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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 which depends upon choice of cloud platform, and
tariffs of ISP

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

Cloud platform :

a. Subscription whether it annual as in WebEx or
One time with AMC like in as in UTP+.

b. Cloud platform is a shared resource across
Learning Centers benefitting from IOMS.

c. The IOMS envisages session for more than one
centre together, these charges may be shared
across, or one centre bears total cost sequentially.
It is purely in mutual agreement between Learning
Centers.

IOMS is since an initiative driven with Personal Social
Responsibility (PSR) operating n Zero-Fund-&-Zero-
Asset (ZFZA) basis, the Cloud Platform has to provided
by Learning Centers benefitting from IOMS. Gyan
Vigyan Sarita will be pleased to connect Learning Centers
for collectively complementing the cost of Cloud Platform
for arriving at a mutual agreement on financial sharing.

So also IT Infrastructure with Dr Joshi has been in use
and is working. But, at any stage if upgradation becomes

essential, extended hand by learning centers is gratefully
welcomed on ZFZA basis.

d. Benefit of sharing of charges of cloud platform can
be optimized with offset of schedule of sessions of
IOMS.

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, not included 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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Coordinator’s View

Activism Vs Reformism

Nature is dynamic and it has been ever changing and would continue to do so. Some changes are active changes
which are induced by an external agent, while others are passive changes which occur in accordance with life-
cycle of the system. These active changes are matter of serious consideration. Human species of life on this earth
has capability to observe, correlate, explore options, choose one of it and then act upon. This faculty of human
species has kept on growing and accelerating with its progress. Rest of the species simply acts upon for their
survival and as per laws of nature. It is only the human species which has been able explore laws of nature and
moderate the natural processes to its convenience and survival. It is intent behind initiation of the change process
which makes a big difference, and it has compelled to classify such change agents as either activist or reformist.

The rest who are driven by the change are passive persons.

Any kind of a situation that causes a discomfort is bound
to create a response among the affected people. One
response is looking for an immediate resolution to the
discomfort. The other response is to eradicate the cause of
discomfort. The first one can be achieved by creating a
scare among people to react to the discomfort and thus
compel the governing system to act upon for either
appeasement or a window dressing. This creates an
apparent relief. Nevertheless, the cause of problem keeps
brewing. Recurrence of the problem is made apparent on
a calculated occasion; rather one is in the hunt of an
opportunity to do so. Eradication of the problem is never
the intent. If that happens, the basic existence of the
persons initiating response to discomfort would get
endangered. This is nothing but activism and has appeared
in different names as social activists, social sympathizers,
custodian of social conscience and many more, as it may
suit to an occasion or the audience. Thus objective of
activism is short term, and motive is opportunism; and it is
an opportunity of negotiation of interests.

In activism motivation is the gain derived out of
indulgence. This gain could be financial, status, political
or of any other kind. But, vision is short term, sometimes
immediate. The engagement and continuance in the
activism is very much similar to commercial decision in
respect of what, when, where and whom to target. It is not
emotional, but works on exploiting emotions of audience
and creating an unachievable vision.

Reformism is prima-facie like activism. Here, reform is
apparently aggressive, persuasive, vehemently forceful
and at times too intense. But, genesis of reform is in
inspiration derived from observation of suffering of
innocents, and ill-effects of prevailing circumstances. It
could be one’s own, or nearest relation or selflessly of
others. There have been great reformists all over the
world. Citing any name is refrained as it may not be
construed as an unjust and deliberate neglect of other great
reformists. Yet they all evolved remedies very
thoughtfully and sensibly, keeping in view long term

consequences. It impacts basic interaction and thought
process at all levels. Reformism is never self-serving and
is based on coexistence among different sections of
society and even with nature. Many of such reform
initiatives have grown into laws of land. But, some of
them remain in confinement of family practices; some
appear in local or folk traditions, while there have been
reforms to impact culture of clan, sect or society. Change
is law of nature towards betterment, and orthodoxy is
preserving the systems in place out. Such resistance to
change is out of fear of change-consequence. There is a
mixed action-reaction dynamics between reform and
orthodoxy. It is only the level of awareness about evil of
prevailing practices and opportunities and potential of
welfare in reform which regulate the dynamics. In this
dynamics proper and holistic education has an extremely
important role to play.

The driving force of change is catalyzed by the education.
It is the mode and impact of educational upbringing which
branches into either activism or reformism. Activist are
reactive to contemporary circumstances in a calculated
manner, it is instantaneous. While, reformists act upon the
historical trend of issue of concern and their proactive
vision. Activists have a calculated roadmap and retreat, if
necessary. It is a purely a business decision. But,
reformists work with a selfless conviction and a vision.
Their journey is will conceived with a clear roadmap. Yet,
they are open for consideration, if needed, on any point of
contention, if it is missed inadvertently. Reformists,
therefore, are prepared to face all challenges, sufferings
without getting volatile, whereas, propositions of activists’
have no space for any kind of loss. Therefore, activists
invariably go intemperate and volatile, if their
expectations are not met; at times they turn out to be
terrorists. Impelling requests with facts and logic is the
way of reformists. While insisting upon the need of reform
(3{TUs- Aagrah) they bear patience, because projection of
reform is long-term and its target is innocent persons.
They are aware that consequence of un-thoughtful reform
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which might add to misery of the person for whom the
reform is being pursued. But, selfish drive of activists are
mischievous (GXIUg- duragrah) and if it goes wrong, it
gives birth to a new opportunity for activists to meet their
ends.

Every reformist is first an intrinsic and works without
discrimination. Domain of reformists may have a reach
right from within the family to anomalies in social and
religious systems, gender discrimination, atrocities to
animal, abuse of natural resources right from rivers, land,
mountain and anything that is of irrational nature. There
have been instances where reforms of wide-spread nature
have taken a shape of legislative reform; whereas, an
activists are discriminate and extrinsic. Thus a reformist
tends to earn credibility which is in deficit with activists.

Educational upbringing has far reaching effects. Education
is just not ability to read, perform calculation, get good
score and acquire a high salaried position. It is all about
ability to observe, correlate observations, analyze cause
behind a certain occurrence, explore alternative ways to
remedy a situation, choose one of the alternatives based on
merit. This merit, in turn, is based on feasibility,
economics, sustainable and coexistence with other people
as well as nature. Ability to make right choice based on
merit is manifestation of wisdom that grows gradually
with realization of universal truth. This wisdom is
reflected in honesty of thoughts, intentions and action

(HHI, 4TI, FHHOT - Mansa, Vaacha, Karmna). But,
the honesty alone is insufficient unless it is blended with a
courage and ability to translate it in actions. This kind of
ability garners credibility; it is an asset of a reformist. It
grows over a period of time, it is never abrupt. An abrupt
rise of acceptance is a result of emotional selling, a quality
of an activist. Journey of reformist is long fire-walk where
one is subjected to tests of all kinds of honesty viz
financial, intellectual, moral and professional honesty. It is
very tough for one to prove to be honest on all fronts.
Financial dishonesty is perceivable and becomes
immediately apparent; while the other kinds of honesties
are latent, and it takes time and efforts to realize them.
Credibility of a reformist is proven during the fire-walk
and this becomes his strength. It helps him to create
awareness among people, with diverse interests,
sometimes even of conflicting interests, on the need of
change and vision associated with it. It promotes a kind of
a harmony and a desire of coexistence among all, a natural
instinct; whereas an emotional appeal created by an
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activist gets easily exposed. In this context quotation of
Abraham Lincoln is very relevant — “You can fool some
people for all the time; all people for some time, but not
all the people for all the time”.

Genesis of activism is since in emotional selling, it
abruptly surfaces as an oriented mob fury; it responds to
any emotional call among weaker section, be it
economical, social or religious. Activists of keep playing
their cards for widening the distrust between conflicting
sections of the society, and thus maintain their relevance.
Whereas wisdom, despite being wide spread, it lacks
orientation. Therefore, wise people waste their time in
debate and analysis-analysis-paralysis which breeds
inaction and create a pasture for activists. This is the
reason that despite multiple anomalies in prevalent in the
society and systems, reforms are scarce. But, recurrence of
activists’ movements is abrupt and rampant. This kind of

activistic-mobocracy has a potential to ride over
dempcracy, a dangerous signal.
Therefore, seeds of reform must be sown in the

educational system, which is essential to sustain inevitable
dynamics of change. While doing so it is essential to
remember that commercial education breeds activism,
whereas reformism is byproduct of educational ethics

Conclusion: It is possible to cite multiple examples of
activist in prevalence. It is an advertent act to refrain from
specific mentions of activism, which is. Lest it be done,
probability of being dragged into controversies and
contradictions are seen to be prominent. Such reactions
would distract the focused efforts being made on a social
reform through education. This endeavour is to mentor
deprived children, so as to groom among them
competence to compete. It is a proactive reformist
approach which has a long journey. This needs to be
undertaken on urgency and to be complemented
collectively. One and all is invited to know this initiative
and get convinced with the need to bridge the disparity.
Society is like a human body where each has to be strong
and healthy to be able to function smoothly in
coordination with others. Slightest malfunction of any of
these is enough to steal peace and happiness. Aim of this
bulletin, and this column, is to sensitize elite section of the
society and make them conscious of their position and the
role expected of them. This role unless played with a sense
of personal social responsibility (PSR), it might end up in
activism. These elite persons are competent to judge,
choose and make a difference. Unless this happens,
erosion in social norms would accelerate and engulf all of
us, unsparingly.
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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 Compete 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,
iii.  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*hI. 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 9t 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: subhashjoshi2107@gmail.com, Website: http://www. gyanvigyansarita.in
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E-mail ID: madhukarpanday@gmail.com

"I 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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000060 & S “If people are
MORALITY . 5 good only .

because they fear

1S dping.what is right

without the threat - N punishment, and

of divine retribution WX ' hope for reward
for the pussibilit}r of tl ’
_divine reward. 1€N WE are a

&

't} ' sorry lot indeed.”
—~ Arthur Paliden
~Albert Einstein

. -5 T8

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

Education is not the learning of facts

.

but the training.of the mind to think.

- Mbert Einsiein
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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: RI&Land 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 24 Monthly e-Bulletin Gyan-Vigyan Sarita: it
» This cycle of monthly supplement e-Bulletin Gyan-Vigyan Sarita: & is aimed to
continue endlessly, till we get your d7 and H7 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.

0 7

mber 1887 - 26 April 1920)

22 Deé
Mathematics has capability to make one understand the God and His creations.

- Srinivasa Ramanujan
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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.

Education

- Arnold Schwarzenegger

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
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Prevent And Treat Ourselves With Seasonal Diseases

In this series of articles, we will describe how can
we prevent and treat ourselves from the diseases in
particular seasons.

In this month Hemant Ritu (early winter) has
started. In this season due to cold, Vata gets
absorbed into our body and detoriates the dhatus
and leads to problems like cold, cough, dry skin
problems like Psoriasis and Airthritis etc.

Firstly describing about common problems which
occur in this season-

Respiratory tract Infection - In Ayurveda,
Respiratory problems occur due to imbalance of
Vata and Kaha Dosha.

Aggravating factors include - Contact with dust,
pollen, smoke and cold breeze, drinking cold water,
consuming frozen food items, consuming oily, spicy
and junk food, inhabiting in cold and damp places.

Weak immune system - Ayurveda deals with
Respiratory diseases in a holistic manner that
involves cleansing of toxins through specific
therapies, use if herbs, practice of breathing
exercises, dietary and lifestyle changes.

Remedies - In Ayurveda some of the following
herbs are used in the prevention and treatment of
Respiratory tract infections.

Helpful Herbs —

e Tulsi(ocimum sanctum) -. It has antioxidant
properties and an enzyme cyclo oxygenase, which
has anti inflammatory properties. It's a good
immunomodulator.

e Vasaka (adhatoda vasika) - The leaves of Vasaka
has antiallergic and anti inflammatory
properties.It has antitussive effect thus also helps
to soothe the inflamed throat.

e Black Pepper — Its seeds contain an alkaloid
called piperine which has anti-inflammatory
properties and is very good bronchodilator. Thus
helps to relieve breathing difficulties.

Dr Sangeeta Pahuja

e Dalchini (cinbamomum zeylanica) - It has
antimicrobial properties and is a bronchodilator
and helpful in Respiratory infections.

e Pippali (Piper longum) - Pippali has been shown
to have a rejuvenating effect on the lungs. It is
very helpful in the recurrent attacks of asthma. It
enhances the blood circulation towards the lungs
and is very good expectorant and bronchodilator.

e Giloy(Tinospora Cordifolia) - It's an excellent
immunomodulator. A powerhouse of antioxidants
which fights with free radicals and keep your cells
healthy and helpful in getting rid of diseases. It
has Antipyretic properties and is anti-
inflammatory in nature, hence helps to reduce
problems like cough, cold, tonsillitis etc.

e Shirish(Albizia lebback) - It has antiallergic
properties. So very helpful in allergic rhinitis
cases.

e Ela(Elletaria cardamomum) - As it is a Vata
kapha pacifying herb ,hence extremely helpful for
Respiratory infections.

e Licorice - Components present in licorice are
antioxidants such as flavonoids, saponins,
sterols,choline, aminoacids, inositol,lacithin and
vitamin B1,B2,B3,B6 and E.

e This root is demulcent and gentle relaxant,
soothing to mucous irritation and beneficial in
the treatment of cough ,cold and bronchial
asthma.

e Peppermint(Mentha x pipertia) - It has menthol
which has antihistaminic = properties. It
neutralizes the free radicals and prevent allergic
attacks.

Breathing Exercises: Breathing exercises called
Pranayam, they help to improve the lung function
and reduce the frequency of symptoms in patients
with chronic Respiratory problems.There are
different type of breathing exercises that help in
different conditions. For example Sukha Pranayam
or Anulom vilom, which is a breathing exercise is
helpful in wheezing problem.
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Bhastrika pranayam which works well for
congestion, and Ujjayini Pranayam helps to
improve immunity so that probablity of recurrences
of allergic problems are reduced.

Yoga for Respiratory problems - Some yoga
postures are very helpful in people who suffer from
chronic Respiratory disorders. When performed on
a regular basis, they help to reduce the frequency as
well as reduce the severity of symptoms. Some of
the generally prescribed yogasan include — (a)
Surya Namaskar, (b) Sarvangsan, (c)
Bhujangasan, (d) Shalabhasan

Helpful diet and lifestyle : Old rice, wheat,
barley, kulath, moong beans, Honey, Hot beverages
like herbal tea, masala tea, and sprouts, nuts, and
seeds in moderate amount are helpful to pacify
kapha and to balance vata.

Eat plenty of fruits and vegetables which have beta
cartotene, vitamin C and E like catrots, cantaloupe,
sweet potato, leafy vegetables like spinach and
Broccoli, Pumpkin etc. Add mulethi (licorice) in
your diet on regular basis to balance kapha.

As regards lifestyle -

e Maintain appropriate weight
e Regular moderate exercise

http://www.gvanvigyansarita.in/

e Wear face mask to purify the air you breathe

e Control GERD. If you are suffering from gastro-
oesopheageal reflux disease as it can trigger
asthma due to acid reflux.

e Try and Keep your house dust free

¢ Keep your windows closed during pollen season

¢ Decontaminate your decor

e Use Dehumidifier

e Reduce pet dander

e Cover your mouth and nose if it is cold or if going
to crowdy places.

Unfavourable diet and lifestyle: Avoid heavy
food items like dairy proucts, cheese, curd,
buttermilk, cream, banana, oily, gresy food items,
white flour, white sugar products, cold food, cold
drinks and other refrigerated things. Avoid big
meals and products like cabbage, carbonated
drinks, onions, Garlic, fried food products which
can cause gas and pressurize the diaphragm. Avoid
products with  artificial  ingredients and
preservatives.

Avoid sulphites as they can trigger Asthma.
Sulphites are used as preservatives and can be
found in wine, dried fruits, pickles, fresh and frozen
food products. Avoid excessive physically
demanding exercise.

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 -

—00—

“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
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Let’s Know About International Mathematical Olympiad

4

Prof. SB Dhar

Gyan Vigyan Sarita is starting a series of articles for the general awareness
of its readers in which the basic knowledge about the national and world-
wide competitions for the students of classes X and onwards will be on hand

for their benefits. The articles will contain the information about the tests like

: NTSE, NLSTSE, Science Olympiad, Geo Genius, KVPY, Silver Zone Olympiad,
MAT, SAT, ASSET, IEO, NBO, IESO, TOEFL, IELTS, GRE, GMAT, MCAT, LSAT, and the most
important IQ Test etc. This is the first article that explains about the IMO : The International
Mathematical Olympiad. The Editor and The Coordinator

Viorel P. Barbu is a Romanian Mathematician.
He was born on June 14, 1941 in Deleni, Vaslui
County, Romania. In 1993, he was elected a titular
member of the Romanian Academy.

Barbu completed his undergraduate degree at
the Alexandru JIoan Cuza University of Iasiin
1964, and his Ph.D. at the same university in 1969.

Viorel Barbu appeared in the First International
Mathematical Olympiad in 1959, and scored

total 28 points. He got 17th rank overall. He was
Honourable M ention that year.

The first ranker was Bohuslav Divis of

Czeckoslovakia who scored 40 points and
ranked 1. He was Gold Medalist that year.

Professor Viorel Barbu writes that after fifty-nine
years, the International Mathematical Olympiad
remains a very respectable event and one of the
most long-lived international educational and
scientific competitions.

Mathematics has always been a fresh and
dynamical field of human creativity and a
fundamental science to the benefit of scientific
knowledge and technical achievements. It is the
role and duty of young mathematicians to bring and
develop new ideas and to construct new bridges
between mathematics and other scientific fields.

The International Mathematical Olympiad (IMO) is
the World Championship Mathematics
Competition for High School students. Let us know
the ABC’s of this prestigious competition.

(a) The first IMO was held in 1959 in Romania,
with 7 countries participating.

(b) It has gradually expanded to over 100 countries
from 5 continents.

(c) Itis held annually in a different country.

(d) India hosted it in the year 1996 with 75
countries and 424 students

(e) For 2019, the host country is UK

(f) For 2020, the host country is Russian
Federation

(g) For 2021, the host country is USA

(h) For 2022, the host country is Norway, and

(i) Japan will hold it in 2023.

() Year 2023 will be the 64t edition.

(k) In 2018, in Romania, 107 countries participated
with total students 594 out of which 60 were
girls.

Top Country-wise 2018 Result:

(a) USA 1st

(b) Russia 2nd

(¢) China grd

(d) Ukrain 4th

(e) Thailand 5th, and

(f) India 28tk

Specifics of IMO:

(a) There are only six problems in Mathematical
Olympiad.

(b) It is for pre-College/University students.
(c) Only in year 1980, it was not held.

(d) Each country sends a team of up to six students,
plus one team leader, one deputy leader, and
observers.

Contents Of The Question Paper

(a) The contents range from extremely difficult
Algebra and pre-Calculus problems to problems
on branches of mathematics not conventionally
covered at school and often not at university
level either.

(b) It contains Projective and Complex
Geometry, Functional Equations,
Combinatorics, and well-grounded Number
theory
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(¢) The extensive knowledge of theorems is
required.

(e) Calculus, though allowed in solutions, is never
required.

(f) Awards are given to approximately the top-
scoring 50% of the individual contestants.

(g) Teams are not officially recognized.
(h) Contestants must be under the age of 20.

(i) An individual may participate any number of
times in the IMO.

() In January 2011, Google sponsored €1
million to the International Mathematical
Olympiad organization.

World Famous Performers:

(a) Zhuo Qun Song, Teodor von Burg, Lisa
Sauermann, John Lian, Josh Liand Christian
Reiher, have performed exceptionally well in
the IMO, winning multiple gold medals.

(b) GrigoryMargulis, Jean-Christophe Yoccoz,
Laurent Lafforgue, Stanislav Smirnov, Terence
Tao, Sucharit Sarkar, Grigori Perelman, Ngo
Bao Chau and Maryam Mirzakhani have gone
on to become notable mathematicians..

(¢) Several former participants have won awards
such as the Fields Medal.

Examination & Question Paper

(a) The Paper consists of six problems.
(b) Each problem is worth seven points
(c¢) The maximum total score is 42 points.
(d) No calculators are allowed.

(e) The examination is held over two consecutive
days

(f) Each day the contestants have four-and-a-half
hours to solve three problems.

(g) The problems are usually disguised so as to
make the solutions difficult.

Making Of Question Paper

(a) Each participating country, other than the host
country, submits suggested problems to a
Problem Selection Committee provided by the
host country,

(b) The problems are shortlisted.

(¢) The team leaders arrive at the IMO a few days
in advance of the contestants and form the IMO
Jury.
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(d) They select the six problems from the shortlist.

(e) The Jury aims to order the problems so that the
order in increasing difficulty is Q1, Q4, Q2, Qs5,
Q3 and Q6.

(f) Since the leaders know the problems in advance
of the contestants, they are kept strictly
separated and observed.

Cutoffs and Awards

(a) The cutoffs (minimum scores required to
receive a gold, silver or bronze medal
respectively) are chosen so that the numbers of
gold, silver and bronze medals awarded are
approximately in the ratios 1:2:3.

(b) Participants who do not win a medal but score
seven points on at least one problem
receive an honorable mention.

(¢) Special prizes may be awarded for solutions of
outstanding elegance or involving good
generalizations of a problem.

Penalties: North Korea was disqualified for
cheating at the 3224 IMO in 1991, and again at the
51t IMO in 2010.

The following nations have achieved an all-
members-gold IMO with a full team:

(a) China, 11 times:

In 1992, 1993, 1997, 2000, 2001, 2002, 2004,
2006, 2009, 2010 and 2011

(b) United States, 3 times:

In 1994, 2011, and 2016

(¢) Russia, 2 times:

In 2002 and 2008

(d) South Korea, twice:

In 2012 and 2017

(e) Bulgaria, once: in 2003

(f) The only countries to have their entire
team score perfectly in the IMO were the
United States in 1994.

Mathematics Olympiad In India

(a) The Mathematics Olympiad activity is
undertaken from 1986 by The National
Board for Higher Mathematics (NBHM)
which was founded in 1983.

(b) NBHM runs the activity in collaboration with
the Homi Bhabha Centre for Science
Education, Mumbai.

(c) The main purpose of this activity is to support
mathematical talent among high school
students in the country.
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(d) NBHM has also taken on the responsibility for
selecting and training the Indian team for
participation in the International
Mathematical Olympiad every year.

(e) While NBHM coordinates and supports
Mathematics Olympiad contests all over the
country, regional bodies, mostly voluntary, play
an important role at different stages.

(f) For the purpose of administering Mathematics
Olympiad contests, the country has been
divided in 16 regions.

(g) A regional coordinator is appointed who is
responsible for conducting these tests in each
region.

The Mathematics Olympiad Programme leading to
participation in the International Mathematical
Olympiad consists of the following stages:

Stage 1:

(a) Regional Mathematical Olympiad (RMO) is
held in each region normally between
September and the first Sunday of December
each year.

(b) The regional coordinator ensures that at least
one centre is provided in each district of the
region.

(c) All high school students up to class XII are
eligible to appear for RMO.

(d) RMO is a 3-hour written test containing about 6
to 7 problems.

(e) Each regional coordinator has the freedom to
prepare his/her own question paper or to obtain
the question paper from NBHM.

(f) The regions opting for the NBHM question
paper hold this contest on the 1st Sunday of
December.

(g) On the basis of the performance in RMO, a
certain number of students from each region
are selected to appear for the second stage.

(h) Regional coordinators charge nominal fees to
meet the expenses for organizing the contests.

Stage 2:

(a) Indian National Mathematical Olympiad
(INMO) is held on the first Sunday of February
each year at various Centres in different
regions.

(b) Only students selected on the basis of RMO
from different regions are eligible to appear for
INMO.

(¢) INMO is a 4-hour written test.

(d) The question paper is set centrally and is
common throughout the country.
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(e) The top 30-35 performers in INMO receive a
certificate of merit.

Stage 3:

International Mathematical Olympiad Training
Camp (IMOTC)

(a) The INMO certificate awardees are invited to a
month long training camp (junior batch)
conducted in May-June, each year.

(b) In addition, INMO awardees of the previous
year that have satisfactorily gone through postal
tuition throughout the year are invited again for
a second round of training (senior batch).

Stage 4: International Mathematical Olympiad
(IMO)

(a) The team selected at the end of the camp, a
"leader" and a "deputy leader," represent India
at the IMO that is normally held in July in a
different member country of IMO each year.

(b) The leader and deputy leader are chosen by
NBHM from among mathematics
teachers/researchers involved in the
Mathematics Olympiad activity.

(¢) Travel to IMO venue and return takes about two
weeks.

(d) Students of the Indian team who receive gold,
silver and bronze medals at IMO receive a cash
prize of Rs. 5,000/-, Rs. 4,000/- and Rs.
3,000/- respectively, from NBHM during the
following year at a formal ceremony at the end
of the training camp.

(e) The Ministry of Human Resource Development
(MHRD) finances international travel of the
eight-member Indian delegation connected
with international participation.

(f) NBHM finances the entire in-country
programme and takes care of other expenditure.

(g) Students aiming for selection for participation
in IMO should note that RMO is the first
essential step for the programme.

(h) To appear for RMO, students should get in
touch with the RMO co-ordinator of their
region well in advance, for enrolment and
payment of a nominal fee.

Syllabus for Mathematics Olympiads: The
syllabus for Mathematics Olympiads (Regional,
National & International) is pre-degree college
mathematics.

The areas covered are:
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(a) Number systems

(b) Arithmetic of integers

(¢) Geometry

(d) Quadratic equations and expressions
(e) Trigonometry

(f) Co-ordinate Geometry

(g) Systems of Linear Equations

(h) Permutations and Combinations
(i) Factorisation of Polynomials

() Inequalities

(k) Elementary Combinatorics

(1) Probability Theory

(m)Number Theory

(n) Infinite series

(0) Complex Numbers

(p) Elementary Graph Theory.

Note:

1. The syllabus does not include calculus
and statistics

2, The syllabus is in a sense spread over
class IX to class XII levels, but the
problems under each topic are of an
exceptionally high level in difficulty and
sophistication.

3. The difficulty level increases from RMO
to INMO to IMO.

PRMO 2018
Pre-RMO exam:

It is the First step to Indian Mathematical
Olympiad.

(a) The website for PRMO is
http: //www.mtai.org.in/prmo
(b) Eligibility for year 2018 was as under:

Candidates born on or after August 1, 1999 and
studying in Class 8,9,10,11 or 12 were eligible to
write PRMO 2018.

(c) Further, the candidates must be Indian citizens.

(d) The PRMO is a machine-correctable 3-hour
duration test of 30 questions.

(e) Each question has an answer which is a number
with one or two digits.

(f) All Kendriya Vidyalaya, Jawahar Navodaya
Vidyalaya and Atomic Energy Central Schools may
also register as registration centres regardless of the
number of students and may accept to register
students from other schools.

(g) The KVs and JNV schools will be exam centres.
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(h) A carbon copy of the answer sheet (OMR) will
be given to the student after the exam; students can
check their answers as against the answers which
will be uploaded on the MTA website.

(i) From each region, the top (up to) 300 students
from Classes 8,9,10,11 and the top (up to) 60
students from Class 12 will be eligible to write the
Regional Mathematics Olympiad exam.

(j) For the KV, JNV schools which have a
countrywide coverage, the number to be selected is
up to 5 per cent from Classes 8,9,10,11 and up to 1
per cent from Class 12, of the number of
registrations.

Procedure to be followed by a new country
wishing to take part in the International
Mathematical Olympiad

If a country would like to become a participant in
the International Mathematical Olympiad (IMO),
the procedure is as follows:

(a) The Ministry of Education of the country,
and/or the country's national Mathematical
Association, should send a formal letter of
application for an invitation to send an Observer to
the next IMO. The letter of application should be
addressed to the Secretary of the IMO Advisory
Board, at the address below.

(b) The application should include information
on how the country plans to select and prepare its
national team for the event. Copies of national
Mathematical Olympiad papers, for example,
should be included. Any other relevant information
(such as participation in regional Mathematical
Olympiads) should also be included.

(c) The application is then considered by the
IMO Advisory Board. If the application for
Observer status is approved, the host country of the
next IMO will issue an invitation to the country to
send an Observer or Observers (who must be
adults) to the IMO. The country will be responsible
for paying all costs involved, including the
travelling expenses of the Observer/s, and the
relevant accommodation costs as set by the host
country. (When a country becomes a full member of
the IMO, all accommodation costs of the Team
Leader, Deputy Team Leader and the team
members are covered by the host country.)

(d) At the IMO the Observer will be able to gain
a great deal of insight into how the IMO is run, the
standards expected of participating countries, and
how other countries select and train their teams.

(e) With the agreement of the host countries for
the following two years, full membership of the


http://www.gyanvigyansarita.in/
http://www.mtai.org.in/prmo

Page25 of 72 2n Monthly e-Buletin dt 15 December’18 in Fourth Year of GgyanVigyanSarita:fR1&im http://www.gyanvigyansarita.in/

IMO is then granted for the following year by the
IMO Advisory Board.

Most Decorative Participants From India
Who Won Gold Medal

(a) Debdyuti Banerjee (2012) scored 28 with rank
33

(b) Prafulla Susil Dhariwal (2012) scored 28 with
rank 33

(c¢) Akashnil Dutta (2011) scored 28 with rank 39

(d) Nikhil Ashok Savale (2002) scored 34 with rank
12

(e) Abhay Kumar Jha (2001) scored 35 with rank
17

(f) Sucharit Sarkar (2001) scored 33 with rank 21
(g) Abhinav Kumar (1998) scored 32 with rank 26
(h) Chetan Balwe (1998) scored 31 with rank 29

(i) N. Venkataramana Tejaswi (1998) scored 31
with rank 29

(j) Ajay C. Ramdoss (1996) scored 30 with rank 25
(k) Rina Panigrahy (1990) scored 38 with rank 11

In 2018 IMO, Indian team consisted of Mr. Sutanay
Bhattacharya, Spandan Ghosh, Amit Kumar Mallik,

Anant Mudgal, Pulkit Sinha and Pranjal Srivastava.
Their respective results were as under:

Sutanaya Bhattacharya: Rank 193, Total Score 21,
Bronze Medal

Spandan Ghosh: Rank 193, Total Score 21, Bronze
Medal

Amit Kumar Mallik: Rank 368, Total Score 10,
Honourable Mention

Anant Mudgal:Rank 122, Total Score 26, Silver
Medal

Pulkit Sinha: Rank 122, Total Score 26, Bronze
Medal

Pranjal Srivastava: Rank 122, Total Score 28, Silver
Medal

Fifty-nine years have passed since 1959, the
International Mathematical Olympiad remains a
very respectable event and one of the most long-
lived international educational and scientific
competitions.

Mathematics has always been a fresh and
dynamical field of human creativity. It has been
also a fundamental science to the benefit of
scientific knowledge and technical achievements.

Let us hope the young mathematicians will develop
new ideas to construct new bridges between
mathematics and other scientific fields.

Long Live Mathematics, The Language Of Science!

Author is Editor of this Bulletin Gyan Vigyan Sarita: fT&fT, and contributor of column ‘Growing with
Concepts -Mathematics:’

—00—
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[saac Newton

7 BrainyQuote
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GROWING WITH TECHNOLOGY : PRESERVING CULTURAL HERITAGE
(Deepawali Celebrations)
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Mrs Mona Sathye, is primarily an IT Professional, having served in USA for 6 years and bach home she
worked as freelance corporate trainer for many top companies. Currently she is back to her first love — Art.
Currently she has switched over to ladies garment design receiving a phenomenal response. Above are her
three art works which won her First Prize for Three Successive years in competition organized by Times of

India. E-mail: msathaye@gmail.com
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Mrs. Kanchan Karve, is an Engg. Graduate from Jabalpur. She is an IT Professional and
currently working in Veritas, Pune. Her hobbies, are drawing, painting, cooking, reading and
classical dance:
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Kritika Dwivedi, 6 Years old child of a
professional couple at traditional creativity,
at Bangalore

Aarna Gupta,
daughter of
Doctor-Engineer
Doctor Couple,
growing with
cultural
creativity. She
studies in Class
First, Somerville
School, Sector 22
NOIDA.
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Nidhi Joshi, an IT Professional at Adobe, NOIDA, with her Two daughter Dishita (12 Years) and Anura (5
Years), celebrati=g Deepawali with Rangoli and lamps, blending technology in traditions, in an eco-friendly
manner.

Email: nidhi.joshizo@gmail.com
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E-mail: sangeeta.pahuja3@gmail .com
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Students’ Section

Bhavani Nadgonde, is a studying Information Design at Sristi Institute of
Technology and Design, Banglore. She pass CBSC 12t in 2018 with 92% taking a
rare combination of M PCM with Biology. Sketching is her hobby

E-mail: anadgonde@gmail.com
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I11-Effects of Junk Food
Dishita Joshi

The level of consumption of junk food amongst the youngsters is increasing day by day. The ill-effects of junk
food are not shown upon immediately but after a few years. Eating junk food once in a week is fine but eating
junk food more often can be really harmful for the body.

The major reason behind the increment in the level of consumption of junk food amongst the teenagers is the
availability of junk food. Junk food is easily available almost everywhere we go. Nowadays, it has become so
difficult to find a food joint with healthy food. Nowadays, it has also become fashionable to eat junk food
amongst the youngsters. Another and the most important reason for the high demand of junk food is that it is
extremely delicious.

There are innumerable bad effects of eating junk food in a large quantity. There are a number of diseases which
are caused due to excessive eating of junk food. Diabetes, obesity are some examples of such diseases.
Nowadays, people suffer from these diseases at a much early age. It also increases the cholesterol level in a
person’s body. Eating junk food not only affects one’s physical health but also mental and emotional. Many
people suffer from diseases like hypertension due to excessive eating of junk food.

To decrease the consumption of junk food certain steps should be taken. Mixing of unhygienic ingredients into
food items should be checked and prevented. Certain food items which have more
chances of spreading diseases should be banned in food shops, joints and canteens by
the government .

So, junk food should not be eaten all the time and eating of healthy food should be
encouraged.

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
—00—

Education is a social process.
Education is growth.
Education is not a preparation for life;

education is life itseli.
- John Dewey

www.DreamThisDay.com
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Answers to Science Quiz : November’18

Kumud Bala
1. (b) 2. (a) 3. (b) 4.(d) 5. (b) | 6. (c)| 7. (@) | 8. (a) 9. (c) 10. (a)
11. (c) 12. (c) 13. (c) 14. (a) 15.(c) | 16.(a) | 17.(b) | 18. (b) 19. (c) 20. (b)
21. (c) 22. (b) 23. (a) 24. (b) | 25. (b) | 26.(c) - - - -
—00—

ANSWER: CROSSWORD PUZZLE November’18: Festivals of India
Prof. S.B. Dhar
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LET’S DO SOME PROBLEMS IN MATHEMATICS-1IV
Prof. SB Dhar

Mathematics segment of all competitive examinations including JEE-Mains and JEE-Advanced is specially a
test of common sense and understanding of the basic concepts. If the concepts are applied correctly at proper
places, the time is saved as well as the correct solution is reached. Time management plays a crucial role in
achieving the higher ranks.

It has been observed that some of the competitions’ problems consist of various concepts and tricks too. So, all
that a solution seeker needs is the availability of all the concepts at his/her finger tips at the moment of need.
There is no short-cut for it. The only possible way to meet this problem is to practice well by writing them on
paper with pen or pencil.

Some typical problems are hereby selected for the readers. These problems may appear simple but be assured
that they will not behave so when one starts writing their solutions. Solutions are possible only if approach is
correctly planned.

I am not writing any solution of any problem this time. I expect the readers to solve these problems according
to their understanding. One thing is clear with these problems that they do not have only one way of solution
but may be solved by many ways. The readers may try for the solutions. If the readers find all the solutions, we
shall assume out efforts for a year-long writing concepts have been successful. However, the complete solutions
of this set of problems will appear in the coming issue of e-bulletin. If the reader is anxious to know about the
solution, to match his/her solution, he/she may contact the coordinator’s email.

Best of Luck !
Problems!

1. Let ABCDE be a convex pentagon such that 3. Letay a a;, ..., an k and M be positive
AB=BC=CD, LEAB=/BCD, and integers such that — + + - +— =k and
ZEDC=2CBA. Show that the perpendicular

line from E to BC and the line segments AC and a1a20; ...a, =M. IfM >~ 1, then show that P(x)
BD are concurrent. R M(XJFU (x+a1) (x+az)...(x+a) has no
positive roots.

2. Refer the triangle ABC in the figure. BD and CE

are the line segments to sides AC and AB 4. Find all functions f'R—R such that

respectively meeting at O. The areas of f(f(x)f(y)) +fC+y) = fley)jorallx ye
AOBE=3 units, AOCD=2 units, and A OBC=4
Units. (Ans x—=0,x->(x-1),x->1-x))

A

5. Find all pairs (x,y) of prime numbers with x>y
ety Y (x—y)* ¥ -1
Gy 7V (x—y)* -1

for which the number is an

integer.
(Ans: The only pair is (3,2))

6. If a>b>c>0; thedistance between (1,1) and
the point of intersection of the lines ax+by+c=0
and bx+ay+c=0 is less than 22, then show that
a+b-c>0.

B

Find the area of the quadrilateral AEOD.
(Ans: 7.8 units)
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7. A teacher writes the equation (x-1)(x-2)....(x-

2019)=(x-1)(x-2)...(x-2019) on the board. He 11. Find all the pairs (f, g ) of functions from the

asks his students to erase some linear factors
from both the sides so that each side still has at
least one factor and the resulting equation has

set of real numbers to itself that satisfy g(f(x +

y)) = f(x) + 2x + y)g(y)for all real
numbers x and y.

no real roots. Can you find the least number of

) . (Ans: Either both fand g vanish identically,
linear factors one needs to erase to achieve

) or there exists a real number C such that

ZZ:I : 2019) f(x)=x’+C and g(x)=x for all real numbers x)

12. Let ABC be a triangle with in-centre 1. A point
P in the interior of the triangle satisfies
PBA+_-PCA=_PBC+_PCB. Show that AP>
Al and that equality holds if and only if P
coincides with 1.

8. Letn >3 be a positive integer. Find the
maximum number of diagonals of a regular n-
gon one can select, so that any two of them do
not intersect in the interior or they are
perpendicular to each other.

(Ans: n-2 ifnis even and n-3 ifn is odd) 13. Let N be the set of all positive integers. Find all

functions f: N— N such that for all positive
integers m and n, the integer f(m)+f(n)-mn is
non-zero and divides mf(m)+nf(n).

(Ans: f(n)=n’ for any n eN)

9. Let wbe a complex cube root of unity with = 1
and P = (p;) be an x n matrix with p;j= o' ",

then P’=0 whenn = 55,56,58

10. Show that the value of cot (323, cot ™1 (1 +
=1n2kis 2523

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
Examinations for Services & Admissions to different streams of study at Undergraduate
and Graduate levels using formal methods of teaching shared with technological aids to
4 keep learning at par with escalating standards of scholars and learners. He has authored
numerous books of excellence.

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

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.

It is 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.
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CROSSWORD PUZZLE December’18

INTERNATIONAL MATHEMATICAL OLYMPIAD
Prof. SB Dhar

1 2
3 qa o
i
i
8
9 10
11
ACROSS DOWN
4 Number of Problems each yearin IMO 1 Australian-American participant who got Fields Medal
5 Points of each problem in IMO 2 Most successful contestant bagging 5Gold and 1 Bronze medals
8 Branch of Mathematics not included in IMO 3. Country penalized twice for cheating in IMO
10 Contestant from India scoring highest for India so far 4. 5econd most participating country of the world in IMO
11 Country participating maximum number of imesin IMO 6. Country wherethe first IMO was organized

7. The first rank holder country in 2018 IMO

9. Beautiful Young Minds documentary about IMO was made |y

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
—00—
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Solving Problems Involving — Mechanics of Rigid Bodies

(Gravity and Mechanical Properties of Matter)

Aim of education is not to make a student expert, but to inculcate in him/her s pirit of expertise; the one who can observe,
correlate, analyze, evolve alternatives, choose the best one in the given circumstances, and implement it. The best choice
lies in its feasibility, economics, sustainability with coexistence, in society as well as with nature. Expertise is a natural
consequence of continuous, consistent and commitment in the educational pursuit.

Problems in Concepts of Physics, Volume I & II by H C Verma has been included in this series of questions. These
questions encompass and integrate concepts and give a good practice in applying thoughtfully and skillfully In addition
question that appeared in IIT-JEE posses a merit of nuance and novelty. In view of this compendium of question that
appeared in the examination 2013-1979 brought out by DC Pandey have also been included in this series.

Nevertheless, there is always a limit to which diversity, complexity and integration of concepts can be catered. However,
the best can yield only through practice with question from text book and those appeared in examination being targeted.
Certainly, this practice with varied question would enhance analytical ability and thereby training of mind to handle
unknown problems, an essential attribute of a trouble shooter in real life.

[lustrations have been developed to elaborate inte gration of concepts in each question to address students deprived of able
guidance due to any kind of barrier, be it economical, geographical or sociological. This may call upon a bit of patience
from students of affluent class who are either at higher academic platform or rich guidance available readily.

Another important requirement for accuracy and speed is striking a balance between algebraic and numerical solution of a
problem. Generally questions are so articulated that most of the variables either cancel out or end-up in simple
calculations, and not to the least to test numerical skills. However, there is no thumb-rule for it, but only through a
practice of question one builds a judgment on where to use numerical values. Typically in some of the illustrations
specific footnote has be made.

This set of questions, both Objective and Subjective, is towards ending of section on Mechanics with Question bank on
Fluid Mechanics to follow. Thereafter, chapter on Mechanics of Mentors’ Manual, posted as free web resource would be
revisited for moderation, correction and addition, before question banks on following chapters of physics are brought out.

This Mentors’ Manual together with series of Question Banks, free web-resource, might be found useful by teachers in
remote location to benefit their students with grater conceptual clarity and grow it into making their intuition conceptual,
speedy and correct. Students, who may choose to use it are advised to use the set in sequence from the beginning, should
they not feel disconnect between concept and illustrations. It needs to be remembered that there is no short-cut to
knowledge and excellence.

Experience of response of students through their difficulties, doubts and question during Interactive Online Mentoring
Sessions (IOMS) for students at remote and rural areas is our biggest resource in developing illustrations. However, we
reiterate on importance of group dynamics, inculcated in IOMS, through group learning to enhance conceptual clarity and
much needed personality trait going forward.

Possibility of inadvertent typographical errors is this document is not ruled out. It is pertinent to invite attention in the
context of this unassisted endeavour of building the document full of mathematical expressions, graphics, in addition to
the conceptual depth and width is not ruled out. We would gratefully welcome suggestions for value addition and
corrections, if needed. Your bit of effort in this would be with a sense of Personal Social Responsibility (PSR) towards
deprived children. If few of the children, being targeted by us, are benefitted we, collectively, will have lived upto
demographic dividend expected of us.


http://www.gyanvigyansarita.in/

Paged0 of 72 2n Monthly e-Buletin dt 15 December’18 in Fourth Year of GgyanVigyanSarita:fR1&im http://www.gvanvigyansarita.in/

Mechanics of Rigid Bodies : Subjective Questions (Typical)

No of Questions: 33 Time Allotted: 9 Hours

All questions are compulsory

(Attempt questions in three discerete parts of 10+10+13 questions)

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

Q-01

A rod AB of mass M and length Lis lying on a frictionless surface. A particle of mass m travelling along the
surface hits the end A of the rod with a velocity V,in a direction parpendicular to AB. The collision is elastic.
After the collision the particle comes to rest with respect to the rod.

. . m
(a) Find the ratio —,
M
(b) A point P on the rod is at rest immediately after collision. Find the distance AP.

al
(c) Find the linear speed of the point P a time 3—after the collision.
Yo

Q-02

Two heavy metallic plates are joined at 90° to each other.A a laminar i
sheet of mass 30 kg is hinged at the line AB joining the two heavy B
metallic plates. The hinges are frictionless. The moment of inertia of the
laminar sheet about an axis parallel to AB and passing through its centre P
of mass is 1.2 kg-m’. Two rubber obstacles P and Q are fixed on each '
metallic plate at a distance 0.5 m from the line AB. This distance is
chosen so that the reaction due to the hinges on the laminar sheet is zero
during the impact. Initially the laminar sheet hits one of the obstacles
with an angular velocity yrad/s and turns back. If the impulse on the sheet due to each obstale is 6 N-s —

-0

(a) Find the location of the centre of mass of the laminar sheet from AB
(b) At what angular velocity does the laminar sheet comes back after the first impact?
(c) After how many impacts does the laminar sheet cmoes to rest?

Q-03

Three partcles A, B and C, each of mass m are connected to each other by three
massless rigid rods massless rigid rods to form a rigid, equilatral traingular body of
side 7. This body is placed on a horizontal frictionless table forming X-Y plane and
is hinged to it at the point A, so that it can move without friction about the vertical
axis through A, as shown in the figure. The body is set into rotational motion on the
table about A with a consant angular velocity w. E
(a) Find the magitude of the horizontal force extered by the hinge on the body. 7 —
(b) Attime T, when the side BC is parallel to the X-axis, a force Fis applied
on B along BC, as shown. Obtain the X-component and the Y-component of the force exerted by the
hunge on the body, immediately after time T.

Q04

A rod of length I and mass M is hinged at point O. A small bullet of mass m hits the rod as shown in o
the figure. The bullet gets embedded in the rod. Find angular velocity of the system just after impact.
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Q-05 | A solid cylinder rolls without slipping on an inclined plane making an angle @with the horizntal. Find the linear
acceleration of the cylinder of mass M .

Q-06 F . . \/— . .

our solid spheres each of diameter +/5 cm and mass 0.5 kg are placed with their centers at the corner of a
square of side 4 cm. The moment of inertia at the system about the diagonal of the square is N x10~* kg-m’, find
N.

Q-07 | A boy is pushing a ring of mass 2 kg and radius 0.5 m with a stick as shon in the figure. The ay,
stick applies a force of 2 N on the ring and rolls it without slipping with an enough acceleration
of 0.3 m/s>. The coefficient of friction between the ground and the ring is large that rolling

P
always occurs and the coefficient of friction between the stick and the ring is (Ej Find the
value of P.
Q-08 | Two satellites S;and S, revolve around a planet in a coplanar circular orbit in the same sense. Their period of
1 2 p

revolution are 1 hour and 8 hours respectively. The radius of the orbit of §is 10* km.. When is S, closestto S,
Find -

a. Speed ofis §,relative to S,

b. Angular speed of is §, as actually observed by an astraunaut in S,

Q-09 | Three particles each of mass m are situated at vertices of an equilateral traingle of side length @ . The only forces
acting on the particles are their mutual gravitational forces. It is desired that each particle moves in a circle while
maintianing the original separation a. Find —

(a) the initial velocity that should be given to each particle and
(b) time period of the circular motion.
Q-10 | An artificial satellite is moving in a circular orbit around the earth with a speed equal to half the magnitude of
escape velocity from the earth.
(a) Determine height of the satellite above te earth’s surface.
(b) If the satellite is stopped suddenly in its orbit nd allowed to fall freely onto the earth, find the speed with
which it hits the surface of the earth.

Q-11 | Distance between the centres of two stars is 10 . The masses of the stars are M and 16M respectively and
their radii are g and 2 g respectively. A body of mass mis fired from the surface of the larger star towards the
thesmaller star. What should be its minimum initial speed to reach the surface of the smallr star? Obtain the
expression in terms of G, M and g.

Q12 R
There is a crator of depth Eon the surface of the moon having radius R. A projectile is fired vertically upward
from the bottom of the crator with velocity, which is equal to the escape velocity }/,on the surface of the moon.
Find the maximum height attained by the projectile.

Q-13

Gravitational acceleration on the surface of a planet is Wg , here gis the gravitational acceleration on the

2
surface of the earth. The average mass density of the planet is gtimes that of the earth. If the escape speed on the

surface of the earth is taken to be 11 kmps, find escape speed on the surface of the planet .
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Q-14 | A column of mercury of length 10 cm is contained in the middle of a horizontal tube of length 1 m which is
closed at both ends. The two equal length contain air a standard atmospheric pressure of 0.76 m of mercury. The
tube is now turned to vertical position. By what distance will the column of mercury be displaced? Assume
temperature to be constant.

Q-15 | A boat floating in a water tank is carrying a number of large stones . If stones are unloaded into water what will
happen to what will happen to the water level?

Q-16 | Two identical cylindrical vessels with their bases at the same level each contain a liquid of density p.The height
of the liquid in one vessel is /4 and in the other it is /,. The area of either base is 4. What is the work done by
gravity in equalizing the levels when the two vessels are connected?

Q-17 | A wooden plank of length 1 m and uniform cross—section is hinged at one end "
to the bottom of a tank as shown in the figure. The tank is filled with water upto o
a height 0.5 m. The specific gravity of the plank is 0.5. Find the angle fthat the //’/
plank makes with vertical in te equilibrium position (exclude the case & = 0° ). o =

Jm
Sl 2

Q-18 | A ball of density dis dropped on to a horizontal solid surface. It bounces elastically from the surface and returns
to its original position in time f,. Next, the ball is relased and it falls through the same height before striking the
surface of a liquid of density d,.

(a) If d <d,, obtain an expression (in terms of d, ¢, and d,) for time ¢,the ball takes to come back to the
position from which it was released.
(b) Is motion of the ball simple harmonic?
(c) If d =d,, how does the speed of he ball depend on its depth inside the liquid? Neglect frictional and
other dissipative forces. Assume the depth of the liquid to be large.
[Assume size of ball to be a point mass]
Q-19 | A container of large uniform cross-section area A resting on a horizontal srface.,

holds two immiscible, non-viscous and incompressible liquid of densities  and

2d each of height %as shown in the figure. The lower density liquid is open to

|'-_}..I+ |_-.i
!
{‘F”

the atmosphere having pressure p, . L

il £ 50 gl vl |

H
(a) A homogeneous solid cylinder of length L(L < 7) of cross-sectional area  FFAFIAAWIAAVT MWV

éis immersed such that it folats with its axis vertical at the liquid-liquid surface with length %in the

denser liquid. Determine -
i The density of the solid
il The total pressure at theb bottom of the container.

(b) The cylinder is removed and the original arrangement is retored. A tiny hole of area s << is punched on

vertical side of the container at height /. Determine —
L The initial speed of efflux of the liquid at the hole,
ii. The horizontal distance xtravelled by the liquid initially, and
iii. ~ The height 4  at which the hole should be punched so that liquid travels the maximu distance x,
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initially. Also calculate x,.
(Neglect air resistance in calculations)

Q20 | A thin rod of negligible mass and area of cross-section 4x107° m, is suspended vertically from one end, has a
length of 0.5 m at 100°C. The rod is cooled to 0°C, but preventd from contracting by attaching a mass at lower
end. Find —

(a) This mass, and
(b) The energy stored in the rod, given for the rod Youg’s Modulus Y =10" N/m2, Coefficient of liear
expansion o =107 K" and g=10 m/s>.

Q-21 | A large open container of negligible mass and uniform cross-sectional area 4 has a small hole of cross-sectinal
area iin its side wall near the bottom. The containeris kept on a smooth floor and contains liquid of density p
and mass m,,. Assuing that the liquid starts flowing out horizontally through the hole at # = 0. Calculate —

(a) The acceleration of the container, and
(b) Velocity of efflux when 75% of the liquid has drained out

Q-22 | A non-viscous liquid of uniform density 1000 kg/m’ flowing in streamline motion
along a tube of variable cross section. The tube is inclined alongthe vertical plane as
shown in the figure. The area of cross-section of the tube at height 2 m and 5 m are
respectively 4x107m’® and 8x10~ m> Velocity of the liquid at P is 1 nvs. Find
the work done per unit volume by pressure and gravity force as the liquid flows
from point P to Q.

Q-23 | A wooden stick of length L, radius R and densit has a small metal piece of mass m (of negligible volume)

g y p
attached to its one end. Find the maximum value for the mass m interms of given parameters) that would make
the stick float vertically in equilibrium inliquid of density & > p.

Q-24 | A unform solid cylinder of density 0.8 g/cm’ floats in equiibrium in a combination of two non- .
mixing liquids A and B with its axis vertical. The densities liquids A and B are 0.7 g/cm’ and 1,2 | 4 [ dn
g/em’, respectively. The height of liquid A is & , =1.2cm . The length of the part of the cylinder e
immersed in iquid B is 4, = 0.8 cm. - L

(a) Find the total exerted by liquid A on the cylinder, =

(b) Find /, the length of the part of the cylinder in air, and

(c) The cylinder is depressed in such a way that its top surface is just below the upper surface of liquid A and
is then released. Find the acceleration of the cylinder immediately after it is released.

Q-25 | A soap bubble is being blown at the end of very narrow tube of radius b. Air of density pmoves witha velocity

v moves inside the tube and comes to rest inside the bubble. The surface tension of the soap solution is 7. After
sometime the bubble having grown to radius r sepratates from the tube. Find the value of . Assume that r>>b,
so that you can consider the air to be falling normally to bubble’s surface.
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Q-26 | A liquid of density 900 kg/m’ is filled in a cylindrical tank of upper radis 0.9 m and
a lower radius 0.3 m. A capillary tube of length / is attached at the bottom of the -

tank as shown in the figure.The capillary has outer radius 0.002 m and inner radius
a. When pressure pis applied at the top of the tank, volume flow rate of the liquid

is 8x107°m’/s and if capilary tube is detached, the liquid comes out from the tank
with a velocity 10 m/s. Determine the coefficient of viscosity of the liquid.

2
[Given: 7a® =10°m’ and 4 _2x10° m]

Q-27 | A container of width 2a is filed with a liquid. A thin wire of weight per unit length Ais
gently placed over the liquid surface in the moddle of the surface as shown in the figure. 4_/

As a result, the liquid surface is depressed by a distance y(y << a). Determine the [|-==o—=<— ;
surface tension of the liquid. Lo

Q-28 | A small sphere falls from rest in a viscous liquid. Due to friction, heat is produced. Find the relation between the
rate of production of heat and the radius of the sphere at terminal velocity.

Q-29 | Consider a horizontally oriented syringe containing water i
located at a height of 1.25 m above the ground. The diameter =% mim !
of the plunger is 8§ mm and the diameter of the nozzle is 2 _ oo . _ . —T-if-f—-—
mm. The plunger is pushed with a constant speed of 0.25 m/s. 4 —
Find the horizontal range of water stream on the ground. II
[Take g =10m/s] 1925 m

TSV IS 7 P TSN T 770N

Q-30 | In Searl’s experiment, which is used to find Young’s modulus of elasticity, the diameter of experimental wire is
D =0.05cm (measured by a scale of least count 0.001 cm and length is L =110 c¢m (measured by a scale of least

count 0.1 cm). A weight of 50 N causes an exension of length [/ =0.125cm (measued by a micrometer of least
count 0.001cm). Find maximum possible error in the value of Young’s Modulus. Screw gauge and meter scale
are free from error.

Q-31 | A u-shaped tube contains a liquid of density pand it is rotated about the line as shown in
the figure. Find the difference in the levels of the liquid column.
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Q-32 | Two soap bubbles A and B are kept in a closed chamber where the air is mantained at pressure 8N/m™. The radii
of both bubbles A and B are 2 cm and 4 cm respectively. Surface tension of the soap-water used to make bubbles

n
is 0.04 Nm™ .Find the ratio —2, where n ,and n, are number of moles of air in the bubbles A and B respectively.
ny

Q-33 | A cylindrical vessel of height 500 mm has an orifice (small hole) at its bottom. The orifice is initially closed and
warer is filled in it upto height /7. Now the top is completely sealed with a cap and the orifice at the bottom is
opened. Some water comes out from the orifice and the water level in the vessel becomes stmeady with height of
water colun being 200 mm. Find the fall in height (in mm) of water level due to opening of the orifice.

[Take atmospheric pressure =10x10°Nm?, density of water = 1000 Kgm® , and g =10 ms? . Neglect effect

of surface tension]

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 is just 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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Mechanics of Rigid Bodies : Answers to Subjective Questions (Typical)

A-01 B v,
(@ — b =L (c)
4 3 242
A-02 | (a) 0.1 m (b) 1rad/s (c) Sheet wil never come to rest
A-03 F 2
(a) \/gmla)2 (b) Force on the hinge (i) X-component F, = —Z (i1) (i) Y-component th = \/gmla)
A-04 3my
(M +3m)L
A-05 2 0
—gsin
3 g
A-06 9
A-07 3
A08 | (a) —7x10* km/h () 3.0x107 rad/s Anticlockwise
A-09 {
(a) (b) 27
3IGM
A-10 (a) 6400 km (b) 8 kmy/s
AL 5T [(GMm
2 a
A-12 99.15R
A-13 3 kmps
A-14 2.95 cm
A-15 Water level would fall.
A-16 A
PAS 2
248 41,
A-17 45"
A-18
(a) (b) No (c) Continue to move
(d d )
A-19

5
@) () Zd (ii) M

® 3 \/@ (i) h(3H —4h) (iii) %H
g
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A-20 (a) 40 kg (b) 0.1 Joule
A-21 . m, S,
(a) 0.2 ms by v'=_|5|— | =
Ap Ap
A-22 @) 2.96x10°3m®  (b) 3x10*ym’
A-23 7rR2L(1/pa - p)
A-24 g
(a) Zero (b) 0.25 cm (©) g
A-25 AT
pVv’
A-26 1
—— N-s/m’
A-27 Aga
2y
A-28 | Proportionalto °
A-29 2m
ASU AY =1.09x10"
A-31 2>
28
A-32 6
A-33 0.6 mm
—00—

I 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



http://www.gyanvigyansarita.in/

Paged8 of 72

Growing with Concepts: Chemistry

2nd Monthly e-Buletin dt 15t December’18 in Fourth Year of GgyanVigyanSa rita:fRr&m

http://www.gvanvigyansarita.in/

IDEAL GAS EQUATION

A gas which obeys Boyle’s law, Charles’s law and
Avogadro’s law strictly is called ideal gas. Such a gas is
hypothetical. It is based on the assumption that
intermolecular forces are not present between the
molecules of an ideal gas. However, real gases do not
obey these laws at all conditions. This will be learnt later.
Boyle’s law gives the effect of pressure on the volume of a
gas at constant temperature where as Charles’s law gives
the effect of temperature on the volume of a gas at
constant pressure. By combining these two laws, we get an
equation which gives the simultaneous effect of the
changes of pressure and temperature on the volume of the
gas. This is known as ideal gas equation or combined gas
law.

Derivation: Let the volume of a certain mass of a gas
change from V; to V, when the pressure is changed from
P, to P, and temperature from T; to T,. The gas equation
can be derived in two steps.

Step1- let us change the pressure of the gas from P; to P,
at a constant temperature T}, the volume will change from
V, to new volume say V. Then according to Boyles’s law,

PlVl = PZVx or Vx =

Step 2- let the temperature of the gas be change toT, at

constant pressure P, so that volume may change from Vy
Vx — VZ

to V,. Thus, according to Charles’s law, T— o or Vs,
1 2
T o L
= 1;;_2 Substituting the value of Vi from equation (i) we

PV _ PRl

1
P,V T
get V=1L X 2 or = . Thus
P T T, T,

2 1
(K). This is known as combined gas laws. This can be
used to calculate unknown variable. Knowing any five
variables, the sixth can be calculated.

PV
- = constant

Alternative derivation for the gas equation: The ideal
gas equation can be derived directly by combining Boyle’s
law, Charles’s law and Avogadro’s law as follows:

According to Boyles’s law, V a 1/P at constant
f (1)
According to Charles’s law, V a T at constant P
................. (i)
According to Avogadro’s law, V o n at constant T and P
(iii)
where ‘n’ is the number of moles of the gas. Combining
equations (i), (ii) and (iii) we get: V a %T or PVanT

or PV =nRT where R is constant of proportionality and
is known as molar gas constant. The value of R is same for
all gases. Therefore, it is also called universal gas
constant. For 1 mole of the gas, the ideal gas equation

Kumud Bala

becomes PV =RT. A gas that obeys ideal gas equation
exactly is called an ideal gas. An ideal gas equation is also
called the equation of state because it defines the state of
the gas completely when all the variables have been
specified.

Ideal gas equation in terms of density (relationship
between molar mass and density of gas): Molar mass of

an ideal gas can be calculated from the gas equation as:
nRT

PV=nRT or P= - Now, number of moles (n) =
Mass of substance (m) 2P=2x% | But mass per unit
Molar mass (M) M 174

dRT dRT
JP=— or M =——.
M P

This expression can be used for the calculation of
molecular mass of a gaseous substance.

volume is density ie., 7= d,

Nature and values of the gas constant R: In order to
understand the significance of R, let us examine the nature
of quantities in the ideal gas equation: PV = nRT or

PV . Pressure X Volume
R=— 1ie, R=

nT rrzzoles X Temperature 3
area, area = (length)” and volume = (length)”)

(pressure = force/

orce xlengt h3 orce Xlength
f g g

lengt h*xmoles Xtemperature moles Xtemperature

= work (force x length = work) .

moles x temperature

So R = work done per degree per mole. Thus, R may be
expressed in different units depending upon the units of
work.

Numerical value of the gas constant (R):

(i) At N.T.P conditions, for 1 mole of the gas, P = 1
atmosphere, V = 22.4 litres, T =273K, n = 1 mole.

PxV 1 22.4L . -
=X omX =0.0821 litre-atmosphere K™
nxT 1mole x273K 3
R = 82.1 cm

mole™. If V = 22400cm’(ml) ,
atmosphere K 'mol.

(ii) When pressure is expressed as Pa and volume in m’,
then R is expressed as Joule K™ mol”. We know that
one mole of a gas at S.T.P (1bar pressure and 273K)
occupies a volume of 22.7x107nr’.

_PxV 105 Pa x22.7x1073 m?3
nxT 1 mol x273.15K

=8.314Nm mol'K™" =8.314J moI'K' (Nm = 1)
=2cal mol'K"  (4.184] = 1 calorie)

~ 105Nm ~%x22.7x10 3 m3
1mol x273.15K

(iii) When pressure is expressed as Pa and volume in dm’,
then R is expressed in SI units, put P = lbar =
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101325Pa, V=22.4x10"m’=22.4dm’>, T = 273K ,

101.325kPa x22.4 dm3 . i
R= = 8.314k Pa dm’ K" mor
1mol x273 K

(iv) When pressure is expressed in bar and volume in dm’,
then R is expressed as bar dm’ mol’ K. We know
that 1 mol of a gas at S.T.P (1 bar pressure, 273.15)
occupies 22.7 dm’. Then,

1 bar x22.7 dm? 1o
= 22L TR — 0831 bar dm’mol! K
1mol X273 15K

Value of universal gas constant R in different units

2nd Monthly e-Buletin dt 15t December’18 in Fourth Year of GgyanVigyanSa rita:fRr&m

Units of | Required units | Value of constant (R)

volume | of pressure

™

Litres Atmosphere 0.0821 L atmosphere K-

or dm’ 'mol” or 0.0821
dm’atmosphere K™ mol”

cm’ Atmosphere 821 c¢cm’ atmosphere K

or ml’ mol”

dm’ Bar 0.08314 dm’ bar K" mol

m’ Pa 8.314Pam’ K" mol”

m’ Nm’ 8314 Nm K' mol' or
8.314JK ™" mol' (Nm =) or
2 cal mol' K (4.184 ] =
Icalorie)

cm’ Dynes/ sq. cm | 8.314 x 10" ergs degree”
mol' or 8314 Jdegree’
mol" (10 ergs = 1 joules)

It may be noted that although R may be expressed in
different units, but for pressure —volume calculations, R
must be taken in the same units as those used for pressure
and volume.

Numerical 1- A sample of nitrogen occupies a volume of
1.0 L at a pressure of 0.5bar at 40°C. Calculate the
pressure if the gas is compressed to 0.225 ml at -6°C.

Solution: P, =0.5bar, P, =?,V,=1.0L,V,=0.225ml,
T, =273+40=313K, T, =273-6= 267K According to
IS 17}
R
_ PVy T,  oS5bar x1.0LX267K
T T, v, 313Kx 0.225x10 3L

gas equation —

P, =1895.6 bar

Numerical 2 — Calculate the moles of hydrogen (H)
present in a 500ml sample of hydrogen gas at a pressure of
1 bar and 27°C.

Solution — According to ideal gas equation, PV = nRT ,

P= 1 bar, V = 500ml = 500X 107 dm®, T = 27+273 =
300K, R = 0.083 bar dm’K'mol’ Now, n = % =

Lbar XS00X10-3dm3 __ _ ),0201 mol = 2.01x 107
0.083 bar dm° mol K " x300K

mol.

Numerical 3- Calculate the mass of 120 ml of N, at
150°C and 1 x 10° Pa pressure.

http://www.gvanvigyansarita.in/

Solution-According to ideal gas equation, PV= nRT =

mRT _ mass (m) _ pPvmMm — 105
M [mole (n) molecular mass (M):| m RT , P=10" Pa

=10° Nm?, V = 120X 10°m’, M = 28, T = 273+150°C =
423K , R =8.314 Nm K" mol Mass of
105N m ~%x120x10—6 m3 x28
8.314 Nm mol ~! K~ 1x423K

gas, m= = 00955g

Numerical 4- The density of a gas at 27°C and 1 bar
pressure is 2.56 g/L. Calculate the molar mass.

Solution- we are given P = 1.0 bar, T = 27+273 = 300K, d
= 2.56g/L or 2.56 g/dm’

2569, 0.083bar dm3
dRT — dm3 mol XK

We know that M = e o X 300K =
63.74 g/mol [R=0.083 bar dm’mol” K]
Numerical 5-Calculate the density of ammonia (NH3) at
30°C and 5 bar pressure.
Solution- PV =nRT or P=2 x &8 = 4RT 4=
v M M RT
5 bar ><ﬂ 3
2ot =3.37g/dm

0.083 bar dm3mol ~' K 1x303K

Dalton’s law of partial pressure:- This law was
formulated by John Dalton in 1801. It deals with the
pressure exerted by a mixture of non-reacting gases
enclosed in a vessel. Dalton’s law of partial pressure stated
that the total pressure exerted by a mixture of two or more
non-reacting gases in a definite volume is equal to the sum
of the individual pressures which each gas would exert if it
occupies the same volume alone at a constant temperature.
For example, if pi, p2, P35 -ovvevvennnn are individual
pressures of gases known as partial pressures, then the
total pressure Py of the mixture of gases at the same
temperature is given by the following relation: Py = pi
0 O T The partial pressure of each gas
means the pressure which that gas would exert if present
alone in the vessel at the same temperature as that of the
mixture.

Ilustration of the Dalton’s law of partial pressures -
To demonstrate the law, let us consider three vessels each
of 1 litre capacity. Let the first vessel contains a gas ‘A’
having a pressure 300 mm Hg and the second contains a
gas ‘B’ having a pressure 400 mm Hg. Now, if we put
both the gases A and B in the third vessel at the same
temperature, the total pressure in the third vessel would be
Piotat = Pa+ P =300+ 400 =700mm Hg.

GAS A GAS B GASES A&B

T=Pa+Ba

P = 300 mm Hg

P = 400 mm Hg P = 300 + 400

=700 mm Hg
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Partial pressure in terms of mole fraction:- Mole
fraction is a method of expressing concentration of a
substance in a mixture as a fraction of total moles of all
substances. If n; moles of any substance are present in n
moles of the mixture, then mole fraction x; of the

n .
substance, x; = —L | for example, for a mixture of two
n

substances A + B having moles ny and np respectively,
N4

TI.A‘H’I.B

. Suppose at temperature T, three gases enclosed in

then their mole fractions are: XA = or Xg =

np
Ny +TlB
the volume V exert partial pressure Py, Py, P; respectively,

n{RT n,RT n3RT
then,P1: L ’PZ?ZV ,P3: 3

are the number of moles of these gases. Thus, Py =P +

where n;, np and n3

RT RT RT RT
P2+P3:1’117 +1’127+1’137 :7(1’11 +n; + n3) . On
P P n RT_, V
dividing P by Py, we get —— = ( L) —X—but
Piotal ni+n,+ng” V. RT

n n
—1  =-1 = (because n; +n, +n3 = total number of
nitn,+ng n
moles =n) where x;, is the mole fraction of first gas. Thus,

P1

Ptotal
th
gases, Py = X X Pota , P3 = X3 X Pyorar. In general, for i gas

having partial pressure P; and mole fraction x;, we have P;
=X;j X Pt Thus, if total pressure of a mixture of gases is
known, then the above equation can be used to calculate
pressure exerted by individual gases. Thus, the partial
pressure of gas in the mixture is the product of its mole
fraction and total pressure of the mixture.

=x; or Py = X1 X Py . Similarly for other two

Application of Dalton’s law:- In the determination of
pressure of a dry gas, whenever a gas is collected over
water, it is moist ie., it is saturated with water vapors
which exert their own pressure. The pressure due to water
vapors is called aqueous tension. The mixture of gas and
water vapors have a total pressure equal to atmospheric
pressure when the water level is same inside and outside
the vessel For example, oxygen gas is collected over
water as shown in figure.
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Pgas+ Pwaler vap. tm

WATER
VAPOURS

s

itk

[P

rretd

o

When the water level inside the container becomes equal
to outside level then, Pym = Piota (equal to pressure of gas
+ water Vapours) =P Oxygen gas + PHZO, .'.P02 = Pam — PHZO
(Pwater = pressure due to water vapours is called aqueous
tension) , Ppry gas = Pmoist gas — @queous tension (t°C).
Numerical 1 — 135 ml of a gas is collected over water at
25°C and 0.993 bar. If the gas weighs 0.160g and the
aqueous tension at 25°C is 0.0317, calculate the molar
mass of the gas.

Solution: Py = Pioa — Proo , Prota = 0.993 bar, Pupo=
0.0317 . Pg =0.993-0.0317 = 0.9613 bar, Now,
PV =nRT but n =, PV =2RT or M = " m =0.160g,
V=135 ml =0.135dm’ ,T= 273+ 25 =298K,

P = 0.09613 bar, R = 0.083 bar dm’ mol'K™', substituting
the values,

0.160gx0.083bar dm> mol "1 K~1x298K
0.9613 bar x0.135 dm3

M =30.49¢ mol”

Numerical 2-  Calculate the total pressure in a mixture
of 8g of oxygen and 4g of hydrogen confined in a vessel
of 1 dm’ at 27°C (R= 0.083 bar dm’K 'mol")

. . RT
Solution:- Partial pressure of oxygen gas — P = nT ,n=

8/32 =Y mol,V=1dm’ , T =273 +27 =300K

Py = % = 6.225 bar. Partial pressure of
hydrogen gas- P= % ,n=4/2=2 mol, Py, = M =
49.8 bar

Total pressure = P, + Py = 6.225 +49.8 = 56.025 bar

ASSIGNMENT

1. For an ideal gas, number of moles per litre in terms of
its pressure p, gas constant R and temperature T is (a)

% (b)pRT  (c)p/RT  (d)RT/p

2. The pressure and temperature of 4 dm’ of carbon
dioxide gas are doubled. Then the volume of carbon
dioxide gas would be-

(a) 2dm’  (b) 3dm’

(c) 4dm’ (d) 8dm’

3. Inthe gas equation PV =nRT, the value of universal
gas constant would depend only on
(a) the nature of the gas
(b) the pressure of the gas
(c) the temperature of the gas
(d) the units of measurement.
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8.2 L of an ideal gas weight 9.0 g at 300K and 1
atmosphere pressure. The molecular mass of gas is-
@9 ®27 ()54 (d) 8l

A 0.5 dn?’ flask contains gas ‘A’ and 1dm’ flask
contains gas ‘B’ at the same temperature. If density of
A is 3.0 g/dm’ and that of ‘B’ is 1.5g/dm’ and the
molar of A is %2 of B, then the ratio of pressure exerted
by gases is

(a) Pa/Pg=2 (b) PAPp=1

(c) PA/Pg=4 (d) Pa/Ps =3

The density of a gas is equal to-

(a) nP (b) PM/RT (c)P/RT
(d) MV

(Here, P = pressure, T= temperature, V = volume,
R = gas constant, n =number of moles and
M= molecular weight)
The value of gas constant R is 8.314 X. Here X is
represents ..........
(a) Litre atmosphereK ' mole™
(b) cal mol" K
(c¢) JK'mol
(d) none of these.
The value of gas constant per mole approximately is —
(a) 1cal (b)2cal (c)3cal (d)4cal
When the pressure of 5L of N, is doubled and its
temperature is raised from 300K to 600K, the final
volume of the gas would be —

2nd Monthly e-Buletin dt 15t December’18 in Fourth Year of GgyanVigyanSa rita:fRr&m
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11.

12.

13.

14.

15.
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If the density of a gas A is 1.5 times that of B then the
molecular mass of A is M. The molecular mass of B
will be-

(a)l.5M (b) M/1.5 (c)3M (d) M/3

A cylinder is filled with a gaseous mixture containing
equal masses of CO and N,. The ratio of their partial
pressure is -.

(@) Pn2 =Pco (b) Pco=0.875 Px2

(¢) Pco =2Pn2 (d) Pco="2Pn2

At room temperature Dalton’s law of partial pressure
is not applicable to —
(a) H, and N, mixture
(c) Hy and CO, mixture
The total pressure of a mixture of two gases is -
(a) the sum of partial pressure of each gas

(b) the difference in partial pressures

(c) the product of partial pressure

(d) the ratio of partial pressures.

(b) H; and Cl, mixture
(d) none of these.

Equal masses of SO,, CH4 and O, are mixed in empty
container at 298K, when total pressure is 2.1
atmospheres. The partial pressure of CHs in the

mixture is —
(a) 0.5atm (b) 0.75atm
(c) 1.2atm (d) 0.6atm

Air contains 79% N, and 21%0, by volume. If the
pressure is 750 mm of Hg, the partial pressure of O; is
(a) 157.5mm of Hg (b) 175.5 mm of Hg

(a) 10L (b) 5L (c) 15L (d) 20L
(c) 315.0 mm of Hg
ANSWERS TO THE ASSIGNMENTS
I© [ 20 [3@ [ 40 | 5@ [ 6® [ 70 | 5@ | 9® [ 10®
11 (a) 12 (b) 13 (a) 14 (c) 15 (a) - - - - -
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SCIENCE QUIZ December-2018

If a body covers a full circle then displacement is -.
(a)1 (b o (c) distance (d) not sufficient
What is latent
(a) 333.55kJ/Kg
(c) 300kJ/Kg

heat of fusion of ice?
(b) 540kJ/K g
(d) 233.44kJ/K g

Golgi apparatus helps in cell division.
(a) True (b) False

Ribosome makes
(a) Lipids
(c) Protein

(b) Fats
(d) starch

A substance that can’t be broken down into simpler
substances using any chemical means is:

(a) Anelement
(c) A mixture

(b) A compound
(d) A colloid

Measurable or numerical information is called:
(a) Qualitative data (b) Quantitative data
(¢) A variable (d) A hypothesis

What is true of a balanced chemical equation?

(a) There are always more products than reactants

(b) The number of moles of products equals the
number of reactants

(¢) Both sides of the reaction have the same number
and types of atoms

(d) Energy is always released.

The stage in which the storage of food and
synthesis of materials take place inside the cell just
before the cell division is called —

(a) Telophase
(¢) Prophase

(b) Inner phase
(d) Metaphase

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
Centriole is associated with —

(a) Reproduction (b) DNA synthesis

(c) Respiration (d) Spindle fibre formation

11.

12.

13.

14.

15.

16.

17.

Kumud Bala

Reproduction is essential for living organisms in
order to-

(a) Keep the individual organ alive

(b) Fulfill their energy require ments

(c) Maintain growth

(d) Continue the species for ever

A simple multicellular animal having tentacles

living in fresh water usually reproduces by the a

sexual process of —

(a) Binary fission (b) Spore formation

(c) Budding (d) Fragmentation

The rapid spreading of bread mould on slices of

bread are due to:

A. Presence of large number of spores in air

B. Presence of large number of thread-like
branched hyphae

C. Presence of moisture and nutrients

D. Formation of round shaped sporangia:

(a) (A) and (C)
(c¢) (A)and (B)

(b) (B) and (D)
(d) (C) and (D)

Right part of the human heart contains —
(a) Oxygenated blood

(b) Mixed blood

(c) Deoxygenated blood

(d) No blood

Which of these is not a raw material for

photosynthesis?
(a) Carbon dioxide  (b) Water
(c) Oxygen (d) None of these

Which life process converts chemical energy into
heat energy?
(a) Nutrition
(c) Excretion

(b) Respiration
(d) Transpiration

Which of the following has the longest small
intestine?

(a) Carnivore
(c) Herbivore

(b) Omnivore
(d) Autotroph
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18. Pancreatic juice contains enzymes which digest: (b) By moisturizing it
(a) Proteins and carbohydrates only (c) By heating it
(b) Proteins and fats only (d) It is not possible
(c) Fats and carbohydrates only
(d) Proteins, fats and carbohydrates 20. More the pH of a solution less the —
19. Gypsum can be obtained from plaster of Paris: (a) Concentration of H~  (b) Concentration of H
(a) By dehydrating it (c) Concentration of OH- (d) Both (a) and (b)

(Answers to this Science Quiz December’18 shall be provided inMonthly e-Bulletin dt.
15t January’19)

OUR MENTORING PHILOSOPHY: Mentoring is not teaching, neither tuition nor coaching. It

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

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
worR belongs.

(Albert Einstein)

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

I-01

In the given problem given that (a) there is no external force, (b) collision is
elastic and (c) after collision particle comes to rest an hence linear omentum &4 », -

=
.

. AT r
of the system shall be conserved. Accordingly, T T T
L L
m v 7 3
mxv, +Mx0=mx0+Mxv—>mxv,=Mxyv—>—=—_ To define + ¥ o
M v, og-¥: ,r--l[»v
the ratio, relationship between the velocities vjand v is needed which can ; )
—+1e

be obtained from other conditions specified in the problem.

.
[y

E E
In absence of external force, there is no torque on the rod and, therefore,

principle of conservation of angluar momentum shall also apply. Thus,change in angular momentum of the

- L . ~\ mLv ~
particle, during the collision about O, ALp =m (5 jjx (vol )= 5 0 (— k) . While gain in angular momentum

2
of the rod, , initialy at rest, is AZR =7 a)(— k): Afé a)(— k), here (-)ve sign is since direction of rotation is

ML
2

clockwise ~and MOI of rod, about ts COM O , 1 [ Accordingly,

’ ] A m Lo
MLy, (— k): ML a)(—k)ﬂ. Thus, it leads to mv, =MLo - —= _
’ 2 M 6y,
The given problem being of elastic collision principle of conservation of energy would also apply and hence,
! 1 1( ML %
—mvy =My’ 4~ 0 >y = | |
2 2 2( 12 M 12

ALP:ALR—>

m L[ 6kv, Y’
Using the above three ratio derived for — = k , it leads to kv,” = (kv, )’ +(—J( . ) =k*v,* +3k*v,’
M 12 L

. 2 2.2 m 1 .. . .
This reduces to kv, =4k"v," = k= " - —= 7 this is answer of part (a). Accordingly, from Conservation

M

. 11 Y, 1 5 (1. (1 1), 3 , 3( v,
of linear momentum v=—v,=—V,,and | — (@ ==V, —| =V, | =|——— |V, =—V, D20=—|— |
4 4 12 4 4 4 16 16 2\ L

Let point P is at a distance xfrom O, the COM of the rod, therefore , it will have linear velocity a resultant of

linear veocity acquired due to collision v(+ ]A), and linear velocity due to angular motion of the rod

Vp = a)(— lg)x x(—j)z a)x(— f). Fir farticle to be at rest v, =0 =vf+xw(—f)—>v:xw. Thus using the

1
. v o4 L .
values of vand @derived above, x = — = = —. Therefore, distance of
o 3 voj 6
2\ L [q-——n T
int P from A, th int of collision, is X L+L 2L this i t (b) of th I G%VRI
oint P from A, the point of collision, is =—+4+—=—L this is par of the —
P P 276 3 P ANy
answer, @r . C'}m |
Part (c) of the answer requires to determine — (a) displacement of COM O is (—t-— i
) e A a
ti=
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L
xX=vxt =% E :”—and angular dsplacement of rod is 6 = ot :é["_oj E :Z. Accordingly liear
4\3v,) 12 2 3vy) 2

2 2 2 2
velocity of point point P would v, = /v’ + (cox)z = \/(%Oj + ([%)(%D = VO +-> vo = \70_ = \/_ this

part (c) of the answer.

[-02 | Letus assume centre of mass of the laminar be at C at distance 7 from >
the line AB, as shown in the figure. Change in angular velocity od the B
laminar Aw = (a) - (—1))l€ = (1 + a))l:t and, therefore, change in linear o
~ s T A -
velocity of C is AV =A@xr = (l+a))rj. Given that linear impulse s =
of of the CM on P is AP=6:mAv:30(1+a))r, therefore, B !
6 1
(1 + a))r =—=—.
30 5
Likewise, angular impulse, about line AB, caused by impact of the laminar on rubber stopper P would be
AL = AP(0.5) = IA® — 6(0.5) = (I + Mr* 1+ @) — 3= (1.2+30* 1+ ). This with the vale of AP
1
calculated above transforms into 3 = (1.2 +30r° (5—] —30r° —157+12=0is a quadratic equation with
r
15i\/152—4><30><1.2 15++4225-144 1519 .
values of 7 = = = , Le. »=04m, and » =0.1m. Testing
2x30 60 60
1
these values of , in equation of @ = 5——1, with » =0.4we get® = %0 -1=0.5-1=0.5, which is not
r X V.
possible with given that the laminar rebounds. Alternately, with » = 0.1 we get @ = %0 —1=2-1=1rads,
x 0.
Thus part (a) of the answer is » = 0.1m, while part (b) of the answer is @ = 1rad/s.
It is to be noted that the magnitude of the angular velocity of the laminar tre and post impact on P is 1 rad/s, ie. it
remains unchanged and hence, rotational kinetic energy of the laminar pre-/post-collision is
| 1
E zzla)2 :5(1.2+30><().12)l2 =(.75]Joule, ie. there is no loss of energy, and hence laminar would
continue to impact on P and Q reversibly. This is part (c) of the answer.
1-03 The problem has two parts and is split in part (a) and (b). X
In part (a) uniform circular motion of the systems with an angular velocity @sets in  Ag -»ng _
centrietal force on the hinge A. The COM of the system of three masses of mass m v 7 :
placed on vertices of an equliateral triangle of side 7 shall be at the centoid O at a 4 3 !
[ [ :

2 2 . . . . be g4
= —=———_ When, the system is having a uniform angular velocity, h : >
cos30 4/3 4/3 Y s = i

distance r =
2

w —\/_mla)

the cetripetal force exterted by the hinge shall be F. = (3m)ra)2. Accordingly, F,

c=3m—
J§
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this part (a) of the answer.
In part (b) the force Fexerts a torque about hinge A causing an angular acceleration ¢« such that

(L )eri =2

F=dxF :(7 x Fi :71Fl€, This system having MI is [ =m(0+l2 +lz)=2ml2 about A, will

experience an angular acceeration @ under infulence of the torque such that 7 = Ia =2ml *ak . Thus eqating

V3 _\3F

two expressions of torque 7 = dmPPak ="2IFk - a
2 4ml

Therefore, linear accelelarion of O, the COM of the system, when BC is parallel to X-axis as given, shall be

) am

F 3F . . . . .
F = (3m)ax =3m| — |= e Since the only external force is F while F)_is the reaction offered by the

a =ar= [&](Lj il and, therefore, corresponding psuedo-force shall be

4m hx

3 F
hinge, and therefore force equation F'+F, =F —>F, =F —F = ZF—F = e Thus forces offered by

F
hinge, while BC is parallel to X-axis, along in a direction opposite to that of F,ie, F, = —Z and force along

F
Y-axis is the centripetal force F = F. = \/gmla)z. These F, = Zand F, = \/gmla)zpart (b) of the answer.

1-04 Pre-collision angular momentum of the bullet about O is P =mLv. Post- ___(g__‘? +___CO>__$
collision which is inelastic, let @be the angular velocity of the rod hinged at O. T ! ! !
Therefore, moment of inertia  of thesystem about O is ;— L %

v B v -
ML LY M . < ci
1 :( T +M(5j JerL2 = (?+ mjLz. Therefore, post collison angular : % L
I e |
| |
momentum P =/Iw.. Thus as per principle of conservation of momentum R -t
P Pre-Collision Post-Collision
M +3m 3my
F=P >mlv=|——— I’ — @ = +—————. This is the answer.
3 (M +3m)L
I-05 The cylinder experience a frictional force f = uN = pmg cos @ . Therefore,

linear acceleration aof the cylinder would be such that ma = mgsin@— 1,

it leads to ma =mgsinf—f —>a = gsin@—i. The frictional force would
m

exert a torque about COM of the cylinder such that z=7f. And

2

r=1a= mr o, therefore, combining the the Two equations
mr’ 2f . . . L o . o
T=1f= a — a =——. Given that cylinder is rollig without slipping for which necessary condition is
mr

2 2 2 : 3 . sin @
a=ra= r[—fj =—f. Thus, 2/ = gs1n6’—i —)—f =gsinf —)i =£ . Using this value of l

mr m m m m m 3 m

. . . . gsinfg 2 .
the acceleration of cylinder is a = gsin@ — 3 Eg sing.

N.B.: In the problem of pure rolling frictional force is anywhere between limiting values, and therefore such
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problems must be solved by taking variable f and accordingly determine angular acceleration ¢ which in turn
will determine angular velocity of rolling @ and linear velocity @and linear acceleration g without slipping.
Taking f = N in case of rolling would lead to wrong results. As such a careful observation must be made in
statement of the problem.

I-06

Moment inertia of the system about any diagonall-3 or 2-4, would be same due to %
symmetry. Accordingly, diagonal 1-3 is chosen for the solution, and / =17, +1,+1,+1,

) |
.Moment of inerita of a sphere s [= gMR2 and by symmetry e L}
|

1 jz @@

2
2
I, =1, =§xo.5x(‘/jx10‘zj =éx%=i=o.zsx10-4kg'maandlz =1, =11+M($

(0.04)

:0.25><10’4+(
J2 2

leads to 7, =4.25x10°. Therefore, [ =21, +21, =2x0.25x10™* +2x4.25x10™* = 9x10 *kg-m’. Given that

I =Nx10"* kg-m’, thus equating derived and given value 7 =9x10* = Nx10~*, therefore, N =9, this is
the answer.
N.B.: Units of given quantities must be carefully converted, and this is the catch in extremely simple problem.

2 o B
Using given values, [, =1, :]I+M(Lj —0.25x107* +0.5x 5x10 )x(16><10 ) It

1-07

In the instant case rolling of ring without slipping is specified on ground but the probem is silent in respect of in
repect of pure rolling between the stck and the ring. Therefore, frictional force

between ring and the ground f < u,N,, while f= N to aloow for slipping
between stick and the ring.
Moment of inertia of the ring is 7 = MR* Let Fis the push provided by the stick to

the ringand, F, — f, =Ma=2x0.3=0.6 N .. (a) . Angular acceleration of the ring

is caused by f, frictional reaction on the ring in backward direction due to friction on
the road in direction of rolling. Whereas, at stick pushing the ring frictional force on

the ring f, is downward. Thus net trque experienced by the ring is
)\ @

7, =(f,- f)R=1Ia = (MR )(E}a(fz —f)=Ma. It leads to Ma=F —f,=f,—f =06 .. (b).

Combining (a) and (b) we get F, — f, =1.2... (¢)

P
Further, with the given data F, = N,and thus f, = g, N, = (B]Nl =(0.1P)F, ...(d) .Combining (c) and (d)

F —(0.1P)F =125 (1-0.1P)F, =12 > F, __ 12
1-0.1P
As regards the force applied by the stick is 2 N it has two components F, and f, such that f12 + Fl2 =27 It
leads to ((O.IP)F] )2 + F]2 =4 F12 = ﬁ....(ﬂ
Combining () and (f) we get — =( L2 T —(1-0.1P)* =(1+0.01P*J36x10™). It leads to a
1+0.01P 1-0.1P

quadratic expression (0.06P)° +0.2P —0.64 =0 —36x10™ x P? +20x102 x P—64x107 =0. This
~20++/20° - 4(0.36)(- 64)
2x0.36

solves nto

can be simplified into 0.36x P> +20P—-64=0, it leads to P = . It further
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1-08

—20++/400+92.16  —20+~/492.16 -20+/492.16 —20+22.185 2.185

0.72 - 0.72 B 0.72 072 072

Thus value of P = 3, is the answer.

=3.03~3.

N.B.: (a) The force of 2 N eis stated to be xerted by stick on the ring. It is resulting into push for rolling which is
radially horizontal at the point of contact and frictional force which is tangential and vertically downward. Both
these components of the 2 N force are variables shich satisfy the remaining conditions of the problem. Takimg
this force to be simplistically horizontal is incorrect.

(b) Frictional force during rolling of this ring combines frictional forces on Two wheels of bicycle. Ring with the
earth experiences frictional force in a direction backward (in direction of linear velocity of the at point of
contact, similar to that of front (driven) wheel of the bicycle. While the ring with stick experiences force
vertically downward (in direction opposite to that of the linear velocity of ring at the point of contact, similar to
that of rear (driving) wheel of the bicycle. Thus this example beautiffuly combines frictional effect of two
separate wheels of bicycle into a single ring.

(c) This involves many variables and hence equation, retaining them in algebric form for substituition of values at
theend is liable for errors, and simplification in numeric form at each stage will make the solution simple.

(d) In this problem numerical values over a wide range were involved and, therefore, it requires cautious handling
and conversion of numerical values for ease of calculations.

"~ “theright place, then stand

firm.

Abraham [Lincoln

The position of Two coplanar satellites of a planet orbitting in the same sense (clockwise), when they are closest,
is shown in the figure. This is possible only when they are along the same radial. Given that radius of the orbit

is 10* km while time period of both the orbits are T, =1hour and T, = 8hours respectively.
For a satellite of mass mto perform uniform circular motion around a planet of mass min an orbit, necessary
mv’ Mm GM

condition is —=G—2—>V= —— and time period of the revolution of the satellite is
r r r

: 3 T (rn ) 1 _(10*p
T:2_7zr: 2rr oc 2. Accordingly for the two satellites —1:(—1J —>—= ( ) km. Therefore,

v JGM 7, \n 8

r

2
=(2><102) =4x10*km. Thus it is possible to determine velocity of each satellite
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part (b) of the answer.
N.B.: (a) It is to be noted that standard concept of angular velocity needs to be applied instead of @, , = @, — @,
which is not applicable in anguar velocities.

(b) In, vector analysis multiplication of vector is valid but division of vector is invalid, accordingly v = 7 x @ and

hence v =r@sin @ . But, when v, and @are known then by scalar division @ = and direction vectors

rsin@

A A

A : : % A A a
of angular velocity is @ =vx 7. Likewise, ¥ = ———while ¥ = @xv.
®sin @

2rr 27 x10°* ST g
V= Accordingly, v == =27x10*km/h and b ——— .
T ! 1 ;f /// “\;\ \\\
4 E
27 x(4x10*) . oo n s
v, =—————2 =7 x10"km/h. o ) st
i L @)
|
Thus relative is S,w.r.t. Sis 4 . f fJ
A A A A L b Pl !
Vo :vzj—vljz(ﬂxl()4 —27Z'><104)j=—72'><104j. Thus magnitude of the \\\ Mo e gt /!
) \\ S =71 i
relative velocity is — 77 x10" km/h ie. in opposite sense, clockwise. This is the L 3
answer of part (a). T
Part (b) of the question is actually requiring relative angular speed of S, w.r.t. §, .
at an instance they are closest to each other and in part (a) of the solution Vy I )]
5 o e - e 2 2 2 v ﬂg[}\
has been determined and 7 =7, —7, — 7 =4x10%i —=10*7 =3x10*7 , hence 7 ——“—"‘—*‘ —————
- - . . . - . v
w,, =7 XV,,. Since at the given instant v,, and 7are perpendicular, and bl ﬂ_lr o = —
’ ’ ’ i=Arj 3 N -
division of vectors is not valid, hence using scalar division magnitude of e '
v zx10* 7 . . . V4 - .
w=—1= — = 3 rad/hour which translates into standard unit m =3.0x10"* rad/s. This is
r 3x10 x 60 x
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[-09 | The system of three particles A, B, and C each of mass m positioned one at each A
of the vertices of an equilateral triangle of side 4, is set in a motion with a v/ * F:G;&jﬁ}; Sy
uniform speed v. During the motion seperation between particles remains // S +Fc\\ ‘\\
2 // .PI" \\
unchanged. Thus centripetal force on each of the particle is F,. = m_, By K & i S \\
’ | b
| o //J\\? i, v
a 3 a \p,/ e
geometry of equilateral triangle — = rc0s30° = r£ —> F=——. Therefore, \gr™ ﬂ‘_:sF?
2 2 \/g Bﬁﬁg_;_]_'“"_ﬁﬁ .
2 2 e -
my 3mv o
F,=—= \/_ . This centripetal force is contributed by gravitational ¥ ~——7
a a
V3
m?
pull F; = G —;- on each particle by other two particles. Resultant force of the two F;on any particle is along
a
. 0 J_ J_ Gm
the bisector of the angles of the vector and F, = 2F; cos30" = 2F, — \/EF =———. For the system
to be moving along the circle continuously necessary condition is
B 3Gm? Gm
F.=F,—> = 5~ —> V=,|—this is art (a) of the answer.
a a a
2ma
o . o 2w 43 a o
The time period of the circular motion is I’ = —=——= =27 , this is part (b) of the answer.
v /Gm 3GM
[-10 | Escape velocity of a satellite is from kinetic energy of the satellite required on the surface of the earth to take it
[GMm | 1" GM
beyond gravitational field of the earth. Accordingly, Emv —j m —GMm{ } _ovm . It leads to
T Jo
2GM
1% E—
R

Given that the satellite is revolving around the earth by a velocity v, =

" \/ ,at a height »

above the surface of the earth. Thus radius of the orbit » = R+ 4.

2 2
In this orbit balance centripetal and gravitational forces is F, = F, — Mo _ GMm — (1,%J = oM St

r 7’2 r

GM _GM

r
h=6400 km, this is part (a) of the answer.
When the satellite is suddenly stopped potential energy of the satellite in the orbit would convert into kinetic
S GMm

2R
energy and corresponding velocity. Accordingly, lsz = j—dr =-GMm| — ! = GMm 1.1 , 1t
2 r r g R 2R

leads to —>r=2R=R+h—>h=R. Since radius of the earth’s surface is 6400 km hence
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2
leads to %:Gz—j;[:((?fj(gj ng—>V &R = \/10><6400><103 \/82><106—8><103 m/s or 8

km/s. this is part (b) of the answer.

I-11 Let, a body of mass m is projected with a velocity J from the surface of the star B towards A it shall have
1
kinetic energy KE = EmVZ. During travel from star
B to A at any distance xfrom surface of the star net
force o the body s F=F,—F,, here
Gx16M xm GxMxm
Fy=———-—an = -
(2a + x) (IOa —(2a+ x))
16 1 . .
Therefore, F' = GM m = > |- When the body projected from B towards A there will be a
(2a+x) (8a—x)
. 16 1 .
point P where F=0—> -~ = >-.and it leads to
(2a + x) (8a — x)
4*(8a-x)’ =(2a+x) - 48a-x)=(2a+x)—>5x=30a - x=6a. Once this particle travels a
distance , it will be at brink of gravitational field of A and a slightest displacement towar it would make it reach
A like a free-fall under gravity. There, net work done for on the particle shall have to be W = IFdx. It
resolves into
6a 6
16 1 16 1
W=|GMm - dx =GMm dx |=-GMm -
;'; ((261 +x)° (8a—x) j (J (2a + x)2 J. (Sa x)2 ] [(Za +x) (8a- x)}0
16 GM, 1 1
It resolves into W =-GMm = a2 |-8-= )
(2a+6a) (8a—6a)) | (2a) Sa) a 2 8
o o GMm\ 3 64-1 GMm\ 63 3 o
which is further simplified into W =— —= = — —— |. It further simplifies into
a 2 8 a g8 2
63-12( GMm 51( GMm . o1 , 102( GMm ) . o
= =— Equating the two energies —mV =~ =—— , it further simplifies to
8 a 8 a 2 8 a
1({ GM, A/51 M
pr [ GMmY |y NSLFGMM e ihis s the answer.
4 a 2 a
I-12

1 GMm

Escape energy of the projectile is E = EmVe2 = ,thus 7, = 2GTM

When the projectile is fired from the bottom of the crator with a velocity F,, to reach the highest point, the
kinetic energy is utilized in two parts — (a) work done W, in moving the projectile from A to B within the
moon, i.e. inside the crator and (b) work done W, . in moving the projectile from B to C above the moon. Thus

as per energy conservation of energy E =W, + W, .
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R+h

Gain in potential energy by projectile from B to C is W, = J.F,dr. It
R

resolves into W,. =

R GMm dr = {_ GMmTJrh B {GMm _ GMm}
R

T r R R+h
As regards gain in potential energy by projectile from A to B is
: GM 4
W= J'dex, here F :—zxm , where sz—ﬂx3p. Here
99R X 3
100
density of moon is p= , accordingly
4 s
— 7R
3
3
M. :iﬂx3 M :M(ij . Therefore,
3774 s R
3
5 GmM (xY GmM |
W= | = (—j dx ==""= [ xdx. It simplifics into
9r X R 99R
100 100
2 R 2 )
w, = GmM x| _GmM | b, _(99RJ _GMm 99 1 _99.5x10 x EMM  Accordingly,
R | 2 |or 2R’ 100 2R 100* R

GMm 1 99.5x107*

N = It further
R R+h R

Using these values GMm = (GMm - GMm

+99.5x10* x
R R+h

9900.15
simplifies into 10* x R = (R + 1)x99.5 — R(10000 —99.55) = 99.5h — h = WR =99.15R, this is
the answer. .
N.B.: Kinetic energy consumed by projectile during travel between B and C can be found by potential diference

'Mi 'Mi
between the points and is Wy =V, -V = G_m_ GMm
R R+h’

during the travel. But, W, cannot be determined the same way since effective mass changes with change in x
during travel from A to B. This is the sharp difference that needs to handeled carefully.

, since effective mass of the moon remians same

I-13

GMm
F R2 GM

Acceleration due to gravity on surface of any celestial body earth is g =—% = = 7, here mass of the
m m
4
4 G[3”R3p j 4
celestial body is M = 3 —7nR’p, therefore, g =—>— 7/ = (gﬂGJRp —>gxRp—> R = € Further
Yo,

escape velocity = 2G / GM =./2gR = fzg Voc— It leads to, ratios of escape
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Egp
vaeocity on planet and earth as Q == Pr = (&j X Pr. . Using the given ratios of gravity Er _ ﬁ and
Ve & &) (\ps g, 11
Pk
2
density Pr_= on planet and earth, we get E: ﬁ X 3 :i—> Ve, :ix V. :i><<11><103). It
Py 3 Ve 11 2 11 11 11

leads to escape velocity on palnet 7, =3 x 10°m/s Or 3kmps. This is the answer.

N.B.: This is a simple problem of algebric ratio and proportions, applied in physics, using the given ratios of
density and acceleration due to gravity on planet and eart. It is solved numerically at the end.

I-14 On tilting the given tube to wvertical (/’_\
position, the mercury column will exert
additional ~ pressure leading  to ( 4 & +xj
compression of lower air column and : | L
settle at length (45—x)cm. Since L-ll— 45 cm —}H— 10 em —H-l!— 45 om —H
mercury is incompressible, there will be
expansion in upper air column and it would settle to length (45 + x)cm. Applying Boyl’s g (/f—\\
law to lower air column 10 o
P, xV, =P, xV,, > P, x (45 X A): P, x ((45 - x)x A), Since,
. 45%76
P, =R, =76cm mercury, it leads to 45x76=(45—x)x P, > P, :ﬁ. __ NP
‘ -X
Likewise, for upper air column B, xV| = Plf X Vlf. It leads to ratio (45-x)
o P
45%x76
45x P, =45+x)xP, > P, =—.
li ( ) 1/ 1/ (45+x) l__\\_//
Further, writing pressure balance equation in vertical position of the tube P, , = Plf +10.
With the values Ef of and sz determined above 45x76 = 45x76 +10 > L 1 = 10 It
(45-x) (45+x) (45-x) (45+x) 45x76
—18x38++/(18x38)" —4(- 457
resolves into 22x 5= ! —>x2+(2x9><38)x—452:0—)x: \/( ) ( ).It
457 —x" 9x38 2
gives two possible values 2.95 and -686.9 Since, value of even if negative cannot lead to (45 - x)cannot be.
Greater than 90 cm and hence the only possible value is x =2.95 cm. This is the answer.
I-15

. . . /4 W
When boat is carrying number of large stones, it replaces water of volumes J, = —% + —5_, but when the stones
Pw  Pw

are unloaded the volume of water replaced is V, =& +%, Since pg >p,,, therefore, volume of water

Pw  Ps
. . W Wy
replaced in two cases is —= > —2 numerator beng same, and hence, net volume of water replaced when
Pw  Ps
stones are unloaded in water Vfis less than V,,. Moreover, rise in water level is directly dependent on volume

of water replaced and hence water level would fall. This is the answer.
N.B.: Answering this question has to be done analytically since it is category of objective questions. Moreover,
going by perception, even in objective questions, might miss some fine concept involved and thus could lead to

wrong answer.
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I-16

With regerence to base line, potential energy of liquid column of same

h
area 4, of height s, height is PE| =(h1Ap)g(?l)and of height

h
h, height is PE,, =(h2Ap)g(72j, but when liquid column height

h
equalizes in both the columns net potential energy PEf :2x((hAp)g)(Ej. Let W is the work done in

eqiualizing the water level, then PE,=PE, +PE,, =PE, +W —W =(PE,

1

1+IDEZ.2)—PEf. It leads to

(hlep)g (hzzAp)g 2 . S
W= 5 + 5 —gh®A4p. Since volume of liquid is unchanged, hence, A(h, +h,)=24h, or

2h=h, +h, Tt simplifies into W:A%’g(hf +h,’ 2(h ;h j }:A%(zhlz+2h22—(hl +h2)2). It leads

to W:A%’g(h12+h 2hh) pAg(h —h, ). This is the answer.

I-17

0.5 secd
By geometry cosf=———> x = ) here xis length of the submerged plank.On the plank two torqus are

X

acting —

X .
(a) due to buyoancy force about hinge O is anticlockwise such that , h7, = ((th)pW g)Esm 0, here, W- is the

xx>xsin@ or

. . . _Wipyg
width of the plank, #- is the thickness of the plank It leads to TB—T

_Wip, g 5 sec’ 6

Ty = 5 xsin @ . and

1
(b) due to gravtational force about the hinge O is clockwise.such that 7, = (WtXlx Pp )g X (Esm 6’)

1
. Given that relative density of te plank is &:E. It

Pw Py

sec’0 _ pp

n the position of equilibrum 7, =7, —

sec’0 1 2, 1 1 o
simplifies into 1 = E —>cos” 0= E —>cost = ﬁor 0 =45". This is the answer.

Since bouncing the ball is elastic and hence, it return to the same height in time ¢, . Therefore, time taken to touch

t
the ground shall be Eland velocity of striking ground under acceleration due to gravity shall be

L gt
2 2
Now for calclulating retardation due to gravity, sssume size of ball to be a point mass. This simplifies calculation

v=0+g—
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of retardation during partial immersion.
Vid-d d—d
(a) According, upward thrust F}, = V(a?—d1 )g —>a,; = ( 7 l)g = ( l)g . Since, d <d, hence
Ps Ps

t, (d-d
0=81, d=d)e, e
Ps Z(dl - d)
taken by the ball to come to rest. Since, a, continues to act till ball is immersed, and hence it will take
dt
same time to reach surface of the water and hence time for the ball to come out is 7, =2t :(d—ld).
-
Further, ball while coming out of the liquid shall have same upward velocity as during immersion. Thus
motion of ball in air is synonymous to the ball re-bouncing from the surface. Therefore total time for the
dt, dit,

ball dropped in the liquid to reach back to the same height is ¢, +7, =¢, + ( = , this is the
d, - d) (dl - d)

d—d, is (-)ve and hence g, shall act as retardation and

answer for part (a).
(b) Acceleration of the ball in air is uniformly g towards the surface of the liquid but acceleration of the ball

(d —d, )g
Ps
on either side and hence not SHM. Hence answer is NO for part (b)
(d —d, )g

(c) When d = d1 —>a, =—=>=0, this is a case of Zero retardation and hence non-retarding force on
Ps
the ball which lead to motion of the ball with velocity v, as per Newton’s First law of Motion. Hence ball
will continue to move on till it reaches bottom of the liquid. This is the answer to part ©

inside the liquid, towards the same point is a, = —>a, #g —> 1, #1,, hence it is not uniform

N.B.: (a) Assuming ball like a point mass is important to get a feasible solution and answer.

(b) Another characterstic of SHM is acceleration of the particle, while being always directed toward mean
position, it is proportional to the distance of the particle from mean position, and not constant as in the instant
case. This is addition concept which shall be covered in SHM.

I-19

Part (a) :The crossectional area of the container is 4has volume of both the liquid V' =V, =V, = Axﬁ.

When cylinder of cross-sectional area éand length L < %15 immersed in the liquid, given that volume of
5

heavier liquid displaced is v, =§x§, and volume of lighter liquid displaced is v, = ?x?’—L Therefore,

height of  denser liquid  above  the bottom  of the  container is  such  that

AE:Ax h1—£ + A—é ><£—>£: hl—£ +ix£:hl—L 11 —>£=h1—£. It get us
2 4 4 2 5 4 5 20

5 4 4 2
to A, :£+£.
2 20
Likewise, height of lighter liquid in the container is
A ) (g AL H () 3L), 4 3L (1 L 3L
2 4 5 4 2 4 5 4 4 5 2 20

Therefore, pressure on the bottom of the container shallbe p = p,+h x2dxg+h,xdx g = (2h1 +h, )dg It

leads to p=p,+|2 £+£ + £+3—L dg = 3—H+£ dg:M, this is the answer of part
2 20 2 20 2 4 4
(b).
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At the level of bottom of the cylinder of density pagain there is a pressure : T
balance between that due to the cylinder and the lig. uid column and its sides, and f e tr
therefore there is no ligiud flow. Thus, ﬁf"
L 3L 2 3 5 * [~ — e
Lpgz—xdeg-l-—Xng—)p: —+—d:—d.Thisispart(a)ofthe P Aty foritn
4 4 4 4 4 iyl ey
answer. A N N RN PN A

Part (b): Cylinder removed and a small hole of area § is punched at height 4.
The liquid coming out shall have kinetic energy equal to pressure energy at the
hole, as per Bernoulli’s principle. Accordingly, the energy balance equation for a
small length of jet of liquid is

%( Ax2d W = (SAx2d)><gX(%—h]+(SAxd)><gX§. It simplifies into

v =2g ﬁ—h + &L EH—2h g—ov= 3H =4h g ., this is answer
2 2 2 2

of part (i).
Time taken by the jet to reach ground shall be with Second equation of motion, with, initial vertical velocity to

1 2 . . . .
be Zero, h :0+5gt2 —>t= —h Therefore, for horizontal distance travelled by the jet, there is no
g

acceleration and as per Second equation of motion x =vt+0 = ( /(#jg} X /% = 1/hi3H - 4h) , this
g

part (ii) of the answer.
The distance travelled by jet is a function of x= f (h)and therefore for the maximum distance travelled

condition is ﬁ =0 %(ﬁh(ﬂ‘[ —4h ))2 0. It i a case of differentiation and

dh
d 1 d ) 1 3
0=—\h(3H -4h))= ——=—3Hh - 41" )= ————=(3H -8h) >3H -8h=0 > h="H
dh( ( )) 2Jh(3H —4h dh( ) 21/h(3H—4h)( )- RO

. Hence, maximum distance shall be x :\/(%(3H_4X3?H)j =3H (%)(%) =3TH, this is part (iii) of

the answer.
N.B.: This is a good example of integration of multiple concepts in one question.

I-20

When rod of length 7/=05mis cooled from ¢ =100°C to ¢, =100, change in length
Al = al(t, —t,)=—=100al . To restore the same length it is subjected to tensile load of mass F =mg.

1 -6 =
Therefore, as per principle of elasticty YA—:%%M: YaAl = 10 X<4X10 Xl(_)5()X10 XO’S).
I-Al  a (1-a)g  (0.5-100x107x0.5)x10
s 2 % 10(1 176+275)
Since, 0.5-100x107x0.5~0.5, M =050 4 %10 =40 kg.This is part (a) of the answer.
Sx

Energy given to the rod U =%[%)(100xaxl)2 —0.5x10* xYaa*l = 0.5x10* x 10" x (4x10°J10* ' x 0.5

Itleadsto U =2x10°x107""x0.5=0.1Joule.
N.B.:In this example approximation of 7 — Al =~ 7, simplifies calculation, and ids little thing to remember.
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121 A
In the container of height H cross section A, a hole of area m IS near the
bottom, as shown in the figure 4 <<, H —h ~ H . Thus velocity of liquid
1
efflux shall be (sxAxxp)Hg = E(sxAxx p)v2 —>v=,/2Hg . Since the
container is on a frictionless surface and therefore
A(mv) M, View =Y,  (sxAxx p)yv Ax
F = — At Tet A 7t _ —§pV— =3 v2=s 2 H.
At At At P At P p( g)
A
2— pHg
Therefore acceleration of the container of negligible mass containing liquid M = AHpis a = _100” ~_ &
AHp 50
. 10 2 D
, it leads to a =—=0.2ms™, taking g =10 ms™ This is part (a) of the answer.
When, 75% of liquid has drained out, then remaining head responsible for the efflux is
=H—-0.75H =0.25H . Therefore velocity of efflux stage
: mo 5m0
V'= \/ZH g= \/2><O 25Hx g = J5H . Since, my, = AHp—)H— . Therefore, v'=
Ap Ap
This is answer of part (b)..
1-22 1 2 Az
Energy of liquid at any point as per Bernaulli’s principle is E = pg(h +H)+E'DV o AL Q s
L .
. . .y S aﬂ
here, H corresponds to atmospheric pressure. Further as per principle of continuity of 4 U !
v, A i '
flow of incompressible liquid, in the instant case, AV, =A4,v, > L =L I
vy 2
Therefore, workdone per unit volume of liquid flwng from P to Q is W =FE, - E_ , which leads to
2
1 2 1 2 1 2 Vz .
W= pg(hl +H)+EPV1 - pg(hz +H)+5pvz =p g(hl _hz)""Evl 1= = - This reduces to
Vi
1 4 4x107Y
a form in the given data W = p{10(2—5)+—1°|1-| == ~10004-30+0.51-| 2= . It
2 4, 8x10"
simplifies into 7 =1000{-30+0.5(1-0.25)}=1000(-~30+0.375)=29.625x1000 =2.96x10* J/m’ , this
is part (a) of the answer.
But, workdone by gravity per unit volume is W, = ,og(h1 —hz)z 1000x10x(5-2)=3x10* J/nr’, this answer
of part (b)
[-23 | When the stick of length 7 ,area A= R>and density o put in water with its end P
Q ihaving an a mass mnside water, its length / is dipped inside the water, is such & & [ __:
2 I L c
that 7zR2Lp +m=aRloc—1= w It will have centre of buyonacy 2, [1-=])
R°c Ll e
/ =l _fE‘FE:_l—I_—_—
x ! gt I b Gt e
IAxadx {2} . __H___g_:_:__:t____
o Hirk el e S e e
(COB) Batadepth b =" = 0 = — =— below liquid surface. But, —w¥ |~ ___
P Alp I 2 2 1 i

center of mass (COM) of the system C shall be from end P at a distance
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L
(AL,O)§+mL AR p+2mL

ALp+m - 2(72' R’Lp + m) .

When stick is vertical, COM and COB shall pass through its centre line and thus
there will be no torque. But, stick is tilted clock wise by an angle @ shown in the
figure, mass mof metal piece and mass of the stick M = zR>Lp will exert
torque at C, the COM of the system and it should remain in equilibrium.

But, an additional force Fjacting at B, and it would cause anticlockwise torque
about C, to normalize the angle ¢ — 0. Likewise, if the stick is tilted
anticlockwise, torque due to F, about C would be clockwise and perform similar
corrective action. This is a case of stable equilibrium and shall remain valid as

long as either B is above C or at C and mathematically
! R’Lp + R’L’p+2mL
QB 2QC g > =2 L—c > d 102 msp-Z 2'0 M 1t leads to an equation in m written
2 2R o 2(7zR Lp+m)
ALp+m _2ALp+2Lm— AL’ p+2Lm
g 2optm. ZALp P —(ALp+m) > A’L’po. This further simplifies into

240 2ALp+m)
ALp+m=> AL pa—)mZAL(qlp —p). Substituting value of A in terms of giver R,

mz ﬂ'RzL(q/p —p), or minimum value of m = 7Z_'R2L(1/p —p). Given that & > p and hence 4/ po —p
is (+)ve and so also is m which is realistic. This is the answer.

I-24

Let A is the area of cross-section of the cylinder, and % is its height. Therefore, mass of the cylinder is

M = AHp = 0.8Hh. Mass of the liquids displaced M = A(h,p, +h,p,)= A(0.7x12+1.2x0.8)=1.84.

1.8
Equating the two M =0.84H =1.84 > H :ﬁ: 2.25cm. Therefore length of the cylinder in the air is

h=H—(h,+hy)=2.25-(1.2+0.8)=0.25cm. This is answer of part (b).

¥
Y
Force exerted by liquid A on the cylinder is resultant of all hydrostatic forces around the curved J’;@
surface, in the figure,is equated to zero, as shown in the figure. This is answer of part (a).
When cylinder is depressed to the extend that its top surface is just below the upper surface of the liquid, in this

case net upward thrust is F=(M,+M,—M)g here M,=Ah,p, =12x0.7xA=0.844 and
M, =Adh,p, = A(H—h,)p, = A(2.25-1.2)x1.2=1.05x1.2x A=1.264 and M = AHp, it simplifies
into M =A4x225x0.8=1.84are masses of displaced liquid A & B respectively. Accordingly,

F (M, +M,-M)g A4084+126-18) 2.1-18 03 g

a=—= == This is answer of part (c).

M Y, 1.84 18 71876

I-25

Inside a bubble of radius 7 pressure of air p,is more than that outside p, and this keep bubble blown.

Difference of pressure Ap = p, — p, =—, having two surfaces inner and outer as
r

shown in the figure. This pressure diiference being inversly proportionalto »keep on
reducing with increase of r.

Air flowing with a velocity, through tube of radius 54, comes to rest inside the bubble, at
a surface of the bubble against the tube through which air is blow. Therefore force

d|
exerted by the air blown into the air £, sz = Avp(v—O): Apv’ . Likewise, correspoding force due to
t

surface tension, at the instance of seperation of bubble from the tube Fi, = Apx 4. Till such time F, < F,,
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the bubble keep growing. Therefore, at limiting condition, causing seperation of bubble

AT AT
F,=Fg, — ApV’ =A(—j—>l’= 5, this is the answer.

r pv
[-26 | Let v,is the velocity of the liquid in tank with radius 0.9 m and v,is the
velocity of the liquid in upper part of tank with radius 0.9 mand v, =10 m/s T
is the velocity of the liquid in lower part of the tank with radius 0.3. And, as :
per principle of continuity of flow |
" (03Y v :
7. |
Av, =A,v, v, =| 2| v,=| —| v,,it leadsto v, =—= !
Y1 2V I(HJ2[0.9J2 177 !
I I !
Whereas , as per Bernoulli’s principle, p+ p, +§,0vl2 + pgH = Epvzz +p, :
|
Accordingly, |
2 predt et s
1 2 2 1 2 v 4, 2
p+ng=§p(vz -V )%p+ng=5p[vz - 32 = prpgh =
. . . : mPa’ Pa* .
As per Poseullie’s Equation of flow of liquid through a capillary Q = ] —->n= 310 ,here 0 =8x10"" is
n
given while P = p+ pgH determined above and #is coefficient of viscosity. Accordingly,
40 40
(Slpvj](mz) r [1x9oox102j(10-") P
= — |. Substituting the values 7 = 8 (2><1()‘(’): - N-s/m’
80 8x8x107° 9x8 720
, This is the answer
I-27 | The wire is since resting of the surface of water, making angle @ with the vertical and
gaving a dip y from the edge in contact with the container, Thus, as per free body i j
— d— 4
Ag [ b e [
diagram sgown in the figure W =2Tlcos@ > IAg=2TIlcos@ > T = 5 & g \T}r&\f/ ;_
) J) c08 SHET, ) R
Given that y << a — cosf = 2 1t leads to T=-28__ ﬂ, this is the answer. [T
a y 2y
2=y -]
a
g 9 eyl
1-28 27’2g
Terminal velocity of a spherical ball in viscous fluid is Vy = 9 (,OS —,OL). While the viscous force is
n
. dQ ) 27g ’
F, =6nnrv,. Hence, rate of heat production o F,xv, =(62nrv; )xv, =6xnrv,” =6xnr W(IOS -0,
2 2 2.5
It leads to d—Q=67mr 2r'g (ps _PL) ZM(,DS _pL)z _)diro,ﬁ, This is the answer.
dt 9n 27n dt
1-29 In the instant case, there is no change in potential energy within the synige, bei g horizontal. The plunger has a

velocity v, =0.25m/s. Let velocity of the jet be v,, therefore, by principle of continuity of flow
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nd’ ) X
vid =v,4, > v, :Vli:"l#z_)vz :V{ij 20-25X(§j =0.25x16 =4 m/s.
2 7Z'd2 dz 2
4

Time (f)taken by the jet having zero verical velocity to reach the ground, from second equation of motion, as per

Second Equation of Motion /4 =0 +%gt2 —>t= /% = 1/2 ><110.25 = \/% =(.5s. Hence horizontal range of
g

the syringe is R =v, xt =4x0.5 =2 m, this is the answer.
N.B.: All subjective questions are not necessarily, difficult and involve too many concepts.

I-30

. . St FxL 4FL . .
Mathematically Young’s Modulous of Elasticity Y:ﬁ: = X = . Here F is Force in

Strain ! (ﬂ'D2J _7Z'D21
- — |
L 4

Newton, L is length in meter, Diameter in meter and extension in length. Accordingly all data is converted into

the SI units. With the given values with minmum 3 sgnificants digits ¥ = o7 4x50x1.10 .
7><(5><104)2><(1.25><103)

F
A

7x22x10' 7
22x(2.5x107 )x(1.25x107) 3125

As regards maximum possible error is summtion of relative errors in measurements. Accordingly,

£:£+2x@+A—l—>£: 01 + 20.001 + 0.001 =0.0009 +0.04 +0.008 = 0.0489 .
Y L D Yy 110 0.05 0.125

Therefore, error shall be AY =0.0489xY =0.0489x2.24x10" =0,109x10" =1.09x10" This error

shall also be expressed in Three SGs as AY =1.09x10'". This is the answer.

N.B.: It is experienced that students while going forward in their lerning of concepts, skip basic concepts studied
in earlier chapter, as much as aprroximation and error analysis. This can be integerated in any concept and may
not be asked in isolation.

Accordingly, Y = x10" =2.24x10" is also expressed in 3 SGs.

I-31

When the tube is at rest there is no radial force in horizontal part of tube of length L. But, when it is set into an

L
angular velocity, it will experience centrigugal force, acting radially outward F' = Idm X (xa)2 ) It solves into
0

L L 2t 272
F.= _[(Adxp)(xa)z): przjxdx = Apw’ {%} = %
0 0 0

The only way this can be compensated is by pressure created by rise of fluid in outer tube and this
by = (AHp)g.

2712 272
ApawL :AHpg—>H:a)L

Thus at equilibrium F = F), — , this is the answer.

N.B.: Centrifugal force in fluid in vertical arms of the tube would be countered by the vertical walls of tube.
Therefore, it would not influence value of H arrived at as an answer..

[-32

The gas law  pv=nRT. Therefore, for air the two bubble p v, =n,RT,and p,v, =n,RT,. Therefore,
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v n,T n v T
Further, PaVa =44 _5 B :EPB%‘ Given that both the bubbles are kept in a close chamber and,

Ppvy Iy n, \p,v, )TB
n v

therefore, 7', =T, , therefore, -3 :m‘
ny PaVy

4s
Difference, difference in pressure inside a bubble is Ap=-—, therefore net pressure inside bubble is
r

p=p,+Ap, and this well decide number of moles inside the bubble; while volume of the bubble is

4 45\ 4
V= gﬂ' P, therefore, (po + Ap)v = (8 + _j(gﬂ r j Therefore,
r
4s | 4 4s 4x0.04
(po +rj(3m;j (po +r] r (8+ g?)f )(0.04)3 8+4)
M _ 4B 1 _)n_32+' itleadston—Bz 2 '004 =(8+8)><8:6
n n n x 0. +
! (po + SJ(:rrfj ! (Po +Sj rA3 ! (8 + 0.02 j(0-02)3
r, \3 r, .
This is the answer.
1-33 When cylinder, of area of cross-section A, is filled to e 5, g
height H, volume of air above liquid, in the cylinder, is 500 um l !
V, = A(0.5— H )and it is at pressure p,. i e 300imm i
Next, cylinder is so sealed that air of volume V,at pressure i R e iem—
D, is above the liquid level Thereafter an orifice is i | :—:—:—:—:—:—:—:—:—:—: 20? . :—:—:—:—:—:—:—:—:—:—:
*********** : I il i

punched at its bottom, and it allows the fluid inside to L
drain. As a consequence liquid level inside cylinder drops and so also the air pressure inside the cylinder. After
some time drain of the water stops.

This is the instance when pressure at the orifice is in equlibrium such that

p+pg(02)=p, > p=p,—02pg =10x10° —0.2x10° x10 =998x10°. Morevoer, the drain being

0.5 -0.3x
slow as per Boyle’s Law pJV,=pV —)pO(Ax(O.S—H)):p(AxO_3)—>H _ X P p ‘
Po
5 3
Substituiting the values, Ff = 0.5x10x10° —0.3x998x10 _ 5-0.3x9.98 _ 5-2.994 _ 2.006 02006
10x10° 10 10 10

m or 200.6 mm. Therefore fall in the levelof water is /7 — 200 = 200.6 — 200 = 0.6 mm. This is the answer.

—00—
¥4
Universal Equation: O=1+e
Mathematics is the language of natural consequence.

—00—
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Theme Song :

PREMISE: We are pleased to adopt a song*” Sa-it wifed g4 ST geT...... “from a old Hindi MovieDo Aankhen

Barah Haath 3? ‘3/7‘@67?3' 874 of year 1957, directed by The Late V. Shantaram. The lyrics are by Shri
Bharat Vyas, singer Melody Queen Sushri Lata Mangeshkar, and Music Direction by Vasant Desai. It
has become a widely accepted inspirational song and/or prayer in many educational institutions and
socially inspired initiatives engaged in menitoring 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 song in a manner that it has attained an epitome of popularity. While working 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 -

ga-t Qe g9 &1 SIdT, I T fayT SHSIR BT
BH =l b T U §H Y, YWD Wl BIS e BT ||

R SFAD Bl 3R, TgH IH BT A= S
R RIS Y g9 T8 &H, forait ot S weft foreft @
R 1 fordt 1 fopt @, HiaT 49 H Sedd Y 81T ||

St RfaRT g AT ST, T T Iy HIR g
BH Id A® X U gAY, YAB H BIs YA ST ||

1O g8 o1 T 8, 59 4 O fhan R g s
T GRA ® dic H I, GaH1oia- 81 & oI 7Y
Ut BB BT ST L 81 D, PR & UG- g U TAHT DI ||

Sa-1 fad W a1 ardl, T BT fayT HHAR g
&9 9 9 I U 89 9, YR I DIg Yol 81 ||

2 o,

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 ...
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