Ans.

Sol.

JEE(Advanced) — 2018 TEST PAPER - 2 WITH SOLUTION
(Exam Date: 20-05-2018)

PART-1: PHYSICS

A particle of mass m is initially at rest at the origin. It is subjected to a force and starts moving along
the x-axis. Its kinetic energy K changes with time as dK/dt = yt, where y is a positive constant of
appropriate dimensions. Which of the following statements is (are) true ?

(A) The force applied on the particle is constant

(B) The speed of the particle is proportional to time

(C) The distance of the particle from the origin increses linerarly with time

(D) The force is conservative

(A,B,D)
dk 1
— =9t g5 k=—mv’
a ATy
dk dv
—=mv—=yt
dt dt

. rnj vdv = yj tdt
0 0

v= Lt ()
m
dv / Y
a=—=,/— = constant
dt m

since F = ma

S F= m\/I =4/YM = constant
m

Consider a thin square plate floating on a viscous liquid in a large tank. The height h of the liquid
in the tank is much less than the width of the tank. The floating plate is pulled horizontally with a
constant velocity u,. Which of the following statements is (are) true ?

(A) The resistive force of liquid on the plate is inversely proportional to h
(B) The resistive force of liquid on the plate is independent of the area of the plate
(C) The tangential (shear) stress on the floor of the tank increases with u,,.

(D) The tangential (shear) stress on the plate varies linearly with the viscosity 1 of the liquid.

Ans. (A,C,D)



Sol.

—— U,

h] | |

\Y
Viscous force is given by F = _nAd_y since h is very small therefore, magnitude of viscous force

is given by

F= nA&
Ay
nAu,
h
Since plate is moving with constant velocity, same force must be acting on the floor.
An infinitely long thin non-conducting wire is parallel to the z-axis and carries a uniform line charge
density A. It pierces a thin non-conducting spherical shell of radius R in such a way that the arc PQ
subtends an angle 120° at the centre O of the spherical shell, as shown in the figure. The permittivity
of free space is ¢,. Which of the following statements is (are) true ?

- F= > Faxen&Fou ; Focl,FocA
h

A

Pl

(A) The electric flux through the shell is \/g RA /g,

(B) The z-component of the electric field is zero at all the points on the surface of the shell
(C) The electric flux through the shell is \/5 RA/¢g,

(D) The electric field is normal to the surface of the shell at all points

Ans. (A,B)

Sol.

Z-axis

Field due to straight wire is perpendicular to the wire & radially outward. Hence E = 0
Length, PQ = 2R sin 60 = \/§R According to Gauss's law
[ V3R

o S

total flux = @E& =



4. A wire is bent in the shape of a right angled triangle and is placed in front of a concave mirror of
focal length f, as shown in the figure. Which of the figures shown in the four options qualitatively
represent(s) the shape of the image of the bent wire ? (These figures are not to scale.) ?

f f
2
oW,
e o > 45° *
(A) (B)
Ao
, 00
H 0<oi<d5°
©) g (D)
Yo '

Ans. (D)

B
Sol / ’\m
Al 45 F
\f/2 f

Distance of point A is {/2

Let A' is the image of A from mirror, for this image

S
v —f/2 —f
121 1
v f f f

image of line AB should be perpendicular to the principle axis & image of F will form at infinity,
therefor correct image diagram is

B =

<+
Q0
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Ans.

Sol.

OR

X f—x
f _h
f-u h
h2=_f(f_X)
—f+x
hZ:f

In a radioactive decay chain, 4 Th nucleus decays to ;,*Pb nucleus. Let N, and N, be the number

of a and B~ particles, respectively, emitted in this decay process. Which of the following statements
is (are) true ?

(A)YN, =5 (B)N =6 ©) Nﬁ:2 (D) Nﬁ:4

(A,C)

232
90

Change in mass number (A) = 20

, 20
. no of a particle = 725
Due to 5 a particle, z will change by 10 unit.

Since given change is 8, therefore no. of B particle is 2

This converting into 2)*Pb

In an experment to measure the speed of sound by a resonating air column, a tuning fork of frequency
500 Hz is used. The length of the air column is varied by changing the level of water in the resonance
tube. Two successive resonances are heard at air columns of length 50.7 cm and 83.9 cm. Which

of the following statements is (are) true ?

(A) The speed of sound determined from this experiment is 332 ms™
(B) The end correction in this experiment is 0.9 cm

(C) The wavelength of the sound wave is 66.4 cm

(D) The resonance at 50.7 cm corresponds to the fundamental harmonic
(A,C or A,B,O)

Let n, harmonic is corresponding to 50.7 cm & n, harmonic is corresponding 83.9 cm.
since both one consecutive harmonics.

.. their difference = E

= (83.9 - 50.7) cm

N | >



Ans.

Sol.

&—332
5 = .2 cm
A =664 cm
: &—166
-+ 7= .6 cm

A
length corresponding to fundamental mode must be close to n & 50.7 cm must be closed to an odd

multiple of this length as 16.6 x 3 = 49.8 cm. therefore 50.7 is 3" harmonic
If end correction is e, then

3A

e+50.7=7

e =498 -50.7=-09 cm

speed of sound, v = fA

v =500 x 66.4 cm/sec = 332.000 m/s

A solid horizontal surface is covered with a thin layer of oil. A rectangular block of mass m = 0.4kg
is at rest on this surface. An impulse of 1.0 N s is applied to the block at time to t = 0 so that it starts
moving along the x-axis with a velocity v(t) = voe_'/r, where v, is a constant and t =4 s. The displacement
of the block, in metres, at t = T iS.......cceeeenee. Take ¢ ' = 0.37 ?

6.30

J=1 —— m=04
T T T T

—t/t

vV =ve
J
Vo= T = 2.5 m/s
m
v=ve'"
dx _
_:Voe t/T
dt
X T
_ —t/1 _x eix
Idx-voje dt je dx =
0 0 -
—t/t |°
X=v
0 1
T do

x=25(4) ' -¢
x =25 (4) (0.37 -1)
X = 6.30 ans.



8.  Anballis projected from the ground at an angle of 45° with the horizontal surface. It reaches a maximum
height of 120 m and returns to the ground. Upon hitting the ground for the first time, it loses half
of its kinetic energy. Immediately after the bounce, the velocity of the ball makes an angle of 30°
with the horizontal surface. The maximum height it reaches after the bounce, in metres, is.................

Ans. 30.00

v=u/\2
Sol. > _ |
eo H,=120m At
2 2.2
H, _u'sin 45 ~120
2g
2
u
—=120
= 4g ....(1)
u
when half of kinetic energy is lost v = ﬁ

from (i) & (ii)

H

H, =71 =30 m on 30.00

9. A particle, of mass 10~ kg and charge 1.0 C, is initially at rest. At time t = 0, the particle comes

under the influence of an electric field E(t) = E, sin oti where E,=10N C"' and =10’ rad s™'.

Consider the effect of only the electrical force on the particle. Then the maximum speed, in ms ", attained
by the particle at subsequent times iS...........ceeeeereeennnne
Ans. 2.00

Sol. n=10"kgq=1Ct=0

E =E; sin ot = | N_"

Force on particle will be

F = qE = gEsin ot

atv_,a F=0 qE, sin ot = 0
F = gE sinot



dv. E, .
—=(q—smnont
dt m

T/ ®

Idv = I q—Eosinmtdt
0

/
0 m

E T/
v_0="2[-cosmt]l

V_0= qE, [(=cosm)—(—cos0)]

mo
1x1 “2 2 m/
T T
Ans. 2. 00

10. A moving coil galvanometer has 50 turns and each turn has an area 2 x 10~ m’. The magnetic field
porduced by the magnet inside the galvanometer is 0.02 T. The torsional constant of the suspension
wire is 10~ N'm rad”'. When a current flows through the galvanometer, a full scale deflection occurs
if the coil rotates by 0.2 rad. The resistance of the coil of the galvanometer is 50 €2. This galvanometer is to
be converted into an ammeter capable of measuring current in the range 0 — 1.0 A. For this purpose, a shunt
resistance is to be added in parallel to the galvanometer. The value of this shunt resistance, in ohms, is...........

Ans. 5.55

Sol. n = 50 turns A=2x10"m’
B=002T K=10"
Q,=0.2rad R, = 50 Q
[,=0-10A t=MB=C0,M =nlA
BINA = C6
0.02x1x50x2x10"=10"x 0.2 10
I, = 0.1 A
For galvanometer, resistance is to be connected to ammeter in shunt.
1,=0.1R,=50
> AMAMA——
I-1 S

g

IxR =(1-1)S
g g g
0.1 x50=(1-0.1)8S

50

S:?:S.SS



11.
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12.
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13.

A steel wire of diameter 0.5 mm and Young's modulus 2 x 10"' N m™ carries a load of mass M.

The length of the wire with the load is 1.0 m. A vernier scale with 10 divisions is attached to the

end of this wire. Next to the steel wire is a reference wire to which a main scale, of least count

1.0 mm, is attached. The 10 divisions of the vernier scale correspond to 9 divisions of the main scale. Initially,

the zero of vernier scale coincides with the zero of main scale. If the load on the steel wire is increased by 1.2kg,

the vernier scale division which coincides with a main scale division is....... Take g = 10 ms™ and 7t = 3.2.

3.00
d = 0.5 mm Y =2 x 10"
1.2x10x1
Ay ﬂy Tx(5%x107™) x2x10"
4 4
1.2x10
Al= 3.2

T><25><1078><2><101l

12 12
= = =0.3mm
0.8x25%x2x10° 40x10°

so 3" division of vernier scale will coincicle with main scale.

One mole of a monatomic ideal gas undergoes an adiabatic expansion in which its volume becomes

eight times its initial value. If the initial temperature of the gas is 100 K and the universal gas constant

R =8.0 J mol™ K‘l, the decrease in its internal energy, in Joule, is............ .
gy

900
V.=V

VFZSV

5

For adiabatic process {Y =, for monoatomic process

3
TV =T,.V)"

2/3 2/3

100(v)
T, =25k

=T,(8v)

FR
AU = nc AT = 1(7) [100 — 25] = 12 x 75 = 900 Joule

In a photoelectric experiment a parallel beam of monochromatic light with power of 200 W is incident

on a perfectly absorbing cathode of work function 6.25 eV. The frequency of light is just above the

threshold frequency so that the photoelectrons are emitted with negligible kinetic energy. Assume that

the photoelectron emission efficinecy is 100% A potential difference of 500 V is applied between the

cathode and the anode. All the emitted electrons are incident normally on the anode and are absorbed.

The anode experiences a force F = n x 10~ N due to the impact of the electrons. The value of n
1Seeeenne Mass of the electron m_ =9 x 107" kg and 1.0 eV = 1.6 x 107 1.2



Ans.

Sol.

14.

Ans.

Sol.

24

Power = nhv n = number of photons per second
Since KE =0, hv = ¢

200 = n[6.25 x 1.6 x 107" Joule]

B 200
T 1.6x107Y%x6.25

n

As photon is just above threshold frequency KE_ is zero and they are accelrated by potential difference
of 500V.

KE, = gAV
2

P
E=qAV = P = \/2mgqAV

Since efficiency is 100%, number of electrons = number of photons per second

As photon is completely absorbed force exerted = nmv

= fOGO 1019><\/2(9><10“)><1.6><10‘9><500
. X1.0X

3%x200x107% x/1600 _2x40
6.25x1.6x107" T 6.25x1.6

x107%%x3 = 24

Consider a hydrogen-like ionized atom with atomic number Z with a single electron. In the emission
spectrum of this atom, the photon emitted in the n = 2 to n = 1 transition has energy 74.8 eV higher
than the photon emitted in the n = 3 to n = 2 transition. The ionization energy of the hydrogen atom
is 13.6 eV. The value of Z is.............. .

3

AE271 = 13.6XZZ 1—%:| = 13_6)(22 [%:|

AE, , =13.6x2’ %_é}l%mz [%}

AE, = AE,, + 74.8

13.6x2° i} =13.6x7* [1}44.8
4 36

13.6x27° i—i} =748
L4 36

7' =9

Z = +3 ans



15.

Ans.

Sol.

The electric field E is measured at a point P(0,0,d) generated due to various charge distributions and
the dependence of E on d is found to be different for different charge distributions. List-I contains
different relations between E and d. List-1I describes different electric charge distributions, along with
their locations. Match the functions in List-I with the related charge distributions in List-II.

List-I
P. E is indpendent of d 1.
E L 2
Q. < .
1
R. E «x e 3.
1
S E o« e 4.
5.

AYP>5;Q0Q>34;R>1;S—>2
OCOP->5;Q—>3,; R>12;S >4

B)

: KQ 1

(i1) Dipole

2k3p J1+3cos’0

d

E =

1
Eoc PH for dipole

(ii1) For line charge

2
d

E

Eoc—

(iv) E= 2KA  2KA
d-—¢ d+/

_oKh [w}

d* -

List-11

A point charge Q at the origin

A small dipole with point charges Q at

(0,0,/) and — Q at (0,0, — /).
Take 2/ << d

An infinite line charge coincident with the

x-axis, with uniform linear charge density A.

Two infinite wires carrying uniform linear

Charge density parallel to the x - axis. The

one along (y = 0, z = /) has a charge density

+ A and the one along (y =0, z = — /) has a charge

density — A. Take 2/ << d

Infinite plane charge coincident with the xy-plane

with uniform surface charge density
BP—>5;Q—>3,; R>14;S>2
D)P—>4;Q—>2,3; R—>1;S->5



2KA(20)
/22
d{l_dz}

1

EOC?

E=

(v) Electric field due to sheet

c
ce=——-
2¢€,

€ = v is independent of r

16. A planet of mass M, has two natural satellites with masses m, and m,. The radii of their circular orbits
are R and R, respectively. Ignore the gravitational force between the satellites. Define v, L, K and
T, to be, respectively, the orbital speed, angular momentum, kinetic energy and time period of revolution
of satellite 1 ; and v, L,, K, and T, to be the corresponding quantities of satellite 2. Given
m /m, = 2 and R /R, = 1/4, match the ratios in List-I to the numbers in List-II.
List—I List-1I
p. 11
v, ~ 8
Ll
.7 2.1
Q L,
K
R. K, 3.2
S. o 4.8
. T2 .
AYP>4;Q>2;R—>1;S—>3 BP—>3;Q—>2;R>4;S—>1
OP->2;Q->3;R>1;S—>4 DOD)P->2;Q->3;R>4;S->1
Ans. (B)
Loy m_,
' m2 .
: iven
Sol. i R, s

.

.-



17.

RI R
G GM
Vi=—o  Vi=—
R, R,
v; R
Vl
Y9
(P) v,
(Q) L =mvR
L _myvR, 2><2><l—1
L, m,v,R,
[R) K=—mv’
Kl I-rllVl2
— = =2x(2)°=8
K, m,v; @)
(S) T = 27R/V
L _R v, R v, 1 11
T, v, R, R, v, 4 2 8

One mole of a monatomic ideal gas undergoes four thermodynamic processes as shown schematically

in the PV-diagram below. Among these four processes, one is isobaric, one is isochoric, one is isothermal

and one is adiabatic. Match the processes mentioned in List-I with the corresponding statements in

List-IL
P
A
3P, LN
v i
I H
P,
v, 3V, X
List-I List-II
P. In process I 1. Work done by the gas is zero
Q. In process II 2. Temperature of the gas remains unchanged
R. In process III 3. Noheat is exchanged between the gas and its surroundings
S.  In process IV 4. Work done by the gas is 6 PV,

AP—>4;Q>3;R>1;S—>2
BP->1;Q>3;R>2;S->4
COP->3;Q—>4;R>1;S->2
DD)P—>3;Q—>4;R>2;S—>1



Ans. (C)

Sol.

18.

Process — I is an adiabatic process

AQ=AU+W AQ =0

W = -AU

Volume of gas is decreasing = W < 0
AU > 0

= Temperatuer of gas increases.

= No heat is exchanged between the gas and surrounding.
Process — II is an isobaric process

(Pressure remain constant)

W =P AV =3P [3V -V ]=6PV,

Process - I1I is an isochoric process

(Volume remain constant)

AQ = AU + W
W =0
AQ = AU

Process — IV is an isothermal process

(Temperature remains constant)

AQ = AU + W

AU =0

In the List-I below, four different paths of a particle are given as functions of time. In these functions,
o and P are positive constants of appropriate dimensions and o # B. In each case, the force acting

on the particle is either zero or conservative. In List-II, five physical quantities of the particle are mentioned;
p is the linear momentum | is the angular momentum about the origin, K is the kinetic energy, U

is the potential energy and E is the total energy. Match each path in List-I with those quantities in

List—II, which are conserved for that path

List-I List-II
P, Ft)=ati+pt] L P
Q. F(t)=ocosoti+psinot ] 2. T
R, F(t)=o(cosmti+sinot j) 3. K
S f(t)=atf+%tzj 4 U
5 E

AP—>12345;Q—>25;R—>2345;S—>5

B)P—->12345;Q—>35;R—>2345;S >25
OP->234; Q-5 R->124; S—>25
DO)P->1235; Q—>25;R—>2345;S—>25



Ans. (A)

Sol. (P) (1) = ot + B}

. d_.(t) roa
g=Y ol + 3 {constant}
dt
5,
dt

P = mv (remain constant)

| :
k= 5 mv {remain constant}

E=K+ U
d—L=7f=f><F=0
dt

L= constant

(Q f=ocos(wt)i+Bsin(wt)]

V= - —amsin(ot)i+Bocos(ot) ]
— d{} 2 o 2 . ~
d=—-=-0o cos(mt)i—PBw’ sin(wt) ]

= - [OL cos(ot)i+ BSin(@t)j]

2—

a=—®rT
t=FxF=0 {7 and f are parallel}
AU =— I Fdr=+ j mo’.r.dr

0

2
AU = mo’ [r_}
2

2
Ueor

r= \/az cos’ (mt) +p*sin’ (wt)

r is a function of time (t)



U depends on r hence it will change with time

Total energy remain constant because force is central.

R) (1) = a(cos cotf+sin(c0t)j)

af—osin(ot)i+ocos(ot)] ]

|| = o, (remain constant)

Force is central in nature and distance from fixed point is constant.
Potential energy remains constant

Kinetic energy is also constant (speed is constant)
(S) T= octf+%t2}

dr 2 2
o ati+Pt] (speed of particle depends on 't')

v
@ _

dt

a

Bj {constant }

F = m3g {constant}

AU =-[FdF = —mj Bj. (o + Bt dt

0

_mBZtZ
2

U =
k= %mv2 :%rn(oc2 +B2t?)

1
E=k+U= Emaz [remain constant]





