\\/y
Esa I’al JEE | NEET | Clas 8 - 10 Download eSaral APP [

FINAL JEE-MAIN EXAMINATION - JANUARY, 2020
Held On Thursday, 9 January 2020
TIME:2:30PMto5:30PM

1. A mass m attached to spring of natural length /o and spring constant k. One end of string is attached to
centre of disc in horizontal plane which is being rotated by constant angular speed ». Find extension
per unit length in spring (given k >> mw?) :

T SHM m, (pdrTs 9 R e k @ R d g1 21 R &1t i e 9 | & 9adl @
T A T T T FHH ad Brefia I o F A @ | KT A 3HE =g F UER | -

(fm & k>> me?)

ma? \/E mo? ma? 3mo?
k 3 k 2k k

(1M

Ans. (1)
Sol.

® Kk, lo
00000

ma? (fo + X) = kx

([_0+1J:L2
X mo

_ Zomc)z
X=——
k-mo

k >> me?

mw2

So, Xis equal to
o

2
AT ZL’ mia% W &
0
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2. A loop of radius R and mass m is placed in a uniform magnetic field B with its plane perpendicular to
the field. Current | is flowing in it. Now loop is slightly rotated about its diameter and released. Find time
period of oscillation.

R 3 don m ged M @1 U fd gRad &9 B & owaq <@ 8| 399 ORT | 98 W& B 19 U Bl

IGP AN S AU AT P A A & A BIST & U APl AT PRI—

m 2mm m m
D2 ST ®) 27 @ e
Ans. (2)

Sol. 7= MB sind = Ia.

mR?

nR21 BO = o
2

2nB _ 2n
m T

()
T 27m
IB
3. A string of mass per unit length n =6 x 10-3 kg/m is fixed at both ends under the tension 540 N. If the
string is in resonance with consecutive frequencies 420 Hz and 490 Hz. Then find the length of the
string?
T TR TS Y gHT g9 p=6 x 10-3 kg/m B, T1 791g 540 N B, I R’ wR 9t g8 7| Il

IR H I HAN AGRIAT 420 Hz q21 490 Hz & 191 TS H § o I Pl a1 &1d dxi—

(1)21m (2)1.1m (3)4.8m (4)4.2m
Ans. (1)
Sol.  Fundamental frequency & 3Tgfi = 490 — 420 = 70 Hz
70 = i I
20\ p
=70= 1540
20 V6x107°
1 3 300
=>/= V90x10° = —
2x70 140
=/ ~214m
4. Ratio of energy density of two steel rods is 1 : 4 when same mass is suspended from the rods. If length

of both rods is same then ratio of diameter of rods will be.
A WA B BSl H ol G BT AU 1: 4 B, T T GAF S@AM ACHA o 3| AR 57D

TSI FHM B 1§70 @l BT U A1 BRI—

(1) V2 :1 (2) 1:42 (3)1:2 (4)2:1
Ans. (1)
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Sol. du_ ; stress(Hfcaa) x stress

dv y
1P
2 2y
du 1
dv g*

ﬁ (4)1/4
d;
ﬁ = \/51
d;
5. A particle is projected from the ground with speed u at angle 60° from horizontal. It collides with a

second particle of same mass moving with horizontal speed u in same direction at highest point of its
trajectory. If collision is perfectly inelastic then find horizontal distance travelled by them after collision
when they reached at ground

Tdh HU B URAA F U AN F 60° B BV TR YA fpar Srar | g oo SwaeH fawg wR afae faem
Huaad ¥ 994 e # Ifiefia 999 g 9 & &0 9 Pl URIRY TFR Rdl ©, a $9d g
CHPR B UL ERIAA OB dgdd H deh W AR 4 A HRI—

3v/6u? 3+/3u? u? J3u?
(1) (2) (3) — (4)
8g 8g 8g g
Ans. (2)
m
— > T,
ucoso
0=60°
S
Sol.
Pi = Pr

mu + mucos6 = 2mv

u(1+cos60°) 3

T2 3

so horizontal range after collision eFH: & TeaTq AfT W= = vt
2H .,

_ 2u sin’ 60

3\/§u2

=> V=

AW

2

I
blw

?
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6. H-like atom with ionization energy of 9R. Find the wavelength of light emitted (in nm) when electron
jumps from second excited state to ground state. (R is Rydberg constant)
Td BIgRIOM Ol URATY] 1 M- SHoil IR B, A1 IARId B &l TS (nm #) 1A BRI 59 Serag

fgha SwifoTa sraven & qot sraven # gl 2| (R Rea Fadis 2)

(1)11.39 (2) 12.86 (3) 8.02 (4) 2.19
Ans. (1)
hc 2 1 1
Sol. —=(13.6eV)z°| ——-——
M ( ) {”12 n%}
nqg= 1
=3

hTC ~ (1 3.6eV)(32){112 B 312}

- hx_c _ (13_sev)(9)[§)

wavelength TRITqed = 1240
8x13.6
A =11.39nm
M . R . . o
7. Two planets of masses M and 7 have radii R and ) respectively. If ratio of escape velocities from

their surfaces ALE is % then find n :

Vo

a‘fugﬁm—cﬁa@:ﬂmma@n%WT%ﬁmﬁmzRa%%laﬁ%?%ﬁwﬁwwaﬂﬁmagma

\\:—1?5[111:1 %%a‘rn ST B —
2

(M3 (2)1 (3)2 (4)4
Ans. (4)

Sol. Ve = 1/ZG—M
R

2GM
vi_ VR _4_n
Vo 2GM/2 4
R/2
= n=4
2
8. Find centre of mass of given rod of linear mass density A = [a +b(%) J x is distance from one of its

end. Length of the rod is /.
2
Y g9 g+ A = [a+b(%) J\_rl—&ﬂ XxTh R A A B, el B8 F T d= @ IR | [ BS

P ol B
1)%@a+bj @) %(Za+bj 3) £(23+bj @) [(Za+bj
a+b 4 (3a+b 4\ 3a+b 3a+b

Ans. (2)
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Sol.

7A &

1 /
Xom = MIx.dM

2
dM =2 .dx = [a+b(§j j . dx
’
jde jxhdx E‘)-X(a+JdX

" fam o [rdx j;(“ J

x2 ' b (x* '
al — | +—5|—
2 2| 4

0 0

9. If a point source is placed at a depth h in a liquid of refractive index % Find percentage of energy of

light that escapes from liquid. (assuming 100% transmission of emerging light)

Waaﬁhﬂgﬂs‘wquﬁg‘ﬁﬁa?m%amaazmaﬁwzﬁ%%,Fhaaﬁﬁwﬁmaﬁmw

gfoerd A1 S &R (TR FEwa 9l gare &1 gk 100% B)—

(1) 15% (2) 17% 3)21 % (4) 34%
Ans. (2)
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Sol.

10.

Ans.

JEE Exam Solution www.esaral.com

N

«— > —

S

J7
4

. 3
sinp = =, cosp =
B 2 p
Solid angle 31 @191 dQ = 27R2 (1 — cos B)

27R?(1-cosp)

A2 x 100
T

Percentage of light T&Ter &1 wfierd =

= HTOSBx 100 = (#}x 100 ~ 17%

System is released from rest. Moment of inertia of pulley 'T'. Find angular speed of pulley when m1 block
falls by 'h'. (Given m4 > m2 and assume no slipping between string and pulley).

T STecd el arell foRel &1 IO 9 S PRI, Sd U i h' g [ A" FqSAT Sl B 1 (my > mp) T
o g =0 & e g e T8 B |
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Sol. ki+ Ui=ki + ko

1 1 1
0+0= Emzv2 +Em1v2 +E|w2 —m,gh+m,gh

(mz — m4)gh = 1m2(wR)2 +%m1(wR2)+%lw2

2(m, —my)gh

=0

|
(e

11. Find the current supplied by the battery?
gRuel # 98 drell 911 A dRI?

5q 10Q
3
100 20Q
MWW | -
SQ 9\/
(1)0.1A (2)0.3A (3)0.4 A (4)0.5A

Ans. (2)
Sol. Both diodes are in reverse biased

T TS uTE argd Refd # B

/ 10Q
P
10Q e
N |
AW —— F
5Q 9v
:i:iA =0.3A
30 10
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12. An AC source is connected to the LC series circuit with V = 10 sin (314t). Find the current in the circuit
as function of time ? (L = 40 mH, C = 100 uF)
TH AC EId LC #1vfishA 3 o1 &, forda fava V = 10 sin (314t) 3| 999 & Uai ¥ ulRuy # garfzd &1
1 U ? (L =40 mH, C =100 puF)

(1) 10 sin (314t) (2) 5.2 sin (314t) (3) 0.52 sin (314t) (4) 0.52 cos (314t)
Ans. (4)
Sol.
L=40mH C=100uF
‘ () }_‘
Nt
V =10 sin (314t)
z= yR? +(Xc - %)
R=0
Z= Xc - X|_
= L—(DL
oC
=1 __314x40x10°
314x100x10~
=31.84 - 12.56
=19.28 Q
Xc > XL
i
Ve - VL
i= ﬁsin[smnfj
Z 2
i= ﬁcos(314t) = i= cos(314t) = i = 0.52 cos (314t)
V4 19.28
13. There is a long solenoid of radius ‘R’ having ‘n’ turns per unit length with currenti flowing in it. A particle
having charge ‘g’ and mass ‘m’ is projected with speed ‘v’ in the perpendicular direction of axis from a
Point on its axis Find maximum value of ‘v’ so that it will not collide with the solenoid.
Th o gRAIferd fda B ‘R @ S ofF s § O & 9% ‘0’ 8, W 9N i yarfed @ @ B g
AR T ‘'m’ GGIAE BT TH SO 'V A1 | A 7 & oraq Jafd fean sirar g1V @l ifddan Ae
1 B A J8 IRATTdT | T8l Sy —
Rap,in 2Rqu,in Raugin Raugin
(1) 5 (2) 2R3l (3) Ratoin (4) Raoin
2m m 3m 4m
Ans. (1)
R _ mvmax
SOI. Rmax:- - N
2 qugin
RauA
Vimax = ol
2m
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14.

Ans.

Sol.

15.

Ans.

A Capacitor C and resister R are connected to a battery of 5V in series. Now battery is disconnected
and a diode is connected as shown in figure (a) and (b) respectively. Then charge on the capacitor after
time RC in (a) and (b) respectively is Qa and Qg. Their value are

T GYTRA C 1 ufeRg R, 5V @1 921 & A1F 4ol %9 o1 8| 3fd 91 $I gl &7 e & a1 v
SRS HAL: 73 (a) TA1 (b) & IFAR SIST Ol © | Ia 9 RC & Ugar |ITRT W AT (a) T2 (b)

H PHHI: QaTAT Qg & A1 SHB HI9 ST BRI—

T T
+ — +—
[t [
(a) (b)
(1) 5CV, 5CV (2) 2V 5CV 3) 2Y scv (4) 5cv, 2V
e e e e

(3)

Maximum charge on capacitor Sl R 3ffdad ATde = 5CV
(a) is forward biased and (b) is reverse biased

for case (a)

(a) IEITH B A (b) UTIIIN T |

(a) & fori
Qa Qs
|+ . |+ .
[ [

W —e—e—  awwm—

SO Q = Qmax [e_ﬂRC] Qg = 5CV
=5CV
Qa = 5CVe™!

A sphere of density p is half submerged in a liquid of density ¢ and surface tension T. The sphere
remains in equilibrium. Find radius of the sphere (assume the force due to surface tension acts
tangentially to surface of sphere)

p T B T T, ¢ B-cd G JOaHa T dlcl &9 H 37em $d1 g7l © | IS el Arua<en 4 I8ar g dl
SO B 91d HIR— (T8 T9h §RT Mol W 9ad T8l Y& ©)

(1) | — R O @) [
(p-o)g (p— 20 2p 30 (2p-o)g
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Sol.
= density o
= p. inR3g = G.EnR39+2nRT
3 3
20
= §R 9(2p-0)=2T
= R = L
(2p-o)g
16. An EM wave is travelling in I—\/%j direction. Axis of polarization of EM wave is found to be k. Then
equation of magnetic field will be
TS faeageerg ava % wfew @ e # wfoeia ¥ Regagesig @ & gao o g k @ gy §
qAl GEEDIT &F P AP B
i+] i -] i+
(1) —=-cos| ot+k (2) —=cos| ot —k| —
V2 2 V2 V2
i—j i+ i+
(3) —=cos| ot +k (4) k cos| mt —k
V2 2 2
Ans. (2)
Sol. EMwave is in direction fagjagraeia @R @I fawn — I\/Jr_j D ey ©
Electric field is in direction fagyd &% & faem — k & srgfawr 7|
E xB — direction of propagation of EM wave fagagwata a3 @ wifq a1 faem
17. Different value of a, b and c are given and their sum is d. Arrange the value of d in increasing order
a, b ¢ A= 41 fF T & TAT ST A d g, A1 d P A9 B g HH H FaARAT PIfoTI—
a b C
1] 220.1 | 20.4567 | 40.118
2] 218.2 | 22.3625 | 40.372
3| 221.2 | 20.2435 | 39.432
41 221.4 ] 18.3625 | 40.281
(1)d1<d2<ds<ds (2)d1=d2=ds=d4 (3)ds<di<d2=ds (4) ds <d3<d2<djs
Ans. (3)

JEE Exam Solution www.esaral.com .
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Sol.
a b C atb+c=d Round off
1 220.1 20.4567 40.118 ds=280.6747 280.7
2 218.2 22.3625 40.372 d>=280.9345 280.9
3 221.2 20.2435 39.432 ds = 280.8755 280.9
4 221.4 18.3625 40.281 ds = 280.0435 280.0
18. Two gases Ar (40) and Xe (131) at same temperature have same number density. Their diameters are
0.07 nm and 0.10 nm respectively. Find the ratio of their mean free time
JHEE QYA R Q1 I Ar (40) T Xe (131) & G ¥ AN 7 | 396 19 HA: 0.07 nm Tl
0.10 nm &, Tl 377 1eg Yo Picl B AU AT PRI—
(1)1.03 (2) 2.04 (3) 3.04 (4) 2.40
Ans. (2)
. 1
Sol. Meanfreetme= ————
J2nnd?v
ta - e
tXe dir
_ (041
0.07
2
= (EJ =2.04
7
19. A particle starts moving from origin with velocity u = 3i from origin and accelerationa :6?+4]. Find
x-coordinate at the instant when y-coordinate of the particle is 32 m.
Th B qoAfdrg F I (=37 T TR a=6i+4] ¥ T YR el 8| S &9 R x-frderia sma
PRI 59 B BT y-FeAd 32 m B
(1) 48 (2) 60 (3) 12 (4) 24
Ans. (2)
Sol. Sy=ut+ %ayt2
32=0+%><4t2 = t= 4sec
Sy=ud + laxt2
2
=3x4+ % X6 x 16
=60 m.
20. An electron (—|e|, m) is released in Electric field E from rest. Rate of change of de-Broglie wavelength
with time will be.
UH gAdE (e, m) fagd &5 E A Rer e & 8191 Ol &, A S-svell Weed & G b A
gRRac @l &% 8-
h h h 2ht?
M -5 (2) -7+ @) =7 4) -
2|e| 2|e| t |e| Et? |e| E
Ans. (3)
JEE Exam Solution www.esaral.com
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Sol.

dig___h
ot |

This section contains 5 Numerical value type questions.

39 TS § 5 GEATHG YR & U & |

21.

Ans.

Sol.

22,

Ans.

JEE Exam Solution

In YDSE pattern with light of wavelength A1 = 500nm, 15 fringes are obtained on a certain segment of
screen. If number of fringes for light of wavelength A, on same segment of screen is 10, then the value

of A2 (in nm) is—
YDSE 94U # A; = 600nm TR gRT IR & Tp 9FT H 15 bl Ut S B al SO aReed A, &I 914

(nm #) s1d BIRTY, s o w_e & JaE 917 ) 10 sl o 8-

750 nm
15 %500 x 2 =10 x 3y x 2
d d

A2 =15 %50 nm
A2 =750 nm

If in a meter bridge experiment, the balancing length ¢ was 25 cm for the situation shown in the figure. If
the length and diameter of the of wire of resistance R is made half, then find the new balancing length
in centimetre is

S W Hiex Ag WA H AgAT s /B A9 25 cm B, AT URRIg R @ RIS GA1 A B ST
IR e S @ T Aged o AW #§ A -

v
A

l 100 -7
40.00

www.esaral.com
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Sol.

23.

Ans.

Sol.

24,

Ans.

JEE Exam Solution

Find the power loss in each diode (in mW), if potential drop across the zener diode is 8V.

I TS IR SRS &1 fava 4V & O U@ S/rs | wfad g1 (mW #H) S 31—

2000
2000

—e

12V 7 T
8V

_i

40
= (12-8) A= 4 =102 A
(200 +200) 400

Power loss in each diode W& S1are # oifdd &1f1 = (4)(10-2) W = 40 mW

th
An ideal gas at initial temperature 300 K is compressed adiabatically (y = 1.4) to (%J of its initial

volume. The gas is then expanded isobarically to double its volume. Then final temperature of gas
round to nearest integer is:

th
TP ATeY T (y = 1.4) o ad gRfe aad= 300 K 8 &1 59 RS 1add & (%J de |aifed
foan Al 21 SUP URET WHAEII UHH §RI ARCH Bl YA a1 Sfar B, A A9 H1 off~aq aruerd
fpead quiie § 8 —
1819 K

13
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Sol.
PA

B! 1C
1 1
1 1

1

: L A

1 1 ! Y
Vi MoV

16 8

PV = constant faa
TVy-' = constant g

2/5
300 (V1)1‘4_1 =Ts (ﬁj

16
Tg = 300 x 285
Now for BC process
BC usd & ford
Ve _ Ve
TB Tc
To= Yels =5 300 x 20
Ve
T.=1819 K

25.  If electric field in the space is given by E = 4xi—(y? +1)j, and electric flux through ABCD is ¢; and
electric flux through BCEF is ¢y, then find (¢1 — ¢2)

I freil v W fagd &3 E = 4xi —(y2 +1)] & faam Siar @ dem ABCD ¥ ofdd 1 9 BCEF 9 ¢p &

(01— o) ST B —
A—Z
D(0,0,-2) C(3,0,-2)
A(0,2-2
B(3,2}2)
H R
(0,00 E(§,()J(,O)
G(0,2,0)
F(3,2,0)
y
Ans. -48
Sol.  Fluxvia ABCD ¥ T
Flux via BCEF ¥ Wt
0, =EA = (4xi—(y? +1)j)-4i =16x,x=3
N-m? N-m?

¢, =48 c ; 0=y =-48

JEE Exam Solution www.esaral.com 14
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