Coverage of 100% JEE Main & Advanced Questions GUARANTEED

g
Years

(1978 - 2018)

JEE ADVANCED

(IIT-JEE) + 17 Yrs (2002 - 2018)

JEE MAIN (AIEEE)
PHYSICS

Topic-wise Solved Papers
Aligned on Class 11 & 12 Syllabus

Must for JEE Main, 17 Topics

1 4th Er. Sunil Batra Advanced, BITSAT & (9 Types
e Other State Engg. Exams | 3230+
Edition QUESTIONS




Coverage of 100% JEE Main & Advanced Questions GUARANTEED

4

Years

(1978 - 2018)

JEE ADVANCED

(IIT-JEE) + 17 Yrs (2002 - 2018)

JEE MAIN (AIEEE)

PHYSICS
Topic-wise Solved Papers

Aligned on Class 11 & 12 Syllabus

Must for JEE Main, EXALLI IS

Er. Sunil Batra Advanced, BITSAT & RN
Other State Engg. Exams BEZEIL;



o Corp. Office : 45, 2nd Floor, Maharishi Dayanand Marg, Corner Market, Malviya Nagar, New Delhi-110017
Tel. : 011-26691021 / 26691713

OF &0

Typeset by Disha DTP Team

DISHA PUBLICATION
ALL RIGHTS RESERVED

© Reserved

No part of this publication may be reproduced in any form without prior permission of the publisher. The author and the
publisher do not take any legal responsibility for any errors or misrepresentations that might have crept in. We have tried
and made our best efforts to provide accurate up-to-date information in this book.

For further information about the books from DISHA,
Log on to www.dishapublication.com or email to info@dishapublication.com

GP_3481



Index

JEE Advanced 2018 Solved Paper A-1l -a-12

JEE Main 2018 Solved Paper 2018-1 - 2018-7
JEE Advanced 2017 Solved Paper 1-15

JEE Main 2017 Solved Paper 2017-1 - 2017-7

P-1 — P-204

CHAPTERS BASED ON CLASS 11* SYLLABUS

1.  Units and Measurements 1-6
2.  Motion 7-12
3.  Laws of Motion 13- 20
4.  Work, Energy and Power 21 - 28
5. Momentum and Impulse 29 - 32
6.  Rotational Motion 33-46
7.  Gravitation 47 - 50
8.  Mechanical Properties of Solids and Fluids 51-58
9. Heat & Thermodynamics and Gases 59 - 78
10. Simple Harmonic Motion (Oscillations) 79 - 86
11. Waves 87 -96

CHAPTERS BASED ON CLASS 12t SYLLABUS

12. Electrostatics 97 -114
13. Current Electricity 115- 128
14. Moving Charges and Magnetism 129 - 144
15. Electromagnetic Induction and Alternating Current 145 - 156
16. Ray and Wave Optics 157 - 180

17. Modern Physics 181 - 204



10.

11.

12,

13.

14,

15.

16.

17.

Sxﬂuﬁu);s>

Units and Measurements

Motion

Laws of Motion

Work, Energy and Power

Momentum and Impulse

Rotational Motion

Gravitation

Mechanical Properties of Solids and Fluids
Heat & Thermodynamics and Gases
Simple Harmonic Motion (Oscillations)
Waves

Electrostatics

Current Electricity

Moving Charges and Magnetism

Electromagnetic Induction and Alternating Current

Ray and Wave Optics

Modern Physics

<olwn:

-—
o0
q-
(3]
o

p-s-1 — p-s-300

1-6

7-15

16 - 26

27 - 36

37-43

44 - 68

69 - 75

76 - 86

87 - 117

118 - 127

128 - 144

145 - 173

174 - 193

194 - 216

217 - 235

236 - 269

270 - 300

*

The chapters have been divided as per the Class 11th & 12t syllabus followed by the NCERT books. Some of the chapters which
are split in the class 11" & 12t syllabus in NCERT have been combined. There might be certain topics/ chapters which are not
covered in NCERT but are a part of JEE Advanced/IIT-JEE syllabus.



JEE ADVANGED 2018 - PHYSICS

| PAPER-1 |

SECTION -1 (MAXIMUM MARKS: 24)

This section contains SIX (06) questions.

Each question has FOUR options for correct answer(s). ONE
ORMORE THAN ONE of'these four option(s) is (are) correct
option(s).

For each question, choose the correct option(s) to answer
the question.

Answer to each question will be evaluated according to the
following marking scheme:

Full Marks : +4 If only (all) the correct option(s) is (are)
chosen.

Partial Marks : +3 If all the four options are correct but
ONLY three options are chosen.

Partial Marks - +2 1f three or more options are correct but
ONLY two options are chosen, both of which are correct
options.

Partial Marks : +1 If two or more options are correct but
ONLY one option is chosen and it is a correct option.

Zero Marks : 0 If none of the options is chosen (i.e. the
question is unanswered).

Negative Marks : -2 In all other cases.

For Example: If first, third and fourth are the ONLY three
correct options for a question with second option being an
incorrect option; selecting only all the three correct options
will result in +4 marks. Selecting only two of the three correct
options (e.g. the first and fourth options), without selecting
any incorrect option (second option in this case), will result
in +2 marks. Selecting only one of the three correct options
(either first or third or fourth option), without selecting any
incorrect option (second option in this case), will result in +1
marks. Selecting any incorrect option(s) (second option in
this case), with or without selection of any correct option(s)
will result in —2 marks.

The potential energy of a particle of mass m at a distance »
from a fixed point O is given by V(r) = kr%/2, where k is a
positive constant of appropriate dimensions. This particle
ismoving in a circular orbit of radius R about the point O. If
v is the speed of the particle and L is the magnitude of its
angular momentum about O, which of the following

statements is (are) true?
k k
&) v= 15 ®) v \/;
mk >
© L= JmkR? @) L=,R

Consider a body of mass 1.0 kg at rest at the origin at time
t=0.Aforce F =(ozi+pj) isapplied on the body, where

a.=1.0Ns! and B = 1.0 N. The torque acting on the body
about the origin at time = 1.0 sis T . Which of the following
statements is (are) true?

21
A 1T 3 Nm
(B) Thetorque 7 is in the direction of the unit vector + k

. P, 1 2 il —
(©) Thevelocity of the bodyatt=1sis v = E(l +2j)ms !

1
(D) Themagnitude of displacement of the body at 1= 1sis s m

A uniform capillary tube of inner radius »is dipped vertically
into a beaker filled with water. The water rises to a height
in the capillary tube above the water surface in the beaker.
The surface tension of water is o. The angle of contact
between water and the wall of the capillary tube is 6. Ignore
the mass of water in the meniscus. Which of the following
statements is (are) true?
(A) For a given material of the capillary tube, # decreases
with increase in 7
(B) For a given material of the capillary tube, 4 is
independent of ¢
(C) Ifthis experiment is performed in a lift going up with a
constant acceleration, then 4 decreases
(D) h is proportional to contact angle 6
In the figure below, the switches S, and S, are closed
simultaneously at £ = 0 and a current starts to flow in the
circuit. Both the batteries have the same magnitude of the
electromotive force (emf) and the polarities are as indicated
in the figure. Ignore mutual inductance between the
inductors. The current / in the middle wire reaches its
maximum magnitude /_, at time /= 1. Which of the following
statements is (are) true?
R L R 2L

A 1,

= 3R ®) L= 3%

L 2L
= ZIn2 = "2
© =4 0 ==

Two infinitely long straight wires lie in the xy-plane along
the lines x = +R. The wire located at x = +R carries a constant
current /; and the wire located at x = —R carries a constant



current Z,. A circular loop of radius R is suspended with its

centre at (0,0, /3R ) and in a plane parallel to the xy-plane.

This loop carries a constant current / in the clockwise

direction as seen from above the loop. The current in the

wire is taken to be positive if it is in the + f direction.

Which of the following statements regarding the magnetic

field B is (are) true?

(A) IfI,=1,,then B cannot be equal to zero at the origin
(0,0,0) _

(B) IfI;>0and I, <0, then B can be equal to zero at the
origin (0, 0, 0) _

(© IfI;<0and I,>0, then B can be equal to zero at the
origin (0, 0, 0)

(D) If1, =1, then the z-component of the magnetic field at

. (_bof
the centre of the loop is "SR
One mole of a monatomic ideal gas undergoes a cyclic
process as shown in the figure (where V'is the volume and
T is the temperature). Which of the statements below is

(are) true?

A

11

i

(A) Process I is an isochoric process
(B) In process I, gas absorbs heat
(©) In process IV, gas releases heat
(D) Processes I and I1I are not isobaric

SECTION -1 MAXIMUM MARKS: 24)

This section contains EIGHT (08) questions. The answer
to each question isa NUMERICAL VALUE.

For each question, enter the correct numerical value (in
decimal notation, truncated/rounded-off to the second
decimal place; e.g. 6.25,7.00,-0.33,-.30,30.27,-127.30)
using the mouse and the on-screen virtual numeric keypad
in the place designated to enter the answer.

Answer to each question will be evaluated according to
the following marking scheme:

Full Marks : +3 If ONLY the correct numerical value is
entered as answer.

Zero Marks : 0 In all other cases.

Two vectors 4 and B aredefinedas 4 = ai and B =a
(cos ot i +sin of } ), where a is a constant and ® = /6
rads ! If| A+ B |=~/3| A— B| at time =t for the first time,
the value of 1, in seconds, is .

Two men are walking along a horizontal straight line in the

same direction. The man in front walks at a speed 1.0 ms™!
and the man behind walks at a speed 2.0 ms~!. A third man

10.

11.

12.
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is standing at a height 12 m above the same horizontal line
such that all three men are in a vertical plane. The two
walking men are blowing identical whistles which emit a
sound of frequency 1430 Hz. The speed of sound in air is
330 ms~!. At the instant, when the moving men are 10 m
apart, the stationary man is equidistant from them. The
frequency of beats in Hz, heard by the stationary man at
this instant, is .

A ring and a disc are initially at rest, side by side, at the top
of an inclined plane which makes an angle 60° with the
horizontal. They start to roll without slipping at the same
instant of time along the shortest path. If the time difference

between their reaching the groundis (2 — \/5 )/ \/ﬁ s, then

the height of the top of the inclined plane, in metres, is

. Take g= 10 ms2.
A spring-block system is resting on a frictionless floor as
shown in the figure. The spring constant is 2.0 Nm™! and
the mass of the block is 2.0 kg. Ignore the mass of the
spring. Initially the spring is in an unstretched condition.
Another block of mass 1.0 kg moving with a speed of 2.0
ms~! collides elastically with the first block. The collision is
such that the 2.0 kg block does not hit the wall. The distance,
in metres, between the two blocks when the spring returns
to its unstretched position for the first time after the collision
is

-1
2 ms

lkg b——>

2kg —/\/\/\/\—

Three identical capacitors C}, C, and C; have a capacitance
of 1.0 uF each and they are uncharged initially. They are
connected in a circuit as shown in the figure and C| is then
filled completely with a dielectric material of relative
permittivity €,. The cell electromotive force (emf) V, = 8V.
First the switch S, is closed while the switch S, is kept
open. When the capacitor Cj is fully charged, S, is opened
and S, is closed simultaneously. When all the capacitors
reach equilibrium, the charge on Cj is found to be 5 puC.
The value of g, =

In the xy-plane, the region y > 0 has a uniform magnetic
field BII€ and the region y < 0 has another uniform magnetic
field BZI€ . A positively charged particle is projected from
the origin along the positive y-axis with speed v, = n ms ! at
t=0, as shown in the figure. Neglect gravity in this problem.

GP_3481
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Let ¢t = T be the time when the particle crosses the x-axis
from below for the first time. If B, = 4B, the average speed
of the particle, in ms~!, along the x-axis in the time interval
Tis

y

A

=1
Vo =T ms

13. Sunlight of intensity 1.3 kW m™ is incident normally on a
thin convex lens of focal length 20 cm. Ignore the energy
loss of light due to the lens and assume that the lens aperture
size is much smaller than its focal length. The average
intensity of light, in kW m2, at a distance 22 cm from the
lens on the other side is .

14. Two conducting cylinders of equal length but different radii
are connected in series between two heat baths kept at
temperatures 7, =300 K and T, = 100 K, as shown in the
figure. The radius of the bigger cylinder is twice that of the
smaller one and the thermal conductivities of the materials
of the smaller and the larger cylinders are K, and K,
respectively. If the temperature at the junction of the two
cylinders in the steady state is 200 K, then K,/K, =

Insulating material
T, K, K, T
< 7 >
< ¥ >

SECTION-1II MAXIMUM MARKS: 12)

. This section contains TWO (02) paragraphs. Based on
each paragraph, there are TWO (02) questions.

. Each question has FOUR options. ONLY ONE of these
four options corresponds to the correct answer.

. For each question, choose the option corresponding to
the correct answer.

. Answer to each question will be evaluated according to
the following marking scheme:
Full Marks - +3 If ONLY the correct option is chosen.
Zero Marks : 0 If none of the options is chosen (i.e. the
question is unanswered).
Negative Marks : —1 In all other cases.

A-3
PARAGRAPH “X”

In electromagnetic theory, the electric and magnetic phenomena
are related to each other. Therefore, the dimensions of electric
and magnetic quantities must also be related to each other. In the
questions below, [£] and [B] stand for dimensions of electric and
magnetic fields respectively, while [g;] and [p,] stand for
dimensions of the permittivity and permeability of free space
respectively. [L] and [7] are dimensions of length and time
respectively. All the quantities are given in SI units.
15. Therelation between [E] and [B] is

(A) [E]=[BIILIT] ®) [E1=[B][L]I[T]

© [E1=[B][L][1T" O) [EFBILI 11
16. Therelation between [g] and [p,] is

() [l =[] [LPIT1*  B) [mol=[gel (LT [TF

© [rl=[ep ' LPITT? O [wol=[go] ™" [LI2[TP?

PARAGRAPH “A”

If the measurement errors in all the independent quantities are
known, then it is possible to determine the error in any dependent
quantity. This is done by the use of series expansion and
truncating the expansion at the first power of the error. For example,

consider the relation z=x/y. Ifthe errors in x, y and z are Ax, Ay
and Az, respectively, then

-1
x+Ax
yrAy oy x y

. . ayY" : ,
The series expansion for | 1£ 7 > to first power in Ay/y, is

1 F (Ay/y). Therelative errors in independent variables are always
added. So the error in z will be

(Ax AyJ

Az=zZ| —+—|.

Xy

The above derivation makes the assumption that Ax/x < 1,
Ayly < 1. Therefore, the higher powers of these quantities are
neglected.

d-a)

(+a
measuring a dimensionless quantity a. If the error in the
measurement of a is Aa (Aa/a <« 1, then what is the error
Arin determining ?

Aa 2Aa 2Aa 2aAa

18. Inan experiment the initial number of radioactive nuclei is
3000. It is found that 1000 + 40 nuclei decayed in the first
1.0s. For |x| < 1, In(1 +x) =x up to first power in x. The
error AX, in the determination of the decay constant A, in
s is
A) 004

17. Consider the ratio »= to be determined by

® 003 (© 00

D) 001
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| PAPER -2 |

SECTION -1 (MAXIMUM MARKS: 24)

This section contains SIX (06) questions.

Each question has FOUR options for correct answer(s). ONE
OR MORE THAN ONE of'these four option(s) is (are) correct
option(s).

For each question, choose the correct option(s) to answer
the question.

Answer to each question will be evaluated according to the
following marking scheme:

Full Marks : +4 If only (all) the correct option(s) is (are)
chosen.

Partial Marks : +3 If all the four options are correct but
ONLY three options are chosen.

Partial Marks - +2 1f three or more options are correct but
ONLY two options are chosen, both of which are correct
options.

Partial Marks : +1 If two or more options are correct but
ONLY one option is chosen and it is a correct option.

Zero Marks : 0 If none of the options is chosen (i.e. the
question is unanswered).

Negative Marks : -2 In all other cases.

For Example: If first, third and fourth are the ONLY three
correct options for a question with second option being an
incorrect option; selecting only all the three correct options
will result in +4 marks. Selecting only two of the three correct
options (e.g. the first and fourth options), without selecting
any incorrect option (second option in this case), will result
in +2 marks. Selecting only one of the three correct options
(either first or third or fourth option), without selecting any
incorrect option (second option in this case), will result in +1
marks. Selecting any incorrect option(s) (second option in
this case), with or without selection of any correct option(s)

will result in —2 marks.

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

(©) The distance of the particle from the origin increases
linearly with time

(D) The force is conservative

Consider a thin square plate floating on a viscous liquid in

a large tank. The height 4 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 p, Which of the

following statements is (are) true?

(A) The resistive force of liquid on the plate is inversely
proportional to h

(B) Theresistive 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 i,

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

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?

ApoA

Q

(A) The electric flux through the shell is \/§R)»/eo

(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 \/ERA./GO

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

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.)

S
2
O .
(A) La>45  (B)
-1 00 Gmmarmmmnnnn
© 557" a5 D)
232

In a radioactive decay chain, “GyThnucleus decays to

212pp nucleus. Let N, and Ng be the number of o and

B~ particles, respectively, emitted in this decay process.
Which of the following statements is (are) true?
(A) N,=5 (B) N,=6 (O Ng=2 (D) Ng=4

GP_3481
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6.

In an experiment 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
is332 ms~1

(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 c¢m corresponds to the
fundamental harmonic

SECTION -1 MAXIMUM MARKS: 24)

This section contains EIGHT (08) questions. The answer
to each question isa NUMERICAL VALUE.

For each question, enter the correct numerical value (in
decimal notation, truncated/rounded-off to the second
decimal place; e.g. 6.25,7.00,-0.33,-.30,30.27,-127.30)
using the mouse and the on-screen virtual numeric keypad
in the place designated to enter the answer.

Answer to each question will be evaluated according to
the following marking scheme:

Full Marks : +3 If ONLY the correct numerical value is
entered as answer.

Zero Marks : 0 In all other cases.

10.

A solid horizontal surface is covered with a thin layer of oil.
A rectangular block of mass m = 0.4 kg is at rest on this
surface. An impulse of 1.0 Nis is applied to the block at time
¢t =0 so that it starts moving along the x -axis with a velocity
v(t) = voe"/’, where v, is a constant and t = 4s. The
displacement of the block, in metres, att =1 is

Takee ~1=0.37.

A ball is 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

A particle, of mass 1073 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 Ey= 1.0 NC-! and
©=103 rads!. Con51der the effect of only the electrical force
on the particle. Then the maximum speed, in ms™!, attained by
the particle at subsequent times is

A moving coil galvanometer has 50 turns and each turn has
an area 2 x10~% m?. The magnetic field produced by the
magnet inside the galvanometer is 0.02 T. The torsional
constant of the suspension wire is 1074 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 Q2. This galvanometer
is to be converted into an ammeter capable of measuring
current in the range 0 —1.0 4. For this purpose, a shunt
resistance is to be added in parallel to the galvanometer.
The value of this shunt resistance, in ohms, is

11.

12.

13.

14.

A-5
A steel wire of diameter 0.5 mm and Young’s modulus
2 x 101! N'm~2 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 1.2 kg, the
vernier scale division which coincides with a main scale
division is .Take g=10m s~2 and n=3.2.
One mole of amonatomic 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 "1 K !, the decrease in
its internal energy, in Joule, is
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 efficiency
is 100%. A potential difference of 500 Vis 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 1074 N due to the impact of the
electrons. The value of n is . Mass of the
electron m,=9 x1031 kgand 1.0eV =1.6 x10719J.
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 then=3
ton =2 transition. The ionization energy of the hydrogen
atom is 13.6 eV. The value of Z is

SECTION-1II MAXIMUM MARKS: 12)

This section contains FOUR (04) questions.

Each question has TWO (02) matching lists: LIST-I and
LIST-IL

FOUR options are given representing matching of elements
from LIST-I and LIST-I1. ONLY ONE ofthese four options
corresponds to a correct matching.

For each question, choose the option corresponding to
the correct matching.

For each question, marks will be awarded according to the
following marking scheme:

Full Marks - +3 1f ONLY the option corresponding to the
correct matching chosen.

Zero Marks : 0 If none of the options is chosen (i.e. the
question is unanswered).

Negative Marks : —1 In all other cases.

15.

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-II
describes different electric charge distributions, along with
their locations. Match the functions in List-I with the related
charge distributions in List-I1.



16.

17.

LIST LIST-1I

P. E is independent ofd 1. A point chargeQ at the origin

Q.E <1/ 2. A small dipole with point
chargesQat (0,0,/)and—Q
at (0, 0,-/). Take 2/ <<d

R.E o 1/d? 3. An infinite line charge
coincident with the x-axis,
with uniform linear charge
density A

S.E o 1/d3 4. Two infinite wires carrying

uniform linear charge density
parallel to the x - axis. The one
along(y=0,z=/)has acharge
density +A and the one along
(y=0, z=-I) has a charge
density— ATake 21 <<d
5. Infinite plane charge
coincident with the xy-plane
with uniform surface charge
density
(A) P>5Q-53,4R>1;S>2
B) P>5Q->3;R>1,4,S—>2
© P-5Q->3;R—>1,2;S—>4
D) P>4Q->2,3;R>1;S>5
A planet of mass M, has two natural satellites with masses
m; and m,. Theradii 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, tobe
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-1 LISTI

P v/v, 1.1/8

Q L/L, 2.1

R K,/K, 3.2

S. T,/T, 4.8

A) P>4,Q->2;R—>1;S->3

B) P>3;,Q>2;R—>4;S—1

© P>2,Q>3;R>1;S—>4

D) P>2;Q—>3;R—>4,S—>1

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-II.

18.
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v, 3V, ¥
LIST-1 LIST-I
P. In process 1 1. Work done by the gas is zero
Q. In process I1 2. Temperature of the gas
remains unchanged
R. In process III 3. Noheatis exchanged between
the gas and its surroundings
S. In process IV 4. Work donebythe gasis 6 P, VO

A) P>4Q-53;R>1;S>2
B) P> 1,Q—>3,R—>2, S—4
© P->3,Q>4R->1;S>2
D) P->3;Q—>4,R—>2;S—>1
In the List-I below, four different paths of a particle are
given as functions of time. In these functions, o and B are
positive constants of appropriate dimensions and o # 3 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, L 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-1

P. f(t)=ati+Pt]

LIST-1I

Q. T(t) = acos ot f+Bsino)t j 2. L
R. 7(t) = a(coswt i+sinot j) 3. K

S. T(H)=at i+%t2 j
(A) P>1,2,3,4,5:Q0>2,5:R>2,3,4,5:S>5
®B) P>1,2,3,45Q>35R>23,45S->25
© P—2,3,4Q->5R->1,2,45S525

D) P—>1,2,3,5Q52,5R—>2,3,4,5S>2,5
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SOLUTIONS

1.

2.

3.

Paper - 1

2
(B,C) We know that, |F|=ﬂ=i kr— =kr
dr dr| 2

-+ Potential energy, V(r) = Kr2/2 given
Forr=R, F=kR

Also F = % (circular motion)

2
LMY kR .'.v=\/£xR
R m

Angular momentum L =mvR = m( ﬁR]R =JkmR?
m

: —mdﬁ—tf+]'
Codt

dv=tdii+dt] [+ m=]]
v to.oft oA
“-[0 dv =.[0tdtl +J1)dtj
2

O
V=—1I+I1
2 /]

(A,C) Given F=ti +

IS U 2 -1
At t=1s, v==i+j=—(+2j)ms
St 2( J)

2
Further 47 =27+ g
da 2

2. .
o dr =7dti+tdtj

ro_ tt2 N t N
s j dr=j —dti+j tdt
0 02 0

2
At r=1, Foliy j o Fl= /L+l= f&
36 4 V36

1

6 2
F=(Liedi)x6+d) (aumy

6 2

T=rFx
ik
11 A \ (1 1) 1.
== = 0/={0-0)=}(0=0)+k| ——= |=—=F
5 2 l()J()(62j3
1 1 0
1
[{|=% Nm
(A,C) We know that h = 20058
rpgejf

As '¥ increases, h decreases

[all other parameter remaining constant]
Alsohxc

Further iflift is going up with an acceleration 'a'
then g = g + a. As g increases, 'h' decreases.
Also 4 is not proportional to '0' but h o« cos 6

(B,D) HereI+1,=1, .. I=1I,-1I,
vl Ry R
I=—|1-e2L |-Z|1-¢ L

R R

y| R R
=I=—|el —e2L
R

V I L

For Ito be maximum, % =0

—Re Rt
VIZR, T _[ZR) 2z |=p
R| L 2L
—Rt 1 R
el =—:>(—)t=ln2

2 2L

=Ly,

R
This is the time when I is maximum
i(z—LﬂnZJ i(z—LﬂnZJ
LR _e2L\R

vV
Further Lax™ %1€

R
Vit 1
= e R372
14
Imax=ﬁ

(A, B, D) IfI; =I,, then the magnetic fields due to /; and

I, at origin 'O" will cancel out each other. But the
magnetic field at 'O’ due to the circular loop will be
present. Therefore 'A’ is correct.

If7; > 0 and I, < 0, then the magnetic field due to
both current will be in + Z direction and add-up. The
magnetic field due to current I will be in —Z direction
and if its magnitude is equal to the combined
magnitudes of /; and I,, then B can be zero at the
origin. Therefore option 'B' is correct.



8.

X

v L o
St
y U 7
R

If I; <0 and I, > 0 then their net magnetic field at
origin will be in —Z direction and the magnetic field
dueto / at origin will also be in —Z direction. Therefore

B at origin cannot be zero. Therefore'C' is incorrect.
If I; = I, then the resultant of the magnetic field By, at
P (the centre of the circular loop) is along +X direction.
Therefore the magnetic field at P is only due to the
current I which is in —Z direction and is equal to

X/ B,

_Mol ;
= (h).

/ ~~~~~~~~~ 2 B, 9,
I AN

J" - ™
/ O 1P 7
"
-
”
.
-
.
=
.
Gd I

K
Y "/ 12

Therefore option 'D' is correct.

6. (B,C,D) Inprocessl, volumeischanging. Therefore itis
not isochoric. Therefore 'A' is incorrect.
In process II, g = AU+ W. AU =0 as temperature is
constant. Therefore ¢ = W. Here W= P(V V) is
positive therefore g is positivei.e., gas absorbs heat
Therefore 'B' is correct.
For process IV, g = AU+ W. Here AU=0 and Wis
negative (volume decreases). Therefore g is negative
i.e., gas releases heat. 'C' is correct.
For an isobaric process, V o T i.e., we will get a
straight inclined line in 7-V graph. Therefore I and I
are NOT isobaric. 'D' is correct.

7. (2.00)

i+ Bl=Ali-
|a i +acoswt i +asinowt f|=\/§|a i—acosot i —asinwt j
= |(1 +cosotf)i +sinot }| = \/§|(1—coscot)f—sin ot }
V2+2coswt =~/3 \2—2cosot

1+ cos ot = 3(1—coswt)

1 b
= 4coswt=2 . cosc)t=5 or, mt=§

10.

. 1=2.00 seconds
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(5.00) Observer/listener
'I“\
v —v[ v ] 13m,":1;\
A=V T 2w
v—2cosb ZCOSG/'l i ‘\“
v ] 4 0 \?.més*l e_}\lms:l
VB=V| L 1cos0 Sm - Sm BX®
1 cos®
Beat frequency = v —v[ v ]
d Y v[v—ZcosG} v+cosO
1 1 ]
=VvV -
[v—2cose v+cosO
— 1430x330] — - L :
330-2x— 330+
13 13
1 1
=1430x330x13[ - ]
330x13—-10 330x13+5
—1430x330x13[ L :l
4280 4295
(0.75)

The time taken to reach the ground is given by
. 1 [2h " Io
sin0\ g MR?

1 |l
sin 60° k

Forring ¢ =

hzﬁ

\/_\f J10

2\/'(\/'j

-

2Vh—3h=\3-=

0.232
- = _ p =22
Jh @-1.732)=1732-15 N 0268
Soh=075m
(2.09)
vy = (my —my)uy N 2myuy _ (1-2)2 =_—2ms_1

my +my my +my 1+2 3
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11.

12.

13.

_(mz—ml)uz_l_ 2muy; _2x1x2 4 1

= m
1+2 3
The time period of mass 2 kg after attaining velocity is

T=21t\/£=2n\/§=2n
k 2
1

u;=2ms

V2

my+my my+my

uy,=0

lkg ——> 2 kg

Therefore the time taken to return the original position by
2 kg mass is T sec.
Distance between the two blocks
=zxn=zx2= 2.09m
3 7
(1.50)
Initially
The chargeon C3is q; =C3V=1x8uC=8 uC

SVJ-|-— 2 r=c,

Finally

As the charge on C; is found to be 5 pC therefore charges
on C, and C, are 3 uC each

Applying Kirchhoff loop law
+ +3 ue
5 3 €=l E== Wil
————— =0 Yo
87‘
5- 3{1 +L} e
€, G=1pF7|7 uC
1522 LT
g 3 3
(2.00)
Average speed along X-axis = Dy + Dy = 2(Ry + Ry)
h+t h+tt
my  mv
_,| 9B 4q(4B)
nm mm
9B, q(4By)
But V==
Average speed along X-axis=2.00
(130.00) — 2
AAFB and ACFD are similar C
D /@d
F
4_2_1 b
D 20 10 — 5 20 cm

2 cm

14.

15.

16.

17.

18.

2
-. Ratio ofarea = a- = L
D? 100
As there is no energy loss
-, Average intensity of light at a distance 22 cm

_13xnD%/4
nd? / 4

(4.00)

The intermediate temperature is given by the formula

=1.3x100=130.00 kWm™

kAT | kAT

] /
T = 1 2
ki | kpdy

h 5

Here, T=200k, 7; =300k, 7,= 100k
l;=lLand 4, =1tr2,A2=41tr2

kyr? x 300+ kym(4r2)100

200 = > 7
leL'r +k21r,(4r )

300k, + 400k,
kl + 4k2

w 200=

200k, + 800k, =300k, +400k,

= 400k, =100k, . kﬁ=4.oo

2
(C©) Weknowthat, C = % where C = speed of light

E=CB=LT"'B
D) We know that
1

VMogo

. wp =6 272

C:

_l-a _dr_(+aD-(-a)_ -2
B) l+a  da (1+a)2 (1+a)2

(©) Weknow that, N = Noe‘“

Taking log on both sides log, N = log, N;— At
differentiating with respect to "A' we get

L1dv_ P S
N d\ N 1x2000

[+ N=3000-1000=2000]

0-¢




Paper -
ax _ R ) d (l sz _
(A,B,D) & =yt and k=—mV a2 vt
m dv dv
—x2V— = my— =
= Ty a "
v ‘ .
m[Vdy =y[ut mr v
0 0 2 2

g V=\/zxt. ie,Voct
m

As Vis proportional to 't', distance cannot be proportional
to't'.

vV , ,
Now F=ma= md—=mi Xt =m Y- Ym =constant
dt dt|\'m m

u
(A, C, D) Weknow that [F|=nA 70

u .
where —2 = velocity gradient

h
[F] _ U0
Also y nh

(A, B) According to Gauss's Law,

VAR
€0

1 1
Electric flux, ¢= o T [Ax2Rsin 60°]=
0 0

Further electric field is perpendicular to the wire therefore
its z-component will be zero.

(D) Theimage of AB will be A'B' as AB lies between pole
and focus. Further as the object is moved towards the focus
the image also moves away.

7.

8.

JEE Advanced 2018 Solved Paper

The object distance decreases from g to f. Therefore the

final result is (D).

232-212 20 _,

(A, C) No. of a-particles = 1 1

232Th _— 212Pb +5 4H +2 Y
90 82 He+2 B

A
(A, C)Given(2n+1) 7 =50.7+e

A
and (2n+3) 7 =83.9+e

et A _0Txe o e39430=5x50.7+5
= _— - . X =
"=LSn4 839+e IToe e
2¢e=138 =e=09cm
3 o 507+09=516 . A=664cm

4

Also V=vA=500x 0.664 ms™! =332.0ms!
(6.30)  Impulse=Change in linear momentum

€1

- -1
04 2.5ms

_J—
J=mV, or VO—;—

ds
AlsoV=ve ™t .. o voe 't = ds=vye T dt
T
s=vo[e™%dt =vyr(1-e1)=2.5x4x0.63=630m
0
2(1
30.000 H M 120= : (5)
(30.00) - 2g = - 2g
u?=480g
L
KE, ital= Emu =240mg
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1
K Efpgy= 5 (240 mg) = 120mg
1 2
Emv =120mg =240g
240g x| 1
_ visin?0 X 4 L
B 2g - 2g - m
9. (2.00) GivenE=sin103t{
F=ma
gE= mﬂ sodv= qEdt _ qsin1000z i i

. T 2z
sin1000¢ d¢ | max. speed is at —=
2 ox2

Jo-t T

[coleOOt]“/‘”
1000

/o
q [coleOOt} 1
V= —_) — = — _3
ml 1000 |, 10

T
= - 1000x ———co0s0 | =_[_1-1]= -1
[cos XlOOO } [-1-1]=2ms

10. (5.56) Weknow that CO=NBAI,
- e 107*x02 oA
8 NBA 50x2x107%x002

Further for a galvanometer
I G=(I—Ig)S

g 20 _01x50 50
S I-Ig T 1-01 9
11. (3.00) Weknow that Al/= AY
1.2x10x1
= o 3 =03mm
n(sxz ]xelO“

The third marking of vernier scale will coincide with the
main scale because least count is 0.1 mm.

L -1 -1
12. (900.00) For an adiabatic process VI = T, (8V)Y
h j— 2 . T = Z
wherey= 3 . T,= 7

sy

Further AV=nC AT = n(gRJ AT =

Ix3x8 3

AV=-— Z x100 =-900]J

13.

14.

15.

16.

17.

(24.00) Number of electrons emitted per second

~ 200 W
T 6.25x1.6x1071%

Force = Rate of change of linear momentum= N+/2mk

200
= e rinlen10® < V2x9x1071x1.6x1071% x500

[ K=eV:e=1.6x10"19=v=500]

=24.00
(3.00) AE, =748+ AE, ,

1 1
2(1—= —___
13.6z[ 4} 748+13622[4 9}

z=3

ki
(B) Forapointcharge E= —g and for a dipoleE= —3

2kM

—— and for

Further for an infinite long line charge E = 4

c
infinite plane charge E= ——
2 S))

2%

ﬁ/ r
(0
,«\ ———

Also for two infinite wires carrying uniform linear charge
density.

2k0L
d* +(?

2kN 2kN (
E= —cos o= =

V20 NPl
R
/ h_ 2
®) Vo B VR 1
m1V1R1

2x2x1
1x1x4
k ml ﬁ

Therefore 7 ky my Ry =

1
Further 7 lQ mv, R2 =1

2x4 _§
Ix1 1

‘ E B ( ﬁ J3/ 2 1
", |\ Ry -8
(C) Process 1 is adiabatic therefore AQ =0
Process 2 is isobaric therefore W = P(V, — V,)
=3P 3V,—Vy)=6P,V,
Process 3 is isochoric therefore W =P(V,-V;)=0
Process 4 is isothermal therefore temperature is
constant, Au=0

GMm
AlsoK.E.= T

Further T2 < R3
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18.

dr
A) Pov=—

i ai +pj which is constant

a=0

Further P = mv is constant

1

and K = Emv2 is constant
= oU » oU -
F=—| Zi+Z2 ] = .

( o JJ 0 (- g is constant)
= U = constant
AlsoE=K+U

£=f=7x1:"=0 . L = constant

Qo V= % = —ao(sin of)i+Bo(cos wr))

d=""=—o’[ocoswt i+Psin ot )] = -@*F

(- 7 and F are parallel)

r 2.2
AU=—J‘If.dr=+J‘m032rdr=M “Uxcr?
2
0
Alsor = /o’ cos’ ot +B*sin’ ot .. F=f(0)

JEE Advanced 2018 Solved Paper

As the force is central therefore total energy remains
constant.

Roy= % = a[-wsinw? i + ®cosot j]
v=owi.e., speed is constant
av A A
a=7g =—_aw?[coswti +sin ot j ]
i=-o%
i= FxF =0

Force is central in nature
U and K are also constant.

dr R n
S>>y = ~oti+pt]

S V=1)

a = PJj ie., constant

F = ma constant

Lo 2.2
AU:_J‘ﬁ.d7=—mjﬁj~(ai+ﬁy)dt=%
0

1 5, 1 2. 02,2
K=—mv: =—m(o” + t
> 2 ( B°%)

1
AlsoE=K+U= 3 mo? which is constant.
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The density of a material in the shape of a cube is determined
by measuring three sides of the cube and its mass. If the
relative errors in measuring the mass and length are
respectively 1.5% and 1%, the maximum error in determining
the density is:

1 25% 2 35%

3) 45% @ 6%

All the graphs below are intended to represent the same
motion. One of them does it incorrectly. Pick it up.

velocity

0 %—» position
distance
A

(2) L’ time
position
A

(3) Q—> time
velocity
A

(4) time

Two masses m; = 5 kg and m, = 10 kg, connected by an
inextensible string over a frictionless pulley, are moving as
shown in the figure. The coefficient of friction of horizontal
surface is 0.15. The minimum weight m that should be put
on top of m, to stop the motion is:

T
nmy [ s
T
my
(1) 183kg () 273kg
(3) 433kg @) 103kg

A particle is moving in a circular path of radius a under the

action of an attractive potential U = —Lz . Its total energy is:
2r

0 gz ® 22
3k
3) zero “ _Ea_z

In a collinear collision, a particle with an initial speed v

strikes a stationary particle of the same mass. If the final
total kinetic energy is 50% greater than the original kinetic
energy, the magnitude of the relative velocity between the
two particles, after collision, is:

M @ 2v
® = @ &

Seven identical circular planar disks, each of mass M and
radius R are welded symmetrically as shown. The moment
of inertia of the arrangement about the axis normal to the
plane and passing through the point P is:

19 55

) 7MR2 9)) 7MRZ
73 181

G) 7MRz @ 7MR2

From a uniform circular disc of radius R and mass 9 M, a

R
small disc of radius 3 is removed as shown in the figure.

The moment of inertia of the remaining disc about an axis
perpendicular to the plane of the disc and passing, through
centre of disc is :

ﬁ

40
(1) 4MR? ) 5 MR2

2 37 2
(3) 10 MR @ 5 MR

A particle is moving with a uniform speed in a circular orbit
of radius R in a central force inversely proportional to the
nth power of R. If the period of rotation of the particle is T,
then:

(1) To R32 foranyn.

©)) TocR(n+l)/2

(4) T oc Rn/2
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10.

11.

12.

13.

14.

15.

A solid sphere of radius » made of a soft material of bulk
modulus K is surrounded by a liquid in a cylindrical
container. A massless piston of area a floats on the surface
of the liquid, covering entire cross-section of cylindrical
container. When a mass m is placed on the surface of the
piston to compress the liquid, the fractional decrement in

ar) .
the radius of the sphere [7] >18:

Ka Ka
(U~ ® 3mg
mg g
® 3xa @ Ka

Two moles of an ideal monoatomic gas occupies a volume V
at 27°C. The gas expands adiabatically to a volume 2 V.
Calculate (a) the final temperature of the gas and (b) change
in its internal energy.

(1) (a)189K (b) 2.7k
@) @195K (b) 2.7k
) (@)189K (b) 2.7k
@ (@195K (b) 2.7k

The mass of a hydrogen molecule is 3.32x10-27 kg. If 1023
hydrogen molecules strike, per second, a fixed wall ofarea
2 cm?atan angle 0of45° to the normal, and rebound elastically
with a speed of 10% m/s, then the pressure on the wall is
nearly:

(1) 2.35x 103 N/m? ) 4.70x 103 N/m?

(3) 2.35x 102N/m? @) 4.70x 10> N/m?

A silver atom in a solid oscillates in simple harmonic motion
in some direction with a frequency of 10!%/sec. What is the
force constant of the bonds connecting one atom with the
other? (Mole wt. of silver = 108 and Avagadro number = 6.02
%1023 gm mole 1)

(1) 64N/m 2) 7.1N/m

3) 22N/m @) 55N/m

A granite rod of 60 cm length is clamped at its middle point
and is set into longitudinal vibrations. The density of granite
is 2.7 x 103 kg/m3 and its Young's modulus is 9.27x 1010 Pa.
What will be the fundamental frequency of the longitudinal
vibrations?

(1) 5kHz (2) 25kHz

() 10kHz @) 75kHz

Three concentric metal shells A, B and C of respective radii
a, b and c (a < b < c) have surface charge densities +c,—c
and +o respectively. The potential of shell B is:

(2 .2 (.2 12
: o|a b e 5 ola b e
O | ® | o
cs_bz—c2 cs_bz—c2 |
® ol b 4 @ ol

A parallel plate capacitor of capacitance 90 pF is connected
to a battery of emf20V. If a dielectric material of dielectric

16.

17.

18.

19.

20.

JEE MAIN 2018 Solved Paper

5
constant £ == is inserted between the plates, the magnitude

3
of the induced charge will be:
(1) 12nC 2) 03nC
(3) 24nC 4) 09nC
In an a.c. circuit, the instantaneous e.m.f. and current are
given by

e=100sin30t

T
i=20sin (30t—ﬂ

In one cycle of a.c., the average power consumed by the
circuit and the wattless current are, respectively:

1000

(1) 50W, 10A @ —j; W10A
50

€)) EW,O @) 50W,0

Two batteries with e m.f. 12 Vand 13 V are connected in
parallel across a load resistor of 10€2 . The internal

resistances of the two batteries are 1 Q2 and 2 Q respectively.
The voltage across the load lies between:

(1) 11.6Vand11.7V 2 11.5Vand11.6V

3) 1l4Vandll5V 4 11.7Vand11.8V

An electron, a proton and an alpha particle having the same
kinetic energy are moving in circular orbits of radii 7, ol
respectively in a uniform magnetic field B. The relation
between r,, T Ty is -

1 r> I,=Ty @) r,< I,=Ty

B r.< I,<T, @ r.< I, <T,

The dipole moment of a circular loop carrying a current I, is
m and the magnetic field at the centre of the loop is B,.
When the dipole moment is doubled by keeping the current
constant, the magnetic field at the centre of the loop is B,.

B,
Theratio — 1is:
eratio - is

2
M 2 @ 3
1
® 2 & 5

For an RLC circuit driven with voltage of amplitude v, and
1
frequency wg= —— the current exhibits resonance. The
ARy D™ e

quality factor, Q is given by:

O @ T
R CR
©)] ) @ ‘w0
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21.

22,

23.

24.

An EM wave from air enters a medium. The electric fields

are Ej = E, X cos[va (E - tﬂ inairand

c
E>= Ep X cos[k(2z—ct)] in medium, where the wave
number k and frequency v refer to their values in air. The
medium is nonmagnetic. If €, and €, refer to relative

permittivities of air and medium respectively, which of the
following options is correct?

€, €

-4 1 _»
U Che,

Sl Sl
® 3 i @5 72

Unpolarized light of intensity I passes through an ideal
polarizer A. Another indentical polarizer B is placed behind

I
A. The intensity of light beyond B is found to be 5 Now

another identical polarizer C is placed between A and B. The

I
intensity beyond B is now found to be 3 The angle between

polarizer Aand C is:
GO @ 30°
(3) 45 @ 60°

The angular width of the central maximum in a single slit
diffraction pattern is 60°. The width of the slitis 1 um. The
slitis illuminated by monochromatic plane waves. If another
slit of same width is made near it, Young's fringes can be
observed on a screen placed at a distance 50 cm from the
slits. If the observed fringe width is 1 cm, what is slit
separation distance?

(i.e. distance between the centres of each slit.)

(1) 25pm @ 50um

(3 75pm @ 100pm

An electron from various excited states of hydrogen atom
emit radiation to come to the ground state. Let A, A, be the
de Broglie wavelength of the electron in the n! state and

the ground state respectively. Let A, be the wavelength of

the emitted photon in the transition from the n! state to the
ground state. For large n, (A, B are constants)

B
(1) An=ATm (@ Ay~A+Ba,

n

G) A2~A+BA? @ A2z

25.

26.

27.

28.

29.

30.

2018-3

If the series limit frequency of the Lyman series is vy, then
the series limit frequency of the P-fund series is :

1 25vp @ 16v

3 vi/16 @ v /25

It is found that if a neutron suffers an elastic collinear
collision with deuterium at rest, fractional loss of its energy
is py; while for its similar collision with carbon nucleus at
rest, fractional loss of energy is P_. The values of Pjand P
are respectively:

(1) (-89,28) @ (28,89)
3 (0,0 @ (O, 1)

The reading of the ammeter for a silicon diode in the given
circuitis :

2000
L
3V
@ o ) 15mA
(3) 11.5mA @) 13.5mA

A telephonic communication service is working at carrier
frequency of 10 GHz. Only10% of it is utilized for
transmission. How many telephonic channels can be
transmitted simultaneously if each channel requires a
bandwidth of 5 kHz?

1 2x103 @ 2x10*

(@) 2x10° @ 2x10°

In a potentiometer experiment, it is found that no current
passes through the galvanometer when the terminals of the
cell are connected across 52 cm of the potentiometer wire. If
the cell is shunted by a resistance of 5 2, a balance is found
when the cell is connected across 40 cm of the wire. Find the
internal resistance of the cell.

M 1Q 2 15Q

3 20 @ 25Q

On interchanging the resistances, the balance point of a
meter bridge shifts to the left by 10 cm. The resistance of
their series combination is 1kQ. How much was the resistance
on the left slot before interchanging the resistances?

(1) 990 Q @) 505 Q
3 550Q @ 910Q
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SOLUTIONS

(3) Density(d) __MasM) M
Volume (V) 13
Ad _AM  3AL

.. Error in density, q

=1.5%+3(1%)=4.5%

(2) Graphs in option (3) position-time and option (1)
velocity-position are corresponding to velocity-time
graph option (4) and its distance-time graph is as given
below. Hence distance-time graph option (2) is
incorrect.

distance
V'S

M L

>

time

(2) Given:m, =5kg;m,=10kg; p=0.15
Form,mg-T=mga
= 50-T=5xa
and, T-0.15(m+ 10)g=(10+m)a
Forrest a=0
or,50=0.15(m+10) 10

5=23—0(m+10)

100 .
—=m+10 - m=233kg ; closeto option (2)
5 F=-Mi_ K
O "x e
Since particle is moving in circular path
2
=V _ 53 = mv? = 52
r r r
KE-im?-X
2 2r2
Total energy=PE.+K.E.
K K K .
=——5+—=Zero (. PE.=-— given)
22 22 2
@
Before Collision After Collision

v, ® = v, \'A

Stationary

2 202
2,2 _32 .
= v] +Vv5 =5v0 (D)
From momentum conservation
mv,= I.n(vl +v,) . .(11)
Squarring both sides,

(v + v%)2 =v,?

2 —)
= VStV 2vy, Vo
2
\'%
2V1V2 =——0
2
3 v
(vl—vz)2 =v21 +v22 =2vv, =§v20 +T°

Solving we get relative velocity between the two particles
Vi—Vp = \/EVO
(4) Using parallel axes theorem, moment of inertia about ‘O’
I,=1, +md
_ TMR?

2
+6(Mx(2R)?) = SSL;R

Again, moment of inertia about point P, I =1, + md?

181

2
_MRT MR =7MR2

(1) Let o be the mass per unit area.

The total mass of the disc = ¢ x T R =9M
The mass of the circular disc cut
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10.

€)

€)

€)

Let us consider the above system as a complete disc of
mass 9M and a negative mass M super imposed on it.
Moment of inertia (/,) of the complete disc =

1
59MR2 about an axis passing through O and

perpendicular to the plane of the disc.
M. of the cut out portion about an axis passing through
O' and perpendicular to the plane of disc

2
=lxMx(£]
2 3

. M.I(I,) ofthe cut out portion about an axis passing
through O and perpendicular to the plane of disc

JEREOREC)

[Using perpendicular axis theorem]
.. The total M.1I. of the system about an axis passing
through O and perpendicular to the plane of the disc is
I=1,+1,

2
~ Lomm2 - 1><Mx(5) +M x (ZR)
2 2 3 3

2 2 _ 2
_ 9MR” 9MR” _ (O-DMR" _ AMR2
2 18
2 1 mv?
mo R =Force «c —  (Force= ——)
R" R
2 I o o«
R 2
. . 2n
TimeperiodT =—
®
n+l
Time period, T «c R 2
Bulk modulus, K = volumetr¥c stre§s
volumetricstrain
=M dvV_mg .
()7 VT -0
\Y%
4 53
volume of sphere , V = gﬂR
dV _ 3dr N
Fractional change in volume ERE ...(i1)
Using ea. (i) & (i) 2% = M8
sing eq. (1) & (ii) T Ka

E e (fractional decrement in radius)
r 3Ka

In an adiabatic process

TV*-!=Constant or,T,V,*!=T,V,*!
5
For monoatomic gas ¥ = 3
T. — 300
(B00)V3=T,2Vy*? = h ——(2)2/3

T, =189 K (final temperature)

2018-5
.. f
Change in internal energy AU = HER AT

o3V i1 = -
_2(2)(3)( 111)=-2.7kJ

11. (1) Changein momentum

~>

2P -
= Lyan=—"7J

2
Pressure, P
_F_sop
A A
_2x332x107%7 x10° x10%

2x1074
=2.35% 10°N/m?
As we know, frequency in SHM
1

/k
f=—,—= 10'2 where m = mass of one atom
2 Vm

(- n=no.of particles)

12. @

108

: ———x107k
Mass of one atom of silver, = (6.02 %1023 ) X g

x6.02x10%3 =10'2

1 \/L
2n\108x107
Solving we get, spring constant, K =7.1N/m

. . Y  [9.27x10"
In solids, Velocity of wave V =, |— = |————
p 2.7x10

v=5.85x103m/sec
Sincerod is clamped at middle fundamental wave shape
is as follow

» N N

13. (1)

—=L = A.=2L L N 1
2 ' A2 '
A=12m(-- L=60cm=0.6m (given)
Using v="1A

v 5.85x10°
= f=—="—""_

A 1.2
=488x10°Hz = 5KHz
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. . KQ
14. (2) Potential outside the shell, Voytside =

where 1 is distance of point from the centre of shell

KQ

Potential inside the shell, Vinsige = —

where ‘R” is radius of the shell
C

&)
1

vy =Xda  Kap | Kdc
b b L

1 odna’ oc4nb?  odnc?
VB = — +
4neg| b b c
2 2
VB = i{a b +c}
GO b

15. (1) Charge on Capacitor, Q =CV

After inserting dielectric of dielectric constant =K

Q=kOV , ,
Induced charges on dielectric
Qing =Qf -Q; =KCV-CV
=(K-1)CV= G_IJX%I)FXZV =1.2nc

16. (2) As weknow, average power Pavg = Vs Lns

LCY R E

= M watt

l)avg \/5

Wattless current [ = I,  sin ©

~ 10 Gno =20 sinase—10a

V2 2
12V
17. @ L U
v—12 20 \
I—'ww—>—-P
v—13 /
RL—ww Q
Vo 10Q 0

Using Kirchhoff’s law at P we get
V-12 V-13 V-0
+ + =0
1 2 10

[Let potential at P, Q,U=0andatR=V

V V.V 12 13 0
D —t—t ==+ —
1 2 10 1 2 10

10+5+1 24+13
-

V:
10 2
10) 2
v=37X10 370 _ 1y s6volt

16x2 32

JEE MAIN 2018 Solved Paper
As we know, radius of circular path in magnetic field

_ ~2Km
qB
For elect _ y2Km, .
or electron, T, = B (D)
2Kmp
For proton, 1, = (i1
p P B (1)
For a particle,
_\2Km, _2Kdm, 2Km,
* q.B 2B B (i)
r <r=r (- m<m)
e p [} € p
: _ bl
Magnetic field at the centre of loop, By = R

Dipole moment of circular loop is m = 1A
m =1LA=LrR*> {R=Radius of the loop}
If moment is doubled (keeping current constant)

R becomes /2R
2
m, = I.n(\/ER) =2InR? = 2my

2= Hol
2(V2R)
Mol
. ﬂ=2_R=\/§
By Mol
2(V2R)
[ oL
Quality factor Q =ﬁ =%

1

Jne

Velocity of EM wave is given by v =

®

Velocityinair= "~ C

C
Velocity in medium = '

Here, p; =, = 1 as medium is non-magnetic
1

. N erl = C = 2 = ei = l

=5

€, 2

Axis of transmission of A & B are parallel.
Polariser A Polariser B

—
I 12 12

After introducing polariser C between A and B,
Polariser A Polariser C Polariser B

— X
I 12 1/2Cos0 1/2Cos'0

GP_3481



PHYSICS

lcos49=1 = cos46=l
2 8

= cos(9=L or, 0=45°

V2
2

23. (1) Angular width of central maxima = q

d AxD
or, A =— ; Fringe width, B=—-—

2 d

-2 -6 -2

10_2=gx50><10 =10 x50x10

2 d' 2xd'

Therefore, slit separation distance, d’ = 25um

24. (1) Wavelength of emitted photon from n® state to the

1 of 11
—=RZ| —-—
ground state, A, ( 2 12 J

-1
1 1
Ay =— | 1-—
" RZz( n2J

Since n is very large, using binomial theorem
1 1
A =z (1+n_2J
1 1 1
A =t —
" Rrz? RZ? (nz J

2mr n’h? |1
As we know, An =—— =27 «n

n 4n?mze? Jn
Ay =A+ 12
A
25. 4) hv; =E, —E, 0
th = Eoo _ES (11)
2 2
E o z_2 = Es = (lJ = L
n E, \(5) 25
hVL El

Eqn (i) /(i) = E =E_5

uo®h o,
V¢ 1 25
26. (1) For collision of neutron with deuterium:

\4 v, V,
—> o —> o>
m 2m m 2m
Applying conservation of momentum :
mv+0=mv +2mv, ... (i)
v,-Vv,=vVv. (ii)

-+ Collision is elastic, e= 1

v
From eqn (i) and eqn (ii) V1 = 3

lIIle—lIIlVI2 8
Pd = % === 089
L2 9
2

27.

28.

29.

30.

€)

€)

@)

€)

2018-7
Now, For collision of neutron with carbon nucleus
o—l e o—l' o—:z
m 12m m 12m
Applying Conservation of momentum
mv+0=my+12mv, ...(1iL)
V=V,—V, ...(1v)
From eqn (iii) and eqn (iv)
11
Vi=——V
13
1 5, 1 (11 Y
5 mv- — E m E \" 48
LA 169
2

Clearly from fig. given in question, Silicon diode is in
forward bias.
.. Potential barrier across diode

AV =0.7volts

VoAV _3-07_23 _ .,
R 200 200

If n =no. of channels
10% of 10 GHz=n x 5 KHz

or, %XIOXIO9 =nx5x10° = n=2x10°

Current, I =

Using formula, internal resistance,

AN =(52_40JX5=1'5Q
L 40

R, +R,=1000 R, R,=1000-R,
= R,=1000—R,
On balancing condition

R(100-)=(1000-R) () -0 199_;

On Interchanging resistance balance point shifts left
by 10 cm

R,=1000 — R, R,

=

(-10) (100-{+10)
=110-1)
On balancing condition
(1000-R,)(110-0)=R, (I-10)
or, R (/-10)=(1000—R ) (110-1) ...(i1)
Dividing eqn (i) by (ii)
100-7 I
1-10 110-1
= (100-)(110-DH=1(I-10)
= 11000-100/-110/+P=P2-10]
= 11000=200/
or,[=55
Putting the value of ‘I’ in eqn (i)
R, (100-55)=(1000—R,) 55
= R, (45)=(1000—-R,) 55
= R, (9)=(1000-R)) 11
= 20R, =11000
R, =550KQ
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SECTION - I

JEE ADVANCED 2017 - PHYSICS

| PAPER-1 |

This section contains 7 questions. Each question has 4 options
(A), (B), (C)and (D). ONE or MORE THAN ONE ofthese four
options is (are) correct.

1.

A flat plate is moving normal to its plane through a gas

under the action of a constant force F. The gas is kept at a

very low pressure. The speed of the plate v is much less

than the average speed u of the gas molecules.

Which of the following options is/are true?

(A) The pressure difference between the leading and
trailing faces of the plate is proportional to uv

B) The resistive force experienced by the plate is
proportional to v

(C) The plate will continue to move with constant non-
zero acceleration, at all times

(D) Ata later time the external force F balances the resistive
force

A block of mass M has a circular cut with a frictionless

surface as shown. The block rests on the horizontal

frictionless surface of a fixed table. Initially the right edge of

the block is at x = 0, in a co-ordinate system fixed to the

table. A point mass m is released from rest at the topmost

point of the path as shown and it slides down.

When the mass loses contact with the block, its position is

x and the velocity is v. At that instant, which of the following

options is/are correct?

mR
M+m

(A) The position of the point mass m is: X = 2

2gR
(B) The velocity of the point mass m is: v=4/;, ™

(©) Thex component of displacement of the center of mass

mR
of the block M is: ————
M+m

(D) The velocity of the block M is: V = —% V2gR

A block M hangs vertically at the bottom end of a uniform
rope of constant mass per unit length. The top end of the
rope is attached to a fixed rigid support at O. A transverse
wave pulse (Pulse 1) of wavelength A, is produced at point
O on the rope. The pulse takes time Ty, toreach point A. If
the wave pulse of wavelength A, is produced at point A
(Pulse 2) without disturbing the position of M it takes time
T 5 to reach point O. Which of the following options is/are
correct?

(A) ThetimeT,n=Ty,

(B) The velocities of the two pulses (Pulse 1 and Pulse 2)
are the same at the midpoint of rope

(C) The wavelength of Pulse 1 becomes longer when it
reaches point A

(D) The velocity of any pulse along the rope is
independent of its frequency and wavelength

A human body has a surface area of approximately 1 m?2.

The normal body temperature is 10 K above the surrounding

room temperature T,,. Take the room temperature to be

To= 300K. For T,=300K, the value of cT; =460 Wm

(where o is the Stefan-Boltzmann constant). Which of the

following options is/are correct?

(A) Theamount of energy radiated by the body in 1 second
is close to 60 joules

(B) If the surrounding temperature reduces by a small
amount AT, << T, then to maintain the same body
temperature the same (living) human being needs to

radiate AW = 40-’1“3 AT, more energy per unit time

(©) Reducing the exposed surface area of the body (e.g.
by curling up) allows humans to maintain the same
body temperature while reducing the energy lost by
radiation



(D) If the body temperature rises significantly then the
peak in the spectrum of electromagnetic radiation
emitted by the body would shift to longer wavelengths

A circular insulated copper wire loop is twisted to form two

loops of area A and 2A as shown in the figure. At the point

of crossing the wires remain electrically insulated from each

other. The entire loop lies in the plane (of the paper). A

uniform magnetic field ]3 points into the plane of the paper.
Att=0, the loop starts rotating about the common diameter
as axis with a constant angular velocity ® in the magnetic
field. Which of the following options is/are correct?

X X X X X X X X X X X X
X X X X X X X

X X X X X X X X X X X X

X X X X X

(A) Theemfinduced in the loop is proportional to the sum
of the areas of the two loops

(B) Theamplitude of the maximum net emfinduced due to
both the loops is equal to the amplitude of maximum
emfinduced in the smaller loop alone

(C) The net emf induced due to both the loops is
proportional to cos t

(D) The rate of change of the flux is maximum when the
plane of the loops is perpendicular to plane of the
paper

In the circuit shown, L=1uH, C=1 pF and R=1kQ. They

are connected in series with an a.c. source V =V, sin wt as

shown. Which of the following options is/are correct?

L=1pH C=1IpF R=1kQ

V, sin ot

(A) The airrent will be in phase with the voltage if =104
rad.s”

(B) The frequency at which the current will be in phase
with the voltage is independent of R

(©) At ® ~ 0 the current flowing through the circuit
becomes nearly zero

(D) Atwo>>10%rad. s, the circuit behaves like a capacitor

JEE Advanced 2017 Solved Paper

For an isosceles prism of angle A and refractive index y, it is

found that the angle of minimum deviation 5 = A.

Which of the following options is/are correct?

(A) For the angle of incidence i} = A, the ray inside the
prism is parallel to the base of the prism

(B) For this prism, the refractive index p and the angle of

1 _
prism A are related as A = 5005 : (%)

(©) Atminimum deviation, the incident angle i; and the
refracting angle r, at the first refracting surface are
relatedbyr; =(1,/2)

(D) Forthis prism, the emergent ray at the second surface
will be tangential to the surface when the angle of
incidence at the first surface is

I = sin~! {sin A, /4cos2 %—1 —cosA}

SECTION -1

This section contains § questions. The answer to each question
isa SINGLE DIGIT INTEGER ranging from 0t0 9, both inclusive.

8.

10.

A drop of liquid of radius R = 10~2 m having surface tension

1
S= ENHI ! divides itself into K identical drops. In this

process the total change in the surface energy AU= 1073 J.
IfK = 10% then the value of L is

An electron in a hydrogen atom undergoes a transition from
an orbit with quantum number n; to another with quantum
number ng V; and V,are respectively the initial and final

V.
potential energies of the electron. If V_; = 6.25, then the

smallest possible nis

A monochromatic light is travelling in a medium of refractive
index n = 1.6. It enters a stack of glass layers from the bottom
side at an angle 0 = 30°. The interfaces of the glass layers
are parallel to each other. The refractive indices of different
glass layers are monotonically decreasing asn =n—maAn,
wheren is the refractive index of the mt slaband An=0.1
(see the figure). The ray is refracted out parallel to the
interface between the (m — 1)t and m®™ slabs from the right
side of the stack. What is the value of m?

m n—mAn

m-—1 n—(m-1)An_—"
___________ ;,x;";________
_________ '7/'_'___________
3 /’ n-3An
9 /’ n—2An

GP_3481
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3

11. A stationary source emits sound of frequency f, =492 Hz. labelled with 1311 is injected into the blood of a person. The
The sound is reflected by a large car approaching the source activity of the amount of 13!T injected was 2.4 x 105 Becquerel
with a speed of 2 ms~!. The reflected signal is received by (Bq). It is known that the injected serum will get distributed
the source and superposed with the original. uniformly in the blood stream in less than halfan hour. After
What will be the beat frequency of the resulting signal in 11.5 hours, 2.5 ml of blood is drawn from person's body, and
Hz? (Given that the speed of sound in air is 330 ms~! and gives an activity of 115 Bq. The total volume of blood in the
the car reflects the sound at the frequency it has received). personj;s body, in liters is approximately

12. 131 s an isotope of Iodine that B decays to an isotope of (youmayusee* ~ 1+xfor|x|<<1andIn2 ~ 0.7).

Xenon with a half-life of § days. A small amount of a serum

SECTION - III

This section eontains 6 questions of MATCHING TYPE, contains two tables each having 3 columns and 4 rows. Based on each table,
there are three questions. Each question has four options (A), (B), (C) and (D) ONLY ONE ofthese four options is correct.

Answer (Qs. 13-15) : By appropriately matching the information given in the three columns of the following table.

A charged particle (electron or proton) is introduced at the origin (x =0, y= 0, z= 0) with a given initial velocity ; . Auniform

electric field E and a uniform magnetic field B exist everywhere. The velocity Vv, electric field Eand magnetic field B are given in
columns 1, 2 and 3, respectively. The quantities E,, B, are positive in magnitude.

Column 1 Column 2 Column 3
()  Electron with V= 25—02 @) E =Ejz P _B> =Bk
0
.. > Epy. ¢ N = .
() Electronwith v = B—y (i) E =-Eqy (Q) B=Byx
0
N - 2 A
(Ill) Proton with v=0 (ii)) E = -EpX (R) B=By¥y
U Ey . . 2 A 3 A
(@IV) Proton with v = 2B—x (iv) E=E(% (S) B=Bz
0
13. Inwhich case will the particle move in a straight line with constant velocity?
A) @) ®R) B) AVHE) © (i) (P) O) @) E)
14. In which case will the particle describe a helical path with axis along the positive z direction?
@) aVOHE) B) () R) © (i) (P) O V)R
15. In which case would the particle move in a straight line along the negative direction of y-axis (i.e., move along —y )?
(A) D () (Q) B) (i) R) © aV)®) O) @OD@EE)

Answer (Qs. 16-18) : By appropriately matching the information given in the three columns of the following table.

An ideal gas is undergoing a cyclic thermodynamic process in different ways as shown in the corresponding P-V diagrams in
column 3 of the table. Consider only the path from state 1 to state 2. W denotes the corresponding work done on the system. The
equations and plots in the table have standard notations as used in thermodynamic processes. Here Y is the ratio of heat capacities at
constant pressure and constant volume. The number of moles in the gas is n.

Column 1 Column 2 Column 3

1
O Wis2= 7 ®V-RV) () Isothermal ® Pt 4 2

v
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M  W_,, =—PV, +PV, (i) TIsochoric Q pr4
1
2
7
P A
y 2
) w,,=0 (iii) Isobaric [®)
7 p
]) A
1
V) W, =-nRT m[%] (iv) Adiabatic ©®) ,
1
= b
16. Which of the following options is the only correct representation of a process in which AU =AQ —PAV?
@) A ®R) B) () (i) (P) © D) (S) O) W) (@) (P)
17.  Which one of the following options is the correct combination?
@A) @V ®) B) D)) © dAHa)(P) O @) (R)
18.  Which one of the following options correctly represents a thermodynamic process that is used as a correction in the determination

of the speed of sound in an ideal gas?

@) MiQ ®) aV)(@)(R) © {HGE)R) O OWEQ
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| PAPER -2 |

SECTION -1

This section contains 7 questions. Each question has 4 options
(A), (B), (C) and (D). ONLY ONE ofthese four options is correct.

1.

Consider an expanding sphere of instantaneous radius R
whose total mass remains constant. The expansion is such
that the instantaneous density p remains uniform throughout

1
the volume. The rate of fractional change in density LE %

is constant. The velocity v of any point on the surface of
the expanding sphere is proportional to
A) R ® R

© % ©) R

R

Consider regular polygons with number of sides n = 3, 4,
5.... as shown in the figure. The center of mass of all the
polygons is at height h from the ground. They roll on a
horizontal surface about the leading vertex without slipping
and sliding as depicted. The maximum increase in height of
the locus of the center of mass for each polygon is A. Then
A depends on n and h as

— hsin? E) ——
(A) A=hsin (n B) cos(Ej

. (2n 2w
A=h (—] A=htan (—j
© sin = ®) o
A photoelectric material having work—function ¢, is
he
illuminated with light of wavelength M% . The
fastest photoelectron has a de-Broglie wavelength A;. A

change in wavelength of the incident light by AA resultin a
change AL in A;. Then the ratio AA y/AA is proportional to

(&) AgA ®) A3/A2

© A3/ O 23/2?

A symmetric star shaped conducting wire loop is carrying a
steady state current I as shown in the figure. The distance
between the diametrically opposite vertices of the star is 4a.
The magnitude of the magnetic field at the center of the
loop is

4a

\VA

1
A) %6[\/5—1] ®) %6[\/§+l]

Hol Hol

0 33-1 0 312-43

© 4ma [ ] ©) 4ma [ ]

Three vectors P,Q and R are shown in the figure. Let S be
any point on the vector R . The distance between the points

Pand Sisb|R |. The general relation among vectors P,Q

and Sis

(A) S=(1-bP+bQ
B) S=(b-1DP+bQ
© S=01-b*P+bQ

@) S=(1-bP+b?Q

A rocket is launched normal to the surface of the Earth,
away from the Sun, along the line joining the Sun and the
Earth. The Sun is 3 x 103 times heavier than the Earth and is
at a distance 2.5 x 10* times larger than the radius of the
Earth. The escape velocity from Earth's gravitational field is
ve=11.2km s~!. The minimum initial velocity (vg) required



for the rocket to be able to leave the Sun—Earth system is
closest to (Ignore the rotation and revolution of the Earth
and the presence of any other planet)

(A) v=22kms! B) v=42kms!

© v=62kms’! D) v=72kms"!

7. A person measures the depth of a well by measuring the
time interval between dropping a stone and receiving the
sound of impact with the bottom of the well. The error in his
measurement of time is 8T = 0.01 seconds and he measures
the depth of the well to be L = 20 meters. Take the
acceleration due to gravity g = 10 ms~2 and the velocity of
sound is 300 ms~!. Then the fractional error in the
measurement, SL/L, is closest to
A) 02% B) 1%
© 3% D) 5%

SECTION - II

This section contains 7 questions. Each question has 4 options
(A), (B), (C)and (D). ONE or MORE THAN ONE ofthese four
options is (are) correct.

8.  Auniform magnetic field B exists in the region between x =0

3R
andx= > (region 2 in the figure) pointing normally into

the plane of the paper. A particle with charge +Q and
momentum p directed along x—axis enters region 2 from region
1 at point P; (y = —R). Which of the following option(s)

is/are correct?
Region 1 X Region 2 Region 3
X X X
X X B X
X X X
X X X
O S
* X x |P, X
+Q Pl X X X
(y = _R) w0 x X
X X X
— >
3R2
2p o .
(A) For B> EQ—R , the particle will re—enter region 1

8
B) For B=— P , the particle will enter region 3
13QR

through the point P, on x-axis

(©) When the particle re—enters region 1 through the
longest possible path in region 2, the magnitude of
the change in its linear momentum between point P,

and the farthest point from y-axisis p/ /2

10.

11.

JEE Advanced 2017 Solved Paper

(D) For a fixed B, particles of same charge Q and same
velocity v, the distance between the point P, and the
point of re—entry into region 1 is inversely proportional
to the mass of the particle

The instantaneous voltages at three terminals marked X, Y

and Z are given by

V,=V,sin at,

(2
Vy =V, sin (°+3 and

in | ot+ 2%
V,=V;sin | ® 3

An ideal voltmeter is configured to read rms value of the
potential difference between its terminals. It is connected
between points X and Y and then between Y and Z. The
reading(s) of the voltmeter will be

A) WY = Vo\g

1
B) W7 = Vo\/;

© VY=V

(D) Independent of the choice of the two terminals

A point charge +Q is placed just outside an imaginary
hemispherical surface of radius R as shown in the figure.
Which of the following statements is/are correct?

®Q

(A) Theelectric flux passing through the curved surface

)
of the hemisphere is 2¢, V7]
(B) Total flux through the curved and the flat surfaces is
Q

€0
(C) The component of the electric field normal to the flat
surface is constant over the surface
(D) Thecircumference of the flat surface is an equipotential
Two coherent monochromatic point sources S; and S, of
wavelength A = 600 nm are placed symmetrically on either
side of the centre of the circle as shown. The sources are
separated by a distance d = 1.8 mm. This arrangement
produces interference fringes visible as alternate bright and
dark spots on the circumference of the circle. The angular
separation between two consecutive bright spots is AB.
Which of the following options is/are correct?
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12.

13.

Pl
A9
) 4 P
S Sy 2
<—d—>

(A) Adark spot will be formed at the point P,

(B)  AtP, the order of the fringe will be maximum

(©) The total number of fringes produced between P, and
P, in the first quadrant is close to 3000

(D) The angular separation between two consecutive
bright spots decreases as we move from P, to P, along
the first quadrant

A source of constant voltage V is connected to a resistance

R and two ideal inductors L, and L, through a switch S as

shown. There is no mutual inductance between the two

inductors. The switch S is initially open. At t =0, the switch

is closed and current begins to flow. Which of the following

options is/are correct?

) b

(A) After a long time, the current through L, will be
vV L,
RL +L,

(B)  After a long time, the current through L, will be
vV L
RL +L,

(©) Theratio of the currents through L; and L, is fixed at
all times (t > 0)

\Y%
(D) Att=0, the current through the resistance R is X

Arigid uniform bar AB of length L is slipping from its vertical
position on a frictionless floor (as shown in the figure).

At some instant of time, the angle made by the bar with the
vertical is 8. Which of the following statements about its
motion is/are correct?

.
SRR
A
.

.
SN
S
~

~ B
y o
IZZ //////////////6//////////////////I

7

(A) The midpoint of the bar will fall vertically downward

(B) The trajectory of the point A is a parabola

(©) Instantaneous torque about the point in contact with
the floor is proportional to sin6

(D) When the bar makes an angle 6 with the vertical, the
displacement of its midpoint from the initial position
is proportional to (1 — cos)

14. A wheel of radius R and mass M is placed at the bottom of
a fixed step of height R as shown in the figure. A constant
force is continuously applied on the surface of the wheel so
that it just climbs the step without slipping. Consider the
torque T about an axis normal to the plane of the paper
passing through the point Q. Which of the following options
is/are correct?

AR

NN

(A) 1If the force is applied at point P tangentially then
decreases continuously as the wheel climbs

(B) Ifthe force is applied normal to the circumference at
point X then 7 is constant

(C) Ifthe force is applied normal to the circumference at
point P then 1 is zero

(D) Ifthe force is applied tangentially at point S then T#0
but the wheel never climbs the step

SECTION - III

This section contains 2 paragraphs, each describing theory,
experiments, data etc. four questions related to the two paragraphs
with two questions on each paragraph. Each question has only
one correct answer among the four given options (A), (B), (C) and

(D).

PARAGRAPH1
Consider a simple RC circuit as shown in Figure 1.
Process 1: In the circuit the switch S is closed at t = 0 and the
capacitor is fully charged to voltage V (i.e., charging continues
for time T >> RC). In the process some dissipation (E,) occurs
across the resistance R. The amount of energy finally stored in
the fully charged capacitor is E..

V,
Process 2: In a different process the voltage is first set to TO and

maintained for a charging time T>> RC. Then the voltage is raised

2V,
to TO without discharging the capacitor and again maintained

for a time T >> RC. The process is repeated one more time by



8

raising the voltage to Vyand the capacitor is charged to the same
final voltage V, as in Process 1.
These two processes are depicted in Figure 2.

SQ
R
v C) [
Figure 1
VOV Process 1 > 5
t
2V, /3 — >
Process; 2
Vo/3 ——>—T T>>RC
f f >
T 2T t
Figure 2

15.  InProcess 1, the energy stored in the capacitor E and heat
dissipated across resistance E, are related by :

(A) E-=E, (B) Ec=Epln2
1
© Ec= EED D) E-=2E,
16. In Process 2, total energy dissipated across the resistance
Epis:

1 2 1 2
(A) ED= ECVO B) ED=3(5CV0]

1
© Ep= 3( CVOJ ®) Ep=3cV¢

JEE Advanced 2017 Solved Paper
PARAGRAPH2

One twirls a circular ring (of mass M and radius R) near the tip of
one's finger as shown in Figure 1. In the process the finger never
loses contact with the inner rim of the ring. The finger traces out
the surface of a cone, shown by the dotted line. The radius of the
path traced out by the point where the ring and the finger is in
contact is r. The finger rotates with an angular velocity . The
rotating ring rolls without slipping on the outside of a smaller
circle described by the point where the ring and the finger is in
contact (Figure 2). The coefficient of friction between the ring and
the finger is u and the acceleration due to gravity is g.

>

Figure 2

- ~

17. The total kinetic energy of the ring is

1

(A) Mo2R? ® SMojR-r)’

) ) 3 22
© Moj(R-1) O 5 Mayg (R —1)

18. The minimum value of o, below which the ring will drop

down is

g 2g
A
@ ur-7) B ur-7)

3 -
© Vaur-n O \2ur-n)
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SOLUTIONS

1.

2.

Paper - 1

(A,B,D)
: v Flat plate v, Flat plate
— <« <
~—> <o € —>
u u \{ v,
Before collision Just after collision
1= VI—V 1= v+ vV
v+u u-—v
TV =u+2y LV, =u—2v
SoAV =2u+2v and Av, =2u—2v

Now F = % = pA(u+v)(2u+2v)

and F, = ‘%2 = pA(u-V)(2u-2v)

5 F =2pAu+v)?  and F, = 2pA(u—v)?

F
F, AF =F —F, =8pAuv ..

AF
P=—=8puv

7 P
The net force F,,, = F —AF =ma

. F-8pAuv =ma
(B,C) Let the block be displaced byx. Ifinitially the centre
of mass of the system is at origin then

_ Mxx+m(x+R)
- M+m

0= C xe -mR
= Mx+ mx+mR . mt+ M

.. 'C'is the correct option

If v is the velocity of mass 'm' as it leaves the block
and V is the velocity of block at that instant then
according to conservation of linear momentum

mv =MV

By energy conservation

mgR= %mvz +%MV2

On solving we get, v=

nv=T8 (2R
M 1+
M

.. (B) is the correct option.

v 1T
}»:—:— —_—
3.  (A,D) Weknow that 7 f‘/ M

5.

Where T = tension of string.
Here T,>T, .. A,>A, sooption (C) is wrong.
Velocity being a vector quantity has direction. The
velocities of the two pulses cannot be same at
midpoint.
Ty, = T, because speed (or velocity) of wave
depends on mediums (and not on the wavelength or
frequency of wave)
(A), (D) are the correct options
©

Energyradiated = c4(T* - 7},4 )t

[For a black body e =1]
=6A[(Ty+10)* - Ty* It

4
—oATy* [(HIT—O] —1}
0
40

— oAT,* {ﬂ}xt=460xlx—xl =61.33J
T, 300

P Energ}.l radiated = AT — oA T, 4
time

ap | _ 3
“an |~ oA(4Ty) .. |dp| = cA(4Ty)dT,
= |AP| = 464T}
A, B are not correct options as human body is not a
black body.
Energy radiated «c A where A is the surface area of
the body

.. 'C' is the correct option
(B, D) For smaller loop ¢ =BA cos wt
The rate of change of flux



do
ar = —BAwsin ot

do . . .
For ar to be maximum, sin ot should be maximum

and this will happen when wt=90° i.e., the plane of
loop is perpendicular to the plane of paper.

Option (D) is correct.

The emf produced will oppose each other. The net
emfwill also be proportional to sin .

€,et = B2A)wsin ot — BAo sin ot = BAo sin ot

.. option (B) is also correct.

(B,C) The angular frequency at which the current and

voltage will be at same phase is

= ! I =10°rad s~

()] =
" OJLC (1070 x1076)2

This value is independent of R’ So (B) is correct
option.

14

At @~ 0, the current i =
\/RZ +(oL —L)2
oC

(A,C,D)

8.
i =0 (The circuit behaves as d.c circuit)
.. Cisa correct option
If @ >> ay,, circuit behaves as an inductor.
For minimum deviation (when i; = A)
A
1, =1,=1(say)= D)
9.
Here 6, = 4 ;=A e=A
_h
=5 10.
option (C) is correct
_ s?ntl _ 'sm A 1L
siny  sinA4/2
_2sinA4/2cosA/2
= sind/2 =2cosA/2
Applying Snell's law at Q
L (lj 12.
sinr,  sinz u

(©)

S

®

(©)

S
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Emergent ray tangential
to the surface

But r, +r,=A
S =A-T,

- K= A—sin™! (lj
u

Applying Snell's law at 'P' we get

sinj — . .
=21 . i =sin ][usm(A—sm ll)}
sin H
(D) is correct option.

For minimum deviation PQ || BC
.. (A) is also a correct option.

AU = S[k x 4mr? — 4nR?]
[where i1tR3’ = kxinrz’}
1 3 3
R= KAr

2
s AU= 471'S|:kX k1§/3 _R2i| =4TCSR2[k]/3 _l:l

- AU= 4nSR?[10%3 —1]

- 103= 4nx%x(10-2)2[1o°"3 ~1]
T

107 =10%° -1

Neglecting 1 we get 102=10%3 —=2 =6
U; ”f2 ny

Here =t -1 __—¢25 .. 2L =25
Uy ni2 n;

Ifn;=2 thenn=5

Heren x sin 30°=[n—m x 0.1] sin 90°

- 1.8xsin30°=1.8-mx0.1 .. m=8

332
Frequency perceived by reflector = f; =492 [ﬁ}

Frequency perceived by the source f,

=492 [E} x[@} =498Hz
3301 [328

.. Beat frequency = 498 —492 = 6Hz
A=Ape™ o Ap=AerM=115(1+1t)
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13.

14.

A= 115{1

=115[1+
8

Ay ~120Bq

2.5x2.4x10°
—_—m

120

2.5%24x10° | _
120x1000

(D)  Forthe particle to movein straight line , electric force
should be equal and opposite to the magnetic force.
(D) is the correct option.

Fy =—eE = —e(—Ey%) = eEgx

+Exll.5

)

xll.S}
x 24

120 Bq activitylevel is in 2.5 ml
2.4 x 10° Bq activity level will be in

=5l

- - E, . .
Fp=q(vxB)= —e|:—0y X Boz}
By

ﬁB = —eEo.f

A)

15. (B)
16. (D)
17. (B)
18. (D)

11

The force due to magnetic field Fg will provide the
necessary centripetal force for circular motion which
will be in X-Y plane. The force due to electric field
will accelerate proton in Z-direction. Thus the path
will be helical with increasing pitch.

X
/

N
vel=0

EZBoj
Y

The electric field will applya force on—Y axis thereby
accelerating the charge along —Y axis.
Fg=qvBsin 0

Here 6= 180° therefore , F3 =0

AU=AQ-PAV

show that work done =PAV

which is the formula for isobaric process.

Work done in isochoric process is zero for which we
get a vertical line in P-V graph.

Laplace's correction of the speed of sound in ideal
gas is related to adiabatic process.



Paper = 2

12
l@—constant
L@ oy
4R’ d m
"2 |72 . |=constant
3m o dt| 4 p3
3
d
R =— 7 (R™) = constant
dR
- R*(-3R™*)=~ = constant
dt
dR <R
dr
1Y
2.
h
In AOAB cosﬁ:% -. OB=
n OB cos®
h 1
A= - —h= h{ - —1]
cos— cos—
n n
C . pt R
SO e T
e e’vd
Differentiating on both sides
_ 2
#d}»— h —xd?»d
A 2m, | a3 d
3
L7
dr )2
A A
4. @A)
30°
B I B
2a
& 07 A N30 S
302"' CO60?f
\’:“O ) ”:‘:\"' 4a
0

o

A)

B)

B)
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. OC_ !ax =a
h 2

The magnetic field at 'O' due to

Ho Ty6in 60° —sin30°]

AB=
T a

Bl ﬁ_l} Mol

_4na[2 2 (\/_ b

The total magnetic ﬁeld due to all the straight segments
of the star is

=[5—z£x%(\/§—l)} 12—“—0 <6(x3 1)

S-P

S =b0+(1-b)P

GM,m GM,mx3x10°
my,” — - 2 =
2 R, 2.5x10*R,

3x10° }
2.5x10%

2
Ve _GM, |,
2 R

e

13(2GMJ J13x112~42

€

2.1
T= g v

with error limits

2(L+8L)+L+8L
T+08T= 2 ”
( aLj L( SL)
I+ — | +—|1+—
g L % L
(1821 %)
. T+8T= 2 L) 17

L, fLe,LLe
- T+3T= g 2L v v L

L T+8T=
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2L 3L L 8L

2L v L

oLi1 2L L
8T=L 2\ g v

Substituting T =0.015, L=20m, g=10ms2,

T+6T=T+

v=300ms!
We get
8L 15
L 1600
3L 100=—1> x100=L o4 ~1%
L 1600 16

8.  (A,B) For the charge +Q to return region 1, the radius of

3R
the circular path taken by charge should by Y

2
my 2p
=0 .. L=
GriD) 39
_2p
30R

2p
i.e., B should be equal or greater than ﬁ

A is the correct option.

When B = 8_p
130R

’ 13R
—_QV(BQR] ~TTTg

Thus 'C' is the of the centre of circular path ofradius

13R
8
Y A \
X X X
y C X X X
SR
8
'T‘R 0 7, >X
«<—— 3R/2
X X X
P1
Q>
x X x

13

Also CP, =,/CO? +OP?

Thus the particle will enter region 3 through the point P, on
X-axis

'B' is the correct option.

Change in momentum = /2 p

Thus 'C' is incorrect

m? _mv
Further - =qvB . q 4B - rem

.. 'D'isincorrect.
(A,D) The potential difference between X and Y is
Vyy =Vx —Vy

Vir = Vxy )o sin(ot +6,)

2n
where (Vxy)o = \/ Vol + V2 =20 cos =~ = NEA

v 3
and (VXY)rms = ( \);YE)O = \/;VO

(A) is the correct option
Now the potential difference between Y and Z is

Wz =Vy-Vz
Vyz = (Vyz)o sin(wt +0,)

2
Where (Vyz)o = \/Vo2 +Vy? -2V cosT7t =3V,

|12 3
and (VYZ)rms = ( 3/75)0 = \/;VO

Thus (D) is the correct option.
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10.

11.

(A, D)

(B,0)

The circumference of the flat surface is an
equipotential because the distance of each point on
the circumference is equal from + Q

(D) is the correct option.

The component of electric field normal to the flat
surface is Ecos®.

Here E as well as 6 changes for different point on the
flat surface. Therefore (C) is incorrect.

The total flux through the curved and flat surface

0
should be less than g . Therefore (B) is incorrect.

The solid angle subtended by the flat surface at

P=2n(1—%)

.. Flux passing through curved surface

(A) is the correct option.

Path difference at P, is
p=S,P,-S,P,=d=18mm=1.8x10m
=3000x 600 x 109 m

p=30002.

As the path difference is an integral multiple of A, P,
should be a bright fringe with 300th maxima. (A) is
incorrect.

Further at P, path difference = 0. Therefore a bright
fringe will be present at P; also. Therefore total
number of fringes between P, and P, is 3000. (C) isa
correct option.

Obviously at P, the order of the fringe will be
maximum. Thus (B) is a correct option.

1)]

Q L
e X
=30 |

JEE Advanced 2017 Solved Paper

Now path difference

p=dcos 6 =nA (for bright fringe)

. cos(1)=ﬂ
d

. —sin@ A@ = (An)%

Ank
dsin®
As we move from p; top,, 6 decreases and therefore
A0 increases. Therefore (D) is incorrect.

or AB=-

(A,B,C)

After a long time the current through the resistor is
constant I will divide into two parts L, and L, which
are in parallel

~ L =LL,
[ L
Further 1 =E{L| +L}

V4
and IZ_R{LI+L2}

Also the ratio of currents through L and L, is fixed
atall times Att=0, 7 ~ 0

(A,C,D)

AsF,=0,a,=0. Therefore the force acting in vertical
direction will move the mid point of the bar fall
vertically downwards. (A) is correct option.

1

When the bar makes an angle 0 with the vertical, the
displacement of its mid point from the initial position

L L
is ———cos 9O
$272
(D) is a correct option.
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14.

©

Instantaneous torque about the point of contact P is
L .
T=mgx 2 sin O

(C) is acorrect option.

L .
Now x=;sm9, y=Lsin(90—-0) = Lcos6

2 2 2 2
2x y 4x”  y7
(—L ) +(zj =1or —L2 + 7 =1

This is equation of ellipse. Therefore B is incorrect

Ifthe force is applied at P tangential than the I remains
constant and is equal to F x 2R where F is the applied
force.

If force is applied normal to X, then as the wheels
climbs, then the perpendicular distance of force from
Q will go on changing initially the perpendicular is
Q- later it becomes QM.

Ifthe force is applied normal to the circumference at
point P then I is zero. So (C) is correct.

Ifthe force is applied tangentially at point S then

1 = F x R and the wheel will climb.

15.

16.

17.

18.

A)

©

©

A)

15
Work done by battery=q x V

5 W=CV, xV =CV2

Energy stored in the battery = %CVO2

.. Energy dissipated

Ep=W-Ec=CV,? ‘%CVOZ = %CVOZ

. Ec=Ep

Let V; and Vbe the initial and final voltage in each

process. Then
Energy dissipated = Whattery — AU

1
= C(V; “V)Ve =5 C(Ve = Vi)’

1
= C(Ve = V)?
.. Total heat dissipated

2 2 2
1 [y w, V. w
Ep=7C (_o"oj (_o'_oj (V' )
D=3 { 3 ) T3 T3 e

= %CVGZ

%)
L o=0, —

Now total kinetic energy of the ring (Kinetic rotational
+ kinetic translational)

Here 0y(R—-r)=0R

K.E,u, = %(2MR2 Yo? = Moy (R-r)?

UM ok, (R—r)= Mg

Omin = 4
\ u(R-r)
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A particle is executing simple harmonic motion with a time
period T. Attime t =0, it is at its position of equilibrium. The
kinetic energy-time graph of the particle will look like:

KE KE
) S_QL )

0| T/4 T2 T t=>

0) NN @ -

o172 T T t=> 0 T t—

The temperature of an open room of volume 30 m’® increases
from 17°C to 27°C dueto sunshine. The atmospheric pressure
in the room remains 1 x 10° Pa. If n, and n, are the number of
molecules in the room before and after heating, then n—n, will
be:

M 25x10%

@ -161x10% @ 138x10

Which of the following statements is false ?

(1) A rheostat can be used as a potential divider

(2) Kirchhoff's second law represents energy conservation

(3) Wheatstone bridge is the most sensitive when all the
four resistances are of the same order of magnitude

4) In a balanced wheatstone bridge if the cell and the
galvanometer are exchanged, the null point is
disturbed.

The following observations were taken for determining

surface tensiton T of water by capillary method :

Diameter of capilary, D=1.25x 10?m

rise of water,h=1.45x 102 m

Using g = 9.80 m/s? and the simplified relation

@ _25x10%
3

h
T= %x 10° N/m, the possible error in surface tension is

closest to :
N 2.4% 2 10%
3) 015% @4 15%

In amplitude modulation, sinusoidal carrier frequency used
is denoted by , and the signal frequency is denoted by ®,, .

The bandwidth ( Aw,, ) of the signal is such that Aw,, <o, .

Which of the following frequencies is not contained in the
modulated wave ?

1 o,+o, 2 o,-o,

G o, @ o

A diverging lens with magnitude of focal length 25 cm is
placed at a distance of 15 cm from a converging lens of
magnitude of focal length 20 cm. A beam of parallel light
falls on the diverging lens. The final image formed is :

(1) real and at a distance of 40 cm from the divergent lens

10.

11.

12.

(2) realand ata distance of 6 cm from the convergent lens

(3) realand at a distance of 40 cm from convergent lens

4 ;/irtual and at a distance of 40 cm from convergent
ens.

The moment of inertia of a uniform cylinder of length ¢ and

radius R about its perpendicular bisector is I. What is the

ratio #/R such that the moment of inertia is minimum ?

3
® 1 @ 5
3 3

©) \g @

An electron beam is accelerated by a potential difference V
to hit a metallic target to produce X-rays. It produces
continuous as well as characteristic X-rays.If 4_ is the
smallest possible wavelength of X-ray in the spectrum, the
variation of log A_. with log V is correctly represented in :

‘min

log A, log A
) @ ‘
logV —————>logV
log A log 2
©) : @
logV log V

A radioactive nucleus A with a half life T, decays into a
nucleus B. Att=0, there is no nucleus B. At sometime t, the
ratio of the number of B to that of A is 0.3. Then, tis given by

T
(1) t=Tlog(1.3) @ 1= log(1.3)
log2 Tlogl3
t=T 4 t=T
) ogL.3 @ log?2

An electric dipole has a fixed dipole moment p , which makes
angle g with respect to x-axis. When subjected to an electric

field E, =Ei , it experiences a torque 7, =7zi . When
subjected to another electric field E, =.f3E,; it

experiences torque 772 = —T"l . The angle g1is:

1 60° @ %

3) 30° @ 45°

In a common emitter amplifier circuit using an n-p-n

transistor, the phase difference between the input and the
output voltages will be :

1 135° @ 180°
3) 45° @ 9

C, and C, are specific heats at constant pressure and
constant volume respectively. It is observed that

Cp— C, = a for hydrogen gas

C,-C,= b for nitrogen gas

The correct relation between a and b is :

1) a=14b 2 a=28b

©) a=ﬁb @ a=b
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13.

14.

15.

16.

17.

18.

A copper ball of mass 100 gm is at a temperature T. Itis 19,

dropped in a copper calorimeter of mass 100 gm, filled with
170 gm of water at room temperature. Subsequently, the
temperature of the system is found to be 75°C. T is given by
(Given : room temperature = 30° C, specific heat of copper =
0.1 cal/gm°C

1) 1250°C 2 825°C

() 800°C @) 885°C

A body of mass m = 102 kg is moving in a medium and
experiences a frictional force F =—kv2. Its intial speed is v,

1
=10 ms~!. If, after 10, its energy is gmvé , the value ofk
will be:
(1) 10%*kgm! 2 10'kgm's!
3 103kgm’! 4 103kgs!
When a current of 5 mA is passed through a galvanometer
having a coil of resistance 15 (), it shows full scale
deflection. The value of the resistance to be put in series
with the galvanometer to convert it into to voltmeter of range
0-10Vis
1 2.535x10°Q
(3 1.985x10°Q @ 2.045x10°Q

A slender uniform rod of mass M and length ¢ is pivoted at
one end so that it can rotate in a vertical plane (see figure).
There is negligible friction at the pivot. The free end is held

vertically above the pivot and then released. The angular 55

acceleration of the rod when it makes an angle g with the
vertical is

z

Y
X
2
0)) i—icos@ ) 3—§c059
&) i—isin@ @ 2—gsin9

Some energy levels of a molecule are shown in the figure.
The ratio of the wavelengths » =4, / A, , is given by

23.
-E
2 .
7—E A4
9
2E =
—3E—
M r=3 @ =3 ”
4 2
= — y=—
0 r=3 @ r=3

A man grows into a giant such that his linear dimensions
increase by a factor of 9. Assuming that his density remains
same, the stress in the leg will change by a factor of

1
@ 31

1
3 9 @) 9

@1 8

20.

2 4.005x10°Q 21.
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In a coil of resistance 100Q), a current is induced by
changing the magnetic flux through it as shown in the figure.
The magnitude of change in flux through the coil is

10

Current

(amp.)
T
— Time 05s
(1) 250 Wb (@ 275Wb
3) 200Wb @) 225Wb

In a Young's double slit experiment, slits are separated by
0.5 mm, and the screen is placed 150 cm away. A beam of
light consisting of two wavelengths, 650 nm and 520 nm, is
used to obtain interference fringes on the screen. The least
distance from the common central maximum to the point
where the bright fringes due to both the wavelengths
coincide is :

1) 975mm 2) 15.6mm

3) 1.56mm 4 78mm

A magnetic needle of magnetic moment 6.7 x 102 Am?and
moment of inertia 7.5 x 107 kg m? is performing simple
harmonic oscillations in a magnetic field of 0.01 T. Time
taken for 10 complete oscillations is :

1) 698s 2) 876s

(3) 6.65s @) 8.89s

The variation of acceleration due to gravity g with distance
d from centre of the earth is best represented by (R = Earth's
radius):

A g
2
0 d @ d
O R 0 R
AZ g
o I/ _u e /N
o O R
2V 2V 2V
1 I I
I Il Il
% 1Q %IQ % 10
1 It It
I L L
2V 2V 2V
In the above circuit the current in each resistance is
1) 05A 2 O0A
3 1A @4 025A

A particle A of mass m and initial velocity v collides with a

m
particle B of mass Ly which is at rest. The collision ishead

on, and elastic. The ratio of the de-Broglie wavelengths
A, to A, after the collision is

2

S

) @

|

N
EN
W= WK

® 3 ° @

]
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25.

26.

27.

28.

An external pressure P is applied on a cube at 0°C so that it
is equally compressed from all sides. K is the bulk modulus
of the material of the cube and « is its coefficient of linear
expansion. Suppose we want to bring the cube to its original
size by heating. The temperature should be raised by :

3

(D= @ 3PKa
P

3) 30K @ 2K

A time dependent force F = 6t acts on a particle of mass 1 kg.
If the particle starts from rest, the work done by the force
during the first 1 secand will be

@ 9J @ 18]
3) 4s5] @ 22J
An observer is moving with half the speed of light towards
a stationary microwave source emitting waves at frequency

10 GHz. What is the frequency of the microwave measured
by the observer? (speed of light = 3 x 108 ms™1)

(1) 173GHz 2) 153GHz
3) 101GHz 4 121GHz

In the given circuit diagram when the current reaches steady
state in the circuit, the charge on the capacitor of capacitance

C will be:
:
5 —ww—
I,
—Ié—m—

T

1,

29.

30.

2017-3

O Fen @ ey

G) CE @ CFs

A capacitance of 2uF is required in an electrical circuit
across a potential difference of 1.0 kV. A large number of
1uF capacitors are available which can withstand a potential
difference of not more than 300 V. The minimum number of
capacitors required to achieve this is

O 4 2 32

3 2 @ 16

A body is thrown vertically upwards. Which one of the
following graphs correctly represent the velocity vs time?

! N

@ = () =
TN !
A%

3 t> )] =
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SOLUTIONS

1. (2) Foraparticle executing SHM
At meen position; t=0, wt=0,y=0,V=V, =ao

1
KE =KE _=—mw*a?

max 2

T L
At extreme position : ¢ = e ot= 5= A4,Vv=V, ,=0
KE=KE, =0

1
Kinetic energy in SHM, KE = 0 mo?(a*-y?)

-1 mo?a*cos’ot

Hence graph (2) correctly depicts kinetic energy time graph.
2.  (2) Given: Temperature 7,= 17+273=290K

Temperature Tf= 27+273=300K

Atmospheric pressure, Py=1x 10° Pa

Volume of room, ¥, =30 m?

Difference in number of molecules, Nf— N,=?

The number of molecules
PV
N="—
RT(NO)
R(1 1)
N—N,= =% —-—| N,
;PR LTf EJ 0
5
_ 1x10°x30 X3’0x6.023x1023(i—ij
8314 300 290
=_25x10%

3. (4) There is no change in null point, if the cell and the
galvanometer are exchanged in a balanced wheatstone

bridge.
R,
R, On balancing condition
B_R
Ry, R,
After exchange

R,

On balanci diti R] R3
ion a_3
n balancing conditio % R
. rhg 3
(4) Surface tension, T’ = - 10
i : . AT Ar Ah
Relative error in surface tension, ¥ = — + o +0

(-~ g, 2 and 10° are constant)
Percentage error

(1072 2 %0.01)
IOOXA_T=L10 <001 107 <001},
T \125x102  145x10

=(0.8+0.689)
=(1.489)=1.489%= 1.5%

(3) Modulated carrier wave contains frequency w,
w, tw,

and

(3) Asparallel beam incident on diverging lens will form
image at focus.

v==-25cm

< 15¢m >

f=-25cm f=20cm
The image formed by diverging lens is used as an object for
converging lens,
So for converging lens u =-25-15=—40cm, f=20cm

Final image formed by converging lens
1 1 1

vV 40 20
or, V=40 cm from converging lens real and inverted.

(3) Aswe know, moment of inertia of a solid cylinder about
an axis which is perpendicular bisector
_mR’ ml®

4 12

I= ﬂ{RZ +q 2() U

4 3 < [ >

GP_3481
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Let V = Volume of cylinder = nR%/

_mr.r ﬂ_ﬁ[iﬁ]_o
“4|m 3| T a4l 3
v o2l 2n3
_ = V=
nl2 3 = 3
a2 23 13
2 = —=— —_ = =
TRl 3 7 2or,R )
he
8. (3 InX-raytube, A, =
In A, =1n (E) —InV
e

Clearly, log A, versus log V graph
slope is negative hence option (3) correctly depicts.
9. (4 Letinitially there are total N, number of nuclei

N, .
Attimet N—B = 0.3(given)
A

= N,=03N,
Ny=N,+Nz=N,+03N,
NO

M= 13

As weknow N,=N,e M

or, —% =Nye M
1.3
L=e‘“ = Im(13)=M
1.3 :
In(1.3) In(3) @3,
or’ {t=— = =
A in2) ~ In(2)

T
10. (1) T = PE sin® Torque experienced by the dipole in an
electricfield, 7=PxE

p=pcosO i +psingJ

E1=Ei

Ti=pxEi =(pcos®i +psin®j)xE(i)
1h=pEsin® (k) ()
E2=\/§E|}

Tz=pcosef+psm9})x\/§E|}

k=3 PE, cos ok (i)

11.

12.

13.

14.

15.

2017-5
From eqns. (¢) and (if)

PE sin® = /3 pE cos®
tanf= /3 0=60°

(2) In common emitter configuration for #-p-n transistor
input and output signals are 180° out of phase i.e., phase
difference between output and input voltage is 180°.

(1) As we know, Cp - C, = R where Cp and C, are molar
specific heat capacities

_R
or, Cp -C,= i,
R
For hydrogen (M =2) Cp -C=a= >
. R
For nitrogen (M =28) C,-C, = b= 23

%=14 or, a=14b

(4) According toprinciple of calorimetry,
Heat lost = Heat gain
100x0.1(=75)=100% 0.1 x45+ 170 x 1 x45
10—750=450+ 7650
10=1200+7650=28850
T=885°C
(1) Let Vfis the final speed of the body.

From questions,
1 1 v,
5mV}=§mV02 = Vf=7°=5m/s
dv 2 dv

F=m|— |=-kV 2y ——=_kJ2

m( dt] (107 ” kV-
5 10
[ d—’: =—100K | dt

V

10 0
-0 =100K(10) K= 104 kgn
5710 or, gm
(3) Given : Current through the galvanometer,
Ig=5x 1034

Galvanometer resistance, G=15Q

Let resistance R to be put in series with the galvanometer to
convert it into a voltmeter.

V=i (R+G)

10=5x 1073 (R+15)
R=2000-15=1985
=1.985x103Q2
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16.

18.

(3) Torque at angle 6

l
= Mgsin0.—
T /4 5

Also t=la

lo = Mgsineé

Mi? M2
M- Lol by ==
3 o= Mgsin 9 { rod 3
lo _ sin@ ) a_3gsin9
= 378y YTy
. . hc
17. (2) Fromenergy level diagram, using AE = o
he
For wavelength A AE =— E—(-2E)=
A
}\,1 = h_c
E
4E\ h
For wavelength A, AE =—E— (——) =X
3 A,
}\,2 = i R r = }\'—I = l
g
3
(3) As linear dimension increases by a factor of 9
Yr_ 93
\d

19.

Density remains same
So, mass oc Volume

ﬂ=93 (Area),
m; (d4rea);
x
Stress (o) = force (mass) x g
area area

02 (mf\(Al\ 93
EYive

a Accordlng to Faraday's law of electromagnetic

. . dé
induction, &=—-
dt
Also, e=1iR
o _db )
iR=—" [do=R[idt

Magnitude of change in flux (d$) =R x area under current vs
time graph

1 1
o, dp= IOOXEXEXIO =250 Wb

20.

21.

22.

23.

24.

JEE MAIN 2017 Solved Paper

(4) For common maxima, n A, =n,\,
m_hy _520x107° 4
n, A 650x107° 5
For A,
~mMD 5 650nm

_ 4x650x107° x1

0.5x1073
(3) Given : Magnetic moment, M=6.7 x 1072 Am?
Magnetic field, B=0.01 T
Moment of inertia, /="7.5 x 107® Kgm?

Using, T =2mn, /L
MB

-6
e 7.5 x7120 _2n «1.065
6.7x107° x0.01 10
Time taken for 10 complete oscillations
t=10T=2nx1.06
=6.6568 ~ 6.65s
(2) Variation of acceleration due to gravity, g with distance
'd"' from centre of the earth

o, y=7.8mn

Gm
If d<Rgs= ?d i.e., g o« d(straight line)

Gm
If d=Rg= ?

1
d_2
(2) The potential difference in each loop is zero.
No current will flow or current in each resistance is
Zero.

If d>R,g=— ie,g

(4) From question, m,= M;m,=

u="V u,=0

Let after collision velocity of 4=V, and
velocity of B=V,

Applying law of conservation of momentum,

m
mu —mvl+ 2 vy

|3

or,24=2v, +v, (D)
By law of collision
_Y=V
u-0
Or, U =V,—V, ....(#D)

[-+ collision is elastic, e= 1]
using eqns (i) and (i7)
4 4
Vi=—and V, = U

3 3

de-Broglie wavelength A = k
p
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"2
M_B_23 _,
hg By mxg

25. (3) Asweknow, Bulk modulus

AP AV _P
=(—AV) VK
14
J=3a
V=",(1+yAl)
A—V=1(At
VO
£=YN:>M=L=L
K YK 30K

. dv
26. (3) Using, F=ma= m;

6t=1.— [.:

ar m=1kg given]

idV=j6tdt
0

2 1
V= 6[ }—3ms‘1 [-
0

From work-energy theorem,

t=1 sec given]

_ 1 2 o2y 1 _
W—AKE—Em(V —u )—5x1x9—4.5J

27. (1) Use relativistic doppler's effect as velocity of observer
is not small as compared to light

+
f= fo,/c v ;  V=relative speed of approach
£,=10GHz

i -1043 =173 GHz

28.

29.

30.

2017-7

(1) In steady state, flow fo current through capacitor will
be zero.
Current through the circuit,

—ww——
i= E i I
r+n C'_”WN“_‘

Potential difference through capacitor

9 . ([ E
V—C—E ir=FE- Lr+r2Jr

c

0=CE

r+r

(2) To get a capacitance of 2 puF arrangement of capacitors
of capacitance 1UF as shown in figure 8 capacitors of 1 uF in
parallel with four such branches in series i.e., 32 such
capacitors are required.

;SSESENEE 1}
Rt

1000 V

BLF BUF BLF B8|IF
{I II II II

250V 250V 250V 250V

<1000 V ——>

C,,=2WF

(1) For a body thrown vertically upwards acceleration
remains constant (@ =—g) and velocity at anytime ¢ is given
by V=u—gt

During rise velocity decreases linearly and during fall
velocity increases linearly and direction is opposite to each
other.

Hence graph (1) correctly depicts velocity versus time.
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Fill inthe Blanks

Planck’s constant has dimension )

(1985 - 2 Marks)
In the formula X = 3YZ2 X and Z have dimensions of
capacitance and magnetic induction respectively. The
dimensions of Y'in MKSQ sytem are

(1988 - 2 Marks)
The equation of state for real gas is given by

(P + 12] (V —b) = RT . The dimensions of the constant
14

ais . (1997 - 2 Marks)

MCQs with One Correct Answer

The dimension of (%) SOEZ (& : permittivity of free space,

E electric field) (2000S)
(@ MLT! (b) ML2T>2
(c) ML'T2 (d) MIL2T!

A quantity X is given by sOLAA—V where g, is the
t

permittivity of the free space, L is a length, AV'is a potential
difference and At is a time interval. The dimensional formula
for X is the same as that of (2001S)
(@) resistance (b) charge

(c) voltage (d) current

A cube has a side of length 1.2 x 10~2m. Calculate its volume.
(@ 1.7x10°%m3 (b) 1.73x10°m3 (2003S)
() 1.70x10m? (d) 1.732x10°%m3

Pressure depends on distance as, P = %exp (— %) , where

o, B are constants, z is distance, k is Boltzman’s constant

and 0 is temperature. The dimension of § are (2004S)
@@ MO°LOTO ®b) M7
(c) M°L2T0 (d MILT?

A wire oflength (=61 0.06 cm and radius 7= 0.5 £ 0.005 cm
and mass m= 0.3 £0.003 gm. Maximum percentage error in

density is (2004S)
@ 4 b 2
© 1 @ 68

6.

Units and Measurements

Which of the following set have different dimensions?

(a) Pressure, Young’s modulus , Stress (2005S)
(b) EMEF, Potential difference, Electric potential

(c) Heat, Work done, Energy

(d) Dipole moment, Electric flux, Electric field

In a screw gauge, the zero of mainscale coincides with fifth
division of circular scale in figure (i). The circular division of
screw gauge are 50. It moves 0.5 mm on main scale in one
rotation. The diameter of the ball in figure (ii) is

(2006 - 3M, -1)

Figure (i)

Figure (i1)
(b) 220mm
(d 125mm
A student performs an experiment for determination of

@ 225mm
(© 120mm

([ 4n20)
4 L= 72 J . The error in length £ is AC and in time T'is AT
and n is number of times the reading is taken. The
measurement of g is most accurate for (2006 - 3M, -1)

AL AT n
(&) Smm 0.2 sec 10
(b) Smm 0.2 sec 20
(¢) S5mm 0.1 sec. 10
(d) 1mm 0.1 sec 50

A student performs an experiment to determine the Young's
modulus of a wire, exactly 2 m long, by Searle's method. Ina
particular reading, the student measures the extension in
the length of the wire to be 0.8 mm with an uncertainty
of + 0.05 mm at a load of exactly 1.0 kg. The student also
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measures the diameter of the wire to be 0.4 mm with an
uncertainty of + 0.01 mm. Take g = 9.8 m/s? (exact). The
Young's modulus obtained from the reading is (2007)
@@ (20+03)x10"Nm? (b) (2.0+0.2)x10'' N/m?
(©) 20+0.1)x10"N/m?> (d) (2.0+0.05)x 10! N/m?
Students I, II and III perform an experiment for measuring
the acceleration due to gravity (g) using a simple pendulum.
They use different lengths of the pendulum and /or record
time for different number of oscillations. The observations
are shown in the table. (2008)
Least count for length =0.1 cm

Least count for time=0.1s

Student

No. of
oscillations

(n)

Total time | Time
for (n) |period
oscillations| (s)

(s)

Length of the
pendulum
(cm)

1 64.0 8 128.0 16.0

11 64.0 4 64.0 16.0

111 20.0 4 36.0 9.0

11.

12.

13.

IfE,, E;;and E; are the percentage errorsin g, i.e.,

( Ag \ .
L? x100 J for students I, Il and III, respectively, then

@ E=0 (b) E;isminimum

© E=E; (d) Ejismaximum

A vernier calipers has 1 mm marks on the main scale. Ithas 20
equal divisions on the Vernier scale which match with 16 main
scale divisions. For this Vernier calipers, the least count is
(@ 0.02mm (b) 0.05mm (2010)
(¢) 0.1mm (d 02mm

The density of a solid ball is to be determined in an
experiment. The diameter of the ball is measured with a screw
gauge, whose pitch is 0.5 mm and there are 50 divisions on
the circular scale. The reading on the main scale is
2.5 mm and that on the circular scale is 20 divisions. If the
measured mass of the ball has a relative error of 2 %, the
relative percentage error in the density is (2011)
@ 09% (b) 24%

©) 31% d 42%

4MLg) by

In the determination of Young’s modulus (Y = e

using Searle’s method, a wire of length L =2 m and diameter
d=0.5 mm isused. For aload M=2.5 kg, an extension / =
0.25 mm in the length of the wire is observed. Quantities d
and / are measured using a screw gauge and a micrometer,
respectively. They have the same pitch of 0.5 mm. The
number of divisions on their circular scale is 100. The
contributions to the maximum probable error of the ¥
measurement 2012)
(@ due to the errors in the measurements of d
and / are the same.

(b) due to the error in the measurement of d is twice that
due to the error in the measurement of /.

14.

15.

(c) due to the error in the measurement of / is twice that
due to the error in the measurement of d.

(d) due to the error in the measurement of d is four times
that due to the error in the measurement of /.

The diameter of a cylinder is measured using a Vernier

callipers with no zero error. It is found that the zero of the

Vernier scale lies between 5.10 cm and 5.15 cm of the main

scale. The Vernier scale has 50 divisions equivalent to 2.45

cm. The 24 division of the Vernier scale exactly coincides

with one of the main scale divisions. The diameter of the

cylinder is (JEE Adv. 2013)
(@ S5.112cm (b) 5.124cm
(¢) 5.136cm (d) 5.148cm

There are two Vernier calipers both of which have 1 cm di-
vided into 10 equal divisions on the main scale. The Vernier
scale of one of the calipers (C,) has 10 equal divisions that
correspond to 9 main scale divisions. The Vernier scale of
the other caliper (C,) has 10 equal divisions that correspond
to 11 main scale divisions. The readings of the two calipers
are shown in the figure. The measured values (in cm) by
calipers C, and C,, respectively, are (JEE Adv. 2016)

2 3

4
C, I mmim

[TTTTTTET
0 5 10
(b) 2.87and2.83

(d) 2.87and2.87

(@ 2.85and2.82
(c) 2.87and2.86

1) I MCQs with One or More than One Correct

4.

The dimensions of the quantities in one (or more) of the

following pairs are the same. Identify the pair (s)

(@ Torque and Work (1986 - 2 Marks)

(b) Angular momentum and Work

(¢c) Energyand Young’s modulus

(d) Light year and Wavelength

The pairs of physical quantities that have the same

dimensions is (are) : (1995S)

(@) Reynolds number and coefficient of friction

(b) Curie and frequency of a light wave

(c) Latentheat and gravitational potential

(d) Planck’s constant and torque

The ST unit of inductance, the henry can be written as
(1998 - 2 Marks)

(b) volt-sec/amp

(d) ohm-second

(a) weber/ampere
(c) Joule/(ampere)?
Let [e,] denote the dimensional formula of the permittivity

of the vacuum, and [py] that of the permeability of the

vacuum. If M = mass, L =length, 7=time and /= electric
current, (1998 - 2 Marks)
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o P-3

@ [gol=M'L3T?1 () [gl=M'L3T*I?

© [mel=MLT21%2 (@ [pg)=MITU

A student uses a simple pendulum of exactly 1m length to
determine g, the acceleration due to gravity. He uses a stop
watch with the least count of 1 sec for this and records 40
seconds for 20 oscillations. For this observation, which of
the following statement(s) is (are) true? (2010)
(@) Error AT'in measuring 7, the time period, is 0.05 seconds
(b) Error AT in measuring 7, the time period, is 1 second
(c) Percentage error in the determination of g is 5%
(d) Percentage error in the determination of g is 2.5%
Using the expression 2d sin 8 = A, one calculates the values
of d by measuring the corresponding angles 0 in the range
0to 90°. The wavelength A is exactly known and the error in
0 is constant for all values of 6. As 0 increases from 0°
(JEE Adv. 2013)
(@) The absolute error in d remains constant
(b) The absolute error in d increases
(c) The fractional error in d remains constant
(d) The fractional error in d decreases
Planck’s constant A, speed of light ¢ and gravitational
constant G are used to form a unit of length L and a unit of
mass M. Then the correct option(s) is(are) (JEE Adv. 2015)

@ M« [ (b) Mx JG
© Lo n @ L« G

Consider a Vernier callipers in which each 1 cm on the main

scale is divided into § equal divisions and a screw gauge

with 100 divisions on its circular scale. In the Vernier callipers,

5 divisions of the Vernier scale coincide with 4 divisions on

the main scale and in the screw gauge, one complete rotation

of the circular scale moves it by two divisions on the linear

scale. Then : (JEE Adv. 2015)

(@) Ifthe pitch of the screw gauge is twice the least count
of the Vernier callipers, the least count of the screw
gaugeis 0.01 mm

(b) Ifthe pitch of the screw gauge is twice the least count
of the Vernier callipers, the least count of the screw
gauge is 0.005 mm

(c) Iftheleast count of the linear scale of the screw gauge
is twice the least count of the Vernier callipers, the
least count of the screw gauge is 0.01 mm

(d) Iftheleast count ofthe linear scale of the screw gauge
is twice the least count of the Vernier callipers, the
least count of the screw gauge is 0.005 mm

In terms of potential difference V, electric current /, permittivity

&,, permeability p, and speed of light ¢, the dimensionally

correct equation(s) is(are) (JEE Adv. 2015)

@) Mol =goV? ) pol=peV
(© I=¢gpeV (d) pocl=¢gV

10. A length—scale (/) depends on the permittivity () of a

dielectric material. Boltzmann constant (kg), the absolute
temperature (T), the number per unit volume (n) of certain

charged particles, and the charge (q) carried by each of the
particles. Which of the following expression(s) for / is(are)
dimensionally correct? (JEE Advy. 2016)

2
— nq _ SkBT
@ ’q/[ngTJ () ’—,/[ oo ]
2 2
1= f 8 /= / . N
(© ( enkaTj (d) [snkaTJ

11. In an experiment to determine the acceleration due to gravity

g, the formula used for the time period of a periodic motion is

7(R-r)
5g

(60+ 1) mm and (10 = 1) mm, respectively. In five successive
measurements, the time period is found to be 0.52s, 0.56s,
0.57s,0.54s and 0.59s. The least count of the watch used for
the measurement of time period is 0.01s. Which of the fol-
lowing statement(s) is (are) true? (JEE Adv. 2016)
(@ Theerror in the measurement of r is 10%

(b) The error in the measurement of T is 3.75%

(¢) Theerror in the measurement of T is 2%

(d) Theerror in the determined value of gis 11%

T=2n

. The values of R and r are measured to be

E Subjective Problems

Give the MKS units for each of the following quantities.
(1) Young’s modulus (1980)
(i) Magnetic Induction
(i) Power of a lens
A gas bubble, from an explosion under water, oscillates with
a period T proportional to p?d®E¢. Where ‘P’ is the static
pressure, ‘d’ is the density of water and ‘E” is the total energy
of the explosion. Find the values of a, b and c.

(1981- 3 Marks)
Write the dimensions of the following in terms of mass,
time, length and charge (1982 - 2 Marks)
(1) magnetic flux
(i) rigidity modulus
Match the physical quantities given in column I with
dimensions expressed in terms of mass (M), length (L), time
(1), and charge (Q) given in column II and write the correct
answer against the matched quantity in a tabular form in
your answer book. (1983 - 6 Marks)

Column I Column I1
Angular momentum MIL?T
Latent heat MI*Q?
Torque MI2T!
Capacitance MI3T1Q7?
Inductance M1L212Q?

Resistivity L*T
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Column-I gives three physical quantities. Select the
appropriate units for the choices given in Column-II. Some
of the physical quantities may have more than one choice

correct : (1990 - 3 Marks)
Column I Column I1

Capacitance (i) ohm-second

Inductance (i) coulomb?—joule™!

coulomb (volt)™!

(iv) newton (amp-metre)”!

(v) volt-second (ampere)~!
If nth division of main scale coincides with (n+1)™ divisions
of vernier scale. Given one main scale division is equal to ‘a’
units. Find the least count of the vernier. (2003 - 2 Marks)
A screw gauge having 100 equal divisions and a pitch of
length 1 mm is used to measure the diameter of a wire of
length 5.6 cm. The main scale reading is 1 mm and 47t circular
division coincides with the main scale. Find the curved

Magnetic Induction

(iif)

surface area of wire in cm? to appropriate significant figure.

(use = % ). (2004 - 2 Marks)

In Searle’s experiment, which is used to find Young’s
Modulus of elasticity, the diameter of experimental wire is D
=0.05 cm (measured by a scale of least count 0.001 cm) and
length is L = 110 cm (measured by a scale of least count 0.1
cm). A weight of 50 N causes an extension of X=0.125 cm
(measured by a micrometer of least count 0.001cm). Find
maximum possible error in the values of Young’s modulus.
Screw gauge and meter scale are free from error.

(2004 - 2 Marks)
The side of a cube is measured by vernier callipers (10
divisions of a vernier scale coincide with 9 divisions of main
scale, where 1 division of main scale is 1 mm). The main
scale reads 10 mm and first division of vernier scale coincides
with the main scale. Mass of the cube is 2.736 g. Find the
density of the cube in appropriate significant figures.

(2005 - 2 Marks)

| 3 Match the Following

DIRECTIONS (Q. No. 1) : Each question contains statements given in two columns, which have to be
matched. The statements in Column-I are labelled A, B, C and D, while the statements in Column-1I are
labelled p, q, r and s. Any given statement in Column-I can have correct matching with ONE OR MORE
statement(s) in Column-1I. The appropriate bubbles corresponding to the answers to these questions
have to be darkened as illustrated in the following example :

P qr s t

0OOO0
®0O®®
Q0OG®
®OOO®

oSaowm >

If'the correct matches are A-p, s and t; B-q and r; C-p and q; and D-s then the correct darkening of
bubbles will look like the given.

Some physical quantities are given in Column I and some possible SI units in which these quantities may be expressed are given
in Column II. Match the physical quantities in Column I with the units in Column II and indicate your answer by darkening
appropriate bubbles in the 4 x 4 matrix given in the ORS. (2007)
Column I
(A) GM M, G—universal gravitational constant,
M, — mass of the earth, M —mass of the Sun

Column 11
(p) (volt) (coulomb)(metre)

RT .
®B) 37 , R —universal gas constant,

(q) (kilogram) (metre)®(second)
T — absolute temperature, M — molar mass
2

F
© g F—Force, q— charge, B —magnetic field (t) (metre)? (second)
q

GM,
R

®)

, G—universal gravitational constant, (s) (farad) (volt)? (kg)~!

€
M, —mass of the earth, R, —radius of the earth

DIRECTIONS (Q. No. 2) : Following question has matching lists. The codes for the lists have choices (a), (b), (c) and (d) out of

which ONLY ONE is correct.
2. Match List I with List I and select the correct answer using the codes given below the lists: (JEE Adv. 2013)
List I List1I Codes:
P.  Boltzmann constant 1. [ML2T1 P Q R S
Q. Coefficient of viscosity 2. [ML-IT-4 (a) 3 1 2 4
R Planck constant 3. [MLT3K (b) 3 2 1 4
S.  Thermal conductivity 4 [ML2T2K 1 (©) 4 2 1 3
(d) 4 1 2 3
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Units and Measurements

G Comprehension Based Questions

@
where these quantities are in proper SI units.
(@ 800nm (b) 600nm
PASSAGE (c) 300nm (d) 200nm

A dense collection of equal number of electrons and positive ions
is called neutral plasma. Certain solids containing fixed positive
1ons surrounded by free electrons can be treated as neutral plasma.
Let ‘N’ be the number density of free electrons, each of mass ‘m’.
When the electrons are subjected to an electric field, they are
displaced relatively away from the heavy positive ions. If the
electric field becomes zero, the electrons begin to oscillate about
the positive ions with a natural angular frequency ‘o which is
called the plasma frequency. To sustain the oscillations, a time
varying electric field needs to be applied that has an angular
frequency m, where a part of the energy is absorbed and a part of
it is reflected. As o approaches wpall the free electrons are set to
resonance together and all the energy is reflected. This is the
explanation of high reflectivity of metals. (2011)

1.  Taking the electronic charge as ‘e’ and the permittivity as
‘g,’. Use dimensional analysis to determine the correct
expression for o,

Ne_ meg /N_2 /N_2
@ Voew ® V7 © Vg @ oy

2. Estimate the wavelength at which plasma reflection will occur
for a metal having the density of electrons
N ~ 4 x 10*7 m™3. Taking ;= 10"'! and mass m ~ 1073,

I Section-B

Identify the pair whose dimensions are equal

(@) torqueand work  (b) stress and energy
(c) force and stress  (d) force and work

—
.

[2002]

2. Dimension of , Where symbols have their usual

Hogo
meaning, are [2003]

@ [L'T] &) [L7T%] © [PT?] @ [LT7)
3. The physical quantities not having same dimensions are

(@) torque and work [2003]

(b) momentum and planck’s constant

(c) stress and young’s modulus

(d) speed and (k,g,) "2

4.  Which one of the following represents the correct
dimensions of the coefficient of viscosity? [2004]

@ MLIT' b MLT! (ML 'T2(d) ML 212
S.  Outofthe following pair , which one does NOT have identical

dimensions is [2005]

(@) impulse and momentum

(b) angular momentum and planck’s constant

(¢) work and torque

(d) moment of inertia and moment of a force

(towards north-west)

JEE Main / GIEEE

6.

7.

9.

I Integer Value Correct Type

To find the distance d over which a signal can be seen clearly
in foggy conditions, a railways-engineer uses dimensions
and assumes that the distance depends on the mass density
p of the fog, intensity (power/area) S of the light from the
signal and its frequency f. The engineer finds that d is
proportional to S. The value of nis  (JEE Adv. 2014)
During Searle’s experiment, zero of the Vernier scale lies
between 3.20 x 102 m and 3.25 x 102 m of the main scale.
The 20t division ofthe Vernier scale exactly coincides with
one of the main scale divisions. When an additional load of
2 kg is applied to the wire, the zero of the Vernier scale still
lies between 3.20 x 102 m and 3.25 x 102 m of the main scale
but now the 45t division of Vernier scale coincides with one
of the main scale divisions. The length of the thin metallic
wire is 2 m and its cross-sectional area is 8 x 107 m2. The
least count of the Vernier scaleis 1.0 x 10~ m. The maximum
percentage error in the Young’s modulus of the wire is
(JEE Adv. 2014)
The energy of a system as a function of time t is given as E(f)
= A% exp(—at,) where o= 0.2 s~!. The measurement of 4 has
an error of 1.25%. If the error in the measurement of time is
1.50%, the percentage error in the value of E(f) at =5 s is

(JEE Ady. 2015)

The dimension of magnetic field in M, L, T and C (coulomb)

is given as 12008]
(@ MLT!C! (b) MT2C?
() MT!C! (d MT2C!

A body of mass m = 3.513 kg is moving along the x-axis with
a speed of 5.00 ms~!. The magnitude of its momentum is
recorded as 12008]
(@ 17.6kgms™ (b) 17.565kgms™

() 17.56kgms™ (d) 17.57kgms™

Two full turns of the circular scale of a screw gauge cover a
distance of Imm on its main scale. The total number of
divisions on the circular scale is 50. Further, it is found that
the screw gauge has a zero error of — 0.03 mm. While
measuring the diameter of a thin wire, a student notes the
main scale reading of 3 mm and the number of circular scale
divisions in line with the main scale as 35. The diameter of

the wire is 12008]
(@ 3.32mm (b) 3.73mm
(¢) 367mm (d) 3.38mm

In an experiment the angles are required to be measured
using an instrument, 29 divisions of the main scale exactly
coincide with the 30 divisions of the vernier scale. If the
smallest division of the main scale is half- a degree (= 0.5°),
then the least count of the instrument is : 12009]
(a) halfminute (b) one degree

(c) halfdegree (d) oneminute



10.

11.

12.

13.

14.

Topic-wise Solved Papers - PHYSICS

The respective number of significant figures for the numbers

23.023,0.0003 and 2.1 x 10-3are [2010]
@ 5,1,2 b 5,15
© 55,2 (d 442

A screw gauge gives the following reading when used to
measure the diameter of a wire.

Main scale reading : 0 mm

Circular scale reading : 52 divisions

Given that 1mm on main scale corresponds to 100 divisions
of the circular scale. The diameter of wire from the above

data is: [2011]
(@ 0.052cm (b) 0.026cm
() 0.005cm (d) 0.52cm

Resistance of a given wire is obtained by measuring the
current flowing in it and the voltage difference applied across
it. If the percentage errors in the measurement of the current
and the voltage difference are 3% each, then error in the

value of resistance of the wire is : [2012]
(@ 6% (b) zero
© 1% d 3%

A spectrometer gives the following reading when used to
measure the angle of a prism. 12012]
Main scalereading : 58.5 degree

Vernier scale reading : 09 divisions

Given that 1 division on main scale corresponds to 0.5 degree.
Total divisions on the Vernier scale is 30 and match with 29
divisions of the main scale. The angle of the prism from the
above data :

(@) 58.59degree (b) 58.77 degree

(c) 58.65degree (d) 59degree

Let [ €, ] denote the dimensional formula of the permittivity

of vacuum. IfM =mass, L=1length, T = time and A =electric
current, then: [JEE Main 2013|

@ e, =[MTL3T2A] b) e =MIL3T5A?)
©) &=[MIL2T!'A?% d e =M'L2T'A]

15.

16.

17.

18.

A student measured the length of a rod and wrote it as 3.50
cm. Which instrument did he use to measure it?
JJEE Main 2014]

(a) Ameter scale.

(b) A vernier calliper where the 10 divisions in vernier scale
matches with 9 division in main scale and main scale has
10 divisions in 1 cm.

(c) A screw gauge having 100 divisions in the circular scale
and pitch as 1 mm.

(d) A screw gauge having 50 divisions in the circular scale
and pitch as 1 mm.

The period of oscillation of a simple pendulumis T = 25 \/E .
g
Measured value of Lis 20.0 cm known to 1 mm accuracy and
time for 100 oscillations of the pendulum is found to be 90 s
using a wrist watch of 1s resolution. The accuracy in the

determination of g is : [JEE Main 2015]
@ 1% (b) 5%
© 2% d 3%

A student measures the time period of 100 oscillations of a
simple pendulum four times. The data setis 905,915,955,
and 92 s. If the minimum division in the measuring clock is 1
s, then the reported mean time should be: [JEE Main 2016]
@ 92 +18s (b) 92 + 3s
(©) 92 +2s (d 92 +5.0s
A screw gauge with a pitch of 0.5 mm and a circular scale
with 50 divisions is used to measure the thickness of a thin
sheet of Aluminium. Before starting the measurement, it is
found that wen the two jaws of the screw gauge are brought
in contact, the 45 division coincides with the main scale
line and the zero of the main scale is barely visible. What is
the thickness of the sheet if the main scale reading is 0.5 mm
and the 25th division coincides with the main scale line?
|JEE Main 2016]
(b) 050mm
(d) 080mm

@ 0.70mm
© 075mm
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I Section-A

1.

CHAPTER

A Fill inthe Blanks

A particle moves in a circle of radius R. In half the period of 2.

revolution its displacement is and distance
covered is . (1983 - 2 Marks)
Four persons K, L, M, N are initially at the four corners ofa
square of side d. Each person now moves with a uniform
speed v in such a way that K always moves directly towards
L, L directly towards M, M directly towards N, and N directly
towards K. The four persons will meet atatime ..............

(1984- 2 Marks)
Spotlight S'rotates in a horizontal plane with constant angular
velocity of 0.1 radian/second. The spot of light P moves
along the wall at a distance of 3 m. The velocity of the spot
Pwhen g=45° (seefig.)is ..ccccoee..n.. m/s

(1987 - 2 Marks)

3m

P A6
Vs

B True/False

Two balls of different masses are thrown vertically upwards
with the same speed. They pass through the point of
projection in their downward motion with the same speed
(Neglect air resistance). (1983 - 2 Marks)
A projectile fired from the ground follows a parabolic path.
The speed of the projectile is minimum at the top of its path.

(1984 - 2 Marks)
Two identical trains are moving on rails along the equator
on the earth in opposite directions with the same speed.
They will exert the same pressure on the rails.

(1985 - 3 Marks)

MCQs with One Correct Answer

A river is flowing from west to east at a speed of 5 metres
per minute. A man on the south bank of the river, capable of
swimming at 10 metres per minute in still water, wants to
swim across the river in the shortest time. He should swim
in a direction (1983 - 1 Mark)

JEE Advanced/ IIT-)EE

(@) due north (b) 30° east of north

(c) 30° west of north (d) 60° east of north

A boat which has a speed of 5 km/hr in still water crosses a
river of width 1 km along the shortest possible path in 15
minutes. The velocity of the river water in km/hr is

(@ 1 b 3 (1988 - 1 Mark)

© 4 @) a1

In 1.0s, a particle goes from point 4 to point B, movingin a
semicircle of radius 1.0 m (see Figure). The magnitude ofthe
average velocity A (1999S - 2 Marks)

@ 3.14m/s
(b) 2.0ms

© 1.0ms

d) Zero

B
A ball is dropped vertically from a height d above the ground.
It hits the ground and bounces up vertically to a height d/2.
Neglecting subsequent motion and air resistance, its velocity

v varies with the height 4 above the ground as (20008 )
v %
0N /'
p h
@ (b) id h
v 1%
N 4

d d
© ﬁ—ﬂ (d) ;lj »h

A particle starts sliding down a frictionless inclined plane.
If S, is the distance travelled by it from time =n—1 sec to

t=nsec, the ratio S, /S, || is (2004S)
2n-1 2n+1
@ e ® =
2n 2n+1
c d
© el (d) T

A body starts from rest at time ¢ = 0, the acceleration time
graph is shown in the figure. The maximum velocity attained
by the body will be (2004S)



® Topic-wise Solved Papers - PHYSICS
@ 110m/s Acceleration p range is less than half the disc radius, and (iii) » remains
(m/s%) 10 constant throughout. Then (2012)
(b) 55m/s y R
(c) 650m/s é—»
> x
11
d) 550m/s g
© sec) -

The velocity-displacement graph of a particle moving

along a straight line is shown (2005S)
v
Vo
X
Yo
The most suitable acceleration-displacement graph will be
a
A N
X
@) ; (b)
X
a a
A A
— X —>x
© \ (d

Two identical discs of same radius R are rotating about their
axes in opposite directions with the same constant angular
speed o. The discs are in the same horizontal plane. At time
t= 0, the points P and Q are facing each other as shown in
the figure. The relative speed between the two points P and
Qisv,. In one time period (T) of rotation of the discs, v, asa
function of time is best represented by (2012)

A\

@ Y\ (b)

WT

© YY) @ NYYY
t

Consider a disc rotating in the horizontal plane with a
constant angular speed o about its centre O. The disc hasa
shaded region on one side of the diameter and an unshaded
region on the other side as shown in the figure. When the
disc is in the orientation as shown, two pebbles P and Q are
simultaneously projected at an angle towards R. The velocity
of projection is in the y-z plane and is same for both pebbles
with respect to the disc. Assume that (i) they land back on
the disc before the disc has completed 1/8 rotation, (ii) their

1.

(a) P lands in the shaded region and Q in the unshaded
region.

(b) P lands in the unshaded region and Q in the shaded
region.

(¢) Both Pand Qland in the unshaded region.

(d) Both Pand Qland in the shaded region.

I )l MCQs with One or More than One Correct

A particle is moving eastwards with a velocity of 5 m/s. In
10s the velocity changes to 5 m/s northwards. The average
acceleration in this time is (1982 - 3 Marks)
(a) zero

) 1/ V2 m/s? towards north-west

() 1/4/2 m/s?towards north-east

1
(d) 5 m/s? towards north-west

1
(e) Em/s2 towards north

A particle of mass m moves on the x-axis as follows : it starts
from rest at ¢ = 0 from the point x = 0, and comes to rest at
t=1at the pointx = 1. NO other information is available about
its motion at intermediate times (0 <t< 1). If a denotes the
instantaneous acceleration of the particle, then:
(1993-2 Marks)
(@) o cannot remain positive for all ¢ in the interval
0<r<l1.
(b) |o cannot exceed 2 at any point in its path.
(c) |of mustbe >4 at some point or points in its path.
(d) o must change sign during the motion, but no other
assertion can be made with the information given.
The coordinates of a particle moving in a plane are given by
x(£)=acos (pt) and y (f)= b sin (pt) where a, b (< a) and p are
positive constants of appropriate dimensions. Then
(19998 - 3 Marks)
(a) the path of the particle is an ellipse
(b) thevelocity and acceleration of the particle are normal
to each other at = 1/(2p)
(c) the acceleration of the particle is always directed
towards a focus
(d) the distance travelled by the particle in time interval
t=0tot=n/(2p)isa

E Subjective Problems

A car accelerates from rest at a constant rate o for some time
after which it decelerates at a constant rate 3 to come to
rest. If the total time lapse is ¢ seconds, evaluate.  (1978)
(1) maximum velocity reached, and

(i) the total distance travelled.

The displacement x of particle moving in one dimension,
under the action of a constant force is related to the time ¢
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Motion

by the equation ¢ = Jx+3 (1979)

where x is in meters and ¢ in seconds. Find

(1 The displacement of the particle when its velocity is
zero, and

(i) The work done by the force in the first 6 seconds.

Answer the following giving T

reasons in brief : °
=
Is the time variation of position, &=

shown in the figure observed

in nature? (1979) Poriton G —>

Particles P and Q of mass 20 gm and 40 gm respectively are
simultaneously projected from points 4 and B on the ground.
The initial velocities of P and Q make 45° and 135° angles
respectively with the horizontal 4B as shown in the figure.
Each particle has an initial speed of 49 m/s. The separation

ABis245m. (1982 - 8 Marks)
P Q
45 135°
I
A B

Both particle travel in the same vertical plane and undergo a
collision After the collision, P retraces its path, Determine
the position of O when it hits the ground. How much time
after the collision does the particle Q take to reach the
ground? Take g=9.8 m/s?.

Two towers AB and CD are situated a distance d apart as
shown in figure.

AB is20 mhigh and CD is 30 m high from the ground. An
object of mass m is thrown from the top of 4B horizontally
with a velocity of 10 m/stowards CD. (1994 - 6 Marks)
Simultaneously another object

of mass 2 m i