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Conceptual Representation
of
Online Mentoring
An Initiative To Bridge Gap between
Passionate Teachers
and
Desperate Students
* Selfless Endeavour
to
Democratize Education
with a sense of
Personal Social Responsibility (PSR)

Equipments at Learning

Center
Equipments at Mentoring 1.Desk-/Lap-top
Center v T 2. WebCam
1.Desk-Lap-top - 2 3. A Mixer-cum-amplifier with

2. WebCam : cloud based with as oW 98 Spesiiers.
3. Headset with Microphone and Wireless Microphone

4. Digital Pen 5. Overhead Projector.

AND 6. UPS { For Continuous Power Supply

Broadband-Intemet Connection to computer, niernet modem and L&F)
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Broadband-Internet Connection:
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Special Features
1. Free and Open to all to
adopt. Modify, change,
correct
2. Welcomes participation,
promotion and facilitation on
Zero-Fund-Zero-Asset
(ZFZA) basis
3. More details on
Technological and
Operational — please write

-

=

Important Links
1. Good Internet

Connectivity (Wired
Broadband
Connection)
2. Subject-wise
Coordinator for
Each Session to
Bridge Learning

Learning
Centre - 3

on http://
Gaps between www.gvanvigvansarita.i
Mentor & Students n/con

. Staxt, without looéln.g time, with whatever s available.
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Infrastructural requirement for Centers in Interactive Online Mentoring Sessions (IOMS)

Learning Center (if asked for by Mentor) | Mentoring Center (if asked for by Mentor)
Estimated Capital Cost (One Time)

Particulars Cost (in Rs) Particulars Cost (in Rs)
Desktop (without monitor) 20,000 Laptop 25,000
Projector 15,000 Projector -
Web camera 10,000 Web camera -
Mixer cum amplifier with Speaker and | 15,000 Headset with Microphone 3,000
Wireless microphones
Wireless Surface Writing device 15,000 Wireless Surface Writing device 15,000
Total 75,000 43,000

Estimated Recurring Cost

Internet charges, based on estimated monthly data transfer | Internet charges, based on estimated monthly data transfer
which depends upon choice of cloud platform, and tariffs of ISP | which depends upon choice of cloud platform, and tariffs of

ISP
Cloud platform : IOMS is since an initiative driven with Personal Social
a. Subscription whether it annual as in WebEx or One | Responsibility (PSR) operating n Zero-Fund-&-Zero-Asset
time with AMC like inasin UTP+. (ZFZA) basis, the Cloud Platform has to provided by Learning
b. Cloud platform is a shared resource across Learning | Centers benefitting from IOMS. Gyan Vigyan Sarita will be
Centers benefitting from 10MS. pleased to connect Learning Centers for collectively

c. The IOMS envisages session for more than one centre | complementing the cost of Cloud Platform for arriving at a
together, these charges may be shared across, or one | mutual agreement on financial sharing.
centre bears total cost sequentially. It is purely in
mutual agreement between Learning Centers. So also IT Infrastructure with Dr Joshi has been in use and is
d. Benefit of sharing of charges of cloud platform can be | working. But, at any stage if upgradation becomes essential,
optimized with offset of schedule of sessions of IOMS. extended hand by learning centers is gratefully welcomed on
ZFZA basis.

The same is true for any other mentor joining IOMS

Specification: These were practiced independently, based on ground level operating experience and need of optimizing
the cost on the initiative. This is essential to utilize financial resources, considered scarce, for benefitting more number
of students at more number of centers and mentoring centers.

These specifications have been updated by deriving motivation from VIVEKDISHA, Belur Math, which has been engaged
in Online Teaching to about 22 Centers, since last 10 years. The only difference that IOMS has is in extensive use of
Whiteboard.

Web Camera: Logitech HD 1080p, with a tripod or wall mounting
Projector: Portronics LED Projector Beam 100”, 100 Lumen, 130” Screen size, 800x480px resolution

Mixer-cum-Amplifier: Ahuja Make PA Mixer Amplifier Model DPA-370, 30 W Max/37W Max, with Two Cordless Mikes
and Speakers. This device offers echoless input/output communication with base computer and Mikes and Speakers in
the Class.

Cloud Platform: A-VIEW (Amrita Virtual E-Learning World) developed by Amrita University in association with IIT
Bombay, an MHRD, GOI sponsored project.. Problems with Whiteboard functionality of A-VIEW are being circumvented
with OneNote app of MS Office for IOMS. This has many features of minimizing bandwidth requirements.

Surface Writing Device: HUION make Model WH1409, or Wacom Intuos with wireless device makes it suitable for
communication with base computer in class like environment.

UPS: An additional accessory, for uninterrupted continuity of session, based on power availability to be decided by
Learning Center, notincluded in above cost estimates.

Furniture and Lighting: At Learning Center, as deemed fit by local administration of Learning Center, not included in
above cost estimates.
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D5 Spirituality and Religion

With the onset of Navratri (FaRT31) the whole environment in our country gets charged with spirituality, there are
festivities centered around religious performances and spiritual discourses on deities in different forms. It is all
about a super natural power Shakti (Rfad) and is full of reverence, devotion and faith in its divinity. These
manifestations towards divinity have many facets. One of it is in individual capacity is a self-restraint as long as
there is honesty of purpose and selfless; there is a preparedness to make life purposeful for others. The moment
one starts putting demand and expectations out of the pursuit it is a commercial deal. It is a belief in religious
pursuit that ‘God is happy to grant wishes get rid of devotees and get rid off called Mukti (ﬂm but HE always
follows his devotees who have no demand and is called Bhakti (Hfdd )’. Despite being an atheist, it is possible to
make a sense out of this belief. Godliness is divinity, and divinity is a consequence of co-existence, harmony
and wellbeing of all without discrimination; this is what the nature is. A close look on various religious practices
reveals that natural powers un-explicable were revered in one or the other form; some personified in Idol
Worship while others are abstract and impersonalized. Origin of these natural powers and life is a subject of
investigation of spirituality, and is purely scientific. All the religions are manifestation of pursuit of sages who
spent their lifetime in exploring nature and experimenting upon themselves various experiences, also called
Tapasya (dU¥I). Genesis of basic religions took place in an era when transmission of the findings and/or
realization by these sages was oral. It perpetuated down generations, hundreds and thousands, before it could be
transcripted in print form. It is with the advent of computer error free reprinting has become possible, else in
every reprint possibility of typographical error, despite best care, in voluminous scriptures could not be ruled
out. An excellent example in this regard a prose from Sunderkand (Jex@1S ) of Ramcharit Manas (RTHARd
OMY) is “eld |, TdR R« , U ...” . Its meaning and contentions have been a subject of debated on various
platforms. Some go by verbatim meaning of it in Sanskrit or Avadhi, whereas typographical aberration of word
dR- is a matter of opinion and cannot be ruled out. The original manuscript and its history has different claims
and here aim is not to get into their validation. Nevertheless, picking threads from these premises analysis is

/ Coordinator’s View

being presented.

Genesis of life from unicellular organism Amoeba is a
complex bio-chemical process which started with cooling
and hardening of earth’s crust about 4 billion of years ago.
But, the process of creation of conditions for formation the
organism called pre-biotic evolution might have started at
least a few million years ago. It is purely a matter of
speculation. The beauty of science is that it is observable,
scalable and replicable and can be correlated with definite
laws and mathematical relationship. Endeavour of
spirituality and science is to discover these phenomenon
so as to regulate course of life which is livable, sustainable
and coexists with nature. Use of this knowledge for
welfare or destruction is purely a matter of choice of every
individual and collective wisdom. Ultimately, all forms of
life are manifestation of nature and human life is in its
highest form empowered to observe, correlate, simulate,
alternate and coexist with the nature, while living and
growing happily.

Anthropologists engage themse lves in study of human and
society’s behavior in present and past. It is a very long
process of evolution and survival under the vagaries,
diversities involving dynamics of construction, destruction
and blending of the nature. The nature to reach in its

present form has undergone volcanoes, earthquakes
storms, floods, draughts, and continental shifts some of
them were catastrophic causing painful migration and
resettlement inhabitants of the affected areas at a large
scale. This lead people to fear power of nature, which is
uncontrollable, and they regarded it as a God. Natural
calamities were construed by men as annoyance of God,
caused by their misdeeds. Thus began the process of
various religious practices viz. prayers, worships of
natural powers personalized into idols (Sakar- HIPR),
while some schools of thought symbolized the formless
God (Nirakaar FRT®R). Accordingly, they pursued their
religious reverence and devotional practices at personal
level, and collectively at social levels at places were
created for this purpose.

Gradually as people got awakened and started
understanding environment, its relevance into social life
and civilization, the religious pursuit took two different
approaches one is of secular which upholds life as a
manifestation eternal nature, and religious practices were
pursued in a convenient manner, based on socio-economic
and geographical conditions and a tradition in which one
is groomed. Gradually, spiritual essence of these religious
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practices i.e. spirit behind it disappeared and what is left is
simply rituals. As an aberration these rituals belonging to
specific religion and sect got communal manifestations.
These ritual created identity crisis and became cause of
conflicts for imposition of believes across religions and
across sects of the same religion, and not the reasons and
spirit behind it. These impositions got exercised as a
matter of self-proclaimed right derived from either
believes or supremacy of power, wealth or position. It is a
communal approach which is of imperial and anarchic in
nature. Whereas, the secular approach is of growth with
coexistence with due respect to the spiritual essence of
each belief.

Science is secular and its laws and phenomenon lead to
same observations and conclusion, without discrimination.
It may not be out of context to say that all sages showered
their wisdom on people around without discrimination and
were democratic in nature. Reverence bestowed upon
these sages grew based on experiences of nature and
human behavior showered by them on people in their
surroundings. Enlightened devotees continued their
pursuit of spiritual realization like scientists in their own
humble way. This pursuit was selfless and relentless and
such devotees were smaller in number, while larger
proportion of devotees was unable to reason the school of
thoughts of their masters. Thus crept in blind and
indiscriminate practices where aim was to garner support,
gather power, enlarge sphere of influence, and escape
from duties and commitments on such pretexts. This gave
rise to communal conflicts, division among people and a
kind of mobocracy. This is an aberration of democracy
where reason and collective wisdom of masses is
dominated by whim and fancies of a few who are
influential enough to incite emotions with their rhetoric. In
prevalent times, media management plays a crucial role in
shaping or re-shaping opinion of the masses.

Spirituality (Adhyatma-3&Td) is concerned with human
spirit (soul- 3THI) in a meta-physical domain. But,
backward journey into creation of life and its spirit needs
better understanding of science which is yet to come out of
speculations and hypotheses. Divine reverence in an
individual or belief is based on spiritual experiences and
this reverence inculcates devotion and devoted following.
A true devotee derives strength from selfless divine faith
and its effects are miraculous. It gives rise to a feeling of
peace, solace, happiness and a feeling of living under
patronage of an omniscient, omnipresent and omnipotent
power. This feeling is similar to that of a child who
adventures with extraordinary fearlessness in presence of
parents. This is the reason that God is considered to be

http://www.gyanvigyansarita.in/

supreme father (Parampita - TRHfUGN. But, wherever this
unconditional and selfless reverence and faith is missing it
gets manifested in hypocrisy. Such pursuits never gets
one any solace and gains. If at all there is any
circumstantial gain in such a pursuit and it breeds a greed
like a growing spiral, a vicious trap. Such a person is too
late to undertake penance and finally ends up in self
destruction. This is the essence of religious scriptures.

b

There is famous phrase ‘no need to reinvent the wheel
and this is how education of science is designed through
simulation of scientific principles. Precisely, progression
of spirituality is through master-disciple tradition (Guru-
Shishya Parmpara- ﬂ?-ﬁ]‘ﬁq TWRW). But, finding a Master
(Guru- [®) having spiritual attainment is extremely
difficult. Swami Vivekananda could get a master Swami
Ramakrishna Paramahansa, who could transcendent into
him spiritual experience, but such cases are rare. Reaching
a divine Guru is a matter of chance and one is really lucky
to have it. This distrust is highly detrimental to spiritual
culture of country, and it has become rampant with the
unexpected conduct of self-proclaimed divine powers.
This is an alarming situation. It has created a criminal
environment in this serene space of reverence and
devotion. As a result an irresistible temptation among
poor, sufferer of their own circumstances, drives them to
unscrupulous to derive a solace, and eventually they
become the real victims. This criminal exploitation grows
exponentially with increase in following. The person
being followed is virtually worshiped and followers are
deeply influenced into a state of total submission, before
they are able to realize the trap.

Spirituality does not require one to be highly learned;
Saints like Kabeer, his life and his prose are an excellent
depiction of this premise. But, it definitely demands
serenity and confession of ignorance with firm
determination to explore the truth. Interaction with the
surrounding in life is the finest teacher. If pains and
pleasure that one experiences in life are treated with same
sensitivity to every living or non-living, without
discrimination, it is the spirituality and a scientific way of
coexistence life, a universal religion. Ultimately no
religion is above humanity and every religion in its purest
form converges into spirituality, an individual specific
experience, and science a common and verifiable
experience. Space of scientific knowledge is and has been
expanding to discover nature and its origin. Every elite
person has a greater degree of personal social
responsibility, and can collectively complement towards
adherence and furtherance of such a spiritual and religious
life, a leading to divinity.
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An Appeal: for Interactive Online Mentoring Session (IOMS) at your establishment
By Gyan Vigyan Sarita — A non-organizational educational initiative

Philosophy: Socio-economic reform through
education with Personal Social Responsibility
(PSR) in a non-remunerative, non-commercial and
non-political manner.

Objective: Groom com petence to Com pete among
un-/under-privileged children from oth-12th in
Maths, Physics and Chemistry, leading to IIT-JEE.

Financial Model:Zero-&-Fund-Zero-Asset
(ZFZA). 1t calls for promoters and facilitators to
provide infrastructure for use to the extent they feel
it is neither abused nor there is a breach of trust.
And, reimbursement of operational expenses, as
and when they arise, to the initiative

Operation:

a. Mode: Interactive Online Mentoring
Sessions (IOMS) since July’16, which has

been recently switched over to A-VIEW, a free
web-conferencing S/w, with connectivity upto
5 Learning Centers, with One Mentoring
Center.

b. Participation: Voluntary and Non-
remunerative, Non-Commercial and Non-
Political

Involvement:

a. Promoter —
i.  Initiate a Learning Center,
ii.  Sponsor a Mentor who is willing to join on
certain terms,
ili.  Sponsor cost of operation and up-gradation
of infrastructure to voluntary mentors,
b. Facilitator —
i.  Provide space and infrastructure for
Interactive Online Mentoring

Sessions (IOMS). Most of it is generally
available, and may need marginal add-on,
ii.  Garner support of elite persons to act as
coordinators at the Learning Centre.
Participator —
1.  Asa Mentor,
ii.  As Coordinator,
ili.  Operational support
iv.  E-Bulletin and Website promotion for
increasing its depth and width across target
students

e

Background: The initiative had its offing in
May’12, when its coordinator, a power engineer by
profession, soon after submission of Ph.D. Thesis
in April'12, at IIT Roorkee, at the age of 61 years,
decided to mentor unprivileged students.

The endeavour started with Chalk-N-Talk mode of
mentoring unprivileged students starting from
class 9t upto 12"I. n last more than Six years it
has gone through many turbulences and is now
settled with its IOMS model and looking forward
to reach needy students. IOMS has been in
operation since July’16. Currently regular sessions
of IOMS are held regularly for class 9™ and 10, at
Ramkrishna Mission School, Sithanagram, A.P.
This is second year of mentoring at the school. We
want to add more learning centers

It is a small group of Four persons including Prof.
SB  Dhar, Alumnus-IIT Kanpur, Shri
Shailendra Parolkar, Alumnus-IIT Kharagpur,
settled at Texas, US and Smt. Kumud Bala,
Retd. Principal, Gout. School Haryana. More
details of the initiative are available on our
website and operational aspects of IOMS online.

Actions Requested: May please like to ponder upon this initiative. Queries ,if any, are heartily welcome.
We would welcome your collective complementing in any of the areas listed at Involvement, above, to
make the mission more purposeful and reachable to target children.

Contact:Dr. Subhash Kumar Joshi, Coordinator —Gyan Vigyan Sarita.
Address: # 2487, MahagunModerne, Sector-78, NOIDA, UP- 201309, (R): 0120-4969970;

(M):+91-9711061199,

e-Mail ID: subhashjoshi2io7@gmail.com, Website: http://www.gyanvigyansarita.in


http://gyanvigyansarita.in/OnlineMentoring.aspx
http://gyanvigyansarita.in/OnlineMentoring.aspx
http://gyanvigyansarita.in/OnlineMentoring.aspx
http://www.gyanvigyansarita.in/
http://gyanvigyansarita.in/OnlineMentoring.aspx
mailto:subhashjoshi2107@gmail.com
http://www.gyanvigyansarita.in/
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OUR MENTORING PHILOSOPHY: Mentoring is not teaching, neither tuition nor coaching. I't

is an activity driven by passion, and commerce has no place in it. In this effort is to caution students that -

e This place is not where they will be taught how to score marks and get higher ranks, but to conceptualize
and visualize subject matter in their real life so that it becomes intuitive.

e This place is not to aim at solutions but inculcate competence to analyze a problem and evolve solution.

e This place does not extend selective and personalized attention, rather an opportunity to become a part of
which is focused on learning and problem solving ability collectively.

e This place provides an opportunity to find students above and below one’s own level of learning. Thus
students develop not in isolation but learn from better ones and associate in problem solving to those who
need help. This group dynamics while create a team spirit, an essential attribute of personality, while one
learns more by teaching others.

e This place has strategically chosen Online Mentoring, so that those who are unprivileged can gather at one
point and those who can facilitate learning of such students by creating, necessary IT setup. Aseperate
Mentor’s Manualis being developed to support the cause.

We are implementing this philosophy through Online Mentoring
—00—

' @®@® | S “If people are
MORM.'TY = good only .

because they fear

S Ll})ing what is right

without the threat . punishment, and

of divine retribution ' hope for reward
: ’

n‘or the bossibilit_‘,f of th
. __divine reward. en we are a

'?; sorry lot indeed.”
= Arthur Paliden
$ ~Albert Einstein

=] -l

Atheist Republic .com

"Imagination is more important than knowledge.
For knowledge is limited, whereas imagination embraces the entire world,
stimulating progress, giving birth to evolution."
- Albert Einstein


http://www.gyanvigyansarita.in/MentorsManual.aspx
http://www.gyanvigyansarita.in/OnlineMentoring.aspx
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Education is not the learning of facts

but the training.of the mind to think.
o~ o - Albert Einslem“ .

—00—
Modern cynics and skeptics... see no harm in paying those
to whom they entrust the minds of their children
a smaller wage than is paid to those to whom
they entrust the care of their plumbing.
- John F. Kennedy

INVITATION FOR CONTRIBUTION OF ARTICLES

Your contribution in the form of an article, story poem or a narration of real life experience is of immense
value to our students, the target audience, and elite readers of this Quarterly monthly e-Bulletin Gyan-
Vigyan Sarita: Rr&mand thus create a visibility of the concerns of this initiative. It gives target students a
feel that you care for them, and they are anxiously awaiting to get benefitted by your contributions. We
request you to please feel free to send your creation, by 20t of each month to enable us to incorporate
your contribution in next bulletin, subhashjoshi2i07@ gmail.com.

We will be pleased have your association in taking forward path our plans as under-
» With the the release of 1st Monthly e-Bulletin in its consecutive Fourth Year, we are

gearing up for its 2nd Monthly e-Bulletin Gyan-Vigyan Sarita: R7&fT.
» This cycle of monthly supplement e-Bulletin Gyan-Vigyan Sarita: &M is aimed to

continue endlessly, till we get your @7 and HT support in this sefless educational
initiatice to groom competence to compete among deprived children.

We believe that this e-Bulletins shall make it possible for our esteemed contributors to make
its contents rich in value, diversity and based on their ground level work and/or experiences.


mailto:subhashjoshi2107@gmail.com
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Nothing is more important than education,
because nowhere are our stakes higher;
our future depends on the quality of education of our children today.
- Arnold Schwarzenegger
—00—
Education is not job training;
the function of education is to instill an appreciation
of our place in the flow of time and space,
to expand our intellectual and empathetic understanding
of nature and people.

- Jonathan Lockwood Huie

Life is a succession of

lessons which must be

lived to be understood.
- Helen Keller
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Aahar- Vihar

In My previous articles I have explained about how
you would know about your prakriti in this article
will explain about which diet and lifestyle is helpful
for people of different constitution.

It is essential to first know your Prakriti (Vata, Pitta
or Kapha) and keep yourself healthy by balancing
the Tridoshas.

Vata Pacifying Food - Sweet-Sour-Salty
(Madhur-Amal-Lavan) food items pacify Vata.

This includes wheat, old basmati rice, kulath ,
mustard, patole, bathua, gourd, chaulai, sahjan
carrot, phalsa , sweet mango, pomegranate, walnut,
almond, figs,dates etc.

Vata Pacifying Herbs are Saunth, Asafoetida,
Ajwain,Methidana, Pippali, Dalchini, Jaiphal,
Cardamom, Haritaki, Castor oil, Guggul, Giloy,
Ashwagandha,Shatavari, Bhringraj etc.

Unfavorable lifestyle in case of Vata is avoid day-
time sleeping, night awakening, suppression of
natural urges, fasting for long hours, anxiety,fear.

Vata Pacifying Lifestyle requires regular body
massage with Til oil or Almond oil, proper sleep.
hot water bath, drink lukewarm water alongwith
Yoga, Pranayam and Meditation.

Unfavorable diet and lifestyle for Vata Prakriti is to
avoid sali rice, barley, roasted chana, moth,masoor,
arhar, excess sugar, cauliflower, peas, french beans,
tea, coffee, aAlcohol, drugs.

Pitta Pacifying Food - Sweet-Bitter-Astringent
(Madhur-Tikt-Kashay) foods pacify Pittaj.

This includes barley, oats, wheat, white basmati
rice, broccoli, cauliflower, cucumber, beans, green

Dr Sangeeta Pahuja

capsicum, green  vegetables, mushrooms,
ladyfinger, tomato, gourd, apple, avocado, orange,
guava, pineapple, grapes, mango, figs, tofu,
sunflower seeds, jaggery, cardamom, dalchini,
coriander, sweet fennel, saffron etc.

Unfavourable diet and lifestyle for Pittaj Prakriti
includes oily, spicy food items, sour and salty
foods.

Avoid Anxiety,

As regards lifestyle it is to avoid irregular eating
habits, ever sleep just after having meals.

Kapha Pacifying Food - pungent, bitter,
astringent (Katu-Tikt-Kashay) food pacify Kapha

This includes ginger, garlic, onion, black pepper,

neem, bitter gourd, spinach, turmeric, honey,
drakshavleh, fennel etc.

Consume moderately potato, rice, excess cereal,

radish, ladyfinger, olive, tomato, cucumber, sweet
potato, curd, milk, coconut.

Unfavorable diet for kapha Prakriti include - oily,
heavy food items. curd, yoghurt, paneer, chocolate,
sugary products, refrigerated food, don't drink milk
with other food items.

Kapha Pacifying Lifestyle is active life, exercise,
Swimming and running.

Unfavorable lifestyle is sadantary lifestyle, excess
sleeping, overeating,

Triphla Churna is Tridoshshamak. Add the
required food items in your daily diet to balance the
Tridoshas.

Know Ayurveda, Follow Ayurveda and Stay Healthy.

sangeeta.pahujag@gmail.com

Author is an Ayurvedic Medical Practitioner. She did B.A.M.S. from M.D. University, Rohtak.
She has consultation centres at Delhi and Noida. She is keenly interested in spiritual, women
and social developmental activities.

Contact No.: 9953967901, E-mail -
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Take care of your thoughts,
For they are formed and moulded by our thoughts.
Those whose minds are shaped by selfless thoughts,
Give jot when they speak or act.

Joy follows them like a shad,

that never leaves them.

- Gautama Buddha
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Plasma Gasification: Fast Emerging and Pioneering Technology in Waste
Management

We all know that environmental responsibility is
vital to protecting
our planet’s
future .Energy
from waste has
been in recent
years the focus of
many developing
nations that are
serious about tackling mounds of trash while
simultaneously solving energy crisis by creating
energy from waste which would otherwise be sent
to landfill . But just why is waste to energy
important? There’s so much more to it than just
satisfying environmental objectives and energy
goals.

What is waste to energy?: Waste to energy is
the process of creating energy (that can be used as
heat or

¢ 1 2

electricit  maiennium é, @
Development ____ ==

y) from Goals =T SIS EuERR

waste == a S

material ; %

S, more emsssRsse

common 7
o I
called m

unicipal solid waste (MSW). This treatment is a
form of energy recovery, and the process actually
helps to minimise waste too. What cannot be used
in energy recovery will be sent to landfill thereby

minimising load on saturated landfill sites .

Technology that is in Sync with UNDP
Sustainable Goal No 7 - ensure
environment sustainability

Need for widespread promotion of waste to
energy technology
achievement  of

UNDP Goal7 for

also arises as it helps in

sustainable
development
which stresses the
importance of

clean , reliable ,
affordable and
sustainable
technology .

Aarti Sharma

Plasma Gasification Technology: Plasma
gasification is a fast developing Waste to Energy
Technology and perfect way to divert MSW from
landfill and produce valuable by-products. This
emerging technology can process landfill waste to
extract commodity recyclables and convert carbon-
based materials into fuels. It can form an integral
component in a system to achieve zero-waste and
produce renewable fuels, whilst caring for the
environment.

Utilizing this technology to convert municipal solid
waste (MSW) to energy is still in nascent stage ,
but it has great potential to operate more efficiently
than other combustion systems due to its high
temperature, heat density, and nearly complete
conversion of carbon-based materials to syngas,
and non-organics to slag.

Working ofPlasma gasification process:
Gasification has a long history in industry where it
has been used to refine coal and biomass into a
variety of liquid fuels, gases and chemicals.

Plasma gasification is a multi-stage process which
starts with feed inputs ranging from waste to coal
to plant matter, and can include hazardous wastes.
The first step is to process the feed stock to make it
uniform and dry, and have the valuable recyclables
sorted out. The second step is gasification, where
extreme heat from the plasma torches is applied
inside a sealed, air-controlled reactor. During
gasification, carbon-based materials break down
into gases and the inorganic materials melt into
liquid slag which is poured off and cooled. The heat
causes hazards and poisons to be completely
destroyed. The third stage is gas clean-up and heat
recovery, where the gases are scrubbed of
impurities to form clean fuel, and heat exchangers
recycle the heat back into the. The final stage is fuel
production the output can system as steam range
from electricity to a variety of fuels as well as
chemicals, hydrogen and polymers.

Economics Behind Plasma Gasification : The
economics of MSW plasma gasification are
encouraging. Waste gasification facilities get paid
for their intake of waste. The system then earns
revenues from the sale of power produced.
Electricity is the primary product today, but liquid
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fuels, hydrogen, and synthetic natural gas are all
possibilities for the future.

Sorting the MSW to capture commodity
recyclables, such as metals and high-value plastics,
presents a third revenue stream. Minor revenue
sourcesinclude the sales of slag and sulphur. Slag
has the potential to be used for a number of
construction products, and sulphur has some
commodity value as fertilizer.

Additional costs are avoided by diverting waste
from landfills and minimizing transportation of
waste. Government subsidies for renewable energy
or carbon credits may be substantial in the future,
but are difficult to project.

Advantages of Plasma Gasification

1. Improved Waste Management:
Gasification is superior to landfilling MSW in
many ways . Landfills are toxic to the environment
due to the production of toxic liquid leachate and
methane gases. Plasma gasification can divert
waste from landfills and create beneficial uses for
the material, by maximizing recycling and cleanly
using the rest for fuel.

2, Superior to Incineration :Incinerators
are high-temperature burners that use the heat
generated from the fire to run a boiler and steam
turbine in order to produce electricity. During
combustion, complex chemical reactions take place
that bind oxygen to molecules and form pollutants,
such as nitrous oxides and dioxins. These
pollutants pass through the smokestack unless
exhaust scrubbers are put in place to clean the
gases.Gasification by contrast is superior to
incineration a low-oxygen process, and fewer
oxides are formed. For combustion systems, the
smokestack scrubbers offer no operational benefit
and are put in place primarily to meet legal
requirements. Plasma  gasification  systems
employing proper scrubbers have extremely low
emissions and no trouble meeting and beating the
most stringent emissions targets.

E-mail ID: aartiissaro4@gmail.com

3. Electricity production is superior to
that from incinerator combustion :
Incinerators typically use the heat from combustion
to power a steam turbine to produce power.
Gasification systems can use gas turbines that are
far more efficient, particularly when configured in
integrated gasification combined cycle mode
(IGCC). Just as IGCC is the state-of-the-art in
producing power from coal, the same is true when
using MSW as the fuel source.

4. Carbon impact : The carbon impact of
plasma gasification is significantly lower than other
waste treatment methods. It is rated to have a
negative carbon impact, especially when compared
to allowing methane to form in landfills.
Gasification is also an important enabling
technology for carbon separation. It is primarily a
carbon processing technology; it transforms solid
carbon into gas form.

Conclusion : Plasma gasification of MSW is a
fairly new application that combines well-
established sub-systems into one new system. The
sub-systems are waste processing and sorting,
plasma treatment, gas cleaning and energy
production. The integration of these systems is
rapidly maturing, but has still not been built in
large industrial systems. Demonstration and pilot-
scale systems are running successfully in Japan and
Canada with more starting in the US and Europe.

Plasma gasification of waste can be part of the
solution to both problems. Using toxic waste
materials, as feed stocks for producing renewable
fuels, transforms liabilities into assets.

As a municipal or publicly funded operation, a
waste gasification plant can help balance budgets
and provide a hedge against future increases in
energy prices. The complexity and expense make
plasma gasification a challenge for private investors
and for municipalities.

Author is Senior Audit Officer working with the office of Comptroller & Auditor General of
India. She is a regular writer on issues of diverse nature having impact on education, health,
environment, and social psychology and dynamics.
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3R ufeHTg frem o Ia & ufd SareT Ion femrs <
g1 ufarrg e are aaa & 3ifafted 98 o Riempig
DY P IR R ahugH ¥ fHaTr siftw
¢TSI PR T §, 39 W 3 Iaq fid- Iadi g

el & gR1 iU M a1 & v &1 &»E &R
BT FRIF BT aq gl 39 a1d BT g0 § fob
Hifdds TR dToe Wpid & THTE = el & e oft
¥ HAM BT U & o foar 31 wra Rt R
fewofy B gU sy R A gl § & 3 & Rgrs
PR ¢, faaem S Iau™ 8 T 81 g9fau 4
TIGR B I # fd I8d ¢ gaaidl 9 @ i
WG qHd §, W 3% T8 fafes B! el &t Tt & I,
sig, FmT onfe erfder Tpor off <37 U e BIs & R
THdT| 9 TR & AR & e anT 9 ad g1 3R
faem avq S9d 21 adf W REnfia & @y S 9R
UUd U g ol gl U ufige oRfRifa & she
e W dH-a7 & Yy ¥ IW I3 U g1 9 Paa
3Tt FioT faRIvdT & heRa®d TFed & I9Yad faari
¥ wy R fb orel fen & St gt & b @ R
foars 2 %€ 81 S9P dHH BRUT F | Ub YT BRUT
gt 8 o 99 &1 TuueRle TE S Hdd SR
e T ¥ Yed T 71 3 R Fiedt & o
ArERd IR e AW 8 T 71 Rl w1 i
A Tt e wiRieror Wemd o st oA ga 3eeal
T yeFh e 71 SHFieE: Wioauita Ries ufreror
TTefuTadl @ VU & Il & e 987 & Jarad!
B 3 J ffip 4= HHM BT AEHRIS =P ews
3t 31 Riept & Uaaed SdeHE Bt Qe Rk
SIS # g1 Raféa gicht 51 uidt Rigrep! & w9 & Uil
TfaagaT, s & ufa st ok M1, Sde aiy,
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Jifde, SER-fAR, yAiadr, SAMCR!, YagaviedT,
IINGIS HaeR 3R 9F f[id o9 gt & fao™ & ufa
Y GRITE 9 o ol § 3R 7 & Fopledd faars &t 2
et ¥ U AT IHH AdR I [SUt USH HRAT ol
32X 79 g1 81 uRumHa: e ufiermn e # w@d
g Afde gl @ I ] Wold ST o e
e ot Sufie $Y o1 o1 ot 82 9d: T8 R e
YU e 93 & o W 81 U ugias e B TS 6

e ufneror Aefdaradl & ARG UeM &R arelt
P sy fRiam uRve @1 o 59 fewn # gHfdeR
3R foid @1 3naxgsddl g1 39 3ffaRad fRuenfaar,
e ufeor weifderadll dwrslf ¥ oS Rew
U] SHEMAY Th-eoidd adl UG URe! &t +ft
zg fexn & geRIEs RidT & 91y aife v oA gt
qft s Rien o THe IOd Gl & dae B [
&I R forar ST I g
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URY ¥ qdd] T @] 3fadl, YRl Td AFa el
D ARG HH B TN fear Al wEe g9l
TIGHAT & HeYW FRd g¢ HeH A faars .
U] T Tl g aw 3t SR e 3@ o
Hd Abfeud gu o [qamdf &1 aRafddd BT A B
gU| UH, SN, U, Yae-=iddl 9 3id: 59 3o ¥
I T

A gl § gHfad Rign & uRebeuT & gRI 98
IAh! BT Afddd FH0 BT Ted U SIaRl b
Hfdda Al & Afdedr &1 Joe ifiia &1 ot Joe
21 Ife AMa U &l AT &1 B @t ITBT 3T

HTOH I | AdHdT BT Bis Wd ST g T I/ ga
TE g1 3 ST g

ARG g U4 e auf 4 Red & U H SRRA §. UHid, Ha1 Ud RIeTdR! 376! o1 §
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Real Role Of Teacher?

I have really fed up with the present system of teaching
being happened in the class rooms. I can't digest why
the teacher is ignoring the student’s role in the learning
process in the class room. Here I want to recall a good
saying by Gauthama Buddha.

"Do not believe what your teacher tells you
merely out of respect for your teacher.”

I am more worried about the teacher's role in the
teaching-learning system. The teacher should act as a
guide, mentor or facilitator to the student. He / she
should provide a chance to the student to learn a new
thing by experimenting or exploring. Students should
question teachers about existing norms now and then.
The teacher need to make his /her children independent
thinkers. A child will be able to respond in real-life
situations - that are bound to come in their future life.
The teachers' role in this contemporary world is to act

D.V.S.Durga Prasad

as a mediator. Areas like literacy and numeracy,
cognitive skills, social emotional skills can only be
taught using an active learning process.

In this high-paced world, the most important skill that
needs to be imparted among children is critical thinking
and problem-solving. Encouraging the children to
question is the right way to go about it. Teacher is
neither the judge in the court nor a police man. They are
to motivate them to approach self-learning. He /she
should make the child ambitious in life. Like a potter,
it's the duty of the teacher to give a definite shape to a
child's mind and enhance his /her curiosity quotient.
This is possible if we encourage them to question, rather
than become just listeners because the respected
teacher is speaking. It's quite against to the saying of
Buddha which I quoted above.

Author is M.A. (Litt.),B.Ed. and is an English Teacher at Ramkrishna Mission High School,
Sitanagaram, Ditt. Guntur, Andhra Pradesh. He has nearly three decades of teaching experience.
Teaching is his passion and he loves interacting with children.

Mail ID: prasaddevulapalli2@gmail.com
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"l have been impressed with the urgency of doing.
Knowing is not enough; we must apply. Being willing is

not enough; we must do."
-Leonardo da Vinci
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Magic of Words

Once upon a time there lived a man. One day he was
going home through the forest. He got tired and he
sat under a big tree. Suddenly he heard some sounds
like ‘cut them, kill them, eat them’ . He f\became
fearful. These words were said by a parrot. It was
living with a hunter and so he learned bad words
from him. The man ran away. After some time he
heard a voice like ‘sir please take rest in our
ashramam, our ashramam is near to this forest, sir
please come in.’ These words are from another
parrot. He went to the ashramam and took rest.
There were a few swamijis in the ashramam. The

E-mail ID: rkmvschool@gmail.com

K. S. S. Vishnu Priya

man shared his experience till now what happened in
the forest with one swamiji. After hearing the words
the swamiji said that the parrot had been living with
a bad person so it had learned bad words from him.
The two parrots are brothers. They were separated in
their childhood. The big parrot learned bad words
and the small parrot learned good words. It depends
on the environment in which we live.

Moral : Bad or good it will depend on the persons
along with us.

The presenter is a students of Class gth, at Ramakrishna Mission School, Sithanagram, AP. She is
attending IOMS sessions hosted by the school.

Hearing vs listening

Have you ever thought if hearing is different from
listening? They might appear similar or synonyms,
but they are altogether different. Hearing is the
faculty of perceiving sounds, whereas, listening is
paying attention to a sound. We hear everything that
is going around us based on the human hearing
abilities — irrespective of whether we want to hear
that or not. Hearing is not selective, and every sound
that falls on our eardrum gets perceived by our brain.

On the other hand, listening is the specific activity of

paying attention to a specific sound. Our mind takes

a conscious decision to selectively focus on some

sounds and process them. It could be listening to a

song to get the mind relaxed or listening to

instructions from our teachers or parents and focus
on what has been told.

For example, when we visit
a zoo, we hear all the

Dishita Joshi

sounds of animals without paying any specific
attention. However, when our mother or teacher is
talking to us, we are not just hearing but listening to
them, understanding what has been told, and
memorizing their instructions for future.

So, as students, we must make sure that we listen to
right things among the various sounds in our
surroundings so that we gain the right knowledge
while growing up. However, we should also learn to
avoid listening to negative thoughts around us and
should filter everything that we hear. Apart from this,
we should also learn to make a judgement to choose
the people we should listen to. For example, there
may be strangers whom you may choose not to listen
and on the other hand, listen to your well-wishers.

She is a student of class VII in The Khiatan School, Noida, Her hobiies are vocal
music, drawing and painting and playing lawn tennis

E-mail ID: joshipn@gmail.com
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Cleanliness

Cleanliness is a most important and good quality. It is
must to be followed by every human being to be
healthy and happy all through the life. People with
dirty habits always become unhappy and suffer many
infectious diseases. However people with cleanliness
habit become happy and healthy in their life. We
need to maintain the habit of cleanliness accordingly
with the progress of civilization. We need to keep our
body, mind and spirit clean every time to remain
away of the problems. The habit of cleanliness can be
practiced better at home in the guidance of our
parents and at school in the guidance of our teachers.

Cleanliness is very essential for our life as it benefits
us in many ways.It is necessary for maintaining self-
respect, getting confidence and getting respect from
others. People who live in dirt never get confidence
and self respect. Cleanliness helps people get lots of
respect and popularity. It helps people living closer to
the divinity and has fear from the God. It indicates
the standard and character of a man. In order to
follow cleanliness all across the life, one needs to
acquire clean habits from childhood onwards. It not
only keeps us healthy but also improves our
confidence level in various fields. Just keeping our
bodies and limbs clean, we can be free of many kinds
of diseases. We should take care of the cleanliness

E-mail ID: rkmhramanujan@gmail.com

G.V.S. MEGHANA

while making food, eating food, taking bath, cleaning
dishes, cleaning home and other surrounding areas.
Cleaning our bodies regularly make our complexion
brighter which enhances our confidence level. We feel
happy, fit and smart if we wear clean clothes. It gives
us a peaceful and cheerful mind which brings us
closer to the divinity. We should maintain cleanliness
everywhere whether at home, office, school or other
places. We should always take part in the activities
related to the cleaning habit for better understanding.
There are various ways we can keep ourselves neat
and clean properly in daily life. We should teach our
neighbors and other illiterate people to be neat and
clean. We should keep our kitchens and toilets very
clean as they are the source of various infectious
diseases. Cleanliness is the matter of fact without
which no one can be happy and healthy.

Author is a student of Class 10th at Ramkrishna Mission High School, Sitanagram, Distt. Guntur, AP. She is
aregular student of IOMS being held at the school. Shehas been attending IOMS at school since class gth,

—00—
Answers to Science Quiz : Oct’18
Kumud Bala
1. (b) 2. (d) 3. (c) 4. (a) 5. (d) [6. ()| 7. )| 8. (a) 9. (c) 10. (c)
11. (c) 12. (c) 13. (d) 14. (b) 15. (@) | 16.(c)| 17.(c) | 18.(a) 19. (b) 20. (d)
21. (d) 22. (a) 23. (a) - - - - - - -
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BE HONEST....

Honesty is the best policy is the phrase that signifies
the value and importance of being a truthful person.
It is one of the universally recognized and accepted
sayings. Honesty is the most admirable and
appreciated characteristics that a person can have. It
is the virtue that is embedded in us by parents and
teachers from our childhood.

We learn to be honest as we grow by watching
parents, teachers and other people around us.
Dishonesty is the sign of cowardliness and will gain
you money and power but it will last for a short time.
Honesty is the sign of strength and gives you long
term benefits. An honest person is the one who will
act as he says and thus is more trustworthy and
reliable.

There will be more confusions and chaos in our
society if everyone keeps lying and cheating each
other. It is important to be honest in relationships to
avoid creating misunderstandings and soreness in
future. Being dishonest in a relationship is only going

[ ‘Mail ID: varahamihirarkmsvija@gmail.com

N. Kamalesh

to make you happy for short term. For example, if
everyone scores great marks by cheating in exams
rather than studying hard, there will be no
importance of having knowledge. Or if we fake
degrees and mark sheets and get jobs then there will
be no importance of hard work and it would lead to
inefficient work performance that might result in
several adverse consequences.

We all know lying whether to parents, teachers or
anyone else is wrong and at the end of the day the
consequences of lying may adversely affect not only
those we lie to but also to our self. So, it is always
vital to be truthful in life and never lie or cheat
anyone.

So in any aspect of life, it is important to be honest or
it may seriously harm not only us but others as well.
An honest person can lead a more confident and
respectable life. The fruits of honesty can be enjoyed
for long term and be cherished for life time

uthor is a student of class Xt at Ramkrishna Mission High School, Sitanagaram, Ditt. Guntur
dhra Pradesh. He is in Group Varahmihira, formed in Online Mentoring Sessions being held at
the school. He has been attending IOMS at school since last One year.
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LET’S DO SOME PROBLEMS IN MATHEMATICS-III

Prof. SB Dhar

This article deals with problems from the section Theory of Equations. Theory of equations is a very
important segment for the competitive examinations. These questions contain concepts from all the branches
of Mathematics. It may be assumed that these problems will be useful for the students who are either studying
in 10+2 (Intermediate) Classes or aspiring for the prestigious Entrance Examination - JEE (Main) or IIT-
Advanced.

1.

3

If a, B are the distinct roots of the
equation x2-x+1=0, then a2+ p'97 1is
equal to

(a)o (b) 1 (c) 2 (d) -1

Solution:

The discriminant is negative, hence o = - o, and
= - o? L.e. a0+ B1O7 =(-) 10+ (-@? )17

-(?+®)=1 as 1+o+®?>=0 and m3=1

Option (b) is correct.

The solution set of S={x € R : x > o,
2|vx - 3| +vx(vx—6) + 6 = 0}

(a) contains exactly one element

(b) contains exactly two elements
(¢) contains exactly four elements
(d)is an empty set

Solution:
CaseI: assume xe [0,9)

2|vx = 3| +vx(Vx —6) + 6 = 0}
=-2(Vx = 3) + Vx(Vx - 6) + 6 = 0}

X=16 or 4 but x lies between 0 and 9 hence x=4.
Case II: assume xe [9,)

2|vx = 3| +vx(Vx - 6) + 6 = 0}
=2(x=3)+Vx(vx—6) + 6 =0}
x=16 or 0 but x lies between 9 and oo, hence x=16.

The values of x are 4 and 16.
Option (b) is correct.

CAff(x) + 2y G) =3x,x # 0, then f(x) at
x=11s

(a) -1 (b)o (o)1 (d)-3

Solution:

Rewrite the given equation as
f(x) + 26 (%) = 3x....(0)
replace x by; and rewrite it as

f(2) +2£G0) = 32...(i)

on eliminating f G)

we get f(x) = 2 —X

on differentiation and putting value of x=1,

the required answer can be found.
Option (d) is correct.

4. The sum of all real values of x that

satisfy the equation (x?2 —5x+

5)(x2+4x—60) =11s

(a) 3 (b) -4 ()6 (d)s5
Solution:

Case I: ax=a¥ = x=y if a # -1,1,0

=X2+4X-60=0=Xx=-10, 6

Case II: if base is 1 i.e. X2-5X+5=0=X=4,1

Case III: if base is -1 then x=2,3 but x=3 does
not satisfy the equation, hence x=2. So only
3 values are possible. Option (a) is correct.

. Let a and f be the roots of equation

x2-6x-2=0. If an=0m- pn, for n> 1, then

the value of 2" *%is equal to
ag
(v 6 (b) -6 (03 (-
3
Solution:

Rewrite the given equation

x2-6x-2=0 as x1°-6 x9-2 x8=0 by multiplying
both sides by x8.

o , B are the roots so,

X10-6 x9-2 x8=0 becomes

01°-6 09-2 08=0...(1)

Bro-6 B9-2 B8=0 ...(ii)

From (i)-(ii)

(0a0-B10)6 (09-B9)-2(05-B3)=0

2a1o'6a9'2a8=0

Simplify to get the correct option (c)
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6. If ae R and the equation -3(x-
[x])2+2(x-[x])+az=0 where [x]
denotes the greatest integer < x then
all possible values of a lie in the
interval

(a) (-1,0) v(0,1)

(b) (1,2)

(c) (-2,-1)

(d) (-0,-2)U (2,0)
Solution:

Since, x-[x]=1{x}, fractional part
Rewrite the given equation as
-3{x}2+2{x}+a2=0
—2+V4+12a? _—-1FV1+3a?

-6 3
Apply o<{x}<1 and get a e (-1,1)
a=o0 gives integral solution hence a=0
the correct option is (a)

={x}=

7. Let a and B be the roots of the
equation px2+gx+r=0, p o. If p,q,r

are in AP, and §+%=4 , then the
value ofla — B| is

@@ 2 i
O @ 28
Solution:
a+p =—2and
p=l
afp =—
p

Also p,q,r are in AP hence 2q=p+r...(1)
From= ++ = 4
a f 4

a+p = 4a,8:>—% = pr:>4r=_q

ja — Bl = @@+ F)? — 4ap="02
The correct option is (d)

8. The real number k for which the
equation 2x3+3x+k=0 has two
distinct real roots in [0,1]

(a) lies between 1 and 2

(b) lies between 2 and 3

(c¢) lies between -1 and o

(d) does not exist

Solution:

Let f(x)=2x3+3x+k

= fx)=6x2+3=x?% = —% which is
impossible for a real number.

The correct option is (d)

9. If the equation x2+2x+3=0 and

ax2+bx+c=0 , ab,ce R have a
common root, then a:b:c is
(a) 1:2:3 (b) 3:2:1
(e) 1:3:2 (d) 3:1:2

Solution:
The discriminant of the given first equation
is negative. It means the roots are

imaginary. So both the roots are common.

. a b c
lL.e—=—-=-
1 2

3
So the correct option is (a)

10.If f(x)=x3-6x2+11x-6, then the value of

1,11
x-1 x-2 x-3
@2 () o
(o f@) (d) None of these

Solution: f(0)=0 has roots 1,2,3 then the
value of the given expression=f(x)/f(x). The
correct option is (a)

11. The values of x for which the expression

6x2-5x-4 is negative is/are

(a) 1 (b) 2
(c) 3 (d) None of these
Solution:

Rewrite the given expression as: (3x-4)(2x+1)
Obviously this will be negative for many values
between -1/2 and 4/3.

The correct option is (d)

12. The least positive integral value of a, if

the equation 3x4+4x3-12x2+5a=0 has no
real solution is

(V5 (b6 7 (D8

Solution:

Assume

f(x)= 3x4+4x3-12x2

f(x)= 12x3+12x2-24x

f(x)=0=x=0,1,-2.

=f(0)=o0, f(1)=-5,f(-2)=-32

Since f(x)+5a=0 has no real solution, hence
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5a>32=a > 32/5=6 14. The number of real solutions of
The correct option is (b) 2¢/24 (Y2+1)*=(5+2V2)¥2 is
(a)o (b) 1 (c) 2 (d) None
13. The total number of integral values of of these

“a” for x2 +ax +a +1=0 to have integral

rootsis Solution:

(a)o (b) 1 (c) 2 (d) 3 Rewrite the given equation as

(Vay+( 2+1x={(5+2V2)}x

Solution: X X
The discriminant: ( \/E J +{ \/E +1 J _1
a2-4(a+1)=(a-2)2-8=k2 (say) N
ie. (a-2-K)(a-2:+k)=8 (an even number) V5+2v2 ) \5+242)
the factors may be (1,8),(-1,-8),(2,4)(-2,-4). = (cos o)X + (sin X =1 Wh}ch is true for x=2 and
Both factors on the left hand side may take each hence the number of solution=1.

value and on simplification The correct option is (b).

“a” will have only 2 values -1 and 5.
The correct option is (c)

8 Dr S.B. Dhar, is Editor of this Quartrerly e-Bulletin. He is an eminent mentor,
¥ analyst and connoisseur of Mathematics from IIT for preparing aspirants of Com petitive
@ =1 Examinations for Services & Admissions to different streams of study at Undergraduate
and Graduate levels using formal methods of teaching shared with technological aids to
keep learning at par with escalating standards of scholars and learners. He has authored
numerous books of excellence.

e-Mail ID: maths.iitk@gmail.com

Education is a social process.

Education is growth.
Education is not a preparation for life;
education is life itself.

- John Dewey

www.DreamThisDay.com
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CROSSWORD PUZZLE November’18: Festivals of India

ACROSS

2 Welcoming the mighty Mahabali in Kerala
4 Winessing of triumph of Good over Evil

7 Grand festival oflight

11 Resurrection of Jesus Christ

12 Strengthening the bond of Kinship

15 Festival after the end pf Ramdan

Prof. SB Dhar

DOWN

1. Festival relating to Lord Gapesha

3.Birth of Lord Krishna

5. Vibrant festival of golours

6 Ninge days of fasting

8 Birth dav of First Sikh Guru

g Harvest festival dedicated to Sunin Tamil Nadu

ko Celebration of the birth anniversary of Padmasambhava, in.Ladakh
13 Harvest festival of Punjab

14 Diance, Music and laughter festival of Assamese
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Solving Subjective Problems — Mechanics of Rigid Bodies

(Center of Mass and Rotational Motion)

This set of subjective questions is in series with objective question on Mechanics of Rigid Bodies
brought out in two preceding sets. This time subjective questions on Gravitation and Rotational
Motion have been drawn from a compendium of questions that appeared in IIT-EE during
2013-1979 brought out by DC Pandey. Illustrations of the solutions of each question are based
on our experience that students and mentors who might use it are remotely placed and may not
be able to connect for any clarification that may be necessary. Accordingly, illustrations might
be found getting too much into basics and at times tending to be from First-Principle. Readers
at higher pedestal of conceptual clarity may like to bear with over elaborations, foster the
benefits of deprived readers, and support the endeavour by extracting their needs and skipping
steps considered to be redundant. This being a totally selfless initiative, need of deprived users
has been overweighed. Moreover, series of question banks would be integrated on Mentors’
Manual, posted on our website, as a free web-resource. This series of subjective questions on
Mechanics of Rigid Bodies will follow with additional 1-2 sets, in successive bulletins.

It is reiterated that as study of mechanics progresses, higher degree of integration of concepts gets
involved. These concepts would get more integrated as the journey enters into other topics of physics
including electricity and magnetism. These subjective questions are for a drill to train mind of
students to think out-of-box in an integrated manner and not a closed views as that with a blinder.

Subjective questions are generally framed beyond the complexity of objective questions. But,
necessarily they are not always complex. They are however designed to test minute observation of
student , clarity of concepts and ability to integrate different phenomenon. Accordingly, time and
marks for questions are proportioned in examination. Therefore, during practice students are advised
to refrain from adopting short-cuts and using direct formulae, and practice with basic steps. In
process, they would reinforce their conceptual clarity, speed and accuracy. These attributes are a
necessity for success in examination and growth in analytical intuition. It would give them higher
speed of solving questions correctly.

We have benefit of response of students through their difficulties, doubts and question during
Interactive Online Mentoring Sessions (IOMS) for students at remote and rural areas. This
experience has been used to simplify and illustrate steps while evolving solutions. Footnote to the
illustrations, wherever considered essential, has been brought out for clarity.

Another, important method of developing high intuitive skill is group dynamics, where students
discuss, problems and solutions attempted individually, in groups and try to clarify concepts. Only in
case of disagreement they consult their mentor. It not only enhances collective wisdom but also helps
to evolve individual ability and group synergy; both the traits are important attribute of a good
personality. This group dynamics is being integrated in learning and mentoring methodology of
IOMS.

Possibility of inadvertent typographical errors is not ruled out. We would gratefully welcome
suggestions for value addition and corrections, if needed.
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Mechanics of Rigid Bodies : Subjective Questions (Typical)

No of Questions: 35 Time Allotted: 10 Hours
Don’t Attempt All Questions in One Go, Split Them in Three Parts 10+10+15

All questions are compulsory

[Note: Figures are conceptual only and not to the scale]

Q-1 A body A of mass m moving with a velocity vin x — direction collides with another body B of mass M moving
in Y —direction with 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 initial kinetic energy transformed into heat during collision

Q-2 | When a ball is thrown up, the magntude of its momentum initially decreases and then increases. Does this violate
the principle of conservation of momentum?

¥
+

Q-3 | A bullet of mass 20g pierces through a plate of mass M, =1kg and then comes to rest inside
a second plate of mass M, = 2.98kg as shown in the figure. It is found thst the two plates
initially at rest now move with equal velocities. Find the percentage loss in the intital
velocity of the bullet when it is between M, and M,. Neglect any loss of matrial due to
action of the bullet. Both plates are lying on smooth table.

Q-4 | A circular plate of uniform thickness has a diameter of 56 cm. A circuar portion of
diameter 42 cm is removed from one edge of the plate as shown in figure. Find position
of the centre of the mass of the remaining portion.

Q-5 A body of mass 1 kg initially at rest, explodes and breaks into three fragments of masses 1:1:3. The two pieces of
equal masses fly-off perpendicular to each other with a speed of 30 m/s each. What is the velocity of the heavier
fragment?

Q-6 Three particles A, B and C of equal masses move with equal speed valong the median of an
equvilateral traingle as shown in the figure. They collide at the centroid G of the triangle. After
collision A comes to rest, B retraces its path with speed v. What is the velocity of C?

Q-7 | A block of mass M with a semicircular track of radius R rests on a horizontal

frictionless surface. A uniform cylinder of radius rand mass m is released \ p /

from rest at the top point A, as shown in the figure. The cylinder slips on the ;

semicircular frictionless track. Then — T

a. How far has the block moved when the cylinder reaches bottom (point
B) othe track?

b. How fast is the block moving when the cylinder eaches the bottom of the track?

Q-8 Two bidies A and B of masses m and 2m respectively are plaved on a smooth floor. They are connected by a
spring. A third body C of mass m moves with a velocity v, along the line joining A and B and collides
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elastically with A as shown in the figure. At certain
instant of time t,after the collision, it is found that c Vo A B

-
instantaneous velocities of A and B are the same. Further,
at this instant the compression of the spring is found to be

X, . Determine — (a) Common velocities of A and B at time t, , (b) The spring constant.

7NN A4

Q-9 A ball 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 salong the same path as 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. [Take g = 9.8m/s’]

Q-10 | A simple pendulum is suspended from a peg on a vertical wall. The pendulum is pulled away from the wall to a
horizontal position. The ball hits the wall, the coefficient of restituition being E What is the minimum
number of collisions after which amplitude becomes less than 60 degrees ? [Take vale of g =10 m/s?]

Q-11 | 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 m, and m,equalto 1 kg and
4 kg, respectively. The fragments separate horizontally after collision. The explosion releases internal energy
such that kinetic energy of the system at its highest point is doubled. Calculate the separation between the two
fragments when they reach the ground.

[Take g =10m/s]

Q-12 | A block A of mass 2mis placed on another block B of mass 4mwhich in 57
turn is placed on a fixed table. The two blocks have same length 4d as = 3
shown in the figure. The coefficient of friction (both static and kinetic) z_;-_ _________ B
between block B and table is /. There is no friction between two blocks. F ;
Another object of mass m moving with a horizontal velocity v, along a e 3 B ; >
line passing through COM of block B and perpendicular to its face le - 4d - ——»)
collides elastically with it at a height d above the table. Find —

(@ Minimum value of v =v, which will topple the block A,
(b) If v=2v,, find distance of from the point P, at which the mass m falls on the table after collision.
[Ignore friction during the collision]

Q-13 | A uniform thin rod of mass M and length Lis standing vertically along Y-axis on a smooth horizontal surface
with its lower end at origin (0,0). A slight disturbance at t =0 causes lower end to slip on the smooth surface
along the positive X-axis, and the rod starts falling. Find —

(a) Path followed by the centre of mass of the rod during its fall?
(b) Equation of trajectory of a point on the rod located at a distance r from the lower end?
(c) What is the shape of the point at (b)?

Q-14 | A small sphere of radius R is held against the inner surface of a thin hollow sphere of 1

radius 6R. Masses of larger and smaller spheres are 4M and M respectively. This
arrangement is placed on a horizontal table. There is no friction between any surfaces
of contact. The smaller sphere is now released. Find the coordinates of the center of the

larger sphere when smaller sphere reaches the other extreme position. U
A

X
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Q-15

A wedge of mass m and traingular cross-section (AB=BC=CA=2R) is moving z
with a constant velocity —vi towards a sphere of radius R fixed on a smooth
horizontal table as shown in the figure. The wedge makes an elastic collision 4 A
with fixed sphere and returns along the same path without any rotation. Neglect O J/\
all friction and assume that the wedge remains in contact with the sphere for a x

very short time Atduring which the sphere exerts a constant force F on the
wedge.

(a) Findthe force F and also the normal force N by the table on the wedge during time At
(b) Let h denote the perpendicular distance between the COM of the wedge and the line of action F , find

the magnitude of the torque due to normal force N about the centre of the wedge during the interval At.

Q-16

A cylindrical solid of mass 1072 kg and cross-sectional area 10 m? is moving parallel to its axis (X-axis) with a
unform speed 10°m/s in the positive direction. At t=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 10-3kg/m®. When a dust particle
collides with the face of the cylinder, it sticks to the surface. Assuming that the dimensions of the cylinder
remains practically unchanged and that the dust encountered by the cylinder during travel sticks only to its front

crss-sectional surface, find X-cordinate of the front of the cylinder at t =150s.

Q-17

Two blocks A and B of mass 2 kg and M are at rest on an inclined plane and are
seperated by a distance 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 B, comes back and has a velocity 1.0 m/s when it
reaches its initial position. The other block B after collision moves 0.5 m up and
comes to rest. Calculate — (i) the corfficient of restituition between the blocks and (ii) mass of the block M.

[Given sin@=tan@d=0.05and g =10m/s?]

Q-18

A car P is moving with a uniform speed of 5+/3 m/s towards a carriage of mass 9 kg at rest on the rails at a point
B as shown in the 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 i
first cannon ball hits the stationary carriage after a time to and sticks to it =
Determine to [part (i)]
At to, the second cannon ball is fired. Assume that resistive force between rail and —
carriage is constant and ignore the vertical motion of the carriage throughout. If the “ E
second ball also hits and sticks to the carriage, what will be the horizontal velocity of the carriage just after the
second impact? [part (ii)]

Q-19

A particle of mass m, moving in a circular path of radius R with a constant speed v, is Y
located at oint (2R,0) at time t =0and a man starts moving with a velocity v,along the

positiv Y-axis from the origin at time t=0. Calculate the linear momentum of the
particle w.r.t. man as a function of time.

Q-20

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 positive X-axis. When the system reaches the origin, the spring breaks at t =0. The position

of the point mass my is given by x, = vyt — A(L— coswt)where A and « are constant.
(a) Find the position of the second mass as a function of time.
(b) Relation between A and |,
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Q-21 | There is a rectangular plate of mass M kg of dimension (ax b) as shown in the figure. The % o
plate is held in horizontal position by striking n small balls uniformly per unit area per ‘1
unit time. Ecah ball is of mass m These are striking in gray half region of the plate. The a
balls are colliding elasticall with velocity v. What is v ? ¥

[Giventhat N =100, M =3kg, m=0.01kg; a=1m, b=2m; g =10m/s? tHt

Q-22 Three_ objegts A B ano! C of mass m, 2mand m respectively are kept ina &l |_B—| el
straight line on a frictionless horizontal surface. The object A moves 7/ ANV 7 ANV 778NV 7 /7WNN
towards B with a speed 9 m/s 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 of object C in m/s.

Q-23 | A binary start consists of two stars A and B of masses 2.2M and 1.1M_, where M is the mass of the sun.
They are separated by a distance and are rotating about their center of mass, which is stationary. Find ratio of
total angular momentum of the binary star to the angular momentum of the star B, about the center of mass.

Q-24 | A particle of mass M is projected at time t =0 from point P on the ground with a speed V, at an angle of 45°

Vv
to the horizontal. Find the magnitude and direction of angular momentum of the particle about P at time t=->
g

Q-25 | A small sphere rolls down without slipping from top of a track in a vertical —
plane. The reack 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. 26m

(a) Find distance on the ground with respect to the point B (which is !
vertically below the end of the track as shown in the figure) where the :
sphere lands. ¥ - avrAs >
(b) During its flight as a projectile, does the sphere continue to rotate about
its centre of mass? Explain
[Take value of g = 10 m/s?]

Q-26 | A thin uniform bar lies on a frictionless horizontal surface and is free to move in any way on the
surface. Its mass is 0.16 kg and length \/§ m. Two particles, each of mass 0.08 kg are moving on .lﬂifs} &
the same surface and towards the bar in a direction perpendcular to the bar one with a velocity 10
m/s and the other with 6 m/s, as shown in the figure. The first particle strikes the bar at point A
and the other at point B. points A and B are at a distance 0.5 m from the centre of the bar. The
particles strike the bar at the same instant of time and stick to the bar on collision. Calculate the  ém/s g
loss of kinetic energy of the system in the above collision process. o

Q-27 | A carpet of mass M made of inextensible material is rolled along its length in the form of of a cylinder of radius

R and is kept on a rough floor. The carpet starts unrolling without sliding on the foor when a negligibly small
push is given to it. Calculate the horizontal velocity of the axis of the cylindrical part of the carpet when it

. R
radius reduces to —.
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Q-28 | A homogeneous rod AB length | =1.8m and mass M is piboted at the centre O in 5
such a way that it can rotate freely in the vertical plane as shown in the figure. The {
rod is initially in the horozontal position. An insect S of mass M falls vertically |
with speed von the point C, midway between point O and B. Immediately after ,L 9 B f
falling, the insect moves towards the end B such that rod rotates with a constant L ________ . 't:_z/g;-:::;
angular velocity .

(a) Determine the angular velocity ¢ interms of v and |
(b) If insect reaches the end B when rod has tuned through an angle of 90°, determine v
[ Given that g =10m/s°]

Q-29 | A block A of mass 0.5 kg is held by a long massles string on a frictionless plane B
inclined at 30° to the horizontal. The string is wound on a uniform solid i@)
cylindrical drum B of mass 2 kg and of radius 0.2 m as shown in the figure.

The drum is given an initial angular velocity such that the block A starts ‘
moving up the plane.
(@) Find the tension in the string during the motion S A
(b) Ata certain instant of time the magnitude of the angular velocity of B is 10 rad/s. Calculate the distance
travelled by A from the instant of time until it come to rest.

Q-30 | Two uniformrods A and B of length 0.6 m each and masses 0.01 and 0.02 kg respectively are rigidly P
joined end to end. The combination is pivoted at the lighter end P, as shown in the figure, such that =
it can freely rotate about P, in vertical plane. A small object C of mass 0.05 kg moving .
horizontally, hits lower end of the combination and stick to it. What would be the velocity of the
object so that the system could just be raised to the horizontal position. B

Q-31 | Arectangualr rigid fixed block has a long horizontal edge. A solid homogeneous cylinder of
radius R is laced horizontally at rest with its length parallel to the edge such that the axis of R
the cylinder and the edge of the block are in same vertical plane as shown in the figure. ! S

There is sufficient friction present at the edge, so that a very small displacment causes the
cylinder to roll off the edge without slipping. Determine —

(a) The angle 6. through which the cylinder rotates before it leaves contact with the
edge,

(b) The speed of the centre of the mass of the cylinder before leaving contact with the edge,

(c) The ratio of the translational to rotational kinetic energyies of the cylinder when its CO M is in horizontal
line with the edge.

Q-32

Two thin circular discs of mass 2 kg and radius 10 cm each are joined by a rigid

massless rod of lengh w0 cm. The axis of the rod is along perpendicular to the 0
planes of the disc through centers. 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. Its friction with the floor of the truck is large enough, so  Z7ANZAY
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 upward direction. If the truck has an acceleration 9m/s?, calculate —

(a) The force of friction on each disc, and

(b) The magnitude and direction of the frictional torque acting on each disc about te centre of mass O of the

object. Express torque in the vector form in terms of unit vectors I, J and kK in X, Y and z directions.

Q-33

A uniform disc of mass m and radius R is projected horizontally with velocity V, on a rough horizotal floor, so

that it starts off with a purely sliding motion at t =0. After time {, seconds, it acquires a purely rolling motion
as shown in the figure.
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(a) Calculate the velocity of the center of mass of the disc AT
t Vv ;
oo y . > " »
(b) Assuming the coefficient of friction to be , calculate
. FT NN 7 A 7NN 77NN 7 77 7755
t=0 I=1,

(c) Calculate work done by frictional force as a function of
time and the total work done by it over a time t much latger than {;.

Q-34 | A uniform circular disc has radius R and mass m . A particle of mass m A
is at a point A on the edge of the disc. As shown in the figure. The disc

. . R
can freely rotate about a horizontal chord PQ at a distance Zfrom the

centre C of the disk. Line AC is perpendicular to PQ.
Initially disc is held vertical with the point A at its highest position. It is p 7"\ YA "T X
then allowed to fall so that it starts rotation about PQ. Find the linear

speed of the particle as it reaches its lowest position.

Q-35 | A man pushes a plank of mass m,placed on the cylinder of of mass m,as # —m|
shown in the figure. There is no slipping at any contact.The horizontal

component of force applied by the manis F . Find —
(a) Acceleration of the plank and the centre of mass of the cylinder, and
(b) Magnitude and direction of frictional force at the contact points.

Science in general and Physics in particular is not a subject to learn, but an area of
observation and exploration by correlation, integration and analysis of repetitive nature,
and then conclusion.

Itis a real thrill, full of fun.
But, it can’t be done in dicrete manner, it has to be done patiently, like climbing
stair far a faster and purposeful journey.
This is where role of education come in; it is to streamline the process.

“A hundred times every day I remind myself that my inner and outer life
are based on the labors of other men, living and dead, and that I must
exert myselfin order to give in the same measure as I have received and
am still receiving.”

- Albert Einstein
—00—
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Mechanics of Rigid Bodies : Answers To Subjective Questions (Typical)

[Note: Figures are conceptual only and not to the scale]

() \/(mzvz +M¥YV Z)A(tanl %) (b) Mm(VZ +V2)

Al (M +m)mv? + MV ?)
A-2 NO
A-3 25%
A-4 37 Cms from P or 9 cm left of centre of bigger circle i.e. A.
A-5 10v2 mis along mirror image of bisector of the line of motion of the two equal masses.
A-6 Velocity of particle C after collision is equal and opposite to the vlocity of particle B after collision.
R—r)m -
- M +m M(M +m)
2m i
VO VO
a) — b) —| —
A8 @ () = [on
A-9 6.5 sec
A-10 4
A1l | 25/3m
5
A-12 (a) 51/6,ud (b) 6d.3u
X2 y2
(a) Vertical line oassing through CG whenrod is erect.  (b) —2+r—2 =1
r_L
)
A-13 (b) Second quadrant of an ellipse with its variant, depending on value of rsuch that —
@Ifr> % major axis is along Y axis, (ii)If r= % ,circle, (iii) If r <% , major axis along X-axis
A14 | ((L+2R)0)
2mv 4mv
A-15 @ m ——+ gj (b) (—jh
E\/§At J3At
5
A-17 (M 0.84 , (ii) 15.12kg
A-18 (i) 12s, (i) 15.75 m/s
A-19

v, s v s
m(—v2 cos (Eztjl +(v2 cos (Eztje—vljjJ
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@ Vot+Aﬂ(1—COSa)t) (b) IO:A(ﬂ+1j
m m

A-20
2 2
A-21 10 m/s
A-22 4m/s
A-23 6
24 Magnitude is m and direction is (— kA) i.e. perpendicular to the paper and towards entering it.

A 242

10| 1 2
A-25 X=|4|— | —= |= 4\/: , Yes.

7 \J5 7
A-26 2721

14gR
A-27 \ 3 ™

(@) %rad/s in clockwise direction. (b) 4.23 m/s

A-28
A-29 (a) 1.66 N (b) 1.2m
A-30 6.4 ms

A-31 (a) cos—l(;j (b) 1/;gR mis (c) 6

(@ 6N (b) 0.85 N-mon Y-Z plane along ling bisector of Y-Z axes in opposite directions

A-32
A-33 @) %Vo (0) %Vo ©) mTﬂgt(Zvo—3ygt), m\éoz

A-34 4 %

s | 0% Tamean O b anian e
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Growing with Concepts: Chemistry

http://www.gyanvigyansarita.in/

GAS LAWS (Contd.)

Charles’s Law (Volume Temperature
relationship):-In 1787, a French scientist, Jacques
Charles studied the effect of temperature on the
volume of gases at constant pressure. The following
generalization was observed which is known as
Charles’s Law: ‘Pressure remaining constant, the
volume of a given mass of a gas increases or
decreases by 1/273 of its volume at 0°C for every one
degree centigrade rise or fall in temperature.” Let Vo
be the volume of a given mass of a gas at 0°C and V:
is its volume at any temperature t°C, then the
volume, Vi may be written in terms of Charles Law
(at constant pressure) as: For 1 degree rise in

. 1
temperature, volume increases= V, X For t
- degree rise in
é 1 temperature, volume

2 . 1
g increases = Vo x— xt.

2T 273
-k . Volume at t°C, Vi =
& initial ~ volume +
&5 increases in volume =

. + 1

27FC 200C-100C_ 0C 100C 200C 300C 400C Vo + Vo Xﬁ xt = Vo
<«————Temperature [1 +L] = V. [2 73+t 1
273 © Lz

The volume of a certain mass of a gas at any
temperature can be calculated by the application of
the above relation. Thus as:

10
Volume at 10°C = Vo + 27\;‘)
Volume at1°C = Vo + 0

273
Volume at —-1°C = Vi - Yo

273
Volume at —20°C = Vo — 2207‘;0

273V,
Volume at — 273°C = V, — 2730 = 0.

This implies that a gas at -273°C will have zero or no
volume, i.e., it will cease to exit. Below this
temperature, the volume will be negative which is
meaningless. In fact, no one has traced the rate of
contraction in volume of any gas up to -273°C at
constant pressure. In actual practice, gases liquefy
before this temperature is reached. The same
conclusion can also be reached graphically by
plotting the volume of a certain mass of a gas (along
Y-axis) against temperature (along X- axis) at
constant pressure. We get a graph consisting of a
straight line as shown in figure.

Kumud Bala

If we extrapolate this straight line, it will meet
temperature axis at -273°C. Thus, at -273°C, gas
occupies zero or no volume. Charles knew that zero
and negative values of volumes are not possible
physically. Therefore, he proposed that -273°C is the
lowest possible temperature. It may be noted that
this value, --273°C does not depend upon the nature
of gas or the pressure at which experiment is
performed. Att = -273°C; the volume V = Vo [1-
273/273] = 0, this lowest temperature is called
absolute zero. “The lowest possible hypothetical or
theoretical temperature of -273°C at which a gas is
supposed to have zero volume is called absolute
zero.” A British scientist, Lord Kelvin has suggested a
new scale of temperature staring with —273°C as its
zero. This scale of temperature is known as Kelvin
scale or absolute scale. On this scale, the freezing
point of water, i.e., 0°C is 273°A (absolute) or 273K
(Kelvin). Thus, any temperature on the centigrade
scale can be converted to that on the Kelvin scale by
just adding 273 to its value on the centigrade scale.
Hence, the two scales are connected by the relation:
Kelvin temperature= centigrade temperature + 273
or T K = t°C + 273 thus, —273.15°C = 0 K, 0°C =
273.15K (exact value), 0°C = 273K (for sim plicity).
Similarly, 1°C = (273 +1) = 274K, 100°C = (273
+100) K = 373 K. Temperature on Kelvin scale is
indicated simply by writing the letter K. By
convention, the degree sign (°) is not used while
expressing the temperature on the Kelvin scale. The
advantage of Kelvin scale lies in the fact that the
volume of a gas and its temperature on the Kelvin

scale are directly proportional to each other.

According to Charles’s law, Vi = V, [%], putting

273 +t = T, the corresponding temperature on the

Kelvin scale, we get Vi = Vo % . As V, and 273 are

constant, hence Via. T or VaT or above relation gives
another definition of Charles’s law as follows:
“pressure remaining constant the volume of a given
mass of a gas is directly proportion to its tem perature
in Kelvin.”  VaT implies that V/T = constant at
constant pressure. Thus, if Viis the volume of a
certain mass of a gas at temperature T; and V- is the
volume of the same mass of the same gas at
temperature T- at constant pressure, then according

v, V
to Charles’s law , %= -2 ( mass and pressure

L T
constant). Thus, a plot of Vvs T at constant pressure
will be a straight line passing through the origin.
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It is interesting to

A

Volume V

Volume —Ib
o
o

Temperature T (K) - ,‘i%

Topas] I I I
-300 -200 -100 1] 100

Temperature () —»

A Volume Vs Temperature graph (°C)
note that at constant
pressure, the straight
line V vs T plots
obtained for different
amounts of the same
T - ' - gas or for same
i amount of  the
different gases are different but each of them
intersects the temperature axis at -273°C
corresponding to zero volume. The curves showing
the volume - temperature behavior plotted at
different fixed pressure are called isobars. Higher the
pressure less is the slope of the line (e.g., line 4
corresponds to higher pressure).

Volume (mL)——>

Practical significance of Charles’ law: Air
expands on heating and hence its density decreases.
Thus, hot air is lighter than the atmospheric air. This
fact is made use of filling hot air in the balloons
which rise up for meteorological observations.

Numerical 1: A sample of helium has volume of
520ml at 100°C. Calculate the temperature at which
the volume will become 260ml. Assume that pressure
is constant.

Solution: Vi = 520ml, T1 = 100+ 273 = 373K, V. =
260m1, T2 =?

By applying Charles’s law: % V2, o V2XTL

T2 Vi
260ml x373K °
wom 186.5K or t = 186.5—273 = —86.5°C.

2. On a ship sailing in a pacific ocean where
temperature is 23.4°C, a balloon is filled with 2L air.
What will be the volume of the balloon when the ship

reaches Indian Ocean, where temperature is 26.1°C?
Solution: According to Charles’s law, A2 61 Ve=

T1 T2
VlTxsz , Vi=2L, V. =? T =273+23.4 = 206.4K, T2 =

2Lx299.1K
+ . = . g —
273 + 26.1 = 209.1K, V, 296 4K

= 2.018L

Gay-Lussac’s Law (pressure- temperature
relationship): The relationship between pressure
and temperature was given by Joseph Gay-Lussac

http://www.gyanvigyansarita.in/

and is known as Gay-Lussac’s law. It state that at
constant volume, pressure of a fixed amount of gas
varies directly with temperature. Mathematically,
it may be expressed as PaT or ; = constant = k or
P1 P2
T T2
Graphically representation of the law: this
law can be illustrated by pressure-temperature
graph. At constant molar
volume, when a graph is
plotted between pressure
and absolute temperature,

i

Pressure

0 Temperature (K)

straight line is obtained.

Pressure (bar) —s

The curves showing the
pressure-tem perature
behavior plotted at fixed
volumes are called
isochores.

e .

t t t t
0O joo 200 300 400
Temperature (K} —=

Physical significance of Gay-Lussac’s law:
Pressure in a well inflated tyres of automobiles is
almost constant. But on hot summer day this
increases considerably and tyre may burst, if
pressure is not adjusted properly. Similarly, during
winters, on a cold morning we find the pressure in
the tyres of a vehicle decreased considerably.

Numerical: A chamber of constant volume contains
hydrogen gas. When the chamber is immersed in a
bath of melting ice (0°C), the pressure of the gas is

1.07x102kPa. What pressure will be indicated when
the chamber is brought to 100°C?

Solution: T: = 273 +0°C = 273K, P; = 1.07x 102kPa
= 107 kPa , T» = 273+100°C = 373K, P, = ? Since
volume remains constant, therefore, according to

, P1 P2 P1xT2 107kPa x373K
Gay-Lussac’s law: —=—or P, = = =

T1T T2 T1 273K
1.462x 102kPa

Avogadro’s law (Volume - Amount
relationship): Amadeo Avogadro in 1811, put

forward a relationship between volume of a gas to the
number of molecules at constant temperature and
pressure. This has now been accepted as a law and is
known as Avogadro law. The law states that, at a
given temperature and pressure, the volume of a gas
is directly proportional to the amount of gas.
Mathematically, Avogadro’s law may be expressed as:
Von (P and T constant) or V=kn, where n’ is the
amount of substance (moles). The number of
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molecules in one mole of gas has been determined to
be 6.022x1023 and is known as Avogadro’s number or
constant. Avogadro generalized the above
observation by the following statement: “all gases
contaning equal amount of substance occupy the
same volume at the same tem perature and pressure”.
This means that one mole of each gas at standard
tempreature will have same volume. This is known as
molar volume,Vi,. Molar volume of the gas under
standard temperature and pressure are taken at 0°C
and 1 atmosphere pressure = 22400ml or 22.4L

When STP conditions taken are 0°C (273.15K) and 1
bar pressure ( 1bar < 1 atm =.987atm), molar volume
is slight higher and equal to 22700ml or 22.7L.

When SATP ( standard ambient temperature and
pressure) conditions are taken 25°C( 298.15K) and

http://www.gyanvigyansarita.in/

1bar pressure, molar volume of the gas = 22800oml or
22.8L.

Now, number of moles of a gas can be calculated as:
n =2 B thus, V= ki, M = K = kd

molar mass M
(d=m/V) , where ‘d’ is density of the gas. Thus, we
can say that the density of a gas is directly
proportional to its molar mass.

Numerical : What is the density of sulphur dioxide
(SO-) at STP.

Solution : The gram molecules weight of SO. =

64g/mole. Since 1 mole of SO- occupies a volume of
m

22.4L at STP. Density of SO» =7 = 2= = 2.86g/L

Assignment

1. At constant temperature, in a given mass of an ideal
gas-

(a) the raito of pressure and volume always remains
constant

(b) volume always remains constant

(c) pressure always remains constant

(d) the product of pressure and volume always
remains constant.

2. Three flasks of equal volumes contain CH,4, CO, and
Cl, gases respectively. They will contain equal
number of molecules if :

(a) the mass of all the gases is same

(b) the moles of all the gases
temperature is different

(c) temperature and pressure of all the flasks are
same

(d) temperature, pressure and masses are same in the
flasks.

3. A certain mass of a gas occupies a volume of 2L at
STP. Keeping the pressure constant at what
temperature would be gas occopy a volume of 4

is same but

litres.
(a) 546°C (b) 273°C
(c) 100°C (d) 50°C

4. At 100°a gas has latm pressure and 10L volume.lts
volume at NTP would be------
(a) 10L (b) less than 10L
(c) more than 10L (d) none of these.

5. Two flasks A and B of 500ml each are respectively
filled with O, and SO, at 300K and latm pressure.
The flsaks will contain-------

(a) the same number of atoms

(b) the same number of molecules

(c) more number of moles in flask A as compared to
flask B

(d) the same amount of gases.

6. A gas at 10°C occupies a volume of 283ml. If it is
heated to 20°C keeping the pressure constant the
new volume will be-----

(a) 293ml (b) 283ml (c) 560ml  (d) 586ml.

7. The molar volume of methan (CH,4) at 819°C and
760mm pressure is:

(@)22.4L (b)44.8L (c)89.6L  (d)5.6L.

8. The temperature of a gas in a closed container is 27°
C. If the temperature is raised to 327 °C the pressure
exerted is:

(a) reduced to half

(b) doubled

(c) reduced to one-third

(d) cannot be calculated from the given information.

9. Anopen vessel at 37°C is heated until 3/5 of the air
in it has been expelled. Assuming that the
volume of the wvessel remains constant, the
temperature to which the vessel is heated:

(a) 502°C  (b) 502K
(c) 243.67°C (d) 92.5°C.

10. 100ml of O, and H, are kept at same temperature

and pressure. What is true about their number of

molecules?
(@) O> H; (b) O2< H;
(c)O,=H; (d) Oz +H;=1mole .
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Author is M.Sc. (Chem.), M.Ed. and Advanced Diploma in German Language (Gold Medallist). She retired
as a Principal, Govt. School Haryana, has 3-1/2 years’ experience in teaching Chemistry and distance
teaching through lectures on Radio and Videos. She has volunteered to complement mentoring of students
for Chemistry through Online Web-enabled Classes of this initiative

e-Mail ID: kumud.bala@vyahoo.com

—00—
GROWING WITH CONCEPTS

Concepts of an expert are not like a static foundation of a huge structure; rather it is like blood flowing
in a vibrant mind.

During growing into an expert, each one must have used best of the books available on subject and received guidance of
best of the teachers. Authors might have had limitations to take every concept thread bare from first principle and so
also must be the constraint of teacher while mentoring a class with a diversity of inquisitiveness and focus. As a result,
there are instances when on a certain concept a discomfort remains. The only remedy is to live with the conceptual
problem and continue to visualize it thread bare till it goes to bottom of heart and that is an ingenious illustration.

In this column an effort is being made to take one topic on Mathematics, Physics and Chemistry in each e-Bulletin and
provide its illustration from First Principle. We invite all experts in these subjects to please mail us their ingenious
illustrations and it would be our pleasure to include it in the column.

We hope this repository of ingenious illustrations, built over a period of time, would be helpful to ignite minds of
children, particularly to aspiring unprivileged students, that we target in this initiative, and in general to all, as a free
educational web resource.

This e-Bulletin covers — a) Mathematics, b) Physics, and c¢) Chemistry. This isjust a beginning in this direction. These
articles are not replacement of text books and reference books. These books provide a large number of solved
examples, problems and objective questions, necessary to make the concepts intuitive, a journey of educational
enlightenment.

Looking forward, these articles are being integrated into Mentors’ Manual. After completion of series of such articles on
Physics it is contemplated to come up representative problems from contemporary text books and Question papers
from various competitive examinationsand a guide to theirsolutions in a structured manner, as a dynamic exercise to
catalyse the conceptual thought process.

--00—
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SCIENCE QUIZ November-2018

Tomatoes in green house grow faster if the CO,

concentration is increased. This shows that:

(a) temperature must have been a limiting factor

(b) CO, concentration must have been a limiting
factor

(c) light intensity must have been a limiting factor.

Why do plants need nitrate ions?
(a) to make proteins

(b) to make fatty acid

(c) to make starch for storage.

What is the name of gas which is used in cigarette
lighters?

(a) methane
(c) propane

(b) butane
(d) none of these.

What is the name of instrument which is generally
used to measure altitudes in aircrafts?

(a) fathometer (b) wattmeter

(c) barometer (d) altimeter

Which synthetic fiber is known as artificial silk?
(a) nylon (b) rayon
(c) cotton (d) terylene

Which of the following carbon compounds is used
as a fire-extinguisher?

(a) carbon disulphide

(b) chloroform

(c) carbon tetrachloride

(d) methylene chloride.

The gas used for artificial ripening of green fruits is
(a) ethylene

(b) ethane

(c) carbon dioxide

(d) acetylene

The acceleration given to a body by a force applied
to it is directly proportional to......

(a) force

(b) mass

(c) acceleration

(d) momentum

A body of mass 4kg when a force of 200N acts on it
produces an acceleration of------

() 30m/sec?

(b) 40m/sec?

(c) 50m/sec?

(d) 100m/sec?

10.

11.

12.

13.

14.

15.

16.

17.

Kumud Bala

Mitosis occurs in--------
(a) vegetative cell

(b) epidermal cell

(c) reproduction cell
(d) dead cell

Which of the following is made use of to open the
tightened lid of a bottle?

(a) superficial expansion

(b) linear expansion

(c) thermal expansion

(d) cubical expansion.

A batsman hits a cricket ball which then rolls on a

level ground. After covering a short distance, the

ball comes to rest. The ball slows to a stop because:

(2) the batsman did not hit the ball enough

(b) velocity is proportional to the force exerted on
the ball

(c) there is a force on the ball opposing the motion

(d) there is no unbalanced force on the ball , so the
ball would want to come to rest.

Which law explains swimming?
(a) Newton’s first law

(b) Newton’s second law

(c) Newton’s third law

(d) all of these.

The weight of an object is :

(a) greater on earth and lesser on moon
(b) greater on moon and lesser on earth
(c) equal on both earth and moon

(d) none of these

Ozone hole refers to:

(a) increase in the ozone layer in stratosphere

(b) decrease in the ozone layer in troposphere

(c) decrease in thickness of ozone layer in
stratosphere

(d) increase in the thickness of ozone layer in
troposphere

Pollination is best defined as:

(a) transfer of pollen from anther to stigma
(b) germination of pollen grains

(c) growth of pollen tube in ovule

(d) visiting flowers by insects

The important sugar in honey is-------
(a) lactose (b) fructose
(c) maltose (d) sucrose
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18.

19.

20.

21.

The absorption of ink by blotting paper involves-----
(a) viscosity of ink

(b) capillary action phenomenon

(c) diffusion of ink through the blotting

(d) siphon action

The alloy of aluminium used for making magnet is -

(@) duralumin

(b) y- alloy

(c) alnico

(d) aluminium bronze

If we decrease the time period of a wave, its
frequency will -----

(a) decrease

(b) increase

(c) remains same

(d) none of these

Your image in a bathroom mirror results from ------
(a) diffuse reflection

(b) specular refraction

(c) specular reflection

(d) diffuse refraction

22.

23.

24.

http://www.gyanvigyansarita.in/

A substance consisting of a coil of wire with an iron
core and is only magnetized when an electric
current flows through it is called--------

(a) magnet (b) electromagnet

(c) battery (d) cail

A rock which attracted iron materials was found by :
(a) Greeks (b) Trojans
(c) Egyptians (d) Italians

Excessive release of the pollutant carbon monoxide

(CO) into the air may produce a condition in which

oxygen supply in the human body decreases. What

causes this condition?

(a) when inhaled into the human body, CO is
converted into CO»,

(b) the inhaled CO has much higher affinity for
hemoglobin as compared to oxygen

(c) the inhaled CO destroys the chemical structure
of hemoglobin

(d) the inhaled CO adversely affects the respiratory
centre in brain.

25. Which type of star is Sun?

20.

(a) supernova
(c) red supergiant

(b) red giant
(d) none of these

In which ocean does the Mariana Trench is located?
(a) Indian ocean (b) Atlantic ocean
(c) Pacific ocean (d) Arctic ocean

(Answers to this Science Quiz Nov’18 shall be provided in
Monthly e-Bulletin dt. 15t Dec’18)

Never regard study as a duty, but as the
enviable opportunity to learn to know the
liberating influence of beauty in the realm of
the spirit for your own personal joy and to the
profit of the community to which your later
work belongs.

(Albert Einstein)

izquotes.com
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Mechanics of Rigid Bodies :Illustrations Of Subjective Questions (Typical)

[Note: Figures are conceptual only and not to the scale]

—

(@) Momentum of body A is PA = mvi and of body B is |5B = MVj . The body after collision coalesce into one
therefore is per principle of conservation of momentum, this combined body will have momentum as

- - R MV
P=mvi+MV] - \/(mzvz +M 2V‘Z)L('[anl Wj and magnitude of velocity to be used in part (b) is

\/(m2v2 +M 2V2)

M +m '

(b) Kinetic energy of the individual bodies before collision shall be KE ,= %mv2 and KE = % MV 2. And that

of coalesced body would be -

2,,2 2 2,2 2
KE = E(M +m)(\/(m2V2 +M 2Vz))2 :i(M +m M = 1 w . Therefore
2 2 (M +m) 2l M+m

fraction of initial kinetic energy that is lost into heat is —

1( ., , MV +M?AV?2

“Imvemyz- S TR T

 KE  KE,+KE,—KE 2 M +m Mm(V? +v?)
KE,+KE,  KE,+KE, l(mv2+|v|v2) (M +m)mv? + MV ?)

N.B.: It is to be noted that in part (a) magnitude of momentum and velocity are different, what is asked is
momentum vector.
But in part (b) energy transformed into heat, during collision, is asked as a fraction of initial kinetic energy.

Accordingly, equation for K is formulated.

Principle of consrvation of momentum applies when no external force is acting on the system. But, in the event of

t t t t
an external force principle of impulse | = jpdt= Imvdtz mjvdtz mj(u—gt)dtwould apply where
t=0 t=0 t=0 t=0
accelelartion due to gravity gcomes into play while the ball ascends as well as descends. This { together with
mass of the ball constitutes external force and hence principle of conservation of momentum would not apply.

Given that initial velocities of the two masses M, and M,are u, =0and u, =0,

|y
|4

and their final velocities are v, =v, =V. Let initial velocity of bullet of mass mis V .

With the given data velocites of the bullet can be analyzed in three stages — (a) before | | » i

piercing mass M, (b) after piercing mass M, and (c) it gets embedded in mass M, .

As per principle conservation of mementum at stage (b), equation is mV =M v+mv'

And balance of momentum at stage (c) is mv'= (M +m)v. Combining the two

(M, +M,+ml  (1+2.98+ o.oz)v 4
m

= v=200v >Vv= v .
0.02 0.02 200

Accordingly, velocity of the bullet at stage (b) would be

equations mV =MyVv+(M +m)v >V =
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\

0.0V —1x——
V-:mV—M1V: 200 _(q_ 50 V—§V
m 0.02 200 4
Y —§V
Thus, percentage loss of velocity in stage (b) is x100 = 25%

N.B.: It is to be carefully noted that what is asked is percentage loss of velocity of bullet when is between M,
and M, . Accordingly equations have to be formulated.

I-4 The given figure is so placed that a horizontal diameter passes though a common point P
on the edges of the Two circular shapes. The disc of diameter d, =56 cm is taken to be
2
of uniform mass density o per unit area having its centre of mass M, =
symmetry of the shape would be at its centre A at a distance I, = % =28cmfromP. A ' ”1
circular portion of diameter d, =42 cm, as shown in the figure, is removed and it can | i
be mathematically taken to be of mass (— p)per unit area indicating zero mass density; its COM of mass
d,” d
M, = —ﬂ42 p shall lie at B, at a distance T, = ?2 =21 cms from P, Accordingly, taking moments of the
constituents masses about the point P the center of mass shall be at
zpld 20y 20y
_ M, + M, 2 P 2) 1d’-d” 1d°+d,+dd, _1[3136+1764+ 2352) "
M, + M, zpld —d,’) 2d2-d,> 2  d,+d, 2 56+ 42 ’
leads to X =37cm. It leads to 37—28=9cm left of A, i.e. centre of the bigger circle.
I-5 ) o 11 3 A%
Given that a mass of 1 Kg, at rest, splits in three fragments A, B and C of masses g,gand E @
kg respectively, as shown in the figure. It is so oriented that V, :E(I + J) and V@
.30/ . T
Vy ——( - J) as given. Let velocity of mass C be v =V, I +V J As per principle of s
V2 ()
conservation of momentum B
- - - 1 30 a 1 30 =\ 3¢, - »
Mx0=M,\V,+M_V, +M_V, ——=\U=J)+=-VJa+V, J). This requires equation
AV A BVB cc5\/—( )5\/5( )5(x yJ) q q
satisfies for components of moment along I and Jdirections. Accordingly, straight way Vy along jdirection iS
30 30 3 3
zero and along direction 1 is —— -V, =0—>-V, =- 3\/§+3\/§)—>V - 102 m/s.
g \/_ 5\/_ 5 X 5 X ( X
1-6 It is given that the particles of mass m at the vertices of an equilateral traingle are moving along median with

- 1. _ NEPSE
constant speed vand accordingly, V, —V(OI—J) A =v(ﬁi+%jJ and V¢ =V(——| +—=711.
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V3

- L .. . _ . ~ 1a -
After collision at G, it is given that velocities of the particles V', =0, V'y = —v(7 *3 JJ and velocity v'c

of particle C is to be determined. As per principle of conservation of momentum, in absence of external force,
momentum during collision A = 0. Accordingly, AP = (mV, +mV, +mv, )—(mV',+mv';+mv' ). It leads to

AFJ:m((\7A—\7'A)+(\78—\7'B)+(\7C—V'C)):mVL(—j)+0+{(§f+%jj—\7'CD:O. Thus, algebtically

Il 1 2
V' =v(73l +§ jJand V'.=-V'g, ie, velocity of particle C after collision is equal and opposite to that of

particle B after collision.

N.B.: It would be seen that subjetive questions necessarily need not be complex and are good enough to be a part
of objective questions to be solved with analytical intuition. Nevertheless, these questions are framed in this
category to evaluate analytical illustration capability of student, and hence they are assesded subjectively,
despite the answer being correct. Moreover, marks allotted to such questions are appropriately proportioned for
time and effort is the solution.

The cylinder of mass m and radius rrolls down from point A to point B along the smicircular track, it behaves
like a system. During the rolling horizontal its position of its COM shall remain unchanged, since block is placed

MR + mr

on a firm frictionless. COM of the system, w.r.t point A, in initial condition is X = ————, or w.r.t. point B is
M +m
, (R=r)m _ o .
X'=R-x= Mam Since, R > r, therefore R—r > 0and hence COM in intitail position shall be right of
+m
point B.

(a) But, when particle reaches at B, by symmetry of the system along vertical line passing through point B, it
shall be at the point. Since COM of the system in absence of any external force remains unchanged and

(R—r)m

M+m

(b) This part of the problem involves two variables, velocity of the roller and the block. Therefore, it needs to
be solved with Two equations one based on conservation of mementum (COM) and other based on
conservation of energy (COE). It is to be noted that velocity of the roller at every point on the track is

tangential to it. Therefore, at point B, \7r =Vrf, while that of the block shall be Y, =Vbi . Since
momentum is a vector, and therfore as per COM momentum

hence the whole block would shift to right of initial position of point B by a distance X'=

along land Jshall be conserved independently. Moreover
the system is initially, whenroller is at A is at rest, therefore,
mv, + MV, =0. It leads to A

M
MVi+Mvi=0->v, =——V,.
m

~

Since, there change in vertical position of the cylinder, which
has descended through a height , (R —r)while both the roller and the block have horizontal velocities,

therefore, as per COE, APE = AKE . Accordingly,
10 2 1 (MY 2| 1(M(M+m)) ,
mg(R—r)=—(mv,”" +My," J==|m| —Vv, | +MV," [=—| ——|v,". It leads to
g( ) 2( r b ) 2( (m bj bJ 2( m b
209(R—r
v, =m [—— .
M(M +m)

N.B.: Here care needs to be taken that cylinder descends through a height (R—r) and nor R since ris
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significant and specified.

Initial momentum of mass C is P, =mv, and kinetic energy K, = Emvoz, while all other masses are at rest

After time t, all the masses move with velocity v and spring is compressed by x
and C is elastic, they will exchange velocities, and hence C will come to rest and A will acquire velocity v
i of momentum

Taking

mv,

as

K.=E;f =>—-my,” =
2 2

N.B.

velocity is redundant. It is a non-linear equation and a problem outside scope of the instant curriculum

Since collision of masses A

A, B abd C, as per principle on conservation

here vis the common velocity of masses A and B. At t, this instant for the system
of energy, it is-

2
:gmvoz_)kzz_m V_O .
3 3 X

system of masses
=(m+2m)v—>v:\%°,
principle

2
L w2 l(m+ 2m)v? +%k X, —> kx,” = m(vo2 —3[%0] ]

of conservation

per

In this problem, information on duration t, after collision for two masses A and C to acquire niform

The two ball when start moving their COM is at height h =

masses is § m/s?
can be simplified to —4.9x10=2.45x10t —4.9t* — 2t>
quadratic equation t =

oftis t=

0+98 ) . .
=49m. Since acceleration acting on both

therefore, acceleration of COM shall also be ¢, while initial velocity of COM shall be
1
21t

4
:0+ 9=245m/s Therefore, time of flight of COM shall be —h:ut—Egt — —49 =245t -=-9.8t
—10t—20=0—>t* -5t —-10=0. Solving the

+
ks 252+4X10 Since, discriminant +/25+ 4 x10 > 5and hence the only (+)ve value

5+\/@ 5+8
~ 5 ~ 6.5sec.

1-10

=—=. Let lbe the length of pendulum, in that case

\"
Coefficient of restituition €=—=
u 5
velocity of pendulum when it collides with the wall can be determined with the principle g
1 ///
conservation of energy (COE) such that Emu2 =mgl >u=,2gl and velocity of iy
-

\/E \/2><10 =4,

pendulum post collision using value of eshall be V=—7=

Therefore after coIIision the height to WhICh pendulum would rise, as per COE
4

mgh =~ (4\/—)Z h=8_4 Therefore after n collisions maximum height to which the bob shall be able

torise is [—j l.
5
For the bob of the pendulum to have minumum collisions where amplitude is less than 60°, in that case the height
. I
h <1-1cos60° —>h<§—>(0.8)” <051. At

of rise after collision shall be
n=3—-h=(08=0512>05,at n=4— (0.8)' =0.4096< 0.5 . Hence, minimum number of collisions
is 4.
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I-11

The object when projected shall have horizontal wvelocity .

|
- ———— = L E—— —)!*——— 4 ——’E
ZOxﬁ

from First Eqn of Motion 0=vsin60° —gt >t = Tz = 3s.

During this time the object will travel a horizontal distance d =V, t =10\/§ m.

Kinetic energy og the object at highest point is K :%mvh2 = %x 5x10? = 250 Nm. After explosion combined
energy of the split masses is givento be K, + K, = %mlvl2 +%m2V22 =2K > %1>< V12 +%4><V22 =2x250.

2 2 ) L
It leads to V,” +4v,” =1000. But, there is no external force, and it will comply conserve momentum.
50-v;

Accordingly, mvcos60° =m, v, +m, Vv, - 5x10=4xV, +1xV, = 4v, +V, =50 >V, =

50—-v,

2
Accordingly, combining energy and momentum equations v12=1000—4[ J . It resolves into

4v12=4000—(2500—100v1+v12)—>5v12—100\/1—1500=0—>v12—20v1—300:0. It s a quadratic
20+ ,/400-4x1x(-300) 20+1600 20+ 40

2 2 2
Splintering, caused by explosion result in separation of particles, in opposite directions and hence v, =—-10m/s

50— (~10)

equation which gives v, = =30o0r-10m/s.

shall be taken. Accordingly, velocity of of mass m,shall be, Vv, = =15m/s.. Thus, horizontal

velocity of seperation, or the relative wvelocity of m, of w.rt m the two split masses is
V =v, -V, =15—(-10) = 25m/s. From this highest point time talen by the two masses to reach the ground,

under gravity, shall be same as that to reach the highest point i.e. t = /3 sec. Therefore, sepeartion between two

fragments, when the touch the ground, willbe D =Vt = 253 m.
N.B.: In case value of g is not given in that case answer will change based on its value chosen.Therefore, values
assumed should be categorically specifiedin the solution.

1-12

Net frictional force exerted by the ground on block B, as long as Block A is on it, would be
f= ,u(2mg +4mg): 6mgy:. But, there would be no frictional force on A by block B. Therefore, when block
B moves under influence of impact of C, the block A would simply slide on block B it will have an retardation

f 6m 3
™ = 4—2}’” = E,ug . This value of awould decide distance moved by block B, before it comes to rest, and

in turn would lead to answer (a).

Given that, collision of B and C is elastic, it will help to find velocity of B post collision. Once, accordingly as

per principle of COM, mv=mv. +4mvy -V =V, +4vgand as per principle of COE it leads to
1

1 1
Emv2 =5 mv,’ +§><4mVB2 >vi=v+4v. Accordingly, Vi=(v—4v, Y +4v. . It leads to

v’ =(v2 —8vv, +16v82)+4v32 — 20v," —8wv, =0 -V, :év. And, Vo =V —4v, :v—4x§v:—gv.
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Block B is required to cover a distance , common width of blocks A

and B 4d, before block A topples, Therefore, using Third equation of o _

motion, with final velocity of the block B to be Zero, when it just C 4 | B ¥

covers a distance, because the face on which C collides, will have ~ @~ « 1] T P

crossed COM of block A, a condition good enough for it topple down. 7™ PR T AR
Accordingly, it leads to b= dd == o

0=v,’-2ax2d > v, = 4x(§ygjd =,6ugd . Therefore, for block B to acquire this wvelocity,

minimum velocity of the block C shall have to be v, = ng = g,IG,u gd . This forms part (a) of the answer.

If C collides with wvelocity v=2v,, then its wvelocity of rebounce  shall  be

VC'=gv=2(2V0)=§[2[g}/6,ugd]=31/6,ugd . Object C with initial horizontal velocity, post rebounce

from a vertcial surface shall rebounce horizontally. Therefore disance covered by C from point P shall be
X =V.'t. Here, 1 is time taken by an object, during a free fall from a height d above the ground, to touch the

ground and it shall be, using Second equation of motion shall be d =O><t+%gt2 —>t= /ﬁ Therefore,
g

(3@{\/%]:%@.

X

I1-13 | The vertical rod is stated to be thin, it amounts to taking its diameter negligible w.r.t.
its length. The rid starts slipping on smotth surface under gravity, and no other Y
exterbal force is acting on it. Therefore, CG of the rod would descend along the s
vertical line YY’ passing through it as per second equation of motion as i ////’:
L 1 1 f L
h= E _E gt2 = E(L - gtz). Accordingly, answer path of the CG would be vertical il
L. 7
,answer (a). }B/?/\"v 7T
Coordinates of point P at a distance rfrom lower end would be ¥
X= —(%cose— r cosH} = [r —% Cc0s@ — cosh = LL . Likewise, y=rsingd —sind = y . Since,
r
r —_
( 2)
2 2 2 2
. X X
S|n29+c0329:1—>—2+y—2:1—>—2+y—2:1; answer (b).
L r L r
r—— ——r
2 2
The equation of locus of point P is primarilly an ellipse in Second quadrant, with its center at B. But its shape
depends on value of r such that —
L
i.  Whenr> 0 its major axis is parallel to Y-axis, with semi major axis equal to r,
N L L L
ii. When r= 0 a circle with its centre at | — r,E ,
L. . o . . N . L
iii.  When r< Z its major axis is parallel to X-axis, , with semi major axis equal to E_ r.
N.B.: The trajectory is not asked as a function of time, that simplifies the solution.
I-14 | Given that coordinates of larger sphere A of mass 4M and radius 6R be (L,O). When small sphere B of mass
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M and radius R is at extreme right its coordinates are at ((L +6R — R),O). The centre of the mass of the system
AM xL+M(L+5R) 5ML+5MR

AM + M 5M
Whnen small sphere is on extreme left, it will be diametrically opposite at same height, since tall syrfaces are

frictionless. Let, coordinates of COM of the sphere A be at (x,O), therefore , COM of the system in this new

=L+R.

shallbe at X, =

position be -
. M xX+M(x-5R) 5Mx-5MR _y_R

? 4M +M 5M '

. . . ; G -_ -
Since , there is no external force acting on the system, /(/ SRR JNSHI oy ~
therefore COM of system shall remain at the same position . _ﬁg’ *%T‘. P \\
ie. X, =X, >L+R=x—R—>x=L+2R. Since, the ( e £ e ! 8
system is on a horizontal table and hence its y, with COM | __. 4R __EL_UZ__EBSJ P e I o
of both the sphere in both the positions lying on X- :*""'*g:"""“/' xR —el J i
cordinate and coordinates of sphere A would be £l . \».\ et /i\ - \;\ o

(L +2R),0)would remain

I-15 | When wedge collides it experiences a force F of collision perpendicular to the surface at the point of collision.

This force F will have two components, F, and F,. Since, there is no vertical displacement, and hence impact of
2mv
. . A\ 2mvi 2my F 4mv
collision is F At = m(VI —(—VI )):— —->F =— 0o F=— h 5 At _ . Accordingly, normal
At At sin60° V3 +/3At
2
reaction N by the table would be
4mv 1
N =F,+mg =Fcos60° +mg = X=+mg. This
V3t 2
2mv .
leadesto N = m( + g} constitutes answer (a).
J3at
It is given that his the distance of COM of the wedge from
line of action of the force F  and in part (b) of the question
it is asked to magnitde of the torque due to internal force N .
It is further stated in the question that the wedge returns after collision without rotation. It implies that at G, the
COM of the wedge net torque is zero ie.
- = dmv . ~ 4mv
Tw+7.=0->7,=—7- =hxF =—h—5|n900k —> Ty =| —/—— h.Thisanswer b).
T S J3At N (\@Atj (b)

N.B.: Apparently, the solution requires geometrical determination of h and I'. But, | is an integeral of 7y, and
his stipulated in the problem, therefore, fetermination of these two variables is simple, yet it is redundant and
and hence skipped.

1-16

Let Abe the cross-sectional area of the cylinder. Since no

external force is causing motion of the cylinder and hence

Ap=p-p,=0— p=p,=(Mm+m, V=my,, here mass of v :

dust sticking to the cross-sectional area A of the cylinder be @ / .
m, = AXp kg. Therefore,  with  the given  data,
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(m + Apx)% =mv,. Since, position of the front fact is asked at t=150s, it leads to . Accordingly,

(m+ Apx)dx = mv,dt : it leads

X 150 2 1%

j(m + Apx)dx = jmvodt S mx+ A | =16 - + 2m,  300mv, _ o Substituting  the

3 ] 2 Ap Ap

values of the variables it reduces to
~-2x10° i\/2><1010 —4><1><(—3><1010)

X2 +2x10°x—3x10"° =0 — x =

5 Accordingly, x=-3x10°m

and 10°m, Since cylinder in (=) X-direction with x = Qat t = 0 and hence answer is x =10°m.
N.B.: It is advisible to pursue solution of problem in algebric form and substitute values f variables at last stage to
avoid calculation errors.

1-17

In this case expression would tend to be too algebric and hence it is
essential to use given sin@=tan@=0.05it leads to & is small
and hence .cos@ =1 The problem first needs to be resolved for
maximum frictional force f = 4N = zmgsiné. It which will be
always against direction of motion, Acoordingly, for mass A,
f,=wm, gsin@d, and for mass B, it will be f, =xum; gsing.
Therefore, when masses are moving upward,

f,, =M,gsing+ m,gcosd =m,g(sind + 1£coso).
Accodingly, fy = mAg(O.05+ 0.25><1) =03m,g=3m,N. But, when moving  downward
f,y =M,gcosd—m,gcosd =m,g(0.05-0.25)=-2m, N, Likewise, mass B

fo, =Mgg(0.05+0.25)=M x g x0.3=3M N. Since movement of block B is not involved in the problem

correspondig force during the motion is not calculated.
Rest of the problem is of energy balance in four stages as under —

a. When block A with initial velocity V,; =10m/s reaches block B — it looses kinetic energy in friction
during travel, up the the slope, through a distance d and convesion into potential energy due to rise through
a height dsin@ and the block attains a velocity V,,.

. , 1
Energy equation for this works out to AKM:EmA(Valz—vazz): f,,d. It leads to

%mA(lo2 —v,,?)=3m, x6 -V, =100-36=64 - v,, =8 mis.

b. When block A in-ellastically collides block B with a coefficient of restitution e with velocities of block A
changing from V,,to V,; and velocty of block B changing from V,; = Oto V,, m/s.

Relative velocityof seperation Vi, —(=V,3)  Vp, +Vag
~ Relative \elocityof approach v, —v,, Vv,

Accordingly., €= here post collision

velocities of block A and B, Vj,;and V,,are to be determined, while pre collision velocities V,,has
beenndetermined at step (a), and it is given that Vv, =0

c. Block A, with the residual Kinetic energy, due to velocity V,; after collision, it descends through a height
dsin@ and looses part of it in friction during travel down the slope through a distance d . At this point
velocity of the ball A is V,, =1m/s.
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Energy equation for this  works out to AKAZ:%mA(vaf—vaf): fogd. It leads to

%mA(vw2 —v 42):2mA x6 V" =V,,° +24 >V, =+1+24 =5ms.

a

d. Loss of kinetic energy by Block B, during movement up the slope by a distance X =0.5 mand conversion
in potential energy due to rise of height by xsin@ and its velocity becomes V,; = 0ms.

Energy equation for this  works out to AKBZ:%mB(vbzz—vb;): fg,d. It leads to

Evazz—v )= 1, d M v,,’ —0)=3M x05—>Vv,,” =35 Vv,,” =3 >v,, =1.73ms.
2 b b3 u 2 b b b b

5+1.732  6.732
8 8

Therefore, with values of V ;and V,, determined in step (c) and (d) respectively, e = =0.84

, this part (i) of the answer.

As regards mass of block B can be determined from conservation of momentum during collision and
accordingly.-
~16+10 26

= = =15.12
1.732 1.732

MV, + MgV =MV, +Mev2 — 2x8+ M x0=2x(-5)+ M x1.732 > M

kg.This part (ii) of the answer

N.B: Decomposing the a complex problem, help in clarity of solution and avoiding algebric and calculation
errors.

1-18

Time 1, taken by a canon ball of mass m, =1kg fired from P to hit carriage of mass m, =9kg at a depth
h=-120m, can be determined with Second Euation of motion under gravity applied to vertical velocity

v, =vsin30° zloox% =50m/s.,and v, = vcos30° =100x§ =504/3 Accordingly, h=v,t, —%gtoz. It

leads to —120=50t, —5t,” —>t,” —10t, —24=0—1, . This

| 10£410% —4x1x(-24) 10++/107 +96
- 2 - 2

10+14

being a quadratic equation has two values of t, = =12,—2. Since, t; cannot be (-)ve and hence

t, =12s.

Relative velocity of ballw.r.t. groundis V, =V  +V, = 543 +504/3 =55\3 and sticks, as per conservation of
momentum stationery carriage would acquire a wvelocity V.,such that myVv,+mJyVv, = (m1 +m, )ch-
Accordingly, it leads to 1x 55v3+9x0 = (1+ 9)\/C2 >V, = 5.543. When second ball is fired at {,, the car
would have travelled a distance d = 5\/§><t0 = 60\/§ m. Thus for second canon to hit and stick to carriage,

1
distance travelled by carriage, as per second equation of motion, shall also be 60/3 = vcz(t0)+§a(t0 )2. Thus,
2x 6043 =2x5.5/3x12+ax12x12. Accordingly, uniform friction between carriage and trail is

a= 120\/525;32\/5 = ;;; V3 mis?, Therefore, velocity of carriage when second ball hits after t;sec, as per
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first equation of motion would be v_, =v_, +at, —>Vv_, =53 +(— 122;/3}2 = 1440_144\/_ - &96\@ or

288 288
= ﬂ m/s.
Thus, wvelocity of carriage, just after second impact as per COM, shall be
myV, + (M, +m, ;= (2m, +m . Accordingly,
15543 + 10 9\/_ _(2x1+ 9., v, = (2x55+10x9K3 _ (110+90)V3 _ 200V3
11 11 11
Thus v, 100\/_ ———— =15.75m/s. This is the answer (ii).
[-19 | Letatany instant t, the radial joining the particle to the centre of the citcle has rotated v
through an angle @ = @t . Since particle has uniform speed v, = Rw, here wis the T
corresponding uniform angular velocity.Therefore, wvelocity vector of particle !
V, =V, +V, ] =V, c08(90+ )i +V, sin(90+ 6)] = v, cosOi +v, cosd |,
_ 2 g T -3
while velocity of the manis V, =V, ]J. There relative velocity of the particle w.r.t. man @8'\ R.yf
is Vim =V =V, man  and  accordingly linear momentum Tvea
_._ _ _ o~ ~ ~ _ o A . V2
L=mv,, =m{|-Vv,cosdi +Vv,cosd ])-(v,]))=m(-V,cosdli +(v, cos8 -V, )]) and replacing @ = Et
in terms of known variables L = m(— Vv, cos( R tj +(v2 cos ( F\i tjé’ v jj} this is the answer.
1-20 | Withthe given x, = v,t — A(L—cosat) , since there is no external force COM shall maintain velocity v, such

m, X, +m,X, _
that X = ————2"2 =yt and postion of the two masses about COM shall be (x —x, )m, + (X —X,)m, =0
m, +m,

m, +m, )X—m,X m
. Accordingly, X, :( 2+ M) 171 —)[1—

1 ml

— [Vt ——(v,t — All—- t t+A 1- t
n. mz]vo . (vt — A(L—cosat)) = v,t + 2( cosat).
This is answer (a).

: d . d
Now velocity of mass m,shall be v, = a(vot - A(l—cosa)t)): v, =—Aowsinot - a, = avl =-Aw®,

Further, X, —X, = (vot + A%(l—coswt)]—(vot — A(l-cosat))= A(% +1](1—cosa)t). At cosat =0, it
2 2

m
leads toat X, — X, =1, = A(m_l+1j’ it is part (b) of the answer.
2
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I-21
Center of mass the plate about its central line X-X* and located at gfrom
the wall. Therefore moment of the COM about the wall is
T, = —Mg[gjlz. Now the balls striking plate with velicity Vj , from
bottom, on right half keep it in horizontal and make elastic collision and
therefore after collision balls would return backward with velicty —V j
Therefore, centre of vertical force by the ball would be
F, = nm(a?bj(vj—(—vj)): nmabv]. Center of the uniform force
caused by the balls shall be %bfAccordingIY, moment caused balls striking the platea would be
— 3 o 2 3 2.7 - P - . - -

T, = Zbl X (nmabvj): anab vk . Given that plaste remain in horizontal position and the is possible when

T, +7, :O—>—1MgbkA+§nmab2VkA:O—>v:E Mg )_2 3x10 =10m/s, this is the
2 4 3\lnmab/ 3\100x0.01x1x2

answer.

I1-22 | Since no external force including friction is acting and hence principle of coefficient of restitution can be applied
to determine velicities at two stages. In first elastic as per principle of COM M,V + MgV =M.V, + Mg, it
leads to IM=mv, +2mvy —V, +2vg =9. As per principle of COE,
%mAvAi2 +%vaBi2 ~ L, +%vaBf2Which calculates to81m =mv, * +2mv, * >V, > +2v,° =81.
Accordingly, 2V 2 = 81-v, 2, which further becomes
Wy ? =81 (9= 2vy JF o> 2vy 2 =81 (B1- 36V + 4V " )= 6V 2 —~36Vg =0. It reduces to Vg =6
m/s.

Now the second collision being fully inelastic and there B coalesces in to C and therefore, as per which is
. 12
stationery and therefore as per COM MgVg +M Vg = (mB +Me )\/Cf —2mx6=2m+my —> v, = 3 4
m/s, This is the answer.
1-23 In cosmic scale, radius of the celestial bodies is too small as compared to

their distances and thus they can be approximated to point masses for
applying in mechanics. Accordingly, moment inertia of the two stars I

. . 2 2 \ s
about their combined CG at O would be 1, =m,X,"and Iz =myX;

\I'/
T
|
Therefore, Angular momentum of the Twin star about O is : )

. . - —— Xy —Pe———- x5 ———pl

L:(IA+IBZ)a) whlie that of stazr B is Ly=Ilyw. Thus o e s

L (m X, +MmgX )a) m, X

—=AAh B2 -1+ A2 Since, net moment of

Lg MgXg @ Mg Xg

- . . Xp Mg .
distributed masses at its CG is Zero and hence mM,X,+MyX; =0—>—=——= accordingly,

XB mA

2
11M
L:1+ Ma ! Me =1+ > =1+5=6,this is the answer.
2.2M

2
B Mg J\ M,

S
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N.B.: Approximation, wherever necessary, has to be applied, in respect undefined quantities, in a considered
manner, for simplification of te problem and to arrive at the solution.

[-24 v A
Velocity of the particle at a given instant t:EO projecteed at an v /,HLZ%T’ ————— Sy
P-_ 2 | P
angle 450 [ ///L\\v//\\vlz}\\V//\\V//\\V/m
TR
V, V, s
V, =V, c0s45%1 + (v, sin45° — gt)j = —% (—O—g—ojj.
b )i f J2. T g
Accordingly,  V, Z(I - 1\/_5\/5 JJVO, and position of partcile, at the instant shall be
2
o VoV 0 s Ve Vo 1 (V) e .
X1 = (v, cos45’ Jti = —L 0§ = 1= (V sin45 t——gt jj= ————9£— J , which
t (o ) \/_ 9 \/_g (O ) J2g 27(g
2 2
— v . . . . .
leads to T, :(\/_I (;/_ )JJ O Accordingly angular momentum of the particle is L = m(r xv)whlch
g
o Vai + (W2 -1)j v’ i+ 1-+2)]
resoves into  L=m(FxV)=m ( )J =2 Ix J—b Vo |. It simplifies into
2 g V2
c o V21 )(f 2k _ . W2-2)-(V2-1)); s M
k= K. Thus magnitude is ——= and
22 zf 242
direction is (— k)i.e. towards entering the paper
N.B.: In this problem value of g is redundant, since it cancels out in final form of answer.
I-25 | Itis since a case of rolling without slipping and therefore it is

pure rolling and therefore applying principles of
conservation of energy
APE =mg(2.6-1)=16m = KE_ + KE, . Here, rotational
motion shall have V=T, where V is translational velocity

, @ is angular velocity and ris radius of the ball
Accordingly, rotational kinetic energy of the ball

v__ v
2 L TANNN 7 NN NN Y4 N 7
KE ENp =%(Emr2j(xj =émv2and A B 2

2 5 r
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translational kinetic energy of the ball is KE; = % mv<. Accordingly,

1
mghzlmv2 v o Ly —>16:lv2. It leads to v=41/—0 ms.
5 2 10 10 7

Having determined, the ball after leaving horizontal track at C, at height 1 m above B, shall performa projectile
motion and accordingly point D would be at a distance X =Vt here time of free fall t , through a height of 1m.

1 1
Accordingly, as per  Second Equation  of Motion 1:0><t+§ gt2 —>t= \/g Thus

x=|4 E i = 4\/g m, this is the answer for part (a).
7 \J5 7

During flight, the ball has not contact surface and its line of force (weight) acting on it is passing through its CG,
and hence no torque is acting on the ball which would either increase or decrease angular velocity @ . Therefore,
it would continue to roll at @ as at point C. This is unlike the conditions causing torque when ball is on the
track. Answer, therefore answer to part (b) is Yes.

I1-26 | In this problem principle of conservation of momentum applies in two stages — (a)
Translational Momentum caused by change of translational velocity and (b)angular 10mfs g
momentum caused by hitting of partles away from COM of bar and its consequent abgualr ’

>

velocity. Let, after collision the bar together with masses sticking to it acquire translational Ui?j T
velocity V and an angular velocity @ . 2 ’“g
6mfs B Do

It is analysed as under partcles striking the rod strike stick to the bar therefore change of s S

momentum after striking at A is AP, = m (10— V)i and likewise, at B is AP, = m(6—V)i
, and of bar Apg =M (0O—V)I . Therefore, as per COM (translational)
AP, + APy + AP, =0, accordingly, (0.8—0.08v)+(0.48—0.08v)-0.16v=0—1.28=0.32v >v =4
m/s.

As regards angular moentum of particle at A is I:A = mA(FA ><\7A): mArAVA(— IZ): —mArAvAIZ and of particle

at B L, :mB(FBxVB)szrBVB(k):mBrBVBk. Thus, angular momentum of particles before collision

— A

L,= mr(vb —VA)k : m=m, =m, =0.08kg, and r=r,=r,=05m. Accordingly,

Ep =0.08x 0.5><(6—10)|2:—O.16|2 Whereas for the rod whose moment of inertia about its COM is

2 2
Iz = I\Z/LHZ = Oli(f) =0.04, Ml of two particles about COM |, =1, +1; =2x0.08x 0.5° = 0.04 and
therefore, MOI of system | =1, + 1, =0.004+0.04 =0.08. Accordingly, post collision L=1d. Applying,
COM (angular) I:p +L=0—-0.16k+0.085=0 > @ = %I(A =2k, ie. 2 radids in anticlockwise

direction.
- | ) 1 (2 o 1 .
riting energy balance equation K ,; + Ky = K¢ +Kgz — Smlva” +v, _E((2m+ MW + 1o )+ AE

Accordingly, AE = %0.08(102 +6%)- %(((2 x0.08+0.16)4% +0.08x 2)) = %0.08(136— (64+4))3. Thus
loss of energy is AE =0.04x68=2.72], this is the answer.
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1-27

R 2
. . R m 2
Let M is the mass of the carpet roll when radius of the roll becomes —, then — = :

—-Sm =%. During

. R . . .
unrolling, centre of mass of roll descends from R to Eand thus change in potential energy is

R M? 1 8BM-M) 7
APE = MgR —mg 3 - gR[M —szj = gR[Tj = BMgR. Let at that point radius of the roll is

linear velicity of the COM is v = ga) - a):Z—RV . At the point energy of the unrolled pack shall have two

constituents  translation energy of CM and rotational energy of the COM thus,

m N
2

Y| 1M, m?) I(M 1 M), 3.,
- =] —vVv°+ =—| —+—x— V" =—Mv~-.
2 R 2| 4 2 204 27 4 16

Thus, energy balance equation is APE = AKE — g MgR = % Mv? v = 1{# m/s, this is the answer .

AKE =1mV2+£|CO2 _1 Mv2 +
2 2 2| 4

1-28

Angular ~ momentum  of the insect about point O is

L, = M(!zfjx(— jv):—MTIVIZ. As soon as insects falls on the rod, its

I
|
angluar moment is transferred to the rod with insect having angular S Siv
MI> R Y . | —— |
momentum | =——+M|~| = and it wil be set into an angular 4 Y 5 e §
12 4 | U, . S—— »
A velocity @ such that as per conservation of EEEEEEEEEE e
Wi momentum (angular L =L =lo. Accordingly,
RN . Mivy, 7 v . 12 _ o :
L, =———k=-—MI’0>w==- ie. —— radls in clockwise direction. This
\\.\\\\("\</\\ 4 48 7| 7|
Sk is part (a) of the answer.
N '\\/\5 I

Ow 1< £ i N
SOl . . .

5 C’\:'Q;Q\ ,; When the insect moves towards B, the angular velocity @ of the system remains
¥ :\'v\l\ constant. This is a condition priory in attempting part (b). Let at any instant {the
el ”‘B\’.\ particle is at a distance X from O and therefore moment inertia of the system would

S ¥ ¥ ’ l 1

¥ be I, ZEMIZ +Mx*and angular momentum L, = Ita):(ﬁ MI? + szja), and
t . = _ d — B d 1 2 2 n . dX ~ . .
orque is T —aLt =gt EMI + Mx“ |o\-k ——2MXa)ak . Alternatively, angular torque can be written

—

as I,

X x Mg j:ngSin(QO—G)(—IZ) which comes to ﬁ=—XMgCOSGI2. Equating the two angular

- dx ~ A
torques I, = _ZwaEk =—-xMgcosfk - dx:gcosﬁdt, here 8=t — dt zldﬁ . With initial position
1) @

I I Vs
of insect on the bar at C to final position B, X changes from E to — ., it given that @ changes from 0 to —.
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9

% | V4
Accordingly, T'dx=—=-cos#d@,and on integration with the limits dx:ijcosé’de — [x]? :%[sine]oz .
0] o @

B —— | —

. . 4 /
It leads to %:%(sm(%)—smOj=%, o’ =|—g—>a)= 2 Ig . Now from value of determined in part (a)
w w

of the problem 2\/|5 1v :—\/_ \/10><18— «/2><9—E><3\/_ 3.5x1.41=4.23m/s, This is

the answer of part (b).

N.B.: (a) In this insect sits on rod during collision, which makes an inelastic collision. After the collision it starts
moving towards B.

(b) By common logic as insect moves away from fulcrum O, and towards B, torque would increase and it would
tend increase @

(c) Since, a condition that angular velocity @ remains constant, during travel of insect travels from B to C, it
implies that there is loss of energy taking place during movementof insect on rod to prevent increase in as stated
at (b). Accordingly, torque equations during movement of insect has been writen in this illustration.

(d) If equations are formulated for final change in potential energy when rod becomes vertical and final Kinetic
energy of the system with insect at B, the element of consumption of energy in maintaining as constant @ would
be missed and it would lead to wrong answer.

(e) Statement of constant @ in the problem is made so tangentially that it would skip the attention of student.
Such statements act as discriminant in filtering across students. Therfore reading question carefully make minute
observation, in statement of question, is extremely important.

(c) Further, this is another example of why one should not make a haste in using numerical values, it should be
left to last. Questions at this level are designed to text analytical ability and not the numerical skill of students.

1-29 Body A of mass M, and initially starts moving up the plane and it
finally comes to rest as given in part (b) of the question, it implies that
it experiences a linear retardation adand accordingly,
mg cos60° — T =ma.

1
As regards drum B, 7=Tr = l«, here | :EMr2 by approximating
mg
the drum to be a cylindrical ring, and & is angular retaradtion of the T ~< 7 > <
Mr?  Mr . o .
drum we get T = 5 —705. Since, string is instrechable, therefore, wvelocity of block
r
dw . . mg Mra .
V=rw—>a= ra =ra . Thus net equation of A is 7—7 =mra and thus angular retardation of the
mg 0.5x10 25
drumis (M +2mra=mg - a = = =— =8.3rad/s% Therefore, tension in the
( ) . (M +2m)r (2+2x0.5)x02 3 /
x0.2
string, with the given and derived data is T = x8.3=1.66N, it is part (a) of the answer.
As regards part (b) of the question, linear retardation a=rxa =0.2x8.3=1.66m/s>. And given that at any
instant angular velocity of the drum B is 10 rad/s, which will translate into linear velocity of A
v=rxw=0.2x10=2m/s. Therefore, from this instance, distance covered by A to come to rest as per third
2

equation of motion shallbe 0=2>—-2x1.66xs — s = 166 =1.2m, this is the answer for part (b)

1-30 7

Angular momentum of object hitting the assembly is =mFx\7:m(O.6+0.6)(— T)x(vf)=0.05><1.2vl2, it
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leads to 7 =0.06vK Transfer of angular moentum to the assembly suspended from P , would require its moment

- o m,l® 1) [ mgl? 31’ ) _
of inertia about the pointanditis | = +m,| = | |+ +mg| — | [+Me (2I) . It solves into
12 2

2 12
| = ((é +%)mA +(é +%)m5 + 4mc]l 2, which  reduces ) . o
numerically, | :(O'—Ol+ 7><0'02+4><0.05j(0.6)2. It reduces to ))}}}}mj))) })))} e%
B N, e
|:(O'01+ Oél4+0'6)x0.36:0.75><0.12:0.09, kg-m, Thus as ] 2% :2 i
] i 5

per conservation of momentum 7 = 0.06vk =0.09%, and therefore 31;2_§_ ____________ | i
0.06v=0.099 »> o = %Vrad/s. This is an a inelastic collision _g)__i_______________:_.

Now to determine velocity principle of conservation of energy is applied to equate rotational kinetic energy of the
system post collision and increase in potential energy of the system comprising of three elements A, B and C.

Thus, APE = APE, + APE; + APE_, and therefore,
I 3l 0.01 3x0.02 0.01+0.06+0.2
E+mBE+mC2| g= 74‘

here take g =10m/s®. Thus APE =0.81N-m. Since, angular velocity of the system when it becomes horizontal
is zero and hence its kinetic energy is also Zero. Therefore, rise in potential energy is equated to rotational Kinetic

x6=0.27x3,

APE :(mA +0.05x% 2)0.6x10:

1 .
energy of the system, post collision, when it is vertical leads to . APE = KE — KE ZEX | x@? = 0 ngcf
2 2
Therefore It leads to APE = KE — 0.81=0.045x »° —{&j _810 — V%= 189 _9° —V= 9 ,thus a
3 45 4 2 V2
9
V=—=06.36~6.4m/s. this is the answer.

J2

N.B.: (a) In this question, neither external force is acting nor any internal energy is being consumed in adhering
to problem conditions. Therefore mere energy balance is good enough, unlike in question 28.
(b) In this case stepwise reducing algebraic expression int numerical value would simply handing of long

algebraic expressions.
(c) It is a good example of making a considered choice between intermediate numerical calculations and that at

the last stage. This intuition comes with practice of solving problems.
(d) Value of g =10m/s? is taken, which is not specified. This value as taken by student would marginally affect
the answer.

1-31

When cylinder is resting on the edge, its CG is passing through the edge and is along the wvertical surface
adjoining the edge. As a result there is no torque and no motion and hence no frictional force.

As the cylinder is slightly, displaced, its CG drifts away fromg the edge, causing a clock wise rotational torque
| ;

Tpsuch that it slightly exceeds frictional s

torque 7. causing an inceremetal tilt angle ! N=m COS% | R(1 ~cos6)
________ Wil BB AWK,
0. As 8=46., the cylinder starts to roll h L

along the vertical surface with its linear
velocity Vparallel to the vertical surface of
the rectangualr block.

Accordingly, during transition from state i i
of rest to leaving the edge contact cylinder

f=pN. I' v ‘|'4-—~R cos 6

mgcos 0’( mg
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rotates about the edge through an angle @ =0to @ = 6_. During this energy changes are — (a) Loss of potential
energy due to descend of CG of cylinder APE = mg(R— R0059)= ng(l—cosH) (b)Gain of linear kinetic

energy due to linear velocity of the CG of the cylinder KE = % Mv? , and (c) gain in rotational kinetic energy of

1 1 MR? (v) 1
the cylinder about the CG AKE, :E lw? = EX > X(Ej = ZMVZ' here moment of inertia of cylinder ,

. . . . v . .
and since cylinder is rolling and there v=Rw — @ = E Thus energy balance equation at any angle during

V2

turing is APE = AKE, + AKE, — ng(l—cosé?):%mv2 +%mv2 :gmv2 eﬁzgg(l—cose).

2 2
—>V—:gcosec.
R

At angle @, when the cylinder leaves the edge normal reaction N =0 = mgcosé, —

2
Thus equating VF from equation of energy equilibrium and equlibrium of forces gg(l— COSHC): gcosd,, it

leads to %(1— cosé, ) = cosd, — (1+ gj cosf, = % — C0s6, = ; -0, = cos"l(;) .This is the answer of
part (a) .

Next part is speed V of the CG of the cylinder at angle &, when leaving the edge, from energy balance equation
2

Vv 4 4 4\ 4 4 [4
ICQ =§g(1—cos«90):§g(1—7j:§g$=7g -V, = 7gR m/s., this is the answer of part (b).

Once, the cylinder leaves the edge of the block and there is no torque. Therefore rotational energy of the cylinder
would remain unchanged. But, kinetic energy of linear motion would change due to change in potential energy

during further fall of CG from height Rcosé,, APE =mgRcos6, = 4m7gR above the edge to the level of the
edge.
2
1 1mR?(v,)" 1 1 ([4 1 (4 mgR
Thus, KE; =— Ia)c2 =— = =—ch2 =—m ,zgR| =—m =gR _ Mg~ and kinetic energy at
2 2 2 \R 4 4 7 4 \7 7
2

mgR _ o
7 and total linear kinetic of the

2
that instant would be KE_ =1mvc2 =1m ‘{ﬂgR =1m ﬂgR =
2 2 7 2 \7

2mgR  4mgR R
cylinder as per principle of conservation of energy is KE; =KE. + APE = my + mg :6mg

7 7
6mgR
. . KEq 7 .
Therefore, required ratio ——— = ————=6. This answer of part (c).
KE, mgR
7

1-32

Analysis of the problems leads to the fact that when truck accelerates at a = 9m/s? w.r.t. road the sysem will
remain in position only in the event that its acceleration w.r.t. truck is Zero. Thus al + aRf =0-— aRf = a(f),

I

Thus, ag is the acceleration acting along (—I) and it is reaction of a along (+ f) and a=ay.

This a = a(— f) will cause a frictional force f such that f = —m(aR): mat .
Let, f isthe force of friction offered by the platform of the truck which is havin an acceleration @ along X-axis
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ie. 1. This acceleration of the truck would create a psuedo force tending to |
move it along (-)i and, therefore, frictional force would act along (+)i and a !
|

al

. o f .
resultant acceleration would be & =—=—1. As a result of friction at
m

7= R(— IQ)x f(f): Rf (_ j) This torque would create an angular acceleration I
2 2

R & and d, = R(— IZ)XOC(— J)= RO{(‘ZX j): Ra(— f)'

Further, a=a, +a;) =1+R z =1+R R =i+ f =§f _>9=§f — f =6 N. This is the answer
2 | 2 MR? 2 2 2
2

of part (a).
Magnitude and direction of frictional torque about point O, centre of the rod joining to wheels shall be as under —
Torque due to friction at P is

- X A - X A - M- I=02m -7
7 =R, x T :[IEJ—Rij(f i)=01j-01K)x(6i)=06(-1, = ;1 oo :

S e » \Jq_(_ )
J ~ -‘ v
or magnitude of torque 7, is 0.6x+/2 =0.85N-m on Y-Z o :
plane in fourth quadrant along at bisector of Y-Z axes. g=1ms
Likewise, torque at Q [ b .
AP TRV

re I 2 ~ o 2 n &~ V“

Fo=R, x f :(—EJ—Rij(f )= (=0.1j - 0.1 ) (67) = -o. R(-F)

o 7,= 0.6(I2 — j)magnitude of torque 7, is 0.6 x V2 =0.85N-m on Y-Z plane in second quadrant along at
bisector of Y-Z axes.
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1-33

A disc of radius R and mass m mass would produce a frictional force f = x#N = zmgand a linear retardation

f . . .
aL:—:ﬂ:yg. This frictional force would prodive a torque about COM and thus

m m
2 2

2119

oa—>oa= ? Here, moment of inertia of the circular disc is | = and o

£ =Rf = la — Rumg = ™

is angular acceleration of the disc. Given that as t,0 — t,linear velocity v, — vdue to retardation a, and
angular velocity @, =0 — @ due to angular acceleration « of the disc. Accordingly becomes Vas per First
equation of motion for linear velocity v=v, —at, =v, — gt,, and

angular velocity o =, +ot, —>0+2?#gt0 zz?ﬂgto. When disc

starts pure rolling, V=R and using values of Vand ® from above
two equations

V=V, —ugt, = R(Z?ﬂgtoj: 2ugty > vy =3ugt, > t, = 3V°

This is part (b) of the answer.

. N . . . . Vv 2 -
Using value of t,in First equation of motion for linear velocity v =V, —,ug(s—oj = §Vo , this is part (a) of the
MY

answer.

As required in last part of the question work done by friction as function of time is obtained from Work-Energy

2 2 242
theorem. Thus, W, = %mvo2 —(% m(v, —at)’ +%%(at)2J = %(voz —((vo2 —2v0at+a2t2)+ Rlat D

2

2 2
, using values of aand a, Wt=%[—[(—2vo,ugt+a2t2)+R—(2ﬂj t2D=mTﬂgt(2v0—3ygt).

2R
mﬂg(?a\;jg] v mv mv, >
Accordingly, work done until t=t,is W, = T(ZVO —3;@(%}} = TO(ZVO —V, )= T" . Thus
part (c) of the answer are W, = mT’th(Zv0 —3ugt) and W, = m\éoz

N.B.: (a) It is to be noted that answers to the part of question need not be arrived at in sequence they are asked.
Interchange of order, is based on sequence of mathematical operations .

(b) In this case relationship between dand « is valid at t,when disc attains pure rolling and hence use Work
Energy theorem becomes essential.

(c) Phenomenor of friction is microsocopically inelastic. Though the frictional force is uniform during motion of
the disc, but it is difficult to mathematically model work done by it. Therefore, workdone by friction cannot be
calculated by simple equation W, = fx, . But, effect of friction in linear reatdation and angular acceleration is

perceviable and can be easily calculated by determining change in linear and angular velocity. This makes it easy
to apply Work-Energy Theorem.
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1-34
CG of the disc is at C initiallys above ground by %
descends below ground by same. So also the particle
initially above ground by % descends by the same,
and hence decrease in potential energy of the system is
APE =m _R_R +m _SR_SR =-2m E+ﬁ =-3mR .In the process disc is to be freely rotating
4 4 4 4 4 4
and therefore it will gain kinetic energy about the line of rotation PQ AKE = % l* . Here, moment of inertia of
RY (5RY (1 25 13
the systemis | = m(—j + m[—j = (—+—JmR2 =="mR?. Accordingly, as per principle conservation of
4 4 16 16 8
energy APE +AKE =0 = —3MR+1(EmR2 & - mR%% =3MR - o = 1/4—8 . Thus, @ = 41/i .
2\ 8 16 13R 13R
Assume the particle while descending the disc rotates clockwise, hence linear velocity of the particle when it
reaches its lowest position V:ﬁx&)zR(i)x 4 %J(— IZ):4 /i—g(— j) Therefore, linear speed of the
particle is v=4 /ﬁ
13
N.B.: Since disc can freely rotate, it can do either clockwise or anticlockwise, and therefore velocity of the
particle can be along (— j) or (+ j) but its magnitude will remain the same. This is the reason speed of the
particle is asked, and should be answered correctly.
I1-35 | The problem is split in Two parts with their FBDs seperately shown in the N=mg
figures.. Force F on the flank produces motion in it and a frictions )
E_f F-t. L mat e o
. - = F- - 2 < = =
f, = umg and thus net acceleration of the plank is & = m L= m -] £ ,’}i\:’grc }QJK Roaction
! ! i ~ 1R 0 offien
In this problem it possible to go without consideration of coefficient of .}’J \\"-'\i Riy iji?iger

friction, and mpreover it is not specified also. Since there is no slipping and :
rolling of the cylinder is about Q and hence angular acceleration & of every point of on the diameter PCQ, being

rigid body, is uniform. Accordingly, linear acceleration of P and C about point Q are

4, = (2RK)x (e )=2Rar j >a, =2Rar and 4, = (RK)x(d)=Rer j > a, =R, it leads to a, =2a,.

Further, on cylinder forces f, and f,cause linear acceleration such that
f,+f

a, =—1—2while angular acceleration of cylinder «acabout C, causing
m2

angular velocity @ ¢ is 7o = RI x f, ] + R(— f)x f,j=R(f,— f,)k =1.a. ,

m,R’ m,R* _ .
here, 1. = 22 . Accordingly, 22 de =R(f, - f,)k and, therefore,
(m, +m, )g Z(f _ )
ac= # In rolling without slipping linear acceleration of COM of the
2

cylinder C &, =Ra. = R[ . Equating this value of a, with that determined from linear

2(f1 — fz)J: Z(fl_ fz)

m,R 2
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motion 2(f, — 7,) - (f,+ f,) —2(f,-f,)=f,+f,. 1t leads to f =3f,. Accordingly,
m2 m2
f, + 4 f
1T 91 4f F-f 8f f 8m, +3m
a, = 3 :4f1.Using,this Q=2 —L|= L 1+—1:F—>#fl:F.ltleads
m, 3m, 3m, m, 3m, m m,
1 1( 3m,F m,F
to f = & therefore, f,==f, == 2 = 2 : Accordingly,
8m, +3m, 3 3\8m, +3m, / 8m, +3m,
1 3m, F m, F 4F 4F 8F
a,=— + = , and, therefore, a, =2 = . Thus
m,\8m, +3m, 8m +3m, ) 8m, +3m, 8m, +3m, | 8m, +3m,
answertopart(a)is a, = L , a, :L and part (b) is f, = & f, :L.
8m, +3m, 8m, +3m, 8m, +3m, 8m, +3m,

N.B.: (a) Getting answer to part (b) is arrived at first and part (2) is arrived at later. This is due to the fact that
determination of @, requires to determine f, .

(b) Any effort to determine f, and f,using coefficient of friction £ is not required as stated in the illustration

—00—

| don't think anybody anywhere can talk about the future...
without talking about education.Whoever controls the education of our children,
controls our future.

- Wilma Mankiller

There are two educations.
One should teach us how to make a living,
and the other how to live.
- John Adams

— 00—
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Theme Song :

PREMISE:We are p'leased to adopt a song"” E?F'ﬁ wfed Eﬁ aT'lT qIdl.....”from a old Hindi MovieDo Aankhen
Barah Haath 31 31& vg &TY of year 1957, directed by The Late V. Shantaram. The lyrics are by Shri
Bharat Vuas, sinaer Meloduy OQueen Sushri Lata Manaeshkar, and Music Direction bu Vasant Desai. It
has become a widely accepted inspirational song and/or prayer in many educational institutions and
socially inspired initiatives engaged in mentoring of unprivileged children. This newly formed non-
organizational initiative, being selflessly operated by a small set ofcompassionate persons, finds its
philosophy in tune with the song and conveys its gratitude to all he eminent persons who brought out
the sona in a manner that it has attained an epitome of popularitu. While workina its mission and
passion, the group invites one and all to collectively complement in grooming competence to compete
among unprivileged children. The song/prayer goes as under -

g1 ekt §H &A1 T, A 1 faTH HHIR BT
TH 90 AP 3 U gAY, YaAd I dIg YA B ||

X SR & B SR, TFH I B AT &
R I §9d 3G 84, a1t § el forefi ¢
R BT fpft 1 fopet Q, a1 7 H g b1 8 ||

Sl QT §H &1 ST, 7 D1 a4 HHGIR BT
A I0 AP T U gH ¥, Yad Wl dig YA 8T ||

T g8 o1 e 8, 89 3 A fra g erdur
B YR & sic g1 B, b1 SilaH gt a9 ST AYs
3Tt B T el 9671 b, DR S UG 8% U HA T I |

ST IfaT g ST aTa, W T fayT HHeIR g1
&Y 0 7 X U g9 U, YAdx W dIg Yol 8T ||

Together Each Achieves More
(TEAM)

Every end, so also end of this e-Bulletin, is a pause for a review, before

Resuming of the journey far beyond ...



