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JEE MAIN

SECTION A (80% weightage)

UNIT | Physics and Measurement

Physics, technology and society, Sl units,
Fundamental and derived units. Least count,
accuracy and precision of measuring instruments,
Errors in measurement, Significant figures.

Dimensions of Physical quantities, dimensional
analysis and its applications.

UNIT Il Kinematics

Frame of reference. Motion in a straight line: Position-
time graph, speed and velocity. Uniform and non-
uniform motion, average speed and instantaneous
velocity.

Uniformly accelerated motion, velocity-time, position
time graphs, relations for uniformly accelerated
motion.

Scalars and Vectors, Vector addition and Subtraction,
Zero Vector, Scalar and Vector products, Unit Vector,
Resolution of a Vector. Relative Velocity, Motion in a
plane, Projectile Motion, Uniform Circular Motion.

UNIT Il Laws of Motion

Force and Inertia, Newton's First Law of motion;
Momentum, Newton's Second Law of motion;
Impulse; Newton's Third Law of motion. Law of
conservation of linear momentum and its
applications, Equilibrium of concurrent forces. Static
and Kinetic friction, laws of friction, rolling friction.

Dynamics of uniform circular motion: Centripetal
force and its applications.

UNIT IV Work, Energy and Power

Work done by a constant force and a variable force;
kinetic and potential energies, work-energy theorem,
power.

Potential energy of a spring, conservation of
mechanical energy, conservative and
nonconservative forces; Elastic and inelastic
collisions in one and two dimensions.

UNIT V Rotational Motion

Centre of mass of a two-particle system, Centre of
mass of a rigid body; Basic concepts of rotational
motion; moment of a force, torque, angular
momentum, conservation of angular momentum
and its applications; moment of inertia, radius of
gyration. Values of moments of inertia for simple
geometrical objects, parallel and perpendicular axes
theorems and their applications.

Rigid body rotation, equations of rotational motion.

UNIT VI Gravitation

The universal law of gravitation.

Acceleration due to gravity and its variation with
altitude and depth.

Kepler's laws of planetary motion.
Gravitational potential energy; gravitational
potential.

Escape velocity. Orbital velocity of a satellite.
Geo-stationary satellites.

UNIT VII Properties of Solids & Liquids
Elastic behaviour, Stress-strain relationship, Hooke's.
Law, Young's modulus, bulk modulus, modulus of
rigidity.

Pressure due to a fluid column; Pascal's law and its
applications.

Viscosity, Stokes' law, terminal velocity, streamline
and turbulent flow, Reynolds number. Bernoulli's
principle and its applications.



Surface energy and surface tension, angle of contact,
application of surface tension - drops, bubbles and
capillary rise.

Heat, temperature, thermal expansion; specific heat
capacity, calorimetry; change of state, latent heat.

Heat transfer-conduction, convection and radiation,
Newton's law of cooling.

UNIT VIl Thermodynamics

Thermal equilibrium, zeroth law of thermo-dynamics,
concept of temperature. Heat, work and internal
energy. First law of thermodynamics.

Second law of thermodynamics: reversible and
irreversible processes. Camot engine and its efficiency.

UNIT IX Kinetic Theory of Gases

Equation of state of a perfect gas, work done on
compressing a gas.

Kinetic theory of gases - assumptions, concept of
pressure. Kinetic energy and temperature: rms speed
of gas molecules; Degrees of freedom, Law of
equipartition of energy, applications to specific heat
capacities of gases; Mean free path, Avogadro's
number.

UNIT X Oscillations and Waves

Periodic motion - period, frequency, displacement
as a function of time. Periodic functions. Simple
harmonic motion (S.H.M.) and its equation; phase;
oscillations of a spring - restoring force and force
constant; energy in S.H.M. - kinetic and potential
energies; Simple pendulum - derivation of expression
for its time period; Free, forced and damped
oscillations, resonance.

Wave motion. Longitudinal and transverse waves,
speed of a wave. Displacement relation for a
progressive wave. Principle of superposition of
waves, reflection of waves, Standing waves in strings
and organ pipes, fundamental mode and harmonics,
Beats, Doppler effect in sound.

UNIT XI Electrostatics

Electric charges Conservation of charge, Coulomb's
law-forces between two point charges, forces
between multiple charges; superposition principle
and continuous charge distribution.

Electric field Electric field due to a point charge,
Electric field lines, Electric dipole, Electric field due to a
dipole, Torque on a dipole in a uniform electric field.

Electric flux, Gauss's law and its applications to find
field due to infinitely long, uniformly charged straight
wire, uniformly charged infinite plane sheet and
uniformly charged thin spherical shell.

Electric potential and its calculation for a point charge,
electric dipole and system of charges; Equipotential
surfaces, Electrical potential energy of a system of two
point charges in an electrostatic field.

Conductors and insulators, Dielectrics and electric
polarization, capacitor, combination of capacitors in
series and in parallel, capacitance of a parallel plate
capacitor with and without dielectric medium
between the plates, Energy stored in a capacitor.

UNIT XII Current Electricity

Electric current, Drift velocity, Ohm's law, Electrical
resistance, Resistances of different materials, V-I
characteristics of Ohmic and nonohmic conductors,
Electrical energy and power, Electrical resistivity,
Colour code for resistors; Series and parallel
combinations of resistors; Temperature dependence
of resistance.

Electric Cell and its Internal resistance, potential
difference and emf of a cell, combination of cells in
series and in parallel.

Kirchhoff's laws and their applications. Wheatstone
bridge, Metre bridge.

Potentiometer - principle and its applications.

UNIT Xl Magnetic Effects of Current

and Magnetism
Biot-Savart law and its application to current carrying
circular loop. Ampere's law and its applications to
infinitely long current carrying straight wire and
solenoid. Force on a moving charge in uniform
magnetic and electric fields Cyclotron.

Force on a current-carrying conductor in a uniform
magnetic field. Force between two parallel current-
carrying conductors-definition of ampere. Torque
experienced by a current loop in uniform magnetic
field, Moving coil galvanometer, its current sensitivity
and conversion to ammeter and voltmeter.



Current loop as a magnetic dipole and its magnetic
dipole moment. Bar magnet as an equivalent solenoid,
magnetic field lines; Earth's magnetic field and
magnetic elements. Para, dia and ferro-magnetic
substances

Magnetic susceptibility and permeability, Hysteresis,
Electromagnets and permanent magnets.

UNIT XIV Electromagnetic Induction
and Alternating Currents

Electromagnetic induction; Faraday's law, induced emf
and current; Lenz's Law, Eddy currents. Self and mutual
inductance.

Alternating currents, peak and rms value of alternating
current/ voltage; reactance and impedance; LCR series
circuit, resonance; Quality factor, power in AC circuits,
wattless current.

AC generator and transformer.

UNIT XV Electromagnetic Waves

Electromagnetic waves and their characteristics.
Transverse nature of electromagnetic waves.

Electromagnetic spectrum (radio waves, microwaves,
infrared, visible, ultraviolet, X-rays, gamma rays).
Applications of e.m. waves.

UNIT XVI Optics

Reflection and refraction of light at plane and spherical
surfaces, mirror formula, Total internal reflection and
its applications, Deviation and Dispersion of light by a
prism, Lens Formula, Magnification, Power of a Lens,
Combination of thin lenses in contact, Microscope and
Astronomical Telescope (reflecting and refracting) and
their magnifying powers.

Wave optics wave front and Huygens' principle, Laws
of reflection and refraction using Huygen's principle.
Interference, Young's double slit experiment and
expression for fringe width, coherent sources and
sustained interference of light. Diffraction due to a
single slit, width of central maximum. Resolving
power of microscopes and astronomical telescopes,

Polarisation, plane polarized light; Brewster's law,
uses of plane polarized light and Polaroids.

UNIT XVII Dual Nature of Matter
and Radiation

Dual nature of radiation. Photoelectric effect,
Hertz and Lenard's observations; Einstein's
photoelectric equation; particle nature of light.

Matter waves-wave nature of particle, de Broglie
relation. Davisson-Germer experiment.

UNIT XVIII Atoms and Nuclei

Alpha-particle scattering experiment;
Rutherford's model of atom; Bohr model, energy
levels, hydrogen spectrum.

Composition and size of nucleus, atomic masses,
isotopes, isobars; isotones. Radioactivity-alpha,
beta and gamma particles/rays and their
properties; radioactive decay law. Mass-energy
relation, mass defect; binding energy per nucleon
and its variation with mass number, nuclear fission
and fusion.

UNIT XIX Electronic Devices

Semiconductors; semiconductor diode: |-V
characteristics in forward and reverse bias; diode
as a rectifier; I-V characteristics of LED,
photodiode, solar cell, and Zener diode; Zener
diode as a voltage regulator. Junction transistor,
transistor action, characteristics of a transistor
transistor as an amplifier (common emitter
configuration) and oscillator. Logic gates (OR, AND,
NOT, NAND & NOR). Transistor as a switch.

UNIT XX Communication Systems

Propagation of electromagnetic waves in the
atmosphere; Sky and space wave propagation,
Need for modulation, Amplitude and Frequency
Modulation, Bandwidth of signals, Bandwidth of
Transmission medium, Basic Elements of a
Communication System (Block Diagram only)



SECTION B (20% weightage)

UNIT XXI Experimental Skills

Familiarity with the basic approach and observations
of the experiments and activities

1.

10.

11.

12.
13.

Vernier callipers - its use to measure internal and
external diameter and depth of a vessel

. Screw gauge - its use to determine thickness/

diameter of thin sheet/wire.

. Simple Pendulum - dissipation of energy by

plotting a graph between square of amplitude
and time.

. Metre Scale - mass of a given object by principle

of moments

. Young's modulus of elasticity of the material of a

metallic wire

. Surface tension of water by capillary rise and

effect of detergents

. Coefficient of Viscosity of a given viscous liquid

by measuring terminal velocity of a given
spherical body.

. Plotting a cooling curve for the relationship

between the temperature of a hot body
and time.

. Speed of sound in air at room temperature

using a resonance tube.

Specific heat capacity of a given (i) solid and (ii)
liquid by method of mixtures.

Resistivity of the material of a given wire using
metre bridge.

Resistance of a given wire using Ohm's law

Potentiometer

14.

15.

16.

17.

18.

19.

20.

21.

22.

(i) Comparison of emf of two primary cells.

(i) Determination of Internal resistance of a cell.
Resistance and figure of merit of a
galvanometer by half deflection method.

Focal length of

(i) Convex mirror

(ii) Concave mirror

(iii) Convex lens

Using parallax method.

Plot of angle of deviation vs angle of incidence
for a triangular prism.

Refractive index of a glass slab using a travelling
microscope

Characteristic curves of a p-n junction diode in
forward and reverse bias.

Characteristic curves of a Zener diode and
finding reverse break down voltage.

Characteristic curves of a transistor and finding
current gain and voltage gain.

Identification of Diode, LED, Transistor, IC,
Resistor, Capacitor from mixed collection of
such items.

Using multimeter to

(i) Identify base of a transistor

(i) Distinguish between npn and pnp type
transistor

(iii) See the unidirectional flow of current in case
of a diode and an LED.

(iv) Check the correctness or otherwise of a
given electronic component (diode,
transistor or |C).



JEE ADVANCED

General

Units and dimensions, dimensional analysis, least count, significant figures, Methods of measurement and
error analysis for physical quantities pertaining to the following experiments, Experiments based on using
vernier calipers and screw gauge (micrometer), Determination of g using simple pendulum, Young's
modulus by Searle's method, Specific heat of a liquid using calorimeter, focal length of a concave mirror
and a convex lens using u-v method, Speed of sound using resonance column, Verification of Ohm's law
using voltmeter and ammeter, and specific resistance of the material of a wire using meter bridge and post
office box.

Mechanics
Kinematics in one and two dimensions (Cartesian coordinates only), projectiles, Circular motion (uniform
and non-uniform), Relative velocity.

Newton's Laws of Motion, Inertial and uniformly accelerated frames of reference, Static and dynamic
friction, Kinetic and potential energy, Work and power, Conservation of linear momentum and mechanical
energy.

Systems of Particles, Centre of mass and its motion, Impulse, Elastic and inelastic collisions.

Law of Gravitation, Gravitational potential and field, Acceleration due to gravity, Motion of planets and
satellites in circular orbits, Escape velocity.

Rigid body, moment of inertia, parallel and perpendicular axes theorems, moment of inertia of uniform
bodies with simple geometrical shapes, Angular momentum, Torque, Conservation of angular momentum,
Dynamics of rigid bodies with fixed axis of rotation, Rolling without slipping of rings, cylinders and
spheres, Equilibrium of rigid bodies, Collision of point masses with rigid bodies.

Linear and angular simple harmonic motions.
Hooke's law, Young's modulus.

Pressure in a fluid, Pascal's law, Buoyancy, Surface energy and surface tension, capillary rise, Viscosity
(Poiseuille's equation excluded), Stoke's law, Terminal velocity, Streamline flow, Equation of continuity,
Bernoulli's theorem and its applications.

Wave motion (plane waves only), longitudinal and transverse waves, Superposition of waves; progressive
and stationary waves, Vibration of strings and air columns. Resonance, Beats, Speed of sound in gases,
Doppler effect (in sound).



Thermal Physics

Thermal expansion of solids, liquids and gases, Calorimetry, latent heat, Heat conduction in one
dimension, Elementary concepts of convection and radiation, Newton's law of cooling, Ideal gas laws,
Specific heats (C,, and Cp for monatomic and diatomic gases), Isothermal and adiabatic processes,
bulk modulus of gases, Equivalence of heat and work, First law of thermodynamics and its
applications (only for ideal gases). Blackbody radiation, absorptive and emissive powers, Kirchhoff's
law, Wien's displacement law, Stefan's law.

Electricity and Magnetism

Coulomb's law, Electric field and potential, Electrical Potential energy of a system of point charges and
of electrical dipoles in a uniform electrostatic field, Electric field lines, Flux of electric field; Gauss's law
and its application in simple cases, such as, to find field due to infinitely long straight wire, uniformly
charged infinite plane sheet and uniformly charged thin spherical shell.

Capacitance, Parallel plate capacitor with and without dielectrics, Capacitors in series and parallel,
Energy stored in a capacitor.

Electric Current, Ohm's law, Series and parallel arrangements of resistances and cells, Kirchhoff's laws
and simple applications, Heating effect of current.

Biot-Savart law and Ampere's law, magnetic field near a current-carrying straight wire, along the axis
of a circular coil and inside a long straight solenoid, Force on a moving charge and on a current-
carrying wire in a uniform magnetic field.

Magnetic Moment of a Current Loop, Effect of a uniform magnetic field on a current loop, Moving coil
galvanometer, voltmeter, ammeter and their conversions.

Electromagnetic induction, Faraday's law, Lenz's law, Self and mutual inductance, RC, LR and LC
circuits with DC and AC sources.

Optics

Rectilinear propagation of light, Reflection and refraction at plane and spherical surfaces, Total
internal reflection, Deviation and dispersion of light by a prism, Thin lenses, Combinations of mirrors
and thin lenses, Magnification.

Wave Nature of Light, Huygen's principle, interference limited to Young's double-slit experiment.

Modern Physics, Atomic nucleus, Alpha, beta and gamma radiations, Law of radioactive decay, Decay
constant, Half-life and mean life, Binding energy and its calculation, Fission and fusion processes,
Energy calculation in these processes.

Photoelectric Effect, Bohr's theory of hydrogen-like atoms, Characteristic and continuous
X-rays, Moseley's law, de Broglie wavelength of matter waves.
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General Physics

Topic1 Units and Dimensions

Objective Questions I (Only one correct option)

1.

Which of the following combinations has the dimension of
electrical resistance (& is the permittivity of vacuum and 1,
is the permeability of vacuum)? (2019 Main, 12 April 11)

(@) \/E (b Ko ©) \F @ &
Ho Ho

0 €

In the formula X = SYZZ, X and Z have dimensions of
capacitance and magnetic field, respectively. What are the
dimensions of Y in SI units? (2019 Main, 10 April II)
(@) M™'L72T*A?] (b) M LT *A 7

(c) ML 2T3AY] (d) [M™ 2L 2TSA?]

If surface tension (S ), moment of inertia (/) and Planck’s
constant (/1), were to be taken as the fundamental units, the

dimensional formula for linear momentum would be
(2019 Main, 8 April 11)

(b) S3/2]1/2h0
(d) Sl/213/2h—1

(a) Sl/211/2h—1
(C) S1/211/2h0

. . . €y .
. In SI units, the dimensions of |- is
Ho (2019 Main, 11 April I)

(a) [ATTML?]
(c) [AT°MLY?)

(b) [AT*M 'L
(d) [ATT*M L)
inductance, resistance,

Let [, r,c,and v represent

capacitance and voltage, respectively. The dimension of L

rcy
in SI units will be (2019 Main, 12 Jan I)
(@) [LT?*]  (b) [LTA] (c) [A7']  (d) [LA™?]

If speed (), acceleration (A4 ) and force (F') are considered
as fundamental units, the dimension of Young’s modulus
will be (2019 Main, 11 Jan II)
(a) [V*A™’F] (b) [V?A%F?]

(c) [VPA*F %] (d) [V*A’F]

The force of interaction between two atoms is given by
0O x* 0O
F=ap eXpl}x—D; where x is the distance, k is the
O akTO

10.

11.

12

13.

Boltzmann constant and 7' is temperature and o and 3 are two
constants. The dimension of 3 is (2019 Main, 11 Jan I)
() [MLT ] (b) [ML’T™*] (¢) [M°LT™] (d) [M’L*T™]

The density of a material in SI units is

128 kg m~>. In certain units in which the unit of length is 25
cm and the unit of mass is 50 g, the numerical value of
density of the material is (2019 Main, 10 Jan 1)
(a) 40 (b) 16 (c) 640 (d) 410

In form of G (universal gravitational constant), # (Planck
constant) and ¢ (speed of light), the time period will be
proportional to (2019 Main, 11 Jan 1)

Gh he® ¢ Gh
a),|— b) .[— C) 4| — d).[—
(a) - (b) G (c) o (d >

Let[g,] denote the dimensional formula of the permittivity
of vacuum. If M = mass, L = length, T = Time and

A = electric current, then (2013 Main)
(@) []=[M"'L7T*A]  (b) [g,]=[M'L>T*A%]
(© [e] =IMZLTTA?] (d) [g]=[MI’T A%]

Which of the following sets have different dimensions?
(a) Pressure, Young’s modulus, Stress (2005, 2M)
(b) Emf, Potential difference, Electric potential
(c) Heat, Work done, Energy
(d) Dipole moment, Electric flux, Electric field
-9z

In the relation, p = T
p is pressure, Z is distance, k is Boltzmann’s constant and
0 is the temperature. The dimensional formula of 3 will be

(2004, 2M)
(b) [ML T]

() [M’T™]

(a) [M"L*T’]
() [ML’ T™']

. L A .
A quantity X is given by g, LA—V, where €, is the
t

permittivity of free space, L is a length, AV is a potential
difference and Ar is a time interval. The dimensional
formula for X is the same as that of (2001, 2Mm)
(a) resistance (b) charge (c) voltage  (d) current



2 General Physics

14. The dimensions of %SOE2 (g :
E : electric field)is
() [MLT']
() [MLT™]

(2000, 2M)
(b) [ML* T7]
(d) ML T™']
15. In the formula X =3Y Zz, X and Z have dimensions of

capacitance and magnetic induction, respectively. What are
the dimensions of ¥ in MKSQ system? (1995, 2M)

(@) [M°L'T°Q%)
(b) [M’3L’2T4Q4]
() [ML7T'Q"]
(d)[ML?T'Q]

Match the Columns

16. Match Column I with Column II and select the correct
answer using the codes given below the lists. (2013 Main)

Column I Column I
A. Boltzmann’s constant p. [MI’T']
B.  Coefficient of viscosity q. [ML'T™]
C. Planck’s constant r. [MLTK™]
D. Thermal conductivity s.  [MI’TK™]

17. Some physical quantities are given in Column I and some
possible ST 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. (2007, 6M)
Column I Column II
(A) GM M, (p) (volt)
G — universal (coulomb)
gravitational constant, (metre)

M , — mass of the earth,
M , — mass of the sun.

(B) 3RT (@ (kilogram)
M (metre)®
R — universal gas constant, (second) 2
T — absolute temperature,
M — molar mass.

© F? (1) (metre)?
q°B? (second) 2
F — force,
q — charge,

B — magnetic field.

(D) GM, (s) (farad) (volt)’
R, (kg)™
G — universal gravitational

constant,
M , — mass of the earth,
R, — radius of the earth.

permittivity of free space;

18. Match the physical quantities given in Column I with
dimensions expressed in terms of mass (M), length (L), time
(T), and charge (Q) given in Column II and write the
correct answer against the matched quantity in a tabular

form in your answer book. (1993, 6 M)
Column I Column I
Angular momentum [ML2T_2]
Latent heat [ML Q 2
Torque [M ]
Capacitance [ML*T™'Q™?]
Inductance [M'L2T2Q?]
Resistivity [L T'2 ]
19. 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.

(1990, 3M)
Column I Column I
Capacitance ohm-second
Inductance Coulomb?~joule™

Coulomb (volt) ', Newton (ampere
metre) ', volt-second (ampere)

Magnetic induction

Objective Questions II (One or more correct option)

20. A length-scale (/) depends on the permittivity (€) of a
dielectric material, Boltzmann’s constant (k5 ), the absolute
temperature (7'), the number per unit volume (n) of certain
charged particles, and the charge (¢ ) carried by each of the
particles. Which of the following expression (s) for /is (are)

dimensionally correct? (2016 Adv.)
Ong® O 7
@i=|0" 0 (b) I= E»tk%m
CEkTO Ung~ O

4 ¢ § ) I=
Cen®’k,TO “3 TD

21. Planck’s constant 4, 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 options is/are (2015 Adv.)

@M OvJe O)MONG ()LOVA (d)LOVG

22. In terms of potential difference V, electric current I,
permittivity €, permeability {1, and speed of light ¢, the
dimensionally correct equations is/are (2015 Adv.)
(@) ol” =g (b) gyl =po/

(c) I =¢gycV (d) pocl =gV

23. The SI unit of the inductance, the henry can by written as
(1998, 2M)

(b) volt-second/ampere
(d) ohm-second

(a) weber/ampere
(c) joule/(ampere)

24, Let[g,]denote the dimensional formula of the permittivity
of the vacuum and [J,] that of the permeability of the
vacuum. If M = mass, L = length, T = time and / = electric
current. (1998, 2M)



@[g]=MT'L? T2 1] (b)[g]=[M" L7 T
@M =[MLTZ I?] () [Mp]=[ML* T 1]

25. The pairs of physical quantities that have the same
dimensions is (are ) (1995, 2M)
(a) Reynolds number and coefficient of friction
(b) Curie and frequency of a light wave
(c) latent heat and gravitational potential
(d) Planck’s constant and torque

26. The dimensions of the quantities in one (or more) of the
following pairs are the same. Identify the pair (s).(1986, 2M)
(a) Torque and work
(b) Angular momentum and work
(¢) Energy and Young’s modulus
(d) Light year and wavelength

27. L, C and R represent the physical quantities inductance,
capacitance and resistance, respectively. The combinations

which have the dimensions of frequency are (1984, 2M)
1 R 1 C
a) — b) — c) — d) =
(a) RC (b) . (c) N7l (d) .
Passage Based Questions
Paragraph

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, [E] and [B] stand for dimensions of electric and
magnetic fields respectively, while [g,] and [M,] stand for
dimensions of the permittivity and permeability of free space,
respectively. [L] and [T] are dimensions of length and time,
respectively. All the quantities are given in SI units.

(There are two questions based on PARAGRAPH ‘“‘X’’, the
question given below is one of them) (2018 Adv.)

28. The relation between [E] and [B] is
@[E]=[B] [L] [T] (b)[E]=[BI[L]'[T]
() [E]=[BI[LI[TI" (d)[E]=[BILT'[T]"
29. The relation between [¢,]and [H, ] is
(@) [Ho] =& ]ILT [TT () [1o] = [&]ILT[TT
© o] =[] ILPITI? (@ [Hol =[] [LI7[TT

General Physics 3

Integer Answer Type Question

30. To find the distance d over which a signal can be seen
clearly in foggy conditions, a railway engineer uses
dimensional analysis 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 §'/". The value of n is

(2014 Adv.)

Fill in the Blanks

31. The equation of state of a real gas is given by

§p+Vi‘2§(V—b):RT

where p,V and T are pressure, volume and temperature,
respectively and R is the universal gas constant. The
dimensions of the constant @ in the above equation is ...... .

(1997, 2M)

32. The dimensions of electrical conductivity is ......... .
(1997, 1M)

33. In the formula X =3Y Zz,X and Z have dimensions of

capacitance and magnetic induction, respectively. The
dimensions of ¥ in MKSQ system are ......... . (1988, 2M)

34. Planck’s constant has dimensions ......... . (1985, 2M)

Analytical & Descriptive Questions

35. Write the dimensions of the following in terms of mass,
time, length and charge. (1982, 2M)
(a) Magnetic flux (b) Rigidity modulus
36. A gasbubble, 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 @, b and c.
(1981, 3M)
37. Give the MKS units for each of the following quantities.
(1980, 3M)
(a) Young’s modulus
(b) Magnetic induction
(c) Power of a lens

Topic 2 Significant Figures and Error Analysis

Objective Questions I (Only one correct option)

1. The area of a square is 5.29 cm?. The area of 7 such squares

taking into account the significant figures is
(2019 Main, 9 April I1)

(a) 37.030 cm? (b) 37.0 cm?
(c) 37.03 cm? (d) 37 cm?

2. In the density measurement of a cube, the mass and edge
length are measured as (10.00 £ 0.10)kg and (0.10 £ 0.01) m,

respectively. The error in the measurement of density is
(2019 Main, 9 April I)

(a) 0.01 kg/m? (b) 0.10 kg/m*
(¢) 0.07 kg/m? (d) 0.31 kg/m’

3. In a simple pendulum, experiment for determination of
acceleration due to gravity (g), time taken for 20
oscillations is measured by using a watch of 1 second least
count. The mean value of time taken comes out to be 30 s.
The length of pendulum is measured by using a meter scale
of least count 1 mm and the value obtained 55.0 cm. The
percentage error in the determination of g is close to

(2019 Main, 8 April 1)
(a) 0.7% (d) 0.2%

(b) 6.8%  (c) 3.5%
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4. The diameter and height of a cylinder are measured by a

meter scale to be 126+ 0lcm and 342% 01 cm,
respectively. What will be the value of its volume in
appropriate significant figures ? (2019 Main, 10 Jan Il
(a) 4300+ 80cm’® (b) 4260 + 80 cm’

(c) 4264.4 + 81.0cm’ (d) 4264 + 81cm’®

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 (2018 Main)
(a) 6% (b) 2.5% () 3.5% (d) 4.5%

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 87 = 0.01 s and he measures the
depth of the well to be L = 20m. Take the acceleration due to
gravity g = 10ms 2 and the velocity of sound is 300 ms™".

Then the fractional error in the measurement, —L, is closest
to (2017 Adv.)
(a) 1% (b) 5% (©) 3% (d) 0.2%

The period of oscillation of a simple pendulum is

T =2m \F Measured value of L is 20.0 cm known to 1 mm
g

accuracy and time for 100 oscillations of the pendulum is

Topic3 Experimental Physics

Objective Questions I (Only one correct option)

1.

The least count of the main scale of a screw gauge is | mm.
The minimum number of divisions on its circular scale

required to measure 5 um diameter of a wire is
(2019 Main, 12 Jan 1)

(a) 50 (b) 200 (c) 500 (d) 100

The pitch and the number of divisions, on the circular
scale for a given screw gauge are 0.5 mm and 100,
respectively. When the screw gauge is fully tightened
without any object, the zero of its circular scale lies 3
divisions below the mean line.

The readings of the main scale and the circular scale for a
thin sheet are 5.5 mm and 48 respectively, the thickness of
this sheet is (2019 Main, 9 Jan II)
(a) 5.950 mm (b) 5.725 mm
(c) 5.755 mm (d) 5.740 mm

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 when the two jaws of the screw gauge are brought
in contact, the 45th division coincides with the main scale
line and that the zero of the main scale is barely visible.
What is the thickness of the sheet, if the main scale reading

10.

found to be 90 s using a wrist watch of 1s resolution. The
accuracy in the determination of g is (2015 Main)
(a) 3% (b) 2% (©) 1% (d) 5%

The current voltage relation of diode is given by
1= (Y'T —1ymA, where the applied voltage  is in volt
and the temperature T is in kelvin. If a student makes an
error measuring +0.01 V while measuring the current of
5 mA at 300 K, what will be the error in the value of current
in mA? (2014 Main)
(a) 0.2mA (b) 0.02mA (c) 0.5mA (d) 0.05mA
A wire has a mass (0.3 £ 0.003) g, radius (0.5 £ 0.005) mm
and length (6 + 0.06) cm. The maximum percentage error in

the measurement of its density is (2004, 2M)

(a)1 (b)2 (¢)3 (d)4

A cube has a side of length 1.2 x 10°m. Calculate its volume.
(2003, 2M)

(b)1.73x107° m®
(d)1.732x 107 m’

(a)1.7x107° m’
(¢)1.70x 107° m?

Integer Answer Type Question
11.

The energy of a system as a function of time 7 is given as
E(t)= A*exp (-ar), where a = 02s~'. The measurement
of A has an error of 1.25%. If the error in the measurement
of time is 1.50%, the percentage error in the value of £(¢)at
t=15sis (2015 Adv.)

is 0.5 mm and the 25th division coincides with the main

scale line? (2016 Main)
() 0.75 mm (b) 0.80 mm (¢) 0.70 mm  (d) 0.50 mm
There are two vernier calipers 2 3 4
both of which have 1 cm divided ¢, MMHW_H.‘UL
into 10 equal divisions on the

main scale. The vernier scale of 0 5 10
one of the calipers (C, ) has 10 2 3 4
equal divisions that correspond CQMHHH-\%
to 9 main scale divisions. The R S A

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 (2016 Adv.)
(a) 2.87 and 2.87 (b) 2.87 and 2.83

(c)2.85and 2.82 (d) 2.87 and 2.86

A student measured the length of a rod and wrote it as

3.50 cm. Which instrument did he use to measure it?

(a) A meter scale (2014 Main)

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

The diameter of a cylinder is measured using a vernier
calipers 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 division equivalent to
2.45 cm. The 24th division of the vernier scale exactly
coincides with one of the main scale divisions. The diameter
of the cylinder is (2013 Adv.)
(a) 5.112cm (b) 5.124cm (c) 5.136cm  (d) 5.148 cm

In the determination of Young’s modulus Q’ = 4;:55 @by

using Searle’s method, a wire of length L = 2m and diameter

d = 0.5 mm is used. For a load M = 2.5 kg, an extension

[ = 0.25 mmin 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 YV

measurement is (2012)

(a) due to the errors in the measurements of ¢ 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 /

(¢) 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 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)
(a) 0.9% (b) 2.4% (c) 3.1% (d) 4.2%

A vernier calipers has 1 mm marks on the main scale. It has
20 equal divisions on the vernier scale which match with
16 main scale divisions. For this vernier calipers, the least
count is (2010)
(@) 0.02mm (b) 0.05mm (c) 0.]lmm (d) 0.2 mm

Students I, IT 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.

Least count for length = 0.1 cm, Least count for time = 0.1s

Length of Number of Total time Time
the . . for (n) .
Student oscillations . . period
pendulum ) oscillations ©
(cm) (s)
I 64.0 8 128.0 16.0

1.

12

13.
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I 64.0 4 64.0 16.0

111 20.0 4 36.0 9.0

If E, E; and Ey; are the percentage errors in g, i.e.

ﬁ‘ﬁ X IOOﬁfor students I, IT and III, respectively
g (2008, 3M)
(a) £; = 0 (b) £} is minimum (c) E; = E}; (d) £}; is maximum

In the experiment to determine the speed of sound using a

resonance column (2007, 3M)

(a) prongs of the tuning fork are kept in a vertical plane

(b) prongs of the tuning fork are kept in a horizontal plane

(c) in one of the two resonances observed, the length of the
resonating air column is close to the wavelength of
sound in air

(d) in one of the two resonances observed, the length of the
resonating air column is close to half of the wavelength
of sound in air

A student performs an experiment to determine the Young’s
modulus of a wire, exactly 2 m long, by Searle’s method. In a
particular reading, the student measures the extension in the
length of the wire to be 0.8 mm with an uncertainty of
+0.05mm at a load of exactly 1.0 kg. The student also
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 close to
(2007, 3M)
(@) (2.0+0.3)10'"' N/m?>  (b) (2.0£0.2)x 10'"" N/m?

(¢) (2.0£0.1)x 10" N/m? (d) (2.0% 0.05)x 10'" N/m?
The circular scale of a screw gauge has 50 divisions and

pitch of 0.5 mm. Find the diameter of sphere. Main scale
reading is 2. (2006, 3M)

(a) 1.2 mm
(c) 2.20 mm

(b) 1.25 mm
(d) 2.25 mm

Objective Questions II (One or more correct option)
14.

In an experiment to determine the acceleration due to gravity g,
the formula used for the time period of a periodic motion is
TR -r)
3¢
(60 = 1)mm and (10 = 1) mm, respectively. In five successive
measurements, the time period is found to be 0.52 s, 0.56 ,
0.57 s, 0.54 s and 0.59 s. The least count of the watch used for
the measurement of time period is 0.01 s. Which of the
following statement(s) is (are) true? (2016 Adv.)

T =21 . The values of R and r are measured to be
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15.

16.

(a) The error in the measurement of 7 is 10%
(b) The error in the measurement of 7' is 3.57%
(c) The error in the measurement of 7 is 2%
(d) The error in the measurement of g is 11%

Consider a vernier caliper in which each 1 cm on the main scale
is divided into 8 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
(2015 Adv.)
(a) if the pitch of the screw gauge is twice the least count of the
vernier caliper, the least count of the screw gauge is 0.01 mm
(b) if the pitch of the screw gauge is twice the least count of the
Vernier caliper, the least count of the screw gauge is
0.05 mm
(c) if the least count of the linear scale of the screw gauge is
twice the least count of the Vernier calipers, the least count
of the screw gauge is 0.01 mm
(d) if the least count of the linear scale of the screw gauge is
twice the least count of the vernier caliper, the least count
of the screw gauge is 0.005 mm.

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 s for this and records 40 s for
20 oscillations. For this observation, which of the following
statement(s) is/are true? (2010)
(a) Error AT in measuring 7, the time period, is 0.05 s

(b) Error AT in measuring 7, the time period, is 1 s

(c) Percentage error in the determination of g is 5%
(d) Percentage error in the determination of g is 2.5%

Numerical Value Based Questions

17.

A steel wire of diameter 0.5 mm and Young’s modulus
2% 10'"" N m™? carries a load of mass m. The length of the wire

with the load is 1.0 m. A vernier scale with 10 divisions is
attached to the end of this wire. Next to the steel wire is a
reference wire to which a main scale, of least count 1.0 mm, is
attached. The 10 divisions of the vernier scale correspond to 9
divisions of the main scale. Initially, the zero of vernier scale
coincides with the zero of main scale. If the load on the steel
wire is increased by 1.2 kg, the vernier scale division which
coincides with a main scale division is . (Take,
g=10 ms_z and 1T =3.2). (2018 Adv.)

Topic4 Miscellaneous Problems

Objective Questions I (Only one correct option)

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

the volume. The rate of fractional change in density ﬁl @ﬁis
Ip dt

Integer Answer Type Question

18. During Searle’s experiment, zero of the vernier scale lies
between 3.20x 1072 m and 3.25x 102 m of the main
scale. The 20th division of the 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 3.20x 10 m and
3.25% 1072 m of the main scale but now the 45th 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" m?. The least count of

the vernier scale is 1.0x 10° m. The maximum

percentage error in the Young’s modulus of the wire is
(2014 Adv.)

Analytical & Descriptive Questions

19. The edge of a cube is measured using a vernier caliper.
(9 divisions of the main scale is equal to 10 divisions of
vernier scale and 1 main scale division is 1 mm). The
main scale division reading is 10 and 1 division of vernier
scale was found to be coinciding with the main scale. The
mass of the cube is 2.736 g. Calculate the density in g/cm’

upto correct significant figures. (2005, 2M)

20. The pitch of a screw gauge is 1 mm and there are
100 divisions on the circular scale. While measuring the
diameter of a wire, the linear scale reads 1 mm and 47th
division on the circular scale coincides with the reference
line. The length of the wire is 5.6 cm. Find the curved
surface area (incm?) of the wire in appropriate number of

significant figures. (2004, 2M)

21. In a Searle’s experiment, the diameter of the wire as
measured by a screw gauge of least count 0.001 cm is
0.050 cm. The length, measured by a scale of least count
0.1 cm, is 110.0 cm. When a weight of 50 N is suspended
from the wire, the extension is measured to be 0.125 cm
by a micrometer of least count 0.001 cm. Find the
maximum error in the measurement of Young’s modulus
of the material of the wire from these data. (2004, 2M)

22. N divisions on the main scale of a vernier calipers
coincide with (N + 1) divisions on the vernier scale. If
each division on the main scale is of @ units, determine
the least count of instrument. (2003, 2M)

constant. The velocity v of any point of the surface of the

expanding sphere is proportional to (2017 Adv.)
1

a)R b) —

(a) (b) 2
2

OF (d) R?



2. 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 P and
S is b [R] The general relation among vectors P, Q and S is

(2017 Adv.)
y
P %
R-Q-P
7 S
o Q
- X

(@)S=(1-b*)P+bQ
(©)S=(1-b)P+bQ

(b)S=(b-1)P+bQ
(d)S=(1-b)P+bQ

Passage Based Questions
Paragraph

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. If the errors in x, y and z are Ax, Ay and Az
respectively, then

-1
cxno=TEAT :fgtggﬁtﬂﬁ
y

, : ) . ,
The series expansion for @iQH , to first power in Ay/y, is
y

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

b=+ 2
x Yy

The above derivation makes the assumption that
Ax/x<< 1,A y/ y < 1. Therefore, the higher powers of these
quantities are neglected.
(There are two questions based on PARAGRAPH ““A”’, the
question given below is one of them) (2018 Adv.)
_(d-a)

+a)

3. Consider the ratio

to be determined by measuring

a dimensionless quantity a. If the error in the measurement of
aisAa (Aa/ a<< 1), then what is the error Arin determining
r?

Aa - 20a 20Aa
(@) 2 2 ¢ 2
(1+a) (1+a) (1-a)

2al\a
(1-a°)

4. TIn an 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) = xup to first power in x. The error AA,
in the determination of the decay constant A ins™', is
(a) 0.04 (b) 0.03
(c) 0.02 (d) 0.01

General Physics 7

Passage

A dense collection of equal number of electrons and positive ions
is called neutral plasma. Certain solids containing fixed positive
ions 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 w,, which is

called the plasma frequency.
To sustain the oscillations, a time varying electric field needs to
be applied that has an angular frequency w, where a part of the
energy is absorbed and a part of it is reflected. As w approaches
w,, , all the free electrons are set to resonance together and all the
energy is reflected. This is the explanation of high reflectivity of
metals. (2011)
5. Taking the electronic charge as e and the permittivity as €,
use dimensional analysis to determine the correct expression

for w P
| Ne_ |y
(@) me, ®) Ne

2
© |2 @ [
me Ne

6. Estimate the wavelength at which plasma reflection will
occur for a metal having the density of electrons
N =4x10" m™. Take g, = 107" and m =107, where

these quantities are in proper SI units.

p?

(a) 800 nm (b) 600 nm
(c) 300 nm (d) 200 nm
Passage

Phase space diagrams are useful tools in analysing all kinds of
dynamical problems. They are especially useful in studying the
changes in motion as initial position and momentum are changed.
Here we consider some simple dynamical systems in
one-dimension. For such systems, phase space is a plane in which
position is plotted along horizontal axis and momentum is plotted
along vertical axis.

The phase space diagram is x(z) vs p(¢) curve in this plane. The
arrow on the curve indicates the time flow. For example, the
phase space diagram for a particle moving with constant velocity
is a straight line as shown in the figure. We use the sign
convention in which position or momentum upwards (or to right)
is positive and downwards (or to left) is negative. (2011)

Momentum ——

Position ——
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from ground is
Momentum

(@)

Position

Momentum

Position

. The phase space diagram

for simple  harmonic
motion is a circle centered
at the origin. In the figure,
the two circles represent
the same oscillator but for
different initial conditions,
and £, and E, are the total
mechanical energies
respectively. Then,

7. The phase space diagram for a ball thrown vertically up

Momentum

(0)

& ; Position

Momentum

3 Position

Momentum

Eq
Ep

Ry

—) .
\\ j Position

(@) E =2E, (b) E, =2E,
(c) E, =4E, (d) E, =16E,
Consider the spring-mass system, with the mass submerged

in water, as shown in the figure. The phase space diagram
for one cycle of this system is

Momentum Momentum
(@) (b)
Position E ; Position
Momentum Momentum

Position { ) Position

Match the Columns
10. Column IT gives certain systems undergoing a process. Column I suggests changes in some of the parameters related to the system.
Match the statements in Column I to the appropriate process (es) from Column II. (2009)
Column I Column IT

(A) The energy of the system is increased.

System : A capacitor, initially uncharged.
Process : It is connected to a battery.

(B) Mechanical energy is provided to the system, which is (q)

converted into energy of random motion of its parts.

System : A gas in an adiabatic container fitted with an adiabatic

piston.
Process : The gas is compressed by pushing the piston.

(C) Internal energy of the system is converted into its (r)

mechanical energy.

Process :
surrounding it.

System : A gas in a rigid container.
The gas gets cooled due to colder atmosphere

(D) Mass of the system is decreased.

System : A heavy nucleus, initially at rest.
Process : The nucleus fissions into two fragments of nearly
equal masses and some neutrons are emitted.

System : A resistive wire loop.
Process : The loop is placed in a time varying magnetic field
perpendicular to its plane.
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11. Column IT shows five systems in which two objects are labelled as X and Y. Also in each case a point P is shown. Column I gives

some statements about X and/or Y. Match these statements to the appropriate system(s) from Column II

(2009)

Column I

Column II

(A) The force exerted by X
on Y has a magnitude Mg.

(p) Block Y of mass M left on a fixed inclined plane
X, slides on it with a constant velocity.

(B) The gravitational potential energy of X is (@) Two ring magnets Y and Z, each of mass M, are
continuously increasing. kept in frictionless vertical plastic stand so that
they repel each other. Y rests on the base X and Z
hangs in air in equilibrium. P is the topmost point
of the stand on the common axis of the two rings.
The whole system is in a lift that is going up with
a constant velocity.
(C) Mechanical energy of the system X +Y (r)  ApulleyY of mass mj, is fixed to a table through a
is continuously decreasing. clamp X. A block of mass M hangs from a string
that goes over the pulley and is fixed at point P of
the table. The whole system is kept in a lift that is
going down with a constant velocity.
(D) The torque of the weight of Y about point (s) A sphere Y of mass M is put in a non-viscous
P is zero. liquid X kept in a container at rest. The sphere is
released and it moves down in the liquid.
(t) A sphereY of mass M is falling with its terminal
velocity in a viscous liquid X kept in a container.
Answers
Topic 1 Topic 2
1. (a) 2. (c) 3. (c) 4. (d) 1. (¢) 2. (%) 3. (b) 4. (b)
5. (c) 6. (d) 7. () 8. (a) 5. (d) 6. (a) 7. (a) 8. (a)
9. (a) 10. (b) 11. (d) 12. (a) 9. (d) 10. (a) 11. £ 4%
13. (d) 14. None of the four choices 15. (b) .
< R D ~ . . . Topic 3
16. A-s, B—q, C-p, D—r 17. A—p,q, B-r,s, C-r,s, D-r,s
18. See the solution L (b) 2. (0 3. (b 4. (b)
i 5. (b) 6. (b)
19. See the solution 20. (b, d)
7. (c) 8. (c) 9. (d) 10. (b)
21. (a, c, d) 22. (a, c) 11. (a) 12. (b) 13. (a) 14. (a, b, d)
23. (a, b, c, d) 24. (b, c) 15. (b, ¢) 16. (a, ¢) 17. (3) 18. (4)
25. (a,b, ¢) 26. (a, d) 19. (2.66 g/em’)
27. (a,b,c) 28. (c) 20. (2.6 cm?) 21. 1.09 x 10'° N/ m? 22, ¢
29. (d) 30. (3) N+l
Sp-2 —1p 33,2
31. [ML’T ?] 32. [M7'L°T°A%] Topic 4
33. [M7L7T*Q*] 34. [ML’T '] 1. (a) 2. (c) 3. (b) 4. (o)
35. (a) [MLT'Q '] (b) [ML'T ] 5. (c) 6. (b) 7. (d) 8. (c)
36, a=—> p=1 =1 37. (a) N/m? (b) Tesla (c) m™ " 9. (b) 10. A-p,q,s,t, B-q, C-s, D-s
6 2 3 11 A_p) ts B_q) S, ta C_pa T, s, t: D_q
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Hints & Solutions

Topic1 Units and Dimensions

Key Idea A formula is valid only, if the dimensions of LHS and
RHS are same. So, we need to balance dimensions of given
options with the dimension of electrical resistance.

Let dimensions of resistance R, permittivity €, and
permeability [ are [R], [g,] and [H,], respectively.

So, [R]=1gy]" [ F (@)
[R]=[M!' L2 T3 A™2], [g,]=[M ' L TA?),
[Ho]=[M' LI T A™]

Now, from Eq. (i), we get

[Ml L2 T—3 A—2] = [M—l L—3 T4A2]O{ [Ml Ll T—Z A—Q:F)
[Ml L2 T—3 A—2] - M—U +B3 L—3CX +B3 T4G —23A24:1 B

On comparing both sides, we get

-a+pB=1 ...(ii)
=30 +B =2 ...(iii)
4a-2 =-3 ...(1v)
20-2B3 =2 ..(v)

Value of a and 3 can be found using any two Egs. from (ii) to

)
On subtracting Eq. (iii) from Eq. (ii), we get

(-0 +B) = (- 4B) =1 =2

| 20 = -lora = -l
2
Put the value of a in Eq. (ii), we get
B=+
2

D w]:mu””an2:§W°S
€0

To find dimensions of capacitance in the given relation, we
can use formula for energy.
Capacitors energy is

U=lep?
2
So, dimensionally,

O [C]= %E

As, V =potential = potential energy

charge
We have,
_ U] _["1_0AT O
[Cl=—=—=="== =0
@20 [U] SﬁL“’T 2
050 H
M O
0 X =[M'L2A%TY)

To get dimensions of magnetic field, we use force on a
current carrying conductor in magnetic field,

_ _ [F] _ODMLT™20
F =Bl 0O [B]= T _E'T%
0 Z=[MLT2A™]
Now, using given relation,
X =5v7*
=2
(Z7]

OM'L2AT* O MT'L2A™T
EMITZAT2E  MPTA
0 [Y]= [ML2AT¥)

Suppose, linear momentum ( p ) depends upon the Planck’s

constant (%) raised to the power (a), surface tension(S)
raised to the power (b) and moment of inertia (/ )raised to the

power (c).
Then,
pOMY (YUY
or p=kh'S°I°
where, k is a dimensionless proportionality constant.
Thus, [p]=[h]*[SI"1]* (D)

Then, the respective dimensions of the given physical
quantities, i.e.
[p] = [mass x velocity] = [MLT ']

[1] = [mass x distance?]

=[ MLT%]
[S] = [force x length] = [MLT?]
[h]= [MLT™]

Then, substituting these dimensions in Eq. (i), we get
[MLT™]= [ML*T!)* [MT?]® [ML*°
For dimensional balance, the dimensions on both sides
should be same.
Thus, equating dimensions, we have
atb+c=1

2a+c)=1 or a+c:%

—a—-2b=-1 or a+2b=1
Solving these three equations, we get

aZO,b:l,c:l
27 2
1 L
0 p=h"S212 or  p=8212h°

Dimensions of €, (permittivity of free space) are
[£,]= MLT*A?

As, ¢ = speed of light.

0 Dimension of [¢]=[LT™"]



So, dimensions of & — are
D D

eO £ £yc] C2 _ 1o

H 0 50“ 0 H o€ H

M‘lL‘3T4A2 LT‘l]—[ LT3 AZ

Dimensions of given quantities are
! = inductance = [M!L2T 2 A™?%]

r = resistance = [M' LT A™%]

¢ = capacitance = [M 'L 2T* A%
y =voltage = [M'I2T > A™]

. . /
So, dimensions of — are
rev

07 0_ [ML2T A7)

HBoH [M'I2T2A™

Dimensions of speed are, [V] =

=[A™"]

[T
Dimensions of acceleration are, [A] = [LT ]
Dimensions of force are, [F] = [MLT ]
Dimension of Young modulus is, [Y]=[ML'T?]

Let dimensions of Young’s modulus is expressed in terms
of speed, acceleration and force as;

[Y]=[VI*[APP[F] )
Then substituting dimensions in terms of M, L and T we get,
[ML'T2) = [LT™' *[LT 2 P[MLT 2}
— [MyLu+B+y T a-2B —2y]
Now comparing powers of basic quantities on both sides we
get,

y =1
a+B+y=-1
and -a-B-2y =2

Solving these we get;
a=-4,B=2y=1
Substituting a3, & y in (i) we get;
[Y]=[VA’F']
Force of interaction between two atoms is given as
F =aPexp (- x>/ akT)
As we know, exponential terms are always dimensionless, so
: : 0-x*0 0700
dimensions of 3——[0=[M"L'T"]
o k70O
0 Dimensions of a = Dimension of (x> / kT")
Now, substituting the dimensions of individual term in the
given equation, we get
IM°I*T]

[MT] { Dimensions of kT equivalent to the

dimensions of energy = [M'L*T™ %]}
=M '1°1T?] ...(0)
Now from given equation, we have dimensions of
F = dimensions of o X dimensions of 3

General Physics 11

0 Dimensions of § = Dimensions of %@

_IMTT ?]_

N Y V)05 P il
M 0T [ ]

[ using Eq. (i)]

8 To convert a measured value from one system to another

10.

system, we use

Nyuy = Nyu,
where, N is numeric value and u is unit.
We get
128Elk— N, _0e O density = mass [J
(25 cm)’? H volumeH
0 128><1000g N, x50g

100 x 100 x 100 cm® 25 x 25 x 25 cm®

0 N2:128><1000><25><25 X25:40
50 x 100 x 100 x 100

Key Idea According to dimensional analysis, if a physical
quantity (let y) depends on another physical quantities (let
A, B, C), then the dimension formula is given by

y= A%B bC c
(where, a, b, c are the power of physical quantity and
k = constant)

For the given question, the time (#) depends on the G
(gravitational constant), A(Planck’s constant) and ¢
(velocity of light), then according to dimensional analysis

t = k(GY (h) (c) ()

For calculating the values of «,b and ¢, compare the
dimensional formula for both side.
LHS ¢ = time = [M°L°T"]

2 -2 2
Rus G = /0" _ kgms e
mm, (kg)
h — [M]LZT—I ]b

c=L =MLty
t

Compare both side for powers of M, L and T,

MOO0=-a+b ...
LO0=3a+2b+c ...(i)
TO1=-2a-b —c ....(iiii)

Solving Egs. (1), (ii), (iii), we get

a=—, b=—andc=—
2 2 2

So, put these values in Eq. (i)

kGRS =k if
c
So, t O Gsh
c
From Coulomb’s law, F = ! ‘]1%2, € = q1q22
ame, R ATIR

Substituting the units, we have

2 2

£ = C __ [AT] = MT'LPTYA]

N-m?> [MLT?][L*]
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11.

12.

13.

14.

15.

16.

Dipole moment = (charge) % (distance)

Electric flux = (electric field) % (area)
Hence, the correct option is (d).

[ Z0
Heel]
[a]:EkeD
HzH

= 80
" BE

aO_ k60O

. =00 &

Dimensions of k0 are that to energy. Hence,

= [MLOT]

Further

] = OML*T? O
HML"T‘ZE
— [MOLZTO]
C:ﬂor eoézﬂ Oz(Aq)L
AV L AV A.(AV)

AV _ (gL, AV

X =g L= =
At ADV) At
but [4]=[1?]
O X = % = current
At

(None of the four choices) %80 E? is the expression of

energy density (Energy per unit volume)

a O_ v 120 -
5 & EZE: DTD:[ML ' T2
0 0

NOTE From this question, students can take a lesson that in
IIT-JEE, also questions may be wrong or there may be no correct
answer in the given choices. So, don't waste time if you are
confident.

_OxoO_0  Capacitance O
@H %Magnetic induction )* %
B ENI—IL—2Q2T2 O

=37 2d 4
05 5 o - MTLTTQY]
DM2Q2T2 g

(Y]

1
A U=—kT
(A) 5

O [MIPT?)=[k]K
0 [K]=[ML*TK™]
dv

B F=nd4—
(B) nd—-

[MLT ] -
0 = ——" L =[ML'T
(nl LT [ ]
(©) E=hv
0 IML*T?]=[A][T""] O [A] = [ML’T™"]

17.

18.

AN
dt l
23
O [k]= w =[MLTK™
[L'K]
(a) F = MM,

’,2

= Gravitational force between sun and earth
O GM,M, =Fr
O [GMM,]=[Fr’] =[MLT?][L*] =[ML’T?]

B) Vi = 1/% = rms speed of gas molecules

o Ron
M
BRTO 2 —142 22
r =[v2 ]=[LT'P? =[’T]
Hwm H

(C) F = Bgqv = magnetic force on a charged particle

OF2 O
| Fey oo f SO= vl =[PT7)
Bq % a0
D)v, = % = orbital velocity of earth's satellite
GM, _ , (GM. O

— — 29 — 7272

0 R =v or BEH-[vo]-[LT ]
(p) W =gV O (Coulomb) (Volt) = Joule

or [(Volt) (Coulomb) (Metre)] = [(Joule) (Metre)]

=[ML*T?][L] =[ML’T?]

(q) [(kilogram) (metre)® (second ) 2] = [ML*T ]
(r) [(metre )2 (second )_2] = [L2 T_Z]
U = %CV2 O (farad) (volt )2 = Joule

or [(farad) (volt)* (kg)™']=[(Joule)(kg)™"]

=[MUT?][M 7] =[LT7]

Angular momentum, L = / ®

0 [L]=[lw] =[ML*][T™'] =[ML*T™]

Latent heat, L = Q

(asQ =mL)
m
mo_ v’t?0_ ,
0 [L1= S—=[LT7]
AnH o M B
Torque, T=F X 1y
0 [1=[Fx 5] =[MLT][L]
= [ML’T?]
2 O 20
Capacitance, C = la” sU = 1 Ciy
2U O 2CO

- R0 0 @ O
=G-0= ~0
jUg tMT?g

- [M—l L—2T2Q2 ]

o)



19.

Inductance, L= g @s U= %Lizg
i

Ut O

ML T 2120 _
=05 O=[MUQ7]
0 0

Resistivity, p = RA% @xs R = p%@

_OHDOMAO

= (as H = ith)
HHEH
_ HtOAD @s i= 0 Q
2 HE t
22720
EML TL - [ML3T 197
o QL
The correct table is as under
1 II
Angular momentum MLAT ]
Latent heat [L*T]
Torque ML*T 2]
Capacitance M 'L2T?Q%
Inductance M L*Q%]
Resistivity M LT 'Q?]
_L
t==
R
0 L=tR =ohm-second
2
vl
2C

2
o cC= % = coulomb?/joule

q=ECV
0 c= g = coulomb/volt
L=—¢
dil dt
0 r=¢ () = volt-second/ampere
(di)
F =ilB
F
U Bs= rh = Newton/ampere-metre
l
I 1I
Capacitance Coulomb/(volt ) 'coulomb?/ joule
Inductance Ohm-second, volt second/ampere ™!

Magnetic induction ~ Newton/(ampere - metre)

20.

21.

22,

13

General Physics

[n]=[L"1[q]=[AT]
[e]=[M'LPA’TY)

[T1=[L]
[/1=[L]
[ky]=[M'T*TK™]
[LA%T?]
RHS =
® \/[M_lL_3T4A2][M1L2T_2K_l 1[K]
3 2
o ?ZZ e \/j] =[L"] Wrong
(b) RHS = IMT'L7PT?A? ][M "T2K K]
[L°]AT]
=124 2
% =[L] Correct
_ [A’T]
RHS =
© \/[M“L‘3T4A2][L‘z][MlLZT‘ZK‘l][K]
= [L3] Wrong
_ [A’T]
d) RHS =
() \/[M_IL_3T4A2][L_1][MleT_2K_1]
2m2
[IE_?TZA]Zi] =[L] Correct
M OhcGe
1 0 (MLZT—I )a (LT—I )b (M—1L3T—2 )c
DMa —cLZa +b+3C‘T -a —-b -2c¢
a—-c=1 ...(1)
2a+b+3c=0 ...(11)
a+b+2c=0 ....(ii)
On solving (1), (ii), (iii),
a:l,b:"'l,cz_*
2 2

O M OVe only — (a) is correct.
In the same way we can find that, L [ W22 Gh 2

LO~NR, L OG- (¢), (d) are also correct.

2
(a) Energy of inductor % L% = 1 “0]\; 4 I?
Energy of capacitor = %CV2 -1 € % &

A A . .
U, I and g, = V"* have same dimension.
/

So, Wo/* and £)/% have same dimension.

Q_Cl

() 0=CV,
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I=¢, AV 4 have unit of speed.
[t It
So, gV
23. (a) L= (—p or henry = weber
i ampere
(bye=-L %@
t
07=—_°¢ or henry = volt-second
(di/ dt) ampere
© U=112 O L—2—§/ or henry:Lle2
2 i (ampere)

(d) U:%Liz =i* Rt

a L= Rt or henry = ohm-second

9, F=_1 9%
4T[EO 7
_ladle] o OTP o5 qep
o= Fyey Ty T :

Speed of light, ¢ =

1
VE Ho

1 1
O = =

[Ho] [g,1[c M7 L2 T* P[LT P
=[MLT?I?]

25. Reynold’s number and coefficient of friction are dimen-
sionless quantities.
Curie is the number of atoms decaying per unit time and
frequency is the number of oscillations per unit time.
Latent heat and gravitational potential both have the same
dimension corresponding to energy per unit mass.

26. (a) Torque and work both have the dimensions [ML*T™*].

(d) Light year and wavelength both have the dimensions of
length i.e, [L ]

27. CR and %both are time constants. Their unit is second.

1

0 —and R have the SI unit (second )”'. Further,
CR L

resonance frequency, W =

1
JLC
28. In terms of dimension, F, = F,,

| qE = qvB

or E=vB
b
WMo
¢’ = !

Ho€o

[E]=[B]LT ']
29. c=

Ho =g &7
(Mol =[] '[L7T?]
30. Letd = k(p)*(S)’(f)
where, k is a dimensionless. Then,

_omrf EML2 20 o
"HH3 T EFE
Equating the powers of M and L, we have
0O=a+b (1)
1=-3a ..(1i)
Solving these two equations, we get

b:l oo n=3
3

g1, DeU

Wa =[p]
O [a]l=[pV*]1=[ML'T?][L°] =[ML’T?]

32. Electrical conductivity, G = J_i/4
E Flq

FA FA FA
[A*][T]
[MLT*][L*]

[C]=[M 'L*T°Q’]

gi _ (i)(D)_ it

[0]= = ML3T3A2]
33. [X]=

[Z]=[B]=MT'Q"]

@.‘ Given Y =L2§
37

0 _[M 'L7T°Q7] —IMPL2T4Q]
MTT'Q™'
34. E=hv
O = E
v
22
v (=2 :LL_T I= vzt
[v] (T]
35. (a) Magnetic flux, @ =Bs= Sl;iﬁ (s) [ F = Bqgv]
FsO_ CMLT 120 5 o
0 = ML T
(o] = EHTH EIWD [ '™
2
(b) [Rigidity Modulus] = %E: é‘\%é
=[ML'T?]

36. [T]1=[pd’E‘]1=[ML'T2]* [ML®P[ML*T 2

Equating the powers on both sides, we have

atb+c=0 (1)
—a-3b+2c=0 ... (i)
—2a —2c =1 ... (iii)

Download More Books: www.crackjee.xyz



Solving these three equations, we have

a=- é, b= !
6 2
and c= !
3
37. (a) Young's modulus = £A
Al/l
Hence, the MKS units are N/m?.
(c) Power of a lens (in dioptre) = ;
f(in metre)

Topic2 Significant Figures and Error

Analysis
1 Area of 1 square = 529 cm?
Area of seven such squares

= 7times addition of area of 1 square

=529+ 529 +529... 7times

=37.03 cm’
As we know that, if in the measured values to be
added/subtracted the least number of significant digits after
the decimal is 7.
Then, in the sum or difference also, the number of significant
digits after the decimal should be .
Here, number of digits after decimal in 5.29 is 2, so our
answer also contains only two digits after decimal point.
0 Area required = 37.03 cm?

. Given, mass = (10.00 = 0.10) kg

Edge length = (010 £ 0.01) m
Error in mass,

AM _ 01 .
— = {1
M 10 ®
and error in length,
Al _ 001 .
—=— (il
I 01 @
Density of the cube is given by
_ Mass _M
Volume /3
0 Permissible error in density is
%:%iSH ...(ii)
p M /

Substituting the value from Egs. (i) and (ii) in Eq. (iii), we get
Ap _ 01 001 _ 1 3 _ 31
/= +3x + -

p 10 01 100 10 100
o 8p_31_4q

p 100

Ap

Since,— should be unitless quantity.
p

But there is no option with unitless error. Hence, no option is
correct.

General Physics 15

3 Relation used for finding acceleration due to gravity by

using a pendulum is

4101
"
So, fractional error in value of g is
Aﬁ:ﬁl+2AT ()
g / T
Given, Al =01cm, /= 55cm, AT =1sand T for
20 oscillations = 30's
Substituting above values in Eq. (i), we get
Ag _
o = 4 X
g 55 30
Hence, percentage error in g is
=22 4 100=10 4+ 20 =g
g 55 3
Volume of a cylinder of radius ‘7 and height 4 is given by
V = 1h
or V= lT[DZh,
4

where D is the diameter of circular surface.
Here, D =12.6 cm and 2 = 342 cm

O % :g x (12.6)2 x (34.2)

V = 4262.22 cm®

V' = 4260 (in three significant numbers)
Now, error calculation can be done as

B, phog,
7:2 + —
V D h

_2xo01, 0l
126  34.2
O % =0.0158 + 0.0029
i AV =(001879) x (4262.22)
0 AV =797=80cm’

U For proper significant numbers, volume reading will be
¥ = 4260 + 80 cm®

. Given, 2" x100=1.5% and %XIOO:I%
m
d="02%% 106 2% 106 2k 100
& d m !
=1.5+3=45%

. Distance covered by the stone

1 2 1 2
=_—gt’ =— x10 x¢
2g 2

U Time Interval between dropping a stone and receiving the
sound of impact.

ar=L g %d@
V52 00



16 General Physics

11 dL
dL+ =001
" 205420
dL@E+—@:O.Ol
0 300
Ois o 3

0.0, dL=—
. 16

dL%OOH

dL 3 1 15

—x100=— x— x100 =— =1%
L 16 20 16
7. Time period is given by, T = z
n
Further, T= ZH\F
g
0 o= (OL_(410)(L) = () L
t

T? %@Z
Percentage error in the value of ‘g’ will be

Ag x 100 = @%Qx 100 +2 ?@x 100
t

—XIOO 12 x%@xloo 2.72%

[0 The nearest answer is 3%

8. Given, 1=('T —1ymA, dV = +001V
T =300K
SO, ]:eIOOOV/T -1

[ +1=0007/T

Taking log on both sides, we get

log (I +1) = 1000V
T
On differentiating, A - 1000 av
+1 T
1000 1000

dl =

X(I+1) dVOdl == (5 +1) x001

=0.2 mA
So, error in the value of current is 0.2 mA.

9. Density,p= ——

WL

0 2Py i00= %+23+¥ x 100
p m r L

After substituting the values,
percentage error in density = 4%

we get the maximum

Hence, the correct option is (d).
10 V=P =(12x102m)’ =1.728 x10° m’

-+ Length (/) has two significant figures, the volume (V) will
also have two significant figures. Therefore, the “correct

answer is V=17%x10°m’

11. E(t)= A% ™ ..(1)
a=02s"

@di@x 100 = 125%
4

t
%@x 100 = 150

t

O (dt x 100) = 1.5¢
=15x5=75

g ?@MOOth?@XIOOtG(dt><100)
E A

Taking log on both sides of Eq. (i), we get
log E=2log A —at

d—E:i d—A+adt

O %@x 100==%2 g%@x 100 £ a (dt x100)

= +2(1.25)% 0.2 (7.5)
=425+ 1.5=+4%

Topic 3 Experimental Physics

1. Inascrew gauge,
Least count
_ Measure of 1 main scale division (MSD)

Number of division on circular scale
Here, minimum value to be measured/least count is 5 pm.
=5x10°m
0 According to the given values,
6 _1x107°
sx 100 = 12107

-3
s 101 = = &500 =200 divisions
X

or N =

2. For ameasuring device, the least count is the smallest value
that can be measured by measuring instrument.

Minimum reading on main-scale
Least count =

Total divisions on the scale
Here, screw gauge is used for measurement therefore,

LC = PltCh' _
number of division
0.5
LC=—mm
100
LC=5%10" mm ...(0)
Anvil Spindle Sleeve Circular scale
i Ratchet
Main scale



According to question, the zero line of its circular scale lies 3
division below the mean line and the readings of main scale
=55mm

The reading of circular scale = 48

then the actual value is given by actual value of thickness (¢)
= (main scale reading) + (circular scale reading + number of
division below mean line) X LC

0 t=55mm+ (48 +3) x5 x 107 mm
| t =5755mm
. Least count
_ pitch _ 0.5mm
number of divisions on circular scale 50
0 LC=0.01
Negative zero error = —5 x LC= — 0.005mm

Measured value = main scale reading + screw gauge reading

— Zero error
=0.5mm+ {25 x0.01 = (—0.05)} mm
= 0.8mm
. For vernier C,,
10VSD = 9MSD = 9mm

1 VSD = 0.9mm
ULC=1MSD-1VSD=1mm-09 mm= 0l mm
Reading of C; = MSR + (VSR) (LC)

=28mm + (7)(0.1)
Reading of C; = 287mm = 2.87 cm
For vernier C, : the vernier C, is abnormal
So, we have to find the reading form basics.
The point where both of the marks are matching :

distance measured from main scale = distance measured

from vernier scale
28 mm + (1 mm) (8) = (28 mm + x) + (L1mm) (7)
Solving we get, x = 03 mm
So, reading of C, =28 mm + 0.3 mm = 2.83cm
. If student measures 3.50 cm, it means that there is an
uncertainly of order 0.01 cm.

For vernier scale with 1 MSD = l—locm

and 9MSD =10 VSD
LC of vernier caliper = IMSD — 1VSD
= i 2 = icm 0.01 cm
10 10 100
1 MSD =5.15cm~-5.10 cm=0.05 cm
1vSD = 2 _ 049 cm
a LC=1MSD-1VSD =0.01 cm

Hence, diameter of cyclinder = (Main scale reading)

+ (Vernier scale reading) (LC)
=5.10+(24) (0.001)= 5.124 cm

General Physics 17
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7. A=A =— =0.005 mm
100

wie o B -RRE

T[ld2 Y max

? _0.5/100_ oo 20d _ (2)(0.5/100)
! 0.25 d 0.5

ot e =
/ d

Y =

=0.02

8. Least count of screw gauge = % =0.0lmm = Ar

Diameter, » = 2.5mm + 20 x % 2. 70 mm
g _ 0.01 Ar % 100 = 1
r 2.70 r .
Now, density, d = mo_m
Voq g
4 n%
3

Here, ris the diameter.

0 A 00= 2" ’"+3$%x100
d Om
%XIOO+3X%§XIOO
:2%+3xi= 3.11%
2.7
9. Least count of vernier calipers

LC=1MSD -1 VSD
Smallest division on main scale

Number of divisions on vernier scale

20 divisions of vernier scale = 16 divisions of main scale

16

01VSD =— mm =08 mm
20

a LC= IMSD-1VSD =1mm - 0.8mm = 0.2 mm
0 Correct option is (d).

10, 7= ZH(or—Zn\f

(4T[2)(n )
% errorin g = =5 x100= % 281 x 100
B = 2 m%x 100 = 0.3125%
4 128

Ey = g}l + 2 m%x 100 = 0.46875%
4" o4

1 2x01
Ey = % +

Hence E| is minimum.

@X 100 =1.055%

U Correct option is (b).
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11.

12.

13.

14.

15.

Length of air column in resonance is odd integer multiple of
A / 4. The prongs of the tuning fork are kept in the vertical

plane.
FL _ 4FL _ (4)(1.0x 9.8)(2)
Al Td? m0.4x 107°)(0.8% 107)

=2.0x 10" N/m?

Further &7 =2 @@ @@
0D ar= Ep@%"@ %%Y

B 001, 0055
081
= 0225 % 10“ N/m’
=02 x 10" N/m?
or (Y +AY)=(2%0.2) x10" N/m?
Pitch

Number of divisions on circular scale

05—()Olmm
0

x 2.0 x 10!

(By rounding off)

Least count (LC) =

Now, diameter of ball
=(2%x0.5mm) + (25 -5)(001) =1.2mm
0.52 + 0.56 + 0.57 +0.54 +0.59

Mean time period =

5
= 0.556 [J0.56 sec as per significant figures
Error in reading = |T,,.,, — 7} | = 0.04
T inean = T>| = 0.00
Tinean = T3 = 001
Tinean — Ty | = 0.02
|7 pean = 5| =0.03

Mean error = 0.1/5 = 0.02

%errorinTZ% 100—%X100 3.57%

%errorinr:w =10%

0.001x 100

% errorin R = =167%

AR-r

%errorlnA x 100 = )X100+2><A—TT

g R-r
_ 0.002 x 100
0.05

+2%x357=4% + 7% =11%

For vernier calipers
1 MSD = é cm

5VSD =4MSD

4 4

—MSD = — x )
5

10

U 1VSh=

cm

o)
oo\—-

Least count of vernier calipers = IMSD — 1VSD
_1 1
=—cm-——cm
8 10
=0.025cm
(a) and (b)
Pitch of screw gauge = 2 x 0.025 = 0.05cm

Least count of screw gauge = % cm = 0.005 mm
(c) and (d)

Least count of linear scale of screw gauge = 0.05
Pitch = 005 x 2 =0.Icm

01
Least count of screw gauge = 100 cm

=0.01lmm

16. 7=95_ 5
20

Further, ¢ =nT =20T or At =20 AT
Ar_AT T——mt—%g(l) 005 s
Further, T=2T[\F or TOg"?
g
a AT x 100 = _1 Aﬁ x100
r g
or % error in determination of g is
82 100 = -200 x AL
g T
_ _200x005
2
=-5%
U Correct options are (a) and (c).
17. Given, d =05mm,
Y =2x10" Nm?
/[=1m
Al:il— mgl  _ 12x10x1
AV md” o T (sx 107y x 2 x10'!
4
=03 mm

LC of vernier = Q - %@mm =0.lmm

So, 3rd division of vernier scale will coincide with main

scale.
18. Y:M,AZZZSXIO"SOm
ﬂ
/
Y:EBL
A Al
-5
gx = 10 x 100 = 4%
Y 25 x 5



19.

20.

21.

22.

1 MSD = 1 mm
9 MSD =10 VSD

[0 Least count,

LCZIMSD—IVSDZlmm—gmm:—lmm
10 10

Measure reading of edge = MSR + VSR (LC)

:10+1><—1 =101 mm
10

Volume of cube, ¥ = (101)* em® = 1.03 cm?®

[After rounding off upto 3 significant digits, as edge length
is measured upto 3 significant digits]

2736

0 Density of cube = 103 =2.6563 g/em®

= 2.66 g/em®
(After rounding off to 3 significant digits)

Least count of screw gauge = 11% =0.01 mm

Diameter of wire = (1 + 47 x 0.01)mm =147 mm

Curved surface area (in cm?) = (211) %@(L)

or S =1L =(1) (147 x107") (5.6) cm?
=2.5848 cm?
Rounding off to two significant digits
S =2.6cm?

Young’s modulus of elasticity is given by
y = stress _ F/A _FL _ FL

Substituting the values, we get
_ 50x 11 x4
(1.25x 1073 ) x T % (5.0 x 107*)?

=224 x 10" N/m?

Now, — = — +— +2—
Y L l d
_go1 Q .OOIQ .001@
= %7 + g% +2 é';
10 1125 0.05
=0.0489

AY = (0.0489)Y = (0.0489) x (2.24 x 10" ) N/m?
=1.09 x 10" N/m?
(N + 1)divisions on the vernier scale

= N divisions on main scale

[0 1 division on vernier scale

N . .
= divisions on main scale
N +1

Each division on the main scale is of a units.
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0 1 division on vernier scale = oy Da units = a '(say)
v+ 1 Y

Least count = 1 main scale division—1vernier scale division
0 a

_ _ ,_ _ON _
B Va1 e v

Topic4 Miscellaneous Problems
ATR®

1. m=

p

On taking log both sides, we have
In(m) = ln%§+ In(p)+3In(R)

On differentiating with respect to time,

0:0+1@+2d£
pdt R dt
T Ha R
dt p Ldt
dar _
dt
O v:—leg}pQ
p Ldt
a vOR
2. S=P+hR =P +h(Q —-P) =P(1 -b) +hQ
3. rzl_a
l+a
In r=In(1-a)-In(l +a)

Differentiating, we get
dr_ _ da _ da
r l-a 1+a

or, we can write
Ar _ OAa Aa U

P S

Ar _ -2Ma
roo1-a°
B U 2Aa -2Aa

or Ar=

4. N=Ngpe™

InN =InN, — At
Differentiating w.r.t A , we get

dN
— =0
N d\
O =N -0 o
Nt 2000 1

5. N =Number of electrons per unit volume
N [N]=[L7} [e] =[q] =[It] = [AT]

[£,] =ML T A?]
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Substituting the dimensions, we can see that
O N 20

€ = [T

me E

(A)p:

Angular frequency has also the dimension [T™'].

2T
W=21 = —
v A
0 Az 2e o 2
Y Ne?
me,

Substituting the values, we get A = 600 nm.

Momentum is first positive but decreasing. Displacement (or
say position) is initially zero. It will first increase. At highest
point, momentum is zero and displacement is maximum.
After that momentum is downwards (negative) and increasing
but displacement is decreasing. Only (d) option satisfies these
conditions.

E:%mwAzm E 042,

g:ﬁj—zﬁZZ%gor E, =4E,

1
In all the given four figures, at mean position, the position
coordinate is zero. At the same time, mass is starting from the
extreme position in all four cases. In Fig. (¢) and (d), extreme
position is more than the initial extreme position. But due to
viscosity position should be the less.

Hence, the answer should be either option (a) or option (b).

Correct answer is (b), because mass starts from positive
extreme position (from uppermost position). Then, it will
move downwards or momentum should be negative.

10. (t) A time varying magnetic field will produce a non-

11. (p)

conservative electric field. Due to this electric field, a
current starts flowing in the resistive loop and heat is
produced.

Constant velocity means, net acceleration
or net force = 0.

0 Net force exerted by X and Y = Mg in upward

direction (opposite to its weight Mg). Since Y is moving
with constant velocity, some friction is there between
X and Y.

Therefore, some work is done against friction and
mechanical energy of (X +VY) is continuously
decreasing.

(s) Potential energy of Y is decreasing but same volume of

X rises up. Hence, potential energy of X is increasing.
Some part of mechanical energy of X + Y is lost in the
form of heat in doing work against viscous forces. Net
force on Y in this case is downwards before Y attains its
terminal velocity.

(t) After attaining the terminal velocity, net force on Y

becomes zero. Hence, force on Y from X is Mg,
upwards. Rest of the logics are same as discussed in

part (s).

Download More Books: www.crackjee.xyz



Kinematics

Topic 1 Basic Definitions

Objective Questions I (Only one correct option)

1.

Topic2 One Dimensional Motion

In 1.0s, a particle goes from point A to point B, moving in a
semicircle (see figure). The magnitude of the average
velocity is (1999, 2M)

A

(a) 3.14 m/s
(¢) 1.0 m/s

(b) 2.0 m/s
(d) zero

Objective Questions I (Only one correct option)

1 A particle is moving with speed v = INE along positive
X-axis. Calculate the speed of the particle at time ¢ =1
(assume that the particle is at origin at ¢ = 0).

(2019 Main, 12 April 1I)

© b1 @ %

bt bt
(a) T (b) 7

2 Aballis thrown upward with an initial velocity v, from the

surface of the earth. The motion of the ball is affected by a
drag force equal to myv* (where, m is mass of the ball, v is
its instantaneous velocity and Y is a constant). Time taken
by the ball to rise to its Zenith is (2019 Main, 10 April 1)

(@) \/17 n’! %‘/VVOE

(c)smlafvo (d)ln|:1+\fv0

3 The bob of a simple pendulum has mass 2g and a charge of
5.0 uC. It is at rest in a uniform horizontal electric field of
intensity 2000 V/m. At equilibrium, the angle that the

pendulum makes with the vertical is (take g = 10m/s?)
(2019 Main, 08 April I)

(a) tan "' (2.0) (b) tan ' (02)(c) tan "' (5.0)(d) tan"'(0.5)

0
fan! 02 EI (b) ——

2. A particle is moving Eastwards with a velocity of 5 m/s. In

10 s, the velocity changes to 5 m/s Northwards. The average
acceleration in this time is (1982, 3M)
(a) zero

(b) 1 m/s? towards North-Eeast

V2

() 1 m/s” towards North-West

V2

(d) % m/s? towards North

Fill in the Blank
3. A particle moves in a circle of radius R. In half, the period of
revolution its displacement is ...... and distance covered is
.......... (1983, 2M)

4 A particle moves from the point (2.0i +4.0j )mat¢ = Owith

an initial velocity (5.0i + 4.03) ms~ . It is acted upon by a
constant force which produces a constant acceleration
(4.0i + 4.03) ms™ 2. What is the distance of the particle from
the origin at time 2 s? (2019 Main, 11 Jan 1)
(@) 5m (b) 20v2 m

(©) 100/2 m ) 15m

. Ina car race on a straight path, car 4 takes a time ¢ less than

car B at the finish and passes finishing point with a speed ‘v’
more than that of car B. Both the cars start from rest and travel
with constant acceleration g; and a, respectively. Then ‘v’ is

equal to (2019 Main, 09 Jan 1)
(a) 2492, (b) 2aya, ¢

a, ta,
© aya, 1 @)L T%y

. From a tower of height H, a particle is thrown vertically

upwards with a speed u. The time taken by the particle to hit
the ground, is n times that taken by it to reach the highest

point of its path. The relation between H, u and n is
(2014 Main)

(b) gH = (n = 2w’
d) gH = (n = 2)*u*

(a) 2gH = n*u?
(c) 2gH = nu*(n - 2)
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7. A small block slides without friction down an inclined plane

starting from rest. Let s, be the distance travelled from

t =n —1tot = n. Then, S is (2004, 2M)
K
2n —1 n+l 2n + 1
a b
(@ 2n ()Zn—l
2n -1 2n
C d
()2n+l ()2n+l

Objective Questions IT (One or more correct option)

8. The position vector r of particle of mass m is given by the

following equation (2016 Adv.)

r(n)=a’’i+prj  where, G:L?)Oms_3, B=5ms™ and

m=0.1 kg. At r=1s, which of the following statement(s) is

(are) true about the particle?

(a) The velocity vis given by v= (10i +10j)ms ™"

(b) The angular momentum L with respect to the origin is
given by L = (5/3)k Nms

(¢) The force Fis given by F = (i +2j)N

(d) The torque T with respect to the origin is given by

T:—?RNm

Integer Answer Type Questions

9. A rocket is moving in a gravity free space with a

constant acceleration of 2ms™ along +x direction (see

Topic 3 Relative Motion

Objective Questions I (Only one correct option)

1.

The stream of a river is flowing with a speed of 2 km/h. A
swimmer can swim at a speed of 4 km/h. What should be the
direction of the swimmer with respect to the flow of the river
to cross the river straight ? (2019 Main, 9 April 1)

(a) 60° (b) 120°
(c) 90° (d) 150°
Ship A4 is sailing towards north-east with velocity

v =301 + 503 km/h, where ipoints east and jnorth. Ship B is
at a distance of 80 km east and 150 km north of Ship 4 and is
sailing towards west at 10 km/h. 4 will be at minimum
distance from B in (2019 Main, 8 April 1)
(a) 42h (b) 2.6h
(¢) 32h (d) 2.2h

A person standing on an open ground hears the sound of a jet
aeroplane, coming from north at an angle 60° with ground
level. But he finds the aeroplane right vertically above his

position. If vis the speed of sound, then speed of the plane is
(2019 Main, 12 Jan 1)
V3 2v

3 Y
(@) - (®) v © g} (d) 5

figure). The length of a chamber inside the rocket is 4 m.
A ball is thrown from the left end of the chamber in +x
direction with a speed of 0.3 ms™' relative to the rocket.
At the same time, another ball is thrown in —x direction
with a speed of 0.2 ms™' from its right end relative to the
rocket. The time in seconds when the two balls hit each.

(2014 Adv.)
a=2m/s?
X
0.3 ms™! 0.2ms™!
> 9

4m

Analytical & Descriptive Questions

10.

A particle of mass 10 kg is moving along the positive
X-axis under the influence of a force F(x) = —k/ 2x* where
k=107 Nm?. Attime ¢ = 0, it is atx = 1.0 mand its velocity
v=0. (1998, 8M)
(a) Find its velocity when it reaches x = 0.5 m. (b) Find the
time at which it reaches x = 0.25 m.

True/False

11.

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, 2M)

A passenger train of length 60 m travels at a speed of

80 km/hr. Another freight train of length 120 m travels at a
speed of 30 km/hr. The ratio of times taken by the passenger
train to completely cross the freight train when : (i) they are
moving in the same direction and (ii) in the opposite
direction is (2019 Main, 12 Jan I)

3 25
(@) 5 (b) ﬁ

11 5
c)— d)=
(©) s (d) 5
A boat which has a speed of 5 km/h in still water crosses a
river of width 1 km along the shortest possible path in
15 min. The velocity of the river water in km/h is

(1988, 2M)
(a)1 ()3
(c)4 (d) V41
A river is flowing from West to East at a speed of 5 m/min. A

man on the South bank of the river, capable of swimming at
10 m/min in still water, wants to swim across the river in the

shortest time. He should swim in a direction (1983, 1M)
(a) due North (b) 30° East of North
(c) 30° West of North (d) 60° East of North



Assertion and Reason

Mark your answer as

(a) If Statement I is true, Statement II is true, Statement Il is
the correct explanation for Statement [

(b) If Statement I is true, Statement II is true; Statement I is
not a correct explanation for Statement 1

(¢) If Statement I is true; Statement I1 is false

(d) If Statement 1 is false; Statement II is true

7. Statement I For an observer looking out through the
window of a fast moving train, the nearby objects appear to
move in the opposite direction to the train, while the distant
objects appear to be stationary.

Statement II If the observer and the object are moving at
velocities v, and v,, respectively with reference to a
laboratory frame, the velocity of the object with respect to
the observer is v, — v;. (2008, 3M)

Integer Answer Type Questions

8. Airplanes 4 and B are flying with constant velocity in the
same vertical plane at angles 30° and 60° with respect to the
horizontal respectively as shown in figure. The speed of 4 is
1003 ms™. At time 7 = 0 s, an observer in 4 finds B at a
distance of 500 m. This observer sees B moving with a
constant velocity perpendicular to the line of motion of 4. If
att = t,, A just escapes being hit by B, ¢, in seconds is

(2014 Adv.)

Topic4 Graphs
Objective Questions I (Only one correct option)

1. A particle starts from origin O from rest and moves with a
uniform acceleration along the positive X-axis. Identify all
figures that correctly represent the motion qualitatively.

(a = acceleration, v = velocity,

x = displacement, ¢ = time) (2019 Main, 8 April 1)

(A) a (B)
) t @) t
©) x (D) x
o) t o) t
(@) (A) (®) (A), (B), (O)
(©) (B), (O (d) (A), (B), (D)

2. A particle starts from the origin at time ¢ = 0 and moves
along the positive X-axis. The graph of velocity with
respect to time is shown in figure. What is the position of the
particle at time ¢ = 5s ? (2019 Main, 10 Jan 11)

Kinematics 23

_Y30° {60°

Analytical & Descriptive Questions

9. On a frictionless horizontal surface, assumed to be the x-y
plane, a small trolley 4 is moving along a straight line
parallel to the y-axis (see figure) with a constant velocity of
(\B —1)m/s. At a particular instant when the line O4 makes
an angle of 45° with the x-axis, a ball is thrown along the
surface from the origin O. Its velocity makes an angle @with
the x-axis and it hits the trolley. (2002, 5M)
(a) The motion of the ball is observed from the frame of the

trolley. Calculate the angle @ made by the velocity vector
of the ball with the x-axis in this frame.

y
A

A 45°
\

X
o]

(b) Find the speed of the ball with respect to the surface, if
( =46/3

3
=3
L <

SO = N W s

12 3 4 56 7 8 9 10
(a) 6m
(b)3m
(c)10m
(d)9m
3. All the graphs below are intended to represent the same
motion. One of them does it incorrectly. Pick

it up. (2018 Main)
Velocity Velocity

(a) Time (b) Position
Distance Position

(© Time (d) Time
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4. A body is thrown vertically upwards. Which one of the

following graphs correctly represent the velocity vs time?
(2017 Main)

7. A particle starts from rest. Its acceleration (a) versus time ()
is as shown in the figure. The maximum speed of the particle

<—>

1 1 ©)
(@) % (b) —
t—>

will be (2004, 2M)
(© (d) a
/" \ 10 m/s?
—
5. Two stones are thrown up simultaneously from the edge of a 11 {(s)
cliff 240 m high with initial speed of 10 m/s and 40 m/s, () 110 m/s  (b) 55 m/s (©)550m/s  (d) 660 m/s
respectively. Which of the following graph best represents A ball is d d v £ I N
the time variation of relative position of the second stone : all 1s dropped vertically from a height ¢ above the
with respect to the first? (Assume stones do not rebound ground. It hits the ground and bounces up vertically to a
after hitting the ground and neglect air resistance, take helght d/ 2 Nfrlgl§ctlng quseqqe;:th m;)ltlon and a;:r
— 10m/sz) . resistance, its velocity v varies with height # above the
& (2015 Main) ground as (2000, 2M)
v v
d
(@) "o
h
v % d
© d h (d) d h
12 ﬂ
6. The given graph shows the variation of velocity with
displacement. Which one of the graph given below correctly
represents the variation of acceleration with displacement? . . . .
P P 2005, 2vy  Objective Question IT (One or more correct option)
v\é 9. 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 =1 at the point x = 1. No other information is available
about its motion at intermediate times (0 <7 <1). [fa denotes
S X the instantaneous acceleration of the particle, then
0 (1993, 2M)
a (a) o cannot remain positive for all ¢ in the interval 0< 7 < 1
@ (b) |a| cannot exceed 2 at any point in its path
. (c) |o| must be= 4 at some point or points in its path
() ) (d) a must change sign during the motion, but no other
X assertion can be made with the information given
(1984, 2M)
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Topic5 Projectile Motion

6. The position of a particle as a function of time ¢, is given by
Objective Questions I (Only one correct option) X(t)= at +bt* —ct’

1. Two particles are projected from the same point with the

where a, b and c are constants. When the particle attains zero
same speed u such that they have the same range R, but

acceleration, then its velocity will be (2019 Main, 09 April 11)

different maximum heights 4, and #4,. Which of the »? »?
following is correct? (12 April 2019 Shift 11) (@) a+ % (b) a+ e
(a) R* = 4hh, (b) R* = 161 h, bf b§
(c) R* = 2mh, (d)R* = Iyh, (©) a+= (d) a+—
2. A shell is fired from a fixed artillery gun with an initial 7. A body is projected at ¢ = 0 with a velocity 10 ms™" at an

speed u such that it hits the target on the ground at a distance
R from it. If ¢, and ¢, are the values of the time taken by it to
hit the target in two possible ways, the product ¢z, is

angle of 60° with the horizontal. The radius of curvature of
its trajectory at ¢ = 1 s is R. Neglecting air resistance and

(2019 Main, 12 April 1) taking acceleration due to gravity g = 10ms ™, the value of
R R 2R Ris (2019 Main, 11 Jan I)
@ 4 ® > © % @~ @ 103m (b)) 28m (¢ 5.0m  (d) 25m

8. Two guns 4 and B can fire bullets at speeds 1 km/s and
2 km/s, respectively. From a point on a horizontal ground,
they are fired in all possible directions. The ratio of

3. The trajectory of a projectile near the surface of the earth is
given as y = 2x — 9x°.

If it were launched at an angle 6, with speed v, then maximum areas covered by the bullets on the ground fired
(Take,g = 10ms ™) (2019 Main, 12 April 1) by the two guns is (Main 2019, 10 Jan 1)
. 4010 5 4 (a) 1:4 (b) 1:16 () 1:8 (d 1:2
(a) B, =sin Eandvozfms T I . : s
E\/? 3 9. A projectile is given an initial velocity of (i +2j) m/s,
(b) 8, = cos™ %%an dv, = 3 sl wh_ere, i iszalong the groun.d and J is al.ong the? vertical. If
5 5 g =10 m/s”, then the equation of its trajectory is
010 5 (2013 Main)
(c) 6, =cos %\E%and Yo = 3 ms (a) y=x— 5 (b) y=2x - 5¢
020 3 (c) 4y =2x - 5x° (d) 4y=2x-25
(d) 6, =sin %\/—g%and vy = gms
o , Fill in the Blank
4. A plane is inclined at an angle a = 30° with respect to the . o . .
| 10. The trajectory of a projectile in a vertical plane is

horizontal. A particle is projected with a speed # = 2 ms™ ', = ax — by*, where a, b are constants, and x and y are

from the base of the plane, making an angle 8 = 15° with
respect to the plane as shown in the figure. The distance
from the base, at which the particle hits the plane is close to

respectively, the horizontal and vertical distances of the
projectile from the point of projection. The maximum height

-, attained is ......... and the angle of projection from the
[Take, g =10ms™ “] (2019 Main, 10 April I) horizontal is ......... ) (1997C, 1M)
True/False

11. A projectile fired from the ground follows a parabolic path.
The speed of the projectile is minimum at the top of its
path. (1984, 2M)

@ 26cm (b)) 0em (@) 18em (&) l4em Integer Answer Type Questions

5. The position vector of particle changes with time according 12. A train 1S moving along a .stra?ght line .W]th a constant
acceleration a. A boy standing in the train throws a ball

to the relation r(z)=15/21+ (4 —20r%)j. What is the forward with a speed of 10 m/s, at an angle of 60° to the
magnitude of the acceleration (in ms™2) at 7 = 1? horizontal. The boy has to move forward by 1.15 m inside

(2019 Main, 9 April 11) the train to catch the ball back at the initial height. The
(a) 50 (b) 100 (c) 25 (d) 40 acceleration of the train, in m/s2, is. (2011)
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13.

14.

15.

16.

An object A4 is kept fixed
at the point x =3 m and A
y=L25mon aplank P o | P
raised above the ground. :

At time ¢ = 0, the plank !
starts moving along the i
+x-direction with an ‘
acceleration 1.5 m/s?. At ol 3.0m
the same instant, a stone is

projected from the origin with a velocity u as shown.
A stationary person on the ground observes the stone hitting
the object during its downward motion at an angle of 45° to
the horizontal. All the motions are in x-y plane. Find u and
the time after which the stone hits the object.
(Take g = 10m/s?). (2000, 10M)

A large heavy box is sliding

without friction down a smooth

plane of inclination 6. From a point b Q

P on the bottom of the box, a

particle is projected inside the box.

The initial speed of the particle with respect to the box is u

and the direction of projection makes an angle o with the

bottom as shown in the figure.

(a) Find the distance along the bottom of the box between
the point of projection P and the point Q where the
particle lands (Assume that the particle does not hit any
other surface of the box. Neglect air resistance.)

(b) If the horizontal displacement of the particle as seen by
an observer on the ground is zero, find the speed of the
box with respect to the ground at the instant when the
particle was projected. (1998, 8M)

6

A cart is moving along x-direction with a velocity of 4 m/s. A

person on the cart throws a stone with a velocity of 6 m/s

relative to himself. In the frame of reference of the cart, the

stone is thrown in y-z plane making an angle of 30° with
vertical z-axis. At the highest point of its trajectory, the stone

hits an object of equal mass hung vertically from branch of a

tree by means of a string of length L.

A completely inelastic collision occurs, in which the stone

gets embedded in the object. Determine (g = 9.8 m/s?)

(1997, 5M)

(a) the speed of the combined mass immediately after the
collision with respect to an observer on the ground.

(b) the length L of the string such that tension in the string
becomes zero when the string becomes horizontal during
the subsequent motion of the combined mass.

Two guns situated on the top of a hill of height 10 m fire one

shot each with the same speed 543 m/s at some interval of

time. One gun fires horizontally and other fires upwards at
an angle of 60° with the horizontal. The shots collide in air at
point P (g =10 m/sz). Find (1996, 5M)

17.

18.

19.

(a) the time interval between the firings and

(b) the coordinates of the point P. Take origin of the
coordinate system at the foot of the hill right below the
muzzle and trajectories in x-y plane.

Two towers AB and CD are situated a distance d apart as
shown in figure. AB is 20 m high and CD is 30 m high from
the ground. An object of mass mis thrown from the top of AB
horizontally with a velocity of 10 m/s towards CD.

Simultaneously, another object of mass 2 m is thrown from
the top of CD at an angle of 60° to the horizontal towards 4B
with the same magnitude of initial velocity as that of the first
object. The two objects move in the same vertical plane,

collide in mid-air and stick to each other. (1994, 6M)
_2m
60°
JYSLLN
o]
B D

(a) Calculate the distance d between the towers.
(b) Find the position where the objects hit the ground.

A body falling freely from a given height A hits an inclined
plane in its path at a height /. As a result of this impact the
direction of the velocity of the body becomes horizontal.
For what value of (4 / H ), the body will take maximum time
to reach the ground? (1986, 6M)

Particles P and Q of mass 20 g and 40 g respectively are
simultaneously projected from points 4 and B on the ground.
The initial velocities of P and O 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
AB is 245 m.

450 135
A B

Both particles travel in the same vertical plane and undergo a
collision. After the collision, P retraces its path. (a) Determine
the position Q where it hits the ground. (b) How much time
after the collision does the particle Q take to reach the ground?
(Take g = 9.8 m/s?). (1982, 8M



Topic 6 Miscellaneous Problems

Objective Questions I (Only one correct option)

1.

Let |A;|=3, |A,|=5 and |A; + A,|=5. The value of
(2A, +3A,)(3A, —2A,)is (2019 Main, 08 April 1)
(a) —106.5 (b) —112.5
(c) =995 (d) -118.5

. Two vectors A and B have equal magnitudes. The

magnitude of (A+ B) is ‘n’ times the magnitude of
(A - B). The angle between A and B is

(2019 Main, 10 Jan II)
(a) sin”! %E
[h

(b) sin”! H”—_IE

2 +10 Ch + 10

2 _ O - 10

(c) cos™! EZLID (d) cos™ %7—1D
h” + 10 Lh + 10

In the cube of side ‘a’ shown in the figure, the vector from
the central point of the face ABOD to the central point of the

face BEFO will be (2019 Main, 10 Jan 1)
z
4 .
A ; a
G r/}//» H
0 F
Ptk Sl y
a

X D/ a

(@) %a(i -~ (b) %a(ﬁ -
1 A._ -~ l &~ _¢

© SaG-k) @ Jatk-1)

In three dimensional system, the position coordinates of a
particle (in motion) are given below

X = acoswt

y = asinwt

z=awx
The velocity of particle will be (2019 Main, 09 Jan 11)
() V2 aw (b) 2 aw
(¢) aw (d) V3 aw

A particle is moving with a velocity v = k( yi +Xj ), where k&
is a constant.

The general equation for its path is
(a) y= x* + constant

(2019 Main, 9 Jan I)

(b) »* = x + constant

(c) xy = constant
(d) y2 =x? + constant
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6. A particle P is sliding down a frictionless hemispherical

bowl. It passes the point 4 at# = 0. At this instant of time, the
horizontal component of its velocity is v. A bead Q of the
same mass as P is ejected from 4 at# = Oalong the horizontal
string 4B, with the speed v. Friction between the bead and
the string may be neglected. Let 7, and 7, be the respective

times taken by P and Q to reach the point B. (1993, 2M)
Then
L9 I
P
C

@ 1p <ty
®) tp =1y
(©tp>1g
(d) tp _ lengthofarcACB

o length of chord 4B

. In the arrangement shown in the figure, the ends P and Q of

an unstretchable string move downwards with uniform
speedU. Pulleys 4 and B are fixed. Mass M moves upwards
with a speed (1982, 3M)

(a) 2Ucos O (b) v
cos 0
() cige (d) Ucos 6

Objective Questions II (One or more correct option)

8. The coordinates of a particle moving in a plane are given by

x(t)=acos (pt)and y(¢)= bsin ( pt)where a,b (< a)and
p are positive constants of appropriate dimensions. Then,
(1999, 3M)

(a) the path of the particle is an ellipse

(b) the velocity and acceleration of the particle are normal to
each otherat¢ = 1/2p

(c) the acceleration of the particle is always directed towards
a focus

(d) the distance travelled by the particle in time interval =0
tot=Tl/2pisa
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Numerical Value

9. Two vectors A and B are defined as A =4l and
B = a (coswl +sin u¥j), where a is a constant and w = T1/6

rads . If|A +B|= \/§|A —B |at time ¢ = T for the first time,
the value of T, in seconds, is ............. .

10. A particle of mass 10 kg and charge 1.0 C is initially at rest.
At time ¢ = 0, the particle comes under the influence of an
electric field E (7) = E,sin wx 1, where £, = LONC™" and

w =10’ rad s”'. Consider the effect of only the electrical

force on the particle. Then, the maximum speed in m s7h

attained by the particle at subsequent times is .......... .

Fill in the Blanks

11. Spotlight S rotates in a horizontal plane
with constant angular velocity of 0.1 3m
rad/s. The spot of light P moves along
the wall at a distance of 3 m. The 5
velocity of the spot P when 0 =45°
(see fig.)is...... m/s. (1987, 2M)

12. Four persons K, L, M , N are initially at the four corners of a
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 at a time

(1984, 2M)

Answers
Topic 1 Topic 5
1. (b) 2. () 3.2R, TR 1. (b) 2. (d) 3. (c) 4. (b)
. 5. (a) 6. (c) 7. (b) 8. (b)
Topic 2 9. (b) 10. &*/4b, tan"" (a) 11.T
1. (b) 2. (b) 3. (d) 4. (b) s R .
5. (0) 12. 5 ms 13.u = (3751 + 6.25j)m/s, 1 s
2 .
6. (c) 7. (c) 8. (a, d) 9.2 or8) 14, (a) 150 20 ucos @ +8) 4own the plane)
10. (a) v=—1m/s, (b) ¢ =1.48s 11. T goos® cos ©
15.(a)2.5m/s (b) 0.32 m 16.(a)1s (b) (5\/§m, Sm)
Topic 3 17. (a) Approximately 17.32 m (b) 11.55 m from B 18. 1
1. (b) 2. (b) 3. (d) 4. (c) 2
5. (b) 6. (a) 7. (b) 8.(5) 19. Just midway between 4 and B, 3.53 s
9. (a) 45° (b) 2 m/s Topic 6
Topic 4 1. (d) 2. (c) 3. (b) 4. (a)
1. (d) 2. (d) 3.(c) 4. (b) 5.(d) 6. (a) 7. (b) 8.(a, b, 0)
5. (b) 6. (a) 7. (b) 8. (a) 9.(2.0) 10. (2) 11.0.6 12.d/v
9. (c)

Hints & Solutions

Topic 1 Basic Definitions

1. |Average velocity]| :EM: AB _ %

0 time

time

2. N
w E
S
Av _ vV, —Y
a —_———

Av= 5\/5 m/s in North-West direction.

a, = 5—\5 -1 m/s* (in North-West direction)
10 2
3. Displacement = AC =2R
B
A c

Distance = ABC =TIR



Topic2 One Dimensional Motion
1. Given, speed,
v=bx

Now, differentiating it with respect to time, we get

by
dt dt

Now, acceleration

0 o= b Odv_ O
nx dt Ha H
b b b?
0 a=——O=——[bJx="
2x o 2 2

As acceleration is constant, we use
v=u+at ...(1)
Now, it is given that x = Qat ¢ = 0.
So, initial speed of particle is
:O:bXO:O

u=

Hence, when time ¢ = T, speed of the particle using Eq. (i) is
2 2
v—u+at—0+b—|]—b—ﬁ
2 2
2. Given, drag force, F = my? .. (@)
As we know, general equation of force
=ma ... (i)
Comparing Egs. (i) and (ii), we get
a=yv
[ Netretardation of the ball when thrown vertically upward is
2 dv
= - + =
et (g v ) dt
g %:—dt ... (iii)
(g+y)
By integrating both sides of Eq. (iii) in known limits, i.e.
When the ball thrown upward with velocity v, and then

reaches to its zenith, i.e. for maximum height at time
t=t,v=0

0 0 dv

IVO(VV2+g):I°_

1 .0 1 t
—J'V 7de: —J'Odt
y Og/gg+vzm

yO B
7!

1 D v
| Di @a
y g/v%

g' ! dx:ltan_1 Tias
0 Ixz + a2 a %%

Kinematics 29

For equilibrium,

TcosO =mg ...(1)
and TsinB = gFE ...(>10)
Dividing Eq. (ii) by Eq. (i), we get

tan® = —

mg

Here, ¢=5uC=5x10"°C, E=2000V/m,
m=2g=2x10" kg, g =10 ms™>
—6
0 tang =10 x2000 _:2000:1:0.5
2x107° x10 2

So, the angle made by the string of the pendulum with the
vertical is

8 =tan"' (0.5)

. Given, initial position of particle

r, = (21 +4j)m,
Initial velocity of particle, u = (51 +4j)m /s
Aceleration of particle, a = (41 + Sj)m /s
According to second equation of motion,

position of particle at time ¢ is, T =1, +ur + %al2

At t = 2s,position of particle is,
r=(21+4))+(51+4))x2 +%(4i +47) x4

or  r=(2+10+8)i +(4 +8 +8)j

O r=20i+20j

U Distance of particle from origin is,

Ir|=20v2m
. Let car B takes time (¢, + f) and car 4 takes time ¢, to finish
the race.
K X o
l l
[ \
u=0 Va=ay.ly
vg=ap(to+)
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Then,

Given, v,y —vg =v=(q

15
=—ayt
2 10

or Vay 1 =1Jay (g +1)

or Jarty =Jayty +Jayt

or (\/Z—r)toz a, t

or ty = \/71 ...(10)

o =ay)

Substituting the value of to from Eq. (ii) into Eq. (1), we get
v=(a, —a, \/7 \/7 - a,t

- oy ~a) ay +ay) B2l gy

Way = az)
or  v=(Ja ++Jay)Qa, t —ayt
=m5+a2t—a2t
or v:mt

. Time taken to reach the maximum height, 7, = £

—a, )ty —a,t ...()

1
Sp =Sy :5‘12(10 +1)

t,Ju

H ll‘
2

If ¢, is the time taken to hit the ground, then

ie. -H =ut, —lgtz2
2
But t, = nu, [Given]
2.2
So, —H:uﬂ—lgng
g 2 g
Lyt 1w
g 2 g
O 2gH = nu®(n = 2)

. . . 1
. Distance travelled in n™ second is,s, =u+an — 5 a

Given, u =0
1
an Ea Con-1

2n +1

O =

Sp+1

1
a(n+l)——a
(n+1) 5
0 Correct option is (c).

=ar’i +pt’j
ﬂ—wt i+2B4j
dt

d*r 2 N
a="1 =6ari+2Bj
dr*

10.

Att =1s,

(a) v= 3><L30 x1i +2 x5 x1j = (10i +10j)m/s

(b)L=rxp= @%OXIf +5 Xl]@x 0.1(10i +10j)
= %—gf(gl\l-ms

(c)F = ma = m x % x%o x1i +2 xsfi%: Qi+jN

(d)T1=rxF= %’hsj@wzﬁb

= +—k +10(—k) = gﬂk@\l-m

A B
~—> —e
0.3 m/s 0.2m/s

K 4m >

Motion of ball 4 relative to rocket.
Consider motion of two balls with respect to rocket.
Maximum distance of ball 4 from left wall

_u’ _03%x0.3_0.09

2a 2x2

So, collision of two balls will take place very near to left
wall.

=0.02m  (as0=u’ - 24aS)

«——2m/s?
«—20 «—>+ ve
02m/s Ve

Motion of ball B relative to rocket

1, oo,
ForB S=w+ia® 0 -4=-02¢-H0x
> 5

Solving this equation, we get,

t=19s
[l Nearest Integer = 2s
Alternate

S, =O.2t+%><2><t2 0 S2=0.3t—%x2><t2

S, +S,=4 0O 05r=4

a t=8s
(a) F(x)=—, kand x> both are positive. Hence, F(x) is
always negatlve.
\ B F(x) A
[ % ®
x=0 x=05m x=10m
v =V Att=0
v=20

Applying work-energy theorem between points 4 and B.



Change in kinetic energy between 4 and B = work done by
the force between 4 and B

2 x=0.5m 0.5 -k O

1
O 5 my :Ile.o . F (dx) :J']'O E?E(dx)

2 Juo 2 200,
_kOo1 10k
RHEs " 100 2
0 v=% E
m

-2 2
Substituting the values, v = * w =+lm/s
10 "kg

Therefore, velocity of particle at x = 1.0 m is
v=-10m/s
Negative sign indicates that velocity is in negative
x-direction.
(b) Applying work-energy theorem between any
intermediate value x = x, we get
s ox —kdy kOO _ kO
St = = =
2 I 1022 2 2

.0

ka0
0 vV==G-1
=
o v= LI ik
X X
k _ 107 ANm’
m 107 kg
but V__Eklxl]: 1-x
=i R
0 Ld =—(d
|y

Solving this, we get ¢ = 1.48 s.

11. Acceleration due to gravity is independent of the mass of the
body.

Topic 3 Relative Motion
1. Let the velocity of the swimmer is v, = 4 km/h and velocity
of river is v, = 2km/h

Also, angle of swimmer with the flow of the river (down
stream) is 0 as shown in the figure below

~ L —
v 0=90°+0 ! A
™ vy :

Vsr 0|Vs
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From diagram, angle 0 is
. v, _2km/h _1
sinf=—-—-="—"—""— =—
4km/h 2

v
Clearly, o =90°+30°=120°

30

sr

. Considering the initial position of ship 4

as origin, so the velocity and position of ship will be

v, =(30i+50j)and r, = (0i +0j)
Now, as given in the question, velocity and R R
position of ship Bwill be, vy = —10i andry = (80i +150j)

Hence, the given situation can be represented graphically as

. (80,150)

vg=-10i
y ,
7/
A%soﬁ 507
7/
X
(0,0)

After time ¢, coordinates of ships 4 and B are
(80-10¢,150) and (30¢, 50¢ ).
So, distance between 4 and B after time 7 is

d :\/(xz X4 )2 +(y, = )2
d =+/(80-10t =30r 2 +(150 —50¢
O d? = (80—-40¢)* +(150 —50¢ )’

Distance is minimum when di (d*)=0
t

After differentiating, we get

0 di[(80—40t)2+(150—50t)2] =0
t

0 2(80 - 401 )(=40) +2(150 =507 ) (-50) =0

0 - 3208 1600+ 7508 2500 0

. 10700 _y o

41007 = 107000 ¢ =
4100

. Let P, be the position of plane at # = 0,

when sound waves started towards person
A and P, is the position of plane observed at time instant ¢ as
shown in the figure below.
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In triangle P, P, 4,
P P, = speed of plane X time = vp X ¢
P A = speed of sound x time = v X ¢
Now, from AP, P, 4

_ base
cosf= —————
hypotenues
PP x 1
cos60°= 112 = P
P4 vxt
T_ove
2 v
v
VP - 5

4. When trains are moving in same direction relative speed
= ‘vl - vz‘ and in opposite direction relative speed
=i+ vy
Hence, ratio of time when trains move in same direction with
time when trains move in opposite direction is

Jh+h H
h Bl e,
n o Up+pE Vi = v
ﬂvl + VZ‘E
where, /| + [, =sum of lengths of trains

which is same as distance covered by trains to cross each
other

So,

4 _80+30 _110 _11

t, 80-30 50 5

5. Shortest possible path comes when absolute velocity of
boatman comes perpendicular to river current as shown in

figure.
vf
v, vV, — River
current
wW w
(= — =
o Vi =V}
1
a

1_
4 25—
Solving this equation, we get v, = 3 km/h

6. To cross the river in shortest time, one has to swim
perpendicular to the river current.

Statement II, is the formula of relative velocity. But it does
not explain Statement I correctly. The correct explanation of
statement I is due to visual perception of motion. The object
appears to be moving faster, when its angular velocity is
greater w.r.t. observer.

8. Relative velocity of B with respect to 4 is perpendicular to
line PA. Therefore, along line PA, velocity components of 4
and B should be same.

va =100/3m/s

vg cos 30°

v, =100~/3 = v, cos 30°
vy = 200m/s
500 500

In =

- = =35s
vg sin 30° 200 x1/2

9. (a) Let A4 stands for trolley and B for ball.
Relative velocity of B with respect to 4 (VBA ) should be
along OA for the ball to hit the trolley. Hence, Vo, will make
an angle of 45° with positive X-axis.

0 =45°
(b) Let v = absolute velocity of ball.
(0] _46 _4 (45°)=60° - with X-axis
3 3
a VB:(vcose)f+(vsin e)j
RIPRELY
2 2
v, =(3-1j
A 0.
O v :3i+8@—\@ +10j
BA 2 0 2 0

Since, v is at 45°
BA

T

3+1
2 2

or v=2m/s

O

Topic4 Graphs

1. Since, the particle starts from rest, this means, initial
velocity, u = 0
Also, it moves with uniform acceleration along positive
X -axis. This means, its acceleration (a ) is constant.
U Given, a - t graph in (A) is correct.
As we know, for velocity-time graph, slope = acceleration.



Since, the given v-f graph in (B) represents that its slope is
constant and non-zero.

U Graph in (B) is also correct.

Also, the displacement of such a particle w.r.t. time is given
by

X =ut + lal,‘2
2
=0+ a0 x 042
2
So, x versus t graph would be a parabola with starting from
origin.

This is correctly represented in displacement-time graph
given in (D).

Key Idea Area under the velocity-time curve represents
displacement.

To get exact position at # = 5 s, we need to calculate area of
the shaded part in the curve as shown below

v (m/s)

U Displacement of particle = Area of triangle OPA4 + Area of
square PABSP + Area of rectangle OBCRQ

:%x2x2§+(2x2)+(3 x1)

=2+44+3=9m

3. In graph (c) initial slope is zero which is not possible, since

initial velocity is not zero. In all other three graphs: initial
velocity is not zero.

4. Initially velocity keeps on decreasing at a constant rate, then

it increases in negative direction with same rate.

10m/s 40 m/s

P

g

+ve
240 m I

Let us first find, time of collision of two particles with
ground in putting proper values in the equation

S =ut +lat2
2

- 240 =10f, —% x10 x 1]
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Solving, we get the position value of #; = 8sec
Therefore, the first particle will strike the ground at 8 sec.
Similarly,

- 240 = 40¢, —% x10 xt;

Solving this equation, we get positive value of 7, = 12 sec
Therefore, second particle strikes the ground at 12 sec.
If y is measured from ground. Then,

from 0 to 8 sec

¥ =240+ S,
= 240 + ut +la1t2
2
or y1:24o+10t—1><10><t2
2

—_—

Similarly, y, =240 + 407 —— x10 x¢*

[\

t t, =y =30t
U (», — ») versus ¢ graph is a straight line passing through
origin
Attt =8sec, y, — y; =240m
From 8 sec to 12 sec
n=0
O y, =240+ 40z —% x10 x¢*

=240 + 40t - 5¢
0 (¥, = ») =240 +40r — 51>
Therefore, (y, — ») versus t graph is parabolic,

substituting the values we can check that at ¢ =8 sec,
¥, — y is 240 m and at ¢ = 12sec, y, — , is zero.

. The v-x equation from the given graph can be written as

0 v,O ,
v=[1F—{k+ Vo (1)
U x, 0
= dv _H oy _ 5 vH
dt O xy0dt O x,0

Oy000vw0O O
a=0F20n0-2 Ov+vw,g0 a=300x-2
U xo OO0 x 0 0 X

Thus, a-x graph is a straight line with positive slope and
negative intercept.

. Area under acceleration-time graph gives the change in

velocity.
Hence, v, =1/2x10x11=55m/s

8. (i) For uniformly accelerated/decelerated motion

v=u? 2gh

i.e. v-h graph will be a parabola (because equation is
quadratic).
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(i1) Initially velocity is downwards (—ve) and then after

collision, it reverses its direction with lesser magnitude,

i.e. velocity is upwards (+ve). Graph (a) satisfies both
these conditions.

v

att=0,h=d
2
d 1— 2. vincreases
3 h downwards
1 At 2— velocity changes

its direction

collision takes 2—3 v decreases upwards

place here

N

NOTE Attimet = 0corresponds to the point on the graph where
h=d.

Since, the body is at rest at x = 0 and x = 1. Hence, O cannot
be positive for all time in the interval 0< 7 < 1.

Therefore, firstthe particle is accelerated and then retarded.
Now, total time ¢ = 1s (given)

Total displacement, s = 1 m (given)

s = Area under v-¢ graph

O Heightorv,, = 28 - 2m/s is also fixed.
t

[Area or s :% Xt xy ]

) 1

If height and base are fixed, area is also fixed .
In case 2 : Acceleration = Retardation = 4 m/s”
In case 1 : Acceleration > 4 m/s” while
Retardation < 4m/s?

While in case 3 : Acceleration < 4m/s*and
Retardation > 4 m/s>

Hence, |0 | = 4 at some point or points in its path.

Topic5 Projectile Motion

1

Key Idea Same range for two particles thrown with some
initial speed may occurs when they are projected at
complementary angle.

O 6,9 ,=90°

where, 8, and 6, are angles of projection.

As maximum range occurs at 8 =45° for a given initial
projection speed, we take angles of projection of two
particles as

45°+0 45°
45°-0

45°

0, =45°+6,0, =45° -0
where, 0 is angle of projectiles with 45° line. So, range of
projectiles will be

2 .
R=R =R, _u sin 2(6, )
g
2 . o 2 . °
OR=t sin 2(45° +0) OR=t sin(90° + 20)
g g
2 4.2
ORr=t cos 20 ogRi=t cos2 20 ()
g g

Maximum heights achieved in two cases are
_u*sin?(45° +9)

h
2g
2.2 o _
and hy = u”sin“(45° - 0)
2g
u*sin? (45° + 0)sin?(45° - 0)
So, hhy = .

4g
Using 2sin 4 [Sin B =cos(4 — B) —cos(A + B), we have

sin(45° +0)sin(45° - 0) = %(cos 20 —c0s90°)

O sin(45° + 0) sin(45° — 0) = 22529 [ c0s 90° = 0]
So, we have
A [tos 20T
4. 2
hhy = 2 =0 by = %5229 ...(i)
4g 16g

From Egs. (i) and (ii), we get

R? 5
0 hth:EDR =16 hyh,



Key Idea Range of a projectile motion is given by

2 .
p=Y sin20 -
Time of flight is given b%t = 2usin
g
6, h
9,
« R >

Given, range of the fired shell,
R=R
and time of flights are #, and 7,.

Let 8, and 0, are the two angles at which shell is fired. As,
range in both cases is same, i.c.

R =R, =R
2 .
Here, R = u“sin 26,
g
u”sin 20
and Ry=—-"2
g
u’sin20, _ u’sin 20
O R= L = 2 ...(1)
g g
O sin 26, =sin 26,
0 sin20, =sin(180-26,)[" sin(180—06) =sin O]
0 2(6, +6,) =1800r6, +6, =90
0 6 ,=9086 , ...(i1)
So, time of flight in first case,
g = 2usin® .. (i)
g

and time of flight in second case,
‘= 2usin®, _ 2usin(90-6;) _ 2ucos 6 (i)
g g g
From Egs. (iii) and (iv), we get
_ 2usin®, _ 2ucos 6,

L =
g g
2 .
0 4t = 4u smezlcos 6,
g
2 .
O Lty = ZMLI;ZGI (. sin 26 = 2sin Bcos O) ...(v)

From Eq. (i), we get
R= u”sin 28,
g

2R
0 hty="—
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. Given, g = 10m/s?

Equation of trajectory of the projectile,

y = 2x — 9x? )
In projectile motion, equation of trajectory is given by
2
_ gx .
y=xtanf, -—=>—— ...(i1)
0 2vEcos? 8,

By comparison of Egs. (i) and (ii), we get

tan0, = 2 ...(iif)
g - 2 — g .
and —=——=9 oryy = —=—— -..(iv)
2vi cos? 8, ’ 9x 2c0s°6,

From Eq. (iii), we can get value of cosB and sin®

cos 6, :iandsinﬁ0 =2 ()

s Vs

Using value of cos 8, from Eq. (v) to Eq. (iv), we get
2 = 0% (/5" _10x5
2x (1> x9  2x9

0 vé :2—950r Vo :gm/s ...(vi)

From Eq. (v), we get

_ o 4g1og
6, =cos E\/—gg

. When a projectile is projected at an angle 8 with an inclined

plane making angle o with the horizontal, then

Ux

usin® =u, ucose/ N

Components of « along and perpendicular to plane are
u, =ucos© and u, =usin®

We can also resolve acceleration due to gravity into its
components along and perpendicular to plane as shown
below

. GNgcosa=a,

So, we can now apply formula for range, i.e. net horizontal
displacement of the particle as

R=uTl +%axT2 .(0)
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where, T = time of flight. Here, components of velocity at ¢t = 1s, is
Using formula for time of flight, we have v, = ucos60° +0 [as g, =0]
i 1
T:%:M ...(ii) =10x—=5m/s
a, gcosa 2

From Egs. (i) and (ii), we have and v, = usin 60° +(-10) (1)
Range up the inclined plane is =10 x ﬁ +(=10) x(I)= 53 =10
2
1

— 2
R=ul +Zal 0 v, |=10-5V3 [m/s

in0 inoT Now, angle made by the velocity vector at time of # =1
- usmelj_lgsinagusmeu g y y
fecosal 2 Cecos o tana = | 2 _ [10-5V3]
Here,u=2ms™, g =10ms>,0=15%a = 30° Ve >
go. o 2usin® _ 2 2sinls° O tana = 2—+/3ora = 15°
’ gcosa 10 xcos30° O Radius of curvature of the trajectory of the projected body
210 - 2
_2X2X0258x2_ 10 R=1?/ geosa _ (5 +(10-5V3)
10 x 1732 10 x 0.97
Now, [y = vf + vi and cos15° = 0.97]

R =2 xcos15° x0.1191—% x 10sin 30 °(0.1191)? O R=277Tm=28m

8. Bullets from guns can reach upto a distance of maximum

=2x0965 % 01191 - E(O.l 191)* range which occurs when projection is made at angle of 45°.
2 Maximum range for gun
=0229-0.0354=01936 m = 020m = 20cm S=R = ulz
=R =L
5. Position vector of particle is given as g
r =151 + (4 = 2012)j Maximum range for gun
2
Velocity of particle is B=R, =2
v=T_d st 4 - 200 , J
dt dt So, ratio of covered areas
=30/1-40¢] _ TR _m /gt
Acceleration of particle is (R, Thy/g* u
a= di(v) = 5(30& — 404) = 301 — 40 Here,u; =1km/sandu, =2km/s
t t 4
. 1
So, magnitude of acceleration at ¢ = s is So, ratio of areas = I = 16 =1:16
—[2, 2 _ [y 2
lal == \/ax ta, = \/30 +40 9. Initial velocity = (i + 2j) m/s
_ -2
=50 ms Magnitude of initial velocity, u = 1/(1)> + (2)> = /5 m/s
6. Position of particle is, x(¢) = at + bt* — ct’ Equation of trajectory of projectile is
2
So, its velocity is,v:@ =a +2bt =3ct’ =xtan® - &_(1+tan?0) ganB=2 2.0
dld 4 2u* x 1 H
and acceleration is, a = g 2b — 6ct 10(x)2
di 0 y=xx2 - =5 [1+(2)']
Acceleration is zero, then 2b — 6¢t =0 2(\/g )
2b _ b 2
O = =__ 10(x
6c 3c =2 - 2(><5) (1+4)
Substituting this ‘¢’ in expression of velocity, we get ,
v:a+2bDbD—3cDbDZ:a+2—b2—b—z:a+b—2 S
H“QE E?;H 3¢ 3c 3c 10. y=ax - bx?
7. Components of velocity at an instant of time ¢ of a body For height (or y) to be maximum.

projected at an angle 0 is ? —0=q - 2bx ()

v, =ucos® +g.rand v, =usin® +g 1 x



11.

12.

13.

O x:i
2b

(1) 0y = maximum height
H=a(a/2b)=b (al2b)
H = a*/4b

... iy
(i1) =g =tan B,
%E(x =0)
where, 6 is the angle of projection.
O 8 ,=tan"'(a)

From conservation of mechanical energy at highest point,
potential energy is maximum. Therefore, kinetic energy and
hence speed should be minimum.

2usin O _ 2 x 10 X sin 60°_\/*

t=T-= 3s
g 10

. L 1
Displacement of train in time ¢ = 5 at’

Displacement of boy with respect to train = 1.15 m
0 Displacement of boy with respect to ground

1 L0
=d.15+—at
g1+ a'E
Displacement of ball with respect to ground = (ucos 60°) ¢
To catch the ball back at initial height,

115+ % at* = (ucos 60°) ¢

0 1.15+%a(\/§)2 :10x% x+/3

Solving this equation, we get
a=5m/s’
Let ¢ be the time after which the stone hits the object and © be

the angle which the velocity vector u makes with horizontal.
According to question, we have following three conditions.

Vertical displacement of stone is 1.25 m.

1.25= (usin 0)¢ —%gtz

g =10m/s?
or (usin 0) ¢ =1.25 + 5¢* (i)

where,

Horizontal displacement of stone
= 3 + displacement of object A

a (u cose)t:3+%at2,

where, a = 1.5 m/s?

or (u cos®)r=3+0751¢* (i)
Horizontal component of velocity (of stone) = vertical
component (because velocity vector is inclined at 45° with

horizontal)

O (ucos 0) =gt — (usin 0) ...(1i1)
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(The right hand side is written gf —u sin 8 because the stone
is in its downward motion. Therefore, gf>u sin 6. In
upward motion u sin 6 > gr).
Multiplying Eq. (iii) with ¢, we can write
or (u cos©) ¢+ (u sin ©)¢ =104 c(iV)
Now Egs. (iv), (ii) and (i) gives

4.25t* - 4.25=0
or t=1s
Substituting ¢ = 1s in Egs. (i) and (ii), we get

u sin B = 6.25m/s

or u, =625m/s

and u cos =375m/s

or u, =3.75m/ s
Therefore, u= uxf + uyj m/s

or u= (3.75f +6.25 j)nﬂs

NOTE Most of the problems of projectile motion are easily
solved by breaking the motion of the particle in two suitable
mutually perpendicular directions, say x andy. Findu, u, a, and
a, and then apply

v, =U ta, sy, =upt +%ayt2etc.

14. (a) Accelerations of particle and block are shown in figure.

Acceleration of particle with respect to block
= acceleration of particle — acceleration of block
=(gsin01i+gcosBj)—(gsin B)i =gcos 0]

Now, motion of particle with respect to block will be a
projectile as shown.

9 gcos®

The only difference is, g will be replaced by g cos 6

2 .
g PQ = Range(R) = u”sin 20
gcosH
0 _ u? sin 20t
g cosB

(b) Horizontal displacement of particle with respect to
ground is zero. This implies that initial velocity with
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respect to ground is only vertical or there is no horizontal
component of the absolute velocity of the particle.

u sin(a+86)

Let v be the velocity of the block down the plane.
Velocity of particle
=ucos (0 +0)i +usin (a +0)j
Velocity of block = — vcos 01 — vsin 6j

O Velocity of particle with respect to ground

={ucos (a +6) —vcos § i

+{usin (a +6) - vsin § i

Now, as we said earlier that horizontal component of
absolute velocity should be zero.
Therefore, ucos (0 +0)—vcos0 =0
, = lcos (a +0)

cos 0

or (down the plane)

15. (a) Let i, j and k be the unit vectors along x,y and

z-directions respectively.

Given, Vg, = 4i m/s

O Vyonecarn = (65in 30°)j + (6cos 30°)k
= (3 +3V3k)ms

O Vv =v +v

stone stone, cart cart

= (4f +3j +33 ﬁ)m/s

This is the absolute velocity of stone (with respect to

ground). At highest point of its trajectory, the vertical

component (z ) of its velocity will become zero, whereas

the x and y-components will remain unchanged.

Therefore, velocity of stone at highest point will be,
v=(4i +3j)m/s

or speed at highest point,

v=v= /(4 + (3 m/s=5m/s

Now, applying law of conservation of linear momentum,
let v, be the velocity of combined mass after collision.

Then, mv = (2m) v,
O vozzzém/s:2.5m/s
2 2

0 Speed of combined mass just after collision is 2.5 m/s.

(b) Tension in the string becomes zero at horizontal position.
It implies that velocity of combined mass also becomes
zero in horizontal position. Applying conservation of
energy, we have

,,,,,,,,,,,,,,,, T=0
v=0
Yo
0=v) —2gL
2 2
0 =202 @23 g3
2¢  2(9.8)

Hence, length of the string is 0.32 m.

16. u=5V3m/s

d u cos 60° = (5 \/5 %@m/s =2.5\3m/s

03

. 30
and  wusin 60° = (5\/5)555m/s =7.5 m/s

Since, the horizontal displacement of both the shots are
equal. The second should be fired early because its
horizontal component of velocity u cos 60° or 2.5J3 m/s is
less than the other which is u or 5v/3 mJs.

Now, let first shot takes ¢, time to reach the point P and the
second ¢,. Then,

x = (ucos60°)t, = ut

or x=25/31,=5/3 ¢ ...(0)
or t, =24 ...(ii)
and k= |(usin60°)z, — 1gt§| :lgtf
2 2
_1 Loy, _ 12
or h=—gt; —(usin60°)t, =— gt;
2 2
Taking g=10m/s>
h=5t; =15t, =5t ....(iii)

Substituting 7, = 2¢, in Eq. (iii), we get

5(2t, Y = 7.5 (2t,) = 5tF or 15¢% = 151,
O t =1s
and t, =2t =2s

xZS\Btl =5/3m

[From Eq. (i)]



and h=5=5(1) =5m [From Eq. (iii)]
O y=10-h=(10-5)=5m
Hence,
(a) Time interval between the firings = ¢, — ¢, =(2 —1)s
At =1s

(b) Coordinates of point P = (x, y)= (S\Bm, 5m)

17. (a) Acceleration of 4 and C both is 9.8 m/s* downwards.

Therefore, relative acceleration between them is zero
i.e. the relative motion between them will be uniform.

(VCA)X C B
W i
=N¢
S NCE (vVealy 1om X
\3 1
A E y
T d 30
20m
l B D o~

Now, assuming 4 to be at rest, the condition of collision will
be that v, = v, — v, =relative velocity of Cw.r.t. 4 should
be along CA.

5m/s C
60°
10 m/s 5v3 m/s

Ar——10m/s

Vae =—10m/s
Va =0

Vo, = 5m/s
ve, = 5Y3m/s

(Vea)y _ CE _ 10

Oeu)y AE  d
VCy_VA}’_IO 5‘\/5_0 _10
or — = _or—M——=—
Vor ~ Ve d 5-(-10) d
O d=10/3m=1732 m
(b) Time of collision, ¢ = Ac
|VCA ‘

Ve, | = 020 + (e

= \/{5 - (-10)}* +{54/3 —0}* = 10J3m/s

CA = /(10) +(103)* =20m

SO I |

T 10V3

=

18.
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Horizontal (or x ) component of momentum of 4, i.e.
D, =my, =-10m.
Similarly, x component of momentum of C, i.e.
Pe, = 2m)ve, = (2m) (5) = +10m
Py + P =0
i.e. x-component of momentum of combined mass after

collision will also be zero, i.e. the combined mass will have
momentum or velocity in vertical or y-direction only.

Since,

Vex

P
I
I
I
|
.

B

¢ d < ds 1

Hence, the combined mass will fall at point F' just below the
point of collision P.

2
Here  d, =|(v,)|t =(10)—= =11.55m
b V3
O d,=(d —d;)=(17.32-11.55)= 5.77m

d, should also be equal to
020
t=(5 =577
el = () 5= 577m

Therefore, position from B is d, i.e. 11.55 m and from D is
d, or 5.77 m.

Let ¢, be the time from 4 to B and ¢, the time from B to C.

Then, #, = /M and ¢, = /%
4 g
(0]

w~ A

H-h

Then, the total time
1=t HZ:\FNH_h ++/h]
g
For ¢ to be maximum ﬂ =0

20

1 O
or —F——+—F0-0
gJH-h 20hg
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or 1 1 Substituting the given values, we get
Vi JH=h 5237 + (57 +2 x3 x5c0s0
h _ 1
or oh=H 0O === orcosf=—— 2 =_3
H 2 2%x3x%x5 10
19. (a) Range of both the particles is So, (2A, +3A,)[{3A, - 2A,)
_u%sin20 _ (49Ysin 90° e Lo
R= P 93 = 6|A[" —6]A,[" +5A [A,
’ _ 2 _ 2
By symmetry we can say that they will collide at highest = OIA 7 =6 Aof +5|A || A, joos®
point. _ _ =30
u cos 45° ucos 45° ucos 45° v S6X976Xx25 435 x2 %3 XBBH_ 185
° * ¢ ¢ 2. Given, |A|=|B]
20g  40g 20g 40g or A=B (D)
Just before collision Just after collision Let magnitude of ( A + B )is R and for (A - B)is R".
Let v be the velocity of O just after collision. Then, from Now, R=A+B
conservation of linear momentum, we have and R2=42+B2 +24Bcos 8
20 (1 cos45°) — 40 (ucos45°) =40 (v) 2 A2 5 ..
- 20 (ucos45°) R*=2A4" +2A4"cos 0 ...(ih)
0 v=0 [ using Eq. (1)]
i.e. particle Q comes to rest. So, particle Q will fall Again, R'=A-B
vertically downwards and will strike just midway 0 R'%2= 4%+ B% -24BcosHO
between A and B. 5 5 )
. . R'"=24"—2A4"cosBO ...(iii)
(b) Maximum height, ) )
_u’sin’0 _ (49)sin’45° _ [ using Eq. (]
H= - =61.25m OR T
2g 2x9.8 2

Given, R =nR'or E};H =n
Therefore, time taken by Q to reach the ground,

_|2H _ |2x61.25 _ . .
t= 2 T\ os - 353 s Dividing Eq. (ii) with Eq. (iii), we get

n* _1+cos®

Topic6 Miscellaneous Problems 1 1-cos®
1. For vector A; + A,, we have or n* =1_ (1+cos®)—(I1-cos0)
A, + AP =(A, +A,))A, +A)) [ xGk = |x] n>+1 (l+cos®)+(l—cos)
O|A + A=A +]|A,F +2A, A 2 - N
|A 2T = IA + A 1 LAy O n2 1:zcose:coseore=cos ! 5 10
Given, |A;|=3,]A,|=5and|A+ A,|=5 n°+1 2 h™ + 10
So, we have 9 3. In the given cube, coordinates of point G(centre of face
(57 =9+25 +2A, A, 0 AMA, = —5 ABOD) are x, Z%,yl =0,z =~

Now, (2A, +3A,)[(3A, —2A,)
=6|A [ - 4A, A, +9A, A, -6|A,f
= 6|A [ ~6]A,f +5A, [A,
Substituting values, we have
(2A, +3A,)[(3A, -2A,)

0 90 A H > E
= - + n=- °
6(9) = 6(25) + 500 = ~1185

where, a = side of cube

Alternate Solution

Ge
0 F
As we know, |A; + A, |can also be written as >‘</D \i

A+ Ay =|A P +|A,P +2/A,[|A, lcos6




and coordinates of point / are

[NCNRNY

a
X =0y,==2z,=
2 2755
So, vector GH is

GH=(x, —x)i+ (3 -3 +(z, -7k

as  ads_a s »
= ——1+—71=— -1
Sir5i=501)
Given that the position coordinates of a particle
X = acoswt[]
y= asinoot% ...(1)
z=awx E
So, the position vector of the particle is
#=xi+ yJ +zk
a i‘=acos00t1+as1nut:i+a wk
i= a[cosooti +sin (dj + wk]
therefore, the velocity of the particle is
v = dr d[a][cos(nt1+51nur_]+wk]
dt dt
O V= —awsinwr i +awcos w j +a dk)
The magnitude of velocity is
MER R
or \V|:\/(—aoosin0\t)2 +(awcos @)’ +(a oy
= way(~sin 6 )? + (cos @)? + (1) =2
Given, velocity of a partlcle is
v = k(yl +x]) ..(1)
Suppose, it’s position is given as
r= xi +yj
dr _d s dxy dy s .
a v="2=% i+ =—i+= (1
i@ (xi+yj) it (i)
Comparing Egs. (i) and (ii), we get
dx
(it
%7 (iif)
dy .
and —=x (v
& (iv)
Dividing Eq. (iii) and Eq. (iv), we get
dx
dr =Yy &_ Y or xdx = yd
& Ca T
dt

Integrating both sides, we get

2 2
dex:J'ydyor%+%:y7 +%2

where, ¢, and ¢, are the constants of integration.
| X +e= y2

2

or y =x? + constant

[here, ¢ (constant) = ¢; — ¢,]

6.
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For particle P, motion between AC will be an accelerated
one while between CB a retarded one. But in any case
horizontal component of its velocity will be greater than or
equal to v. On the other hand, in case of particle Q, it is
always equal to v. Horizontal displacement for both the
particles are equal. Therefore, 7, <1,.

In the right angle A POR

c=constant,

[ and y are variable

Differentiating this equation with respect to time, we get
dl dy 0 davQO_ 10 qdl0

l;—0+2yd— or H——H——E—dﬂ

dy
Here, -—= =y
da M
/ 1
O —= and —dl/dt =U
y cosB
Hence, vy = v
cosO
x=acos (pt)0 cos(pt)=" ()
a
y=bsin(pt)
U sin(pt)=y/b ...(i1)
Squaring and adding Eqgs. (i) and (ii), we get
2 2
L + L =1
a b

Therefore, path of the particle is an ellipse. Hence, option
(a) is correct.

From the given equations, we can find

@—v = —ap sin y
a
2 t=t
%:ax = —ap*cos pt /—? «
t 6]
A g
d—:vy:bpcospt
t
dzy 2 .
and ——-=a, = —bp” sin pt
dtz y
Attime ¢ =TU2por pt =Tt/ 2

a, and v, become zero (because cos T/ 2 = 0),
only v, and a,, are left.

or we can say that velocity is along negative x-axis and
acceleration along y-axis.
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y | o nT[iE | Et = nT[iE
2 6 12 6
l‘i% Yy O t=(12n%2)s =2s,10s, 14s and so on.
e b 10. a=L =9E _103 sin10°1)
a X m m
~_ ‘ -
Y - 10° sin(10°¢) O J'dv :'|'103 sin(10°¢) dt
dt ) 5
3
t=0 0 v:%[l—cos (10°1)]
y=0=v,=a 10
Xx=a Velocity will be maximum when cos(10*7) = —1
v, = bp and
a,=-ap? Viax = 2 /s
Hence, at ¢t = TU2 p velocity and acceleration of the particle 1. Z=tanb
are normal to each other. So, option (b) is also correct. 3
At t = 1, position of the particle U x=3tan®
r(t):.x1+yJ:acc.)s p?1+bsmptj Cx_ L. 0 doO
and acceleration of the particle is - %H— 3sec® E——E
e A 2 2 . 4 t dt
a(t)=a,i+a, j= —placos pti +bsin pt j] p
~ A X _
=-p xi+yjl=-p’r (1) —E—vpand
Therefore, acceleration of the particle is always directed 40
towards origin. - ” =w =0lrad/s, 0 =45°

Hence, option (c) is also correct.

Attt = 0, particle is at (¢,0)and at £ = 11/ 2p

particle is at (0,b). Therefore, the distance covered is
one-fourth of the elliptical path not a. 12. By symmetry, we can say that all will meet at the centre of
Hence, option (d) is wrong. square.

Component of velocity along KO (or LO etc) at any instant

Substituting the values, we get
vp = 3 (sec?45°) (0.1) = 0.6 m/s

9. A=diandB = acoswi + asin &Y
A+B=(a +acoswi)i +asin &Y will be v cos 45° or % N M

A-B=(a—acoswt )i +asin & .

-3 Further distance KO
|A+B| =+/3|A -B| _ 0_d o)

; ; =2 g=— .
\/(a+acos0.)t) +(asinox)? =3 28 {2
\/(a—acos(.ot)2+(asin )’ 0 Time= dI2 _d 52/50
N2 v 2
g ZCOSQZiﬁXZSingD tang:ii Y K Y L
2 2 2 T3
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Laws of Motion

Topic1 Newton’s Laws

Objective Questions I (Only one correct option)

1.

A bullet of mass 20 g has an initial speed of Ims™ ", just
before it starts penetrating a mud wall of thickness 20 cm. If
the wall offers a mean resistance of 2.5 x 10™ 2N, the speed of
the bullet after emerging from the other side of the wall is
close to (Main 2009, 10 April I1)
(a) 03 ms™! (b) 04 ms™! (c) 01 ms”! (d) 0.7 ms~!

Assertion and Reason

Mark your answer as

(a) If Statement I is true, Statement 11 is true; Statement II is
the correct explanation for Statement [

(b) If Statement I is true, Statement I is true, Statement II is
not a correct explanation for Statement 1

(¢) If Statement I is true; Statement Il is false

(d) If Statement 1 is false; Statement Il is true

Statement I It is easier to pull a heavy object than to push it
on a level ground.

Statement II The magnitude of frictional force depends on
the nature of the two surfaces in contact. (2008, 3M)

Statement I A cloth covers a table. Some dishes are kept on
it. The cloth can be pulled out without dislodging the dishes
from the table.

Statement II For every action there is an equal and opposite
reaction. (2007, 3M)

True/ False

4. The pulley arrangements of figures (a) and (b) are identical.

The mass of the rope is negligible. In Fig. (a), the mass m is

Topic2 Equilibrium of Forces

Objective Questions I (Only one correct option)

1.

A block of mass 5 kg is (i) pushed in case (A) and (ii) pulled
in case (B), by a force ' = 20N, making an angle of 30° with
the horizontal, as shown in the figures. The coefficient of
friction between the block, the floor is =02 The
difference between the accelerations of the block, in case (B)
and case (A) will be (Take, g = 10 ms ™)

A) ®)

lifted up by attaching a mass 2m to the other end of the rope.
In Fig. (b), m is lifted up by pulling the other end of the rope
with a constant downward force F' = 2mg. The acceleration
of m is the same in both cases. (1984, 2M)

Analytical & Descriptive Questions
5. Two blocks of mass 2.9 kg and 1.9 kg are =3

suspended from a rigid support S by two
inextensible wires each of length 1 m
(see figure). The upper wire has negligible

mass and the lower wire has a uniform E;)@
mass of 0.2 kg/m. The whole system of
blocks, wires and support have an upward
acceleration of 0.2 m/s?. The acceleration

due to gravity is 9.8 m/s>.

(1989, 6M)
. . . . 1.9 kg
(a) Find the tension at the mid-point of the
lower wire.
(b) Find the tension at the mid-point of the upper wire.

. A uniform rope of length L and mass M lying on a smooth

table is pulled by a constant force . What is the tension in
the rope at a distance / from the end where the force is
applied? (1978)

(@) 04ms™> (b)3.2ms? (¢)0.8ms? (d)0ms™>

. Amass of 10 kg is suspended vertically by a rope from the roof.

When a horizontal force is applied on the mass, the rope
deviated at an angle of 45° at the roof point. If the suspended
mass is at equilibrium, the magnitude of the force applied is

(Take, g = 10 ms %)
(a) 70N (b) 200 N

(2019 Main, 9 Jan II)

(c) 100N (d) 140N

. A block of mass m is at rest under the action of force F

against a wall as shown in figure. Which of the following
statement is incorrect? (2005, 2M)

Download More Books: www.crackjee.xyz
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(a) f =mg (where f'is the frictional force)
(b) F = N (where N is the normal force)

() F will not produce torque

(d) N will not produce torque

The pulleys and strings shown in the figure are smooth and of
negligible mass. For the system to remain in equilibrium, the
angle O should be (2001, 2M)

(a) 0° (b) 30° (c) 45° (d) 60°

A string of negligible mass going over a clamped pulley of
mass m supports a block of mass M as shown in the figure.
The force on the pulley by the clamp is given by (2001, 2M)

(b) N2 mg

(d) gy (M +my +M*

(a) V2 Mg

(©) g (M + m)* +m’

Topic 3 Friction

Objective Questions I (Only one correct option)

1.

Two blocks 4 and B of masses m, = 1kgand my = 3 kgare

kept on the table as shown in figure. The coefficient of
friction between 4 and

B is 0.2 and between B

and the surface of the B F
table is also 0.2. The
maximum force F that J L
can be applied on B

horizontally, so that the block A4 does not slide over the block
Bis

[Take, g =10 m/ s?]
(a) 12N (b) 16 N

(2019 Main, 10 April 11)

() 8N (d) 40N

Objective Question II (One or more correct option)

6.

In the figure, a ladder of mass m is shown leaning against a
wall. It is in static equilibrium making an angle 8 with the
horizontal floor. The coefficient of friction between the wall
and the ladder is 1, and that between the floor and the ladder
is,. The normal reaction of the wall on the ladder is N, and

that of the floor is N,. If the ladder is about to slip, then
(2014 Adv.)

Hy

A
Ho

(&)1, = 0,4, #0and N, tane—”ng

(b)p; #0,u, = 0and N, tan@:mizg
— mg

(O, 20,4, Z0and N, = ——=—

l ’ o,

(d)p; =0,u, #0and N, tane—mizg

Analytical & Descriptive Questions
7.

Two identical ladders are arranged as shown in the figure.

Mass of each ladder is M and length L. The system is in

equilibrium. Find direction and magnitude of frictional force

acting at 4 or B. (2005)
P

AAB 0\B

A block kept on a rough inclined
plane, as shown in the figure,
remains at rest upto a maximum
force 2 N down the inclined
plane. The maximum external
force up the inclined plane that
does not move the block is 10 N.
The coefficient of static friction between the block and the

plane is (2019 Main, 12 Jan I)
(Take, g = 10 m/ s?)
2 V3
a) — b) —
(a) 3 (b) 5
V3 1
c) — d) —
(©) p (d) 5



3. A block of mass 10 kg is kept on a rough inclined plane as

shown in the figure. A force of 3 N is applied on the block.
The coefficient of static friction between the plane and the
block is 0.6. What should be the minimum value of force F',
such that the block does not move downward ? (Take,

g =10ms™) (2019 Main, 9 Jan 1)
F
K50
(a) 32N (b) 25N
(c) 23N (d) 18N

. Two masses m = 5kg 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 (2018 Main)
(a)23.33 kg (b)183kg (c)27.3kg (d)43.3 kg

. A uniform wooden stick of mass 1.6 kg of length /rests in an

inclined manner on a smooth, vertical wall of height % (</)
such that a small portion of the stick extends beyond the wall.
The reaction force of the wall on the stick is perpendicular to
the stick. The stick makes an angle of 30° with the wall and
the bottom of the stick is on a rough floor. The reaction of the
wall on the stick is equal in magnitude to the reaction of the

floor on the stick. The ratio % and the frictional force f at the

bottom of the stick are (g =10ms ™) (2016 Adv.)

()ﬁ_£ f_lsf ()7_7 f_16f

© %= if_iN @ if_léf

. Given in the figure are two blocks 4 and B of weight 20 N

and 100 N, respectively. These are being pressed against a
wall by a force F as shown in figure. If the coefficient of
friction between the blocks is 0.1 and between block B and
the wall is 0.15, the frictional force applied by the wall in

block B is (2015 Main)
f f

W,4=20N i Wg=200N
(a) 100 N (b) 120N (¢) 80N (d) 150N
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7. A block of mass m is placed on a surface with a vertical

cross-section given by y = x>/ 6,1f the coefficient of friction

is 0.5, the maximum height above the ground at which the

block can be placed without slipping is (2014 Main)
1 2

a) —m b) = m

(a) p (b) 3
1 1

c) —m d) —m

(c) 3 (d) 5

. Ablock of mass m; = 1kg another mass m, = 2kg are placed

together (see figure) on an inclined plane with angle of
inclination 6. Various values of 0 are given in List I. The
coefficient of friction between the block m; and the plane is
always zero. The coefficient of static and dynamic friction
between the block m, and the plane are equal top = 0.3.
(2014 Adv.)
In List II expressions for the friction on the block m, are
given. Match the correct expression of the friction in List IT
with the angles given in List I, and choose the correct option.
The acceleration due to gravity is denoted by g.
[Useful information tan (5.5°) = 0.1;

tan (11.5°) = 0.2 tan (16.5°) = 0.3]

List I List IT
P. 0=>5° 1. mgsinB
Q. 6=10° 2. (m +my)gsinB
R. 6=15° 3. MmygcosB
S. 0 =20° 4. W (m +my)gcosB
Codes

(a)P-1,Q-1,R-1, S-3
(c) P-2, Q-2, R-2, S-4

(b) P-2, Q-2, R-2, S-3
(d) P-2, Q-2, R-3, S-3

. A block of mass m is on an inclined plane of angle 6. The

coefficient of friction between the block and the plane is
and tan 8 > . The block is held stationary by applying a
force P parallel to the plane. The direction of force pointing
up the plane is taken to be positive. As P is varied from
P =mg (sin © — L cos B) to P, = mg (sin 6 + L cos ), the
frictional force f versus P graph will look like (2010)

0
f f
R AN O
f f
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10.

11.

12.

13.

14.

Laws of Motion

What is the maximum value of the force /" such that the block

shown in the arrangement, does not move? (2003, 2M)
F m =3 kg
> u="_
60 2V3
(a)20N (b) 10N (¢) 12N (d) 15N

An insect crawls up a hemispherical surface very slowly
(see the figure). The coefficient of friction between the
surface and the insect is 1/3. If the line joining the centre of
the hemispherical surface to the insect makes an angle o with
the vertical, the maximum possible value of o is given

(2001, 2M)
%—/

(b)tana =3
(d) coseca =3

(a)cota =3
(c)seca =3
A block of mass 0.1 kg is held against a wall applying a
horizontal force of 5 N on the block. If the coefficient of
friction between the block and the wall is 0.5, the magnitude
of the frictional force acting on the block is (1994, 1M)
(a)2.5N (b) 098N  (c)49N (d) 0.49 N
During paddling of a bicycle, the force of friction exerted by
the ground on the two wheels is such that it acts (1990, 2M)
(a) in the backward direction on the front wheel and in the
forward direction on the rear wheel
(b) in the forward direction on the front wheel and in the
backward direction on the rear wheel
(c) in the backward direction on both the front and the rear
wheels

(d) in the forward direction on both the front and the rear
wheels

A block of mass 2 kg rests on a rough inclined plane making
an angle of 30° with the horizontal. The coefficient of static
friction between the block and the plane is 0.7. The frictional

force on the block is (1980, 2M)
() 9.8 N () 0.7x 9.8 x /3N
(c)9.8x~/3N (d) 0.7 % 9.8N

Objective Questions II (One or more correct option)

15.

A small block of mass of Q
0.1 kg lies on a fixed
inclined plane PQ which
makes an angle 0 with the
horizontal. A horizontal
force of 1 N acts on the
block through its centre of p
mass as shown in the

figure. The block remains stationary if (take g = 10 m/ s?)
(a) 6 =45° (2012)
(b) 6> 45°and a frictional force acts on the block towards P
(¢) 8> 45°and a frictional force acts on the block towards Q
(d) 8 <45°and africtional force acts on the block towards O

Fill in the Blank

16.

A block of mass 1 kg lies on a horizontal surface in a truck.
The coefficient of static friction between the block and the
surface is 0.6. If the acceleration of the truck is 5 m/s?, the
frictional force acting on the block is ......... N. (1984, 2m)

True/False

17.

When a person walks on a rough surface, the frictional force
exerted by the surface on the person is opposite to the
(1981, 2M)

direction of his motion.

Analytical & Descriptive Questions

18.

19.

20.

A circular disc with
a groove along its
diameter is placed
horizontally. A
block of mass 1 kg
is placed as shown.
The coefficient
of friction between
the block and all
surfaces of groove
in contact ispt = 2/5. The disc has an acceleration of 25 m/s”.

Find the acceleration of the block with respect to disc.
(2006, 6M)

a = 25m/s?

cos 8 = 4/5
sin @ = 3/5

Two blocks 4 and B of

equal masses are
released from an
inclined  plane of
inclination 45° at ¢=0.
Both the blocks are
initially at rest. The
coefficient of kinetic

friction between the block 4 and the inclined plane is 0.2
while it is 0.3 for block B. Initially the block 4 is V2 m
behind the block B. When and where their front faces will
come in a line?

(Take g =10m/s?) (2004, 5M)

In the figure masses m;, m, and M are 20 kg, 5 kg and 50 kg

respectively. The coefficient of friction between M and
ground is zero. The coefficient of friction between n; and M
and that between m, and ground is 0.3. The pulleys and the
strings are massless. The string is perfectly horizontal
between A and m; and also between P, and m,.

The string is perfectly vertical between P, and P,. An
external horizontal force F is applied to the mass M.

(Take g =10 m/s>.) (2000, 10M)




21.

22,

23.

(a) Draw a free body diagram of mass M, clearly showing all
the forces.

(b) Let the magnitude of the force of friction between m; and
M be f and that between m, and ground be f,. For a
particular force F it is found that f; =2 f,. Find f; and
f>. Write equations of motion of all the masses. Find F,
tension in the string and accelerations of the masses.

Block A4 of mass m and block B of mass 2m are placed on a
fixed triangular wedge by means of a massless, in extensible
string and a frictionless pulley as shown in figure. The wedge
is inclined at 45° to the horizontal on both sides. The
coefficient of friction between block 4 and the wedge is 2/3
and that between block B and the wedge is 1/3. If the blocks A
and B are released from rest, find (1997C, 5M)

(a) theacceleration of 4,

(b) tension in the string and

(c) the magnitude and direction of the force of friction acting
on A.

A block of mass m rests on a horizontal floor with which it
has a coefficient of static friction [ It is desired to make the
body move by applying the minimum possible force . Find
the magnitude of F* and the direction in which it has to be
applied. (1987, 7M)

Masses M|,M, and M, are connected by strings of

negligible mass which passes over massless and frictionless
pulleys A, and P, as shown in figure.

The masses move such that the portion of the string between
P, and P, is parallel to the inclined plane and the portion of
the string between P, and M ;is horizontal. The masses M,
and M 5 are 4.0 kg each and the coefficient of kinetic friction
between the masses and the surfaces is 0.25. The inclined
plane makes an angle of 37° with the horizontal.

If the mass M| moves downwards with a uniform velocity,
find (1981, 6M)
(a) the mass of M|,

(b) the tension in the horizontal portion of the string.

(Take g = 9.8 m/s% sin 37° 03/5)

24,

25.

26.
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Two blocks connected by a massless string slides down an
inclined plane having an angle of inclination of 37°. The
masses of the two blocks are M| =4 kg and M, =2 kg
respectively and the coefficients of friction of M, and M,
with the inclined plane are 0.75 and 0.25 respectively.
Assuming the string to be taut, find (a) the common
acceleration of two masses and (b) the tension in the string.
(sin 37° = 0.6,cos 37° = 0.8). (Take g = 9.8 m/s?) (1979)

37°

Ablock of mass 2 kg slides on an inclined plane which makes
an angle of 30° with the horizontal. The coefficient of
friction between the block and the surface is v/3//2 . What

force along the plane should be applied to the block so that it
moves (a) down and (b) up without any acceleration?

(Take g =10 m/s?.) (1978)

In the figure, the blocks 4, B and C have masses 3 kg, 4 kg
and 8 kg respectively. The coefficient of sliding friction
between any two surfaces is 0.25. 4 is held at rest by a
massless rigid rod fixed to the wall, while B and C are
connected by a light flexible cord passing around a fixed
frictionless pulley. Find the force F' necessary to drag C
along the horizontal surface to the left at a constant speed.
Assume that the arrangement shown in the figure. i.e. BonC
and 4 on B, is maintained throughout.(Take g = 10 m/sz).
(1978)

&

Integer Answer Type Question
27.

A block is moving on an inclined plane making an angle 45°
with the horizontal and the coefficient of friction is .

The force required to just push it up the inclined plane is 3

times the force required to just prevent it from sliding
down.If we define N = 10, then N is (2011)
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Topic4 Dynamics of Circular Motion

Laws of Motion

Objective Questions I (Only one correct option)

1.

Two particles 4 and B are 4

moving on two concentric
circles of radii R, and R, with A
equal angular speed w. At / N
t =0, their positions and R, X
direction of motion are shown Ry B
in the figure. The relative

. T,

velocity v, — v att = le
(2019 Main, 12 Jan II)

(b) ~ @(Ry +Ry)i

(d) W(R, = R

given by
(@) W(R, + Ry
(©) W(R, = Ry)I

A particle is moving along a circular path with a constant
speed of 10 ms™'. What is the magnitude of the change in
velocity of the particle, when it moves through an angle of
60° around the centre of the circle? (2019 Main, 11 Jan I)
(a) 1072 m/s (b) 10 m/s

() 1043 m/s (d) Zero

A ball of mass (m) 0.5 kg is attached to the end of a string
having length (/) 0.5 m. The ball is rotated on a horizontal
circular path about vertical axis. The maximum tension that
the string can bear is 324 N. The maximum possible value of
angular velocity of ball (in rad/s) is (2011)

(a 9
(c) 27

A small block is shot into each of the four tracks as shown
below. Each of the tracks rises to the same height. The speed
with which the block enters the track is the same in all cases.
At the highest point of the track, the normal reaction is
maximum in (2001, 2Mm)

(b) 18
) 36

5.

A long horizontal rod has a bead which can slide along its
length and is initially placed at a distance L from one end 4 of
the rod. The rod is set in angular motion about A with a
constant angular acceleration a. If the coefficient of friction
between the rod and bead is [, and gravity is neglected, then
the time after which the bead starts slipping is (2000, 2M)

M M
— b L
(a)\g (b) N
(© \/LIITX (d) infinitesimal

A car is moving in a circular horizontal track of radius 10 m
with a constant speed of 10 m/s. A plumb bob is suspended
from the roof of the car by a light rigid rod. The angle made by
the rod with the vertical is (Take g = 10 m/s?) (1992, 2M)

(a) zero (b) 30° (c) 45° (d) 60°

Objective Question II (One or more correct option)
7.

A simple pendulum of length L and mass (bob) M is
oscillating in a plane about a vertical line between angular
limits — @and + @ For an angular displacement 6 (|0 |< @),
the tension in the string and the velocity of the bob are 7" and v
respectively. The following relations hold good under the
above conditions. (1986, 2M)
(a) T cos®=Mg

2
(b) T — Mgcos© =MTV

(c) The magnitude of the tangential acceleration of the bob
lap|= gsin B
(d) T=MgcosB

True/False
8.

A simple pendulum with a bob of mass m swings with an

angular amplitude of 40°. When its angular displacement is

20°, the tension in the string is greater than mg cos 20°.
(1984, 2M)

Analytical & Descriptive Questions
9.

Two blocks of mass m; =10kg and m, = 5 kg connected to

each other by a massless inextensible string of length 0.3 m are
placed along a diameter of turn table. The coefficient of
friction between the table and m; is 0.5 while there is no
friction between m, and the table. The table is rotating with an
angular velocity of 10 rad/s about a vertical axis passing
through its centre O. The masses are placed along the diameter
of table on either side of the centre O such that the mass m, is at
a distance 0f 0.124 m from O. The masses are observed to be at
rest with respect to an observer on the turn table. (1997, 5M)
(a) Calculate the frictional force on my.

(b) What should be the minimum angular speed of the turn

table, so that the masses will slip from this position?



10.

(c) How should the masses be placed with the string
remaining taut so that there is no frictional force acting
on the mass m,?

A hemispherical bowl of radius R = 0.1m s rotating about its
own axis (which is vertical) with an angular velocity w. A
particle of mass 107 kg on the frictionless inner surface of

the bowl is also rotating with the same w. The particle is at a
height / from the bottom of the bowl. (1993, 3 + 2M)

Topic5 Miscellaneous Problems

Objective Questions I (Only one correct option)

1.

Two forces P and Q of magnitude 2F and 3F, respectively

are at an angle 0 with each other. If the force Q is doubled,

then their resultant also gets doubled. Then, the angle 0 is
(2019 Main, 10 Jan II)
(a) 60° (b) 120° (c) 30° (d) 90°

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

action of an attractive potential energy U = — 57 Its total
r

(2018 Main)
(d) zero

energy is

3 k k
(@) 5? b -—

44?

A piece of wire is bent in the shape of a parabola y = kx’

k
(© E

(y-axis vertical) with a bead of mass m on it. The bead can
slide on the wire without friction. It stays at the lowest point
of the parabola when the wire is at rest. The wire is now
accelerated parallel to the x-axis with a constant acceleration
a. The distance of the new equilibrium position of the bead,
where the bead can stay at rest with respect to the wire, from

the y-axis is (2009)
a a 2a a

a) — b) — c)— d)—

()gk ()2gk ()gk ()4gk

Two particles of mass m each are tied at the ends of a light
string of length 2a. The whole system is kept on a frictionless
horizontal surface with the string held tight so that each mass
is at a distance a from the centre P (as shown in the figure).
Now, the mid-point of the string is pulled vertically upwards
with a small but constant force F. As a result, the particles
move towards each other on the surface. The magnitude of
acceleration, when the separation between them becomes 2x,
is (2007, 3M)

a—f
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(a) Obtain the relation between /4 and w. What is the
minimum value of w needed, in order to have a non-zero
value of /?

(b) It is desired to measure g (acceleration due to gravity)
using the set-up by measuring / accurately. Assuming
that R and w are known precisely and that the least count
in the measurement of 4 is 10™ m, what is minimum
possible error Ag in the measured value of g?

F a F X
(@ — (b) —

2m a2_x2 2m a2_x2

F x F +Ja* - x*
c) —— d) —
© 2m a @ 2m X

System shown in figure is in equilibrium and at rest. The
spring and string are massless, now the string is cut. The
acceleration of mass 2m and m just after the string is cut will
be (2006, 3M)

(a) g/2 upwards, g downwards
(b) g upwards, g/2 downwards
(c) g upwards, 2g downwards
(d) 2g upwards, g downwards

. Aship of mass 3 x 107 kg initially at rest, is pulled by a force

of 5% 10* N through a distance of 3 m. Assuming that the

resistance due to water is negligible, the speed of the ship is
(1980, 2M)

(@15m/s (b)60m/s (¢)0.1m/s (d)5Sm/s

Objective Questions II (One or more correct option)
7. A reference frame attached to the earth

(1986, 2M)

(a) is an inertial frame by definition

(b) cannot be an inertial frame because the earth is revolving
round the sun

(c) is an inertial frame
applicable in this frame

(d) cannot be an inertial frame because the earth is rotating
about its own axis

because Newton’s laws are

True/ False

8. 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, 3M)
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Analytical & Descriptive Question

9. A smooth semicircular wire track of radius R is fixed in a
vertical plane (figure). One end of a massless spring of
natural length 3R /4 is attached to the lowest point O of the
wire track. A small ring of mass m which can slide on the
track is attached to the other end of the spring. The ring is
held stationary at point P such that the spring makes an angle
60° with the vertical. The spring constant k = mg/R.
Consider the instant when the ring is making an angle 60°
with the vertical.

The spring is released, (a) Draw the free body diagram of the
ring. (b) Determine the tangential acceleration of the ring and
the normal reaction. (1996, 5M)

60°

Answers

Topic 1
1. (d) 2. (b) 3. (b) 4.F
5.(a)20N, (b)50N 6.T:F§—£Q
Topic 2
L. (c) 2. () 3.(d) 4.(c)
5. (d)
6.(c.d) T.f= %@gcot 0
Topic 3
1. (b) 2. (b) 3. (a)
4. (a)
5. (d) 6. (b) 7. (a) 8. (d)
9. (a) 10. (a) 11. (a) 12. (b)
13. (a) 14. (a) 15. (a, ¢) 16. (5)
17.F 18.10 m/s? 19.5,=8/2m,2s

20. (b) f; :30N,f2:15N,F:60N,T:18N,a:§m/sz

242

. mg
21. (a) acceleration =0 (b) —m, ¢) —= (down the plane
(a) (b) 3 "8 (©) 33 ( plane)

22. mgsin 0,0 = tan~' (1) from horizontal
23. (a) 4.2 kg, (b) 9.8 N 24.(a)a=13m/s> (b)T =52N

25.(a) 1121 N (b)31.21  26.80N
27.5
Topic 4
1. (d) 2. (b)
3.(d) 4. (a) 5. (a)
6.(c) 7. (b, ¢) 8.T

9. (a) 36 N (towards centre) (b) 11.67 rad/s
(c) m, should be placed at 0.1 m from the centre O

10. () h=R -5 . :\/g =9.89 rad/s
W R

2

(b)9.8 %107 m/s?

Topic 5
1. (b) 2. (d)
5. (b) 4.(b) 5. (a) 6. ()
7.(,d)  8.F 9. (b) % 2, 3”7@

Hints & Solutions

Topic1 Newton's Laws
1. Given, resistance offered by the wall
=F=-25x10>N
So, deacceleration of bullet,
F _=25x102% _ 5

—=————=--—ms
m  20x107 4

(-m=20g=20x10" kg)

Now, using the equation of motion,

V2 —u? =2as

a =

We have,
v :1+2§—§E(20x 107%)
(cu=1ms " ands=20cm=20x10"7m)
O V2 :l
2
O v—i"07 ms™!
50



2. Both statements are correct. But statement II, does not
explain correctly, statement 1.

Explanation There is an increase in normal reaction when
the object is pushed and there is a decrease in normal reaction
when the object is pulled (but strictly not horizontally).

3. The cloth can be pulled out without dislodging the dishes
from the table due to law of inertia, which is Newton’s first
law. While, the statement II is true, but it is Newton’s third

law.
4. In these cases, a = Net pulling force
Total mass

Net pulling force in both the cases is

2mg — mg =mg
But mass (to be pulled) in case (a) is 3m and in case (b) is m.
Therefore, L= me & [in case (a)]
3m 3
and a, = ne - g [in case (b)]
m
or a <a,

5. (a) To find tension at mid-point of the lower wire, we cut the
string at this point. Draw the free body diagram of lower
portion.

T
o
1.9kg

(19+01)g=20g

The equation of motion gives
T, —2.0g =(2.0)a
or T, = (2.0) (g +a)
=(2.0)(9.8+0.2) =20N

(b) To find tension at mid-point of upper wire

29+02+19g=5g

The equation of motion gives
T, —5g =5a

Laws of Motion 51

O T,=5(g +a)
=5(9.8+0.2)=50N
6. Acceleration of rope, a = F/M

Now, to find tension at point C, a distance / from point B, we
can write equation of motion of any one part (AC or CB),
both moving with acceleration a.

Y
M i
B

ES
—~

Equation of motion of part AC is
T = (mass of 4C) x (acceleration)

e

Topic2 Equilibrium of Forces

1. Case I Block is pushed over surface

”””” Ea
F
Free body diagram of block is
N
F cos 30°
30°
f=pN
F
mg
F sin 30°

In this case, normal reaction,
N =mg + Fsin30°=5x10+20 X%: 60N

[Given, m = 5kg, F = 20N]
Force of function, f = pN
=02x%60
=12N
So, net force causing acceleration (g; ) is
F.o =ma; =Fcos30° - f

[ 1 = 02]

net \/7
O ma; =20 % 73 -12
a a = 10\/35_ 12 = Ims™
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Case II Block is pulled over the surface

F
30°

Free body diagram of block is,

F sin 30°

N

F
30°
f=uN
mg

Net force causing acceleration is

Fo = Fcos30° — f=Fcos30° —puN
O Fpet = Fcos30° —p(mg — Fsin30°)
If acceleration is now a,, then

F
a, =

F cos 30°

— T net — Fcos30° —u(mg _FSiIl30°)

m m

V3 1

3
20x——0.2§x10—20 xfg
_ 2 20_1043 -8

5
0 a,=1.8ms™

So, difference = a, —a, = 1.8-1=0.8ms™>

FBD of the given system is follow

T sin 45°

Mg =10 x 10N

Let T =tension in the rope.
For equilibrium condition of the mass,

2F. =0 (force in x-direction)

2F,=0 (force in y-direction)

When Z F, =0, then
F =T sin45°
When ZFy =0, then

Mg =T cos45°
Using Egs. (i) and (ii),

1
. F _Tsn4s  F _\2
Mg T cosd45° Mg 1
V2

O F =Mg =10 x10 =100N

3. This is the equilibrium of coplanar forces. Hence,

3F. =0
a F=N
a 2 F, =0, f=mg
ZT;, =0
O Tyt =0
Since, T, # 0
u T y#0
4, Free body diagram of m is
-
mg
T =mg

Free body diagram of mass V2 mis

v2mg
2T cos 8 =+/2 mg
Dividing Eq. (ii) by Eq. (i), we get
cosezi or B =45°

N

5. Free body diagram of pulley is T =Mg

shown in figure. Pulley is in
equilibrium under four forces.
Three forces as shown in figure
and the fourth, which is equal and
opposite to the resultant of these
three forces, is the force applied
by the clamp on the pulley (say F).

Resultant R of these three forces is

R=((M +m)y +M*)g

()

..

Therefore, the force F is equal and opposite to R as shown in

figure.
F

,,,,,,,,,,,,, Mg + mg

O F=((M+my +M*)g



6. P, can never be zero for equilibrium.

Laws of Motion

Topic 3 Friction
1. Acceleration a of system of blocks 4 and B is

53

N
Ny—AA
No
A
B HoNo
When 1, = 0, we have
N =N, ()
N, =mg ...(i1)
;=0
L .
0 mg—cos®=N,LsinB
2
_ mg cotB _mg
When, p; # 0 we have
UN, + N, =mg ...(ii1)
H,N, =N, ...(1v)
O N2 :L
1+,

7. Drawing force diagrams of the rod, we have

This is the equilibrium of coplanar forces, hence using the
equations ZF, = 0, Z , = Oand net momentabout pointO = 0

we have the equations,

N +N, = Mg +’Lz<‘>’ ...

N =71 ...(ii)

N =N, + Mg +”ng . (iif)

and Mg%cose+ fLsin®=NLcos8 ...(1v)

+
Solving these four equations, we have f = W@g oto

NOTE Force of friction f cannot be obtained by considering
the equilibrium of whole system as a whole. Think why ?

4= Net force F-f
Total mass m, + my

where, f; = friction between B and the surface

=Hu(my +mg)g
So,
a:F_u(mA +mB)g (1)
(my +my)

Here,pu =02, m, =1kg, mz =3kg, g =10 ms >
Substituting the above values in Eq. (i), we have

a—F_0'2(1+3)X10

1+3
a=r"8 ..(ii)

Due to acceleration of block B, a pseudo force F'' acts on A.
F
.

f

This force F' is given by F'= m a

where, a is acceleration of 4 and B caused by net force acting
on B.

For A to slide over B; pseudo force on 4, i.e. F'' must be
greater than friction between 4 and B.

O myaz f,
We consider limiting case,
mya= f

0 mya=W(my)g
| a=pg =02%x10=2ms™> ...(iii)
Putting the value of « from Eq. (iii) into Eq. (i), we get

F-8_ )

4

O F =16N

Block does not move upto a maximum applied force of 2N
down the inclined plane.

So, equating forces, we have;

2+ mgsin® = f
or 2+ mgsin® = umgcosO ...(1)
Similarly, block also does not move upto a maximum
applied force of 10 N up the plane.
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10N 4, None of the four options are correct.

Now, equating forces, we have
mgsin® + £ =10N

Substituting, m; =5kg and m,=10kg
or mgsinB + wngcosO =10 ...(i1) 5
Now, solving Egs. (i) and (ii), we get We get, W10 +m)g 2 5¢ O 10+m=mr
mgsin® =4 ..(iif) m=23.33 kg
and M mgcosB =6 ..(iv)

5.
Dividing, Egs. (iii) and (iv), we get N1

y
pcotGZé T N
2 h
3tan® _ 3tan 30° l X
O = = - mg

2 2 60°
O U= ﬁ f ¢}
2 2 F. =0,
3. Free body diagram, for the given figure is as follows, Nycos30°—f=0 ()
N;sin30°+N, -mg =0 ...(i1)
l h
mg—cos60°-N,——— =0 ...(iii
g 2 " cos 30° (i
Also, given N, =N, ..(1v)

Solving Egs. (i), (i), (iii) and (iv) we have
h_3J3 16v3

—=—and =
I 16 4 3

6. NOTE It is not given in the question, best assuming that both
blocks are in equilibrium. The free body diagram of two blocks is

For the block to be in equilibrium i.e., so that it does not
as shown below,

move downward, then

5, =0 f 2

0 3+ Mgsin®—F — f=

g sin© . f=0 F B R ; .
or 3+Mgsin@=F + f
As, frictional force, f =R
O 3+ Mgsin@=F +pR () Wy =20N i W =200N
Similarly, 2f, =0 Reaction force, R = applied force F

- Mg cosO + R=0 For vertical equilibrium of 4;
or Mg cos 8 =R ..(ii) f; = friction between two blocks = W, =20N

For vertical equilibrium of B;
f, = friction between block B and wall
=Wy + fi=100+20=120N

Substituting the value of ‘R’ from Eq. (ii) to Eq. (i), we get
3+ MgsinB =F +p(Mg cos 0) ...(iii)

Here, M =10kg,6=45%¢=10m/s’> andp = 0.6
7. A block of mass m is placed on a surface with a vertical

Substituting these values is Eq. (iii), we get cross-section, then

3+ (10 x 10sin45°) = (0.6 x 10 x 10 cos 45°)= F
0 Fo34100_ 60 _, 40

V242 V2
=3+20/2=318N
or F =32N



10.

30
‘ed_»
tan® = & =%
dx dx 2
At limiting equilibrium, we get
M =tan©
2
0.5=—
2
O =1
g x=%1

3
Now, putting the value of x in y = %, we get

Whenx =1 When x = -1
1y _1 -1y _ -1
RO R
6 6 6 6

So, the maximum height above the ground at which the block
can be placed without slipping is 1/6 m.

Block will not slip if
(m +my) g sin O< pm,g cos 6

O 3sin 0< %%Q(Z)cos 0

tanB<1/5
O 0<11.5°
(P) B = 5° friction is static
S =(m +m)gsin6
(Q) 6 =10° friction is static
S =(m +m)gsin6
(R) O = 15° friction is kinetic

/= bmg cos 6
(S) 8 = 20° friction is kinetic
O f=pwmgcosd
When
P =mg (sin® — pcos0)
f=nmgcosB (upwards)
when P =mgsinB; £ =0
and when P = mg (sin@ + [Lcos0)
f = mg cosBO (downwards)

Hence, friction is first positive, then zero and then negative.

Free body diagram (FBD) of the block (shown by a dot) is
shown in figure.

N [Vertical
f
F cos 60° ‘/ Horizontal
mg + F sin 60°

Laws of Motion

For vertical equilibrium of the block
N =mg +F sin 60°=+/3g +\B§

For no motion, force of friction
f=F cos60° or PN =F cos 60°

1 O V3FO F F
or —B\/E + = — or g2 —
3o e T2 g 2",

or F<2g or 20N
Therefore, maximum value of Fis 20 N.

11. Equilibrium of insect gives

N =mgcos
UN = mg sin O

mg cosa mg sina
mg

From Egs. (i) and (ii), we get

cot a 2123
vl

12 N=5N
(Nax =U N =(0.5)(5)=2.5N

5N

w=098N

For vertical equilibrium of the block,
f= mg=098N<(f)ux
14. Since, pmg cos 6> mg sin 6

O Force of friction is f = mg sin 6

2% 9.8><% =98N

15, w=mg=0.1x10=1N

Q Fa

F
1N \1

w=1N
F, = component of weight = 1[sin 8 =sin 0

55
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16.

17.

18.

19.

20.

Laws of Motion

F, = component of applied force = 1[dos 8 = cos 8

Now, at 8 =45° : F| = F, and block remains stationary
without the help of friction.
For©>45°, F| > F,, so friction will act towards Q.

For© < 45°, F, > F; and friction will act towards P.

The block will move due to friction. N

The frictional force (/) is therefore
f=ma=(1)(5)=5N N=mg f

The frictional force exerted by the mg ?

surface on the person is in the
direction of his motion, since the legs pushes the surface
backward direction.

Normal reaction in vertical direction N, = mg

Normal reaction from side to the groove N, = ma sin 37°
Therefore, acceleration of block with respect to disc
4. = Mmacos 37° —UN, — N,

-
m

Substituting the values we get, a, = 10 m/ s?
Acceleration of 4 down the plane,
a, =gsin45° -, gcos45°

:(10)%@—(0.2)(10)%@24\5m/52

Similarly acceleration of B down the plane,

ag = gsin45° -, gcos45°

:(10)%% (0.3)(10)%§:3.5\/§m/52

The front face of 4 and B will come in a line when,
Sy =sp t V2

or laAtzzlaBt2+\/§
2 2

%x 442 x 12 :% x3.5J2 x12 +42
Solving this equation, we get =2
Further, Sy :%aA12:%X4\/§ x(2)* = 8/2m
Hence, both the blocks will come in a line after 4 has
travelled a distance 8v/2 m down the plane.
my = 20kg, m, = 5kg, M = 50kg,
M =03 and g =10ms>.

(a) Free body diagram of mass M is given as

Given,

T
Q f1 l/\/1

o

In

(b) The maximum value of £ is
(/1) max= (0.3) (20) (10) = 60N
The maximum value of f; is
(/2)max = (0.3) (5) (10) = 15N
Forces on m; and m, in horizontal direction are as follows

T T
my my
o h

Now, there are only two possibilities :
(1) Either both m; and m, will remain stationary
(w.r.t. ground) or
(2) Both m; and m, will move (w.r.t. ground)
First case is possible when
T<(f)max OF T'<60N
and T<(f)mx O T<I5SN
These conditions will be satisfied when 7 < 15 N
say 7’ =14 N, then £, = f, = 14N
Therefore, the condition f; =2 f, will not be satisfied.
Thus, m; and m, both cannot remain stationary.

In the second case, when m; and m, both move
J2 = (f2)max = 15N

O fi=2f,=30N

Now, since f; < (f;)

between m; and M 1i.e. all the masses move with same

there is no relative motion

max?

acceleration, say a

O f, =15N and f =30N
Free body diagrams and equations of motion are as
follows

—a —a

T T

fi=30N f,=15N

fij=30N  —>a

[

For my, 30-T=20a ...(1)
For m,, T-15=5a ...(i1)
For M, F-30=50a ...(iii)
Solving these three equations, we get
F =60N
T=18N and « :gm/s2
NOTE

» Friction always opposes the relative motion between two
surfaces in contact.

* Whenever there is relative motion between two surfaces in
contact, always maximum friction (kinetic) acts, but if there is no
relative motion then friction force (f) may be less than its
limiting value also. So, don't apply maximum force.



21. (a) Acceleration of block 4
Maximum friction force that can be obtained at 4 is

(fimax )4 = H 4 (mg cos 45%)
= %(mg/\/i) :\/img

mg sin 45°
= F 2 mg sin 45°
2
_ 2mg
=F =5 =F
Similarly,
(/{max )B = uB (2mg cos 45° )

V2mg
3

Therefore, maximum value of friction that can be
obtained on the system is

:%(2mg/ﬁ) =

22 m .

() = Ut + g =550 ()
Net pulling force on the system is

F=F1—F2=2mg _me _ng .(i)

BRI

From Egs. (i) and (ii), we can see that

Net pulling force < f, ... Therefore, the system
will not move or the acceleration of block Awill be zero.

(b) and (c) Tension in the string and friction at 4

Net pulling force on the system (block 4 and B)

F=F -F, =mg/2

Therefore, total friction force on the blocks should also
mg
V2
or fa+ fy =F =mg/2
Now, since the blocks will start moving from block B
first (if they move), therefore, f; will reach its limiting

value first and if still some force is needed, it will be
provided by f,.

(f max )B <F
Therefore, f, will be in its limiting value and rest will be

provided by f,.
V2m
S5 = o )p =%

and fa=F - f3
_mg _2mg _ mg

V203 32

The FBD of the whole system will be as shown in the
figure.

be equal to

Here,

Hence,

3

22.

23.
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2mg
Fy =
Therefore, friction on A4 is
fy =mg/ 32 (down the plane)

Now, for tension 7 in the string, we may consider either
equilibrium of 4 or B.

Equilibrium of 4 gives

- _mg mg _4mg
T=F+f =——=+—==—"
SN R NN
or T= 2\/§mg
3
Similarly, equilibrium of B gives T + f; = F]
or T=F - fz

_2mg _ \/Emg _4mg
V2o 3 342
:2\/§mg
3

or

Therefore, tension in the string is Z\Emg g

Let F be applied at angle 6 as shown in GF
A

figure.
Normal reaction in this case will be,
N =mg — F sin 0
The limiting friction is therefore
fi =MN =p(mg ~ Fsin 8)
For the block to move,
Fcos0= f, =l (mg — F sin 0)

or F:L‘g. ...(1)
cos O+ psin O

For F to be minimum, denominator should be maximum.

d
or — (cos @+ pusin 0)=0
de( H )
or —sinB@+pxcosO=0
or tan®=p or O=tan '(N)

Substituting this value of 0 in Eq. (i), we get
F i, =mgsin 0

min

Constant velocity means net acceleration of the system is
zero. Or net pulling force on the system is zero. While
calculating the pulling force, tension forces are not taken into
consideration. Therefore,
(a) M,g =M,gsin37° + U M,g cos37° +u M,g

or M, =M,sin37° +uM,cos37° + M,

Substituting the values
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M, = (4) %@+ (0.25) (4) %@+ (0.25) (4)

=4.2kg
(b) Since, M is moving with uniform velocity
T = Myg =(025)(4)(9.8) =9.8N
Mj

uMsg

24. Maximum force of friction between M, and inclined plane
fi =K M g cos 6= (0.75)(4)(9.8)(0.8) = 23.52N
M,g sin B = (4)(9.8)(0.6) =2352N =F, (say)
Maximum force of friction between M, and inclined plane
f> = HaMog cos B
=(0.25)(2)(9.8)(0.8)=3.92N
M,g sin 8 =(2)(9.8)(0.6)=11.76 N = F, (say)

Both the blocks will be moving downwards with same
acceleration a. Different forces acting on two blocks are as
shown in above figure.

Equation of motion of M,

T+F - fi=Ma
or T =4a ..()
Equation of motion of M,

F, =T - f, =Ma

or 784 - T =2a ...(11)
Solving Egs. (i) and (ii), we get
a=13m/s?

and T=52N
25. mgsin 6 = (2)(10) %@z 10N =F, (say)
3
Sl
30°

030 0
M mg cos B = %\FDQ)(IO) EI.J—ED
20 020

=2121N =F, (say)

(a) Force required to move the block down the plane with
constant velocity.

<

F, will be acting downwards, while F, upwards.

Since F, > F;, force required
F=F,—-F =1121N
(b) Force required to move the block up the plane with
constant velocity.
F, and F, both will be acting downwards.

O F=F +F, =312IN

N ¢
V7

<

X
N A 30°

26. Maximum friction between 4 and B = L m, g

or £ =025(3)(10)=75N
Maximum friction between BandC = (m, +my) g
or £ =025(3+4)(10)

=175N

Maximum friction between C and ground
Si=H(my +mg +me)g

=025(3+4 +8)(10)

=375N
Block C and hence block B are moving in opposite directions
with constant velocities and block A4 is at rest. Hence, net
force on all three blocks should be zero. Free body diagrams
have been shown below (Only horizontal forces are shown)

f A
B c —T

T F
f2 f3

For equilibrium of B, T = f; + f, =25N
For equilibrium of C, F =7 + f, + f; =80N
27.

F
St =45

6

Moving upwards

Just remains stationary

F, = mg sin® + Wwng cos O



F, = mg sinO — wngcos 6

Given that F| = 3F, or (sin45° + [lcos45°?)
=3 (sin45° —pcos45°)

On solving, we getph =0.50 N =10p =5

Topic4 Dynamics of Circular Motion

1. Angle covered by each particle in time duration 0 to % is
0=wxr=wx ="
20 2

.. . T .
So, positions of particles at ¢ = N is as shown below;

N

B

N
>

t=0

o . s
Velocities of particles at ¢ = N are

v, = —lei and vy :—Q)Rzi
The relative velocity of particles is
Vi~V = _(*)Rli _(_(*)Rzi)
= (R ~Ry)i= W(R, = Ry
2. Let v, be the velocity of the particle moving along the

circular path initially, v; and v, be the velocity when it moves
through an angle of 60° as shown below.

From the figure,
Av =v, -V,

U |Av|:2vsing:2vsin30" [olvy[=]vy ]

:va%:\/ (Given,v=10m /s)

U |Av |=10m/s
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Alternate method
Av =v, —v, =v, +(-v;)
O|Av = + v} +2vv,c0s120°

:v2+v2+2v><vx§—%§ ‘/

OJjAv|=v=10m/s.

r=1sin0O

T cos B component will cancel mg.
T'sin @ component will provide necessary centripetal force to
the ball towards centre C.

ad Tsin® = mr w’ = m (Isin 6) ¥ or T' = mlw*

0 0=
ml

or O :,/h: /A:%rad/s
ml 0.5x%0.5

4, Since, the block rises to the same heights in all the four cases,
from conservation of energy, speed of the block at highest
point will be same in all four cases. Say it is v,.

Equation of motion will be

Vo

or =— —-mg

R (the radius of curvature) in first case is minimum.
Therefore, normal reaction N will be maximum in first case.

NOTE In the question, it should be mentioned that all the four
tracks are frictionless. Otherwise, v, will be different in different
tracks.

5. Tangential force (F, ) of the bead will be given by the normal

reaction (N), while centripetal force (F,) is provided by
friction ( f. ). The bead starts sliding when the centripetal
force is just equal to the limiting friction.
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N

A

A

Fyis inwards

Therefore,
F,=ma=maL=N
0 Limiting value of friction
(/3 Vox =HN =pmaL (i)
Angular velocity at time 7is W = O ¢
O Centripetal force at time ¢ will be
F,=mLw* =mLa** )

Equating Egs. (i) and (ii), we get
:
a
For ¢ > \/g, F, > (f.)max 1-€. the bead starts sliding.
In the figure, F, is perpendicular to the paper inwards.

2
6. FBD ofbobisT sinOZmTv

and T cos 8 =mg 19 7
2 2 ‘
O tane:L :& 5]
Rg (10)(10)
tanB =1
or 0 =45° mg

7. Motion of pendulum is the part of a circular motion. In
circular motion, it is better to resolve the forces in two
perpendicular directions. First along radius (towards centre)
and second along tangential. Along radius, net force should

be equal to % and along tangent it should be equal to may,

where a; is the tangential acceleration in the figure.

Mg sin 6

T — Mg cos© :MTV

and Mg sin® = Ma; or a; = gsinb

2 2
8. T—mgcosZO°:%orT:mgcos20°+ﬂ

9. Given, m =10kg,
m, = 5kg,w =10rad/s
r=03m7 =0.124m
d Bn=r—5 =0.176m
(a) Masses m; and m, are at rest with respect to rotating table.
Let f be the friction between mass my and table.

Free body diagram of m; and m, with respect to ground

m; @&———T +f T——em,

T = mynw? .(0)
Since, My < my 6
Therefore,  mrw® >T

and friction on m will be inward (toward centre)
[+ T = mrw? ...(ii)
From Egs. (i) and (ii), we get
1= mKw’ = mypw’ ....(iii)
= (myr; = myr)

= (10 x 0124 —5 x0176) (10)* N =36

Therefore, frictional force on m; is 36 N (inwards)
(b) From Eq. (iii)
[ = (mp = myp) o’
Masses will start slipping when this force is greater than
Jmax OF
(mz; = myn )W > fr > Wmg

[0 Minimum values of w is

W g 0.5%x10x9.8
Wpin = -
my = nyh 10x0.124 -5 x0.176
W, =11.67  rad/s
(¢) From Eq. (iii), frictional force f =0

where,  my = myn

or }i:&:izlandr:q +75=03m
n o m 10 2
O =0Im and » =02m

i.e. mass m, should placed at 0.2 m and my at
0.1m from the centre O.



10.

Given, R = 0.1m,m =107 kg

(a) FBD of particle in ground frame of reference is shown in
figure. Hence,

tan @ =—"
R-h
N cos 0 =mg ...(0)
and N sin 6 = mr w’ )
Dividing Eq. (ii) by Eq. (i), we obtain
rw? r rw’
tan 6 = or =
g R-h g
2 _ &
or W = ... (il
27 (iii)

This is the desired relation between w and /4.
From Eq. (iii),

— g
h=R-£
(1)2

For non-zero value of 4,

R>§ or w>./g/R

Therefore, minimum value of w should be

Woin = \/E = 1/% rad/s
R 0.1

or W = 9.89rad/s
(b) Eq. (iii) can be writtenas 7 = R — %
w
. _ Ag
If R and w are known precisely, then Ah = ——-
w

or Ag = w’ Ak (neglecting the negative sign)
(D8 )in = @y )* A, (Ag )iy = 9.8 x 107 mis

Topic5 Miscellaneous Problems
1. Resultant force . of any two forces F

(i.e. P) and F, (i.e. Q) with an angle 0 between them can be
given by vector addition as

In first case /| = 2F and F, = 3F
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O  F?=4F*+9F% +2 x2 x3F%cos 8
| F?=13F? +12F*cos 0 .. (ii)
In second case F| = 2F and F, = 6F
(. Force Q gets doubled)
and F, =2F, (Given)
By putting these values in Eq. (i), we get
(2F, )* = (2F )* + (6F )* +2 x2 x6F?cos 0
O 4F? = 40F* + 24F*cos © ... (iii)
From Eq. (ii) and Eq. (iii), we get;
52F2 + 48F?cos B = 40F 2 +24F *cos 8

O 12+24cos®=0o0rcos@=-1/2
or 0=120° (cosl20°=-1/2)
k _dU __k

. Given,U=-— [0 F.= -—

277 " dr =

Since, the particle moves in a circular path of radius ‘a’, the
required centripetal force is provided by the above force.

2
Hence, ﬂzi O m2 i
a a a’
o I ,_ &k
Kinetic energy, K = —mv" =——
2 2a*
k k
Total energy =K +U =—— +—— =0
2a° 24°
. Nsin® =mg
O N cosB = ma
tan0 =&
a
_a_ o_gy= b _
O cotf = — =tan(90° - 0)= — = 2kx
g dx
O

4, As, from FBD (Free Body Diagram), 27 cos 6 = F/

So,
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Acceleration of particle
_Tsin® _ Ftan®

m 2m
_F X

" om /az_xz

Initially under equilibrium of mass m
T =mg

Now, the string is cut. Therefore, T = mg force is decreased
on mass m upwards and downwards on mass 2m.

O a,, = 78 - g (downwards)
m
and a, = ne - & (upwards)
2m 2
4
As,a= = 5X107_§x10 m/s?
m  3x%x10

So, v—\/Zas—XZX x107 x3=0.1m/s

A rotating/revolving frame is accelerating and hence
non-inertial.
Angular speed and hence the required centripetal force for
both the trains will be different. So, normal reaction
(or pressure) will also be different.
CP=CO
Radius of circle (R)
oo cpod PpPecC °60
OO OCP is also 60°.

Therefore, A OCP is an
equilateral triangle.

Hence, OP =R

60°

o

Natural length of spring is 3R/4.
U Extension in the spring

x=R-—==2"
4 4

-BERT

Download Chapter Test
http://tinyurl.com/yy31619¢c

U Spring force,

The free body diagram of the ring will be as shown
below.

Here, FF = kx = % and N = Normal reaction.

(b) Tangential acceleration, a; The ring will move

towards the x-axis just after the release. So, net force
along x-axis
F.=F sin 60° + mg sin 60°

= e B30

020
Fo=33 .

X
8
The free body diagram of the ring is shown below.

™

&
S N
F
o) 2,
Ay mg

Therefore, tangential acceleration of the ring,

_ _F. _53 53
ar =a, =—= — &
m 8

7g|] aT_

Normal reaction, NV Net force along y-axis on the ring
just after the release will be zero.

F,=0
O N+ F cos60°= mg cos 60°
a N = mg cos 60° — F cos 60°

mg mg%@ mg _mg
8

3mg
8

N =

oL
3



Work, Power and Energy

Topic1 Work Done and Power

Objective Questions I (Only one correct OptiOIl) 5. The work done on a particle of mass m by a force,

1. A uniform cable of mass M and length L is placed on a

horizontal surface such that its %@th part is hanging below the

edge of the surface. To lift the hanging part of the cable upto the
surface, the work done should be (2019 Main, 9 April I)

ZMgL (b) nMgl

M, gL M, gL

(©) (d)

. A block of mass m is kept on a platform which starts from rest

with constant acceleration % upwards as shown in figure. Work

done by normal reaction on block in time ¢ is

X 2 y

K i+
%x2+y2)3/2 o+ %)

constant of appropriate dimensions), when the particle is

taken from the point (a, 0) to the point (0, @) along a

circular path of radius a about the origin in the x- y

plane is (2013 Adv.)

()@ ) 0

0 )
3/2J% (K being a

o o AT
a 2a

If W,, W, and W; represent the work done in moving a
particle from A4 to B along three different paths 1, 2 and 3

respectively (as shown) in the gravitational field of a point

mass m. Find the correct relation between W, W, and W5
(2003, 2Mm)

(2019 Main, 10 Jan 1) B
m a:%
z 7 1
2,2 2,2
(@) mg-t (b) 3mg“t
8 8 A
mgzt2
© 0 @ -" (@) W > Wy > W, (b) W, =W, =W,

. A force acts on a 2 kg object, so that its position is given as a

function of time as x = 3¢ + 5. What is the work done by this

force in first 5 seconds? (2019 Main, 9 Jan II)

7.

)W, <W, <W, (d)W2>W]>W3

A force F=-k ( yf + x]’) (where, £ is a positive constant)
acts on a particle moving in the x-y plane. Starting from the
origin, the particle is taken along the positive X-axis to the

(a) 8507 (b) 900 J (c)95017J (d) 87517 point (a,0) and then parallel to the Y-axis to the point
. When a rubber band is stretched by a distance x, it exerts a (a,a). The total work done by the force ” on the particle is
. . (1998, 2M)
t fi f tude F = ax + bx*, wh b ’
restoring force of magnitude ax + bx~, where a and b are (a) —2ka (b) 2kd’ (c) —ka (d) ka?

constants. The work done in stretching the unstretched rubber
band by L is (2014 Main)

(@) al? + bl (b) 1(aL2 +bL)

@ —%LLZ bﬂ

202

al?  bo
©5 5

A uniform chain of length L and mass M is lying on a
smooth table and one-third of its length is hanging
vertically down over the edge of the table. If g is
acceleration due to gravity, the work required to pull the
hanging part on to the table is (1985, 2M)
(a) MgL (b) MgL/3 (c) MgL/9 (d) MgL/18

Download More Books: www.crackjee.xyz
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9. A body is moved along a straight line by a machine
delivering constant power. The distance moved by the body
in time ¢ is proportional to (1984, 2M)

Integer Answer Type Questions

10. A particle of mass 0.2 kg is moving in one dimension under a
force that delivers a constant power 0.5 W to the particle. If
the initial speed (in ms™") of the particle is zero, the speed
(inms™") after 5 s is (2013 Adv.)

Analytical & Descriptive Questions
11. A light inextensible string that goes over a

smooth fixed pulley as shown in the figure
connects two blocks of masses 0.36 kg and
0.72 kg. Taking g =10ms 2, find the work
done (in Joule) by string on the block of mass
0.36 kg during the first second after the system
is released from rest. (2009)

Topic2 Conservation of Mechanical Energy

Objective Questions I (Only one correct option)

1. A block (B) is attached to two unstretched springs S, and S,
with spring constants k and 4 &, respectively. The other ends
are attached to two supports M, and M, not attached to the
walls. The springs and supports have negligible mass. There
is no friction anywhere.

2 1

My M,

(5]
5]
2 1
M, X M,
S, S —
B 5

——1

Topic3 Problems with Friction

Objective Questions II (Only one correct option)

1. A point particle of mass m, moves along the uniformly rough
track POR as shown in the figure. The coefficient of friction,
between the particle and the rough track equals p. The
particle is released from rest, from the point P and it comes to
rest at a point R. The energies lost by the ball, over the parts
PQ and QR of the track, are equal to each other, and no
energy is lost when particle changes direction from PQ toOR.
The values of the coefficient of friction [ and the distance x

(= OR), are respectively close to (2016 Main)
P
h=2m
30°, R
Horizontal ——Q -
surface
(a) 0.2 and 6.5 m (b)0.2and 3.5m

(¢)0.29 and 3.5 m (d) 0.29 and 6.5 m

The block B is displaced towards wall 1 by a small distance x
and released. The block returns and moves a maximum
distance y towards wall 2. Displacements x and y are
measured with respect to the equilibrium position of the

block B. The ratio B is (2008, 3M)
X
(@) 4 (b)2 (©) L @2
2 4

. An ideal spring with spring constant & is hung from the

ceiling and a block of mass M is attached to its lower end.
The mass is released with the spring initially unstretched.
Then the maximum extension in the spring is (2002, 2M)

4Mg 2Mg
(a) Y (b) X

Mg Mg
(©) f (d) o

Assertion and Reason

Mark your answer as

(a) If Statement I is true, Statement I is true, Statement II is
the correct explanation for Statement [

(b) If Statement I is true, Statement II is true, Statement I is
not a correct explanation for Statement 1

(¢) If Statement I is true; Statement 11 is false

(d) If Statement I is false; Statement II is true

Statement I A block of mass m starts moving on a rough
horizontal surface with a velocity v. It stops due to friction
between the block and the surface after moving through a
certain distance. The surface is now tilted to an angle of 30°
with the horizontal and the same block is made to go up on
the surface with the same initial velocity v. The decrease in
the mechanical energy in the second situation is smaller than
that in the first situation.

Statement II The coefficient of friction between the block
and the surface decreases with the increase in the angle of
inclination. (2007, 3M)
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Passage Based Questions 7. Two bloc}(s Aand B are connected to eagh .other by a string
and a spring; the string passes over a frictionless pulley as

Passage 1 shown in the figure. Block B slides over the horizontal top

A small block of mass 1 kgis vy surface of a stationary block C and the block 4 slides along
released from rest at the top of the vertical side of C, both with the same uniform speed. The

a rough track. The track is a coefficient of friction between the surfaces of blocks is 0.2.
circular arc of radius 40 m. Force constant of the spring is 1960 N/m. If mass of block 4

The block slides along the is 2 kg. Calculate the mass of block B and the energy stored in

track without toppling and a the spring. (1982, 5M)
frictional force acts on it in the

direction opposite to the
instantaneous velocity. The work done in overcoming the
friction up to the point O, as shown in the figure, is 150 J.
(Take the acceleration due to gravity, g = 10 ms™) (2013 Adv.)

0 X

3. The speed of the block when it reaches the point Q is
(@ Sms™  (b) 10ms™ (c) 103 ms™ (d) 20 ms™'

4. The magnitude of the normal reaction that acts on the block
g 8. A lead bullet just melts when stopped by an obstacle.

at the point g is Assuming that 25 t of the heat is absorbed by th
ssuming tha per cent of the heat is absorbed by the
7.5N b) 8.6 N 115N (d) 225N
@ ®) © @ obstacle, find the velocity of the bullet if its initial
Integer Answer Type Questions temperature is 27°C.
5. A block of mass 0.18 kg (Melting point of lead = 327°C, specific heat of lead

is attached to a spring of =0.03 cal/g-°C, latent heat of fusion of lead = 6 cal/g,

force constant 2 N/m. |:| HW J =4.2]/cal). (1981, 3M)
The  coefficient  of 9

. Abody of mass 2 kg is being dragged with a uniform velocity
of 2 m/s on a rough horizontal plane. The coefficient of

block and the floor is 0.1. Initially the block is at rest and the friction between the body and the surface is 0.20,.J=4.2 J/cal
spring is unstretched. An impulse is given to the block as

shown in the figure. The block slides a distance of 0.06 m and

friction between the

and g = 9.8m/s”. Calculate the amount of heat generated

comes to rest for the first time. The initial velocity of the in5s. (1980, 5M)
block in m/s is v = E Then N is 10. In the figures (a) and (b) AC, DG and GF are fixed inclined

10 (2011) planes, BC = EF =x and AB = DE = y. A small block of

Analyti cal & Descriptive Questions mass M is released from the point 4. It slides down 4C and

reaches C with a speed v.. The same block is released from
rest from the point D. It slides down DGF and reaches the
point ' with speed vj. The coefficients of kinetic frictions

6. A 0.5 kg block slides from the point 4 (see fig.) on a
horizontal track with an initial speed of 3 m/s towards

a weightless horizontal spring of length 1 m and force
constant 2 N/m. The part AB of the track is frictionless and between the block and both the surfaces AC and DGF are .

the part BC has the coefficients of static and kinetic friction Calculate vi and v (1980, 6M)
as 0.22 and 0.2 respectively. If the distances 4B and BD are D

2 m and 2.14 m respectively, find the total distance through A
which the block moves before it comes to rest completely.
(Take g = 10 m/s?). (1983, 7M)

—

B c E F
(@) (0)

A B D C
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Topic4 Problems of Circular Motion

Objective Questions I (Only one correct option)
1 A smooth wire of length 211-is bent into a (Dw

circle and kept in a vertical plane. A bead
can slide smoothly on the wire. When the A
circle is rotating with angular speed w r
about the vertical diameter 4B, as shown 0
in figure, the bead is at rest with respect to
the circular ring at position P as shown. 772 > b
Then, the value of w? is equal to B
(Main 2019, April 12 11)
V3¢
2r

(b) 2¢/ (r/3)
(d)2g/r

()
© (gV3)/r

. A wire, which passes through the hole in a small bead, is bent

in the form of quarter of a circle. The wire is fixed vertically

on ground as shown in the figure. The bead is released from 5. A stone tied to a string of length L is whirled in a vertical
near the top of the wire and it slides along the wire without circle with the other end of the string at the centre. At a
friction. As the bead moves from 4 to B, the force it applies certain instant of time, the stone is at its lowest position, and
on the ereAls (2014 Adv.) has a speed u. The magnitude of the change in its velocity as

it reaches a position, where the string is horizontal, is
(a) \Ju* - 2gL (b) y/2gL (1998, 2M)

2 2
90° 5 (©)yu" - gL (d)y2(u” - glL)

6. A particle of mass m is moving in a circular path of constant

(a) always radially outwards

(b) always radially inwards

(c) radially outwards initially and radially inwards later
(d) radially inwards initially and radially outwards later

radius 7 such that its centripetal acceleration a, is varying
with time ¢ as a, = k* rt*, where k is a constant. The power

delivered to the particle by the force acting on it is

. A bob of mass M is suspended by a massless string of length (a) 2 TUmk® 7 (b) mk* r*t (1994, 1M)
L. The horizontal velocity v at position 4 is just sufficient to (mk* #* 3)
make it reach the point B. The angle 6 at which the speed of © 3 (d) zero

the bob is half of that at A, statisfies (2008, 3M)

B

A v

i i i
0=— b)—<O<—
(a) 2 ()4 5

T n n
c)—<0<— d)—<8<m
(c) 5 1 (d) 1
. A simple pendulum is oscillating without damping. When
the displacement of the bob is less than maximum, its
acceleration vector a is correctly shown in (2002, 2M)

Objective Question II (One or more correct option)

7.

A particle is acted upon by a force of constant magnitude
which is always perpendicular to the velocity of the particle.
The motion of the particle takes place in a plane. It follows
that (1987, 2M)
(a) its velocity is constant  (b) its acceleration is constant
(c) its kinetic energy is constant

(d) it moves in a circular path

Integer Answer Type Question

8.

A bob of mass m,suspended by a string of length / ,is given a

minimum velocity required to complete a full circle in the
vertical plane. At the highest point, it collides elastically with
another bob of mass m suspended by a string of length /,,
which is initially at rest. Both the strings are massless and
inextensible. If the second bob, after collision acquires the
minimum speed required to complete a full circle in the
vertical plane, the ratio /, / [, is (2013 Adv.)



Analytical & Descriptive Questions

9. A spherical ball of mass m is

kept at the highest point in the Oy Sphere B
space between two fixed,
concentric spheres 4 and B
(see fig.). The smaller sphere
A has a radius R and the space Sphere A

between the two spheres has a

width d. The ball has a

diameter very slightly less than d. All surfaces are frictionless.

The ball is given a gentle push (towards the right in the figure).

The angle made by the radius vector of the ball with the

upward vertical is denoted by 6. (2002, 5M)

(a) Express the total normal reaction force exerted by the
spheres on the ball as a function of angle 6.

(b) Let N, and N, denote the magnitudes of the normal
reaction forces on the ball exerted by the spheres A4 and B,
respectively. Sketch the variations of N, and N as
function of cos 6 in the range 0< 0 < T by drawing two
separate graphs in your answer book, taking cos 6 on the
horizontal axis.

Topic5 Miscellaneous Problems

Objective Questions I (Only one correct option)

1 A particle moves in one dimension from rest under the

influence of a force that varies with the distance travelled by
the particle as shown in the figure. The kinetic energy of the
particle after it has travelled 3 m is (2019 Main, 08 April 1)

3
l2
Force
(in N) ’
T2 3
Distance ——>
(inm)
(a) 47 (b) 2.57 (c) 657 () 57

A particle which is experiencing a force, is given by
F = 31 - 12j, undergoes a displacement of d = 4i. If the
particle had a kinetic energy of 3 J at the beginning of the
displacement, what is its kinetic energy at the end of the
displacement ? (2019 Main, 10 Jan 11)

(a) 97 (b) 15] (c) 121 d) 107J

. A body of mass m =10kg is moving in a medium and

experiences a frictional force F = — kv?. Its initial speed is

v, = 10ms™" If, after 10's, its energy is% mv}, the value of k

will be (2017 Main)
(a) 107 kgs ™! (b) 10 *kgm™
(c) 10 kgm s ! (d) 10 kgm ™
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10. A particle is suspended vertically from a

11.

point O by an inextensible massless string .0 A
of length L. A vertical line AB is at a
distance L/ 8 from O as shown in figure.
The object is given a horizontal velocity u.
At some point, its motion ceases to be
circular and eventually the object passes
through the line 4B. At the instant of
crossing 4B, its velocity is horizontal. Find
u. (1999, 10M)

A bullet of mass M is fired with a velocity 50 m/s at an
angle O with the horizontal. At the highest point of its
trajectory, it collides head-on with a bob of mass 3M
suspended by a massless string of length 10/3 m and gets
embedded in the bob. After the collision, the string moves
through an angle of 120°. Find (1988, 6M)
(a) the angle 6,
(b) the vertical and horizontal coordinates of the initial
position of the bob with respect to the point of firing of
the bullet. (Take g = 10 m/s?)

4. A time dependent force F' = 6¢ acts on a particle of mass

1 kg. If the particle starts from rest, the work done by the
force during the first 1 s will be (2017Main)
(a)22] (b)91J (c) 18] (d)4.51]

A person trying to loose weight by burning fat lifts a mass of
10 kg upto a height of 1 m 1000 times. Assume that the
potential energy lost each time he lowers the mass is
dissipated. How much fat will he use up considering the work
done only when the weight is lifted up? Fat supplies
3.8%107 J of energy per kg which is converted to
mechanical energy with a 20% efficiency rate.
(Take, g = 9.8 ms2)

(a) 245 x 107 kg (b) 645 x 107 kg
(c) 9.89 x 107 kg (d)12.89 x 107 kg

A block of mass 2 kg is free to move along the x-axis. It is at
rest and from 7=0 onwards it is subjected to a
time-dependent force F'(¢) in the x-direction. The force
F (t)varies with ¢ as shown in the figure. The kinetic energy

(2016 Main)

of the block after 4.5 s is (2010)
F(t)
4N
45s
T t
o) 33\
(a)4.507] (b)7.5017 (c)5.061 (d) 14.06 1
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7.

10.

11.

A particle is placed at the origin and a force F' = kx is acting
on it (where, & is a positive constant). If U (0) = 0, the graph
of U (x) versus x will be (where, U is the potential energy
function) (2004, 2M)

U) Ulx)

A particle, which is constrained to move along x-axis, is
subjected to a force in the same direction which varies with
the distance x of the particle from the origin as F (x)
=—jx +ax’. Here, k and a are positive constants. For x> 0,
the functional form of the potential energy U (x) of the
particle is (2002, 2M)

UX)
A) %

A wind-powered generator converts wind energy into
electric energy. Assume that the generator converts a fixed
fraction of the wind energy intercepted by its blades into
electrical energy. For wind speed v, the electrical power
output will be proportional to (2000, 2M)
(a) v (b) v?

(©) v’ (d)v*

A spring of force constant k is cut into two pieces such that
one piece is double the length of the other. Then, the long

piece will have a force constant of (1999, 2M)
(a) (2/3)k (b) (32) k
(©)3k (do6k

Two masses of 1 g and 4 g are moving with equal kinetic
energies. The ratio of the magnitudes of their momenta is
(1980, 2M)

(b)~2:1
@1:16

(a)4:1
(c)1:2

12

If a machine is lubricated with oil, (1980, 2M)
(a) the mechanical advantage of the machine increases
(b) the mechanical efficiency of the machine increases
(c) both its mechanical advantage and efficiency increases

(d) its efficiency increases, but its mechanical advantage
decreases

Objective Questions I (One or more than one)

13.

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? (2018 Adv.)

(a) The force applied on the particle is constant

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

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

(d) The force is conservative

Integer Answer Type Questions

14.

Consider an elliptically shaped rail
PQ in the vertical plane with OP =3
m and OQ = 4 m. A block of mass

1 kg is pulled along the rail from P
to Q with a force of 18 N, which is
always parallel to line PO (see
figure). Assuming no frictional
losses, the kinetic energy of the
block when it reaches Q is (n X 10) J. The value of n is
(take acceleration due to gravity = 10 ms ) (2014 Adv.)

Analytical & Descriptive Questions

15.

16.

A string, with one end fixed on a rigid wall, passing over a
fixed frictionless pulley at a distance of 2 m from the wall,
has a point mass M = 2kg attached to it at a distance of Im
from the wall. A mass m = 0.5 kg attached at the free end is
held at rest so that the string is horizontal between the wall
and the pulley and vertical beyond the pulley. What will be
the speed with which the mass M will hit the wall when the
mass m is released? (Take g = 9.8 m/s®) (1985, 6M)

-

The displacement x of a particle moving in one dimension,
under the action of a constant force is related to the time ¢ by
the equation z = Jx + 3 where x is in metre and # in second.

Find (1980)
(a) the displacement of the particle when its velocity is zero,
and

(b) the work done by the force in the first 6 s.
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17. A particle of unit mass is moving along the x-axis under the influence of a force and its total energy is conserved. Four possible forms
of the potential energy of the particle are given in Column I (¢ and U,, are constants). Match the potential energies in Column I to the
corresponding statements in Column II

Topic 1
1. (d) 2. (b)
4. (c) 5. (d)
8. (d) 9. (c)
Topic 2
1. (c) 2. (b)
Topic 3
1. (¢) 2. (¢)
4. (a) 5.(4)
7.10 kg, 0.098 J
9. 9.33 cal
Topic 4
1. (b) 2. ()

5. (d) 6. (b)

(2015 Adv.)
Column | Column I
U. O 7 P. The force acting on the particle is zero at x = a
Ui =20 - %gu
g g
_U, Q. The force acting on the particle is zero at x = 0
o=
U, O O R. The force acting on the particle is zero at x = —a
Us0 = =2 EXF eI H O
2 §=-8
U, (0 U, VI gD S. The particle experiences an attractive force towards
AXZ*B_*% g x = 0in the region| x| < a
2@ 3 g gion|x|
T The particle with total energy Yo can oscillate about the
point x = —a. 4
Answers

3. (b)
6. (b)

10.5 11.8

3. (b)
6.4.24 m
8.409.8 m/s

10. ve = vp =2(gy —Hgx)

3. (d)
7. (c, d)

9. (@) N =mg(3cos B —2)

(b) For 6 < cos™! %@ Ny =0,N, =mg(3cos 6 —2)and for

Gzcos_l%Q;NA =0, Ny =mg (2 —3cos0)

O O
10. u = gLEJZ+§[I
O 2 0

11. (a) 6 =30° (b) The desired coordinates are (108.25 m, 31.25 m)

Topic 5
L. (c) 2. (b) 3. (b) 4. (d)
5.(d) 6.(c) 7. (a) 8. (d)
9. (c) 10. (b) 11. (¢ 12. (b)
13.(a,b)  14.507 15.3.29 m/s

16. (a) zero (b) zero
17.A-P,Q,R, T B-Q,S C-P,Q,R,S D-P,R, T



Hints & Solutions

Topic1 Work Done and Power

L —-L/n)

Given, mass of the cable is M.

So, mass of—lth part of the cable, i.e. hanged part of the cable
n

is =M/n (1)

Now, centre of mass of the hanged part will be its middle
point. So, its distance from the top of the table will be L/ 2n.

U Initial potential energy of the hanged part of cable,

o Bgeo g

MgL

0 U,=- ...(>11)
2n?
When whole cable is on the table,
its potential energy will be zero.
a Ur=0 ...(111)
L/2n ]
i L/n

|

Now, using work-energy theorem,

Wnet AU = Uf i
0 =0- % MgL@ [using Egs. (ii) and (iii)]
MgL
0 Wnet = g2
2n

2 Normal reaction force on the block is

N
I g/2

m

N

N =ma,
where, a, . = net acceleration of block.
=gta=g+2 g 3g

0 N = m% @ 3mg

Now, in time * t block moves by a displacement s given by

B8 om0

Here, a= % (given)

s=0+— at

[J Work done = Force X Displacement

3mg ngtZ_ 3mg2t2
2 4 8

U w =

. Here, the displacement of an object is given by

x=(32 +5)m

Therefore, velocity (v) = & 76[(3[2 *3)
dt dt
or v =6t m/s ..(1)
The work done in moving the object from # = 0to ¢ = 5s
w = fF Ldx ...(i1)
X0
The force acting on this object is given by
F=ma=mx ﬂ
dt
 d(6)
dt
F=mx6=6m=12N
Also, x, =312 +5=3x(0)* +5=5m
andats =35s,
x5 =3x (5% +5=80m
Put the values in Eq. (i),
X5
w =12 XJ' dx =12[80 - 5]
X0
W =12%x75=900]J
Alternative Method
To using work — kinetic energy theorem is,

[0 using (1)]

W=AK|:E=lm(V§r7VI-2)

;m><(302 02)— > x2 %900 =900

. Thinking Process We know that change in potential energy

of'a system corresponding to a conservative internal force as

- —
Up=Uy==W =~ Fidr

1



Given, F = ax + bx*

We know that work done in stretching the rubber band by Lis
|dW | = |Fdx |
|W|:J'0L(ax+bx2)dx
lezd @x3d
"B HTEsE
O-0 0204
2 ax(0P0 Dbx bx (030
e T S R
O 00 O

2 3
:\W‘:ﬂJ,bi
2 3

5 r=0P :xﬁ+y3°

k 2 & k
F=——— i+ =—(r

Since, F is along r or in radial direction.
Therefore, work done is zero.

. Gravitational field is a conservative force field. In a

conservative force field work done is path independent
O W, =W, =W,

. dW =F.ds, whereds = dxi + dyj + dzk

and F=-k(yi +xj)

g dW = =k (ydx +xdy)

=~ kd(xy)
O w :Io,o dw = _k_[o,o d (xy)= =k [wly g
W = - ka’

Alternate Answer
While moving from (0, 0) to (a, 0) along positive X-axis,
y (aa)

0.0) @0) X

y=00F - kx] i.e. force is in negative y-direction while
the displacement is in positive x-direction. Therefore, W} = 0
(Force 0 displacement).

10.

11.
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Then, it moves from (a, 0) to (a, @) along a line parallel to

Y-axis (x = +a). During this F = -k (yi +aj)

The first component of force, —k yf will not contribute any

work, because this component is along negative x-direction

(—1i) while displacement is in positive y-direction (a,0) to

(a,a).

The second component of force i.e. —kaj will perform

negative work T - kaj-) W, = (ka) (a) = —ka®
B=dq O

O W =W, +W, = -ka*

NOTE In the given force, work done is path independent. It
depends only on initial and final positions. Therefore, first
method is brief and correct.

Mass of hanging portion is M /3 (one-third) and centre of
mass c, is at a distance 7 = %below the table top. Therefore,

the required work done is,

[

v =meh = B B =

[0 Work done in time ¢.

P = constant

W =Pt

From work-energy theorem, net work done is change in
kinetic energy. Therefore,

%mv2 =ptor vt'?

Integrating, we get sO¢?
As, W= l mv?

2

|
So, Pt=—mv

2
0 p= |22

m

= M =5m/s
V 0.2

0= Net pulling force
Total mass
072g - 036g _ g
072+036 3
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S:laﬁ -1 %Q(DZ =&
2 213 6

T - 036g =036a = 0.36% al 7
_ |a
0 T = 048g 036 kg .
Now, W, =TScos0°
(on 0.36 kg mass) 0.72 kg
- (O.48g)%@(1) 0.729

=008(g?) = 0.08(10)* = 8J

Topic2 Conservation of Mechanical Energy
1. From energy conservation,
S = 4k)y?
o 2=1
x 2
2. Let x be the maximum extension of the

spring. From conservation of mechanical
energy

decrease in gravitational potential energy
= increase in elastic potential energy

1 2M,
g ngzgkx2 or x=-28

Topic 3 Problems with Friction

1. As energy loss is same, thus

Hmgcos® L{PQ) = umg LIOR )

d OR = (PQ)cosB
O OR :4X§

=2J3=35m
Further,decrease in potential energy = loss due to friction
O mgh= (umgcosB)d, + (Wng)d,

V3

mXx10x2=p xm x10 x7 x4

+H xmx10 x24/3
O 4/3p=2

O M= L 0.288 =0.29

23

2. In statement I Decrease in mechanical energy in case I
will be AU, = % mv*
But decrease in mechanical energy in case II will be
AU, = % mv* = mgh
g A U,A& U
or statement I is correct.

In statement II Coefficient of friction will not change or
this statement is wrong.

. Height fallen up to point Q

h = Rsin30° =40 x% =20m
Work done against friction = Initial mechanical energy
— Final mechanical energy
L5
=mgh — —mv
& 2
Putting the values, we get

150:1x10x20—% x1xv? 0 v=10 m/s

. At point O, component of weight along PQ (radially

outwards) is mgcos 60° or mfzg
Normal reaction is radially inwards

N - om”

2 R
2
o =g m
2 R
2
_1x10, 1x (107 _ o
2 40

. Decrease in mechanical energy = Work done against friction

2
+
O lmv2—l]ﬂ;2:umgx or v= w
2 2 V m

Substituting the values, we get

v=0.4m/s :%io@m/slj N =4

. From 4 to B, there will be no loss of energy. Now, let block

compresses the spring by an amount x and comes
momentarily to rest. Then, loss of energy will be equal to the
work done against friction. Therefore,

|
T T T C

M,mg (BD +x) :%mv2 —%kx2

Substituting the values
(0.2) (0.5) (10) (2.14 + x) = % 0.5) (3 - %(2) (x)

Solving this equation, we get x = 0.1m
Now, spring exerts a force kx = 0.2N on the block. But to
stop the block from moving limiting static friction is
M mg = (0.22) (0.5) (10) = 1.IN. Since, 1.1 N> 0.2 N, block
will not move further and it will permanently stop there.
Therefore, total distance covered before it comes to rest
permanently is

d=AB +BD +x =2 +2.14 +0.1 =4.24m



7. Normal reaction between blocks 4 and C will be zero.
Therefore, there will be no friction between them.

Both 4 and B are moving with uniform speed. Therefore, net

force on them should be zero.

kx
T = kx
u T
wngg 7

m,g

For equilibrium of 4

myg = kx
. TN OICE)
k 1960
=0.0lm

For equilibrium of B
Mmgg =T =hkx =m,g

|:| mg:ﬂ:i
po 02
=10kg

Energy stored in spring

U= %kxz = % (1960) (0.01)?

=0.098J
8. Heat energy required to just melt the bullet.
0=0 +0,

Here, O, = msAB

= (mx10%)(0.03 x4.2) (327 —27)

=(3.78 x 10* m)

0, =mL=(m x10%) (6 x4.2)

=(2.52x10* m)
g 0 = (6.3 x10* m)
If v be the speed of bullet, then 75% of 1/ 2mv* should be
equal to Q. Thus,
0.75><% xmxv' =63 x10" m

O v=409.8m/s
9. s=w=2%x5=10m
QO = work done against friction
= mgs=02x2x98 x10
=39.2J=9.33cal
10. In both the cases, work done by friction will be —pMgx.
u %Mvg = %vaF
= Mgy — uMgx

g Ve = Vg =428y —2Ugx

. h=R — RcosB
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Topic4 Problems of Circular Motion

. (b) Keyldea For revolution in a circular path, there should be

a force which balances the necessary centripetal force.

Let N =normal reaction of wire loop acting towards centre.

Then, component N cos 0 balances weight of bead,

g Ncos 8 =mg ..()
and component N sin 8 provides necessary centripetal pull on
the bead,

0 Nsin® = m%EmZ i)

From Egs. (i) and (ii), we have
2

tan® = "2 .. (i)
2g

Now, from geometry of figure,

|~

r 1

2 - _ .
= = .(iv)

0/30 3
-8 RE

Put this value in Eq. (iii), we get

tan@ =

Using conservation of energy h

mgR (1—cos0) = 1 mv*
2 Rcos @
Radial force equation is
2

my
mgcos@—-N =——
& R




74 Work, Power and Energy

Here, N = normal force on bead by wire
2
my
N =mgcos@ ——
g R

=mg(3cos B —2)
N =0atcos © =§

So, normal force act radially outward on bead, if cos 6 >§

and normal force act radially inward on bead, if cos 6 <2/ 3
U Force on ring is opposite to normal force on bead.

. As, v=.45¢gL .. (1)

So, %g =12 —2gh .. (i)

h=L(1-cosB) ... (1i1)
Solving Egs. (i), (ii) and (iii), we get

cosB = -7

8
or 8 =cos™ %%@2 151°

. Net acceleration a of the bob in position B has two
components.

(a) a,, = radial acceleration (towards BA)
(b) a, =tangential acceleration (perpendicular to BA)
Therefore, direction of a is correctly shown in option (c).

. From energy conservation, v* = u” — 2gL ...(1)

—e—=""u

Now, since the two velocity vectors shown in figure are
mutually perpendicular, hence the magnitude of change of

velocity will be given by |Av|=+/u* +v?
Substituting value of v? from Eq.(i), we get
\Av|:\/u2 +u® —2glL = \/2 (u® - gL)

a, = k*rt?
2
-

or = k%rt?

2
. (a)h:Q{ +%§(1—cose)

or v = krt
Therefore, tangential acceleration, a, :§ =kr
t
or Tangential force, F, = ma, = mkr
Only tangential force does work.
Power = F, v = (mkr) (krt)

or Power =mk>1? ¢

. The given case is of uniform circular motion, in which speed

of kinetic energy remains constant. Direction of velocity and
acceleration keep on changing although its magnitude
remains constant.

. Velocity of first bob at highest point.

(to just complete the vertical circle)
= velocity of second bob just after elastic collision.
= velocity of second bob at the bottommost point = /5g/,

1—1:5
l

O

O In
%

Velocity of ball at angle 0 is
v2=2gh:2§Z+%§(l—cos9)g Q)
Let N be the normal reaction (away from centre) at angle 6.
mv?
&+ 50
+ =
2

Substituting value of v? from Eq. (i), we get

Then, mgcos®—-N =

mgcos 0 — N =2mg (1 -cos 0)
a N =mg (3cos 6 —2)
(b) The ball will lose contact with the inner sphere when
N=0
or 3cos®-2=0or ©=cos ' %@

After this it makes contact with outer sphere and normal
reaction starts acting towards the centre.

Thus for B<cos™ %Q

Ny =0
and N, =mg (3cos B - 2)



and for

0=cos™! %@

4 =0 and Ny =mg (2—-3cos0)
The corresponding graphs are as follows.

N, Npg
R 5mg
I
MG =============5 ! i
]
| 1
! i 2mg
| 1
? cos 0 } Cos 6
Al 23 +1 -1 213 +1

10. Let the string slacks at point Q as shown in figure. From P to
Q path is circular and beyond Q path is parabolic. At point C,
velocity of particle becomes horizontal, therefore, QD = half
the range of the projectile.

(L +Lsino

L cos 6

Now, we have following equations

2
(1) Ty = 0. Therefore, mg sin® = % ...()
)V = u® - 2gh =u?

(3) oD = % (Range)

—2gL (1 +sin 6) ...(i1)

2 o _ 2 o
0 Q;cose—£§=v sin 2 (90 9)=v sin 26 (i)
8 2g 2g

) 10 520
Eq. (iii) can be written as @os 0 - 7@; [—CDsin Bcos 6
80 [ELO

20
Substituting value of %HZ sin 8 from Eq. (i), we get

@cos 0 - %@2 sin® @ [os 6 = (1 —cos” B)cos O

or cos B —1/8=cos 8 —cos> 8

O cos®0=1/8 or cos®=1/2 or ©=60°

From Eq. (i), v* = gL sin 8 = gLsin 60°

NE

2
or vi=—glL
2 g
O Substituting this value of v? in Eq. (ii)

u? =v* +2gL (1 +sin 0)
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\E L+2LD+£D i gL +2glL
2 2
O O
= LE2+§D
O 2 0
O O
u= LEP.+§D
O 20

11. (a) At the highest point, velocity of bullet is 50 cos®. So, by
conservation of linear momentum
M (50cos0) =4Mv

0 y= éi—ogcose Q)

Atpoint B,7 =0 butv# 0

2
Hence, 4 Mgcos 60° = w
50

1= ...(ii)

or V2 =

o |09

@xs /= 1—?:)mand g= lOm/szg

Also, v =u? -2gh =u* - 2g %l@

=u® -3 (10) %0@

or v =u? - 100
Solving Egs. (i), (ii) and (iii), we get
cos®=0.86 or 06=30°
0
) x= Range _ 1 Zsin 29
2 2 0o g |]
= M =108.25m
2x10x2
2.2
y=H= u“sin“0
2g
= 30X 30X1_ 31 25m
2x10x4

Hence, the desired coordinates are (108.25 m, 31.25 m).

Topic5 Miscellaneous Problems

1. Keyldea Area under force-displacement graph gives the value of
work done.
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Ap _

0 Work done on the particle = Area under the curve 4ABC 4. From Newton’s second law. 22 =
' Y

W = Area of square ABFO + Area of ABCD

+ Area of rectangle BDEF UA p=K ¢
1 _ ol
=2x2+- x1x]+2 x]1=65] O p=[dp={ Fadt
2 I Io
Now, from work-energy theorem, O p= J’16t dt =3 kg ?@
AW =K, -K, ’ s
_ _ o 2 2
O K,=0W =65] [-K;=0] Also,Ak:AL: 3 45
L . . 2m  2x1
2. We know that, work done in displacing a particle at
displacement d under force Fis given by So, work done = Ak =4.5]
AW =Fd 5. Work done in lifting mass = (10 x 9.8 x1) x1000
By substituting given values, we get If m is mass of fat burnt, then energy
O A W =(31-12))[41) =m><3.8><107><£
o A W=12d . (D) 100
Now, using work-energy theorem, we get Equating the two, we get
work done (AW') = change in kinetic energy (AK ) 0 m= 49 _ 12.89 103 ke
or AW =K, - K, ... (i1)
Comparing Eqgs. (i) and (ii), we get 6. Areaunder F'-¢ graph = momentum = p =,/2 km
K,-K, =127 A?
or K,=K, +12] t k:ﬂ (4 = net area of ' - ¢ graph)
Given, initial kinetic energy, K, = 3] x 3 Sx2
O Final kinetic energy, K, =3J+12J=15] 5 @“ >
3. Given, force, F =-k/* - 2x2
[0 Acceleration, a = _—kvz =5.0625J
n dUu
— 7. FromF =-—
or ? = —kvz dx
t m U (x) _ x _ X
vk .[0 dU = —J'OFdx = —J'O(kx) dx
O — =-—.dt
v m o
Now, with limits, we have o Ux)=- Y as U (0)=0
vdv _ ki
LO?_ %.rodt 8. F=-9Y
dx
0 Q‘lgz‘k’ 0 dU = - F [y
Yoo M or U(x):—Ix(—loc +ax®) dx
| 1- 0.1 +E 20 4
v m U= e
1 1 2 4
O V= P = 2k
01+ 01+1000% U(x)=0at x=0and x = |2~
m a
O 1 X m XV = 1 x 2 . 2k
3 m=v °3 Yo U (x) = negative for x > | —
a
O y=20 =5 From the given function, we can see that
2 F =0at x = 0i.c.slope of U -x graph is zero at
1 —
g ——=5 x=0.
0.1+ 1000
9. Power=F.v=Fv
O 1=0.5+ 5000k 0 lume)
X volume)[J
_ 0.5 _ —4 F=v ?Q: v Dpi
O k= 0  k=10"kg/m i H 7 H

5000



10.

11.

13.

14.

2

0d (volume)[]
v ——

=p 0= pv (4v)=pdv
U dt U
 Power, P = pAv3 or POV
2
L=2, 0 | :gl
1
Force constant k |l ————
length of spring
2 /
/ ki Sl =—1 2 -3
K 3
3
a ky ==k
2
p=~2Km or plQ m,
ﬂ = l od ﬂ = l
n, 2!
(a, b) =—m?
0 d—K =mv ﬁ
dt dt
. dK
Given, — =
dt v
dv
O my — =
dt v
O J'vdv = J'l tdt
0 0™
O Lz = 1 ﬁ
2 m2
0 V= lt
m
O a= @ = \/7
dt m
g F = ma =./ym = constant
2
0 S RN TR R
dt m m 2
NOTE Force is constant. In the website of IIT, option (d) is
given correct. In the opinion of author all constant forces are not
necessarily conservative. For example : viscous force at terminal
velocity is a constant force but it is not conservative.
From work-energy theorem

Work done by all forces = change in kinetic energy
or Weg + Wy =K, —K;
18x5+(1x10)(4) =K,

90-40=K,or K,=50J=5x10]J

15.

16.

17. (A)F, =

Work, Power and Energy 77

Let M strikes with speed v. Then, velocity of m at this instant

will be v cosB or iv. Further M will fall a distance of 1 m

Vs
while m will rise up by (\f — 1) m. From energy conservation,

decrease in potential energy of M = increase in potential
energy of m + increase in kinetic energy of both the blocks.

im
—>
K 2m >
M
o
(RS 5
1m e Jvcose <«
S BEm L”_JT 2
I(fS ~-1)m

v ,:5:///
Lok

or (2)(9.8) (1) = (0.5) (9.8) (\/5 - 1) +% x 2 x 2

1 mv ]
+Ex0,5xEﬁH

Solving this equation, we get, v = 3.29 m/s.
Given,t =+/x +3 or x=(t-3) ...(0)
O x=(t =37 =¢* -6t +9 .. (i)
Differentiating this equation with respect to time, we get
velocity v = & =2t-6 ...(ii1)
dt
(@) v=0when2t—-6=0o0r¢=3s
Substituting in Eq. (i), we get
Jx=0
or x=0
i.e. displacement of particle when velocity is zero is also

Zero.
(b) From Eq. (iii), speed of particle at # = 0is
v; =|v|=6m/s
and at7 =6s

vy =|v|=6ms
From work energy theorem,
Work done = change in kinetic energy

:%m[v; —viz]:%m[(@z -(6)°1=0

-dU

= =290 [x-a] (1] [x +a]
a

F=0atx=0,x=a,x=—-a

and U=0atx=-a
and X=a
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[x][x = a][x +a]
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Centre of Mass

Topic1 Centre of Mass

Objective Questions I (Only one correct option)

1. Three particles of masses 50 g, 100 g and 150 g are placed at the
vertices of an equilateral triangle of side 1 m (as shown in the

3. Four particles 4,B,C and D with masses m, = m,

my =2m, my =3m and mp =4m are at the corners of a
square. They have accelerations of equal magnitude with

figure). The (x, y) coordinates of the centre of mass will be directions as shown. The acceleration of the centre of mass
(2019 Main, 12 April II) of the particles (in ms™) is (2019 Main, 8 April I)
Y
]
777777777777 ms=150g B C4) a
| X
509 = my| (60> | m,=100 g “a D
0 05m 1.0m X l
a
/3 5 O 07 3 O
a) — m,— m[] b) — m, — m[J a .z 4 2,4 a ., 4
@Hs ™12™F ®E2™ % ™5 @G5 ® ai+d) @z @ LG+
(c) El m, V3 m0] (d) E\E m, 7 m% 4. The position vector of the centre of mass r,, of an
a2 4 0O 08 12 0O

asymmetric uniform bar of negligible area of cross-section
2. A uniform rectangular thin sheet ABCD of mass M has length a as shown in figure is (2019 Main, 12 Jan 1)
and breadth b, as shown in the figure. If the shaded portion

HBGO is cut-off, the coordinates of the centre of mass of the
remaining portion will be (2019 Main, 8 April 11) 5
m
(OAb) H\ (@b ,
§ a o " m
N2 2 \ . 2L 3L
3 —— N Om G
| 13 5 11 3
| aA)r=—LX+=-Ly b)r=—Lx+=-Ly
3 (a) S oLy (b) g oLy
1 3 11 5 13
D ‘ ¢ Or=-LXx+—L}J dr="Lx+—L}y
(0,0) F (a, 0) ©r=yg g @r=y s
a 2b a 5b 5. An L-shaped object made of thin rods of uniform mass
N % (b) ’*Q density i ded with a stri hown in figure. If
373 12’12 ensity is suspended with a string as shown in figure.
AB =BC and the angle is made by 4B with downward
a 3b a 5b
(© 1 ,7§ (d) 3 ,?Q vertical is 6, then (2019 Main, 9 Jan)

Download More Books: www.crackjee.xyz
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z
X
1
b) tanf = ——
(b) NE
1 1
tan® = — d) tan® =—
(c) tan 5 (d) tan 3

6. Consider regular polygons with number of sides
n=3,4,5 ... as shown in the figure. The centre of
mass of all the polygons is at height / 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 centre of mass for

each each polygon is A. Then, A depends on n and / as
(2017 Adv.)

(@)D= hsinzg@ 7
@a=p0—1 0

(C)A=htan2@!;§ !
n O
ForE,

7. Distance of the centre of mass of a solid uniform cone
from its vertex is z. If the radius of its base is R and its

0O

O

11

height is 4, then z is equal to (2015 Main)
3h h? 5h 3n*

a) — b) — c) — d) —

(a) 2 ( )4R (c) < (d) R

8. Look at the drawing given in the
figure, which has been drawn with ink
of uniform line-thickness. The mass of
ink used to draw each of the two inner
circles, and each of the two line
segments is m. The mass of the ink
used to draw the outer circle is 6 m.
The coordinates of the centres of the different parts are :
outer circle (0, 0), left inner circle (—a,a ), right inner circle
(a, a), vertical line (0,0) and horizontal line (0, — @ ). The
y-coordinate of the centre of mass of the ink in this
drawing is (2009)

a
(a) E

a a a
(b) 3 (c) o (d 3

10.

Two blocks of masses 10 kg and 4 kg are connected by a spring
of negligible mass and placed on a frictionless horizontal
surface. An impulse gives a velocity of 14 m/s to the heavier
block in the direction of the lighter block. The velocity of the

centre of mass is (2002, S)
(a) 30 m/s (b) 20 m/s
(c) 10 m/s (d) Sm/s

Two particles 4 and B initially at rest, move towards each other
by mutual force of attraction. At the instant when the speed of 4
is vand the speed of B is 2v, the speed of the centre of mass of the

system is (1982, 3M)
(a)3v ®d)v
(c)1.5v (d) zero

Assertion and Reason

11.

Mark your answer as

(a) If Statement I is true, Statement Il is true; Statement 11 is the
correct explanation for Statement 1

(b) If Statement I is true, Statement I1 is true; Statement I1 is not
a correct explanation for Statement [

(c) If Statement I is true; Statement Il is false

(d) If Statement I is false; Statement Il is true

Statement I If there is no external torque on a body about its

centre of mass, then the velocity of the centre of mass remains
constant.

Statement II The linear momentum of an isolated system
remains constant. (2007, 3M)

Objective Questions II (One or more correct option)

12.

A block of mass M has a circular cut with a frictionless surface
as shown. The block rests on the horizontal frictionless surfaced
of a fixed table. Initially the right edge of the block is atx = 0, in
a coordinate system fixed to the table. A point mass mis 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
option is/are correct? (2017 Adv.)

(a) The velocity of the point mass mis v = 28R
1+
M
(b) The x component of displacement of the centre of mass of
the block M is - —"&
M +m
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mR friction between any surfaces of contact. The small sphere is
M+m now released. Find the coordinates of the centre of the larger
sphere when the smaller sphere reaches the other extreme
position. (1996, 3 M)

(¢) The position of the point mass is x = — V2

(d) The velocity of the block M is V' = - %,/zgR

15. Aball of mass 100 g is projected vertically upwards from the
ground with a velocity of 49 m/s. At the same time, another
identical ball is dropped from a height of 98 m to fall freely
along the same path as that followed by the first ball. After
some time, the two balls collide and stick together and finally

fall to the ground. Find the time of flight of the masses.
(1985, 8M)

True/False

13. Two particles of mass 1 kg and 3 kg move towards each other
under their mutual force of attraction. No other force acts on
them. When the relative velocity of approach of the two
particles is 2 m/s, their centre of mass has a velocity of
0.5 m/s. When the relative velocity of approach becomes

3 m/s, the velocity of the centre of mass is 0.75 m/s.
(1989, 2M)

16. A circular plate of uniform thickness has a diameter of
56 cm. A circular portion of diameter 42 cm is removed
from one edge of the plate as shown in figure.

Find the position of the centre of mass of the remaining

portion. (1980)

Analytical & Descriptive Questions

14. A small sphere of radius  y
R is held against the
inner surface of a larger
sphere of radius 6R.
The masses of large and

small spheres are 4M

and M respectively.

This arrangement is k——42cm
56 cm

placed on a horizontal
table. There is no

Topic2 Linear Momentum, Mechanical Energy
and Their Conservation

Objective Question I (Only one correct option)

1. A person of mass M is sitting on a swing to length L and

swinging with an angular amplitude 6,. If the person stands
up when the swing passes through its lowest point, the work
done by him, assuming that his centre of mass moves by a
distance /(/ << L), is close to (2019 Main, 12 April 1)

(a) Mgl (1-67) (b) Mgl (1+6)

0 e0
(c) Mgl (d) MgiO+—0
O 20
A wedge of mass M =4 m lies on a frictionless plane. A
particle of mass maproaches the wedge with speed v. There is
no friction between the particle and the plane or between the
particle and the wedge. The maximum height climbed by the
particle on the wedge is given by (2019 Main, 9 April 1)
27 Vv 2v? v
(@ —— (b)) — (¢) — (d) —
g g ¢ 2g
. A ball is thrown vertically up (taken as + Z-axis) from the

ground. The correct momentum-height (p-4) diagram is
(2019 Main, 9 April 1)

P p
h h
> b)) —5
P P
h (d
> @ —5 h
A particle of mass m is moving in a straight line with
momentum p. Starting at time ¢ = 0, a force F' = kt acts in the
same direction on the moving particle during time interval 7,

so that its momentum changes from p to 3p. Here, k is a
constant. The value of T is (JEE Main 2019, 11 Jan Shift I1)

(a) \/E (b) 2\/; (©) F (d 2\/;
k k p p
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5. Ifthe resultant of all the external forces acting on a system of
particles is zero, then from an inertial frame, one can surely
say that (2009)
(a) linear momentum of the system does not change in time
(b) kinetic energy of the system does not change in time
(¢) angular momentum of the system does not change in time
(d) potential energy of the system does not change in time

6. A particle moves in the x-y plane under the influence of a force
such that its linear —momentum

(kt) - 3 sin (kt)], where, A and k are constants. The angle

(2007, 3M)
(d) 90°

between the force and the momentum is
(a) 0° (b) 30° (c) 45°

Objective Question II (One or more correct option)

7. Two blocks 4 and B each of mass m, are connected by a
massless spring of natural length L and spring constant £. The
blocks are initially resting on a smooth horizontal floor with
the spring at its natural length, as shown in figure. A third
identical block C, also of mass m, moves on the floor with a
speed v along the line joining 4 and B, and collides
elastically with 4. Then (1993, 2M)

v
—

Z
(a) the kinetic energy of the A4-B system, at maximum
compression of the spring, is zero

(b) the kinetic energy of the A4-B system, at maximum
compression of the spring, is mv*/4

(¢) the maximum compression of the spring is v,/ (m/ k)

(d) the maximum compression of the spring is v, 2—”}1

Analytical & Descriptive Questions

8. A particle of mass m, moving in a circular path of radius R
with a constant speed v, is located at point (2R,0) at time
¢t = 0 and a man starts moving with a velocity v, along the

is p(t)=4 [fcos

10.

11.

positive Y-axis from origin at time ¢ = 0. Calculate the linear

momentum of the particle w.r.t. man as a function of time.
(2003, 2M)

AY
|
2 Vo

0.0 - X

. Two bodies 4 and B of masses m and 2m respectively are

placed on a smooth floor. They are connected by a spring. A
third body C of mass m moves with velocity v, along the line
joining A and B and collides elastically with 4 as shown in
figure. At a certain instant of time ¢, after collision, it is
found that the instantaneous velocities of 4 and B are the
same. Further at this instant the compression of the spring is
found to be x,,. Determine (a) the common velocity of 4 and
B at time ¢, and (b) the spring constant. (1984, 6M)

A B

C

0000000 ——

A block of mass M with a semicircular track of radius R,

rests on a horizontal frictionless surface. A uniform

cylinder of radius » and mass m is released from rest at

the top point 4 (see fig.). The cylinder slips on the

semicircular frictionless track.

(a) How far has the block moved when the cylinder reaches
the bottom (point B) of the track ?

(b) How fast is the block moving when the cylinder reaches
the bottom of the track? (1983, 7M)

Z
When a ball is thrown up, the magnitude of its momentum

decreases and then increases. Does this violate the
conservation of momentum principle? (1979)

Topic 3 Impulse, Explosions and Collisions

Objective Questions I (Only one correct option)

1. A man (mass= 50kg) and his son (mass = 20kg) are standing
on a frictionless surface facing each other. The man pushes
his son, so that he starts moving at a speed of 0.70 ms ™! with
respect to the man. The speed of the man with respect to the
surface is (2019 Main, 12 April I)
(a) 0.28 ms™'(b) 0.20 ms ™' (c) 0.47 ms™' (d) 0.14 ms™'

2. Two particles of masses M and 2M, moving as shown, with
speeds of 10 m/s and 5 m/s, collide elastically at the origin.
After the collision, they move along the indicated directions
with speed v, and v, are nearly (2019 Main, 10 April I)

(a) 6.5m/s and 3.2 m/s
(c) 3.2m/sand 12.6 m/s

(b) 3.2 m/s and 6.3 m/s
(d) 6.5m/sand 6.3 m/s



3. A particle of mass m is moving with speed 2v and collides

with a mass 2m moving with speed v in the same direction.
After collision, the first mass is stopped completely while the
second one splits into two particles each of mass m, which
move at angle 45° with respect to the original direction.

The speed of each of the moving particle will be
(2019 Main, 9 April 11)
(@) V2 v

d 22y

v

b) = _v_
()\E (C)(2\/5)

. A body of mass 2 kg makes an elastic collision with a second

body at rest and continues to move in the original direction
but with one-fourth of its original speed. What is the mass of
the second body ? (2019 Main, 9 April I)
(a) 1.5kg (b)1.2kg (c) 1.8kg (d) 1.0kg

A body of mass m; moving with an unknown velocity of v, i
undergoes a collinear collision with a body of mass m,
moving with a velocity v,i. After collision, m, and m, move
with velocities of vﬁ andvﬁ , respectively.

If my, = 0.5m; and v; = 0.5 v}, then v, is (2019 Main, 8 April II)

@) vy + v, (b) v - %
(©) v, - %2 @) v, = v,

. An 0a-particle of mass m suffers one-dimensional elastic

collision with a nucleus at rest of unknown mass. It is
scattered directly backwards losing 64% of its initial kinetic
energy. The mass of the nucleus is (2019 Main, 12 Jan 11)
(a) 1.5m (b) 4m (c) 3.5m (d) 2m

. A satellite of mass M is in a circular orbit of radius R about

the centre of the earth. A meteorite of the same mass falling
towards the earth collides with the satellite completely
inelastically. The speeds of the satellite and the meteorite are
the same just before the collision. The subsequent motion of
the combined body will be (2019 Main, 12 Jan |
(a) in the same circular orbit of radius R

(b) in an elliptical orbit

(c) such that it escapes to infinity

(d) in a circular orbit of a different radius

. A simple pendulum is made of a string of length / and a bob
of mass m, is released from a small angle 8. It strikes a block
of mass M, kept on a horizontal surface at its lowest point of
oscillations, elastically. It bounces back and goes up to an
angle 8,. Then, M is given by (2019 Main, 12 Jan )

(8, + 6, [ m B, - 6,0
@m e H ® 5B, +ob

m By +6,0

6, - 6,0
(C)mﬁmﬁ @ 2 0_91B

. A piece of wood of mass 0.03 kg is dropped from the top of a

100 m height building. At the same time, a bullet of mass
0.02 kg is fired vertically upward with a velocity 100 ms™"
from the ground. The bullet gets embedded in the wood.

10.

1.

12.

13.

14.
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Then, the maximum height to which the combined system
reaches above the top of the building before falling below is

(Take, g = 10ms ™) (2019 Main, 10 Jan )
(a) 20 m (b) 30 m (¢) 10 m (d) 40 m
Three blocks 4, B and C are lying on a smooth horizontal

surface as shown in the figure. 4 and B have equal masses m
while C has mass M. Block A4 is given an initial speed v
towards B due to which it collides with B perfectly
inelastically. The combined mass collides with C, also

perfectly inelastically %th of the initial kinetic energy is lost

. . M
in whole process. What is value of —?
m (2019 Main, 9 Jan |)

A B C
(] [m] ]
(a) 4 (b) 2 (c) 3 (d 5
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 (2018 Main)
) Yo o

a b )2, d

(a) 72 (b) 1 (©)V2 v (d 5

It is found that, if a neutron suffers an elastic collinear
collision with deuterium at rest, fractional loss of its energy
is P;; while for its similar collision with carbon nucleus at
rest, fractional loss of energy is P.. The values of P, and P,
are respectively (2018 Main)
(a) (0, 1) (b) (.89, .28) (c)(.28,.89) (d)(0,0)

A particle of mass m moving in the x-direction with speed 2v
is hit by another particle of mass 2m moving in the
y-direction with speed v. If the collision is perfectly inelastic,
the percentage loss in the energy during the collision is
close to (2015 Main)
(a) 50 % (b) 56 % (c) 62 % (d) 44 %

This question has statement I and statement II. Of the four
choices given after the statements, choose the one that best
describes the two statements. (2013 Main)

Statement I A point particle of mass m moving with speed
v collides with stationary point particle of mass M. If the

. e . 1
maximum energy loss possible is given as f’ % mvzg, then

0 m 0O
f:
+m

Statement II Maximum energy loss occurs when the

particles get stuck together as a result of the collision.

(a) Statement I is true, Statement II is true, and Statement II is
the correct explanation of Statement [

(b) Statement I is true, Statement I is true, but Statement II
is not the correct explanation of Statement [

(c) Statement I is true, Statement II is false

(d) Statement I is false, Statement II is true
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15.

16.

17.

18.

19.

20.

A particle of mass m is projected from the ground with an
initial speed u, at an angle a with the horizontal. At the
highest point of its trajectory, it makes a completely inelastic
collision with another identical particle, which was thrown
vertically upward from the ground with the same initial
speed u,. The angle that the composite system makes with
the horizontal immediately after the collision is (2013 Adv.)

Tt Tt Tt Tt
(a) 7 (b) Z+a (©) Z_a (d 5

A ball of mass 0.2 kgrestsona v m/s

vertical post of height 5 m. A~ T\
bullet of mass 0.01 kg, A )
travelling with a velocity v m/s
in a horizontal direction, hits
the centre of the ball. After the
collision, the ball and bullet
travel independently. The ball hits the ground at a distance of
20 m and the bullet at a distance of 100 m from the foot of the
post. The initial velocity v of the bullet is (2011)
(a) 250 m/s (b) 25002 m/s (c) 400 m/s (d) 500 m/s

Two small particles of equal masses v A

start moving in opposite directions 2v
from a point 4 in a horizontal circular

orbit. Their tangential velocities are v

and 2v respectively, as shown in the

figure. Between collisions, the

particles move with constant speeds. After making how
many elastic collisions, other than that at A, these two
particles will again reach the point 4? (2009)
(a)4 (b)3 (c)2 (d)1

Two particles of masses n; and m, in projectile motion have

o
IOy I
o

velocities v; and v, respectively at time ¢ = 0. They collide at
time ¢,,. Their velocities become v and v!, at time 2¢, while
still moving in air. The value of

[(my vy +my V)= (my v, +my v, s
(b) (my +my)g 1
1
(d)E(ml +my) gl

(2001, S)

(a) zero
(©) 2 (m +my)g i,

An isolated particle of mass m is moving in horizontal plane
(x -y), along the X-axis, at a certain height above the ground.
It suddenly explodes into two fragment of masses m/4 and
3m/4. An instant later, the smaller fragmentisat y = +15cm.

The larger fragment at this instant is at (1997 C, 1M)
(@ y=-5cm (b) y=+20cm
(¢) y=+5cm (d) y=-20cm

A shell is fired from a cannon with a velocity v (m/s) at an
angle B with the horizontal direction. At the highest point in
its path it explodes into two pieces of equal mass. One of the
pieces retraces its path to the cannon and the speed (m/s) of
the other piece immediately after the explosion is
(a)3vcosB (b)2vcosB

(c)%vcose (d) % vcos 0

(1986, 2M)

21.

A ball hits the floor and rebounds after an inelastic collision.

In this case, (1986, 2M)

(a) the momentum of the ball just after the collision is the
same as that just before the collision

(b) the mechanical energy of the ball remains the same in the
collision

(c) the total momentum of the ball and the earth is conserved

(d) the total mechanical energy of the ball and the earth is
conserved

Numerical Value

22. Aballis 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 .......... . (2018 Adv.)

Assertion and Reason

23.

Mark your answer as

(a) If Statement I is true, Statement I1 is true,; Statement II is
the correct explanation for Statement [

(b) If Statement I is true, Statement I1 is true,; Statement II is
not a correct explanation for Statement 1

(c) If Statement 1 is true; Statement II is false

(d) If Statement I is false; Statement II is true

Statement I In an elastic collision between two bodies, the

relative speed of the bodies after collision is equal to the
relative speed before the collision.

Statement II In an elastic collision, the linear momentum of
the system is conserved. (2007, 3M)

Passage Based Questions

24,

Passage 1
A small block of mass M moves on a frictionless surface of
an inclined plane, as shown in figure. The angle of the incline
suddenly changes from 60° to 30° at point B. The block is
initially at rest at 4. Assume that collisions between the
block and the incline are totally inelastic(g = 10 m/s?).

A
%M
v
60°X\ B
30° C
\V3m 3V3m

The speed of the block at point B immediately after it strikes

the second incline is (2008, 4M)
(@)VJ60m/s (b)v45m/s  (c)\30m/s  (d)+/15m/s



25,

26.

The speed of the block at point C, immediately before it leaves

the second incline is (2008, 4M)
(@) V120 m/s (b) V105 m/s  (c) V90 m/s  (d) /75 m/s

If collision between the block and the incline is completely
elastic, then the vertical (upward) component of the velocity of
the block at point B, immediately after it strikes the second

incline is (2008, 4M)
(a) V30 m/s (b) V15 m/s (c) zero (d) ~J15 m/s

Objective Questions IT (One or more correct option)

27.

A point mass of 1 kg collides elastically with a stationary point
mass of 5 kg. After their collision, the 1 kg mass reverses its
direction and moves with a speed of 2ms™'. Which of the

following statement(s) is/are correct for the system of these two

masses? (2010)

(a) Total momentum of the system is 3 kg-ms ™"

(b) Momentum of 5 kg mass after collision is 4 kg-ms_1

(c) Kinetic energy of the centre of mass is 0.75J
(d) Total kinetic energy of the system is 4 J

28. Two balls, having linear momenta p, = pi and p,=- pi,

undergo a collision in free space. There is no external force
acting on the balls. Let p; and p', be their final momenta. The
following option figure (s) is (are) not allowed for any non-zero
value of p,a,,a,,b; ,b,,cjand c,. (2008, 4M)
@ p, =aqi+h jtgk, pr=a,it+h,]j

®)p =k, p; =k

© P =ai+hj+ok, ph=ai+hj-ck

A

dp, = a1i+blj’ p; = a2i+b1]

Fill in the Blanks

29.

30.

The magnitude of the force (in Newtons) acting on a body varies
with time 7 (in microseconds) as shown in the figure. 4B, BC
and CD are straight line segments. The magnitude of the total
impulse of the force on the body from 7 =4 ps to ¢ = 16ps is

......... N-s. (1994, 2M)
T 800 ¢
600+
Z
@ 400 +
o
‘E 200 A B
FEE L NP
0 2 4 6 8 1012 14 16

Time (us)—>

A particle of mass 4m which is at rest explodes into three
fragments. Two of the fragments each of mass m are found to
move with a speed v each in mutually perpendicular directions.

The total energy released in the process of explosionis......... .
(1987, 2M)

Centre of Mass 85

Integer Answer Type Questions

31. Three objects 4,B and C are kept in a straight line on a
frictionless horizontal surface. These have masses m, 2m
and m, respectively. The object 4 moves towards B with a
speed 9 ms™! and makes an elastic collision with it.
Thereafter, B makes completely inelastic collision with C.
All motions occur on the same straight line. Find the final
speed (in ms™") of the object C. (2009)

m

C

B
Analytical & Descriptive Questions

32. Two blocks of mass 2 kg and M are at rest on an
inclined plane and are separated by a distance of 6.0 m
as shown. The coefficient of friction between each block
and the inclined plane is 0.25. The 2 kg block is given
a velocity of 10.0 m/s up the inclined plane. It collides
with M, comes back and has a velocity of 1.0 m/s when
it reaches its initial position. The other block M after the
collision moves 0.5 m up and comes to rest. Calculate
the coefficient of restitution between the blocks and the
mass of the block M.

[Take sin © = tan 8 = 0.05 and g = 10 m/s°]

(1999, 10M)

33. A block 4 of mass 2m is placed on another block B of
mass 4m which in turn is placed on a fixed table. The two
blocks have a same length 44 and they are placed as
shown in figure. The coefficient of friction (both static
and kinetic) between the block B and table is 1. There is
no friction between the two blocks. A small object of mass
m moving horizontally along a line passing through the
centre of mass (CM) of the block B and perpendicular to
its face with a speed v collides elastically with the block B
at a height d above the table. (1991, 4 + 4M)
(a) What is the minimum value of v (call it v;)) required to

make the block A4 to topple?

40—

(b) If v=2v,, find the distance (from the point P in the
figure) at which the mass m falls on the table after
collision. (Ignore the role of friction during the
collision.)
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34.

35.

36.

An object of mass 5 kg is projected with a velocity of 20 m/s
at an angle of 60° to the horizontal. At the highest point of'its
path, the projectile explodes and breaks up into two
fragments of masses 1 kg and 4 kg. The fragments separate
horizontally after the explosion. The explosion releases
internal energy such that the kinetic energy of the system at
the highest point is doubled. Calculate the separation
between the two fragments when they reach the ground.
(1990, 8M)
A simple pendulum is suspended from
a peg on a vertical wall. The
pendulum is pulled away from the
wall to a horizontal position (see fig.)
and released. The ball hits the wall,
the coefficient of restitution being

2 . ..
——. What is the minimum number of

NG

collisions after which the amplitude of oscillations becomes
less than 60 degrees ? (1987, 7M)

Three particles 4,B and C of
equal mass move with equal
speed v along the medians of an
equilateral triangle as shown in
figure. They collide at the
centroid G of the triangle. After G

the collision, 4 comes to rest, B g I
retraces its path with the speed v.
What is the velocity of C?

(1982, 2M)

Topic4 Miscellaneous Problems

Objective Questions I (Only one correct option)

1.

A body of mass 1 kg falls freely from a height of 100 m on a
platform of mass 3 kg which is mounted on a spring having
spring constant k& = 125 x 10° N/m. The body sticks to the
platform and the spring’s maximum compression is found to
be x. Given that ¢ = 10ms 2, the value of x will be close to
(JEE Main 2019, 11 Jan Shift I)
(b) 4cm
(d) 80 cm
A tennis ball is dropped on a horizontal smooth surface. It
bounces back to its original position after hitting the surface.
The force on the ball during the collision is proportional to
the length of compression of the ball. Which one of the
following sketches describes the variation of its kinetic
energy K with time ¢ most appropriately? The figures are
only illustrative and not to the scale. (2014 Adv.)

(a) 8cm
(c) 40 cm

37.

38.

39.

A body of mass 1 kg initially at rest, explodes and breaks into
three fragments of masses in the ratio 1:1: 3. The two pieces
of equal mass fly-off perpendicular to each other with a speed
of 30 m/s each. What is the velocity of the heavier fragment ?
(1981, 3M)
A 20 g bullet pierces through a plate of mass M; = 1kg and

then comes to rest inside a second plate of mass M, =
2.98 kg as shown in the figure. It is found that the two plates
initially at rest, now move with equal velocities. Find the
percentage loss in the initial velocity of the bullet when it is
between M, and M,. Neglect any loss of material of the
plates due to the action of bullet. Both plates are lying on
smooth table. (1979)

A body of mass mmoving with a velocity vin the x-direction

collides with another body of mass M moving in the

y-direction with a velocity V. They coalesce into one body

during collision. Find

(a) the direction and magnitude of the momentum of the
composite body.

(b) the fraction of the initial kinetic energy transformed into
heat during the collision. (1978)

(a) K (®)

© K (d)

N

3. A pulse of light of duration 100 ns is absorbed completely by

a small object initially at rest. Power of the pulse is 30 mV

and the speed of light is 3 x 10® ms™". The final momentum
(2013 Adv.)

(b) 10x 107" kg-ms™

(d) 9.0x 107" kg-ms™

of the object is
(a) 03%x 107" kg-ms™
(c) 3.0x 107" kg-ms™



Objective Questions IT (One or more correct option)

4. A particle of mass m is moving along the side of a square of

side a, with a uniform speed v in the xy-plane as shown in the

figure. (2016 Main)
a
y D ” C
ayv via
Yy 1B
a
R
45°
0 X

Which of the following statements is false for the angular
momentum L about the origin?

(a)L:;m"

V2

®)L=mv Q% - a§2 when the particle is moving from

Rk when the particle is moving from 4 to B

CtoD

(c) L=mv %\% + a@% when the particle is moving from B

toC
@L=""

N

Rk when the particle is moving from D to A

Numerical Value

5. A solid horizontal surface is covered with a thin layer of oil.

A rectangular block of mass m = 04 kg is at rest on this
surface. An impulse of 1.0 N s is applied to the block at time
t = 0, so that it starts moving along the X -axis with a velocity

v(t)=v, e | where v, is a constant and T=4s. The
displacement of the block, in metres, at t = Tis .............. .

(Take, e™' = 0.37). (2018 Adv.)

Analytical & Descriptive Questions

6. There is a rectangular plate of mass M kg of dimensions

(a % b).The plate is held in horizontal position by striking n
small balls uniformly each of mass m per unit area per unit
time.These are striking in the shaded half region of the plate.
The balls are colliding elastically with velocity v. Whatis v ?

It is given n = 100, M =3 kg, m = 0[01kg;
bh=2m;a=1m;g =10m/s%

(2006, 6M)

. Two point masses m; and m, are connected by a spring of
natural length /,. The spring is compressed such that the two
point masses touch each other and then they are fastened by a
string. Then the system is moved with a velocity v, along

10.
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positive x-axis. When the system reaches the origin the string
breaks

(t = 0). The position of the point mass m; is given by

X =vyt —A(l—-coswr)where 4 and w are constants.
Find the position of the second block as a function of time.
Also, find the relation between 4 and /,. (2003, 4M)

A car P is moving with a uniform speed of 53 m/s towards a
carriage of mass 9 kg at rest kept on the rails at a point B as
shown in figure. The height AC is 120 m. Cannon balls of
1 kg are fired from the car with an initial velocity 100 m/s at
an angle 30° with the horizontal. The first cannon ball hits the
stationary carriage after a time #, and sticks to it. Determine
ty. At t,, the second cannon ball is fired. Assume that the
resistive force between the rails and the carriage is constant
and ignore the vertical motion of the carriage throughout.

If the second ball also hits and sticks to the carriage, what

will be the horizontal velocity of the carriage just after the
second impact? (2011, 10M)

Nomumeol
A B

. A cylindrical solid of mass 107 kg and cross-sectional area

10*m? is moving parallel to its axis (the x-axis) with a
uniform speed of 10°m/s in the positive direction. At 7 = 0,
its front face passes the plane x = 0. The region to the right of
this plane is filled with stationary dust particles of uniform
density 10 kg/m>. When a dust particle collides with the
face of the cylinder, it sticks to its surface. Assuming that the
dimensions of the cylinder remain practically unchanged and
that the dust sticks only to the front face of the cylinder find
the x-coordinate of the front of the cylinder at # = 150s.
(1998, 5M)
A wedge of mass m and triangular cross-section
(AB = BC =C4 =2R) is moving with a constant velocity
(—vf) towards a sphere of radius R fixed on a smooth

horizontal table as shown in the figure.

The wedge makes an elastic collision with the fixed sphere
and returns along the same path without any rotation. Neglect
all friction and suppose that the wedge remains in contact
with the sphere for a very short time Az during which the
sphere exerts a constant force F on the wedge. (1998, 8M)

(a) Find the force F and also the normal force N exerted by
the table on the wedge during the time At.

(b) Let h denote the perpendicular distance between the
centre of mass of the wedge and the line of action of F.
Find the magnitude of the torque due to the normal force
N about the centre of the wedge during the interval At.
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11. A uniform thin rod of mass M and length L is standing (a) What is the path followed by the centre of mass of the rod
vertically along the Y-axis on a smooth horizontal surface, during its fall?
with its lower end at the origin (0, 0). A slight disturbance at (b) Find the equation of the trajectory of a point on the rod
t = Ocauses the lower end to slip on the smooth surface along located at a distance 7 from the lower end. What is the
the positive X-axis, and the rod starts falling. (1993, 1+5M) shape of the path of this point ?
Answers
Topic 1 26. (c) 27. (a, c) 28. (a, d) 29.5x107
1. (c) 2. (b) 3. (a) 4. (a) 3,
30. = 31.4 32.¢=084,M =1512k
5. (d) 6. (d) 7. (a) 8. (a) 2" emnen &
9. (c) 10. (d) 11. (d) 12. (a) 33. (2)> Jougd (b)6d3p 34.4425m  35.4
13.F 14. (L + 2R, 0) 15. 6.53 s 2
16. 9 cm from centre of bigger circle (leftwards) 36. Velocity of C is v in a direction opposite to Velocity of B.
87. 1052 m/s at 45° 38.25%
Topic 2 99, () At e tan”! V@ th positi s Magnitude i
1. (b) 2. (¢) 3. (d) 4. (b) . (a) At an angle tan %mv with positive x-axis. Magnitude is
5. (a) 6. (d) 7. (b, d)

2 2
S + VY. (b) Fraction = — MM"* V)

8. —mv,sin Y2 i+ m chosﬁt—v@j M + m)(mv* + MV'?)
R R

V, 2mv2 mR —r) 2g(R—r) TOpiC 4
9. (a) 30 (b) 3x§° 10.— = — 5 m | o m) 1. (%) 2. (b) 3. (b) 4. (b, d)

5. (6.30) 6. 10 m/s

11. No Om, O
m

Topic 3 7.x, :v0t+;;A(1—cos<.ot), A :BWT; +1BA

L. (b) 2.(d) 3.(d) 4. (b) 8. 125, 15.75 m/s 9.10°m

5. (d) 6. (b) 7. (b) 8. (a) v e~ 2mw - amw

9. (d) 10. (a) 11. (c) 12. (b) 10. 2) 300 (W31 - k), %GA, " ’”ggk ®) N
13. (b) 14. (d) 15. (a) 16. (d) 2 7
17. (¢) 18. (¢) 19. (a) 20. (a) 11. (a) Straight line (b) —— + 7 =1, ellipse
21. (c) 22. (30) 23. (d) 24.(b)  25.(b) - Vg

Hints & Solutions

_mxy tompx, g

Topic 1 Centre of Mass

Using, Xoy = ,
1. The height of equilateral A is my +m, + g
_ _ a2 _ 2 _ we have
7= vy =) = (05 =V3/2m v 2 30X 04100 X1+150 X0
Thus, coordinates of three masses are (0, 0), (1, 0) CM ~ 50+ 100 + 150
0 0
and [0.5, ﬁD = ﬁ = lm
O 20 300 12
y Similarly,
_ _my t Yy, tm
m3=150g Yepr = A ;n +"Z 2+m 3)3
<x3—0.5 m,ya—\/gm> 1 2 3 \/7
50x0+100 %0 +150 ><73
| B 50+ 100 + 150
m,=50g (m>=100 g) _\3
1 » X = —1m
*x1=0,y4=0) 05m  (x,=1m, y,=0) 4




2. The given rectangular thin sheet ABCD can be drawn as

shown in the figure below,

(©.0) H

A (=)
44
E G

D

|

|
0,0) F @0
Here,

Area of complete lamina, 4, = ab

Area of shaded part of lamina = % X b_ab

2 4

(x;, », ) = coordinates of centre of mass of complete lamina

38

(x5, »,) = coordinates of centre of mass of shaded part of

ey
lamina =

0 Using formula for centre of mass, we have

_Ayxp — Ayx
X, = 21N 2%
CM — 4,
ab%@ %Q 8a2b 3a2b
4 _sa
P 3ab 12
4 4
Ay — Ay
Similarly, Y, =40 = 2
Yo fem = A, - A,
ab%@ ?@
4 5b
_ab
The coordinate of the centre of mass is % s %

Alternate Solution
Let m be the mass of entire rectangular lamina.

So, the mass of the shaded portion of lamina = %

Using the relation,

Xoy = A 7Y e get
ny = m
258 1
_ 4b4U_ 2 16 -
X, = = =
M o 3 T
— 2
4 4
Similarly, Yy = M we get
%@ ?@ b
Yom = RS
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[J The coordinates of the centre of mass of remaining portion

w111beg£ 3b
1212

For a system of discrete masses, acceleration of centre of
mass (CM) is given by
mya, +mgay +meac tmpap

fow = my +mp +me +mp
(o
N ——ai
T% B mec=3m
I C
[a4]
g
3
A 9
. Ma=m D%
—aie—— 32
-aj
where, m, =m,mz =2m, m, =3m and mp =4m,

la, l=lag|= |ac | =lap | = a (according to the question)
—-mai + 2maJ +3mai - 4ma_]
m+2m+3m+4m
241 2a]

:7 1- ms
o m )

Coordinates of centre of mass (COM) are given by

acm =

mx X, + nmzx;

Xeom = + +
my Ty T

y _my tmyy, +my;
CcoM ~ + 5
my Ty T

and

For given system of rods, masses and coordinates of centre of
rods are as shown.

y
((By5)]
2m
(L, L)
m 2
X
(5L, 0)
2
%mL+m2L+m5LE 13
So, Xcom = O3 2=
D 4 m D 8
0 U
L
2mL+mx — +m x0 5L
and Yoo = 2 ==
4m 8

So, position vector of COM is

Yeom = XcomX+ Yeom ¥

13 5
= —LXx+=-Ly
8 8 v
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5. Key Idea The centre of mass of a thin rod of uniform density lies
atits centre.

The given system of rods can be drawn using geometry as,

where, (COM), and (COM), are the centre of mass of both
rods 4B and AC, respectively.

So, in A4' BB',
a
tan@ = B :izl or tanf=—
A'B 3a 3
4
6. emTTT
! R=Maximum

eight

O O
h -h= hg ! g
cos %@ %os %@— 15

7. Centre of mass of uniform solid cone of height / is at a height

of % from base. Therefore from vertex it’s %h

_my tmyy, sy tmyy, tmsys

8.
Jom my +my +my tmy +mg
— (6m)(0) + (m)(a) +m(a) +m(0) +m(-a) _ a
bm+m+m+m+m 10
9. *>V1:14m/8
Vo=0
2my=10kg Zm, = 4 kg
s = +myv, _10x14 +4 XO—@—IOm/s
M+ m, 10 + 4 14

10.

11.

12.

13.

14.

15.

Net force on centre of mass is zero. Therefore, centre of mass
always remains at rest.

If a force is applied at centre of mass of a rigid body, its
torque about centre of mass will be zero, but acceleration will
be non-zero. Hence, velocity will change.

Ax_,, of the block and point mass system = 0
] mx+R)+Mx=0
where, x is displacement of the block.
Solving this equation, we get
mR
M+m

From conservation of momentum and mechanical energy of
the combined system

0=mv—-MV 1 mgR = %mv2 +%MV2
Solving these two equations, we get

O v:ﬁ

1+

Since, net force on the system is zero. Velocity of centre of
mass will remain constant.

Since, all the surfaces are smooth, no external force is
acting on the system in horizontal direction. Therefore, the
centre of mass of the system in horizontal direction remains
stationary.

C4C, = 5R (in both cases) ,
C1 > X 02 C1 N
‘ (L) (L + 5R, 0) ‘ (x.0)
C, = (x-5R, 0)
Initial Final

x-coordinate of CM initially will be given by
X = mx; + myx,
m +
_ (M) (L)+ M (L +53R)

Y =(L+R) ...()

Let (x, 0) be the coordinates of the centre of large sphere in
final position. Then, x-coordinate of CM finally will be

@MY M & =SR)_ Ry i)
AM + M

Equating Egs. (i) and (ii), we have x = L + 2R

Therefore, coordinates of large sphere, when the smaller
sphere reaches the other extreme position, are (L+2R,0).

Both the balls are of equal masses. Therefore, their centre of
mass is at height 98/ 2 = 49 m from ground. Acceleration of
both the balls is g downwards. Therefore, acceleration of
their centre of mass is also g downwards. Further, initially
one ball has a velocity 49 m/s.



- Just dropped
m O ustaroppe u=245ms

98 m l + ve
2m l

49 m/s
49 m a:g:9.8m/§
-ve
P m
Motion of individual ~ Motion of COM
balls

While the other is at rest. Therefore, initial velocity of their
centre of mass is 49/2 = 24.5 m/s upwards. So, looking the
motion of their centre of mass. Let it strikes after time ¢ with
the ground. Putting the proper values with sign in equation.

|
Ss=ut +—at
2
-49=245¢-49¢
or t2=5¢t-10=0

t:5iw/25+40

2

The positive value of 7 from this equation comes out to be,
6.53 s. Therefore, time of flight of the balls is 6.53 s.

or

16. Suppose 5 be the distance of centre of mass of the remaining
portion from centre of the bigger circle, then

Ayi = Ay
- Befs
1
T(42)

X 7=9cm

©m(56) — (42)°]

Topic2 Linear Momentum, Mechanical
Energy and Their Conservation

1. Initially, centre of mass is at distance L from the top end of
the swing. It shifts to (L — /) distance when the person stands
up on the swing.

0 Using angular momentum conservation law, if v, and v, are
the velocities before standing and after standing of the
person, then

MvyL = Mv (L-1)

0 v, = @L%@O ()

Now, total work done by (person + gravitation) system will
be equal to the change in kinetic energy of the person, i.e.
W, + W, =KE, —-KE,

O -Mgl +W, = %va - %Mvé

1
0 Wp:Mgl+5M(vl2 —vg)

Centre of Mass 91

g
= Mgl +1M L gvé - vél] [from Eq. (i)]
2 -1 H
-2 O
= Mgl + 1M v ZQ - 10
2 L &
= Mgl +1Mv§ —lg -10
2 L &

= Mgl + leg +g§— ID
2 1o H

[using (1+x)" =1+ nx as higher terms
can be neglected, if n << ]

1., 2
0 W, = Mgl +=Mvi x =
p T MM T

I N

or Wp:]wgz+Mv§Z ..(ii)
H wA %/g%(em

ere, vy = =0/=

0 LD 0

0 Vo = 90\/g7

0 Using this value of v, in Eq.(ii), we get
W, = Mgl + M8; gL EL£

0 W, =Mgl[1+ 6]

Key Idea Since, the ground is frictionless, so whe the particle
will collide and climb over the wedge, then the wedge will also
move. Thus, by using conservation laws for momentum and
energy, maximum height climbed by the particle can be
calculated.

Initial condition can be shown in the figure below
As mass m collides with wedge, let both wedge and mass
move with speed v'. Then,
By applying linear momentum conservation, we have
Initial momentum of the system =

Final momentum of the system
mv+0=(m+4m)v'
, Vv .

| v = s (D)
Now, if m rises upto height 4 over wedge, then by applying
conservation of mechanical energy, we have
Initial energy of the system = Final energy of the system

[ I 1 2
—mv-+0=—mv'“+mgh +—(4m)v
5 5 g 2( )

m? = (m +4m)v'2 + 2mgh

g v =502 + 2gh
g V= évz + 2gh [using Eq. (1)]
2
0 cogmpon=22
5 5g
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3. When a ball is thrown vertically upward, then the
acceleration of the ball,
a = acceleration due to gravity (g ) (acting in the downward

direction).
Now, using the equation of motion,
v =u? - 2gh
2,2
-+
or p=_r " ()
2g

As we know, momentum, p =mv or v=p/m
So, substituting the value of vin Eq. (i), we get

_ u® - ( p/ m)2

28
As we know that, at the maximum height, velocity of the ball
thrown would be zero.

So, for the flight when the ball is thrown till is reaches the
maximum height (/).

v — changes from u to 0

O p — changes from mu to 0

Similarly, when it reacher it’s initial point, then

h — changes from 4, to 0

Also, p — changes from 0 to some values.

h

Thus, these conditions are only satisfied in the plot given in
option (d).
4. Here,
F =kt
When ¢ =0, linear momentum = p
When ¢ =T, linear momentum = 3 p
According to Newton’s second law of motion,
applied force, ' =
dt
or dp = F [dt
or dp = ktldt
Now, integrate both side with proper limit
3p T Q 2
[dp = kfrdr or [Pl =kp=0
2 0

or 3p-p) :%k[rz ~0]

or T? :4porT:2\F
k k

5. On a system of particles if, ZF,,, =0

then, Psystem = constant
No other conclusions can be drawn.
_ dp _ . 2 “
6. F—d———kA sin (kt)i —kA cos (kt) j
t

p=4cos (kt)f — A sin (kt)j

Since, F[p=0
O Angle between F and pshould be 90°.

7. After collision between C and 4, C stops while 4 moves with
speed of C i.e. v [in head on elastic collision, two equal
masses exchange their velocities]. At maximum
compression, 4 and B will move with same speed v/2
(From conservation of linear momentum).

v/2 v/2

v, v=0 2, vz,
ey owm

Let x be the maximum compression in this position.
0 KE of 4-B system at maximum compression

= % (2m) %gor K o = mv?/4

From conservation of mechanical energy in two positions
shown in above figure

or 1mvz:lmvz+lkx2
2 4 2
lkxz = lmvz
2 4
m . .
g xX=v % (Maximum compression)

8. Angular speed of particle about centre of the circle
¥

—————— >X
t=20
v v
W=-=20=w=2¢
R R
v, =(=v,sinBi +v,cos B j)
or v _Q‘V sin 22 ¢ +v cosv—ztjg
P 2 R 2 R

~

and vV, =Wj
0 Linear momentum of particle w.r.t. man as a function
of time is
me =m(vp -v,)

—m%v sinv2t§f+§ cos 2 t—v@]’m
= ) SIn—= 5 COS —= |
R R H

9. (a) Collision between 4 and C'is elastic and mass of both the
blocks is same. Therefore, they will exchange their
velocities i.e. C will come to rest and 4 will be moving
will velocity v,. Let v be the common velocity of 4 and B,
then from conservation of linear momentum, we have



> Vo

@ [C] [A B ]

At rest
— vy

® _[C] [A ] B ]
—V —>V
© [c] [A Fwwn]B]

myvy=(my +mg)v or mvy=(m+2m)v or v=

%

(b) From conservation of energy, we have

1, 1 , 1,
—my vy =—=(my +my) v +—kx
5o 2( 4 3 ) 5 o
1 2 1 %g 1 2
or —mvy =— (3m + —kx,
2" =3 OB * gk
2
or 1 2="m  or k:2m\;0
2 3%

10. (a) The centre of mass of M + min this case will not move in
horizontal direction. Let M moves towards left by a
distance x then m will move towards right by a distance
R — r — x(with respect to ground). For centre of mass not
to move along horizontal we should have

_m@R=-r)

M+ m
(b) Let v, be the speed of m towards right and v, the speed of

Mx=m(R-r-x), x

M towards left. From conservation of linear momentum.
mv; = Mv, ...(1)

From conservation of mechanical energy

1

2

Solving these two equations, we get

vy = m 26 (R-r)
M (M + m)

11. No, the situation given does not violate conservation of
linear momentum. Because linear momentum of ball-earth
system remains constant.

mg (R —r) Z%mvlz + Mv% ...(11)

Topic 3 Impulse, Explosions and Collisions

1. The given situation can be shown as below

my =50
Vi =20
—
Vo
—_—
% % =0
Man Son

After collision

Using momentum conservation law,

Centre of Mass 93

(TOtal momentum)before collision
= (TOtal momentum )after collision
(my x 0) + (my X0) =mv, +m, v,
0=my(—v)i +myn,i

0 mvy = My,
O 50v; = 20v,
O vy, = 2.5y ...(D)

Again, relative velocity = 0.70 m/s
But from figure, relative velocity = v, +v,

g v +v, =07 ...(i1)
From Egs. (i) and (ii), we get
v +2.5v =07
g v(35)=07
_07_

v =— =020m/s
3.5

The given condition can be drawn as shown below

v4 sin 30°

10sin 30°

ey .

2M Vo sin 45° M

|
|
|
|
|
Y 55in 45°
|
|
Y
|

Applying linear momentum conservation law in x-direction,
we get
Initial momentum = Final momentum

(M x10cos 30°) + (2M % 5cos 45°)
= (M X v,cos 45°) +(2M %, cos 30°)

d g
O WXIOXQD+E2MXSXL§
0 20 V2

a a
:@\/lxv2 X%D+ EEMXV] XN/ZEB

O 5\@+5\f:% +w3 ()

Similarly, applying linear momentum conservation law in
y-direction, we get

(M x10sin 30°) = (2M x 5sin 45°)
= (M X v,sin 45°) — (2M xv; sin 30°)

| Q\IXIOX%Q—@MXSX%§
:@\/[xv2 x%%— @Mxv1 x%@
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O 5_5[:%_v1 .. (ii)

J2
Subtracting Eq. (ii) from Eq. (i), we get

(5V3 +5J2) = (5 - 5v2)

_ 0 Ov 1

= +V\/§ - -V

87 ETEz T

0 5V3 +H10V2 =5 =143 +y

V3 +10V2 - 50 866+ 14.142 -5

U V]:E}S

O 1+43 O 1+ 1732
- 17802 Ow 6516m/s=6.5 m/s

2732

... (iii)

Substituting the value from Eq. (iii) in Eq. (i), we get

5vV3 + 572 =2 +651 x4/3
V2
O v, = (5v3 +5v2 - 651 x~/3)4/2

v, = (866 +7.071 —11215) 1414
O v, = 4.456 x 1414
U v, = 6.3m/s

3. According to the questions,
Initial condition,

As we know that, in collision, linear momentum is conserved

in both x and y directions separately.

S0,  (Px )initial = (Px final
m(2v) + 2m(v) =0 + mv'cos 45° + mv'cos 45°

O 4mv:2—mv' o v= 2\/5\/

NP

So, each particle will move with a speed of 2\5 V.

relative velocity of approach before collision is 1.

Given, mass of small body, m =2kg
Given situation is as shown

At rest
o> ® @ @

After collision

Before collision

Using momentum conservation law for the given system,

(Total momentum ) =

before collision

(TOtal momentum )after collision

Key Idea For an elastic collision, coefficient of restitution (e), i.e.
the ratio of relative velocity of separation after collision to the

0 m(v)+M(O)=m%@+ MOY...G0)

e = land we know that,

e=-2""
Uy = Uy
0 l:_v—v/4
0-v
O v=v —-v/4
or Vi =5v/4 ...(i1)

Using value from Eq. (ii) into Eq. (i), we get

mv:%+Mé‘}§
o of-tfn

O —mv:éMv
4 4
MZEmZEXZZIng
5 5

Key Idea Total linear momentum is conserved in all collisions, i.e.
the initial momentum of the system is equal to final momentum
of the system.

Given,
my =05m O m =2m,
Let m, = m, then, m =2m
Also, vy = 0.5y,
Given situation of collinear collision is as shown below
Before collision,

After collision,

U According to the conservation of linear momentum,
Initial momentum = Final momentum

m vli + mzvzi = mlvﬁ + m,zvﬁ

U 2mv|i + mvzi =2m(0.5v, N+ mvﬁ
v=v+v, O v=v-m

We have following collision, where mass of o particle = m
M
@
a
a
V4 : : Vo

Let o particle rebounds with velocity v;, then
Given; final energy of o = 36% of initial energy

and mass of nucleus =



U lmvl2 =036 % 1mv2

2 2
O v =06v ...(1)
As unknown nucleus gained 64% of energy of o, we have

leg = 0,64 x L my?
2 2

m .
0 v, = W x0.8v ...(i1)

From momentum conservation, we have
mv = Mv, —mv,
Substituting values of v; and v, from Egs. (i) and (ii), we

have
m
mv=M,— x08v —m x0.6v
M
O L6mv =+mM % 0.8y
O 2m=~NmM
O 4m’ =mM O M =4m

7 According to the given condition in the question, after

collision the mass of combined system is doubled. Also, this
system would be displaced from its circular orbit.

So, the combined system revolves around centre of mass of
‘system + earth’ under action of a central force.

Hence, orbit must be elliptical.

Pendulum’s velocity at lowest point just before striking mass
m is found by equating it’s initial potential energy (PE) with
final kinetic energy (KE).

Initially, when pendulum is released from angle 6, as shown
in the figure below,

We have,

I 5
mgh = —my
& 2

Here, h=1-lcosB,
So, v=,/2gl (1 -cosB) ...(1)

With velocity v, bob of pendulum collides with block. After
collision, let v; and v, are final velocities of masses m and M
respectively as shown

(">
% J After collision

J Before collision

Then if pendulum is deflected back upto angle 6,, then

v =/2gl (1 -cos8,) ...(ii)
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Using definition of coefficient of restitution to get

_ ‘Velocity of separation‘

‘velocity of approach‘

1:%(_0“)5:; vy (i)

From Egs. (1), (ii) and (iii), we get
O 2gl(1-cosB,) =v, +./2¢I(1 —cosB,)
O v, =42 (\/l—coseo —\/l—cosﬁl) ...(1v)

According to the momentum conservation, initial momentum
of the system = final momentum of the system

U mv=Mv, —my
U Mv, =m(v+v)
Mv, = m,|2gl (\/1 —cosf, +\/l —cos0, )

Dividing Eq. (v) and Eq. (iv), we get
M _ \/1 —cosB, + \/l —cos B,

m J1-cosB, —1-cosh,
e
o o

ol

" eet]

For small 8, we have

e0 91
M:2+2
m 8 8

2 2

6, +6,0

Key Idea As bullet gets embedded in the block of wood so, it
represents a collision which is perfectly inelastic and hence only
momentum of the system is conserved.

Velocity of bullet is very high compared to velocity of
wooden block so, in order to calculate time for collision, we
take relative velocity nearly equal to velocity of bullet.

So, time taken for particles to collide is

d _100

t=—=—=1s
Vi 100

Speed of block just before collision is;

v =gt =10x1=10ms™'
Speed of bullet just before collision is
v, =u—gt
=100-10x1=90ms™"

Let v= velocity of bullet + block system, then by
conservation of linear momentum, we get
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10.

- (0.03 x 10) +(0.02 x 90) =(0.05) v

g v=30ms"'
Now, maximum height reached by bullet and block is
2
a0 n= 30 % 30
2g 2x10
O h=45m

O Height covered by the system from point of collision = 45
m

Now, distance covered by bullet before collision in 1 sec.

=100 x 1—% x10 x1*> =95m

Distance of point of collision from the top of the building
=100-95=5m
0 Maximum height to which the combined system reaches

above the top of the building before falling below
=45-5=40m

Key Idea For a perfectly inelastic collision, the momentum of the
system remains conserved but there is some of loss of kinetic
energy. Also, after collision the objects of the system are stuck to
each other and move as a combined system.

Initially, block 4 is moving with velocity v as shown in the
figure below,

A B C
Z

Now, 4 collides with B such that they collide inelastically.
Thus, the combined mass (say) move with the velocity ‘v’ as
shown below,

C
an
7,

Then, if this combined system is collided inelastically again
with the block C.

So, now the velocity of system be v" as shown below.

Thus, according to the principle of conservation of
momentum,

7

initial momentum of the system
= final momentum of the system

O mv=2m+M )v"'
or yr=g v H (i)
m+ M H N
Initial kinetic energy of the system,
(KE), :%mvz ..(ii)

Final kinetic energy of the system, (KE) ,
= % m+ M)V )

11.

12.

[ using Eq. (1)]

1 U mv Ij2
—5(2m+M) Em+MH

1 v
=— ...(111)
2 2m+M)
Dividing Eq. (iii) and Eq. (ii), we get
lm2 Vv
KB, ™" _ m -
(KE), Qm+M) 2m+M
—mv?
It is given that %th of (KE); is lost in this process.
1
g (KE) :g(KE)i
KE), _1
S = (V)
(KE), 6
Comparing Eq. (iv) and Eq. (v), we get
" =lg em=omem
m+M 6
dm=M O M. 4
m
From conservation of linear momentum,
mvy+0 = my +mv,
Vo=V v, ...(D)
Further, K, zéK ,
T2
a EDflmvgljzlmv]z +lmv§
2B H 2 2
——V Rest — VW
m m m m
Before collision  After collision
%vz = +v; ...(1i)

Solving Egs. (i) and (ii),
v =L42)
2
n=201-42)

Viel = V1 V2

%O[H\E—Hﬁ]:%) x24/2 =2y,

Case I Just before Collision,

—v @

Just after collision

v1<—(:) ::>—>V2



From momentum conservation,
2v, =y =v
From the definition of e (= 1for elastic collision)

v+ty=v 0O 3v,=2v
2y v
vw=— [0 y==
2 13 11 3
fmvz—zmvlz 1—5 ]
= =—2=-=0.89
P | 19
—my
2

Case II Just before Collision

Just after Colhslon
From momentum conservatlon,

12v, =y, =v
From the definition of e(= 1 for elastic collision),

vty =v
13v, =2v
Vz:g O v =v- v _llv
13 1313
O
lmv2—lmvl2 1—E 48
P) =2 2 =169 _ *° _»g
‘ L 1169

13. In all type of collisions, momentum of the system always
remains constant. In perfectly inelastic collision, particles
stick together and move with a common velocity.

Let this velocity is v,. Then,
initial momentum of system = final momentum of system

or m(2v)f + 2m(v)j =(m +2m)v,

2 a .
g chg(vi+vj)

|v.|orv, orspeedzwf%vg + %vg =—

Initial kinetic energy
K, = %(m)(2v)2 + %(2m)(v)2 =3m?

Final kinetic energy

Kf:;(Sm)ﬂg % 2

03

K, - K O
Fractional loss = G———Z[x 100
d k, 0O

0% 100= 56%

14.

15.

16.
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Maximum energy loss

2 2 0 2 0
_p . p A-KE =21
2m 2(m+ M) O 2m[]
Before collision the mass m and after collision the mass is
m+ M
pPo0 M 01

:%BmeM)E:E Dm+MD Elf_m+M

From momentum conservation equation, we have,
A

I

L.

e Uy COS O

[Juoz— 2gH

m
m
P = Py
0 m(ugcosa )i + m(yul = 2gH)j=C2m)v  ...(I)
2.2
g =t a .. (i)
2g
From Egs. (i) and (ii)
_ UycosO » | uycosd 4
= 1+ ]
2 2

Since both components of v are equal. Therefore, it is
making 45° with horizontal.

= u zih D 20:\)1 ﬁ

g \ 10
and 100 = vy, | 223
10

O v, =20m/s, v, = 100m/s.
Applying momentum conservation just before and just after
the collision

(0.01) (v) = (0.2)(20) + (0.01)(100) v = 500 m/s
At first collision one particle having speed 2v will rotate 240°

@)r %@while other particle having speed v will rotate 120°

E)r 2%‘[@ At first collision, they will exchange their

velocities. Now, as shown in figure, after two collisions they
will again reach at point 4.

2n/3 (A‘ 2n/3

2v . R
2m/3

1st collision e 4 2nd collision
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18.

19.

20.

21.

22.

23.

Centre of Mass

| (v + myvy )= (my v+ my V)|
= |change in momentum of the two particles |

= | External force on the system | x time interval
= (my +my) g (2t0)=2(my +my) gty

Before explosion, particle was moving along x-axis i.e., it
has no y-component of velocity. Therefore, the centre of
mass will not move in y-direction or we can say ) = 0.

_my tmy,
m +m,
(m/4)(+15)+ (3m/4) (y)
(m/4+3m/4)

or y=-5cm

Now,  yem

Therefore, 0=

Let v’ be the velocity of second fragment. From conservation
of linear momentum,

2m veos® m m
O— vcos —0O O—»V
Just before Just after explosion

explosion

2m (vcos®)=mv' — m (vcos0)
O v' = 3vcosB

In an inelastic collision, only momentum of the system may
remain conserved. Some energy can be lost in the form of
heat, sound etc.
2.2 %0 2
S WS om0 Y =120m
2g 4g

If speed is v after the first collision, then speed should remain

1. _—
—— times, as kinetic energy has reduced to half.

V2

u
0 vV —
V2
vsin?30° (u/\/E)zsin23O°
a Rpax = =
28 2g
2 0
= /4g|:|:@:30
o4 O 4

In case of elastic collision, coefficient of restitution e = 1.

Magnitude of relative velocity of approach
= Magnitude of relative velocity of separation.
But relative speed of approach

# Relative speed of separation

24, Between 4 and B, height fallen by block

25.

26.

27.

h = J3tan 60°= 3 m.
0 Speed of block just before striking the second incline,

v =2l =42x10%3 = /60 ms ™

In perfectly inelastic collision, component of v, perpend-
icular to BC will become zero, while component of v,
parallel to BC will remain unchanged.

O Speed of block B immediately after it strikes the second
incline is,
v, = component of v; along BC

0V/30

=vcos30°= (\/@)EQD
020
=45 ms™'
Height fallen by the block from B to C

hy = 34/3tan30°=3m

Let v, be the speed of block, at point C, just before it leaves
the second incline, then :

vy =4y +2gh,
=445+2x10x3
=105ms™

In elastic collision, compound of v, parallel to BC will
remain unchanged, while component perpendicular to BC
will remain unchanged in magnitude but its direction will be
reversed.

Just after

Just before
v, = v cos30°

o3

0
= (J60)E2 = /45 ms™!
020

Vo = v;sin30° = (60) %@= V15ms™

Now vertical component of velocity of block
Vv =g €08 30°-v) cos 60°

_ (5, BB3E. 10
= (W15) 020~ (J45) -0

1kg
2ms™!
(OO
1kg 5kg

b= Dnl—mzlilv +|:| 2m, Dv
! El +mZH1 El +m25 ?



(asv, =0)

_a-sg
—2—BI+—SHV1+O

O v =3ms”!

V'=D”2_m1[|v +|:| 2m U - Ims!
? Bn1+mQHz Bnl+m2Bvl

Poyi =P =(1)(3)=3kg-m/s
Ps'=(5)(1)=5kg-m/s

2
=P = 9 755
QMg 2%6

1 x1x (3 =45J

CM

K

total —

28. Initial momentum of the system p, + p, =0
O Final momentum p; + p), should also be zero.

Option (b) is allowed because if we put ¢, = —¢, Z0,
p; +p, will be zero. Similary, we can check other options.

29. Impulse = J'F dt = area under F'-f graph

U Total impulse from¢ =4 ustot =16 s
= Area EBCD
= Area of trapezium EBCF + Area of triangle FCD

:%(200+800)2 x107° +% x 800 x10 x107°
=5x107 N-s

30. From conservation of linear momentum p5 should be V2 my

in a direction opposite to p;, (resultant of p, and p,). Let v’
be the speed of third fragment, then

P, = mv

Pg/
(2m)v' =2mv
v
O =
V2

=mv- +m =—my
31. After elastic collision,
UOn —2m0O 2(2m) .
4= 9)+——=(0)=-3ms
v +2mH( ) m+2m( )

Now, from conservation of linear momentum after all
collisions are complete,

m(+9ms™ )y =m (-3 ms™')+3m (v, )orve =4 ms”’

Centre of Mass 99

32. Letv, = velocity of block 2 kg just before collision,

v, = velocity of block 2 kg just after collision,
and v; = velocity of block M just after collision.
Applying work-energy theorem
(change in kinetic energy = work done by all the forces) at
different stages as shown in figure.

Figure 1.

AKE = Wfriction + Wgravity

% m - (10)2}5: — 6 mg cos 8 — mgh,

or vi =100 = = 2[6ug cos O +gh, ]

cos 8= /1 -sin 0 =,/1 - (0,057 =099

0w =100 = 2[(6) (0.25) (10) (0.99) +(10) (0.3) ]
O v, = 8m/s
Figure 2. AKE= Wfriction +W,

gravity

Vo

RO

SmI) = ()] = = 61 mg cos © +mgh

or 1—v§:2[—6ugcose +gh ]
=2[-(6)(0.25)(10) (0.99) + (10) (0.3)]

=-237
O v; =247
or v, =5m/s
Figure 3. AKE = Wfriction + Wgravity
1
S M0=31= = (0.5) ()(M )gcos B ~Mgh,

h,=0.5sin6
=0.025m
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33.

or —v§ = —-H gcosB —2gh,

or v2 = (0.25) (10) (0.99) + 2 (10) (0.025)
or vi=2975 00 w=172m/s
Now,

(a) Coefficient of restitution
_ Relative velocity of separation

" Relative velocity of approach
_vtv; _5+1.72_6.72
v 8

or e=084

(b) Applying conservation of linear momentum before and
after collision

2y, = Mvy —2v,
0 y =2t y)
V3
_2(8+5)_ 26
R
M =15.12kg

If v, and v, are the velocities of object of mass m and block of

mass 4m, just after collision then by conservation of
momentum,

mv=myv; +4mv,,1.e.v=v +4v, ..(D)
Further, as collision is elastic
1 1 1 . .
—mv* = —mv + —4mvi,ie v = v+ 4v? ...(i1)
2 2 2
Solving, these two equations we get either
2
v,=0 or v,=-v
5
2
Therefore, v, ==v

Substituting in Eq. (i) v, = %v

when v, = 0, v = v,, but it is physically unacceptable.

(a) Now, after collision the block B will start moving with
velocity v, to the right. Since, there is no friction between
blocks 4 and B, the upper block 4 will stay at its position
and will topple if B moves a distance s such that

s> 2d ...(1ii)
However, the motion of B is retarded by frictional force
f =W (4m + 2m)g between table and its lower surface.
So, the distance moved by B till it stops

2
0=12 —zg%%,i.e.szv—z
4m 3ug

Substituting this value of s in Eq. (iii), we find that for
toppling of 4
or v22 > 6 ugd

§v> \Jougd [asv, =2v/5]

34.

ie. V> g,/6ugd
or Viin = Yo :g,/6ugd

(b) Ifv = 2v, = 5,/6lgd, the object will rebound with speed

V= %v =3,/6 pgd

and as time taken by it to fall down

= ih:%
Vg V&g

The horizontal distance moved by it to the left of P in this
time x = vt = 6d/31
NOTE
* Toppling will take place if line of action of weight does not pass
through the base area in contact.

* v, and v, can be obtained by using the equations of head on
elastic collision

[as h = d]

0
v, Ov, + 0 ov,
um, +m,0 tm,+m,0
_Om,-m,0 0 2m, O
and v,'=0 Ov, + 03 v,
um, +m,0 um,+ m,0

Let v, and v, be the velocities after explosion in the directions
shown in figure. From conservation of linear momentum, we
have
5(20cos60°) =4y, —1xv,
or 4v, = v, =50 ...(D)
5 kg
(O—— 20 cos 60°
Just before explosion
1 kg
Vo «—()

Just after explosion

4 kg
O—)V1

Further, it is given that, kinetic energy after explosion
becomes two times.

Therefore,

l><4><v12
2

1 2 Dl QZD
+- x1xy:=2 = x5 x(20cos 60

or 4 +v2 =1000
Solving Egs. (i) and (ii), we have
v, =15m/s,

..(ii)

v, =10m/s
or vy =5m/s and v, =-30m/s.

In both the cases relative velocity of separation in horizontal
direction is 25 m/s.

1kg 4kg 4 kg 1kg
10mis«—0O O—15msOR O— (O—30m/s
5m/s

0 x = 25¢ = distance between them when they strike the
ground.



35.

36.

Here, = % (T =time of flight of projectile)
_ u sin O _ 20sin 60° _ 1775
g 9.8
a x=25%1.77m =44.25m

As shown in figure initially when the bob is at A4, its potential
energy is mgl. When the bob is released and it strikes the wall
at B, its potential energy mgl is converted into its kinetic
energy. If v be the velocity with which the bob strikes the
wall, then

A

mgl:%mv2 or v =./(2gl) ...(1)

Speed of the bob after rebounding (first time)

v = e\/@ ...(11)
The speed after second rebound is v, = ez\/@
In general after n rebounds, the speed of the bob is

v, = e"\[(2¢gl) ....(iif)

Let the bob rises to a height / after n rebounds. Applying the
law of conservation of energy, we have

I 5

—mv, = mgh

M e
2 2n n

0 p=ltioe mg’:eng%g u:ggz...(iv)
2g 2g 5 5

16, be the angle after n collisions, then
h=1-1lcosB, =[(1-cosB,)
..(v)

From Egs. (iv) and (v), we have

%gl:l(l—cosen) or %g =(1-cosB,)

For 8, to be less than 60°, i.e. cos 8, is greater than 1/2,
i.e. (1—cos 6, )is less than 1/2, we have

5 <

This condition is satisfied for n = 4.
0 Required number of collisions = 4.

Before collision, net momentum of the system was zero. No
external force is acting on the system. Hence, momentum
after collision should also be zero. 4 has come to rest.
Therefore, B and C should have equal and opposite momenta
or velocity of C should be v in opposite direction of velocity
of B.
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37. From conservation of linear momentum py should be equal

and opposite to p;, (resultant of p, and p,). So, let v' be the
velocity of third fragment, then

Gm)v'=2myv 00O v':‘fv
Here, v =30m/s (given) O v':‘fx 30 =10+/2 m/s

This velocity is at 45° as shown in figure.

38. Applying conservation of linear momentum twice. We have

el

m + M,
mv—M1v1 + mv, ..()
mv, = (M, + m) v, ...(ii)
Solving Egs. (i) and (ii), we get
Vv, . M,+m

v M +M,+m

Substituting the values of m: M, and M, we get percentage
of velocity retained by bullet

+
2><1oo %Mﬁ 100 = 75%
+2.98 + 0,02
O % loss = 25%

39. (a) From conservation of linear momentum, momentum of
composite body

P= () +(p)y=(mv)i+(MV)]

0 | p|=+/(mv)” +(MV )

Let it makes an angle 0 with positive X-axis, then

o= tan”! E)li%: tan ! wg
Up, O my

(b) Fraction of initial kinetic energy transformed into heat
during collision

KK Ky M)
K; K; lmv2+lMV2
2 2
(mv)’ + (MV)' |

(M A+ my(m? + MV
_ Mm (v2 + VZ)
(M + m)(mv* + MV?)
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Topic4 Miscellaneous Problems

1 Initial compression of the spring,

— X0
mg kQ@@
3x10 %100 3
O Xg = c =
125 x 10 1250
Which is very small and can be neglected.
Applying conservation of momentum before and after the
collision i.e., momentum before collision = momentum after
collision.
m X \/@ =(m + M) v (. velocity of the block just before

the collision is

X, in cm
0

v = 0% =2gh

or v =4/2gh)

After, substituting the given values, we get
1% 4/2x10 x100 =4v or 4v = 2045

S0 v=5/5m/s
Let this be the maximum velocity, then for the given system,
using
1 sz = 1]062
2 2
1 1 6 X
g — x4 x125 =— x125 x10 X%
2 2 00
2
O 4=10" x = or x=2cm
10

J No option given is correct.
2. t=0e
(Before collision) I
t

v =gt

I 5,
=—mg-t
5 g

K 0 ¢* Therefore, K- graph is parabola.
During collision, retarding force is just like the spring force
(F O x), therefore kinetic energy first decreases to elastic
potential energy and then increases.
Power X time
Speed of light
_30%107 x100 %107
B 3% 10°
=1.0x 107" kg-m/s

3. Final momentum of object =

4, We can apply L = m(r x v) for different parts.

For example :
R

N

In part (a), coordinates of 4 are% ,

R R

Therefore, r=—i+—jand v=vi

So,

Hen

NERNG
substituting in L = m(r X v) we get,
mvR ~
k
V2

ce, option (a) is correct. Similarly, we can check other

L=-

options also.

O

O

Equ

Sub

(a)

(b)

. Linear impulse, J = my,

J

Vo =— =2.5m/s
m
v:voe_”T
dx x T ,
2=y et dx=v, [e " dt
"’ J; OJ;
o o
@_I/TD
Y=WOo 0o
O-—0
U th

x=25(-4)(e! =&
=2.5(-4)(037 1)
x=630m

ating the torque about hinge side, we have

b@ 3b b
n X X —[%X (2my) X — = Mo X —
Qj 2 ( ) 4 & 2

stituting the given values, we get
v=10m/s
x =vyt—A(—coswt)
iy x,
Xem ~ =Vt
m +m,
m
Xy = vyt +— A (1—coswr)
my
d’x,
a==L=-w Acos w
dt

The separation x, — x; between the two blocks will be
equal to /, wheng; =0

or cos wt =0
Xy = X =" 4 (1-coswt)+A (1 —cosw)
nmy

or I = SI:TI +1§A (> cos 0t = 0)
2

Thus, the relation between /, and 4 is,

10=5ﬁ+1§14
2



8.

(a) 100 m/s velocity of the ball is relative to ground.

[Unless and until it is mentioned in the question, the velocity
is always relative to ground]

y (vertical)
u=100m/s

uy y (horizontal)

ax = 0and
ay=-g=-10m/s?

[+ c

v="53 m/s

120 m
A No el

Horizontal component of velocity of cannon ball,

u, = ucos30°

NE

or u, = (100) ><73=50\/§m/s

and vertical component of its velocity,
u, = usin 30°

u, = 100x% = 50m/s

Vertical displacement of the ball when it strikes the
carriage is — 120 m or

s, =t +%ay 20 -120=(501) + %@(—10);2

02-106-24=00 ¢=12s or -2s

Ignoring the negative time, we have
to =12s
(b) When it strikes the carriage, its horizontal component of
velocity is still 504/3 m/s. Tt strikes to the carriage. Let v,
be the velocity of (carriage + ball) system after collision.
Then, applying conservation of linear momentum in
horizontal direction

(mass of ball) (horizontal component of its velocity
before collision) = (mass of ball + carriage) (v, )

0 (kg )(50:/3 m/s )=(10kg ) (v, )
O vy = 53 ms

The second ball is fired when the first ball strikes the
carriage i.e. after 12 s. In these 12 s, the car will move
forward a distance of 12v; or 6033 m.

The second ball also takes 12 s to travel a vertical
displacement of — 120 m. This ball will strike the carriage
only when the carriage also covers the same distance of
60v3 min these 12 s. This is possible only when resistive
forces are zero because velocity of car (v, )= velocity of
carriage after first collision. (v, )=5v3 mys.
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Hence, at the time of second collision

Horizontal component of velocity of ball = 50/3 m/s and
horizontal velocity of carriage + first ball = 53 m/s. Let
v be the desired velocity of carriage after second
collision. Then, conservation of linear momentum in
horizontal direction gives

. 50V3 m/s Y
Og o o — 5\/3_m/s 7777%777

Before collision
11v = (1) (504/3) + (10) (5¢/3)
=100/3

100+/3
11

or y=1575m/s

0 y= m/s

In this particular problem, values are so adjusted that even if
we take the velocity of ball with respect to car, we get the same
results of both the parts, although the method will be wrong.

. Given, my =107 kg, 4 =10~ m*,v, =10° mys

and Py =P =107 kg/m’.

m = m, + mass of dust collected so far
=my + Axpdust

or m=my + Axp
The linear momentum at ¢ = 01s
Po = MyVy

and momentum at ¢ = 7 is
p, =mv =(my + Axp)v
From law of conservation of momentum

Po = Py
0 mgvo = (my + Axp) v
dx
g myvy = (my + Axp) —
Vo = (g P) i
or (my + A px)dx =myv, dt
x 150
or J'O (my + Apx) dx :.[0 myv, dt

O n)
0 Oy x + Ap =0 = (myvyt )5
0 20,

2

Hence, myx+ Ap% =150 myv,

At t=0
Solving this quadratic equation and substituting the values of
mq A, pandv,, we get positive value of x as 10°m. Therefore,
x=10m.
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10. (a) (i) Since, the collision is elastic, the wedge will return

with velocity v i.

F cos 30°

~_ Fixed % Z
F

F sin 30°

Now, linear impulse in x-direction
= change in momentum in x-direction.
O (F cos 30°) At =mv = ( —mv) =2my

0 Fe 2mv _ 4my 0 F-= 4dmv
Atcos 30°  \[3 A V3
O F = (F cos 30°)i — (F sin 30°)k

or F= Fmv@i_DvaDf(
At ﬁ/ 3AIE
(i1) Taking the equilibrium of wedge in vertical
z-direction during collision.

2 my

NEWLY;

N =mg +Fsin30° 0 N =mg +

N

C

Lo

F sin 30°
or in vector form
| 2my [~
N = [Ong +
Hn \BAzErk
(b) For rotational equilibrium of wedge [about (CM)]
anticlockwise torque of F' = clockwise torque due to N
N

Download Chapter Test

0 Magnitude of torque of N about CM = magnitude of
torque of 7 about CM

04 my O
=F .ht, 1= 5™ A

V3 AtO

11. (a) Since, only two forces are acting on the rod, its weight Mg
(vertically downwards) and a normal reaction N at point of
contact B (vertically upwards).

=

(@)

No horizontal force is acting on the rod
(surface is smooth).
Therefore, CM will fall vertically downwards towards
negative Y-axis i.e. the path of CM is a straight line.

(b) Refer figure (b). We have to find the trajectory of a point
P (x, y) at a distance » from end B.

CB=L/2
a OB =(L/2)cos 6,
MB = rcos 0
0 x=0B - MB
=cos B{(L/2-r)}
or cos@=—> ()
{(L12)-r}
Similarly, y=rsin0
or sin =< -..(i)
r
Squaring and adding Egs. (i) and (ii), we get
2 2
sin®@+cos’@=— 2+y—2
{(L/2)-r} r
2 2
I I ...(iiil)
(L/2)-n*

This is an equation of an ellipse. Hence, path of point P is
an ellipse whose equation is given by (iii).

00
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Rotation

Topic1 Moment of Inertia

Objective Questions I (Only one correct OptiOIl) 5. A thin circular plate of mass M and radius R has its density
varying as p(r) = [y with p, as constant and ris the distance
from its centre. The moment of inertia of the circular plate
about an axis perpendicular to the plate and passing through
its edge is / = aMR?. The value of the coefficient « is
(2019 Main, 8 April I)

1. A circular disc of radius b has a hole of
radius a at its centre (see figure). If the
mass per unit area of the disc varies as

?Q then the radius of gyration of the
r

1 3 8 3
disc about its axis passing through the (a) 3 (b) 35 (© 5 (d) 3
centre is (2019 Main, 12 April I)
&+ b2 +ab a+b 6. The mome':nt gf inertia of a Sf)lid sphere, abolut. an axis
(a) — (b) 5 parallel to its diameter and at a distance of x from it, is ‘7(x)’.
Which one of the graphs represents the variation of 7(x) with
a’ +b* +ab a+b x correctly? (2019 Main, 12 Jan 1)
©) |/ (d)
3 3
. . S . 1) 1)
2. A solid sphere of mass M and radius R is divided into two
™ . (a) (b)
unequal parts. The first part has a mass of ry and is
0 T X
converted into a uniform disc of radius 2R. The second part is ) X ) o=
converted into a uniform solid sphere. Let /; be the moment ¥ ¥
of inertia of the disc about its axis and /, be the moment of © (d)
inertia of the new sphere about its axis.
. .. o X 0O —X
The ratio 7, / I, is given by (2019 Main, 10 Apri 1)
(a) 285 (b) 185 (c) 65 (d) 140 7. Let the moment of inertia of a hollow cylinder of length 30
3. A thin disc of mass M and radius R has mass per unit area cm (inner radius 10 cm and outer radius 20 cm) about its axis
o(n) = k?, where ris the distance from its centre. Its moment be 7. The radius of a thin cylinder of the same mass such that

its moment of inertia about its axis is also /, is

of inertia about an axis going through its centre of mass and
gome & (2019 Main, 12 Jan 1)

perpendicular to its plane is (2019 Main, 10 April I) (@) 16 cm (b) 14 em (c) 12 em (d) 18 cm
MR* MR*
(a) 2 (b) 6 8. A circular disc D; of mass M o
MR2 MR apd radius R has two identical ur
(c) 3 (d) 3 discs D, and Dj; of the same
mass M and radius R attached
4. A stationary horizontal disc is free to rotate about its axis. rigidly at its opposite ends (see D, Ds
When a torque is applied on it, its kinetic energy as a function figure). The moment of inertia 0
of 8, where 0 is the angle by which it has rotated, is given as of the system about the axis by
k@2, If its moment of inertia is 7, then the angular acceleration OO ' passing through the centre of Dy, as shown in the figure
of the disc is (2019 Main, 9 April 1) will be (2019 Main, 11 Jan II)
k k k 2k 2 4
a) —0 b) 6 c) —8 d) =8 ZMR*  (b) —MR? 3MR®  (d) MR’
()2[ ()1 ()41 ()1 (a)3 ()5 (©) (d)

Download More Books: www.crackjee.xyz
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9.

10.

11.

12

Rotation

An equilateral triangle ABC is cut
from a thin solid sheet of wood. (see
figure) D, E and F are the mid points
of its sides as shown and G is the Dfe-eece-XE

. G
centre of the triangle. The moment of .
inertia of the triangle about an axis N2
passing through G and perpendicular 5 F o

to the plane of the triangle is /,,. If the
smaller triangle DEF is removed from ABC, the moment of
inertia of the remaining figure about the same axis is /.

Then (2019 Main, 11 Jan I)
3 15 I 9

a) I'==1, ) I'==—I, () I'="" () I'==1I

(a) 40() 16o() 2 (d) 16l

Two identical spherical balls of mass M and radius R each
are stuck on two ends of a rod of length 2R and mass M (see
figure).

The moment of inertia of the system about the axis passing

perpendicularly through the centre of the rod is
(2019 Main, 10 Jan II)

K72R4>1
S
137 ., 209, 17, 152,
a) L MR* (b) == MR*® (c) —MR d) 2 MR
()15 ()15 ()15 ()15

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

(2018 Main)
O
0%
bt
20
181 73

19 55
a) —MR?> (b)) =MR> (¢)=-MR> (d) —=MR>
(a) 5 (b) 5 (©) 5 (d) 5

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

w5

. R. .
of radius g is removed as shown in

the figure. The moment of inertia of R
the remaining disc about an axis
perpendicular to the plane of the
disc and passing through centre of

disc is (2018 Main)
(a) 3—97MR2 (b) 4MR*
(c) 47901\41# (d) 10MR?

13.

14.

15.

The moment of inertia of a uniform cylinder of length / and
radius R about its perpendicular bisector is /. What is the
ratio // R such that the moment of inertia is minimum?

\/7 (2017 Main)

3 3
@ (d) \E

3
(b) 1 (© 7
A cylinder uniform rod of mass M and ?
length /1s pivoted at one end so that it can
rotate in a vertical plane (see the figure).
There is negligible friction at the pivot. 8
The free end is held vertically above the X
pivot and then released. The angular acceleration of the rod
when it makes an angle 0 with the vertical, is (2017 Main)

2g . 3g 2g 3g .
a)—=sinB® (b)==>cosB (c)==cos® (d)==sinBO
()31 ()21 ()31 ()2]

From a solid sphere of mass M and radius R, a cube of

maximum possible volume is cut. Moment of inertia of cube
about an axis passing through its centre and perpendicular to

one of its faces is (2015 Main)
@ MR? ) 4MR*? © MR? @ 4MR?
32 \En 9 \@n 16 \En 3\@11

16. A solid sphere of radius R has | /

17.

18.

moment of inertia / about its
geometrical axis. It is melted into a
disc of radius » and thickness ¢. If
it’s moment of inertia about the
tangential  axis  (which s
perpendicular to plane of the disc),
is also equal to 7, then the value of ris equal to

2 2 3
(a) N R (b 75 R ©) NE R (d)
From a circular disc of radius R and
mass 9M, a small disc of radius R /3
is removed from the disc. The
moment of inertia of the remaining
disc about an axis perpendicular to
the plane of the disc and passing

(2006, 3M)
RERH
J1s

X4,

One quarter section is cut from a uniform
circular disc of radius R. This section has a
mass M. It is made to rotate about a line
perpendicular to its plane and passing through
the centre of the original disc. Its moment of
inertia about the axis of rotation is (2001)

(a)%MRz (b)ZIMRZ (c)%MRZ (d) V2MR?

through O is (2005)
(a) 4MR* (b) igoz\m2
(c) 1OMR? (d) 3—97MR2




19.

20.

A thin wire of length L and uniform linear mass density pis
bent into a circular loop with centre at O as shown. The

moment of inertia of the loop about the axis XX "is (2000)
X T X
90°:
0
ol pl’ spl’ 3pl’
(a)— (®) — (c) (d)
81 161t 1610 81

Let 7 be the moment of inertia of a uniform square plate about
an axis 4B that passes through its centre and is parallel to two
of its sides. CD is a line in the plane of the plate that passes
through the centre of the plate and makes an angle 8 with 4B.
The moment of inertia of the plate about the axis CD is then

equal to (1998, 2M)
(a) ] (b)Isin’ 6
(c) I cos’ @ (d) I cos? (6/2)

Objective Question II (One or more correct option)

21.

The moment of inertia of a thin square A 4 B A
plate ABCD, of uniform thickness
about an axis passing through the

centre O and perpendicular to the plane 6 3
of the plate is (1992, 2M)

D CN\ip
@1 +1, (b) 13 +1,
(1 +13 (A1 +1, +15 +1,

where, [}, 1, I; and I, are respectively moments of inertia
about axes 1, 2, 3 and 4 which are in the plane of the plate.
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Integer Answer Type Questions

22,

23.

A lamina is made by removing a small
disc of diameter 2R from a bigger disc
of uniform mass density and radius
2R, as shown in the figure. The
moment of inertia of this lamina about
axes passing through O and Pis I, and
I, respectively. Both these axes are perpendicular to the

. . . .
plane of the lamina. The ratio = to the nearest integer is
Io (2012)

Four solid spheres each of diameter /5 cm and mass 0.5 kg
are placed with their centres at the corners of a square of side
4 cm. The moment of inertia of the system about the diagonal
of the square is N x 10~* kg-m?, then N is (2011)

Fill in the Blank
24.

A symmetric lamina of mass M consists of a square shape
with a semi-circular section over of the edge of the square as
shown in figure. The side of the square is 2a. The moment of
inertia of the lamina about an axis through its centre of mass
and perpendicular to the plane is 1.6 Ma®. The moment of
inertia of the lamina about the tangent 4B in the plane of the
laminais ......... (1997, 2M)

Topic2 Angular Momentum and its Conservation

Objective Questions I (Only one correct option)

1.

The time dependence of the position of a particle of mass
m=21is given by r(¢) = 24 - 3123. Its angular momentum,
with respect to the origin, at time # = 21is

(a) 36k (b) - 34 (k-1)

() - 48k ) 48(i+J)

A thin smooth rod of length L and mass M is rotating freely
with angular speed W, about an axis perpendicular to the rod
and passing through its centre. Two beads of mass m and
negligible size are at the centre of the rod initially. The beads

are free to slide along the rod. The angular speed of the
system, when the beads reach the opposite ends of the rod,

will be (2019 Main, 09 April 11)
M M w M M
(@) 0 (b) ) ) L
M +3m M +m M+ 2m M+6m

3.

A particle of mass 20 g is released with an initial velocity 5
m/s along the curve from the point A, as shown in the figure.
The point 4 is at height 4 from point B. The particle slides
along the frictionless surface. When the particle reaches
point B, its angular momentum about O will be (Take,

- 2
g=10m/s%) (2019 Main, 12 Jan 1)

(a) 8kg-m?/s
(c) 2kg-m?/s

(b) 3kg-m?/s
(d) 6kg-m?/s
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4.

Rotation

A ring of mass M and radius R is
rotating with angular speed w about a
fixed vertical axis passing through its g
centre O with two point masses each

&=

M
of mass ? at rest at O. These masses

can move radially outwards along two
massless rods fixed on the ring as
shown in the figure.

. .8
At some instant, the angular speed of the system is 5&) and one

of the masses is at a distance of %R from O. At this instant, the

distance of the other mass from O is (2015 Adv.)
2 1

a)—R b) —R

(@) 3 (b) 3
3 4

c)—R d)—R

(© 5 (d s

A bob of mass m attached to an inextensible string of length /is

suspended from a vertical support. The bob rotates in a

horizontal circle with an angular speed wrad/s about the vertical

support. About the point of suspension (2014 Main)

(a) angular momentum is conserved

(b) angular momentum changes in magnitude but not in
direction

(c) angular momentum changes in direction but not in
magnitude

(d) angular momentum changes both in direction and
magnitude

A small mass m is attached to a massless string
whose other end is fixed at P as shown in the
figure. The mass is undergoing circular
motion in the x-y plane with centre at O and
constant angular speed . If the angular

momentum of the system, calculated about O ol _»m
and P are denoted by L, and L, respectively, I
then

(a) L, and L, do not vary with time (2012)

(b) L, varies with time while L, remains constant
(c) L, remains constant while L, varies with time
(d) L, and L both vary with time

A child is standing with folded hands at the centre of a platform
rotating about its central axis. The kinetic energy of the system
is K. The child now stretches his arms so that the moment of
inertia of the system doubles. The kinetic energy of the system
now is (2004)
(a) 2K (b)K/2 (c)K/4 (d) 4K

A particle undergoes uniform circular motion. About which
point on the plane of the circle, will the angular momentum of
the particle remain conserved ? (2003)
(a) Centre of circle

(b) On the circumference of the circle

(¢) Inside the circle
(d) Outside the circle

10.

1.

A circular platform is free to rotate in a horizontal plane
about a vertical axis passing through its centre. A tortoise
is sitting at the edge of the platform. Now, the platform is
given an angular velocity w,. When the tortoise move
along a chord of the platform with a constant velocity
(with respect to the platform). The angular velocity of the

platform w(¢ ) will vary with time ¢ as (2002)
w(t) w(t)
Wy Wy

£
§> <

t
© (d)

An equilateral triangle 4BC formed

from a uniform wire has two small

identical beads initially located at A. /

The triangle is set rotating about the

vertical axis 40. Then the beads are

released from rest simultaneously

and allowed to slide down, one along B 0 ¢

AB and other along AC as shown.

Neglecting frictional effects, the quantities that are

conserved as beads slides down are (2000)

(a) angular velocity and total energy (kinetic and
potential)

(b) total angular momentum and total energy

(¢) angular velocity and moment of inertia about the axis
of rotation

(d) total angular momentum and moment of inertia about
the axis of rotation

A disc of mass M and radius R is rolling with angular
speed w on a horizontal plane as shown. The magnitude of

angular momentum of the disc about the origin O is
(1999, 2M)
y

(b) MR’w

(0]
(a) %@MR%
© %@/\/IRZQ)

(d) 2MR*w
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13.

14.

A mass m is moving with a constant velocity along a line
parallel to the X-axis, away from the origin. Its angular
momentum with respect to the origin (1997¢C, 1M)
(a) is zero (b) remains constant

(c) goes on increasing (d) goes on decreasing

A particle of mass m is projected with a velocity v making an
angle of 45° with the horizontal. The magnitude of the
angular momentum of the projectile about the point of
projection when the particle is at its maximum height h is

(a) zero (b) m* /(42 g) (1990, 2M)
(©)m*I(N2 g) (d) my2 gh®

A thin circular ring of mass M and radius r is rotating about
its axis with a constant angular velocity w. Two objects, each
of mass m, are attached gently to the opposite ends of a
diameter of the ring. The wheel now rotates with an angular
velocity (1983, 1M)
(@QwM/ (M +m) b)yw (M - 2m)/ (M +2m)
)W M /(M +2m) (dw (M +2m)/ M

Objective Question II (One or more correct option)

15.

The torque T on a body about a given point is found to be
equal to A x L, where A is a constant vector and L is the
angular momentum of the body about that point. From this it
follows that (1998, 2M)

(a) % is perpendicular to L. at all instants of time
t

(b) the component of L in the direction of A does not change
with time

(c) the magnitude of L does not change with time

(d) L does not change with time

Passage Based Questions

Passage 1

A frame of the reference that is
accelerated with respect to an
inertial frame of reference is
called a non-inertial frame of
reference. A coordinate system
fixed on a circular disc rotating
about a fixed axis with a
constant angular velocity W is
an example of a non-inertial frame of reference. The
relationship between the force F,, experienced by a particle
of mass m moving on the rotating disc and the force F,,
experienced by the particle in an inertial frame of reference
is, F,;, = F, +2m (v, X®) +m (0 Xr) X 0,

where, v, is the velocity of the particle in the rotating frame
of reference and r is the position vector of the particle with
respect to the centre of the disc. Now, consider a smooth slot
along a diameter of a disc of radius R rotating
counter-clockwise with a constant angular speed w about its

rot

16.

17.
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vertical axis through its centre. We assign a coordinate
system with the origin at the centre of the disc, the X-axis
along the slot, the Y-axis perpendicular to the slot and the
z-axis along th rotation axis (w =k ). A small block of mass
m is gently placed in the slot at r = (R/2)f att =0and is

constrained to move only along the slot. (2016 Adv.)

The distance » of the block at time ¢ is

(a) %cos 200t (b) gcos wrt

(c)%(e‘*’t Fe o) (d)%(ez‘*’t F o2

The net reaction of the disc on the block is
(a) mw?Rsin «¥j — mgk

(b) %msz (e -e ™ )j + mgﬁ
1 _ A A
(c) EmeR (ezwl o )j + mgk

(d) —mw?Rcos 01] - mgﬁ

Integer Answer Type Questions

18.

19.

20.

A horizontal circular

platform of radius 0.5 m and

mass 0.45 kg is free to rotate

about its axis. Two massless

spring  toy-guns,  each

carrying a steel ball of mass

0.05 kg are attached to the platform at a distance 0.25 m from

the centre on its either sides along its diameter (see figure).

Each gun simultaneously fires the balls horizontally and

perpendicular to the diameter in opposite directions. After

leaving the platform, the balls have horizontal speed of

9ms™" with respect to the ground. The rotational speed of

the platform in rad s ™" after the balls leave the platform is
(2014 Adv.)

A uniform circular disc of mass 50 kg and radius 0.4 m is
rotating with an angular velocity of 10 rad/s about its own
axis, which is vertical. Two uniform circular rings, each of
mass 6.25 kg and radius 0.2 m, are gently placed
symmetrically on the disc in such a manner that they are
touching each other along the axis of the disc and are
horizontal. Assume that the friction is large enough such that
the rings are at rest relative to the disc and the system rotates
about the original axis. The new angular velocity (inrad s ™)
of the system is (2013 Adv.)

A binary star consists of two stars 4 (mass 2.2M) and B

(mass 11M ), where M is the mass of the sun. They are
separated by distance d and are rotating about their centre of
mass, which is stationary. The ratio of the total angular
momentum of the binary star to the angular momentum of star
B about the centre of mass is (2010)
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Fill in the Blanks

21.

22,

A stone of mass m, tied to the end of a string, is whirled
around in a horizontal circle. (Neglect the force due to
gravity). The length of the string is reduced gradually
keeping the angular momentum of the stone about the
centre of the circle constant. Then, the tension in the
string is given by T = 4", where A4 is a constant, r is

the instantaneous radius of the circle. Thenn = ...... .
(1993, 1M)

A smooth uniform rod of length L and mass M has two
identical beads of negligible size, each of mass m,
which can slide freely along the rod. Initially, the two
beads are at the centre of the rod and the system is
rotating with an angular velocity w, about an axis
perpendicular to the rod and passing through the
mid-point of the rod (see figure).

There are no external forces. When the beads reach the
ends of the rod, the angular velocity of the system
iS...... . (1988, 2M)

\ \
5 L/ L/2 ‘

5wy

True/False

23.

A thin uniform circular disc of mass M and radius R is rotating in a
horizontal plane about an axis passing through its centre and
perpendicular to its plane with an angular velocity w. Another disc
of the same dimensions but of mass M/4 is placed gently on the first
disc coaxially. The angular velocity of the system now is 2w/ NG
(1986, 3M)

Analytical & Descriptive Questions

24,

A particle is projected at time ¢ = 0 from a point P on the ground
with a speed v, at an angle of 45° to the horizontal. Find the
magnitude and direction of the angular momentum of the particle

about P at time ¢ = Yo .
g (1984, 6M)

Topic 3 Pure Rolling or Rolling without Slipping

Objective Questions I (Only one correct option)

1

A metal coin of mass 5g and radius 1 cm is fixed to a

thin stick 4B of negligible mass as shown in the figure.
The system is initially at rest. The constant torque, that
will make the system rotate about AB at 25 rotations
per second in Ss, is close to (2019 Main, 10 April II)

A

s
B
(b) 20x% 10" °N-m
(d) 79% 10" °N-m

(@) 40x10"°N-m
(¢) 16x 10" °N-m

Moment of inertia of a body about a given axis is 1.5 kg
m?. Initially, the body is at rest. In order to produce a
rotational kinetic energy of 1200 J, the angular
acceleration of 20 rad/s> must be applied about the axis
for a duration of (2019 Main, 9 April 11)
(a) 5s (b) 2s (¢) 3s (d) 2.5s

The following bodies are made to roll up (without
slipping) the same inclined plane from a horizontal
plane : (i) a ring of radius R, (ii) a solid cylinder of
radius R/2 and (iii) a solid sphere of radius R/4.If in

each case, the speed of the centre of mass at the bottom of the

incline is same, the ratio of the maximum height they climb is
(2019 Main, 9 April 1)

(a) 10:15:7 (b) 4:3:2

(c) 14:15:20 (d) 2:3:4

A solid sphere and solid cylinder of identical radii approach an
incline with the same linear velocity (see figure). Both roll without
slipping all throughout. The two climb maximum heights /4, and

h
hey on the incline. The ratio —sph s given by

cyl
(2019 Main, 8 Aplril 11)
2 14 4
a) —(— b) — c) 1 d) —
(a) 75 (b) s (©) (d) s

A string is wound around a hollow cylinder of mass 5 kg and radius
0.5 m. If the string is now pulled with a horizontal force of 40 N
and the cylinder is rolling without slipping on a horizontal surface
(see figure), then the angular acceleration of the cylinder will be
(Neglect the mass and thickness of the string)

%AWN

(b) 16 rad/ s”
(d) 12rad/s*

(2019 Main, 11 Jan II)
(a) 10rad/ s

(c) 20rad/ s>



6 A homogeneous solid cylindrical roller of radius R and mass m

10.

11.

is pulled on a cricket pitch by a horizontal force. Assuming

rolling without slipping, angular acceleration of the cylinder is
(2019 Main, 10 Jan 1)

F
@ 3mR

&

F 2F 3F

2mR ®) © 2mR

(@ 3mR

A mass m supported by a massless string
wound around a uniform hollow cylinder of
mass m and radius R. If the string does not
slip on the cylinder, with what acceleration

will the mass fall on release? (2014 Main)

) m
(a) 2¢/3 (b) g/2
(c) 5g/6 d g

Two solid cylinders P and Q of same mass and same radius

start rolling down a fixed inclined plane from the same height
at the same time. Cylinder P has most of its mass
concentrated near its surface, while Q has most of its mass
concentrated near the axis. Which statement(s) is(are)
correct? (2012)

(a) Bothcylinders P and Q reach the ground at the same time
(b) Cylinder P has larger linear acceleration than cylinder O

(c) Both cylinders reach the ground with same translational
kinetic energy

(d) Cylinder Qreaches the ground with larger angular speed

A small object of uniform density rolls up a curved surface
with an initial velocity v. It reaches up to a maximum height
2
of £l with respect to the initial position. The object is
4g (2007, 3M)

(b) solid sphere

(d) disc

A ball moves over a fixed track as shown in the figure. From
A to B the ball rolls without slipping. If surface BC is
frictionless and K 4, Kz and K are kinetic energies of the
ball at 4, B and C respectively, then (2006, 5M)

Lo

@) hy>he; Ky >Ke ®)hy >he; Ke > K,
(©) hy =he; Ky =Kc (d) hy <he; Kg>Ke
A disc is rolling (without slipping) on a horizontal surface. C
is its centre and Q and P are two points equidistant from C. Let
vp, Vo and vo be the magnitude of velocities of points P,0
and C respectively, then (2004)

(a) ring
(c) hollow sphere

12,

Rotation 111

(@ vy >ve >vp (®) vp <ve <vp

©vg =vp,ve = %vp vy <ve>vp

A cylinder rolls up an inclined plane, reaches some height

and then rolls down (without slipping throughout these

motions). The directions of the frictional force acting on the

cylinder are (2002)

(a) up the incline while ascending and down the incline
while descending

(b) up the incline while ascending as well as descending

(c) down the incline while ascending and up the incline
while descending

(d) down the incline while ascending as well as descending

Assertion and Reason

13.

Mark your answer as

(a) If Statement I is true, Statement II is true, Statement II is
the correct explanation for Statement [

(b) If Statement I is true, Statement I is true; Statement II is
not a correct explanation for Statement 1

(¢) If Statement I is true; Statement 11 is false

(d) If Statement 1 is false; Statement II is true

Statement I Two cylinders, one hollow (metal) and the
other solid (wood) with the same mass and identical
dimensions are simultaneously allowed to roll without slipping
down an inclined plane from the same height. The hollow
cylinder will reach the bottom of the inclined plane first.

Statement II By the principle of conservation of energy,
the total kinetic energies of both the cylinders are identical
when they reach the bottom of the incline. (2008, 3M)

Passage Based Questions

Passage 1

A uniform thin cylindrical disk of mass M and radius R is
attached to two identical massless springs of spring constant
k which are fixed to the wall as shown in the figure. The
springs are attached to the axle of the disk diammetrically on
either side at a distance d from its centre. The axle is massless
and both the springs and the axle are in a horizontal plane.
The unstretched length of each spring is L.
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14,

15.

16.

Rotation

The disk is initially at its equilibrium position with its centre of
mass (CM) at a distance L from the wall. The disk rolls without
slipping with velocity v, = v,i. The coefficient of friction is H.

The net external force acting on the disk when its centre of mass
is at displacement x with respect to its equilibrium position is

(2008, 4M)

2kx 4kx

) G5

(@) —ke  (b) —2kx ©-7

The centre of mass of the disk undergoes simple harmonic

motion with angular frequency w equal to (2008 , 4M)
k 2k 2k 4k

a).— b) .[— c) . — d) [—

(),}M ()‘M (©) W (d) i

The maximum value of v, for which the disk will roll without
slipping is (2008, 4M)

M M [3M [sm
(a)ug\/; (b)ug\/; (©) Mg = (d)pg e

Objective Questions II (One or more correct option)

17.

18.

A wheel of radius R and mass S

M is placed at the bottom of a

fixed step of height R as Q
shown in the figure. A Pr-—--r----
constant force is continuously R
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? (2017 Adv.)
(a) If the force is applied normal to the circumference at point
P, then T is zero

If the force is applied tangentially at point S, then T # Obut
the wheel never climbs the step

(c) If the force is applied at point P tangentially, then T
decreases continuously as the wheel climbs

If the force is applied normal to the circumference at point
X, then T is constant

(b)

(d)

Two thin circular discs of mass m and 4m, having radii of @ and
2a, respectively, are rigidly fixed by a massless, rigid rod of
length / = +/24 athrough their centers. This assembly is laid on a

firm and flat surface and set rolling without slipping on the
surface so that the angular speed about the axis of the rod is w.
The angular momentum of the entire assembly about the point *
O’ is L (see the figure). Which of the following statement(s) is

(are) true?
(2016 Adv.)

~Z

19.

20.

(a) The magnitude of the z-component of Lis 55 ma’w
(b) The magnitude of angular momentum of centre of
mass of the assembly about the point O is 81 ma’w

(c) The centre of mass of the assembly rotates about the

Z-axis with an angular speed of %

(d)

The magnitude of angular momentum of the

. . w
assembly about its centre of mass is 17 ma? 5

The figure shows a system consisting of (i) a ring of outer
radius 3R rolling clockwise without slipping on a
horizontal surface with angular speed w and (ii) an inner
disc of radius 2R rotating anti-clockwise with angular
speed w/2.

The ring and disc are separated by frictionless ball
bearings. The system is in the x-z plane. The point P on the
inner disc is at a distance R from the origin, where OP
makes an angle of 30° with the horizontal. Then with
respect to the horizontal surface, (2012)

(a) the point O has a linear velocity 3RWi

V3

(b) the point P has a linear velocity % Rwi + 0 Rwk

N

(c) the point P has a linear velocity 17? Rwi - e Rwk

(d) the point P has a linear velocity

J30

O 3 ~ 1 A
[B-—0ORwi +— Rwk
O 40 4

A sphere is rolling without slipping on a fixed horizontal

plane surface.
C
O \

AN

A

In the figure, A4 is the point of contact. B is the centre of
the sphere and C is its topmost point. Then, (2009)
@Ve—-v,=2(vg =ve) (B)ve—vg =vz -V,
© [ve = vy 1=2lvg = Vel (d) Ve = v [=4]vg]



21. A solid sphere is in pure rolling motion on an inclined
surface having inclination 6 (2006, 5M)

/®

6

(a) frictional force acting on sphere is f = [Lmg cos 6

(b) fis dissipative force

(c) friction will increase its angular velocity and decrease
its linear velocity

(d) If © decreases, friction will decrease

Numerical Value Based Question

22. Aring 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 ground is
(2- \/3)/ \/Es, then the height of the top of the inclined

plane, in metres, is .......... . (Take, g = 10ms2) (2018 Main)

Fill in the Blanks

23. A uniform disc of mass m and radius R is rolling up a rough
inclined plane which makes an angle of 30° with the
horizontal. If the coefficients of static and kinetic friction
are each equal to M and the only forces acting are
gravitational and frictional, then the magnitude of the

frictional force acting on the disc is ......... and its
direction is ......... (write up or down) the inclined plane.
(1997¢C, 1M)

24. A cylinder of mass M and radius R is resting on a horizontal
platform (which is parallel to the x-y plane) with its axis
fixed along the Y-axis and free to rotate about its axis. The
platform is given a motion in the x-direction given by
x = A cos (o). There is no slipping between the cylinder
and platform. The maximum torque acting on the cylinder
during its motion is ......... . (1988, 2M)

True / False

25. Aring of mass 0.3 kg and radius 0.1 m and a solid cylinder
of mass 0.4 kg and of the same radius are given the same
kinetic energy and released simultaneously on a flat
horizontal surface such that they begin to roll as soon as
released towards a wall which is at the same distance from
the ring and the cylinder. The rolling friction in both cases
is negligible. The cylinder will reach the wall first.

(1989, 2M)
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Integer Answer Type Question

26.

27.

Two identical uniform discs roll without slipping on two
different surfaces 4B and CD (see figure) starting at 4 and C
with linear speeds v; and v,, respectively, and always remain in
contact with the surfaces. If they reach B and D with the same
linear speed and v; = 3 m/s, then v, in m/s is

(g =10m/s%)
AoV1=3 m/s

(2015 Adv.)

A boy is pushing a ring of mass Stick
2 kg and radius 0.5 m with a
stick as shown in the figure. The
stick applies a force of 2 N on
the ring and rolls it without
slipping with an acceleration of
0.3 m/s>. The coefficient of
friction between the ground and
the ring is large enough that
rolling always occurs and the

Ground
coefficient of friction between the stick and the ring is %%@

The value of P is (2011)

Analytical & Descriptive Questions

28.

29.

A solid cylinder rolls without slipping on an inclined plane
inclined at an angle 6. Find the linear acceleration of the
cylinder. Mass of the cylinder is M. (2005, 4M)

A man pushes a cylinder of mass n; with the help of a plank of
mass m, as shown. There is no slipping at any contact. The
horizontal component of the force applied by the man is F.
Find (1999, 10M)

F—I 1m,

my

(a) the accelerations of the plank and the centre of mass of the
cylinder and

(b) the magnitudes and directions of frictional forces at
contact points.
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30. Two thin circular discs of mass 2 kg and radius 10 ¢cm each
are joined by arigid massless rod of length 20 cm. The axis of
the rod is along the perpendicular to the planes of the disc
through their centres. This object is kept on a truck in such a
way that the axis of the object is horizontal and perpendicular
to the direction of motion of the truck.

20cm

Its friction with the floor of the truck is large enough, so that
the object can roll on the truck without slipping. Take X-axis
as the direction of motion of the truck and Z-axis as the
vertically upwards direction. If the truck has an acceleration
9 m/SZ, calculate (1997, 5M)

(a) the force of friction on each disc and

(b) the magnitude and direction of the frictional torque
acting on each disc about the centre of mass O of the
object. Express the torque in the vector form in terms of
unit vectors i,j and Kk in x, y and z-directions.

31. A small sphere rolls
down without slipping
from the top of a track
in a vertical plane. The my
track has an elevated
section and a
horizontal part. The
horizontal part is 1.0
m above the ground level and the top of the track is 2.6 m
above the ground. Find the distance on the ground with
respect to the point B (which is vertically below the end of
the track as shown in figure) where the sphere lands. During
its flight as a projectile, does the sphere continue to rotate
about its centre of mass ? Explain. (1987, 7M)

F——I 1m,

Topic4 Collision in Rotational Motion

Objective Questions I (Only one correct option)

S . _— I
1 Two coaxial discs, having moments of inertia /; and El are

. . . .. w
rotating with respective angular velocities w; and 71, about

their common axis. They are brought in contact with each
other and thereafter they rotate with a common angular
velocity. If £ and E; are the final and initial total energies,
then (Ef —E;)is (2019 Main, 10 April I)

L} L}
a) — b) -
(@ 24 ®) 12

3 P [(1)2
c) = Iw d) =
()811 (d )

2. Consider abody, shown in figure, consisting of two identical
balls, each of mass M connected by a light rigid rod. If an
impulse J = Mv is imparted to the body at one of its end,

what would be its angular velocity ? (2003)
k L |
M ) M
J=Mv
(a)v/L (b) 2v/L (c)v/3L (d) v/4L

3. A smooth sphere 4 is moving on a frictionless horizontal
plane with angular velocity w and centre of mass velocity v. It
collides elastically and head on with an identical sphere B at
rest. Neglect friction everywhere. After the collision their
angular speeds are W , and W, respectively. Then,

(1999, 2M)

@w,<w (bow,=w Qws=w (doug=0w

4. A cubical block of side ¢ moving with velocity v on a
horizontal smooth plane as shown. It hits a ridge at point O.

The angular speed of the block after it hits O is (1999, 2M)
p——
I
|
()
(a) 3v/4a (b) 3v/2a
(©) V3/2a (d) zero

Objective Questions II (One or more correct option)

5. A thin ring of mass 2 kg and radius 0.5 m is rolling without
slipping on a horizontal plane with velocity 1 m/s. A small
ball of mass 0.1 kg, moving with velocity 20 m/s in the
opposite direction, hits the ring at a height of 0.75 m and goes
vertically up with velocity 10 m/s. Immediately after the
collision, (2011)

10 m/s
20 m/s

0.75m

(a) the ring has pure rotation about its stationary CM
(b) the ring comes to a complete stop

(c) friction between the ring and the ground is to the left
(d) there is no friction between the ring and the ground



6. A uniform bar of length 6 a

and mass 8 m lies on a smooth
horizontal table. Two point
masses mand 2mmoving in the Ce
same horizontal plane with o
speed 2v and v respectively, g
strike the bar [as shown in the s
figure] and stick to the bar ) , ,

after  collision.  Denoting a 2a

angular velocity (about the centre of mass), total energy and
centre of mass velocity by w, E and v, respectively, we have
after collision (1991)

_ _v _3 2
@v.=0 (c)w =, (D E —gmv

3v
b)w =—
(b) =

Analytical Answer Type Questions
7. A rod AB of mass M and length L is lying on a horizontal

frictionless surface. A particle of mass m travelling along the

Rotation 115

The rod is initially in the horizontal position. An insect S of
the same mass M falls vertically with speed v on the point C,
midway between the points O and B. Immediately after
falling, the insect moves towards the end B such that the rod

rotates with a constant angular velocity w. (1992, 8M)
S
|
dv
|
|
|
|
i
J o
A @) C B
k L/2 S L/4 —— L4 —]

(a) Determine the angular velocity w in terms of v and L.
(b) If the insect reaches the end B when the rod has turned
through an angle of 90°, determine v.

surface hits the end 4 of the rod with a velocity v, in a 10. A thin uniform bar lies on a frictionless horizontal surface
direction perpendicular to 4B. The collision is elastic. After and is free to move in any way on the surface. Its mass is
the collision, the particle comes to rest. (2000) 0.16 kg and length is V3 m. Two particles, each of mass 0.08
(a) Find the ratio m/M. kg are moving on the same surface and towards the bar in a
(b) A point P on the rod is at rest immediately after collision. direction perpendicular to the bar one with a velocity of 10
Find the distance AP. m/s, and the other with 6 m/s, as shown in figure. The first
(c) Find the linear speed of the point P a time Tt/ 3v, after particle strikes the bar at points 4 and the other at point B.
the collision. Points 4 and B are at a distance of 0.5 m from the centre of
. Two uniform rods 4 and B of length the bar. The particles strike the bar at the same instant of time
0.6 m cach and of masses 0.01 kg and 0.02 kg, and stick to the bar on collision. Calculate the loss of kinetic
respectively are rigidly joined end to end. The energy of the system in the above collision process. (1991)
combination is pivoted at the lighter end, P as
shown in figure. Such that it can freely rotate
about point P in a vertical plane. 10m/s A
A small object of mass 0.05 kg, moving
horizontally, hits the lower end of the
combination and sticks to it. What should be
the velocity of the object, so that the system
could just be raised to the horizontal position? (1994, 6M)
. A homogeneous rod AB of length L = 1.8 m and mass M is 5
pivoted at the centre O in such a way that it can rotate freely
. . 6m/s
in the vertical plane (figure ).
Topic5 Miscellaneous Problems
Objective Questions I (Only one correct option) o) )
1 A uniform rod of length / is being rotated in a horizontal (@) (b)
plane with a constant angular speed about an axis passing
through one of its ends. If the tension generated in the rod due X i X

to rotation is 7'(x ) at a distance x from the axis, then which of T(x)

/
the following graphs depicts it most closely?
(2019 Main, 12 April I) © @ Q
| X B o
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Rotation

A rectangular solid box of length 0.3 m S >
is held horizontally, with one of its sides
on the edge of a platform of height 5 m.
When released, it slips off the table in a h
very short time T= 0.01 s, remaining
essentially horizontal. The angle by
which it would rotate when it hits the
ground will be (in radians) close to (2019 Main, 8 April 1)
(a) 0.02 (b) 0.3 (c) 0.5 (d) 0.28

A straight rod of length Lextends fromx =atox = L + a. The

gravitational force it exerts on a point mass m at x = 0, if the
mass per unit length of the rod is 4 + Bx?, is given by
(2019 Main, 12 Jan I)

(a) Gm 54 DB]L BRIy
0 + L aB B

(b) Gm 54 DBCI—I —1D+ BL
0 + L aH E
0 o 1 0
G - + BL
© omot =gt
O 0
a o 1 O O
d) Gm - —T[]— BL
@ EZIEE a+LH E

The magnitude of torque on a particle of mass 1 kg is 2.5
N-m about the origin. If the force acting on it is 1 N and the
distance of the particle from the origin is 5 m, then the angle

between the force and the position vector is (in radian)
(Main 2019, 11 Jan II)

(a) (b)

(d)

w|dq ool o
old &5

©

A slab is subjected to two forces F, and F, of same
magnitude F as shown in the figure. Force F, is in xy-plane
while force F| acts along Z-axis at the point (2i + 3j). The

moment of these forces about point O will be

(2019 Main, 11 Jan I)
z

oI T i y

30°
/ 6m

X
(@) (3i+2j-3k)F
() (3i-2j-3kF

4m

(b) (3i-2j+3k)F
(d) (3i+2j+3k)F
A rigid massless rod of length 3/ has two masses attached at
each end as shown in the figure. The rod is pivoted at point P
on the horizontal axis (see figure). When released from
initial horizontal position, its instantancous angular

acceleration will be (2019 Main, 10 Jan II)

/ 2

¢ . [)

5 M, P 2 M,
g g g g
a) = b) = c) = d) =
()131 ()21 ()31 ()31

To mop-clean a floor, a cleaning machine presses a circular
mop of radius R vertically down with a total force F' and
rotates it with a constant angular speed about its axis. If the
force F is distributed uniformly over the mop and if
coefficient of friction between the mop and the floor is {4, the
torque applied by the machine on the mop is

(2019 Main, 10 Jan I)
R FR FR
WFR (c) AR\ (d) LRSS
6 3 2
A rod of length 50 cm is pivoted at one end. It is raised such
that if makes an angle of 30° from the horizontal as shown
and released from rest. Its angular speed when it passes
through the horizontal (in rad s™") will be
(Take, g =10 ms™) (2019 Main, 09 Jan 11)

(@) %uFR b)

30°

(a)@ (b) /30

V20 F
(©) ? (d) 7

m
Two masses m and 5 are connected at the two ends of a

massless rigid rod of length /. The rod is suspended by a thin

wire of torsional constant k& at the centre of mass of the

rod-mass system (see figure). Because of torsional constant

k, the restoring torque is T = kO for angular displacement 6. If

the rod is rotated by 6, and released, the tension in it when it

passes through its mean position will be (2019 Main, 9 Jan 1)
g

%, @m
m/2
2 2 2 2
2k8; (b) kB; © 340, k9;

a _—
(@ / [ [ 2/

. A roller is made by joining together two corners at their

vertices O. It is kept on two rails 4B and CD which are placed
asymmetrically (see the figure), with its axis perpendicular to
CD and its centre O at the centre of line joining AB and CD
(see the figure). It is given a light push, so that it starts rolling
with its centre O moving parallel to CD in the direction
shown. As it moves, the roller will tend to (2016 Main)



11.

12.

13.

B D
0
A C
(a) turn left (b) turn right

(c) go straight (d) turn left and right alternately

A hoop of radius » and mass m rotating with an angular
velocity w, is placed on a rough horizontal surface. The
initial velocity of the centre of the hoop is zero. What will be

the velocity of the centre of the hoop when it ceases to slip?
(2013 Main)
(a) rwy/4  (b) rw,/3 (c) rw,/2 (d) rw,

Consider a disc rotating in the horizontal plane with a
constant angular speed w about its centre O.

The disc has a 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 range is less than half the

disc radius, and (iii) W remains constant throughout. Then
(2012)

(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

(c) both P and Q land in the unshaded region

(d) both P and Q land in the shaded region

Two identical discs of same radius R are rotating about their

axes in opposite directions with the same constant angular
speed w. The discs are in the same horizontal plane.

/\\/ © uy m
P Q
\U w
At time ¢ = 0, the points P and Q are facing each other as
shown in the figure. The relative speed between the two

points P and Q is v,.. In one time period (7") of rotation of the
discs, v, as a function of time is best represented by (2012)

14.

15.

Rotation 117

vy 17
(@) G |
\Z4 Vv,
©) @ |
0 Tt 0 Tt

A thin uniform rod, pivoted at O, is rotating in the horizontal
plane with constant angular speed w, as shown in the figure.
At time ¢ = 0, a small insect starts from O and moves with
constant speed v with respect to the rod towards the other
end. It reaches the end of the rod at # =T and stops. The

angular speed of the system remains w throughout.  (2012)
z
®
Vv —>

The magnitude of the torque | T | on the system about O, as a
function of time is best represented by which plot?

@ |l 0 |t
<o <o,
@) T t @) T t
© |tl @ Itl
@) T t @) T t

Ablock of base 10 cm x 10 cm and height 15 cm is kept on an
inclined plane. The coefficient of friction between them is
/3. The inclination 8 of this inclined plane from the

horizontal plane is gradually increased from 0°. Then,
(2009)

(a) at® =30°, the block will start sliding down the plane

(b) the block will remain at rest on the plane up to certain 0
and then it will topple

(c) atB® = 60°, the block will start sliding down the plane and
continue to do so at higher angles

(d) at® =60°, the block will start sliding down the plane and
on further increasing 6, it will topple at certain 6
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16.

17.

18.

19.

Rotation

A particle moves in a circular path with decreasing speed.
Choose the correct statement. (2005)
(a) Angular momentum remains constant

(b) Acceleration (a)is towards the centre

(c) Particle moves in a spiral path with decreasing radius

(d) The direction of angular momentum remains constant

A cubical block of side L rests on a rough horizontal surface
with coefficient of friction 1. A horizontal force F' is applied
on the block as shown. If the coefficient of friction is
sufficiently high, so that the block does not slide before
toppling, the minimum force required to topple the block is

(2000)
F Kl
L
(a) infinitesimal (b) mg/4

(c) mg/2 (d) mg (1- 1)

Two point masses of 0.3 kg and 0.7 kg are fixed at the ends of
a rod of length 1.4 m and of negligible mass. The rod is set
rotating about an axis perpendicular to its length with a
uniform angular speed. The point on the rod through which
the axis should pass in order that the work required for
rotation of the rod is minimum, is located at a distance of
(a) 0.42 m from mass of 0.3 kg (1995, S)
(b) 0.70 m from mass of 0.7 kg

(c) 0.98 m from mass of 0.3 kg

(d) 0.98 m from mass of 0.7 kg

A tube of length L is filled completely with an in-
compressible liquid of mass M and closed at both the ends.
The tube is then rotated in a horizontal plane about one of its
ends with a uniform angular velocity w . The force exerted by

the liquid at the other end is (1992, 2M)
MWL ML Mo’ I?
@)= (b)y MW’L () 4 (&=

Objective Question II (One or more correct option)

20.

21.

The potential energy of mass m at a distance 7 from a fixed
point O is given by V(r)=kr* /2, where k is a positive
constant of appropriate dimensions. This particle is moving
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 ? (2018 Adv.)
(a)v=1/iR (b)v=\/?R

2m m
(¢) L =~/mk R* (d) L= %?Rz

Consider a body of mass 10 kg at rest at the origin at time
t=0. A force F = (ari+Bj) is applied on the body, where
a=10Ns™" and B = 1ON. The torque acting on the body

about the origin at time # =1.0s is T. Which of the following
statements is (are) true ? (2108 Adv.)

22,

1
a) |T==N-m
(@) [t 3
(b) The torque T is in the direction of the unit vector + k
(c) The velocity of the body at = 1sisv = %(IA +2])ms™!

(d) The magnitude of displacement of the body at ¢ = 1s is
1

-m
6

A rigid uniform bar 4B 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? (2017 Adv.)

(a) Instantaneous torque about the point in contact with the
floor is proportional to sin®

(b) The trajectory of the point A is parabola

(¢) The mid-point of the bar will fall vertically downward

(d) When the bar makes an angle 8 with the vertical, the
displacement of its mid-point from the initial position is
proportional to (1 — cos8)

Matching Type Questions
23.

In the List-I below, four different paths of a particle are
given as functions of time. In these functions, a and 3 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. (2018 Adv.)
List-I List-1I
P. r(t)=0ti+Pt] 1. P
r(¢)=ocoswti+Psin wrj 2. L
R. r(t)=a(coswti+sinwtj) 3. K
S. r(t)=ati+%t2j 4. U
S. E

(@P - 1,2,3,45Q-2,5R-23,45S-5
(b)P - 1,2,3,4,5Q - 3,5 R~ 2,3,4,5S 2,5
©)P-234 Q-5 R-1,24 S_25
(P 1,2,3,5 Q-25R-213,458S-25



Passage Based Questions

24,

25.

Passage 1

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 . The finger rotates with an
angular velocity w,,. 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 isp and
the acceleration due to gravity is g.

Figure 2

Figure 1

The total kinetic energy of the ring is (2017 Adv.)

(a) M@ (R = r)? (b) %Mwé (R - r)
(c) M3R? (d) %ng (R-r)

The minimum value of w, below which the ring will drop

down is (2017 Adv.)
3
(a) 8 (b) -
2U(R - 7) 24(R — 7)
2,
(©) _ & (d) _ g
H(R =) MR =)
Passage 2
The general 1w
motion of a rigid
body can be P b Q
considered to be Q<>
a combination of x/ y

(1) a motion of its
centre of mass about an axis, and (ii) its motion about an
instantaneous axis passing through the centre of mass. These
axes need not be stationary. Consider, for example, a thin
uniform disc welded (rigidly fixed) horizontally at its rim to a
massless stick, as shown in the figure. When the disc-stick
system is rotated about the origin on a horizontal frictionless
plane with angular speed w, the motion at any instant can be
taken as a combination of (i) a rotation of the centre of mass of
the disc about the Z-axis, and (ii) a rotation of the disc through
an instantaneous vertical axis passing through its centre of
mass (as is seen from the changed orientation of points P and
Q). Both these motions have the same angular speed w in this
case.

26.

27.

28.

29.

Rotation 119

Now, consider two similar systems as shown in the figure :
Case (a) the disc with its face vertical and parallel to x-z
plane; Case (b) the disc with its face making an angle of 45°
with x-y plane and its horizontal diameter parallel to X-axis.
In both the cases, the disc is welded at point P, and the
systems are rotated with constant angular speed w about the

Z-axis.
2t 6 21
Q .Q
§ s
P y P Y
x/ Case (a) x/ Case (b)

Which of the following statements regarding the angular
speed about the instantaneous axis (passing through the
centre of mass) is correct? (2012)

(a) Itis V2w for both the cases
o
2
(c) Itisw for case (a); and V20 for case (b)

(d) It is w for both the cases

(b) It is w for case (a); and for case (b)

Which of the following statements about the instantaneous

axis (passing through the centre of mass) is correct? (2012)

(a) Itis vertical for both the cases (a) and (b)

(b) Itis vertical for case (a); and is at 45° to the x-z plane and
lies in the plane of the disc for case (b)

(c) Itis horizontal for case (a); and is at 45° to the x-z plane
and is normal to the plane of the disc for case (b)

(d) Itis vertical for case (a); and is at 45° to the x-z plane and
is normal to the plane of the disc for case (b)

Passage 3

Two discs 4 and B are mounted coaxially on a vertical axle.
The discs have moments of inertia / and 2/ respectively about
the common axis. Disc 4 is imparted an initial angular
velocity 2w using the entire potential energy of a spring
compressed by a distance x;. Disc B is imparted an angular
velocity w by a spring having the same spring constant and
compressed by a distance x,. Both the discs rotate in the
clockwise direction.

X .
The ratio =~ is

(2007, 4M)
X2

(a) 2 (b) 12 () \2

1
(d) —=
V2
When disc B is brought in contact with disc 4, they acquire a
common angular velocity in time 7. The average frictional
torque on one disc by the other during this period is

(2007, 4M)
21w 9w
a) — b) —
(a) 3 (b) by
9w 3w
c) — d) —
© @
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30.

Rotation

The loss of kinetic energy during the above process is

(2007, 4M)
Iw? Iw?
a) — b) —
(@) 5 (b) 3
1w? 1w?
c) — d) —
(©) 2 (d) .

Integer Answer Type Question

31.

A uniform circular disc of mass F
1.5 kg and radius 0.5m is
initially at rest on a horizontal

F=05N are applied NZ f
XYZ with its vertices on the

frictionless  surface.  Three
forces of equal magnitude 0

simultaneously along the three

sides of an equilateral triangle

perimeter of the disc (see figure). One second after applying
1

the forces, the angular speed of the disc inrads ™ is (2012)
Fill in the Blanks
32. Arod of weight W is supported by two parallel knife edges 4

33.

and B and is in equilibrium in a horizontal position. The
knives are at a distance d from each other. The centre of mass
of the rod is at distance x from 4. The normal reaction on A4 is
......... andonBis .......... (1997, 2m)

A uniform cube of side a and mass m rests on a rough
horizontal table. A horizontal force F is applied normal to
one of the faces at a point that is directly above the centre of
the face, at a height 3a/4 above the base. The minimum value
of F’ for which the cube begins to tip about the edge is .........
(Assume that the cube does not slide). (1984, 2M)

True / False

34.

A triangular plate of uniform thickness and density is made
to rotate about an axis perpendicular to the plane of the paper
and (a) passing through A4, (b) passing through B, by the
application of the same force, F, at C (mid-point of AB) as
shown in the figure. The angular acceleration in both the
cases will be the same. (1985, 3M)

,I

Analytical & Descriptive Questions

35.

A rod of length L and mass M is hinged at point O. A small
bullet of mass m hits the rod as shown in the figure. The
bullet gets embedded in the rod. Find angular velocity of the
system just after impact. (2005, 2M)

36.

37.

38.

Three particles A, B and C,
each of mass m, are
connected to each other by
three massless rigid rods to
form a rigid , equilateral
triangular body of side /.
This body is placed on a
horizontal frictionless table
(x-y plane) and is hinged to
it at the point 4, so that it can move without friction about the
vertical axis through 4 (see figure). The body is set into
rotational motion on the table about4 with a constant angular

velocity 0 . (2002, 5M)
(a) Find the magnitude of the horizontal force exerted by the
hinge on the body.

(b) At time 7, when the side BC is parallel to the X-axis, a
force F is applied on B along BC (as shown). Obtain the
x-component and the y-component of the force exerted
by the hinge on the body, immediately after time 7.

Two heavy metallic plates A

are joined together at 90° to

each other. A laminar sheet

of mass 30 kg is hinged at

the line 4B joining the two

heavy metallic plates. The B

hinges are frictionless. The

moment of inertia of the

laminar sheet about an axis

parallel to AB and passing through its centre of mass is

1.2 kg-m?. Two rubber obstacles Pand Q are fixed, one on

each metallic plate at a distance 0.5 m from the line 4B. This

distance is chosen, so that the reaction due to the hinges on

the laminar sheet is zero during the impact. Initially the

laminar sheet hits one of the obstacles with an angular

velocity 1 rad/s and turns back. If the impulse on the sheet

due to each obstacleis 6 N-s. (2001, 10M)

(a) Find the location of the centre of mass of the laminar
sheet from A4B.

(b) At what angular velocity does the laminar sheet come
back after the first impact ?

(c) After how many impacts, does the laminar sheet come to
rest ?

oQ

A uniform circular disc has
radius R and mass m.

A particle, also of mass m, is
fixed at a point 4 on the
edge of the disc as shown in
the figure. The disc can
rotate  freely about a P V T Q
horizontal chord PQ that is

at a distance R /4 from the centre C' of the disc. The line AC is
perpendicular to PQ. Initially the disc is held vertical with
the point A at its highest position. It is then allowed to fall, so
that it starts rotation about PQ. Find the linear speed of the
particle as it reaches its lowest position. (1998, 8M)




39.

40.

A uniform disc of mass m and radius R is projected
horizontally with velocity v, on a rough horizontal floor, so
that it starts off with a purely sliding motion at # = 0. After ¢,
seconds, it acquires a purely rolling motion as shown in

figure. (1997 C, 5M)
N

t=0 t=t,

(a) Calculate the velocity of the centre of mass of the disc at 7.

(b) Assuming the coefficient of friction to be [, calculate ¢,.
Also calculate the work done by the frictional force as a
function of time and the total work done by it over a time
¢t much longer than ¢,,.

A rectangular rigid fixed block has a long horizontal edge. A
solid homogeneous cylinder of radius R is placed
horizontally at rest with its length parallel to the edge such
that the axis of the cylinder and the edge of the block are in
the same vertical plane as shown in figure. There is sufficient
friction present at the edge, so that a very small displacement
causes the cylinder to roll off the edge without slipping.
Determine (1995, 10M)

(a) the angle 6, through which the cylinder rotates before it
leaves contact with the edge,

41.

42,
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(b) the speed of the centre of mass of the cylinder before
leaving contact with the edge and

(c) theratio of the translational to rotational kinetic energies
of the cylinder when its centre of mass is in horizontal
line with the edge.

Ablock X of mass 0.5 kg is held by a long massless string on
a frictionless inclined plane of inclination 30° to the
horizontal. The string is wound on a uniform solid
cylindrical drum Y of mass 2 kg and of radius 0.2 mas shown
in figure.

30°

The drum is given an initial angular velocity such that the

(1994, 6M)

(a) Find the tension in the string during the motion.

(b) At a certain instant of time, the magnitude of the angular
velocity of Y is 10 rads~". Calculate the distance travelled
by X from that instant of time until it comes to rest.

block X starts moving up the plane.

A carpet of mass M made of inextensible material is rolled
along its length in the form of a cylinder of radius R and is
kept on a rough floor. The carpet starts unrolling without
sliding on the floor when a negligibly small push is given to
it. Calculate the horizontal velocity of the axis of the

cylindrical part of the carpet when its radius reduces to R/2.
(1990, 8M)
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Topic 1
1. (¢)
5. (%)
9. (b)

13. (d)

17. (a)

21. (a, b, ¢)

Topic 2
L. (c)
4.(d)

8. (a)
12. (b)

16. (¢)
20. (6)

23.F

Topic 3
1. (b)
5. (b)

7. (b)
11. (a)
15. (d)

19. (a, b)
mg
23. &
6 P

24, % MRAW’

28. % gsin® 29.aqy =

(b) 3Fm,

2. (d)
6. (b)
10. (a)
14. (d)
18. (a)
22. (3)

2.(d)
5. (c)
9. (c)

13. (b)

17. (b)

21. -3

3

my,
24, —22
2«/§g

2. (b)
6. (b)

8. (d)
12. (b)
16. (c)

20. (b, ¢)

25.F

Fm,

3m, + 8m, 3m, + 8m,

3. (d)
7. (a)
11. (a)
15. (b)
19. (d)
23. (9)

3. (d)

6. (c)
10. (b)
14. (c)
18.4

929 Mw,

"M+ 6m

3.(¢)

9. (d)
13. (d)
17. (a, ¢)

21. (c, d)

26. 7

4F

3m, + 8m,

> aplank =

in a direction perpendicular to paper inwards

Answers
30. (2) 6i  (b) 0.6(k — j), 0.6(—j — k), 0.85 N-m
4. (d) 31.2.13 m, yes
8. (c) Topic4
12. (b) 1. (a)
;g' Eag 2. (a) 3. () 4. (a) 5. (a, c)
. (a
94. 4.8 M 6.(ac,d) 1. (a)% (b) % L(c) 2% 8.6.3 m/s
9. (a) %V (b) 3.5 ms™" 10.2.72 ]
7. (b) Topic5
11. (¢) 1. (b) 2.(0) 3.(0) 4.(d)
15. (a, b, ©) 5. (b) 6. (a) 7. (a) 8. (b)
19. (8) 9. (b) 10. (a)
11. (c) 12. (%) 13. (a) 14. (b)
15. (b) 16. (d) 17. (c) 18. (c)
19. (a) 20. (b,c) 21. (a,c) 22. (a,c,d)
23. (a) 24. Not clear  25. (c)
26. (d) 27.(a) 28. (c) 29. (a)
4. (b -X ﬁ
(b) 30. (b) 31 (2) 32. %QW, -
2 3mv
33.Z 34.F 35,
:2: 8 3" L3m + M)
18. (c, d) 36. (a) V3 mlw?  (b) (F,), = %, (Foe)y =3 mios”
22, (0.75) .
37.(a) 0.1 m (b) 1 rad/s (c) sheet will never come to rest
38. \/5gR
2 2
27.3.6 39.) v () 3%, For ¢ < 1y, W = ’"*z‘gt [3pgt - 2v, ], ”;VO
87]7 =2a
3my + 8m, o 40.(2)0 = cos_lg (b) g (c)6

41.(a) 1.63N (b)1.22m 42.v=\/@
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Hints & Solutions

Topic1 Moment of Inertia
1.

Key Idea Radius of gyration K of any structure is given by

2 /
I=MK orK=_|—
M

To find K, we need to find both moment of
inertia / and mass M of the given structure.

Given, variation in mass per unit area (surface mass density),

.0

s+
X :{;{ 7 Nplelg

Let us divide whole disc in small area elements, one of them
shown at r distance from the centre of the disc with its width
as dr.

Mass of this element is

dm = o [dA
0 dm =29 x21dr  [from Eq. (i)] ...(ii)
r

Mass of the disc can be calculated by integrating it over the

given limits of 7,
M b

dm= [0, X2T Xdr
Jam=Jen

O M =0,21(b —a) ...(ii1)
Calculation of Moment of Inertia

M b b g3d’
I= J’rzdm :J'r2 29 x 21vdr = 0,2 T[J'rzdr: 0,2T 3=
0 w7 “ MG,
O 1:%00211[1)3 -a’] . (iv)

Now, radius of gyration,

ZT[O'O (b3 _a3)

K= |—= -3

M 2no, (b-a)
3_ 3
SR S X G
3 b-a

As we know, b —a® = (b —a) (b> +a* +ab)

0 K = /% (b* +d* +ab)
2 2
or K = (a”+b° +ab)

3

2. The given situation is shown in the figure given below

Solid sphere

""'llllllllllllllllllllllll"

Disc (radius= 2R)
Solid sphere
(radius =)

Density of given sphere of radius R is
_ Mass _ M
Volume 4
3
Let radius of sphere formed from second part is 7, then

mass of second part = volume X density
1 4 5 M

Tl'R3

M=o X
8 3 TR3
3
3
I:l }/'3:R7 r:ﬁ
8 2

Now, /; = moment of inertia of disc (radius 2R and mass

%M ) about its axis

7

7 2
. —M x (2R
_ Mass x (Radiug® _ g * RV _ MR

2 2
and /, = moment of inertia of sphere

(radius % and mass éM ) about its axis

2
=2 x Mass x (Radius)’ = 2 X lM X Qgg - MR
5 5 8 2 80
/ 7 MR>
O Ratio -1 = -4 =140
I, L MR?
80

3. Given, Surface mass density, 0 = o’

So, mass of the disc can be calculated by considering
small element of area 2Tudr on it and then integrating it for
complete disc, i.e.
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dm=0dA =0 X 2Twrdr
[dm=M :I:(kﬁ)zmdr

4
0 MzzrﬂcRT:%TkR“ (D)

Moment of inertia about the axis of the disc,

I :J’d[ :J’dmr2 :IGdArz

= _[: Jo? (21vdr) P

6 6
0 1:2rchRr5 dr = TWR” _ TER ... (i)
0 6 3
From Egs. (i) and (ii), we get
= 2MR?
3

. Given, kinetic energy = k6?

We know that, kinetic energy of a rotating body about its axis
1

=~ Jw?
2
where, / is moment of inertia and w is angular velocity.
2
So, %I(.-.)2 = k6 orw?’ = 2k6
| W= 27k 0 .. (1)

Differentiating the above equation w.r.t. time on both sides,

we get
do _ [k 6 _ [2% o 0. = 90
dt I dt

I TR

U Angular acceleration,

dw 2k 2k |2k

o=—=,—[=,/— O— 06 [using Eq. (i
» ,/1 ‘/1 Q/[ [using Eq. (1)]
2

t
or a= ke
I
Alternate Solution
2
As, w’ = 2k6
I
0 2090 = 2 26 1y der= 2 a0
dt 1 dt 1
wdﬁ(:a):%mor :Zike
de I I

5. Consider an elementary ring of thickness dx and radius x.

Moment of inertia of this ring about a perpendicular axes
through centre is

dl, = dmF* = (2T )dx % =2mgxtdx

Moment of inertia of this elementary ring about a
perpendicular axes at a point through edge, (by parallel axes
theorem)

dl = dmx* + dmR*
= 2mpx*tdx + 2TRR X dx
Moment of inertia of complete disc is
R R 4 R 2.2
I _IO dI—J'O nmpyxdx +.[0 2TQR “x"dx

_2myR’ | 2mR° _ lempR’
5 3 15

U a= % (No option matches)

. Moment of inertia of a solid sphere about an axis through its

centre of mass is
I = %MRZ

Moment of inertia about a parallel axis at a distance x from
axis through its COM is

le 1a Jal

I=1I-+ Mx? (by parallel axis theorem)

So graph of [ versus x is parabolic are shown
1(x)

. Moment of inertia of hollow cylinder about its axis is

M
I = 3 (R +R3)
where, R, = inner radius and
R, = outer radius.

Moment of inertia of thin hollow cylinder of radius R about
its axis is.

I, = MR*
Given, /; =1, and both cylinders have same mass (M).
So, we have

o R+ R = MR?



(10> + 20*)/2 =R?
R?>=250=15.8
R=16cm

8 For disc D, moment of inertia across axis OO" will be

I = EIMRZ G

For discs D, and D5, OO' is an axis parallel to the diameter of
disc. Using parallel axis theorem,

12 = 13 :Idiameter +Md2 (11)
R
Mass=M
D3
_ 1
Here’ Idiameter - ZMR
and d =R
0 L =1, :ZIMRZ +MR? :%MR2

Now, total MI of the system
I=1 +1, +1, = %MRZ +2 ><§MR2 = 3MR*?

9 (b) Suppose the mass of the AABC be ‘M’ and length of the
side be /’.
When the ADEF is being removed from it, then the mass of
the removed A will be ‘M /4’ and length of its side will be
‘l/2’ as shown below

A

) £
/2
// \¢
B+—>F
/2

Since we know, moment of inertia of the triangle about the
axis, passing through its centre of gravity is,

C

I = kmi*, where k is a constant.

10
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Then for ADEF, moment of inertia of the triangle about the

- I _ kMI? .
[:k%ggg: 16 -0

Moment of inertia of AABC is
I, = kMI*
The moment of inertia of the remaining part will be

2
I'=1I,-1 =kMP - kM; [+ using Eqs. (i) and (ii)]

..

15

2
_ 15kl orr =15
16

16

Key Idea This problem will be solved by applying parallel axis
theorem, which states that moment of inertia of a rigid body
about any axis is equals to its moment of inertia about a parallel
axis through its centre of mass plus the product of the mass of
the body and the square of the perpendicular distance between
the axis.

We know that moment of inertia (MI) about the principle
axis of the sphere is given by

I :%MRZ . ()

sphere

Using parallel axis theorem, moment of inertia about the
given axis in the figure below will be

R
Principle axis Given axis
I = % MR?* + M (2R )
22 ..
I, =?MR2 .. (ii)

Considering both spheres at equal distance from the axis,
moment of inertia due to both spheres about this axis will be

21, =2 %22/ 5 MR?

Now, moment of inertia of rod about its perpendicular
bisector axis is given by

I, = Ry
12
Here, given that L=2R

( 0
k— R ——— R i
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11.

12.

13.

14.

Rotation
1 2
u Iy =—M(2R) = MR . (it
T (2R = 3 (iii)
So, total moment of inertia of the system is
1=21 +1,=2 ><%MR2 +éMR2
O ]:¥+1§MR2:QMR2
5 3 1
From theorem of parallel axis,
1=1_,+7M (3R)?
O 2
WB—R +6x% DiMR +M (2R Y |:||:|+ M (3R ) -181MR"
g 2 0 08
IRemaining = ITotal _[Cavity
2
o =2MR ﬁ’fguu %gDﬂMRZ
MI of a solid cylinder about its perpendicular bisector of

length is

I:MEL+R—ZE

02 40
2 2 2 2
O ]:mR ﬂ: m +£ [p'r[rzlzm]
4 12 4mp 12
For 7 to be maximum,
@ ml
4T[p
- m2 _ml o 3m
qump - 6 21p
/3 /3
Dle
. 12%@ tred
m m
p: 2_7[1
. %ﬁ e -l el
Hrep]

/3
Um D‘
: A= %ﬁ
e
/
E Dm /3 %am
S
As the rod rotates in vertical plane so a torque is acting on it,
which is due to the vertical component of weight of rod.

/6

B8 -8

15.

16.

Initial condition

At any time t

Now, Torque T = force x perpendicular distance of line of
action of force from axis of rotation

. l
=mg sin B x —
& 2

Again, Torque, T = /O
2
Where, / = moment of inertia = mT

[Force and Torque frequency along axis of rotation
passing through in end]

= angular acceleration

2
ad mgsmexl—ﬂa
2 3
0 :3gsin9
2/

Maximum possible volume of cube will occur when

V3a=2R
2
| a=—R
V3
. M
Now, density of sphere, p = 7

2R3
3

Mass of cube, m = (volume of cube)(p) = (a3 )(P)

0
02 [?Dmumzm

’WE WEM

Now, moment of inertia of the cube about the said axis is

02@m.02 .0
& _Bad"HE"

(a = side of cube)

_ 4MR?
931
20 21 2
Z MR? = — M¥* + Mr
5 2
or  ZMR=3 M
5 2
O r= R



17.

18.

19.

20.

1 remaining =1 whole — 1 removed

1 , 0 gl R@ZD ,
or 1—2(9M)(R) %m% +2m%3 E...(l)

Here, m=9—MzXn?§=M
TR 3

Substituting in Eq. (i), we have
I =4MR?

Mass of the whole disc = 4M

Moment of inertia of the disc about the given axis
= %(4M)R2 = 2MR?

0 Moment of inertia of quarter section of the disc

-1 (2MR?) = 1 g2
4 2

Mass of the ring M = pL. Let R be the radius of the ring, then

L=21R
or Rzi
21

Moment of inertia about an axis passing through O and
parallel to XX 'will be
I, = 1 g
2

Therefore, moment of inertia about XX ' (from parallel axis
theorem) will be given by
Iy = % MR? + MR* = %MR2

Substituting values of M and R

3 .00 3pr
I =>(pL)O——0=
e = PO BE %

A'B"LABandC'D' OCD
From symmetry [, =1, 5
and Iep =1cop

From theorem of perpendicular axes,

c\ AI D

Iy =1 ¥ 145 =lep *op
=215 =2lp

LTy =1cp

21.

22.
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Alternate

The relation between 7,5 and /-, should be true for all
values of 6

At 0=01p =1,
Similarly, at © =1/2, 1., =1, (by symmetry)
Keeping these things in mind, only option (a) is correct.

Since, it is a square lamina
Iy =1,
and I, =1, (by symmetry)

From perpendicular axes theorem,

Moment of inertia about an axis perpendicular to square plate
and passing from O is

l,=0h 1, =1y +1,
or 1,=2I, =2l
I, =1

Rather we cansay I} =1, =15 =1,

Hence,

Therefore, /, can be obtained by adding any two i.e.
I,=1, +1, =1, +1,
=L+, =1, +1,
=L+, =1, +1,
T = Total portion

R = Remaining portion and
C = Cavity and let 0 = mass per unit area.

r=vV5R

Then, my =T(2R)*0=4TR* 0
me =T(R) 0= TR0
For I,
Ip =1y —Ic

= QR = G R® + e
- % (4TR0) (4R?) - %(mzm (TR 0)(5R2)§

=(18.5 R*0)
Forl, I,=1; -1
Z%mT (2R —%mCRz
= L 4mro) (4*) = (182 0) (k)= 6.5 R0
Ip _185mR'0
I, 65mR*o

Therefore, the nearest integer is 3.

=2.846
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23. r:‘;—ﬁ J5

=" em=-"-x10"m O m=05kg
2 2

a=4cm=4x%x107 m

Iyy =1, +1, +1; +1,
D

= %mr +m%f5 D+gmr
O
+ % mr* +m %%g[H g
Substituting the values, we get
Iy =9x10*kg-m* O N=9
24, Assuming the lamina to be in x-y plane.

A y B

5

From, the perpendicular axis theorem,

IX + I_y = IZ
but I, =1, (by symmetry)
and I.=1.6Ma* (given)
O I = % = 0.8 Ma*

Now, from the parallel axis theorem,

I =1, +M (2a) = 0.8 Ma®> +4 Ma® = 4.8 Ma’

Topic2 Angular Momentum and its
Conservation
1. Position of particle is, r = 24 — 3¢%)

where, ¢ is instantaneous time.
Velocity of particle is

v=9 o9 64

dt

Now, angular momentum of particle with respect to origin
is given by

L=m(rxv)

= m{(24 - 3r%)) x (21 - 6£))}

=m(-12¢2(1 xj) —6¢7(j x1))
jxj=0

N A~

As, ixi=

0 L = m(-12¢%k + 6¢°k)
As, ixj= kand_lxl——k
O L= -m(6:> )k

So, angular momentum of particle of mass 2 kg at time
t=2sis

L=(2x6x2")k=-48k

. As there is no external torque on system.

0 Angular momentum of system is conserved.

u Iw, =1,0;,
Initially,
o
~ ’
. |
Q ! “0
N | W
m | m
K L 5
Finally,
e
m i m
Y2 | /)
Q 0
ML A\

MI? Lhyr? a
0 Moo=

So, final angular speed of system is

MI?
T,
0 w=__ 12 _ Mo,
%% + 6mL2E M + 6m
O 12 O
. The given figure is shown below as
gO
va  la=10m
C= S
A\&j\gf
VB
B
As friction is absent, energy at 4 = energy at B
1 5, 1 5,
0 —mvy + mgh =—my,
54 & 5B
O vi + 2gh = vlzg
or v =(5) +2 %10 x10 =225

O vy =15ms™



Angular momentum about point ‘O’,
= mvply

=20%x107 x15 x20= 6kg-m* ™'

Let the other mass at this instant is at a distance of x from
the centre O. Applying law of conservation of angular

Lo, =1,w,

% g+—x|]

Solving this equation, we get x = %R.

momentum, we have

O

(MR*)(w) = WR2

NOTE If we take identical situations with both point masses,
then answer will be (c). But in that case, angular momentum
is not conserved.

Angular momentum of the pendulum about the suspension
point O is

LLA

Vtan

Ltan

Then, v can be resolved into two components, radial
component 7,,; and tangential component 7,,. Due to

Viad» L Will be tangential and due to v,,,, L will be radially
outwards as shown. So, net angular momentum will be as
shown in figure whose magnitude will be constant
(IL| = mvl). But its direction will change as shown in the
figure.

L=m(r xv)
where, r = radius of circle.
Angular momentum of a particle about a point is given by
L=rxp=m(r xXv)
For L, Lo

\"

=t

|L|= (mvrsin 8) =m (RW) (R)sin 90° = constant
Direction of L, is always upwards. Therefore, complete

L, is constant, both in magnitude as well as direction.
For L,

10.

11.
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|Lp |= (mvrsin ©) = (m) (Rw) (/)sin 90° = (mRIw)
Magnitude of L, will remain constant but direction of L, keeps
on changing.

From conservation of angular momentum (/ w =constant ),

angular velocity will remain half. As, K = % I w?

The rotational kinetic energy will become half.

In uniform circular motion, the only force acting on the particle
is centripetal ( towards centre). Torque of this force about the
centre is zero. Hence, angular momentum about centre remain
conserved.

Since, there is no external torque, angular momentum will
remain conserved. The moment of inertia will first decrease till
the tortoise moves from 4 to C and then increase as it moves
from C and D. Therefore, w will initially increase and then
decrease.

e A
v
Let R be the radius of platform, m the mass of disc and M is the
mass of platform.
Moment of inertia when the tortoise is at 4
]1 = mR2 + MiRZ

and moment of inertia when the tortoise is at B
2

1, = mr* +

Here, P =a? +[ R? - 4* —vt]2
From conservation of angular momentum
Wyl =w(t)1,
Substituting the values, we can see that variation of w () is

non-linear.

Net external torque on the system is zero. Therefore, angular
momentum is conserved. Force acting on the system are only
conservative. Therefore, total mechanical energy of the system
is also conserved.

From the theorem

Ly =Ly + M (r xv) ...()
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We may write

Angular momentum about O = Angular momentum about

CM + Angular momentum of CM about origin

0 Ly=1w+MRy
:%MRZ w+MR(R w) :%MRZQ)

NOTE That in this case [ Figure (a) ] both the terms in Eq. (i),
i.e.Loy @and M (r x v) have the same direction A. That is why, we

have usedl, =/w + MRv.Wewill usel, =I|w~ MRy ifthey are

in opposite direction as shown in figure (b).

12. |v|=v =constant and |r|=r (say)

Angular momentum of the particle about origin O will be given

by
L=rxp=m(r xv)
or |L|= L = mrvsin® = mv(rsin@) = mvh
Now, m,v and / all are constants.
y

O

Therefore, angular momentum of particle about origin will
remain constant. The direction of r X v also remains the same

(negative z).

NOTE Angular momentum of a particle moving with constant
velocity about any point is always constant. e.g. Angular
momentum of the particle shown in figure about origin O will be

o/
n/|

L = mvh = constant

13. L= erD

Np

Vv COs 45° :V—é
X

2. 2 sic0 2
Here, 14 :h:vmzliﬁ::—
g g

020 my?
u LZm%@DV—D: dd
20He0 44/2g

14. Lo, =Lw,
0 2 0
Iil w = BZMirEb‘)
1, M7 + 2mi? 0
o M O
[Q +2mEfD

15, (a)t= AXL

0 w,=

ie. @—AXL
dt

This relation implies that % is perpendicular to both A
t

and L.
(c) Here , LL=7?
Differentiating w.r.t. time, we get
L. aL + @ L=2L dar
dt dt dt
O 2L @ = 2L@
dt dt
But since, LO &
dt
0 L4ty
dt
Therefore, from Eq. (i) % =0
t

or magnitude of L i.e. L does not change with time.
(b) So far we are confirm about two points

L

(1) Tor% ULand
t

(i) | L | = L is not changing with time, therefore, it is a
case when direction of Lis changing but its magnitude
is constant and T is perpendicular to L at all points.

This can be written as

If L=(acos0)i +(asinB)j
Here, a = positive constant

Then T= (asin 8)i- (acos 0)]j
So, that LI =0 and LOT

Now, A is constant vector and it is always
perpendicular to T. Thus, A can be written as A = Ak

we can see that L [A =0 i.e. LA also.



Thus, we can say that component of L along A is zero or
component of L along A is always constant.

Finally, we conclude that T, A and L are always mutually
perpendicular.

16. Force on block along slot = mw*r = ma = mgj—vg
»

. 2 20 20
J'vvdv:-rwzrdr O L:w—DZ—iﬂ
0 R/2 2D 4D
2
O V=W, rZ—R—ZQDJJ L:J’t(odt
4 dt R/4 R R2 0
2=
4
0 20 0 2 20
DRI S
111[| 5 D_lnD 5 D:(.ot
H 2 H H 4 H
2
O r+ rz—R—zﬁe‘*”
4 2
2 2
O rZ—RT:RTezw+r2—2r—ew
R7262W+R2 R
g r=-4 4 =— (e +e™Y)
Re™ 4
17. w®)
Y(J)

Fo = F, +2m(v i) xwk +m(ak xri) x ok
mrw’i = F, + varotoo(—j) +morri
F, = 2mv,,(x)j
R -
r:Z[e(‘” +e Y]
% =y, = g [we® — ar

F, = Zm% [e® — e “wj

~ury

_ mRw*
2

Also, reaction is due to disc surface then

_ mRw?

reaction —
2

E

in [e” —e 1]

F [e™ —e_“’]]'+mglz
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18. Applying conservation of angular momentum
2

2mvr — w=0

_4mvr
MR?
Substituting the values, we get

@ x10) @ FF
= o =

w ] 4 rad/s
45x 1072 x —
4
19. [jw, =1,w,
Wiy
O Disc - M, R
Ring - m, r
g U

_,ag o D 0
SR L L
2 - MR* + 2(mr*)[
2 O
| 2 0
0(0.4) +8 % (6.25) x (0.2)*
20, Ltoal — Uy +1p)0 (as @ will be same in both cases)
Ly I, [
2
=I—A+1=7m"r" +1=ri+1 (asmyry = myry)
Iy mg Iy Ui
= 11 +1=6 %s r i@
2.2 m
_ _k
21. mvr =k (aconstant) J v =—
mr
2 2
rem e -
r r r m r
s O 20
= Ar Owhere, 4 = —I[
0 m(]
Hence, n=-3
22. Lw, =1,w,
I MI?/12)
0 w,=-10y= 2 ¢ 7-Wo
1, [(MI2/12)+2m(L/2)*]
O M O OM O
= [, =
ML + om0 OV +6mb
23. [w, =Lw,
0O  MR? 0
0 a
0 w, :im = B%m :ﬂw
I MR® M RO S
B2 4 20



24. In terms of i, j and K

Rotation

Y
Y3, Vs
u=-—=1+—7—=j
NERNG V
~ 0
O a=-—gj
) 45°
t_i
g P ‘

Vo Ln

_ _ﬁi‘_[l _ Y
O v—u+at—\/§1 HO ﬁEJ

1 >
r=s =ut +-—-at
2

2 2 2
A vo A

Vo 3 3
- .
Vg N2t 2
Now, angular momentum about point P at given time
L=m(rxv)

3 3 3 30
v, v, v, v, -
o 4% _Y 4 Y —p

=my = O
02 28 28 22

3
_mvolA(

2\5g

3
Thus, magnitude of angular momentum is i -k
Z\Eg

direction i.e. in a direction perpendicular to paper inwards

Topic 3 Pure Rolling or Rolling without

Slipping

1. Moment of inertia (MI) of a disc about a tangential axis in the

plane of disc can be obtained as below.

A

M=5g = 5x10"2%kg

—_—

s
B

Moment of inertia of disc about it’s axis,
_ MR?
S 2
From perpendicular axes theorem, moment of inertia of disc
about an axis along it’s diameter is
[ +1,=1, 0 2,=1I
_ I, _ MR?

0 I, ==
2T 4

I

=1, .

/, \ he=lo
N/

v
I1=1,

PR

So, moment of inertia about a tangential axis from parallel

axes theorem is

2
=1, +MR2:§+MR2:§MR2

Now, using torque, T = /O, we have

_ _5 me_wllj
1=/a == MR’FL—
4 O At O
Here,
M=5x%x10"kg, R=1x102m
®, = 25ms = 25 x 2o 124 = 50724
S S
W, =0, At=5s

S xs5x107 x (1072)? x 501
So, 1= 4

5
=2x107 N-m

2

KErotational =—lw
where, wW=w, + o
1
SO’ KErotational = 51((*)0 +ar )2

Here, / = 15 kgm? ,
KE =1200J and
a=20rad/s”and w, =0
Substituting these values in Eq. (i), we get

1200 = %(LS) (20 x 1)

0 2:2><1200:
1.5 x 400
O t=2s

. From question,

let height attained by ring = A,

Height attained by cylinder = #,
Height attained by sphere = 7

. Rotation kinetic energy of a body is given by

()



As we know that for a body which is rolling up an inclined
plane (without slipping), follows the law of conservation of
energy.

O For ring, using energy conservation law at its height /7, .

(I;E)Iinear + (I;E)rotational = (PE)

|
0 —myvy + =1, =mgh
S0 TS 18M

g %mlvg +%m1R2(;L)2 =mgh,

(I = mR? for ring)
2 2

V, V,
| gh :?0 +?° (" vy =WR)
0 h=vilg ()

Similarly, for solid cylinder, applying the law of
conservation of energy,

| R R
—m,vy; + =1, =m,gh
220 22 h8M)

1, 158 @ggﬂ )
O —m,v; + —t+— X m, X W =mgh
5% 2% 7) > @ L8
EI I= %mR for cyhnder[|
O R 0
nd R=—
2 B
U 1mvz+l><lm2R2>< Vg =mg
22° 27 (R/2) :
u = é Vg =gh,
3
0 gh, -ng
2]
O =2 ey (i)
4 0g 0
Similarly, for solid sphere,
1 1
5"13"3 +5]3°°2 = mygh,
1 15 O
D 7m3V§ + — B m3 %gmwz = m3gh3
2 2 ES
D ng for solid s hereD
0f=3 phereq
O R O
nd R=—
& 4 B
2 2
O 1m3v§+1xg ><m3R— )(‘}70 :m3gh3
2 25 16 (R/4)
O lvg lvg =ghy
5
7
O hy = —,
8hy 100
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2]
or h D” g ....(iii)
3 =
10 Og 0O

U Taking the ratio of 4, h, and h; by using
Egs. (i), (ii) and (iii), we get

2
v 3v0.7v0

hoihy thy =2 : -~
1:1p 213 ¢ 4g 10g

:lzéll

4 10

O hythy:hy =40:30:28=20:15:14

0 The most appropriate option is (c).

Although, it is still not in the correct sequence.
Alternate Solution

Total kinetic energy of a rolling body is also given as

1 0 k20
Etotal = ZmV2 g+?5

where, K is the radius of gyration.
Using conservation law of energy,

20
—m [+ K—ZD: mgh
0 RO
20 20
or h:Ld+%D
260 RO
2
For ring, K—ZZI
R
2 2 2
O by =~ [1+1] .V
2 2z
2
For solid cylinder, —2—(R/2I) =R xiz -1
R (R/2) 8 R™ 2
2
0 hy _v g 10 32
ZE 4g
For solid sphere, K2 =2
R 5
2 2
0 h3:LE+ED:7L
2g SH 10g
So,the ratio of &, h, and Ay is
2 42 2
hl:h2:h3:L 3L lL
g 4g 10g
=1:E 7 =20:15:14
410

When a spherical/circular body of radius 7 rolls without
slipping, its total kinetic energy is
K 1= K +K rotation

tota translation

= 1mv2 + lI(JL)2
2 2

2
lmv + 1I -
2 % rH

Let v be the linear velocity and R be the radius for both solid
sphere and solid cylinder.
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U Kinetic energy of the given solid sphere will be

1, 1, W
Ksph_Emv +5]sphF

2
:lmv2 +l><ng2 ><V—:lmv2 ..(1)
2 25 R* 10
Similarly, kinetic energy of the given solid cylinder will be

_1 5 v
Kcyl_EmV +51cy1F
—lmv +— X X—==my ...(11)
2 2 R* 4

Now, from the conservation of mechanical energy,

mgh = K a1
U For solid sphere,

mghg,, = 1—70mv2 ...(1i1) [using Eq. (1)]

Similarly, for solid cylinder,

2

mghe, = %mv ...(1v) [using Eq. (ii)]

Taking the ratio of Egs. (iii) and (iv), we get
lmvz
mghsph _ 10 0 hsph - 7 x 4 _ 14

mghcyl E sz hcyl

10 3 15

Alternate Solution

Total kinetic energy for a rolling body without slipping can

also be given as
1,0 k*0
Ktotal = Emv + — U
O RO

where, K is the radius of gyration.
[0 From law of conservation,

0 k20

meh=~m A + 1%5

2 0 RO
O k20
or h O K—ZD
0 R?0

As we know that, for solid sphere,

2
K:fR K*_2
5 R 5

Similarly, for solid cylinder,

K:iuﬁ:l
V2 R* 2
1+E z
So hsiphziszi:ng:E
’ hgt 141 3 5 3 15
2

Given, m = 5kg, R =0.5m.
Horizontal force, FF = 40N
As, Cylinder is rolling without slipping.

Hence, torque is producing rotation about centre O.

F
2Re0O
So, T=r1rxF (Here,»=R)
0 =90°
So, T=rxF=RF
or T=05%40=20N-m ...(1)

If a is acceleration of centre of mass ‘O’ then torque is,
T=1/a

where, I = MR?
0 1= MRt ..(ii)
Comparing Eq. (i) with Eq. (ii),
MR = 20
0 a=_ 20
5% (0.5)
or o =16rad/s’

When force F is applied at the centre of roller of mass m as
shown in the figure below

N

a

f
Its acceleration is given by
F-1_,

m

.. (i)

where, f = force of friction and
m =mass of roller.
Torque on roller is provided by friction f and
itis
1= /R =1 ...(i1)
where, / = moment of inertia of solid cylindrical roller.
=mR*/ 2

and a = angular acceleration of cylinder = a / R.

2
Hence, 1= ﬂ Eﬁ = mak
2 R 2

From Eq. (ii), (1= fR)
1= . (i)

From Egs. (i) and (iii), we get
F = gma O a= 2i
2 3m

SO, o= ZiF
3mR

.d
Q
It

SIS

md



7.

10.

11.

12.

13.

For the mass m, mg — T =ma

s
m R
T
T
mla

mg
As we know, a=Ra
So, mg — T =mRa ...(1)
Torque about centre of pully

T x R =mR*a ..(ii)

From Egs. (i) and (ii), we get, a =g /2

Hence, the acceleration with the mass of a body fall is g /2.
Ipy>1,

gsin 0

In case of pure rolling, a=—=——
1+ I/mR*

ap > ap as its moment of inertia is less. Therefore, O reaches
first with more linear speed and more translational kinetic
energy.

Further, w :%orw v
u W % pasvp >,
200
1mv2 +11 @}%g =mg &D
2 2 O4g O
0 :lmR2
2

0 Body is disc.

On smooth part BC, due to zero torque, angular velocity and
hence the rotational kinetic energy remains constant. While
moving from B to C translational kinetic energy converts into
gravitational potential energy. So, h, < h. and kp > k.

In case of pure rolling bottom
most point is the instantaneous
centre of zero velocity.

Velocity of any point on the
disc, v=rw, where r is the

distance of point from O. l T 5 Y@
To > >
O Vo > Ve > Vp

mg sin 6 component is always down the plane whether it is
rolling up or rolling down.Therefore, for no slipping, sense
of angular acceleration should also be same in both the cases.
Therefore, force of friction f always act upwards.

In case of pure rolling on inclined plane,
gsin®
1+1/mR*

14.

15.

16.

17.
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[solid < Ihollow
u Agolid = @hollow
U Solid cylinder will reach the bottom first. Further, in case
of pure rolling on stationary ground, work done by friction is
zero. Therefore, mechanical energy of both the cylinders will
remain constant.
O (KE)yoliow = (KE)giq = decrease in PE = mgh
0 Correct option is (d).

a = Ra P
O O
2kx—f _ 0O /R 0O \0‘
U= TR 0 ok
-MR-[J
2 O
Solving this equation, we get f
_ 2kx
1773
0 ‘Fnet‘:ﬂoc—f:ﬂoc—%:%
This is opposite to displacement.
4 kx
U Fnet = _?
kx
Fnet =- 3 @x
O a:F“et =- %3—4](@(:—002)6
M M
O w = ﬁ
3M

In case of pure rolling, mechanical energy will remain conserved.

1 1% zggv&g_ d,, O

O —Mv; +— MR =2 1 kX" max

20T R B H
3IM

a Xpax = 1| —— V.
max 4k 0

As, f:?
kx k
0 Vo = Hg 37M
Q

F—P

(a) If force is applied normal to surface at P, then line of
action of force will pass from QO and thus, T= 0.

(b) Wheel can climb.

(¢) T=F(2RcosB) — mgRcosB, T OcosO
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Hence, as 0 increases
T decreases. So its correct.

(d)

18. z
4m
Q @
0 M COs b = / *@
5% VPta? 5
7 ANE
0 @] 41/5
w
(a) L. =1IL_pcos® =L, _ysinb
2
:slmazmmm _md’e 1
5 5 2 V24
_ 81 % 24ma’w B 17ma*w
25 224
o 091 _ 81ml’w
b =(5m
®) Ley-0 =( )H g5~ s

_81ml* _ aw
= X —
5 l

_ 8lmlaw _ 8124 a*mw

Lem-0 = s - s

(¢) Velocity of point P : aw = 1 wthen
W= % = Angular velocity of C.M. w.r.t.
point O.
Angular velocity of CM w.r.t. Z-axis = w,cos 0

_aw 24 aw 24

Wy -, =— =
M 1 5 244 5

2 2 2
ma 4m(2a) 17ma“w
DL, _y=—Ww+ W=
(d) Lp -cm 5 2 >

19. Velocity of point O is
o = (BRw) i

Vpo 1s —— in the direction shown in figure.

In vector form

Rw/2
30°
30° P
o 30°
Rw . : R A
Voo = - 29 in 30§ +7wcos 30°k
- ? +\/§le2
4
But Vpo = Vp — Vo
0 Vp = Vpo t Vo
= D_Ri(*h @km+ IRW i
o 4 O
11 V3

= Rwi + Rk
4 4

20. v, =0,vy =v and v, =2v

(upwards)

(=

u
u

MR?)

_ MR*O
0
2 0

21.
O S Osin 6
Therefore, as 0 decreases force of friction will also decrease.

29. a= _gsin®

1

1+

MR?

_ gsinB

aring - 9
_ 2gsinB
Agisc = 3



I
sin6 2
_1 sinGQz
2§ 2 O
; \e [ 16
gsin“0 3g
- e - I ppesnen,
sin 2 2 3 2
gsin“0 g
(g = 160 (41 _2-43
2 1 3g g m

\/ZE%— Ezz—ﬁ

Soving this equation we get, 4 = 0.75 m.

23. The equations of motion are
u= mgsin @ — f

m
_mgsin30°-f_ g f
m 2 m
q=T-JR__SR _2f
I I  mR*2 mR
For rolling (no slipping)
a=Ra
or g/2= fim=2fIm
a 3,—f:g/z or f=mgl/6
m
24. Considering the motion of cylinder.
a
f
Qmax=0FA
f Platform
a =L Oa= SR
M MR®
2
2f
MR
or Ra= 2/
M
Now, a+Ra=a,, = 24

..

..(ii)

25.

26.

Rotation
or ﬁ:sz
m
2
0 f:Moo A
3
Mw? AR
0 Ty = [R =22
3
In case of ring, —& =1 (pure rolling)
T
K
or Kp =K, :?
1 » _K
O —(03) vy =—
2( A% 2
In case of disc, Ke -1 or KT:gK
K, 2 3
1 22
g —(04)v; ==K
2( v 3

From Egs. (i) and (ii), Ny e V=V,
V2
or both will reach simultaneously.

NOTE In the question,
K = kinetic energy given to ring and cylinder,
K g = rotational kinetic energy and

Kt = translational kinetic energy.

137

(@)

..(ii)

In case of pure rolling, mechanical energy remains constant

(as work-done by friction is zero). Further in case of a
L,
translational kinetic energy _ Ky _ Emv

rotational kinetic energy K, 1 762
2

disc,

_om? 2
% mR*? %g 1
or, K; = % (Total kinetic energy)
or, Total kinetic energy

K = EKT :E%mvzgz 3mv2
2 2 4

Decrease in potential energy = increase in kinetic energy

or, mghzgm(v_zf—v[z) or vf:1%gh+vl-2

As final velocity in both cases is same.

So, value of , % gh + v? should be same in both cases.
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27.

28.

g \/‘;x10x3o+(3)2 :\/: x10 x27 +(v, )
Solving this equation, we get
v, =7m/s
a
fy
f

There is no slipping between ring and ground. Hence f, is
not maximum. But there is slipping between ring and stick.
Therefore, f; is maximum. Now let us write the equations.

I=mR* =(2)(0.5)

:2ikg-m2
N, - f, =ma
or N, - f,=(2)(03)=0.6 N ()
u=Ro=RU_RU = SOR_R (S~ f)
I I I
0 o320 (L= H)
(1/2)
or - f =0.6N (i)
NI+ =) =4 ...(iii)

Further

S =N, = %%@NI ..(iv)

Solving above four equations we get, P = 3.6

For rolling without slipping, we have

M 2 f
Mg sin ©
q
a = Ra
0 O
or Mgsine—f:RglfR g
M %MRzg
or Mgsin® — f _2f
M M
0 f= Mg;ine

Therefore, linear acceleration of cylinder,

a= Mgsin® - f _ Egsine
M 3

29. We can choose any arbitrary directions of frictional forces at

different contacts.
moy —>ay
F—t )
«—f,

In the final answer the negative values will show the opposite
directions.

Let f = friction between plank and cylinder
/> = friction between cylinder and ground
a; = acceleration of plank
a, = acceleration of centre of mass of cylinder
and o = angular acceleration of cylinder about its CM.
Since, there is no slipping anywhere
f

m, a
f
O a, = 2a, @)
a = F-h ..(ii)
my
o=Ith .. (i)
m
yo i AR _(fi= f)R
I 1 m R
2
a=2Ui=h) .(iv)
m R
a, = Ra _2h- 1) (V)
m
(a) Solving Egs. (i) to (v), we get
8F 4F
aqg=————and a =———
3my + 8m, 3m; + 8m,
X 3m F
b = 71’
®) A 3m; + 8m,
mF
fé s
3m; + 8m,

Since, all quantities are positive, they are correctly shown in
figures.

Given, mass of disc m = 2kg and radius R = 0.1 m

(a) FBD of any one disc is




Frictional force on the disc should be in forward
direction.

Let a, be the linear acceleration of CM of disc and a the
angular acceleration about its CM. Then,

_S_f ~
a =L =L L
"Tm 2 @
a=t=JSR 2/ _ 2 oy ...(ii)
I 1 2 mR 2x01
—mR
2
Since, there is no slipping between disc and truck.
Therefore,

+ RGE aor %@+(01)(10]’)=a

3 2a 2%9.0
or =~ f=al —= N
2 4 F 3 3
O f=6N
Since, this force is acting in positive x-direction.
K 0.2m >l

Therefore, in vector form f = (6i) N

b)yt=rxf
Here, f = (6i) N ( for both the discs)
rp =1 = -01j -01k
and rp=r, =01j-01k
Therefore, frictional torque on disk 1 about point O
(centre of mass).
T,=r,xf =(-01j —01Kk) x(6i)N-m
=(06k —06])

or T :0,6(ﬁ—j)N—m
and [T, |=4/(06) + (06

= 0.85N-m
Similarly, T, =r, xf=06(-j -k)
and IT [=]T, [=085N-m

31. n=26-10=1.6m

During pure rolling mechanical energy remains conserved
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So, at bottom of track total kinetic energy of sphere will be

mgh.

The ratio of ﬁzz
r S

5 1

or K, ==mgh=—mv
Ty

a v:\/l;)gh:\/lox98><16
=4.73m/s

In projectile motion

. 2x1
Time to fall to ground = o8 =045s

O The desired distance BC = vt =2.13m

In air, during its flight as a projectile only mg is acting on the
sphere which passes through its centre of mass. Therefore,
net torque about centre of mass is zero or angular velocity
will remain constant.

Topic4 Collision in Rotational Motion
1 Initial kinetic energy of the given system,

KE[:lllwf+lgi§§ﬁg
2 2 0002

1,1 9 .
= % +T6§’1w12 = R[lo‘)lz (1)

Now, using angular momentum conservation law
(assuming angular velocity after contact is w)

Initial angular momentum = Final angular momentum

O
Lo, + aiﬁ g‘i@: L'+ [—lw'
2 2 2

t éoo :gm'or oo’:é
4 2 6

Now, final kinetic energy (after contact) is

KE, = lIlm'2 +1 %@w’z
2 22
1 1 . ..
= 511 %wl + ZII %(.o1 [using Eq. (ii)]
(B B
2 144

= éllmlz
48

Hence, change in KE,
AKE = KEf— KE,
25

9
=" [w? - Z Lo [using Egs. (i
ag 1 161031 [using Egs. ()]

.. (i)

...(iii)

AKE = - iflwf
24
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2. Letw be the angular velocity of the rod. Applying,
angular impulse = change in angular momentum about centre
of mass of the system

@ . i

J=Mv

J. w

(’

L_
2
0 (Mv) @ ) EM—Dw

O wzf
L

3. Since, it is head on elastic collision between two identical
spheres, they will exchange their linear velocities, i.e., 4
comes to rest and B starts moving with linear velocity v. As
there is no friction anywhere, torque on both the spheres
about their centre of mass is zero and their angular velocities
remain unchanged. Therefore,

QO 02

After collision

Before collision

Net torque about O is zero.
Therefore, angular momentum (L) about O will be

conserved, or L; =L,

My %@zg W= Iy + M )w

Hew B

[pﬁm G2t

5. The data is incomplete. Let us assume that friction from
ground on ring is not impulsive during impact.
From linear momentum conservation in horizontal direction,

we have
(=2 x1)+(0.1 x20)
-ve +ve

=(0.1x0)+(2xv) <G
Here, v is the velocity of CM of ring after impact.

Solving the above equation, we have v = 0
Thus, CM becomes stationary.
0 Correct option is (a).
Linear impulse during impact
(1) In horizontal direction
=Ap=0.1%x20=2N-s
(ii) In vertical direction J, = Ap =0.1 x10 =1N-s
Writing the equation (about CM)

1N-s

2 N-s

+ve -ve

Angular impulse = Change in angular momentum
We have,

0
1x B3 < 1B k05 % =2 %057 E.,_LD
02 20 2 0

Solving this equation W comes out to be positive or w
anti-clockwise. So just after collision rightwards slipping is
taking place.

Hence, friction is leftwards.

Therefore, option (c) is also correct.

6. P =0
o P,=0 orv.=0
L =L;or(2Zmv)a+ (2mv)(2a) = Iw ..()
2
Here, 1 :% +m(2a) +(2m)(a*) =30 ma®

Substituting in Eq. (i), we get

\%
2 % (30ma )ﬁs»g 3mv?

W =—
Sa
7. (a) Let just after collision, velocity of CM of rod is v and
angular velocity about CM is w. Applying following
three laws.

Vo
me—-—> me

Further, £ = 71(0

no|r~

oCM CM l%—»v —X
&

L
2

Before collision After collision

(1) External force on the system (rod + mass) in horizontal
plane along x-axis is zero.



U Applying conservation of linear momentum in
x-direction.

my, =my ...(1)
(2) Net torque on the system about CM of rod is zero.

O Applying conservation of angular momentum about

CM ofrod, we get mv, %@: Iw

L _ ML
or mvy—=——
2 12
MLw ..
or mv, = ...(i1)
6
(3) Since, the collision is elastic, kinetic energy is also
conserved.
O Emvg = lez + ! Iw?
2 2 2
2
or mvi = My + %of ....(iii)

From Egs. (i), (ii) and (iii), we get the following results

m_1

M 4

b= M =8
M ML

(b) Point P will be at rest if xw =v

_v _ mv/M
or x=—=—7o"—
W 6mvy/ML
or x=L/6
A
L
2
CM
[ Vv
I 2
+P
0 ap=tit
2 6
or AP = EL
3
(c) After time t= T
3y,
angle rotated by rod, 8 = wx = bmv, T
ML 3y,
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Therefore, situation will be as shown below

A
CTow
P L
+P
0 Resultant velocity of point P will be
[vp |=V2v=42 %@VO
V2 v vy

=— vy, = —= or |vp|=—~

22

. System is free to rotate but not free to P

translate. During collision, net torque on the
system (rod A4 +rod B + mass m) about
point P is zero.

Therefore, angular momentum of system

before collision

= angular momentum of system just after
collision (about P).

Letw be the angular velocity of system just

after collision, then

_ me—%
L=1L;
| mv(2])=Iw ...(1)
Here, / = moment of inertia of system about P

02 o gi
— 2 2
= m(21) +mA(1/3)+mBErz +§2 +1 E

Given, /= 0.6 m, m=0.05 kg, m,
=0.01 kg and m,=0.02 kg.
Substituting the values, we get

1=0.09 kg-m>

Therefore, from Eq. (i)
w = 2myvl _ (2) (0.05) (v)(0.6)
1 0.09
w =0.67v ...(i1)
Now, after collision, mechanical energy will be conserved.

Therefore, decrease in rotational KE
= increase in gravitational PE
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or %Iwz =mg 2)+m, g %@+ mgg (l+é)

2 _gl(dm+my +3my)

or 7

_ (9.8) (0.6) (4 x 0.05+0.01 +3 x0.02)

0.09

=17.64 (rad/s)’
O w= 42radss ...(ii1)
Equating Egs. (ii) and (iii), we get

vzﬂm/s or v= 6.3m/s

0.67

9. In this problem we will write K for the angular momentum
because L has been used for length of the rod.

M
i
v
|
|
|
1
A ) C B
kL2 L/A—k—L/4—
Just before collision
W
|
A O C B

Just after collision

(a) Angular momentum of the system (rod + insect) about
the centre of the rod O will remain conserved just before
collision and after collision, i.e. K; = Kf.

2 u
oo wvb=ro=t oy
4 0l2 0

or Mvélesz
4 48
. 12 v .
1.C. wW=— — 1
T (1)

(b) Due to the torque of weight of insect about O, angular
momentum of the system will not remain conserved
(although angular velocity w is constant). As the insect
moves towards B, moment of inertia of the system
increases, hence, the angular momentum of the system
will increase.

Let at time ¢, the insect be at a distance x from O and by
then the rod has rotated through an angle 6. Then, angular
momentum at that moment,

? O
k=gt + Mx*w
nl2 0O
Hence, S =2M wx L (W =constant )
t dt
O T:2wa@ O ngcosOZZwa@
dt dt

0 dx = Eiﬁcos ot dt (+0 =wx)

10.

At time t=0, x =L/ 4 and at time ¢t =7/4 or T/ 2w,
x=L/2.
Substituting these limits, we get

L/2 _ g T2
IL/4 dx = %J’o (cos wxt) dt

L2 _ 8 . nR2w
[ ]L/4_ﬂ[51n wr],
O % L@—LzumE—smOD
4 2&)% 2 B
é:i or (.\): zig
4 20° L

Substituting in Eq. (i), we get

28 _12v
L 7L
or v:%JZgL
:%sz 10 x1.8

O v =3.5m/s

Let v be the velocity of centre of mass (also at C) of rod and
two particles and w the angular velocity of the system.

>

10 m/s

]
e P

From conservation of linear momentum
(0.08) (10+ 6) =[0.08 + 0.08 + 0.16] v
a v=4m/s
AC =CB =0.5m
Similarly, conservation of angular momentum about point C.
(0.08) (10) (0.5)— (0.08) (6) (0.5) = Iw ...(1)
I'=1,04 1o particles

2
_ (1~6)1(2\E ) 42(0.08) (0.5

Here,

= 0.08 kg-m’
Substituting in Eq. (1), we get
W =2rad/s
Loss of kinetic energy

_1 5, 1 2
= 5(0.08) (10)" + 5 (0.08) (6)

- % (0.08+ 0.08 + 0.16) (4) —% (0.08) (2)

=4+144 -2.56-0.16=2.72]
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3. Given, situation is,

Topic5 Miscellaneous Problems

1. a dm

Key Idea In a uniform rod, mass per unit length remains
constant. If it is denoted by A, then

m
A= n = constant for all segments of rod.

l %
dm (mass)
—— X —
V ]
i K—
ax

To find tension at x distance from fixed end, let us assume an
element of dx length and dm mass. Tension on this part due to
rotation is

dT = Kx ..()
As, K = mw?
For this element, K = (dm)w* ...(11)
0 dT = (dm)w*x ....(iii)

To find complete tension in the rod, we need to integrate Eq.

(ii),

T m
J'dT :I(dm)wzx . (iv)
0 0
Using linear mass density,
_m_dm
I dx
O dm = ? [dx (V)
Putting the value of Eq. (v) in Eq. (iv), we get
1 2
T :J’ﬂmﬁxwx: ﬂw%m
)1 / 020
2
0 T‘%[Zz—xz]orTD- 2

Key Idea The rectangular box rotates due to torque of weight
about its centre of mass.

Now, angular impulse of weight = Change in angular

momentum.
2

/ ml
0 mg—XT1T=—W
g 2 3
0 0= 3g X1
2x]
Substituting the given values, we get
= 3x10x001 =05rads”!
2x03
Time of fall of box,

2h 2%x5
t=_|—= =1s
g 10
So, angle turned by box in reaching ground is
0 =wr =05 x1 =0.5rad

ax

4% X

m

a+L >

Force of attraction between mass ‘m’ and an elemental mass
‘dm’ of rod is

Gmdm _ Gm (A + Bx") dx

X X

Total attraction force is sum of all such differential forces
produced by elemental parts of rod from x = atox = a + L.

x=a+LGm (A +Bx2)dx

dF =

O F=(dF =
.I .[x=a x2
x=a+L
=Gm - %+B@dx
=a+L
=GmD£+Bx|—:r

x B

= GmQ‘;—A + B(a +L)+£—Ba§
+L a

_ 4 4 D: 0 ar
_GmH; a+L+BLH GmEABn;

0 0
H+BLD
a+L 0

. Given, m=1kg

[T]= 2.5N-m, F =INand »=5m

We know that, torque [T|= rFsin®
O 2.5=5x%x1xsin0
O sinf = 1
2
or 8="rad
6

. According to the question as shown in the figure below,

z

F,
r Fp

]
o/~ J 30
A 4m
/ 6m
X1

r, =2i+3j and 1, = 6j

F=Fk

and F, = (—sin30° i —c0s30°j) F
Moment of force is givenas, T=1r X F

where, r is the perpendicular distance and F is the force.
0 Moment due to F,

T, = (2 +3j) x (F k)
= -2F j+3F i ..
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Moment due to F,
T, = (6j) x (- sin 30°i —cos 30j) F
=6sin30°F k =3F k .. (i)
U Resultant torque, X X
T=1,+1,=3Fi-2Fj+3Fk
= (3i - 2j +3k) F.

6. Key Idea When a rod is pivoted at any point, its angular
acceleration is given by T, =la.

The given condition can be drawn in the figure below

— |t |zl e—— |2 ——

° .2MO

5 M, P
F1=5Myg Fo=2 Mg

Torque (T)about P =1 xF +r, xF, ... (D)
O t= % 5M,g (outwards) — 2/ x 2M g inwards)
| 1= S5M.gt 4Mgl (outwards)
g 1= Mgl (outwards)

or T=M,gl ...(11)
Now we know that, torque is also given by

T=1Ia ...(iii)
Here, / = moment of inertia (w.r.t. point P) of rod and o =
angular acceleration.
Forpoint P, I = (5M,) x I* +(2M,) (21> [-1 = MR

O 1=13M,* .(iv)
Putting value of 7 from Eq. (iv) in Eq. (iii), we get
1= (13M,*)a (V)

From Egs. (ii) and (v), we get
Mgl =13MyPa 0 a=-£

13/
7 Let a small strip of mop has width dx and radius x, as shown
below,
F
Mop
ax

R

Torque applied to move this strip is
dt = Force on strip
x Perpendicular distance from the axis

U dt = Force per unit area x Area of strip
x Perpendicular distance from the axis.

Ldlx

2
=W o3 O drzz‘:;x

R2
So, total torque to be applied on the mop is
X =R Jt = R ZH.F)CZ

= o =, 22 Ldx
2UF _R® 2

=2 x = =ZpFR (N-m
22 3 3uF (N-m)

Lose of potential energy of rod = Gain of kinetic energy

0 APE = %Iwz
(where, I = MOI of rod and w =angular frequency of rod)
O J\4g><£sin30°:1 x [ xw?
2 2
O
O

w =+/30rad/s
Since in the given question, rotational torque, T [J angular
displacement.
y77/7747/477/77473
o8
KL1=ko=I¢

21/3 /3
— e

m/2 O m

Thus, when it will be released, the system will execute SHM

with a time period, 7 = ZTL\/Z

(Where  is moment of inertia and £ is torsional constant)

and the angular frequency is given as, W = \/]1?

If we know look at the top view of the above figure, we have

m/2

By
2013 5\@%“; Ié%

(m)



10.

11.

12.

13.

At some angular displacement ‘B,’, at point ‘4 ’ the
maximum velocity will be

/ [ k .

Vo = 00w =—=0,,|— (1

max 3 0 3 0 I ()

Then, tension in the rod when it passes through mean
position will be

T_mxvfmx_mlzeékXS

[using Eq. (1)]

1 9x[x]

3
_ml 05k

3/

The moment of inertia / at point O,
m ? 2Pm ml*_ 3ml* _mlP?
= — +m = + = =____
203 9 9 9 3

T:7MZegkx3:eéi:L%
3 x ml* l l

At distance x, from O, v = wR
Distance less than x,, v> R

Initially, there is pure rolling at both the contacts. As the cone
moves forward, slipping at AB will start in forward direction,
as radius at left contact decreases.

Thus, the cone will start turning towards left. As it moves,
further slipping at CD will start in backward direction which
will also turn the cone towards left.

) v

Wy w

w=v/r
From conservation of angular momentum about bottom most
point
mr2u)0 =mvr +mr* Xv/r
wWyr
y = P
2

O

Language of question is not very clear. For example, disc is
rotating. Its different points have different velocities.
Relative velocity of pebble with respect to which point, it is
not clear. Further, actual initial positions of P and Q are also
not given.

Language of question is wrong because relative speed is not
the correct word. Relative speed between two is always zero.
The correct word is magnitude of relative velocity.

14.

15.

16.
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OQ,

v
VoV )

_ t=T/4
|vt,|:—00 [vr| = 2v = 2Rw
t=T/2
lvr| =0

Corresponding to above values, the correct graph is (a).
|L|or L =Iw (about axis of rod)

I=10q +mx*> =14 +mV’t?

W

X=vt

Here, m = mass of insect
a L=l + m?t?)w

L
Now |r|:fl—:(2mv2zw) or |T|0¢
1

i.e. the graph is straight line passing through origin.
After time 7', L = constant

g |T|0r@:0
dt

Condition of sliding is

mgsin® > wng cosO
or tan® > [ or tan® > /3 ...()
Condition of toppling is
Torque of mgsin B about 0> torque of mg cosB about

d (mgsin0) Q;§>(mg cose)ggog

or tan 6>g
3

..(11)
With increase in value of 6, condition of sliding is satisfied

first.

L=m(r x v)

Direction of (r X v), hence the direction of angular
momentum remains the same.
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17. Atthe critical condition, normal reaction N will pass through
point P. In this condition, T, =0=T1, (about P)
the block will topple when

N
F
¢ L
—=—
f1
mg
L
Tp >T,, or FL> (mg)E
g >
2
Therefore, the minimum force required to topple the block is
F=m8
2
1
18. Work done, W = 51002

If x is the distance of mass 0.3 kg from the centre of mass, we
will have,

1=(03)x* +(0.7) (1.4 —x)?
For work to be minimum, the moment of inertia (/ ) should be

.. dl
minimum, or — =0

dx
or 2(03x)-2(0.7) (1.4 -x)=0
or (03)x=(0.7)(1.4 —x)
0 - ODAY _ 5 ogm
0.3+07
. M
19. Mass of the element dx is m = T dx.
S0
- FidF
X o x=1L
/\dX\
x=0

This element needs centripetal force for rotation.

O dF = mxw* = %xwz dx@

L M L Mw*L
O F:J' dF :—.(JL)ZJ' xdx = ®
0 I 0

This is the force exerted by the liquid at the other end.

20.

21.

22.

V:Kirz
2
dr H
my
kR = — (Centrlpetal force)
/kR2 \F
L=mvR =~ mkR*
F = (a1)i+B] [atz=0v=0,1=0]

a=1LB=10 F=1+]
dv A A

m— =1+]

dt

On integrating,
2

mvz%iﬂj [m = 1kg]
dr _ 2. .
—=—1i+=v U v—71+2 attr =1s
PR (i+2))
Again, on integrating,
2.2,
r=—i+—j [r=0 at¢=0]

6 2

Att=1s,T= (1xF)= %H < i+i)= _%
When the bar makes an angle 0, the height of its COM
(mid-point) is % cos®.
. L L
0 Displacement = L — Ecose = E(l —cos0)
Since, force on COM is only along the vertical direction,

hence COM is falling vertically downward. Instantaneous
torque about point of contact is

L
= mg X —sinBO
s 2
or T0sin®
Y,
A
\\C C
y X :)\\
e ) \\‘\
mg T
X
(0]



Now, x= L sin 6
2
y = LcosH
2 2
X Y-
(L12y* I

Path of A is an ellipse.

23. When force F = 0 potential energy U = constant
F # 00 force is conservative J Total energy E = constant
List-1
(P) r(t)=od +Bij

dr 2,0t
% =v =0i +f3j=constant [0 p= constant

|v|= W =constant [J K = constant

%:a:OD}E 0 2/ constant
13
E =U + K =constant
L=m(xxv)=0
L = constant
P - 1,23,4,5
(Q) r(t)=dcosw A +Psinw4
dr .

" =V = 0w sin (.ot(—i) + Buxos (otj # constant
t

U p # constant
v |= oo\/(O( sin ¥ ) + (Peos wr )* # constant
0 K #constant

a=N - _rz0
dt
O E =constant = K +U
But K # constant [J U # constant
L = m(r xv) = mwap (k) = constant

Q e 2,5
(R) (1) =0 (coswA +sin wxj)
dr

7 =V =0w [sinw t(—i) +cos wj] Zconstant
t

0 p # constant
|v |= 0w =constant [ K = constant

=-rz00 E constant, U = constant

dr
L=m(rxv)= mwa’ Kk =constant
R - 2,3,4,5

A~

(S) r(¢)=0d +%sz

dr S A
— =v =qai +4 #constant 0 p # constant

dt

|v |=a? + (Br)* #constant ] K #constant

a:% :Bj?fOD E constant=K +U
t

But K # constant
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0 U # constant
1 .
L=m(rxv)= 50512 k #constant

S-5
24. Question is not very clear.
25. If height of the cone 2 >> r
Then, UN = mg
Wwn(R —r) (.0(2) =mg

_ g
©0 S & =)

26-27. (i) Every particle of the disc is rotating in a horizontal circle.
(i1) Actual velocity of any particle is horizontal.
(iii) Magnitude of velocity of any particle is
V=rw
where, ris the perpendicular distance of that particle from
actual axis of rotation (Z-axis).
(iv) When it is broken into two parts then actual velocity of

any particle is resultant of two velocities
v =rw, and v, =W,

Here,
5 = perpendicular distance of centre of mass from
Z-axis.
, = angular speed of rotation of centre of mass
from Z-axis.

1, = distance of particle from centre of mass and
w, =angular speed of rotation of the disc about the
axis passing through centre of mass.

(v) Net v will be horizontal, if v; and v, both are horizontal.
Further, v, is already horizontal, because centre of mass
is rotating about a vertical Z-axis. To make v, also
horizontal, second axis should also be vertical.

1 1 .
28. 51 2w)? =3 fox? (D)

%(21)@0)2 :%kxg (i)

From Egs. (i) and (ii), we have

xil = ,\/5
X2
29. Let w'be the common velocity. Then from conservation of

angular momentum, we have
(I+2[)w' =12w)+ 21 (w)

,_4
w=—w
3

From the equation,
angular impulse = change in angular momentum, for any of
the disc, we have

TB:I(ZQ))—I%Q)Q:ZI?OO
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30.

31.

32.

33.

34.

Rotation

Loss of kinetic energy = K, = K ,

CB gy 4 L 20_1 gzlz
%1(20)) +2(21)(m)H 2(3])%&) 31@

Angular impulse = change in angular

momentum ‘
O vdi=1w FN\dy
t . °
. oo:-[ Tdt:IO 3F sin 30° R dt
1
Substituting the values, we have A F
w = 3(0.5) (0.5) ((;.5) M _ 2 rad/s
1.5 (0.5)
2
Net torque of all the forces about B should be zero.
d W(d-x)=N, W
-Xx
or N, = %@W
Ny Ng
X 1 d-
A lc/w B
w
For vertical equilibrium of rod
N,+Nz =W
O Ny=“w=w-N,
d
=W - F@W = w
d d
Taking moments about point O N
Moments of N (normal
reaction) and f (force of £
friction) are zero. In critical ’
case normal reaction will pass 3a
through O. To tip about the 4
edge, moment of F should be 7 [ 0
greater than moment of mg. Or, mg
—F>
a
2

a a
B e

4 (g)2
or F>§mg

1

T=F % 55 : Torque is same in both the cases but moment of
inertia depends on distribution of mass from the axis.
Distribution of mass in both the cases is different. Therefore,
moment of inertia will be different or the angular
acceleration o will be different.

35.

36.

Angular momentum of the system about an axis
perpendicular to plane of paper and passing through O will
remain conserved.

L=L,
O 20
0 mvL = Ioo = Gni2 + ME F
0 30
0O 0 = 3my
LGBm+M)

(a) The distance of centre of mass (CM) of the system about

point 4 will be r = L

V3

Therefore, the magnitude of horizontal force exerted by
the hinge on the body is

F = centripetal force or F = (3m) rw”

A
o)

or

or

(b) Angular acceleration of system about point 4 is

O
(F) Ellﬁ dJ
_1,_ 020 _43F
1, 2mi? 4ml
Now, acceleration of CM along x-axis is
0
%:m:mgaﬁﬁor%:i
’ EB 04ml [ 4m

Let F, be the force applied by the hinge along X-axis.
Then, F.+F =3m)a,

or F.+F =03m) @%@

or Fr+F:3F
’ 4

or FY:—E

’ 4

Further if F, be the force applied by the hinge along
Y-axis. Then,

F, = centripetal force
or F, = V3 miw?



37.

38.

Let » be the perpendicular distance of CM from the line 4B
and w the angular velocity of the sheet just after colliding
with rubber obstacle for the first time.

Obviously the linear velocity of CM before and after
collision will be v; = (r) (1 rad/s) =randv, = rw.

v;and v, will be in opposite directions.
Now, linear impulse on CM

= change in linear momentum of CM
or 6=m(v, +v;)=30(r +rw)

or r(1+oo):é ...(1)

Similarly, angular impulse about AB = change in angular
momentum about AB

Angular impulse = Linear impulse

x perpendicular distance of impulse fromA4B
6(05m)=17,; (0+1)
(Initial angular velocity = 1rad/s)
or 3=[loy + MP](1+w)
[1.2+307](1+w) .. (ii)
Solving Egs. (i) and (ii) for », we get

Hence,

or 3=

r=04m andr=0.Im
But at » = 04 m,w comes out to be negative (—0.5 rad/s)
which is not acceptable. Therefore,
(a) r=distance of CM from 4B = 0.lm

(b) Substituting » = 0.Imin Eq. (i), we getw =1rad/s ie, the
angular velocity with which sheet comes back after the
first impact is 1 rad/s.

(c) Since, the sheet returns with same angular velocity of
1 rad/s, the sheet will never come to rest.

Initial and final positions are shown below.

Decrease in potential energy of mass

g %2 SRO_ SmeR

4 IZI 2
Decrease in potential energy of disc = mg %2 iD = @
O
3R
[ L4 Jra
Q' R4 T
@
5R

Therefore, total decrease in potential energy of system
_ SmgR + mgR
2

=3mgR
5 g

39.
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S 1
Gain in kinetic energy of system = 51 w’

where, / = moment of inertia of system (disc + mass) about
axis PQ

= moment of inertia of disc
+ moment of inertia of mass

- el B

From conservation of mechanical energy,
Decrease in potential energy = Gain in kinetic energy

20
u 3mgR = — MD(@2
a

1
20 8

O w = @
V 5R

Therefore, linear speed of particle at its lowest point

-
4
5gR

(a) Between the time ¢ = Oto ¢ = ¢,. There is forward sliding,
so friction f'is leftwards and maximum i.e. pimg. For time
t > t,, friction ' will become zero, because now pure rolling
has started i.e. there is no sliding (no relative motion)
between the points of contact.

f'= fnax = HMQ foax —— =0
t=0 t=t
So, for time ¢ < ¢,
a
f=umg
Linear retardation, a = . Mg
m
. T R 2
and angular acceleration, 0 = — = SR _21g
A R
—mR
2

Now, let v be the linear velocity and w, the angular velocity
of the disc at time 7 = ¢, then
V=V, —aty =

—Ugt, ...(1)
and w=ar, =2Hh .. (i)
R
For pure rolling to take place
v=Rw



150 Rotation

(b)

40.

Vo

3ug

ie. vy — Mgty =2ugt, O ¢, =

Substituting in Eq. (i), we have

v=v, —Ug H v D[I v—gv
o R Ry H 3°
Work done by friction
For ¢ < t,, linear velocity of disc at any time ¢ is v = v, — |ig?

and angular velocity is W = ot = % From Work-energy

theorem, work done by friction upto time ¢ = Kinetic energy
ofthe disc at time #— Kinetic energy of the disc at time z = 0

O W:lmv2 +11w2 —lmvg
2 2 2

1 2 1% 2@%@“@@2 I 5
=—m[vy, —Ugt]” +— mR - —my,

2 [vo — Hgt] ) R 5™

1

2

[mvg +mpu’gie? — 2mvy gt +2mp’g?t? —mvg]

or W= % [3Hgt - 2, ]

For t > ¢, friction force is zero i.e. work done in friction is
zero. Hence, the energy will be conserved.

Therefore, total work done by friction over a time ¢ much
longer then ¢, is total work done upto time f#, (because
beyond this work done by friction is zero) which is equal to

mygt
W= % [3ugty — 2vp]

Substituting ¢, = v,/ 3 ug we get

2

mv, _mv

W:T[VO _2V0]D W =
(a) The cylinder rotates about the point of contact. Hence, the
mechanical energy of the cylinder will be conserved i.e.

(©)
a (PE+ KE), = (PE +KE),

O mgR + 0=mgR cos 6 +%Ioo2 +%mv2
butw =v/R (no slipping at point of contact)

and I = 1mR2
2

Therefore,
0y% 0
mgR = mgR cos O +l%mR2§ELD +lmv2
2 R*0 2
3 0 _
or Zv =gR (1-cos 0)
or v :%gR (1-cos )
2 4
or —=—g(l-cosB (i
738 ) (i)

At the time of leaving contact, normal reaction
N =0and 6 =0, hence,
m?
mg cos® =—— or— =g cos 0 L
g "z °¢ (i)

From Egs. (i) and (ii),

%g (I-cosB,)=gcos B,

or %cos B, =lorcos®, =4/7 or8, =cos ' (4/7)

(b) v:,/%gR (1-cos 9)

At the time of losing contact
cos @ =cos 0, =4/7

4 4 /4
0 v=_|— R@——Q or v=.—gR
3g 7 7g

Therefore, speed of CM of cylinder just before losing

contact is , % gR

(c) At the moment, when cylinder loses contact

4
v=_.—gR
7g

. L 1
Therefore, rotational kinetic energy, K = 5 I w*

1 L 1, 1
or K :f%mR §—=—mv :—m% R@
B=n R2 4 4 &

_ mgR
-

Now, once the cylinder loses its contact, N = 0, i.e the
frictional force, which is responsible for its rotation, also
vanishes. Hence, its rotational kinetic energy now
becomes constant, while its translational kinetic energy
increases. Applying conservation of energy at (a) and (c).

or Ky



41.

Decrease in gravitational PE
= Gain in rotational KE + translational KE

O Translational KE (K ;)
= Decrease in gravitational PE — K,

or K, =(mgR) - mgR _6 mgR
7 7
6
— mgR
O Ky =1 or K =6
Ky  mgR Kp
7
Given, mass of block X ,m = 0.5kg
Y
X
30°
Mass of drum Y, M =2kg
Radius of drum, R=02m

Angle of inclined plane, 8 = 30°
(a) Let a be the linear retardation of block X and o be the
angular retardation of drum Y. Then,a = R a

mg sin 30°—T = ma

or %—T:ma

..(0)
..

T TR

7 1

2

2T

MR

Solving Egs. (i), (ii) and (iii) for T, we get,
= 1 M mg

2 M +2m

MR?

...(iii)

or a=

Substituting the value, we get
7= % (2) (0.5) (9.8)%: 16
2+(0.5)(2) 0O
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(b) From Eq. (iii), angular retardation of drum
g 2 (20163
MR  (2)(0.2)

8.15 rad/s?

or linear retardation of block
a=Ra =(02)(8.15) =1.63 ms>
At the moment when angular velocity of drum is
w, =10rad/s
The linear velocity of block will be
Vo =Wy R =(10)(0.2) =2m/s
Now, the distance (s) travelled by the block until it

comes to rest will be given by
2

s=20 (Using v* = v — 2as with v = 0)
2a
2
= ) ors=1.22m
2(1.63)

42, Let M' be the mass of unwound carpet. Then,

e -

From conservation of mechanical energy :

MgR -M'g—=— +—Iw
£ g2 2 L4 2

M' =

2
or z gR:3MV
8 16
O vy = 14&
\' 3
(=] [m]
or



Gravitation

Topic1 Gravitational Force and Acceleration due to Gravity

ObJeCtlve QueStlons I (Only one correct optlon) 5. A planet of radius R = 1—10 x (radius of earth) has the same

1 The ratio of the weights of a body on the earth’s surface, so

that on the surface of a planet is 9 : 4. The mass of the planet

is %th of that of the earth. If R is the radius of the earth, what

is the radius of the planet? (Take, the planets to have the same
mass density) (2019 Main, 12 April 1I)

R R
(@) E (b) Z
R R
(©) 5 (d) 5

The time dependence of the position of a particle of mass
m = 21is given by r(¢) = 2a - 3¢%j. Its angular momentum,
with respect to the origin, at time ¢ = 2 is

(2019 Main, 10 April 1)

mass density as earth. Scientists dig a well of depth % on it

and lower a wire of the same length and of linear mass
density 10 kg m™" into it. If the wire is not touching
anywhere, the force applied at the top of the wire by a person
holding it in place is (take the radius of earth = 6 x 10° m and
the acceleration due to gravity of earth is 10ms )

(2014 Adv.)
@9N (b 108N  (c)120N  (d) 150N

. If the radius of the earth were to shrink by one per cent, its

mass remaining the same, the acceleration due to gravity on
the earth’s surface would (1981, 2M)
(a) decrease

. £ (b) remain unchanged
(a) 36k (b) - 34 (k-1)
(c) - 48k @ 483+

(c) increase (d) be zero

Objective Question II (One or more correct option)
3 The value of acceleration due to gravity at earth’s surface is
9.8 ms™. The altitude above its surface at which the : i
acceleration due to gravity decreases to 4.9 ms ™, is close to from the centre of a uniform sphere of radius R and mass M
are F| and F,, respectively. Then (1994, 2M)

7. The magnitudes of the gravitational field at distance 7 and 7,

(Take, radius of earth = 6.4 x 106 m) (2019 Main, 10 April I)

(@) 9.0x%10°m (b) 26x10° m (a)gzr—1 ifrp<Rand r, <R
(c) 64 x10°m (d) 16%10°m 2
- . , o Fo_nB .
4. The variation of acceleration due to gravity g with distance d (b) F‘ = rz—z ifr,>Rand r, >R
from centre of the Earth is best represented by (R = Earth’s 2 E
radius) (2017 Main) ©) Fo_ % ifr <Rand 5 <R
g g F2 i
F_i .
@ ©) .. (d)g—glfq<Rand B <R
d d
O R 0O R L
g g Fill in the Blank
(©) (d) 8. The numerical value of the angular velocity of rotation of the
earth should be ......... rad/s in order to make the effective
d d acceleration due to gravity at equator equal to zero.
R (0] R (1984, 2M)
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Topic2 Field Strength, Potential, Potential Energy and
Escape Velocity

Objective Questions I (Only one correct option) 6. From a solid sphere of mass M and radius

1 A spaceship orbits around a planet at a height of 20 km from

its surface. Assuming that only gravitational field of the
planet acts on the spaceship, what will be the number of
complete revolutions made by the spaceship in

24 hours around the planet? (2019 Main, 10 April 11)

[Take, mass of planet = 8 x 10** kg,

radius of planet = 2 x 10° m,

gravitational constant G = 6.67 x 107" N-m?/kg?]

(a) 11 (b) 17

(c) 13 (d) 9

A solid sphere of mass M and radius a is surrounded by a

uniform concentric spherical shell of thickness 2a and 2M.

The gravitational field at distance 3a from the centre will be
(2019 Main, 9 April 1)

GM 26M
(@ — (b)

942 94>

GM 2GM
c) —— d
(© " (d) ™

A rocket has to be launched from earth in such a way that it
never returns. If £ is the minimum energy delivered by the
rocket launcher, what should be the minimum energy that the
launcher should have, if the same rocket is to be launched
from the surface of the moon? Assume that the density of the
earth and the moon are equal and that the earth’s volume is 64
times the volume of the moon. (Main 2019, 8 April 11)

E E E E
(a) a (b) R (©) 5 (d) Z

. Arocket 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 10° times heavier than the Earth and is at a
distance 2.5 x 10* times larger than the radius of Earth. The
escape velocity from Earth’s gravitational field is

v, =112km s~!. The minimum initial velocity (v, ) 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) (2017 Adv.)
(@) v, = 72kms”" (b) v, = 22kms ™!

(c) v, = 42kms™" (d) v, = 62kms™"

. A satellite is revolving in a circular orbit at a height 4 from
the Earth’s surface (radius of earth R,h<<R). The
minimum increase in its orbital velocity required, so that the
satellite could escape from the Earth’s gravitational field, is
close to (Neglect the effect of atmosphere) (2016 Main)

() /2gR (b) R
(0) /gR/2 (d)JeR (2= 1)

R, a spherical portion of radius %@ is

removed as shown in the figure. Taking
gravitational potential ' = 0 at r = oo, the
potential at the centre of the cavity thus

formed is (G = gravitational constant) (2015 Main)
-GM -GM

a b) ———

(a) 2 (b) R
-2GM -2GM

c d

(c) R (d) 2

. A spherically symmetric gravitational system of particles has

donsi [Py forr< R h . tant. A
= , where P, is a constant.
a mass density p E 0 forr> R Po

test mass can undergo circular motion under the influence of
the gravitational field of particles. Its speed vas a function of

distance r from the centre of the system is represented by
(2008, 3M)
v v

(@) ] (0)

. If g is the acceleration due to gravity on the earth’s surface,

the gain in the potential energy of an object of mass m raised
from the surface of the earth to a height equal to the radius R

of the Earth, is (1983, 1M)
(a) % mgR (b) 2 mgR
(c) mgR (d) %ng

Objective Questions II (One or more correct option)

9. Two spherical planets P and Q have the same uniform

density p, masses M » and M, and surface areas 4 and 44,
respectively. A spherical planet R also has uniform density p
and its mass is (M p + M, ). The escape velocities from the
planets P,Q and R, are vp, Vo and vy, respectively. Then
(@) vo >vg >vp () vg >vy >wp (2012)
(c) vg/vp =3 (d) vplvg =1/2
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10. A solid sphere of uniform
density and radius 4 units is y
located with its centre at the
origin O of coordinates. Two
spheres of equal radii 1 unit,
with their centres at A & ﬁ "
(=2, 0, 0) and B (2, 0, 0) \/8/
respectively, are taken out of
the solid leaving behind
spherical cavities as shown
in figure. (1993, 2M) z
Then,
(a) the gravitational field due to this object at the origin is
Zero
(b) the gravitational field at the point B (2, 0, 0) is zero
(c) the gravitational potential is the same at all points of
circle yz +z2 =36
(d) the gravitational potential is the same at all points on
the circle y* + z* =4
Fill in the Blanks
11. A particle is projected vertically upwards from the surface of
Earth (radius R) with a kinetic energy equal to half of the
minimum value needed for it to escape. The height to which
it rises above the surface of Earth is ......... . (1997, 2M)
12. The masses and radii of the Earth and the Moon are M, R,

and M,, R, respectively. Their centres are a distance d apart.

Topic 3 Motion of Satellites

Objective Questions I (Only one correct option)

1.

A test particle is moving in a circular orbit in the

gravitational field produced by mass density p(r):£2.
r

Identify the correct relation between the radius R of the

particle’s orbit and its period T (Main 2019, 9 April 1)
T* . T .
(a) — is a constant (b) — is a constant
R’ R?
. T.
(c) TR is a constant (d) i is a constant

Two satellites A and B have masses m and 2m respectively. A
is in a circular orbit of radius R and B is in a circular orbit of
radius 2R around the earth. The ratio of their kinetic energies,
TA /TB is (2019 Main, 12 Jan 1)

(@) % (b) 2 © \E @1

A satellite is revolving in a circular orbit at a height / from
the earth surface such that 2 << R, where R is the radius of
the earth. Assuming that the effect of earth’s atmosphere can
be neglected the minimum increase in the speed required so

The minimum speed with which a particle of mass m should
be projected from a point midway between the two centres so
as to escape to infinity is ......... . (1988, 2M)

Integer Answer Type Questions

13. A bullet is fired vertically upwards with velocity v from the
surface of a spherical planet. When it reaches its maximum

. . . |
height, its acceleration due to the planet’s gravity is n th of

its value at the surface of the planet. If the escape velocity
from the planet is v, = v/N, then the value of N is (ignore
energy loss due to atmosphere) (2015 Adv.)

o . . 6
14. Gravitational acceleration on the surface of a planet is 1 g,

where g is the gravitational acceleration on the surface of the
earth. The average mass density of the planet is 1/3 times that
of the earth. If the escape speed on the surface of the earth is
taken to be 11kms™, the escape speed on the surface of the
planet in kms™ will be (2010)

Analytical & Descriptive Questions
15. There is a crater of depth % on the surface of the moon

(radius R). A projectile is fired vertically upward from the
crater with velocity, which is equal to the escape velocity v
from the surface of the moon. Find the maximum height
attained by the projectile. (2003, 4M)

that the satellite could escape from the gravitational field of
earth is (2019 Main, 11 Jan II)

() \/% ®) JeR  (©) 2eR (@R (N2 -1)

4. A satellite is moving with a constant speed v in a circular
orbit about the earth. An object of mass m is ejected from the
satellite such that it just escapes from the gravitational pull of
the earth. At the time of its ejection, the kinetic energy of the

object is (2019 Main, 10 Jan )
(a) %mvz (b) m?

3 2 2
(©) Emv (d) 2mv

5. The energy required to take a satellite to a height ‘4> above
carth surface (where, radius of earth = 64 x 10° km) is E,

and kinetic energy required for the satellite to be in a circular
orbit at this height is £,. The value of 4 for which £, and E,

are equal is (2019 Main, 9 Jan II)
(a) 3.2x 10° km (b)1.28 x 10* km
(c) 6.4x 10° km (d)1.6x 10° km



6. What is the minimum energy required to launch a satellite of
mass m from the surface of a planet of mass M and radius R

in a circular orbit at an altitude of 2R? (2013 Main)
5GmM 2GmM GmM GmM

a b c d) ——

(a) R (b) R (© R (d R

7. A geostationary satellite orbits around the earth in a circular
orbit of radius 36,000 km. Then, the time period of a spy
satellite orbiting a few hundred km above the earth’s surface
(R, = 6400km) will approximately be (2002)

(a)1/2h (b)1h (©)2h (d)4h

8. A satellite S is moving in an elliptical orbit around the earth.
The mass of the satellite is very small compared to the mass
of the earth (1998, 2M)
(a) the acceleration of S is always directed towards the
centre of the earth

(b) the angular momentum of S about the centre of the earth
changes in direction, but its magnitude remains constant

(c) the total mechanical energy of S varies periodically with
time

(d) the linear momentum of S remains constant in magnitude

Assertion and Reason

Mark your answer as

(a) If Statement I is true, Statement I is true, Statement II is
the correct explanation for Statement [

(b) If Statement I is true, Statement Il is true; Statement II is
not a correct explanation for Statement I

(¢) If Statement I is true; Statement 11 is false

(d) If Statement 1 is false; Statement II is true

9. Statement I An astronaut in an orbiting space station above
the earth experiences weightlessness.
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Statement II An object moving around the earth under the
influence of earth’s gravitational force is in a state of
“free-fall’. (2008, 3M)

Fill in the Blank

10. A geostationary satellite is orbiting the earth at a height of 6R
above the surface of the earth where R is the radius of earth.
The time period of another satellite at a height of 3.5 R from

the surface of the earth is ......... hours.
(1987, 2M)

True / False

11. It is possible to put an artificial satellite into orbit in such a

way that it will always remain directly over New Delhi.
(1984, 2M)

Analytical & Descriptive Questions

12. An artificial satellite is moving in a circular orbit around the
Earth with a speed equal to half the magnitude of escape

velocity from the Earth. (1990, 8M)
(a) Determine the height of the satellite above the earth’s
surface.

(b) If the satellite is stopped suddenly in its orbit and
allowed to fall freely onto the Earth, find the speed with
which it hits the surface of the Earth.

13. Two satellites S, and S, revolve round a planet in coplanar
circular orbits in the same sense. Their periods of revolution
are 1 h and 8 h, respectively. The radius of the orbit of S, is
10* km when S, is closest to S,. Find (1986, 6M)
(a) the speed of S, relative to S|,

(b) the angular speed of S, as actually observed by an
astronaut in §.

Topic4 Kepler's Laws and Motion of Planets

Objective Questions I (Only one correct option)

1 If the angular momentum of a planet of mass m, moving
around sun in a circular orbit is L about the centre of the sun,
its areal velocity is (Main 2019, 9 Jan 1)

@ L =
m m m

(©) E

2. 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 7, then

(2018 Main)

(a) T OR"? (b) T O R*'? for any value of n
L n+l1
()T OR? (roRrR ?

3. A double star system consists of two stars A and B which
have time periods 7, and 7. Radius R, and R, and mass
M , and M 5. Choose the correct option. (2006, 3M)

(a)IfT,>TzthenR >Ry (b)IfT, >T,; then M , > M,
© o, 0 _m®,0
o, B e, B

4. If the distance between the earth and the sun were half its

present value, the number of days in a year would have been
(1996, 2M)

(a) 64.5 (b) 129 (c) 182.5 (d) 730

5. Imagine a light planet revolving around a very massive star
in a circular orbit of radius R with a period of revolution T. If
the gravitational force of attraction between the planet and
the star is proportional to R /2, then (1989, 2M)

DT, =T

(a) T is proportional to R?
(b) T? is proportional to R
(¢) T?is proportional to R
(d) T'*is proportional to R*"
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Fill in the Blanks

6. The ratio of earth’s orbital angular momentum (about the

Topic5 Miscellaneous Problems

sun) to its mass is 4.4 x 10'* m?/s. The area enclosed by

earth’s orbit is approximately ......... m-. (1997C, 1M)

Objective Questions I (Only one correct option)

1.

Four identical particles of mass M are
located at the corners of a square of side a. / \
What should be their speed, if each of them
revolves under the influence of other’s \ /
gravitational field in a circular orbit

circumscribing the square ? (Main 2019, 8 April I)

(a) L35,/GM ®) 1161
a a
(c) 121 /GM (d) 141]9M
a a

The mass and the diameter of a planet are three times the
respective values for the earth. The period of oscillation of a
simple pendulum on the earth is 2 s. The period of oscillation

of the same pendulum on the planet would be
(Main 2019, 11 Jan II)

(a)%s (b)%s () 243 s (d)gs

Two stars of masses 3 x 10°! kg each and at distance 2 x 10'!
m rotate in a plane about their common centre of mass O. A
meteorite passes through O moving perpendicular to the
star’s rotation plane. In order to escape from the
gravitational field of this double star, the minimum speed
that meteorite should have at O is (Take, gravitational
constant, G =667 x 10_11 N-mzkg_z) (Main 2019, 10 Jan 1)
(a) 2.8 x 10° m/s (b) 3.8 x 10* m/s

(c) 2.4 x 10* m/s (d) 1.4 x 10° m/s

Four particles, each of mass M and equidistant from each
other, move along a circle of radius R under the action of
their mutual gravitational attraction, the speed of each
particle is (2014 Main)

@ M b) M%M

© ,/7(1+2ﬁ> %) %,/%m 22)

A simple pendulum has a time period 7; when on the earth’s

surface and 7, when taken to a height R above the earth’s

surface, where R is the radius of the earth. The value of 7,/ 7 is
(2001)

(a)1 (b2
()4 (d)2

7. According to Kepler’s second law, the radius vector to a
planet from the sun sweeps out equal areas in equal intervals
of time. This law is a consequence of the conservation of
......... . (1985, 2M)

6. A thin uniform annular disc (see figure) of mass M has outer
radius 4R and inner radius 3R. The work required to take a
unit mass from point P on its axis to infinity is (2010)

PO

4R
1) _\
3R ?
ZGM(4ﬁ ©) ZGM(4\E
@< ) 2G—M<f

Objective Questions II (One or more correct option)

7. A spherical body of radius R consists of a fluid of constant
density and is in equilibrium under its own gravity. If P(r)is
the pressure at #(»< R ), then the correct options is/are

(2015 Adv.)

P%:$§ 63
P% 2;?% 80
g, B
PQ’ ZRQ 2] P% E 27

8. Two bodies, each of mass M, are kept fixed with a separation
2L. A particle of mass m is projected from the mid-point of
the line joining their centres, perpendicular to the line. The
gravitational constant is G. The correct statement(s) is (are)

(2013 Adv.)

(a) The minimum initial velocity of the mass m to escape the

@P(r=0)=0 (b) ———=

gravitational field of the two bodies is 4 GTM

(b) The minimum initial velocity of the mass m to escape the
gravitational field of the two bodies is 2, /GT
(¢) The minimum initial velocity of the mass m to escape the

gravitational field of the two bodies is 1/%

(d) The energy of the mass m remains constant



Analytical & Descriptive Questions

9. Distance between the centres of two stars is 10a. The masses

10.

of these stars are M and 16M and their radii ¢ and 2a
respectively. A body of mass m is fired straight from the
surface of the larger star towards the surface of the smaller
star. What should be its minimum initial speed to reach the
surface of the smaller star? Obtain the expression in terms of
G,M and a. (1996, 5M)

Three particles, each of mass m, are situated at the vertices of
an equilateral triangle of side length a. The only forces acting
on the particles are their mutual gravitational forces. It is
desired that each particle moves in a circle while maintaining
the original mutual separation a. Find the initial velocity that
should be given to each particle and also the time period of
the circular motion. (1988, 5M)
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Match the following

12. A planet of mass M, has two natural satellites with masses m,

and m,. The radii of their circular orbits are R, and R,,
respectively.

Ignore the gravitational force between the satellites. Define
v, L, K, and 7] to be respectively, the orbital speed, angular
momentum, kinetic energy and time period of revolution of
satellite 1; and v,, L,, K, and 7, to be the corresponding
quantities of satellite 2. Given, and

my [ my =2

R, /R, =1/ 4, match the ratios in List-I to the numbers in

List-II. (2018 Adv.)
Integer Answer Type Question
11. A large spherical mass M is fixed at one position and two List-1 List-II
identical masses m are kept on a line passing through the P Vi /v, 1. 1/8
centre of M (see figure). The point masses are connected by Q L/ L 2 1
a rigid massless rod of length / and this assembly is free to . .
move along the line connecting them. R K, /K, 3. 2
All three masses interact only through their mutual S. T/ T, 4. 8
gravitational interaction. When the point mass nearer to M is
at a distance » = 3/ from M the tension in the rod is zero for @P-4Q-2ZR- 1;S-3
i M@Th lue of £ i ®P-30Q0-52;R- 4S5 1
m= JD— e value of k is
88 (2015 Adv.) c)P-2:Q-3;R-1;S- 4
(dP->2;Q-3;R-4S- 1
Answers
Topic 1 9. (a) 10. 8.48 11.F
1. (d) 2. (¢) 3. (b) 12. (a) 6400 km (b) 7.9 km/s
4. (c) 5. (b) 6. (c) 7. (a, b) 13. (a) -t x 10*km/h  (b) 3 x 10~ rad/s
8.1.24 x107 .
Topic4
Topic 2 1. (¢) 2. (d)
1. (a) 2. () 3. (b) 3. (d) 4. (b) 5. (b) 6.6.94 x10%
4.(9) 5. () 6. () 7.0 7. angular momentum
8. (a) 9. (b, d) 10. (a, c, d) 11.h=R .
e Topic 5
12.v =2, ’l (M, + M,) 13.2 14.3 1. (b) 2. (c) 3. (a)
4.(d 5.(d 6. 7. (b,
15.99.5 R @ (336 - ® . ®.0)
m a
: 8.(b,d 9.—— [— 10.v= [—, T =21
Topic 3 ®. 2 a Y a 3Gm
1. (d) 2. (d) 3. (d) 4. (b) 1n.) 12, (b)
5. (a)
6. (a) 7.(c) 8. (a)



Hints & Solutions

Topic1 Gravitational Force and 3. . o . .
. . Key Idea The relation of gravitational acceleration at an altitude
Acceleration due to GraV|ty habove the earth’s surface is gi_\éen as
1. Let mass of given body is m. Then, it’s weight on earth’s g5 :g% + ﬁ%
surface = mg, Re U

where, gis the acceleration due to gravity at earth’s surface and

where, g, = acceleration due to gravity on earth’s surface R, is the radius of the earth.

and weight on the surface of planet = mg ),

g, = acceleration due to gravity on planet’s surface. Given that at some height £, acceleration due to gravity,
Given, g, =49m/s’ =& ()
mee -9 8.9 2
mg, 4 g, 4 [ The ratio of acceleration due to gravity at earth’s surface

GM and at some altitude % is
Butg = ?, so we have

S
R? _9 0 R
M O 4 Re
% or h=0414 xR,

h = 0414 x 6400 km

+ —H =42 [From Eq. (i)]
1

where, M = mass of earth, (. given, radius of earth, R, = 6400km = 6.4 x 10° m)
R =radius of earth, or h=2649.6km=26x10°m
M 4 .
M, = mass of plane = o (given) Thus, at 2.6 X 10° m above the earth’s surface, the

and R, = radius of planet acceleration due to gravity decreases to 4.9 m/s>.

M R2 ) DZ 9 4. Inside the earth surface
u 0=- _GM
M, R2 "HrH T3 =
R
0 & = l 0O = E ie. g0Or
R 2 L) Gm
. S R . Out the earth surface g =—-
2. Position of particle is, r = 241 — 3¢7 r
where, 7 is instantaneous time. ie. g O iz
B

Velocity of particle is

_dr _ » A So, till earth surface g increases linearly with distance 7,
v = di =2i- 6t]
t

shown only in graph (c).
Novy, angular momentum of particle with respect to origin 5. Given, R, = Rearin and density, p = M o
is given by P 10 4
— T[Rearth
L=m(r xv) 3
= m{(24 - 3t*]) x (21 - 64))} Mo M,
_ 2,4 0% 2.4 4 =—— [ Mplanet = :
m(—th (1x])—6t°(j x1)) 4T[R 10
SN planet
As, ixi=jxj=0 3
2
O L=m(- 1267k + 6t2k) F— GMplanet _GM, 00" _ GM,
A ‘ : R 10°R]  10R?
As, ixj= kand_]xl——k plane e e
O L=- m(6t )k — &surface of carth

So, angular momentum of particle of mass 2 kg at time 10

t=2sis . R gdepth of planet = Zsurface of planet %@
L=(2x6x2")k=-48k
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where, x = distance from centre of planet. 0 GmM _ m*
0 Total force on wire (R+hY T (R+h)
R Ag G2 f where, v = orbital speed of spaceship.
F= LR/S Adxg %Q: — 050 Orbital speed of spaceship is

R 02 Os G
HCI’G, 8 = &surface of planet » R=R planet Ve (R + h) ; (1)

Substituting the given values, we get F/ = 108 N 11 21 2
Here, G = 667 %107 N-m~“/kg"~,

GM 1
6. g:7R2 or gDF M:8X1022kg
- 6 3
g will increase if R decreases. R+h=(2%x10" +20 x10")m
. g GM =2.02x10°m
P Yo re& 0 R3 o So, substituting these values in Eq. (i), we get
or FOr v:\/6.67><10'“ x 8 x 102
2.02 x 10°
Ea =1 for 5 <R 3 0 0
Bon =16x10° ms™
and 5 <R Time period of roztat(i;)en 0; s)paceship will be
_ 2T(R +
and for rZR,F—G7M r= v
_2mx 2.02 x 10°
1 O T="— "+
or FU— 1.6x 10
r 3
Eo2 ~gx10°s= 210 g
ie. —':% for 5 >R 60 x 60
By =2.2h
and n>R So, number of revzoiutiogi made by spaceship in 24 h,
8. o' = o — Rwicos? n=—=——=llrev
. g =g W~ cos (p T 2.2
At equator ®=0 2.
a g'= g - Rw’
0 0=g - Rw’
0 o= \/E S [ 98
R\ 6400 x 10°

=1.24 x 107 rad/s

Topic 2 Field Strength, Potential,

Potential Energy and Escape
Velocity Gravitational field due to solid sphere of radius a at a
distance, » = 3a, i.e. (r> R)is

1. A satellite or spaceship in a circular orbit at a distance
(R + h) from centre of a planet experiences a gravitational E=—=——="27

force given by r (3ay  9a°
__GmM Similarly, gravitational field due to spherical shell at a
£ (R+h) distance, » = 3a,
where, M = mass of planet, . _GM
_ . Le. E,=—-
m = mass of spaceship, R?

R =radius of planet G(2M) _ 2GM

and h = height of spaceship above surface. = (ay T 042

This gravitational pull provides necessary centripetal pull

for orbital motion of spaceship. Both fields are attractive in nature, so direction will be same.
So, Fg = Fcentripetal Net field, E = G7M + 26M

94> 94>
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GM

E .
3a®

net =

3. Given, volume of earth (¥, ) is 64 times of volume of moon

W, ) ie.
ﬂT[R3
Z—e =64=2 -
3
m 5‘rl'Rm
where, R, and R, are the radius of earth and moon,
respectively.
Then. Re _ 4 6)
, 2

m

Also, since the density of moon and earth are equal, i.e.

Pn =R

ad Alfe AVl— where M, and M, are the mass of the earth

and moon, respectively.

O M, =£:64 ...(ii)
Mm Vm

The minimum energy or escape energy delivered by the
rocket launcher, so that the rocket never returns to earth is

GM ,m

E, = =FE

e
where, m is the mass of the rocket.
Similarly, minimum energy that a launcher should have to

escape or to never return, if rocket is launched from surface
of the moon is

E = GM ,,m
m Rm
U Ratio of escape energies E, and E,, is
LGM ,m0
E _OR O_M,
E, WGM,md M, Re
Rm
=64 x % =16 [using Egs. (i) and (ii)]
SR
16 16
4, Given,v, =11.2km/s = ZGRMe

From energy conservation,
K, +U; =K, +U,
GM;m _GM ,m

7

1 5

—mvy — =0+0

Here, r = distane of rocket from sun
2GM,  2GM
+
R r

e

O Vv, =

s

5.

Given, M, =3 x10° M, and r=2.5x10* R,

. L= |20M, L2G3x10°M
' R, 2.5%10%R,

:\/2GMe EH 3x10° E
0

R, 2.5%10°0
_ |2GM, 5
RC’
g v, =42 km/s
GM
Vorbital — R =gR
Vescape = 2gR

Vescape ~ Vorbital — gR (\/E -1)

O Extra velocity required =
Ve =Vr =V
Vr = Potential due to remaining portion

V; = Potential due to total sphere

Ve = Potential due to cavity

. . . R .M
Radius of cavity is 5 Hence, volume and mass is o

DSR2 -05 @‘Egg E’ig TM

2
M
For r< R, K—Gm

Here, M = % v Qg)

Substituting in Eq. (i), we get v [
i.e. v-r graph is a straight line passing through origin.
Forr> R,
, Gm %mﬁ@ o
my 1
—=————orvO—

r r2 \/;

The corresponding v-r graph will be as shown in option (c).

(D)

_ mgh
1+h/R
Given, 1 =R
=_msR__ lng
1+R/R 2
Surface area of Q is four times. Therefore, radius of Q is two

times. Volume is eight times. Therefore, mass of Q is also
eight times.
So, let
Then,

Mp=M andRp, =71
M, =8M andRQ =2r



10.

11.

12.

Now, mass of R is (M p + My )or 9 M. Therefore, radius of
R is (9)"3r. Now, escape velocity from the surface of a
planet is given by

2GM

0 _ 2GM
/2G(8M _ [2G6(om)
(2},.) (9)1/3}"

From here we can see that,

(7 = radius of that planet)

vp _ 1
=—and v, >v, >v
2 R 0~ Vp

Vo
The gravitational field is zero at the centre of a solid sphere.
The small spheres can be considered as negative mass m
located at 4 and B. The gravitational field due to these
masses at O is equal and opposite. Hence, the resultant field
at O is zero, options ¢ and d are correct because plane of these
circles is y-z, i.e. perpendicular to X-axis i.e. potential at any
point on these two circles will be equal due to the positive
mass M and negative masses —m and —m.

. M
Kinetic energy needed to escape = GMom

GM ,m

Therefore, energy given to the particle =

Now, from conservation of mechanical energy.
Kinetic energy at the surface of earth = Difference in
potential energy at a height # and on the surface of earth
0 GM,m _ —GM m _ GMemg

2R (R+h)

| h=R

Total mechanical energy of mass m at a point midway

between two centres is
E=- GMym _ GMym _ _ 2Gm(M1 +M,)
d/?2 d/?2 d

Binding energy = 2Gm (M, +M,)

M,

k dre

=%

d/e

N

13.

14, g =

15.
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Kinetic energy required to escape the mass to infinity is,

S =25 ()

0 v, =2 /7G(M1d+ M,)

At height & ‘h
...(0) v
o
+
R

: — 8

Given, g' = 4

Substituting in equation (i) we get,
h=R

Now, from 4 to B,

decrease in kinetic energy =

O lmv2 =
2

increase in potential energy

2
mgh oY - gh :lgR (h=R)

2 gyt

O v =gR or v=,gR
Vese = 2gR =2

G R@
GM %n P

Now,
0

————orglp R or RD%

Now escape velocity, v, = 2gR

or v, O4/gR or vl]gx

U (V )planet (1 1 kms_l) —=3kms"~

121 2
[0 The correct answer is 3.

Speed of particle at 4,v

= escape velocity on the surface of earth =, 2GRM

At highest point B,v; =0
Applying conservation of mechanical energy, decrease in
kinetic energy = increase in gravitational potential energy

vaB: 0

700
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or —mvy =Up =U, =m(vg —v,)
2
4 -
or =y -y
B T V4
2

1 1,3 %@ §99 g 1
or —=- +— - —
R R+h 2R ool R
Solving this equation, we get

h =99.5R

Topic 3 Motion of Satellites

1. Let the mass of the test particle be m and its orbital linear

speed be v. Force of gravity of the mass-density would
provide the necessary centripetal pull on test particle.

U Gravitational force (£, ) = Centripetal force (£, )

Let us now assume an elementary ring at a distance » from the
centre of the mass density, such that mass of this elementary
ring

Test particle

Elementary
ring

O
where, M= J’: p @’ Wr
G Q‘R K an? w@ )
0 ,42 Vv
O =2
R? R
L. given, p(r) = KO
H ’ ~H
O GO =V
U Orbital speed of mass, m = v =/G4TK .. ()
Time period of rotation of the test particle is

SR 2R using Eq. (0]
v JGATK ) '

T / T
Hence, — = .|—— = a constant
R GK

Alternate Solution

Since, F, =F,

T

This relation can also be written directly as,

G mnﬁm@
JE: 2 i
3 :mooR:mQZ— R
R
q GHTKR _ 4T
R T
77 m
or —=—
R* GK

T T
O — = ,|—— =aconstant.
R GK

. Orbital speed of a satellite in a circular orbit is

_ |Eem O
Vo =
I . .
where 7 1s the radius of the circular orbit.

So, kinetic energies of satellites 4 and B are

1 2 GMm
T,=—myvpy =——
4 = 5Mavod R
T, = lvaéB _GM(2m) _ GMm
2 2(2R) 2R
So, ratio of their kinetic energies is
TiA =1
Ty

. Orbital velocity of the satellite is given as,

b= GM
O VR +h
Since, R>>h

GM 0 GM O
O Vo =4 —— =4/gR g =
VR H® ®r*H
Escape velocity of the satellite,

2GM 2GM _ ——
v = = = 2R
¢ R+h R &

Since, we know that in order to escape the earth’s
gravitational field a satellite must get escape velocity.

0 Change in velocity,

Av=v, —vg
=\JgR (J2-1)

. In circular orbit of a satellite, potential energy

. 1
= — 2 x (kinetic energy) = — 2 X 5 m? = - m?
Just to escape from the gravitational pull, its total mechanical
energy should be zero. Therefore, its kinetic energy should
be + mv?.

. The energy required for taking a satellite upto a height 4 from

earth’s surface is the difference between the energy at 4
height and energy at surface, then

0 E =U, -U,



..()

(where, U = potential energy)
O Orbital velocity of satellite,

v, = _GM. (where, M, = mass of earth)
(R, + 1)

///;; Satellite

So energy required to perform circular motion

O E2 = lmvg = M
2 2R, + 1)
GM ,m ..
= —— ...(i1)
2R, + 1)
According to the question,
E =E,
0 —GMC,m_'_GMem_ GM ,m
R, +h R, 2R, +h)
g 3R, =2R, +2h
po R
2
As radius of earth, R, = 64 x10°km
3
Hence, h= w km or = 3.2 x 10°km

. E = Energy of satellite — energy of mass on the surface of

__GMm _ % GMmQ
2r R

Here, =R +2R =3R

planet

5GMm

Substituting in about equation we get, £ =

. Time period of a satellite very close to earth’s surface is
84.6 min. Time period increases as the distance of the
satellite from the surface of earth increases. So, time period
of spy satellite orbiting a few 100 km above the earth’s
surface should be slightly greater than 84.6 min. Therefore,
the most appropriate option is (c) or 2 h.

. Force on satellite is always towards earth, therefore,
acceleration of satellite S is always directed towards centre of
the earth. Net torque of this gravitational force ' about centre
of earth is zero. Therefore, angular momentum (both in
magnitude and direction ) of S about centre of earth is
constant throughout. Since, the force F is conservative in
nature, therefore mechanical energy of satellite remains
constant. Speed of S is maximum when it is nearest to earth
and minimum when it is farthest.

10.

11.
12.

13.
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Force acting on astronaut is utilised in providing necessary
centripetal force, thus he feels weightlessness, as he is in a
state of free fall.

7077

/2
1, _ 00
LoDy

DZDM

or T, =
5
/2
n =" 2on=sash
TR

(I} = 24 h for geostationary satellite)
New Delhi is not on the equatorial plane.
(a) Orbital speed of a satellite at distance r from centre of
earth,
GM GM

° r R+h

_2GMIR _ [oMm
2 2R

From Egs. (i) and (ii), we get
h=R =6400km
(b) Decrease in potential energy
= increase in kinetic energy

=
1

...

Given, % ...(i1)

Ye
o
2

or 1mv2 =AU
2

0 = /2(AU)
m

) mgh @
+h/R

=\ = /gR
m
= /9.8 X 6400 X 10°= 7919 m/s = 7.9km/s

5 _md”

(h=R)

TOA? or +rO7T*3 O
1

fi
|12/3 /3
S
1

=4 x10* km
4

Now, Z2m 20 o 10t knvh

T 1

4
=2 o G EXI0) 0%y kv

T 8
Vo
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-v = - tx10*km/h
(b) Angular speed of S, as observed by S,

Q‘[X104 xim/s@
_vamwil 18

- (3x 107 m)

(a) Speed of S, relative to S| = v,

§
s = 7]

=03x107
=3.0x10™

rad/s
rad/s

Topic4 Kepler's Laws and Motion of
Planets

1. According to Kepler’s second law, “the line joining the
planet to sun sweeps out equal areas in equal interval of
time”. This means the rate of change of area with time is
constant.

The area covered from P to P' is dA4, which is given by

d4 = K x v’
21
O da=12dgor 4 =129
2 dt 2 dr
/A .
where, — = a real velocity.
diA:lrzwordiA_fl}AZ L
dt 2 dt mr’
(because angular momentum, L = mr°w)
a_ L
dt  2m
2 FOL
Rﬂ
2
ﬂl]i or vl
R R" n-1
R 2
T:2HR O TIZIE
v %
+n—l n+l
O TOR 2 or TOR?

3. In case of binary star system, angular velocity and hence, the
time period of both the stars are equal.

4. From Kepler’s thirdlaw 7> O/ or T 0O(r)*?
Tz _50

B;H or T,=T, %ﬁ/z =(365) %g/z

O T, =129 days

5 ﬂDR—S/z
R

0 vOR™ ¥4

T=ZE orTzElgig
y v
2 R 2 712
or T D@Wg or 7“ OR

6. Areal velocity of a planet round the sun is constant and is
given by

Now,

d4 _ L

At 2m
where, L = angular momentum of planet (earth) about sun
and  m = mass of planet (earth).

Lo 44 %10 m2s
m

O Area enclosed by earth in time 7" ( 365 days ) will be

Given,

Area:d—A[T:i[T
dt 2m

:% x 4.4 x 10 x365 x24 %3600 m>

Area = 6.94 x 10°*> m?

dA _ L
7. — = — = constant, because angular momentum of planet

dt  2m
(L) about the centre of sun is constant.

Thus, this law comes from law of conservation of angular
momentum.

Topic5 Miscellaneous Problems

1. In given configuration of masses, net gravitational force
provides the necessary centripetal force for rotation.

M
A 7 : B
BA 45
Fap
O Fgo

7/
e
e
R
M

Dy
——a—

Net force on mass M at position B towards centre of circle is
Fg0 net = Fgp + Fp,sin45° + Fp-cos45°
GM®  GM’[]1 [, GM 010

:(ﬁa)z 2 E\f

[where, diagonal length BDis \f 2a]

_GM* GM*Q20_GM*[l
ol s

- 2 2
2a a

This force will act as centripetal force.

. . . . a
Distance of particle from centre of circle is T
2



oM v e 0 a [
Here, Fcentripetal - p - a - a H r= ﬁ%

So, for rotation about the centre,

F, centripetal =F BO (net)

2
. Mv _GM % f@
2_GM o [om
0 = IE——(BS) 0 v=1l6|-— -

. Period of motion of a pendulum is given by

TZZH\F ...()
g

On the surface of earth, let period of motion is 7, and
acceleration due to gravity is g,

O T, =om |- ...(ii)
g

On the another planet, let period of motion is 7, and
gravitational acceleration is g,

0 T,=2m i ...(iii)
gp

(. Pendulum is same, so / will be same)
From Egs. (ii) and (iii),

21—
% ge \F (iv)
gp

GM

GM
Now, g, = Rze andg, = Rzp
Given, M, =3M,andR, = 3R,
0 _Gx3M, _1 GM, _ 1
fr” Topr T3 R2 3%
g 1 g 1
0 2P =_or |22 = ...(V)
g 3 Ve 3
From Egs. (iv) and (v), Tp:ﬁTe
or Tp=2\/§s (T, =2s)

. Let us assume that stars are moving in
x y-plane with origin as their centre of mass as shown in the

figure below

According to question, y

mass of each star, M = 3 x 10> kg

and diameter of circle, p
2R=2%x10"m {0

O R=10"m M

Potential energy of meteorite at O, >

2 GMm
r

Origin j iS> Utotal =~ ¥z
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If vis the velocity of meteorite at O then
Kinetic energy K of the meteorite is

K = lmv2
2

To escape from this dual star system, total mechanical energy
of the meteorite at infinite distance from stars must be at
least zero. By conservation of energy, we have
1 5, 2GMm
[
2 R
4GM _4x6.67x10"" x3 x10"!
R 10"

0 v=28x%x10m/s

=0

042 =

. Net force acting on any one particle M,

_GM?*  GM? .. GM? .
= 5 + 508 5°+ 2cos45
(2R (RV2) (RV2)
2
_Gm*o .1

=
This force will equal to centripetal force.
M? _GM* [l L LA

R R o8
:\/W(Hzﬁ)—l\/w(zﬁu)
4R 2V R

So,

Hence, speed of each particle in a circular motion is

1 /%(2\6 +1).
2V R

TI:Iil T &

\/E Tl 82
where, g, = acceleration due to gravity on earth’s
surface = g
g, = acceleration due to gravity at a height 7 = R
from earth’s surface = g/4

O
O

0
g Uz

Wsing g(h)= —=——0
sing g (k) o
O

O

0 L_|g _

6. W:AU :Uf —U :(]00 _UP = —UP:_mVP
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R —

Potential at point P will be obtained by integration as given
below.
Let dM be the mass of small ring as shown

_ 2M . Q) dr = 2Mr2dr
T(4R)’ - T(3R) TR
G dM

VI6R? + /2

26Mm R

7R? 31; \/16R2 2

- ZGM(4\/§

2GM

dv, = -

dr

O W=+

2-5)

7. Gravitational field at a distance » due to mass ‘m’

4_3
Gp§W _ 4Gpmr
” 3

Consider a small element of width drand area A A at a distance r.

E =

Pressure force on this element outwards = gravitational force
on ‘dm’ from ‘m’ inwards
O (dp)AA = E(dm)

0 —dp D = %an@(m drTp)

4Gp T

-p= ["-R*1 O p=c® -r)
3%2

R O R0 R0

r:3—, P =cD’?2—9—D=cg7—D

4 0 160 0Ol60

P03
p, 80
R R20
r—3—,p3=cQ32 9R2 —C&D
25 0250
2R O 4R*0 1R*0
= py=cR*-—D0= u
5 O 250 0250
Py _16
Py 21
L C L

Let vis the minimum velocity. From energy conservation,
U +K.=U, +tK,

1
a mVC+5mv2:0+0

0 AN G
_2\FL

. Let there are two stars 1 and 2 as shown below.

M 16M
C4 I P Iy Co
a® 7t e
EN
1 2

Let P is a point between C, and C,, where gravitational field
strength is zero or at P field strength due to star 1 is equal and

opposite to the field strength due to star 2. Hence,

GM _G(16M)

GM _GUeM) »
2 2

i 5 i

04

O
O rz=BmH(10a)=8a and 7 =2a

Now, the body of mass m is projected from the surface of
larger star towards the smaller one. Between C, and P it is
attracted towards 2 and between C; and P it will be attracted
towards 1. Therefore, the body should be projected to just
cross point P because beyond that the particle is attracted
towards the smaller star itself.

=4 d0 5 +5=10a

. . | I
From conservation of mechanical energy 5 MmV” min

= Potential energy of the body at P
— Potential energy at the surface of larger star.



1 , _ 0O GMm 16GMmD
O — MV, = O~ -
2 H n

0 GMm _ 16GMmO

0 Vmin

_0GMm _16GMmO_0 GMm _8GMmD

H 24 8a H_H_ 8a « H

or lmv2 =? GMim
o mn 80 4

a O
0 L= H/GMD
2 a [

10. Centre should be at O and radius r.
We can calculate  from figure (b).

al2_ 3

a
cos30°=— [O0O r=—
2 V3

B
Further net force on any particle towards centre

20 O
F., =2F cos30°=2 BG%D HVsE
Oa® 0020
_ V3 Gm?
a2
m?
This net force should be equal to —
B
V3 Gm? _ m’
O =
a al\3
0 y= |Gm
a

Download Chapter Test

H 10a-2¢ 24 H

Gravitation

Time period of circular motion

po 2w @3 _ | a
v A Gmla 3Gm

11. For point mass at distance r = 3/
GMm _ Gm?
31 P
For point mass at distance » = 4/
GMm  Gm® _
an’ P
Equating the two equations, we have
GMm Gm? _ GMm + Gm*
or P 16> I

=ma

167

(i)

m m
M > | *
r
7GMm _ 2 Gm’
144 ?
_M
288
12. As, v= oM
R
Let R, = R, then R, = 4R
If m, =m,then m =2m
List-1
@Y= |Res AR 5
v, R, R
(Q) L=mvR

L _ R@myv :1(2):1;1
L, 4R(m)v, 2

1 2
(R)ﬁ 5 (2m)v;

K, 1 2
— (m)v
2()2

E:DRID}/Z: 1@3/2: .
(S) 7 B@B % 1:8

=2(4)=8:1

[ 25 ]

L |
http://tinyurl.com/y4j53yoh  or ﬁ



Simple Harmonic Motion

Topic1 Energy in Simple Harmonic Motion

Objective Questions I (Only one correct option)

E
1. A pendulum is executing simple harmonic motion and its KE
maximum kinetic energy is K. If the length of the pendulum
is doubled and it performs simple harmonic motion with the PE d
same amplitude as in the first case, its maximum kinetic (b‘)

energy is K,. Then
(@) K, = 2K,

(2019 Main, 11 Jan IlI)

(d) K, =K,

. A particle undergoing simple harmonic motion has time

dependent displacement given by x(¢) = A4sin % The ratio

of kinetic to potential energy of this particle at # = 210s will

5. A particle executes simple harmonic motion with a frequency

be (2019 Main, 11 Jan 1)

(a) 2 f. The frequency with which its kinetic energy oscillates is
() 1 (1987, 2M)
© 1 (@) f/2 () f ©2f (d)4f

c) —

@ ?9) Objective Question II (One or more correct option)

. A particle is executing simple harmonic motion (SHM) of

amplitude 4, along the X-axis, aboutx = 0. when its potential
energy (PE) equals kinetic energy (KE), the position of the
particle will be (2019 Main, 9 Jan 11)

6. A linear harmonic oscillator of force constant 2 x 10° N/m

and amplitude 0.01m has a total mechanical energy of 160 J.
Its (1989, 2M)
(a) maximum potential energy is 100 J

(b) maximum kinetic energy is 100 J

(a) 4 (b) 4 (c) maximum potential energy is 160 J
2 (d) maximum potential energy is zero
(C)i (d)i
22 2 Fill in the Blank
. For a simple pendulum, a graph is plotted between its 7. An object of mass 0.2 kg executes simple harmonic

Kinetic Energy (KE) and Potential Energy (PE) against its
displacement d. Which one of the following represents these

correctly? (graphs are schematic and not drawn to scale)
(2015 Main)

oscillations along the X-axis with a frequency of (25/ m)Hz.
At the position x = 0.04, the object has kinetic energy of 0.5 J
and potential energy 0.4 J. The amplitude of oscillations is
(1994, 2M)

Download More Books: www.crackjee.xyz
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Topic2 Graphs in Simple Harmonic Motion

Objective Questions I (Only one correct option)

1. A particle is executing simple harmonic motion with a time
period 7. At time ¢ = 0, it is at its position of equilibrium. The
kinetic energy-time graph of the particle will look, like

(2017 Main)
KE KE
@ 5 G s B S Sap—
KE KE
© o774 T2 T @ 57T T
t—> t—>

2. The x-¢ graph of a particle undergoing simple harmonic motion

is shown below. The acceleration of the particle at t = 4/3 s is

X (2009)

(cm)
ANA
OL 4 8 12 )
-1

(a) ﬁ T cms 2
32

e,
(b)gcrns

-2
C) — Ccms
()32

(d) —ﬁnzcms_2
32

. For a particle executing SHM the displacement x is given

by x =4 cos wr. Identify the graph which represents the
variation of potential energy (PE) as a function of time ¢
and displacement x.

(2003, 2M)
PE FE
(N
 / Il
s W%
t X
(a) I, TIT (b) I, TV
(c) I, TIT (A LIV

Topic3 Time Period of Simple Harmonic Motion

Objective Questions I (Only one correct option)
1. The displacement of a damped harmonic oscillator is given by
x(t)=e “cos (10T + ).
Here, ¢ is in seconds.
The time taken for its amplitude of vibration to drop to half of

its initial value is close to (2019 Main, 10 April I)
(a) 27 s (b) 13s
(c) 4s (d)7s

2. A simple harmonic motion is represented by
y=5(sin3 10t +\/§cos3Tt)cm. The amplitude and time

period of the motion are (2019 Main, 12 Jan I1)
3 2

a) 10cm,— s b) 5cm,—s

(a) 5 (b) 3

(©) SCm,%s (d) IOCIn,%S

3. A particle executes simple harmonic motion with an amplitude
of 5 cm. When the particle is at 4 cm from the mean position,
the magnitude of its velocity in SI units is equal to that of its

acceleration. Then, its periodic time (in seconds) is
(2019 Main, 10 Jan I1)
41t

8T 7 3
(a) 3 (b) 3 (©) En (d) gn

4. A student measures the time period of 100 oscillations of a

simple pendulum four times. The data set is 905, 91s, 92s
and 95s. If the minimum division in the measuring clock is
1s, then the reported mean time should be (2016 Main)
(a) (92 2s) (b) (92 £ 5s)
(c) (92+1.8s) (d) (92 £ 3s)

. A simple pendulum has time period 7;. The point of

suspension is now moved upward according to the relation

y = ki?, (k = 1m/s?), where y is the vertical displacement.
. , LT

The time period now becomes 7. The ratio of —-is

TZ
(Take, g = 10m/s?) (2005, 2M)
(a) 6/5 (b) 5/6 (c) 1 (d)4/5

. The period of oscillation of simple pendulum of length L

suspended from the roof of the vehicle which moves
without friction, down an inclined plane of inclinationa, is
given by

(a) 21 L (b) 210 L (2000, 2M)
\ gcosa \ gsin
(c) 21T \F (d) 21t L
g gtan A
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7.

One end of a long metallic wire of length L is tied to the ceiling.
The other end is tied to a massless spring of spring constant k. A
mass m hangs freely from the free end of the spring. The area of
cross-section and the Young’s modulus of the wire are 4 and ¥
respectively. If the mass is slightly pulled down and released, it
will oscillate with a time period 7 equal to (1993, 2M)

1/2 m (YA + kL)
(a) 21 (m/k ) (b) 2, | T
(c) 2T [(mYA/KL)'? (d) 21t (mL/YA )"

A highly rigid cubical block A of small mass M and side L is
fixed rigidly on to another cubical block B of the same
dimensions and of low modulus of rigidity nsuch that the lower
face of 4 completely covers the upper face of B. The lower face
of B is rigidly held on a horizontal surface. A small force F is
applied perpendicular to one of the side faces of A. After the
force is withdrawn, block A4 executes small oscillations, the
time period of which is given by (1992, 2M)

(a) 2Tty MnL (b) 2m @

(c) 21 \/E (d)2m \/ﬁ
n nL

A uniform cylinder of length L and mass M having
cross-sectional area A4 is suspended, with its length vertical,
from a fixed point by a massless spring, such that it is
half-submerged in a liquid of density pat equilibrium position.
When the cylinder is given a small downward push and
released it starts oscillating vertically with a small amplitude. If
the force constant of the spring is £, the frequency of oscillation

of the cylinder is (1990, 2M)
1 ok - Aped” 1 ok + Apgd”
(@) — (b) —
21 M 21 M

2[1/2 /2
(o)L rPel (@) L e+ Aol
2ng Mo 0O 2l Apg

Analytical & Descriptive Questions

10.

1.

A solid sphere of radius R is floating in a liquid of density pwith
half of its volume submerged. If the sphere is slightly pushed
and released, it starts performing simple harmonic motion. Find
the frequency of these oscillations.

(2004, 4M)
A thin rod of length L and uniform cross-section is pivoted at its
lowest point P inside a stationary homogeneous and
non-viscous liquid. The rod is free to rotate in a vertical plane
about a horizontal axis passing through P.

The density d, of the material of the rod is smaller than the
density d, of the liquid. The rod is displaced by small
angle O from its equilibrium position and then released.
Show that the motion of the rod is simple harmonic and
determine its angular frequency in terms of the given
parameters. (1996, 5M)

12. A thin fixed ring of radius 1 m has a positive charge
1% 107°C uniformly distributed over it. A particle of mass
0.9 g and having a negative charge of 1 x 107° C is placed on
the axis at a distance of 1 cm from the centre of the ring.
Show that the motion of the negatively charged particle is
approximately simple harmonic. Calculate the time period
of oscillations. (1982, 5M)

13. Anideal gas is enclosed in a vertical cylindrical container

and supports a freely moving piston of mass M. The piston

and the cylinder have equal cross-sectional area A.

Atmospheric pressure is p, and when the piston is in

equilibrium, the volume of the gas is V. The piston is now

displaced slightly from its equilibrium position. Assuming

that the system is completely isolated from its

surroundings, show that the piston executes simple
harmonic motion and find the frequency of oscillation.

(1981, 6M)

14. A point mass mis suspended at the end of massless wire of
length L and cross-sectional area 4. If Y is the Young’s
modulus of elasticity of the material of the wire, obtain the
expression for the frequency of the simple harmonic
motion along the vertical line. (1978)

Integer Answer Type Question

15. A 0.1 kg mass is suspended from a wire of negligible mass.
The length of the wire is 1 m and its cross-sectional area is
4.9 x 1077 m?. If the mass is pulled a little in the vertically
downward direction and released, it performs simple
harmonic motion of angular frequency 140rad s™". If the
Young’s modulus of the material of the wire is
nx10° Nm_z, the value of n is. (2010)



Topic4 Spring Based Problems

Objective Questions I (Only one correct option)

1. A spring whose unstretched length is / has a force constant £.

The spring is cut into two pieces of unstretched lengths /; and /,
where, [, =nl, and n is an integer. The ratio k, / k, of the

corresponding force constants k; and k, will be
(2019 Main, 12 April II)

@n b @ @ n’
n n

A massless spring (k = 800N/m), attached with a mass (500 g)
is completely immersed in 1 kg of water. The spring is stretched
by 2 cm and released, so that it starts vibrating. What would be
the order of magnitude of the change in the temperature of
water when the vibrations stop completely? (Assume that the
water container and spring receive negligible heat and specific

heat of mass =400 J/kg K, specific heat of water =4184 J/kg K)
(2019 Main, 9 April II)

(@ 10*K () 10°K (¢) 10K (d) 10° K

. Two light identical springs of spring constant & are attached

horizontally at the two ends of an uniform horizontal rod 4B of
length / and mass m. The rod is pivoted at its centre ‘O’ and can
rotate freely in horizontal plane. The other ends of the two
springs are fixed to rigid supports as shown in figure.

/';‘mﬂmr
y
Of Lx
LI R
B

The rod is gently pushed through a small angle and released.
The frequency of resulting oscillation is (2019 Main, 12 Jan 1)

1 |2k 1 (3%
a) —.[— b) — [—
()21'[ m ()21'[ m
1 |6k 1 |k
c)—.]— d)— . [—
()21'[ m ()21'[ m

. A block of mass m lying on a smooth horizontal surface is

attached to a spring (of negligible mass) of spring constant k.
The other end of the spring is fixed as shown in the figure. The
block is initially at rest in its equilibrium position. If now the
block is pulled with a constant force F, the maximum speed of
the block is (2019 Main, 09 Jan )

/—fmm\—m—w

T F 2F F
L1 2w
@7 T 97k 9w
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5. A small block is connected to one end of a massless spring
of unstretched length 4.9 m. The other end of the spring
(see the figure) is fixed. The system lies on a horizontal
frictionless surface. The block is stretched by 0.2 m and
released from rest at 7 =0. It then executes simple

harmonic motion with angular frequency w = l3Trad/s.
Simultaneously at # = 0, a small pebble is projected with
speed v from point P at an angle of 45° as shown in the

figure.
z

Vv
X

0 10m P

Point P is at a horizontal distance of 10 m from O. If the
pebble hits the block at ¢ = 1s, the value of vis

(take, g = 10 m/s?) (2012)
(@) V50m/s (b) VS51m/s (c) ¥52m/s (d) V53 m/s

6. A wooden block performs SHM on a frictionless surface

with frequency v,. The block carries a charge +Q on its
surface. If now a uniform electric field Eis switched-on as
shown, then the SHM of the block will be (2011)

E

_—
+Q

<TI0

(a) of the same frequency and with shifted mean position
(b) of'the same frequency and with the same mean position
(c) of changed frequency and with shifted mean position

(d) of changed frequency and with the same mean position

7. The mass M shown in the figure oscillates in simple

harmonic motion with amplitude 4. The amplitude of the

point P is (2009)
ki p ke
M
@il phd g Rl g kA
ky ky ky +ky ky +ky

8. A uniform rod of length L and mass M is pivoted at the

centre. Its two ends are attached to two springs of equal
spring constants £. The springs are fixed to rigid supports
as shown in the figure, and rod is free to oscillate in the
horizontal plane.
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10.

1.

The rod is gently pushed through a small angle 6 in one
direction and released. The frequency of oscillation is  (2009)

00001

1 2k 1 k 1 |6k 1 24k
(%n\/; (b)zn\/; (C)sz; @V

Ablock P of mass m is placed on a horizontal frictionless plane.
A second block of same mass m is placed on it and is connected
to a spring of spring constant k, the two blocks are pulled by a
distance 4. Block Q oscillates without slipping. What is the
maximum value of frictional force between the two blocks?

(2004, 2M)
k
000000 n Hg
P
(a) kA2 (b) k4 ()U,mg  (d)Zero

A spring of force constant k is cut into two pieces such that one
piece is double the length of the other. Then, the long piece will
have a force constant of (1999, 2M)

) %k (b) %k (© 3k (d) 6 k
Two bodies M and N of equal masses are suspended from two
separate massless springs of spring constants k&, and k,
respectively. If the two bodies oscillate vertically such that their
maximum velocities are equal, the ratio of the one amplitude of
vibration of M to that of N is (1988, 1M)

@k,  O)Jkk  (©) klk (d) [k Tk,

Objective Question II (One or more correct option)

12

A particle of mass mis attached to one end of a massless spring of
force constant k, lying on a frictionless horizontal plane. The
other end of the spring is fixed. The particle starts moving
horizontally from its equilibrium position at time # = 0 with an
initial velocity u,. When the speed of the particle is 0.5 u, it

collides elastically with a rigid wall. After this collision
(2013 Adv.)

(a) the speed of the particle when it returns to its equilibrium
position is
(b) the time at which the particle passes through the

equilibrium position for the first time is ¢ = n
(c) the time at which the maximum compression of the spring
. 4m \/;
occurs is t = —, | —
3Vk
(d) the time at which the particle passes through the

S .\ L STt [m
equilibrium position for the second time is ¢ = 3\/;

Numerical Value

13. 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 2.0kg . 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
2.0ms™" collides elastically with the first block. The

—1
g 2ms 2 kg

collision is such that the 2.0kg 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
(2018 Adv.)

after the collision is ............ .

Analytical & Descriptive Questions

14. A mass mis undergoing SHM in the
vertical direction about the mean
position y, with amplitude 4 and
angular frequency w. At a distance y
from the mean position, the

mass detaches from the spring.
Assume that the spring contracts and
does not obstruct the motion of m.
Find the distance y (measured from
the mean position) such that the height /4 attained by the
block is maximum. (A(x)2 >g) (2005)

15. Two identical balls 4 and B, each of mass 0.1 kg, are
attached to two identical massless springs. The
spring-mass system is constrained to move inside a rigid
smooth pipe bent in the form of a circle as shown in figure.
The pipe is fixed in a horizontal plane. The centres of the
balls can move in a circle of radius 0.06 m. Each spring has
a natural length of 0.06TTm and spring constant 0.1 N/m.

Initially, both the balls are displaced by an angle
0 =176 rad with respect to the diameter PQ of the circle
(as shown in figure) and released from rest. (1993, 6M)

(a) Calculate the frequency of oscillation of ball B.
(b) Find the speed of ball 4 when 4 and B areat thetwo
ends of the diameter PQ
(c) What is the total energy of the system?
16. Two light springs of force constants ; and k, and a block of
mass mare in one line 4B on a smooth horizontal table such

that one end of each spring is fixed on rigid supports and the
other end is free as shown in the figure.



17.

The distance CD between the free ends of the spring is 60 cm. If
the block moves along 4B with a velocity 120 cm/s in between
the springs, calculate the period of oscillation of the block.

(Take, k; = 1.8 N/m, k, = 3.2 N/m,m = 200 g) (1985, 6M)
k— 60 cm—

- D B

ki

A

Two masses m; and m, are suspended together by a massless
spring of spring constant £ (Fig.). When the masses are in
equilibrium, m; is removed without disturbing the system. Find
the angular frequency and amplitude of oscillation of m,.
(1981, 3M)

Topic5 Miscellaneous Problems

Objective Questions I (Only one correct option)

1.

A simple pendulum oscillating in air has period 7. The bob of
the pendulum is completely immersed in a non-viscous liquid.

The density of the liquid is 1—16th of the material of the bob. If the

bob is inside liquid all the time, its period of oscillation in this
liquid is (Main 2019, 9 April )

1 1
@ o7\ (b) 2T /ﬁ
1 1

A damped harmonic oscillator has a frequency of 5 oscillations
per second. The amplitude drops to half its value for every 10

oscillations. The time it will take to drop to Floo of the original

amplitude is close to

(a) 20s (b) 50s
(c) 100s (d) 10s
A simple pendulum of length 1 m is oscillating with an angular
frequency 10 rad/s. The support of the pendulum starts
oscillating up and down with a small angular frequency of
1 rad/s and an amplitude of 10” % m. The relative change in the

(2019 Main, 8 April 1I)

angular frequency of the pendulum is best given by
(2019 Main, 11 Jan 1)

(b) 107 ° rad/s
(d) 107! rad/s

(a) 1rad/s
(c) 1072 rad/s

A cylindrical plastic bottle of negligible mass is filled with 310
mL of water and left floating in a pond with still water. If
pressed downward slightly and released, it starts performing
simple harmonic motion at angular frequency . If the radius of
the bottle is 2.5 cm, then w is close to (Take, density of water

=10’ kg/m’) (2019 Main, 10 Jan 11)
(a)2.50rad s™! (b) 5.00rad s!
C . rada s . raa s

1.25rads™ d)3.75rads™!

18.
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A mass M attached to a spring oscillates with a period of
2 s. If the mass is increased by 2 kg the period increases by
one sec. Find the initial mass M assuming that Hooke’s
law is obeyed. (1979)

A rod of mass ‘M’ and length ‘2L’ is suspended at its
middle by a wire. It exhibits torsional oscillations. If two
masses each of ‘m’ are attached at distance ‘L/2’ from its
centre on both sides, it reduces the oscillation frequency by
20%. The value of ratio m/M is close to (2019 Main, 9 Jan II)
(a) 0.57 (b) 0.37
(c) 0.77 (d)0.17
A silver atom in a solid oscillates in simple harmonic
motion in some direction with a frequency of 10" per
second. What is the force constant of the bonds connecting
one atom with the other? (Take, molecular weight of silver
=108 and Avogadro number = 6.02 x 10** g mol ")
(2018 Main)
(@)55N/m (b)6.4N/m (c)7.1 N/m (d)2.2N/m

A magnetic needle of magnetic moment 6.7 x 10> Am”
and moment of inertia 7.5 x 10°° kg m? is performing
simple harmonic oscillations in a magnetic field of 0.01 T.

Time taken for 10 complete oscillations is (2017 Main)
(a) 8.89 s (b) 6.98 s (c)8.76 s (d) 6.65s

A particle performs simple harmonic motion with
amplitude 4. Its speed is trebled at the instant that it is at a

distance %A from equilibrium position. The new

amplitude of the motion is
(2016 Main)

(a) % Va1 (b)34 ©4Y3 (@) %A

A particle moves with simple harmonic motion in a
straight line. In first T sec, after starting from rest it travels
a distance a and in next T sec, it travels 2a, in same
direction, then

(a) amplitude of motion is 3a

(b) time period of oscillations is 8Tt
(c) amplitude of motion is 4a

(d) time period of oscillations is 6Tt

(2014 Main)
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10.

1.

12.

13.

A point mass is subjected to two simultaneous sinusoidal
displacements in x-direction, x; (¢ ) = Asin w¢ and

X,(t)= Asin + 2n Adding a  third sinusoidal
? 3

displacement x;(¢)= B sin(w¢ + @) brings the mass to a

complete rest. The values of B and @are (2011)
4
(@ +24,5" () 4,7
4 3
© V34,0 @ 4.7
6 3
A particle executes simple harmonic motion between x = — 4

andx = + 4. The time taken for it to go fromO to 4/2is 7; and to

go from 4/2to AisT,, then (2001, 2M)
@7 <T, ®dL>T,
©nL =1, ()17 =271,

A particle free to move along the X-axis has potential energy

givenbyU (x) =k [1 —exp (—x?)]for — © < x < + oo, where k

is a positive constant of appropriate dimensions. Then,

(1999, 2M)

(a) at points away from the origin, the particle is in unstable
equilibrium

(b) for any finite non-zero value of X, thereisaforce directed
away from the origin

(c) if its total mechanical energy is &/2, it has its minimum
kinetic energy at the origin

(d) for small displacements from x = 0, the motion is simple
harmonic

A particle of mass m is executing oscillation about the origin on
the X-axis. Its potential energy is U (x) = k |x |, where k is a
positive constant. If the amplitude of oscillation is «, then its
time period 7 is (1998, 2M)
(a) proportional to 1Na

(c) proportional to Ja

(b) independent of a
(d) proportional to ¢

Passage Based Questions

Passage

When a particle of mass m moves on the X-axis in a potential of
the form ¥ (x) = kx?, it performs simple harmonic motion. The
corresponding time period is proportional to m, as can be
seen easily using dimensional analysis. However, the motion of
a particle can be periodic even when its potential energy
increases on both sides of x = 0in a way different from kx> and
its total energy is such that the particle does not escape to
infinity. Consider a particle of mass m moving on the X-axis. Its
potential energy is V' (x) = ax* (@ > 0) for

|x| near the origin and becomes a constant equal to V, for
|x[= X, (see figure). (2010)

V)

Vo

X
Xo

14. If the total energy of the particle is E, it will perform
periodic motion only if
(@) E<0 (b) E>0 ©) Vy>E>0(d) E>V,

15. For periodic motion of small amplitude 4, the time period
T of this particle is proportional to

(a) A\/Z
a a
a 1 |a
o ek

16. The acceleration of this particle for [x|> X is

m

1
(b)g —

"
mX

(a) proportional to ¥, (b) proportional to

Vo (d) zero

¢) proportional to
(c) prop oy,

Fill in the Blank

17. Two simple harmonic motions are represented by the
equations ¥, =10sin (31t + TU/ 4) and
¥y, =5(sin31¢ + J3cos3 11 ). Their amplitudes are in the

ratio of ...... . (1986, 2M)

Match the Columns

18. Column I gives a list of possible set of parameters
measured in some experiments. The variations of the
parameters in the form of graphs are shown in Column II.
Match the set of parameters given in Column [ with the
graphs given in Column II. (2008, 7M)

Column I Column II

(A) Potential energy of a (p) Y
simple pendulum (Y-axis)
as a function of
displacement (X-axis).

(B) Displacement (Y-axis) asa (q) Y
function of time (X-axis)
for a one dimensional
motion at zero or constant
acceleration when the
body is moving along the
positive x-direction.




Column I

Column II

(C) Range of a projectile
(Y-axis) as a function of its
velocity (X-axis) when

projected at a fixed angle.

() Y

(D)  The square of the time
period (Y-axis) of a simple
pendulum as a function of

its length (X-axis).

(s) Y

0] X

19.

Column I describes some situations in which a small object
moves. Column II describes some characteristics of these

motions.
characteristics in Column II.

Match the situations

in Column I with the
(2007, 6M)

Column I

Column II

(A)

The object moves on the x-axis
under a conservative force in such

a way that its speed and position
satisfy v = ¢4/, —x%, where ¢

and c, are positive constants.

(p) The object executes a
simple harmonic motion.

®)

The object moves on the x-axis in
such a way that its velocity and its
displacement from the origin
satisfy v=—kx, where k£ is a
positive constant.

(@) The object
change its direction.

does not

©

The object is attached to one end
of a mass-less spring of a given
spring constant. The other end of
the spring is attached to the ceiling
of an elevator. Initially everything
is at rest. The elevator starts going
upwards  with a  constant
acceleration a. The motion of the
object is observed from the
elevator during the period it
maintains this acceleration.

(r) The kinetic energy of the
object
decreasing.

keeps on

(D)

The object is projected from the
earth’s surface vertically upwards
with a speed 2 GM, , where M, is
the mass of the earth and R, is the
radius of the earth. Neglect forces
from objects other than the earth.

(s) The object can change its
direction only once.
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Objective Questions II (One or more correct option)

20.

21.

22.

A block with mass M is connected by a massless spring
with stiffness constant £ to a rigid wall and moves without
friction on a horizontal surface. The block oscillates with
small amplitude 4 about an equilibrium position x,.
Consider two cases : (i) when the block is at x, and
(i1) when the block is at x = x, + 4. In both the cases, a
particle with mass m (< M) is softly placed on the block
after which they stick to each other. Which of the
following statement(s) is (are) true about the motion after
the mass m is placed on the mass M ? (2016 Adv.)
(a) The amplitude of oscillation in the first case changes by

M . .
a factor of , whereas in the second case it
m+ M

remains unchanged

(b) The final time period of oscillation in both the cases is
same

(c) The total energy decreases in both the cases

(d) The instantaneous speed at x,, of the combined masses
decreases in both the cases

Two independent harmonic oscillators of equal masses are
oscillating about the origin with angular frequencies w;,
and W, and have total energies E; and E,, respectively.
The variations of their momenta p with positions x are

shown in the figures. If % =n’ and% = n, then the correct

equations is/are (2015 Adv.)
P P
Energy = E4 Energy = E5

) N
I

(a) E\w; = E,w,

(©ww, =n’

A metal rod of length L and mass m is
pivoted at one end. A thin disc of mass M
and radius R (< L)is attached at its centre
to the free end of the rod. Consider two
ways the disc is attached. case 4—the
disc is not free to rotate about its centre
and case B—the disc is free to rotate
about its centre. The rod-disc system
performs SHM in vertical plane after being released from
the same displaced position. Which of the following
statement(s) is/are true? (2011)
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23.

24,

(a) Restoring torque in case 4 = Restoring torque in case B

(b) Restoring torque in case 4 < Restoring torque in case B

(c) Angular frequency for case 4 > Angular frequency for
caseB

(d) Angular frequency for case 4 < Angular frequency for
case B

Function x = A sin®wr + B cos” ax +C sin 6 cos @

represents SHM (2006, 5M)]

(a) For any value of 4, B and C (except C = 0)

(b)If 4 = — B,C =2B, amplitude = |B+/2|

IfdA=B;C=0

(d)If 4 =B; C =2B,amplitude = | B |

Three simple harmonic motions in the same direction having

the same amplitude and same period are superposed. If each

differ in phase from the next by 45°, then (1999, 3M)

(a) the resultant amplitude is (1 +/2 )a

(b) the phase of the resultant motion relative to the first is 90°

(c) the energy associated with the resulting motion is (3 + 2\/7)
times the energy associated with any single motion

(d) the resulting motion is not simple harmonic

(a) Find the angle O that the radius to the interface makes
with the vertical in equilibrium position.

(b) If the whole liquid column is given a small
displacement from its equilibrium position, show that
the resulting oscillations are simple harmonic. Find the
time period of these oscillations.

26. A point particle of mass M attached to one end of a massless
rigid non- conducting rod of length L. Another point
particle of the same mass is attached to the other end of the
rod. The two particles carry charges +¢ and —g¢
respectively. This arrangement is held in a region of a
uniform electric field £ such that the rod makes a small
angle O (say of about 5 degrees) with the field direction.
Find an expression for the minimum time needed for the rod

to become parallel to the field after it is set free. (1989, 8M)
Analytical & Descriptive Questions
25. Two non-viscous, incompressible and immiscible liquids of
densities p and 1.5 p are poured into the two limbs of a circular /4. +tq £
tube of radius R and small cross-section kept fixed in a vertical -q ./
plane as shown in figure. Each liquid occupies one-fourth the
circumference of the tube. (1991,4 + 4 M)
Answers
Topic 1 8. (¢) 9. (a) 10. (b) 11. (b)
L. (b) 2. 3.(d) 12.(a,d)  13.(2.09) 14. £
4. (a) 5. (c) 6. (b, ¢) 7.0.06 . w
. 15. (a) — Hz (b) 0.0628 m/ 9x107
Topic 2 5 (a)n z (b) m/s (c) 3.9 J
L () 2. (d) 3. 2) 16.28s 1Tw= |t 4="8 18. M =16 kg
. my k
Topic 3 .
L (d) 2. (d) 3. (b) TIOdeC 5 \ , »
4. (a) 5. (a) 6. (a) 7. (b) -@ - @ -© - ()
L 3 5. (b) 6. (c) 7. (d) 8. (d)
8. (d) 9. (b) — 9. (d) 10. (b) 11. (a) 12. (d)
21 V2R 13. (a) 14. (¢) 15. (b) 16. (d)
o= |8 -d) 12.0.628 s 17.1:1
2d,L 18. A -~ porp,s B - g, sorq,r,s Cos D-q
19. A — B — I C — D — T
1|y (pA* + MgA) _ 1 |4 p 4 p 4
13. 5 o W f =L 15. 4 20. (a,b,d) 2L (b, d) 22. (a, d) 23. (b, d)
, 24.(a,c)  25.(2)0 =tan”' %@ () 2m |-
Topic4 6.11
1. (c) 2. (d) 3. (c) 4. (b) 9g T [ML
5. (a) 6. (a) 7.(d) 2\ 2gFE



Hints & Solutions

Topic1 Energy in Simple Harmonic Motion 0 K= kaleosi(mi)
2

1. Kinetic energy of a pendulum is maximum at its mean position.

. L. So, ratio of kinetic energy to potential energy is
Also, maximum kinetic energy of pendulum Eytop 24

1,2 2
—kA“cos”(11/3)
1
K :5’“@2 a’ £=%— :cotz(TTIS):l
U Zia2sin?(3) 3
where,angular frequency 2
_2m_ 2m 0J No option given is correct.
- L 3. Here, 4 = amplitude of particle in SHM
g We know that in SHM potential energy (U) of a particle is
g g given by the relation at distance x from the mean position is
or W= \f orw’ =2 1,
/ / U= 5 kx

and a = amplitude.

. . . and at the same point kinetic energy (K )
As amplitude is same in both cases so;

= Total energy — Potential energy
K o [0 2 1 1

= ZkA? - —k?
K O 1 o tant 2 2
or max =y [ g is constant] According to the question,
1 potential energy = kinetic energy
According to given data, K, [] -
sl ' 0 Tt =L - Ly
1 2 2 2
and K, O— 2
Y] or kxzzkior x=*—
0 X -QUIR., : 2
K, /21 4, Taking minimum potential energy at mean position to be
K zero, the expression of KE and PE are
or K, =2K, 0 K,==-1 1 0 1 5o,
2 KE = —mw“(A4° —d*)and PE = —mw“d
9 . . T 2 2
- Here given, displacement, x(¢) = 4 sin 90 Both graphs are parabola. At d = 0, the mean position,
1 .
where 4 is amplitude of S.H.M., ¢ is time taken by particle to PE = 0and KE = Emszz = maximum
. . . 1 L
reach a point where its potential energy U = 5 kx* and kinetic Atd = £ A, the extreme positions,
1 .
energy = %k(A 2 — x* ) here k is force constant and x is position KE = 0and PE = Emsz ? = maximum
of the particle. Therefore, the correct graph is (a).
Potential energy (U)at ¢ = 210 sis 5. In SHM, frequency with which kinetic energy oscillates is
{ ) 10 two times the frequency of oscillation of displacement.
U =—k* = = kA’sin? é!L T@ O Correct answer is (c).
2 2 90

! 3 1 6. Lia>=1x2x10° x(1072)> =100
:kazsin2@n+fTQ: kazsinZ?Q 2 2
2 9 2 3

Kinetic energy at t = 210, is

This is basically the energy of oscillation of the particle.

K ,U and E at mean position (x = 0) and extreme position

K :%k(Az -x%) (x = + A4 )are shown in figure.
| |
f |
:lkAZ _Sinzgloﬂ x=0 . x=A
2 90 K =100 J = Maximum K=0J
U =60 J = Minimum U = 160 J = Maximum
E =160 J = Constant E =160 J = Constant

= L a2 cos2 (210 11/90)
2 U Correct options are (b) and (c).
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7. Since, v = 1\/;
2rt\'m

25 1 [k
. 2mVo2

or k=50x50x02 =500N/m
If 4 is the amplitude of oscillation,

Total energy = KE + PE

O

%kAZ =05+04

4= E X ().9@
500
=0.06m

Topic2 Graphsin Simple Harmonic Motion

1. KE is maximum at mean position and minimum at extreme

osition Eat t —ZQ
P 4
2. T=8s, w= 2—:: %ﬂ@rads_l

O X = Asinwt

d
O a= —wzx:—lél.rﬁ[tsin nt@
a6

o 4
Substituting ¢ = 3 s, we get

a=- I%\/—gﬂz%cm-s -
032 0O
3. Potential energy is minimum (in this case zero ) at mean
position (x = 0)and maximum at extreme positions (x = + 4).
At time ¢=0,x=A4. Hence, PE should be maximum.
Therefore, graph [ is correct. Further in graph III, PE is
minimum at x = 0. Hence, this is also correct .

Topic 3 Time Period of Simple Harmonic
Motion

1. Given, displacement is
x(t)=e " cos (1017 + @)

Here, amplitude of the oscillator is

A= . (i)
Let it takes ¢ seconds for amplitude to be dropped by half.
At t=00 £ 1 [from Eq. (1)]
At t=¢t0 # 41
2
So, Eq. (i) can be written as
o=l
2
or =2

. True value =

or 017 =1n (2)
1
or t=—1In(2)=10In (2
ol (2) (2)
Now, In (2) = 0.693
O t=10x0.693=693s
or t=17s

. Equation for SHM is given as

y =5 (sin31¢ +\/§cos3n)

O O
=5 ><2E& X sin 3T¢ +£cos3TtD
2 2 O

=5x%x2 @osg.sin 31 +sing. 3T[t§

=5 X2sin§m +g§

[using, sin (a + b) =sin acos b +cos asin b]

or y = 10sin @T{t + g@

Comparing this equation with the general equation of

SHM, i.e.
¢
= Asiné!L + (pg,
7 T

We get, amplitude, 4 = 10cm

and 3n=—

or Time period, T = % S

. In simple harmonic motion, position (x), velocity (v) and

acceleration (a ) of the particle are given by

X = Asinw ¢
v:w\lAz - x% orv= Awcos &
and a=-wx ora=-wdsn

Given, amplitude 4 = 5 cm and displacement x = 4 cm.

At this time (when x = 4 cm), velocity and acceleration
have same magnitude.

O vy l=la,-y]or |5’ =47 |=| -4

g 3w=+4w 0w = (3/4)rad/s
So,timeperiod,T:ED T:E x 4 :871TS
w 3 3

92
4

Mean absolute error
_192-90]+]92 =91]+|92 =95|H92 -92|

4

2414340 _
4
Value = (92 £1.5)

1.5



Since, least count is 1 sec

a Value = (92£2s)
4>
y=k* 0 =%
dt
or a, = 2m/s? (ask = 1m/s2)
lem\ﬁ
g
and T, =2n !
g+a,
7 g 10 5

0 Correct answer is ().

Free body diagram of bob of the pendulum with respect to the
accelerating frame of reference is as follows

&
mg%\Q 95\06
O
&0
a «9 mg cos a
lmg

[0 Net force on the bob is F’

net

= mgcos o
or net acceleration of the bob is g4 = g cos O

T=21m /L

8efr

or T =2m L
gcosa

NOTE
* Whenever point of suspension is accelerating
Take, T=2m L
Geff
where, g.s =g - a

a =acceleration of point of suspension.

oS
90° + a
a
lg

In this question,a = g sina (down the plane)
g [g-al=ge

= \/gz + (g sina)® +2 (g) (g sina)cos (90° +a)

=gcosa

Simple Harmonic Motion

Y4
7. _ kk _ p YAk
U oktky YA YA+Lk
L
0
—>
0 Tzznkﬂ

_ gy |4+ LE)
YAk

NOTE

179

Equivalent force constant for a wire is given by

k:YL—A. Because in case of a wire, F = Q’%@AL and in case

of spring , F = k.Ax. Comparing these two, we find k of wire

8. Modulus of rigidity, N = F/4 0

2
Here, A=L
X
and 0==
L
(L)
7 /
II /
/ /
/ /
y /
/ Ll 7
!
/ 0/
/ ~
y 7
’ II
// /
II ’

Therefore, restoring force is
F=-n46=-nlLx
__NnL

. F
or acceleration,a = — = ——x
M M

Since, a [+ x, oscillations are simple harmonic in

nature, time period of which is given by

r=2m Fisplacement
Cacceleration ]

=2m - T M
al] nL
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9.

10.

11.

When cylinder is displaced by an amount x from
its mean position, spring force and upthrust both

k
will increase. Hence,
Net restoring force = extra spring force =
+ extra upthrust
or F=-(kx+Axpg)
or a=- FDAgQX
M
+
NOW, f I i g :i kﬂ
21| x o\ M
0 Correct option is (b).
Half of the volume of sphere is submerged.
For equilibrium of sphere, weight = upthrust
Vv
N Vpsg:E(pL)(g)
_p ;
P, = 7L .0

When slightly pushed downwards by x, weight will remain as it
is while upthrust will increase. The increased upthrust will
become the net restoring force (upwards).

F = — (extra upthrust)
= — (extra volume immersed ) (p; ) (g)
or ma:—(TrRz)xpLg

0 %T[R3 %@a: —(T[Rng)x

0 a:—%gx

as a [ x, motion is simple harmonic.

Frequency of oscillation, f = 271 \/@TE
T

(a = acceleration)

O]
=L 3
o\ 2R

Let S'be the area of cross-section of the rod.
In the displaced position, as shown in
figure, weight (w ) and upthrust (7, ) both
pass through its centre of gravity G.

Here, w = (volume) (density of rod)

g=(SL)(d))g
Fp = (Volume) (density of liquid) g
=(SL)(dy) g

Given that, d| < d,. Therefore, w< Fj
Therefore, net force acting at G will be

12,

F=F; —-w=(SLg)(d, —d;) upwards.
torque of this force about point P is
T=F % =(SLg)(d, —d))(QG)

or 1=~ (SLg)(d, —d,)%sinﬁ@

Restoring

Here, negative sign shows the restoring nature of torque.

2 _
or T=- Mgﬁ (@)
0 0

sin =0 for small values of ©

From Eq. (i), we see that T [+ 0

Hence, motion of the rod will be simple harmonic.
Rewriting Eq. (i) as

2 2 _ 0
478 _HSlg (dy —d)g

...(i1)

a> g 2 O

Here, I = moment of inertia of rod about an axis passing
through P.
;=ML _(SLd)) L
3 3

Substituting this value of / in Eq. (ii), we have

d*6_ 3 g (d, —dl)ge

dr* @ 4L [
Comparing this equation with standard differential

2

equation of SHM, i.e. d—e =-w 0

dt
The angular frequency of oscillation is

W = 3¢ (d, —d,)
2d, L
Given, 0 =107°C
¢=10"°C, R=1m
and  m=9x10"kg
Electric field at a distance x from the centre on the axis of a
ring is given by
E= 1 Ox

- 4TE, (R2 + 2 )3/2

If x<<R, R2+x*~R? and E~_ & 5
ATE R
+Q
X m
ry ‘_ E
R q

Net force on negatively charged particle would be gE and
towards the centre of ring. Hence, we can write



13.

_ QOgx
(41, )R’

. F
or accelerationag = — = — A}
m (41e)) mR

F =

as a [+ x, motion of the particle is simple harmonic in nature.
Time period of which will be given by

3
T =21 f OrTzan
\la | Qg

Substituting the values, we get
—41,113
I=om (9: 10 _)5(1) _
(9%x107)(107)(107™)
=0.628s

In equilibrium pressure inside the cylinder
= pressure just outside it
M; .
+ 18 ...(1)

or P = Do 4

When piston is displaced slightly by an amount x, change in
volume, dV = - Ax

Since, the cylinder is isolated from the surroundings, process is
adiabatic in nature. In adiabatic process,

dp _ _ . p
dv yV
or increase in pressure inside the cylinder,
O Mg QO
() oty 0
dp=-="=(dV) =y B— —"-0(4x)
-

This increase in pressure when multiplied with area of
cross-section 4 will give a net upward force (or the restoring
force). Hence,

Op, 4% + Mg
F=~(dp)4 =~y ~ 250
O Y O
Op, A% + O
or aziz—y o4 MgADx
M o VM a
Since, a [+ x, motion of the piston is simple harmonic in
nature. Frequency of this oscillation is given by

=t falo b Y (pod” + Mgd)
2m\|x| 2m VoM
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14. Force constant of a wire k = %

Frequency of oscillation f = L \/;
21t \'m
o po L f0am) 1 [y
To2m m 21\ mL
9 —7
15, ‘*’:\F: [Y4 _ |[(nx10") (49 x1077)
m Im 1x0l1

Putting, ® =140rad s~' in above equation we get, n = 4

[0 Answer is 4.

Topic4 Spring Based Problems

1. If parameters like material, number of loops per unit
length, area of cross-section, etc., are kept same, then force
constant of spring is inversely proportional to its length.

In given case, all other parameters are same for both parts

of spring.
So, k Dl and &, IZIl

h h
O kil = 12

ky 4
l 1
=2 - [ ll :I’llz]
nl, n

L l

When vibrations of mass are suddenly stopped, oscillation
energy (or stored energy of spring) is dissipated as heat,
causing rise of temperature.
So, conversation of energy gives
1
Ekxi = (mys; + mys; )AT
where, x,, =amplitude of oscillation,
s, = specific heat of mass,
s, = specific heat of water
and

Substituting values given in question, we have

l><800x(2><1o‘2)2

2
- %@Qx 400 +1 x 4184@AT
000

16 %1072
4384

AT =rise in temperature.

0 AT= =365x10°K
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3. When a system oscillates, the magnitude of restoring torque of

system is given by

T=C6 ...(D)
where, C = constant that depends on system.
Also, T=1Ia ...(11)

where, / = moment of inertia
and O = angular acceleration
From Egs. (i) and (ii),
C
oa=—[0 .(1il
] (iii)
and time period of oscillation of system will be
T= 2n\F
C

In given case, magnitude of torque is
T = Force X perpendicular distance

kx §
| K——X: >@ E
5 cos 6
0
/2
kx
/
T = 2kx X — cosB
2
For small deflection,
20 .
T= e ...(iv)
020
-.» For small deflections, sin® = SIS
(1/2)
O X = @
2
Also, cosB =1
comparing Egs. (iv) and (i), we get
2 2
:ﬂ[la: (ki /2)[9
©
ml
2
0 o= Ok I3}
m

Hence, time period of oscillation is

T = 21'[1/ﬂ
6k

Frequency of oscillation is given by

1 _ 1 |6k
f_T 2\ m

. In a spring-block system, when a block is pulled with a

constant force F, then its speed is maximum at the mean
position. Also, it’s acceleration will be zero.

In that case, force on the system is given as,

F = kx (1)
where, x is the extension produced in the spring.
F
or x=—
k

Now we know that, for a system vibrating at its mean
position, its maximum velocity is given as,

=AW

where, A4 is the amplitude and w is the angular velocity.

Vmax

Since, the block is at its mean position.

So, A:xZE

k
o=t \/? D= \/?g:F
max k\m 0 mp M
Alternate Method

According to the work-energy theorem,
net work done = change in the kinetic energy

Here, net work done = work done due to external force
(Wexe )+ work done due to the spring (W, ).

As, W, =F Q&
and Wepr = 1kx2
2
0 AKE=F [ + %%kxz@

(AKE), -(AKE),=F B:—%kxz

0 Lz ~Luoy=r E@ig—lk gfg
2 2 AsiPas"

[ using Eq. (1)]

2 2 2
N S L i

20 M 2k 2k
FZ
2 —
or V. -—
max km
g Viax = F / Nkm

.t =time of flight of projectile

_2vsin©
g

(0=45°)

. _ gt _ 10x1

2sin © _m
=4/50 m/s

. Frequency or time period of SHM depends on variable

forces. It does not depend on constant external force.
Constant external force can only change the mean
position. For example, in the given question mean position
is at natural length of spring in the absence of electric field.



10.

11.

Whereas in the presence of electric field mean position will be
obtained after a compression of x,. Where x; is given by

Kxy = QF or x, = Q
[ Correct answer is (a).
x +x, =Aand kx; = kyx, or Ak
x kK

Solving these equations, we get x; = }772 A
> 1 i
1 2

Ly
2

X =

Restoring torque = — (2kx) i

_kL(r/28) _ O kL2/2 D
I L2/12D
f_

6k
2n 2T[
Angular frequency of the system, w = ,/
m+m

Maximum acceleration of the system will be, >4 or 2—
m

=Bt

This acceleration to the lower block is provided by friction.

A
HCHCC, fmaxzmamax = mmZA - m%§= ﬁ
m 2
2
ll = 212 O l] :?[
_
/ ki I —% lo= 3
k
O k= 3 k
2
1
Force constant k [] —————
length of spring
(VM )max = (VN )max
O W Ay, T yAy
O O
or Au _On _ |k O w= kl:l
Ay Wy ky g m[]

0 Correct answer is (b).

12.

13.

14.
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At equilibrium (¢ = 0) particle has maximum velocity u,,.

Therefore velocity at time 7 can be written as

U= Uy, COSWE + uycos WY
writing, u=0.5uy = uycoswr
— U —> 0.5ug
C A B
«——Up
0 mt:E
3
O E[:I[
T 3
O t:Z
6
T T T 2 |m
byt=t,y +itp =— +— =— =" |—
(b) ag T lea T o T T 3\ k
(C)l_l +¢ +¢ —Z+Z+Z lT—E ﬂ
B AC T e e 4 120 6 \k
dyt=typ +itgy +tyc *1t S A
ABBAACCA66446
_Sm |m
3Vk
Just Before Collision,
1kg—>2m/s 2kg
Just After Collision

Vs

Tk 2k9—fmrmm\—|

Let velocities of 1 kg and 2 kg blocks just after collision be
v, and v, respectively.

From momentum conservation principle,
Ix2=1y +2v, ...(1)
Collision is elastic. Hence e =1 or relative velocity of
separation = relation velocity of approach.
v, -y =2 ...(ii)
From Egs. (i) and (ii),
vy :ﬂm/s, v :_—zm/s
3 3

2 kg block will perform SHM after collision,

Distance = |y, |¢ :g x3.14=2.093=2.09m

At distance y above the mean position velocity of the
block.

v=w 4 2 - y2
After detaching from the spring net downward

acceleration of the block will be g.
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15.

Therefore, total height attained by the block above the mean

position,
2 242 2
A —_
h=y+ Y o= y+ W™ ( y7)
2g 2g
For 4 to be maximum dh /dy = 0

Putting . 0, we get y = % = Vmax
dy w

Given, mass of each block 4 and B, m = 0.1kg
Radius of circle, R = 0.06 m

Natural length of spring [, =0.06 1= TR (Half circle)
and spring constant, £ = 0. N/m
In the stretched position elongation in each spring
X=R6.
Let us draw FBD of 4.
Spring in lower side is stretched by 2x and on upper side
compressed by 2x. Therefore, each spring will exert a force 2kx
on each block. Hence, a restoring force, F' = 4kxwill acton 4 in
the direction shown in figure below .
Restoring torque of this force about origin
T=-F [R =—(4kx)R = —(4kRO) R

or T=-4kR* @ .(0)
Since, T [ 6, each ball executes angular SHM about origin O.
Eq. (i) can be rewritten as

Io = —4kR* 0O
or (mR*)a = —4kR*©

oy

(a) Frequency of oscillation,

%x

_ 1 [Hacceleration
271t \[displacement[]

-1 fog

" 2n\oen

1[4k
/= 21\ m
Substituting the values, we have

NI CETTR P
2y 0l m

(b) In stretched position, potential energy of the system is

pE = 25 iHon? = 4k
2 0O

16.

17.

18.

and in mean position, both the blocks have kinetic energy
only. Hence, KE = 2 E# mvzgz mv?

2 O
From energy conservation PE = KE
0 4k’ =mv’

S,
m m

Substituting the values v =2 (0.06) (Tt/ 6), /%

or v =0.0628m/s
(c) Total energy of the system, £
= PE in stretched position
or =KE in mean position
E = mv* = (01) (0.0628)* J

or E=39%x1077

Between C and D block will move with constant speed of
120 cm/s. Therefore, period of oscillation will be
(starting from C).

T T
T=tey +-2 +tp +-L
CD > DC 2

Here, T, =2m M and T, =21 n
ki ky

60

and ftep =tpe =—— =0.5s

120
0 r=05+2T" 92 40542T 02
2 V32 2 V1.8
(m=200g =0.2kg)
T =282s
When mjis removed only m, is left. Therefore, angular
frequency w =./k/m,
Let x; be the extension when only m, is left. Then,
kx; = myg or x = & (1)

Similarly, let x, be the extension in equilibrium when both
my and m, are suspended. Then,

(my +my)g =kx,
0 y, = I mE ...(ii)
k
From Egs. (i) and (ii), amplitude of oscillation
— _mg
A=x,—x = i

TZZT[,M or TDW,QZ My
K T M

1
0 3o M*2 (D)
2 VM

Solving the equation (i), we get, M = 1.6 kg.




Topic5 Miscellaneous Problems
1. We know that,

Time period of a pendulum is given by
T=2T[1 L/geff ...(i)

Here, L is the length of the pendulum and g is the effective
acceleration due to gravity in the respective medium in which
bob is oscillating.

Initially, when bob is oscillating in air, g4 = g.
So, initial time period, T = 2TT \F ...(11)
4

Let py,, be the density of the bob.
When this bob is dipped into a liquid whose density is given as
— Phob = B

—— iven
phquld 16 16 (g )
[J Net force on the bob is
Fo=Vpg -V El% & .. (i)

(where, V' = volume of the bob = volume of displaced liquid by
the bob when immersed in it). If effective value of gravitational
acceleration on the bob in this liquid is g, then net force on
the bob can also be written as
Fnet = Vpgeff o (IV)
Equating Egs. (iii) and (iv), we have
VPgerr =VPg ~Vpg /16

15
u geff=g—g/16=gg (V)

Substituting the value of g4 from Eq. (v) in Eq. (i), the new
time period of the bob will be

rreom | L —am [OL g /wxznf
&eft 15¢g 15 g
4 xT

[using Eq. (ii)]

=

. Given, frequency of oscillations is /= 50sc s~

. . S 1 _1
U Time period of oscillations is 7 = — = gs

So, time for 10 oscillations is = 1—50 =2

Now, if 4, = initial amplitude at = 0 and y = damping factor,
then for damped oscillations, amplitude after ¢ second is given as

A=Age M
[0 After2s,
Ao _ Aoe_y(z) O 2=¢%
2
log2 .
ad =—= ..
y== ®

Now, when amplitude is Tl()() of initial amplitude, i.e.
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Ay Age™ V!

1000
a log(1000) = vt
0 log(10*) = yr

3log10 =yt
g t= Llogl() [using Eq. (i)]
log?2

a t=1993s
or t=20s

. We know that time period of a pendulum is given by

T=2T[\/7
g

So, angular frequency w = 27” = g7 (1)
Now, differentiate both side w.r.t g
. do_ 1
de g
dg ..
dw = ...(i1)
2 g\ﬁ
By dividing Eq. (ii) by Eq. (i), we get
do _ dg
w 2g
Or we can write
v _Ag .. (iii)
w 2g

As Ag is due to oscillation of support.
O A& 204
(W, - lrad/s, support)
Putting value of Ag in Eq. (iii) we get
2 2
Aiw :l LwlA :L)IA’ (A = ]0_2m2)
w 2 g g
Aw _1x107
w 10

O =107 rad/s

. In equilibrium condition bottle floats in water and its

length ‘I’ inside water is same as the height of water upto
which bottle is filled.

bad

A

So, / = Volume of water in bottle/Area
310

== 15.8cm = 0158 m
T X (2.5)
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When bottle is slightly pushed inside by an amount x then,
restoring force acting on the bottle is the upthrust of fluid
displaced when bottle goes into liquid by amount x.

So, restoring force is;
F=—-(pAx) g ...(1)

where p = density of water,

A = area of cross-section of bottle and

x = displacement from equilibriumposition
But F =ma ...(i1)
where, m =mass of water and bottle system

= Alp

From (i) and (ii) we have,

Alpa = —pAxg or a = —%x

As for SHM, a = —w’x

We have w :\/g = ,/ 10 =./6329=8rads™!
[ 0.158

J No option is correct.

5 We know that in case of torsonal oscillation frequency
k
N
where,  is moment of inertia and £ is torsional constant.
k

M(2LY

12

V=

O According to question, v, =

2
(As, MOI of a baris I = %)

k
MI?

3

When two masses are attached at ends of rod. Then its moment

of inertia is
2
e g
12

So, new frequency of oscillations is,

or v, =

..(0)

k
v, =
2
MQ@LY | 2’”%@2
12
v, = k. ..(ii)
ML | mL
3 2
As, v, =80% of v; = 0.8v,
k _08xk
So, =
\/ML2 e \/MLZ
3 2 3
After solving it, we get,
=037

n
M

. v=wvV A4 -y At,x:T

6. Given, frequency, f=10"/sec

Angular frequency, w= 217 =2 Tx10'? /sec

-3
X
Force constant, k=mw’ :LIOB x 470 x10%
6.02x10
k=7.1N/m

. Time period of oscillation is

T =2m L
7
-6
0 r=oam [P0 ge6ss
67% 1072 x 001

Hence, time for 10 oscillations is ¢ = 6.65s.
24

v:w,/Az—g%Ag :‘fm

As, velocity is trebled, hence v' = V540
This leads to new amplitude 4’

O oo‘/A'z—g%A =J54w

0 20
0 m2|34'2——4A = 54’
0 o0
0 a=si+dp=9p
9 9
a=14
3

. In SHM, a particle starts from rest, we have

ie. x=Acoswt,att =0, x= A
When =T then x=4 —a
When ¢ =21, then
x=A -3a
On comparing Egs. (i) and (ii), we get
A—-—a=AcoswT
A —3a = Acos 2wt
As €08 20T = 2cos” wT - 1

0 A—3a:2QA—ag_l
A A

A=-3a _ 247 +2a* —44a - A*

. A A?
A? = 3a4 = A* +24° -44a
a* =2a4
A =2a
Now, A-—a=AcoswT
O coswT=1/2

(D)

..(ii)



10.

11.

12.

O ET:E
T 3
O T =6

A3:A

Resultant amplitude of x; and x, is 4 at angle %@from A,.To

make resultant of x;, x, and x5 to be zero. 45 should be equal to

A atangle @ = ?T[ as shown in figure.

O Correct answer is (b).

Alternate Solution.
It we substitute, x; + x, +x3 =0

or Asinwt + Asin E&Y +2f:§+35111 (wt + @) =0

Then by applying simple mathematics we can prove that
4T[

and @ = i
In SHM, velocity of particle also oscillates simple
harmonically. Speed is more near the mean position and less
near the extreme positions. Therefore, the time taken for the
particle to go from O to A/2 will be less than the time taken
to go it from A/2to A, or 7} < 7.
NOTE
From the equations of SHM we can show that

ty=To_ap=T/NM2 and t,=Typ_4 =T/6
b+t =T, _,=T/4

2
Ux)=k(l-¢e")
It is an exponentially increasing graph of potential energy (U )
with x?. Therefore, U versus x graph will be as shown.

B=4

So, that

At origin.

Potential energy U is minimum (therefore, kinetic energy will
be maximum) and force acting on the particle is zero because

F=_

(slope of U-x graph) = 0.
u

13.

14.

15.
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Therefore, origin is the stable equilibrium position. Hence,
particle will oscillate simple harmonically about x = 0 for
small displacements. Therefore, correct option is (d).

(),
(a) At equilibrium position f = —

(b)

(©

(b) and (c) options are wrong due to following reasons.

U Oi.e. slope of U=
dx

graph should be zero and from the graph we can see
that slope is zero at x = Oand x = =+ oo,

Now, among these equilibriums stable equilibrium
position is that where U is minimum (Here x = 0).
Unstable equilibrium position is that where U is
maximum (Here none).

Neutral equilibrium position is that where U is
constant (Here x = £ o),

Therefore, option (a) is wrong.

For any finite non-zero value of x, force is directed
towards the origin because origin is in stable
equilibrium position. Therefore, option (b) is incorrect.
At origin, potential energy is minimum, hence kinetic
energy will be maximum. Therefore, option (c) is also
wrong.

U@x)=k|x|?
U] _IMPP T
O k=2 =02 - -l T
[k] ] = [ ]

Now, time period may depend on

T O (mass)" (amplitude)” (k)*
[ML'T] = [M]" [L}” [ML™ T
- [Mx+zLy—zT—2Z]

Equating the powers, we get

-2z=1 or z=-1/2
y—z=0o0r y=z=-1/2

Hence, 7 O (amplitude) ?) 0 (a)™"?

or

ro-L

Ja

If E>V,, particle will escape. But simultaneously for
oscillations, £ > 0.

Hence, the correct answer is ;> E >0

or the correct option is (c).

O

O

[(PEO_ OMI2T 20
[a]= Elim [ML 2T~
B*H g a
1212
%H =[L'T"]
U1
Sipy I] [T]

g

As dimensions of amphtude Ais[L]
Hence, the correct option is (b).
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16. For |x|> X, potential energy is constant. Hence, kinetic
energy, speed or velocity will also remain constant.
O Acceleration will be zero.
Hence, the correct option is (d).

17. A4, =10 (directly)
For 4, : y, = 5sin 310 + 5v3 cos3 M

= S5sin 310 + Sﬁsingn +g@

. . . . T
i.e. phase difference between two functions is > so the

resultant amplitude A4, can be obtained by the vector method as

under

4, =(5) +(53) =10
O i—&:]

4, 10

18. (A) Potential energy is minimum at mean position.
(B) Fora = 0,5 = vt - option (q)
ors=s, +vt » option (r)

1 .
For a = constant, s = ut + 5 at® ~ option (s)

2 .
©) R=V sin 20

O R Ov* - option (s)

(D) T:2T[\F
g

O 7’ 0L option (q)
19. (A) Compare with the standard equation of SHM

v=wy4? -x?

we see that the given motion is SHM with,
w=C and 4% =C,

(B) The equation shows that the object does not change its
direction and kinetic energy of the object keeps on
decreasing.

(C) A pseudo force (with respect to elevator) will start
acting on the object. Its means position is now changed and
it starts SHM.

(D) The given velocity is greater than the escapevelocity

O
= %D Therefore it keeps on moving
R, O

towards infinity with decreasing speed.
20. Case-1
Just before m is placed

Just before m is placed -

M V1 M V1

Xo Xo

21.

Case-2
Just before m is placed

Just before m is placed

gouuouI0™ M

Xo+A
In case-1,
Mv, = (M + m)v,

In case-2 A4, — A4,
T =

21, M}: " in both cases.

Total energy decreases in first case whereas remain same
in 2™ case. Instantaneous speed at x, decreases in both

cases.
Ist Particle
P=0atx=a

O ‘a’ is the amplitude of oscillation ‘4, ’.

Atx=0,P=b (at mean position)
u my .. =b

_b
Viax =

m
L2 =g _ 0
20 ™ T HuH T om

E =
b
Alwlzvmax =
O wlzi:%(AI:a’E:nz)
ma  mn b
IInd Particle
P=0atx=R
O A4, =
At x=0,P=R
0 V imax E
m
g =t omRO_R
P T HH  om
AZ(*)Z:E
m
. o= R 1
mR m



w 1/ m
b b A
()(.01 1/ mn®
1 1 1
(c)wl%:jxiz 2 2
mn m mn
(d)ﬂ—b2/2m2b2n2 :LZ :Ri2

w,  Umn? 2 oamr 2

E, _R*/2m _R*

W, 1/m 2
O ﬂ = Q
W W

NOTE

It is not given that the second figure is a circle. But from the figure
and as per the requirement of question, we consider it is a circle.

22, 1,=15 = %ng%sine +MgLsin9@

= Restoring torque about point O .

In case A, moment of inertia will be more. Hence, angular
acceleration (00 =71/7) will be less. Therefore, angular
frequency will be less.

O

mg

Mg

23. For4=-BandC =2B
X = Bcos 2ux + B sin 2w

:\/EBsin @w+§@

This is equation of SHM of amplitude 2B.
If A =BandC = 2B,then X = B + B sin 20t

This is also equation of SHM about the point X = B.Function
oscillates between X = 0and X = 2B with amplitude B.

24. From superposition principle
yE=ntnty

=asin W +asin (& +45°) +asin (W +90°)
=a(sin Wt +sin (@ +90°)] +asin (W +45°)
=2asin (Wt +45°)cos45° +asin(wx +45°)
= (W2 + 1) asin (¢ +45°) = Asin (0t +45°)

Therefore, resultant motion is simple harmonic of amplitude

A= 2+1)a
and which differ in phase by 45° relative to the first.
Energy in SHM O (amplitude)’ [E = % m A w*]
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0 M:%’igz(ﬁ+1)2:(3+2@
a

I
E single
0 E resultant — (3 + 2’\/27)E single

25. (a) In equilibrium, pressure of same liquid at same level
will be same.

Therefore, py = p, or p+(1.5pgh ) = p +(pgh,)
(p = pressure of gas in empty part of the tube)

0 1.5h = h,

1.5[RcosB — Rsin 8] = p(Rcos B+ Rsin )
or 3c0s0 — 3sin O = 2cos O + 2sin O
or 5tan@ =1

0 =tan"' %@

(b) When liquids are slightly disturbed by an angle (3.
Net restoring pressure
Ap = 1.5pgh +pgh = 2.5pgh
This pressure will be equal at all sections of the liquid.
Therefore, net restoring torque on the whole liquid.

== (8p)(4)(R)
ortT=-25pghAR

= —2.5pgAR[Rsin (B +B) — R sin 6]

= - 2.5pgAR*[sinBcos B +sin Bcos B —sin 6]
Assuming cosf3 =landsin3 =3 (as 3 is small )
O T =-(2.p 4gR*cB P
or o=~ (2.5pAgR*cos0) B )

@

0

5
Here, [I=(m +m, )R?

- %”zi D‘l@)+ %@m (1.5p)§?2
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= (1.25TR’p) 4
5
and cos0=——=0.98
V26
Substituting in Eq. (i), we have o = — %

As angular acceleration is proportional to — 3, motion is simple
harmonic in nature.

T =211 E:z i
a Vell

26. A torque will act on the rod, which tries to align the rod in the
direction of electric field. This torque will be of restoring nature
and has a magnitude PEsin 0. Therefore, we can write

T=-PEsin@ or [a=-PEsin0 ...()

2
Here, [=2M %g: %and P =gqL

Download Chapter Test
http://tinyurl.com/y455aoqv

Further, since 0 is small so, we can write, sin 0 =6.

Substituting these values in Eq. (i), we have

g, -
(o ==(qL)(E )8
020

ML

As 0 is proportional to — 6, motion of the rod is simple
harmonic in nature, time period of which is given by

T=2m 9 =21 ML
a 2qE

The desired time will be,

T _m [ML
4 2\ 24E




Properties of Matter

Topic 1 Elasticity

Objective Questions I (Only one correct option)

1.

In an experiment, brass and steel wires of length 1 m each with

areas of cross-section | mm? are used. The wires are connected

in series and one end of the combined wire is connected to a
rigid support and other end is subjected to elongation. The
stress requires to produce a net elongation of 0.2 mm is

[Take, the Young’s modulus for steel and brass are respectively
120 x 109 N/rn2 and 60 x 109 N/mz] (2019 Main, 10 April 11)

(a) 12x10° N/ m? (b) 02x10° N/ m?
(c) 18x10° N/ m? (d) 4.0x10° N/ m?

The elastic limit of brass is 379 MPa. What should be the
minimum diameter of a brass rod, if'it is to support a 400 N load
without exceeding its elastic limit? (2019 Main, 10 April 11)
(a) 0.90 mm (b) 1.00 mm
(¢) .16 mm (d) 1.36 mm

Young’s moduli of two wires 4 and B are in the ratio 7 : 4.
Wire A4 is 2 m long and has radius R. Wire B is 1.5 m long and
has radius 2 mm. If the two wires stretch by the same length for

a given load, then the value of R is close to
(2019 Main, 8 April II)

(a) 1.3 mm (b) 1.5 mm
(¢) 1.9 mm (d) 1.7 mm

A steel wire having a radius of 2.0 mm, carrying a load of 4 kg,

is hanging from a ceiling. Given that g = 3.17 ms ™2, what will

be the tensile stress that would be developed in the wire?
(2019 Main, 8 April I)

(a) 62x10°Nm™ (b) 52x10°Nm ™

(¢) 3.1x10°Nm™> (d) 4.8x10°Nm™

A boy’s catapult is made of rubber cord which is 42 cm long,
with 6 mm diameter of cross-section and of negligible mass.
The boy keeps a stone weighing 0.02 kg on it and stretches the
cord by 20 cm by applying a constant force. When released the
stone flies off with a velocity of 20 ms™'. Neglect the change in
the area of cross-section of the cord while stretched. The
Young’s modulus of rubber is closest to  (Main 2019, 8 April 1)
(a) 10°Nm ™ (b) 10*'Nm™

(c) 10°Nm™ (d) 10°Nm™

. A load of mass M kg is suspended from a steel wire of

length 2 m and radius 1.0 mm in Searle’s apparatus
experiment. The increase in length produced in the wire is
4.0 mm. Now, the load is fully immersed in a liquid of
relative density 2. The relative density of the material of
load is 8. The new value of increase in length of the steel

wire is (2019 Main, 12 Jan II)
(a) zero (b) 5.0 mm
(c) 4.0 mm (d) 3.0 mm

. Arod of length L at room temperature and uniform area of

cross-section A4, is made of a metal having coefficient of
linear expansion o /°C. It is observed that an external
compressive force F, is applied on each of its ends,
prevents any change in the length of the rod, when its
temperature rises by AT K. Young’s modulus, Y for this

metal is (2019 Main, 9 Jan |)
F F
@ ——— ® ———
240, AT Ao (AT - 273)
2F F
c d
© AoAT @ AoAT

. 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

the radius of the sphere, (drj is

r (2018 Main)
m Ka
(a) & (b) ==
Ka mg
(c) @&
3mg 3Ka

. A pendulum made of a uniform wire of cross-sectional

area 4 has time period 7. When an additional mass M is
added to its bob, the time period changes to 7,,. If the

Young’s modulus of the material of the wire is Y, then v is

equal to (g = gravitational acceleration) (2015 Main)

Download More Books: www.crackjee.xyz
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10.

1.

12

13.

14.

15.

(b) {(T;sz |

2
@|1-| =] |1
Ty Mg J A

2 2
(©) 1_(TMJ 4 (d (TMJ -1 4
T Mg T Mg
One end of a horizontal thick copper wire of length 2L and
radius 2R is welded to an end of another horizontal thin copper
wire of length L and radius R. When the arrangement is

stretched by applying forces at two ends, the ratio of the

elongation in the thin wire to that in the thick wire is
(2013 Adv.)
(a) 0.25 (b) 0.50 (c) 2.00 (d) 4.00

The pressure of a medium is changed from 1.01 x 10° Pa to
1.165% 10° Pa and change in volume is 10% keeping

temperature constant. The bulk modulus of the medium is
(a) 204.8 x 10° Pa (b)102.4 x 10° Pa (2005, 2m)

(c) 51.2% 10° Pa (d)1.55% 10° Pa

The adjacent graph shows the extension (A/l) of a wire of
length 1 m suspended from the top of a roof at one end and
with a load w connected to the other end. If the
cross-sectional area of the wire is 10™® m?, calculate from the
graph the Young’s modulus of the material of the wire.

(2003, 2M)
N(x10"4 m)

4
3
2

1

20 40 60 80 wN)

(b)2x 107" N/m?
(d) 2x 10" N/'m?

(a) 2% 10'" N/m?
(c) 3% 10 N'm?

A given quantity of an ideal gas is at pressure p and absolute

temperature 7. The isothermal bulk modulus of the gas is
(1998, 2M)

@ O ©@p @

Two rods of different materials having coefficients of thermal
expansion o, 0., and Young’s moduli ¥}, Y, respectively are
fixed between two rigid massive walls. The rods are heated
such that they undergo the same increase in temperature.
There is no bending of the rods. If o, 10, = 2: 3, the thermal
stresses developed in the two rods are equal provided Y, : Y, is
equal to (1989, 2M)

(a)2:3 b)1:1 (©)3:2 (d)4:9

The following four wires are made of the same material.
Which of these will have the largest extension when the same
tension is applied ? (1981, 2M)
(a) Length = 50 cm, diameter = 0.5 mm

(b) Length = 100 cm, diameter = I mm

(c) Length = 200 cm, diameter = 2 mm

(d) Length = 300 cm, diameter = 3 mm

Objective Question II (One or more correct option)

16.

In plotting stress versus strain curves
for two materials P and Q, a student by

mistake puts strain on the Y-axis and 5 p
stress on the X-axis as shown in the & Q
figure. Then the correct statements
is/are (2015 Adv.)

Stress

(a) P has more tensile strength than O

(b) P is more ductile than Q

(c) P is more brittle than Q

(d) The Young’s modulus of P is more than that of O

Fill in the Blanks

17.

18.

19.

A uniform rod of length L and density p is being pulled along

a smooth floor with a horizontal acceleration o (see figure).

The magnitude of the stress at the transverse cross-section

through the mid-point of the rod is ......... . (1993, 1M)
| )

A solid sphere of radius R made of a material of bulk
modulus k& is surrounded by a liquid in a cylindrical
container. A massless piston of area 4 floats on the surface of
the liquid. When a mass M is placed on the piston to
compress the liquid the fractional change in the radius of the
sphere, SR/R, is ...... . (1988, 2M)

A wire of length L and cross-sectional area 4 is made of a
material of Young’s modulus Y. If the wire is stretched by an
amount x, the work done is ...... . (1987, 2m)

Analytical & Descriptive Questions

20.

21.

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
/=0.125cm (measured by a micrometer of least count
0.001 cm). Find maximum possible error in the values of
Young’s modulus. Screw gauge and meter scale are free
from error. (2004, 2M)

A thin rod of negligible mass and area of cross-section

4 x 10"°m?, suspended vertically from one end, has a length

of 0.5 m at 100°C. The rod is cooled to 0°C, but prevented
from contracting by attaching a mass at the lower end. Find

(a) this mass and
(b) the energy stored in the rod, given for the rod. Young’s
modulus = 10'"N/m?, coefficient of linear expansion

=10°K 'andg = 10m/s>. (1997 C, 5M)



Topic 2 Ideal Fluids at Rest

Objective Questions I (Only one correct option)

1.

A submarine experience a pressure of 5.05x 10° Pa at a

depth of d| in a sea. When it goes further to a depth of d,, it
experiences a pressure of 8.08x 10° Pa, then d, —d, is

approximately (density of water =10° kg/ m® and

acceleration due to gravity = 10 ms™ ?) (2019 Main, 10 Apr II)
(a) 500m (b) 400m (c) 600m  (d) 300 m

A wooden block floating in a bucket of water has % of its

volume submerged. When certain amount of an oil is poured

into the bucket, it is found that the block is just under the oil

surface with half of its volume under water and half in oil. The

density of oil relative to that of water is (2019 Main, 9 April 11)

(a) 0.6 (b) 0.8 (c) 0.7 (d) 0.5

There is a circular tube in a vertical plane. Two liquids which

do not mix and of densities d, and d, are filled in the tube.

Each liquid subtends 90° angle at centre. Radius joining their 7

interface makes an angle oo with vertical. Ratio d, / d, is
(2014 Main)

1+sino 1+ cosa 1+ tano 1+sino

(a) — (b)
l—sina

1-cosa 1-tana 1—-cosa

A wooden block, with a coin placed on its top, floats in water
as shown in figure. The distance / and 4 are shown there.

After sometime the coin falls into the water. Then (2002,2M) 9.

(a) [ decreases and 4 increases
(b) l increases and % decreases
(c) Both [ and / increase
(d) Both / and /4 decrease

A hemispherical portion of radius R is
removed from the bottom of a cylinder
of radius R. The volume of the
remaining cylinder is /" and mass M. It is
suspended by a string in a liquid of
density p, where it stays vertical.The

193
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upper surface of the cylinder is at a depth / below the liquid
surface. The force on the bottom of the cylinder by the
liquid is (2001, 2M)
(a) Mg

(c) Mg + TLthpg

(b) Mg —Vpg
(d)pg (V + mR*h)

A homogeneous solid cylinder of
length L and cross-sectional area
A/S is immersed such that it floats
with its axis vertical at the
liquid-liquid interface with length
L/4 in the denser liquid as shown in
the figure. The lower density liquid
is open to atmosphere having 2d
pressure p.

Then, density D of solid is given by
(1995, 2M)

5 4 d
(@) Zd (b) gd (c) 4d (d) 3

. A vessel contains oil (density = 0.8 g/cm®) over mercury

(density = 13.6g/cm®). A homogeneous sphere floats with
half its volume immersed in mercury and the other half'in oil.
The density of the material of the sphere in g/cm? is

(1988, 2M)
(a)3.3 (d)12.8

(b) 6.4 ©) 7.2

. A U-tube of uniform cross-section is partially filled with a

liquid I. Another liquid II which does not mix with liquid I is
poured into one side. It is found that the liquid levels of the two
sides of the tube are the same, while the level of liquid I has
risen by 2 cm. If the specific gravity of liquid I is 1.1, the
specific gravity of liquid IT must be (1983, 1M)
(a) 1.12 (b) 1.1 (c) 1.05 (d) 1.0

A body floats in a liquid contained in a beaker. The whole
system as shown in figure falls freely under gravity. The
upthrust on the body is (1982, 3M)

(a) zero

(b) equal to the weight of liquid displaced

(c) equal to the weight of the body in air

(d) equal to the weight of the immersed portion of the body

. A metal ball immersed in alcohol weighs w; at 0°C and w, at

50°C. The coefficient of cubical expansion of the metal is
less than that of the alcohol. Assuming that the density of the
metal is large compared to that of alcohol, it can be shown

that (1980, 2M)
@ w >w, (b)wy = w,
©)w <w, (d) All of these
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Passage Based Questions

11.

12

13.

Passage
A wooden cylinder of diameter 4 r, height / and density p/3
is kept on a hole of diameter 2 of tank, filled with liquid of
density p as shown in the figure.

i 1/71

2r

Now level of the liquid starts decreasing slowly. When
the level of liquid is at a height 4, above the cylinder the
block starts moving up. At what value of /;, will the block

rise ? (2006, 5M)
(a) 4h/9 (b) 54/9
(c)5h/3 (d) Remains same

The block in the above question is maintained at the position
by external means and the level of liquid is lowered. The

height /2, when this external force reduces to zero is
(2006, 5M)

p/3

4h 5h
(@) ? (b) j

(c) Remains same (d)2h/3

If height £, of water level is further decreased, then
(2006, 5M)
(a) cylinder will not move up and remains at its
original position
(b) for i, = h/3, cylinder again starts moving up
(c) for h, = h/4,cylinder again starts moving up
(d) for h, = h/5, cylinder again starts moving up

Objective Questions II (One or more correct option)

14.

A solid sphere of radius R and density p is attached to one end
of a massless spring of force constant £. The other end of the
spring is connected to another solid sphere of radius R and
density 3p. The complete arrangement is placed in a liquid of
density 2p and is allowed to reach equilibrium. The correct

statement(s) is (are) (2013 Adv.)
Rpg
3k

R’pg

(a) the net elongation of the spring is

(b) the net elongation of the spring is 8n

(c) the light sphere is partially submerged
(d) the light sphere is completely submerged

15.

16.

Two solid spheres 4 and B of equal
volumes but of different densities d 4
and dj are connected by a string. They
are fully immersed in a fluid of density
dp. They get arranged
equilibrium state as shown in the figure
with a tension in the string. The
arrangement is possible only if (2011)
(a) d, <dp
(b) dy > dp
(c) d,>dp
(d) dy +dg =2d,
The spring balance 4 reads 2 kg with a
block m suspended from it. A balance B
reads 5 kg when a beaker with liquid is put
on the pan of the balance. The two
balances are now so arranged that the
hanging mass is inside the liquid in the
beaker as shown in the figure. In this
situation (1985, 2M)
(a) the balance 4 will read more than 2 kg
(b) the balance B will read more than 5 kg
(c) the balance A will read less than 2 kg and B will read
more than 5 kg

into an

(d) thebalances 4 and B will read 2 kg and 5 kg respectively

True / False

17.

18.

A block of ice with a lead shot embedded in it is floating on
water contained in a vessel. The temperature of the system is
maintained at 0°C as the ice melts. When the ice melts
completely the level of water in the vessel rises. (1986, 3M)

A barometer made of a very narrow tube (see figure) is
placed at normal temperature and pressure. The coefficient
of volume expansion of mercury is 0.00018/°C and that of
the tube is negligible. The temperature of mercury in the
barometer is now raised by 1°C but the temperature of the
atmosphere does not change. Then, the mercury height in the
tube remains unchanged. (1983, 2M)
Vacuum

Hg

Analytical & Descriptive Questions

19.

A uniform solid cylinder of density 0.8 g/cm® floats in
equilibrium in a combination of two non-mixing liquids
A and B with its axis vertical. The densities of the liquids 4
and B are 0.7 g/em’ and 1.2 g/em®, respectively. The height of
liquid A is A, = 1.2 cm. The length of the part of the cylinder
immersed in liquid B is h; = 0.8 cm. (2002, 5M)



20.

21.

Air h

hg

- ~

(a) Find the total force exerted by liquid 4 on the cylinder.

(b) Find £, the length of the part of the cylinder in air.

(c) The cylinder is depressed in such a way that its top
surface is just below the upper surface of liquid 4 and is
then released. Find the acceleration of the cylinder
immediately after it is released.

A wooden stick of length L, radius R and density p has a small

metal piece of mass m (of negligible volume) attached to its

one end. Find the minimum value for the mass m (in terms of
given parameters) that would make the stick float vertically
in equilibrium in a liquid of density s ( >p). (1999, 10M)

A wooden plank of length 1 m and uniform cross-section is
hinged at one end to the bottom of a tank as shown in figure.
The tank is filled with water upto a height 0.5 m. The specific

Topic 3 Ideal Fluids in Motion

Objective Questions I (Only one correct option)

1 A solid sphere of radius R acquires a terminal velocity v,

when falling (due to gravity) through a viscous fluid having a
coefficient of viscosityn. The sphere is broken into 27
identical solid spheres. If each of these spheres acquires a
terminal velocity, v, when falling through the same fluid, the
ratio (v, / v, ) equals (2019 Main, 12 April 11)
(@ 9 (b) 1727 (c) 1/9 (d) 27

Water from a tap emerges vertically downwards with an
initial speed of 10 ms™'. The cross-sectional area of the tap
is 10 *m?. Assume that the pressure is constant throughout
the stream of water and that the flow is streamlined. The
cross-sectional area of the stream, 0.15 m below the tap
would be [Take, g = 10 ms™*] (2019 Main, 10 April I1)

(@) 2x 10" °m? (b) 1x10 °m?
(¢) 5x10 *m? (d) 5% 10" °m?

A long cylindrical vessel is half-filled with a liquid. When
the vessel is rotated about its own vertical axis, the liquid
rises up near the wall. If the radius of vessel is

5 cm and its rotational speed is 2 rotations per second, then
the difference in the heights between the centre and the sides
(in cm) will be (2019 Main, 12 Jan 11)
(a) 0.1 (b) 1.2 (c) 0.4 (d) 2.0

A liquid of density p is coming out of a hose pipe of radius a

with horizontal speed v and hits a mesh. 50% of the liquid
passes through the mesh unaffected 25% losses all of its

22,

23.
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gravity of the plank is 0.5. Find the angle 6 that the plank
makes with the vertical in the equilibrium position (exclude
the case 6 = (°). (1984, 8M)

N 4

A boat floating in a water tank is carrying a number of large
stones. If the stones are unloaded into water, what will
happen to the water level? (1979)

A column of mercury of length 10 cm is contained in the
middle of a horizontal tube of length 1 m which is closed at
both the ends. The two equal lengths contain air at standard
atmospheric pressure of 0.76 m of mercury. The tube is now
turned to vertical position. By what distance will the column
of mercury be displaced ? Assume temperature to be
constant. (1978)

momentum and, 25% comes back with the same speed. The
resultant pressure on the mesh will be (2019 Main, 11 Jan I)

2 1 5 1.2 3 2
(@) pv (b) 2pv (©) 4pv (d) 4pv

Water flows into a large tank with flat bottom at the rate of
107" m’s™". Water is also leaking out of a hole of area 1 cm?
at its bottom. If the height of the water in the tank remains
steady, then this height is (2019 Main, 10 Jan 1)
(a) 4cm (b) 29cm (c) 5.1em  (d) 1.7cm

The top of a water tank is open to air and its water level is
maintained. It is giving out 0.74 m® water per minute through
a circular opening of 2 cm radius is its wall. The depth of the
centre of the opening from the level of water in the tank is
close to (2019 Main, 9 Jan 1)
(a) 48m  (b) 6.0m () 29m (d) 9.6m
Water is filled in a cylindrical container to a height of 3 m.
The ratio of the cross-sectional area of the orifice and the
beaker is 0.1. The square of the speed of the liquid coming
out from the orifice is (g = 10m/s?) (2005, 2M)

525,0m

(b) 50.5m*/s?
(d) 52m?/s?

(a) 50m*/s>
(c) 51m?/s?
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8. A large open tank has two holes in the wall. One is a square

hole of side L at a depth y from the top and the other is a
circular hole of radius R at a depth 4y from the top. When the
tank is completely filled with water, the quantities of water
flowing out per second from both holes are the same. Then, R

is equal to (2000, 2M)
(@) L/\2n  (b)2nL ()L (d)L/2n

9. Water from a tap emerges vertically downwards with an

initial speed of 1.0 m/s. The cross-sectional area of tap is
10~* m?. Assume that the pressure is constant throughout the
steam of water and that the flow is steady, the cross-sectional
area of stream 0.15 m below the tap is (1998, 2M)
(a) 5.0x 10°* m? (b)1.0x 107 m?

(¢) 5.0x 1075 m? (d)2.0x 107 m?

Fill in the Blank

10.

A horizontal pipeline carries water in a streamline flow. At a
point along the pipe, where the cross-sectional area is 10 cm?,
the water velocity is Ims~' and the pressure is 2000 Pa. The
pressure of water at another point where the cross-sectional

area is 5 cm?, is ......Pa. (Density of water = 10° kg-m®)
(1994, 2M)

Analytical & Descriptive Questions

1.

12

Consider a horizontally oriented syringe containing water
located at a height of 1.25m above the ground. The diameter
of the plunger is 8mm and the diameter of the nozzle is 2mm.
The plunger is pushed with a constant speed of 0.25m/s. Find
the horizontal range of water stream on the ground.

(Take g = 10m/s?). (2004, 2M)

[o-2mm
.

D = 8 mm ===

1.25m

A non-viscous liquid of constant Q
density 1000kg/m’® flows in

streamline motion along a tube of
variable cross-section. The tube is
kept inclined in the vertical plane 5m
as shown in the figure. The area of o

cross-section of the tube at two
points P and Q at heights of 2 m

13.

14.

and 5 m are respectively 4x 107> m* and 8x 107> m?. The

velocity of the liquid at point P is 1 m/s. Find the work done
per unit volume by the pressure and the gravity forces as the
fluid flows from point P to Q. (1997, 5M )

A large open top container of negligible mass and uniform
cross-sectional area 4 has a small hole of cross-sectional area
A/100 in its side wall near the bottom. The container is kept
on a smooth horizontal floor and contains a liquid of density
p and mass m,. Assuming that the liquid starts flowing out
horizontally through the hole at # = 0. Calculate (1997 C, 5M)
(a) the acceleration of the container and

(b) velocity of efflux when 75% of the liquid has drained

out.

A container of large uniform cross-sectional area A resting
on a horizontal surface, holds two immiscible, non-viscous
and incompressible liquids of densities d and 2d, each of
height H/2 as shown in figure. The lower density liquid is
open to the atmosphere having pressure p,. (1995, 5+5 M)

H
2

.

H
2

N

“TH

(a) A homogeneous solid cylinder of length L(L < H/2),
cross-sectional area A4/5 is immersed such that it floats
with its axis vertical at the liquid-liquid interface with
length L/4 in the denser liquid. Determine
(i) the density D of the solid,

(i1) the total pressure at the bottom of the container.

(b) The cylinder is removed and the original arrangement is
restored. A tiny hole of area s (s < < 4) is punched on
the vertical side of the container ata height 2 (h < H / 2).
Determine :
(i) the initial speed of efflux of the liquid at the hole,
(ii) the horizontal distance x travelled by the liquid
initially, and
(iii) the height A,, at which the hole should be punched so
that the liquid travels the maximum distance x,,
initially. Also calculate x,,,.
(Neglect the air resistance in these calculations)
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Topic4 Surface Tension and Viscosity
Objective Questions I (Only one correct option) 6. Assume that a drop of liquid evaporates by decrease in its

1 The ratio of surface tensions of mercury and water is given to surface energy, so that its temperature remains unchanged.

. On heating water, bubbles beings formed at

be 7.5 while the ratio of their densities is 13.6. Their contact
angles with glass are close to 135° and 0°, respectively. It is
observed that mercury gets depressed by an amount /4 in a
capillary tube of radius 7, while water rises by the same
amount / in a capillary tube of radius 7. The ratio (5 / ), is
then close to (2019 Main, 10 April I)
(a)3/5 (b) 2/3 (c)2/5 (d) 4/5

If M is the mass of water that rises in a capillary tube of radius

r, then mass of water which will rise in a capillary tube of
radius 2r is (2019 Main, 9 April 1)

(a) 2M (b) 4M ©) % d) M

. The following observations were taken for determining
surface tension 7' of water by capillary method. Diameter of
capillary, d = 125 x 1072 m rise of water, 4 = 145 x 10~*m

Using g=980 m/s> and the simplified relation

h
T= r2g x 10°N/m, the possible error in surface tension is
closest to (2017 Main)

(@)1.5%  (6)24% () 10% (d) 0.15%

. A glass capillary tube is of the shape of truncated cone with

an apex angle o so that its two ends have cross-sections of
different radii. When dipped in water vertically, water rises
in it to a height /2, where the radius of its cross-section is b. If
the surface tension of water is S, its density is p, and its
contact angle with glass is 0, the value of / will be ( g is the
acceleration due to gravity) (2014 Adv.)

I

(b)ﬁcos ®+a)
bpg

W

(a)gcos ©®-a)
bpg

(c)ﬁcos ©®-0/2) (d)gcos ©O®+a/2)
bpg bpg

the bottom of the vessel detach and rise. Take ey
the bubbles to be spheres of radius R and
(V]

making a circular contact of radius » with the
bottom of the vessel. If » <<R and the surface
tension of water is 7, value of r just before S
bubbles detach is (density of water is p,,)

(2014 Main)

(a) RZ p:;}g (b) 2 pwg (C) RZ pwg (d) R2 3pwg

. Water is filled up to a height /4 in a beaker

What should be the minimum radius of the drop for this to be
possible? The surface tension is 7', denstiy of liquid isp and L
is its latent heat of vaporisation (2013 Main)

pL T T 2T
(@) ra (b) \E () oL (d) oL

. A glass tube of uniform internal

radius (7) has a valve separating the

two identical ends. Initially, the valve

is in a tightly closed position. End 1~ 2 1

has a hemispherial soap bubble of radius ». End 2 has

sub-hemispherical soap bubble as shown in figure.

Just after opening the valve. (2008, 3M)

(a) air from end 1 flows towards end 2. No change in the
volume of the soap bubbles

(b) air from end 1 flows towards end 2. Volume of the soap
bubble at end 1 decreases

(c) no change occurs

(d) air from end 2 flows towards end 1. Volume of the soap
bubble at end 1 increases

of radius R as shown in the figure. The
density of water is p, the surface tension
of water is T and the atmospheric pressure
is p,. Consider a vertical section ABCD
of the water column through a diameter of

/ o
the beaker. The force on water on one side // //// //
of this section by water on the other side

of this section has magnitude (2007, 3M)
(a) |2 poRh + nR*0gh — 2RT |

(b) 12poRh + Rpgh® — 2RT |
(¢) |pomR* + Rpgh® — 2RT |
(d) | pymR* + Rpgh* + 2RT |

7

&\

Objective Questions IT (Only one correct option)

9. A uniform capillary tube of inner radius ris dipped vertically

into a beaker filled with water. The water rises to a height /2 in

the capillary tube above the water surface in the beaker. The

surface tension of water is 6. 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 ? (2018 Adv.)

(a) For a given material of the capillary tube, & decreases
with increase in r

(b) For a given material of the capillary tube, 4 is
independent ofc

(c) If this experiment is performed in a lift going up with a
constant acceleration, then / decreases

(d) & is proportional to contact angle 6
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Passage Based Question

10.

1.

12

Passage 1
When liquid medicine of density p is to be put in the eye, it is
done with the help of a dropper. As the bulb on the top of the
dropper is pressed, a drop forms at the opening of the
dropper. We wish to estimate the size of the drop.We first
assume that the drop formed at the opening is spherical
because that requires a minimum increase in its surface
energy. To determine the size, we calculate the net vertical
force due to the surface tension 7 when the radius of the drop
is R. When this force becomes smaller than the weight of the
drop, the drop gets detached from the dropper. (2010)

If the radius of the opening of the dropper is r, the vertical
force due to the surface tension on the drop of radius R
(assuming r << R) is

2nR*T

7

22T

(@) 2T (b) 2iRT  (c)

(d)

2

If r=5x10"m, g=10ms™2,

T =0.11 Nm™", the radius of the drop when it detaches from

p=100kgm™,

the dropper is approximately

(@) 1.4x 10° m (b) 3.3%x10° m
(c) 20x 107 m (d) 4.1x10° m
After the drop detaches, its surface energy is

(@) 1.4x107°J (b) 2.7x10°J

(c) 5.4%x10°J (d) 8.1x107°J

Integer Answer Type Questions

13.

14.

15.

A drop of liquid of radius R = 1072 m having surface tension
S = % Nm™' divides itself into K identical drops. In this
i

process the total change in the surface energy AU = 107 J. If

K = 1()“, then the value of o is (2017 Adv.)

Consider two solid spheres P and Q each of density
8 gmem™ and diameters 1 cm and 0.5 cm, respectively.
Sphere P is dropped into a liquid of density 0.8 gm cm™ and
viscositym =3 poiseulles. Sphere Q is dropped into a liquid of
density 1.6 gm cm™ and viscosity ) = 2 poiseulles. The ratio

of the terminal velocities of P and Q is (2016 Adv.)

Two soap bubbles 4 and B are kept in a closed chamber

where the air is maintained at pressure 8 Nm™2. The radii of

bubbles 4 and B are 2 cm, respectively. Surface tension of

the soap-water used to make bubbles is 0.04 Nm™". Find the

ratio n—B, where n 4 and n, are the number of moles of air in
y

bubbles 4 and B, respectively. [Neglect the effect of gravity]
(2009)

Analytical & Descriptive Questions

16.

17.

18.

19.

A small sphere falls from rest in a viscous liquid. Due to
friction, heat is produced. Find the relation between the rate
of production of heat and the radius of the sphere at terminal

velocity. (2004, 2M)

A container of width 2« is filled with a liquid. A thin wire of
weight per unit length A is gently placed over the liquid
surface in the middle of the surface as shown in the figure.
As a result, the liquid surface is depressed by a distance

vy (y < < a). Determine the surface tension of the liquid.
(2004, 2M)
A (

A soap bubble is being blown at the end of very narrow tube
of radius b. Air (density p) moves with a velocity v inside the
tube and comes to rest inside the bubble. The surface tension
of the soap solution is 7. After sometime the bubble, having
grown to radius rseparates from the tube. Find the value of 7.
Assume that » > > b so, that you can consider the air to be
falling normally on the bubble’s surface. (2003, 4M)

A liquid of density 900kg/m? is filled in a cylindrical tank of
upper radius 0.9 m and lower radius 0.3 m. A capillary tube of
length [ is attached at the bottom of the tank as shown in the
figure. The capillary has outer radius 0.002 m and inner
radius a. When pressure p is applied at the top of the tank
volume flow rate of the liquid is 8 x 10® m*/s and if capillary
tube is detached, the liquid comes out from the tank with a
velocity 10 m/s.

Determine the coefficient of viscosity of the liquid .

[Given, 7'[612 = 1076 m2 and az/l =2X 107611]] (2003, 4M)

09m

0.3m

—/1—



Topic5 Miscellaneous Problems

Objective Questions I (Only one correct option)

1 Water from a pipe is coming at a rate of 100 liters per minute.

If the radius of the pipe is 5 cm, the Reynolds number for the
flow is of the order of (density of water = 1000kg/m>,

coefficient of viscosity of water = 1 mPa s)
(2109 Main, 8 April 1)

(a) 10° (b) 10* (c) 10 (d) 10°

A soap bubble, blown by a mechanical pump at the mouth of
a tube, increases in volume, with time, at a constant rate. The
graph that correctly depicts the time dependence of pressure
inside the bubble is given by (2019 Main, 12 Jan 11)

T g
P
(@)

11— N
3 t
f !
p p
(c) (d)
t— log (t) —

. 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
(2017 Main)

1 1

(a) 5 (b) 81 (c) 81 (d9

. A person in a lift is holding a water jar, which has a small
hole at the lower end of its side. When the lift is at rest, the
water jet coming out of the hole hits the floor of the lift at a
distance d of 1.2 m from the person. In the following, state of
the lift’s motion is given in List I and the distance where the
water jet hits the floor of the lift is given in List II. Match the
statements from List I with those in List II and select the

correct answer using the code given below the lists.

(2014 Adv.)

List I List IT
Lift is accelerating vertically up. p d=12m
Lift is accelerating vertically
down with an acceleration less q d>12m
than the gravitational acceleration.
Lift is moving vertically up with d<l12m
constant speed.

No water

leaks out of
the jar

Lift is falling freely. S

10.
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Codes

(a) A-q, B-1, C-q, D-s (b) A-q, B-r, C-p, D-s

(¢) A-p, B-p, C-p, D-s (d) A-q, B-r, C-p, D-p

The pressure that has to be applied to the ends of a steel wire of
length 10 cm to keep its length constant when its temperature
is raised by 100°C is (For steel, Young’s modulus is
2% 10'"Nm™ and coefficient of thermal expansion is

1.1x 107 K™
(a) 22x10° Pa
(c) 22x107 Pa

(2014 Main)
(b) 22x10° Pa

(d) 22x10° Pa

An open glass tube is immersed in mercury in such a way that
a length of 8 cm extends above the mercury level. The open
end of the tube is then closed and sealed and the tube is raised
vertically up by additional 46 cm. What will be length of the
air column above mercury in the tube now? (Atmospheric
pressure = 76 cm of Hg) (2014 Main)
(@) 16cm  (b) 22cm  (c) 38cm  (d) 6¢cm

A uniform cylinder of length L and mass M having
cross-sectional area 4 is suspended, with its length vertical
from a fixed point by a massless spring such that it is half
submerged in a liquid of density ¢ at equilibrium position.
The extensition x,, of the spring when it is in equilibrium is

(2013 Main)
Mg Mg Lch
a) —< b) —=|1-——
@ = (b) k( I
© Mg[l_LAGJ @ Mg(l_l_LAG]
k 2M k M

A thin uniform cylindrical shell, closed at both ends, is
partially filled with water. It is floating vertically in water in
half-submerged state. If p, is the relative density of the
material of the shell with respect to water, then the correct
statement is that the shell is (2012)

(a) more than half-filled if p . is less than 0.5

(b) more than half-filled if p,. is more than 1.0

(c) half-filled ifp, is more than 0.5

(d) less than half-filled if p is less than 0.5

When a block of iron floats in mercury at 0°C, fraction k; ofits
volume is submerged, while at the temperature 60°C, a
fraction k, is seen to be submerged. If the coefficient of

volume expansion of iron is Y, and that of mercury is vy,,
then the ratio k,/k, can be expressed as (2001, 2m)

1+ 60 1- 60 1+ 60 1+ 60y
(a) YFe (b) YFe (C) YFe (d) Hg
1+ 60y, 1+ 60y, 1- 60y, 1+ 60y,

A closed compartment containing gas is moving with some
acceleration in horizontal direction. Neglect effect of gravity.
Then, the pressure in the compartment is (1999, 2M)
(a) same everywhere (b) lower in front side
(c) lower in rear side (d) lower in upper side



200 Properties of Matter

11.

A vessel containing water is given a constant acceleration a

towards the right along a straight horizontal path. Which of

the following diagrams represents the surface of the liquid ?
(1981, 2M)

a (d) None of these

Objective Questions II (One or more correct options)

12

13.

14.

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 u,. Which of the

following statements is (are) true? (2018 Adv.)

(a) The resistive force of liquid on the plate is inversely
proportional to %

(b) The resistive force of liquid on the plate is independent
of the area of the plate

(c) The tangential (shear) stress on the floor of the tank
increases with i

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

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

the action of a constant force /. 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? (2017 Adv.)

(a) Atalater time the external force F' balances the resistive
force

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

(¢) The resistive force experienced by the plate is
proportioal to v

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

Two spheres P and Q for equal radii have

densities p, and p,, respectively. The
spheres are connected by a massless string
and placed in liquids Z; and L, of densities
o0, and o, and viscosities m; and 1,,
respectively. They float in equilibrium
with the sphere P in ; and sphere Q in L,
and the string being taut (see figure). If
sphere P alone in L, has terminal velocity v, and Q alone in

L, has terminal velocity v, then (2015 Adv.)
(@) Vel =M (by Yol _ M2

Vol M Vol M
©) vp-vy >0 (d) vp-vy <0

Assertion and Reason

15.

Mark your answer as

(a) If Statement I is true, Statement I is true, Statement II is
the correct explanation for Statement [

(b) If Statement I is true, Statement II is true, Statement II is
not a correct explanation for Statement 1

(¢) If Statement I is true; Statement I1 is false

(d) If Statement 1 is false; Statement II is true

Statement I The stream of water flowing at high speed from
a garden hose pipe tends to spread like a fountain when held
vertically up, but tends to narrow down when held vertically
down.

Statement II In any steady flow of an incompressible fluid,

the volume flow rate of the fluid remains constant.
(2008, 3M)

Passage Based Questions

16.

17.

18.

Passage 1

A spray gun is shown in the figure where a piston pushes air
out of nozzle. A thin tube of uniform cross-section is
connected to the nozzle. The other end of the tube is in a
small liquid container. As the piston pushes air through the
nozzle, the liquid

from the container D

ises into th 1 =
rises into the nozzle
and is sprayed out. ’E\

For the spray gun shown, the radii of the piston and the
nozzle are 20 mm and 1 mm respectively. The upper end of
the container is open to the atmosphere. (2014 Adv.)

If the piston is pushed at a speed of 5 mms™, the air comes
out of the nozzle with a speed of

@01ms™" (b)Ims™ ()2ms”  (d)8ms™

If the density of air is p, and that of the liquid p,, then for a
given piston speed the rate (volume per unit time) at which
the liquid is sprayed will be proportional to

ORI \/ST (d)p,

Passage 2

A small spherical monoatomic ideal gas bubble (y = 5/3)is
trapped inside a liquid of density p, (see figure). Assume that
the bubble does not exchange any heat with the liquid. The
bubble contains » moles of gas. The temperature of the gas
when the bubble is at the bottom is 7}, the height of the liquid
is H and the atmospheric pressure is p, (Neglect surface
tension) (2008, 4M)

o
P

As the bubble moves upwards, besides the buoyancy force
the following forces are acting on it. (2008, 4M)

(a) Only the force of gravity



(b) The force due to gravity and the force due to the pressure
of the liquid

(c) The force due to gravity, the force due to the pressure of
the liquid and the force due to viscosity of the liquid

(d) The force due to gravity and the force due to viscosity of
the liquid

19. When the gas bubble is at a height y from the bottom, its

temperature is (2008, 4M)
2/5 2/5
(a)TO(p0+plgHj (b) To(p0+plg(H_y)]
Potp1gy po+p;8H
3/5 3/5
(C)To(po-{—plgHj (d)To(p0+plg(H_y)j
PotpP & po+p, gH
20. The buoyancy force acting on the gas bubble is (Assume R is
the universal gas constant) (2008, 4M)
2/5
(a)p]nRgTo (pO +p/gH)2/5
(Po+p18Y)
(b) plnRgTO
(po+p gH ) [Py +p, 8 (H =y
3/5
(C)pﬂ’leTo (pO +plgH)8/5
(Po+P;8Y)
pnRgTy

(d)

(po+p,gH)" [ py+p,g(H=- )

Fill in the Blank

21. A piece of metal floats on mercury. The coefficients of
volume expansion of the metal and mercury are y, and vy,
respectively. If the temperatures of both mercury and the
metal are increased by an amount AT, the fraction of the
volume of the metal submerged in mercury changes by the
factor ...... . (1991, 2M)

True / False

22. Water in a closed tube (see figure) is heated with one arm
vertically placed above a lamp. Water will begin to circulate
along the tube in counter-clockwise direction. (1983, 2M)
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Integer Answer Type Question

23. A cylindrical vessel of height 500 mm has an orifice
(small hole) at its bottom. The orifice is initially closed and
water is filled in it upto height H. Now, the top is completely
sealed with a cap and the orifice at the bottom is opened.
Some water comes out from the orifice and the water level in
the vessel becomes steady with height of water column
being 200 mm. Find the fall in height (in mm) of water level
due to opening of the orifice. (2009)
[Take atmospheric pressure = 10x 10°Nm™, density of
water = 1000kg m ™ and g = 10 ms ™. Neglect any effect of
surface tension. ]

Analytical & Descriptive Questions

24. A U-shaped tube contains a liquid of density p and it is
rotated about the line as shown in the figure. Find the
difference in the levels of liquid column. (2005, 2M)

S

L

25. A ball of density d is dropped on to a horizontal solid
surface. It bounces elastically from the surface and returns to
its original position in a time #,. Next, the ball is released and
it falls through the same height before striking the surface of
a liquid of density d; . (1992, 8 M)
(a) Ifd < d,, obtain an expression (in terms of d, ¢, and d; )

for the time ¢, the ball takes to come back to the position
from which it was released.

(b) Isthe motion of the ball simple harmonic ?

(c) If d = d;, how does the speed of the ball depend on its
depth inside the liquid? Neglect all frictional and other
dissipative forces. Assume the depth of the liquid to be
large.

26. Two identical cylindrical vessels with their bases at the same
level each contain a liquid of density p . The height of the
liquid in one vessel is /; and in the other is /,. The area of
either base is 4. What is the work done by gravity in
equalising the levels when the two vessels are connected ?

(1981, 4 M)
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13. (b) 14. (¢) 15. (a) 16. (a, b)
17.PL% 18. M8 19. 1 (ﬁ)xz
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8. (b) 9. (a, ¢)
10. (c) 11. (a) 12. (b) 13.6
14.3 15.6 16.99 o 5

dt
17. 2 18. 4—T2 19. -1 Nosm?
2y pv 720

Topic 5

1. (b) 2. (b)

3. (d) 4. (c) 5. (a) 6. (a)

7.(c) 8. (a) 9. (a) 10. (b)
11. (¢) 12. (a,c,d) 13. (a, c, d) 14. (a, d)
15. (a) 16. (c) 17. (a) 18. (d)
19. (b) 20. (b) 91, 1AL 9o i

1+ y,AT
272
23.6 24,17 = 9L
2g

25. (a) _hdy (b) no (c) remains same
d,—d

Y
26. 225 ()’

Hints & Solutions

Topic 1 Elasticity

1. Ingiven experiment, a composite wire is stretched by a force F'.

Brass | Steel }—> Force (F)

Net elongation in the wire = elongation in brass wire +
elongation in steel wire ...(1)

Now, Young’s modulus of a wire of cross-section (4) when

Fl
some force (F)is applied, Y = ——
(F)is app Al

We have,
Al = elongation = R
AY

So, from relation (i), we have

Al = Alb]rass + Alsteel
Fl Fl
= Al — —

net — + ( j
AY )brass AY steel

As wires are connected in series and they are of same area
of cross-section, length and subjected to same force, so

Alnet =F( l + l )
A Ybrass Y,

steel

Here,
Al

o =02mm=02x10"m

and /=1m
Yirass = 60 x logNm72 s Yteel = 120 x 109Nm’2
On putting the values, we have

02x10° = £ 19+ 19
A1 60x10°  120% 10




= Stress = S = 8% 10°Nm ™2

No options matches.

. Letd,;, =minimum diameter of brass.
Then, stress in brass rod is given by

F _ 4F nd*
0=—=—1— A= —
A nd?nin 4
For stress not to exceed elastic limit, we have
6 < 379MPa
= < 379% 106
ndzmin
Here, F =400N
I 1600
™ x379%10°
= d, =1.16x10°m =1.16 mm
. When a wire is stretched, then change in length of wire is
Al = i , where Y is its Young’s modulus.
Y

Here, for wires 4 and B,
ly=2m,[; =15m,

Y—Az—,rB=2mm=2><10_3mandF—A=l
Y, 4 Fy
As, it is given that Al, = Al
Fyly _ Fply

=

2 2
Y, TmpY,
2 Fa la Yp 2

= 7y = . . o
! Fy lp Y, ’
2. 4 -6 -6
=IX—x=%x4x10"m=304x10"m
L5 7
or Ty = L7x107° m
or 7y =17mm

. Given, radius of wire, 7 = 2mm=2x 10" m Weight of load,

m=4kg, g =31nms>

Force(F) mg

Area (A4) ol

_ 4x31xm
Tx(2x107 )

Tensile stress =
=31x10°Nm™

. When rubber cord is stretched, then it stores potential energy
and when released, this potential energy is given to the stone

as kinetic energy.
m
| v

So, potential energy of stretched cord
= kinetic energy of stone

Rubber
cord |L

Properties of Matter

2
= Ly(ALY =Ly

2 \ L 2
Here, AL=20cm=02m,L=42cm=042m,

v=20ms", m= 0.02kg, d = 6mm = 6x 103 m

2 _ 2
. Aznrzzn(dj =7{6X103J
2 2

=n(3%x10° ) =91 x10° m?

On substituting values, we get
_ omv*L 0.02x (20)* x 042
CAALY 9mx 107 x (0.2)?

A = M8
AY

where, Y is the Young’s modulus of the wire.

Mg

203

~30x10°Nm™

So, the closest value of Young’s modulus is 10° Nm ™.

. When load M is attached to wire, extension in length of wire is

..

when load is immersed in liquid of relative density 2,

increase in length of wire as shown in the figure is

LI

A, = Mg =)l
AY
where, Iz = Buoyant force
Mg — Mg .pljl r v
Py g
Al =V A F = V = —
2 R L B ="pP.g ,
Here given that, Pr_ 2 = !
p, 8 4
(1)
So, AL, =~—~
AY
Dividing Egs. (ii) by (i), we get
AL _3
AL 4
3
= AL == x A
4
3
= 2 X 4 mm = 3mm

ng}

..
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7. Ifarod of length L and coefficient of linear expansiono./°C,
then with the rise in temperature by AT K, its change in

length is given as,
AL .
AL=Lo AT2>7=0L AT ..(0)

Also, when a rod is subjected to some compressive force
(F), then its” Young’s modulus is given as

F
¥ = Stress 4
Strain AL
L
AL F ..
—=— (i
L Y4 )

Since, it is given that the length of the rod does not change.
So, from Egs. (i) and (ii), we get

ocAT:£=> Y = r
YA Ao AT
8. ap=F_me
A a
Bulk modulus, K =L~
AV IV
4_;
Here, V=§nr
and AV or  dV =(4n )dr
mg
A4 dr__ mg
= K=- or —=——2
Amtdy r 3Ka
A
3
9 r=om |k )
g
T, =2 L+AL
g
Here, _ L _ Mgl
AY  AY
L+ Met
T, =2m|—AY ..(ii)
g

Solving Egs. (i) and (ii), we get
1oAY
Y Mg|\T

FL FL

10. Al=——=—"" = Al < —
AY  (mt)yY ”
Ay LUR
AL, 2L/(2R)
11. From the definition of bulk modulus, B = —dp
@vm)
Substituting the values, we have
_ 5
p o (L165- 10X 107 oo s

(10/100)

12. Al= (l) w
YA

ie. graph is a straight line passing through origin

(as shown in question also), the slope of which is é .

/
Slope =| —
P (YAJ

_(1)( 1 j_(l.o) (80— 20)
Y =|— S L
A )\slope) (107°) (4-1)x107*

=2.0x10" N/m?

13. Inisothermal process
pV = constant

dp p)

dV +Vdp=0 or |—|=—|+
par s vip=0 or ()=
v

B=p
NOTE Adiabatic bulk modulus is given by B = y P.

14. Thermal stressc =Y o AO

Given, 6,=0,
Y,00,A0 = V0,40 or 1L=%2 23
Y, o 2
15. Al=ﬂ=7Fl or (Al)oci
AY  (nd? d?
— Y
4

I . . . .
Now, ? is maximum in option (a).

stress
16. Y="—0 Strain
strain
or Y oc
strain Q

(for same stress say G)
(strain ), < (strain )p
=Y >Y
So, P is more ductile than Q. Further, from the given figure
we can also see that breaking stress of P is more than Q. So, it
has more tensile strength.

S Stress

P
Q

Strain

Stress



17. Let A4 be the area of cross-section of the rod. FBD of rod at
mid-point

k——L—

—— a

Mass m = volume x density

=(§.Ajp

—L/2—f
m — a
L
T'=ma =|—Apa
(2 g )
1
Stress = — = —pa L
18, ap-Me _ |AV|_tp_ Mg
| v | &k 4k
Now as, V=%TI:R3 orV <R3
AV_3(AR)
V R
or AR _ I(AV) )
R 3LV
*. From Eq. (1)
AR _ Mg
R 34k
19. w= Lk
2
Here, K =ﬁ
L

W = l(msz
2\ L
20. Young’s modulus of elasticity is given by
y = Stress F/A FL  FL

" Strain /L 14 l(ndz]
4

Substituting the values, we get
50x1.1x4
Y= 3 L)
(1.25x107°)xmx (5.0x107")
=224 x 10" N/m?
AY AL AL Ad

-+ 22—
Y L / d

_ (0.1){0.001)”(0.001}: 0.0489
110) 10.125 0.05
AY = (0.0489)Y = (0.0489) x (2.24 x 10'" ) N/m?
=1.09x 10" N'm*

Now,
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21. (a) The change in length due to decrease in temperature,
Al =Lo AB = (0.5)(107) (0 - 100)
Al =-05x10"m ...(0)

Negative sign implies that length is decreasing. Now, let
M be the mass attached to the lower end. Then, change in
length due to suspension of load is

_ (Mg)L _ (M)(10)(0.5)

AbL= - 6 11

AY  (4x107%)0')

Al =125x107)M

AL+AL=0

or (1.25x10°)M =(0.5x107)
-3

v [ 0:5%10 ke
125%x107°

or M =40kg
(b) Energy stored,

...(ii)

At 0°C the natural length of the wire is less than its actual
length; but since a mass is attached at its lower end, an
elastic potential energy is stored in it. This is given by

1 AY 2
U=—-|—|Al ...(iil

1ar)y, ()

Here, Al=|AL|=AL =05%10"m

Substituting the values,

—6 11
U= 1[4x107 x10
2 0.5

NOTE Comparing the equation

Y=m or F=(£)Al
Al'JL L

with the spring equation F = K - Ax, we find that equivalent

](0.5 x 102y =017

spring constant of a wire is k = (ATY)

Therefore, potential energy stored in it should be

-1 2 _ 1AV
U= Jkia 2( : ](A/)

Topic 2 Ideal Fluids at Rest

1. Pressure inside a fluid volume open to atmosphere is
P=po+hpg
where, p = pressure at depth 4, i = depth,
p = density of fluid
and g = acceleration due to gravity.

In problem given,
when & = d,, pressure p; = 5.05x 10° Pa and when % = d,,
pressure p, = 8.08 X 10° Pa
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So, we have
P = po +dpg = 5.05x10°

and Py = po +dypg = 8.08x10°
= Py = p = (d, —d, pg =303 x10°
6
= d,—d = 303107
pg

Given, p =10’ kgm™

and g=10ms™
_303x10°

2 0 x 10
=303m=300m

. (a) For a floating body,

upthrust = weight of the part of object, i.e. submerged in the
fluid.
In first situation,

So, weight of block of volume V' = weight of
water of volume % V=7Tp,g= %prg

where, p,, = density of block
and p,, = density of water.

= Py _ i .. ()
Py 5
In second situation,
v
2

So, weight of block of volume V' = weight of oil of volume

% + weight of water of volume %

V V
= Vpyg = SP8 T oPug
where, p, = density of oil.
= 20, =P, +Py
= 2p7h:p7”+ 1
Pw  Pw
- axd_Po [using Eq. (i)]
P
= Po/p, =8/5-1

=3/5=06

3.

4.

5.

Equating pressure at 4, we get
Rsino d, + Rcosal d, + R(1—coso) d,
=R(l-sina)d,

(sino +cosa) d, = d,(cosa —sina)
d; 1+ tano

= =
d, 1-tano

[ will decrease, because the block moves up and /# will
decrease, because the coin will displace the volume of water
(7} ) equal to its own volume when it is in the water whereas
when it is on the block it will displace the volume of water
(V,) whose weight is equal to weight of coin and since
density of coin is greater than the density of water, V] <V;.

F, — F, = upthrust F
F, = F} + upthrust
Upthrust
Fy = (py +pgh) TR* +Vpg T
= pomR? +pg (MR*h + V)
.. Most appropriate option is (d). Fa

D [3L/4

L /4=

Considering vertical equilibrium of cylinder
Weight of cylinder = Upthrust due to upper liquid
+ upthrust due to lower liquid
(A/5)(L)Dg = (A/5)(3L/4)(d) g
+(A4/5)(L/4) (2d)(g)

_(3 1
D_(4)d+(4)(zd)
5

D==-d
4

7. Let density of material of sphere (in g/cm®) be p.

Applying the condition of floatation,
Weight = Upthrust

V V
or Vpg =—Poil& + 7pHgg

2 2
0.8 13.6

=24 22 = 72g/km’
5 g



10.

11.

12.

13.

P =D
Po +P18h = py +pygh
Pr =Py =py =11
In a freely falling system g .4 = 0 and since,

Upthrust =V;p;g.x
(V; = immersed volume, p,; = density of liquid)
: Upthrust = 0
— Upthrust

Wapp = Wactual

Upthrust F' =Vsp; g

Here, Vg = volume of solid, p; = density of liquid

At higher temperature F" =V{p; g

F?_Vs pp _ (1+v5A0)

F Vs p, (1+7,A0)

Since, (given)

Ys <Y.

F'<F or w, >w

pp app

Let 4, = Area of cross-section of cylinder = 47r?

A, = Area of base of cylinder in air = 7/
and A; = Area of base of cylinder in water

=4, - 4, =30
Drawing free body diagram of cylinder
(Poth1pg)A;
1
l %QhA1
PoA2 {potpg (hi+h)}A,

Equating the net downward forces and net upward forces, we
5
get, h = 3 h.

Again equating the forces, we get

4h
hz = ?
lPoA1
l %QhA1
PA2 (Po+pPghy)As

For h, < 4h/ 9, buoyant force will further decrease. Hence,

the cylinder remains at its original position.

14.

15.

16.

17.

18.
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On small sphere
%nR3(p)g+kx=§TcR3(2p)g -..(0)
On second sphere (large)
%nR3(3p)g:%nR3(2p)g+kx ..(ii)
By Egs. (i) and (ii), we get
- 4n§;pg
F =Upthrust =Vd,g

Equilibrium of 4,
Vdpg =T+ W,=T+Vd,g ...(1)
Equilibrium of B,
T+Vdeg =Vdgg ...(ii)
Adding Egs. (i) and (i), we get

2d,=d, +dg
.. Option (d) is correct
From Eq. (i) we can see that d > d 4
.. Option (a) is correct.

From Eq. (ii) we can see that, d > dp

*. Option (b) is correct.
-, Correct options are (a), (b) and (d).
Liquid will apply an upthrust on m. An equal force will be
exerted (from Newton’s third law) on the liquid. Hence, 4
will read less than 2 kg and B more than 5 kg. Therefore, the
correct options are (b) and (c).

(asT > 0)

When ice melts level of water does not change. In case of
lead, it was initially floating i.e. it would had displaced the
water equal to the weight of lead. So, volume of water
displaced would be,

V= m (m = mass of lead)
Now, when ice melts lead will sink and it would displace the
water equal to the volume of lead itself. So, volume of water
displaced in this case would be,

Vv, = mn Now, asp; >p,,,V, <V or level will fall.
Py

On increasing the temperature of mercury its density will
decrease. Hence, level of mercury in barometer tube will
increase.
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19. (a) Liquid 4 is applying the hydrostatic force on cylinder
from all the sides. So, net force is zero.

Ar 1 Th
A ha
B )(hB

(b) In equilibrium
Weight of cylinder = Net upthrust on the cylinder
Let s be the area of cross-section of the cylinder, then
Weight = (S) (h + hA + hB )pcylinderg
and upthrust on the cylinder
= upthrust due to liquid 4 + upthrust due to liquid B
=sh,p 48 + shgppg
Equating these two,
S(h+hy + hg)Poyiinger€ =58P 4 + hpPp)

or (h + hA + hB )pcylindcr = hApA + thB
Substituting,

h, =12cmhy =08cmandp, = 0.7g/m’
pp =1.2 glem® andp cylinder = 08 glem®
In the above equation, we get 7 = 0.25cm

(c) Net upward force = extra upthrust = shp z g

. Force
.. Net accelerationa = ——————
Massof cylinder
h
or a= shppg
S(h + hA + hB )pcylinder
or hppg

- (h + hA + hB )pcylinder
Substituting the values of &, b hy,pp and P yingers

g

we get, a = (upwards)

20. Let M = Mass of stick =7 R? pL

= —

21.

/ = Immersed length of the rod

G =CM of rod

B = Centre of buoyant force (F)

C = CM of rod + mass (m)

You = Distance of C from bottom of the rod

Mass m should be attached to the lower end because
otherwise B will be below G and C will be above G and the
torque of the couple of two equal and opposite forces F and
(M + m) g will be counter clockwise on displacing the rod
leftwards. Therefore, the rod cannot be in rotational
equilibrium. See the figure (iii).
Now, refer figures (i) and (ii).
For vertical equilibrium Mg + mg = F (upthrust )
or (nRzL)pg +mg = (1‘LR2 o g

- T R*Lp + m
n R’

Position of CM (of rod + m) from bottom
L 5 L

M.— TRLp)—
5 ( P) 5

Y = =
M M+m (mRLp)+m

Centre of buoyancy (B) is at a height of é from the bottom.

We can see from figure (ii) that for rotational equilibrium of
the rod , B should either lie above C or at the same level of B.
/

Therefore, 3 = Youm
L
2
o nRLp+m_ (R
2nR%c (nR*Lp)+m
or m+ nRsz = TCRzLJpG
or m=7 R*L(yJpo - p)

. Minimum value of m is © R*L Wpo —p)

Submerged length = 0.5sec 0, F = Upthrust, w = Weight
Three forces will act on the plank.

(a) Weight which will act at centre of plank.

1

o)

w

(b) Upthrust which will act at centre of submerged portion.
(c) Force from the hinge at O.

Taking moments of all three forces about point O. Moment of

hinge force will be zero.



.. Moment of w (clockwise)

= Moment of F' (anti-clockwise)

(Algp)ésin 0=4(0.5scO)(p,) (g)( 0'5;“9) sin®

0526 = (05 ()

() (p)
_©05° 1 (as /= 1m)
0.5) 2
cos O = %
or 0 =45°

22. When stones were floating with boat, they will be displacing
water of volume (say /;) whose weight should be equal to
weight of stones. When the stones sink, they will displace
water of volume (say ¥7,) whose volume is equal to the
volume of stones. But since density of water is less than the
density of stones.

Vi >V, or level will fall.

23. Let area of cross-section of the tube be 4.
N\T

B |P2 || @5 +xcm

A 10cm
(n
“Zsom

45 cm

50 )0 10cm %

(@) A (45 -x) cm

(o)

Applying p,V; = p,V, in 4 and B we have,
Po(45) (4)= py (45-x) 4
or 76x45= p,(45—x) ...(1)
Po(45) (4)= p,y (45+x) 4
76 x 45= p,(45+ x)

...(ih)
From Egs. (i) and (ii), we get

1 1
- =76x 45 -
(Pr=p2) (45—x 45+x]
From figure (b),
(p; — py) A = Weight of 10 cm of Hg column
or p, — p, = Pressure equivalent to 10 cm of Hg column

1 3
45-x 45+ x] -
Solving this equation, we get

x=295cm

76X 45(
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Topic 3 Ideal Fluids in Motion

1. Key Idea Terminal speed of a sphere falling in a viscous fluid is
2

2r
Vr==—(po —PFg
9
where, n = coefficient of viscosity of fluid,

po = density of falling sphere
and p; = density of fluid.

As we know, if other parameters remains constant, terminal
velocity is proportional to square of radius of falling sphere.
ie. vy o< ..()
Now, when sphere of radius R is broken into 27 identical
solid sphere of radius 7, then Volume of sphere of radius
R = 27 x Volume of sphere of radius

= 4R 2 27x A
3 3
= R =73r
R
= r=
3

So, from Eq. (i), we have

v R?

o

2 Given situation is as shown in the figure below

-

Aqvy

wslo

AxVp

From equation of continuity,

Aot

v

where, A = area of flow
and v =velocity of flow.
.~.Increase in speed of flow causes a decrease in area of flow.
Here given that height of fall, 2 = 0.15 m
Area, A=10"*m?

1

Initial speed, v=1ms"
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Velocity of water stream below / height is

vy = \/vlz + 2gh [ov? — u® = 2gh]

Substituting the given values, we get

=P +2%x10% 015=+/4 =2 ms™'

Now, from equation of continuity, we have

Ay, = A4,v,
or A, =M
V2
—4
Ay = 107" x 1
2
=0.5x10™
=5%107° m?

3 When liquid filled vessel is rotated the liquid profile
becomes a paraboloid due to centripetal force, as shown in
the figure below

Pressure at any point P due to rotation is
L 29
=—pro

Pr ZP
Gauge pressure at depth yis p; = — pgy
If p, is atmospheric pressure, then total pressure at point P is
1
p=potprw’ - pgy

For any point on surface of rotating fluid,

P=DPo
Hence, for any surface point;

_ I 55
Po—Po"‘Ep”w - pgy

or %przuﬁ = pgy
2 2
rw .
or = o1
y 2 (1)

In the given case,

Angular speed, = 2rps = 2 2 = 4 rad s~

Radius of vessel, r=5cm = 0.05m

and g = 10ms™

Hence, substituting these values in Eq. (i), we get
Ve o’ (4m)*(0.05)

=002m=2cm
2g 2x 10
4 Mass per unit time of a liquid flow is given by
@ = pAV
dt

where, p is density of liquid, A4 is area through which it is
flowing and v is velocity.

. Rate of change in momentum of the 25% of liquid which
loses all momentum is

dp, 1(dm 1 2 .
—_— = —|y=— AV .1
dt 4(01;) 4" @

and the rate of change in momentum of the 25% of the liquid
which comes back with same speed.

dp, 1(dm 1 2 .
dt_4(dtj ZV—EpAv ...(i1)
[ Net change in velocity is = 2v]
.. Net pressure on the mesh is
_ Free _ (dp/ dt +dp, [ dt) [...dep}
A A dt
~.From Egs. (i) and (ii), we get

3 5 3 5
=—pv'A4/4=—pv
p 4p 4p

5 As, level of water in tank remains constant with time, so

(water inflow rate) = (outflow rate of water)
=10 * m®~! = Area of orifice

x Velocity of outflow
=10 m’s™ ' =10"* x \2gh

where, i = Height of water above the orifice or hole.

= 4J2¢h =1
or 2x98x h=1
1 100
h=——m=—cm
19.6 19.6
or h=51cm

6 For the given condition, a water tank is open to air and its

water level maintained.
7 7

1
l

e

; . Water tank
Circular opening

of radius 'r’

Suppose the depth of the centre of the opening from level of
water in tank is 4 and the radius of opening is r.



According to question, the water per minute through a
circular opening flow rate (Q) = 0.74 m*/min
0.74
=——m
60
r = radius of circular opening = 2cm

3s

Here, the area of circular opening = 7(7*)
a=mx(2x1072) =4nx 10 m?
Now flow rate through an area is given by
O = Area of circular opening x Velocity of water
O=axv=n(?)xv
0.74 4 .
E—(47t><10 )X v ...()

According to Torricelli’s law (velocity of efflux)

v =/2gh ...(11)
Equation value of ‘v’ from (i) and (ii) we get,
4
\/@ _ 0.74 x 10
60 x 47
4N\2
074 x 10 1
= h=|—~——""" X —
60 x 47 2g
h=48m
. Applying continuity equation at 1 and 2, we have
Ay = A, ...(1)
h[
2—>

Further applying Bernoulli’s equation at these two points, we
have

1 1 ..
Po +Pgh + Epvl2 =py+0+ Epvg ...(i1)
Solving Egs. (i) and (ii), we have v; = 3
1- 22
A7

Substituting the values, we have
V; _ 2x10x 2?75 _ 50m2/52
1-(0.1)

. Velocity of efflux at a depth £ is given by v = /2gh. Volume
of water flowing out per second from both the holes are
equal.

gV = a0

or () 2g(y)=nR>\/2g (4y) or R =

Von

9. From conservation of energy

v; = vi + 2gh ()
[can also be found by applying Bernoulli’s theorem]

10.

11.

211

Properties of Matter

From continuity equation
Aivy=4,v,

A, .
v, =| —|» (il
(4 .
Substituting value of v, from Eq. (ii) "
. . A,
in Eq. (1),
2 2 2
A—lz.vlz:v12+2ghorA22=;117‘}1 T
A5 vi + 2gh ;
A, = A4, v
Vi + 2gh .
Substituting the given values z Vo
(1074)(1.0)
A4, =
JL.0 +2(10) (0.15)
A, =50x107 m?
From continuity equation
Ay = Ay,
1 2
—— —V,
A4, 10
v=—|y=|—|1
2 ( Az) I ( 5 ) M
=2m/s
Applying Bernoulli’s theorem at 1 and 2
+ 1pv2 = + 1pv2
P S P LM
1
P2 =D +EP(V12_V§)
= (2000+;>< 10° (1- 4))
P, = 500Pa
From equation of continuity (4v = constant )
T i .
" (8)? (0'25)=Z (2)* (v) (D)

Here, v is the velocity of water with which water comes out
of the syringe (Horizontally).
v=4m/s

The path of water after leaving the syringe will be a parabola.

Substituting proper values in equation of trajectory.

g’

2u? cos?0

According to question, we have,

Solving Eq. (i), we get

y=xtan 6 —

15— Rne - DR
(2) (4)* cos? (°

(R = horizontal range)
Solving this equation, we get R =2m
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12. Given, 4, =4x107m?, 4, =8x107 m?,
h=2m, h,=5m,
v, = Im/s and p = 10° kg/m’
From continuity equation, we have

A
Ay = Ay, or vy, =| |y
4,

-3
or v, = 4X103 (1 m/s)
8x 10~
1
= v, =—m/s
2

Applying Bernoulli’s equation at sections 1 and 2

1 1
12 +Epv12+pgh1 =ptop v; +pgh,

1 .
or Pl_Pz=pg(h2_h1)+EP(V§_V12) ()
Ag
Vo
Aq
2
ES h2
h 1

(a) Work done per unit volume by the pressure as the fluid
flows from P to Q.
Wi=p~-p |
=pg(hy =)+ p (7 =) [From Eq. (i)]

_Jam v Lo Lo
_{(10 )(98)(5=2)+ _ (10 )(4 1)}
=[29400 - 375]= 29025J/m’

(b) Work done per unit volume by the gravity as the fluid
flows from P to Q.
Wy =pg (hy = hy)
={(10°)(9.8) (2= 5)}
or W, = —29400 J/m’
13. (a) Mass of water = (Volume ) (density)
: my = (AH)p
my .
=—> @
Ap )

Velocity of efflux,

v=.42gH = 2gﬂ
Ap
_ [Pmg
Ap
Thrust force on the container due to draining out of liquid
from the bottom is given by,

< F
F = (density of liquid) (area of hole)(velocity of efflux)
F = pav2
F =p(A/100)?
= p(A/lOO)(szg]
Ap

F o Mg
50
. Acceleration of the container, a = F'/my, = g/50
(b) Velocity of efflux when 75% liquid has been drained out

i.c. height of liquid, h = 1 = Mo_
4 44p

v
v=,/2gh= Zg(;:fﬁj
v= Mg

2A4p

14. (a) (i) Considering vertical equilibrium of cylinder
Weight of cylinder = upthrust due to upper liquid
+ upthrust due to lower liquid

(/;j(m.g - (/51) ﬁj(d)g + (i) @ (24) ()
oo o

= Dzéd
4

(i1) Considering vertical equilibrium of two liquids and the
cylinder.
(p = py)A4 = weight of two liquids
+ weight of cylinder
. weight of two liquids + weight of cylinder )
A
Now, weight of cylinder

(4 (A1) (5] ALde
(4w =4 e (34]

4

Weight of upper liquid = (IZ Adgj and



Weight of lower liquid = %A (2d)g

= HAgd
*. Total weight of two liquids = %HAdg

*. From Eq. (i) pressure at the bottom of the container

will be
Gj Hadg + L%
P=pyt 1
or  p=p,+BOAFD)

4
(b) (i) Applying Bernoulli’s theorem,

H H
+dg| = |+ 2dg| = - h
o+ de[ |+ 205 5 )

=po+ %(Zd)vz

Here, v is velocity of efflux at 2.
Solving this, we get

y= /(3H—4h)%

H
2
@_’b x v
| ——
X

(ii) Time taken to reach the liquid to the bottom will be

t=42hlg

.. Horizontal distance x travelled by the liquid is

x=vt= (3H—4h)gj[ 2}‘}
2 g
x=1Jh (3H - 4h)

(iii) For x to be maximum % =0

1

—(3H-8h)=0
2. h(3H — 4h)( )
3H
or h=—
8

Therefore, x will be maximum at 4 = %

The maximum value of x will be

]
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Topic4 Surface Tension and Viscosity

1. Given,
T
Ty _ g5 PHe 36
Ty Pw
cos 0 °
and Hg _cos135° 1
cos Oy cos (° V2
Height of the fluid inside capillary tube is given by
h= 2T cos 0
pgr

According to given situation, %, = hy,
. 2 Tw cos ew B ZTHg Ccos SHg

Pw &1y pHg g ng

Tg _ [ Tg | [0S Ong [ Py,
he  \T, )\ cosO, J{pug

Given, iy, =5 and ;, = 15, then

Substituting the given values, we get

Me _ i _ 45 1.
T, n V2136
=04=2/5
2. Height of liquid rise in capillary tube,
2T cos0,
h="—7—"2%
prg
= h o< 1

r
So, when radius is doubled, height becomes half.

h=h/2
Now, density (p) = _mass (M)
volume (V')

= M =p x h

M’ = pnr/2 W

MR () (h]2) 5

M h h
= M’ =2M

Alternate Solution

213

According to the given figure, force inside the capillary tube

is
2T =Mg = M o< r
When #’ = 2r,then M’ =2M
3. By ascent formula, we have surface tension,
r="% 10N
2 m
= dhg % 10° N
m
AT _ad | Ah
T d h

So, percentage = AT x 100 = Ad +A—h x 100
T d h

2T

Mg

[given, g is constant]
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125% 1072 145x 1072
=15%
AT

— x100=15%
T

—2 —2
=(0.01>< 107 001x10 jx 100

4. Let R be the radius of the meniscus

formed with a contact angle 0. By B
geometry, this radius makes an angle o+ g
P
0+ % with the horizontal and, p(: g eIh
P\ |2
cos(e +°2°J =b/R .() "\ |2

Let P, be the atmospheric pressure and P, be the pressure just
below the meniscus. Excess pressure on the concave side of
meniscus of radius R is,

P,—P =2S/R ...(i1)
The hydrostatic pressure gives,
Py— P, = hpg ...(1ii)

Eliminate (P, — P ) from second and third equations and
substitute R from first equation to get,

28 28 a
h=—=—"—cos|0+—
pgR  bpg 2

5. The bubble will detach if,

Isin 0T x dl = T(2mr)sin 6
Buoyant force > Surface tension force

%nR3pwg > [T x disin®
(py) (inRSJg > (T) (2mr)sin®
sin@ = r

=
R
4
Solving, r= 20.R'g :Rz,/prg
T 3T

No option matches with the correct answer.

6. Decrease in surface energy = heat required in vaporisation.
S =4m’
ds =2(4nr) dr
T(dS )= L(dm)
T(2) (4nr)dr = L(4mrdr) p

2T

r==—
pL

7.

10.

11.

12.

13.

Ap, _ AT and Ap, _Ar

i 1)
i <n = Ap >Ap
.. Air will flow from 1 to 2 and volume of bubble at end 1
will decrease.
Therefore, correct option is (b).

Force from right hand side liquid on left hand side liquid.
(1) Due to surface tension force = 2RT (towards right)
(i1) Due to liquid pressure force

x=h
[ (po+pgh)(2R - x) dx
x=0
(2poRh + Rpgh*) (towards left)
. Net force is [2p,Rh + Rpgh® — 2RT |

e 20cos0
g
(a) > hoe 1
r
(b) & depends upon G.
(c) If lift is going up with constant acceleration.
g = (g+a) = h= 26 cosO
eff = =
rp(g+a)

It means / decreases.
(d) A is proportional to cos©.

Vertical force due to surface tension,

2
F, = Fsin® = (T2w) (/R)= 2T

.. Correct option is (c).

22T 4
=mg =—TnR"-p-
R g 3 pP-g

3T 3x (5% 10742 (011)
g 2x10°x 10
=4125%x 10" m*
~ R=1425x10"m=14%x10">m
.. Correct option is (a).
E = (4nR*)T
= (4m) (14 x 107 %) (011)
=27%x10°%]J

*. Correct option is (b).

R4

Surface energy,

From mass conservation,
4 4
p~§nR3 =p'K-§nr3 = R=K"’r

AU =TAA =T (K -4m* — 4nR?)
=T(K -4nR*K ™3 — 4mR?)
AU = 4nR’T[K"3 - 1]

Putting the values, we get
—1

1070 =19 s w10k - 1]
4n



100=K"3 —1
= k'3 =100= 10
Given that K =10"
1073 =107
= Y2 a=6
3
14, Terminal velocity is given by
277
vp =—~—(d-p)g
9n

v _ % Mo (d=pp)

Vo - Vé Ny (d=py)

_( 1} (2} (8-0.8)
=|—[X| = |X
05) \3) (8-16)

=4x=x——==3
3 64
15. Although not given in the question, but we
will have to assume that temperatures of A .
and B are same. o= 8Nm?2

np _ PgVs/RT _ PV

ng p4/RT  py,
_ p+AS/r x4/3m(r, )
(p+4S/n)x4/31 (1, )

(S = surface tension)

Substituting the values, we get
Ny _ 6
ny

2
16. Terminal velocity v, = z;ﬂig (Ps —Pr)
mn

and viscous force F' = 6nnrv,

Rate of production of heat (power) : as viscous force is the
only dissipative force.

Hence,
d
7? = Fvp = (6mnrvy )(vp ) = 6mnmvi

8ng’ 25 dg s
= - P oor —= e
m Ps —PL) ar

17. Free body diagram of the wire is as shown in figure.

a

" S

W= Ag
T = surface tension
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Considering the equilibrium of wire in vertical direction, we

have
2Tl cos 6 = Alg .0
For y<<a,cos9::Z
a
Substituting the values in Eq. (i), we get
rote
2y

18. Surface Tension force
= 2mh X 2T'sin O

Mass of the air per second entering
the bubble = pA4v

Momentum of air per second
= Force due to air = p41v”

The bubble will separate from the
tube when force due to moving air becomes equal to the
surface tension force inside the bubble.

2mb % 2T'sin @ = pArv?
putting sin@ = é, A =nb* and solving, we get
ar
o
19. When the tube is not there,

1 1
P+Po+§pr+ng=EpV§+Po

1
: p+ng=Ep(v22—V12)

A = 4yvy

A,V
or v = 2272
4,

1 ) 1
=—xpx(10)"]1-—
5 %P ( ){ 81}

_4x10°p
8l

_ 4% 10° x 900
- 81

= % x 10° N/m?

This is also the excess pressure Ap.

By Poiseuille’s equation, the rate of flow of liquid in the
capillary tube

_n(dp)d

Q &/
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8n I
2
m#xmnt?j

8Mﬁ=mmmTﬂ

8§x 8% 107°

Substituting the values, we have
(10°° )[‘9‘ X 105)(2 x107%)

8x 8x 107°

n:

= ! N-s/m?
720

Topic5 Miscellaneous Problems

1. Reynolds’ number for flow of a liquid is given by
Yo
n

where, velocity of flow,
b volume flow rate V/t

area of flow A
_pVD _ pV2r 20V

nAt _nxnrzxt_‘rmrt

So, R

e

Here, p = density of water = 1000 kgm
yoo100x10° 4
Y 60 °
where, 1) = viscosity of water = 1x 107 Pa-s
and = radius of pipe = 5x 10 m
_ 2x1000x 100 107
I 107 x 60% 3.14 x 5% 1072
=2123x10°~20x10*

So, order of Reynolds’ number is of 10*.

R

e

2 When soap bubble is being inflated and its temperature

remains constant, then it follows Boyle’s law, so
pV = constant (k)
k

=p=—
pV

Differentiating above equation with time,

we get
ﬁﬁzkd(l):‘@:kf4)dV
dt dar\v dt y2 ) dt

It is given that, i{—V = ¢ (aconstant )
t

dl_—kc

So, —_— (@
a2 »
Now, from d—V = c; we get
dt
dV = cdt
or de:jcdt otV = ct .. (ii)

From Egs. (i) and (ii), we get

. Stress =

d—p:_z—kz or dp:—(k)t_z =dp= —E.t_zdt
dt  c°t dt c c

Integrating both sides, we get
jdp =- E.[l_zdt
c

k t—2+1
P —2+J
k -1 &k 1
=——.—=—0r poc—
c 1 ct t

1 . . . S
Hence, p versus — graph is a straight line, which is
t

correctly represented in option (b).

Weight _9° x W, _of Mo
Area 9% x A, A,

Hence, the stress increases by a factor of 9.

. d=2hh, =\[Ahh,

hy
3
2 v =[2gh4
ha
L
—ad—

This is independent of the value of g.
A gy>g d=4hh,=12m

B)gar<g d=44hh, =12m
O gyr=g d=+4hh, =12m

(D) gerr =0
No water leaks out of jar. As there will be no pressure
difference between top of the container and any other point.
Pr=DP2=DP3= Py
If the deformation is small, then the stress in a body is
directly proportional to the corresponding strain.

According to Hooke's law i.e.

Young’s modulus (Y)= M
Tensile strain

y_ P4 _ FL

So, L2
AL/L  AAL

If the rod is compressed, then compressive stress and strain
appear. Their ratio Y is same as that for tensile case.
Given, length of a steel wire (L) = 10cm

Temperature (6 )= 100°C

As length is constant.
', Strain :ﬂz o AO
L
Now,  pressure = stress =Y X strain
[Given, ¥ =2x10""N/m* ando = 1.1x 107 K™']
=2x10" x1.1x107° x 100 =2.2x 10° Pa



6. Key Idea In this question, the system is accelerating
horizontally i.e. no component of acceleration in vertical
direction. Hence, the pressure in the vertical direction will
remain unaffected.

ie. P = po +pgh
Again, we have to use the concept that the pressure in the
same level will be same.

For air trapped in tube, p,V] = p,V,

D1 = Pam =Pg76
Vi =A4-8 [A = area of cross-section]

D2 = Pam —Pg(54 —x)=pg(22+x)
Vy,=A-x pg76x84=pg(22+x)Ax
x> +22x-78x8=0 = x=16cm
7. In equilibrium, Upward force = Downward force

kxg + Fp = mg

I
il

Here, kx, is restoring force of spring and Fj; is buoyancy
force.

kx +G%Ag = Mg

Mg - OLAg
k&
8. Let)] = total material volume of shell
V, = total inside volume of shell and
x = fraction of V/, volume filled with water.

In floating condition,
Total weight = Upthrust

Vi + V-
lecg+(xV2)(1)g=( ! 5 2j(l)g
or x=0.5+(0.5—pc);—1

2
From here we can see that, x> 0.5 ifp,. < 0.5

9. Kk =("Fe] and kzz(pFeJ :
Pug 0°C Pg 60°C
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Here, p = Density
ki _ Predoc (pm, J _ (1+60y,)
ky  (Pugloc  \Pre Jggoe (146071, )
NOTE In this problem two concepts are used
(i) When a solid floats in a liquid, then

Fraction of volume submerged (k) = Polia.
Pliquid
This result comes from the fact that
Weight = Upthrust

Vp solid g= Vsubmerged p liquid g

submerged — pso/id
14 P liquia
(”) Pec = 1
Poc 1+v-6
Thisis becausep o< (mass remaining constant)
Volume
Pe°C:V0°c _ Viec _ Voec _ 1
Poc Voo Voo + AV Viee+Vipcy 8 1+ 70

10. Ifa fluid (gas or liquid) is accelerated in positive x-direction,
then pressure decreases in positive x-direction. Change in
pressure has following differential equation.

y
L
X
dp

L __ 5,
dx P

where, p is the density of the fluid. Therefore, pressure is
lower in front side.

11. Net force on the free surface of the liquid in equilibrium
(from accelerated frame) should be perpendicular to it.

Forces on a water particle P on the free surfaces have been
shown in the figure. In the figure ma is the pseudo force.

12.

/-

Plate

o
dy

Since, height 4 of the liquid in tank is very small.

d":A":(”O) ﬁFV:_(n)A(”OJ
dy Ay h h
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v

F oc(}ll),Fv oc 14y, F o< A,