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FINAL JEE-MAIN EXAMINATION - JANUARY, 2020
Held On Tuesday, 7 January 2020
TIME:9:30 AMto 12 :30 PM

1. A block of mass m is suspended from a pulley in form of a circular disc of mass m & radius R. The system
is released from rest, find the angular velocity of disc when block has dropped by height h. (there is no
slipping between string & pulley)

T m T B @p R ¥ =l B g J7 g B 1 ARl Tt & w9 A 7 fEer gs@EE moden
e Ry Ik Mg & favra 9 ISl Oan 81 @9 i g§RT h 318 AId M W bl b1 brofig o

B (RRA den aadl § ®IS fhaes 78 7)

Ans. (1)
1 -, 1 5
Sol. mgh=—mv*+—Iw
2 2
v = oR (no slipping ®1E fhrer =7El)
2
mgh = lmmzR2 +1mR 2
2 2 2
_3 252
mgh = —mo“R
4
4gh 1 /4gh
0= [— =—_ |—
3R> RV 3
2 Three point masses 1kg, 1.5 kg, 2.5 kg are placed at the vertices of a triangle with sides 3cm, 4cm and
5cm as shown in the figure. The location of centre of mass with respect to 1kg mass is :
2.5 kg
5cm
4 cm
1kg 3cm 15k

(1
(2
(3
(4

0.6 cm to the right of 1 kg and 2 cm above 1 kg mass
0.9 cm to the right of 1kg and 2 cm above 1 kg mass
0.9 cm to the left of 1kg and 2 cm above 1kg mass

0.9 cm to the right of 1 kg and 1.5 cm above 1kg mass

o ——
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frm ¥ R sgar 99 g g s g™ S99 1kg, 1.5kg @21 2.5kg B, U6 Ysl & $H1 W=
W | BT & Y HHE: 3 cm, 4cm TIT 5cm B | 99 SN a9 R 1kg S@EE & |oe 8

2.5 kg

1.5 ke
1kg 3cm g

(1) 1kg & T 3N 0.6 cm G TAT 1kg TIAM & 2 cm ST
(2) 1kg & AT 3N 0.9 cm §X AT 1kg TIAM & 2 cm ST
(3) 1kg & Tt 3N 0.9 cm T TT 1kg GFFH & 2 cm HWR
(4) 1 kg @ <A 3R 0.9 cm R @@ 1kg §&HIH & 1.5 cm HWR
Ans. (2)
Sol.  Take 1kg mass at origin
1 kg g@EM @l qd fIg o1 W

2.5kg Y
4 cm sem
l 5. L> X
1kg 3cm 15k
X, 1><O+1.5>;3+2.5><O —~0.9cm
Y, - 1x0+1.5x0+2.5x4 _ S
5
3. In a single slit diffraction set up, second minima is observed at an angle of 60°. The expected position of

first minima is

the fog faads uftear #, 2nd s (minima) 60° @& @1 W fRw@E <ar g, @ 15t s (minima) &

anfera Rafy B —

(1) 25° (2) 20° (3) 30° (4) 45°
Ans. (1)
Sol.  For 2 minima fgda fafss & forg

d sind =2\

sind = g (given)

A 43 )
—=— ... (i)
d 4

So for 15t minima is

safew yeH fafss & forw

dsing =1

sind = Z\'. = \/_g.
d 4

0 = 25.65° (from sin table) (sin dIferdT ¥)

0 ~ 25°

(from equation (i) (IHIHRT (i) &
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4. There are two infinite plane sheets each having uniform surface charge density +c C/m2. They are
inclined to each other at an angle 30° as shown in the figure. Electric field at any arbitrary point P is:

oA 3 Q1 o I @ GAG ufEdl B RITer Hed IR oTawl B9d +o C/m27 | ] ufEd UH g
J 30° P R g ¥ | 99 FErgER fH o argfes g P W @ &3 8

Y
‘o
°
P
30°
+c X
( ) ( )
ay S |1 Blg 1 @ {1,851
2g, 2J 2 2¢, k 2J 2
(3) = (1-£J‘+1§< @) = (1+£\9+1§<
2g, 2 2 2¢, L 2 2
Ans. (1)
Sol.
(¢ (o) ~
— ——sin60°
2g, € s }(y)
1 “j|
=X
2
5. A parallel plate capacitor with plate area A & plate separation d is filled with a dielectric material of

dielectric constant given by k = ko(1 + ax). Calculate capacitance of system: (given ad << 1)

TFh AR Uce GuiiRa Rida) @ag & &a%a AR e ufeeaiell & 729 @ g d B | 39 W U
WRiagdie ugef w1 B uSd @1 WRidgde e k = k(1 + ax) 31 d@ e @ aifRkar @6l

(R g ad << 1)
X
KotoA KogoA [, ad KotoA KocoA(, ad
) OSTO(Hade) (2)%[1#*7] (3) <2221+ ad) (4)%{1#‘7)
Ans. (2)
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keoA

Sol.  Capacitance of element Ted @ enfkar = 4
X

X

x|——

ko(1+ ax)egA

Capacitance of element TIc® &1 &ikar, C' = 3
X

Zi_}dix
c s kogoA(T+ax)

1 1

C  kyeoAw
Given f&am 8— od << 1

1 1 a?d?
e OLd—
C kogoAa 2

ksl )
C kpsoAl 2

Czw(HQ_dJ
d 2

/n(1+ ad)

6. A long solenoid of radius R carries a time dependent current I = 1 t(1 —t). A ring of radius 2R is placed

coaxially near its centre. During the time interval 0 <t <1, the induced current Ir and the induced emf Vr
in the ring vary as:

(1) current will change its direction and its emf will be zero at t = 0.25sec.

(2) current will not change its direction & emf will be maximum at t = 0.5sec

(3) current will not change direction and emf will be zero at 0.25sec.

(4) current will change its direction and its emf will be zero at t = 0.5sec.

% R frear @ wdeiier frrd v awg iR ari 1= 1 t(1 - t) yaifed &1 <& 8 | v 2R Broa & gerg
IR & qHIET ©U F SHD x P U RT B | I SRRIA 0<t <1, D IRW g § YT G197 [r
3R URT fagd ars® 9a@ Vr & 90 98 fa@ea B

(1) g7 3o feem g8 SR faRa aed 9 WA t = 0.25sec W YT BN |

(2) g1 oo faem e geerht ofR g arsd 9 99T t = 0.5sec W Af¥HTH B |

(3) &1 3 fmm T S 3R figd aE® I WA t = 0.25sec W Y B |

(4) g7 S9N e geAT SR faga aed 94 t = 0.5sec W Y B |

Ans. (4)

Sol. 1= Iot — Ipt?
¢ =BA
¢ = ponlA

Vi = _Z—T = oAl (1 — 21)
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Vr Vr

and 9T Ir =
®” Resistance of loop U P1 gRRiY

112t

7. If 10% of intensity is passed from analyser, then, the angle by which analyser should be rotated such
that transmitted intensity becomes zero. (Assume no absorption by analyser and polarizer).

I TH YaH F 10% Naar [o=eht &1 a1 gad &1 fram o1 F g3 9 5 fa Qaar 3w @ 9 |
(7 fARTY & gab & T P B)

(1) 60° (2) 18.4° (3) 45° (4) 71.6°
Ans. (B)
Sol. 1=1Ipcos?0

T _ Iocos? 6
10

1 1
cosh = — =0.31 < — which is 0.707
J10 V2
So 6 > 45° and TT 90 — O < 45° s0 only one option is correct ST Bl TP fadmed FE BT |
i.e. 3rrfa 18.4°

angle rotated should be g1 g1 ®ITT = 90° — 71.6° = 18.4°

8. Three moles of ideal gas A with g—P :% is mixed with two moles of another ideal gas B with S—P = g

Vv \%

The g—" of mixture is (Assuming temperature is constant)

v

ana’a‘ﬁaaA%3tﬁamz%f%mﬁag—P=g%,aﬁgﬂﬁmﬁﬂmﬁzﬁawm%’:g%zr%
\% \%

waﬁwmmm%?ﬁﬁﬁwﬁ%Wﬂmﬂ’m@(mmﬁﬁ@—ﬂmﬁqﬁtﬂﬁﬁl)

v

(1)1.5 (2)1.42 (3)1.7 (4)1.3
Ans. (2)
7R 7R
n +Nn
Sol . - NiCe, +NsCo, _ ' ¥1—1 2 ¥ =1
T Tmixre niCy, +n,Cy, nR , nR
vi=1 v2-1
on rearranging we get J @afRed &1 R,
MmNy Ny ny 5 3. 2
Tmx=1 11=1 12-1 Ymx—1 13 2/3
5 17 5
=9+3=12 = i =—=1+— H mix = 1.42
Ymix — Tonore =795 12 L
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9. Given magnetic field equation is B = 3 x 10-8 sin(wt + kx + ¢) ], then appropriate equation for electric field
(E) will be :
&y T grahg &5 B AWBRT B =3 x 108 sin(ot + kx + ¢) | & 9 fEgd &7 (E) B SRa a@iexe & |
(1) 20 x 107 sin (ot + kx + ¢) k (2) 9 sin (ot + kx + ¢) K
(3) 16 x 10~ sin (ot + kx + ¢) k (4) 3 x 109 sin (ot + kx + ¢) K

Ans. (2)

Sol. Eo-g (speed of light in vacuum feata & warer & =mer)
0

Eo=BoC=3x108x 3 x 108
=9N/C
So 4R E = 9 sin (ot + kx + ¢)

10. There is a LCR circuit, If itis compared with a damped oscillation of mass m oscillating with force constant
k and damping coefficient 'b'. Compare the terms of damped oscillation with the devices in LCR circuit.

e LCR uRuy a1 Sl & | S9& U 3fgAfad Qe & | Joidl 31 9l & faie! S m, a1e &1
g fradi® k' g R rgnfed adis b 8, 9 srgnfad Qred @ SHEAl @ LCR uRuy & o & |

(1)L—>m,C—>%,R—>b @)Lo>m,C>kR-b
1 1 1
B)L>k,C—>b,R>m 4)L—>—,C> —,R> —
m k b
Ans. (1)

Sol.  In damped oscillation 3raFfeed e #
ma+bv+kx=0

_|

C

2
md—f+bd—x+kx =0 ..()
a2 dt
In the circuit gRuer #
—irR-L9 _9 =9
dt ¢

d dgq 1 .
d—tg+Rd—?+g.q =0 ..(ii)
Comparing equation (i) and (i) e &7 T
m=L b=R k= u
c
1. A lift can hold 2000kg, friction is 4000N and power provided is 60HP. (1 HP = 746W) Find the maximum
speed with which lift can move up.

% forde 2000kg S@¥E ST A &, afs ador 4000N ® @m & ¥ wfdd 60HP ¥ | (1 HP = 746W) a9
forae & fdread =ra w0 B, R 98 SR O 9@ |

JEE Exam Solution www.esaral.com
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(1)1.9mis (2) 1.7 m/is (3)2mis (4)1.5mis
Ans. (1)
Sol. 4000xV+mgxV=P
60x746  _
4000 + 20000
V=186 m/s. ~1.9 m/s.
12. A H—atom in ground state has time period T = 1.6 x 10-'6 sec. find the frequency of electron in first excited
state
Th H-WRHIY] & SATEI Bl f1=1a a7awen # aaciara T= 1.6 x 10-"6 sec. & | T4 aiagid & U SAfod
SRR # ayrad! & —
(1) 7.8 x 10" (2) 7.8 x 106 (3) 3.7 x 10" (4) 3.7 x 10'®
Ans. (1)
2 3
Sol. TocLocn—xﬂocn—
v z z 22
Ti_ni_1
T, ng 8
T2 = 8T
=8x1.6x10"6=12.8x 106
fo= ;16 ~7.8x 10"
12.8x10~
13. Magnification of compound microscope is 375. Length of tube is 150mm. Given that focal length of

objective lens is 5mm, then value of focal length of eyepiece is:
TP FYT At @1 Al &wan 3758 | el @ @s 150 mm B | R T ® afgwe a9 vied
R fo=5mm Td AfT | B BIHd I fe B A9 BN ?

(1) 2mm (2) 22mm (3) 12mm (4) 33mm
Ans. (2)
Sol. Case-l

If final image is at least distance of clear vision

fg s ufaferg feeam W gfe R a1 @

M.P. = & 1+E ;375 = 150 1+§
fo fq 5 fs

375 25

- =1+=—
30 f,

M5 _25
30 fs
fo= JO0 _ 5 47 sonif, w22 i
345
Case-ll

If final image is at infinity afe s gfafess ea w® &
M.P. = L(Rj =375

0 fe
fe=22 mm

JEE Exam Solution www.esaral.com
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14. 1 litre of a gas at STP is expanded adiabatically to 3 litre. Find work done by the gas. Given y = 1.40 and
314=4.65
U6 N & 1 olliex B STP R 3 oficx a% yamRd fban an 81 A9 g1 fbar man & &) R &y =
1.40 To1 314=4.65
(1) 100.8J (2) 90.5J (3) 45J (4)18J

Ans. (2)

Sol. P;=1atm, Ty = 273K

P1V1y = P2V2Y

Y
P2= P1 {ﬁ:|
\Z
1.4
= 1atm (lj
3
PV, -P,V.
now work done 319 fobar T g = 11 —2°2 =gg7
y—
Closest ansis 90.5J
15. A string of length 60 cm, mass 6gm and area of cross section 1mm? and velocity of wave 90m/s. Given

young's modulus is Y = 1.6 x 10"" N/m2. Find extension in string
TF 60 cm = W, fTdET F@HM 6gm 3R AU FIE HT &FBA 1mm23R TIT HT I 90m/s T |
(feam & A1 yeaRerdl ond Y = 1.6 x 1011 N/m2) =il # g¥R 9arsy
(1) 0.3 mm (2) 0.2 mm (3) 0.1 mm (4) 0.4 mm
Ans. (1)
i
n
T= v

Sol. V=

‘=l__7

wh_ e
A £

uvzf

AY

after substituting value of w,v,¢,A and Y we get

WV,LA TRTY &AM 3@ W)

Ar=0.3 mm

Al=

16. Which of the following gate is reversible

39 | I gR SShAMY B |
WD @ ———
@— 4 ——

Ans. (1)

Sol.  Alogic gate is reversible if we can recover input data from the output
eg. NOT gate
U6 T gR Ipau B I ffd dad & enar W (e daa o e a1 wa |
eg. NOT g

JEE Exam Solution www.esaral.com
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17. A thin uniform rod is of mass M and length L. Find the radius of gyration for rotation about an axis passing

. ) L .
through a point at a distance of 1 from centre and perpendicular to rod.

TP Udell ThAAH B N6 sadF MAR I=E LE | O B & &= O %ﬁaﬁ?wiﬁwmﬁa&ﬁﬁ
e goE e sa |

7 5 7 19
(1)\/4—ZL (2)\/4—ZL (3) EL (4) EL

Ans. (1)
Ca
Sol.
L4
2 2
ML M(Lj = MK2
12 4
2 2
L e
12 16
K= 18 L
48
18. A satellite of mass 'M' is projected radially from surface of earth with speed 'u'. When it reaches a height

equal to radius of earth, it ejects a rocket of mass % and it itself starts orbiting the earth in circular path

of radius 2R, find the kinetic energy of rocket.
TP SFHA 'M'S SUUE Bl gl @l |as A U G 3 A oy e § vafda fea S g1 o9 a8 gedt

ﬁﬁw%wwiaﬁﬂqﬁaw%ﬁaﬁ%% T B FrpIRa a) I § iR I8 wWa 2R
o & g 9 # aReH FRA Yw PR @ B, A A B IS S s

(1) 5M[ 2 - 119CMa ) o) g2 _T13CM, ) M T19GM, ) ) M/ T13GM,
200R 200R 20 100R 20 200R

Ans. (1)

“GMM 1,0 -GMM 1.

R 2 2R 2
Me Me
Y R
— 1 v
M M
v=,Ju? _EM,
R

Sol.

JEE Exam Solution www.esaral.com
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MV IMGGM,

707 10fR

[ M
My, =m w2 - Me
10 R

Kinetic energy Tftret &oti = %%(VTZ + V,Z) = —(81

_M 100”2_119GMe
20
- 5M u2_119GMe
200R
19. The current 'i' in the given circuit is
R 1 uRuer § grT ' —
10
! 20
10
Wy
20
K
v
(1)0.2A (2) 0.3A
Ans. (1)

JEE Exam Solution

V1 — Transverse velocity of rocket
Vr — Radial velocity of rocket

M (., GM,

2R

+100u2—100%J

20

(3) 0.5A (4) 0.25A

www.esaral.com
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Sol.
20. A current carrying circular loop is placed in an infinite plane if ¢i is the magnetic flux through the inner
region and ¢, is magnitude of magnetic flux through the outer region, then
TFh gRIAE JAHR U < a1 #§ Rerd 2, afk omaRes &3 9§ a=ifdd g oed ¢ a1 989 &89 9
|HERT FrEHT T ¢o B Al
(1) &> o (2) ¢ < o
(3) =0 (4) & = o
Ans. 3
Sol.  As magnetic field lines always form a closed loop, hence every magnetic field line creating magnetic flux
in the inner region must be passing through the outer region. Since flux in two regions are in opposite
direction,
o =—do ) .
Hindi. Tf% g &3 @) 9= qu &1 A0 &= 31 o I0e =g 83 Y& §RI ARe &5 § S
o T TSI dad 98T &3 A YORA § | AN 7 Ml AF H IuRed voew fawia e § g
g i =—do
Numerical Value Type (W&I® UHR)
This section contains 5 Numerical value type questions.
9 @S § 5 GRS THR B U © |
21. Consider a loop ABCDEFA with coordinates A (0, 0, 0), B(5, 0, 0), C(5, 5, 0), D(0, 5, 0) E(0, 5, 5) and
F(0, 0, 5). Find magnetic flux through loop due to magnetic field B = 3{ + 4k
U ABCDEFA @ ®ed difoig s fAdeies wmwaer A (0, 0, 0), B(5, 0, 0), C(5, 5, 0), D(0, 5, 0)
E(0, 5, 5) @ F(0, 0, 5) 2 | Traaia &4 B=3{+4k & BRY ou W TRd Fraeb Ferad S1d a1 |
Ans. 175
JEE Exam Solution www.esaral.com
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Sol.

22,

Ans.

Sol.

23.

Ans.

Sol.

24,

Ans.

Sol.

¢ = (3 x 25) + (4 x 25) =175 weber

A Carnot's engine operates between two reservoirs of temperature 900K and 300K. The engine performs
1200 J of work per cycle. The heat energy delivered by the engine to the low temperature reservoir in a
cycle is:

Uh drHle g9 & ariig Fera & 77 s o)l 8 RFd d9AE HHe: 900K @@ 300K B | S99 Ueld
g H 1200J B1F HRAT B | Uh asb H o9 1 AT arel fHarg &) fra S RaErid oRar ¥ |

600

300

E f——
900

—1 :E
1 3

w

Qp
3

Qn = §W=1800J

QL =Qn-W=600J

A non-isotropic solid metal cube has coefficients of linear expansion as 5 x 10-5 /°C along the x-axis and
5 x 10-6 /°C along y-axis and z-axis. If coefficient of volume expansion of the solid is C x 10-6 /°C then
the value of C is

A 3 GTfcads 89 HT AT YT TAR YUNH x-30& B AR 5 x 10-5/°C @M y TF z—3087 & AFfaw
5x 106 /°C g | IfE 3 1 AT YAR ol C x 107 /°C &, A C & 719 =1 &I |

60

V =20 + a4

=10x 10 +5x 10-°

=60 x 10 /°C

A particle is released at point A. Find its kinetic energy at point P. (Given m = 1 kg and all surfaces are
frictionless)

T FU P a5 AF BIST o 31 fag PR R Saif o a1 | fa & m =1 kg 7 o+t we eorfed
el

A P
" \ /I. ’
B
10

KE = PE; — PE; = mghy — mgh;
=1x10x2-1%x10x1=10J
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25. On a photosensitive metal of area 1 cm? and work function 2eV, light of intensity 6.4 x 10-5 W/cm? and
wavelength 310 nm is incident normally. If 1 out of every 10° photons are successful, then number of
photoelectrons emitted in one second is 10%. Find x
TP TR GI&l °91g BT &FhA 1 cm2 TN SRIGT 2eV 8| 39 W 6.4 x 105 W/em?2 e gad 310 nm
TR} BT YHTY Taq Imuferd ¥ | A 103 BIS § A BId U Wi, Udh YHTe Soidgid Scasid e
[HAT B A TP APV F SANTT BISl AT B edr 10¥8, T X F1d BRI |

Ans. 11

Sol.  Energy of photon. E = 13274(;) =4eV > 2eV (so photoelectric effect will take place)

=4x1.6x10"°=6.4 x 10-"° Joule
No. of photons falling per second
_ 6.4x10°x1_1a
6.4x107"°
No. of photoelectron emitted per second

Hindi. ®Ie9 & &t E = %= 4eV > 2eV (31 U fAgd yvra ST BIm)
=4x1.6x10"°=6.4 x 10" Joule
UfaR®Us IUfd BieiH
_ 6.4x107°x1 _10™
6.4x107"°
yfRevs Sfid Bieigada=
10"

=10"
10°
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