JEE Advanced 2019 Answer Key Paper 1 - Physics

1. A thin spherical insulating shell of radius R caries a uniformly distributed charge such that the potential
at its surface is Vo. A hole with small area o4xR? (o <<1) is made in the shell without effecting the rest
of the shell. Which one of the following is correct.

{A) The magnitude of E ata point [ocated on a line passing through the hole and shell's centre on a
Vg

distance 2R from the centre of spherical shell will be reduced by R

(B) Potential at the centre of shell is reduced by Zavo.
(C) The magnitude of E at the centre of shell reduced by %

{D*) The ratio of potential at the centre of the shell to that of the peoint at % R from centre towards the

1

hole will be
1-2a
Ans. (D}
Sol.
A
Q
= dA = Qo
Given
V at surface
vo= KQ
R
VatC
Ki K
Vc=§7%Q=V0 1-a)
VatB
KQ K{(aQ)
= ————" =Wy (1-2
PR R i)
E: 1-a
"Vy 1-20
EatA

KQ KaQ _ KQ oV
(2R R? 4R’ R

So reduced by O(—F\:“
EatC

£o= Ko@) _aVy

R? R
so increased by iF\:—“

Ans. (D)
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2. In a capillary tube of radius 0.2 mm the water rises up lo height of 7.5 cm with angle of contact equal to
zero. If another capillary with same radius but of different material dipped in the same liquid. The height
of water raised in capillary will be, if angle of contact becomes 60°.

(A)7.5cm {B) 15 cm {C)3.75cm (D) 30 cm
Ans. (C)

Sol. If R = 0.2 mm for two capillary to r
#f Gl dyafa @ Bsm R=0.2mm 2

As in 1% case

h=7.5cm

T= _Rhpg (8=0)
2cos

=7.5x 102

=0.075 N/m

Mow in 2™ case

Rh
T=E~£§% (6=60)

_ 2c08B0x7.5x1072

0.2x1073x10% %10
=Ex10_2

2
=375%x102m
=375¢cm
Alternate :
T = 0P8

2cosé

25, N
100 cos60
h'=3.75¢cm

1

3. A sample of ,K*? disintegrates into two nuclei Ca & Ar with decay constant Aca = 4.5 x 10-'¢ 5-' and
har= 0.5 x 10-'° S- respectively. The time after which 99% of ,4K*® gets decayed is :

(A) 6.2 x 10° sec (B*) 9.2 x 10° sec (C)7.2x 10'9 st;c (D)y4.2 x 10° sec
Ans. (B}
Ca o]
A
Sol. K
£ Ar a
t=0
? =—(hy+22) N

10ge [Nl] =k + 2ok

(]
2.3 x logro Mo 510719
Ny /100
2.303x2 _

5x1070
2303 =04 x100=1t
t=19.2 x 10° sec



4. Consider a spherical gaseous cloud of mass density p(r) in a free space where r is the radial distance
fram its centre. The gaseous cloud is made of particles of equal mass m moving in circular orbits about
their common centre with the same kinetic energy K. The force acting on the particles is their mutual
gravitational force. If p(r) is constant with time. The particle number density n{r) = p(rym is :
(g = universal gravitational constant} ]
T AFTE H plr) SR T B TF Frensr Al awa # woem & | o6 raew § Bodh g 3
dra a9 T m @ 7o & e 3 & Gewafie 3w & amhe garer 9 4 aaE afve oppr
FHoll Kl & | @00 W) P 9Ten g9 o (SEE g9 B AR pfr) W @ we a2 diad
! NS T n(r) = p(r)fm s : (G = ArdfaE TEdy Frogs)

3K K K K
A) —— B) ———— C) ———— Dy —————
*) r?m?G ¢ )21:r2m2G © ar’m*G ¢ )Snrzsz
Ans. (B}
Sol.
v
m
GMm_va
r? N
=£[lmv2]
ri2
GMm 2K
= g
r r

2Kr
M= —
= Gm
- am=Xy
Gm

= Anridrp = G&dr
m

b K
2nGmr?

Alternative. Gl'\i(r) =-V— where M = total mass upto radius (r)

r r
S8 M = (r) fBour 9@ Ha g
2 K=GI\4"Im
2r
2Kr
M{r)= —
s

2K

dM {r) =—dr = pdV = r2dr

= (1) 5 dr = pdV = pin
- K
G2rr’m
iy B

m  Aorea2.2
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5.  Acharged shell of radius R carries a total charge Q. Given ¢ as the flux of electric field through a closed
cylindrical surface of height h, radius r & with its center same as that of the shell. Here center of cylinder
is a point on the axis of the cylinder which is equidistant from its top & bottom surfaces. Which of the
following are correct.

(A)Ifh>2R &r>Rthen ¢ =2
£g
(B)Ifh<E &r= % then¢=0
5 47
(C)Ifh>2R&r=£ then ¢ = S
5 Bey
(D)Ifh>2R&r=§ then ¢ = 8
5 Beg
Ans. (ABD)
Sol. (a)h=>2R r>R

PR

e

Q

5

b= = clearly from Gauss' Law
£p

8R 3R
b) suppose h= — r=—
(b) supp E E
6. A current carrying wire heats a metal rod. The wire provides a constant power P to the rod. The metal

rod is enclosed in an insulated container. It is observed that the temperature (T) in the metal rod
changes with time (t) as T(t) = To (1 + pt'*) where B is a constant with appropriate dimension of
temperature. The heat capacity of metal is :

AP(T(t)~To)’ P(T() T, )* POO-To) ) 4P(T(0-To)

(A) (8) (C)
BTy BTy BTy BTy
Ans. (A}
Sol. dQ = HdT
dQ _,, 41
dt dt

P=H.To.p. %.Hf“

22wy

To 8

Now T —To=Topt"

3

T [u]

Toh
AP(T(H)-To)®
By



3R/5
e

4R/5

A ——
$=0
sa for h<E $=0
5
(C)forh=2R r=?

Shaded charge = 2r (1 — c0s53%) x 42
i3
=9
5
.2
Qenclosed 5
20
¢ = 5_
To
forh>2Rr=£ ,-,¢,=£
5 g

(d) like option C forh = 2R r = 3—5R

Qenclosed = 2 % 21 (1 — cos37°) - -
4n

¢.:£.

5e4
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Conducting wire of parabolic shape, initially y = x2 is moving with velocity \i=vni in a non-uniform
[ el
magnetic field B :BDL1+L-|’_-J }( as shown in figure. If Vo, Bo, L & B are +ve constanlts & A4 is potential

difference develop between the ends of wire, then correct statement(s) is/are

(A) | A6 -3 BoVol for f =0

(B) | Ad |- %BQVOL forp=2

(C) |Ad] is proportional to the length of wire projected on y-axis
(D) |Ad] remains same if the paraboiic wire is replaced by a straight wire, y = x, initially of length \faf

Ans. (BCD)
Sol.

B

B
- dy
=
—*\y I — o

For calculating the motional emf across the length of the wire, let us project wire such that BV, ¢
becomes mutually orthegonal. Thus

B
de = Bvody = BD|:‘[+[%] :|Vody
L Y B
i =IB°[1+[I] Jvady
a
= Bypl| 14—
g B+1

emf in loop is proportional to L for given value of .

for
fa=0 o= 2BoWol.
17 _ 4
=2 =BoVol |1+—| = — BoVolL
8 £ = BoVal { 3:] 339 of

the length of the projection of the wire y = x of length J2L onthe y-axis is L thus the answer remain
unchanged
Therefore, answer is B,C,D

toppr



8. A galvanometer of resistance 10 ohm and maximum cumrent of 2 A is converted into voltmeter of range
100mV and when converted into ammeter then range is 1TmA. When these voltmeter and ammeter are
connected by a (ideal) battery in series with a resistance of R = 10000, then

{A) measured value of R is between 97842 and 996Q
(B) resistance of voltmeter 1050 top pr
(C) shunt resistance is 20mQ

(D) If the ideal batiery is replaced by non ideal battery with internal resistance of 5{2 then R will be

>1000 2
Ans. (AC)
Sol.
Ig : Eﬁ
v =100 x 105
v = lo(Rg + R)
107"
——— =Rg+R
2x10°8
5x 1 =Ry
Ry

Ra
W B—
100002
| 1
I!
£
1=1x10-3
Cd
kRo = (1~ 1g)S b4
gz _2210°x10
1073 -2x10°8
§=2x10-5x10%
=2 x10-2
— 20mQ
-3
RA:M:zgxma

10



Ans.
Sol.

Which statements is/are cormrect :

{A) At time t = 0, the S1 is closed instantaneous current in the closed circuit will be 25 mA

(B) The key S1 is kept closed for long time such that capacitors are fully charged. Now key S: is closed
at this time the instantaneous current across 304 resistor between P & Q will be 0.2A.

(C) If key 31 is kept closed for long time such that capacitors are 1ully charged the voltage across C1 will
be 4V.

{D) if S+ is kept closed for long time such that capacitors are fully charged the voltage difference
between P & Q will be10V.

(AC)

I v
Pl

Just after closing of switch charge on C is zero.
- Replace all capacitors with wire.

A
i sy 300
700 J_
T 1000
AN
S .3 .25mA

"~ 70+100+30 ~ 200
Now S1is kept closed for long time circuit is in sleady state

TopF 5 8OpF

q=40uC
s Vacross C1=40/10 = 4 volt
Now just after closing of Sz charge on each capacitor remain same

40 5 300
40y, |
40 an?:r X | _a0

ul
yy 0 40

10 yF

. 0V 1000

KVL
10 +xx30+40/10+y=x70=0
30x+70y=6 (1)

40 40
——+5+(x-y)30 — +(x—y)x 100-10+x%30=0
Pl S iR g

160x — 130y -6=0 <{2)
v = 86/1510
x = (.05 amp.
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10.

Ans.
Sol.

Ans.

Ifin a hypothetical system if the angular momentum and mass are dimensionless. Then which of the

following is true.

(A) The linear momentum varies as L~
(B) The energy varies as L2

{C) The power varies as L—*

{D) The force varies as L-*

{ABC}
[M] = [Mass] = [MOLTY)
[J] = [Angular momentum] = [ML2T-]
(L] = [Length]
Now ; [ML?T-1] = [ML°TY]
S 3=
Power [P] = [MLT-2. LT}
= [MLZT)
= 1219
F1= ]
Energy/Work [W]= [MLT-2.L]
=[L2L4
=17
Force [F] = [MLTZ)=[L.L#=[L9]
Linear momentum [p] = [MLT-T] =[L.L2]
[pl=1L1

(A}, (B), (C)

toppr



L HEHE]

Apparent depth for point object x in all three cases are H1, H2 & Ha respectively when seen from above -
gvenH=30cm,n=15&R=3m, then toppr

{A)0.8<H2-H1<08 (B)Hz>H4 (C) Hz > Ha (D} Ha > Ha
Ans. (B,C)
Sol. Case-l:

Case-lll :
R
H
43
2 M Mool 1 3 2.4 -89 g3mem
v u R —H; -2x30 300 3



12. VT diagram for n mol meonoatomic gas is given below :

Va

FAY/Y ittt ?

]

1

I

1

)

4 :

------ ]

b B :

;’ (] ,." 1 ]

i i,.." : i

7" i E
Tof2 To 2To T

Choose the correct statement :

AQ‘I—.Z 1
A T
@ AQ3 4 2
(B) AQL;Z =_§
AQ; .5 3

(C) Work done in cyclic process is AW = E%IE

{D) There are only adiabatic and isochoric processes are involved.

Ans. (BC)
Sol.
P 4
1 T 22Tu
] >
1 ¥
Tof2
Rl [eeensaeme  —— 1310
i [}
(] ]
(] [}
1 [}
[} ]
] )
1 L >
Vo 2Vo v

A) AQuyp| [NCpAT,p|  To _,
AQa,.| INCoATs..|  To/2

(@ [2Quz| _|NCeaT | € 5
AQy 5| [NCyAT, ol " Cy 3

(C) Weyse = PoVo =nR [123} [Using point no. 4]

(D) Wrong as no adiabatic process is involved



13.

Ans.
Sol.

14.

Ans.

Sol.

The source S1 is at rest. The observer and the source Sz are moving towards S1 as shown in figure.
The roof beats observed by the observer if both sources have frequency 120 Hz and speed of sound
330 misinis

Rest 108 km/m =30 ms™'

T T — s

T 800 37 ,[' &

' .7

1 .
800, "'

‘l
.
10mis] o -"
observer

8120r813
Speed of sound =1 # F@= 330 mis

Calculate beat foq

Rest 108 kmém = 30 ms™*
S prcmcnncceae= s,
|T st 37'*?’" - 2
) ':
00} ’,.'
1UWSB2..”’
observer
=120 330 +10c0s53°) (330+10 =120 336 34 8128Hz
330-30cos37° 330 306 33

N dielectrics are introduced in series in a capacitor of thickness D. Each dielectric have width d = D/N &
dielectric constant of m* dieleciric is given by Km = K{1 + m/N): [N > 10% Area of plates = A]

. Find value of a.

Net capacitance is given by u‘gﬂsz

1
<X
I N
N
N
N
N
N
N
\
)
x_D
m N
d(l]— dx o dx
C) KntoA Keg 1+-J KzuA(1+l-§-]

CL J-({ ) DK::[,A(D-:-)()

(.
C.q KepA




If at angle 8 the light takes maximum time 1o travel in optical fiber. Then the maximum time is x x 108,

15.

calculate x.

R #1v 6w uer @ B gefe ag @ reE A e g adt A oRean w g §m 7

M ni = 1.44
)Y n2 n2=15
vVl \\
+ 9.6 m g

Ans. x=5
Sol.

|

-
< 2.6 m >
1.5 sin B¢ = 1.44 sin 90°
_ 144 24
sinfic = —— =—
1.50 25
sinfc = .8 ﬁ
25
= 25%
24

__S5 10
R -
£ 3x10
n, 1.5



16. Consider the following nuclear fission reaction
RaEE Rn222
88 86

In this fission reaction. Kinetic energy of o-particle emilted is 4.44 MeV. Find the energy emitted asy —
radiation in keV in this reaction.

+ ,He* + Q.

226
m| R | = 226.005 amu
88

7722
m| B =222 000 amu
88

A
m [ZHB ) = 4.000 amu.

Sol.

Mass defect Am = 226.005 — 222.000 — 4.000

= 0.005 amu

Q value = 0.005 x 431.5 = 4 655 MeV
e Mpy

KEr, m

Also

a

x 4.44 = 0.08 MeV

= KEm=2% KE=—2
Mg, 222
Energy of y — Photon = 4.655 — (4.44 + 0.08)
= 0.135 MeV
=135 KeV

17. A weight of 100 N is suspended by two wires made by steel and copper as shown in figure length of
steel wire is 1 m and copper wire is ng. Find ratio of change in length of copper wire (A¢c) to change
in length of steel wire (Afs). Given Young's modulus : Ysiea = 2 * 10" Nfm2, Yeopper = 1 % 10" Nim2,

Copper

Steel
1m

Sol.




18.

Ans.
Sol.

An optical bench, to measure the focal length of lens, is 1.5 m long and on the bench marks are with
spacing % cm. Now a lens is placed at 75 cm and pin type object is placed at 45 em marks on the

bench. If its image is formed at 135 cm find maximum possible error in calculation of focal length.
{1.38 & 1.39)

135 cm
£
s—em—st [\
&»
O
44— 75¢cm —r\/“_ 60cm — |

u={xz2—x1)=75-45=30cm

1.1 14
AU = AXy + A%, = —+—=—cCm

4 4 2
v={xa—x2)=135-75=60cm
av=Ax3+Ax2=1+1=1cm

4 4 2
ol g
v ou f
1 1 1
—_—— -

60 30 f
S f=20em
dv —du —df
Also, + -
T T
_df _gdv du)_ g 1 . 11
foolv? 2 602 3022

I 100=10/ -+ 1 =20 _13881.39 (both)
: 36 9| 36



