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Simplified Knowledge Management Classes Bangalore

My name is Subhashish Chattopadhyay. | have been teaching for IIT-JEE, Various International
Exams ( such as IMO [ International Mathematics Olympiad ], IPhO [ International Physics
Olympiad ], IChO [ International Chemistry Olympiad ] ), IGCSE ( IB ), CBSE, I.Sc, Indian State
Board exams such as WB-Board, Karnataka PU-II etc since 1989. As | write this book in 2016, it
is my 27 th year of teaching. | was a Visiting Professor to BARC Mankhurd, Chembur,
Mumbai, Homi Bhabha Centre for Science Education ( HBCSE ) Physics Olympics camp BARC
Campus.
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| am Life Member of ...

- IAPT ( Indian Association of Physics Teachers )

- AMTI ( Association of Mathematics Teachers of India )

- National Human Rights Association
- Men’s Rights Movement ( India and International )
- MGTOW Movement ( India and International )

And also of

IACT ( Indian Association of Chemistry Teachers )

The selection for National Camp ( for Official Science Olympiads - Physics, Chemistry,
Biology, Astronomy ) happens in the following steps ....

1 ) NSEP ( National Standard Exam in Physics ) and NSEC ( National Standard Exam in
Chemistry ) held around 24 rth November. Approx 35,000 students appear for these exams
every year. The exam fees is Rs 100 each. Since 1998 the IIT JEE toppers have been topping
these exams and they get to know their rank / performance ahead of others.

2 ) INPhO ( Indian National Physics Olympiad ) and INChO ( Indian National Chemistry
Olympiad ). Around 300 students in each subject are allowed to take these exams. Students
coming from outside cities are paid fair from the Govt of India.

3 ) The Top 35 students of each subject are invited at HBCSE ( Homi Bhabha Center for
Science Education ) Mankhurd, near Chembur, BARC, Mumbai. After a 2-3 weeks camp the top
5 are selected to represent India. The flight tickets and many other expenses are taken care
by Govt of India.
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Since last 50 years there has been no dearth of “Good Books“. Those who are interested in
studies have been always doing well. This e-Book does not intend to replace any standard text
book. These topics are very old and already standardized.

There are 3 kinds of Text Books

- The thin Books - Good students who want more details are not happy with these. Average
students who need more examples are not happy with these. Most students who want to
“Cram” quickly and pass somehow find the thin books “good” as they have to read less !!

- The Average sized Books - Good students do not get all details in any one book. Most bad
students do not want to read books of “this much thickness* also !!

We know there can be no shoe that’s fits in all.

Printed books are not e-Books! Can’t be downloaded and kept in hard-disc for reading “later”

So if you read this book later, you will get all kinds of examples in a single place. This
becomes a very good “Reference Material”. | sincerely wish that all find this “very useful”.

Students who do not practice lots of problems, do not do well. The rules of “doing well” had
never changed .... Will never change !
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After 2016 CBSE Mathematics exam, lots of students complained that the paper was tough!
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. The CBSE says that feedback received from various stakeholders like students, subject teachers
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and examiners will be put before the committee of su Dject experts.
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On 21 st May 2016 the CBSE standard 12 result was declared. | loved the headline

INDIATODAY.IN MESY DELHI, MaAY-21 2016 | UPDATED 18:401ST

CBSE Class 12 Results out: No leniency in
Maths paper, high paper standard to be
maintained in future

The CESE Class 12 Mathematics board exam on March 14 reduced many students to tears as they
found the paper guite lengthy and tough and marny couldn't finish it on time. The results show an
overall lowering of marks received in the Maths paper
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In 2015 also the same complain was there by many students
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CBSE Class 12 exam: Issue of tough
maths paper raised in Parllament

A senior Congress member on Thursday raised the issue of the tough mathematics
question paper in the ongoing CBSE board examinations and asked the government to
consider the 1ssue "seriously”.

Last Updated: Thursday, March 19, 2015 - 14:41
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Mew Delhi A senior Congress member on Thursday raised the issue of the tough
mathematics guestion paper in the ongoing CBSE board examinations and asked the
government to consider the issue "serioushy™.

So we see that by raising frivolous requests, even upto parliament, actually does not help.
Many times requests from several quarters have been put to CBSE, or Parliament etc for easy
Math Paper. These kinds of requests actually can-not be entertained, never will be.
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In March 2016, students of Karnataka PU-Il also complained the same, regarding standard 12
( PU-Il Mathematics Exam ). Even though the Math Paper was identical to previous year, most
students had not even solved the 2015 Question Paper.

Friday, March 25, 2016 - 13:28 T he N EWS M I m Ute

HOME NEWS ANDHRA KARNATAKA KERALA TAMIL NADU TELANGANA CULTURE MEDIA

Exams

Online petition for lenient evaluation of K'taka Il PU
math paper gets over 8000 supporters

The campaign, which was launched on Monday, has garnered over 8000 supporters

TNM Staff | Wednesday, March 16, 2016 - 09:32

evesminute

Following a "very tough” math paper that left many Il PU students in tears, Saket Ravindran a

student launched an online campaign demanding lenient evaluation.

These complains are not new. In fact since last 40 years, ( since my childhood ), | always see
this; every year the same setback, same complain!

In this e-Book | am trying to solve this problem. Those students who practice can learn.

No one can help those who are not studying, or practicing.
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Learn more at http://skmclasses.weebly.com/iit-jee-home-tuitions-bangalore.html

Twitter - https://twitter.com/ZookeeperPhy

Facebook - https://www.facebook.com/IIT.JEE.by.Prof.Subhashish/

Blog - http://skmclasses.kinja.com

T

A very polite request :

| wish these e-Books are read only by Boys and Men. Girls and Women, better read something
else; learn from somewhere else.
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Preface

We all know that in the species “Homo Sapiens “, males are bigger than females. The reasons
are explained in standard 10, or 11 ( high school ) Biology texts. This shapes or size,
influences all of our culture. Before we recall / understand the reasons once again, let us
see some random examples of the influence

Random - 1

If there is a Road rage, then who all fight ? ( generally ? ). Imagine two cars driven by adult
drivers. Each car has a woman of similar age as that of the Man. The cars “ touch “ or “ some
issue happens”. Who all comes out and fights ? Who all are most probable to drive the cars ?

( Men are eager to fight, eager to rule, eager for war. Men want to drive. Men want to win )
Random - 2

Heavy metal music artists are all Men. Metallica, Black Sabbath, Motley Crue, Megadeth,
Motorhead, AC/DC, Deep Purple, Slayer, Guns & Roses, Led Zeppelin, Aerosmith ..... the list
can be in thousands. All these are grown-up Boys, known as Men.

£

Takaaki Kafita
Prize share: 1/2 Arthur B. McDonald
Prize share: 1/2
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Random - 3

Apart from Marie Curie, only one more woman got Nobel Prize in Physics. ( Maria Goeppert
Mayer - 1963 ). So, ... almost all are men.

( Men want to excel. Men strive for perfection. Men want to win. Men work hard.
Men do better than women. )

Random - 4

The best Tabla Players are all Men.

( Men want to excel. Men strive for perfection. Men want to win. Men work hard.
Men do better than women. )
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Random - 5

History is all about, which all Kings ruled. Kings, their men, and Soldiers went for wars.
History is all about wars, fights, and killings by men. Who won, and who controlled !

( Men are eager to fight, eager to rule, eager for war. Men want to drive. Men want to win. )
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Random - 6

The highest award in Mathematics, the “ Fields Medal “ is around since decades. Till date only
one woman could get that. ( Maryam Mirzakhani - 2014 ). So, ... almost all are men.

( Men want to excel. Men strive for perfection. Men want to win. Men work hard.
Men do better than women. )

Random - 7

Actor is a gender neutral word. Could the movie like “ Top Gun “ be made with Female actors
? The best pilots, astronauts, Fighters are all Men.
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Random - 8

In my childhood had seen a movie named “ The Tower in Inferno “. In the movie when the tall
tower is in fire, women were being saved first, as only one lift was working....

Many decades later another movie is made. A box office hit. “ The Titanic “. In this also .... As
the ship is sinking women are being saved. Men are disposable. Men may get their turn
later... ( never ) !!

Movies are not training programs. Movies do not teach people what to do, or not to do.
Movies only reflect the prevalent culture. Men are disposable; is the culture in the
society. Knowingly, unknowingly, the culture is depicted in Movies, Theaters, Stories, Poems,
Rituals, etc. | or you can’t write a story, or make a movie in which after a minor car accident
the Male passengers keep seating in the back seat, while the both the women drivers come
out of the car and start fighting very bitterly on the road. There has been no story in this
world, or no movie made, where after an accident or calamity, Men are being helped for
safety first, and women are told to wait.
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Random - 9

Artists generally follow the prevalent culture of the Society. In paintings, sculptures, stories,
poems, movies, cartoon, Caricatures, knowingly / unknowingly, “ the prevalent Reality “ is
depicted. The opposite will not go well with people. If deliberately “ the opposite “ is
shown then it may only become a special art, considered as a special mockery.
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Random - 10

Men go to “girl / woman’s house” to marry / win, and bring her to his home. That is a sort of
winning her. When a boy gets a “ Girl-Friend “, generally he and his friends consider that as
an achievement. The boy who “ got / won “ a girl-friend feels proud. His male friends feel,
jealous, competitive and envious. Millions of stories have been written on these themes.
Lakhs of movies show this. Boys / Men go for “ bike race “, or say “ Car Race “, where the
winner “ gets “ the most beautiful girl of the college.

( Men_want to excel. Men are eager to fight, eager to rule, eager for war. Men
want to drive. Men want to win. )

Prithviraj Chauhan ¢ went ' to “ pickup “ or “ abduct “ or “ win “ or “ bring “ his
love. There was a Hindi movie ( hit ) song ... “ Pasand ho jaye, to ghar se utha laye “. It is not
other way round. Girls do not go to Boy’s house or man’s house to marry. Nor the girls go in a
gang to “ pick-up “ the boy / man and bring him to their home / place / den.
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Random - 11

We have the word "ice cold". While, when it snows heavily, the cleaning of the roads is done
by Men. Ice avalanche is cleared by Guns, by Men.

Can women do this please ?

Random - 12

LSS
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There are many remote mines in this world which are connected by rails through Hilly
regions. These railroads move through steep ups and downs. Optimum speed of the train
has to be maintained so that the brakes do not burn out, but the next climbing can
be done. Sudden braking is not possible as the load of the wagons will derail the train, and
will mean huge loss and deaths. The Drivers are Men who risk their lives in every journey.
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Random - 13

Almost all of us are very biased. Instead of | asking some questions, see the following images

ROTRET OFTHERROBLEM

MEMEFUL.COM)|

woman Congratulations,on your eventual divorce!

anvwhere
can claim Your bonus prizes are : and
HARASSMENT -
PAEDOPHILIA
PATERNITY
ABUSE
RAPE

against man

Women have learned that making false allegations of domestic violence is a
quick, cheap and easy way to get rid of their husbands, get most of his assets
and exclusive custody of the kids as well.
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NO ONE-HOWLS FOR EQUAI&TY

OFFICE WORKER IN
AIR:CONDITIONER,ROOM

N MINER 2
LMOST 1009 MEN

NO ONE HOWLS FOR E Q UALITY RKET, DISCRIMINATION!!!

All women are born
evil. Some just realize
their potential later in

life than others.

Chad A. Gamble
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Proof that girls are evil

First we state that girls require time and money.
GIRLS = TIME X MONEY

And as we all know “time is money”
TIME = MONEY

e j Therefore:
7N GIRLS = MONEY X MONEY = (MONEY)

- { F K - ' \
AMOUNT OF MALE TRUCK DRIVERS " .
' coﬂr'ﬂlﬂiﬁs. co"mucllou.wunums' And becausl\ioglggey_ls t\ljl;;o](:)::‘of all evil’”:
ANDGARBAGE COLLECTORS IS JUST FINE -
' : Therefore:

Like - Reply - &5 10 - September 25 at 10;:41pm GIRLS = (\/EVIL)Z

& Jessie because they're horrible jobs, women
should NOT be working those kind of jobs. We deserve
better jobs and higher pay... the men can settle for the
scraps forall | care.

Like - 15 hours ago

2

We are forced to conclude that:
GIRLS = EVIL

vvvvvv

Vi Arw Never Too O To Get Fucked Over

CONTINUING EDUCATION  <2||®& CONTINUING EDUCATION <

Forget Her Monthly Cycle. Pay Attention To Your Life Cycle. || feicemeiack SHE GIVES UP 1% OF HER BODY AND HE GIVE UP 100% OF HISLIFE || Dirop Oues
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“How dore you
fudge me. You
don't know me”

worked & stressed
programmed to Pay
B PRETEEN

“Women only think like this

because of SIMPS like the

ones below that do it. You Tt At B
7 e A

must REQUIRE g wowman to o im ¥
be more than JUST PUSST" i
£ 0 R Q

Pay to help raise DEATH REGISTRATION REGISTRATION
the GRAND (Almas Dpen)

CHILDREN

g \‘/ B time with
3 her ‘\:
- 7 B 5 4 TEENAGER
GRAND PARENT L, > A
Payto beina
Pay for her (not relationship so || 4
Pay MOST of the cost you HOPE she

Pay to get
to spend

his) weddi
is) wedding to have will marry you

a family
ADULT - [$E=9
PARENT LK BEG PAY PRAY
"It obviously doesn't matter if from “$0 whaot about the rest of her capobifities? She doim to be STRONG, EDUCATED,
PARENT INTELLIGENT ond INDEPENDENT yet when they get with o man, what do MOST

pre-teen to death a female is in the
equation. It obviously doesn't matter if she is physically and mentally capable of
financially participating. It doesn't manner how the lack of her &
participating negatively impacts your life. What matters" .,

Is You Pay Until You Die

ghve BESIDES some OCCASIONAL PUSSY IN EXCHANGE for whot they want and a”

7 DALY SUPPLENENT OF ENTITLEMENT ATITTUDE

Knowledge Is Useless If Not Logically Applied

[1 Am Also Now On Google+)

Knowledge Is Useless If Not Logically Applied

(1 Am Also Now On Google+)

BLOG: JDUVALSERIES.BLOGSPOT.COM Jll EMAIL: JADUVALEGAMAL £

EMAIL: JAIDUVAL@GMAILCOM
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Random - 14

Rich people; often are very hard working. Successful business men, establish their business (
empire ), amass lot of wealth, with lot of difficulty. Lots of sacrifice, lots of hard work, gets
into this. Rich people’s wives had no _contribution in this wealth creation. Women
are smart, and successful upto the extent to choose the right/rich man to marry. So generally
what happens in case of Divorces ? Search the net on “ most costly divorces “ and you will
know. The women;( who had no contribution at all, in setting up the business / empire ),
often gets in Billions, or several Millions in divorce settlements.

Ted Danson & Casey Coates --
$30 million

Ted Dansan's claim to fame is undoubtedly his decade-long stintas Sam
halone on NBC's celebrated sitcom Cheers - While he did other TV shows
and movies, he will always be known as the bartender of that place where
everybody knows your name. He met his future first bride Casey, a
designer, in 1976 while deing Erhard Seminars Training

Number 1

Rupert & Anna Murdoch|
-- §1.7 billion

One-of the richest men in the world, Rupert
Murdech developed his worldwide media empire
when he inherited his father's Australian
newispaper in 1952 He married Anna Murdoch in the '60s and they Ten years his senior, she suffered a paralyzing stroke while giving birth to
remained together for 32 years, springing off three children their first child in 1979. In order to nurse her back to health, Danson took &
Thigy split amiicably in 1998 but 500 Rupert forced Anna off the board of break from acting for six months. But after two children and 15 years of
News Corp and the gloves came off. The divarce was finalized in June marriage, the infatuation fell to pieces. Danson had started seeing Whoopi
1999 when Rupert agreed to let his ex-wife leave with §1.7 billion worth of S _ i ) L

Fid a6t 110 million 6 it Sadh. Sevaricen doys katar Relpert miaied Goldberg while filming the comedy, Made in America and this precipitated
Wendi Deng, one of his employees the 1992 divorce. Casey got 30 million for her trouble

See https://zookeepersblog.wordpress.com/misandry-and-men-issues-a-short-summary-at-
single-place/

See http://skmclasses.kinja.com/save-the-male-1761788732

It was Boys and Men, who brought the girls / women home. The Laws are biased,
completely favoring women. The men are paying for their own mistakes.

See https://zookeepersblog.wordpress.com/biased-laws/

( Man brings the Woman home. When she leaves, takes away her share of big fortune! )

Random - 15

A standardized test of Intelligence will never be possible. It never happened before, nor ever
will happen in future. No IQ test results will be acceptable by all. In the net there are
thousands of charts which show that the intelligence scores of girls / women are lesser.
Debates of Trillion words, does not improve performance of Girls.
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I am not wasting a single second debating or discussing with anyone, on this. | am simply
accepting ALL the results. 1Q is only one of the variables which is required for success in life.
Thousands of books have been written on “ Networking Skills “, EQ ( Emotional Quotient ),
Drive, Dedication, Focus, “ Tenacity towards the end goal “ ... etc. In each criteria, and in all
together, women ( in general ) do far worse than men. Bangalore is known as “ ..... capital
of India “. [ Fill in the blanks ]. The blanks are generally filled as “ Software Capital “, *
IT Capital “, “ Startup Capital “, etc. | am member in several startup eco-systems / groups.

I have attended hundreds of meetings, regarding “ technology startups “, or “ idea
startups “. These meetings have very few women. ( Generally in most meetings there are no
women at all ! ). Starting up new companies are all “ Men’s Game “ / “ Men’s business “.
Only in Divorce settlements women will take their goodies, due to Biased laws. There is no
dedication, towards wealth creation, by women. Women want easy money.

Random - 16

Many men, as fathers, very unfortunately treat their daughters as “ Princess “. Every “ non-
performing “ woman / wife was “ princess daughter “ of some loving father. Pampering the
girls, in name of “ equal opportunity “, or “ women empowerment “, have led to nothing.
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bantling brat whelp
bastard girl child

@

"Please turn it down - Daddy is trying
to do your homework.”

See http://skmclasses.kinja.com/progressively-daughters-become-monsters-1764484338

See http://skmclasses.kinja.com/vivacious-vixens-1764483974

There can be thousands of more such random examples, where “ Bigger Shape /
size “ of males have influenced our culture, our Society. Let us recall the reasons,
that we already learned in standard 10 - 11, Biology text Books. In humans, women have a
long gestation period, and also spends many years ( almost a decade ) to grow, nourish, and
stabilize the child. ( Million years of habit ) Due to survival instinct Males want to inseminate.
Boys and Men fight for the “ facility ( of womb + care ) “ the girl / woman may provide.
Bigger size for males, has a winning advantage. Whoever wins, gets the “ woman / womb /
facility “. The male who is of “ Bigger Size “, has an advantage to win.... Leading to
Natural selection over millions of years. In general “ Bigger Males “; the “ fighting instinct “
in men; have led to wars, and solving tough problems ( Mathematics, Physics, Technology,
startups of new businesses, Wealth creation, Unreasonable attempts to make things [ such as
planes ], Hard work .... )

So let us see the IIT-JEE results of girls. Statistics of several years show that there are
around 17, ( or less than 20 ) girls in top 1000 ranks, at all India level. Some people will yet
not understand the performance, till it is said that ... year after year we have around 980
boys in top 1000 ranks. Generally we see only 4 to 5 girls in top 500. In last 50 years not
once any girl topped in IIT-JEE advanced. Forget about Single digit ranks, double digit
ranks by girls have been extremely rare. It is all about “ good boys “, “ hard working “, “
focused “, “Bel-esprit “ boys.

In 2015, Only 2.6% of total candidates who qualified are girls ( upto around 12,000 rank ).
while 20% of the Boys, amongst all candidates qualified. The Total nhumber of students
who appeared for the exam were around 1.4 million for lIT-JEE main. Subsequently 1.2
lakh ( around 120 thousands ) appeared for IIT-JEE advanced.
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IIT-JEE results and analysis, of many years is given at
https://zookeepersblog.wordpress.com/iit-jee-iseet-main-and-advanced-results/

In Bangalore it is rare to see a girl with rank better than 1000 in IIT-JEE advanced.
We hardly see 6-7 boys with rank better than 1000. Hardly 2-3 boys get a rank
better than 500.

See http://skmclasses.weebly.com/everybody-knows-so-you-should-also-know.html

So what “ some women “ are doing ?

Thousands of people are exposing the heinous crimes that Motherly Women are doing, or
Female Teachers are committing. See https://www.facebook.com/WomenCriminals/

Some Random Examples must be known by all

It is extremely unforfunate that the " woman empowerment " has created. This
is the kind of society and women we have now. | and many other sensible
Men hate such women. Be away from such women, be aware of reality.

Y=~ 1

BADCRIMINALS,COM g
e e T—

MOTHER HAS CHILD WITH 15 YR OLD

Mother Admits On Facebook to Sleeping with 15 Yr Old Sex with my son is incredible - we're m love and we want

a baby'
Son, They Have a Baby Together - Alwayzturntup B _ — _ _
: b : : ” Ben Ford, who ditched his wife when he met his mother Kirn West atter 30 years,
Sometimes it hard to believe w From Alwayzturntup claims what the couple are daing 1sntincest

ALY ZTURNTLIP ME MIRROR SO LUK
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Waoman sent to jail for the rest of her life after raping her four

grandchildren is described as the 'most evil person' the judge has ever
sEEn

Edwina Louis rape...

See More

Former Shelbyville ISD teacher who had sex with Woman sent to jail for raping her four grandchildren
underage student gets 3 years i prison A Ohio grandmather has been sentenced ta four consecutive life terms after being
After a two day break over the weekend, & Shelby County junywas backin the found guilty of the rape of her own grandchildren. Edwina Louis, 53, will spend the
courtroom looking to conelude the trial of a former Shelbwville ISD teacher who had. . rest of her life behind hars.

KLTW.COM | BY CALEB BEAMES DIl MAIL SO LK

bty /femanes thenativecanadian cormy.. feastern-ontario-teacher- .

Little boys | want

Hyd woman kills newborn boy as she
wanted daughter - Times of India

Having failed to bear a daughter for the third time, a
shopkeeper's wife slitthe throat of her 24day-old son
with a shaving blade and left him to die in a streeton
Tuesday night.Purnima's first child was a stillhorn boy,
followed by another boy born five years ago.

The N.C. Chronicles.: Eastern Ontario teacher charged
with 36 sexual offences

anti faminism, Child abuse, children's rights, Feminist hypocrisy, e
TIMESOFIMDLA, IR,

THEMATHVECAMADIAN COM | BY BLACKWOLF
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Montgomeny's son, Alan vonn Webb, took the stand and was a key
witness in her conviction

" want to see her placed somewhere she can never do that ta children gentler sex? Yiolence against men.'s photo

See More

Woman sentenced to 40 years in prison for raping her

children Women, the gentler sex? Violence against men. e Like Page
Apnl g at1:38am

AMurfreeshoro mather found guilty of raping her own children learned her fate on

Wednesday. Infact the pastdecade has seen a dramatic increase inthe number of incidents of

WAEF.COM | BY RRIER wiormen raping and sexually assaulting boys and men. On May 2014, Jezebel repo...

In Facebook, and internet + whatsapp etc we have unending number of posts
describing frustration of men / husbands on naughty unreasonable women. Most
women are very illogical, Punic, perfidious, treacherous, naughty, gamey bitches.

We also see zillions of Jokes which basically describe how unreasonable women / girls
are. How stupid they are, making life of Boys / Men / Husband a hell.

While each of these girls was someones daughter. Millions of foolish Dads are into
Fathers rights movement, who want their daughter back for pampering.

Most girls are being cockered, coddled, cosseted, mollycoddled, featherbedded, spoilt
into brats.

Foolish fathers are breeding Monsters who are filing false rape cases. Enacting
Biased Laws. Filing False domestic violence cases. Filing false sexual assault cases.
Asking for alimony, and taking custody of the Daughter, not allowing the " monster
" to meet dad. The cycle goes on and on and on.

Foolish men keep pampering future demons who make other Men's life a hell. ( Now
read this again from beginning ). Every day we see the same posts of frustration.
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hen | grow up
| will beat my
husband

No one will care

No one will stop me

J

. FUNNY.  NOTFUNNY.

lance fuaroness Month

53% of Domestic Violence
Victims are Men

s ey DOUBLE STANDARDS HURT
EVERYONE.

https://nicewemen.wordpress.com/

Each women as described below was someone’s Pampered Princess ...

End violence against wamen . .. .

North Carolina Grandma Eats Her Daughter's New Born -
Baby After Smoking Bath Salts 28-Year-Old Texas Teacher Accused of Sending Nude

Henderson, Morth Carolina—A Marth Caroling grandmaother of 4 and recovering drug Picture to 14—Year—01d Former Student
addict, is now in custody after she allegedly ate her daughter's newborn bat,

AZ-3ES TOP BRETBART.COM
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http.ffatest.com/.. . attractive-gir-gang-lured-men-alleyws.../

http:fwmmnncnTrn).coms. . Avoungstown-woman-convicted-of-raping-..

Attractive Girl Gang Lured Men Into Alleyways Where
Female Body Builder Would Attack Them

A Mexican street gang made up entirely of women has been accused of using
their feminine wiles to lure men into alleyways and then beating them up and

LATEST.COM

Women are raping boys and young men

Rape advocacy has been maligned and twisted into a political agenda controlled by
radicalized activists. Tim Patten takes a razor keen and well supported look into the
manufactured rape culture and. ..

AVOICEFORMEN . COM | BY TIM PATTEN

Youngstown woman convicted of raping a 1 year old is
back in jail

Aoungstown woman whowentto prison for raping a 1-vear-old boy fiteen years
ago is in trouhle with the law again.

WERMLLCOM

End violence against women . . . .

Bronx Woman Conviected of Poisoning and Drowning Her
Children

Lisette Bamenga researched methods on the Internet hefore she killed her son and
daughter in 2012

FYTIMES.COM | BY MARC SANTORA

Monster women have very easy and cozy life. Easy to demand anything and get law in favor !

BT Need
& FEMINISM

¥ RVt THE |
& cTaRe RAPE MNeeds ¢
| 1 <toPlll

If the lawmakers submit to these strange demands of say ... “ Stare Rape ! “; then

we can easily see what kind of havoc that will create.
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50 %o

of Biological Parents

Who Kill Their Children are

M O th e r S Woman charged with killing baby also had previous

s Bt K il mfant die

Australian Institute of Criminology (Mousoz , 2000, p. 142, Fig. 74).
M K % d Wioman charged with killing bahy also had previous infant die
~——— Equality Network ———

ABCTCOM | BY ROB MCAWILLAN

1 Female Sex Predators: A Crime Epidemic shared & link.
Yesterday at 12:40am - @

WTVA. com | Woman pleads guilty to having sex with a
dog

FITTESBORD, Miss. 0WTWR) -- A Calhoun County woman has pleaded guilty to
charges she had unnatural intercourse with 2 dog. Sheriff Greg Foll

WTAA.COM

i Like ¥ Comment % Share ke~

Q:.: % Mhra Leander Pallat, Eric Antonio Alvarado and 31 others  Top Comments ™

Oklahoma Teacher Receives 15-Year
Prison Sentence For Sex With
15-Year-Old Boy

Aformer Cklahoma middle school teacher has
pleaded guilty to 6 counts of rape, child enticement. ..

THREEPERCEMTERRATION COhd
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A Russian-horn newhywed slowly butchered her German hushand —
feeding strips of his flesh to their dog until he took his last breath.
Svetlana Batukowva, 46, was. .

See More

She killed her hushand and then fed him te her dog:
police

ARussian-born newlywed butchered her German hubby — and fed strips of his flesh
to her pooch, authorities said. Svetlana Batukova offed Horst Hans Henkels attheir. ..

PYPOST.COM

April 4 at 4:4Bam @

Female prison officers commit gope of sex assaults on
male teens in US juvenile detention centres

Lawzuit in Idaha highlights the prevalence of sexual victimization of juvenile
offenders

IBTIMES CO LUK | BY MCOLE ROJAS

Daily Mail
danuary 14, 2015 - @

Mother charged with rape and sodomy of her son's 12-year-old friend

Mom, 30, raped and had oral sex with her son's
12-year-old friend’

Micole Marie Smith, 30, (pictured) of St Charles County, Missouri, has been jailed
after she allegedly targeted the 12-year-old bay at her home.

[ R

This mother filmed herself raping her own son and then sold tto a
man for $300. The courts just decide her fate. When you see what she
got, you're going to he outraged

Mother Who Filmed Herself Raping Her 1-Year-Old
Son Receives Shocking Sentence
. then used the money to buy herself a laptop.."

AMERICANEWS.COM

In_several countries or rather in several regions of the world, family system has
collapsed, due to bad nature and naughty acts of women. Particularly in Britain, and
America, almost 50% people are alone, lonely, separated, divorced or failed marriages. In
2013, 48% children were born out of wedlock. It was projected that by 2016, more than
51% children will be born, to unmarried mothers. In these developed countries "
paternity fraud " by women, are close to 20%. You can see several articles in the net, and in
wikipedia etc. This means 1 out of 5 children are calling a wrong man as dad. The lonely,
alone “ mothers " are frustrated. They see the children as burden. Love in the Society in
general is lost, long time ago. The types of “ Mothers “ and “ Women “ we have now ............
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This is the type of women we have in this world. These kind of women
were also someones daughter

Mother Stabs Her Baby 9o Times With Scissors After He
Bit Her While Breastfeeding Him!

Eight-month-old ®iao Bao was discovered by his uncle in a pool of blood Meeded
100 stitches after the incident; he is now recovering in hospital Reports say his...

PACKMEBLIZ T COM

e BOTHERYOU, 57 IR
BE WE ARE CHANGING
g THE WORLD!

T
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Not All Feminist Theory is Equal || WILLFUL BLINDNESS

Christina Hoff Sommers Andrea Dworkin . _— o .
Factual and Equity Feminist Radical and Gender Feminist Ignoring the Majority of Victims Because of Their Gender

m m ‘ = ‘ T I am a feminist because it 79 %

bothers me that a woman gets
killed by her male partner every |of Homicide victims worldwide are
single week, and somehow that MALE

doesn't qualify as a tools-down |"Where is the tools-down national crisis?"
national crisis even though if a
man got killed by a shark every

f N i : g, week we'd probably arrange to
“That is the corrosive paradox of gender "Under patriarchy, every woman's son is have the ocean drained.
feminism's misandrist stance: no group her potential betrayer and also the
of women can wage war on men without inevitable rapist or exploiter of another Annabel Grabb i

at the same time denigrating the women ‘woman"
who respect those men.”

‘United Nations Office of Drugs and Alcohol. Global Study on Homicide (2013, p. 13).

—— Equality Network ——— —— Equality Network ———

Not All Feminist Theory is Equal

Christina Hoff Sommers Valerie Solanis
Equity Feminist Radical and Gender Feminist

n Christina H. Sommers “To call a man an animal is to . i
flatter him; he's a machine, a Muslim Woman Caught RAPING Her Own Son - Gives
Want 1o close wage gap? Step one: Change wallding dildo®

your major from feminist dance therapy to
electrical engineering

Disgusting Excuse to Judge | John Hawkins' Right Wing
News

nh. Some Feminists

RIGHTWINGHES COh

By now if you have assumed that Indian women are not doing any crime then please become
friends with MRA Guri https://www.facebook.com/profile.php?id=100004138754180

He has dedicated his life to expose Indian Criminals

Muslim mother, 43, jailed for sex offences against girl,
nine

Raheelah Dar, 43, from Middleshrough, has been jailed for seven years for carrying

Delhi Woman Who Tried To Rape An Auto Driver, While
Her Friend Filmed The Act, Has Been Arrested

hen are raped toa! out a string of sex offences against a nine-year-old girl.

MEMSRP.COM | BY MIFITA MUKHERJEE DAILYIAIL SO LK
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WailOnline

UK. | India | U.S. [iEVEY Sport | TV&Showbiz | Femail | Health | Science | Money | Video |

Latest Headlines | News | World News | Arts | Headlines | France | Pictures | Most read | News Board | Wires

Mother who had been forced into an
arranged marriage is jailed for filming
herself having sex with her 14-year-old
son and sending the clips to relatives in
Pakistan

« Vile mother filmed having sex with her teenage son in sick porn video
+ Clips sent to cousin in Pakistan who allegedly asked her to make film

i L

Wife Stabs Hushband And Runs Away After He Stops Her

« She also sent her relative indecent images of her three-year-old daughter From Gambling

The hushand said his wife had become a habitual gambler who was also addicted
By ALEX MATTHEWS FOR MAILONLINE toliguor
PUBLISHED: 12:44 GMT, 1 August2016 | UPDATED: 11:23 GT, 2 August 2016 INDIATIMES. Com

Mom jailed for 40 vears after body of daughter, 9, found
in fridge

Teacher learns fate for 6 months of sex with boy
(CBS8) — SAN DIEGD (CHE)Y — A Crawford High School teacher and coach who

carried on a six-month sexual relationship with a 1 5-year-ald male student was Amber Keyes, 37, was sentenced in the death of Ayahna Comb in Houston on
sentenced Friday to a two-year prison term. Toni Micole Sutton, 38, pleaded guilty... Friday. Ayahna, who had cerebral palsy, had been in the fridge for six months..
WD SO Dot MAILCO K
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R e S e JER ~—
DOING NOTHING 5"~

X DON'T HELP WOMEN
¥ DON'T FIX THINGS FOR WOMEN

X DON'T SUPPORT WOMEN'S ISSUES oire T e s
X DON'T COME TO WOMEN'S DEFENSE' Boys oy v s upprt o o
X DON'T SPEAK FOR WOMEN - I
X DON'T VALUE WOMEN'S FEELINGS

X DON'T PORTRAY WOMEN AS VICTIMS prisoners Hneprilets
X DON'T PROTECT WOMEN? v o

Low

WITHOUT WHITEKNIGHTS ety Poormen
FEMINISM WOULD END TODAY
Who pays the most Taxes?

'Don'teven nawalt ("Not Al Women Are Like That") *forexample from criticism ot insults This is why MGTOW exist. #MGTOW

Nothing.

S

RE FOR HIS MALE PRIVILEGE BUT COULD NOTFIND [T

Professor Subhashish Chattopadhyay
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Preface for Physics

Professor H. C. Verma wrote amazing books in Physics. There are many other good books for
IIT JEE and other exams. Krishna’s Guides, Books by Professor N. N. Ghosh, Professor D. C.
Pandey, GRB Publications Physics Guides etc are very good. For numerical s the Irodov’s books
remain the King !

“Concepts of Physics” by Professor H C Verma have been available since 1991. ( and did not
change or updated since ). Previous to that, past papers of IIT JEE, and other exams, were
the source for preparation. | was in High School in 1980s. | had 6-7 Russian books apart from
Irodov. All these were very good. Resnick and Halliday ‘s ( Walker and Krane came in
subsequently ) book was also well known. There were too many “ uncles “ who used to advice
that “ only Resnick and Halliday ‘s book was enough “ !

Well | agreed and disagreed. There were many IIT JEE questions which were ditto or verbatim
picked-up from Resnick Halliday ! But, something more was always needed. Brilliant
Tutorials, Agarwal Coaching etc, were famous those days. ( 1980s 90 s ). They were giving
several new questions, which enabled more practice. People slowly realized that “ every
type “ of questions are NOT there in Resnick & Halliday, or say Irodov.

Uncles saying “ only Resnick and Halliday ‘s book was enough “ ! were wrong. “Concepts of
Physics” by Professor H C Verma sold so much because of very good step by step explanations,
new solved examples, new exercises. Several gaps were filled-up.

The word Physics is derived from Latin physica, from Greek (ta) phusika, (the things) of
nature, from neuter plural of phusikos.

So, why am | writing “another book” in Physics ? ( The description of nature )

| wish to answer this most important question, first !

€

There are many kind of Questions which are not covered in “ Concepts of Physics “ of
Professor H. C. Verma. Also Irodov, in his books, does not explain or cover several kinds of
Problems or Questions. The “ Coaching Institutes “ very rightly thrived on these gaps. Almost
100% students benefit more with more examples. As Coaching Institutes discuss, cover and
repeat several more examples in each chapter compared to School or Text books; explains the
reason of their popularity.
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Let me list a few examples to explain all this.

Optics - 1) The expression for deviation of a ray passing through a slab

Refraction through a transparent slab (lateral shift)

Consider a transparent slab of thickness t, and refractive
index n. A monochromatic beam of light falls on one side
at an angle of incidence i as shown in Fig. Emergent
ray will be parallel to incident ray, but there will be a lateral
shift S of the incident ray. At the first interface,

S /

1 sin i = n sin r and at the second interface
nsinr=1sine

where, r is the angle of refraction at the first interface and e,
the angle of refraction at the second interface. ~. e=1i
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From Fig. lateral shift is calculated as follows:
AD t

AD=t;AB= — = —
COSr  COST
. tsin{i_—r)
Lateral shit S=BC=ABsin(i—-r)= ——
cosT
t sin(i -
e 5= 100 ~T)
COSr

It may be noted that 5__ = t for i = 90° (grazing inci-
dence)and S__ = 0 for i = 0 (normal incidence)

-
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Special case:

(i) smalli

o ofans p—
tsm{: r}= _[smlcosr stsmr:_l

COsT COsT
[rsmall = cos r=1];ismall = cosi=l]

sinr
S=t(sini—sinr)=tsini {1-—_}
sini

= S=tsini[l—l]=ti[l——1~] [i small = sini =i]
n n

(n-1)

n

= S=ti

s e i = s given
COSr

that i = small)

(ii) When i is not small, it can be shown that

s tsin(i - r) o '.1 cosi
= — = t5ini| ]l = ——=| or
cosr | Jn? —sin?i |
i 1-sin’i |
= L] | o fm——
n" =sin"i
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See again

Latera) Shift

Inthe following fi '
g figure, ray MA is parallel to ray )y But
‘-‘LHEI‘gEm ray is displaced laterally by a distaf;ce d wh::jl?
Pends upon g, tand { and its value is given by

SIT1E
we-sin® §

5 AC {

From the figure, AB = = (as, AC =1)

cosr Ccosr
Since, d=ABsin(i-r)

et [sinicosr-cosisinr]
cosr
d =t [sini-cositanr]

sini ; sini
Further, M=-——orsinr=——

sinr m

sini

tant = —————
3 " 2 ¥
YR ©—sin“i
The expression for d now is
( cosi it
d=| ‘H“T'T tsini
L pe=8in“i

Note For small angles of incidence d =t {H‘__1}
b

Ray or Geometrical Optics by Prof. Subhashish Chattopadhyay SKMClasses Bangalore Useful for IIT-JEE,
CBSE, I.Sc. PU-II, Boards, CET, CEE, PET, IGCSE IB AP-Physics and other exams



Ray or Geometrical Optics by Prof. Subhashish Chattopadhyay SKMClasses Bangalore Useful for IIT-JEE,
CBSE, I.Sc. PU-II, Boards, CET, CEE, PET, IGCSE IB AP-Physics and other exams

Optics - 2 ) Fresnel’s Biprism

Biprism, Fresnal's

&
¥
=2

o
Fresnel's biprism experiment
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very small refracting angle o, is given by
O=(u-1a, .
* p is the refractive index of the material of
rism. Note that a is in radian
It is clear from Fig. that

g=2

TE a or d=(p-1)oa
a

2l=2(p~-1)0a

) In a biprism experiment, the
eye-piece was placed at a distance of 120 em from
the source. The distance between two virtual images
was found equal to 0.075 cm. Find the wavelength
of light of source if eye-piece is moved through a dis-
tance of 1.888 cm for 20 fringes to cross the field of
view.
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D=120cm,
2d =0075em, A ="?
1888
h= 20
AD M2d)
B - M or ;-': D cm
1888 x 0.075
A= cm
120

= 5900 x 10~® cm = 5900 A

The inclined faces of a glass
prism (= 1.5) make an angle of 1° with the base of
the prism. The slit is 10 cm from the biprism and is
illuminated by light of A = 5900 A. Find the fringe
width observed at a distance of Im from the biprism.

n
Soluti =1 — i
lution. g =1 180 radian,

B =15,

D=10cm + 100 cm = 110 em,
A= 5900 x 10-% em
B = Din.= DA

24 2(p-1)oa
110 x 5900 x 107 x 7 x 180

e e 2(15-1)22x10 ™

= 0,037 em.
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A biprism is placed 5 em from
a slit illuminated by sodium light () = 5890 A). The
width of the fringes obtained on a screen 75 cm from

the biprism is 9.424 x 10°% cm. What is the distance
between the two coherent sources ?

Solution. D=5cm+ 75¢cm =80cm

B=9424 x 102 cm
2d ="

M— S5cm —d-T5cmd
M— BO0cm —»i

Fig. 2.25

) = 5890 A = 5890 x 10-® em

We know that B = AD
2d

=8
- of = MD _ 5890x10°° x 80
B 9.424 x1072
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In a Fresnel's biprism
experiment, theﬁmgew;dthuabumdtobeﬂﬂ&‘?
mm. What will it become if the slit to biprism distance

3
is reduced to 7 of the original distance ? (all else
remaining unchanged).

Solution. 2d=2(u-1)an ...(1)

2d'=2(p- lh(% ] (2)

Dividing (2) by (1), 24 _3

2d 4

DA

Again, we know that B= 20
B_2d _4
B 20 3

1 4
or p= EB 3 * x 0.087 mm = 0.116 mm.

The inclined faces of biprism
of refractive index 1.50 make angles of 2° with its
base. A slit illuminated by monochromatic light is
placed at a distance of 10 em from the biprism. If
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distance between two dark fringes observed at a dis-
tance of 1 metre from biprism is 0.18 mm, find the
wavelength of light used.

Solution. =150,

=Pelx 2ot
o xlw-mndin,

a=10cm,b=1m =100 cm,
B=0.18mm=0018cm,A="?
We know that

B= %,D-u+blnd2d-2[u-1]m
8= AMa + b)
2Ap-1)aa

A= gﬂ(b-l]nn
a+b

L3
2x 0018 x (150 -1) — x 10
90

= cm
10 + 100

=5714 x 10* cm = 5714 A

If Fresnel biprism is immersed in a liquid of refractive
index u’, then

A
i - p,{aﬂﬂ  Ma+b)
L - 2 it
_za[”,—|]a ap— e
u
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Optics - 3 ) Negative Refractive Index. For meta-materials we can have Negative Refractive
index. So “ Refractive Index “ is a ‘ rare * scalar which can be negative. [ Recall most scalars
are positive, such as volume, mass, pressure, viscosity, resistance, inductance, capacitance
etc. Can you think of a few scalars which can be negative also apart from charge or current ?

]
Negative refractive index question was asked in 2012 IIT JEE

incident ray

negative:
refraction

ordinary
refraction

Optics - 4 ) Combination of Prism and Mirror problems

-

Find the co-ordinates of image of the point f
object 'O’ formed after reflection from

concave mirror as shown in figure assuming

prism to be thin and small in size of prism angle 0 —X
2°. Refractive index of the prism material is 0.0) u

3/2.

Sem 20cm
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Consider image formation through prism. All incident rays will be deviated by

5 Thm| =t B e i
S o e T
As prism is thin, object and image will be in the same plane as shown in figure.
2k L .rr"{i‘;f .
d i <4
P
- .
. acm
1 d . n
Itisclear E-tan 6=0 (.. disverysmall) or d= 36 M
Now this image will act as an object for concave mirror.
uf -V
u=-25cm,f=-30cm, .. v= — 150cm, Also, m= T==+6
; A i = n T
y Distance of image from principal axis = 36 % 6= g om

Hence, co-ordinates of image formed after reflection from concave mirror are

(]?Scm,Ecm]
6

A prism having an apex

angle 4° and refractive

index 1.5 is located in front 4°
of a vertical plane mirror as 907
shown in figure. Through

what total angle is the ray
deviated after reflection

from the mirror?

(a) 176° (b) 4°

(c) 178° (d) 2°
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Socism = (I — DA = (1.5 = 1)4°=2°

" Qo = 6pnsm + Spmirror
=(u- 1A+ (180 - 2i) -
=(1.5-1)4°+ (180 -2 x2°)
=2°+176°=178°

The ray diagram is shown in

figure.

-—— = —

Optics - 5 ) How do we find focal length of a lens ?

Focal length of convex lens by displacement method:

(i) When the distance between object and screen d, is
greater than 4f, then there are two positions of the
lens for which the image of the object on the screen
is distinct and clear. In these two positions of lens,
the distances of object and image from the lens are
interchanged.
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(ii) Here, I, and [, are the lengths of images in first and
second position of lens L. O is the length of the
object. In first position of lens,

=8l
ny = ” = 0
In second position, the magnification of the lens is

; u b

given by: m=_-=5
i,

- m m: A m—
| G;

. O = 'III:
i) Furth m
er, —=—
(it} "

d-x

[l A

From figure, ¥ +x+u=d or u= 2
According to sign convention, u = —(d - x)/2

Similarly, v=d-u=(d+x)2
: 1_1_1 .
Using lens funnula,;—" =% we get,
d*-2
f=[ N ]

In the displacement method. a convex lens 1s placed in
between an object and a screen. If the magnifications in the
two positions are ni; and mi, and the displacement ol the lens
between the two positions is x, then the focal length of the

lens is:
\

X

Aa (b)

(a) (m] + ni») (rr1y = 1)
2 d - —

) A

(1) — ms)
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my =—=,m =2
1 u 2 o
mp-mg = -
1 2 ”
2_.2
- u U =u + U
— _fo-up+u
u uv
N 1 1.1 1 u+v
OW Il —U=X, ===+ = or ==
f v u f  we
: my - my =~ or f 2
] =y s
f m) —mg

Optics - 6 ) Circle of least confusion

Lens =
Paraxial

Ray focus

Circle of least
confusion

Optical _ -
axis : Transverse
.. Spherical
Marginal : aberration
ay focus § e
. 1 Longitudinal -
Spherical
L aberration
ens ;
1
Optical _P
axis -
r
Obj y
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Optics - 7))

Avd thew what?
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Red

~ | Crange
Yellow
Green
Biue
Indigo
Violet

White Light
Glass Prism

White spat

/ Coloured

Beam of e
white Tight iz
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Prisms with equal vertex angle (=
- light deviation power) and same
= \_// glass type (= equal dispersion) can

exactly cancel out color that is
between them.

\_\_:f'ﬂ_. The color of a positive lens can be cancelled by an
' N equal power negative lens of the same glass, but
' then the focal length of the lens pair would be zero,
= if they were in contact. Instead we want the
\ AT negative lens to be a more dispersive glass than the
\ positive lens, so that a weaker power negative lens
. can still cancel out the color and give a total power
of the lens pair that is not zero. When the red and
blue light rays come to the same focus primary
color has been corrected.

In a typical contact doublet the negative
lens glass is about 1.5X to 2X more
dispersive than the positive lens glass.
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Chromatic aberration

An achromatic lens

Erowm ___ Fllnt
.

7

While this combination will also have a circle of least confusion

Longitudinal and Transverse Spherical Aberration

Paraxial
Peripheral Circle Focus
: Rays of Least {3)
\ Confusion
- Transverse
Spherical
— L' - Atl:erration

Sim plE Longitudinal
Spherical
Lens ﬁ.gerra!ian
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Optics - 8 ) Aspherical lenses can be used to reduce axial spread ( of paraxial rays ), apart
from stoppers or rather with combinations of stoppers.

Aspherical Lens

Remember more curved surface should face the light first. In plano-convex lens the convex
part should face the light for better utilization of refraction properties. Also this minimizes

the errors.

Marginal ray

2 Circle of Least Hesgiekal
Paraxial ray* / Confusion ool
PN S —— e
|I1 : Transverse
\ Tgmal Longtal [~ L,
- ray focus [

Aberration
* Paraxial ray means a ray on the

optic axis or very close to it, which

the ray in the diagram is not. Itis

drawn further out to illustrate the

idea of the circle of confusion.
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Optics - 9 ) The conical image of a point

Looking at only red and blue light:

Result: A fringe of color may
appear around bright objects
seen through the lens:

A star, as A star, as seen
seen through  through a
a telescope telescope with
without chromatic
Convex lens chromatic aberration
aberration {exaggerated)
Axial Chromatic Aberration Spherical Aberration
'ﬂhﬁ & Blue Light Monochromatic
[¢] ! F b Red Light Red Light
y - |
N 2 Optical
Dptical e Ca
xis ! — Fﬁ'ﬁda'LE{’imm Exis - Fl*:;?ﬁtal:.’.
Simple” ‘E{Eﬁ? ( ight) Simple Point 1
Thin Lens 9 Thin Lens
Optics - 10 ) Split lenses
sCreem
I
mterference
fringes
iE
-
e ,
o -\ix,,_ . 51 =y
3 R s
o B L R
i [ : :l"___ i -
s ~ e :
TR et R
sht ™ [ | - T > —
source:  ~ Yol . 52 353
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Screen

X

Primary

Source =1 M

= \\ Interferences
Zone

dy

Was asked in Physics Olympiad before being asked in IIT JEE

A thin plano-convex lens of focal length fis split into two
halves. One of the halves is shifted along the optical axis. The

separation between object and image
planes is 1.8 m. The magnification of

the image formed by one of the half /]
lens is 2. Find the focal length of the qu

lens and separation between the \l

halves. Draw the ray diagram for |  18m— »
image formation. (1996, 5M)

Solution

For both the halves, position of object and image is same.
Only difference is of magnification. Magnification for one of
the halves is given as 2(> 1). This can be for the first one,
because for this, |v|> |ul Therefore, magnification,
|m|=|v/u|> L
So, for the first half

v/ul=2 or |v|=2]|u]
Let u=—xthenv=+2x and |u|+ |v|=1.8m
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te, 3x=18m or x=0.6m

Hence,u=—-06mandv=+12m

Using, -1— 1_1 L ]

For the second half
1 1 1

a9 g ~{0.6+d)
1 l 1

I +

04 12-d 06+d

Solving this, we getd = 0.6 m.

Magnification for the second half will be

or

and magnification for the first half is
% 1.2

m=—=——-=s
u —(0.6)

The ray diagram is as follows :

j<— 0.6 m—»}<— 0.6 m—»=<— 0.6 m—»
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In given figure, S is a monochromatic point source emitting

light of wavelength A = 500nm. A thin lens of circular shape
and focal length 0.10 m is cut into two identical halves L, and
L, by a plane passing through a diameter. The two halves are
placed symmetrically about the central axis SO with a gap of
0.5 mm. The distance along the axis from § to Z, and L, is
0.15 m while that from [, and L, to O is 1.30 m. The screen at

O is normal to SO. (1993, 5+1M)
Solution
A
LR
S 0.5 mm
—- : g O

LU A
: ‘ 2 Screen
0.15m 1.30 m ’
-1

!
s

If the third intensity maximum occurs at the point 4 on
the screen, find the distance OA.

If the gap between L, and L, is reduced from its original
value of 0:5-mm, will the distance OA increase,
decrease, or remain the same.
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Solution

(a) For the lens, u == 015m; f=+010m

Therefore, using L = l we have
vy uar
IR Y. 1]
— + g
v u f
1 1
= +
(=0.15) (0.10)
or v=03m
. ; . 0.3
Linear magnification, m= — = —— = -
u =0.15

Hence, two images S, and S, of S will be formec at 0.3 m
from the lens as shown in figure. Image S, due to part 1

will be formed at 0.> mm above its optic axis (m = — 2)
milarly, S, due to part 2 is formed 0.5 mm below the

itic axis of this part as shown.
nce, d = distance between S, and §, = 1.5mm

D=130-030=1.0m= 10" mm
A=500nm=5x10"*mm
Therefore, fringe width,
—4 3
AD _ (5x107)(10°) -

d (1.5) 3

Now, as he point 4 is at the third maxima
0OA = 3w = 3(1/3) mm
or OA = 1l mm
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(b) If the gap between L, and L, is reduced, d will decrease.
Hence, the fringe width @ will increase or the distance
OA will increase.

é ?81 — 0.5 mm a
2 D25 0
g l_Sg =05 mm
0.15m 03m 1

Optics - 11) Lloyd’s Mirror

Screen
'3
X
Interferences
Primary Zone
Source (1)
F 3 E M
2a a <
5 L e
R Mirror
LezleT
¥ & j:- .
Source 2 L d

v

-
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=]
5 +
] 4 o
e .
=l s |
L
Lloyd's Mirror

Source

s

Detector

Optics - 12 ) Newton’s Rings

e )
: Thin film gust below
+ skath davk ring
6" dark ring
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tidm thackness 1,

Fog. Mewion .R'l.nﬂ o Refleciod i.lg.h
o & 1;'-- A

=1
11‘.!1_!!:_& forabright ingne= 1,23, ...

& 21 = p), For durk ring o w02
Froai ihe peroperty of the cirche,
NP = NQ = MO = ND
Substituting values,
rxra :a[m-l}n:'m-l"';lm approxunately.
ol
1
) IR
Thus, for bright ring.
L
TR F
D o
¥ where D is dismeter
p?  (In-1)AR
4 2

D, = J2[2n- AR
Dy Ililn—rl

ie. diameter of n'™ bright rana is proportional 1o squsre root of odd natural number.
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Optics - 13 ) Plano-Convex lens problems

The apparent thickness of a thick plano-convex lens
is measured once with the plane face upward and
then with the convex face upwards. The value will
be :

(a) More in the first case

(b) Same in the two cases

(c) More in the Il case

(d) Can be any of the above depending on the value of

its actual thickness
The apparent thickness in case (a)
OA' = real (OA) _t
B M

In case (b) when the convex surface is placed down then
refraction takes place through curved surface.

Object is in denser medium, then po =1 py=p

v u R
. L
v t -
1 -1 p
v R t
V= Rt
-1)t-pR

Clearly in the second case the apparent thickness is more.
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Optics - 14 ) Lens problems with graphs
The graph shows how the magnification m produced

bty a thin convex lens varies with image distance v.
What was the focal length of the lens used ?

¥

el

e o c -
¥ —

(a) b/e b) b/ea (c) be/a (d) e/b

For point B, m=b or Z=b

u
e
m
4
b
A
- a - C ."I
g
ot o o u=[u+c)
" b
1__1 b (+b) . (a+e
f—{a+ci+:u+¢]‘{a+d°’ _(1+b] isifR)

Again for point Am=0
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v a
v=am=0=—=~—
I u

usw n=ﬂ=f
Putting in (1)

AL ;
) !_1+b"f fo=f+¢c or f=c/b

[IT JEE 2011

A light ray traveling in glass medium is incident on glass-air interface at an angle of
incidence @. The reflected ( R ) and transmitted ( T ) intensities, both as function of &,

are plotted. The correct sketch is

" ®)

(A) act
B G

Intensity
Infensity

[C:’ nm&..r_._,__.- (D:.
'_'?.'-\ 100%
2
£ "
o ]
E
2
H___..--’
0 a0
0
Answer [ ¢ ]
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When 6 > ¢, no ray will transmit
= T=0,T+R=100%andR>0
A

A ray of light travels from a medium of refractive index p
to air. Its angle of incidence in the medium is 6, measured
from the normal to the boundary and its angle of deviation
is 8. & is plotted against 6 which of the following best
represents the resulting curve?

s 5,
A B B Par |
5 ! 5 8 5 1,
o} 2 0 /2 (o} 2
(a) (b) (d)
Answer (a)

In the above problem which of the following relations are correct

(a) Yy = sin '{J (b) w:%ﬁ‘;m '(AJ
h ) 2 =2
(C)al_u )81_‘-
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Answer (a)and (d)

For which of the following cases (sin i/sin r) is equal to

(Wp)?

Answer - b, ¢, d

As the position of an object ( u ) from a concave mirror is varied, the position of the image (v
) also varies. By letting u change from 0 to ~ the graph between v and u will be ?

v

(d)
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Answer - (a)

A reflecting surface is

; A
represented by the equation y
e g -
x“+ y“=a". Aray travelling in
negative x-direction is di- ¢

rected towards positive y-di-
rection after reflection from
the surface at some point P. ?
Then the co-ordinates of point

P are:

(a) (0.8a, 0.6a)

(b) (0.6a, 0.8a)

(c) (a,0)

(d) none of the above

The ray diagram is shown in the
figure,

x=— and y=

V2

a a
V2

(e a

&4

So Answer - (d)

Optics - 15 ) Lens immersed in a liquid

The focal length of lens of refractive index 1.5 in air
is 30 cm. When it is immersed in a liquid of

refractive index % then its focal length in liquid will

be
(@) 30ecm (b) 60cm  (c) 120em (d) 240 cm
(BHU 2002)
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We know that focal length in liquid

= l"s*l ™ = 15-1
U 1| *Je [[1.5“33]—1] x30

=[M] x 30 =120 em.

A bi-convex lens (u =1-5) of focal length 0-2 m acts
as .a divergent lens of power one dioptre when

immersed in a liquid. The refractive index of the
liquid is :

(a) 1-33 (b) 1-67 (c) 1-25 (d) 1-2

fo =20 em, £, = - 100 cm.
j,_= tal-"j"l) or 100 (1-5-1)

clge] T[]
abw alw
or R e DB L
b 5 10
1.5 . 1 _9
e = 10 10
b = =167

Karnataka CET 1996 problem - Lens put in Slab with liquid

shown in the figure is a convergent lens placed inside
1 cell filled with a liquid. The lens has a focal length
+20 cm. when in air and its material has a refractive
index 1.50. If the liquid has a refractive index 1.60,
the focal length of the system is: (II-U-1-3)

1)-24 cm 2)-100 cm
3) +80 cm 4) -80 cm
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= e
lna:r—=(ng—l) —
f ; Rl R‘_)/
| 1 | 1 1 | 1
— =)} — || —+ = = —

In the liquid

1 (n, . ] (1.5 J 1

-—I:' —_— —_——— | = ——I X —

TS R, R 1.6 10
g (el I

=——X—=—-— or f=-160cm
16 10 160

If the formula was printed as +ve, then the absolute values of Radius will be taken.

Given “u, = 3/2 and “u,, = 4/3. There is an equiconvex lens
with radius of each surface equal to 20 cm. There is air in

the object space and water in the image space. The focal
length of lens is:

(a) 80 cm (b) 40 cm (c) 20 cm (d) 10 cm

Solution :

auw_(aug_ l)_(ap'g-apw)

f R, R
RIS

~ R A I ]
T M =20 40 120 30
f:%x30=40cm

Ray or Geometrical Optics by Prof. Subhashish Chattopadhyay SKMClasses Bangalore Useful for IIT-JEE,
CBSE, 1.Sc. PU-II, Boards, CET, CEE, PET, IGCSE IB AP-Physics and other exams



Ray or Geometrical Optics by Prof. Subhashish Chattopadhyay SKMClasses Bangalore Useful for IIT-JEE,
CBSE, I.Sc. PU-II, Boards, CET, CEE, PET, IGCSE IB AP-Physics and other exams

There can be problems with lens and different transparent materials on either side or both
sides

A hollow double concave lens is made of very thin transpar-
ent material. It can be filled with air or either of two liquids
L, or L, having refractive indices n, and n, respectively
(ny > ny > 1). The lens will diverge a parallel beam of light
if it is filled with: (IIT 2000)
(a) air and placed in air (b) air and immersed in L,

(c) L, and immersed in L, (d) L, and immersed in L,

Solution : (d)

The lens maker’s formula is:

1_(m_J(L_L
f N Ry R2
Where n; = refractive index of lens material

n,, = refractive index of medium

In case of double concave lens R, is —ve and R, is +ve. Therefore

(7:—1 - -’;—2] will be —ve.

For the lens to be diverging in nature, focal length f should be

n .. E .
negative or —£ _ 1| should be positive or ny >n,,; but since
nm

ny >n, (given), therefore the lens should be filled with L, and
immersed in L.
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Optics - 16 ) Trick questions with distance of object, Image, focal length of lenses

. The focal length of a convex lens is f. An object is
placed at a distance x from its first focal point. The
ratio of the size of the real image to that of the object
IS :

@ f/x2 ® x2/f (o fix () x/f

3 I 3 ¥ ]
Usf+ X, —s==———==% =
f v -u v u
ia, 8 _ LE°)
f v + X v f (f+x)
1 f+x-f x _flf+x)
v fU+x fU+n 0T x
v_fU+x)_f

An object is placed at a point distant x from the
focus of a convex
lens and its image is
formed at [ as shown
in the figure. The
distances x, x’ satisfy

the relation :
xxx'

e
e | >

i"t

U

N o—m

(@) ——=/ (b) f % =xx
(c) x+x =2f (d) x-x'=2f
the magnification is :
f x
Jr - s
© L (d) Noneofthes 1
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xx' = f 2, Newton's formula.

u=f+xuv=f+x'

v f+x'

u f+x

el o wedrliz
X f+x
_fxsf)_f
_xEx+f]_x

A convex lens of focal length f is placed somewhere in
between an object and a screen. The distance between the
object and the screen is x. If the numerical value of the

magnification produced by the lens is m. the focal length of
the lens is:

HIX (m + 1}1 (= ]f
@B——s b -—s ©——x(@—x
(m +1)2 (m—-1)° m m
I iL‘I-LL. \ M+ 1
/ J=v)
I = _ — .
([ 4+ u) p
For real image, m is —-ve.
N —(m + 1
-m=f/(f+u) or u= st e )
m
(f—-v)
and - = : or v=(m+ 1)/
(m+ 1) N
x=(m+1)/+"- f or |J :
: m ' + 1)

| 1
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The distance between object and the screen is D. Real images
of an object are formed on the screen for'two positions of a

lens separated oy a distance d. The ratio between the sizes
of two images will be:

(a) D/d (b) D*d>
(c)(D-d)/(D+d) (d) V(D/d)

Let O be the size of object held perpendicular to the
principal axis of the lens. A real, inverted and magnified
image of size /, is formed when the lens is at position L.
When the lens is shifted to position L, after moving to a
distance ¢, diminish~d image of size /, is formed.
The magnification produced by lens, when image size is /,.
A v
MI e W

0 7 .1
The magnification produced by lens, when image size is /.
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/
my, = E;— = f— ..(if)
(By the principle of conjugate focii we can assume position
of image as object position and vice-versa)
From equation (/) and (i), we get

h I, v u
"™ 0% 0 "Wy
ar mym, = 1
and 0 = Jii,
Again, from equation (/) and (i)
mo_ 4L _vl
my I,
From the figure, D =u+v
and d=v-u
Thea v=D;dandu' Dz—d

i

m 4 [D +d)
Hence, .

iy l - ﬂ—dJ

: |
Using lens formula — = L and putting the value of
v

2 D+d
T —[DTdJ and v = +("-:_F*}.Wugﬂ

&

D -d?
S 4D

The focal length of lens can also be calculated by relai.on
d
f =

Thus

(/) The minimum distance between the object and its
real image is 4f.

(if) If the distance between object and screen is greater
than 4f. There will be two positions separated by o
for the lens which gives sharp image on the screen.

(iify As the lens is moved away from the source, the
diminished image is formed.
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(iv) Power of lens can also be calculated by the relation
4D

D -d*

A convex lens produces an image of real object

P =

I
on a screen with magnification 2 when the

lens is moved 30 cm towards the object, the
magnification of the image on the screen is 2.
Find the focal length of the lens.

Solution : Since, f= —
oy —m,
|
Here d = 30 cm, m; = 2 and m, = 2
30
So, f=—=20cm.
I
v LY
2

A short linear object of length L lies on the axis of a spherical mirror of focal length f at a
distance u from the mirror. Its image has an axial length L’ equal to ?

5 1”2 6 +f). 12
(a) LL“ —f)] (b) L{_"f ]
2 2
w6 f
(L)L[ G } (d) L[(u—f)]
Solution :
1,11 e g
v u f UZ uz
le., av = —d:c[v/u]2
uf v f
But U=- of ==
(u-=1) u (u-f)
f 2
So dv = —du
[(u -f)}
f 2
Hence, dv|=L
- {(u -f)]
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A concave mirror of focal length f produces an image n times

the size of the object. If the image is real, then the distance
of the object from the mirror is:

(@) (n=1)f (b) [(n—1)/n]f
(c) [(n + 1)fin] d) (n+1)f

As the image is real it will be inverted and so
m=—(vlu)=-n, i.e, UV=nu

R
v ou f nu u —f
(1 +n) 1 (n+1)

or s —} or u=-"— F

i.e., object is in front of mirror at a distance [(n+1)f/n].

A convex mirror of focal length f produces an image (1/n)th
of the size of the object. The distance of the object from the
MIrror is:

(a) nf (b) fin () (n+Df () (n-1)f

Solution :

As the —image formed by a convex mirror is always virtual or erect,
SO

u
m=—(/u)=+(1/n) or U=—;
1,1 Y o .1 1
v u f u u +f
or w . Lol | ' S SR LY
u f

i.e., object is in front of mirror at a distance (n — 1) f.
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Optics - 17 ) Application of Geometry in sphere to understand a plano-convex lens problem

Diameter of a plano-convex lens is 6 cm and
thickness at the centre is 3 mm. If the speed of light
in the material of the lens is 2x 10* metres per sec,
the focal length of the lens is :

(a) 15ecm (b) 20ecm  (c) 30em (d) 10cm

Application of Sagitta Theorem

R.l. of material of lens p =E=3x108 =1.5
v 2x1

by Sagitta theorem

0-3(2R-0-3)=3x3

0-6R =9 (neglecting 0-09) 8 cm length o

chord

R=15cm o
1 1.1 or{-3 em *
==l -1 'E""" 3 cm is half of
{ lm 1 the chord
—-=(l5=]1)] ===
o ](15] 30 \

Optics - 18 ) Spherical lens

A ray of light falls on the surface of a spherical glass
paper weight making an angle a with the normal and
is refracted in the medium at an angle . The angle
of deviation of the emergent ray from the direction
of the incident ray is :

(a) (a-P) (b) 2(x-p)

(€) (a-p)/2 (d) B~a)
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ZCAB = ZCBA =p because in A ABC

AC = BC = radius
Naturally ZIBN = a

& =a-po=a-p
L 8=8+82=2(a-P)

A ray in incident on a sphere, with incidence anagle of 60° Refractive Index of the sphere is
/3 The ray is reflected and refracted on the further surface. The angle between the reflected
and refracted surface is ?

Answer 90°

60
V

180-8.

Sin60/Sinry=/3 =>Sin ri=% => r;=30°
Sini, /Sinr,= /3 =>i,=60° asr;=r, =30°
Angle of deviation 180 - (r; +i; ) = 180 - 90 = 90
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Optics - 19 ) Thick lenses

Refraction through Thick Lens

[\ a
Alr ~1
[ Q
o G | =D I
—uv—> «— v—3
B
R, R,

® The focal length of thick lens,

1 (H_D[L_;M]

J R K RRR,
& Power of thick lens,

APt

P = PI + ,uz B b
M
Where, P, = Power of first refracting surface
p, = -1
R

and P, = Power of second refracting surface

[
R,
A convergent thick lens has radii of curvature

10.0 cm and - 6.0 cm, u = 1.60 and thickness
t = 5.0 cm. Deduce its focal length.

Solution : Focal length of a lens of thickness ¢ is given by
1 1 _1, - I}r]
— ( - I) — — i —
4 ; [RI R, MWRR,

Here, u = 1.60, R, =+ 10.0 cm, R, = - 6.0 cm
and r= 5.0 cm.

P, =

L (t.ﬁﬂ—l}[——+—+

I I (1.60-1)x 5.0 ]

f 100 6.0 1.60x10.0x(-6.0)
|
or = = D.ﬁﬂ!ii+-l---l—:|
S 100 6 32
— f =+ 7.14 cm.
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Optics - 20 ) Cauchy’s formula for Refractive Index

n(A) = B+ %
Material B ¢ (um?)
Fused silica 1.4580 | 0.00354
Borosilicate glass BK7 | 1.5046 | 0.00420
Hard crown glass Ka 1.5220|0.00459
Barium crown glass Bakd | 1.5690 | 0.00531
Barium flint glass BaF10 |1.6700|0.00743
Dense flint glass SF10 | 1.7280 | 001342

Optics - 21 ) Reflection images in inclined mirrors

i
¥

/Incidentray

¥
/

Vs
- P S
a \200% S / \to?
2 \ ~./
M \ 1000\, /™
\ / ~ Ray reflected from the
\ 4 27 mirror
'20° 5gg/
Angle between \ ‘_f«‘
the mirrors \403 700 /T\:‘i /
\/

Number of images is given as greatest integer of [ (360/6 ) - 1]
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Optics - 22 ) Optics problems with vectors, 3D imagination
The x - y plane is boundary between two transparent media. Medium-1 withz = 0 has a
refractive index JZ2 and medium 2 with z = 0 has refractive index ‘E A ray of light

inmedium-1 given by vector A= 6\‘@ I+ 8"@ ] - 10K is incident on the plane of
separation, find the unit vector in the direction of the refracted ray in medium-2.

Solution: Let refracted ray be " = al +bj-ck
]k
643 83 -10
0 0 1

Normal to plane of incident and normal =

_8f31-643 ]

it must also be normal to refracted ray

Fir?r:[:]
= 82a-63b=0 = 4da=3b
:;»t:J:ﬁ
3
[au@hsﬁ’j‘-mE}E
‘mﬁheﬁ’]-ma‘ K
L cos (T -i)=
-1
= 2 =cos120°
~i=60°

_ . Ng . 1
A5iNr=AfZ sini =42 ¥ 2= = sinr= ——=
3 2 N ; 7
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r=45°

Now since angle between refracted ray and Normal = 45°

(a?+b?+cl§].l§ 1

Ja? + b+ 2 E
= J2o=Jat +b? +?

cosdql =

~ Az~ Ha ~ af. n n
= 2222 k=23 +4] -5k
F=ai + 3] 3 3(I+J ]

37 +47 -5k 1(¢~ - ]
= = 3 +4j -5k
50 542 :

Optics - 23 ) Problems with continuously varying refractive index ( First asked in IPhO and
then in IIT JEE)

A ray of light in air is incident atgrazing angle (i = 90°) on a long rectangular slab of a
transparent medium of thickness t = 1.0 m. The point of incidence is the origin A(0, 0).

[
The medium has a variable index of refraction n(y) given by n(y) = ky + 1 where k = 1.0
m-3/2

The refractive index of air is 1. (i) Obtain a relation between the slope of the trajectory of
the ray at a point B(x, y) in the point. (ii) Obtain an equation for trajectory y(x) of the ray in
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the point. (iii) Determine the co-ordinates (x, y;) of the point P where the ray intersects the
upper surface of the slab-air boundary. (d) Indicate the path of the ray subsequently.

Solution:

)

Taking on arbitrary point P(x, y) refractive index at this point n =

from Snell's law  nsin# = constant  applying this for initail pt. (when ray is entering
medium B) and at point.

3
7
1 x sin9Q° = sin i
1
e T
o T 8
= sini= ¥¥° +1 it can be seen thati= 2

ady
Slope = tan # = coti= dx

dy y

(i) 9% =coti= 1

= Iy'% dy = [
= }c:dy%ﬂ:

it passes through origin L C=0

X=4 "—*‘f}é is the equation of trajectory
when ray comes out of the mediums
then x=4x1=4

Co-ordinate of pt-is (4, 1)

If medium on both sides are same, then angle with which the ray enters the medium = angle
with which the ray comes out.

Ray will be parallel to x-axis.
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A cubic container is filled with a liquid whose refractive
index increases linearly from top to bottom. Which of the
following represents the path of a ray of light inside the

AN
v b

(a) (b) (©) (d)

Since the refractive index is
changing, the light cannot
travel in a straight line in the
liquid as shown in options (c)
and (d). Initially, it will bend
towards normal and after
reflecting from the bottom it
will bend away from the nor-
mal as shown in the figure.

Optics - 24 ) Cylindrical lens ( IIT JEE 1999 )

A thin slice is cut out of a glass cylinder along a place parallel to its axis, The
slice iz placed on a flat plate . The observed interference fringes from this
combination shall be

1. Straight

2. Circular

2. Equally spaced

4, Haying fringe spacing which increases as we go outwards
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Cylindrical Lens: Cylindrical lens is a section of a cylindrical rod.
One surface is cylindrical while the opposite is plane.
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Optics - 25 ) Two lenses whose axis is not coinciding ( [IT JEE 1993 )

Two thin convex lenses of focal lengths f; and f, are

separated by a horizontal distance d (where d < ﬁf d< fy)
and their centres are displaced by a vertical separation A as

shown in the figure. (1993)
y
B f
e P pad -
— e — X
§ 1
et
— :
'« d—>

Taking the origin of coordinates, O, at the centre of thg first
lens, the x and y-coordinates of the focal point of this lens
system, for a parallel beam of rays coming from the left, are

i (1993; 2M)
(a)xzfj%rfz_fz' =i

Ox= Rt v=3 i

Sy £ R ST

(d)x= ﬁf;:df(zf'_;d),yz .
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Solution

From the first lens parallel beam of light is focused at its
focusi.e., atadistance £ from it. This image /, acts as virtual
object for second lens L,. Therefore, for L,

~ b (f- d)
YA VS ef-d
! | Iy
S ; A=l mAA i
W il 2’ y=A-mA
:o _,'.-:-" ’1 X
.-_..t :
L,
b0 —— e,
e f >
u=+(f-d) f=+f,
TR 1

__=_+__=_

.-
v f u fp f-d

https://archive.org/details/[ITJEE19930pticsinterestingShiftedLenslmageMagnificationAndPos
ition

Optics - 26 ) Painted lens or Combination of lenses where the last one is painted ( silvered )

If I am recalling correctly IIT JEE and other exams ( till 2016 ) had more than 10 questions of
this kind. Most books do not discuss the easy formula of -1/F = 2/f{ + 2/f; - 1/,

( In 1990 | had derived this formula of my own for quick solving of this kind of
problems )
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Fnis focal length of the mirror as R/2 +ve or -ve as per conditions

The plane face of a plano-convex lens is silvered. If p be the
refractive index and R. the radius of curvature of curved
surface, then the system will behave like a concave mirror
of radius of curvature:

(a) uR (b) R/(L—=1)
(¢) Rz.fu (d) [((u+ D)/(n-=1IR
Solution :

Focal length of planar side is f,, = R/2 = =°°

1

} by lens makers formula. R is positive because center of curvature is on
right side

2(u-1) —R
Use -1/F = 2/fy = 1/fy or1/F =" R orF=2(M=1)
=R
R ( equivalent ) = 2F = (M= 1)
We don’t have to use the formula -1/F = 2/f + 2/f, - 1/f,, for every problem

See a Karnataka CET problem of 2004 ( Was also asked in IIT JEE and solved in “Concepts of
Physics by Professor H C Verma )
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A thin plano-convex lens acts like a concave mirror of focal
length 0.2 m, when silvered on its plane surface. The
refractive index of the material of lens is 1.5. The radius of
curvature of the convex surface of the lens will be:

[CET (Karnataka) 2004]
(a) 0.1 m (b) 0.2 m (¢) 0.4 m (d) 0.8 m

Solution :

Given focal length of mirror when its plane surface is silvered
(/) = 0.2 m. Radius of curvature of curved surface (R|) = R; radius
of curvature of plane side (R;) = oo; refractive index of the material
of lens (u) = 1.5.

Since a thin plano-convex lens acts like a concave mirror when
stlvered on its plane surface, therefore focal length of lens
()=2xf,=2%x02=04 m.

We know that

l—(u—l){l—-]ﬁ\.

f R, R>

1 O
or ] B AR L | B
! 0.4 e l)llk‘ | R

R=0.2m

Ray or Geometrical Optics by Prof. Subhashish Chattopadhyay SKMClasses Bangalore Useful for IIT-JEE,
CBSE, 1.Sc. PU-II, Boards, CET, CEE, PET, IGCSE IB AP-Physics and other exams



Ray or Geometrical Optics by Prof. Subhashish Chattopadhyay SKMClasses Bangalore Useful for IIT-JEE,
CBSE, I.Sc. PU-II, Boards, CET, CEE, PET, IGCSE IB AP-Physics and other exams

IIT JEE 2006

A point object is placed at a distance of 20 cm trom a thin
planoconvex lens of focal length 15 cm. The plane surface

of the lens is now silvered. The image created by the system
1s at (2006, 3M)

20 cm

(a) 60 cm to the left of the system
(b) 60 cm to the right of the system
(¢) 12 cm to the left of the system
(d) 12 cm to the right of the system

Solution :

Long method

Refraction from lens : g b 3
v -20 15

—
~ v=60cm + ve direction
ie, firstimage is formed at 60 cm to the right of lens system.
Reflection from mirror
After reflection from the mirror, the second image will be
formed at a distance of 60 cm to the left of lens system.

Refraction from lens
Sotlael «— + ve direction
v; 60 15
or v;=12cm
Therefore, the final image is formed at 12 cm to the left of the

lens system.

Ray or Geometrical Optics by Prof. Subhashish Chattopadhyay SKMClasses Bangalore Useful for IIT-JEE,
CBSE, 1.Sc. PU-II, Boards, CET, CEE, PET, IGCSE IB AP-Physics and other exams



Ray or Geometrical Optics by Prof. Subhashish Chattopadhyay SKMClasses Bangalore Useful for IIT-JEE,
CBSE, I.Sc. PU-II, Boards, CET, CEE, PET, IGCSE IB AP-Physics and other exams

Shorter Method

—R 1) 1Y 08
Use F= <= 1) and '
1/15=1/2R=>15=2R=>R=7.5cm
F=-75/(2X0.5)=-75=-15/2
Using 1/v + 1/u = 1/F for equivalent mirror
1/v+1/(-20)=1/(-7.5)

= 1/v=1/20 -2/15=(3-8)/60=-5/60=-1/12
= V=-12cm

Even more shorter method

If I am appearing for an exam | would have done -1/F = 2/f; = 1/f,

So-1/F=2/(15)-1/(= ®)=1/7.5-0=>F=-7.5cm

Then Using 1/v + 1/u = 1/F for equivalent mirror
1/v+1/(-20)=1/(-7.5)

= 1/v=1/20 -2/15=(3-8)/60=-5/60=-1/12
= V=-12cm

IIT JEE 1978

A pin is placed 10 cm in front of a convex lens of focal length
20 cm and made of a material of refractive index 1.5. The
convex surface of the lens farther away from the pin is
silvered and has a radius of curvature of 22 cm. Determine

the position of the final image. Is the image real or virtual ?
(1978)
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Let us use -1/F =2/ = 1/f,

- = 1) r N
And ) " giving1/20 = 0.5 ( 1/Ry - 1/(-22)) or Ry = 55/3
R actually is not required. We can find f,as R, /2 =- 11 cm
So-1/F=2/20-1/(-11)=1/10+1/11=21/110
or F=-110/21 ( not required ! 1/F = -21/110 is enough )
Using mirror formula 1/v + 1/u=1/F

So1/v+1/(-10)=-21/110

= 1/v=1/10-21/110= (11 -21)/110 =-10/110 = -1/11
= v=-11cm

virtual image on left at 11 cm

( Now do you guys see that even though we got problems of this kind since 1978 and before,
but yet the formula is not there in every book ! )

IIT JEE 1979

The radius of curvature of the convex face of a planoconvex

lensis 12 cmand itsp = L5.

(a) Find the focal length of the lens. The plane face of the
lens is now silvered.

(b) At what distance from the lens will parallel rays incident
on the convex surface converge ?

(c) Sketch the ray diagram to locate the image, when a point

object is placed on the axis 20 cm from the lens.

(d) Calculate the image distance when the object is placed as
in (c) | (1979)
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Now you know that this problem can be solved by 3 different ways.

The longest method being successive image method. Meaning find the first image due to lens,
then 2" image due to silvered surface as mirror. The 3™ and final image is due to light
travelling from right to left through the lens again.

| will discuss the shorter methods

1 1 1
P T g .
(a) (1 )( ]

| 2
1 1
=(1.5- l)(— ———]
12 oo
:i
24
f=+24cm

(b)use-1/F=2/f soF=-12cm

The system will act as a concave mirror of focal length 12 cm. The parallel rays will converge
at 12 cm left of this silvered lens.

| ==— 20 cm —>|
|¢—— 30 cm—>|

(d)

Using mirror formula
1 1 -l

v 20 12
Solving we get v=—30cm.

Therefore the image will be formed at a distance of 30 cm
to the left of system.
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IIT JEE 1981

The convex surface of a

thin concavo-convex

lens of glass of
refractive index 1.5 has

a radius of curvature

20cm. The concave surface has a radius of curvature 60 cm.

The convex side is silvered and placed on a horizontal

surface. (1981, 2Mm)

(a) Where should a pin be placed on the optic axis such that
its image is formed at the same place?

(b) Ifthe concave part is filled with water of refractive index
4/3, find the distance through which the pin should be
moved, so that the image of the pin again coincides with
the pin.

| will prefer to solve this by -1/F = 2/f; + 2/f, - 1/f,, ( note it was a 2 marks problem )

While for practice and to know how successive image method of solving works see ...

Image of object will coincide with it if ray of light after
refraction from the concave surface fall normally on
concave mirror so formed by silvering the convex
surface. Or image after refraction from concave surface
should form at centre of curvature of concave mirror or at
a distance of 20 cm on same side of the combination. Let
x be the distance of pin from the given optical system.
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Applying.
Mo My _Ho—Hy
1 u R
With proper signs
15 _1_15-1
-20 -x: -60
1 3 1 8
or _— - = —

x 40 120 120

x=@=15cm
8

(b)

Now, before striking with the concave surface, the ray is
first refracted from a plane surface. So, let x be the
distance of pin, then the plane surface will form its image

at a distance %x( h . = Wh) from it

Hy By By — Wy

Now, using —= — — = —=—— with proper signs,
Voo R
1.5 4/3 _1.5-4/3
we have 50 = Tax R
=
13 -1
o x 40 360
or x=13.84cm
Ax=x — X,
=15cm - 13.84 cm
=1.16cm (downwards)

Now can you guys check the results using -1/F = 2/f + 2/f, - 1/f,,

Ray or Geometrical Optics by Prof. Subhashish Chattopadhyay SKMClasses Bangalore Useful for IIT-JEE,
CBSE, 1.Sc. PU-II, Boards, CET, CEE, PET, IGCSE IB AP-Physics and other exams



Ray or Geometrical Optics by Prof. Subhashish Chattopadhyay SKMClasses Bangalore Useful for IIT-JEE,
CBSE, I.Sc. PU-II, Boards, CET, CEE, PET, IGCSE IB AP-Physics and other exams

A plano-convex lens of refractive index 1.5 and radius of
curvature 30 cm is silvered at the curved surface. Now this
lens has been used to form the image of an object. At what
distance from this lens an object be placed in order to have

a real image of the size of the object? (AIEEE 2004)
(a) 20 cm (b) 30 cm
(c) 60 cm (d) 80 cm

Solution :

To obtain the real image of the size of
the object, the object must be placed at
the centre of curvature of the equiva-
lent mirror formed as a result of silver-

ing

10O

F=10cm

Hence, object should be placed at 20 cm from the lens because
radius of curvature of equivalent mirror=2F=2x10=20 cm.
Hence, option (a) is correct.

Video explanations of Painted or Silvered lenses

https://archive.org/details/PaintedLenslITJEEProblemIimageNeedsToCoincideWithObjectHCVP
rof .HCVermaPart1
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Optics - 27 ) Image speed when object is moving as seen from various mirrors and lenses (
concave, convex, silvered etc )

Mirror formula ( 1/v + 1/u=1/f ) or Lens formula ( 1/v - 1/u = 1/f ) have to be differentiated
to find du/dt or dv/dt

A luminous point is moving at speed v, towards a sphericai
mirror. along its axis. Then the speed at which the image of
this point object is moving is given by: (with R= radius of
curvature and « = object distance)

R
(8) U; ==V (b) v;=-Vg 2u-R
2
2u—-R" | R )
(C)L;,=-U = (d) v; = -V .
”l\ R ] \214 R
B 1 l dv 1 du
—+—== of -——-——=0
B 2
e il BN
. dt ' |ul dt” Vo
l P
Now, 1_1 1_2 1 _2u-R
v f u R u Ru
o uR
2u - R
e 2
. V;=~-— g Un= - __R.......
. 1 u 0-— 0 2u_R
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Optics - 28 ) Slab with a hole or gap, then may be filled with liquid etc

Given “u, = 3/2 and “u,, = 4/3. There is an equiconvex lens

with radius of each surface equal to 20 cm. There is air in

the object space and water in the image space. The focal
length of lens is:

(a) 80 cm (b) 40 cm (c) 20 cm (d) 10 cm

Solution :

P _ O Crg = ")

f R, R,

E_L 3 4

:

SRR e
;20 20 40 120 30

Optics - 29 ) Constraint in interference conditions

Two identical coherent sources are placed on a diameter of
a circle of radius R at separation x (<< R) symmetrically about
the centre of the circle. The sources emit identical wave-
length A each. The number of points on the circle with
maximum intensity is: (x = 5A)

(a) 20 (b) 22 (c) 24 (d) 26
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Solution :

Path difference at P is

X
Ax=2 ;cos@ =xcos 0

For intensity to be maximum,
Ax = nA
(n=01,2,:.:)
x cos 0 =nA
nA

cos =—
X

cos 0% 1

nA
X T

X
T
Putting x = 5A, n}Ss

or n=1,2,3.4,5
Therefare in all four quadrants there can be 20 maximas. There are

more maximas at 0 = 0° and 6 = 180°.

But n =35 corresponds to 6 =90° and 6 =270° which are coming
only twice while we have multiplied it four times. Therefore, total
number of maximas are still 20, i.e., n=1 1o 4 in four quadrants
(total 16) plus four more at 6 =0°, 90°, 180° and 270°.
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If two coherent sources are placed at a

distance 3A from each other symmetric

to the centre of the circle shown in the

figure, then number of fringes shown

on the scre€n placed along the circum- ’ '
ference is: (UPSEAT 2002)

(a) 16

(b) 12

(c) 8

(d)4

Answer ( b ) See above Solution

White light is used to illuminate the two slits in a Young’s
double slit experiment. The separation between the slits is
b and the screen is at a distance d (> b) from the slits. At a
point on the screen directly in front of one of the slits, certain
wavelengths are missing. Some of these missing wave-

lengths are: [CET (J&K) 2003; PET (Kerala) 2006]
(@) A=3b%d (b) A=2b"d (c) A=b*3d (d)A=2b"/3d
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Solution :
Path difference = (5,P - §P)
From figure, (S,P)* — (§,P)* = b S,
or  (SHP - S\P)(S,P + 5,P) = b*

b’
or ($P-8§,P)=—; o«
2d
S,
| b’ A
For dark fringes, 2 (2n+1) D)
b. A b°
For n =0, g=§ or A=g
2
b”  3A 2
Forn=1, -3 O A=b"/3d

Optics - 30) Silvered Prisms or Painted Prisms

If one face of a prism of prism angle 30° and p=V2 is
silvered, the incident ray retraces its initial path. The angle
of incidence is:

(a) 60° (b) 30° (c) 45° (d) 90°

Ray or Geometrical Optics by Prof. Subhashish Chattopadhyay SKMClasses Bangalore Useful for IIT-JEE,
CBSE, 1.Sc. PU-II, Boards, CET, CEE, PET, IGCSE IB AP-Physics and other exams



Ray or Geometrical Optics by Prof. Subhashish Chattopadhyay SKMClasses Bangalore Useful for IIT-JEE,
CBSE, I.Sc. PU-II, Boards, CET, CEE, PET, IGCSE IB AP-Physics and other exams

Solution : (c)

It is clear from the figure that the ray will
retrace the path when the refracted ray
OR is incident normally on the polished
surface AC. Thus, angle of refraction
r=30°.

We know that u = sin i/sin r
sini=usinr
=\f§.7xsin30°=\/2_x%
= (1A2)
i =45°

Optics - 31 ) A slab is silvered on one side or Painted on one side

A plane mirror is made of a glass slab (i, = 1.5) 2.5 cm thick
and silvered on its back. A point object is placed 5 cm in
front of the unsilvered face of the mirror. What will be the
position of the final image?

(a) 12 cm from unsilvered face

(b) 14.6 cm from unsilvered face

(c) 5.67 cm from unsilvered face

(d) 8.33 ¢cm from unsilvered face
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Solution : (d)

A (/,

2

7

.

O 7
- - /
w—Scm—-—B E?
/

d

C F

Ty

2.5cm

Let I,, I, and /3 be the images formed by

(1) refraction from ABC
(i1) reflection from DEF and
(ii1) again refraction from ABC

Then Bl, =(S)ug=5%x15=75cm
Now El,=75+25=10cm

El; = 10 cm behind the mirror
Now, Bl,=(10+25)=125cm

_ X235 123
K 1.5

BI, =8.33cm

Ray or Geometrical Optics by Prof. Subhashish Chattopadhyay SKMClasses Bangalore Useful for IIT-JEE,
CBSE, 1.Sc. PU-II, Boards, CET, CEE, PET, IGCSE IB AP-Physics and other exams



Ray or Geometrical Optics by Prof. Subhashish Chattopadhyay SKMClasses Bangalore Useful for IIT-JEE,
CBSE, I.Sc. PU-II, Boards, CET, CEE, PET, IGCSE IB AP-Physics and other exams

Real and apparent depth:

(i) When one looks into a pool of water, it does not
appear to be as deep as it really is. Also when one
looks into a slab of glass, the material does not appear
to be as thick as it really is. This all happens due to
refraction of light.

i) Ifa be-z;REr is filled with water and a poipt lying at
" its bottom is observed by someone located in air, then
the bottom point appears raised. The apparent depth

tap 1S less than the actual depth 7,. It can be shown

that
actual depth (7,c)
apparent depth (fzp) = refractive index (n)

iii )

If there is an ink spot at the bottom of a glass slab,
It appears to be raised by a distance

: 1
t——=t|1--
n n

dzruc_rupz

where ¢ is the thickness of the glass slab and # is its
refractive index.
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iv)

If a beaker is filled with immissible transparent
liquids of refractive indices ny, ny, 13 and individual
depth d,, d,, d5 respectively, then the apparent depth
of the beaker is found to be:

Cénsider the situation shown in
figure. Water (u,, = 4/3) is filled in

a beaker upto a height of 10 cm. A
plane mirror is fixed at a height of
5 cm from the surface of water.
Distance of image from the mirror
after reflection from it of an object
O at the bottom of the beaker is:

(a) 15 cm (b) 12.5 cm
(c) 7.5 cm (d) 10 cm
Solution : (b))

Distance of first image (/,) formed after refraction from the plane

surface of water is = ;—g = 7.5 cm from water surface

I: dapp - dactuaI:|
2

Now distance of this image is 5+ 7.5=12.5 cm from the plane
mirror. Therefore, distance of second image (/;) will also be equal

to 12.5 ¢cm from the mirror.
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A beaker containing liquid is placed on a table, underneath
a microscope which can be moved along a vertical scale. The
microscope is focussed through the liquid on to a mark on

the table when the reading on the scale is a. It is next
focussed on the upper surface of the liquid and the reading
is b. More liquid is added and the observations are repeated,
the corresponding readings are ¢ and d. The refractive index
of the liquid is:

d-b b-d
m)d—c—b+a w)d—c—b+a
g-c=-F¥a d-b
LR @ T b—c-d

Solution : (a)

The real depth = R.1. X apparent depth
In first case,

The real depth  hy =n(b - a)

Similarly, in the “econd case, the real depth h, = n(d - ¢)

Since, hy > hy, the difference of real depths
=hy—hy=n(d-c-b+a)

Since the liquid is added in second case,

hz—h|=d—‘b
. d-b
" d~c-b+a
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Modern Physics 1 ) Spallation reactions ( MP-PET-2002 Madhya Pradesh Pre Engineering Test )

See http://skmclasses.weebly.com/spallation-reaction.html

Modern Physics 2 ) Ruby LASER ( asked in COMED-K Karnataka )

See http://skmclasses.weebly.com/ruby-laser.html

Modern Physics 3 ) Various details in Particle Physics ( asked in several state exams, including
Karnataka CET and COMED-K )

See http://skmclasses.weebly.com/particle-physics.html

Modern Physics 4 ) “Magic Numbers” and “Doubly Magic Numbers” in Nuclear Isotope Stability

See http://skmclasses.weebly.com/magic-number-doubly-magic-in-nucleus.html

Modern Physics 5 ) Every Alpha ( a ) decay produces an isodiapher. Meaning isodiaphers are
extremely common. There was AIEEE question on isodiaphers. Also asked in many other
exams. Even though every book talks of a, B, and y decay; most do not talk about
isodiaphers, and positron decay. | find this very strange or rather weird !

In riuclear physics, isodiaphers refers to nuclides which have different atomic
rurmbers and mass nurnbers but the same neutron excess, which is the difference

between numbers of heutrons and protons inthe nucleus, For ezample, for both

2ggTh and Egiu the difference between the neutron number (&) and proton

number (Z1is N - 2 = 54,
one large family of isodiaphers has zero neutron excess, & = 2. It contains many
primordial isoctopes of elements up to calcium, It includes ubiguitous 1§C, 136, and
i4

?NI
The daughter nuclide of ah alpha decay is an isodiapher of the ariginal nucleus,
Sirnilarly, beta decays (and other weak-force-involving decays) produce isobars,
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Nuclear Landscape

proton number Z

unknown
nuclei

stable nuclei

known nuclei

>

An example of positron emission (8" decay) is shown with Magnesium 23 decaying into
Sodium23

23 23 +
12Mg—> 11Na + B +VE

With a positron emission a Proton changes to Neutron. So Mass humber remains the same. In
1934 Frederic and Irene Joliot Curie bombarded aluminium with alpha particles to effect the
4 27 30 1

nuclear reaction e i and observed that the product isotope *P;5 emits a
positron identical to those found in cosmic rays by Carl David Anderson in 1932. Meaning it is
surely not so new or modern phenomena that “ Modern Physics “ chapter of Modern Books are

not covering this ! 3 year back a IIT JEE question with Positron is also not changing the taboo !
Once again | will say “ So strange is this World !

Modern Physics 6 ) Relativistic correction for mass when electrons are flying at very high
speed due to very high voltage.
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— & S
. % /-
cathode / vacuum/ \ anode
stream of electrons = | + envelope
I | V

If the voltage is 10KV then what will be the speed of the electrons ?
We know Charge X Voltage = Energy = % mv?
Well so far so good. Substitute the values ....

Charge of electron e = 1.6 X 10" Coulomb  and mass of electron m = 9.1 X 10°*' kg or 0.511
MeV For sake of this discussion let us approximate electron mass as 0.5 MeV/c?

So e (10%)V =10%eV =1amv? = (12 )( Y2 MeV)(v/c)’ = (MeV/4) (v/c)?
4X10%=10° (v/c)* =>4/100 = (v/c)> =>v/c=1/5 => v=c/5

Upto speed of around c/5 we do not take relativistic corrections.

Now what would be the speed of the electrons if the voltage was 1MV ?
A wrong calculation and thus wrong answer would be

X e (10%)V="%mv=(%)(%MeV)(v/c) =(MeV/4) (v/c)

X 4= (v/c)

X vic=2 =>v=12c

Students should know that particles can’t move at speed more than c

An 1 mark question in Karnataka CET had an option close to 98% of c. Student can
guess this and tick. While the calculation will be as follows

Letk=\/rz_:

We will have e (10%) V = % (m/k)v? = ( 2 )( 2 MeV/k)(v/c)? = (MeV/4k ) (v/c)*

2 put xX*=y s04/(1-y)=y

So 4k = (v/c)> put vic=x weget4/(1-x")=x
Or16 (1-y)=y* =>y*+16y-16 =0 Solve the quadratic to get y = 0.95

Sox*=0.950r x =/0.95=0.975 => v/c=0.975 orv =97.5% of light speed
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Electronics 1)

NOR

OR
alDe
0 >

AB
00
01
10
11

The small cirele (bubble) at the output of the graphic symbel of a NOT gate 1s
formally called a negation indicator and designates the logical complement.

[« N N g

Buffer Inverting
Bubble

ol

NOT gate can be implemented by NOR Gate. All the pins have to be connected to
same signal.

Lg\p‘““"“ o A D( A
n_.—'-"//

Similarly NOT gate can be implemented with NAND gates

All NAND input pins commect to the mput signal A g1ves an output A’,

—_—

ﬁ{ >3{A.A}'=A' . A [:;U A

il

XOR ( exclusive OR ) gate can be implemented with other gates. In various exams the
connections are asked.
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Desired Gate NOR Construction Exclusive-OR equivalent circuit
A 4D07
A
“ Input, Output
InputB‘[—l>0*
Truth Table
Input A Input B| Output Q
| nput A Input | utput B Du[pu[
0 1] 0
0 1 1 010 0
S ] 1 01 1
1 1 0 110 1
1|1 0

Exclusive OR (XOR)

= oo O]
=% 0 =& M m
=

To design the logic circuits the following laws of Boolean algebra are commonly used: commutativity,

associativity. distributivity, and De Morgan's laws. Nole that distributivity of disjunction over conjunction and both
De h'lurg.'ul'r. laws do not have their counterparts in ordinary algebra of real numbers.

Property For conjunction For disjunction
Commutativity A-B=F-A A+B=8B+4
Associalivity A-(B-Cy=(A-B)-C A+(B+Ci={A+ B+ C
Distributivity A-(B+C)=A-B+A-C |A+B-C={A+B)-1A+C)
D Morgars vy TB. —dsie.  |AsBs LB~
Basic identities A-0=0 A+l=1

Al=A A+0=4

A-A=A A+A=A

A-A=0 A+A=|
Additional identitics A{A+B)=A A+A-B=A

A+A-B=A+B A-(A+B)=A-B

(A+B)-(A+B)=B A-B+A-B=B

Principal identities and laws of Boolean algebra.
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Implementing OR Gate with NAND gates

An OR gate can be replaced by NAND gates as shown m the figure (The OR gate 15
replaced by a NAND gate with all 1ts inputs complemented by NAND gate inverters).

A A
1,
(ABYy=A+B
T
—_—
B
N

Implementing AND gate with NOR gates

An AND gate can be replaced by NOR gates as shown in the figure (The AND gate is
replaced by a NOR. gate wath all its inputs complemented by NOR. gate inverters)

Colour Code for Carbon Resistors

Since a carbon resistor is physically quite small, it is more convenient to use a colour code
indicating the resistance value than to imprint the

numerical value on the case. In this scheme, there ’
are generally four colour bands A, B, C and D —t
printed on the body of the resistor as shown in
A B c D

Fig. The first three colour bands (A4, 8 and
() give the value of the resistance while the fourth

(A"+B'y=AB —— AB

A_
~ o
E-—
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band (D) tells about the *tolerance in percentage. The table below shows the colour code for resis-
tance values and colour code for tolerance.

Colour Code for Resistance Values Colour Cede for Tolerance
Black 0 Green 5 Gold + 5%
Brown 1 Blue 6 Silver + 10%
Red 2 Violet | No colour + 20%
Orange 3 Grey 8

Yellow 4 White 9

(i) To read the resistance value, we refer to the first three colour bands (4, B and C). The first
two colour bands (A4, B) specify the first two digits of the resistance value and the third
colour band (C) gives the number of zeros that follow the first two digits. Suppose the first
three colour bands (A, B, C) on the resistor are red, brown, orange respectively. Then value
of the resistance is 21,000 2.

Red S
Brown : 1 s Value = 21,000 Q
Orange : 000

(if) The fourth band D gives the value of tolerance in percentage. If colour of the fourth band
is gold, tolerance is + 5 per cent and if silver, then tolerance is + 10 per cent. If the fourth
band is omitted, the tolerance is assumed to be + 20 per cent.

0 1 2 3 4 5 6 7 8 9
B reat ?rﬂatn flqr ?ood frﬁe
Black Brown Orange Green Blue Violet Grey White
Note. In order to remember the colour code, the above sentence may be helpful.
Example The colour coded carbon resistors are shown in Fig. Find their resis-
tance values.
Greep Biye Gojd Red Blue Siver
1 1
Yellow Red
(@ (i)
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Solution. The= first colour represents the digit 5. The second colour
represents the digit 6. The third colour represents the digit 4, i.e., four zeros. Therefore, the value of
the resistance is 56,0000 Q2. The fourth gold strip indicates + 5% tolerance. Hence, resistance speci-
fication of the resistor is

560000 2 ; +5%

(if) Refer to Fig. Following above procedure, the resistance specification of this

resistor 1s
22,000000 Q2 ; +10%

*  Due to manufacturing variations, the resistance value may not be the same as indicated by colour code.
Thus, a resistor marked 100 €3, + 10% tolerance means that resistance value is between 90 Q2 and 110 Q0.

Red
Green J Orange Sijlver

¥
} ==

“Carbon resistor colour code”

The value of the above resistor as shown in

the fig. is
The first ring Green - 5
The second ring Red - 2
The third ring Orange
ring corresponds to - 1P

The silver ring represents 10% tolerance

.. Total resistance is
52 x 10° = 10% (or) 52kQ2, 10%

Varactor diode

}—>{ }— is the symbol of
(a) a capacitor (b) photo diode
(c) varactor diode (d) tunnel diode

Ans: (c)

Ray or Geometrical Optics by Prof. Subhashish Chattopadhyay SKMClasses Bangalore Useful for IIT-JEE,
CBSE, I.Sc. PU-II, Boards, CET, CEE, PET, IGCSE IB AP-Physics and other exams



Ray or Geometrical Optics by Prof. Subhashish Chattopadhyay SKMClasses Bangalore Useful for IIT-JEE,
CBSE, I.Sc. PU-II, Boards, CET, CEE, PET, IGCSE IB AP-Physics and other exams

Common emitter
In a common emmiter configuration the base

- emitter voltage is 3 X 1072 V. If the base
current is 30 pA, the input impedance is

@1kQ (b) 3 kQ
(c) 1002 (d) 2 kQ
_ Ans: (a)
Solution:
Given data:-

(Vgg) = Base emmiter voltage = 3 X 1072V
Base current (I;) = 30 X 10°%A

AVeg
Input impedance Z, = | A :
v,

Lk

_ 3x1072
i T 30x10°°
3x107
B S Mol % 1 B0
4=%4% Jox10°
Z,=10°Q ?
Z =1kQ

Common base

In a common base configuration, the collector
current is 0.95 mA and base current is
0.05 mA, theukthe value of current gain is

{a) 0.89 {(b) 0.9
{c) 0.95 (d) 0.99

Ans: (c)
Given data:-

Collector current I.= 085X 10%A
Base current I; = 0.05 mA = 0.05 X 10°A

Solution:

i
Current gain « = I_
E

I; = Emmiter current = Ll
= (0.85 + 0.05)% 102 A
=1xXx10%A=1mA
0.95x107° A
E! = '—"":'3_
1x107°A
The current gain®is 0.95

=0.95
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Common emitter

In a common emitter amplifier, the output
resistance is 5000 £ and the input resistance
is 2000 £2. If the peak value of the signal
voltage is 10 mv and B = 50, then the peak

value of the output voltage is
{a) 5 X 10°V (b)1.25V
{c) 125V (d)25 x 10V
Ans: (b)

Given data:-
R, = 5000 Q

, = 2000 Q
B=50
éulutinn:
The ac voltage gain is given by

R, _50x5000

BX R~ zoo0 - 125

. peak output voltage = voltage gain X signal
voltage

=125 X 10mV=1250mV =126V
Common base
In a common base amplifier circuit, calculate

the change in base current if that in the
collector current is 2 mA and a = 0.98

(a) 0.04 mA (b) 1.96 mA
(c) 980 mA (d) 2 mA
; Ans: (a)
Solution:
o 0.98

P=1-a"1-088 *
Now AI_ /Al = 49
or Al = Al_/49

Al = 2mA/49

= 0.04 mA
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Common base
In a commeon base circuit of a transistor, current

amplification factor is 0.95. Calculate the base
current when emitter current is 2 mA,

(a) 0.1 mA " ()1 mA.
{c) 0.01 mA {d) none of these
Ans: (a)

Solution
gl

Ig

I
0.95 = =
2x10

I =190 x10°A=19mA
Nowl, = I.-1. = 0.1 mA

Common emitter

A transistor is connected in common emitter
(CE) configuration. The collector supply is 8V
and the voltage drop across a resistor of 80002
in the collector circuit is 0.5V, If the current
gain factor () is 0.96. Find the base current.

(a) 20 pA (b) 26 pA
(c) 30 pA {d) none of these
Ans: (b)

Solution:

05
Collector current Ic= —A

800

Ie

Current gain p = I_
B

@ _096,

1-a 800

ol Ha
24 800x24
= 26pA
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Conductivity

Conductivily is defined as the curreni density per unit applied eleciric field. 1 Jis the current density
due to an applied electric field &, then the conductivity (o) is given by,

ﬂ:% ....... (N
In S.1., o is given in Siemens/meter or mho/meter as 1 siemen = | mho

For a cylindrical semiconductor, the current density is given by,

J=mevy Y e (2)
where n is the number of charge carriers in the semiconductor ¢ is the electronic charge and v is the
drift velocity of the electron.
Also, we have VERE T e (3)
where p is the mobility of the charge carrier and £ is the applied electric field.
Then, equation (2) can be writlten,
' J=neue
then, equation (1) becomes,
g=neg (4)
Now, ifthe conductivity of a semiconductor is due 1o electron then it is denoted by @, and cquation
(4), can be wrilten as : .
a, = nejl, eenn(5)

where n is the number of electron and Y, is the mobility of electron.
Similarly, the conductivily of a semiconductor due to the holes is given by,

Ge=pey, (6)
where p is the hole concentration and 4, is the hole mobility.
Hence, the overall conductivity of the semiconductor containing electrons and holes is given by,
o=, t0=elnp, tpp,) e (7
For an intrinsic semiconductor, n = p = n;
Therefore, the conductivity of an intrinsic semiconductor,

Om=mely tp) e (8)
For an n-type semiconductor, n >> p, then
Gymnmey, (9)
Similarly, for a p-type semiconductor
Gp=pefly (10)

These equations shows that conductivily o has the same lemperalure dependence as pi, or l,,.
Mobility is a more useful property for characterizing a semiconductor than conductivity. Conduc-
tivity, o depends on carrier concentration ie., on doping level but mobility u does not depend. Thus,
mobility is the property of semiconductor itself.
Problem 1: At300 K, the intrinsic carrier concentration of silicon is 1.5 x 10" m~>, If the electron
and the hole mobilities are 0.13 and 0.05 m*/sec-V respectively. Determine the conductiv-
ity and resistivity of silicon.
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Solution : The cltcl;icil conductivity of intrinsic semiconductor is given by,
0; = i€y * i)
Here, n;= 1.5 x 10" m~?, i, = 0.13 m?/sec-V, g, = 0.05 m’/sec-V and ¢ = 1.6 x 10~ " Coulomb
. ;= 1.5 x 10" 1.6 = 107" x (0.13 + 0.05)
=24x10x0.13=0432x 107?
= 432 % 10”* mho/m
Hence, the resistivity p; is given by

o Y T
Pi= g =T ax107 2.31 x 10" ohm-m

Problem 2 : The resistivity of pure silicon at room temperature is 3000 ohm-m. Calculate the intrinsic
carrier concentration. Given that : g, = 0.14 m*/sec-V and y, = 0.05 m'/sec-V.

Solution : In pure silicon, clectrons and holes (the intnnsic charge carriers) are equal in numbers. The
conductivity of pure semiconductor is given by

o 1 Ry
oo ne(nt pp) or n; =!{.H. +H,)=pt'(#. T |: p-ﬂ_}
) 1

"i =014 + 0.05) x 3000 x 1.602 x 10 -1

= 1.095 x 10"* m~",

The band gap of a specimen of gallium arsenide phosphide is 1.98 eV. Determine the
wavelength of the radiation that is emitted when electron Jumps from conduction band
to the valence band to recombine with a hole.

Solution : The wavelength of emitted radiation is given by,

he
A=
E
Here, h = Planck's constant = 6.62 x 10~ * J.s, ¢ = velocity of light = 3 x 10" m/s and
E, = Energy band gap = 1.98 ¢V = 1.98 x 1.6 x 10~ J.

_6.62x 10-M x 3 x 10°%
.98 x 1.6 x 10-19

= 6269 A
Since this wave-length is in the visible range, so the colour of the emitted radiation will be red.

A

=6.269 %10 " m

Q. An na-type semiconductor crystal has more free electrons than holes. Is it then negatively
charged ? ;

Ans : An n-lype semiconductor has frec electrons as charge carmiers. These arc donated by pentavalent
impurily atoms which becomes positively charged. Although there are some thermally generated
glectron-hole pairs, but the number of these holes is negligibly small in commparison to the total
number of electrons. Thus, n-type semiconductor mainly consists of negatively charged [ree

electrons and nearly equal number of positively charged donor ions. Hence, the material as a whole
is electrically ncutral.
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Q.  p-type semiconductor crystal has more holes than electrons. Is it then positively charged ?

Ans : A p-lype semiconductor has holes as charge carriers. These holes are due 1o trivalent impurity atoins
which become negatively charged by accepling the electrons from the neighbouring Ge atom.
Although there are some thermally generated electron-hole pairs, but the number of these electrons
is negligibly small in comparison to the total number of holes. Thus, p-type semiconductor mainly
consists of positively charged holes and nearly equal number of negatively charged acceptor ions,
Hence, the material as a whole is electrically neutral.

Q.  Why does the width of depletion region increase when  p-n junction is reverse biased ?

Ans : Inreverse bias, negalive terminal of the battery is connected to p-side and posilive terminal to n-side
of p-n junction. So, the electrons are atiracicd towards positive terminal and holes towards negative
terminal of the battery. Thus, holes and free electrons move away from the junction. Therefore, the
depletion layer gets wider. The width of the layer increases with increasing reverse voltage.

Q.  The small current flowing through a reverse biased junction diode is called the reverse
saturation current, why 7

Ans : The reverse current is due to the thermally generated minority carriers. We cannot increase the
number of these minority camiers by applying and increasing the reverse voltage. So, it is termed
as saturalion current. This current flows in the opposite direction with respect to forward bias, so it
is called reverse. Due to above both factors it is called reverse saturation current.

Q.  The reverse saturation current of a Si diode is much smaller than a Ge diode of the same size,
why 7

Ans : The barmier potential of Si is 0.7 eV while that of Ge is 0.3 V. Hence, less number of thermally
generated minority carriers cross the junction in Si diode than that in Ge diode of the same size.
Therefore, the reverse current in Si diode is smaller than the Ge diode at the same lemperature and
for the same size.

Q. Differentiate between Avalanche and Zener breakdown.

Ans : Avalanche breakdown : Fora sitnple p-n junction, if we apply a reverse bias to the junction, a very

small current due to minority carriers flows through the junction. On increasing the reverse vollage
the minority carriers (electrons) may attain sufficient kinetic energy to knock out valency electron
from the covalent bonds. As a result more electron-hole pairs are generated. Due to the high reverse
bias voltage, these new carriers are also acceleraled and collide with other covalent bonds. This
process will continue until an avalanche of electrons is formed and a very large current flows through
the junction diode. This breakdown is known as Avalanche breakdown. This breakdown occurs at
very high voltage.
Zener breakdown : [ the p-n junction is heavily doped then the electric field across the depletion
layer becomes large enough. When we apply a reverse bias to this junction then this electric field
becomes so large even at low voliage that it may cause rupture of the covalent bonds and breakdown
the junction. This breakdown is known as Zener breakdown and this diode is known as Zener diode.
This breakdown occurs at lower voltage than avalanche breakdown.

Ray or Geometrical Optics by Prof. Subhashish Chattopadhyay SKMClasses Bangalore Useful for IIT-JEE,
CBSE, 1.Sc. PU-II, Boards, CET, CEE, PET, IGCSE IB AP-Physics and other exams



Ray or Geometrical Optics by Prof. Subhashish Chattopadhyay SKMClasses Bangalore Useful for IIT-JEE,
CBSE, I.Sc. PU-II, Boards, CET, CEE, PET, IGCSE IB AP-Physics and other exams

A SUM
i /]
XOR
AND
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Q. :What is mass-action law for the carrier concentrations in a semiconductor 7 What is its
significance ?

Ans : [he law of mass-action states that in any type of semiconductor (p or n type), the product of free
electrons concentration, n and hole concentration, p is a constant and equal 1o n? where n; is the
intrinsic carrier concentration i.e.,

np = ny{’
The intrinsic carrier concentration n;is a function of temperature, Ata given temperature if electron
conceniration is increased by doping, the corresponding hole concentration (p) must decrease (or
vice-versa) 1o keep np a constant (= n7) at a particular temperature.

Q. : Explain why an extrinsic semiconductor at high temperature behaves like an intrinsic one.

Ans : Atvery high temperature, the concentration of thermally generated free electrons from the valence
band becomes much larger than concentration of free electrons contributed by donors (as donor
atoms are already 1onized). In this condition, the hole and eleciron concentrations will be nearly
equal and semiconductor will behave like an intrinsic one. Due to the same reason p-lype
semiconductor will also behave like an intrinsic semiconductor at very temperatures. So, we can say
that an extrinsic semiconductor changes to an intrinsic one at very high temperatures.

Q. : What do you mean by the term "doping" and "dopant" . Name some dopant materials ?

Ans : The addition of a small percentage of impurity atoms to a semiconductor is called "doping" and the
impurity, which is added, is referred to as "dopant”. In Ge or Si, the elements of V group like
phosphorous (P) antimony (Sb) and arsenic (As) and the elements of 11 group like aluminium (Al).
Indium (In) boron (B) and gallium (Ga) are dopant.

Q. Write diode equation and with the help ofthis equation describe the volt-ampere characteristics
of the diode.

Ans : The diode equation is writien as,
eVikT
I=1(exp - 1) e 1)
where / is current at applied voltage, ¥
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I is constant and known as reverse saturation current Y
e is clectronic charge l{mA; \
k is Boltzmann constant t

and 7 '1s absolute temperature
With the help of this equation we can describe the volt ampere

characteristics as shown in fig 1.23 V e >X
If ¥ is positive i.e., for a forward bias i Forward bias
then, exp eVIkT 55 | bles — V(Volts)
So, equation (1) can be written as, l

I=!¢ e:p I'Wkr |{uA]

Hence, for a forward bias, current increases exponentially as
shown in fig. 1.24.
Similarly, if ¥ is negative i.e., for a reverse bias then,
exp eV/kT l
So, equation (1) can be writien as,
I=-1,
Hence, for a reverse bias current is constant in reverse direction as shown in fig.

Q. How reverse current depends upon the temperaturc of the junction ?

Ans : The reverse current in a p-n junction diode depends on the temperature T. The rise in lemperature
increases the generation of electron hole pairs in semiconductors and increases their conductivity
as a result the current through junction diode increases with temperature. For practical diodes it is
found that reverse saturation current f, will just about double in magnitude for every 10°C increase
in temperature, Typical values of /, for silicon are much lower than that of Germanium for similar
power and current levels. The result is that silicon junction diodes are more preferred than Ge for
rectifiers and have higher breakdown voliage.

Q. : What do you mean by tunnel diode ?

Ans : Tunnel diode is very high doped (=10"/m’) p-n junction in both p and n region. Since, the depletion
layer of this diode becomes very thin, so, on applying forward bias many carriers can tunnel through
the depletion layer and the process is known as tunnelling. Hence, the diode is known as tunnel
diode.

Ray or Geometrical Optics by Prof. Subhashish Chattopadhyay SKMClasses Bangalore Useful for IIT-JEE,
CBSE, 1.Sc. PU-II, Boards, CET, CEE, PET, IGCSE IB AP-Physics and other exams



Ray or Geometrical Optics by Prof. Subhashish Chattopadhyay SKMClasses Bangalore Useful for IIT-JEE,
CBSE, I.Sc. PU-II, Boards, CET, CEE, PET, IGCSE IB AP-Physics and other exams

Heat or Thermodynamics 1 ) So many exams including IT JEE had questions on Polytropic
processes. Apart from Professor N. N. Ghosh’s books, hardly this is covered in Physics Books

| am surprised and amused to see so many coaching Institutes making errors in
Polytropic Process Problems. In most cases the teachers are avoiding it, and in rare
cases when it is being covered there are errors.

Let us do it here.

We assume ideal gas for Thermodynamics process problems. So PV = nRT is taken as
true regardless the process gas is taken through. So Isothermal ( meaning constant
Temperature ), Isobaric ( meaning const Pressure ), Isochoric ( meaning constant
Volume ) or even PV?* = Const ( P into V to the power z is constant ) where z is a
constant of the polytropic process, the expression PV=nRT is taken as true. We do
substitute that to exchange the variables in many problems.

YWork done by system on boundary is:
W

W=[p o
Wy
This form Is used for expansion and contraction of gases
ldeal Gases
Ideal (Perfect) Gas Law
o =nRT
R=g314—&L

karrol — i

If the gas expands ( often due to supply of heat ) the work done by the gas is taken as
positive.

Work done expression in Isothermal ( or isotropic as some people say it ) is given by

Isotropic {(Constant Temp) Process or |sothermal process

« For a constant temperature process in a closed system (i.e. mass is
constant) —pV = mRT=C. Where Clis a constant. Mote C can be wiritten as
24 or as pa Vs p

: W=£%df =CIn ':%Fplvlln fﬁ% =nRT n {J) = nRT In( .Pi}
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Polytropic process - p/"=C where Cis a constant.
these occur in ideal gases for various processes and the value of n changes
depending on the type of process (eg. n = 11is alisotropic process).

i O = _
Note that £,V1 =C—>F’1V1=V—nl='f V" This aso holds for paVe

1

v, B
W= lef:Lszl oyl n-1=p2V2 P1V1

e, W7 1-n' ! 1-m

In case of adiabatic process ( where no heat exchange takes place ), nisy ( gamma
), so in the above expression replace n as y

p‘,‘l"f:pl VI'.I' =p: \.-':T’:k
Kk
v

The work done by the gas in the process is

Thus,

Vy v, ) )
W:Ipd\f’: J‘irm.f= 1 [ ":_, ’:I]
J IV I—y| V7V,

From equation (1),

VI

Thus, W =~L1{p:vl -.V) =M
y- ,-

There are other expressions which are handy ( given for 1 mole of gas ), for Heat
supplied in Polytropic Process

R PV A
AH = CY(T, - T)) = %{Tz -T)) = '}i—llfpz'f"z - V) = % [—] -1

= 0 g
Heat Supplied in a process at constant Pressure is AH = Cp(T; - Th)
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Process Work Done: (W) Heat Exchanged (AQ)

Isothermal process W = 2303 nRT log,, b3 AQ =230 nRT In:ngﬁ
V, V

I I

v oy 1V1
Adiabatic process W= % AQ=0
= ”R{Tz _T!}
=1
Isochoric process W=20 AQ = nC AT (use definition of C,)
Isobaric process W=pAV=p(V,-V) AQ = nC AT (us< Jefinition of C )

W =nR(T,-T,)

VdP expression in polytropic process

For a polytropic process P,V{ = PV"

- (3 - (3

[vap = P,ilﬁ_ll%d!’

Pﬂ
1 1 1
i o
jwp=ﬂ ‘;‘(Pz "B )
el
n
nV, 2 i
| vap = — (P,ﬂpz "—~PJ
n-1
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Specific heat in case of Polytropic process and Cv in terms of gamma

ook R
T
ey
C=3 0
Example

One mole of Argon is heated using P17 = const. Find
the amount of heat obtained by the process when the
temperature changes by AT = -26 K.

Solution
Let p be the number of moles here p = |
R R R
then C = . =% 3
=1 W= 23 =2
3 2

3
AQ = pCAT=1 [ SR-2R )1—25;.

8.314
+26 | =5 |=108]

You can also write + R / ( 1-k ) in Specific heat expression so see an example
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An ideal gas expands according to the law PV*? =
constant. We conclude

(a) The adiabatic exponent of the gas K = 1.5

(b) The molar heat capacity C=C, - 2R

(¢) Temperature increases during the process

(d) Such a process is not feasible

Ans - (b) Molar heat capacity

R

3
PR
2

=C,+ 2R

C Rl iR

[IT JEE 1995 Polytropic Thermodynamics Process Problem

3 moles of a gas mixture having volume ¥ and
temperature T is compressed to 1/5th of the initial
volume. Find the change in its adiabatic compressibility
if the gas obeys PV"*" = constant [R = 8.3 J/mol - K]

[ITT 1995]
Bulk modulus 8=y P

I 1

Compressibility C= (-B-) = ;F

and AC =C-C

I
or AL e | ema

PV =

|
o
—_—
w|=
S—
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19 "
—andP'=5P,11

WithJ-' = |3
_ 11 13x0.905
AC =Sp |7 717 1op
nRT
But PV = nRTorP=—7—
13(.905)V ~0.0248V
Ko (9os)y

© 19%3x8317T T

An ideal gas with adiabatic exponent y , is expanded
according to the law

P=al

where «a is a constant. The initial volume of the gas is
V. As a result volume increases 5 times. Find the
increment in internal energy and work done.

Solution - et & be number of moles
P =alVorPV'=a

The process is polytropic with index n = -1

V!r.u.lu.i - .II’“‘ l.‘li]rl:d = Fu.
'r]ﬂ{j Pmuu.' - ftll:;; 'Fi'm.:l - I|iulri:.l
kR
av = -1 [Tl'mﬂ . Tinu:i-l}* PrmVr "Fim.: V-m!

Work done,

W o= ‘{T_r!m-l ':mua'. i PMI = Vﬁhl = ‘leI: [rltl1 65 I]
n-| 2
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In a polytropic process an ideal gas (y=1.40) was compressed from volume
V,=10litres to V,=5litres. The pressure increased from p,=10"Pa !o

py="5 % 10° Pa. Determine: (a) the polytropic exponent n, (b) the molar heat
capacity of the gas for the process.

Solution.
In a polytropic process pV" =k (a constant)
v P2
V,"=p,V," m(4T=—
PiV1 =PV2 AR
In pafp,
. Vv,
In5 1.6094
i WY e
In a polytropic process
c R R R R

Pyl m-1 1d=] 2m- o8

An ideal gas expands according to the law pV* = constant (a) Is it heated or
cooled? (b) What is the molar heat capacity in this process?

Solution.
This is a polytropic process of exponent n=2. To find whether it is

heated or cooled we have to examine whether AQ is +ve or —ve
or whether T increases or decreases.

P‘F=mn3tant, But pV =RT (always)
. ~ 1
pV_ _ constant -
pV RT T | |
Thus when volume increases T decreases. Here the gas is cooled.
R R -
C= - -=Cy—-R
®) y-1 n-1 :
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Heat or Thermodynamics 2 ) Formula for equivalent gamma in mixture of gases. n1 moles of
gas with y1 and n2 mole of gas with y2 are mixed, then what is equivalent gamma ?

WhyCv=R/ (y-1)

Specific heat of a polytropic process. Derivation of work done in polytropic process.

]T e e S, (TR - = o 2
| TSRS, S SR e M 1 T AR e = ) T = |
- O e S

~Eg vivalant V' o -ﬂ. v;&;ﬂ"-lﬂﬂt:‘-':r' - 5

Wy e\ o N ard Ny kalos Y, oo mpeed

———r—

Ray or Geometrical Optics by Prof. Subhashish Chattopadhyay SKMClasses Bangalore Useful for IIT-JEE,
CBSE, 1.Sc. PU-II, Boards, CET, CEE, PET, IGCSE IB AP-Physics and other exams



Ray or Geometrical Optics by Prof. Subhashish Chattopadhyay SKMClasses Bangalore Useful for IIT-JEE,
CBSE, I.Sc. PU-II, Boards, CET, CEE, PET, IGCSE IB AP-Physics and other exams

Heat or Thermodynamics 3 ) Work done calculations in various situations

One mole of an ideal gas is taken round
the cyclic process ABCA as shown in the
figure. Calculate:

(1) The work done by the gas.

(i) The heat rejected by the gas in the
path CA and the absorbed by the gas
in the path BC.

(111)) The net heat absorbed by the gas in
the path BC.

(iv) The maximum temperature attained
by the gas during the cycle.

Pa
B
3p,
pﬂ _A-. c
Vv, v, v
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Solution
(i) Work done by the gas during a cyclic
process is equal to the area enclosed by
its P-V diagram. In the present case,

W = area of AABC
= %{AC}(AB}

=%{2 Vu _vu} (3Pu _pn)

AL

(i) The path CA is an isobaric compres-
sion of one mole of an ideal gas from
volume 2 V to V . The heat released in
this path is

Q,=nC, AT

=(ERJ“M}
2 /U R

5 ) 5
= "2'.\‘7"414J {Vn_zvn)z'ipuvu

The path AB is an isochoric expression
of one mole of an ideal gas from pres-
sure p, to 3p,. The heat released in this
process 1s

Q,=nC, AT
(30 )5)
2 R

3
e [EVUJ {3pu - D) =3pnvu
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(111) In a cyclic process, the change in inter-
nal energy is zero. Hence

Q‘[‘-ﬁ. + Qa\B t QH{_ P w
5
_; Puvu + apnvu * Qiu,‘ - anu

5 G 1
This gIves QH:.‘ = Epu Vu

(iv) The path BC is a straight line path. It is
represented by the expression

r 0 1]
p=—p. = ___3pp V=2V
. /AN ( o)

r
o| 220 | (v-2v,)
L

or p=%\’+5pu

L]

; RT
Replacing p = v we get

T=-2-00 y2 .,._.5.}.2'_1;
VR R

To determine T, we set ﬂ =
s oV

ie. 0=—2Povy 2P
V,R R
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which gives V = %Vw

With this T__ is given by

29, (3 Y (5P )5
T, = -V + =L ||=V
v (R 3%)

Three moles of an ideal gas (C, = "2 R) at pressure p, and temperature T, 1s
tsulhrmmﬂy expanded to twice its initial volume. It s then compressed at
constant pressure to its original volume Finally the gas 1s compressed at
constant volume to its original pressure Pa- (1) Sketch p-V and p-T diagrams
Jor the complete process. (b) Calculate the net work done by the gas and net heat

supplied to the gas during the complete process. [uT 1991]
Solution.
(a) p P 1
1
3
3 2 . ’
v T

(b) In the process 1 — 2 the state changes from (Pa. V. Ty to (p,, 2V, T,).

Hence p, = Pa
2
2V
Here AU=0 AW=[pdV=3RT,In2, AQ=AlU+AW =AW
v

In the process 23 the state changes from 2‘ 2V, T{. to

Pa 2V _po/2xV )

[PAJ’Z.V,Tajsnthai‘I—KTA- T, or T,=T,/2
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7R
0 .- T S
G G-R gR—R 5
oo ..., R,
[%—I]XE
v
= _Pa s __p,,V__;*_RE
aW=[pav=Et v-2v)=-"-=-—
v 21RT
15 3 A
ﬁQ=ﬁU+ﬁW:~—‘1— RTA—zRTA*— 1
j"Pr'l .T.*\Il : .
In the process 3 — 1, the state changes frnm{Tf V. 5 [t (Pa, V. T) that
/2xV %
PATA;’Z =P’,;_ or =T,
AU=3C [T —E]— —HE-XE—-ISPT
Oy VIi‘A 2 'J__? 2 = 4 Ny
=1
5
AW=0
15

AQ=AU= '4—RTA
|

2

' NEt 6W=3RTA l.l’l 2 = %RT‘A e U = ?'RTJ. :lrIII"I 2 =
21RT, 15RT, |

— Trmpe | "!_l
+ 3 --JR!,!]n_ 5

Net AQ=3RT,In2-
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A certain volume of a gas (diatomic) expands isothermally at 20°C until 1=

volume is doubled and then adiabatically until its volume is again doubled

Find the final temperature of the gas, given y=1.4 and that there is 0.1 mole of

the gas. Also calculate the work done in the hwo cases. R =83 | mole ' K '
Solution.

We require T-V relation to calculate the final temperature.

Wehave TV' ' =constant .. (273+20)V" "= 273+ nh2v)"’

293 293
or m+!=F=-§ﬁx

log(273 + t) =log 293 - 0.4 log 2 = log 293 - 0.4 < 0.3010
= 2.4669 - 0.1204
or log(273 + 1) = 2.3465
or 273 + t = antilog 2.3465
or 273 +1t=222.1

ae t“m«gﬂc
(i) Work done inisoli'lemubpmss |
2 B3 IE # i)
=HRT|0&E$E-XZ‘?3§0&'V !, n= ol

=083%x293x23logp2 (' logx=2.3l0g;p¥)
=0.83 x 293 x 2.3% 0.3010 = 1.684 x 107 ]

nR(T-T) : 0.83(293 - 222.1)

(ii) Work done in adiabatic process = =1 14-1
0.83 x70.9
=y = 147 x10°]
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The volume of one mole of an ideal gas with the adiabatic exponent Y is changed
according to the relation V =7, where a is a constant. Find the amount of heat
absorbed by the gas in the process if the temperature is increased by AT

Solution.
We have AW = pdV and AU = [C,dT, for an ideal gas pV = RT.
T+ATRT T+ aTRT?
a
aw=[ Z-av=| T[-Fd'r]z - RAT
T T

T+ AT R RAT
= d —

Au=| T

RAT (2 - Y)RAT

=AU+AW=——+(-RAT) =
AQ -1 ¢ D i

Two moles an ideal mono-atomic gas
initially at pressure p, and velume V|
undergo an adiabatic compression until
its volume is V,. Then, the gas is given

heat Q at constant volume V.

(1) Sketch the complete process on a p—V
diagram.

(1) Find the total work done by the gas,
total change in its internal energy and
the final temperature of the gas.

[Give your answer in terms of p, V, V,

Q and R].
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Solution
(i) Figure displays the p-V diagram of the
gas undergone the given two processes.

Cipy. V)

v

R -
¥V — \")

The curve A to B represents the adi-
abatic compression of the gas from the
volume V, to V.. In this process the
pressure of the gas increases p, to p,.

The line B to C represents increase
in pressure of the gas as a result of giv-
ing here Q to the gas at constant vol-
ume. In this process, the pressure of the
gas increases from p, to p..

(i1)) (a) Total work done by the gas

Work done by the gas in adiabatic
compression.

In an adiabatic process, since
Q = 0, therefore from the first law
of thermodynamics,

AU =-W,
or W, =AV, =-CAT

=_C(T,-T,)
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=-C [PI—\G_E.L)
‘L "R  nR
G .
= R (plvz = p|v|) (l)

For a gas underdoes adiabatic process

PV'=PV]
o
where y=—- m.
\'1m
From equation (1),
C‘,m pVT
== BV, < Y,
C.m v
=TP|V1 ?i -1

For a mono-atomic gas,

C.n.=—R,and C, _ =%R
2
. Y 3
1
Hence, W, =—M i -1
i 2 s

Since the volume is held constant,
work done by the gas on heating at
constant volume, therefore

W,=0
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Total work don by the gas,
W=W, =W,

2
AN /R
2 (L,

(b) Total change in internal Energy

Change in intemnal energy in adiabatic
compression, as derived above,

2
AU, =———3p;‘ [%:'-) -1
2

Change in internal energy on heating
the gas at constant volume

AU, =Q
Total change in the internal energy of
the gas

AU =AU, + AU,

2

3pVil Vi )
=—_ 1 L] =11+0Q.
2 Vv, Q

(c) Final temperature of the gas
Change in temperature in adiabatic
compression.

Since, AU=CAT
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therefore, ﬁT:ﬁ
-
23
V.I[V
or T,— ,=§£'-—’- 4| -1
- 2C, | LV,

nR  nR E
3
NAARA
nR |V,

Change in temperature on heating the

gas
Q=C,AT=C,(T,-T)
or T, =2+Tz . Y. [E—’-J
Cy (EJ"R nR (| V,
2
Since n = 2, therefore
3
--I--3 A= Q + plvl [i] )
(3 mole)R (2 mole)R | V,
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Two moles of helium gas (y = 5/3) are
initially at temperature 27°C and occupy
a volume of 20 litres. The gas is expanded

at constant pressure until the volume is
doubled. Then, it undergoes an adiabatic
change until the temperature returns to
its initial value,

(1) Sketch the process on a p-V dia-
gram.

(1) What are the final volume and pres-
sure of the gas?

(ii1) What is the work done by the gas?

Solution
(i) V,=20x 107 m’
T,=300K
n = 2 moles
-
™3
S
1 2
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Process 1 — 2 is isobaric expansion
F A
. _nRI,
o v,
_ 2x8.3x300
20x107°
Now,Va T

=2.49x10° Nm™

Y
Tl

or T1=T[x%=300x£ﬂ

-

H|<

T,=600K
V,=40x 10 m*

Work done during process | — 2,

(W), ,=pxAV
=249 = 10° x (40 — 20) = 10*
=4980J

Process 2 — 3 is adiabatic expansion
T,=600K

p,=p, =248 x 10° N/m’
V,=40 % 10° m*

Given, T,V =T,V T,=T
V,) _T._600_,
vV, T 300
V,=V,x(2)*

=40 x 10 (22
=113.14 x 10 m’
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Now, p,V; =P, V|

40
13.14

53
) =044x10" N/m"

(w}:_] = pzv: -p.'iv.’a
y-1

(2.49%10°)(40x10 )~ (0.44x10° )(113.14x10"")
) (5/3)-1

=T7472.8 J.

(ii) Final volume, V, = 113.14 x 10~ m’

Final pressure, p, = 0.44 x 10° Nm™
(iii)) Total work done by the gas = W

[

{WJ!-I v Il:w”": 3
= 4980 + 7472.8 = 12452.8 J.

Work done example in Isothermal expansion

A gram mole of a gas at 127° C expands isothermally
until its volume is doubled. Find the amount of work

done.
(a) 238 cal (b) 548 cal
(c)548 ) (d) 238 ]

v,
(b) W=2303 RT Iug[[?]
188
2.303 = 8.311 x 400 x inﬁ 2
2310.1 J = 548 cal. 0

i

I
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Example in Isothermal Expansion

How much work is done by an ideal gas
in expanding isothermally from an initial
volume of 3 litres of 20 atm to a final vol-
ume of 24 litres?

Solution In isothermal process at tem-
perature T,

Vs
W =2303RT log

|

or  W=2303pV,) log 2
Vl

(using p V, = nRT)

~2.303 (20x3) log 2L It. atm

P,
=2.303 x 60 log 8 (101)J
=1.26 x 10*J

Ray or Geometrical Optics by Prof. Subhashish Chattopadhyay SKMClasses Bangalore Useful for IIT-JEE,
CBSE, I.Sc. PU-II, Boards, CET, CEE, PET, IGCSE IB AP-Physics and other exams



Ray or Geometrical Optics by Prof. Subhashish Chattopadhyay SKMClasses Bangalore Useful for IIT-JEE,
CBSE, I.Sc. PU-II, Boards, CET, CEE, PET, IGCSE IB AP-Physics and other exams

Work done by the gas

The ratio of work done by an ideal diatomic gas to the
heat supplied by the gas in an isobaric process is

s 53

(a) - (b) 5

2 3

(c) - (d) 3
5

Mns- ()AU=nCAT=n - RAT

7
AQ =nCAT=n 3 RAT

7
W=AQ-AU= "? RAT = nRAT

W
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One mole of a gas which obeys the relation Pv = RT, where R = 8.314 J/mol K
is initially at 300 K and 0.1 MPa. The gas is heated at constant volume till the pressure rises to
0.5 MPa and then allowed to expand at constant temperature till the pressure reduces to 0.1 MPa.
Finally the gas is returned to its original state by compressing at constant pressure. Calculate the
work done by the gas in each of the processes and also estimate the net work done by the gas.

i

05 -

T'= Constant
P L

(MPa)
0L . <
3
= *
P-V diagram

Solution The process followed by the gas is shown in Fig.2.12. Work done by the gas during
process 1-2 is given by

2
w1_2=f Pdv = 0 (since dv = 0)
1

We know Pivy = RT), and Pyvwy, = RTy. Therefore

L bn B_0Sxitt
T] P]H] P], _0-1){10‘-

or Ty=5T1=5x300= 1500 K

5 (since vy = )

Work done by the gas during process 2-3 is given by
3 3
Wi_s =f Pdu:f RT o= RTym 2
2 2 v vz

We know Pyvy = Pyuy (since Ty = T;). Therefore
w_B_05x100

w P 01x106

Hence W,_y = RT5In5 = 8.314 x 1500 x In 5 = 20.071 kJ. Work done during process 3-1 is given
by

W,d1='/a.lmﬂ=ﬁ("1'"ﬂ=ﬂ”‘ (I—E)=RT1(1—E)

L
We know Pyvy; = RTy and Psvy = RTh
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of —=—=:——== (since P, = P;). Therefore

T; 1500

3
Wy = ) . . 4] [ o) YRS
3-1 RT1(1 5 ) RT (1 T1) 8.314 x 300 (1 3 ) 9977 kJ

Net work done by the gas, W = Wi_g+ Wy 3+ Wi_g = 0+ 20.071 — 9.977 = 10.094 kJ.

Work done by the gas

A sample of ideal gas (y = 1.4) is heated at

constant pressure. If an amount of 140 J

of heat is supplied to the gas, find:

(i) The change in internal energy of the
gas.

(11) The work done by the gas.

Solution Suppose, the sample contains n»
moles. Also, suppose the volume changes
from V, to V, and the temperature changes

from T, to T..
The heat supplied is given by

AQ=nC,(T,-T))
(i) Change in internal energy
AU=nC(T,-T)

B
=C_:"CP{TE -T1]'
_Cv 140 J

AQ = =100J
Ce Q 1.4

(ii) Work done by gas
AW =AQ - AU
=140J-100J=40J
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work done by the gas

A sample of gas (y = 1.5) is taken through
an adiabatic process in which the volume
is compressed from 1600 cm® to 400 cm’,
If the initial pressure is 150 kPa,

(1) What is the final pressure?

(i1)) How much work is done by the gas in
the process?

Solution
(i) ~ For an adiabatic process
- p\V|"=p,V)
v T
Thus, p, = p,| —
P =P (Vz }
3
— (150 ffPa)(@):
; 400
=1200 kPa

(ii) Work done by the gas in an adiabatic

process
W = LA AL
y—1
(150Pa)(1600cm’ ) - (1200kPa)(400cm’)
) 1.5-1 .
_240J-480) _ o0,
0.5
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A cyclic process for an ideal monatomic gas (Cy,=125]mol " K
represented in the figure. The temperatures at 1, 2 and 3 are 300 K, 600 K ani
455 K, respectively. Compute the values of AQ, AUl and AW for cach of th
processes. The process from 2 to 3 is adiabatic.

2

Solution.
In the process from 1 to 2
AW = J pd V=0 (volumeremainsconstant)
f:
aQ=[CdT=Cut,- Ty
T
= 12.5(600 - 300) = 3750 joules

By the first law of thermodynamics
AQ =AU+ AW or ALl =AQ - AW
= 3750 - 0 = 3750 joules
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In the process 2 to 3 AQ =0
(since the process is adiabatic)

R(T, - T5)
PR Wi ot ¢
y-1

R
=Cy(T,-T3) [ Cu‘;_'?]

=12.5(600 — 455) = 12.5 x145 = 1812.5 joules
AU=AQ-AW=0-18125=~- 1812.5 joules

1.‘

In the process from 3 to 1, AW = j pdV=p(V,-V3) = pV,-pV,
v

or AW=R(T;-Ty (. pV=RT
= 8.31(300 — 455) = — 1288 joules

Ti
AQ = j C,AT = C(T, - Ty) =1.67 x 12.5 x (300 — 455) E =
T

folllg

= —3235.6 joules.
By the first law of thermodynamics
AQ =AU + AW
o AU =AQ — AW = (- 3235.6) — (— 1288) = 1989.1 joules

Question on Total Heat rejected

A thermodynamic system is taken
through the cycleabcda.

(1) Caiculate the work done by the gas
during the parts ab, be, c¢d and da.
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(1) Find the total heat rejected by the
gas during the process.

200 kPa + d + c
L F 3
100 kPa a > b
f t
100 cm? 300 cm?
Solution

b
(1) Work done during the part ab = IptN

b

= (100 Pa) [aV

= (100 kPa) (300 cm® — 100 cm?)
=201
The work done during bc is zero as
the volume does not change. The work
done during cd,

= -[pdv

d
=(200 kPa) (100 cm® - 300 cm?)
=-401J

The work done during da is zero as the
volume does not change.

(i) Total work done by the system during
thecycleabcda.

AW=20J-401]
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=-20J
Change in the internal energy, AU = 0,
as the initial state is the same as the fi-
nal state.
Thus, AQ=AU+AW

=-20J

So, the system rejects 20 J of heat dur-
ing the cycle.

- Question with P T diagram

3 moles of an ideal monoatomic gas perform a cycle
shown in Fig The gas temperatutes 7' =400 K,
I,=800K.T =2400K. T, = 1200 K. Find the work done
by the gas.

Solution :

W._.=3R(T
W.o=W._=0

L[ & Ik

because the processes are isochoric
W, =3R(T,-T,)

Iy

r)

Total work done

W, +W, =3R(T +T.-T,-T))
= IR (400 + 2400 - 800 - 1200)
= 2400R=20k]
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Work done by the gas

Two moles of Helium gas {‘f=%}ﬂl"ﬂ ini-

tially at 27° C and occupy a volume of
20 litres. The gas is first expanded at
constant pressure untill the volume is
doubled. Then it undergoes an adiabatic
change untill the temperature returns to
its initial value.

(i) Sketch the process in a p—V diagram.
(i1) What is the final volume and pres-
sure of the gas?
(iii) What is the work done by the gas?

Solution
(1) The process is shown in the figure.
During the part ab, since the pressure
1s constant, we have

P:lbru - pﬁvﬁ
T‘;r T.Fl
Vv
or T,=—T,
vu
=2aT =600 K
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b

Adiabatic

Isothermal ..\

L4

+

201 40!

During the part bc, the gas is adi-
abatically returned to the tempera-
ture T. The point @ and point ¢ are
on the same isothermal. Thus, we
draw an adiabatic curve bc and an
isothermal from a and look for the
point of intersection ¢. That is the
final state.

(1) From the isothermal ac,
A S AR (i)
And from the adiabatic curve bc,
PV, =pV/!
or p@RV)=pV’

Dividing equation (ii) by equation (i),
we get

2(V )= (V!

or V.=2"'va42v
= 113 litres
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From equation (i),

_p,NV, nRT
N Y
~ 2molx(8.3]/mol—k)3004)
) 13x107 m’
=4.4x 10 Pa
(i11)) Work done by the gas in the part ab
=p.V;=¥)

=p,V,-p,V,=nRT,-nRT,
= 2 mole * (8.3 J/mol - K) > (600 K

- 300 K)
=49801]
Work done in the adiabatic part be
- phvh =5 V.
y-1
. nR(T, —T1}: 4980 - 7470 1
Y-l 5 -}

3

Net work done by the gas = 4980 J +
7470 J = 12450 J.
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Example of cycle given P T diagram

Two moles of helium gas undergo a cyclic

process as shown in the figure, Assuming
the gas to be ideal, calculate the following
quantities in this process:

(1) The net change in the heat energy.
(i) The net work done.

(ii1) The net change in internal energy.
|[R =8.32J mol”'|

P 1 A
Tatmfe.d ‘ |
D: : C
300 K 400 K T

Solution Number of moles, n = 2
Helium is a mono-atomic gas.

Cy=3R
2
5

C, =§R

The gas undergoes cyclic process.

Since, internal energy is property of the
system, the net change in internal energy dur-
ing the cyclic process is zero.
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Pt "
P ] T — > B
BT | 1 | Crer e, <

D: ; c

300 K 400 K T

Hence, according to the first law of ther-
modynamics, the net change in the heat en-
ergy is equal to the net work done.

(i) (AQ),, = (AQ),, + (AQ,) + (AQ,,)

(ﬁQhB =hn CF i (TB = Ts‘u}
- 252 x8.32(400 - 300) = 4160 J

2
Since Process BC is isothermal, there-
fore AU =0

(AQ)y. = (AW),,.

=nRT In i =nRTn i
Vi P

=2x8.32x400 .’n(%) =4613.6J

(AQ)p, =nRT fn[—[}i]
Pﬁ.
=2x832x 3[]{}.-’11[%} =-3460.2 J
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" (AW),, = 4160 + 4613.6 - 4160
- 3460.2
=1153.4

(i) (AW), =(AQ),.,
=1153.4 )
(iii) (AU),, = 0

Heat or Thermodynamics 4 ) Efficiency of Refrigerator and Refrigeration constant

Coefficient of Performance of a Refrigerator

Heat absorbed from cold reservoir
Work done on refrigerator

A
1 Ta

T, 4T
1_ 1 2
T

-
L

Coefficient of performance of refrigerator working between temperatures 30 and 0
deg centigrade

What is the approximate coefficient of performance of a
Carnot refrigerator working between 30°C and 0°C ?

(a) 0 b) 1
)9 (d) 10.
Ans: c)
Coefficient of performance,
ﬁ__TI_= 273+ 0 273 -9

T,-T, (273+30)-273 30
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Efficiency of Refrigerator is given by

Hiciency of Refrigerator
T

n=1-==L
H

So in this case efficiency n=1- (273 / 303 ) = 0.099 = ( approx ) 0.1 or 10%

Refrigerator Problem

A refrigerator works between 0°C and 27°C Heat is
to be removed from the refrigerated space at the rate
of 50 kcal/minute, the power of the motor of the
refrigerator is :

(a) 0-346kW (b) 3-46kW
(e) 34-6kW (d) 346 kW
Ans: a)
L Q o
h-T W
273 50,000
300-273 W
27 x 50,000
WSl TG
773 cal / min
W 4.2 x27 x 50000
P-T- 0 <273 Joule [ sec

= 346 watt = 0. 346 kW

Heiciency of Refrigerator
Te
n=1-==
T

H

So in this case efficiency n=1- (273 / 300 ) = 0.09 = or 9%
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Refrigerator Problem

An ideal refrigerator has a freezer at a temperature
of =13 °C. The coefficient of performance of the
engine is 5. The temperature of the air (to which
heat is rejected) is :

(a) 320°C (b) 39°C () 325K (d) 325°C

Ans:b)

T, =273 -13 = 260, K = —2—
T -Tg

£09 or Ty -260=>52

T, - 260
T, = 312K, T, =312-273=39°C

Hiciency of Refrigerator
T.
|r| s 1 —
T

H

So in this case efficiency n=1- (260 / 312 ) = 0.16666 = ( approx ) 0.16667 or 16.67%

Refrigerator Problem

A Carnot’s engine works as a refrigerator between
250 K and 300 K. If it receives 750 calories of heat
from the reservoir at the lower temperature, the
amount of heat rejected at the higher temperature
is :

(a) 900 calories (b) 625 calories

(c) 750 calories (d) 1000 calories

Ans: a)

750 250
W 300-250
Heat rejected =750 + 150 = 900 cal,
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Heiciency of Refrigerator
Te
n=1-==
T

H

So in this case efficiency n =1 - ( 250 / 300 ) = 0.1666666 = ( approx ) 0.16667 or
16.67%

Refrigerator Problem

A refrigerator having a coefficient of performance of
5 is run by an electric motor of power 1-2 kW. How
much is the mass of ice formed from water at 0°C
per hour by the refrigerator ?

(a) nearly 6 kg (b) nearly 60 kg
(c) nearly 25-2kg (d) 252 kg
Ans: b)

5=%- or Qp=5x1-2x1000 x3600J

Q =216 x10° J = 5142857 cal.
Q=mL or m=Q/L=64.2kg - m=~60kg
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Refrigerator
Given:  Tu 1200 °C Tc 200 °C
TH 147315 K T 47315 K
Find : n 7 COPg 7 COPup 7

Parta) The thermal efficiency of a Camot Cycle depends only on the temperatures of the
reservairs wath which it interacts. The equation that defines this relationship is

aretim y new
T, Eagn 1

Just be sure to use absolute temperatura in Eqgn 1| inthis case, convert to Kehan.
Temperatures in Bankine will work also

n 67.9%

partb)) The coefficient of performance of a Camot Refrigeration Cycle also depends only on the
temperatures of the reservoirs with which it interacts. The equation thatl defines this
relationshipis:

1 L7
COP, = =_—¢
A 4 LT Eqgn 2
TC

Using T in Kelvin yields COPg 0.4732

This is ah exceptionalty BAD COPp becauseitis lessthan 1. Thisisn't termbhy

surprising when you consider that the refrigerator must reject heat to a reservoir at
1200°C ||

Carnot engine efficiency is covered in every book. But efficiency of refrigerator and
Coefficient of Performance is rarely discussed.

Two engines are working in such a way that sink of
one is source of the other. Their efficiencies are equal.
Find the temperature of the sink of first if its source
temperature is 927°C and temperature of sink of the
sccond is 27°C.

(a) 327K (b) 327°C

(c) 600°C (d) none of these

Solution (b) n =1 - 7/7, = 1 - TY/T, or T} = T, T,
or T, = {/1200%300 = 600 K = 327°C
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Heat or Thermodynamics 5 ) Concept of “free expansion”

»

Free

i ' v jadiabal
syslem expands in such a way thal no heat enters or leaves the system ia _
::'I:OUS»S} Jﬁh work is done by or on the system, then the expansion is called the tree

: vessel i ' ' ! and the
Consider i with walls divided into two parts. One containing a gas 2
other Mmmn the paﬂit:ig\dis suddenly broken, the gas rushes into the vacuum 3nd
oo Net change in intemal energy

U-U=aQ-W as Q=0 and W=0

2
‘{%H&:ILI" final internal energies are equal in free expansion

| sl ol
One mole of an ideal diatomic gas underwent

» I 1K o L3 3 Al
adiabatic expansion from 298 K. 15.00 atm and 5.2° L:i”n o
I i i
amm agams.' a constant external pressure af 1.00 arm
the final temperature of the system”

] . . 4 cernsfoird
Fill‘l Thf.i‘ Is am l.mb{lru‘ :idn:ﬁuﬂ;' L’.r..rim:.-,r-:r. ug;im.\l' i o
I olieme
ﬂffm; Prﬂgj"rg. f_'u,”' 1;\.’{'!‘”” ;?F‘{",'-‘S‘h‘n‘ e ?'t_':-l.\l."-'! h“l!. 7
increases, gas expands). Final temperatire T, is given D)
relation as:

( R
| C, + Py
|G e g
T-::?-l S R
Cy + Pey

1 - 3 _ 4 T, ".".
Sofution For diatomic gas C, ::~—j".~‘1'.“rI 298K, T,

P, =2.50 atm, P, =15.00 atm, Pey = 1.00 atm
5 R
4
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One mole of a gas is put under a weight-
less piston of a vertical cylinder at tem-
perature T. The space over the piston is
atmosphere. How much work should be
performed to increase isothermally the

volume under the piston to twice the vol-
ume (neglect friction of piston).

‘Solution Let A be the area of piston,
therefore

F+pA=pA

¥
or F=(p,~p)A
Work done by agent is given by

W:qf[pu—p)mfx
v

- qj(pu —~ p)vV

nv ny
= [PV = [pav
v W
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nv
dv
= -1V - RT—
p,(n—1) :‘[" v

P, FT

L
P

(since pV = nRT)

=p, (M= 1)V -nRT log n

=nRT [(n—1) log, "]
where,n=2andn=1
W =RT[1-log, 2|
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Adiabatic free expansion

Two vessels of volume V| and V, contain
the same ideal gas. The pressure in the
vessels are p and p, and the tempera-
tures are T, and T, respectively. The two
vessels are now connected to each other
through a narrow tube. Assuming that no
heat is exchanged between the surround-
ings and the vessels, find the common
pressure and temperature attained after
the connection.

Solution

]

P, V,.T, Py VT,

_—
1

The amount of gas in vessel 1 is

=0 Vi
RT,

If p' and T' are the common pressure and
temperature after the connection is made, the
amount are

A
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", = P’V

RT'

and o, = Py
°  RT

We have, n, +n,=n' +n',
PV + PV, = P'v + PV,
RT, RT, RT RT

oo L= l AL +P:v:—
T V+Vl T T

or

"l:= TT,(V,+V,)
P pVT,+p,V,T,
As the vessels have fixed volume, no work

done by the gas plus the vessels system. Also,
no heat is exchanged with the surroundings.

or

Thus, the internal energy of the total system
remains constant. The internal energy of an
ideal gas 1s -

A"
U=nC,T=C, 2~
R

Internal energy of the gases before the con-

nection
- CvpV, " Cyp,V,
R R
And Internal energy of the gas after the con-
nection
” Cyp' (V,+V,)
R

Neglecting the change in internal energy of
the vessels (the heat capacity of the vessels is
assumed negligible).
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C,pV, + Cyp,V; o C.p'(V,+V,)

R R R
or p= p VvV, +p,V,
V,+V,
TTpV,+ p,V,

From equation (i), T'=
pViT, + p, VT,

Question on work done

One mole of an ideal gas is contained under a weightless
piston of a vertical cylinder at a temperature T. The
space over the piston opens into the atmosphere. What
work has to be performed in order to increase
isothermally the gas volume under the piston 5 times
by slowly raising the piston? Neglect friction.
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Solution :

Let A be the area of cross section

]Pﬂ | |
Pl
._._.,_r____ap —

|

F+PA=PA
F=(P -P)A
Work done by the agent

w= [ Fax= [ (B-P)Ad

i

I:r{ﬁr = P) dv

dV
Lr

Il

>
P(n-1) V- JT nRT

Il

RT [(n = 1) - nlog, »]
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Heat or Thermodynamics 6 ) Ingen Housz’s experiment of identical rods

Ingen—Housz’s experiment Ingen Housz showed that
if a number of identical rods of different metals are
coated with wax and one of their ends is put in boiling
water, then in steady state, the square of length of the
bar over which wax melts is directly proportional to
the thermal conductivity of the metal. That is,

K _
sz— =constant

Heat or Thermodynamics 7 ) Concept of Internal Energy at Room temperature

Find the internal energy of air in a room of volume 40 m™ al 1 standard

atmospheric pressure.
Solution.
Vv
We have U = —P—l for a perfect gas
'\f -

Air is diatomic and therefore its yis 1.4.
10”7 x 40

=1 (p=1atm= 10° Nm™ %) = 10" joules.
14-1

Question in Internal Energy

The internal energy of a mono-atomic
ideal gas is 1.5 nRT. One mole of helium
is kept in a cylinder of cross-section
8.5 cm’. The cylinder is closed by a light
frictionless piston. The gas is heated
slowly in a process during which a total
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of 42 J heat is given to the gas. If the

temperature rised through 2° C, find the

distance moved by piston. Atmospheric
pressure = 100 kPa.

Solution Change in internal energy of the gas

AU = 1.5 nRT

= 1.5 (1 mole) (8.3 J/mol - K) (2K)
=249]

Heat given to the gas =43 ]
Work done by the gas is AW =AQ - AU
=42)-249)=17.1]

If the distance moved by the pistion is x, then
the work done

AW = (100 kPa) (8.5 cm*)x
=17.1J

Thus, (10° N/'m?) (8.5 x 10* m?)x=17.1]
or x=02m=20cm

Heat or Thermodynamics 8 ) Saturated vapor pressure problems

A saturated water vapour (M = 18) is contained in a vessel fitted with a piston
at a temperature t =100°C. As a result of slow introduction of the piston a
small fraction of the vapour Am =1 g gets condensed. What amount of work ts
done over the gas?

Solution.
Work done = decrease in internal energy of the gas
F”IRT mr r”R'r

=LI‘—UI=T_MRT_ M

o 107 x 8.3 x (273 +1E}U)_
Here, W = 18 x 1073

=172 ].
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Water of mass m=1kg and M (mol. mass) = 18 turns completely mfo
saturated vapour at standard atmospheric pressure. Assuming the saturated
vapour to be an ideal gas find increment of mternal energy of the system
Specific latent heat of steam is L = 2250 k] /kg.

Solution.

AQ = heat added to the system = mlL
AW = work done by the system =p, (V;, - V)
m 2
=PoVp= EH\T
By the first law (AQ = AU + AW),

m RT
ﬁU=mL-—E Rsz[L-— Rfl]

3x373
AU = 1[2250 e

= ‘]= 2.078 x 10" |
I
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Heat or Thermodynamics 9 ) Mean free path

Mean free path of a gas molecule between 2 collisions

Mean Free Paih

all particles, including photons, suffer from collisions with other particles
such that their path through space is very short the higher the densities. This
typical path length is called the mean free path.

center location
of target moleculs

Mq:n}ecﬁ'lér .'
size I v

1y, = molecules per unit volume

mean free path A (the average distance travelled by a particle hetween collisions) to
determine the best values far number of particles IV, rms velocity V..., and box length L;

kgT

A= ——
V2rdp

where d is the diameter of the particle and p is the pressure.
which | can easily turn into;

mﬂgms
A e
2+/2nd"p
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The average distance a particle can travel

hefore colliding with another particle.

1
A =—
no

1
Effect of pressure: Z' aC P

Heat or Thermodynamics 10 ) Questions on efficiency of cycle

Suppose 0.2 mole of an ideal di-atomic
gas (y = 1.4) undergoes cycle with tem-
perature T, = 400 K and T.= 300 K. The
initial pressure is pa = 10 x 10° Pa and
during isothermal expansion at tempera-
ture T, the volume doubles.

(1) Find Q, W and AU from each step in
the cycle.
(i1) Find the efficiency.
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e
d
b
d
C
>V
Solution
G) V, = nRT,
pa
K 0.2x8.3l4:<4(}0 — 6.65x107 m’
10x10
For isothermal expansion a — b
PN, =PV,
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Vv 5
or ph=£i{}—“=5xlﬂ‘pu

b

For adiabatic expansion b — ¢
V=T Vr

I
-1
V=V,

c

15
=13.3x10™ xg] =273x10" m’

nRT.  0.2x8.314x300
™5y 27.3x10™

=1.83x10" Pa

For adiabatic compression d — a
T. Vdr - Tuvff I

]
—'_-! v . ]
v,=v[Jul =ﬁ.65m-*xGJ

L
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nRT
=13.65x107" p,= Va‘

~0.2x8.314x300
13.65x10°*

=3.65%x10° Pa

For isothermal expansion @ — b

AU=0
W=0Q, =nRT, +li.".*gt.--3i

=0.2 x 8.314 x 400 log 2

=461J
For adiabatic expansion b — ¢
Q=0

W =-AU=nCy(T,-T,)
= 0.2 % 20.78 x (400 — 300)

=415.7]
For isothermal compression ¢ — d
AU=0

W=Q =nRT log, %

13.65x10™°

=0.2x8.314x300 log_
5 27.3x10"
=-34581J
For adiabatic expansion d — a
Q=0
W=-U
= "C!.'{T{ - Tn}
=0.2 x 20.78 = (300 — 400)
=-415.7J
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The results may be tabulated as follows:

Q w AU
a—hbh 461 461 ) 01
b—c 0) 415.71] - 415.7 ]
c—d -3458) -3458) 0])
d—a 0] 415.71 415.7)

Total 115.2J 115.2 J 0J

(i) Forentirecycle, Q=W
AU=0
Total work done =115.2 )

Q,=461]
ne ¥ 1152 oo
Q, 46l
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Efficiency of cycle example

One mole of a di-atomic ideal gas (y = 1.4)
is taken through a cyclic process starting
from point A. The process 4 — B is an
adiabatic compression, B — C isobaric
expansion, C — D is an adiabatic expan-
sion and D — A isochoric expansion. The

volume ratios are %=Mundﬁ=2

B B
and the temperature at 4 is T, = 300 K.

Calculate the temperature of gas at the
points B and D and find the efficiency of
the cycle.

Solution For an ideal gas undergoing adiabatic
expansion or compression, we have
TV'-! = Constant

For the expansion at constant pressure, we have
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i = Constant
T

With this information, temperature of the gas
at different stages of the cyclic process may
be determined as follows:
(1) Adiabatic compression from A to B
TlivH? £ Tﬁ vn.v I

=1

@& Ti= —Et T, =(16)"*"(300)

B

=(3.03) (300 K) = 909 K

(11) Isobaric expansion from B to C

or T,;[% T, =2(909) = 1818 K

B
(i1) Adiabatic expansion from C to D

T,V ' =TV

V.-
or T,,-:(V—‘] T
)

I
Since, D — A is isochoric process,
therefore

V=V,
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Hence,

y=I r=1
T=|e| T={2t| %
0 C 16 Vu C

2 La=]
_(EJ (1818 K)

=(0.4353) (1818 K)=7914K

The given cyclic process is show in the
figure.

w

\Y

Efficiency of the cycle is defined as

B Work obtained in one cycle
i Heat absorbed in the process B — C

Now, the work obtained in one cycle is equal
to the area within the cycle ABCDA. This
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work is given as
W= ’w34('|+|w‘—‘-*ﬂ|+|wﬂ*“|

=RT, +C(T.~T,)-C/(T,~T,)

For a di-atomic gas,

Cy =£ and C, =1R.
. 2
Hence,

W=R{Tﬂ+%ﬁt. —TD—TH—TA]}

=(8.314 JK ' mol ™)

[{909 K)+%[ISI8—?9L4~909+300)K]

= 16237.2 Kelvin per mole

Heat absorbed in the process B — C is

given as
Q=C,(T.-T)
7
=(ERJ(TC—T,,]
-
= Ex (8.314 JK-' mole™")
(1818 K — 909 K)

=26451.0 ] mole™!
Hence, the efficiency of the cycle is
W 16237.2

N=—=—"=0.614
Q 26451.0
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Example of Efficiency of a cycle

An ideal gas is taken through a cycle
thermodynamic process through four
steps. The amount of heat involved in
these steps are 0, = 5960 J, Q, = - 5585 J,

Q,=-2980J and Q, = 3645 J respectively.
The corresponding worked involved are
W, =2200J), W,=-825J, W =~ 1100 J
and W, respectively.

(1) Find the value of W,

(1) What is the efficiency of the cycle?

Solution For a cyclic process
AU =0
(i) Cyclic de - jdw

ie, Q+Q,+Q,+Q,
=WI+W:+W3+W4

or 5960 — 5585 - 2980 + 3645
=2200-825-1100+W,

or W,=765J
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(1) Efficiency of the cycle,

_ Net work output

~ Total heat input

Net work output = 5960 — 5585

— 2980 + 3645
=10401J

Total heat input = Q, +Q,
= 5960 + 3645 = 9605 J

1040
1= 9605

n

x100 =10.83%

Question on Cycle

2.00 mole of a mono-atomic ideal gas
(U= 1.5 nRT) is enclosed in an adiabatic,
vertical cylinder fitted with a smooth
light adiabatic piston. The piston is con-
nected to a vertical spring of spring con-
stant 200 N/m as shown in the figure. The
area of cross-section of the cylinder is
20.0 cm’. Initially, the spring is at its nat-
ural length and the temperature of the
gas is 300 K. The atmospheric pressure
is 100 kPa. The gas is heated slowly for
some time by means of an electric heater
so as to move the piston up through
10 cm. Find:

(1) The work done by the gas.
(i) The final temperature of the gas.
(iii) The heat supplied by the heater.
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i,

]

Solution

(i) Force by the gas on the piston is
F=pA+kx
where, P, = 100 kPa is the atmospheric
pressure.
A=20 cm’ is the area of the
cross-section,
k=200 N/m is the spring con-
stant, and
x = the compression of spring.
Work done by the gas if the piston

moves through /= 10 cm 1s
I

W= _[Fdx
L]

= P AT+ ki
2

= (100 x 10° Pa)
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(20 x 10* m?) x (10 x 10 m)
+%{200me){|00:<10"‘ m’)

=20+1J=21J
(ii) Initial temperature, T, = 300 K. Let the
final temperature by T,, then
nRT, =p,V,

nRT = pV, =[p,, +%){Vu +Al)

= nRT, + p,Al + kI’ + !

AL+K KT,
nR AP,

or T:=T1+p“

+2n.l+2 ] N 200x10x107° x300
20x8.3 20x107* x100x10° Pa

=300K+1325K+30K

=331 K
(1ii) Internal energy, U = 1.5 nRT
X AU = 1.5 nRAT
=1.5%2.00 x 8.3 x 3]
=7721]
From the first law,
AQ =AU + AW

=(772+21) =793 ]
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Example where 2 vessels are connected

Two vessels contain in each of them one
mole of mono-atomic gas. The initial
volume of each vessel is 8.3 x 107 m’.
Equal amount of heat is supplied to each
vessel. In one vessel, the volume of gas
is doubled without change in its internal
energy whereas the volume of the gas
is held constant in second vessel. The
vessels are now connected to allow free
mixing. Find the final temperature and
pressure of the combined system.

Solution According to the first law of
thermodynamics,
AQ =AU + AW
For the first vessel: AU = 0, (Since, no change
in temperature)
AQ =AW
Vs
Q= IPW
¥,
Vs
= J‘HRT% (since, pV = nRT)

Vi
Since V, =2V , therefore
Q=nRT [Dg{ 2. (1)

For the second vessel: AW = 0, (volume is
constant)
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Q =nC, AT =n[%R]ﬂT i)
3R

E}

Since, for mono-atomic gas C,, =

From equations (1) and (11), we get

nRT log, 2:{%&}&1‘

or AT =-;1x300>rﬂ.693= 138.6 K

It is the change in temperature of the second
vessel.
Now, temperature of the gas in second vessel

=T+AT
=300+ 138.6=4386K
Let after mixing T, and p, be the final tempera-

ture and pressure, therefore

T+(T+AT
gy BEIEAT)

= M =3603 K

From the gas equation,

pV,=nRT,
~ nRT,
Py = v,
2x8.3x369.3

T 2x83x10' +8.3x10°
=2.46%10° N/m*
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A sample of 2 kg of mono-atomic Helium
(assumed ideal) is taken through the pro-
cess ABC and another sample of 2 kg of
the same gas is taken through the process
ADC. Given relative molecular weight of
Helium = 4,

(i) What is the temperature of Helium
in each of the states A, B, C and D?

(ii) Is there any way of telling after-
wards which sample of Helium went
through the process ABC and which
went through the process ADC?
Write yes or no.

(1i1) How much heat is evolved in each of

the processes ABC and ADC?

e

p(10N/m?) 5 c
5 ................. A D
10 20V(m’)
Solution
Amount of helium
=fl=ﬂ£__1 = 500 mole
M 4 g mol
(i) The temperature of gas at the states A,
B, C and D are
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T, =L

~ (5x10*N/m’*)(10m’)
(500 mole)(8.314 JK™' mole™' )
=120.28K

~ (10x10*N/m?)(10m’)
(500 mole)(8.314 JK ' mole™' )
=240.56 K

B

(10x10° N/m* )(10m")
~ (500 mole)(8.314 JK™' mole™)
- 481.12K

C

(5x10*N/m*)(20m’)
(500 mole)(8.314 JK ™' mole ')
= 240.50 K

D

(ii) No.
(iii) For the process ABC, we have
QAH = "CwaT

=(500 molc}[%x 8314 JK™ mule"]
(240.56 K-120.28 K)
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=75 10°)
Q.. = nC,AT
= (500 mn[e)(-z-x 8.314 JK™ mule")
(481.12 K —240.56 K)
=25x10)
Quiic ™ Qo T
=(75x10°)J+25x100))=325 < 10°J
For the process ADC, we have
Q,., =nCAT
= (500 mnle}[%x 8.314 JK™' mole 'J
(240.56 K -120.28 K)
=1.25x 10°]
Q. =nC AT
= (500 mnlc}[%xS.BM JK ' mole™ )
(481.12 K~24a.56 K)
=1.5x10%)
Qo™ Qg+ e

=(1.25 % 10°J + 1.5 x 10° J)
=275 % 10°J
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More example in Heat and Thermodynamics

A 1.00 mole sample of an ideal mono-
atomic gas originally at a pressure of
1.00 atmosphere undergoes a three-step
process:

(i) Itis expanded adiabatically from T,
=550 Kand T, = 389 K.

(1) Itis compressed at constant pressure
until its temperature reaches 7.

(111) It then returns to its original pres-
sure and temperature by a constant-
volume process.

(a) Plot these processes on a p-V dia-
gram.,

(b) Determine 7.
(c¢) Calculate the change in integral

energy the workdone by the gas,
and heat added to gas for each pro-
CCS5.

(d) For the complete cycle.

Solution First step Adiabatic Expansion
Q=0
W, =5 (1,-T))

= (1.00 mol}(%xg.l;lti JK! mﬂIc"]

x(389 K-550K)
=-2007.8]
For adiabatic expansion of an ideal gas
p:T:HIII e = P|T|‘- Ll
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Cp 5
T, \® 389]5

Hence, p,= p,[?'—]u =(1.00 atm) [—ﬁ

=0.421 atm.

nRT,
P

V, =

(1.0 mole)(8.314 JK™' mole™ )(550 K)
B (1.0x101.325 KP,)

=45.1dm’

AU, =W, =-2007.8J

Second step compression at constant pres-
sure;

The final volume in this process will be V| as
in the third step, the system returns to the orig-
inal state by constant volume process. Hence,
in the second step,

T, = (389 K) changes to T,
V,=(75.8 dm’) changes to V
=45.1 dm’
p. = remains constant,
Workdone in the process
W,==p,(V,=V,)
=—(0.421 = 101.325 kP ) (45.1 dnt* -
75.8 cint’)
=1309.6J
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T, = [ELJL =(ﬂ]{339 K)=2314K
V,) ? \758

Q,=nCyT,~ T,

={§x8.3]4 JK ') (231.4 K- 389K)

=—3275.71]
L\U: = Qz + W:
=-3275.7)+1309.6 ] =-1966.1J

Third step compression at constant volume in

this process:
W,=0
V, = (45.1 dm’) remains constant
Q,=nC.(T,-T,)

=(%x8.314 .Il("] (550 K -231.4K)

AU=397331

Since, the system return to its original state,
we will have
AU=Q+W=0
Now, W=W +W_+W,
=-2007.8)+13096J)+0
=-698.2)
Q=-W=698.6J
The p-V plot of the given process is shown in
the figure:
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-~

p
(1 atm, 45.1 dm?, 550K)

(0.421 atm, 75.8 dm?, 389K)

(0.421 atm, 45.1 dm?, 231 .4K)

In the complete cycle
AU=0

Q=Q,+Q,+Q,
=0-3275.7J+397331=697.6

W=-Q=697.6(=W,+W,+W,)
=-2007.8+1309.6J + 0= 698.2J

Two mole of an ideal mono-atomic gas is
taken through a cycle 4ABCA as shown in
the p — T diagram. During this process
AB, pressure and temperature of the gas
vary such that pT = constant. If 7, = 300
K, calculate:

(1) The work done on the gas in the pro-
cess AB.

(11) The heat absorbed or released by the
gas in each of the process.
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Give answers in terms of the gas con-

stant R.
-
2P, . c
P, ~ A
i T

Solution The volumes of the gas at three states
A, B and C are as follows:

nRT, nR(2T,) 2»RT,

V, = sl
" BB p
nRT, nR(2T,) 1 n»RT ..
V. = B B i L
SR P 2 P (@)
V. = nRT, . nR(2T,) . nRT, (i)
P{' 2 PF I:’I
It is given that during the process AB,
pT=K L(1v)

where, K is constant and is given as
K=p, T,=(p)2T)=2p T, ..(v)

In the process AB, we will have
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= VnRK [ 2V, -2V, ]

Using equations (i), (i1) and (v), we

get
-
. }[2 JnRT, 5 \/-n RT, 1
2p, P ]
=(V2nRT, )mE —JE]
=-2nTR

=—-2(2mole) (200K) R

=~ (1200 mole K) R
The negative sign implies that the work
is done on the gas.

Hence, work done on the gas
= (1200 mole K) R

(11) Change in energy of the gas in the proc-
ess AB is
AU, , =nCAT

=(2 mnle][%R) (T,-2T,)

=-—(3 mole) TR
=—(3 mole) (300 K)R
= — (900 mole K) R
Now, from the first law of thermody-
namics,
Q.‘iﬂ = aU.—\B ¥ w.-\l'l
=~ (1200 mole K)
R - (900 mole K) R
=~ (2100 mole K) R

The negative sign implies that the heat
is released in the process AB. The proc-
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ess BC takes place at constant pressure.
Hence,

Wac =PV
=@2p)(V.-Vy

nRT, #RT, ]
P, 2P J

=(2p) [

=nRT,

= (2 mole) (300 K) R

= (600 mole K) R
Now, AU .= nC AT

= (2 mnlc}(% R ](Tt ~Ts)

=(3mole) (R)(2T,-T)

= (3 mole) (R) (300 K)

= (900 mole K) R

Qur.‘ - ﬁ‘Uu‘: * wm'

= (900 mole K) R + (600 mole K)
R

= (1500 mole K) R
The positive sign implies that the heat
is absorbed in the process BC.
The process CA takes place at constant

temperature. Hence,
Y
We, = [pdV
LA
!

_ j’-nRT N

Vi
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=nRT lnﬁ ... (Where, T=2T))
V,
=(2mole) (R)(2x300K)In2
= (1200 mole K)R In 2
AU, =0
Qm =AU+ W,
=0+ (1200 mole K) R In 2
The positive sign implies that the heat
is absorbed in the process CA.

An ideal mono-atomic is confined in a
cylinder by a spring-loaded piston of
cross-section 8 x 10~ m? Initially, the
gas is at 300 K and occupies a volume
of 2.4 x 10~ m’ and the spring is on its
relaxed (unstretched, uncompressed)
state as shown the figure. The gas is
heated by a small electric heater until
the piston moves out slowly by 0.1 m.
Calculate the final temperature of the
gas and the heat supplied (in joules)
by the heater. The force constant of the
spring is 8000 Nm™ and atmospheric
pressure is 1 x 10° Nm’, The cylinder
and the piston are thermally insulated.
The piston is massless and there is no
friction between the piston and cylin-

der. Neglect heat loss through the lead
wires of the heater. The heat capacity
of the heater coil is negligible. |[Assume
the spring to be massless].
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\Y\\\\\\\\\\\\
\

\

Solution Let p, be the atmospheric pressure.
Initallty for the equilibrium of the piston, p,
= -Plt == pﬂ

where p, and p, are the pressures on the
left hand and right hand side of the piston.

‘}}55555}5555}55 |
Open atmosphere

]t

———

Force exerted b‘; the spring on the ‘pismn
when it moves

F = kx = 8000 x 0.1

=800 N
Pressure exerted on the piston by the
spring
Ps =£=L}q’=]xlﬂsﬂmd

A 8x107 m”

Total pressure acting on the right hand
side
P’y =P, Ps

=2 x 10° N/m’
Under equilibrium p’, = p’,
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. pY, _P\V,
i 3 5]
_1x10°x2.4x107
300
~2x10°x3.2x107
§ b
T, =800K
AU =nC AT
WhdiE, e AN 1x10° x2.4x10™
RT, 8.3x300

=0.09638 mole

. AU =0.09638x -;-x 8.3x(800-300)=600)

&W=%k-xz+pu~ﬂv

%KSUOx(U.l)2+lx105x8>¢104

=120
AQ =AU +AW =600 + 120 = 720 J.
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A system is taken from state i to the state f

(refer to the figure). Along path “iaf™, it is

found that AQ = 50 cal. AW = 20 cal. Along

the path “ibf”, AQ = 36 cal. Calculate:

(1) AW along the path “ibf™.

(11) If AW =— 13 cal for the curved path
“fi”, what is the AQ for this path?

(iii) Taking U, = 10 cal, what is U;?

(iv) If U, = 22 cal, what is AQ for the
process “ib™ and the process “bf’?

pJ\

F
o

{Hr
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Solution Path “iaf"AQ = 50 cal

AW = 20 cal
=g AU = AQ - AW
=50 -20 =30 cal
= Uf——U:.=30 cal

As internal energy change is a state function.
AU will be same for any path from i to £

(i) Path “ibf” AW = AQ — AU

=36-(U,-U)
=36 — 30 =6 cal.
(i1) Path “fi” AQ = AU + AW
=(U,-U)+AW
=(-30)+(-13)
=—43 cal
(i) U,~U,=30cal
U=U+30 .. =40cal

(iv) Process “ib” AQ = AU + AW
=(U,-U)+(aw),
(AW), = (AW),,
Because {ﬂW]m =0
AQ=(22-10)+6
= 18 cal.
Process “bf”" AQ = AU + AW
=U-U)+0
= (40 - 22)
= 18 cal.
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A mono-atomic ideal gas of two moles
is taken through a cyclic process
starting from 4 as shown in the figure. The

V

volume rations are —’=2nmfﬁ= !
A 4

If the temperature T £ at 4 is 27°C,

A
calculate:

(1) The temperature of the gas at point B.

(11) Heat absorbed or released by the gas
in each process.

(111) The total work done by the gas dur-
ing complete cycle.

Express your answer in terms of the gas
constant R,

V -
D
VD} ........................ & C
w -~
7 3 SO S
VA

R
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Solution

Given £=Zand£=4
V.ﬂ. VA
T, =27°C

(i) The process A — B in which the plot
of V verse T is linear occurs at constant
pressure condition.

Hence L=£~
A A
VB
or T, =| =2 |T, =(2)(300 K)
i N
=600 K

(i) The process A — B occurs at constant
pressure. Hence,

Q.-\—d} - n Cr {TB _Tﬁ.]
= (2 mole) (%R] (600 K —300 K)

= (1500 mole K) R.
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The process B — C occurs at constant
temperature. From first law of thermo-
dynamics

dU =dQ - dW
Since, the internal energy of an ideal
gas depends only on temperature, there-

fore
dU = 0 and dQ = dW
QB — =2 wil =
dv

= IpdV =nRT, J-—{r
=nR T, In i

Vﬂ
=aRTyln—=..... (asV.=V,)

B

=nR T, In[ﬁv—"‘J
v

A B

=(2 mole) (R) (600 K}ln(%)

=(1200 mole K)R In 2

The process C — D occurs at constant
volume. Hence,

Q[' D "C¢ {TA - TH}
= (2 mok) [%R) (300 K - 600 K)
=— (900 mole K) R
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The process D — A occurs at constant
temperature. Hence,

Qpn =WpA =nRT, In%‘—

[#]
=(2 mole) (R) (300 K) In[%}

= — (1200 mole K) R In 2.

(111) Since, the process ABCDA is a cyclic
process, therefore
U=0,W=Q
where,
Q= Q"ﬁ—-u+ QH—-{' +Q('—-l3 + QI]—-.&
= (1500 mole K) R + (1200 mole
K) R In 2 - (900 mole K)
R-(1200 mole K)R In 2

= (600 mole K) R.

An ideal gas expands from a volume V=
1 litre and pressure p, = 1 bar to velume
3 litre along two different paths 4BC and
AC as shown in figure. The heat added to
the gas along the path ABC is 600 J.

(1) Sketch the process on p — T diagram.
(ii) Find the work done by the gas along
the paths ABC and AC.

(i1i) Find the heat transfer in the process
along the path AC.

Ray or Geometrical Optics by Prof. Subhashish Chattopadhyay SKMClasses Bangalore Useful for IIT-JEE,
CBSE, I.Sc. PU-II, Boards, CET, CEE, PET, IGCSE IB AP-Physics and other exams



Ray or Geometrical Optics by Prof. Subhashish Chattopadhyay SKMClasses Bangalore Useful for IIT-JEE,
CBSE, I.Sc. PU-II, Boards, CET, CEE, PET, IGCSE IB AP-Physics and other exams

pﬂL
B
45° 45°
P, >
A :C
v, av. "V
Solution

(i) Equation of line AB,
p-p,=tand5’(V-V)
Hence for ideal gas, p=V
Now pV =KT
=  p?=KT (parabola)
..... (where K is constant.)

AtBV_ =2V andp,=2p,
Equation of line BC, p—2 p, =—tan 45°

(V-2V,)
p=-V+4
KT
= ==——=s+4
- P

P* — 4p = — KT (Parabola)
(i1) Workdone along path AC = (AW), .

=p. (3V,-V)
=2p,V,
=2x1x10°%1x10°
=200J.
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(iii) For path ABC (AQ),,. = (AU),. +

(AW) 4
= (AU),.=600-300
=300 J.
Heat transfer in the process along path
AC,

(Q), = (AU),. + (AW),
= 300 + 200 = 500 J.

pp

L

T, 3T, 4T, T

o LU
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A monatomic ideal gas, initially at tem-
perature 7 is enclosed in a cylinder
fitted with a frictionless piston. The gas
is allowed to expand adiabatically to a
temperature 7, by releasing the piston
suddenly. If L, and L, are the lengths of
the gas column before and after expan-

sion respectively, then T /T, is given by

LY L
L% B} —L
(a) {Lﬁ) (b) L,

3
L, L,
@ i ( L, ]
TV~ ! = constant
5
For monatomic gas g = 3

=  TV?*® = constant

Since volume is proportional to length, there

fore,
¢ 7 ik
T L

Hence (d) is correct.
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Two identical containers 4 and B with
frictionless pistons contain the same ideal
gas at the same temperature and the
same volume V. The mass of gas con-
tained in A is m_and that in B is m_.
The gas in each cylinder is now allowed
to expand isothermally to the same final
volume 2V, The change in the pressure in
A and B are found to be Ap and 1.5 Ap
respectively. Then

(a) 4m, =9m_ (b) 2m, = 3m,

(c) EmA = ZmB (d) th = 4mB

RT
\Y

m,

For gas in A, p, =(—J

M
_(ﬂ]E
P, M)V,

RT 11
Ap=p,-p _(H]mh[E_EJ

Putting V. =V and V, = 2V, we get

_[RT \m,
- [M]ZV

5 " RT \m
Similarly forGasin B, 1.5Ap=| — |—2%
S l + [M]ZV

From equation (i) and (i1) we get
2m, =3m,
Hence (c) 1s the correct.
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Two insulating cylinders 4 and B fitted
with pistons contain equal amounts of an
ideal diatomic gas at temperature 300 K.
The piston A4 is free to move, while that
of B is held fixed. The same amount of
heat is given to the gas in each cylinder. If
the rise in temperature of the gas in A4 is
30 K. Then the rise in temperature of the

gas in B is
(a) 30K (b) I8K
(c) S0K (d)42K

For cylinder A For cylinder B
dQ =n C,dT, dQ =nCVdT2
=n(C,+R)dT,
nC.dT,=n(C,+R) 30

1. ~(Cy +R) 30
2 _C\.r —
: . 5
For diatomic gas C, =ER
dT,=42K

Hence (d) 1s correct.
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Which of the following graph cor-
rectly represents the variation of
(dV
kF
at constant temperature?

.

-
d==-

] / V' with p for an ideal gas

(a)

-

-

(b)

Ray or Geometrical Optics by Prof. Subhashish Chattopadhyay SKMClasses Bangalore Useful for IIT-JEE,
CBSE, I.Sc. PU-II, Boards, CET, CEE, PET, IGCSE IB AP-Physics and other exams



Ray or Geometrical Optics by Prof. Subhashish Chattopadhyay SKMClasses Bangalore Useful for IIT-JEE,
CBSE, I.Sc. PU-II, Boards, CET, CEE, PET, IGCSE IB AP-Physics and other exams

B
(c) >
p
p
(d) >
p
| As temperature is constant,
pV = constant
= pdV+Vdp=0
_(@V/dp) 1
¥ p
= PB= b
P
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An ideal gas is taken through the cycle
A — B — C— A, as shown in the gas in
the cycle is 5J, the work done by the gas
in the process C — A is

(a) —5J (b) - 10J
(¢) —15] (d) —20J
2+ . . B
|
V() |
14
A
p(N/m?) 10 '

For the cyclic process AU = 0
AW=W_+W_+W_

=(10+0+W_,)J
Given: AQ =35]
From first law of thermodynamics
5=10+0+W,_,
= W,=-5]

Properties of Material 1) Torsional Torque per unit twist
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The targue T can be equated to the sum of the maments of the tangential stresses on the element 271 dr

T /3 (27rdr)r
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Properties of Material 2 ) Torsion of a cylinder

TORSION OF A CYLINDER/TWISTING 1
WIRE
Let, [ = length of cylinder
- radius of cylinder
¢ = angle of twist
6 = angle of shear
n = modulus of rigidity
1 = restoring torque developed in the cjrlinde:1
twisting
¢ = restoring couple per unit twist
F = tangential force applied at the free end.
(i) Relation between angles of shear and twist

BB =l8=r¢ or B=7¢

|

Ray or Geometrical Optics by Prof. Subhashish Chattopadhyay SKMClasses Bangalore Useful for IIT-JEE,
CBSE, 1.Sc. PU-II, Boards, CET, CEE, PET, IGCSE IB AP-Physics and other exams



Ray or Geometrical Optics by Prof. Subhashish Chattopadhyay SKMClasses Bangalore Useful for IIT-JEE,
CBSE, I.Sc. PU-II, Boards, CET, CEE, PET, IGCSE IB AP-Physics and other exams

Fixed and

FAFFIR NS FERS] KETFSETEETETT R
s

&
IR L

T=cCH
(i) Work done in twisting through angle ¢ is
1 : nn rd 9
2 c¢21 LE' ¥ 41 ¢

Properties of Material 3 ) Coefficient of Resilience

3 kinds of Coefficient of Resilience

The amount of energy absorbed per unit volume of the body. This is affected by the
class of deformation whether axial, bending, or torsional; hence there are three kinds
of coefficients of resilience.

Some Authors refer Coefficient of Restitution as Coefficient of resilience.

If a ball falls from a height falling vertically, and just before hitting the ground, it has
a speed of v1. Then after hitting the ground it jumps upward with a vertical upward
speed of v2.

Then the coefficient of restitution e = mod of (v2 / v1)

If a ball is moving at u1 and another is moving at u2, they collide. After collision if
these move at v1 and v2 then e = mod of (v2-v1) / (u2-ul)
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Q_Vel’acf.gr af  Separation
Veloeity of approach
-

L Bh
U, =t

By

12
Properties of Material 4 ) Relations between various Elastic constants

RELATIONS CONNECTING
THE ELASTIC CONSTANTS

; >'§

__ Y 9 3 1
LR 3(1 - 20) 3‘?=F|+_K
. 3K - 2n

2(1+0) %0 - 2(3K + n)

Write many times to memorize

Relations between Elastic Constants ¥, 1, Kand o

| ¥
() n= T S
' e W
N 3K - 2n

R e ' =
B A AT

There is a mistake in the formula below. Y/n shouldbe 2 (1 +0)

Frare o
ot g T e e/ H.Il,‘?ﬁ
Torsional rigidity C= ’“_f;‘

Torsional couple (Torque) G = C8. If angential
: h: :
stress is T'then 3 N where ¢ 15 shear angle, ¢ =

E}E where 815 angle of twist.
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Poisson’s ratio cannot éxceed

(a)0.25 (b) 1.0
(c)0.75 (d)0.5

(d) BEW ifB=0e |-20—=0o0r

|
O™ 5

A copper wire of cross- section 4 is under a tension T.
Find the decrease in the cross-section area. Young's
modulus is ¥ and Poisson’s ratio is ©.

ofl al
®) 247 OV 2y
20T doT
{c}m——_“, (d) YA
r ! [ AY
A _2ar 20T
A r AY

Properties of Material 5 ) Bending of the Beam

Depression of Beam at center

The Depression of a Beam at its Centre

The depression at the centre of a beam is given by
Mgl
~ 4bd'Y
M = Suspended Mass, L = Length of the beam, b = Bread of the beam,
¥ = Young's modulus and d = Thickness of the beam
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«SUPPORTED BEAM, CENTRALLY LOADED,
[Assumption - Weight of the beam ia ineffective.)

{6} If the beam iwof sircular cross-section, then depres-
sion v is given by

wi*
12¥xer?
where W.is the load suspended at the middle of the beam, .L
is the length of the heam betwesn two supported points, Yis
Young's modulus of slasticity and r is the radius of the circular

v =

eroas-section of the beam
(s} If the beam :5u1'n-cungu35rcmﬂ-miuﬂufbmﬁdth

o and depth o, then depression at the middle is given by
...l
T 4Yhd?
THE CANTILEVER—DEPRESSION OF ITS LOADED
END
(Assumption : Weight of cantilever is ineffective]
_wL?
¥ avl
For n beam of rectangular eross-section of breadth b

MS
and depthd, I = 13

_wWiLix12

lr
i EYxEE

WL 4wL?
v| =] 8Ynrt
4

[
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For the same fross-sectiﬂna:fim. ﬁ‘
{epression for the beam sque i

section 18!
(b)ym:3

ven load, the ratio of «
n end circular cross:

for gt

rrpgss-sectto

E{:lfr ; ; (d) 7 : L 3
[ , |
| WL _ 4wl .-=|
Sol. = "ITEI ' 7 3¥Yn r ]

So, (a) is the right choice.

Properties of Material 6 ) Measurement of Radius of Curvature

To measure the radius of curvature with

: a spherometer,
we use the formula =
P 2
fey :‘é‘t}-* rb}R=é’jl_+f21_
A* I 2
ECJR:L—I-+}'1-— IdiRz%-p{E

Ray or Geometrical Optics by Prof. Subhashish Chattopadhyay SKMClasses Bangalore Useful for IIT-JEE,
CBSE, 1.Sc. PU-II, Boards, CET, CEE, PET, IGCSE IB AP-Physics and other exams



Ray or Geometrical Optics by Prof. Subhashish Chattopadhyay SKMClasses Bangalore Useful for IIT-JEE,
CBSE, I.Sc. PU-II, Boards, CET, CEE, PET, IGCSE IB AP-Physics and other exams

teprine the radius

The thaory of the

11iim l.:"'"'"l-"'\"qp
herleal mir {nco
bl beebow

neneter [FLg

A ot
eurvature of m o1

descri

pthod t8 ety

Fig. 11
tithe Fig. 12, = k(2R - Al
~ |n
- _r i r
| |A=h |
osX |
| )
) IR /
e
Fig 12
O mmplification,
? h
R= '3
|
Baut - %
[Think of an equilateral triangle of side [.]
| .
R = E + E
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Properties of Material 7 ) Shear stress

A bar of cross-section 4 is subjected to equal and
opposite tensile forces F at its ends. Consider a plane
through the bar making an angle 8 with a plane at right
angles to the bar. Then shearing stress will be maximum

ife
I H
Fa— 4 :'E =
{a) 0" (b) 30°
(c)45° (d) 60°
(e)90°
~ Fsin®  Fsin28
(c) Shear stress = g 77T S v
Shear stress will be maximum if sin 28= 1 or 20=90° i.¢.
8=45",

Properties of Material 8 ) Thermal stress and force

Thermal Strees

(f) The thermal stress set up in the rod which is not free to expand or contract is given by,

F
Stress inthe rod = 7 i Ya(e,-e,).

¥= Young's modulus, a = Linear coefficient of expansion and (8, - 8,) = Temperature difference.

(if) Thermal force = F= ¥4 a (6,-8,)

(i} Two different rods of different materials are joined end to end and the composite rod is fixed between the two supports. The
temperature difference is (0, — 8, ). Then force is given by

La,(0, -0,) + La,(0, -0,)
L, L
AY, AN

F
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Properties of Material 9 ) Proof Resilience

Proof resilience is related to

(a) PE stored in an elastic body.
(b) stiffness of a beam.

(c) elastic fatigee.

(d) elastic relaxation.

Ans : (a)
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Properties of Material 10 ) Elongation in a Pendulum

A sphere of mass M kg 1s suspended by a metal
wire of length L and diameter d. When in equilibrium,
there is a gap of Al between the sphere and the
floor. The sphere is gently pushed aside so that it
makes an angle 8 with the vertical. Find 8___so that
sphere fails to rub the Floor. Young’s modulus of
the wire is Y.

! cost

Yrd Al 2
ia]sin"['_W] {b}l'an'[lum}

BMgl
| Yrd'Al
(c) cos S Mgl (d) none
2Mg(l-cos@)L
Ins - © Y= :L _ Mgl d}cus )
x——Al
4
_Ymd'Al Yrd Al

or I—m&‘—w orcos f=1- 8 Ml

m‘uT =mgl(] -cos @)

-

or -*"—'—}L =2mg (1 -cos 6)
Yrd Al
= cos™ [1““—"—“”3!-
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Properties of Material 11 ) Depression at center of rod

A wire of length L is clamped at two ends so that it lies
horizontally and without tension, A weight W is
suspended from the middle point of the wire, The vertical
depressionis_ Young's modulus is Y.

2 11

ETI T!
(c) AT (d) === 51Y

(a) 2T cos@=W
W
2cos0

T / o &
Aoy o J[E*‘”]’I

71 : a2 TR
J[ 2 4 J4.4F+4A~‘}'=

ar

I-J
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Fluid 1 ) Bernoulli’s Principle and Application

Energy per unit volume before = Energy per unit volume after

2 2
B + 5pvy + pgh, = P, +5pv, + pgh,

Pressure| |Kinetic FPatential

I
S P R e ey
valuma|  volume Bernoulll Equation or "Bernoulli
E . Effect” is the reduction in pressure
FiOW Veloely Flow velocity J which ogcurs when the fluid speed
¥s |1 incresges.

#
3@;}@__] s A< A,
.
= S WA
. =i
Eg/: F\E RE % P1 ‘
P Increased fluid speed, R e
1 decreased intarnal pressure.

Differential velocity at top and bottom of an aircraft wing, for uplift

Lift
Low Pressure
High Velocity

Upper Streamline

Lower Streamline

Longer Distance

High PrESSI.".E Shorter Distance
Low Velocity

"Longer Path” or "Equal Transit” Theory

Dynamic lift in aircraft
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Acroplanes get the dynamic lift because of the shape of their wings. The upper surface of the wing is made more curved than
the lower surface: air flows with greater speed above the wing; pressure above the wing is less. The wing gets dynamic lift
upwards.

1 "
Dynamic lift = (P,~ P ) = ;p{\-,’ -y )d

Where p is the density of air, A is the arca ol the wing, v, and v, are the speeds of air above and below the wing and P, and
P, are pressures above and below the wing.

Air is streaming past a horizontal air plane wing such
that its speed is 90 m s~ at the lower surface and
120 m s~ over the upper surface. If the wing is 10 m
long and has an average width of 2 m, the difference of
pressure on the two sides and the gross lift on the wing
are [Density of air = 1.3 kg m™)

(a)5Pa, 900 N (b) 95 Pa, 900 N
(c) 4095 Pa, 900 N (d) 4095 Pa, 81900 N.
Ans :

Pressure Difference =AP =1/2 (p ) v "2

(d) P,—Plséxll.a [120° - 90%] = 4095 Pa

Lit =4095x2x 10 N =81900 N
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A pressure gradient is needed to
accelerate the air around the curved upper
surface of the wing. Thus the air just
above the wing is a zone of low pressure.

Because the pressure beneath the wing is
higher than the pressure above, there’s a net
upward force on the wing. This is lift.

roof of hut being flown off due to strong wind

™
/ F=Ap-A

R
I_I i S ul
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Fluid 2 ) Magnus Effect Top Spin

¢

-

Magnus Effect lift

Lift
Fiokation, Direction Ai-

T dow welosily
Baoomas quich ed
pragiury Boomes
ikl

The Som valsoly Baeomes small and
PERSTURe becoma S large
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Fluid 3 ) Reynold’s Number

DY C
Mo = 2

Ee
|

= inside pipe diameter

D
Y = average velocity
C = density

m

absolute viscosity

Fluid 4 ) Surface Tension Formula

Work done = energy = Area * Surface tension
Energy for film = 2(Area = Surface tension)
Absorbed energy when drop of radius R splits into » identical drops of radius r, is

= 4xR(n' - )T = 4nr’n" (W' <1)T
a5 4T
Excess pressure inside the soap bubble = e

2T
Excess pressure inside the liquid drop = —

Difference between convex concave side is

p= T[l+l]
i &

When two drops of radii r,, r, coalesce to form a new drop of radius R under isothermal condition, then R= Jii+n

Wh-:nlmapbubblcnfradimr[andmﬂmnfudhurlmbmughuog:dmmmliusol’thecumwnirrbu-fau-hl-l-l
r R &
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Fluid 5 ) Bulk Modulus and Compression of liquid

P Bulk modulus:

e i o

- @ AVIV
: P = pressure
/T\ V = volume
= ar =0 bili
B = Vop ompressibility
d
VK dp
1 K = Bulk Modulus
Ve p = Density,
P

V = Volume,p = Pressure,

Find the density of water 2 km deep in a sea. Bulk
modulus =2 x 10°Pa.

(a) 10°kgm”’ (b) 1010 kgm
(c) 1100kgm (d) 1040 kgm *

' 2x10° x10° x10

) 5% =—E= x'.,:l;" = 01
AV A

V=35 orAd= 10 kg/m’.

density of water=1010kgm *
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TMWM“'MW
nwdulm nfm h 23!10 Nm

R

Find the volume density of elastic energy of fresh water

ata depth of 1000 m
(a)2.5kim” (b)25 kJm™
(¢)0.25 kdm™* (d) none

dw _1 AV _1 (P
¥ =52 (B]

" {Egh}’ (107 x10x10%) :
2%2x10°  2x2x10° sLox M-l
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A driver at a depth of 45 m exhales a bubble of

air that is 1.0 cm in radius. Assuming ideal gas behaviowr, what
will be the radius of this bubble as it breaks the surface of

water?
Plan Inside water Py, =atmospheric pressure+ pgh

Using PV, = P,V, .V, at the surface of water is calculated (V;
is the volume of bubble at the swface) thus, r can be

calculared
Solution Atmospheric pressure = | atm.
Pressure due to depth of 45 m = pgh

where p = density of water =1gem ~ =1000kg m >,
g=98Ims™, h=45m
pgh=lﬂﬂﬂx§.3|x451\im"=
_lmxg.ﬂlxlﬁ
R T

atm = 4.36 atm

(v 1atm=1.01325%10° Nm™)

- P, =atmospheric pressure + pgh=1+4.36 =536 atm
Pz =] atm

#vy5 4 3. o3
V. =— =X cm
[ R =5 x (1)

-

V, =% =r® = volume of bubble at P, (at the surface)

using PV, =PV,
V., = PIV!.
2 P:
4 5365 n(1)’
. . 3
3 1
r’=536cm’
r=1.75cm
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Fluid 6 ) Time taken for water to go from h1 to h2

A cylindrical vessel of area of cross-section A has a hole of area of cross-section ‘a’ in its bottom.
Time taken for the water level to decrease from A, to A, as water flows out from the hole is

’ﬁ“a =

Statischer Druck

Application of Bernoulli’s Equation in Siphon
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Application of Bernoulli’s Equation

Water level 15 12m above
ground. Hosenozele is
2 0m above ground

1 What 15 (gauge) pressure
in hose at nozzle?

2 What 15 water speed at
nozzle?

2 How high doeswater
squitt?

Magnetic Properties of Materials 1 ) Diamagnetic, Paramagnetic, Ferrimagnetic,
Antiferromagnetic

Magnetic Properties : Solids can be classified into different types depending upon their behaviour towards
applied magnetic field.
a. Diamagnetic Substances : Which are weakely repelled by magnetic field They have paired electrons.

NaCl, V,0,, TiO,.

b. Paramagnetic Substances : Which are weakly attracted by magnetic field They have permanent
dipules due to presence of unpaired electrons. They lose their magnetism on removal of magnetic field. TiO,
Ti,0,, VO, VO,, Cu0.

¢. Ferromagnetic Substances : Spontaneous alignment of magnetic dipoles of ions or atoms in same
direction. It changes into paramagnetic substances at higher temperature. Fe, Co, Ni, Cro,.

d. Ferrimagnetic Substances : Alignment of magnetic dipoles of ions or atoms in such a way so that
there is some net magnetic moment due to unequal number of parallel and anti-parallel magnetic dipoles. It
also changes into paramagnetic substances at higher temperature. Fe,0,.

e. Anti Ferromagnetic Substances : Alignment of magnetic dipoles of ions or atoms in such a way so
that there is no net magnetic moment (ie. zero magnetic moment) due to equal number of parallel and anii-

parallel magnetic dipoles. V,0,, Cr,0;, MnO, Mn,0,, MnO,, FeO, Fe,0,, CoO, NiO.
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- a God, inshort, who 1s but _
a reflection of human frailty.

through feqr
ridiculous egotisms.

( Apart from Millions of smart people ) Several Nobel Laureates were Atheists.

Some famous examples have been Albert Einstein ( 1921 ), Richard Feynman ( 1965 ), Erwin
Schrodinger ( 1933 ), Paul Dirac ( 1933 ), Lawrence M. Krauss ( 2011 ), Niels Bohr ( 1922 ),
Peter Higgs ( 2013 ), John Bardeen ( The only person receiving the Physics Nobel prize
twice. 1956, 1972 ), Frederick Sanger ( The only person receiving the Chemistry prize
twice. 1958, 1980 ), Marie Curie ( 1903, 1911 ), Frédéric Joliot-Curie and Irene Joliot-Curie (
1935 ), Milton Friedman ( 1976 ), John Harsanyi ( 1994 ), Friedrich Hayek ( 1974 ), John
Forbes Nash, Jr. ( 1994 ), Amartya Sen ( 1998 ), Subrahmanyan Chandrasekhar ( 1983 ),
Enrico Fermi ( 1938 ), C. V. Raman ( 1930 ), Eugene Wigner ( 1963 ), Steven Weinberg ( 1979
), Chen-Ning Yang ( 1957 ) etc

A bigger ( incomplete ) list can be seen at
https://en.wikipedia.org/wiki/List_of nonreligious_Nobel laureates
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There is no God. There's no heaven.
There's no hell. There are no angels.
When you die, you go in the ground,

the worms eat you.

— Madalyn Murray ('Hoin —

AZ QUOTES

( When the body is burnt, oxides are the ash. The gases and water vapor spread in the air )

My personal favorites ( among these Atheists ) are Richard Feynman, Peter Higgs, Lawrence
Krauss.

Atheist Republic.com

detested religion is s siy

tendency to insinuate that the universe
is designed with you in
mind. orevenworse, that thereisa |

divine plan into which one fits
whether one knows it or not.

What is wrong with
inciting intense dislike
of a religion if the
activities or teachings
of that religion are so

outrageous, irrational
or abusive of human
rights that they
deserve to be

This kind of modesty

is too arrogant for me.

-Christopher Hitchens intensely disliked?

- Rowan Atkinson

Richard Feynman openly laughed ( Publicly and in class ) about Gods, Fairies etc. see
https://www.youtube.com/watch?v=j3mhkYbznBk

and https://www.youtube.com/results?search_guery=Richard+Feynman

Peter Higgs was very unhappy about " Higgs Boson " being called "G..( | don't want to name
this ) Particle". Stupid Journalists, Media, and dumb people kept repeating that word, and
Peter requested to refrain from using this word.

Lawrence Krauss openly laughs and ridicules the Theists or any non-Atheists. The crap of
Agnosticism does not work with me or Krauss.
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We are in Modern Times. | am lucky to learn the correct things quite early in my life, inaso "
peaceful " society. When | was in standard 9, ( in early 1980s ), | was writing a book on
Atheism. | was convinced to understand, learn, and imbibe the correct approach and
knowledge.

But that was not the case previously. Copernicus used to discuss and explain people widely
and randomly, that Earth is rotating around the Sun, and it is not a Geocentric" universe.
Nicolaus Copernicus had to waste lot of time arguing, fighting and convincing the stupids.

Measuring something, which is very slow; is very difficult. | have asked lot of "educated /
engineer / Software or IT ( senior position ) Parents” that " How do we know that Earth is
moving around the Sun in 365 days or say 365.242196 days " ? Believe me | never got an
answer. The Modern iPad / smartphone community in general does not know how 365.24
days was measured almost thousand years ago !

A metal triangle was set at top of buildings ( Mosques or churches ) and the position of the
shadow was marked at a particular time. Say 8 AM everyday. The position of the shadow
varied everyday. It was seen that after 365 days the shadow matched the position but after
sometime, not exactly at 8 AM but after a few hours ( approx 6 hours ) so at around 2 PM or
slightly before.

See details of this at http://blog.world-mysteries.com/science/ancient-timekeepers-part4-
calendars/

See the video https://www.youtube.com/watch?v=lhqzZW97 47w

It took many centuries to introduce the leap year corrections. A century is a leap year only if
divisible by 400 and not the rule of divisible by 4. Year 1900 was not a Leap year. But year
2000 was. | have met computer Science guys who are aware that Microsoft Database SQL-
server do not accept some old dates, while Oracle database does not accept some specific
dates of the past. But none whom | met knew the detailed or actual reasons.

See https://zookeepersblog.wordpress.com/everyone-must-know-about-the-calendar/

“ How do you prove that day and night is happening due to rotation of Earth around it
own axis in contrast to Sun is rotating around Earth “ ?

No student from Bangalore, whom | met, answered this. Though conservation of Angular
Momentum is in course. ( | am being polite ) Hardly met any parent who knew the
explanation. See https://www.youtube.com/watch?v=iqpV1236_Q0

And https://www.youtube.com/results?g=Foucault%27s+pendulum

Tyco Brahe took the boldest step to create the " Foundation of Science ". Experiments or
"Double blind experimental observations " are the supreme. The Theory follows the
experimental verification. There are some universities who award M.Sc in Psychology. A
psychologist may guess something .... But that is not reality or truth. Till something is
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experimentally verified it remains as a Perception. Truth is known only after experiments.
Because the subject Psychology; completely stands of experimental verification; so the
Master in Science degree.

INVENTIONS
\ = :
S /C"*

Galilean Geometric and Military
Compass

Galilean Compound
. Microscope

Galilean gl
Thermometer

Galileo's Telescope

Galileo Galilei
(1564-1642)

Tycho decided to observe the skies ( around 1573 ). In those days sky was synonymous to God.
He had the courage to go to the King to ask for donations to make an observatory. He said to
the king that "he wants to observe the Gods and take conclusions ". Salute to Tycho's
paradigm that even Gods can be observed and conclusions can be drawn.

Amazing leap to start Science.

Cavendish's Torsion Balance

8 e
Q- O /o

Torgise on wire
FESEE Dwigling

Mireor
Heavy foxed mags  OTS10N v,

7,

Cscillates at
equilibriem point
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Since those days till now we observed and concluded about Kepler’s Laws, Gravitation Laws,
Cavendish measuring value of G, measuring speed of light, X-Ray, Electromagnetism /
Maxwell's equations, Radioactivity, No Aether was " observed " in Michelson Morley's
experiments, Protons, Neutrons, General Theory of Relativity, Slowing of clocks at high
speed, Bending of space, Bending of light and gravitational lens, YDSE, Quantum Mechanics,
Ernst Ruska designed and built the first electron microscope, Casimir Forces, Virtual
particles and more than 400 kinds of particles, Quarks, Unruh effect ( an accelerating
thermometer shows higher temperature ), Negative Kelvin Temperature, Bose-Einstein
condensates, Superconductivity, Solution to EPR paradox by John Stewart Bell, Violation of
Parity in certain situations - Madam Wu, Yang and Lee, Quantum entanglement in Alain
Aspect’s Experiments, Black holes, mass of Neutrinos, Caesium Atomic Clocks, Dark Matter,
Dark energy, Magnetic Monopole, Gravitational Waves, Nano Materials, Meta Materials,
Quantum Computers .....

No God was observed, or no role of God was observed. There is no conspiracy theory going
around in Science. Those who want to verify God have to die waiting

.. Nothing ever will be reported regarding this illusion.

I have NEVER seen

the slightest scientific p'I'OOf

of heaven & hell,

Of future hte for individuals,

" of a personal God.

( As | write these words { 2016 } GUT [ General Unified Theory ] is being modified to
introduce a 5th fundamental force, because some heavy particles have been observed at
CERN and various other experiments and Producing Gravitational waves at will, without
mass )
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Learn Science from https://www.youtube.com/user/cassiopeiaproject/videos

Some easy Physics ( much easier than IIT-JEE )
https://www.youtube.com/channel/UCliSRiiRVQuDfgxl QN _Fmw/videos

( Pradeep Kshetrapal Sir’s Videos are at -
https://www.youtube.com/user/PradeepKshetrapal/videos )

IIT-JEE is extremely tough for most humans. A productive PhD in Physics, or actually
contributing to growth of the subject is much more tougher ( than IIT JEE ). { | personally
know quite a few lIT-JEE single or double digit rankers, joining for PhD and then dropped out due
to performance }. Most people have an illusion that they can argue with Scientists and imagine
to ask some " smart " questions which the Scientists will not able to answer, so the argument
is won, and existence of God is proved. As if Scientist are eagerly sitting or waiting to answer
every crap asked. | can only say; that most scientists ( since more than 100 years ) have
stopped wasting their time arguing or convincing fools. | am not a Scientist. Even being a
simple teacher, | do not try to teach fools, or argue with anyone.

[ For History of Physics | recommend
http: //www.historyworld.net/wrldhis/PlainTextHistories.asp?ParagraphlD=kqq ]

[ Gravitational lens and Einstein ring due to bending of light by mass ]

Recall what | said at the beginning of the book .... " Someone will learn only by his hard
work, his desire to learn. " No arguments or no ‘time wasting’ with fools. There is too
much of good material ( data, books, videos etc ) out and free in this world. If someone wants
to learn, can learn; instead of wasting time arguing. Since centuries stupids and/or fools are
being eliminated in various exams. Entrance exam, is a misnomer. These are elimination
tests. The society has systems of Interviews, Peer reviews, appraisals, Thesis evaluation etc...
to eliminate crap, foolish things, and nonsense.
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Is God willing to prevent evil, but not able?
Then he is not omnipotent.
Is he able, but not willing?
Then he is malevolent.

Is he both able and willing?
Then whence cometh evil?
Is he neither able nor willing?
Then why call him God?

- Epicurus

Religion and/or " war between religions " mostly to decide whose God is better; have killed
millions. Instead of fighting and killing; to decide which custom to follow; how to dress; what
rituals to do on a daily basis; better to spend time experimenting and developing new things,
new technologies, new ideas. Scientists ( the men ) are busy; and always will be busy!
Rather, in war; with new frontiers of knowledge; not in arguments, verbal wars, or physical
wars. Atheism is the most peaceful Doctrine.

“Bertrand Arthur William Russell” the famous Philosopher, Mathematician, Logician,
received 1950 Nobel Prize for Literature.

facebook.com/AtheistCosmos

“IF fifty million people
say a foolish thing,
it is still a foolish thing.”

Bertrand Russell
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So those who want to learn can continue learning ...

See https://www.youtube.com/results?search_query=History+of+science

See
https://www.youtube.com/results?search_query=history+of+science+the+complete+full+docu

mentary+

I will choose only two extreme examples of what Human beings have “ seen “ by now ...

For far and big ) Very powerful cameras ready with video recording facilities were scanning
the sky. Coincidentally the “place or region “ a camera was looking had an event ( many
million years back though ) of a black hole devouring a star.

https://www.youtube.com/watch?v=0375AS3TT54

https://www.youtube.com/watch?v=x7ZX10UbMus

For small ) Photographs of molecules and subsequently atoms

https://www.youtube.com/watch?v=yqgllglaz1L0

https://www.youtube.com/watch?v=o0fp-OHlg6Wo

https://www.youtube.com/watch?v=05CX78-8-q0

https://www.youtube.com/watch?v=RTLeWIqynW4

https://www.youtube.com/watch?v=J3xLuZNKhlY

https://www.youtube.com/watch?v=SMgi2j9Ks9k

https://www.youtube.com/watch?v=VOKjXsGRvoA&list=PLC3EO0tG-9im_kuMwYIM7-
NZR62VyWZ6rl

Enjoy
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Spoon Feeding Series - Ray or Geometrical Optics

History of Optics can be seen at
http://www.angelfire.com/ga/astronomyclubaugusta/History/hist.htm

And http://www.benvr.net/technology/historyofoptics/

The important formulae of Lenses

(1) When a lens is kept in a medium other than air, then

b (e ek
f.‘n K R, R3

where W, is the refractive index of the medium in
which lens is placed.
Jm _ (He= 1)

Hence,

jt.'

B
u"l
where f,, is the focal length of the lens in medium

and f, is the focal length of lens in air.
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(a) When a lens is placed in a medium for which p
is less than that of the lens, its focal length
increases and power decreases. The nature of the
lens remains unchanged.

(b) When the lens is placed in a medium for which
W is equal to that of the lens, the focal length of
the lens becomes infinity and power becomes
zero. The lens behaves like a plane glass plate.

(c) When the lens is placed in a medium for which
W is greater than that of the lens, the nature of the
lens changes. (Air bubble in water behaves as a
divergent lens.)

(i1) When a lens of focal length f is cut into two equal
halves perpendicular to principal axis, then each part
of the lens has a focal length 2f.

(111) When a lens of focal length f is cut into two equal
halves parallel to principal axis, then each part has a
focal length f. The intensity of image is decreased.

(iv) (a) If a plano-convex lens of focal length fis silvered

on the plane surface, it behaves like a concave
mirror of focal length f/2.

(b) When a plano-convex lens of focal length f is
silvered at convex surface, it behaves like a
convex mirror.
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Level 1 Videos -
https://archive.org/details/1Day213VariousNewThingsThatULearnInOpticsStd1112IITJEEPh

ysics

Level 2 Videos -
https://archive.org/details/2DiscussionFormulaeOfPhotometryLuxCandelaPhotLumenlllumi
nancellluminocity

Level 3 Videos -
https://archive.org/details/3Day312IITJEEOpticsPaintedLensimageSuperimposedOnObject

Phy

More Level 3 Videos -
https://archive.org/details/3DefectsOfEyelScCBSEStd1112SchoolPhysicsOptics

Level 4 Videos -
https://archive.org/details/4DeriveTheFormulaMu2ByVMu1ByUMu2Mu1ByROpticslITJEE

Level 5 Videos -
https://archive.org/details/5Day5DDx0OfXnSpeedOflmagelnConvexMirrorObjectMovingConst

SpeedIITJEE

Level 6 Videos -
https://archive.org/details/6HelpToRememberVariousMagnificationFormulaelnMicroscope
TelescopesOpticsPhy

More Optics Videos -
https://archive.org/details/OpticsPart2ChromaticAberrationinSphericalLensIntroductionFo
rmulaCBSEISclITJEE

Day 1 Videos -
https://archive.org/details/1Day10pticsBasicsMuVGTMuRVioletBendsMoreThanRed1Physics

Day 2 Videos -
https://archive.org/details/1Day213VariousNewThingsThatULearnInOpticsStd1112IITJEEPh

ysics_201608

Day 3 Videos -
https://archive.org/details/3Day312IITJEEOpticsPaintedLensimageSuperimposedOnObject

Phy_ 201608

Day 4 Videos -
https://archive.org/details/1Day4MuBiggerDistanceBySmallerDistanceSlabOpticsPhysicsStd
1112CETITJEE
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Day 5 Videos -
https://archive.org/details/2Day5ShiftBySlabT11ByMulsOnlyWayOutlfTheObjectlsTouching
CurvedSurfacellT

Discussion on Formulae of Photometry Lux Candela Phot Lumen Illuminance Illuminocity

https://archive.org/details/2DiscussionFormulaeOfPhotometryLuxCandelaPhotLumenillumi
nancellluminocity 201608

Video Solutions to many IIT JEE Questions from 1980 till 2008

https://archive.org/details/IITJEE2006AngularMagnificationByASingleLensimagelnFocalPlan
eRKF2

HCV pg 412, 413, 416, 417 Optics Solutions ( “Concepts of Physics “ by Professor H C
Verma)

https://archive.org/details/4HCVPg417Pr79ImageOfObjectFallingAccelaratingFrameDAlem
bertsForceN3rdLawlIT

Pradeep Kshetrapal Sir’s Optics Video playlist

https://www.youtube.com/playlist?list=PLJZk2 _oyAljbDI6gMYXH28b302JlaUmR

:-{D
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To recall standard integrals
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Some series Expansions -
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-[0 o8 2 o8 2 E2

Solve a series problem
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Important Results
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physics-chemistry-maths-from-professor-subhashish-skmclasses/
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Twitter - https://twitter.com/ZookeeperPhy

Facebook - https://www.facebook.com/IIT.JEE.by.Prof.Subhashish/

Blog - http://skmclasses.kinja.com

Ray or Geometrical Optics by Prof. Subhashish Chattopadhyay SKMClasses Bangalore Useful for IIT-JEE,
CBSE, I.Sc. PU-II, Boards, CET, CEE, PET, IGCSE IB AP-Physics and other exams



