 3V2 4800 8
V2 | 24, Official Ans. by NTA (3)
given 0, =0,=0 Sol. —*V, —V, —V,

MV + %ZMsz - % 3MV;

from momentum conservation 3M —s | 2M M
in x-direction MV, = MV, cos 0+ mV, cos0

3MV, =2MV, + MV,

in y-direction 0 =MV, sin® —mV, sin 0 3V, =2V, + V,
Solving above equations 120=2V, + 60 = V, =30 m/s
_MV, | _ Lo, 1 21 2
V2 = ?, V() = 2V1 cos0 AKE. _ 51\/[\/1 + EZMVZ —E3MV0
From energy conservation K.E. 13MV2
lMv2 —lM\/2+le2 2 0
20 0 2 V2 42V) -3V]
Substituting value of V, & V,, we will get - 3V02
M 4cos’0<4 _ 3600 +1800-4800 _ 1
m 4800 8
M
I~ <3 CIRCULAR MOTION
Option (3) 1. Official Ans. by NTA (180)
22. Official Ans. by NTA (1) Sol. —-PQsin©
Sol. =PQsin 0
40m/s v 60m/s — 0 =180°

m—_|—» = |m2——» |[m2—+—»

2. Official Ans. by NTA (1)

P=P; Sol. oL
mx40=2xv+2x60 R
2 2
v —S:mo)zR
40==+30 = v =20
2 1 0)2 —Exi
(K.E)= 5mx(40)2 =800m “m R
2
1m 2 1 m 2 21 K 1
K.E.):=—=—.(20) +=.—(60)" = 1000 m 2 =2x—
(KE)=575-(20) +5.75(60) (ijR“
|AK.E| =[1000m —800m| =200m T2 o R4
AK.E :200m:l:§ T « R2
(KE.),  800m 4 4 3. Official Ans. by NTA (4)
x=1 _
23.  Official Ans. by NTA (3) Sol. ' N=maR
2
Sol. —*Vo — Vo /Y, N:m{“iz}R ..... €]
3M — | 2M M

3MV, =2MV, + MV, Givenm=02kg, T=40S,R=0.2m
3Vp=2V,+ V, Put values in equation (1)
120=2V, + 60 = V, =30 m/s N=9859x 104 N
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Sol

Sol.

Sol.

Sol.

ALLEN

Official Ans. by NTA (4)
Statement I :

Vinax = \/HRg = \/(0.2) x2x9.8
Vinax = 1.97 m/s

7 km/h =1.944 m/s
Speed is lower than v,,,, hence it can take safe

turn.
Statement 11

v = [Rg tan0+
1—ptan®

1+0§} =542 m/s

2><9.8[

18.5 km/h =5.14 m/s
Speed is lower than v,,,, hence it can take safe

turn.
Official Ans. by NTA (728)

We know, 6 :[¥]t

Let number of revolutions be N
- onN = 2q | 2002460 1 o6
60x2

N =728
Official Ans. by NTA (2)

mv’
R

HN =

mg

At Vi, £ will be limiting in nature.

.. Balancing force in vertical direction,

Ncos30°

= N [c0s30° — ncos60°] = mg
800x10

N=—-—"—"——~10.2x10’kgm/s’
(0.87-0.1)

Hence option 1.

—mg — uNcos60° =0

Sol.

Sol.

10.

Sol.

Official Ans. by NTA (200)
of= oy + ot
oa=1200x6

9=c00t+lat2
2

= 600><£+ 1 ><12OO><6><i
60 2 36

0 =200
Official Ans. by NTA (1)

Conical pendulum
AN

mg
.
V2
sin6=£—L
! 2
0 =45°

) mv
Tsin0 =
r

TcosO = mg

2

tan 0 = Y =>v= \/g
rg
Ans. 1
Official Ans. by NTA (2)

R=~
0

4><27'CR_4><2TC b4
v v 0

put £ = 4.4 x9.46 x 10"

Time =

v=8x15x%x10"

4 T
= ——x —rad.
3600 180

we get time = 4.5 x 10" sec
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11.

Sol.

Official Ans. by NTA (3)

T, =1 hour
= ; = 2=« rad/hour

T, = 8 hours
T
== Zrad/hour

R,=2x10°km

As T «R’

34

2/3
:&=(§) —4=R,=8x10’km
R, U1

@

V, =R, =47x10°km/h
V,=mo,R, =21tx10°km/h

vV, -V, 2rnx10°
R,-R, 6x10°

Relative o=

= grad/hour x=3

CURRENT ELECTRICITY

Sol.

Sol.

Sol.

Sol.

Sol.

Official Ans. by NTA (4)
This diagram can be drawn like

It is a wheat stone bridge
_ 2Rx2R

“” 2R+2R
Official Ans. by NTA (300)
Work done by battery = Q (AV)
=20x15=3001]J
.. Ans. 300
Official Ans. by NTA (3)

_6-4 1 A

0 s
V,+448% L -V, =0
5

V-V, =-56=|Vx-Vy|=5.6V
Official Ans. by NTA (5)
Conductivity ¢ =5 x 107 S/m
Radiusr=0.5mm=5 x 104 m

JT=cE=10x10"%x5x10’
J=5x%x105
L _5x10°
A
i=5x%105x nr2
=5x 105 x T x (5 x 10-4)2
= 1251 x 10-3 Amp
1=125 t mA

=

Official Ans. by NTA (1)
Length of AB=10m

For battery E,, balancing length is [,
[, =380 cm [from end A]
For battery E,, balancing length is [,
I, =760 cm [from end A]
Now, we know that E = l—l
EZ lZ

s a=1&b=2 a=1
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Sol.

Sol.

Sol.

Sol.

ALLEN

Official Ans. by NTA (2)

For parallel combination current devides in the

inverse ratio of resistance.

=7

fl =1.25m

) 2
Ipop= — X6 A
=g
Official Ans. by NTA (1)
RO = IQ Rl
f() = lm
AO = A
As volume of wire remains constant so

/A
A0f0= Alﬁl f— IA1 ZM

1
Now
Y4

Resistance (R) = pr
A

R, [(,/A,
R, pl, /A,

2
IR (.Y
R, A\l x(, I3

So % change in resistance

~Ri-Ry 1009 =

0
=56.25%
Official Ans. by NTA (1)
As per the question

21
0 ()A/Z
Resistance = Lﬂ) = ﬂ
(A/2) A
= Current = X = E
R 4pl
Official Ans. by NTA (3)
3kQ
.
4
T
121v, 1kQ
5kQ 1kQ
AWM ——
=N
T
121V, 1k
I= 21 =3 mA
5+1+1

1.5625 -

=1.5625Q

1><100%

10.

Sol.

11.

Sol.

12.

Sol.

13.

Sol.

14.

Sol.

Official Ans. by NTA (4)
500 =(1.52xR x20
E=3)2xRx20
E =20007J
Official Ans. by NTA (2500)
Ans. (2500)
Q=1i2RT
~Q _10x107°
it 4x10° x1

Official Ans. by NTA (2)
i=10A, A=5mm2=5x 10-6 m2

and vy =2 x 103 m/s
We know, i=neAvd
©10=nx1.6x1019%x5%x106x2x 103
= n =0.625 x 1028 = 625 x 1025
Official Ans. by NTA (4)
Ri+Ry=s .. (1)

RR, )

R, +R,
RRy=5sp
R,R, =np2

=2500 Q2

=p ..

nR R,
(R, +R,)
(R, +R,)*
RIRZ
for minimum value of n
R, =R, =R
B (2R)?
=
Official Ans. by NTA (2)

R1+R2=

=4

@) i

3E
R+r +r,
TPD=2E —ir; =0
2E =ir;
3Exr,
R+r +r,
2R + 2r; + 2r, =31y

i=

2E =

R= %‘—rz
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15.

Sol.

16.
Sol.

17.
Sol.

18.
Sol.

Official Ans. by NTA (3)
X

+ + =
100 15 10
53x—20y =30....(1)
y—10+y—x+y—0=0

60 15 5
17y-4x=10...... 2)
on solving (1) & (2)

x = 0.865
y =0.792
AV =0.073 R = 15Q2
1=4.87 mA
Official Ans. by NTA (70)
_50x20 @
w70 7
—1 >
ViV(SVV VLVH
7
|
| I
170
170
R -
€q 7
170
V= @ x10=70v
Ans. = ’70. 0

Official Ans. by NTA (48)
In Balanced conditions
E X

6 72-x
X =48 cm
Official Ans. by NTA (4)
*.* in parallel

_ _RR,

net

" R, +R,

Lot
P_fzplA pzA
2A l

p1X+p2X
P 6x3

2 6+3

p=4

2

19. Official Ans. by NTA (3)
a0y 200y 5Q  qgy

Sol.

;90\/
h

0 0 (Assume)

Applying KCL at point P,
V-0 V-90 V-140
+ + =
6 5 20
=10V+12V-1080+3V-420=0
= V=60

0

.. current in 6Q = % =10A

Hence option 3.
20. Official Ans. by NTA (3)

Sol. I:j-A:JAcos(G)

5= J(ijxcos(60)
100
J=5%50=250 A/m’
Now, E= p-j
=44 %x10%%x250=11x 107 V/m

21. Official Ans. by NTA (10)
Sol. when switch S; and S, are closed

12Q 4Q 0Q
VW VW
a
VVWH VW
6Q2 4Q 12Q
12x6 6x12
+2+
12+6 6+12
72 72

242 =442+44=10Q
18 18

22. Official Ans. by NTA (4)
— R1R2 =£. p1p2
R, +R, A p,+p,
_ 25x1072 y 1.7x2.6x107°
3x10° 4.3x10°
R =0.858 mQ

Sol.
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23.

Sol.

24.

Sol.

25.

Sol.

ALLEN

Official Ans. by NTA (15)
I R
> WW
E,r
¥
| I
] V Ll
Terminal voltage v =1iR = ER
R+r
1" —>1.25= E(5) (1)
S+r

2M 51 = E(2) (i)
2+r

By (i) and (ii)

r=IQ,E=gV=%volt =x=15

Official Ans. by NTA (1)

Max. voltage that can be measured by this
potentiometer will be equal to potential drop across
AB

Rag =10x 0.1 x 100 = 100 ohm.

V= x100=6x-2 ~ sy
20+100 120

Official Ans. by NTA (50)

2
Power, P = —
B

%S 100100

R, =—=
op 200

Rg =50Q2

To produce same power, same voltage (i.e. 100
V) should be across the bulb

Hence, R =Rg

R=50Q

26.

Sol.

27.

Sol.

28.

Sol.

Official Ans. by NTA (1)
E1 = k/] oo (1)

Ei+E,=kl, .. (ii)
E, ¢ 250 5

L=
E,+E, (¢, 400 8
8E1=5E1+5E2
3E1=5E2
E 5

E, 3
Official Ans. by NTA (3)

20v—2Y, oV

S0V,

20V ov

200 5Q

20V —MWWW— 'V()

20-V, +0—V0 +20—V0
5 5 2
4+10:%+&

=0

4V, +5V,

10

= 14—0 Volt
9

14 =

V,

0

Potential difference across 2Q resistor is 20 —
Vo

That is (20—%)\/ 1t

Hence answer is (?) Volt

Official Ans. by NTA (45)
here assume current as

s 'y

V31
§ 4Q
VW
4Q
By KVL in outer loop
9-12i-41=0
161=9

ov §4Q

1Q
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29. Official Ans. by NTA (1)
r

Sol. > <«
dx

Current is constant in conductor

1 = constant

pdx

2

Resistance of element dR =

ipdx
mr’

dV =idR =

dv i E
E=—=F gv,= =8
dx mr m

1

T

if r decreases , E will increase .. Vg4 will

increase
30. Official Ans. by NTA (3)
Sol. 16=R,[1+a(15-T,)]
20 =R, [1+ a (100 - T,) ]
Assuming T, = 0°C, as a general convention.
16 1+axl15
- T
20 1+ax100
= a.=0.003 °C"'
31. Official Ans. by NTA (1)

Sol. From graph voltage at t = 3.2 sec is 6 volt.

J
%

R=1
1
6-5
1
i=1A
32. Official Ans. by NTA (3)
4Q
TONATS)

i=

2Q 8Q

WW
Sol. 8Q2

||
L
2.2V, r=0.6Q

33.

Sol.

34.

Sol.

35.

Sol.

4Q

WWA
8Q)

l+ +l_6+3+2+4_£
4 8 12 6 24 24
:%:1.6:RT =1.6+0.6 =2.2Q

v (22)

=— =" _20wW

R 2.2

T

Option (3)
Official Ans. by NTA (2)

RIRZ _
R, +R,

(12><10*6><10*2)z><4x(51><10*6><10*2)z><4

n(2)' x10°

n(2)’ x10°

= /(=97m

63x10°x1072 x /x4
n(2)’ x10°°

Option (2)
Official Ans. by NTA (4)

[ S

A

20
WW

602 8Q

WW

— AW

g
3 Ans 4

Official Ans. by NTA (1)
500 watt at 100 v

MR

“100 100

| 1
|I
200

P=Vi

500 = Vi
i=5Amp
V=ixR

R=

20 Ans. 1




JEE (Main) Examination -2021

36.

Sol.

37.

Sol.

38.

Sol.

39.

Sol.

40.

Sol.

41.

Sol.

ALLEN

Official Ans. by NTA (1) 42. Official Ans. by NTA (3)
=2 30
: 5+R
.5 30
= 1 Sol. 3Q 602 602
R+—
5
.. 1 30
h=bh=195 R+§ =5+R
4R =4 R =1Q Re = 3Q
Official Ans. by NTA (20) 43. Official Ans. by NTA (6)
gl Senr‘?li 0 ,'iﬁ\/’ 150
eq = = n 3 ‘ )|
M Cor B
* 10+10n  l+n
in parallel
Sol.
G
- 20 _2n
»= =2
. 10 ten vy e
n | |

[2nj
1+n
20; =20

Do, M0/
i (2
1+n

n=20

Official Ans. by NTA (4)

R =75 x 10° + 5% of 7500
= (7500 £ 375)Q2

Official Ans. by NTA (4)

Lnax = 5—20 =25mA

X 50mV

I  25mA
Official Ans. by NTA (9)
3R

Req open —

2
Rx2R 4R
3R 3

Ryopen 3R 3 9

_ = X — = —

Req closed 2 4R 8
Sx=9

Official Ans. by NTA (3)

i 0.02i @

Req closed = 2 x

-/
0.98i
WWA
50
0.02iRg=0.981 x5
Rg=245Q
Option (3)

= effective circuit diagram will be

\ i=1A
100
> AW
i=1A
. II IV\W\,A
=2 oy 10
0 A 60
—  AW—e— AW
100
1 AW
10
150
A mw—>B
40 A B
W/ 100
AVWA
10Q
AW
—
1 AW

1Q

Point drop across 6Q2=1x6=6= V,p
= Hence point drop across 1502 = 6 volt = Va3
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44. Official Ans. by NTA (4) From Eq.(i) and Eq. (i1)
Sol.
)
¥ — k
1-X =Y _»
50 3 n
1= L =3 _l
3k n
20 y _3n-y
oA 3K
n
20 20 30 30 ny 35—
\ f 3K n-y
L \/ o "y
Parallel 20 Parallel 9.71 3y
oA 2. Official Ans. by NTA (2)
Sol. I——1F
10 320 3
=
Al
L B F=Y.A. 7
Series Al = F ;
_3x3/2_9/2_ YA
“~3,3/2 9/2 ar=TL
45. Official Ans. by NTA (3840) Y.
Sol. E=i’Rt vl
192=16 (R) (1) r’
R=12Q 2 2
E'=(8)2 (12) (5)= 3840 Al, _ (&J(i} - @ (l)
46. Official Ans. by NTA (4) Al \ )\, 2
_ v (240 AL, 1
Sol. First case P, "R 36 AC, 2
Second case Resistance of each half = 18 Q Al
2 2 2 Afz =
(240) (240) (240) 2
2= * = 0.04
L 2
P A =2
x =4.00 3. Official Ans. by NTA (2)
ELASTICITY sol. p=M
1.  Official Ans. by NTA (4) v
Sol. Y- Younge modulus, K- Bulk modulus, dp __ av
M- modulus of rigidity p v
We know that p
y =3k (1 - 20) k:_W
1 y . ~
o=—|1-— I v
2 o | W
y=2n(+o) vV x
y .
o= -2 — .1 d P P
2n @) L dp= el
pk k
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Sol

Sol.

Sol.

Sol.

Sol.

¢

ALLEN
Official Ans. by NTA (3) 9. Official Ans. by NTA (5)
Assuming Hooke's law to be valid. Sol. Elastic energy = X(strain)2 x Area x length
T oc (Af) . 2"
=  Elastic energy per unit length
T=kan = X(strain)2 x Area
Let, ¢, = natural length (original length) 2 Al
— — _ -4
T =k(( = £,) [stram - =aAT=10"°x10=10 j
s0. Ty = k() ~ o) & T, =kl ~ o) 10 (104) <102 =50 /m
L_t6-4 , _Tb4H-Tl 10.  Official Ans. by NTA (2)
T, (,-/, 0 T,-T Sol. In series combination Al =/, + /,
Official Ans. by NTA (4) Y= F/A o Al= Ft
(4) P =hpg ALTC AY
p  2x10°x10°x9.8 VIS
b= AV 1.36x107 Y
v ' Equivalent length of rod after joing is = 2/
—1.44 % 10° N/m2 ;Af;,ielsengths are same and force is also same in
Official Ans. by NTA (32) Al = Af] + Afz
E 2mm
ForAnT y— (1) Ki_i ij%_iJri
Y, Y Y Y Y Y
E 4mm eq 1 2 1 2
For B = .2
mi6r > b @ jY—‘;
. +
- (D) 11. Official Ans by NTA (20)
16 = 2b Sol. By energy conservation
= TYA L1
a =i .. Answer =32 2 L 2
b 32 0.5x10”x107° x(0.04)> 20 2
Official Ans. by NTA (1) 0.1 ~ 1000
FL o v2=400
AAL 0 -_V 201m /s A G
Tlgo ngo . fficial Ans. by N 3
=YY= =
AL, =0y) A(L,—1,)
_ T, (62 —£y )
Tz (61 - go )
Tzfl - Tzfo = T]fz —Tlf()
(Tl - Tz)fo = Tlf 2= Tzf 1 Sol.

l, ZETlgz_nglj
TI_TZ

Official Ans. by NTA (2)

T =k(/,-1,)

T, =k({,-1,)

T, (-1

F2_£2_£0

T, -T,0,
TI_TZ )

_2mm,g 2x3x5x10

m, +m, 8

>

, 75 3

T 2x24x100 8x24
—=R=0.125m
R=12.5cm
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4
13. Official Ans. by NTA (40) ELECTROSTATICS
T, 1. Official Ans. by NTA (2)
Sol. B.S,= 8x107 =T = 8% 1.25x 100 Sol. We can replace —Q charge at origin by +Q
and -2Q. Now due to +Q charge at every corner
= 1000 N of cube. Electric field at center of cube is zero
T, B so now net electric field at center is only due to
B.S; = Ax107 = Ty =4x1.25%100 —2Q charge at origin.
A/ A A
= = 1(2Q)=
5OOSONO 100 SR 0, R+ )
— _ r 3
14.  Official Ans. by NTA (4) B QR+ +2)
Sol. LLLLLLLLL. 3\/§na280
2. Official Ans. by NTA (3)
Sol. From the given condition, we have
KN
————— 01x0 T
Pedl d *X d ==
|| - q -
We know, Freq = [ZFq/q cos 6}
WL 1 q’ X
A£ = — Fnelq = —2 . 5 - > >
2AY 4ne, ( PR ) Jd +x
10x1
ar =20 100x10 x2x 10" __ 4 x
2x5 27&:0 (d2+xz)3/2
1
Agzleoff)zsxlofl()m FOrX<<d, .
— q
Option (4) g,
15.  Official Ans. by NTA (500) P .
AP ogh 2ne,.md’
Sol. B=- AV = AV Comparing with equation of SHM (a = —0?x)
(vj (Vj I
AV 2ng,md’
B— Hence option (3) is correct
vV _p 3. Official Ans. by NTA (226)
Sol. From symmetry ¢ = —| —
9.8x10%x0.5 _h 6\ g,
100x10°x9.8 ¢ ?
U - 120 598 x 108 N
h =500 6x8.85x10 S
16.  Official Ans. by NTA (2) 226 x10° Nén2
Sol. Force on each column = % 4. Official Ans. by NTA (1)
-~ (3E,~ 4E,~\N
Sol. E=| —ti+—2j|—
Strain = ——£_ ( 5 ' 5 J)C
4AY A; =0.2 m2 [parallel to y — z plane]
3
_ 50x10° x9.8 § _ A1 —02me)
4xm(1-0.25)x2x10 A, =0.3 m2 [parallel to x — z plane]
=2.6x 107
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Sol.

Sol.

Sol.

ALLEN P
A,=03m?*] 8.  Official Ans. by NTA (36)
. . . _(21-01)
Now ¢, :[31;20 < 4E, J} . [0.21] _ 3x02 B Sol. g=-=———nC=1nC
> = 9%x10%x107"® =36 x 109
3E 4E 4x0.3 P
& o, {TO + 750 J} [0_3 ] = E, (0.5)
9. Official Ans. by NTA (3)
N0w$=%=1_3 kA, . .

o > b Sol. E :T(sm 0, +sin®, )
=a:b=1:2=a=1 B 1 Q 1 2sin0
Official Ans. by NTA (128) “ame, L [(BL x(2sin0)
Q=512q -
Volume; = Volume; 2
512X£7‘EI‘3=£7IR3 tan()zL—u:L

3 3 3L 43
2913 = R3 )

R=8r 1
sin 0= —
-k 2
! 1 2Q 1
= x| 2x—
= g = k512q 47[80 \/§L2 [ 2]
R 8r
V = 128. . Q
Official Ans. by NTA (2) 23, 12
H . 10.  Official Ans. by NTA (243)
G Sol. (27) i7tr3 = i7tR3
F 3 3
A B R =3r
q Y Potential energy of smaller drop :
X=D C 3 qu
q U=_—
flux through cube = —— 5r
o Potential energy of bigger drop :
flux through surfaces ABEH, ADGH, ABCD 3 sz
will be zero = SR
1
¢ (EFGH) = ¢ (DCFG) = ¢ (EBCF) = = U 3k(279)
8e,) 24¢, vz 3,207
Official Ans. by NTA (20) 5 3r
; Uz (27)(27)( 3 kg’
3 5r
01T U=243U,
TcosO=mg=10x 10-6x 10 =104 11.  Official Ans. by NTA (2)
Tsin0 = M =F Gaussian
B 0.04 - Surface
0.1 F Sol.
tand = —— = —
+0.24 mg
NI
q = X 10 = 3. qin
3 \/ﬁ Eds=—2=0=¢

0.95 x 10-8 =%><10’8; a=20

€

Flux of E through sphere is zero.
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But CJSE(TS =0 = {E.(Ts. #0} for small section 16.  Official Ans. by NTA (12)
ds only Sol 1C 1uC 1uC 1uC luC —>
Statement-2 ' 1 2 4 8y
Solid B 1 1 1
mettalic F =k(1C)(1pC) {1+7+?+8—2+“}
sphere
1
Gaussian =9x103 =12 x 103N
Surface 1-=
As change encloses within gaussian surface is 4
equal to zero. 17. Ofﬁcial AnS. by NTA (2)
o= SBE‘TS -0 @ L
Option(2) statement-1 correct statement-2 false. Sol.
12.  Official Ans. by NTA (4) kq(Q—q) k ,
Sol. FBD F(;:T:?(qQ—q )
N
ulN dF . .
d_ =0 when force is maximum
q
F,=1N dF k
—=—[(Q-2q|=0
=>Q-2q=0=>Q=2q
9.8N 18. Official Ans. by NTA (1)
here N = 9.8 cos 30 + 1 sin 30
~ 9N —>a = acceleration
_9.85in30—-1cos30 —puN wall
soa= F=qE
1 Sol.
a=2.233 m/s?
L 3 >
By S =ut+ —at d=10cm
2
1 =0.1m
= 5(2.233)# F=ma
sin30° t~ 1.3 sec qE = ma
13. Official Ans. by NTA (1) 4= E
sol. 2X2_9 o 3m m
r £, ,
C Now d =—at
c=0424x10"—
m 2d
14. Official Ans. by NTA (640) t= |—
a
Sol. d=F, A= 2 x4x103x0.4 =640
5 2d
15. Official Ans. by NTA (2) t= TqEY
Sol. gE=Mg (j
4 m
neE = p| —7r’ |x
p(3 ) ¢ [ 2x0.1 1

nx1.6x 10-19 x 3.55 x 105
4
=3><103><§ X X (2x10-3)3x9.81

n=173 x 10G-9-5+19)
n=1.73x 1010

t= =—
\/(STSS JxlOO

.. Time period =2t =1 sec
Ans. =1.00
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19.

Sol.

20.
Sol.

21.

Sol.

ALLEN

Official Ans. by NTA (4)

>

8++ + + + +++38
Tl
(2)

r=10mm, x =2,,

I—: Zk?»
r
‘F‘iq _ 21'{}\. .
r+x
= 2khq 2k)q
I:net = -
r r+x
= | _ 2klg.x
o (r+x)
4 2x9%x10° x3x107° xqx 2mm

10mm.12mm
q=4.44pC
Official Ans. by NTA (4)
Electric flux density

-

(D):Chargex = szzeo Q R
Area 4nr drne,r

D _esin yi —e ™ cosyj + 22k

= E-=
So So

Also by Gauss’s law

p=-e*siny+esiny +2
At origin p=-esin0+e%sin0+2
p=2C/m?

Charge = p x volume =2 x 2 x 10
=4nC
Official Ans. by NTA (6000)

q q q
[ L L
X
< q >< q >
Net force on free charged particle
B qu ~ qu
(d+x)* (d-x)’

=4 x 107

22.

Sol.

23.

Sol.

4dx
F=-kq’'| ——
q {(dZ _ X2)2 }
2
L _Akq'd (i)
m \d*
2
e _(41«13 JX
md
So, angular frequency

41<q2
md?

_ [4x9x10°x10
\ 1x10°x D

o = 6 x 10°® rad/sec
Official Ans. by NTA (3)

kP, E
70
> 3>2kP1/r
P,
P,
3 s P 3
tan37°=—=-L_ =2 -~
4 2kP 2P
3
T

mg

TcosO = mg

Tsin0 = kq

X2
qu
x’mg

tan 0 =

as tan ~ sin0 ~ —
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r=b

r=R r=a

PR ALLEN
24. Official Ans. by NTA (2) 26. Official Ans. by NTA (4)
k k + —
Sol. E=-d_g,;, E=-_—1 _X 2 Q
l 207 2
\/Ek N " Sol. A B
E=—2q__qz=—%(2\/§—l) - )
14 2/ 2/
A(—q) C I D —
! @q 9 a
l l Ew V. = K_Q — KQ
gl G(2q) SN/
E | 1 v _-KQ _ KQ
E|! [ BT / a2 + 52
2O 1 @ (-q)
A — 2K 2K
E F H VA _VB = Q - Q
a a’ +s’
25. Official Ans. by NTA (1) Q (1 1
Sol. Considering outer spherical shell is non- = [— R — j
conducting 2mg,\a ™ +a
Electric field inside a metal sphere is zero. Ans 4
_ kQ 27. Official Ans. by NTA (1)
r<R=E=0; r>R=E= 2 Sol. Consider a small ring of radius r and thickness
E dr on disc.
ydr
rl‘ * > 7 axis
7—>
T
Option (2) . .
Considering outer spherical shell is conducting area of elemental ring on disc
dA = 2mrdr
charge on this ring dq = cdA
dEz = (zkd%
Z7+r
t c z
E=|dE, = 1-
f[ 2 < |: \/R2 + Z2 :|
28. Official Ans. by NTA (2)
Sol. &= 2t [QJ(—i)
R 2

A= [ﬁjz —Q
RO | 2n

3
5. R
2nR
2k -3Q . .
= —.——.sin(60°)(-1
=R 2R (60°)(-1)
343 ¢
&= #(4—1)
8n” e, R
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Sol.

30.

Sol.

31.
Sol.

ALLEN

Official Ans. by NTA (2)
20pC =5puC

Null point is possible only right side of —-5uC
20pC =5uC N

X

k(-5uC) k(20uC) _

E,=+ =
: X (5+X)2

Xx=5cm

.. option (2) is correct
Official Ans. by NTA (3)
Since ¢ = E.A =EAcos0

A A

90° —
E

6 =90° :
Official Ans. by NTA (2)
As electric field is in y-direction so electric flux
is only due to top and bottom surface

Bottom surface y =0

L $=0

—E=0=¢=0
Top surface y =0.5 m
150
= E =150 (.57= e
1 1
Now flux ¢ =EA = ﬂ(.5)2 = 150
4 16
) _Q,
By Gauss’s law ¢ ===
eO
150 _Q,
16 €,
150

Q, = x885x 107 =83x10""C
Option (2)

EM WAVES

Sol.

Official Ans. by NTA (15)
Given : Frequency of wave f =5 GHz
=5x10°Hz
Relative permittivity, €, =2
and Relative permeability, p. =2
Since speed of light in a medium is given by,

1

) vHE ) \/F‘r“o'ereo
v | 1 _C
\/p'r er \/“0 e0 \/l’lr er

Where C is speed of light is vaccum.
3x10° 3010’
J4 2

=15 x 107 m/s

m/s
c. Ans.1s 15

SV =

Sol.

Sol.

Sol.

Sol.

Sol.

¢

frequency s

Official Ans. by NTA (4)

(a) Source of microwave
magnetron.

(b) Source of infrared frequency is vibration of
atoms and molecules.

(c) Source of Gamma rays is radioactive decay
of nucleus

(d) Source of X-rays
transition.

Option (4) is correct.

Official Ans. by NTA (667)

8
A in vacuum = %: 3x10 =0.1m

3x10°

inner shell electron

.. A in medium = ﬂ

il
Where refractive index

H=qHE,
Assuming non-magnetic material p. = 1
Lou=+225=15

n _01 =im =6.67cm
1.5 15
=667 x 102cm Ans. 667

Official Ans. by NTA (2)

1
I== E?

7 c €,
LZXE = l>< c X 7 X Eg
4nx10° 2 4 1,C
Ej= 2 x [Mo€ —x=2

10 T
Official Ans. by NTA (137)
1

Iavg = ESOE%C
125 1000 :l x 8.85 x 10-12 x 3 x 108 x
100 47-5(2)2 2
E] E} =187.4

- By=13.689 V/m
= 136.89 x 10! V/m

- x=136.89

Rounding off to nearest integer

x =137

Official Ans. by NTA (1)

f=5x%x 108 Hz

EM wave is travelling towards +j
B=8.0x10*2T

E=BxC =(8x1082)x 3x 108 §)

=-24XV/m
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¢

7.

Sol.

8.

Sol.

Sol.

10.

Sol.

11.

Sol.

12.

Sol.

13.

Sol.

14.

Sol.

15.

Sol.

Official Ans. by NTA (1)

In EMW, Average energy density due to
electric (U,) and magnetic (U,,) fields is same.
Official Ans. by NTA (3)

100

4 3?

2
ce, 3E =i2
5 4drtx3
X 3
= — == =x=3
5

5
Official Ans. by NTA (3)
E=BC=6
(Dir. of wave) || (E x ]§)
i=jxk  E=6j V/m
Official Ans. by NTA (3)

E M B M
t Mo
p y y
B e 7

Official Ans. by NTA (4)

2
ce, E° =

A

Direction of propagation = Ex B=ixk=- j
Official Ans. by NTA (1)

2
_BC & — =g, C?
2“0 Ho
2

[= B,  C°

2

B, =

avg

21
e, C°
By=277x10"T
Official Ans. by NTA (4)
Reflected wave will have direction opposite to

incident wave.
Official Ans. by NTA (4)

800
8

=1.6x107" x

X
=12.8 x 107®N
Ans. 4
Official Ans. by NTA (3)

F:q(VXE)

0501><B0 it cos| K.~ —0
2 K

F,=2n O.SCiXBU 10 cos K.3—n—0
2 K

F1 47

cost=-1, cos3nm=-1
R,
F

2

16.

Sol.

17.

Sol.

18.

Sol.

19.

Sol.

20.

Sol.

Official Ans. by NTA (3)
o 10x10"

V=2 = =2x 108
K 500
v= 2.
3
Official Ans. by NTA (2)
|E| 6
Bl = s
C 3x10
=2x10°T
SLoXx=2

Official Ans. by NTA (500)

E= 50sin(o)t —Q.X)
C

Energy density = ! S E;

Energy for volume V = %eo E2V =55x107"

%8.8 x107"? x 2500V =5.5x10""

. 5.5x2
T 2500x8.8
=.0005 x 10° (c.m)’
=500 (c.m)’
Official Ans. by NTA (1)
2 % 1010

=.0005m’

Speed of wave = =10*m/s
3x10°

Refractive index = :
10

Now refractive index =

3=\/e,(1) = &=9

Option (1)

Official Ans. by NTA (354)
Ey =200

E‘:l’l/l'l’

1
I==¢,E>-C
2 00

Radiation pressure

P_2I
C

=(%j6801~:§cj =¢,E;
=8.85%x10" x200?
_8.85x10 x4 =2

09

Ans. 354.0
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EMI & AC

Sol.

Sol.

Sol.

Sol.

Official Ans. by NTA (2000)
Given : L=2x10#+H
R=628Q
f=10MHz = 107 Hz
Since quality factor,

L L
=w, — =2nf—
Q 0 R R

-4
Q=2 x 107 x 210
6.28
Q=2x103=2000
.. Ans. 1s 2000
Official Ans. by NTA (1)
Just after the switch is closed, inductor will
behave like infinite resistance (open circuit) so
the circuit will look like

i

=2.25

=

i

—

1]

1]
-l>|©

R
Option (1) is correct.
Official Ans. by NTA (900)
At resonance

2
p- Y
R

2 2
R=V_=@ =900Q
P 16

Official Ans. by NTA (2)

Current through 60Q resistance = % = L A

4

. 1
thus capacitor current = 7 A

: VC=IXC

Now,

current through 40Q2 resistance = 421_0 =
. 1 1
thus current through inductor = 57 =
1
VL = IXL = Z X (DL

20=i>«m0xL

=L=08H

Sol.

Sol.

Sol.

Sol.

Sol.

10.

Sol.

¢

Official Ans. by NTA (4)
At t =0, current through inductor is zero,

hence R, = (5+1) || (5+4) = %

E SE
'T18/5 18
At t = oo, inductor becomes a simple wire and

now the circuit will be as shown in figure

hence R, = (5|5) + (4]|1) = _0 (|| = parallel)

5/2
P
4/5
E 10E
33/10 33
Official Ans. by NTA (144)
LdI
e=——
dt

=

4 1
3jtdt=2jdl
0 0

3 16=21
2

=12
V_

2LF = —x2(12)> = 1447

1
2
Official Ans. by NTA (4)

tan45°=L=%L = X = X¢

oCR
= resonance
vV 220

R 110
Official Ans. by NTA (1)

1 =1;sinmt + isin(ot + 90)
i=\/i; +1i; sin(wt + ¢)

«/1 +1
Vf' 2

Official Ans. by NTA (283)
goXu_oeL_ L L_L
R

R JICR RJC
Q'=—i—" =2/2Q=22(100
(i)\ﬁf (100)

=282.84
Official Ans. by NTA (1)

e =[BVL ] =BVL sin0

= (2.5 x 104T) (180x%m/s) (10m)sin60°
=108.25 x 103V
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= Step up transformer

PR ALLEN
11. Official Ans. by NTA (1) 16. Official Ans. by NTA (1)
SO | ot
100 mH 100 pF Sol. A=Apert=Ae ™
Sol. (O V=30sin 100t bt
ﬁ:AOe 2m
2
1200
. — LU
as given z=,/(x, —X.)"+R 2m
X, = o = 100 x 100 x 10-3 = 10Q (o 2m, 5 2x500x0.693
1 1 10Q b 20
Xe=——= = t = 34.65 second.
1 1 1
O 10010010 17.  Official Ans. by NTA (2)
2=+(10-100)> + R> =~/90> +120° Sol. I=1I,sin et + 1, cos ot
=30 x 5= 150Q LIy =+
. Av 30 1
1ear :7=E=§amp:0.2amp . =& _ L+L0
* o rms \/E 2
& For res"fant frequenlcy | 18. Official Ans. by NTA (1)
oLz =— > = —— Sol. B =punl = pyp,nl
oC LC VLC B =47 x 107 x 500 x 1000 x 5
& f= 1 _ 1 B =n Tesla
21JLC 27“/100 10> x100x10° 19. Offlaal_Ans. by NTA (Bonus)
Jio Sol. A=A,
= 100v10 = 100m =50Hz 1n2=LX120
2n 2n m
as 10 ~ 7 0.693x2x1 _
Answer (1) 120 B
12. Official Ans. by NTA (3) 1.16 x 10-2 kg/sec.
20. Official Ans. by NTA (4)
Sol. Sol. 4)(a) ——>—>V=V,
t, ot I
For t, —t, Charging graph Vi
t, — t3 Discharging graph I
13. Official Ans. by NTA (3) (b) (©) |
I 112 V,
T
2 V -V. X -X
Sol. R, ig & R, (d) tan ¢ = LVR €= LR L
7 21. Official Ans. by NTA (2)
- Sol. (2) X, =L
14. Official Ans. by NTA (4) v
Sol. At resonance power (P) i= 0)_[]:
p (V... 22. Official Ans. by NTA (6)
R Sol. J.= E_ ld
2 P P
P:M = 3906.25 W ;_ ldg
4= ——
A dt
~ 4 kW cdv, edv,
15. Official Ans. by NTA (3) TA dt d dt
p X
Sol. Vo= 2= _s4s45 = Vosin2nlt o 808 o) cos 2nft
i 0.11 pd d
Vp =22
p=220 tan (2nx@J=10xx 40 900
Vs> Vp 800 9x10°
=x=6
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23.

Sol.

24.

Sol.

25.

Sol.

26.

Sol.

ALLEN
Official Ans. by NTA (4) 27. Official Ans. by NTA (3)
I .
A Sol. Magnetic energy = Ele =25%
A c i3 i
>/ To U —=—> ME = 25% = i=-}
1
i3 i=i,(1-R™") for charging
D L
¢ oci t= fn2
Boi
- P! ; 28.  Official Ans. by NTA (3)
so, field at centre of C = 3 =1T Sol.
Official Ans. by NTA (1) c—— V=20sinwt
Bandwidth =R/L
Bandwidth o« R i i )
So bandwidth will increase From the given information,
Official Ans. by NTA (1) _S A _ &l
i =1, cos(mt) d ~2x107°
i=ijatt=0 o o b 2x107 _ 2x107
i=i—°at ot =~ Y eC 2x50nxeg, 25x4me,
V2 4 2x107 o 18
p p 1 S Xe = x9x10" =—x10"Q
4o 4Qnf) 8f V. 20x2
1 1, =—°:Mx107(’A =27.47 pA.
t=——=2.5ms Xe 18
400 The value of amplitude of displacement current
Official Ans. by NTA (3) will be same as value of amplitude of
L C R =60 conventional current.
—000000— Hence option 3.
X=10Q  x—40 29. Official Ans. by NTA (3)
< Sol. As rod moves in field area increases upto x = b
then field is absent and again flux is generated
~ on return journey from x = b to x = 0. Thus plot
Y A for flux.
We know that power factor is cos¢, —~e= _? — curve B for emf
R t
cos¢ ZE (D = Power dissipated = vi = curve C for power
dissipated
L c . —x
(wL-1/aC) Sol. tan¢d=—-=
tan45 = ¢ "L
Z
Xc—X. =R
1
¢ —~ _oL=R
R oC
1
=Z=,/6" +(10-4) —-300x0.03=1
oC
:>Z:6\/§|cosd)=L L:10
62 oC
1 1 1
Cosd)zl = = ; (::_xl()*3
J2 100 10x300 3
X=3
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31. Official Ans. by NTA (4) When B =0
Sol. R =100Q _Lzo
X, =L =50nx10"" 100
1 10" t =100 sec
= —= 2
¢ oC 100m Heat= *t
X.>> X, &|X.-X,|>>R R
. 4 % 10—5 )2
32.  Official Ans. by NTA (125) Heat = (—_6X 1003
Sol. X; = Xc (due to resonance) 2x10
vV V 16x107"° x100
= i = =— Heat= ——— —
Z R SO 1rms R 2>< 10—6
V2 250 x 250 Heat = 008 J
ks 125 x10°' W Heat = 80 mJ
33.  Official Ans. by NTA (3) 37. Official Ans. by NTA (1)
: : 10Q
Sol. In capacitor, current lead voltage by g Sol.  ———www—r
34. Official Ans. by NTA (1) )
Sol. (a) For x|, > xc , voltage leads the current et
(ii) V =220V/50Hz
(b) For x;, = Xc, voltage & current are in same phase = 1 =ipsinmt
(1) Wheni=1i,
F <Xc, t leads th It ) .. .
8:3) or x., < Xc , current leads the voltage i, =i sinot, = ot, :g )
(d) For resonant frequency x;, = X¢, current is i
maximum When i = —&
(iii) V2
35. Official Ans. by NTA (74) i, . . T
—==1,81not, > ot, =— ... (i
Sol. Tnw=~ ==Y _oma N ? VIR
R 10KQ ) .
For LR — decay circuit Time taken by current from maximum value to
[=1. eI Y rms value
—10x10%x1x107° = (t —t ) — l _l — l — n
[=2mAe '0x10° Y 20 40 4o 4x2nf
I=2mAc’ 1 1 25
_ = =——7-=S8€eC= 2.0 ms
1= 4 A 38.  Official Ans. by NTA (500)
100 Sol. For figure (a)
x=74 V2
36. Official Ans. by NTA (80) Pe= f
Sol. ¢$=B.S 2 V2
b=—x10" (1——).71;112 Z R
T 100 R? = 72
_ t 2
¢=4X103X(1)2(1—ﬁ) 252(\/(XC—XL)2+52)
_—d¢ 25 = (Xe— x1)° + 25
dt 1
_d t X=X, =>——=0L
s=—(4><10‘3 (1——D oC
dt 100 o L 3 10°
s=4x103(ijz4xlosv LC 0.1x40
100 o = 500
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Sol.

40.

Sol.

41.

Sol.

42.

Sol.

43.

Sol.

ALLEN
Official Ans. by NTA (1) 44. Official Ans. by NTA (1)
o=tan"" ( X J Sol. For maximum average power
R X, =X¢
X, =oL 1
22 _ 2500 =————
X, =2x Z x50x0.07=22Q ZR(SO)C
o[22 6
¢:tan E R=12Q C=4x10
Option (1)
11 45. Official Ans. by NTA (DROP)
d=tan” (—J
6 1Y,
Sol. Z.=,/|— | +R
Z =X +R?* =25.059 ¢ (ij
_V_ 220 _¢77a 1 L on?
Z 25.059 = ==———————| +100
Official Ans. by NTA (3) 100x100x10
When T, and T, are connected,6then the steady /(100) +(100)> =10082 \/’
state current in the inductor I = r 1A = JoL)y +R?
When T, and T3 are connected then current 5 5 \/—
through inductor remains same. So potential \/(100 x0.5)"+50° = S0v2
difference across 3Q2 . 200 200
V=Ir=1x3=3volt le =77
Official Ans. by NTA (4) e 10042
7
C=01uF=10"F leﬂ_ 200 _, 15
Resonant frequency = 60 Hz Zy 5042
1 100 1
Wy = —7— cosh =——==—7= = ; =45°
/_LC ¢1 0\/5 5 ¢1
-1 50 1
27Tf0__:>L=— = = =45°
LC 4thf02C cosd, 0\/5 > b2
by putting values L. =70.3 Hz. I
Official Ans. by NTA (60)
dé 45°
=—=20t+2
le] " 0t+20 mV 150
|i|=H=10t+10mA I
R
att=>5 1=+ =2+8 =410
i = 60 mA
Official Ans. by NTA (4) I=3.16A
1 Ans. 3.16
=2
U= ng =64=L=2 46. Official Ans. by NTA (60)
2R = 640 Sol. Maximum emf € = N ®AB
640 N =20, ®=50,B=3x10"T
:(8)2210 £ =20 x 50 x 1 x (0.08Y x 3 x 1072
=60.28 x 107
T= L = l =02 Rounded off to nearest integer = 60
R 5 Ans.60
Option (4)




I =
]

B= ﬁLstin% x4
4t b/2

¢:2x/§ﬁlxa2
nb
2 2
v e s
I nb 4 b

Option (1)
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47. Official Ans. by NTA (3) 52. Official Ans. by NTA (3)
—_— 2 2 — .. —_—
Sol. N S Sol. Z—\/(XL—XC) +R* =R X, =X,
Option (3)
— When magnet passes through centre region .
of solenoid , no current / Emf is induced in 53.  Official Ans. by NTA (1)
loop. Sol. B must not be parallel to the plane of coil for
- While entering flux increases so negative non zero flux and according to lenz law if B is
induced emf
48. Official Ans. by NTA (11) outward it should be decreasing for
Sol. £ =fl + anticlockwise induced current.
Ja2 Y 0 54.  Official Ans. by NTA (2)
=|—| +
2 Sol. X, =2rfL
= 121. = fims=11A f is very large
49. Official Ans. by NTA (3)
Sol. emf=BLV .. Xp is very large hence open circuit.
=1.(2R) .1 X = 1
=2V ¢ 2rfC
50. Official Ans. by NTA (1) f is very large.
R X =3R ”R” WXL Xcllﬂ .. Xc is very small, hence short circuit.
Sol. Final circuit
o Q 2
~ ~ ——VWW—
1
R R
cosp = ——— cosp' = ——
VR? +3R? VR +R? 2
—AWA—
_ ! _ L
J10 V2 ©
cosd)v:@:ﬁ k=1 Zeq:1+2><2:2
cosdp 2 1 242
51. Official Ans. by NTA (1) 35. Official Ans. by NTA (2)
Sol. < b 2 Sol. Equivalent circuit

i
4Q§ T V,Bl1Q
. VB( 5(2mA
=0 VO=M=IO’ZH1/S= 1 em/s
4+1 5x%x.2
Option (2)
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Official Ans. by NTA (3) 3. Official Ans. by NTA (4)
Sol. In steady state, inductor behaves as a | ggl. (n - 1)a=n(a)
conducting wire.
So, equivalent circuit becomes - (n—Da
n
20 LeT T ~~. .. LC.=1MSD-1VSD
I\/\/\/\/\//, N — (a _ a')cm
! (n—1)a _na—na+a
3 OVT I\\ 30 30 30 " = "
B . a (IOaJ
<o - =—cm=|— |mm
________ n n
Parallel (Re) 4. Official Ans. by NTA (5)
1111 sol. 2R 100=2Y 100 + 2L x 100
—=—+=+==1 =Ry =1Q \Y I
R, 3 33
= C1rcu1t becomes % error in R = % x 100 + g—g x 100
20
. AN % errorin R=4 +1
li % error in R = 5%
3OVT 1Q 5. Official Ans. by NTA (4)
t FL L
Sol. _ S re.ss _FL _ mg2
Strain Al wR"°./
= 173" Y m L R ¢
ERROR & PRACTICAL PHYSICS AY 100 =100 1 1 5 (0_001] 0.001
1. Official Ans. by NTA (1) Y 1000 1000 02 )" 05
l
Sol. T—ZTE\/; =i+i+l+l:E:1.4%
) 10 10 5 10
_ 4’;/ 6.  Official Ans. by NTA (2)
Ag Al 2AT Sol. Positive zero error = 0.2 mm
; = A +T Main scale reading = 8.5 cm
Ag  1x107 0.01 Vernier scale reading = 6 x 0.01 = 0.06 cm
21 705 Final reading = 8.5 + 0.06 — 0.02 = 8.54 cm
Ag 7. Official Ans. by NTA (2)
—==0.0113 or 1.13% 5
g 4nl
. . Sol. g=
option (1) is correct T?
2. Official Ans. by NTA (2) |
Sol. Least count:llngl =0.01lmm g_&+2£ 3 0.1+2 200
zero error = + 8 x LC =+ 0.08 mm g f T 10 0.5
True reading (Diameter)
= (1 mm + 72 x LC) — (Zero error) A 1 1
= (1 mm + 72 x 0.01 mm) — 0.08 mm 28_ 1 2
= 1.72 mm - 0.08 mm g 100 50
= 1.64 mm
1.64 Ag x100=3%
therefore, radius = T =0.82 mm. g =27
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8. Official Ans. by NTA (1) 12. Official Ans. by NTA (3)
2Am  4A A
Sol. Rzp—gzx Sol. &z + T + XAg +§_€
A 1 y m r g 2/
2 2 3
po AV _mdV A= 18=2(1) + 4(0.5) + xp + — (4)
| VRS V 4 2
8 =xp
Ap_ 2Ad + AV + Al + Al By checking from options.
p d v 1 16 3
X=—,p= +—
Ap_2 0.01) 0.1 0.01 0.1 3 2
? 1 5.00 +% + 2.00 + 10.0 13. Official Ans. by NTA (1)
‘ An*/
AP 0.004 + 0.02 + 0.005 + 0.01 Sol. T= 2%& =g=—5
P
Ag Al 2AT
Ap = 4
— =0.039 g / T
P AT < least count of time (AT, )
% error = & %100 = 0.039 x 100 =3.90% number of oscillations(n)
P Ag _ AL 24T,
Ans. (1) g (¢ nT
9. Official Ans. by NTA (34) As A¢ and AT, are same for all observations so
4
Sol. " v=—nr A9 is minimum for highest value of / , n and T
g
taking log & then differentiate =  Minimum percentage error in g is for student
dv dr number-1
—=3— 14.  Official Ans. by NTA (3)
A% r 05
Sol. Least count (L.C) = —
= 3X085 100% =34 % LO=3
7.5 ) 0.5 0.5
10.  Official Ans. by NTA (13) True reading =5+ —x20———x5
50 50
Sol. For (A)
. 0.5
Reading = MSR + CSR + Error =5+§(15)=5.15mm
0.322=0.300+ CSR + 5 x LC .
Option (3)
CSR =0.017 7
Reading = MSR + CSR + Error AT 1 fﬁ
0.322 =0.200 + CSR + 0.092 T 7
CSR =0.030 1 01
Difference = 0.030 — 0.017 = 0.013 cm AT =% 5g X 24 %3600
Division on circular scale = 0013 _ 13 AT =432
0.001 Ans. 3
11. Official Ans. by NTA (1) 16. Official Ans. by NTA (14)
Pitch l T’
Sol. Least count = — e - Sol. T=2n|— =/ =—§
total division on circular scale g 4r

In 5 revolution, distance travel, 5 mm
In 1 revolution, it will travel 1 mm.

So least count = SL =0.02

T2 92
8n’

92
E= mgﬁ; =mg’

d—E=2(d—g+d—TJ =(4+3)=14%
E g T
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Sol.

18.

Sol.

19.

Sol.

ALLEN

Official Ans. by NTA (52)
9 MSD =10 VSD
9% 1mm=10VSD
.. 1VSD =0.9 mm
LC=1MSD-1VSD=0.1 mm
Reading =MSR + VSR x LC
10+ 8 x 0.1 = 10.8 mm
Actual reading = 10.8 — 0.4 = 10.4 mm
. d 104

radius = E:T =52mm=>52x% 107 cm
Official Ans. by NTA (2)

~ Mgl

4bd’s

Ay AM 3AL Ab 3Ad Ad
— =t —F —+—

y M L b d )
Ay 107 3x107 107 3x10~° 10~
— = + + + +

y 2 1 4 4 5
=10"" [0.5 +3+25+7.5+ 2] =0.0155

Option (2)
Official Ans. by NTA (3)

0 =0.3Q

AR
Ryg=(2+0.3)Q Option (3)

FLUID

Sol.

Official Ans. by NTA (25600)
Using Pascals law

100kg
A, A

Hydraulic Lift
100xg mg
A A
Let m mass can lift M, in second case then

M()g — mg (2)
16A, A, /16

2
{Since A = i}

(D)

From equatlon (1) and (2) we get
MO
16.100
= M, = 25600 kg

Sol.

Sol.

Sol.

Sol.

Official Ans. by NTA (4)
nx i7tr3 = i7tR3
3 3
~n'’r=R
". Total change in surface energy
= (n(4nr2) — 47R2)T
= 47T (nr2 — R2)
Heat energy

4nT(nr2—R2) 3T( 1J
JXﬂTER3 ]
3

Put nr3 = R3

3T 1

] (? E)
Official Ans. by NTA (1)
P, =pgd+P,=3 x 105 Pa

. pgd=2x105Pa

P2=2pgd+P0
=4x105+105=5x%x105Pa

it x100

P%increase =
1

5x10° -3x10° 200
= = (4
3x10°
Official Ans. by NTA (4)
The nature of flow is determined by Reynolds
Number.
R, = pvD
n
p — density of fluid ;

v — velocity of flow
D — Diameter of pipe

From NCERT

If R, < 1000 -
1000 < R, <2000 — flow becomes unsteady
R, >2000 — flow is turbulent

1 — coefficient of
viscosity

flow is steady

-3 -2
R initia = 10° x 0.I8x 1-(3 2 X I 193
nx(0.5x107)"x60 10
= 382.16
-3 2
Reﬁnal = 103 X 0.48X 1—(3 2 X lx lg
nx(0.5x107) " x60 10
=1019.09

Official Ans. by NTA (1)
Excess pressure at common surface is given by

pamer(L) 41
a b r

11 1 ab

"r a b b—a
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4
6.

Sol.

Sol.

8.

SO,@+@‘

Official Ans. by NTA (25)
4ty = 100 x %nﬁ

—100x 2™ % 3 1092105 em?

401
tr=25x%10-10cm
=25x1012m
ty=0.01 t; =25 % 10-4m =25
Official Ans. by NTA (3)

H =40cm
Using Bernoulli's equation

= (£, + 2] e }A/

1
=P, +O+Epv2 (D

0

= Neglecting v,

f 2
= v= 2gH+% = v=+/8+1.2
p

= v =3.033 m/s = v=3m/s
Official Ans. by NTA (1)

4 4 4
—nR’ +—nR* =—nR"
3 3 3
1
R'=2°R (i)
A, =2[47R’]
A, =4nR"
izi:_sz =23
U, A, 2R’

Sol.

10.
Sol.

11.
Sol.

12.

Sol.

Official Ans. by NTA (3)

G G- (-

no. of moles is conserved
n; +n,=n3
P1V1 + P2V2 = P3V

45(4 3J 45(4 3J 45(4 3J
—| =7y |+—| —nr, [=—| - T
L \3 r, \ 3 r, \ 3

L= +1

Official Ans. by NTA (3)
For no sliding

f> pav’

umg = pav2

npAhg > pa2gh

2a

>Z2
lJA

Option (3)
Official Ans. by NTA (3)
At terminal speed

a =0
Foee =0
mg =F,=6mnRv
mg
V=
6mnRv
41 4
Py Re _2p,R%
6mnR I
400

= H m/s =4.94 m/s
Official Ans. by NTA (6)

12m
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13.

Sol.

14.

Sol.

ALLEN

Official Ans. by NTA (2) 15. Official Ans. by NTA (2)
_ri I Sol. Viscous force = Weight
=px (%nﬁ}g =39x%x10"°
GEOMETRICAL OPTICS
Ah 1. Official Ans. by NTA (1)
N— Sol. For convex mirror, focus is behind the mirror.
X
P V_Ps F C
r
We have P, = Pg. [Points A & B at same = f= +E
horizontal level] 2. Official Ans. by NTA (15)
2T 2T
Palm __+pg(X+Ah):Palm _—+ng SO]. = f
I I, u+f
1 1 __f
pgAh:2T|:___j| +m = C10+f (1)
rl r2 £
-m= .. (2)
=2><7.3><102[ ! T ! 3} ~20+f
2.5x107  4x10° 1)/ (2)
Ap 2 2X73x107x10°F 1 1 L _f-20
B 10°x10 25 4 £-10
=2.19x 10°m=2.19 mm 10-f=f-20
Hence option (2) 30 =2f
Official Ans. by NTA (2) f=15cm
3. Official Ans. by NTA (4)
Sol. Since orientation is same image is virtual. Since
image is smaller the mirror has to be convex
Ans. 4)
4. Official Ans. by NTA (3)
Allen Ans. (2)
Y I Q
.. Sol. I T
Excess pressure inside the smaller soap bubble ) TN
4S 4S ) 6="h/D
AP =—+ ()] u,
roor e —>
The excess pressure inside the equivalent soap | | e e
bubble F hl G F
4S ] ~__
AP =—— ... (i) f S\
Req V\ %’
From (i) & (ii) 5 ) 3
4S 4S 4S h
- -t 0'=—: 0' is same for both object and image
Req rl r2 u()
1 1 1 1 |
_ = — =—4— m = 9 D
Req I 3 re i,
Ryg=2cm u, <D
Ans. 2.00

Hence m > 1




ALLEN

JEE (Main) Examination-2021

4
5.

Sol.

Sol.

Sol.

Sol.

10.

Sol.

Official Ans. by NTA (3)
a=sinBi—cosHj

b =sin0i + cos@}

=]
d—2(a.8)c =sin0i +cos 6]
Official Ans. by NTA (150)

Ol

SANANUNNNNVNINNNN

25 X

60 180

x=75cm

so distance between extreme point = 2x = 2 X
75 =150 cm

Official Ans. by NTA (1)

Deviation is minimum in a prism when :

i=e, r; =1, and ray (2) is parallel to base of prism.

Official Ans. by NTA (2)
l{ﬁ_qFﬁjﬁ
F | R, R,

1

Official Ans. by NTA (1)

Red light and blue light have different
wavelength and different frequency.

Official Ans. by NTA (12)

Ans. (12)

®,=002;p,=15; 0,=003;pn,=1.6
Achromatic combination

11.

Sol.

12.

Sol.

13.

Sol.

14.

Sol.

61[ _&Jzzo
0‘)2

81(1—2)=2°
3

5, =6°

61 = (ul - 1) Al
6°=(1.5-1) A,

A =12°

Official Ans. by NTA (4)
R2=12+ R -1)?
RZ=r2+R2+1t2-2Rt
Neglecting t2, we get

-l— _ 1_1 —“_1
“f_(u 1)( )_
(3x1072Y

ol 2tu-D 2x3x10"3x[3—1j
2

_ 9x10™

~6x107x1
f=03m=30cm

Official Ans. by NTA (64)

2Gm
V. =,|— !
. R (D

10V, =,/2G—m Q)
R'

0o R
R'

R O_6H00
100 100

Official Ans. by NTA (30)

A 3
kmz—aj = —
)

1

= R

3

~-1
3 1 2
2x10 15 R

R=22_30
13

Official Ans. by NTA (2)

If distant objects are blurry then problem is
Myopia.

If objects
Astigmatism

are distorted then problem is

L
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15.

Sol.

16.

Sol.

17.

Sol.

ALLEN

Official Ans by NTA (2)

.
,
.
45%
.
,

QL R

Assuming that the right angled prism is an
isoceles prism, so the other angles will be 45°
each.

= Each incident ray will make an angle of 45°
with the normal at face PR.

= The wavelength corresponding to which the
incidence angle is less than the critical angle,
will pass through PR.

= 0¢ = critical angle

= 0 =sin"' (lJ
1l

= If 0. > 45°
the light ray will pass

= (0¢ )y, =sin” (é} =51.94°

Red will pass.

= (0 )y, =Si0" (ﬁ} =44.76°

Green will not pass

= (6¢),,, =sin”’ (@J =42.15°

Blue will not pass

= So only red will pass through PR.
Official Ans. by NTA (4)

M, BBl

vV u R
H_I.ZS B 1.4-1.25
v —40 =25
ﬁ__0.15_1.25

A 25 40
v=-37.58 cm

Hence option (4)
Official Ans. by NTA (25)
For simple microscope,

m=1+2
f()
6=1+2
f()
5-22
f

18.

Sol.

19.

Sol.

20.

Sol.

21.

Sol.

fo=5cm
For compound microscope,
(-D
fo 'fe
12— 60x25
5-1,
f.=25cm
Official Ans. by NTA (4)

r+r +90°=180°=r =90-r=90 -1
n;sini=mn,sinr’ =n,sin (90 —1)
. . . n,
nisini=n,cosi = tani= —%
n
1

Now sin C = 22 =tani

n,
= C=sin"' (tani) =sin ' (tanr)
Official Ans. by NTA (60)

At minimum deviation r; =1, = 5

Also giveni=2r, = A
Now 1.sini= \/§sir1r1

1sinA =x/§sin%

ZSin%cos% = \/gsiné

2
A_N3_A
—=— =30°
coso ==
A =60°
Official Ans. by NTA (3)
sin 0, 1 =L< sin 0
noo2p,
sin@ > sin 0.

0> ec
Total internal reflection will happen
Official Ans. by NTA (1)

. A+8m1n
sin
__ 2 )
()
sin| —
2
.(A+Aj
sin
__ 2 )
()
sin| —
2
B sin A 5 é
p= A" 0032
sin—
2
A=ZCOSI(EJ
2
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22. Official Ans. by NTA (1) 24. Official Ans. by NTA (2)
Sol. Standard graph between angle of deviation and
incident angle.
25. Official Ans. by NTA (50)
Sol.
Sol.
Image
Object \/ % C of mirror
< 12 “8cm 30 cm
For the object to coincide with image, the light
must fall perpendicularly to mirror. Which
) ) ) ) means that the light will have to converge at C
At maximum angle 0 ray at point B goes in gazing of mirror.
emergence, at all less values of 0, TIR occurs. Without the mirror also, the light would
At point B
4 coverage at C.
Zxsin®" =1xsin 90° So the distance is : 12+ 8 + 30 =50 cm
3 26. Official Ans. by NTA (1)
. (3 Sol. Using Newton"s formula
eﬂ:S]ﬂi (Z) (f+dl)(f_d2):f2
£ + fd, - fd, - did> = £
e,:(ﬁ_e.,) o _dd, _ 2dd,
2 d1 - dz d1 - dz
At point A 27. Official Ans. by NTA (1)
. 4 .
Ixsin®=—xsin0' Sol. L+i=i
3 vV, 30 10
. 4 . 1 2
$in0=—xsin| =" —=—=V,;=15cm
3 2 Vv, 30
sin9—4cos cosfl\/7 e
3 4 \1/2 10 10
— =0V, =
VZ
4 V;=30cm
3 OV;=75cm
28. Official Ans. by NTA (2)
e”
J7
Sol.
4 7 f
sin@ =—x £ : L
4 =D o
£ R
O=sin"'| — 1 1
e =, -1 E
23. Official Ans. by NTA (600) ’
Sol. For no bending, n; = n, l 1 _ W D—=(u, -1
-14 -4
1.2+10.8><210 =1.45+1’8X210 £ f feq R
On solui A 1o -w)
n solving, £ R
9x107*=2527 R
L =6x10" — =, — )
A =600 nm £
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29.

Sol.

30.

Sol.

31.
Sol.

ALLEN
Official Ans. by NTA (3) 32. Official Ans. by NTA (4)
Vi Va
—> —>
i / Sol. B A
f } \ Mirror used is convex mirror (rear-view mirror)
5 Vi = _mZVO/m
T Qiven.
_f _ f _ 10 _ 10
:7 f—-u 10+190 200
1
vV 1 V,m =———x40=-0.1Im/s
£ .. Car will appear to move with speed 0.1 m/s.
distance = — Hence option (4)
2 33. Official Ans. by NTA (2)
Option (3) Sol.
Official Ans. by NTA (2)
175-H
H
Height of water observed by observer
_H__H _3H
Shortest distance is 2a between I; & I; u, (4 / 3) 4
But answer given is for I; & I Height of air observed by observer =17.5 - H
( 43)2 n (23)2 According to question, both height observed by
observer is same.
av20.447a 3H 175-H
Option (2) 4
Official Ans. by NTA (5) —~H=10cm
i=A= §0° Option (2)
Omn=20-A GRAVITATION
=2x60°-60"=60 1. Official Ans. by NTA (2)
- ( S, + Aj d
sin BT
NE) Sol.

u : ! _I(A)
sin” | —
2

3 x10®
Vo =
prism \/g
AP=10><102><§

-2
time = 3 10 f f

=5x 10*10 sec Ans=5

C.0.1m. P
@<— 2d/3—><— d/3‘—>@

F=SC0M _ oy @3)
Sm _ 4
d? 3
= 0= 3§;n = 3fi}3m
3
=T= 2_7t =27 d
® 3Gm
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2.

Sol.

Sol.

Sol.

Sol.

Official Ans. by NTA (4)

Gmm Gm’

'TOR? T 4R®
Gmm Gm?
2T J2RY T 2R
Gmm Gm?

T WR? 2R
= F,=F, +F, cos 45° + F; cos 45°
_ Gm’ Gm’ 1 sz 1

R2 R R
(4+2f J
= G;f (ZJFﬁj = iz (1+2\/§)
=R (1+2\/§) =

G(1+22)
2
Official Ans. by NTA (1)
T, 1

T, 8
2n/o, 1

2n/o®, 8

o _8

o
B[\J

= V=

o, 1
Official Ans. by NTA (2)
Weight of pole=mg=49 N

At equator due to rotation = g, = g — R®?

so W=mg, =m(g—-Rw?

S Wp>W, Wp=49 N
So, W, =48.83 N. W.<49N
Option (2) is correct.

Official Ans. by NTA (1)

3
T

T=2n

(6400+600)x10°
GM

TA=2TE

Sol.

Sol.

Sol.

Sol.

3
Ty =21 x 109 |-

83
Ty = 27 x 10°
GM

=314 x 4.107 = 1289.64 =1.289 x103s
Official Ans. by NTA (3)

Let initial mass of sphere is m'. Hence mass of
removed portion will be m'/8

Fl mE =

Gm' Gm'8
Fz =m 2 2
(3R) (R/2)
_ Gm' _Grn ><4 1 Gm
"~ 9R’>  8x25 9 50
41 Gm'
50x9 R’
5 l 50%9 50

E 9 41 T 41
Official Ans. by NTA (2)

2:

_ oM
"\ R
Ml _ M2
R, R,
MR, = M,R,

Hence reason R is not correct.
Official Ans. by NTA (10)
-GMm -GMm 1 ,

1R R 2™

20GM
11R
Official Ans. by NTA (4)

Gravitational field of ring

__ Gmx
(k2 4x2)”
Force between sphere & ring
i GmM (/3R ) _GmM_8
(R~ 8R2)3/2 R? 27
Ans. 4)
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10.

Sol.

11.

Sol.

12.

Sol.

13.

Sol.

14.

Sol.

ALLEN

Official Ans. by NTA (4)

N

o

R/2

V

Force along the tunnel
F= —(GMmchose

R3
S L S =g,rcosf=x
R R?
a=-2x
R
=% T=2g R
R g
Ans. 4)

Official Ans. by NTA (4)
As per Keppler's 2nd Jaw, Areal velocity is
constant.
Official Ans. by NTA (4)
GM (r) C
- o | [3200km =R/2

soOA—— AB = R—r—S—R

9 9
OA:AB=4:5
Official Ans. by NTA (3)
By angular momentum conservation :
mv;r; = mvjr,

14
v, _ 4810 3000 m/sec

1.6x10"
=3 x 103 m/sec.
Official Ans. by NTA (3)
Ans. (3)
Energy given = U; - U

2
_o_ _3GM
5 R
GM?
R

3
5

15.

Sol.

16.

Sol.

17.

Sol.

18.

Sol.

Official Ans. by NTA (3)
(3) T o R

3/2
2—; = (132—;{} = T =3hr
Official Ans. by NTA (2)

T? «R?

57

T R

T2=T2x93

T =T %33

T=27T

Official Ans. by NTA (4)
For objects to float

mg = ma?’R

o = angular velocity of earth.
R = Radius of earth

g
0=,= ..
R (1)
Duration of day =T
2
T==" e
()
= T=27t\/E
g
6400 x 10’
=27, | ———
10

= 1 =83.775 minutes
60

= 84 minutes
Official Ans. by NTA (4)
ds

P

For small displacement ds of the planet its area

can be written as

ds
. L=
r
1
dA =—rd/
2
= lrdssine
2
A.vel = %_ 1 eﬁz Vrsin0
dt 2 2
dA _ImVrsinb_ L
d 2 m 2m
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19. Official Ans. by NTA (1) GM
C U
Sol. U=—— e oo
r
1 2R h
t== elll+—| -1
F = — dU —gz 3 g [{ Re j :l
dr or
mv> 24. Official Ans. by NTA (4)
|F| =— Sol. Angular momentum conservation equation
C f VoX2 = ViX)
mv
r—2 = . Vl — VOXZ
1 .
v oo = 25. Official Ans. by NTA (3)
I Sol. Density is same
20. Official Ans. by NTA (1) 4 4
. . _ 3 _ 3
Sol. At neutral point g =0 so graph (C) is correct M=—nR"p, 2m=—nR"p
Hence option (1). 3 s 3
21.  Official Ans. by NTA (4) R'=2"R
Sol. T’ <R’ _ GMm o — G2Mm
T _ kR3/2 R2 : 2 R 2
_Al/3
dr_S3dR 3, 002=003 ®, =270
T 2R 2 26. Official Ans. by NTA (4)
% Change = 3% oM
22. Official Ans. by NTA (2) M
Sol. T, =T (since ®, =w,)
23.  Official Ans. by NTA (4) 3P .
Sol. Sol.
2 v =y €—x—> <_8R—X_>
Acceleration due to gravity will be zero at P
therefore,
} = Escape velocity GM GO9M
x> (8R-—x)
8R —x =3x
x=2R
Apply conservation of energy and consider
Applying energy conservation from (1) to (2) velocity at P is zero.
1 2GM GMm 1 B GMm 1 2 GMm G9Mm _ GMm G9Mm
-m|—— |-——— = —mv" - Smyv — - =0- -
2 R, R, 2 R+r 2 R 7R 2R 6R
1 , GMm 4 GM
= —mv= = ,/——
2 R+r 7 R
N _ /2GM _dr 27. Official Ans. by NTA (2)
R+r dt AN
R.+h I/ \\
= J2GM j dt= j (VR+r)dr Sol. m%RT,L‘.m
1
\ ’
R +h AN e
2GM. t%[(mr)”} .-
R
3 3/2 ¢ sz 2
S -
¢ 1/G
0= —,|—
2R’




JEE (Main) Examination -2021

Sol.

29.

Sol.

30.

Sol.

31.

Sol.

32.

Sol.

ALLEN

Official Ans. by NTA (4)
Option D is correct

T2 = 47'52. 3
GM
B 4n’ ) r
G T
by putting values
M=6x 10"

Official Ans. by NTA (1)
Inside a spherical shell, gravitational field is
zero and hence potential remains same
everywhere
Hence option (1)
Official Ans. by NTA (2)
Energy is maximum when mass is split equally
SO M =2

m

Official Ans. by NTA (4)

100 kg

50 kg

{GM GM

{ “”}

Officnal Ans. by NTA (2)
MR,

°
/2

rd

MR,

\ 4

T
lsz _GMm GM,m _
2 r/2 r/2
1

2Gm
r

4G(M1 +M2)

T

mV? =

(M, +M,)

V=

Option (2)

33.  Official Ans. by NTA (4)

Sol. g, —— &

34. Official Ans. by NTA (2)
Sol.

MV?
net = R
2
V2F +F, = MV®

GMM GMM MV’

(\ER)2+(2R)2 R
1 >
R (—fﬂ v
GM(4+2) .,
T[ 42 J:V

GM(4+\/§)
R42

V=

Option (2)
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PV
HEAT & THERMODYNAMICS =P ViIn2)+ 0 + ﬁ
1. Official Ans. by NTA (4) v
1
Sol. Wlsothermal =nRTIn [&J Wﬂet ) RT|:IH(2) - 2(Y - 1):|
" Option (1) i t
B _ ption (1) is correct.
xlwbaﬂc =P OAV =nRAT 6.  Official Ans. by NTA (400)
Isochoric _PA 3RT
A(T) Sol. v, = .[—
P =P M
34 Vims \/T
e TV Ve)s _ [T
(Vrms)l Tl
>V
Vo _ 400 _ 2
W, = nRT In (2—\/} = nRT In2 300 43
v 2
(Vrms) = _(vrms)
W, = nR G—T) =—nR% SN R
2
W3=0 :>W1’1€[=W1+W2+w3 =$X200
W, =nRT | In2 1 400
2 (vrms)Zsz/s
2. Official Ans. by NTA (2) 3
Sol. (a) Isothermal = Temperature constant Ans. 400
(@) — (ii) 7. Official Ans. by NTA (1)
(®) ISOChOH_?_ = Volume constant Sol. A and R are true but R is not the correct
© f&i;);iil;): AQ=0 explanation of A.
= Heat content is constant 8. Official Ans. by NTA (2)
(C) N (IV) Sol. dU= nCVdT
(d) Isobaric = Pressure constant dQ =nC,dT
(d) > @) dW =PdV =nRdT (isobaric process)
3. Official Ans. by NTA (1) du: dQ -dW : C.:C.:R
Sol. AV = VyAT vooP
AV = SatqAT CRTR g
4. Official Ans. by NTA (4) 2 2
Sol. From the assumption of KTG, the molecules of | ¢ Official Ans. by NTA (50)
gas collide with the walls and suffers Sol. P =kV3
momentum change which results in force on the ot -
wall and hence pressure. T, =100°C & T;=300°C
Hence option (4) is correct AT = 300 — 100
5. Official Ans. by NTA (1) .
Sol. A — B =isothermal process AT =200°C
vV P=kV3
WAB = P1V1 ln 71 = PIVI 1n(2) now PV = nRT
1
B — C — Isochoric process - kV#=nRT
Wge=0 now 4kV3 dV = nRdT
C — A — Adiabatic process .. PdV =nRdT/4
1
PlVl—Ex2V1 PV {1—2} PV . Work = jpdv :j nRAT _ nR .
Wea = 4 = —_ 111 4 4
1-y l-y 2(1-v) 200 o _sonR
= ——Xn = n
Wiet = Wap + Wee + Wea {P1V1 = RT} 4
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10.

Sol.

11.

Sol.

12.
Sol.

13.

Sol.

14.
Sol.

15.
Sol.

ALLEN

Official Ans. by NTA (3600)
Given that mass of gas is 4u hence its molar
mass M is 4g/mol

g lmV2 =nC AT
2

—m><(30)2 Z%X%XAT
3600

3R

Official Ans. by NTA (3)
1(P,V,T)

/ PV” = constant

AT =

E 2(P,.V,.T)
5 Ly
vV, Vv,
PV%=c
RT 0, _
Vv
T =cl V%
1/2 1/2
L _(Y) (2%
Tl Vl Vl
L_p
Tl

Official Ans. by NTA (4)

(4) Translational degree of freedom = 3
Rotational degree of freedom = 2
Official Ans. by NTA (208)

1 T,

Official Ans. by NTA (26)
Let common equilibrium pressure of mixture is
P atmp. then

Ul + U2 = Umixutre
f f f
—PV,+—PV,=—P(V,+V
STy R Ty ( 1 2)

S(2)(45)+
=P=255 =xx10-!atmp

So x =25.5 = 26 (Nearest integer)
Official Ans. by NTA (2)
U=3PV +4

nTfRT =3PV +4

%(3)(5 5):513(4 5+5.5)

gPV =3PV +4

f=6+i
PV

Since degree of freedom is more than 6
therefore gas is polyatomic

16.

Sol.

17.

Sol.

18.

Sol.

Official Ans. by NTA (60)
We know that work done is

W= deV (D)

nRT
=P= .. (2
v ()
nRT
[ 3)
and V = KT2/ (@
nRT
=>W=[—0 . (5)
KT
— from (4) : dv = %KT’de
T,
= W= ;fi % Tf/3 dT
T
2

-T,=90K (D)
:Wz%nRx9O = W =60nR

Assuming 1 mole of gas
n=1

So W =60R

Official Ans. by NTA (25)
Q=AU+W

Q=aU+2
5
Q
5
4
nC,AT = < nCAT

AU =

%CV:C

c-3{5- 1)

c=2R
8

Official Ans. by NTA (3)
T =76,

p—

|
2
L1

0

mE

1

0,
Heat flow rate will be same through both
0,-6 9 0-06,
R R,

R,0,-R,0=R,6 -R6,

_ R,0, +R0,

R, +R,
Ans. 3)
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19. Official Ans. by NTA (3) 26. Official Ans. by NTA (2)
Sol. PV =(n; +n, + n;)RT Sol. Let the final temperature of the mixture be T.
Since, there is no loss in energy.
PxV= E+§+ﬂ RT AU =0
32 28 44
1 :>5nRAT+£nRAT—O
PV:[—+1+1}RT 2! 2 T
2
FI F2
_SRT :?an(Tl_T)-F?nZR(TZ_T):O
2V
20. Official Ans. by NTA (1) =T= Fin,RT, +Fon,RT, = /T, +Fn,T,
Sol. Heat and work are treated as path functions in FnR+Fn,R Fn, +Fn,
thermodynamics. 27. Official Ans. by NTA (2)
AQ = AU + AW Sol. 2)f=4+3+3=10
Since work done by gas depends on type of assuming non linear
process i.e. path and AU depends just on initial B C, 14 2 12 12
and final states, so AQ i.e. heat, also has to B= c, f 10
depend on process is path. 28.  Official Ans. b
. . . by NTA (2)
21 Official 11:;18 by NTA (4) Sol. (2) Option (a) is wrong ; since in adiabatic
Sol. A= - process V # constant.
V2rd’N AP Option (b) is wrong, since in isothermal process
A =102 nm T = constant
22. Official Ans. by NTA (4) Option (¢) & (d) matches isothermes &
Sol. o, > o adiabatic formula :
. . b4
Length of both strips will decrease TVi-1= constant & — = constant
AL, > ALy Y
29. Official Ans. by NTA (1)
Sol. Energy associated with each degree of freedom
1
23.  Official Ans. by NTA (113) per molecule = S kT
Sl gfﬁc‘allf;s- by ALLEN (-113) 30. Official Ans. by NTA (1)
ol. Ans. (-113) T Sol. Adiabatic process is from C to D
n=0.60=1=—-- WD = PV, -PV, — Py Vp =P Ve
T Ty 1-v 1-v
s - 200(3) - (100)(4
T =0.4 = T = 0.4 x 400 _ (1) 1(4 ® _ 5007 Ans. (1)
=160 K =-113°C 31. Official Ans. by NTA (4)
24. Official Ans. by NTA (1) Piston
Sol. Since each vibrational mode has 2 degrees of
freedom hence total vibrational degrees of | Sol. S, g/ S, |58,>5,
freedom = 48
f=3+3+48=54 After piston is removed
2 28
'Y = 1 + - =—-= 1~03 Smla] 5 Stota.l = Sl + SZ
f 27
25.  Official Ans. by NTA (4) 32. Official Ans. by NTA (3)
T, Q QW
Sol. m=_t=r="— (+W=Q-Q) _ PRI
T1 Ql Ql Sol. Vims = M
WY , _[BRT
800 Q, we A\ M
ALANPN S Q,=2W =24001J Vims _ |37
Ql 2 2 Vavg 8
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33.

Sol.

34.

Sol.

35.

Sol.

36.

Sol.

37.

Sol.

ALLEN
Official Ans. by NTA (1) 38. Official Ans. by NTA (100)
l l Sol.
[ | ]
K, K,
2] P(kPa)
[ 1
KCq
Reft = l + l = 2 AOr=""""7772
KA KA KA
_ 2KKK,
“ K, +K,
20F------
Official Ans. by NTA (1)
PV = constant \V4
Differentiating (liter)
dp_ P dP_ v
dv V. P v
Official Ans. by NTA (4) i%r So(;r)n plete cyclic process
AQ =AU + AW - from AQ = AU + W
Here AW =0 =0+W
AQ = AU = nCyAT AQ=W
5R = Area
AQ = 4x7(50) 500R -
_ =7 x (10 x 10°) x (10 x 10™)
Hence option (4). AQ =100 7
Official Ans. by NTA (4) - Ans. = 100
v - 3RT 39. Official Ans. by NTA (3)
RMS AL M Sol. PV =nRT
my < mg < Mc PVC.[T' . -
=V, >V, >V, Stralg.ht line with positive slope (nR)
40. Official Ans. by NTA (1)
IR G 1ol
VA VB Vc ) f
Official Ans. by NTA (4) ¢ 2
S=a’Bln HKR+3 vl
Ip? 41. Official Ans. by NTA (17258)
Q Sol. Process of isothermal
S =—=joulek/k
T W =nRT/n [&J
[a? B] = Joule/k Vi
_ uKR | =1x8.3 %300 x In2
PV =nRT { Ip’ } =1 = 17258 107 J
Toul 42. Official Ans. by NTA (3)
R = oute Sol. As per Equi-partition law :
K Each degree of freedom contributes
Joule Joule Joule
=R= K K= R =>B= ( X %kBT Average Energy

o’ = (Jo;le}

= o. = dimensionless

In monoatomic gas D.O.F. =3

= Average energy = 3 x%kBT = %kBT




In °C = 372 -273 =99°C
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43. Official Ans. by NTA (57) . . 48. Official Ans. by NTA (25)
Sol. By r}ewtpn’s law  of cooling  (with | gol. -- mean free path
approximation) )
AT B N
E - (Tavg Ts) \/Endzn
1 19C__c0ec-25°) A, _din,
5min ”, dfnl
C=—min! 2
45 (5Y _ B B
ot T=65 [T+65 —25} _ _[lj[nmj {10) =025 =25x10
Smin 2 45 2 49  Official Ans. by NTA (3)
= 9(T-65=-(T+15) 3
— 10T =570 Sol. KE = EkT
= T=57°C N
Alternate Solution : PV =—RT
Newton’s law of  cooling (without A
approximation) PV
TP_TS:(T;_TS)670 Nzﬁ
11
I 65-25=(75-25) C "= 2 =N=15x10
5 50. Official Ans. by NTA (2)
n _ 4 _
2 T-25=(65-25)¢"C =40 x 5" 32 Sol. Work done in adiabatic process = L?(Tf - Tl)
T =57°C -
44. Official Ans. by NTA (4) L Wap= R (T,-T,)
Sol. Cp — Cy = R for ideal gas and gas behaves as -1
ideal gas at high temperature _nR
SO TP>TQ and WBC= 1(T2 _Tl)
45. Official Ans. by NTA (2) B
Sol. PV’ = const. " Wap = Wpc
TV = const. 51. Official Ans. by NTA 4)
2 AT
T(/)3 = const. Sol. AL =K(T,-T;) T,=average temp.
2/3
5 = [E_ZJ Ts = surrounding temp.
T l _
2\ 61 59=K 61+59_30 )
46. Official Ans. by NTA (2) 4 2
Sol. (&) z(ﬂj S1-49 _ (51449 o
At Ja At Jg T >
mS, (ﬂ) —mS, (ﬂ) Divide (1) & (2)
At Ja At Jg i_60—30_£
( AT j 4 50-30 20
S, \At/), _97/6 15 3 $0, t = 6 minutes
g T (AT " 120/3 4_0 - g 52. Official Ans. by NTA (2)
E Sol. Since, each vibrational mode, corresponds to
47. Official Ans. ]i)y NTA (4) two degrees Qf freedom, hence, f = 3 (trans.) +
T 3(rot.) + 8 (vib.) = 14
Sol. n=1--%...() 2
T, & y= 1+¥
T, —62 T 62
2n:1_u:1__L+_ Y=1+£=§
Ty Ty Ty 147
62 1 62 nRAT
>N=—=>—=—=>Ty=6x62=372K = =-582
T, 6 T, v-1

As W < 0. work is done on the gas.
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Official Ans. by NTA (4)

53.

Sol.

54.

Sol.

5S.

Sol.

56.

Sol.

ALLEN

Official Ans. by NTA (1)
AQ=AU+AW
AQ AU N AW
At At At
6000 J _2.5x10"
60 sec At
At =250 sec
Option (1)
Official Ans. by NTA (1)
3RT
M

A

90

vRMS =

1

At the same temperature Vp,,q o€

=V, >V, >V,

Option (1)
Official Ans. by NTA (3)

X Y V4
m; =m m; =m mz; =m
T,=10°C T,=20°C T; =30°C
S1 S2 S3

when x & y are mixed, T, =16°C

m;s; T + mys,T5 = (m;s; + mys,)TH;
S1 X 10+ 85 X20 = (51 + $2) X 16

2 .
S, ==8, ....(1)

3
when y & z are mixex, T; =26°C

Now

57.
Sol.

58.

Sol.

59.
Sol.

60.
Sol.

mzszT + m3s3T3 = (m3s3 + m3s3)Tf2
SzX20+S3 X30=(82+S3)X26
3 ..
S, = Esz ..... (i1)
when X & z are mixex
m;s; T} + m3s3T;5 = (mys; + m3s;3)TE

%sz ><10+§s2 x20 =(%sz +§SZJTf

Ty =23.84°C
Ans (3)
Official Ans. by NTA (3)
V=4x10"m’
n = 3 moles
T = 400K
PV = nRT = p = RT
p_3x8:3x400 _ 5, 9410° pa
4%107°
Ans 3
Official Ans. by NTA (1)
dH
L _cop=-d
TH - TL dﬂ
dt
263 ;5_dH
35 dt
d—H = 263 watts
dt
Ans.1
Official Ans. by NTA (4)
P, =pRT
ﬂ _ p.T,
P, p,T,
P PT, (7_6j 200
p, PT 45 ) 300

p, M, 76x266
—_—— =
p, M, 45x300

2

M, = X300x185 oy ke
76 %266

Official Ans. by NTA (2)

2000 T B
A ¢ loo°C

D
125°C

Rods are identical so
Rap =Rep = 10 Kw™
C is mid-point of AB, so

¢




® ALLEN JEE (Main) Examination-2021

Rac = Reg =5 Kw™ T, 58 1
at point C T T 2
200-T T-125 N T -100
5 10 5 3.8 1
2200 -T)=T - 125 + 2(T - 100) 4 T, 2
400-2T=T-125+2T-200 1 8
725 —=—=T =232
T = T = 1450C 4 Tl
_ 3
C_lastias o 20 T, ==x232
10 10 4
65. Official Ans. by NTA (1)
61. Official Ans. by NTA (1) P g v
a_ _
Sol. V.. = 3KT Sol. _[ P aJ- dv
Po
rms pO
(Vrms)H =4 X rms p = poeiav
=4 % 160 = 640 m/s For temperature maximum p-v product should
62. Official Ans. by NTA (1) be maximum
Sol. Change in P.E. = Heat energy ToPV _ pove ™
mgh = mSAT nR R
gh dT Py (- _
AT - — 0 av av (
S . O:R{ +ve™ ( a)}
= M =0.147°C poe‘av
4200J / kgC T{1—av} =0
63. Official Ans. by NTA (500) 1
SO] Qin=300J;Qou[=24OJ V:—,w
Work done = Q;, — Qoue = 300-240=60] a |
p p
Efficiency = 1 60 l T=—t—=—0
Q.. 300 5 Rae Rae
T at v =00
efficiency = 1-—% T=0
T, Option (1)
1 - 400 _ 400 _ 4 66. Official Ans. by NTA (1)
5 T, T 5
T, =500k
64. Official Ans. by NTA (1) Sol.
Sol. T, = sink temperature
T
=1--2
n T,
l _ I—L Thermal resistance of spherical sheet of
4 T, thickness dr and radius r is
L_3 :K(jr 2)
—==— ... ( nr
T, 4 5 g
1 . T,-58 R=[——
—=1- * K(4nr?)
2 T, !
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67.
Sol.

68.

Sol.

69.

Sol.

70.

Sol.

ALLEN

R = R i 1)1 (5-g
47K r, 47K nr,
Thermal current (i) = —2— b,
4 Kr,
4nKrr, AmKnn 6 _0,)

L —r

Official Ans. by NTA (3)
PV =nRT

400 x 10° x 500 x 10°=n (235) (300)

2

25

n=n +mn
2 M M,

+
25 2 32
AlsoM, + M, =
M, 16
M, 3
Official Ans. by NTA (480)
v=1.5
pivi’ =pava’
(200) (1200)"° = P* (300)"~°
P, = 200 [4]*” = 1600 kPa

PoVs =PV, _ 480 —-240

v—1 0.5

Official Ans. by NTA (2)

mass of ice m = pA/ =10’ x 10*x 1 =10" kg

n=

0.76 gm

[W.D.| = j = 4807

Energy required to melt the ice
Q =msAT + mL
=107 (2x10°x 10 +3.33 x 10°) =3.53 x 10*J

2
Q=1{RT=3.53x 10" = (%) (4x10%) (0

Time = 35.3 sec

Option (2)

Official Ans. by NTA (3)
PT? = constant

( nRT

JT3 = constant

Y
T* V™! = constant
T =kV
= 4£ = ﬂ ......... (D)
T A\

AV = VyAT............. 2)
comparing (1) and (2)
we get

4
=

71.
Sol.

72.
Sol.

73.
Sol.

Official Ans. by NTA (25)
Pressure is not changing = isobaric process

— AU=nC,aT=MRAT

and W = nRAT

Ezézi:ﬂ:zjoo
W 2 10

Official Ans. by NTA (500)

Given

Translation K.E. of N, =

ngzeV
2

K.E. of electron

%x1.38x10'23T =1.6x107"" x0.1

= T=773k

T =773 - 273 = 500°C

Official Ans. by NTA (8)

Thermal force F = AycAT

F = (10 x 10 ) (2 x 10™) (107)(400)
F=8x10°N

=x=8

¢

KINEMATICS

Sol.

Sol.

Official Ans. by NTA (2)
Slope of v-t graph gives acceleration

M@ (—ve) / lope (+ve)

Slope (- Ve) Slope (+ve)
M
= Acceleration will be
a

B

A i M

Official Ans. by NTA (4)
F = —ax2

ma = —ox?

Vo 0 m
0 X
vy ofx
2 m\ 3
Vo 0
2 3
Vo __O X
2 m 3

Option(4) is most suitable

option as (m) is not given

in any option
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3. Official Ans. by NTA (1) 7. Official Ans. by NTA (1)
Sol. (v')2=u2+ 2ad - - - Sol. For 0 <x <200
v2 = (V)2 + 2ad LI S v=mx+C
solving, we get ¢ B V= lx +10
2, 2 d d 5
yo Y tu i
V"2 a=ﬂ=(3+10)(—J
4. Official Ans. by NTA (2) dx A5 5
- a= 15 +2 = Straight line till x = 200
25m \I' I" particle for x > 200
Sol. H 10 m/s v = constant
.ll\l particle =a=0
u=0 a(ms’)4
T
. . .S, 20
Time for particle to meet=t'= & = — =2sec = 18
rel
Time taken by Ist particle to reach ground = 3sec 2 .
1 0" 700 400 x(m)
H= Eg (3)=45m Hence most approriate Yonp;tion will be (1),
. otherwise it would be BONUS.
> Official Ans. by NTA (1 8.  Official Ans. by NTA (2)
Sol. y=oax-fx Official Ans. by ALLEN (Bonus)
comparing with trajectory equation Sol. Given :
2 - 22 A ~
y=xtan9——% v=0.5t 1A+3t!+9lf
2u’cos™ 0 V..., =2i+6]j+9k
tan 0 = a = 0 =tan-la . Angle made by direction of motion of
B= 1 g mosquito will be,
2 u’cos’ 0 a2 . V117
cos — (from x-axis) = tan~
w=_ 8 11 2
2Bcos’ 0 4 6 " L V85
Maximum height : H cos 11 (from y-axis) = tan 6
u’sin® 0 g sin’0 9 J40
H= = -1 7 _ax] _ -1
2¢ 2Bcos’ O 2¢g cos T (from z-axis) = tan 9
tan20 ol None of the option is matching.
= 1 = B Hence this question should be bonus.
B 4B 9.  Official Ans. by NTA (120)
6. Official Ans. by NTA (2) Sol. Ans. (12)
Sol. Draw vt curve 12sin6 = v,
sinf = 1 Vem 12N 9
Vi 2 ¢
6 =30° V=6
Soo=120°
10. Official Ans. by NTA (3)
0, 0, Sol. Vo = OLtl and 0 = Vo — Btz = Vy= Btz
tl + t2 =t
v v
tan0, =a =—""% 1 1
L Vo E+B =t Vo
—_ —_ Vmax t 1
& tan0, =a, __t2 = v, = ap . time
o+f
+ above Distance = area of v-t graph
t 2
L& = — XtXVvy=— Xtx op = opt
t2 a 2 o+ B 2 ((X + B)

E L 4
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Sol.

12.

Sol.

13.

Sol.

14.

Sol.

15.

Sol.

ALLEN

Official Ans. by NTA (2)
2)v=vy+gt+Ft2

ds =vy+ gt + Ft2
dt

jds = j (Vo + gt + F2)dt
0

2 3
gt” Ft
s= {V0t+—+—} S=vy +
2 3
0

Official Ans. by NTA (2)

Option (2) represent correct graph for particle
moving with constant acceleration, as for
constant acceleration velocity time graph is
straight line with positive slope and x-t graph

should be an opening upward parabola.
Official Ans. by NTA (5)
A

2 |09

F
+ —
3

10m/s

10sin 30° =x
X =5m/s
Official Ans. by NTA (3)

Official Ans. by NTA (4)
N Vv BW =Velocity of butterfly
1 in frame of wind
42
45
W E

16.
Sol.

17.

Sol.

18.

Sol.

19.

Sol.

Sy = Vg xt=(41+3j)x3=12i+9]

S| =/(12)" +(9)" =15m

Official Ans. by NTA (3)
L = Length of escalator
L

blesc — .
1

When only escalator is moving.

when both are moving

Vb/g = Vb/esc + Vesc
t,t
Vb/g=£+£:> LR
t, Vb/g t, +t,
Official Ans. by NTA (3)

In 4 sec. 1% drop will travel
= %x (9.8)x(4)> =784 m

. 2" drop would have travelled
= 784 -343=44.1m.
Time for 2™ drop

1
—(9.8)t> =44.1
2( )

.. each drop have time gap of 1 sec

.. 1 drop per sec
Official Ans. by NTA (1)

t=Il’1X2+1’1X

l—dt—me+n V= 1

v dx : 2mx +n

dv _ _2—m(d_"}
dt (2mx + n)2 dt
a=—(2m)v’
Official Ans. by NTA (3)
dV . F
=a
dt m
dr

dt

F=(si+2])m
Att=10sec

i =[(8§+2})50Jm

f= (400?+100})m

(8iA+2})m/s2

(8t1+2t])m/s

¢




From quadratic equation

w/Zg h=+,|2¢g ——E
t

1°

g
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20. Official Ans. by NTA (3)
u=10m/sy | g V2eh- 3 B2
. il N
- t g 3 +2
! > 2gh + 3
Sol. 7sm | 23.  Official Ans. by NTA (30)
1
: [
1
-t Sol.
Object is projected as shown so as per motion 0
under gravity 30°
S=ut+Lat’ v
—ut+ E a Both velocity vectors are of same magnitude
1 therefore resultant would pass exactly midway
—75 = +10t +5(—10) t* =t=5sec through them
_ 6 =30°
ObJect takes t = 5 s to fall on ground 24.  Official Ans. by NTA (50)
Height of balloon from ground
=75 +ut Sol 35m/s 35m/s
=75+10x5=125m o
21. Official Ans. by NTA (2)
Sol. V—Ott+[3t2 t=0 D @) = 3sec
ds_ = at+pt’
dt When both balls will collied
% % Yyi=Y2
(xt + t 1 1
Il ! ) 35t—5x10><t2=35(t—3)—§x10x(t—3)2
2
1 1
S,-S, = £+B—t 35t——x10xt* =35t—105—=x10x t*
2 3] 2 2
As particle is not changing direction _l x10x 32 + l %10 x 6t
So distance = displacement. 2 2
al4-1 8—1 0=150-30t
Distance = [ ] + B[ ] t=35sec
2 3 .. Height at which both balls will collied
1
_3a 7B h=35t——x10x ¢’
2 3 2
22. Official Ans. by NTA (3) —35%5 —lx 10x 5
Sol. 2gh 2
Now, h=50m
h Ans. 50.00
S = — a=-g 25. Official Ans. by NTA (3)
3 Vp = uoi
1, ="
S=ut+ —at ! l
2 :
h 1 i
—=4/2ght+=(-g)t i
5 - V2eht+o(-e) i
¢ (%}—Jgh t+%=0 Sol. 5

straight line vertically down
Ans.3
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Sol.

27.

Sol.

28.

Sol.

ALLEN
Official Ans. by NTA (12) 29. Official Ans. by NTA (3)
helicopter
V =+/5000 + 24x N ‘T-V;“~
d_V 1 12 \\\ SN <
dx 2450001 24x /5000 + 24x ",
\\ \
now a = Vd—V h D N \
dx Sol. N \‘
12 N
=+/5000 + 24X X ——n—e= AN
/5000 +24x Ve AN
R Man
2h
Official Ans. by NTA (4) R = E v
3 @i
hI D=+R’+h’
2¢ H=9.8 n )
= [ — -VJ +h?
1 &
77779777777777777 5
2h
D= |~ +h?
H=—gt’ g
Option (3) is correct
9.8x2 30. Official Ans. by NTA (1)
98 =t Sol. y=mx+C
| 2_ 20 +20
= \/5 sec V= EX
At: time interval between drops vi=2x+20
1 2v dv_ 2
h=—g(2 - Aty dx
2 . dv
1 \/_ ) .a= V& =1
= —g(v2 -2At
0= ) 31.  Official Ans. by NTA (2)
2 .
At = By Sol. Range R =2 51029 . nd same for 6 and 90 — 0
B g
V2 So same for 42° and 48°
2 2 .2
h= lg f_i :lxg‘gxl=%=2_45m MaximumheightH:u sin” 0
2 V2) 2 2 4 2g
H is high for higher 6
H-h=98-245 So H for 48° is higher than H for 42°
=7.35m Option (2)
Official Ans. by NTA (3) MAGNETISM
UZsin2 0 1. Official Ans. by NTA (4)
H= 2g Sol. Soft ferromagnetic materials are materials
2, ) which can be easily magnetised and
(25)”.(sin45) ) .
=50 15.625 m demagnetised by external magnetic field. When
X
_ o external field 1is applied, the domains
T= Usin® = 25xsin45 experiences a net torque hence change its
g 10

=25%x0.7 =177s

orientation.

Hence option (4) is correct




=4 x 104 x7203.82=2.88 J/T
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2. Official Ans. by NTA (2) 6. Official Ans. by NTA (3)
Sol. F= q(VxE) _ 9 (l3><]§) = Faed Sol. $1nce force on a p.01nt charﬁgeﬁby nlagrietlc field
m m is always perpendicular to V|:F =qV x BJ
thus F, : F,:F; = a4 . Yo . R EN . Work by magnetic force on the point charge
o M, my is zero.
e e 2e 7. Official Ans. by NTA (3)
m 2mp'4mp Sol. E. = BO(X-i—d)Vd
- Bi=E—m//—V
a
=%:% 2 22101 B (x) o,
E,=—""vd
Now for speed calculation ? a E E
1 E,=E, -E, T 71"
P =constant = voc— 5 d
m E - B,v,d X X
net — —
thus vy : vy 1 vy = LLL a
m,  2m_ 4m, 8. Official Ans. by NTA (2)
_1 . 1 . 1 —4:2-1 Sol. (2)B=2XB§twire+Bloop
1 24 B oo Hol Mol
3. Official Ans. by NTA (2) 471:r 2r (21
Sol. We know, the magnetic field on the axis of a 1,
current carrying circular ring is given by B= 4_m(2 + n)
zh% 9.  Official Ans. by NTA (1)
an (R2 +X2) Sol. Every part (d¢) of the wire is pulled by force
B, 8 R2+(0.2) 2 i(df)B acting perpendicular to current &
B T | R? +(0.05)° magnetic field giving it a shape of circle.
AR + (0.05)7] = [R? + (0.2)7] 10. Official Ans. by NTA (1) .
Sol. Statement (C) is correct because, the magnetic
4R?-R2=(0.2)2 -4 x (0.05)2 field outside the toroid i d they f
AR?_R2 = (0.2 — (0.1 teld outside the toroid is zero and they form
AR? = 0.3 x 0‘1 ) closed loops inside the toroid itself.
=4 : Statement (E) is correct because we know that
R2= €0~1)2 = R=0.1 super conductors are materials inside which the
4. Official Ans. by NTA (4) net magnetic field is always zero and they are
Sol. (4) conceptual perfect diamagnetic.
S. Official Ans. by NTA (3) =1+
e r By xX= -1
Tem| e T u=0
._._1_89.1_1:1_._9._ T.'::;, F duct
Sol. GLZ* 5B, or superconductors.
Tem| - B, 11.  Official Ans. by NTA (2)
o B=2B, sin 0 Sol - g _ x/2mk
ie 24&“21 L =04x104
T r T md
mx7 A / - \/5
=2x107x — S5 X 10#=0.4x%x 10+
(7" +18%) Hence optlon (2).
4x107 x(373)*? 12.  Official Ans. by NTA (4)
= 14 Sol. Atand=tand'cosO
14 = tan45°cos30°
M=mxl4cm=mXx —
100 tan 8 = 1x g
0.04x (373" _ 14
= - X —
14 100 §=tan"' [g}




Vi 9% vy :zx(z) _4
q v, q¢ VvV, 1 \3 3
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Official Ans. by NTA (2) 18. Official Ans. by NTA (3)
SOl. K=o (1 +Xy) _c
= 47 x10 7500 Sl V=
4 H.E,
=27 x10 * H/m =3.33 x 10" m/sec
14. Official Ans. by NTA (1) PRy
Sol. As temperature increases, domains disintegrate 19. Official Ans. by NTA (8)
so ferromagnetism decreases and above curie Sol. T=2r /L
temperature it become paramagnet. MB
15.  Official Ans. by NTA (2) B=80x10"=8mT
Sol. If apparent dip circle is at an angle o with true | 20. Official Ans. by NTA (1)
dip circle then Sol. q=CV
o [Cc]=|4]|= (AxT)”
True dip circle V| MET?
; > By =M'L? T'A?
[F|] MLT?
— v [E] = _:| =
tan ¢ B, q AT
=MLT” A
v F= 9%
By dne, r
Apparent dip circle [€o] = M 'L°T*A?
X > Bycos a Speed of light ¢ =
tan ¢' = Ho o
B, o= —
; e ¢
tan ¢' = ang 1
cos [1o] =
Bv [M_IL_3T4A2 ][LT—I ]2
Ascosa <1 = [M'L'T?A?
21. Official Ans. by NTA (3)
Hence true dip () is less than apparent dip (¢’) Sol. - Graph for wire of radius R :
16. Official Ans. by NTA (22)
Sol. B =p.(H+D)
I
B=pH 1+—
w15
B = By(1+x)
B-By,=Bx Asb>a
B- B() —x Ba > Bb
B, B. < ol B, = VIS
B-B, ~ _ D)) 2ma . 21b
— o 00=100x =22 107= o7 22, Official Ans. by NTA (4)
e 2 .
17.  Official Ans. by NTA (2) Sol. B, = MR g K
myv, Z(R2 +x2) ‘ 2R
SO]- R == ﬂ = & = ﬂ M()i ,"L()ia2
qB R2 sz centre — Baxi% :—3/2
—= 2a ‘ 2, .2
q,B 2(a +r )

... fractional change in magnetic field
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i uoiaz 26. Official Ans. by NTA (2)
2a 2(a2 + rz )3/2 P \/ 2m.k
- : =1- Sol. = —B = —B
Hol a a
2a 1+ Given they have same kinetic energy
1|13 | 31 roc @
2a*| 2a° a
5 \32 302 r \/Z y 3 3
T T A -
Note 1+—2 ~ 1———2 r, 2 16 4
a 2a
[True only if r << a] L, = ﬂ
Hence option (4) is the most suitable option 3
23. g/lffiaal Ans. by NTA (1) (1, is for hearier ion and r; is for lighter ion)
1
X X X
T >M; ON\R
Sol. lBl X X
o d
=M, xB,
X X
T=M,B, sin90°
M X X X
=1x%—131 =107 N.m
T
(1) sin@ = —
Ans. 1.00 R
24. Official Ans. by NTA (543) 0 — Deflection
Sol. V=12kV |
Number of revolution = n 0 E
n[2xq, XV]‘sz *Ve (R — Radius of path)
-19 3
n[2x 1.6 x 107" x 12 x 10 “R,>R; = 0, <6,
2
1 _ 3x10°
= 5 x1.67x107 x{ } 27. Official Ans. by NTA (3)
n(38.4x107"%) = 0.2087 x 107" Sol. In triangle shape N, = 22 _g
3a
n=>5434
Ans. 543 In square N_ = 242 _ 6
25. Official Ans. by NTA (3) 4a
M, = NJA, [I will be same in both]
Sol. ? M3 NsIAs
V3o,
10 cm 3 8 x 4 xa
L. ~ 6xa’
T=MxB = MBsin90°
. M 1
1\/§£2 okl S
=MB= 2 B M, NG
=/3x10°N-m y=3

Ans. 3
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28. Official Ans. by NTA (1) 30. Official Ans. by NTA (4)
\@/
ko _ Sol.
i
Sol. a
c 4
B= S{M(sin 60°+sin 60°)}
47r
o_L12
when x < a an60° = "
i 9x107
B, (2nx) = o ? Where r = M
+(27) ”°[na2]nx 2\3
o, ~B=3x10"T
B(2nx) = M1, X Current is flowing in clockwise direction so, B
is inside plane of triangle by right hand rule.
. 31. Official Ans. by NTA (250)
ix
B] — l‘lo 02 (1) S()l AM Au 250 l
2ma .
™M Tl 7500 2
whena<x<b 1 X =250
B1(27X) = Wolo 27499
32. Official Ans. by NTA (1)
B, < VIR 5 Sol. Conceptual question
iy ~(2) Option (1)
33. Official Ans. by NTA (1)
i X Sol.
E B p‘o o 27'[3.2 _ ﬁ
B, Wi, & 2y

27X

29. Official Ans. by NTA (1)

X P(x,y)
i

Sol.

Bdue to wire (1) =

1 [sin90 +sin 61]
ny

dx

No. of turns in dx width =

. i ﬁl[H%} ...... W
(e ey

I, . .
Bdue to wire (2) = :l_:c; (Sln 90° + sin 92 )

Np, i b
b= 2(b,ﬁ)a)€n£gj e R A Y
i m
Option (1) Total magnetic field
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B=B,+B; 6. Official Ans. by NTA (4)
B:M_OI 14_ X +l+ y Sol. :EZL
4 |y y\/x2+y2 X x\/x2+y2 P y2mqV
i 2, .2 by 4m_x2e
potul| Xty X Hy 2o Mabe o T _ R0 2
4m| xy xy\/szry2 Ao m, q, m xe
B—u—"I x+y+«/x2+y2 =2\/§
4m| xy Xy by
L }L—p =2x%x14=2.38
Bzu—ol[wlx2+y2 +(x+y)} a
4mxy 7. Official Ans. by NTA (3)
Opti 1
ption (1 Sol. T,=t;T,=2t
MODERN PHYSICS 3T = 6t
1. Official Ans. by NTA (4) o
Sol. If linear momentum are equal then wavelength N;'=Ny
also equal N e 6t = N o6t
h hc 1 2
= E== )
N )6t [n2] P x6t 129 R
On decreasing wavelength, momentum and N_l (u)er — ¢ ( g ] = e =" =8
energy of photon increases. 2
2. Official Ans. by NTA (3) N, 8
Sol. A — Series limit of Lymen series. N = 1
B — Third member of Balmer series. :
C — Second member of Paschen series. 8. Official Ans. by NTA (4)
3. Official Ans. by NTA (2) | 1
h SOl- —= R[—z - —zj
Sol. A=— Py rr 2
mv
Ap=hy A =121.8 nm.
mpVp = MV, 9. Official Ans. by NTA (1)
mpvp = 4mpva (m, = 4mp) h
Ve _ 4 (Option 2) is correct Sol A -V 1836
A o, h
4. Official Ans. by NTA (1) m_ v
1240
Sol. A, =W(nm) 10. Official Ans. by NTA (3)
_ 140 Sol. = g+ev,
1.24x10°
Option (1) is correct. 1240
5. Official Ans. by NTA (2) o1~ ¢ +OTL -1
1 1
Sol. AE=13.6| ——-— |=hv 1240 _
It is maximum if n; = 1 and n, =2 “ % =382 nm Ans.
N=5 et —0.544 eV .
R ~0.850 eV 11. Official Ans. by NTA (10)
N=3 e -1.511eV hc 2
I 34eV Sol. —==me
N=1 e -13.6 eV b
Option (2) is correct. m= —




Sol.

13.

Sol.

14.

Sol.

15.

Sol.
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12. Official Ans. by NTA (3) 16. Official Ans. by NTA (1)
1 1 1 Sol. KE,,,=hv-¢
P e
1 —mv’ =hv-¢
1 gL 1
PR FEE o [2(hv—9)
11 m
A 19 16] 7 Given hv, = 2¢
kz_{l_l}_9x15 hv, =10 ¢
16 SV hv, —¢
N_T Ve Vv
Ay 135 vV, [2¢-¢ 1
Ans. (3) v, 100—¢ 3
Official Ans. by NTA (2) 17.  Official Ans. by NTA (4)
Resolving power oc 1 Sol. Stopping potential changes linearly with
A frequency of incident radiation.
Since wavelength of electron is much less than | 18.  Official Ans. by NTA (15)
C . . Sol. For 1stline
visible light, its resolving power will be much more. ) 11
Official Ans. by NTA (1) — =R22 (_2 __2)
n=5  054eV A 2° 3
n=4  0.85eV i = Rz2i _____ )
n=3 15leV M 3
For 3rd line
Emit & n=2 E=-34eV 1 (1 1
Photon n=1 E=3.6eV ' 2 5
(AE) Releases when photon going fromn =5 to 13 , 21
n=AE=(13.6-0.54) eV = 13.06 eV. PR (i)
Photon P = h/, (il) + (@)
Moo 2l 30 s12=1512% 100
Ay 100 5
Mass of atom X =~ 1.5
P, = P; (By linear momentum conservation) 19. Offic;lal Ans.hby NTA (;1‘)
h h . Sol. A=—= =
0= X —Mv = VRecoil = m o '(1) mv \/ZmK \/quV
A m
& AE=E=£XM jMCVReCOi] _1: 2
A M A, \/ m,
AE  13.06x1.6x10™" A m
L= = =4.17m/sec ¢ = |2 =4/1831.4 =42.79
el Me o 1.67x107 x3x10° A, \\m,
Official Ans. by NTA (3) 20. Official Ans. by NTA (2)
Let initial activity be A, Sol. A =AN
In2
A=A e () N =nN, (tl/z = HTJ
A . A
5 =Aee ...(i1) N = [1.5;9180 JNA
@) + (i)
5= ek(tz—tl) A= EJN
t
ﬁ 5 1 _ 172
A=—2 =2 p=bTh 1 Curie = 3.7 x 1010 Bq
L-t . [0S A =365Bq
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21. Official Ans. by NTA (2) 28. Official Ans. by NTA (3)
SO]. Nl =N C_M‘ 2
' sol. F="9U _ 4y ;-1
& —e M dr r
N, mv2 = 4Ur
0.67=¢"" )
voor
In(0.67) = -\,
-t nh
N, =N, e " mvr = —
N 2n
Y2 :e—kt_ 5
N, r3ocn
0332t rocnl/3=3
ln(0.33) - —7\.t2 29. Official Ans. by NTA (2)
In(0.67) — In(0.33) = At; — At, Sol. E 1 roc 1
0.67 r m
Mty —ty)) = In| —
(L=t (0.33) Eocm
Alt,—t,)=1In2 (Mass )eV
In2 Ionization potential = 13.6 x ~——+/——
t, —t, :thl/Z (Masse)
Half life = t;, = 20 minutes. =13.6 x 207 eV =2815.2eV
22.  Official Ans. by NTA (2) 30. Official Ans. by NTA (4)
Sol. We know velocity of electron in nth shell of h
hydrogen atom is given by Sol. L=—
2nkZe* 1 P
V= R
nh n 7\413 pe meve
23. Official Ans. by NTA (2) ==
12 A, p, myV
h he A, 1( E P
SOl. }\41 = }\42 =— _1 = —| —
V2mE . E. 2%, ¢c(2m oM | Ve
24. Official Ans. by NTA (2) m | 4v,
Sol. Energy of H-atom is E = — 13.6 Z2/n2
for H-atom Z = 1 & for ground state, n = 1 m _m. Ans. (4)
12 '8
=>E=-13.6x — =-13.6eV
I © 31.  Official Ans. by NTA (4)
Now for car;?n atom (single ionised), Z = 6 Sol £ my_p m, _ )
E=-13.6 — =-13.6 (given) gB gB m,
n
=>n2=62=n=6 L p,q, 2
25. Official Ans. by NTA (25) T T T
IA Lo 9P, 1
-6 8 P Y
o FC_25x10°x3x10° _ o, Po 4o \2
A 30 p
26. Official Ans. by NTA (4) P
Sol. (4) Conceptual Py
27. Official Ans. by NTA (1) ,
| & =&ﬂ =(1) 4)
Sol. (1) Emvl =hf, - ¢ K, pb m,
L v = hty—o 32.  Official Ans. by NTA (2)
2 Sol. It is possible only inside the nucleus and not
2 2 _2h
Vi—=V, = E(fl -1, ) otherwise.

E L 4
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Official Ans. by NTA (1) 1 The P
1 =hv+—| —
Sol. Resolving power (RP) o o ZM[ C }
aoph_h =h\{1+ hvz}
P mv 2MC
mv 36. Official Ans. by NTA 4)
So (RP) o« — B
0 (RP) oc— Sol. 151 n =3
RP oc P 34 n =
RP oc mv
RP «cm 13.6 n =1
34. Official Ans. by NTA (4)
B 35>2=189eV
A 5x10°*T r=7mm
Sol. 2 RB 2
A r:ﬂ:mV:qu:E=P—=(q )

C

o
N

Given A, :ﬁ/year, A, zlin—ozo/year

A = 40, —€n2[1 ! }
700 1400

_ 3n2

1400
Now, Let initial no. of radioactive nuclei be
No.

N
. 0 _ et
L—2=Nge

3

/ year

:ﬁnl:—k t
3

net

Dl.lzwt = t = 740 years
1400

Hence option 4.
35. Official Ans. by NTA (4)
Sol. Energy of y ray [E,] = hv

h h
Momentum of y ray [PJ M
X C
Total momentum is conserved.
P +P, =0
Where 13NLI = Momentum of decayed nuclei
=P =P,
h
= =P,

= K.E. of nuclei

2 2
Ly (Pa)” 1 Ty

2 2M 2M| C
Loss in internal energy = E, + K.Ex,

37.

Sol.

38.

Sol.

39.

Sol.

gB 2m 2m

(1.6x10™ x7x10° ><5><10*“)2

2x9.1x107" Joule
3136x1072

= eV
18.2x107"' x1.6x10™"
=1.077 eV
We know work function = energy incident —
(KE)electron
¢=189-1.077=0.813eV
Official Ans. by NTA (3)

L
mv

kinetic energy P* —h—z—E
"2m 2mA’ A

2

Ao = 2m£u c
Official Ans. by NTA (4)
R=Rge™
/nR =/nR -\t
—A\ is slope of straight line
.

20
t,, = 522 = 4.62
Official Ans. by NTA (4)

hc
KE=—-¢hc
B ¢

h .
e(3VO)=X—C—¢ 0

. —d ...(ii)

Using (i) & (i1)

hc hc

"=

0 t

eV, =

7\.[ = 4}\.()
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40. Official Ans. by NTA (20) In(3/4) — In(1/2) = A(tz—t;) ..... )
S, NN 4N N, N, NLICIE)
‘ 2 4 8 16 A
4xt,, =80 46. Official Ans. by NTA (4)
Sol. A=AN
tip=20 days ln 2 In2 1
. ——— sec' =2.67x10° sec”’
41. Official Ans. by NTA (4) tl/z 3 x 24 x 60 x 60 sec x sec
4V/180 N = Number of atoms in 2 mg Au
2x107° " 15
= x6x10~ =6.06x10
198
A=AN=1618x 10" =16.18 x 10" dps
47. Official Ans. by NTA (2)
Rest Sol. Vy=hv—¢
h
Sol. 48="C_4¢ .. ()
Lig 180m)[ 2| - 5.5Mev "
E( m)v ts ( ) 180 - e _E_ ..
1.6 = ) ... (ii)
1 4 Y 2A
= §4mv2 {1 +45 [@j } =5.5MeV Using above equation (i) — (ii)
hc hc
55 32=——
= K.Eq = ﬁl\/lev A 20
hc
1+45'[18Oj 3.225 ... (iii)
KE,A =5.38MeV N he
42.  Official Ans. by NTA (3) T 6.4
Sol. KE =eAV Put in equation (ii)
A, =t o=16
2m, (eAV h
(e4V) 16
~_h mP Ay,
\ /2m (eaAV) h
_he _(he ) 4_m
43. Official Ans. by NTA (3) "6 6.4
Sol. jp_R__h 48.  Official Ans. by NTA (125)
p \/ \/7 Sol. By photoelectric equation
m, > m, > m, E 3 K
SO Ae > Ap> Ay A b=
44. Official Ans. by NTA (4) 1240
h e =—— —1.25=1.25
Sol. A=— 500
P V2mk
both the particles will move with momentum r= B
same in magnitude & opposite in direction. N
So De-Broglie wavelength of both will be same B= 2mk =125%x 10T
t.e.ratiol: 1 er
45. Official Ans. by NTA (4) 49. Official Ans. by NTA (27)
Sol. No _ N,e ™ Sol. Am = (Zmp + (A —Z)m,) - My,
N = (13 x1.00726 + 14 x 1.00866) — 27.18846
70 =N,e™ =27.21562 —27.18846

In(3/4) = Aty .....(i)
In(1/2) = Aty ....(0)

=0.02716 u
E=27.16xx107J
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Sol.

51.

Sol.

52.

Sol.

53.

Sol.

54.

Sol.

55.

Sol.

ALLEN

Official Ans. by NTA (10)
A =A™
A
=AM =A=In8
8
At = 3In2

In2 £ 30 10 years
o3 03

Official Ans. by NTA (3)
N = Noe‘M

Ng=Ny-N

Na=No (1-¢™)

Ny popen

0

df
dt
Official Ans. by NTA (112)
e _ew eV
T 2n 2nr
~1.6x107x2.2x10°x7
T 2x22x0.5x107"°
=1.12 mA
112 x 102 mA
Official Ans. by NTA (150)
Tm=30ms
C =200 pF
ﬂ: Qoe—t/RC Z&et(k—éj
N Nge* N

Since g/N is constant hence

}\le—h

I=

0

_ 1
RC
-3
R S 30X—10_( =150 Q
AC  C  200x107
Official Ans. by NTA (910)
-34
For photon A, = h —%

-34
For particle A, :L _ 6.6x10

" My =910

2
Official Ans. by NTA (2)
Initially, energy of electron = +3eV
finally, in 2" excited state,
(13.6eV)

energy of electron = — 3

=-1.51eV

Loss in energy is emitted as photon,

h
So, photon energy TC =4.51eV

mv  9.1x107'x10°

56.
Sol.

57.

Sol.

58.

Sol.

59.

Sol.

¢

Now, photoelectric effect equation

KEny = 1S ¢ =451 | ¢
A x

th
12400 eVA
4000 A

Official Ans. by NTA (2)

(A) True, atom of each element emits
characteristic spectrum.

(B) True, according to Bohr's postulates

=4.51eV-

n ) .
mvr = 2— and hence electron resides into
T

orbits of specific radius called stationary orbits.
(C) False, density of nucleus is constant

(D) False, A free neutron is unstable decays into
proton and electron and antineutrino.

(E) True unstable nucleus show radioactivity.
Official Ans. by NTA (10)

Eka = Ek —EL

he g g

)\‘ k

o

E, E_£

)\‘k

o

1242x107 eVm

0.071x10”m
EL=(275-175) keV=10keV =1.41 eV
Official Ans. by NTA (4)

i)
1 3

1
I']f2 Zk(l—?)

=27.5KeV -

4 _8°9 =f, =2.46x10"
f, 3 /4
Option (4)
Official Ans. by NTA (1)
hc

KE A =eVy=—-
L0

= eV :%—25—1 93eV

-V, =193V ... ()

A :%—25 0.6eV

= VSz =0.6V ... (i)
AV = VSl —VS2 =1.93-0.6=1.33V
Option (1)
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60. Official Ans. by NTA (2) 64. Official Ans. by NTA (2)
Sol. h=——=—_ my=y2mE Sol. kEmax=E+¢
myv 2mE A
1
— hc
or eV,= —
“E .
M B3, 0750, when A; = 670.5 nm; V, = 0.48
Mo\E, 4 when A= 474.6 nm; V,=?
E, 3 1240
= = So, e(048)=——+ ..(1
E, 4 O49)= 605" ¢ M
_ 16 16 1240
E,=—E, =—E E,=E - =
=g EBi=7 (E=E) e(Vo) 1ae ¢ (2)
Extra energy given = %E -E= %E 2)-(@
Ans. 2 e(V, - 0.48) = 1240 [L_L] %
61. Official Ans. by NTA (3) 474.6  670.5
Sol. A—B,B—C V. = 0.48 + 1240 [670.5—474.6] Volts
dN 474.6x670.5
B =2AN, —AN,
dt V,=0.48 +0.76
dN, V=124V =125V
= 2MNg, e —AN, 65. Official Ans. by NTA (15)
-1
e ™ [dN + AN ] =2AN, e M xe™ Sol. No. of different wavelengths = n(n-1)
dt 0
6x(6-1) 6x5
%(NBe“) =2AN,, , on integrating = > 15
M 220N, +N, 66. Official Ans. by NTA (2)
0 0 Sol. A B C (stable)
_ -t
Ny =N, [1+2Mt0e Initially no. of atoms of B = 0 after t = 0, no. of
dN, ~0 at —A[1+2A0e™ +22e ™ =0 atoms of B will starts increasing & reaches
dt maximum value when rate of decay of B = rate
N at t = 1 of formation of B.
B o After that maximum value, no. of atoms will starts
62. Official Ans. by NTA (2) decreasing as growth & decay both are
t exponential functions, so best possible graph is (2)
Sol. ﬂ:(lj“” Option (2)
N, \2 67. Official Ans. by NTA (1)
30 h h
_N - 1 60 SO]. )\'P - )\,e = —
1010 - E PP Pe
1 7\,1, = 7‘5
o, (1)_ 107 9
=>N=10"%x|=| = =7 x 10 =P, =P,
2 2 X
63. Official Ans. by NTA (4) (K), = Py
P
Sol. — Increasing intensity means number of 2m,
incident photons are increased. K Pe2
—Kinetic energy of ejected electrons depend on the ( )e " om

frequency of incident photons, not the intensity.

Kp < K. as mp > m, Option (1)




m JEE (Main) Examination -2021

Sol.

69.

Sol.

70.

Sol.

71.

Sol.

ALLEN

Official Ans. by NTA (3)
For every large distance P.E. =0
& total energy =2.6+0=2.6 eV
Finally in first excited state of H atom total
=-34eV
Loss in total energy =2.6 — (-3.4)
=6eV
It is emitted as photon

k:%:206nm

energy

8
po 20 a5«
206 x107°
=1.45x 10° Hz
Official Ans. by NTA (3)
h

AX.Ap = —
P 4n

h 3KT
4tmAv m

10" Hz

AX =

Ax, _(my

AX m
P

Official Ans. by NTA (1)
De-Broglie wavelength
h h

7\, ]
mv 2mE

Where E is kinetic energy
3kT
E= N for gas

_h 6.6x107*

) 3mKT B \/3 x9x107" x1.38x107> x 300
A=6.26x 10" m=6.26 nm
Option (1)
Official Ans. by NTA (2)

(i )x = (T)y

= gzi:x,(:%% Ay
A, A

X y
Also initially Ny, = N, = Nj
Activity A = AN

As <Ay = A< Ay

= y will decay faster than x
Option (2)

. 2

NLM & FRICTION

Sol.

Sol.

Sol.

Official Ans. by NTA (25)
F.B.D. of the block is shown in the diagram

Since block is at rest therefore
fr—-mg=0 ...(1)
F-N=0 ...(2)
fr <uN
In limiting case
fr = uN = pF ...(3)
Using eq. (1) and (3)

. WF =mg

Ans. 25.00.
Official Ans. by NTA (25)

At maximum ht.

block will experience

maximum friction force. Therefore if at this
height slope of the tangent is tan 0, then

0 = Angle of repose.

= x =1 and therefore y = XT =0.25m

=25cm
. Answer is 25 cm
(Assuming that X & y in the equation are given

in meter)
Official Ans. by NTA (492)

T N
l/ Mg
When lift is at rest
N =mg
= 60x 10=600 N
When lift moves with downward acceleration.

In frame of lift pseudo force will be in upward
direction.
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TN'+Ma 7.  Official Ans. by NTA (2)
N Fsin® _
F
lMg Sol. 0 >F cos 0
=M(g-a) <
= 60 (10 - 1.8) fi
mg
N'=492 N N=mg-fsin0
4. Official Ans. by NTA (500) F cos 6 — N =ma
Sol. F=20{+10j F cos 6 — py (mg — F sin ) = ma
B s f a—Ecose—p (g—isine)
5=E=—201+10J:>101+5} m ‘ m
m 2 8.  Official Ans. by NTA (82)
- 1 2 \
S.S=— 2(101+5J) (10) A 70°
= 50(10i+5])m 3 B
Sol.
.. Displacement along x-axis
»50x10=»500m | Sl
- Ans. 500 C
5. Official Ans. by NTA (3) Component along AC
| Fsin60° = 100 cos 35°N
=100x 0.819 N
1. [«——— Fc0s60° =819N
S0 Bg ~ 82N
uN 9. Official Ans. by NTA (12)
rrrrrrrry /IIITIIIIII rrrrrirrrrii SOl. Ans (12)
N __F_2i+3j+sk
Fcos60°=pN0rE=LN . (D) {n ) 2 )
2 33 = 1+15]+2.5k
& N=sin60°+v3g .. (2) o Lap
From equation (1) & (2) 2
I~ o "
F [FJ‘ J =0+ —(i+1.5j+2.5k) (16)
+/3 2
2 3% = 8i+12j+20k
= F=g=10 Newton = 3x b=12
10 10. Official Ans. by NTA (21)
So x=— =333 3
3 Sol. a,,,=ug= 5 x 9.8
6. Official Ans. by NTA (4) F=M+m)a, =52
Sol. a_, = ma, +m,a, =21 Newton
“ m,+m, 11.  Official Ans. by NTA (5)
F
_F _Ma+Ma, A9..
XM 2M Sol. -
F-Ma
ag = v Fcos 6 =uN

FSin9+N=mg
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L F= pmg 16. Official Ans. by NTA (3)
0+ usin®
c0s0 + psin Sol. :lt
1 x10
F. = pmg \/g =5 25
min - B (@)
NI 2
NE]
12.  Official Ans. by NTA (30) a, =gsin®+pgcoso
N
g 3
! ==+—-Hg
Sol. N T 2 2
a, =gsin@-pgcosO
9g
N+T=90 g B
T=uN=0.5 (90-T) T, M8
}F.S_"l;0= 45 using the above values of a, and a4 and putting

13. Official Ans. by NTA (10)
Sol. v2=u2+ 2as

0= (10)2 +2 (_a) (%J 17. Official Ans. by NTA (15)

Table —
a =100 m/s? n O.;
F=ma=(0.1)(100)= 10N

in eqution (i) we will gate p=—

14. Official Ans. by NTA (2) Sol.
,T‘ F = 3a (For system) ()
1 meax
1 2 >
Sol. | | fs . =1a (for 1kg block) ....(>11)
,]: uxlxg=a=5=a F=15N
a=0.2m/s 18. Official Ans. by NTA (4)
Writing force equation in vertical direction 2T T
Mg - N =Ma T T 2a
= 70g -N =70x% 0.2 Sol. a$ 8kg 2kg
= N=70[g-0.2]=70x%x9.8 l' l/
= 686 Newton mg m.g
Note : Since there is no compressive normal (mg —2T) =mja— (1)
from the sides, hence friction will not act. T — myg = m,(2a)
Hence option 2. 2T - 2mpg =4m;, a — (2)
15. Official Ans. by NTA (3) mg— 2m2g = (ml + 4m2) a
Sol. t=0,u=0 a=(8_4)g:i zg
R S 8+8) 16° 4
M MT2 dt 10
M T F F a= — m/s’
fav=[ | 2-—2(-T) 4
0 2o (M MT |
S=—at’
Fo 2T Fo t3 ) ) 2T 2
V=|—=t| - S| ——-tT+Tt
M |, MT°[3 b 02x2x4 _ .
AR T 10
= t=0.4sec
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19. Official Ans. by NTA (30) 1 to incline
N =8g cos 30° — 8a, sin 30° = 32a, =

4\/§g —4a,

3
=a, =7g

Along incline
8gsin30° + 8a;c0s30° = ma, = 8a,

Sol.
" mgcos30° 1 3 3 2¢
A =gX T8 =
2 972 3
Option (4)
mesin30°+ ma 21. Official Ans. by NTA (2)
tan(30 + 9) - mesmoT T ma Sol. During upward motion
mgcos30°
~
5410 1+2 L
an(30+0)=——=—=—~ 3
(30+0)- 220 -1 &3
T 5

tan9+—

B /
1—Ltan9 ﬁ/
NEY +ve
0

\/gtan6+1=3—\/§tan6 §
23tan0=2 &°
tan0 = €
\/g F = 2N = (+ve) constant
0 =30° During downward motion

20. Official Ans. by NTA (4)
Sol. Let acceleration of wedge is a; and acceleration
of block w.r.t. wedge is a,

=‘§)nstant (+ve)

a
1< mgsin®
Ncos60°
= F = 2N = (-ve) constant
M = Best possible answer is option (2)
30° 22. Official Ans. by NTA (3)
Sol.

Ncos60°=Ma, =16a, a /
=N-= 3231

mgsin30°

F.B.D. of block w.r.t wedge

Pseudo force = 8a,

On smooth incline
30° a = gsin30°

) 8gsin30° + 8a,cos3()° by S = ut + latz
2

s=1&p_Ep g
22 4
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Sol.

Sol.

Sol.

ALLEN
pumgcos30 4. Official Ans. by NTA (10)
Sol. A =960 m
: / C=2.56puF=2.56x106F
mgsin30° c=3x 108 m/s
L=?
Now at resonance, @, = 1
0T L
On rough incline [Resoant frequency]
a = gsin30 l—pg cos 30 27f, = 1
by S =ut + Eat2 VLC
c 1
On substituting f, = S wehave 21— =——
1 0 )
8= (1—«/§u)(aT)2...(ii) A A LC
2
By (i) and (ii) Squaring both sides : 41 % = é
1 2 1 22
280 =Zg(1—«/§u)a T _4x10x(3x10%)> 1
N 1 2-1) 1 (960)° Lx2.56x107°
1— 3 = = —_—
- T T [ o’ Jﬁ 1 _4x10x9x10x2.56x10™
— x =3.00 L 960 %960
=L=10x108H
POC
5. fficial Ans. TA 4
Official Ans. by NTA (25) Official Ans. by NTA (4)
Am Sol. (4) A=—==
% modulation = —— x 100 f f
20" 6.  Official Ans. by NTA (33)
% modulation = — x 100 A —A_.
80 Sol. Modulation index = —1& il
% modulation = 25% Amax T Amin
Ans 25 16-8 8 1
Official Ans. by NTA (8) “l6:i8 243 0.33
Sound level decreases by 5dB every km so
sound level decreased in 20 km = 100 dB xx 102=0.33
I, x =33
P2 =1 = 10log,, - 7. Official Ans. by NTA (9)
I I Sol. B. W. (Bandwidth) = 2 x maximum frequency
—100 = 10log 1_2 = —+=10" at modulating signal
. : ’ 0 . =2 x5kHz = 10kHz
L =101 = P, =10-0P, =10 W .. No of stations accommodate
- 9
=29
Official Ans. by NTA (3) 10
f,, = 2kHz 8. Official Ans. by NTA (4)
fe = IMHz = 1000 kHz Sol. Length of Antena = 25m = 3
Band width = 2f,, = 4kHz 4
.. Side frequencies will be = |[A=100m
=f.xfy 9.  Official Ans. by NTA (2)
=998 kHz & 1002 kHz D? 452
So statement-1I & statement-II both are correct. h=—= km =39.55m
8R  8x6400
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10. Official Ans. by NTA (1206) 18. Official Ans. by NTA (1)
Sol. d=+/2Rh Amplitude
A =mnd?2
A =m2Rh Acfmmmm=m--
Sol AC _________ -
30 . H— 1 1
=3.14><2><6400><1 2 I !
|
1 I
A =1205.76 km2 ot
A = 1206 km? OO, O e
11.  Official Ans. by NTA (4) a b pA
Sol. (4) Band width =2 f —=—=—"F
10 10 2
o, =1.57 x 108 =2nf N
108 —>—= 1
BW =2f = —Hz =50 MHz b
2 19. Official Ans. by NTA (1)
12. Official Ans. by NTA (1) Sol. A, =A.+A, =12
Sol. Order of atmosphere stratification from bottom Apin=A.— A, =3
Troposphere, stratosphere, Mesosphere, 15 9
Thermosphere = A, = > & A, = 5
(a) > (iv) N 9/o
(b) — (iii) modulation index = —% =——=
(c) — (i) A, 15/2
(d)— @) =x=1
13. Official Ans. by NTA (50) 20. Official Ans. by NTA (2)
Sol. Range = v/2Rh Sol. W_=12560="2nf
Range (i) = v/2Rh 12560
Range (i) = V2Rh + v2Rh’ frn = o 2000 Hz
where h=20m & h'=5m Ans. 2.00
Ans cV2RD e 5 0w = 50% 21.  Official Ans. by NTA (4)
J2Rh 20 d d
14. Official Ans. by NTA (40) Sol. N N | N\¢h,
Sol. Maximum amplitude ol
Amax = Am + AC
=V .=V, +V.
200 =V, + 160
V=40 d, =\2Rh, +,/2Rh
.. Peak voltage A, =40 £t ! 2
Ans. 40 =+2R (4/h, +4/h
15. Official Ans. by NTA (1) (\/T \/72)
Sol. Radius covered r = \/2RH, =(2x6400x10%)" (\/% + \/%)
150 km = \/2 x (6.5 x 106m)HT = 357.8 (7.07 +8.94) = 57.28 Km
(150 km x 10°F = 2 x 6.5 x 10° H 22. Official Ans. by NTA (224)
m X = X 0.0 X T _
Hy = 1731m Sol. d, =,/2Rh, +./2Rh,
Population covg:red = (1r?)(2000/km?) d - ( V2% 6400 % 10° x 320 +~/2 x 6400 x 10° x 2000 ) m
=3.14 x (150)* x 2000 = 1413 x 10’
16. Official Ans. by NTA (1) d_ =224km
Sol. Bandwidth =2 x f, 33, Official Ans. bv NTA (2
=2 x 10’ HZ = 200 KHZ - Official Ans. by (2)
17. Official Ans. by NTA (1) Sol. h : height of antenn'a
Sol. Modulation index A : wavelength of signal
A, 20 1 h<A
¢ A >400 m




JEE (Main) Examination -2021

ALLEN

2
Official Ans. by NTA (64) 6/ =24 _ =04m
SOl. hr = hg = 160 ... (i)
d= J2Rh, + /2R, sing0° =
d=+v2R | /h; +/h
Ry ] Y
d=v2R| Vx +160-x | ;
MOL I=|2ime |6
d(d) 0 12
dx 2
T LT EEARE
+ = 12 2
2/x  24160-x
1 1 =5m/¢?
Jx J160—x =5x1x0.16
x=80m =038
%0 20 [=8x 101 kg m2
d. =J72x6400{ I /_}
1000 V1000 3. Official Ans. by NTA (BONUS)
SOx/E x 2+/80
10\/_ Sol.
=8x2x~/2x24/2 = 64km
25. Official Ans. by NTA (500) Aneul . bout A
Sol. Signal bandwidth = 2 fm ngular momentum conservation about
=12 kHz mv, acos 0 + 2 ma2e
_OMHZ _ 6x10° __ 3
T 12kHZ  12x10° — mva + 2 mate!
26. Official Ans. by NTA (200) 5
Sol.  Apux =Ac+ A =250+ 150 =400 2 7
Apin =Ac— A, =250 - 150 = 100 o {g + Cose} =g mva
Ay, 100 1 50
A 400 4 200 v= % =V{%+cose}
x =200
Lmv2+ 1102 = L mv2 = mgh
ROTATIONAL MOTION S + T MY Tme
1. Official Ans. lz)y NTA (3) No Option Maching
Sol. Ringl, = about diameter 4. Official Ans. by NTA (3)
. MR TN :
Disc I, = :
2 LV N
2
Solid cylinder I; = MR Sol.
- 2 D )
Solid sphere I, = = MR2
s N N
Il = 12 = 13 > 14
2.  Official Ans. by NTA (8) 5 5
£ I=2x(—ma2)+2x(—maz+mb2)
m = mass of one 5 5
side of hexagon
Sol. =1kg I= %ma2 +2mb”
2
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5.

Official Ans. by NTA (2)

Sol. mgh= lIo)2 +lmv2
2 2

vV = or )‘”
mgh = lIo)2 +lmo)2r2
2 2

2mgh

=0
(I +mr’ ) v
Official Ans. by NTA (3)

Sol. Moment of inertia of point mass

= mass X (Perpendicular distance from axis)?2
m

Moment of Inertia

=m(02 +m (V2)* + m[LJ +m [LJ

B 2
=3 ml?
7. Official Ans. by NTA (20)
Sol. a=_"'= F? =2—F
I mR“°/2 mR
o= ﬂ =10 rad/s?
20x(0.2)
®? = 2 + 20A0
(50)2 = 02 + 2(10) AD = AO = %80
AO =125 rad
. 125 .
No. of revolution = 2— ~ 20 revolution
b
8. Official Ans. by NTA (20)

Sol. Ans. (20)

F=(20)—(2i+3]j+4k) =-3] -4k
& F=4i+3j+4k

i k
T=fxF=0 -3 —4
4 3 4

i(—12+12)= j0+16) +k(0+12)
~16i+12k
~ [7] =416 +12% =20

Sol.

10.

Sol.

11.

Sol.

12.

Sol.

13.

Sol.

14.

Sol.

15.

Sol.

Official Ans. by NTA (3)

Ans. (3)
. gsmIe _ gsmle =2gsin6
I+——= 1+ 3
mR 2
b=3
Official Ans. by NTA (1)
F=4i-3]

f =51+5V3) & T, =—51+5V3]

Torque about 'O’

To = xF = (<15-2043 )k =(15+2043)(-k)
Torque about 'Q'

t, = xF =(-15+20V3)k= (15-20V3 (k)
Official Ans. by NTA (4)

We know, L=m (¥xV)

Now with respect to A, we always get direction

of L along +ve z-axis and also constant
magnitude as mvr. But with respect to B, we get
constant magnitude but continuously changing
direction.
Official Ans. by NTA (4)
Mg sinf R = (mk? + mR2) a

_ Rgsin6 -
*= k> +R’ 'S

R2
/2s 2s k?
t=,— = - 1+—2
a gsinf R

for least time, k should be least & we know Kk is
least for solid sphere.
Official Ans. by NTA (3)

(3)3: gsnle :ix&:é
1+I 7 2 7
mR?

t=ﬂ—2X1X7—0.56

a 25

Official Ans. by NTA (3)
Using conservation of angular momentum
M2)ow = (Mr2 + 2mr2) '
. Mo
" M+2m
Official Ans. by NTA (3)

L
m=L=>r=—
T

ML’

7_[2

I=Mr’
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16.

Sol.

17.

Sol.

ALLEN

Official Ans. by NTA (3)

T Al

60°
Let's take solid cylinder is in equilibrium
T + f = mg sin60 (1)
TR-fR=0 ....(ii)
Solving we get
T=f, = mgsin 0

2

But limiting friction < required friction
mgsin60°

pumgcos60° <

Hence will not remain in
equilibrium
Hence f = kinetic

=N

cylinder

= wmgcos 60° = %

Official Ans. by NTA (2)

If disk slips on inclined plane, then it’s
acceleration
a; = gsin®

L= %altf

2L .
=>t = [— . (@)
a1
If disk rolls on inclined plane, its acceleration,

gsin0

18.

Sol.

—a
2
/ZL ..
=>t, = |— ... (1)
a,
Now t—2= & =\/§
t, a, 2

=>x=2
Official Ans. by NTA (4)
m

| M,L rest

Just before collision

I'CStQ

;[ O "
7 )
7

Just after collision

. 0
From momentum conservation, P, = P,
mu=Mv ....(1)
From angular momentum conservation about O,
2
L ML

mu-— = ®
2 12

6mu

ML
R.V.S
R.V.A

=S o= .. (ii)

From e =
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19. Official Ans. by NTA (2) 24. Official Ans. by NTA (10)
Sol. llmz =lxlmv2 Sol. T=10at’i+5B(t—>5)]
2 | 2 2 v =200ti + 5B]
I=-mR’ L =m@Exv)
Body is solid cylinder =m([10at] + 5p(t— 5)3] x [200uti + 55]]
20. foicial Ans. by NTA (3) ]: — m[SOothzlz _ 100&B(t2 _ St)lz]
Sol. [Iin both cases is about point of contact L
Ring Att=0, L=0
el 50apt’ —100ap(t> —5t) =0
megh =270 t—2(t=5)=0
1 V2 t =10 sec
mgh = E(2mR2)R—R2 25. Official Ans. by NTA (4)
AL I(o, —,)
= Sol. 1=—=—7_"12
VR ] \/g_h_ At At
Solid cylinder mR2
1, x[0-o]
mgh=—Iw» 1=—2
2
At
mgh:lEEmszi _10x(20x107)* 600
212 R’ 2 30x10
_f4gh vy B =0.4n =4n x10”
Ve = T . V_c T 26. Official Ans. b}lf NTA (3)
21.  Official Ans. by NTA (1) L
. e 1 >
. __gsin ' )
Sol. a L] Sol. (a)| ! |j- mL
mR? ! 12
Iring > Isolid cylinder > Isolid sphere :
= aring < Asolid cylinder < Agolid sphere :
= Viing < Vsolid cylinder < Vsolid sphere | 2m,L (2m ) (L2 )
22.  Official Ans. by NTA (2) (b) | 1= —3
Sol. :
1
oR |
1
0y A m,2L! | m(2L)" mr?
B{—>vie—> Vo © ! =T T
® :
| 1
1
o 2m2L  2m(2L) o
For no slipping v, = oR @ |'= 3 B
1
Now v, = vy =4/v2 +(u)R)2 :
=2y, =>x=2 27. Official Ans. by NTA (4)
23. Official Ans. by NTA (2) 1 s
Sol. I, =1 + I, (using perpendicular axis theorem) ) o EMR
& 1=mk’ (K : radius of gyration) Sol. Ratio of moment of inertia =
so mK,? = mK,” + me2 Zmr2
K/ =K. +K,
so radius of gyration about axes X, y & z won't 26nR’R? 2R*
be same hense asseration A is not correct reason = onr’r = o
R is correct statement (property of a rigid body)
L
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28. Official Ans. by NTA (9) 31. Official Ans. by NTA (4)
Sol. According to perpendicular Axis theorem.
EIV
Sol. f[ /A N\ | I
L+L =1
m® mf®  2m/
I,= + =
3 3 3

32. Official Ans. by NTA (3)
Sol. From conservation of angular momentum we

get
Lo + ho, =0 + h)o
o = Lo +Lo,
29. Ot;fiaal An? by NTA (52) L +1,
| i 1 1
: : ki = Ellmf +512m§
1
Sol. ke= —(I, + 1)’
| 2
1 I I 2
(52 K —k, %{I@f FLe? —%}
1 1 1 1 2
T T, ', Solving above we get
) (13/2)r ] 1 LI,
2 2 ki-k=— ( 1_0)2)
5 13r 2\L+L
=1L +M 2 L+ M| == 33.  Official Ans. by NTA (2)
Sol. v
M(36r2) M(25r2) Mr>  169Mr>
= + + +
12 4 2 4
=52 Mr® L) = mve
Ans. 52.00 And direction will be upward & remain
30. Official Ans. by NTA (4) constant
. Option (2)
Sol. firiljljfdsdﬁheorem 34.  Official Ans. by NTA (3)

(L] N

2 2 ®
027 (03 (7)1
2 2

2.7 =M[i+£} Sol
100 100 by q !
M = 15kg ', | ',
e M 15 om s
7'[1‘2L 7'5(0.2)2 x 0.8 M=1.5 kg, r=05m, d= Em
=0.1492 x 10

— 2 2 2 | _ 2
Ans. 4 I—2(§Mr +Md ) =19.05 kgm
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35. Official Ans. by NTA (6)
Sol.

by energy conservation

2.2
mgf:ll(x)2 :lm/é ®
2 2 3
= 0=,
L

Speed v = or = of = /6gl

v=46x10x.6=6m/s

SEMICONDUCTORS

1. Official Ans. by NTA (1)
Sol. L=I-+1;

= Al = Al + Al

4mA =3.5mA + Alg

= Al =0.5mA

Al
= p=—=
Al

2. Official Ans. by NTA (25)
Sol. Current through 2kQ resistance
_ 5
~ 2x10°
I=25x 104 A
Ans. 25
3. Official Ans. by NTA (440)

I =25x 103 A

Sol. =—

_220x24
12

Np =440

Ans. 440 turns

Np

Sol.

Official Ans. by NTA (4)
Truth table of the given gate :

A B C
0 0 0
0 1 1
1 0 0
1 1 0
Truth table of option (1)

A B C
0 0 1
0 1 1
1 0 0
1 1 1
Truth table of option (2)

A B C
0 0 1
0 1 0
1 0 1
1 1 1
Truth table of option (3)

A B C
0 0 1
0 1 0
1 0 0
1 1 0
Truth table of option (4)

A B C
0 0 0
0 1 1
1 0 0
1 1 0

Since option (1) has same truth table, hence
answer is option (4) is correct.

Alternative solution :

Sol.

Sol.

Given Boolean expression can be written as
A+B=C

. C=A-B=A'B

Hence option (4) is correct

Official Ans. by NTA (1)

Back to back diode will not the make a transistor

p==
1b

Official Ans. by NTA (2)

Zener diode is heavily doped and have narrow

depletion layer.
Option (2) is correct.

L
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7.

Sol.

Sol.

Sol.

10.

Sol.

11.

Sol.

12.

Sol.

Official Ans. by NTA (4)
D, 10Q2

D, 50
—— < WW—

{1
X'y
5V

Here only D, will work and we know

for silicon diode, potential drop on D; will be
0.7V

I= 5-0.7

=043 A

Official Ans. by NTA (2)
(2) conceptual
Official Ans. by NTA (2)

y = (AB+AB)
y = AB.AB
y=(A+B). (A+B)
y=A.A+ AB +AB+ BB
y=AB + AB
A B Y =AB + AB
0 0 1
0 1 0
1 0 0
1 1 1

Official Ans. by NTA (1)
(a) Rectifier > AC to DC

(b) Stabilizer — used for constant output
voltage even when input voltage or current
change.

(c) Transformer — Step - up or step - down ac
voltage.

(d) Filter —used to

remove any ripple in the rectified output

voltage.

Official Ans. by NTA (4)
5 _he _6.6x10™x3x10°

E  19x1.6x10" =0.54x107

=654 nm
Red color
Official Ans. by NTA (20)
. D R
_;_l>|_w_
i D, R,

13.

Sol.

14.

Sol.

15.

Sol.

ALLEN *

In this circuit D; will be forward bias and D,
will be revers bias.

.. There will be no current through D, and R,
Apply KVL in circuit we get
+6-501-130i-120i=0

iziA =L><1000mA
300 300
= 20 mA

Official Ans. by NTA (4)
According to gates
by Demorgan's law

A+B=A.B

By observation.

Official Ans. by NTA (9)
60V

AkQ i 30y
YYYYYyY Kd

30V

90V
i-1i,

5 kQ |30V

AMAAMA
YYyvyy

0V~

ov ov ov
.__60

4000
.30
I, =——

5000
_60 3 _ 9 ,

4000 5000 1000

current from zener diode

-1,

i,=i—1; =9mA
Official Ans. by NTA (5)
1 RS =35Q ll

R, =90 Q

Voltage across Rg=22-15=7V

Current through Rg=1= 7.1 A
35 5
15 1
Current through 90Q =1, = — = — A
9 6
1 1 1
Current through zener= — - — = —A
5 6 30

Power through zener diode
P=VI

P=15x i = 0.5 watt
30

P =5 x 10-! watt
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16. Official Ans. by NTA (0)

Sol.

17. Official Ans. by NTA (1)
Sol. Truth table for the given logic gate :
A|B|Y
1
1
1
0

—_— =] OO

— o -]

The truth table is similar to that of a NOR gate.

18. Official Ans. by NTA (2)
Sol. By De Morgan's theorem, we have

A K AB ‘B=NAND
Y
B B
19. Official Ans. by NTA (4)
Sol. (4) Conceptual

20. Official Ans. by NTA (100)

Sol.  10° = x~u
R

i

10*
10° =B* x—
b 10
B> =10" =B =100
21. Official Ans. by NTA (4)

I I
Sol. a=-%pB=-=¢
IB

IE=IB+IC
B I 1
I, +1, IB_|_1
C
az% o
—+1 1+
B 5
22. Official Ans. by NTA (200)
-3
sol. po e 2x10°
Al, 10x10~
1 3
=—x10
b 5
B=2x102
B =200

23. Official Ans. by NTA (1)

Sol. I= i =50mA

1000

R=1000Q2
VWVWWA—>

g [R]  |sov
20000

2000
I, =15 —Low =50-25=25mA
24. Official Ans. by NTA (192)
Sol. P=Vi

0.5 =8i; iziA
16

E=20=8+iRp
Rp=12x16=192Q
25. Official Ans. by NTA (25)
dv 1 1
So. R=—=—F=————
¢ di di 5-1x107
dv  0.75-0.65
100 =250
4
26. Official Ans. by NTA (500)
Sol.
I I,
—>—WV >
L

Voltage across Ry, = 5V

=1, =R—L
Also voltage across R =50 — 5 =45 volt
Byv=iR= R=Y= %
i +i,
R:4—55
90mA + —
R

L
Current in zener diode is maximum when R
— (i >0andi;=1)

45
So R=——= Q
0 SOmA 500




27.

Sol.

28.
Sol.

29.

Sol.

30.

Sol.

31.

Sol.

32.

Sol.
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Official Ans. by NTA (2) 33. Official Ans. by NTA (1)
A D A Sol. Pentavalent activities have excess free e~
So e density increases but overall
@O___ — semiconductor is neutral.
A+B=AB _
B—ED—_ So AND gate Option (1)
B 34.  Official Ans. by NTA (4)
Official Ans. by NTA (5)
_n? Sol.
NNy = 1
N7 (15x10°)°  1.5x1.5x10” A® A+A+B
° 4.5x107 4.5x10%
5 x10” /m’
fficial Ans. by NTA (25 Y
O 1;13 ns. by NTA (25) AiB
p=1-=24: R.=1000
AV =0.6 Be B+A+B
_06 =(A+A+B)+(B+A+B)
€ 1000 -
_ 4
le=6x10" " y=(A+A+B).(B+A+B)
1, =t 0107 _o5a
B 24 A|Bly
Official Ans. by NTA (2) 01011
A A-B 010
1 {010
Bo >0 Y 111 11
B
Y=AB+B Ans.4
A|B|Y 35.  Official Ans. by NTA (120)
0101 1KO
010 Sol ]
1|01 ' ‘ I '
1|11 24V Ry = 5kQ
VZ = 10
Official Ans. by NTA (1)
Band gap = %
0 =10V _oma 1=V 4ma
Ao ; threshold wavelength 5kQ 1kQ
Band gap = 1242 ev-nm _ 2eV oL =12mA
621nm
Official Ans. by NTA (3) L P=1LV, =120 mW
AB[X|Y|Z
Ans. 120
L]1]9/040 36. Official Ans. by NTA (4
. icial Ans.
1lolo]1]o yNIA @)
Sol. Active region of the CE transistor is linear
O(1|{1]10]0
olol1l11 region and is best suited for its use as an
Option (3) amplifier
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37. Official Ans. by NTA (5) 41. Official Ans. by NTA (3)
Sol. As diodes D, and D, are in forward bias, so they Official Ans. by ALLEN (1)
acted as neligible resistances Sol. When V; > 3 volt, Vg > 0
= Input voltage become zero Because diode will be in forward biased state
—eV, When V, <3volt; Vr =0
“NWiL Because diode will be in reverse biased state.
R 42. Official Ans. by NTA (2)
ov ov R . . by
WW {) SV Sol. V,=5V =  A=1
%R Va=0V = A=0
5V VB =5V = B=1
T Ve=0V =  B=0
oV = ov If A =B = 0, there is no potential anywhere
= Input current is zero I\lfere 0
. 0 =
= Output current is zero If A =1, B =0, Diode D, is forward biased,
= Vo =5 volt here Vo = 5V
. 0=
38. Ofﬁcllal A“S'Iby NTA @) If A=0, B =1, Diode D, is forward biased
Sol. a=-5, B=-S;Ig=Ic+1Is hence Vo, =5V
I, Iy If A =1, B = 1, Both diodes are forward biased
L L/ B . I%encg V&: ?V o
1+l 1 T B+1 ruth table for I
ctly Zeyy P A B Output
B 0 0 0
1 1 1-
FITRLINE N U s 0 1 1
B a.p o . l-a 1 0 1
39. Official Ans. by NTA (20) L . .1 . !
- .. Given circuit is OR gate
Sol. When unregulated voltage is 14 V voltage nd s
. : For IT'" circuit
across zener diode must be 10 V So potential
. . V=5V, A=1
difference across resistor AVgs = 4V _ _
AP =W V=0V, A=0
ANE Frener = When A = 0, E-B junction is unbiased there is
Vi=2 :
) no current through it
I=— =02A - Vo=1
10 When A = 1, E-B junction is forward biased
AVRS = I RS VO = O
40 .. Hence this circuit is not gate.
4x02R, =R, = —-=20Q 43.  Official Ans. by NTA (4)
40. Official Ans. by NTA (3) Sol. To convert pulsating dc into steady dc both of
Ao AB mentioned method are correct.
Sol. P o< 44. Official Ans. by NTA (3)
Y D, 1300
1 AV,
A+B
D% 130Q
Y=(A-B)-(A+B) Sol. WW
Y)(O,O) =1 33 130Q
Y), -1 NS VWWy
(0.1) I200V 200
_ I
Y)(m) 1 [ Wy
Y)(U) =0 Option (3) is correct

As per diagram,
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Diode D; & D, are in forward bias i.e. R = 30Q
whereas diode Dj is in reverse bias i.e. R =
infinite

= Equivalent circuit will be

Applying KVL starting from point A

12 D 30Q 130 1/2

1

D, 30Q 1300 12
— > AWM ——
1/2
A
R=w 130Q2
—— WY VW
I & =0
1 I1
| W ——
A 00v 200

{%}30—[%}130—11x20+200=0

=-1001; +200=0
I,=2 Option (3)

SIMPLE HARMONIC MOTION

Sol.

Sol.

Sol.

Official Ans. by NTA (2)

Momentum of system remains conserved.
Pi = Pr
MA®=(m+M) A'e

MA\/E —m+MA |
M m+M

M

M+m
Official Ans. by NTA (2)
For a particle executing SHM,
x = Asin(ot + )
v = wAcos(ot+ ¢)

A'=A

2 2
v X

®’A’ i A2
between v and x
Hence option (2)
Official Ans. by NTA (3)

k

= =1 = equation of ellipse

ol
K=K + K, =K +K =2K

Sol.

Sol.

Sol.

Sol.

Sol.

ALLEN *

T=2r |2 —op, /ﬂ
K., 2K
1 1 [2K

= (Option 3) is correct

T 2i\m
Official Ans. by NTA (3)

T=27‘E\/z
g
2
2=2n\/: = g=2n2
g

Official Ans. by NTA (4)
(4) For parallel combination k., = k;+ k,

keg= 4k

T=2n /2
kccl

Official Ans. by NTA (3)

initial phase =+ = = %ﬂ

Official Ans. by NTA (4)

30° 0.1's
360°>125="T
2 _sn

T3

AtM, F=meA = = = o2A
m

Official Ans. by NTA (1)
L1
keq kl k2
Q1 Lk
k, kK k 2
k=X

2

T=271:,/M ; T'=27t,/M
k k'

— T'=2n %xﬁ T = 2T
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9. Official Ans. by NTA (3)
Sol. vZ=m?(A?-x2)
2
V—2 +x*=A’
®
v E
((DA)Z A2
This is an equation of an ellipse.

10. Official Ans. by NTA (2)

Sol. Second pendulum has a time period of 2 sec so
statement 1 is false but from one extreme to
other it takes only half the time period so
statement 2 is true.

11.  Official Ans. by NTA (3)

Sol. V=oVA>-x’ Voo = Ao
% =ovVA®-x’

A_2 =A% _x2
4
2
= 3A
4
X = ﬁA
2
12. Official Ans. by NTA (7)
th

Sol. ith of oscillation = l+l of oscillation
8 2 8

13.  Official Ans. by NTA (4)

Sol. When lift is stationary

T=27t\/E
g

When lift is moving upwards
= Pseudo force acts downwards

3
:>geff_g+§ ==

2 2
= New time period

14.
Sol.

15.

Sol.

16.

Sol.

17.

Sol.

18.

Sol.

T =2xn L =2n /2—L
\ Eeir 3g

T'=\/§T
3

Official Ans. by NTA (3)

KE =PE
1 1
—mo? (A2 -x2) = —mao? x2
2 2
A2 _x2=x2
2x2=A?
A
2
Official Ans. by NTA (2)
=27 «/
T, =21 ,|——
b \/ K/2
T -k
=>x=2
Official Ans. by NTA (4)
4) Ao = Ao,

S-ml
G

Official Ans. by NTA (6)

T = 2sec. A2
n
t=T/12

_2_1

12 6

.. Correct answer = 6.00
Official Ans. by NTA (4)
2
Time period T = —7?
®

r_2r
o o

o' = 20 — Angular frequency of SHM
Option (3)

) 1 : 1
sin® ot =E(2s1n2 oot) =E(1—cos2oot)

Angular frequency of (% —%cos 2o)tJ is2m

Option (4)
Angular frequency of SHM




19.

Sol.

20.

Sol.

21.

Sol.
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0
3cos E—2(x)t s 2. = tan¢ = V( )
4 x(0).®
So option (3) & (4) both have angular frequency v(0)
X C d=tan™’
2 but option (4) is direct answer. x(O) o
Official Ans. by NTA (4) .
V2= (A% —x%) 22. Official Ans. by NTA (10)
vi V2 Sol. ®= K
2 2 . = 1
A’ =x] + 03_12 =x; + 03_2 N
V2 —y2 1 = reduced mass
o =—2—1 springs are in series connection
X; — X5 Kk,
vV, =V, _kx4k 4k
Official Ans. by NTA (4) “ 5k 5
T0=2n\/z k=22 N/m=16N/m
g
. . 1/16 2n [0 _mm, 02x08 6 4e
New time period T = =2n [—— =— |- m +m. 02+0.8
g 4\g L e
" o= ]2 — flo0 =10
4 0.16
Official Ans. by NTA (4) 23.  Official Ans. by NTA (2)
X = A sin ot + Bcos ot 1
_ 1 2( A2 2
V= j—); = Ao cosot — Bo sinmt Sol. K= 2m(0 (A X )
Att=0,x(0)=B 1 A2 1 ,(3A°
v(0)=Ao =Emm2(A2—TJ zamm 1
X = A sin ot + B sin (ot + 90°)
BE " TTTTTT73 | Kzi(lmszz)
| 4\ 2
Anet : 24. Official Ans. by NTA (4)
|
: Sol. E= ~Ka’
! 2
o
P - - - - >
A ot 3_E = lK(az _ 2)
4 2
Ape = VA? + B 3 ke —lK(az—yz)
B A 4 2
tanazxzcotazg y2=a2_3_az yzi
= X=VA2+Bzﬁn0n+a) 4 2
— x= m Cos(wt 3 (90 3 a)) 25. Official Ans. by NTA (1)
x = C cos(ot — ) Sol. T=2n /%

= C=+A%*+B?

0=90-a

tano = cosa —é
B

0.2=2n ‘/E
k

k = 501 ~ 500
x = A sin (ot + ¢)
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2

26.

Sol.

27.

Sol.

28.

Sol.

29.

Sol.

=5 cm sin [w—T+Oj
4

=5 cm sin [Ej =5cm
2

PE = 1198
2

2
=l(500)(i =0.6255
2 100

Official Ans. by NTA (2)
x(t) = A sin (ot + ¢)
v(t) = A cos (ot + ¢)
2 =Asing
20 =Awcos o
From (1) and (2)

tan ¢ = 1

¢ =45°

Putting value of ¢ in equation (1)

1
2=A{—
)
A=22
x=2
Official Ans. by NTA (2)

1 1
X :5\/5 ——sin 27t + —-cos 2t \/5
’ [ﬁ V2 ]

= 10sin(2m+f)
4

. A2=£=2

A S

Ans. 2

Official Ans. by NTA (4)

Potential energy is maximum at maximum

distance from mean.
Official Ans. by NTA (1)

y1=10sin [?mt +§j = Amplitude= 10
y2 =35 (sin 3xt + V3 cos 3mt )

1
y2 =10 | —sin3nt +£cos3nt
2 2
y2 = IO[cosgsin 3nt + sin%cos 3ntj
y> =10 sin [3m +§j — Amplitude = 10

1
So ratio of amplitudes = £ =1

30.

Sol.

31.

Sol.

32.

Sol.

Official Ans. by NTA (8)
LY

E

= Asin ot

A2

45 |

T T
t=—=—
8 x
x=28
Official Ans. by NTA (4)
T=2nl/g

When bob is immersed in liquid
mg.; = mg — Buoyant force

mg.s = Mg — Vog (o = density of liquid)

P
=mg-v —
g 4g
—mg- Mg _3me
4 4
_3¢g
eff = 1
b4
T, =2n — gl=g+£=ﬂ’ Eeff_:;_g
St . 3 3 4
By solving
4
Ty = =2m0/
1 3 g
T1=4—T
3

Official Ans. by NTA (1)
In S.H.M. total mechanical energy remains

constant and also <K.E.>=<P.E> = iKA2

(for 1 time period)
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Official Ans. by NTA (3) 6. Official Ans. by NTA (4)
Sol. From potential energy curve Sol. m octivPee
Unes = 2KA? = 10= 2K(2) mec[TFLT P[MLT ' T
2 2 MIOTO = ME] Pr2eeb-e
=k=5 comparing powers
Now Tsprmg— Tpendulum Cc= 1’ b= _2, a=-1
271:\/: 21— moct v
7. Official Ans. by NTA (2)
Sol. [A]= [MLT’Z]
= 1= \/7:>g 4 on planet [B]=[L" ]
[D] =[T]
Opthn (3) AD [MLsz } [Tfl }
UNIT & DIMENSION B | [Lfl}
1. Official Ans. by NTA (2) AD
2 Ab_ 23
Sol. T — dimensionless [ B } [ML T :'
o
8. Official Ans. by NTA (4)
[x’] 5
= [a] = " = o = M-1T2 Sol. E= ML2T72
[kT] ML'T L =MIL2T"
Now [W] = [a] [B]? m=M
=2 G — M—1L+3T—2
(Bl = [y = MILIT= :
M 'T? __EL
2. Official Ans. by NTA (2) - M°G?
Sol. By dimensional analysis. MIL2T2 Y (MALAT
3. Official Ans. by NTA (1) Pl= ( )( ) — M°L°T
1 5 h M5 (M72L6T74)
Sol. F=——° E=-°
dme, . Option (4)
o? 1 F . 9. Official Ans. by NTA (4)
{ Ame XE} En (M LT’ ) Sol. (a) Magnetic Induction = MT°A™
0 (b) Magnetic Flux = ML*T?A™
g' | l?;i'lilaahAns. by N¥A (2) (c) Magnetic Permeability = MLT A
ol. ! as dimension of energy (d) Magnetization = M°L-'A
Bi is dimensionless Ans. 4
kT 10. Official Ans. by NTA (3)
[B] [L2] = [ML2T-2] m
[B] = [MT-2] Sol. [w]=1lasp=—
o2 has dlmensions of work "
[a2] [MT-2] = [ML2 T-2] [power factor (cos ¢)] =
= [MOLTO B
z[gr}s. 2[M LT Lo = EO (unit = NA*Z) : Not dimensionless
5. Officclal gn/svby lzTA )] [1o] = [MLT A
Sol. A= . Energy stored
v AV e quality factor (Q) = —
work Energy dissipated per cycle
V= So Q is unitless & dimensionless.
Q
o (It)3 11. Official Ans. by NTA (1)
A= = E
Sol. Unit of i volt/ metre

(work)2 (F.s)2

_ [rT*]

ey T

Ampere / metre
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12. Official Ans. by NTA (2) VECTORS, BASIC MATHS & CALCULUS
Sol.  SI unit of Rydberg const. =m™' 1. Official Ans. by NTA (2)
SI unit of Plank's const. = kg m*s™ Sol. i =20t+ 8t
SI unit of Magnetic field energy density= kg m~ i= ((11—(: = qu = Iidt
's” 15
SI unit of coeff. of viscosity = kg m™'s™" =q= j(ZOt +8t*)dt
13.  Official Ans. by NTA (1) ’ 3
: _ ay brpc 20t2 8t3
Sol. Density = [F'L°T"] q= +2=
[MLﬁS] = [MaLaT—2aLbTC] 2 3 0
1y -3 ay a+b m—2a+c 3
[M'L™] = [ML*"™ T ] q=10x(15)2+8(15)
a=1l;a+b=-3;-2a+c=0 2250 + 9000
- - q= +
1+b=-3 c=2a q=11250C
b=-4 c=2 2. Official Ans. by NTA (2)
So, density = [FIL’4T2] Sol. Ee kﬂw’ S
14. Official Ans. by NTA (1) **OA+OB+0C+0D+OE+OF +0G+0OH=0
Sol. torque T—> ML T I1m) Bltrizg.gle Li’v OfE? togiditi_on, we can write
| AB=A0O+0B ; AC=A0+0C
Impulse [= MLT " (I) —
, AD=A0+0D ; AE=AO+0OE
Tension force = MLT ~ (IV) AF=AO+OF : AG=AO0+0G
Surface tension = MT > (II) AH=AO+OH
Option (1) Now
15.  Official Ans. by NTA (1) AB+AC +AD +AE +AF+AG +AH
4 -
Sol. (i) Tpa _ ﬂ = Volumetric flow rate =@ A% OBj_ OET OD +QE +OF +0G +0H
&nL dt = (7A0)+ 0—-0A
(poiseuille’s law) = (7 A_O') +AO
2 — PR
(ii) hng—SCOSG = 8A0 =8(2i+3j—-4k)
f — 161 +24]-32k
(iii) RHS = gx 1 % Xl _94, iz 3. Official Ans. by NTA (4)
me, e LT Sol. A.B=|AxH]
_ l _n2 ABcosO = ABsin® = 0 =45°
15 |A-B|=VA’ +B’ - 2ABcos45°
LHS
. —JA?+ B’ —2AB
T=—=IL" Hence option (4).
A 4.  Official Ans. by NTA (4)
(iv) W=10 Sol. |P|=|Q|=x ...(4)
Option (1) |P+Q|=n|P-Q|
16.  Official Ans. by NTA (2) P + Q* + 2PQcosf = n’(P* + Q” - 2PQcosb)
Sol. [M] = K[E[* [T]" [V Using (11)l 21n_ zibove equation
[M']= ML'T ] [T [L'T T o0

a=1,b=1,c=-1
- [M]=[FTV']

2
6=cosl[n2 IJ
n- +1
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S.

Sol.

Sol.

Sol.

Sol.

Sol.

Official Ans. by NTA (4)

Direction of Q ¥, =+——

Angle between ¥, and ¥,

_#1/V3 1

=t

ICYRINE

¥,.0,

¥, 119,
=>x=3

Official Ans. by NTA (2)
(a) C=A+B

Option (iv)

(b) A=B+C=C+B
Option (iii)

() B=A+C

Option (i)

d) A+B+C=0

Option (ii)

Official Ans. by NTA (2)
Given X =Y

\/X2 +Y*=2xYcos®

=n\/X2 +Y>+2xYcosO
Square both sides
2X*(1-cos0) =n>.2X*(1+cos0)
1 — cos0 = n” + n’cos0
1-n’

1+n?

2
6=cos{ n2 1}
-n° -1

Official Ans. by NTA (4)
Polygon law is applicable in both but the

cos0 =

equation given in the reason is not useful in

explaining the assertion.

10.

11.

Sol.

Let magnitude be equal to A.

6K=A{am3@€+mnaﬁ}=x A

OB = k[cos60°f—sin60ﬂ =A|—1—]

- - N 1 ~ 1 -
OC=X| cos45°(—i)+sin45j |=A| ——i+—]
- [_ _() ] { N
. OA+0OB-0C
(B, e (1N 1 i
2 2 2 2 2
.. Angle with x-axis
1.N3 1
tan ™' 2 2 \/E =tan"' —\/5_\/6_2
£+1+L J6+2+2
2 2 2]
-1 1_\/5_\/5
= tan —
\/§+1+\/§_

Hence option (1)
Official Ans. by NTA (3)

60° -

Angle between A and B ,0=60°
Angle betwenn A and A-B

3
Bsin 6 B E
tano = = I
A —Bcos6 A—B><52
tano = \/§B Ans 3
2A-B
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12. Official Ans. by NTA (1)

15 cos 60°
20 cos 30°
10 sin 30°
Sol 15 COS 45°
o 15 Sin 60° O] 10cos30° 20sin30° 20cos45° x
15 sin 45°
20 sin 45°
. V3 1 1 1 B
F =|10x—+20| — [+20| ——= |- 15| — |- 15| — | |i
=925 i
F = 15(1j+20 V3 +10(1J—15(i)—20(ij i
’ ( 2 2 2 NG Nl
=5]j
13. Official Ans. by NTA (2)
Sol. A=P+Q
B=P-Q P1LO

Al=IB|={P"+Q
| A +B|=+/2(P> + Q*)(I +cos0)

For | A +B|=+/3(P* +Q?)

0, = 60°
For | A +B|=+2(P*+Q?%)
0, =90°

14. Official Ans. by NTA (4)

Sol.

F
Here E +ﬁ2 +ﬁ3 =0
ﬁ1+ﬁ2=—ﬁ3

Since Fnee =0 (equilibrium)
Both statements correct

WORK POWER ENERGY

1. Official Ans. by NTA (5)

Sol. Let the speed of bob at lowest position be v,
and at the highest position be v,.
Maximum tension is at lowest position and
minimum tension is at the highest position.
Now, using, conservation of mechanical energy,

lmvl2 = %mvi +mg 2/

2
=>viZ=vy2+4gl .. (1)

Sol.

Sol.

2

Now T,.x—mg = lV1
2
= T, =mg+ lV1
V2
& T, +mg= 2
mv;
= Tmin = ] —mg
Tmax _E
Tmin 1
2
1
mg + ; 5
= — ==
mv, 1
l
2 V2
= mg+ ll { lz—mg}S
mrpr , 5mv§
= mg+—[v2+4gl]= ] -5mg

2 2
= mg+ le2 +4mg=5n;V2 —5mg
2
= 10mg = 4mv,
, _ 10x10x1
Vyl= ————
4

=>Vvy,2=25 = v,=5m/s
Thus, velocity of bob at highest position is 5 m/s.
Official Ans. by NTA (1)
For equilibrium
w_
dr
100 5B _

11 6
T T

ﬁ_ 10
r() I.ll

0

1

r=|—
p. (P
a=1
Official Ans. by NTA (2)
P=C
Fv=C
MYv-oc
dt
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Sol

Sol.

Sol.

Sol.

ALLEN
Official Ans. by NTA (10) P, =mv,=2mv;,
Using work energy theorem, P, =mv,
W, = AK.E. % change
1 _ £ mv, —mv, B
10) () (5) = E(1())\,2 - P 100——InVl x100=100%
v =10 m/s 8. Official Ans. by NTA (1)
Official Ans. by NTA (6) Sol. P = constant
Let's say the compression in the spring by : y. 1,
So, by work energy theorem we have Emv =Pt
:lmvzzlky2 = vyt
2 2 dx
m —=ct C = constant
Sy=,—-V dt
k by integration
4 Iy
=>y= x10 t2
\ 100 x=C 1
= y=2m —+1
= final length of spring 2
=8-2=6m X oc t?
Official Ans. by NTA (1) 9.  Official Ans. by NTA (2)
NLP Sol.  Wopgrer + Wiy = AK.E. =0
WPorter = _ng = —mgh
=-80x9.8x.8=-6272]
el a v 10.  Official Ans. by NTA (2)
L
0.05m Sol.
2m
[=0.5m
ke d > I~ cos 60"{T
1, ., 1 ~—
—kx” = > mv
Kx2 = mv2 Applying work energy theorem :
K 100 Wy + Wr = AK
V=X~ =0.05 |~ =0.05x1010 mel(1cos607) = Lmv? - L
m 01 mgl(1-cos60°) = 5 mv 3 mu
v=0.5J10 v2 = 0 - 2g1(1-c0s60°)
Fromh—l 2 V2=9—2X10X0.5(%)
vi=4
2x2 v=2m/s
\/ 10 11.  Official Ans. by NTA (450)
Sol. F=(5y+20)]
.'.dzvt=0.5\/10><\/70 =1m "
1
o= |Fdy=|(5y+20)d
Official Ans. by NTA (1) j Y '([ oy dy
K, =4K, 532 10
1 | =| —+20y
—mv, =4—mv, 2 0
2 2 5
v, =2v, = —x100+20x10
2
P=mv

=250+200=450J
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12. Official Ans. by NTA (2) 1 5
SOl. Emech. =8J mg {R— h} = E mv (2)
(A) at x > x4, U =constant = 6]
K = E,ccn. — U = 2J = constant from (1) & (2) = mg {E} = w
(B) at x <x;, U =constant=8J R R
K=Enpeen. -U=8-8=01J h_2R_2
Particle is at rest. ER m
(C) Atx=x;,U=0= Eper =K =81 16.  Official Ans. by NTA (40)
KE is greatest, and particle is moving at fastest 2kg
speed. 2m
(D) At x =x3, U=4]
K=4J lkg 3ke
13. Official Ans. by NTA (4)
Sol. P =const.
2
p—py= Y dv
dx
P 1 Px 2 From energy conservation
[—dx=[vidv — = K+ Ui =k + Uy
, M 0 . m 3 | 3
1/3 0+| —I1x10x— |=k, +| =3x10x—
( 3Px ) dx 2 f 2
—_ =V=—
m dt ~5=ki—45; k=401
3P X sp )" Ans. 40.00
[E} fdi=[x"dx = x= [9—mJ " 17.  Official Ans. by NTA (2)
L0 Sol. Given W, = Wj
14. Official Ans. by NTA (2) FAdCOS 45° = FBdCOS6OO
Sol. Given, m=0.5kg and u=20m/s 1 1
1, F, x—==F; x—
Initial kinetic energy (k;) = Emu J2 2
1 Eo_V2_ 1
=—x0.5x20x20=100]J E 2 2
2 B
After deflection it moves with 5% of k;
5 5 18. Official Ans. by NTA (1)
k= 100 xk; = 100 x 100 =ki=51J Sol. Work done = Change in kinetic energy
- (] . 1 2 1 2
Now, let ihe final speed be 'v' m/s, then : Wone + Wair_friction = Em(.g \/g_h ) — Em(())
kf=5=—mv2 64
2 Wair — friction = — mgh - mgh =—068mgh
—v2=20=v=+20 =4.47 m/s Option (1) 2
. ption
15. Official Ans. by NTA (2) 19.  Official Ans. by NTA (16)
Sol. Work = AK.E.
1
Sol. Wfriction + Wspring =0- Emvz

mg cosO =

cos 0 =—
R

Energy conservation

2[lmvzj + W ine = —%mv2

10012
in =—£><lmv2 —lkxzz——mv2
100 20 L 2 20
40000 x (20)’ .
:>k=—2 =16X10
10x(1)




JEE (Main) Examination -2021 ALLEN
WAVE MOTION 7. Official Ans. by NTA (4)
1.  Official Ans. by NTA (1) Sol.  Ans. (4) c
Sol. y=F(x,t) fo=1 0
For travelling wave y should be linear function 3Ve 2V, L L
of x and t and they must exist as (X + vt) 4L 2L
y = Asin(15x — 2f)—linear function in x and t 3V. V, 0, P,
Option (1) is correct. I = ?
2. Official Ans. by NTA (8)
2m/s i s L4 Y, 4L /—B‘ PL (B is bulk modulus)
Sol. (1) N mm 3 Ve 3\p, B
7 7 7 7 7 777 ) 4L pl
Frequency of sound heard by car-1, which =— |— x=4
comes by reflection from car-2 3 NP,
f g (340 +2J(34O +2) ; (342 )2 g-l g;’ﬁClaleI;S- by NTA (4)
1= 1o =b| 370 ol. =27
340-2 )\ 340-2 . 338 —15x% 103
Frequency of sound coming directly from 6
car-2 A=5=3cm=0.03m
£ =g, 22042 9.  Official Ans. by NTA (2)
340-2 1
Sol. Att=0, y=
af—f= g [ 222342 ) g0 -3 1+x*
338 )\ 338 _ 1
3. Official Ans. by NTA (4) Attime t=t, y = PR
Sol. d=6cm, f=504,v=336m/s +(x-vt)
e=0.3d
AV Att=1, y=—= ... ()
Z+C_Z_E 1+(x-v)
[=16.66-03x6 1
[ =14.866 cm Att=1, y=—7—— ... (ii)
[ =148 cm 1+(x-2)
4. Official Ans. by NTA (2) Comparing (1) & (ll)
Sol. v= |+ v =2m/s
u 10. Official Ans. by NTA (132)
AV _ 14T
V 2T fo=400
S. Official Ans. by NTA (1215) Sol.
Sol. p=0.135 gm/cm = 0.0135 kg/m —>V
y =-0.21 sin (x + 30t)
(x in meter & t in sec)
wall
o 30
v=—=—=30m/s
k 1 Wall as an observer
v \/I — T = v2u = (30)2 (0.0135) Frequency received by wall
n C
=12.15 fi =1, C_v
=xx 102N =>x=1215 )
6.  Official Ans. by NTA (3) Again wall as a source
Sol. Initially beat frequency = 5 Hz Frequency received by observer on car

S0, po =340 = 5 =345 Hz, or 335 Hz

after filing frequency increases slightly

so, new value of frequency of A > p,

Now, beat frequency = 2Hz

= new p, =340+ 2 =342 Hz, or 338 Hz
hence, original frequency of A is p, =335 Hz

C+V
fzzfl( : j

f, =1, (?—zj 500=4oo(g+w

bl
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5 C+V 14.  Official Ans. by NTA (7)
e Sol. y; = Asink(x —vt)
(?:9(\:/ v y1 =12 sin 6.28 (x — vt)
C 33 y2, =5sin 6.28 (x — vt + 3.5)
= =2y A¢=%(AX)
V:?)Z—Ox§:l32km/hr = K(AX)
7
11.  Official Ans. by NTA (1) =0.28x3.5=Sx2n=Tn
Sol. f=f LB Y A, =AZ+AZ+2A A, coso
. f=f, =
1-p ; © A= J(12)2 +(5)* +2(12)(5) cos(7m)
f [1+p =144 +25-120
f,\V1-B Ans. 7
, 15. Official Ans. by NTA (1210)
Af .
(Hf_J =(1+B)1-B)" Sol. [x]—% ¥ T,
0
B is small compared to 1 V, =36 km/hr = 10 m/s
A V, =72 km/hr = 20 m/s
[1 + . J =(1+2p) by doppler's effect
0
L (V=2V,
p=if_v F_FO[ViVJ
f, ¢ )
c 1320=F0(340+20) — Fy = 1210 Hz
V=6x 5 =305.6 km/s 340-10
16.  Official Ans. by NTA (34)
12.  Official Ans. by NTA (2025) .
S Or—
Sol.
Vs = 20m/s Vo =20m/s <
Sol.
prof| £V LY
C+V, 4
1800 ¢ 340-20 Y.V
340+ 20 » 4§40
f=2025 Hz :>250=4—€
Ans. 2025
34
13. Official Ans. by NTA (1) = (= x5 0.34m
Sol. For node /= 34cm
cos(1.57em™ ) x =0 17.  Official Ans. by NTA (10)
kg
— -4 25
(1.57CH’171)X :g SO]- M—9.0X10 m
T=900N
T
= cm =1cm T
2(1.57) V= |—=| 9004 =1000m/s
1) 9x10
Ans. 1.00
f, = 500 Hz
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f=1550 3. Official Ans. by NTA (1)
nV A.D
— =500 ....(Q) Sol. B=—
20 d
(DY o0 i e >y
-~ = . (@
; AD A D
2t Br =—— and B, =—
vV d
(i) (1) Y 50 P >By
1000 Fringe pattern will shrink.
= 2% 50 =10 Option (1) is correct.
4. Official Ans. by NTA (4)
WAVE OPTICS Sol. Given that, ;—1 =2x

1. Official Ans. by NTA (3) ?

Sol. Amplitude oc Width of slit We know, 2 2
:>A2=3A1 Imax= (\/i_{_\/g) &Imin= (\/i_\/g)
(L] e 2L 2T _2fn

T L -1 N [ +1, I—1+1 2x+1
N 3
~ Intensity I oc A2 5. Official Ans. by NTA (4)
I ( A +A Jz Sol. sin@:ﬂ
— _max  _ 1 2 a
Loin |A1 —A, | when a increases, 0 decreases,
A +3A 2 width decreases
= (MJ width decreases so intensity will increases
Lo 6.  Official Ans. by NTA (1)
_(aaY L, Sol po D _500x10°x1
24, ' ) d 2x107
2. Official Ans. by NTA (75) B=>x10"m =2.5x10 " mm
I, Polarizer Analyzer 2
I,/2 I,/2 =100 lumens b=0.25 mm
Sol. 7. Official Ans. by NTA (2)
Sol _AD 5890 x 10"°%x0.5
Assuming initially axis of Polarizer and o. p= d 0.5x10°°
Analyzer are parallel =589 x 10-6 m
1, Polarizer  Analyzer . Distance between first and third bright fringe is
1,2 2 cos' 30 2P = 2589 x 10-6m
0 =1178 x 10-m Ans. (2)
I 8. Official Ans. by NTA (6)
Now emerging intensity = -2 cos2 30°
2 AL
Sol. TC =V
2
V3 3
_100[7 _IOOXZ =75 A}\,=XX7\,= 2865X63OX10—9
c 3x10
Ans. 75 =6x 1010
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9. Official Ans. by NTA (2)

Sol. Fringe Width, p = %D

Bmax = dmin and Bmin = dmax
d =dy + ag sinmt

dmax=d0+a()anddmin=d0_a()

K Bmin = XD and Bmax = XD
d,+a, d,—a,
AD AD 2\Da
Bmax - Bmin = = 5

d,—a, _do +a, _dg—ag
10. Official Ans. by NTA (2)
Sol. Fringe width = AD/d
as A decreases , fringe width also decreases
11. Official Ans. by NTA (2)
Sol. Thickness t = nA
S0, n Avae = (0 + 1) Auir

nk:(n+l)i

1 10°*

n= = —

l‘lair_l 3
t=n\A
10*

= TX6OOOA =2 mm
12. Official Ans. by NTA (300)

DA
Sol. Position of bright fringe y = HT

My =3.5mm

D
yiof red =

A, =3.5x10° 4
D

Similarly A, = 2x103%

A0, = (1.5x103)(0-31>< ;OJ

=3x 107 =300 nm
Ans. 300.0

13.

Sol.

14.

Sol.

15.

Sol.

16.

Sol.

17.

Sol.

Official Ans. by NTA (30)

I
I="cos’¢

' Py ' Py
AURRVE
Pl P2
A
AVERUN
—cos’ ¢ = Ell
8
cos’ o = 2
4
cos’ =§ = ¢ =30
Ans. 30
Official Ans. by NTA (4)
Imax = (\/K‘F\/K)Z = 4Io
Official Ans. by NTA (600)
d D
- 6x107°x107°
10
A=6x10"7m =600 x 10-° m
A =600 nm
Official Ans. by NTA (5)
8B =2.4cm; S}LTA =2.4cm
8x1.5%xc —24x 102
0.3x107° xf
f=5x10"Hz

Official Ans. by NTA (1)
Given amplitude o slit width
Also intensity oc (Amplitude)2 oc (Slit width)2
2
! =(§J =9=1 =91,
1

=
L

Imin _ \/i_\/g 2:(3_1J2=l=3
Lo ({1 +L 3+1) 4 4
= x=1.00




