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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-Il 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.

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.
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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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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 quite lengthy and tough and mary couldn't finish it on time. The results show an
overall lowering of marks received in the Maths paper

RELATED STORIES
[ CBSE Board result 2016 declared!

Thiruvanathpuram obtains the highest part
percentage check how yeur reglen scored

B MeetCEIBEtepperSukrltlGupta Checkher
percentage herel

[ CBSE Class 12 Boards 20168 Results
announced ahead of time!

B CEISE reeulte declered atmmwcbse Hic.in:
Stepete check anline

M Exclusivel CBSE declares Class 12 Results at
wanaw.chaeresults nicin and chee.nicin

The CESE (Central Board of Secondary Education) Class 12 Board exam results have heen
announced today, i.e on May 21, around 1030 am ahead Df time. Students may check their scores
at the official website, waw chseresuts nic.in. (Read: © lass 12 Boards 2016: Results

announced ahead of time! Check Vour score at chseresuits.nic !!-.}
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In 2015 also the same complain was there by many students
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Mews = India News

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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SHARES

Mew Delhi: 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 issue "serioush™.

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.

ﬂt‘*ﬁ[ﬂr‘q’_ﬁ]:‘ﬂﬁ
2 918! o 3 i |
ae W
B3] e |
e EGIE
T - AR
T3 TEeed aredl 4

T IE R

Heg - Tl HrEl o
W@kl

MY BOYFRIEND DOES NOT
ARGUE WITH ME ANYMORE |

Pl =

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

S ———

Mirrors Prisms Lens Slabs - Optics by Prof. Subhashish Chattopadhyay SKMClasses Bangalore Useful for
[IT-JEE, CBSE, I.Sc. PU-II, Boards, CET, CEE, PET, IGCSE IB AP-Physics and other exams



Mirrors Prisms Lens Slabs - Optics by Prof. Subhashish Chattopadhyay SKMClasses Bangalore Useful for
[IT-JEE, CBSE, I.Sc. PU-II, Boards, CET, CEE, PET, IGCSE IB AP-Physics and other exams

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

HMEMEFUL.COM)|

woman Congratulations,on your eventual divorce!

anywhere

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

o j Therefore:
7N GIRLS = MONEY X MONEY = (MON]:".Y)2

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

' ~ B[ v 8 Therefore:
Like - Reply - &5 10 - September 25 at 10;41pm GIRLS = (\/EVIL) 2
& Jessie because theyre horrible jobs, women
should NOT be working those kind of jobs. We deserve We are forced to conclude that:

better jobs and higher pay... the men can settle for the GIRLS = EVIL

scraps forall | care.
Like - 15 hours ago

vvvvvv

Viw Are Never Too O To Get Fucked Over

UCATION <&

Never Too Old To Get Fucked Over

CONTINUING EDUCATION  <2||® CONTINUING ED

|

i R Welcome Back 4, Welcome Back
Forget Her Monthly Cycle. Pay Attention To Your Life Cycle. Drop Outs SHE GIVES UP 13 OF HER BODY AND HE GIVE UP 100% OF HISLIFE || Drop Outs
) PG tmsorythat MTIRR AV TENY) R ¢ ol B o 7 0 B b T et Ty e
B Ppecr || By MR RN ORISR RREXCHENCE N I ey
wotesssuesei i riomed R s whereyouareint || <8 se Torbiwe e

" B PRE-TEEN fudge me. You "Women only think like this
:’:::;;2:’1; raise DEATH rrrr REGISTRATION don't know me” because of SIMPS like the Imwl-,:wno:-?v"

CHILDREN to spend ones below that do it. You e e e
47 pmyman Ao

time with

- \4(2 ' must REQUIRE & woman to g
1 3 her ‘g& be more than JUST PUSSY" L
. 7 B 5.4 TEENAGER
GRAND PARENT 2. - > &
Paytobeina '?
Pay for her (not relationship so || 4 and h._ 2 F
his) wedding Fay MOST of the eost you HOPE she ¥ 3 :
to have 4 :
a family le-}'_
4 (52 =g
LK BEG PAY PRAY
“50 what abour the rest of her capobilities? She claim to be STRONG, EDUCATED,
INTELLIGENT ond INDEPENDENT yet when they get with o man, what do MOST
give 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+)

will marry you
AouLT
PARENT

"It obviously doesn't matter if from
pre-teen to death a female is in the PARENT
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

Knowledge Is Useless If Not Logically Applied {

(1 Am Also Now On Google+)

L0G: JDUVALSERIES.BLOGSPOT.COM [l EMAIL: INDUVALBGMAL L0

EMAIL: JAIDUVAL@GMAILCOM Bi
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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.

Mirrors Prisms Lens Slabs - Optics by Prof. Subhashish Chattopadhyay SKMClasses Bangalore Useful for
[IT-JEE, CBSE, I.Sc. PU-II, Boards, CET, CEE, PET, IGCSE IB AP-Physics and other exams



Mirrors Prisms Lens Slabs - Optics by Prof. Subhashish Chattopadhyay SKMClasses Bangalore Useful for
[IT-JEE, CBSE, I.Sc. PU-II, Boards, CET, CEE, PET, IGCSE IB AP-Physics and other exams

3

25 4 —
21 T
/ ™~
S ~
154 \ ,"’A N Temale
Adult females \ 4 N
, / S Male
i1 / N
0.5 %
\ / N,
/, P O\
g : o~ ~
Standard Deviations -4 = -2 -1 0 % 2 3 4 e .y
Wechsler IQ 40 55 70 a5 100 115 130 145 160 — — 7 — 1 : e
Stanford-Binet |12 36 52 B5 84 100 116 132 1458 164 ) 70 20 a0 100 110 120 130 140
Cumulative % 0003 0135 2275 15866 50.000 84.134 97725 93.885 93 937 €5 75 a5 a5 105 15 195 135

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

. 7Y FUNNY.  NOTFUNNY.

e fuvaroness Moni

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 Youngstown woman convicted of raping a 1 year old is

Female Body Builder Would Attack Them back in jail

A Mexican street gang made up entirely of wormen has been accused of using Aoungstown woman whowentto prison for raping a 1-vear-old boy fiteen years
their feminine wiles ta lure men into alleyways and then beating them up and ago is in trouhle with the law again.

LATEST.COM WHERA GO

End violence against women . . . .

Women are raping boys and young men Bronx Woman Convieted of Poisoning and Drowning Her

Rape advocacy has been maligned and twisted into a political agenda controlled by Clllldl‘ell

radicalized activists. Tim Patten takes a razor keen and well supported look inta the Lisette Bamenga researched methods on the Internet hefore she killed her son and
manufactured rape culture and. .. daughterin 2012

AVOICEFORMEN . COM | BY TIM PATTEN 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

¥ RSt 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

s BOTHER YOU. suT N ".
BE WE ARE CHANGING
i THE WORLD!

T
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Not All Feminist Theory is Equal

Andrea Dworkin
Radical and Gender Feminist

Christina Hoff Sommers
Factual and Equity Feminist

b

“That is the corrosive paradox of gender
feminism's misandrist stance: no group
of women can wage war on men without

"Under patriarchy, every woman's son is
her potential betrayer and also the

inevitable rapist or exploiter of another
woman"

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

—— Equality Network ———

Not All Feminist Theory is Equal

Valerie Solanis
Radical and Gender Feminist

Christina Hoff Sommers
Equity Feminist

"To call a man an animal is to
flatter him; he's a machine, a
walking dildo"

nh. Some Feminists

n Christina H, Sommers

Want to close wage gap? Step one: Change
your major from feminist dance therapy to
electrical engineering

WILLFUL BLINDNESS

Ignoring the Majority of Victims Because of Their Gender

T I am a feminist because it
bothers me that a woman gets
killed by her male partner every
single week, and somehow that
doesn't qualify as a tools-down
national crisis even though if a
man got killed by a shark every
week we'd probably arrange to
have the ocean drained.

Annabel Crabb

79%

of Homicide victims worldwide are

MALE

"Where is the tools-down national crisis?"

e

‘United Nation:

ice of Drugs and Alcohol. Global Study on Homicide (2013, p. 13).

Muslim Woman Caught RAPING Her Own Son - Gives
Disgusting Excuse to Judge | John Hawkins' Right Wing
News

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

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

hen are raped too!

MEMSRP.COM | BY MIFITA MUKHERJEE

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

nine

Raheelah Dar, 43, from Middlesbrough, has been jailed for seven years for carmying
out a string of sex offences against a nine-year-old girl.

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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HURT FEMINISM BY
DOING NOTHING

X DON'T HELP WOMEN

¥ DON'T FIX THINGS FOR WOMEN

X DON'T SUPPORT WOMEN'S ISSUES

X DON'T COME TO WOMEN'S DEFENSE'
X DON'T SPEAK FOR WOMEN

X DON'T VALUE WOMEN'S FEELINGS

X DON'T PORTRAY WOMEN AS VICTIMS
X DON'T PROTECT WOMEN?

WITHOUT WHITE KNIGHTS
FEMINISM WOULD END TODAY

'Don’t even nawalt ("Not All Women Are Like That") *for example from criticism or Insults

How Society prioritize Men

High pich women

Priority

\4

Low
Priority

RE FOR HIS

Women

Rich Men

Girls

Boys

Animals

Prisoners

Men

Poor Men 52

They can get away with murder.

They get all the rights with no
responsibility and Shelters for
Homeless women.

They get tax bail outs and short
prison sentence.

They get educational benefits but
no violence against kids Act.

They have some support but don’t
have any education that fits boys.

They have animal rights and
PETA.

They get conjugal visits and 3
squares and a roof.

Paid slaves.

Nothing.

Who pays the most Taxes?
This is why MGTOW exist. #MGTOW

MA|

LE ’I_‘III“I.[EGE BUT COULD NOT FIND IT

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
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A white light is incident at 20° on a material of silicate
flint glass slab as shown. g =~ 1.66 and u = 1.6. For
what value of d will the separation be I mm in red and
voilet rays.

y
air R air

v
R
= ——
| mm
2 5 10
(a) 3 cm (b) 5~ cm
20
(¢)5cm {d}-:i-:m
in70 9397
(b)sinr, = "o = o orr, = 34030
. _smn70 9397 o
s“lr: = lrﬁ = 1.6 Dl'r:—.]ﬁ
. rsinfi = r)
Using » = s
| sin(i=r) sin(i-r,)
- - d 1F __ 3
=» [ cosr P }

0.1

sin35°30° _sin34°
c0s34°30°  c0s36°
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0.5807 0.5592

or 0l 'd[u.sz4| n.snm] = d[0.71 - 0.68)
01 10

or d = _.03 = T cm

Optics - 2 ) Fresnel’s Biprism

Il

IR

- e
r Biprigm, Frosnal's

1 M
e = s - i -
l-&'::___ h-~.‘§:;~\-""-~._ .
i \ \
B
“. = Y
il

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
& ti = 1% = — 1
Solution. o =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, the fringe width is observed to be 0.087
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)
Huﬂiu—lh(%n] ...(2)
Dividing (2) by (1), 24" _3
24 4
DA
Again, we know that B= 20
B_2d _4
B 2d 3

1 4
or p= EB-E 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

Mirrors Prisms Lens Slabs - Optics by Prof. Subhashish Chattopadhyay SKMClasses Bangalore Useful for
[IT-JEE, CBSE, I.Sc. PU-II, Boards, CET, CEE, PET, IGCSE IB AP-Physics and other exams



Mirrors Prisms Lens Slabs - 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

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 == ,my=>
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 fOCls i —
. 1 Longitudinal -
Spherical
L aberration
ens ;
1
Optical _P
axis -
r
Obj !
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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
— .- .: tz 4
- Transverse
Spherical
e ’ Atj:erration

Sim plE Longitudinal
Spherical
Lens ﬁ.tferra!inn
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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
[#] ! | - Red Light Red Light
y - |
. A Optical
R’ N =1 Focal Point Ris icsirs
i —— = Focal Point3
: Red Light) -
Green | ¢ Point 1
Simple Light Simple
Thin Lens 9 Thin Lens

Optics - 10 ) Split lenses

Screern
|
interference
fringes
i 2
>
i }Iﬂ:-\ih o
S s 51 B
el e S
5ot o o e — e |
e Rty
N 3 ] . - oy I
sShit ™, S = e s
source: ~~< il o % N
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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

: . ? A
: ‘ 2 Screen
0.15m 1.30m ’

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

Therefore, using L = l we have
vy uar
18 1 |
— + g
v u f
1 1
B +
(-0.15) (0.10)
or v=03m
Linear magnification, m = LI
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=1.30-0.30=1.0m= 10’ mm
A =500nm=5x 10" mm
Therefore, fringe width,

AD _ (5x 1074)(10*) 1

d 15 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
B
m
4
b
A
o @t C o
e
(a + c) [u+c)
=b or u=
u b
S b _(1+b) _[a+e
f-{ﬂ+cj+{u+c]-{n+c]m - 1+b] ~(1)

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

U= . D=4as
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

4
(A) (B)
100% 100% S b B e e T
r
—‘K
2 5
] =
]
> 0 e0r

[q WHHMUT___E- m)
'_'?.'-\ 100%
2
£ "
o ]
E
2
H_ﬂ’
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?

N 5,
e 4% 1 # By
P ! 5 8 8 1,
0 2 0 /2 0 /2
f—e g — g —
(a) (b) (d)
Answer (a)

In the above problem which of the following relations are correct

(a) Yy = sin '{J (b)w:‘gﬁ%m '(AJ
5, 5,
(C)g“‘:-ll (d) ===2
| |
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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=-2  and v=—a—
T N2 V2
pat-&. E
V2'Vz

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)

Mirrors Prisms Lens Slabs - 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



Mirrors Prisms Lens Slabs - 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

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
by = =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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lnairlz(ng—l) —l—+ :
f ; Rl R‘_,/

1 1 1 1 1 | 1
— =V —+— || —+ = = —
In the liquid

1 (n, . ] (1.5 J 1

-—|= —_— —_—— | = __I W —

TS R, R 1.6 10
Bai g 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)_(aug-auw)
f R R,
(o
~ R A I ]
T M =20 40 120 30
f:%x30=40cm

Mirrors Prisms Lens Slabs - 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



Mirrors Prisms Lens Slabs - 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

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:

L_(m )11
f Ny RI 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 ;L—l should be positive or ny > n,,; but since
m

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

@ f/x2 O x2/f (0 fix (d) x/f
1. 1 31 ¥ 1
u:fq-xl—ﬂ—-——!:—'f—'
f v -u v u
l:l-{.— 1 or l=l—
f v + X v f (f+x)
1_fex-f_ _f+x
v ff+x fU+n 0T x
v

_fU+x_f

— T e —

An object is placed at a point distant x from the

focus of a convex

lens and its image is T }
formed at I as shown /\ ]
in the figure. The é : -
distances x, x' satisfy  x—m \/ X'
the relation :
(a) "’;x'=f (b) f2=xx
(€) x+x' =2f (d) x-x'=2f
the magnification is :

f x'
(@) T {?J} %
(c) % (d) None of thes I
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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)
Nl = _ — .
([ 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)f
(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 /,.
I, v

"y - 0 = = ()

The magnification produced by lens, when image size is /.
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I
my, = E}L = 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
or mym, = 1
and 0 = Jii,
Again, from equation (/) and (i)
mo_ 4 v
my I,
From the figure, D =u+v
and d=v-u
Thea v=D;dandu- D;&f

i

m 4 [ D+dY
Hence, . =

iy l ﬂ-dJ

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

v
= D+d
T —[-uJ and v = +("-t—£*}. we gel
2 % -
D -4’
/=7
The focal length of lens can also be calculated by relai.on
d
/= my, — m
i 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
- S
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.

Mirrors Prisms Lens Slabs - 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



Mirrors Prisms Lens Slabs - 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

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 or{~3 em *
z=bk-1) 'E""" 3 cm is half of
{ lm 1 the chord
-=(1:5-1)]|—|=—
o ](15] 30 \

or f=30cm

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

Mirrors Prisms Lens Slabs - Optics by Prof. Subhashish Chattopadhyay SKMClasses Bangalore Useful for
[IT-JEE, CBSE, I.Sc. PU-II, Boards, CET, CEE, PET, IGCSE IB AP-Physics and other exams



Mirrors Prisms Lens Slabs - Optics by Prof. Subhashish Chattopadhyay SKMClasses Bangalore Useful for
[IT-JEE, CBSE, I.Sc. PU-II, Boards, CET, CEE, PET, IGCSE IB AP-Physics and other exams

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.

Mirrors Prisms Lens Slabs - Optics by Prof. Subhashish Chattopadhyay SKMClasses Bangalore Useful for
[IT-JEE, CBSE, I.Sc. PU-II, Boards, CET, CEE, PET, IGCSE IB AP-Physics and other exams



Mirrors Prisms Lens Slabs - Optics by Prof. Subhashish Chattopadhyay SKMClasses Bangalore Useful for
[IT-JEE, CBSE, I.Sc. PU-II, Boards, CET, CEE, PET, IGCSE IB AP-Physics and other exams

Optics - 20 ) Cauchy’s formula for Refractive Index

C
?I(A) = B —+ ﬁ,
Material B ¢ (um?)
Fused silica 1.4580 | 0.00354

Borosilicate glass BRY 1.5046 | 0.00420

Hard crown glass Ke 1.5220)|0.00459

Bariurmn crown glass Bakd [ 1.5650 | 0.00231

Bariurn flint glass BaF10 | 1.6700 | 0.00743

Dense flint glass sF10 1.7280 )| 0.01342

Optics - 21 ) Reflection images in inclined mirrors
/
f:j‘ln cident ray

¥
/

i

P
\207 / \tog?
| ~/
M A T
s g Ray reflected from the

™~ .
. 2%¢ mirror

Angle between
the mirrors \403

V9

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 or mirros whose axis is not coinciding ( lIT JEE 1993 ) Shifted lenses
or mirrors

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

separated by a horizontal distance d (where d < f‘f d< fp)
and their centres are displaced by a vertical separation A as

shown in the figure. (1993)
¥
— f
T Mihe -
e s — X
§ 1
—
g l
- d %’,

Taking the origin of coordinates, O, at the centre of th_e 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

given by (1993; 2M)
(a)x=7ﬁ+—-f2f—2,y=A

S TV TR Ty

A T

@) x= ﬁf;:df(zfl_;d),y= :
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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,

hL(fi-d

YA o k(h-d)
——. C;)
— :
|

u=+(f-4d) f=+ f
T 1

__=_+_.=_

i —
v f u i h-d

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

Find the co-ordinates of image of point object P formed after
two successive reflection in situation as shown in fig. considering first
reflection at concave mirror and then at convex mirror.

f,=20cm
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So f; =-15cm

u-fi  (~20)(-15)

o =

' u=fy -20+15
or v, = =60 cm
o oy -60
Magnification (m)) = Y =~ "2 =—3 (Inverted)

. AP =m (AP)=3x2=6mm
For reflection at convex mirror M,

u = +10ecm

f,=+20cm

v = u-f, _(10][20}
' ou-f, 10-20
- 20

Mugxﬁﬁcnﬁunm,--% = -0 = 2

C'P" = m,(CP')=2x8=16mm
So, the co-ordinate of image of point ub_;m:t P (30 cm, — 14 mm).

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

If | 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
ol 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
(f)=2%xf,=2x%x0.2=0.4 m.

We know that

S AR
f (R, Ry
1 1. 1) 08
ar - = 5 - |*—* | = T
' 0.4 (1 l)l."' | R
R=0.2m

IIT JEE 2006
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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 : S il = 1
vw —-20 15

—_—
. v=60cm + ve direction
ie, first image 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
2.1 = 2 «— + ve direction
vy 60 15
or v; =12¢cm
Therefore, the final image is formed at 12 cm to the left of the

lens system.
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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 1)

TR TR
And giving 1/20 = 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)

Now you know that this problem can be solved by 3 different ways.
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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

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.

(c)

! 0 \l
| ==— 20 cm —>|
t— 30 Cm__'_'-'l

(d)

Using mirror formula
1 1 -1

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 - 13.84cm
=1.16cm (downwards)

Now can you guys check the results using -1/F = 2/f + 2/f, - 1/f,,
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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
d—v—v el B T8
. 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

c056=£&
X

cos 0% 1

nA
X T

X
T
Putting x = 5A, n}Ss

or n=1.2.34315

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)° - (S,P)° = b* §1________C| ________
or  (SHP - S\P)(S,P + 5,P) = b* I
i L
or (S;P- 5,P) = > l,
2d S
b? A 2

For dark fringes, e (2n+1) D)

b: A b°
For n =0, g=§ or A=g

2

FOfn:l. §_=_3"2'& or ;\.=b2/3d

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°
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Solution : (¢)

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

Mirrors Prisms Lens Slabs - 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



Mirrors Prisms Lens Slabs - 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

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

Mirrors Prisms Lens Slabs - 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



Mirrors Prisms Lens Slabs - 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

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 béz;kér is filled with water and a pOiI:lt 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 (73p) = 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

d'-"rm:_rupz

where ¢ is the thickness of the glass slab and » 1s 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) 15cm (b) 12.5 cm
(¢) 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 m)d—c—b+a
d-c-b+a d-b
R I @) 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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Optics - 32 ) In YDSE experiment the light falls at an angle on 2 slits

Example Recalculate the angular spread
to the above problem if the incidence is at an angle of 15°
with the normal to the plane of the slit.

Solution. (a) Let us first consider a point P

(above centre O of the screen) on the screen as shown in
Fig. From B, drop a perpendicular BN’. From A,
drop a perpendicular AN on BP. If first minimum is
formed at P, then the corresponding path difference is
given by

BN -AN'=A

BN -AN'=)
or dsin@ —dsin 15°=2 s A

=
A 2cm
" —ai ™ ~ HAN
or sin B, —sin 15 =4 5em =04 \ i t“‘
\\ ! .\
or sin 8, = 0.4 + sin 15° = 0.4 + 0.2588 = 0.6588 RN
or 6, = sin! (0.6588) =41° 13 (from tables of natural sines) N E kY
(b) Let us now consider a point P’ below O. Let the first minimum be at ‘~$=.'//GN
P’. Then, the corresponding path difference is given by \\i:! FeonS
NA+AN=A or dsinl5"+dsin6,=2
Optics - 33 ) Diffraction Grating
Eample A diffraction grating one cm wide has 1000 lines and is used in third order. What are

the diffraction angles for violet and orange light ? What is the angular size of the diffraction maximum for
monochromatic light ? The wavelengths for violet and orange are 400 nm and 600 nm respectively.

-7

Solution. For thirdorder, ~ n =3, e,=%md=mxw4md-w'
8, = 18 x 10? rad = 10.3°

The spectrum is thus spread over an angle of nearly 3.4°.

At a maximum, we have B=3?l

The path difference between the first and the last slit in the grating is an integral number of
wavelengths. Let us increase 0 so that an extra path difference of A is introduced across the width w. The
change in 8 required to do this is denoted by A8.

=2
w

Because of the 360° extra phase across the grating, we can again divide it into two halves so that

there is a 180° phase difference between slits separated by w/2. So, we get zero intensity at
A 4x1077

Ae=;=?,— rad = 4 x 10~ rad = 2.3 x 103 degrees for violet light

The maximum is sufficiently sharp
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Optics - 34) Interference with equations

Two coherent waves are described by the expressions.

2mx 2nx n
El'—"Eﬂ [ ] 2ﬂfl+6] ; E!.:Eﬂlin[ ’LI—ZEﬂ+E]

A

Determine the relationship between x; and x, that produces constructive
interference when the two waves are superposed?

Sol. Ininterference,E =E +E, (by supcrpositit_m p_rinciplc}

2nx, n 2mx, 4
i = =|—F—+—= +—
Phase difference att=0, Ad [ x 6]— [ x 8 ]
For constructive interference, A¢ ==+ 2nm (wheren=0,1,2,3....... )

E T I
=z2nt= JL(;m: x1}+ = % 48 =(x,~-X,)

[Ans. [“""]\ =X~ X,
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Optics - 35 ) f number of a camera

Focal number of the lens of a camera is 5/ and that of
another is 2.5/ The time ol exposure for the second

1%.000eee. 1l that for the first is ﬁ 8
Given f = focal |l-’131|_1_)
aperature |
L b) =
@ 3555 ™) 300
i -
©) 3200 * D a0 *

[BHU 2005)

{b) fnumber decreases by 2 .. time of exposure
should decrease by (2%).
1 1 1

. L

w3200 " 800

A |

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
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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 nuclear physics, isodiaphers refers to nuclides which have different atomic
numbers and mass numbers buk the same neutron excess, which is the difference

between numbers of neutrons and protons in the nucleus, For example, for both

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

rurmber (21 is W —Z =54,
Cne large family of isodiaphers has zero neutron excess, & = 2. It contains many
primaordial isotopes of elements up to calcium, It includes ubiguitous 1§C, 1:& and
14

M.
The daughter nuclide of an alpha decay is an isodiapher of the original nucleus,
Sirnilarly, beta decays (and other weak-force-involving decays) produce isobars.

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

nuclear reaction 271 13" =157 0™ 304 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.

— & 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="1mv?= (1% )( " 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=12

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
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Letk=\/rz_§

We will have e (10%) V = % (m/k)v? = ( 2 )( V2 MeV/k)(v/c)? = ( MeV/4k ) (v/c)*

? put x*=y so4/(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

Electronics 1)

AND NAND NOR OR

AB AB
00 00
01 01
10 10
11 11

o= = =
OO —

4> 3 > 1 - 1 -
> Wia> bp o> B o>
The small circle (bubble) at the output of the graphic symbol of a NOT gate 1s

formally called a negation indicator and designates the logical complement.

Buffer Inverting
Eubble

ol

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

LD_\ RGN & D( o
n_.—'-"’//

Similarly NOT gate can be implemented with NAND gates

All NAND input pins comect to the input signal A gives an output A’.

—_—

ﬁ{ )3{#..&}'=A' , A [// A

—.—"’i
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XOR ( exclusive OR ) gate can be implemented with other gates. In various exams the
connections are asked.

Dasiied Gate NOR Construction Exclusive-OR equivalent circuit

A
Input, Output
InputBL>Of

Truth Table
Input A Input B|  Qutput Q A|lB| O
G - ’ utput
00 0
0 1 1
1 — 1 0|1 1
: 1 ; 1|0 1
{1 0
Exclusive OR (XOR)
Al|B Output
| DD 0
011 1
_T_ 1]0 1
_ 111 4]

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 Morgan’s laws do not have their counterparts in ordinary algebra of real numbers.

Property For conjunction For disjunction
Commutativity A-B=F-A A+B=B+4A
Associativity A (B-Cy=(A-B)-C A+(B+Ci=(A+B1+C
Distributivity A (B+C)=A-B+A-C |A+B-C=(A+B)-(A+C)
De Morgan's Taws o Ty T VU b e 5
Basic identities A-0=0 A+l=1

Al=A A+0=4

.l"l-z_l=.r'1 H‘.-I-_r‘.=r1

A-A=0 A+A=1
Additional identitics A-fA+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=8

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).

e,
EE

Implementing AND gate with NOR gates

A A
(A'B')=A+B
— el
"

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 2 ; +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)
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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 saturation 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.
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A \‘] ' SUM
B
P
XOR
AND
Half Adder

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,
eVjkT
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.
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Heat or Thermodynamics 1 ) So many exams including IIT 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-jzpzvz 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

pVT:pl VI'.I' =p: \.-':T’:k
Kk
v

The work done by the gas in the process is

Thus,

V v, ) )
W=IPW= ILﬁ: 1 1‘_1_‘ al_l
J IV 1=y VTV

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

1-
R PV, :
AH = CQ(T, - T) = %{rz - Ty = }i (Vs =~ PV) = % [_] =

= 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

C =C,+ 2R

[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 ) =P
and AC =(C=-C

or AC =T —--]

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
i (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—
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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 E-l; =
- av

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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=R
T*_-EE= Cp = 2 :z
G C~R gR_R 5
ﬁU:-_3RTA =_15iT_,,
[g—I]XE
X » PV _ 3RT,
6W=IpdV=-2—(V—21)=— > 8=
v 21RT
q
ﬁQ=ﬁU+ﬁW:——1i—RT_J,‘—%RTA:~ 4"‘

(p L
In the process 3 — 1, the state changes frnm{%f V. ; lto (py, V., T) that
/2xV v
AU=3C [T —E\i— —HE-XE—-IFPT
Oy VIi‘A 2 'J__? 2 = 4 Ny
g—]
AW=0
15
dQ=ﬂU='4—RTA
e NEt bW=3RTAm2—%RT’4+O=3RT,‘ ir.II"I 2~ .])
21RT, 15RT, ,
Net AQ=3RT,In2- : +—:.-5--—-3R'!',:]n:‘-.— :

4

5
-
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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 =

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|+0Q.
2 Vv, Q

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

Since, AU=CAT
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therefore, AT = &

23
VIV
or T,- :=§,,£"_" [#] -1

nR  nR E
13
WAARA
nR |V,

Change in temperature on heating the

gas
Q=C,AT=C,(T,-T)

]

of Ty = 4T, =y +P'V'[—\£-J'

Cy (EJ"R nR (| V,
2
Since n = 2, therefore
Beg B (%)
* (3mole)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

Mirrors Prisms Lens Slabs - 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



Mirrors Prisms Lens Slabs - 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

Process 1 — 2 is isobaric expansion
F A
. _nRI,
o v,
_ 2x8.3x300
20x107°
Now, Ve T

=2.49x10° Nm™

Y
Tl

or T1=Tlx%=300x-2£‘-

-

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 x 10° m*

Given, T,V =T,V T,=T

V)T _600_,
vV, T 300

V,=V, x(2)*
=40 x 10 (2)*2
=113.14 x 10° m’

|

e

=~
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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
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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

Mirrors Prisms Lens Slabs - 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



Mirrors Prisms Lens Slabs - 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

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 . <
1 3
7 +
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)

We know Pyv, = RT) and Pyv; = RT}
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Of — =-—=.——=— (since P, = P;). Therefore

Ws1 = BT (1 .. . RT (1 - E) = 8.314 x 300 (1 - ﬂ) = —9.977 kJ
v T 300

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.

(i1) 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

=1y
because the processes are isochoric
W, =3R(T,-T,)

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
TN W
2 mol x(8.3J/ mol -k )300k)
) 113x10° m’
=4.4 x 10* Pa
(i11)) Work done by the gas in the part ab
=p (V= Y)

=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.

Example of cycle given P T diagram
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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.

(iii) The net change in internal energy.
[R =8.32 J mol')

A
I 1 | "
D: : C
300 K 400K T

Solution Number of moles, n = 2
Helium is a mono-atomic gas.

C AR
2
5
C, =ER

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: ; Cc
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}
= 2x§x8.32{_4{]{]—3[}[}}=41601
Since Process BC is isothermal, there-

fore AU =0
(AQ),. = (AW),,.

= nRT fn{i) = Jra'RT."r{i
V P,

B <

=2x8.32x400 .’n(%) =4613.6J

(AQ),, =nRT fn[—[}i]
Pﬁ.

=2x832x 3ﬂ{}:’n[%] =-3460.2 ]
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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 1473.15 K Tc 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

= =
T, Egn1

Just be sure to use absolute temperatura in Eqn 1 | inthis case, convert to Keban.
Temperaturss in Hankine will work also

n 67.9%

parth)) The ceefficient 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 T
COP, = = g
Iy g T-T Egn2
T'C

Llsing T in Kelvin yields COPg 04732

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).

Mirrors Prisms Lens Slabs - 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



Mirrors Prisms Lens Slabs - 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

C,pV, + Cyp,V; o C.p'(V,+V,)

R R R
or p= p VvV, +p,V,
V,+V,
T,T2 P V,+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 myg mRT

=LII_UI=T_MRT_ M

o 107 x 8.3 x (273 +IDU)_
Here, W = 18 x 1073

=172 ].
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Water of mass m=1Kkg and M (mol. mass) =18 turns completely info
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
=Po¥p= K‘ihT
By the first law (AQ = AU + :J.W),_
RT

m
aU=mL—E RT:m[L— I;I]

3x373
ALl 1[2250 g Do

= m“]: 2.078 x 10"
10

Heat or Thermodynamics 9 ) Mean free path
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Mean free path of a gas molecule between 2 collisions

Mean Free Path

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 molecule

Moiecﬁlar i 3
size I i =

fy = maolecules per unit volume

mean free path A (the average distance travelled by a particle between collisions) to

determine the best values for number of particles IV, rms velocity V..o, and box length L;
N\ — kgT
V2rd?p

where d is the diameter of the particle and pis the pressure,
which | can easily turn into:;

mﬂgms

. I
Ey'i?rdgp
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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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P
d
b
d
C
>V
Solution
G) V, = nRT,
pa
Bl e AT
10x10
For isothermal expansion a — b
prrVu:pﬁvh
Vv 5
or ph=--~—p;:; £=5x10"p,

]

For adiabatic expansion b — ¢
T,Vr'=T V!

|
o
Vi | Al

c

15
=13.3x10™ x[%] =273x10"% m’

_ART.  0.2x8.314x300
P =7V 27.3x10™

=1.83x10° Pa
For adiabatic compression d — a

TV =T
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I
= 25
Va=V, EH‘ ' =ﬁ.65|0"‘x[£)
A 3
3 » _ nRT
=13.65x10" Py v,
20.2x8.3|4x300 ~365x10° Pa
13.65x10

For isothermal expansion a — b
AU=0

©. W=Q,=nRT,-log, —E—

=0.2 x 8.314 x 400 log 2

=461 J
For adiabatic expansion b — ¢
Q=0

s W=-AU=nC/(T,-T,)
= 0.2 x 20.78 x (400 — 300)
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=415.7]
For isothermal compression ¢ — d
AU=0

W=Q =nRT log, %

13.65x107°

=0.2x8.314x300 log_
5 27.3x10"
=-3458J
For adiabatic expansion d — a
Q=0
W=-U
= "C!.'{T{ - Tn}
=0.2 x 20.78 = (300 — 400)
=-415.7J

The results may be tabulated as follows:

Q w AU
a—b 461) 461 J 01
b—c 0) 41571  -4157]
c—d -3458) -3458J) 0J
d—a 0) 415.71) 415.7)

Total 115.2J 115.2 J 0J

(i1) Forentirecycle, Q=W
AU=0
Total work done=115.2J
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Q, =461
g,

Loge N _ls2_ .
Q, 461

Efficiency of cycle example
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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 i'r = 16 and ﬁ= 2
VE Vl‘

and the temperature at A 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

E = Constant
T

With this information, temperature of the gas
at different stages of the cyclic process may
be determined as follows:

(i) Adiabatic compression from A to B
TlivH? - TA vﬂr I

or T, =[~E’i) T, =(16)"*"'(300)

B

=(3.03) (300 K) = 909 K

(11) Isobaric expansion from B to C

Vl‘..' _ Vu
Tr Tn
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or T, =[¥—"~ T, =2(909) = 1818 K

(i1) Adiabatic expansion from C to D

T,V ' =TV

Since, D — A is isochoric process,

therefore
Vl}: V.-\
Hence,
=1 -1
r=|Ye| 12| e | T

vV,) € 16V,

2 1.4=1
_(EJ (1818 K)

=(0.4353) (1818 K)=7914K

The given cyclic process is show in the
figure.
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+
B C

w

Vv

Efficiency of the cycle is defined as

N 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

work is given as
W= ’wﬂqc|+|w{:-m|+|wn-m|

=RT, +C(T.~T,)-C(T,-T,)

For a di-atomic gas,

Cy =£ and C, =1R.
. 2
Hence,

W=R[Tﬂ+g—{Tt. vTD—TH—TA]}

=(8.314 JK ' mol™)

[{909 K)+%[18I8-T91,4—909+300)K:|

Mirrors Prisms Lens Slabs - 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



Mirrors Prisms Lens Slabs - Optics by Prof. Subhashish Chattopadhyay SKMClasses Bangalore Useful for
[IT-JEE, CBSE, I.Sc. PU-II, Boards, CET, CEE, PET, IGCSE IB AP-Physics and other exams

= 16237.2 Kelvin per mole

Heat absorbed in the process B — C is
given as

Q = Cp (T(_ = TH)

-
=(ERJ{TL,-T,,]

-
= EI (8.314 JK' mole™)

(1818 K - 909 K)

=26451.0 J mole™!
Hence, the efficiency of the cycle is
W 16237.2

=—=—""_0.614
Q 26451.0

n

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,
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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 J’do = jdw

e, Q+Q,+Q,+Q,
=WI+W:+W3+W4

or 5960 — 5585 - 2980 + 3645
=22".'l(}v-ﬁl25-~ll'l)(l'+‘§.‘u'4

or W, ,=765J

(1) Efficiency of the cycle,
_ Net work output
U Total heat input
Net work output = 5960 — 5585

— 2980 + 3645
= 10401

Total heat input = Q, +Q,
= 5960 + 3645 = 9605 J

1040
1= 9605

x100=10.83%

Question on Cycle
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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.

I,

Solution
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(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]

- AT+ A2
2

= (100 x 10° Pa)
(20 x 10* m?) x (10 x 10 m)
+%{200me](|00:-:]0"‘ m’)

=20+1J=21J
(ii) Initial temperature, T, = 300 K. Let the
final temperature by T,, then
nRT, =p,V,

nRT = pV, =[p,, +%){‘w"‘J + Al)

kI nRT

= nRT, + p,Al + kI +

2
I, =T 4 RALLK KT,

o 7R AP,
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+21}J+2.I+ 200x10x107° x300
20x8.3 20x107x100x10° Pa
=300K+1325K+30K

=331 K
(1ii) Internal energy, U = 1.5 nRT
X AU = 1.5 nRAT
=1.5x%x2.00 x 8.3 x 31
=772]
From the first law,
AQ =AU + AW

=(772+21)J=7931J

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.
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Solution According to the first law of
thermodynamics,
AQ =AU + AW
For the first vessel: AU = 0, (Since, no change
in temperature)
AQ =AW
v,
Q= [pav
V)
v,

= I::RT% (since, pV = nRT)

Vi

Since V, =2V, therefore

Q=nRT lﬂg4, 2. (1)
For the second vessel: AW = 0, (volume is
constant)
3 .
Q=nCvﬁT=n[ER]ﬂT (1)
3R

Since, for mono-atomic gas C,, =

2

From equations (1) and (i1), we get

nRT log, Zzn[%R}ﬁT

or AT =-§x300>¢ﬂ.693= 138.6 K

[t is the change in temperature of the second
vessel.

Now, temperature of the gas in second vessel
=T+ AT
=300+ 138.6=438.6K

Let after mixing T, and p, be the final tempera-
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ture and pressure, therefore

r, - T+(T+AT)
2
= M =103 K
From the gas equation,
pV,=nRT,
nRT,
pr E V,-
2x8.3x369.3

:2x3.3xm-‘+3.3xm 4
=2.46x10° N/m’

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?
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pION/m?) ¢ &
5 ................. A D
10 20V(m?) ’
Solution
Amount of helium
.-;-T-*:_._z_}(ﬂ__] = 500 mole
M 4 g mol
(i) The temperature of gas at the states A,
B, C and D are
pV
T, i
* mR
(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
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(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

(11) No.

D

(iii) For the process ABC, we have
QAH = ”C\'ﬂ'T
=(500 mnlc}[%x 8.314 JK™' mole™ ]
(240.56 K ~120.28 K)
=75x10°)
Q,. = nC,AT
=(500 mﬂte)(g—xmm K™ mule-']

(481.12 K —240.56 K)
=2.5%10°)
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)
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=1.25x 10°]
Q.. =nC AT

=(500 mﬂ‘ﬂ[%—xsjld JE mnle")
(481.12 K —240.56 K)

=1.5x10%)

QMH' = OM1+QIK'
=(1.25 =% 10°J+ 1.5 x 10°J)
=2.75%x10°)

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
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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, =nC (T,-T)

=(1.00 mo]}(%x 8.314 JK™' mole™

% (389 K -550 K)
=-2007.81]

For adiabatic expansion of an ideal gas

p#Tﬂi-t'pfw = PITI:- Cp/Rg

Cr
T
T&

] ) =(1.00 atm) [—m—g]

Hence, p,=p, [ =

=0.421 atm.
nRT,
e
~ (1.0 mole)(8.314 JK™' mole™ )(550 K)
(1.0x101.325KP,)

Vi

=45.1dm’

AU, =W, =-2007.8J
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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 ﬂng-
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’
, = remains constant.
Workdone in the process
W,==-p,(V,-V,)
=—(0.421 = 101.325 kP ) (45.1 dnr’ -
75.8 cint’)
=1309.6J

T, = [EL]T. (45 IJ{389 K)=2314K
v, )~ 75.8
Q: -n CP{T.\ - Tz}

=(§x8.3]4 JK ') (231.4 K - 389 K)

= 3075.7 3
AU,=Q,+W,
=-3275.7]+1309.6 J =-1966.1J

Third step compression at constant volume in

this process:
W.=0
V, = (45.1 dm’) remains constant
Q,=nC (T -T,)
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=(%x8.314 .Il("] (550 K - 231.4 K)

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:

(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,
=0-3275.71+397331=697.6

W=-Q=697.6J (=W, +W,+W,)
=-2007.8 + 1309.6 J + 0 = 698.2J
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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.

Give answers in terms of the gas con-

stant R.
pA
2P, & > c
P, A
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Solution The volumes of the gas at three states
A, B and C are as follows:

_nRT, nR(2T,) 2nRT,

Vv sl
i ) P, P, o
nRT, nR(2T.) | nRT ..
V. o= B _ = ! S
I T P, 2 P ()
V. = nRT, . nR(2T,) . nRT, (i)
Pe 2P, P
It is given that during the process AB,
pT=K (1v)

where, K is constant and is given as
K=p, T,=()2T)=2p T, ..(v)

In the process AB, we will have

= JnRK [ 2V, -2V, ]

Using equations (i), (i1) and (v), we
get

;
. }[2 JnRT, 5 \/-n RT, 1
2p, P

=(J5nRT.)t21[ JE]

=-2nTR
=-~2 (2 mole) (200 K) 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

1
2
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(11) Change in energy of the gas in the proc-
ess AB is
AU, , =nCAT

=(2 mule][%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 = ﬁU.—\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-

ess BC takes place at constant pressure.
Hence,

Wac=PV

=(2pY(V.—V,)

nRT, #RT,
P, 2P

={2p1}[

= nRT,
= (2 mole) (300 K) R

= (600 mole K) R
Now, AU = nC AT

=(2 mnlc}(% R ]{Tt -T,)
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=(3mole) (R)(2T,-T)

= (3 mole) (R) (300 K)

= (900 mole K) R

Qur; " ﬁUu-t ¥ 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,

Vi
W, = J-pd'\f
v,

_ \j’- nRT N

Vi

= nRT In~2 ... (where, T=2T))

A
=(2mole)(R)(2x300K)In 2
=(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.
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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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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’,

Mirrors Prisms Lens Slabs - Optics by Prof. Subhashish Chattopadhyay SKMClasses Bangalore Useful for
[IT-JEE, CBSE, I.Sc. PU-II, Boards, CET, CEE, PET, IGCSE IB AP-Physics and other exams



Mirrors Prisms Lens Slabs - Optics by Prof. Subhashish Chattopadhyay SKMClasses Bangalore Useful for
[IT-JEE, CBSE, I.Sc. PU-II, Boards, CET, CEE, PET, IGCSE IB AP-Physics and other exams

. 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 / 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™.

(1) 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

volume rations are ﬂ=2'¢mn:fﬁ= ,
A 4
If the temperature T,6 at 4 is 27°C,

A
calculate:

(i) The temperature of the gas at point B.
(1) Heat absorbed or released by the gas
in each process.
(i11) The total work done by the gas dur-
ing complete cycle.
Express your answer in terms of the gas
constant R,

V e
D
VD} ........................ & C
e
VA
TA TB g T
Solution
Given: ﬁ:g;;nd ﬁ=4
v.l VA
T, =27°C

A
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(i) The process A — B in which the plot
of V verse T is linear occurs at constant
pressure condition.

Hence Va = Ve
T. T,
VB

o8 T.= = T, =(2)(300 K)
A

=600 K

(i) The process A — B occurs at constant
pressure. Hence,

0;1—413 - n Cl‘ {TB _Tﬁ.]
= (2 mole) [%R) (600 K —300 K)
= (1500 mole K) R.

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----{‘ = wil—-l’.‘
dV
= IFW = HRTH J.—"J;'-
=nR T, In—C
V

=nRT, ln% ..... (asV.=V,)

B
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=nR T, ln[ﬁv—"‘J
v

A ]

=(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 - Tu:II
= (2 mole) [%R) (300 K - 600 K)
=— (900 mole K) R

The process D — A occurs at constant
temperature. Hence,

Qp,a =Wp,. =nRT, ]n%i

[#]
=(2 mole) (R) (300 K) In(%)

=~ (1200 mole K) R In 2.
(1i1) Since, the process ABCDA is a cyclic
process, therefore
U=0,W=Q
where,
Q= Q"ﬁ—-l‘l+ QH—-{' +Q('—-l3 + Qll—-.&
= (1500 mole K) R + (1200 mole
K) R In 2 - (900 mole K)
R~=(1200 mole K)R In 2

= (600 mole K) R.
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An ideal gas expands from a volume V=
1 litre and pressure p, = 1 bar to velume
3 litre along two different paths ABC 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.

(i1) Find the work done by the gas along
the paths ABC and AC.

(11i) Find the heat transfer in the process
along the path AC.

on

45° 45°

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.)
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AtBV, =2V andp,=2p,
Equation of line BC, p—-2 p, =~ tan 45°
(V-2V)

p=-V+4

=D p=-%+4

P* - 4p = — KT (Parabola)
(i1) Workdone along path AC = (AW), .

=P"{3 Vﬂ-_vﬂ}
:zpuvu
=2x1x10Fx1]1x10"
= 200 J.

(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.
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pJIh.
2p, :
i fssseini
' 5 — V
IWlﬂ 2l\h‘l.'.l 3Vu
pA
T, 3T, 4T, T,
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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) Qm = 4m
RT
For gas m A,
rgasin A, p, = ( M J v

_(ﬂ]E
P = M)V,
RT 1 |

Ap=p, - p, —( M] [?—?J

Putting V. =V and V, = 2V, we get
RT

- [ M ]ZV

Similarly for Gasin B, 1.5Ap = [RT]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 4 is
30 K. Then the rise in temperature of the

gas in B is
(a) 30K (b) ISK
(c) SOK (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
kﬁ
at constant temperature?

o

Pl
a=-

] / V' with p for an ideal gas

(a)

-

(b)

-
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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¢

|
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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
cfanhe
U, =t

L2

12
Properties of Material 4 ) Relations between various Elastic constants

RELATIONS CONNECTING
THE ELASTIC CONSTANTS

; >'§
__ Y 9 3 1
LR 3(1 - 20) 3a:r‘-=;l+—H
. 3K - 2n

2(1+0)  40=5ER )

Write many times to memorize

Relations between Elastic Constants ¥, 1, Kand o

. Y
(i = i i i
AL 21 +a) LUl 3(1-20)
N S (S , 3IK-2n
R e ' =
B A AT

There is a mistake in the formula below. Y/n shouldbe 2 (1 +0)

SN e _

Note f= 31547 » n =24l -aLt= é‘;'}gﬂ
: - . k'rﬂ'“

Torsional rigidity C= 57

Torsional couple (Torque) G = C8. If angential
: T :
stress is T'then 3 N where ¢ 15 shear angle, ¢ =

i}ﬁ where 15 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) Bzil_—tfﬁi 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,

A |
Weight of the beair 18 ineffectite.

FAzsrumpiion
sreular eross-section, then depres-

(¢} If the beam inof ¢
sion v is given by
w1
12¥xr*
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 elasticityand ris the radius of the circular

¥

eroas-section of the beam
(s} If the beam is ni'mngu?ﬂrmﬂ-miuﬂufhmndth

o and depth o, then depression at the middle is given by
...l
T AR
THE CANTILEVER—DEPRESSION OF ITS LOADED
END
(Assumption : Weight of cantilever is ineffective]
wL?
¥ avl
For n beam of rectangular cross-section of breadth &

MS
and depthd, I = 13

_wWiLix12

¥
i EYxEE

WL 4wL?
v| =] 8Ynrt
4

[

Mirrors Prisms Lens Slabs - 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



Mirrors Prisms Lens Slabs - 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

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
[ , |
| 4WL* " E_ﬂ‘i ;
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
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detarmine the radize

The theory of the

11 Tl A
herrlenl murinee
L] bed T

neneter [FLg

A opafier
yrvature of B EP

descrl

I"r"'"‘!"'l i hprally

LA i
| | \
osX |
} |R )
% /-’/
Ly
Fig 12
O mmplification,
3 &
R b :
=
But ﬂﬁ'
[Think of an equilateral triangle of side [.]
oo
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 A/ between the sphere and the
floor. The sphere is gently pushed aside so that it
makes an angle 8 with the vertical. Find 6__ so that
sphere fails to rub the Floor. Young's modulus of
the wire is Y.

! cost

Yrd Al 2
(a]sin"["ﬁ] (b) tan™' [l-—M}

BMgl
I_Y:rdlﬂd
(c) cos S Mgl (d) none
2Mg(l-cos@)L
Ins - © Y= AF‘:! _ Mgl d:cns )
x——Al
4
_Ymd'Al Yrd Al

or }—mﬁ—w orcos f=1- 8 Ml

L]

m‘uT =mgl(] -cos @)

-

ar

EI“F.; =2mg (1 -cos 6)

Yrd Al
6= cos™’ {1 T 8Mgl

Properties of Material 11 ) Depression at center of rod
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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.

me . rr I e
(@) J;-»H'Jr«u?lr': (b) 44Y 44°Y°
271 Tl
(c) A7 [dim

(a) 2T cos B=W
W
2cosH

. wY_ & _Jz:rf’+ °r
2 24Y 4 NaAY a4y

Fluid 1) Bernoulli’s Principle and Application
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Energy per unit volume before = Energy per unit volume after

2 2
B + zpv, + pghy, = P, +5pv, + pgh,

Pressure| |Kinatic Fotential
Energy Energy Enargy

The often cited example of the
Bernoulll Equation or "Bernoulli
Effect” is the reduction in pressure

Flow velocity Flow velocity Jwhich occurs when the fluid speed
W, Vs incresses.

vg} \.-"1

;'Pc-.:aig

incressed fiuid speed,
decreased internal pressure,

Differential velocity at top and bottom of an aircraft wing, for uplift

Lift
Low Pressure
High Velocity

Upper Streamline % o
e 2

Lower Streamline e et

Longer Distance
High Pressure

Low Velocity
"Longer Path” or "Equal Transit” Theory

Shorter Distance

Dynamic lift in aircraft

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.
| 3
Dynamic lift = (P, P )4 = ;m,‘ ~v;)A

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
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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)5 Pa, 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,-Pl-ixislm'ﬂoo‘i'um&

Lit =4095x2x 10 N =81900 N

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.
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roof of hut being flown off due to strong wind
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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

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:

¢ i o

- @ S . AVIV

. ; P = pressure
/T\ V = volume
e C bili
B = Vop ompressibility
d
_6_V = 6_p K= p—p
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) 1100 kgm™ (d) 1040 kgm *
AV P 2x10°x10°x10
BT paw O

é;—f - %—é orAd= 10 kg/m’.

density of water=1010kgm *
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Themﬂﬂhdlm(xm
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
®) “p-=3 P =3 (B]

___{25.&}’ (107 x10x10%)

T 2x2x10° | 2x2x10°

=2.5x10')m’,
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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 behaviour, 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 surface), thus, r can be

calculared.
Solution Atmospheric pressure = | atm.
Pressure due to depth of 45 m = pgh

where p = density of water =1gom =1003kgm'3.
g=98Ims™, h=45m
pgh=1000x981x45N m~
1000 x9.81x 45
T 101325

atm = 4.36 atm

(v 1atm=1.01325%10° Nm™)

. P, = atmospheric pressure +pgh=1+4.36=536atm
Pz =!m

#vy5 4 3. o3
Vi=—mr =—xux cm
173 3 (1)

V, =% =r® = volume of bubble at P, (at the surface)

using PV, =PV,
V, _RAW
P,
5 5.36x-‘;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

Mirrors Prisms Lens Slabs - Optics by Prof. Subhashish Chattopadhyay SKMClasses Bangalore Useful for
[IT-JEE, CBSE, I.Sc. PU-II, Boards, CET, CEE, PET, IGCSE IB AP-Physics and other exams



Mirrors Prisms Lens Slabs - Optics by Prof. Subhashish Chattopadhyay SKMClasses Bangalore Useful for
[IT-JEE, CBSE, I.Sc. PU-II, Boards, CET, CEE, PET, IGCSE IB AP-Physics and other exams

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.

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
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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.

The Shadow Stick ! -
rarch 214
Positions of the Sun——"" %em@m ber 21

Diegember 21

Angular Haght
of 5un

Shadow
Stick

Mdday Shadows

See details of this at http://blog.world-mysteries.com/science/ancient-timekeepers-part-2-
observing-the-sky/

http://blog.world-mysteries.com/science/ancient-timekeepers-part4-calendars/

See the video https://www.youtube.com/watch?v=lhqzW97_47w

https://thecuriousastronomer.wordpress.com/2012/10/

Much tougher questions are “ How many different kind of years do we have ? “

€ 6

Or “ What is the difference between ‘ Sidereal year ‘ and ‘ Tropical year

Meteors were coming from sky. These were called ‘ shooting stars ‘. Meteors often had Iron in
them. Sidero is a combining form meaning “star,” “constellation,” used in the formation of
compound words. Greeks used the word siderolite for Iron. Next the source of meteors; the
sky itself was named the same. As year was measured using objects from sky; Sun and
shadows; the year was named a “ Sidereal Year “

To avoid embarrassing people; | don’t ask ....
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See the answers in https://www.youtube.com/watch?v=cGjP3vAZGa4

https://www.youtube.com/watch?v=qgsrVywW53DY

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_QO0

And https://www.youtube.com/results?qg=Foucault%27s+pendulum

What about Gyroscopes ?

Approx 300 year back around 1750 the gyroscopes were made.

History of Gyroscope http://www.gyroscopes.org/history.asp

See about Gyroscopes in https://www.youtube.com/watch?v=cquvA_IpEsA

https://www.youtube.com/watch?v=awXTZt86gz0

https://www.youtube.com/watch?v=zbdrapXb-fY

https://www.youtube.com/watch?v=N92FYHHT1gM

https://en.wikipedia.org/wiki/Earth%27s_orbit

https://www.youtube.com/watch?v=ZcWsjlGPPFQ

Must see
https://www.youtube.com/watch?v=SnMmBmzoVQcé&list=PL68IJE2PG4AnVVMS7WvOYbJDmqf4
umHG1
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Must know ...

https://www.youtube.com/watch?v=zjV3PQ4f6IM&list=PLTve54sz-
eh _P29Sbbv_j3bC970FaArOd

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 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. ]

\ ST

INVENTIONS

Galilean Geometric and Military
Compass

Galilean Compound
Galiloan Microscope
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.
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Cavendish's Torsion Balance
Targse on wire
resits wisting

Heavy fived mass Trsion 'M"E“

0

T,

Dscillates at
equilibriem paint

[

Since those days till now we observed and concluded about Kepler’s Laws, Gravitation Laws,
We concluded that there was no Phlogiston or Flogiston, 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 the religious theories

of heaven & hell,
of future life tor individuals,

" of a personal God.
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[ Stupids had proposed the phlogiston theory. This was a superseded scientific theory that
postulated that a fire-like element called phlogiston is contained within combustible bodies
and released during combustion. The name comes from the Ancient Greek @Aoylotov
phlogiston (burning up), from @Ao6g phlox (flame).]

In contrast see http://www.americanscientist.org/issues/pub/burn-magnet-burn

Some examples of stupidity to show / explain by contrasts; will be the right approach.

Aristotle used goat urine and Hippocrates
recommended pigeon droppings. For what?

As a treatment for baldness. Men have never found baldness
an appealing trait, in spite of stories that bald men are sexier.
(5tories usually spread by bald men.) Virtually anything that
can be done to a bald pate has been tried to stimulate hair
growth. The ancient Egyptians were fond of rancid crocodile

or hippo fat. If it smelled bad, surely it must do some good. It

didn't. Cleopatra expernmented with a goo made of ground
horse teeth and deer marrow to spur Julius Caesar’'s dormant
hair follicles into action. When this didn’t work she traded him in for Mark Antony. During
the Victorian era cold tea was brushed on the scalp, followed by citrus juice. In farming
areas chickens were persuaded to leave deposits on a bald head and cows to lick it
Electric combs, suction caps and paint thinner have been tried. At a seciluded farmhouse in
Pennsylvania, Marcella Ferens rakes a glass instrument filled with a purple gas across the
head to “sterilize the scalp.” Then the subject holds a wire attached to some electrical
machine while the operator holds a second wire as she massages the bald area with a
secret formula. This forces the formula into the scalp. Some infomercials push shampoos
with special emulsifiers to clean follicles as if baldness were due to plugged follicles.
Others use jumbled language to promote spray paint to cover bald spots. The truth is that
only Rogaine (minoxidil) rubbed on the scalp or Propecia (finasteride) taken orally have
shown any effect in growing hair. Even with these the results are not impressive. The Bald
Headed Men of America, headquartered appropriately in Morehead, Morth Carolina, was
started when the founder was refused a job because he was bald. They take a different
tack. If you want to waste your hormones growing hair.._.go ahead® Actually this 1s a
wrong statement because it is high levels of dihydrotestosterone that can cause baldness.

They are on firmer footing with their slogan. Mo rugs or drugs.

Aristotle used Goat Urine and Hippocrates recommended Pigeon droppings to cure baldness.

http://dazeinfo.com/2010/06/22/superstitions-across-different-countries-an-overview/
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Australians bathed inside rotting whales to ‘cure' rheumatism

The Australian National Maritime Museum has revealed that
sufferers of rheumatism were once advised to sit inside the
festering carcasses of whales in order to relieve their symptoms.

The museum has recently opened a new exhibit in Sydney, which
seeks to uncover the diversity, origins and adaptation of whales,
charting their development from land mammals to aquatic giants.
The exhibition, entitled "Amazing Whales"” also looks at the
different relationships humans have had with the cetaceans, which
includes their apparent medicinal qualities.

Those afflicted with rheumatism were advised to sit inside the
belly of a dead whale for approximately 30 hours. If the patient
could stay the course and withstand this bizarre practice, they
were promised at least 12 months of relief from pain.

http://www.wired.co.uk/article/whale-bath

Weird Bizarre superstitions to cure disease

http://www.historyextra.com/feature/animals/10-historical-superstitions-we-carry-today

http://listverse.com/2013/01/21/10-crazy-cures-for-the-black-death/

Millions of People are making money out of superstitons of Fools

Rebirthing Therapy, Reiki, Energy-Deflecting Golfer Pendant, Maggot Debridement
Therapy, Leech Therapy, Beer spas, Ozone Anti-Aging ...... the list is very big.

http://webecoist.momtastic.com/2010/07/05/12-most-bizarre-modern-alternative-medical-
treatments/

http://oddrandomthoughts.com/strange-and-bizarre-medicine-and-cures/

http://www.stylist.co.uk/life/13-strange-superstitions
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So in simple words instead of taking opinions of Stupid Fools, or wasting any time arguing with
them ..... Let study science correctly, without bias !

Most important physics experiments can be seen at

See http://www.explainthatstuff.com/great-physics-experiments.html

http://physics-animations.com/Physics/English/top10.htm

https://en.wikipedia.org/wiki/List_of experiments

https://www.quora.com/What-are-some-of-the-most-important-experiments-in-physics

Though my list will be as follows -

Michelson-Morley experiment proving there was no Aether, Moseley 's experiment with X-Rays
to discover Protons, Jagadish chandra Bose demonstrating controlled emission / transmission
and receiving of Radio waves, Casimir experiments to show Casimir forces of virtual particles,
Edington measuring bending of light, Flying atomic clocks in planes and confirming slowing
down of time at high speeds, Victor Hess measured Radiation level variation at ground and
high up in the atmosphere, Soviet physicist Sergey Vernov was the first to use radiosondes to
perform cosmic ray readings with an instrument carried to high altitude by a balloon at
heights up to 13.6 km, The proof of time dilation by Muon decay

https://debunkingrelativity.com/muons-time-dilation/ , Measurement of Space-time
curvature near Earth and thereby the stress-energy tensor (which is related to the distribution
and the motion of matter in space) in and near Earth

https://en.wikipedia.org/wiki/Gravity_Probe B , Detecting Gravitational Waves.

[ In 1909 Theodor Wulf developed an electrometer, a device to measure the rate of ion
production inside a hermetically sealed container, and used it to show higher levels of
radiation at the top of the Eiffel Tower than at its base. However, his paper published in
Physikalische Zeitschrift was not widely accepted. In 1911 Domenico Pacini observed
simultaneous variations of the rate of ionization over a lake, over the sea, and at a depth of 3
meters from the surface. Pacini concluded from the decrease of radioactivity underwater that
a certain part of the ionization must be due to sources other than the radioactivity of the
Earth. In 1912, Victor Hess carried three enhanced-accuracy Wulf electrometers to an altitude
of 5300 meters in a free balloon flight. He found the ionization rate increased approximately
fourfold over the rate at ground level. Hess ruled out the Sun as the radiation's source by
making a balloon ascent during a near-total eclipse. With the moon blocking much of the Sun's
visible radiation, Hess still measured rising radiation at rising altitudes. He concluded "The
results of my observation are best explained by the assumption that a radiation of very great
penetrating power enters our atmosphere from above.” In 1913-1914, Werner Kolhorster
confirmed Victor Hess' earlier results by measuring the increased ionization rate at an altitude
of 9 km. Hess received the Nobel Prize in Physics in 1936 for his discovery. Homi J. Bhabha
derived an expression for the probability of scattering positrons by electrons, a process now
known as Bhabha scattering. His classic paper, jointly with Walter Heitler, published in 1937
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described how primary cosmic rays from space interact with the upper atmosphere to produce
particles observed at the ground level. Bhabha and Heitler explained the cosmic ray shower
formation by the cascade production of gamma rays and positive and negative electron pairs.
Soviet physicist Sergey Vernov was the first to use radiosondes to perform cosmic ray readings
with an instrument carried to high altitude by a balloon. On 1 April 1935, he took
measurements at heights up to 13.6 kilometers using a pair of Geiger counters in an anti-
coincidence circuit to avoid counting secondary ray showers. |

See https://en.wikipedia.org/wiki/Cosmic_ray

http://web.mit.edu/8.13/www/JLExperiments/JLExp14.pdf

http://web.mit.edu/lululiu/Public/pixx/not-pixx/muons.pdf

https://en.wikipedia.org/wiki/Time_dilation

http://www.physics.rutgers.edu/ugrad/389/muon/muonphysics.pdf

http://wwwa2.fisica.unlp.edu.ar/~veiga/experiments.html

Detecting Neutrons

Rutherford predicted the existence of the neutron in 1920. Twelve years later, his assistant
James Chadwick found it. At Cambridge, Chadwick searched for the neutron. He tried in
1923, but did not find it. He tried again in 1928, with no success. In 1930, the German
physicists Walther Bothe and Herbert Becker noticed something odd. When they shot alpha
rays at beryllium (atomic number 4) the beryllium emitted a neutral radiation that could
penetrate 200 millimeters of lead. In contrast, it takes less than one millimeter of lead to
stop a proton. Bothe and Becker assumed the neutral radiation was high-energy gamma rays.

Marie Curie's daughter, Irene Joliot-Curie, and Irene's husband, Frederic, put a block of
paraffin wax in front of the beryllium rays. They observed high-speed protons coming from
the paraffin. They knew that gamma rays could eject electrons from metals. Theythought the
same thing was happening to the protons in the paraffin. Chadwick said the radiation could
not be gamma rays. To eject protons at such a high velocity, the rays must have an energy of
50 million electron volts. An electron volt is a tiny amount of energy, only enough to keep a
75-watt light bulb burning for a tenth of a trillionth of a second. The alpha particles colliding
with beryllium nuclei could produce only 14 million electron volts.

The law of conservation of energy states that energy can neither be created nor destroyed. It
certainly looked as if energy was being created along with the neutral radiation. Chadwick
had another explanation for the beryllium rays. He thought they were neutrons. He set up an
experiment to test his hypothesis.
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Chadwick put a piece of beryllium in a vacuum chamber with some polonium. The
polonium emitted alpha rays, which struck the beryllium. When struck, the beryllium emitted
the mysterious neutral rays.

In the path of the rays, Chadwick put a target. When the rays hit the target, they knocked
atoms out of it. The atoms, which became electrically charged in the collision, flew into a
detector. Chadwick’s detector was a chamber filled with gas. When a charged particle passed
through the chamber, it ionized the gas molecules. The ions drifted toward an electrode.
Chadwick measured the current flowing through the electrode. Knowing the current, he could
count the atoms and estimate their speed. Chadwick used targets of different elements,
measuring the energy needed to eject the atoms of each. Gamma rays could not explain the
speed of the atoms. The only good explanation for his result was a neutral particle. To prove
that the particle was indeed the neutron, Chadwick measured its mass. He could not weigh it
directly. Instead he measured everything else in the collision and used that information to
calculate the mass.

For his mass measurement, Chadwick bombarded boron with alpha particles. Like beryllium,
boron emitted neutral rays. Chadwick placed a hydrogen target in the path of the rays. When
the rays struck the target, protons flew out. Chadwick measured the velocity of the protons.

Using the laws of conservation of momentum and energy, Chadwick calculated the mass of
the neutral particle. It was 1.0067 times the mass of the proton. The neutral radiation was
indeed the long-sought neutron.

http://ansnuclearcafe.org/2011/10/19/pioneers102011/

( 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 )

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 )
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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 IIT-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 - Mirros Prisms Lens Slabs - Optics

History of Optics can be seen at
http://www.angelfire.com/ga/astronomyclubaugusta/History/hist.htm

And http://www.benvr.net/technology/historyofoptics/

History of Wave Optics

http://lightandmatter.com/html_books/lm/ch32/ch32.html

https://www.boundless.com/physics/textbooks/boundless-physics-textbook/wave-optics-26/

http://www.ece.umd.edu/~taylor/optics.htm

http://light.ece.illinois.edu/ECE460/PDF/Brief%20history%200f%200optics. pdf

http://ocw.mit.edu/courses/mechanical-engineering/2-71-optics-spring-2009/video-
lectures/lecture-1-course-organization-introduction-to-optics/MIT2_715S09 lec01.pdf

Two plane mirrors are inclined to each other such that a ray of
light incident on the first mirror and parallel to the second is reflected from the
second mirror parallel to the first mirror. Determine the angle between the two
mirror. Also determine the total deviation produced in the incident ray due to the
two reflections.

Solution. From fig.

30 = 180°
0 = 60°
6, = 180° -2 x 60°
= 60°)
6, = 180° - 2 x 60° = 60°
Total deviation = §, + 3§,

]

120°3 or 240°)
Alternatively :
180° + 0 = 240° anticlockwise or 120° clockwise.

From fig. &

Two plane mirrors are inclined to each other at an angle 0. Aray
of light is reflected first at one mirror and then at the other. Find the total
deviation of the ray.
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Solution
Solution. Let a = Angle of incidence for M,
p = Angle of incidence for M,
o, = Deviation due to MI
8, = Deviation due to M,
From hg. 1.23,
6' = 1 -—2a, E,= n-2p

Also ray is rotated in same sense i.e,, anticlockwise

8, = Total deviation =8 +§,
=21-2(a+P)
Now in AOBC, £0BC + £BCO + ~COB = 180°
or (90° —a) +(90° =)+ 6 = 1807
or a+p=26
Hence, 5, = 2x-20
Alternative method : a = ZBEC + ZCEA + ZAED

£BEC = ZAED (Vertically opposite angle)

= 180°-2(a+f)

180° - 20
2a + 2p

£ZCEA

= 360° - 20

2(a+p) = 20
5 = (180° - 20°) + 20 + (180° - 20°)

[ 0=a+p]
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Calculate deviation suffered by incident ray in situation as
shown in fig. after three successive reflections.

M,

Solution. From fig. 1.25

180° = 2 x 50° = 100°%)

180° - 2 x 20° = 140°)

180° -2 x 10° = 160°)

5 = Total deviation 100°7) + 140°) + 160°)
100°) or 260°)

BI
51
5,

A ray of light is incident on a plane mirror at a certain point.
The mirror is capable of rotation about an axis passing through X as shown in
fig. 1.28. Prove that if the mirror turns through a certain angle, the reflected ray
turns through double the angle.

Solution. Let XY be the position of mirror initially and mirror be rotated to a new position
XY’ through an angle 8 about an axis passing through X.
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8, = Deviation in first position of mirror

=n—2¢
8, = Deviation in second position of mirror
=x-2(4-0) [+ Angle of incidence in second position = ¢ - 0]

5,-5, =n-2($—-0)-(x-2¢) =20
Hence, reflected ray rotates twice the angle turned by the mirror.

Find out position, size and nature of image of an object of
height 2 mm kept between two mirrors in situation as shown in fig after two
successive reflection considering first reflection at concave mirror and then at

convex mirror. “‘ u‘
B
P, 1 P,
A
20cm
f,=15em f,=20em
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Solution. Consider reflection at concave mirror (M,)
u=-20cm
= =15cm
Using mirror equation we get,
u-f (= 20) (- 15)

U= o T “20-(-1p) - %0em

-v =(-60)
T w T =20
- A'B' = m(AB) = 6 mm

The image ( AB’ ) formed by concave mirror acts as object for convex mirror. Now, consider
reflection at convex mirror (M,).

== 3 (Inverted)

m

u=+10cm

f- +20cm
v-f
u=f
(10][20)
= =-20
10-20 cem
-v

m,. = = ——
3 u

v =

=(20)
= 10 = 2 (Erect)

A'B" = m(AB) = 12 mm
Hence, for final image A"B*

Position : 20 em infront of convex mirror (M,)
Size : 12 mm
Nature : Real and inverted
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Find the co-ordinates of image of point object P formed after
two successive reflection in situation as shown in fig.

considering first
reflection at concave mirror and then at convex mirror.

f,=20cm

Solution. For reflection at concave mirror M,

Y u=-20cm f, = 20 em

P*( 30 em,- 14 mm)
M

W— 30cm—4
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f, =~-16cm

b = u-fy _ (=20)(-15)
' ou-f, -20+15

or v, = - 60 em
. . v - 60
Magnification (m,)) = - ;‘- == =20 =-3 (Inverted)
A'F =ml(AP}=332=6mm
For reflection at convex mirror M,
u=+10cm
f, = +20cm
u-f,  (10)(20)
v, = u_;; = 10— 20 =-—20cm
Mng!ﬁﬁcaﬁunm,--ﬁ =—_—2n = 2
u 10

C°P" = m,(CP')=2x8=16mm
So, the co-ordinate of image of point nhjm:t P (30 cm, — 14 mm).

A concave mirror forms on a screen a real image of thrice the
linear dimensions of the object. Object and screen are moved until the image is
twice the size of the object. If the shift of the object is 6 ¢cm, find the shift of the
screen and the focal length of the mirror.
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Solution. Initial magnification = 3
u

ie., u = 3 or v, = 3u,
fo b mGa) 3 4D
4+, +3u, 4
In the second case, m=2
ie., E:- = 2 or v,=2u,
f: i‘!ﬁ‘:M:Eu' {2]
U+t up 3wy 3
From (1) and (2), %u, = §u1
9
or U= g
It is given that the shift of the object = 6 em
9
gu,—ul=6
or u, = 6x8=48cm
and v, =3x48=144cm
f— EHI- E x 48 = 36 cm
4 4
9
u, = Eulng x 48 =54 cm
v, = 2u,=2x54=108cm
Thus, Shift of the screen = v, —v, = 144 - 108 = 36 em.

A thin rod of length % is placed along the principal axis of a

concave mirror of focal length fsuch that its image just touches the rod. Calculate
magnification.
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Solution. Since image touches the rod, the rod must be placed with one end at centre of
curvature,

Case (1) :
ForA:
f=-f
v = uf
u-
Length of Image
"™ = TLength of Object
5f
- v, -, ___--m__.?r
u*'—'ﬂc _§3£ _(_m 2
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Case (II) :
ForA:
__Ir
T4
U, —
m= _A._.&_ =
Uy =Up
Find the velocity of image in situation as shown
2mis
lﬂn'fl
=
=10 m/s
f=10cm
. _ 10 1
Solution. m = o S 10-C10) " 3
We know that, Vim = -m*V,
2
Via=— [-15) Xx8=-2m/s

Hence, image will appear to be moving with a speed of 2 m/s towards mirror.
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Find the velocity of image in situation as shown

2mis
15m/s
53
o]

f=20cm
— 30 cr——H

Solution

Vo = Velocity of object = (97 +2)) m/s
Va = Velocity of mirror = — 2§ m/s
r =20 2

f-u -20-(-30)
For velocity component parallel to optical axis

[{rﬂnju = -m* {{ro.ra-l,

(Vim), = —(=2)' 11§ =—44 i m/s
For velocity component perpendicular to optical axis

P}I.r-h = {i}l]--]l

=—(-2)12;=-24; m/s
Vim = Velocity of image w. r. t. mirror

{i’”,]l + ﬁlr;h
(-44 { 24 ) ms

m =
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A]m, ﬁlf. = ﬁl-i’ru

or {T. = i}u- +i}a
=(-44 i -24j)-2i
=(—46 i -24 ) m/s

A small block of mass m and a concave mirror of radius R fitted
with a stand, lie on a smooth horizontal table with a separation d between them.
The mirror together with its stand has a mass m. The block is pushed at f = 0
towards the mirror so that it starts moving towards the mirror at a constant
speed V and collides with it. The collision is perfectly elastic. Find the velocity of
the image (a) at a time £ <d/V, (b) at a time £ > d/V.

Solution. (a) t < %
u=-(d-Vt)
_-R
== i
We know that Vi/m = =m* Vo/m
f
Here, m = y

- -R/2 < -R
-R/2+(d-V1) 2(d-V-R

N -R T
, = velocity of image = -[2[d—Vt)—R] v
RV

“ [2d-Ve)-RP

<
n
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d
(b) t> v
Block will collide with mirror assembly after
time T = -‘i From conservation of linear L. ™

momentum, block and mirror assembly will
exchange their momentum ie., block will stop

and mirror starts moving with velocity V. r—
ve (-8
oo m = f -R/2

f+u -me(:-%]
We know that Gn.. = -m! Vorm

- - =+
or Vi=Va ==m? Vo/n)

Let us assume rightward direction as positive
v,=V=-m'(- V)
or v, = (L+mi)V

Rﬂ
- v, = V[1+ 20Vt —d}—R’]]

A gun of mass M fires a bullet of mass m with a horizontal speed V.
The gun is fitted with a concave mirror of focal length [ facing towards the
receding bullet. Find the speed of separation of the bullet and the image just after
the gun was fired.
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Solution. From conservation of linear momentum, we get M
MV' = mV
) mvV
V' = g v _ m
Just after the bullet is fired,
u =0
m = magnification = }—{; =1

We know that i.'”m = —=m? ‘G’o.«..

c’ﬂ!m = GO“GN
m
=v- — o -v 1 R
V) ( +MJ
Now, Virm = - Voim

Hence, speed of separation between bullet and its image will be 2\’(1 + ﬁ]

_'Acube is placed infront of concave mirror in situation as shown
Draw the approximate image of cube.

E F

Solution. The cube can be imagined to be a
structure made of 8 sticks. Sticks parallel to
principal axis will have curve image except stick
DC which is lying along the principal axis. This is

because magnification is not a linear function of = = ;:
H L]
object distance (m = u)' Further, images of o P17
- E
all sticks perpendicular to principal axis will be P
straight. With these consideration, the image of
cube will look like as shown in fig. .
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Consider the situation shown in fig The elevator is going up
with an acceleration of 2.00 m/s* and the focal length of the mirror is 12.0 em. All
the surfaces are smooth and the pulley is light. The mass-pulley system is
released from rest (with respect to the elevator) at £ = 0 when the distance of B
from the mirror is 42.0 ecm. Find the distance between the image of the block B
and the mirror at ¢ = 0.200 s. Take g = 10 m/s*.

I: =200 nvs'

A
B
t | M l
Solution. Let us assume that the acceleration of blocks A and B is ‘a’ with respect to lift
and a, is acceleration of lift.

Consider block B
System : Block (B)

Frame of reference : Lift "
mg+ma, -T=ma ..(1)

Now, consider block A

System : Block (A)

Frame of reference : Lift - 2
N = mg + ma .(2) mg
T = ma «(3) Force diagram PSSR Sopnm

On adding eq. (1) and eq. (3), we get

_ 8*a, =10+2=6m!’ N
a 2 > 8
. Distance fallen by block (B) = %dl! ) —_—a
- .% x 6 x (0.2 ma,
mg

= 0.12m or 12em Force diagrem Acceleration diagram
Now, consider reflection at convex mirror
u=-(42-12) = =40 cm

f=+12¢em
W _ (c40(12)
S e ™ by T

Therefore, the distance between the image of block (B) and mirror is 8.57 cm.
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A room is 3m high and 5m long. A man is standing in
front of one of the walls 1m from the wall. A mirror is to
be installed on the wall. Find the height (minimum) of
the mirror so that complete image of the wall behind him

is seen.
{a)1.5m (b)I'm
(c)2m (d)0.5m

(d)A ABM and A KLM are similar

KL _KM o 31

AB  MB (4] 2

A - Sm > - Sm -

& H &

Im| E Im
L

L E v

B - bm I3 = A

A beam is incident parallel on the prism shown in

Fig. Find the angle between emerging rays.
Bin™ 1.66.

(a) 180° (b) 120°

(c) 135° (d) 40°

. I o
(d) sin C= 1= or C=137

ray is referacted out
sin r = gin 25 (1.66)

= 0.4226 (1.66) = .706
r=45°
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0= 360 - 230 - 90 = 40°

125°

25°

(b)

A slide projector is to project a (35 mm x 23 mm) slide on
a 2m x 2m screen. Find the focal length of the lens used
if screen is 10 m away from the lens,

(a)15.0cm (b)17.2ecm
(c)16.1 cm (d)182¢m
200 10 7 .
l’h"l.'u’—ﬁ-:uru"“—ﬂnﬂumng
11 1 .
v = u - f' 1LC.,

1 40
'; 10 + £l orf=17.2cm

A paper weight is hemispherical with radius 3 cm. Itis
kept on a printed page, the printed letter will appear at
a height em from the centre of the hemisphere
when viewed vertically.

(a) 0 (b) 1 cm

(c)2ecm (d) 1.21 cm
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A Im long rod is half dipped in a swimming pool. The
sunlight is incident at 45° on the rod. Find the length
of the shadow on the bed of swimming pool.

{(a) 73 ¢cm {(b) 78.25cm
{c) 74.17 em (d)81.5cm

(d) Length of shadow = x + 0.5 m
x =05tanr

sinr =.707 x E or
4
r =32°12

! =50(tan 32° 12°)+ S0 cm
=350(.6297)+50=81.5cm
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A diverging lens of /= 20 ¢cm and a converging mirror /
= 10 cm are placed 5 cm apart coaxially. Where shall an
object be placed so that object and its real image
coincide?

(a) 60 ¢cm away from lens (b) 15 cm away from lens

(c) 20 cm away from lens  (d) 45 cm away from lens

(a) If the rays are to retrace the path, light ray
must fall normal on the mirror. Hence I should be 20
cm from mirror and 15 em from lens.

1
S 220

- | —

L
-15

1 L I
or — - — _——
X -1 20 =60

L

v =—60cm i.c. 60 cm away from lens,

A fish looking up through the water sees outside world

contained in a circular horizon. The refractive index of
. 4 .

water is 3 and the fish is 12 ecm below the surface. The

radius of thiscircleincm is

|AIEEE 2005]
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- 36
(2)36 7 (b) ﬁ
()36.f5 (d)4 s

r

RS DR
(b)sin C= 7 andtan C= 7= = 15

36
or r ='d'_qnni

L]

Two point white dots are | mm apart on a black paper.
They are viewed by eye of pupil of diameter 3 mm.
Approximately what is the maximum distance upto
which these dots can be resolved by the eye.

|AIEEE 2005)
{a) 5m (b)bm
c)lm (dy4m
1.224  1mm
® S = 4
xio®
or m

T 122x5x107 5
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A thin glass (¢ = 1.5) lens has power 5D in air. Its
power in a medium of refractive index 1.6 will be

2p b) = D
(a) 3 (b) 8
5 25
) -3 D G-z P
- ! (=20
@ /= [,,: ]f 5
| 7
e 16
1 20x32
= =Ifﬂcm

The angular resolution of a telescope of 10 cm diameter
at a wavelength of 5000 A is of the order of

(CBSE 2005
{a) 10" rad (b) 10~ rad
(c)10*rad (d) 10* rad
A Sx107

c —_——=——— = | *
@520 .
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A tank of height 33.25 cm is completely filled with liquid
(1= 1.33). An object is placed at the bottom of the tank
on the axis of concave mirror as shown in Fig.

Image of the object is formed at 25 cm below the surface
of the liquid. Focal length of the mirror is

[1IT 2005)
(a) 10cm (b)15¢cm
(¢) 20 cm (d)25cm
3325

S = ="
(c) Apparent depth = ——== =25 cm

when object is at 2 fimage is formed at 2/,
s 2f=15+25=40cmand f=20cm

)

44—
\d

25¢cm

£ S *

3325 cm

+—r —»
'
;

SNSUR——— {S—

A telescope has an objective lens of focal length 200
cm and an eyepiece with focal length 2 cm. It is used
to see a 50 m tall building at a distance of 2 km. What
is the height of the image of the building formed by the
objective lens ?

[ATIMS 2005]
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(a)Sem (b) 10cm
{ch 1 em (d) 2 em
| | |
@l 1.1
¥V oou f
| 1 |
. v 200 2000x100
or r =2 em.
) v !
Using » 5
2 |
- q — q
! 20 x 30 30 MorScm.

A. Resolving power of a telescope i1s more if the diameter
of the objective lens is more,

R. Objective lens of large diameter collects more light,
[ATIMS 2005]

(a) both 4 and R are correct and R is correct
explanation of A

by A4 and R both are correct but £ is not cormrect
explanation of A

(c)  Astrue but R s false
(d) both 4 and R are false

D
(b) RP = 1222 " A is correct. Though R is

correct but for larger resolution objects making small
angle be distinguished or very close objects should be
distinguished,
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A convex lens of focal length 80 cm and a concave lens
of focal length 50 em are combined together. What will

be their resultant power?

[BHU 2005|
(a)0.65D (b) <065 D
(c)0.75 D (d)-075 D

()P, =1.25Dand P. = -2 D

P_=P,+P,=-075D

A plane slab is kept over various colour letters. The
letter which appears least raised is

IBHU 2005)
{(a) Red (b) Green
(c) Voilet (d) Blue
B
@u=A+ s
Real depth

< ptis minimum for Red and App. depth =

A convex lens forms the full image of the object on a
screen, I half of the lens is covered with an opaque
object then

IBHU 2005]
{a) the image disappears
(b) halfthe image is seen
(c) full image of same intensity is seen
(d) full image of decreased intensity is seen,

(@
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Time taken by light to pass through 4 mm thick glass
slab of refractive index 1.5 will be

(a)8x10"s (b)2x10"s
(C)8x10*s (dy2x10%s
|BHU 2005]

4x10"x%1.5

- - —— "
(b) r o 2x10"s

A lens acts as a converging lens in air and diverging

lens in water. The refractive index of the lens is
[BHU 2005

(a)= | i< 1.33

{c)>1.33 (di< |

(b)

A light passing through air has wavelength 6000 A®,
Wavelength when same ray passes through a glass slab
of refractive index 1.5 is

|[BHU 2005)

(a) 4000 A" {h) 20007
(c) BOOO A® (d) 1200 A"

&OD0

A
(a) A" = 2 = 1S T000A°
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A professor reads a greeting card on his 50th birthday
with + 2.5 D glasses keeping the card 25 cm away. 10
years later he reads the greeting card with same glass
keeping the card 50 em away. What power glasses
should he wear now?

(2)2D (6)05D
()20 (d)4.5D
LI T
@7 =355 "5
P =2D
P =25+2=45D

A simple microscope is rated 5 x for a normal relaxed
eve. What will be its magnifying power for a farsighed
man whose near point is 40 cm 7

(a) § x (b) 3 x
(c) 8 x (d) 13 x

D
(c)Forarclaxedeye M= "¢ . f=5Scm

40
In case IIH=?=H

A particle is moving at a constant speed v from a large
distance towards a concave mirror of radius R along
the principal axis. Find the speed of the image as a
function of the distance x of the particle from the mirror,

Let y represent the image distance and x the
~hject distance from the mirror. Then
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| | 2
Yy =X R
I =2 1 -2x+ R
or —=—+4— =
‘ v R x Rx
Rx
or ¥ R_on —

Differentiating equation. ( 1)

R 2R E
ot oy

= + -
(R-2x) (2-2x)

&

dx
@ [R(R~2x)+ .’!Rxl{!{- R

o dr (R=2x) B (R=2x)

When an equiconvex lens (4__ = 1.5) is placed overa
plane mirror as shown, then object needle and its image
coincide at 15 cm. When a liquid of refractive index p
is filled in the gap between mirror and lens, the object
needle and its image coincide at 40 cm. Find the ref.
index p of the liquid.

T

I15cm

e —

5
(a) 3 (b) E

13 N
(<) {IH

13
e) =
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(c) From case (i) we getf,_ = 15cm
sincepy =15 o f_=R_=I15cm

In case (i) focal length of the combination = 40 cm
[combination of lens + combination of (planoconcave)
liquid lens].

or

A particle executes SHM of amplitude 1 ¢m along
principal axis of a convex lens of focal length 12 em.
The mean position of oscillation 1s at 20 em from the
lens, Find the amplitude of oscillation of the image of

the particle.
(a)2¢m (b) 2.6 cm
(¢c)lem (d)23em
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!

1 |
@=-r=z
v

S — gy, —

or v, =X8cm

C19x12 228

or ¥, 7 7

A
Ar =326~ 28~ 4.6 cmamplitude - TI

=23cm

Object and screen are fixed Y0 cm apart. The lens is
displaced. Two sharp images are obtained when lens
is at L and L, respectively such that /, = 4/, Find the

focal length of the lens.
- —.ﬁ »
. H
i \/ .-t ‘: E
L, E
(a) IS em (b) 1S ¢m
(¢) 16 cm (d) 20 cm
J,

Wo=yhl, =25,=7
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You are looking at the nm from the vertical side to see
the opposite edge at the bottom of a 16 cm high and 8
cm diameter vessel. A friend fills it with a liquid of
refractive index gt so that a coin placed at the centre
becomes visible. What is the value of u ?

%,

16 cm
- v
*—— —
fcm
(a) 1.34 (b) 1.6
(c) 1.73 (d) 1.84
I | t}f
_ ) _ sind _ ____5_
(wni=3p= g0 =5
/AT
:I-Er-
= _‘.F L Vlr]__-i - IS-4
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A very large array radio telescope of NASA has a special ar-
rangement of reflectors which gives an effective aperture of

36 km diameter. What is the limit of resolution? (\. = 10 m)

Solution
-2
sin 0 = 6 = IZZxIﬂ!
36 x10
=34x107 rad

A person cannot see beyond 5 m. How can his vision be
corrected?

Solution

His far point is now 5 m. It should be made =. Object at
infinity should give a virtual image at 5 m. i.e., for him the

object should appear to be at 5 m. Therefore, -_gl--—— ==,

—ca f
A concave lens is required and it should have a focal length
=-5m.

= ie,P_=-02D
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The near point and far point of a person are 40 cm and
400 cm, respectively. He wants to read a book kept at

25 cm. Find the focal length of the lens required and the
distance upto which objects can be viewed.

Solution

Put u=-25,
v=-40
T
f, -40 =25 ™=

With this lens at what distance an object will give virtual
image at his far point of 400 cm?

What focal length should the reading spectacles have for a
person whose D value is 40 cm?

Solution
D value > 25cm
= hypermetropia
atu=-40cm, hisv=+25cm
= his F_.. is given by
| 1 1

= =5 f
25 —-40 f S
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= 2.35 cm as against % = 2.27 cm for a normal per-

son. = This requires a convex lens so that

1 1 1 200
+ = = f. =+—am.
017 f_,, 2511 3

The same question can be alternatively posed by ask-
ing what kind of lens should give a virtual image at 40 cm,

for an object at 25 cm?
1 1 1
- = f = 4—_—
-40 =25 f, = N o
Modified lenses

(i) A IcnsOoffocallmgth fis cutm into two halves and

kept in contact as shown:
The focal length now has the same value, f.

(ii) The focal length of each half is not % but 2f
because each part has a focal length ' given by

1 = - l-l =£!1_:—!l=i
f*-{n l}[R m] .

(iii) If kept in contact, bult]mulhﬂwaym the focal
1

1 1 1
length is f because F_E+§-f

(iv) If kept as shown w the focal length is again f.
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(v) If cut as shown and kcple the focal length fis that of

the uncut lens; the focal length of each halfﬂ is fand
the intensity of image due to only one part will be half
of the intensity of the image of original lens, because

the area exposed to incident rays is one half of that of
the full lens.

(vi) If the two halves are kept with a small gap — the

focal length is f, but the contrast of the image will be
reduced.

(vii) Ifthcmoha]mmkcptasshuwn,ﬂ 0 the resultant
1 11 f

] willbe | —==—4= |=f'=—.

focal length will be [l" f+f)= 3

A convex lens (n = 1.5) has radii 40 cm and 60 cm. The 40 cm
surface is silvered. What is the focal length of this lens?
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Solution
2 =(15-1) (L_L]:L=+L
fi. +60 —-40)  f,, 240
1 1 ___i
f, -40/2 20
1 1 2 1 10 22

—— Iy T—" S S S e S mme—— S S —

foe fur  fuw 20 240 240

120
= foi=——"" €M
11
, , 120
=> behaves like a concave mirror of f = _F cm

The convex side of a plano-convex lens (n = 1.5) with R =
60 cm is silvered. An object 2 cm tall is located 25 cm in
front of this. Describe image details.
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Solution
Obviously, if the silvered side faces this object, it does not
produce an image.

1 1 1 1

— 5=l ——-— | = —

f, ( )[w —ﬁﬂ) 120

11 1

f,. —60/2 30

N e

f, 30 120 20

The system behaves like a concave mirror with

f=-20cm

1 1 |

-.—.-+— [ J—

v =25 =20
v==100cm

negative sign for a mirror indicates real image.

The image is inverted, with height = 8 cm

A convex lens of focal length 40 cm is placed 20 cm away
from another convex lens of focal length 50 cm. An object

2 ¢m tall is 60 cm in front of the first lens. Determine its
image characteristics.
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Solution
Refraction by the first lens:
1 1 1
————=— = Vv =+120cm
v =60 +40
o
=60
Refraction by the second lens:
u=120-20=+100
1 1 1 00
——— e =) ¥ = +—— Cm
v +100 450 3

+100/ 3 1
m=——=4=
+100 3

Total magnification is mm, = -

Final image is Lgﬂ cm to the right of the second lens,

4
is real and is inverted, ~ cm tall.
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A convex lens of focal length 40 cm and a concave lens of
focal length 30 cm are separated by a gap of 20 cm; object
is 1 cm tall at 20 cm in front of the first (convex) lens. De-

scribe image details.

Solution

Atlens 1
1_1_ 1
v =20 +40

-40
m1=—=+2
-20
At lens 2:
u=—-40-20=-60
r_1r_1
v =60 =30
= v=-=20cm
=20 1
m,= — = +4+—
| 3
2
m]m1=+;

Image: 20 cm to left of the second lens => at the optic cen-

tre of the first lens, virtual, erect and % cm tall.

Two lenses one of which is crown glass with ®, = L and

1
the other flint glass with @, = 4 How can an achromatic

combination, (No dispersion), of focal length 40 cm, be
formed?
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Solution
Letn,R ,R ,® and n,R,, R, , @, represent the param-
eters of three lenses.

! (o, -:)(—-—] (n, -

ri Ril

|

A =(n= - I)K:

1 1 1

-=—=+—=—=(n, - 1)K, +(n, - 1)K

f f; f; ( ] 1 { 1 ) |

For no dispersion, E =0

LA ook g I
f° dA da da
1 dn, 1 dn,
0= ’ +
f(n,-1) dr f(n,-1)dr
dn, dn,

f(m -1) f(m-1)
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If the lenses are placed in juxtaposition, L fl+fl
1 L
1 1 1
— == - —(2
0§ @
Solving equations (1) and (2)

f = +? cm (convex)

f: = =20 cm (concave)

A thin converging lens of focal length 25 cm forms an im-
age on a screen at 5 m from the lens. The screen is brought
closer to the lens by 18 cm. By what distance should the
object be shifted away from/towards the lens so that its

image on the screen is sharp again?

Solution

The object should be moved away. The object is always
between f and 2f (" image is between 2f and @ in both
cases). Let us apply the formula and verify.

1_1_1_ _ fv _(+25)(+500)
v u f f-v (25-500)
> u= 2 __232em
19
_(eas)(ma82)
(25 - 482)
Au = v’ - u = -0.5 mm (should be moved away by =
0.5 mm)
A u being small, we could have applied approximation
as below.
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Considering Au to be small, differentiate u =

-V

= du= dv

(f-vy
25,
~ (~475)

(-18) = 0.5 mm

A source and a screen are fixed at a distance f from each

other. A thin lens is placed between them such that the
image is focussed on the screen . Determine

(i) the focal length of the lens
(ii) the position of the lens.

— i —

S B |
f~lu| |u] f
= |uf -f|u|+ft=0

- |u]=%[1:t 1-“%]

Case (i)

f 4

then]ulisnutrea!whichisnatpossib]c.'.fS%

Case (ii)

Iff= £ then [u| = £
4 2
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Case (iii)
Iff< E, then |u| has two values

Hiy h-4
{

md£ l-dl-£
2 4

you will find that if |u| is one of them, v is the other value
i.e., the values of |u| and v are interchangable.

fe u y—w‘—ﬁl

£

fu=s= E,v-—,

the equation LY % gives the position of the focus,
L u
4

f=—
4

An object and a screen are fixed and a lens is being moved
from one point along the axis to another resulting in sharp
images of heights h and h,. What is the object height?
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Solution
Let height of object = h
v
h=h—
Yol

hanitl
” v

= hi=hh =h=Jhh,

A plano convex lens of thickness 5 cm is kept on a flat table
with its curved surface in contact with the table. The ap-

parent depth of the bottom point is 4 cm. When the lens is

reversed, the depth is % cm.

What is its focal length?

Solution

Let the refractive index of lens be n,, that of medium n
(need not be air). We cannot use lens formula because
thickness of lens is very large.

Case (i)
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You can use either apparent depth formula or spherical
surface formula.

Application of depth formula:
4= i =n, = E
n,

(or) spherical surface formula: (R = =, for plane)

i -5 oo
Case (ii)
i
T
L]

-------------------

(Here we cannot use apparent depth formula because in-

terface is not plane)
| n

-100/21 -5 R

=21 1 -1 =100
= —4—n— =R=—q@m
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Given a convex lens of focal length f, find the minimum
distance between object and screen, below which a real
image on the screen cannot be obtained, wherever the lens

is kept?

Solution

If the distance h-emeen object and screen is £, we saw that
formula % - i = leads to the equation

Juf* = £ju| + £f=0

=> Discriminant ¢ — 4ff shouldbe20 = ¢ 2 4f
= Eﬂ:s!f.

The power of a lens (n = 1.5) is + 5.0 D. Find its power
when immersed in water [n = %]

Solution
1 1 1
e by
= +5=[n—-l)[RL-Rl~] —(1)
|:f=L=+'I}.?.ﬂ mel:re]
+5
I " e -
gl ]y a,] -
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1.5 4
() "% 15-1 " 3

In the above problem, if the two surfaces of the lens are of
equal radius (i) what is the radius of curvature? (ii) what is
its power with the lens kept with air on one side and water
on the other side?

Solution
The formula is
n, n, _n-n n-n
v u R, R,
By puttingu =-wand v=f,
ﬂ_.“:-“|+n:-nz
f R, R,
andif n,=n =1,
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(ii) Using data for one side air and other side water:
4

43 _15-1 3
f' 0.2 -0.2

= P'= +%q[) focal length f" = 0.4 m

-15
P =

An object is immersed in a medium of refractive index n =
2.0. Object is 15 cm from the concave surface whose radius
of curvature is 10 cm. Locate the image.

Solution

What is the relationship between u and v if the refracting
surface is plane?
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Solution
o, DR
vV u R
n, n n
For plane surface, R=0 = 2 =L = y= 2y
v u n,

[we already know this from the apparent depth formula
with object real; this gives always virtual image]

To obtain a real image at infinity in a medium 1 (with re-
fractive index n,) out of a real object in a2 medium 2 (with
refractive index n,) and at a distance d from the interface,
what should be the geometry of the interface?

Solution

Byl B =T

o —d R
Clearly it cannot be a plane (whose R = «)

. surface can be only spherical, whose R = (uJi
d, being modulus value, is always positive E

R can be negative (concave) withn, > n,
IR| = [ﬂ;ﬂ]d

Mirrors Prisms Lens Slabs - Optics by Prof. Subhashish Chattopadhyay SKMClasses Bangalore Useful for
[IT-JEE, CBSE, I.Sc. PU-II, Boards, CET, CEE, PET, IGCSE IB AP-Physics and other exams



Mirrors Prisms Lens Slabs - Optics by Prof. Subhashish Chattopadhyay SKMClasses Bangalore Useful for
[IT-JEE, CBSE, I.Sc. PU-II, Boards, CET, CEE, PET, IGCSE IB AP-Physics and other exams

Or R can be positive = (convex) whenn > n,
R= [—n‘ — 5 ]d

A crown glass prism of 11° is combined with a flint glass
prism to form a combination giving dispersion without
deviation. Given the refractive indices as

Crown Flint
Red 1.51 1.62
Blue 1.52 1.64

Find (1) The angle of the flint glass prism
(2) The net angular dispersion produced

Solution

Refractive index of mean ray (crown)

1.51 +1.52

n= = 1.515
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Refractive index of mean ray(flint)

162+ 1.64

n= 2 =1.63

Condition for no deviation is A n-1

A n-1

(n-1A
" n'-1
_ (s15-111
T (163-1)

Angle of flint glass prism = 8.99°

= A=

o

Net angular dispersion = (n, - n A + {nl' -n’) A=
(1.52 - 1.51)11 + (1.64 - 1.62) (-8.99) = -0.07°

Net deviationd = (n—1) A - (n-1) (n,—n)
(8, —n," '

r

A=(n-l]&|:l—£.].where
w

n = refractive index of first prism for mean light
o = dispersive power of material of first prism and

' = dispersive power of material of second prism

Calculate the dispersive power of the material of a prism

with respect to the given pair of colours of light. n_ = 1.538
and n_= 1,527

Solution

+
Mean refractive index n = Ry > a,
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_ 1,538 +1.527

2
= 1.5325

; 1 n, —n
Dispersive power o = "—1'
n-
_1.538 - 1.527

1.5325-1

= 0.021

In one dispersion experiment

d,=3.25°d, =3%and

d = 2.75° Calculate angular dispersion, mean deviation
and dispersive power for

(i) violet - red pair and (ii) blue - red pair

Solution
Case I (violet - red pair)
Angular dispersion = dv - dr =3.25° - 2.75° = 0.5°

d, +d, 325" +275
Mean deviation =d = THES 2 =3°
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o d, -d,
Dispersive power = N

= = =0.167

Lil

Case I1 ( blue - red pair)

Angular dispersion =d, -d =3°-2.75°
=0.25°

d +d 3 +275
Mean deviation=d = S o, . 2.875°

d -d 0.25°
Dispersive power = =
e d 2.875°

=0.087

A prism of angle 60° is of a material of refractive index V2.
Calculate angles of minimum deviation and maximum
deviation.

Solution
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(i) A=60"n=+2
Mﬁu.r=% =r=130°

sini sini o 1
n=s —= 42 =

sinr sin30° 2
5 . =2i-A=90°-60°=30°

0= sin"ﬁl_;=45“=>ﬁ>ﬁc

(ii) Now,since r, =0 and A=r +r,
Wehaver,=A-r =A-8,
i,=nsinr,=nsin(A-0)
Applicable formula is
8, =90 +sin” [nsin(A-6)] - A

=90° +sin"' [V2.
Sin(60° - 45°) | — 60° =90° + 22° — 60° = 52°

(We may also calculate 6 without the use of this

formula:
For & i =90°
r,=0 =45°
= r,=A-r =60°—45°=15°
sini, J_
=2
sin15°
=  sini, = V2sin15° =037 =i, = 22°
5, =i +i,—A

=90° + 22° - 60° = 52°)

Mirrors Prisms Lens Slabs - Optics by Prof. Subhashish Chattopadhyay SKMClasses Bangalore Useful for
[IT-JEE, CBSE, I.Sc. PU-II, Boards, CET, CEE, PET, IGCSE IB AP-Physics and other exams



Mirrors Prisms Lens Slabs - Optics by Prof. Subhashish Chattopadhyay SKMClasses Bangalore Useful for
[IT-JEE, CBSE, I.Sc. PU-II, Boards, CET, CEE, PET, IGCSE IB AP-Physics and other exams

If a prism (n = \E) has D = 2A, what is A?

Solution
A+D . 3A
“TTTTA T A
5N — L
2 2
let 9=
2
\.I'E = sin30 =3 - 4sin’0
sinf

= 0=39°4=A=20=78"%

To print a photograph from a negative, the time of exposure to
light from a lamp placed 0.5 m away is 2.5 second. How much exposure time is
required if the lamp is placed 1 m away ?

Solution. Let E = Amount of light falling on the photographic film
x = Distance of the lamp
and t = Time of exposure
then, E = %
E _ 4ty
Er  fyn
According to problem, E =E,
Hty = Bh
or t, = é—q = 10 sec Ans.
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A telescope has an objective of focal length 50 cm and an eye
piece of focal length 6 cm. The least distance of distinct vision is 25 em.

The telescope is focussed for distinct vision on a scale 200 em away from the
objective. Calculate :
(i) the separation between the objective and the eyepiece

(ii) the magnification produced.

Solution. A

Let AB be the position of the object
u=200cm, f=50cm

s, The image A'B’' formed by the objective is a distance v from it
uf 200 x 50 1000 200 -

u-f ~ 200-50 ~ 15 3

This serves as an object for the eyepiece

V=

The distance between A'B’'and the eyepiece is u' = [ - %ﬂ_ , where [ is the separation

between the lenses. The images (final) distance is ¢* = 25 cm from the eyepiece and /' =5 em.
vf -25x5 25

u = -rnuﬁusn?m

300
3

<

+ = % = T70.83 em

x

sl oy

E:;gx-&%xzﬁx% -2

e |
"

Total magnification m_ xm, =

For a normal eye, the far point is at infinity and the near point
of distinet vision is 25 em in front of eye. The cornea of the eye provides a
converging power of about 40 D and the least converging power of the eye-lens
behind the cornea is about 20 D. From this rough data, estimate the range of

accommodation of a normal eye.
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Solution. To see objects at infinity, the eye uses its least converging power i.e., (40 + 20) D
or 60D

Using lens equation, we get

1.1 _ 6 .
v —e 100 — "% 3

To focus an object at the near point, if the focal length is f, then
1 1 1 25

f 683 ~25 " 18"
100 x 16
P= =64D
25
Hence, Power of eye-lens = (64-40)D = 24D

Therefore, the range of accommodation of the eye-lens is approximately 20 D to 24 D.

| read quite a few books on “ Quantum Mechanics “. Almost all started discussing YDSE,
Young’s Double Slit Experiment, in the first page. YDSE was one of the most important inputs
for “ Quantum Mechanics “. [ The others being black body radiation, wien’s Law, Ultra Violet
Catastrophe, Photoelectric effect, Unexplained assumptions of Bohr, Zeeman effect, Stark
effect, Fine Structure constant, Flame test of various elements, emission / absorption /
Molecular spectra, Molecular shape / structure giving inputs for Orbital shapes / orientation,
Uncertainty principle, De Broglie’s wavelength of Particles etc ]

Read History of Quantum Mechanics at http://www-
history.mcs.stand.ac.uk/HistTopics/The_Quantum_age begins.html

https://en.wikipedia.org/wiki/History_of _quantum_mechanics

https://www.youtube.com/watch?v=xkA_0QJerY8

https://www.youtube.com/watch?v=_sdoGjhQOtM

Professor H C Verma has written a book on “ Quantum Mechanics “. This also starts with YDSE
discussions.
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Example AlLloyd’s mirror of length 5 cm is illuminated with monochromatic
light of wavelength A = 6000 A from a narrow slit 1 mm from its plane and 5 em in
its plane from its near edge. Find the fringe width on a screen 120 ¢m from the slit
and width of interference on the screen.

Solution. In plane mirror, image is formed as behind it, as the object is infront of it.

So, d=2mm = 02cem; A=6000A = 6000x 10*cm ; D=120cm
_ , AD  6x10° x 120
Fringe width f = ~ Hh 2.2 = 0.036 cm
The width of the fringe pattern is AB, From the fig. 4.46
0.1 0.1
tan 0, = 3 and tan@,= ]
In right angled triangle AM O and BM,O
G 0.1 OA
e Tl P 7
Le., OA = 115 x % cm
0.1 OB
and tan 6, = 10 = OM,
0.
ie., OB = 110 x o ™

116x0.1 _ 110x0.1
5 10

Width of fringe pattern = OA-OB = = 1.2¢cm
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In the usual layout for interference fringes, two identical slits,
each of width a are kept apart by d from centre of centre. Find :
(a) the difference of path differences between rays from the bottom and top of
slits i.e, 5A = A, - A,
(b) the maximum value of @ at which interference fringes continue to be
sharp. Take D = distance between the screen and the slits.

Solution. (a) The rays from the top of the slits may be assumed to come from ideal
sources with their pole (equidistant point on the screen) at O, Then

xd
ﬂ’ = E
Similarly, A, = %
(x'=x)d
ll"|"I| - ﬂl - D
But X -x=a

ad
ﬁdﬂd.—-ﬂl-: E

(b) If 8A = -g- the maximum from top edges will be superimposed on to the minimum
from the bottom edges, owing to which the interference pattern will disappear completely

A _ad . u XD
gr g - 2d

In Young's experiment, the source is red light of wavelength
7 x 107 m. When a thin glass plate of refractive index 1.5 at this wavelength is
put in the path of one of the interfering beams, the central bright fringe shifts
by 10° m in the position previously occupied by the 5* bright fringe. Find the
thickness of the plate. When the source is now changed to green light of wave-
length 5 x 10" m, the central fringe shifts to a position initially occupied by the 6*
bright fringe due to red light. Find the refractive index of glass for the green
light. Also estimate the change in fringe width due to the change in wavelength.
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Solution. As due to presence of glass plate path difference changes by (p — 1) ¢, so
according to given problem,

(pe-1t =52,

‘ 5x7Tx10°
& t="q5-1 = Tnm
Now, when red light is replaced by green light
(ng-Dt =62
=1l 5
So Hg -1 = -E-
. 6
ie., Bo—1= 5 (1.5-1) or =16
Further as 5p, = 107
ie., Py = 2 x 10
So Bo _ X _ 5
' Ba  Px 7
ie b 5_,._2
o P 7 7
2
So, dB-—?x2x10*‘=U-5?xm“'m

i.e., Fringe will decrease by 0.57 x 10" m when red light replaced by green light.

In Young's double slit experiment set-up with light of wavelength
A = 6000 A, distance between the two slits is 2 mm and distance between the plane
of slits and the screen is 2 m. The slits are of equal intensity. When a sheet of glass
of refractive index 1.5 (which permits only a fraction n of the incident light to
pass through) and thickness 8000 A is placed in front of the lower slit, it is
observed that the intensity at a point P, 0.15 mm above the central maxima does
not change. Find the value of n.
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Solution. In absence of glass sheet, path difference at P,
-3 -2
As = _)g _ 0.15 x 10 2x2xlﬁ - 15107 m
Corresponding phase difference at P,

= ol N
¢ (1](""”) [soonxw'“]u‘“w"

B A

~. Intensity at P, 1= 4I cos? % =21,

Phase ciiﬂ'erence when glass sheet is introduced,

. 2n
¢ =é+ L(ll—l}t

x, 2 10y o 11
=2+ xm_m(l.ﬁ-—l)(BDDOxIO' )= 6
11x

The intensity at Pisnow, I' = I, +nl + 2/ni} cos —== =2l
n =021

Light of wavelength A = 500 nm falls on two narrow slits placed a
distance d = 50 x 10~ ¢m apart, at an angle $ = 30° relative to the slits shown in fig.
On the lower slit a transparent slab of thickness 0.1 mm and refractive index

% is placed . The interference pattern is observed on a

screen at a distance D = 2 m from the slits. Then calculate :
(a) Position of the central maxima ?
(b) The order of minima closest to centre C of screen ?

(¢) How many fringes will pass over C, if we remove the
transparent slab from the lower slit ?
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Solution. (a) Path difference, Ax = dsin¢+dsin0—-(p-1)¢

For central maxima, Ax = 0
" (-1t .
0= —— —3sin
sin 4 sin ¢
_ @/2-100.0) A
ox10° —hnd0® =3
6 = 30°
(b) AtC, 0 = 0°
1
Therefore, Ax = dsing—-(p-1)t = (60 x 10“)(5] -(3/2-1)(0.1)

= 0.025 -0.05 = - 0.025 mm
Substituting Ax = ni,

Ax = 0.025
s e I
We get n l <10°

Hence, at C, there will be maxima. Therefore, closest to C order of minima is 49.
(n-1)¢ (3/2-1)(0.1)
= “Bo0x10° = 100

(¢) Number of fringes shifted upwards =

In a Young experiment the light source is at distance /, = 20 pm and
I, = 40 pm from the slits. The light of wavelength A = 500 nm is incident on slits
upmtedntndhhmcelopmhmhplaudntadjstmeenuzmlm&om
the slits as shown in fig. Find :
(a) the values of 0 relative to the central line where maxima appear on the
screen ?
(b) how many maxima will appear on the screen ?
(c) what should be minimum thickness of a slab of refractive index 1.5 be placed
on the path of one of the ray so that minima occurs at C ?
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Solution. (a) The optical path difference between the beams arriving at P,
=(,~1)+dsind
The condition for maximum intensity is,
Ax = nh

Thus, gin 0 = -}[m-u,-:,n

= lm-u y

1
~ 10x10

Hence, 0 = sin™! [2(% '—IJ]
(b) Isin0l < 1

——— [n x 500 x 10° - 20 x 10] = Z[E'*l]

1 —“——1]
-15 2% ) s1

or ~20 < (n-40) < 20
or 20<n < 60
Hence, Number of maxima = 60 - 20 = 40

(c) At C, phase difference, $= (Ef-)(!, )= ( — )(20 x10%)=80n

500 x 10°°
Hence, maximum intensity will appear at C. For minimum intensity at C,
A
p-1t = 2
i -9
or t = -3 = 500 nm

2(u-1) =  2x05

shows three equidistant slits being illuminated by a
monochromatic parallel bea.m of light. Let BP, - AP, = /3 and D >> A (a) Show
that in this case d = 20D/3. (b) Show that the intenaity at P, is three times the
intensity due to any of the tlmee slits individually.

d
—4 s
(|

— &

b— ) Fo

Mirrors Prisms Lens Slabs - Optics by Prof. Subhashish Chattopadhyay SKMClasses Bangalore Useful for
[IT-JEE, CBSE, I.Sc. PU-II, Boards, CET, CEE, PET, IGCSE IB AP-Physics and other exams



Mirrors Prisms Lens Slabs - Optics by Prof. Subhashish Chattopadhyay SKMClasses Bangalore Useful for
[IT-JEE, CBSE, I.Sc. PU-II, Boards, CET, CEE, PET, IGCSE IB AP-Physics and other exams

Solution. (a)
A
BP, - AP, = %
A
or dsin = 3
A
or dtan 0 = 3 (For small angle tan 6 ~sin 6 ~8)
d/2 A
A(5) -3
2DA
or d= T
A
b) Ax,, = path difference between waves coming fromAand B = 3
¢,s = phase difference
2x 2z
= — Ax -
L MR "3
Similarly, Ax,. = dsin ¢
3d/2 3d?
=d = — = ]
D 2D
o Qpo = 21
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Now, phase diagram of the waves arriving at P, is as shown below :

“ 2A
A
120* 120°
> - » -
A A

Amplitude of resultant wave is given by
A’ = JA? +(2A) + 2(A)(2A) cos 120°
= J3A

As intensity (I) a A?
Intensity at P, will be three times the intensity due to any of the three slits

individually.

Two glass plates enclose a wedge shaped air film, touching at
one edge and are separated by a wire of 0.06 mm diameter at a distance of 15 cm
from the edge. Calculate the fringe width. Monochromatic light of A = 6000 A from

a broad source falls normally on the film.

Solution. x= 15¢cm B
A = 6000 A = 6000 x 10 em f
A 0
& - e A
Fringe width, p 20 i M e
o AB _ 0.005
OA 15
A 6000 x 10* x 15
B= 2 2x0008 - 009cm

‘White light may be considered to have A from 4000 A to 7500 A.

If an oil film has thickness 10~ em, deduce the wavelength in the visible region
for which the reflection along the normal direction will be (i) weak (ii) strong.

Take p of oil as 1.4.
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Solution. Here, r=0; p=14; t=10"cm
2t =2x14x10%cm = 28x10*x 10°A = 28000 A
(i) Condition for weak reflection (destructive interference ) is given by

2t = nh
or l:z—u‘=
n n

The value of n should be selected such that X lies between 4000 A and 7500 A. This will be
possible if

A= = = 7000 A (for n = 4)
A= —-—5— = 5600 A (forn=5)
A= —2350':'" = 4667 A (forn =6)
A= 28000 _ 4000A  (forn=T)

The other values of n are not allowed as for those values of n, A does not lie within the given
wavelength range of 4000 A to 7500 A. Hence, all above values of % cause weak reflection.

(ii) For strong reflection (constructive interference), we have
2ut = (2n+ 1)(£)
2
_ 2x2pt _ 2x28000 _ 56000

2n+1 2141  2n+1
The possible values of A in this case are given by
A= @ = 6222A (for n = 4)
A= —f-—mfﬂ = 5091 A (forn=25)
L= 561;';’0 = 4300 A (for n = 6)

Hence, only the above values of n will cause strong reflection because the range will not be
within desired wavelengths, if n is different.
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A glass plate of refractive index 1.5 is coated with a thin layer
of thickness t and refractive index 1.8. Light of wavelength A travelling in air is
incident normally on the layer. It is partly reflected at the upper and the lower
surfaces of the layer and the two reflected rays interfere. Write the condition for
their constructive interference. If A = 648 nm, obtain the lecast value of ¢ for which
the rays interfere constructively.

Solution. The ray reflected from upper surface suffer a phase change of z due to reflection,
at denser media, so the condition of sonstructive interference for normal incidence.

1 2
A -1
2|»ll+-§-_- nk or 2}1-i'=.:_2m2_]JL \///Air

For minimum value of ¢, n=1 NN i mer]  Coating
o , ‘I A Ry
= — = Glass (R1. = 1.5)
. an 90 nm 3 E
In fig. shown, 8 is a monochromatic point source emitting

light of wavelength A = 500 nm. 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 pl
symmeltrically about the central axis SO with a gap of

0.5 nm. The distance along the axis from S to L, and L, is A

0.15 m, while that from L, and L, to O is 1.30 m. The scree S 0.5 mm

at O is normal to SO. .

(i) If the third intensity maximum occurs at the point
P on the screen, find distance OP. :
(ii) If the gap between L, and L, is reduced from its 0.15m 130 m
original value of 0.5 mm, will the distance OP
increase, decrease or remain the same 7

. - a
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Solution. (i) As shown in fig. each part of the lens will form image of S which will act
as coherent sources.
From lens equations, we can write

or v=30cm

d=3x05mm=15mm
And from fig. D=130-030 =1m

Now, from the theory of interference the
position y of a point P on the screen is given by

D
y= E(M}

and as point is third maximum

Ax = 3A
So, y=g(31]
5x 107
or y=mxlﬂ"m=lmm

: ; Da
(zi) If gap between L, and L, is reduced then d will decrease. As i = q and OP = 3B,
therefore OP will increase.
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In the figure shown, § is a monochromatic
point source emitting light of wavelength
A = 500 nm. A thin lens of circular shape
and focal length 0.10 m is cut into two
identical halves L and L, by a plane pass-
ing through a diameter. The two are placed
symmetrically about the central axis so
with a gap of 0.5 mm. The distance along
the axis from S to L, and L, is 0.15 m, while
that from L, and L, to O is 1.30 m. The
screen at @ is normal to SO.
(1) Ifthe third intensity maximum occurs
at the point 4 on the screen, find the
distance OA.

(ii) 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?

130 m 11\

05m | ol

T scoon
L:nﬁ rn?
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- Solution
ForL andL;:u =u,=0.15m,and f=0.1 m
I 1 1
S ——=—
u v f
11 1 1 I
or —=—-—=————
v f uw 0.1 0.15
j{
/R |
f X J;[)‘Z-
P FJ
x/2
\ ‘ T
v,=v,=03m
u=u,=0.15m
2
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or v=0.3m
v, WV,

— —=—<=)
u,

Hence distance between two source S j and S2
=3x=1.5mm
(i) The maximum intensity on the screen

is observed, when the distance of maxi-
mum from O,

AD
X, =n—
d
Given: n=3,

D=13-03=Im
d=S§S,= 1.5 mm,
A =500 nm

OA = X,

~3%x500x10” x|

~ 1.5x107
(i) If gap between L, and L, is reduced
from its original value of 0.5 mm, then

d will reduce and hence OA will in-
crease.

=1x10° m.

In a biprism experiment with sodium light, bands of width
0.0195 cm are observed at 100 em from the slit. On introducing a convex lens
30 cm away from the slit, two images of the slit are seen 0.7 cm apart, at 100 cm
distance from the slit. Calculate the wavelength of sodium light.
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AD pd
Solution. p= 7 or A= D
Here, Bp=00195cm; D =100em

1 v
For a convex lens a = ;',v+u=100=m

30 E EE 0 =0.30

i.e.,, Distance between the two coherent sources
d=0 = 030em

) = w = 5850x10*em or A = 6850A

Interference bands are produced by a Fresnel's biprism in the
focal plane of a reading microscope. The focal plane is 100 cm distant from the
slit. A lens is inserted between the biprism and microscope and gives two images
of the slit for two positions of lens. In one, separation between them is 4.056 nm
and in order 2.90 mm. If sodium light is used, find the distance between interfer-
ence bands. ‘A’ for sodium light = 5886 x 10 cm.

Solution. Here A = 5886 x 10*cm; D =100cm; d, = 4.05 mm = 0.405 cm
d, = 290 mm = 0.290 cm

d = Jdd, = J0.405 x 0.290
AD 5886 x 10~ x 100

P="0 = “Joasxozo0 ~ C0em

Mirrors Prisms Lens Slabs - Optics by Prof. Subhashish Chattopadhyay SKMClasses Bangalore Useful for
[IT-JEE, CBSE, I.Sc. PU-II, Boards, CET, CEE, PET, IGCSE IB AP-Physics and other exams



Mirrors Prisms Lens Slabs - Optics by Prof. Subhashish Chattopadhyay SKMClasses Bangalore Useful for
[IT-JEE, CBSE, I.Sc. PU-II, Boards, CET, CEE, PET, IGCSE IB AP-Physics and other exams

A source of light of wavelength 5000 A is placed at one end of a
table 200 em long and 5 mm above its flat well polished top. Find the fringe-width
of the interference bands located on a screen at the end of the table.

Solution. Distance of source S from the table

= 5mm=0.5cm - !
05em
Distance of S’ from table = 0.5 cm =
!

If ‘d’ is the distance between S and §' AT i
d=05+05=1cm g AR
D= 200em
A= 5000A=5000x10"cm = 5x10° cm
Since, B= Z—D
5
g 5:101x200 e (-
B = 001cm

Two point sources of radiation: S, and §,
radiate waves of same frequency and are
excited by the same oscillator. They are
also in phase with each other. §, is placed
at orgin O, while §, is placed at the point
(0, 4) on y-axis. Find the points of maxima
of received intensity if a detector is moved
towards positive x-axis starting from ori-
gin. The wavelength of radiation is 1 m.

% Solution Let the detector be at the point
P (x, 0)
Let § S =d=4m
=  Path difference,
Ax=S8,P-S P

=Jx'+d* -x
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%
Si
\\
\\\
d \\
s, N \
0 X 3 X

For constructive interference
Ax = nh

=vx’+d’ -x

Using d=4m, A=1m, we have
VX’ +16-x=n

. 8 n
Solving, we get x=—-—
n 2

It is easily seen that the path difference de-
creases from Ax =~ 4 m to (Ax — 0 at x — )
Hence, n can have value n =3, 2, 1.

Going away from O towards the x-axis,

first maxima occurs at x= %~— = lm (for

n=3) 2 6
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second maxima occurs at x = %-% =3 m (for

n=2)

third maxima occurs at x=E--l-= 7.5 m (for
n=1) e

The path difference of a certain point on
screen in a double-slit experiment is one-
eight of the wavelength. Find the ratio of

intensity at this point and the intensity at
central maximum.

@ Solution At central maximum, constructive
interference occurs.

I =1_(A$=0)

cumiler mink

At the given point, A = 2 (Path

difference)
2k A W
= —— = —
A 8 4

[=1,, cos’ Ao _ [, cos’ [E]
2 8

I _1+0A2) V2+1
L 2 2\2
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A Fresnel’s biprism of angle 2° is illumi-
nated by light of wavelength 1 = 5890 A
by a slit source 10 cm from it. Calculate
the fringe width on a screen 90 cm from
biprism, if the R.L. of biprism is 1.5.

@ Solution Here, A = 5890 x 10 ¢m
D=90+10=100cm

u=15
Angle of biprism, A=2°= % radians

The distance d is found as shown:

1!"

F—a=1ﬂcm-—-—-y|
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The minimum deviation of the thin prism is

given as
d=A(u-1)
tand = o= 4
2a

d=2axA(u-1)

= 2x10x—~(1.5-1)== cm
90 9

2D
w=—
d
B
_ 539”":] 100 _ 5.01687cm.
9

A coherent parallel beam of microwave
of wavelength .. = 0.5 mm falls on a
Young’s double slit apparatus. The sepa-
ration between the slits is 1.0 mm. The
intensity of microwaves is measured on a
screen placed parallel to the plane of the
slits at a distance of 1.0 mm is as shown
in the figure.
(1) If the incident beam falls normally
on the double slit apparatus, find the
v co-ordinates of all the interference
minima on the screen.
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e el

D=10m —11 Screen

() If the incident beam makes an
angle of 30° with the x-axis (as in the
dotted arrow in the figure), find the
y co-ordinates of the first minima on
either side of the central maximum.

@ Solution

e |

D=10m )I

(1) The interference minima will occur on
the screen provided

d‘,‘iiﬂﬂ:[ﬂl+%]l1 m=0,1,2,...
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Only those values of m are allowed for
which sin 8 does not exceed £ 1.

For the given data, we get

smB=|m+—|—=| m+—

2D 2
0.5 mm l[ 1]
1.0 mm 2 2

Thus, the allowed values of m are + 1,
0, -1 and - 2. Hence, four minima will
be observed on the screen; distance on
the screen 1s given by

y=Dtan0=1.0
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(1) For angle of incidence, a = 30° the
condition for minima is

d sin 0 —d sin u=[m+%]l,

m=0,1,2,...
From given data, we get

. . ( l)l
sinO=smma+| m+—|—
2)d

= sin 30“+[m+-‘-) 9.5 mm
2\ 1.0mm

For the central maximum, we have
d sin 0 — d sin o = m)., where, m = ()

This gives sin 0 = %, y= [L]m

NE

First minimum above the central maxi-
mum occurs when

m=-1, sin9=l, _v=(L}m
4

Jis

First minimum below the central maxi-
mum occurs when

. -] 1
=-2,sinf=—, y=—| — m
N a7 [JE)
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Two parallel beams of light P and Q (sep-
aration 4) containing radiation of wave-
lengths 4000 A and 5000 A (which are
mutually coherent in each wavelength
separately) are incident normally on a
prism as shown in the figure. The refrac-
tive index of the prism as a function of
wavelength is given by the relation.

b
M) =120+—
u(A) E

where, X is in A and b is a positive con-
stant. The value of b is such that the con-
dition for total reflection at the face AC
is just satisfied for one wavelength and is
not satisfied for the other.

(i) Find the value of b.

(11) Find the deviation of the beams
transmitted through the face AC.

(111) A convergent lens is used to bring
these transmitted beams into focus.
If the intensities of the upper and
the lower beams, immediately after
transmission from the face AC, are
41 and I respectively, find the result-
ant intensity at the focus.
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A

Sin6=0.8

e

@ Solution Greater the p, smaller the wavelength
and smaller the critical angle.
For just total internal reflection,
0 = critical angle.
Critical angle for 4000 A = 0

. 1 1
] 1 I
0 K sin® 0.8
= ]204"#.,1
(@x107)
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A

ﬂk——ﬂ-—ﬂ-u

b=(1.25-1.20)(4 x 107)
=0.05 x (4 x 107)?
= 0.8 x 10" m?
+{1.8>-:IO' 14

25x107"
=1.20+.032=1.232

(i1) Moo =120

Let, e = angle of emergence of the 5000
A ray of light

Solve the remaining part
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In a Young’s double slit experiment, 12
fringes are observed to be formed in a
certain segment of the screen when light
of wavelength 600 nm is used. If the
wavelength of light is changed to 400 nm,
number of fringes observed in the same
segment of the screen is

(a) 12 (b) I8
(c) 24 (d) 30
DA

« Explanation Fringe width, w=
nw, =nw,

n, = 12(ﬂ]=18

and
i

400

The ratio of the intensity at the centre of
a bright fringe to the intensity at a point
one-quarter of the distance between two
fringes from the centre is

(a) 1 (b) 1/2
(c) 4 (d) 16

Mirrors Prisms Lens Slabs - Optics by Prof. Subhashish Chattopadhyay SKMClasses Bangalore Useful for
[IT-JEE, CBSE, I.Sc. PU-II, Boards, CET, CEE, PET, IGCSE IB AP-Physics and other exams



Mirrors Prisms Lens Slabs - Optics by Prof. Subhashish Chattopadhyay SKMClasses Bangalore Useful for
[IT-JEE, CBSE, I.Sc. PU-II, Boards, CET, CEE, PET, IGCSE IB AP-Physics and other exams

@ Explanation Two waves of a single source
having an amplitude A interfere. The resulting
amplitude A _is given by

A=A+ A +2A A cosd
where A, = A, = A and & = phase difference
between the waves

I =1+I, +2ﬂcusﬁ
When the maxima occurs at the centre, 6 =0
[ =4l ...(1)
Since the phase difference between two
successive fringes is 2x, the phase difference
between two points separated by a distance
equal to one quarter of the distance between

the two successive fringes,

o= (21:)[ & ] = 12!- radians

= I =4I cns:(ﬁg—%]=2I ...(ii)
From equations (1) and (i1), we get

I

41,

I 21

s
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Two beams of light having intensities J
and 41 interfere to produce a fringe pat-
tern on a screen. The phase difference

between the beams is % at point A and nt

at point B. Then the difference between
the resultant intensities at A and B is

(a) 21 (b) 41
(c) 51 (d) 71

Explanation I, =1 + 41 + 2\/1.4] cus§=51

I,=1+41+ 2J1.4l cos =1

[ —1,=41
Example Estimate the distance for which ray optics is good approximation for an aperture
of 4 mm and wavelength 400 nm.
. d? (4x107°%)
Solution. Zg= =00 <107 m=40m <«

(vii) Resolving power of a microscope. The resolving power of microscope is its ability
to form separate images of two point objects lying close together. It is determined by the least
distance between two point objects which can be distinguished. This distance is given by Ad =

onsind ’ where A is the wavelength of light used to illuminate the object and p is the refractive

index of the medium between the object and the objective. The angle 8 is the half-angle of the cone
of light from the point object i.e., it is the angle which a marginal ray makes with the axis of the
microscope. The term 1 sin 0 is called the numerical aperture of the objective.
The resolving power of a microscope is defined as the reciprocal of the distance between
two objects which can be just resolved when seen through the microscope.
1 2usin®

Resolving power of microscope = M-
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Clearly, the resolving power depends upon :

(i) the wavelength A of the light (ii) the refractive index p of the medium between the object
and the objective of the microscope (iii) the angle 8 subtended by the radius of the objective on one
of the objects.

To increase the resolving power of a microscope, | is increased by using a suitable oil
between the object and the objective. Such objectives are called oil-immersion objectives.

If the object is to be photographed and not seen visually, A is increased by using ultraviolet
light of wavelength 2750 A. In this case, the glass lenses are to be replaced by quartz. This is
because glass is opaque to ultraviolet light. In an electron microscope, an electron beam behaves
like a wave of wavelength 1000 times smaller than those of visible light. It is for this reason that
the resolving power of microscope is very large.

(viii) Resolving power of a telescope. The resolving power of a telescope is the reciprocal
of the smallest angular separation between two distant objects whose images are separated in the

1225

telescope. This is given by df = where d0 is the angle subtended by the point object at the

objective, A is the wavelength of light used and a is the diameter of the telescope objective. Clearly,
a telescope with a larger aperture objective gives a high resolving power.

In Fresnel biprism both the sources .5, and .5 are virtual

0 =agtd
d =2ad=2a(u-1)a
where a is angle of biprism.
AD Ala+ b)
 d 2ap-a

nAlD)  nmAla+td)

R a m for mh bright fringe.
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~ (2r-hAD  Q2r=DAa+b)

T 214 = da(p - for mh dark
fringe.

‘s'l.l..-.-,,,_,__,__ . >
.:JFZi

5

S #cmmenenanaeaea >

e J > b ”
¥ (Sereen)
Fringe pattern in fresnel biprism

If displacement method is used then &= ,,l'.::"llﬂ‘f2

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

A
5 ) ;-,.I'-'I:d‘lhjj B Aa+5)
new ‘za[“,—l}z 2a(p—p)a
u

In Lloyd’s Mirror: Condition of nth bright and dark fringe
obtained in Lloyd’s mirror gets reversed to what was obtained
in YDSE; because of reflection an additional phase shift of =

. A
or an additional path difference 3 is achieved.

. nAD ,
That is, x, = 7 for ath dark fringe

(20-1)AD . i
and.xr, ==~ forthbright fringe.

In Lloyd's mirror one of the sources is real and other is
virtual or image source.
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A
Path difference = 2 uyscosr= (2n+ 1) E for sth bright

fringe and 2 us cosr = a4 for mh dark fringe. In reflected
light
Path difference 2 prcosr = ni for refracted or

2urcosr=(2n+ l]% transmitted light

Interference Diffraction
1. Fringes are formed Fringes are formed due to

due to superposition of  superposition of bent rays or
wave trains emitted from  due to superposition of

two coherent sources. secondary wavelets,

2. Intensity of each fringe  Intensity falls as the fringe
is equal order increases.

3. Number of fringes is Number of fringes is finite
and quite large. {small).

4. Fringe width is equal Fringe width of primary
for each fringe. and secondary maxima are

different.

Brewester's Law  [f light is incident on the interface of
two media such that the angle between reflected and refracted
radiations is 90° then reflected rays are completely polarised.
Angle of incidence is called angle of polarisation (6.

Then u = tan ﬂ’
Malus Law  When the plane of polarisation is rotated by
an angle @ then intensity of emergent light is given by
/= fcos’ 0. / is intensity of incident polarised light. In
birefracting analysis there are two rays - ordinary and
edtraordinary. The extraordinary ray does not follow law of
refraction. If the velocity of extraordinary ray is greater
than that of ordinary ray such crystals are called negative
crystals. Examples of negative crystal are Iceland spar,
tourmaline, sapphire, ruby, emerald and apatite. If the ordinary
ray has higher velocity than the extraordinary ray then such
crystals are called positive crystals. Examples of positive
crystals are quartz, iron oxide.

If the amplitude of two waves are unequal and angle

between the two is T or path difference is — then an
elliptically polarised wave front results, it could be elliptically
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polarised if amplitudes are equal but the angle between the
: n
twoisD<fi< //2 :

In YDSE, an electron beam is used to obtain interference

pattern. If speed of electrons is increased

(a) no interference pattern will be observed

(b) distance between the consecutive fringes will
increase

(c) distance between two consecutive fringes will
decrease

(d) distance between two consecutive fringes remains
same

[1IT Screening 2005]
A
(¢) 4= ——; if v increases, 4 decreases.

AD
Therefore i = 7 will decreases.

In YDSE the angular position of a point on the central
maxima whose intensity is % th of the maximum

intensity.
o [A o [ A
(a) sin™ | = (b) sin 2
o L gl A
{c) sin id (d) sin ad

[TIT Screening 2005)

() 20056/ =1

cns% =%ur¢= 21%
2n

x . (A
1 dsinf = 3 or § = sin 37
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A YDSE uses a monochromatic source. The shape of

the fringe formed on the screen, is

(a) hyperbola (b} circle
(c) straight line (d) perabola

©

When an unpolarised light of intensity, /, is incident on
a polansing sheet, the intensity of the light which does

not get transmitted is

i
® 7 (b) 7,/4
{c) zero (d) 7,

The intensity of principal maxima in the single slit
diffraction pattern is /? What will be its intensity when

slit width is doubled?

(8) 2/, (b) 4/,

©, @ %4
©

Two waves of intensity /undergo interference. The
maximum intensity obtained is

(a) /2 (by27

(e)/ (d)47

(A1 =/+7+27 J7 cos 8=4 [ (for

8=0)

The wave theory in its original form was first postulated
by

{a) Issac Newton (b) Thomas Young
(¢) Christian Huygens (d) Augustin Jean Fresnel.

Solution (c)
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Two coherent light beams of intensity / and 4 / are
superposed. The minimum and maximum possible
intensities in the resulitn beam are

(a)9 fand / ()9 fand 3/
{c)5 fand / (dy5fand 3 /

. fm_u"zf+ﬁz_9
fa};ﬁ-[m_ﬂ]-l

A single slit of width « is illuminated by violet light of
wavelength 400 z»m and width of the diffraction pattemn
is measured as y. Half of the slit is covered and

illuminated with 600 mm. The width of the diffraction

pattern will be
(a) »/3
(b) pattern vanishes and width is zero
(c) 3w (d) none of these,
2x4000
240D F d
©F=—4 7 = 3xs000 O "V
a2

When unpolanised light beam is incident in air into glass

(#=1.5" at polarising angle)

(a) reflected beam is 100% polarised

(b) reflected and refracted beam are partially
polarised

{c) the reason for (a) is that almost all the light is
reflected

(d) all the above

@
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Select the right option.

(a) Christian Huygens, a contemporary of Newton
established the wave theory of light by assuming
that light waves are transverse.

(b) Maxwell provided the compelling theoretical
evidence that light is transverse in nature.

(¢) Thomas Young experimentally proved the wave
behaviour of light and Huygens assumption.

(d) All the statements given above correctly answer
the question, what is light.

Solution (b))

In placing a thin sheet of mica of thickness 12 x 10 em
in the path of one of the interfering beams in YDSE, the
central fringe shifts equal to a fringe width. Find the
refractive index of mica. Given 4 = 600 nm.

(a) 1.5 (b) 1.48

{c) 1.61 (d) 1.56
AD D i
(@7 =(u-D17 oru=7 +1=35

The waves emitted by a radio transmitter are
{a) linearly polarised (b) unpolarised
(¢) monochromatic (d) elliptically polarised

(a)

A (D (Compact disc) is read from the bottom by a
semiconductor laser with wavelength 790 mm passing

through a plastic substrate of refractive index 1.8. When
the beam encounters 0 pit, part of the beam is reflected
from the pit and part from the flat region. These two
beams interfere with each other. What must be the
minimum depth of the pit so that part of the beam
reflected from the pit and part reflected from the flat
surface cancel out? (This cancellation allows the player
to recognise beginning and end of a pit).

(a)0.197 um (b)0.395 um

(€)0.22 s (d)0.11 e

Mirrors Prisms Lens Slabs - Optics by Prof. Subhashish Chattopadhyay SKMClasses Bangalore Useful for
[IT-JEE, CBSE, I.Sc. PU-II, Boards, CET, CEE, PET, IGCSE IB AP-Physics and other exams



Mirrors Prisms Lens Slabs - Optics by Prof. Subhashish Chattopadhyay SKMClasses Bangalore Useful for
[IT-JEE, CBSE, I.Sc. PU-II, Boards, CET, CEE, PET, IGCSE IB AP-Physics and other exams

" A A, 790
(d) 2 = i andr=:=a=4xm

=110 wm = 0.11 pm.
M

Plastic Substrate

Laser beam

In a single slit diffraction pattern, (a) find the intensity
at a point where the total phase difference between the
wavelets from top to bottom of the slit is 66 rad. (b) If
this point is 7° away from the central maxima. Find the
width of'slit. Given: 4 = 600 am.

sin(33 rad) |

(a) /=1 [W =92x 1071

- A - (66 rad)600x10™*
b)a = 2rsinfd 2 sin 7°
= 5.16x 107 mor 0.052 mm (nearly).

Consider the arrangement shown in The
distance 2is large compared to 4. Find minimum value
of & so that there is a dark fringe at O. For the same
value of &find .x at which next bright fringe is formed.

Tt

A
§
V4 x
ok ov
>
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Path difference = AB + BO -2D

A
(P +d) -2D= 2

A
or 2J(+d") =75 +2D

3

or 4{D’+d’]=%+4[}’+2il}

: AD
Eliminate AT as << D ord=,|—

b
V.4
: -+ p
Ll
== o
B D >4 D——2p

illustrates that if PO= x= d, path diffemece
will be zero and we will observe first maxima.

y s

I T

d

M——¥

[ 3
S
| A ST
A
[~
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A convex lens of diameter 8 cm is used to focus a parallel
beam of light of wavelength 620 nm. Light is focussed

at a distance 20 cm. from the lens. What would be the
radius of central bright fringe?
1.2240 = 22x620x107°x0.2

@)= 4x10~

= 38x10"m.

A glass plate (# = 1.53) that is 485um thick and
surrounded by air is illuminated by a beam of white
light normal to the plate. (a) What wavelengths in the
visible spectrum (400 to 700 ) are intensified in the
reflected beam? (b) What wavelengths are intensified
in transmitted beam?

A
(a) In reflected light 2 us= (2 + 1) 2

dpr 2970
T a4+l 2m+1

aer = 594 nm, 424 nm

.. 2yt 1485
(b) Inmtransmitted light 2 yr=niori=— = —

H "
=495 nm

In case of linearly polarised light the magnitude of
electric field vector
(a) wvaries periodically with time
(b) increases and decreases linearly with time
(c) does not change with time
(d) is parallel to the direction of propagation
(a) -+ £=£ sin(cr— Av), it varies periodically
with time.

In a Young's Double Slit Experiment for interference of light, the slits are 0.2 cm
apart and are illuminated by yellow light (A = 600 nm). What would be the fringe
width on a screen placed 1 m from the plane of slits if the whole system is immersed
in water of index 4/3 ?
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AD
Sol.  Fringe width depends on medium D and d. = Fringe width = —"&-" [A_=wavelengthin
the medium)

. . A, A, 600 (1800
By the definition of refractiveindex:  p =37 = A = L =7 = tT
3

Given that, D=Im ;d=0.2cm

A.D [ 1800x10° 9 na
Then, Fringe width= —, =(_——J=[me }’n=0.225mm

d 4x0.2x10"
[Ans. 0.225mm)]

In Young's double slit experiment the slits are 0.5 mm apart and the interference is
observed on a screen at a distance of 100 cm from the slit. It is found that the 9th
bright fringe is at a distance of 7.5 mm from the second dark fringe from the center
of the fringe pattern on same side. Find the wavelength of the light used.

nAD
Sol.  In Young's Double Slit Experiment, (YDSE), for bright pattern: Y, = +

d (n=0,1,2,..)

(2n-1)AD

2d (n=1,2,3,....)

For dark pattern, y, = +
. , 3)D
For the second dark pattern above the point “O’, y, = Y]

. . . 9AD
For the ninth bright pattern above the point ‘O’, Y. = 4

Givenlhat,\;-‘l’z =75 mm

9AD 3AD .
N T—-ﬁ=7.5x10~ = A= 5000A
[Ans. 5000A)
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Light of wavelength 520 nm passing througha =
double slit, produces interference pattern of ji
relative intensity versus deflection angle 0 as E
shown in the figure. Find the separation d between o
the slits.

bis } 3 1 B idegrees)

I A
Sol. Formula of intensity, I = 4lﬁm51@ Where I, =L =1 then, 77~ ar, t:l:)s’-—zq-J

2, Ad I

SDI-CDS— hcreI-M

In the given question, when 8 = 0.75, I =0. By concept of YDSE, we know that, Ax =

dsin0=de
A A A L
then, Ax=—(Forl =0) = — =df=d=— (where 0 is in radian)
2 2 20
. 0.75xn
Putting the values, A = 520 x 10°m, 8 = 180 rad. In the above equation, we get

d=1.99x 10°m
[Ans. 1.99x 102 mm]

In a YDSE apparatus, d = Imm, A = 600nm and D = 1m. The slits produce same
intensity on the screen. Find the minimum distance between two points on the
screen having 75 % intensity of the maximum intensity.

Sol.  For minimum distance, one p;:)inl should be above the central maxima & the other point

should be below the central maxima I =4l cos” = 2 (Wherel, =1,=1)

75
Given that, | = 75% of maximum intensity = 100 41 =3I,

We need the path difference at the point where intensity = 31 . For this we need A¢ at that

n
point, A = 3 (From the above equation)

;..w

2r n A A d_y yD
l{M)_S :M—ﬁ & Ax= 6D =Y 6d
Since one point is above & one below the central maxima, so, minimum distance, 2y =(0.2 mm

[Ans. 0.2 mm]
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The distance between two slits in a YDSE apparatus is 3Imm. The distance of the
screen from the slits is Im. Microwaves of wavelength 1 mm are incident on the
plane of the slits normally. Find the distance of the first maxima on the screen
from the central maxima. :

Solution
In YDSE, Path difference ata point P, Ax=S,P-S P P
nA
= dsin 0 For the maxima, Ax =+ nA=>sin@ =+ | — |.
d ——t"
Since A and d are both comparable, sin 0 =0 S:| 4B
) ) n / 0
(*> Bisnotsmall) = sin® = :I:“:;' _;g.
2
1
For I"maxima,n=1 =sinB= 3
[For above the central maxima] -+ n=2
= tanB = N y= Jg = cm
n n=0
& n=0, 1,2, only for satisfying the equation sin 8 = 3 —+n=1
X T . —- n=1
(n=3notpossibleas®= 7)= .. 5maxima present.

[Ans. 35.35cmapp..5]

One slit of a double slit experiment is covered by a thin glass plate of refractive
index 1.4 and the other by a thin glass plate of refractive index 1.7. The point on
the screen, where central bright fringe was formed before the introduction of the
glass sheets, is now occupied by the 5 bright fringe. Assuming that both the glass
plates have the same thickness and wavelength of light used is 4800 A, find their

Thickness

Solution
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Palh difference ata point P,Ax=(S P -t + p,t) (S P-t+ p 1)
=(S,P-5P) + (u,—p 1

dy . dy
=D +(,~p )t (- S,P-S P=dsin0 » dtan 6 = -6)

a
For Sthbright fringe, Ax=5.; . SA.= 7 +(jL, X

Given that 5th bright pattern is formed at the point where central bright fringe was formed
before introducing the glass shect.

Sh_ 5x4800x107°
Ma—H, 0.3

=8x10%m

SSA=(-piCry=0)=21t=
§ pm]

A monochromatic light of A = 5000 A isincident on two slits separated by a distance
of 5 x 10*m. The interference pattern is seen on a screen placed at a distance of 1
m from the slits . A thin glass plate of thickness 1.5 x 10~* m & refractive index
= 1.5 is placed between one of the slits & the screen. Find the intensity at the
centre of the screen, if the intensity there is I, in the absence of the plate . Also
find the lateral shift of the central maximum.

Sol.  Path difference at a point P, Ax = (S,P) = (S, P -t + ut) =(S,P-SP) + (t — ut)

dy
=7 ~tk-1
For finding intensity at the center of the screen, Puty =0,

2

2
SAx=tp-1) ;o M;r:%]ﬁil = Txp-) S,

I= lucosz% Putting the values of A

in the above equation we get, [=0 —S’—'
For lateral shift, Put n = 0 (for the central maxima) :
d Dt(p~1
.'.M:tnl--[}:bﬁy =lp-)=y= (}; ) Putting respective values, y= 1.5 mm

[Ans. 0,1.5mm]
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In a Biprism experiment with sodium light, bands of width 0.0195 ¢cm are observed
at 100 cm from slit. On introducing a convex lens 30 cm away from the slit between
biprism and screen, two images of the slit are seen 0.7 cm apart at 100 cm distance
from the slit. Calculate the wavelength of sodium light.

- - Screen
TSI:. R D >
T
In the Biprism experiment - lS . l/
1
Here, S is the source of lightand S, and S, are the S p
images of S through the biprism. . l\
d =Distance between S, and S, ; D = Distance s |/ 70 cm
between slits and the screen. 521 0om >V
AD < >
Then B (dpivye width) = 4 D =100cm
Introduce a convex lens 30 cm away from shift between biprism. From the given diagram,
forconvexlens, u=-30m ; v=70cm
Thenm=" =% o2 0 1% L% Genthar, =07 em= d =03
en,m= " =g == Ty =4 »Civenthat, d'=07cm=d=-03cm

—ve sign shows that S| & S, positions have been interchanged. Also P = fringe width =
0.0195cm

. _AD _9B
a4 - d ﬂ - D
Putting values in the above equation we get, A = 5.85 x 10" m=5850 A

2=5850A]
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A long narrow horizontal slit lies Imm above a plane mirror. The interference
pattern produced by the slit and its image is viewed on a screen distant 1m from

the slit. The wavelength of light is 600nm. Find the distance of first maximum
above the mirror.

Solution

S'is the image of S. Now, §' & S will function as two slits as in YDSE.,

A A
s Ax =(SP-SP)+ E (Where -i is the extra path
. . 5
changed due to reflection from mirror) d Given that,
dId. 0 d= | mm
' sd=2
, A ¢ -
For Ist maxima, AXx=A; A= — + —
D 2
E_Ei.- _E_W—Ols
227D YT 24 T Taxaxior Comm

For bright pattern, Ax = + nA putting n =0, we get y < 0 which means central bright is
shifted below 0. [Ans. 0.15mm)]

One radio transmitter A operating at 60.0 MHz is 10.0 m from another similar
transmitter B that is 180° out of phase with transmitter A. How far must an observer
move from transmitter A towards transmitter B along the line connecting A and B
to reach the nearest point where the two beams are in phase ?

Solution
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2n
Path difference at a point P, Ax=1Al"  BPI = Ix = (10-x)l = 12x - 10l So, A = e

[\ AP r
Ax + m (Since sources are out of phase) A"x_’ = B
-X
For waves to be in the same phase, A = 2nt where,n=0,+1,+2
o rm=2 X ox-1 2x-19
=:|»l +1:-nrt=>l_(x—} X

WeknowthatC=fA =3Ix10f=60x 10°%xA =A=5m

=(2n-1)

52n-=1)

§|21—|U1=(2n-l} = %(2x—lﬂ)=(2n—l) = x="" - +5
. 15 ) 5 25
Puttingn=0, x=-4-'m =» Puttingn=1, x=5+z =Tm

5
Puttingn=-1, x= 2m Putting n =-2, x <0 which is not possible. So minimum value

5
of x= Em= 1.25m [Ans.1.25m]

Two microwave coherent point sources emitting
waves of wavelength ), are placed at 5), distance
apart. The interference is being observed on a
flat non-reflecting surface along a line passing

through one source, in a direction perpendicular )
to the line joining the second source (refer figure) S| _observation
Considering ) as 4 mm, calculate the positions '

of maxima and draw shape of interference

pattern. Take initial phase difference

between the two sources to be zero. $;

Mirrors Prisms Lens Slabs - Optics by Prof. Subhashish Chattopadhyay SKMClasses Bangalore Useful for
[IT-JEE, CBSE, I.Sc. PU-II, Boards, CET, CEE, PET, IGCSE IB AP-Physics and other exams



Mirrors Prisms Lens Slabs - Optics by Prof. Subhashish Chattopadhyay SKMClasses Bangalore Useful for
[IT-JEE, CBSE, I.Sc. PU-II, Boards, CET, CEE, PET, IGCSE IB AP-Physics and other exams

Path difference ata pointi.e. P, Ax=S P-S P = ,’(51)’ +x2 —x
SAX=%nA o
For right of S, we take +ve values of n. Sy
S 25A + X3 = (X + nA)?

Puttingn=1,252+ x*=(x + AP = x=12A=12x 4 =48 mm 5:

X

-]

PO2IA
Puttingn=2,252+x’=(x +2A)? = x = 1% = — =21 mm
4 4
16A 16x4 32
Puttingn=3, 250 + x*=(x + 3A) = I6A*-6xA=0 = x=——=——=—mm

6 6 3

32 9
Putting different values of n, we get x =48 mm, 21 mm, ?mm » 5 mm ,0 mm and shape

of fringe is circular in nature since line joining S, & S, is L to the screen

[Ans. 48,21,3—:%0,-:1.:::; ]

A lens (1 =1.5) is coated with a thin film of refractive index 1.2 in order to reduce
the reflection from its surface at A = 4800 A. Find the minimum thickness of the
film which will minimize the intensity of the reflected light.

Solution

Path difference between two reflected I'é}' in air,

-

A
= 2ut+| === |=2u,t
AX = <}, [2 2} My

A A
For the minimum intensity, AX = (ZH—I)E = 2u,t=(2n —1)5

(2Zn=1)A A o )
t= an, = an, (For minimum thickness,n=1)
Sap, T axqz U masIETm
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A broad source of light of wavelength 680nm illuminates
normally two glass plates 120mm long that meet at one end
and are separated by a wire 0.048 mm in diameter at the
other end. Find the number of bright fringes formed over
the distance of 120 mm.

Solution

In the case of variable thickness (wedge shaped) film,

A
. . o _ao
Fringe width, B = 20 =tanf=0= f y
Let N be the no. of fringes formed over length (£) < ~
Then, =N, £= N -8 E
" - B- - 2|.IB =N= A
2y y 2x1x0.048x10°
=—= (s Q= = - =(141) (*» u=
=N 3 ( ] ;) =N 80x 10" (4D (o pu=1) [Ans. 141]

A thin convex lens of focal length = 0.6 m is cut into two unequal parts L. and L.
One part is shifted along the cutting plane axis as shown in the figure. A mono-
chromatic line source S, perpendicular to the plane of paper, emitting light of wave-
length A = 600 nm, is placed on the cutting plane axis. A screen with slits where
the images of S is formed by these two pieces of the lens separately is placed
perpendicular to the optical axis from the source at 4.9 m. There is an another
screen placed at distance (0.6 m normal to optical axis where fringes are observed
due to interference of the light passing through the holes. Find the position of
central maximum from P. [Dotted line represents the principal axis of lens L, ]

s 15 il i e by

n

4 ‘thn ~—(.om—"
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Let x = distance between lenses, D is distance between uie source and first screen. As

images of the source due to both pieces of lens are obversed on the screen, from displace-
ment method,

x=,/D(D-4f) -  +.94.9-24)=35m

D+x |
Letm, and m, are the magnification by the lenses L andL,m, = — =g =-6,m,= e
LetS, is the image formed by L, of Sand b, is the heightof S, form P’= h, = m h=36 mm
LetS, is the image formed by L, of S and h, is the height of §, form P* = h,=m,h = 1.0mm

Distance between S, and S, (d) =h, —h,=36.0- 1.0 =35.0 mm

35
Position of central maximum O from Pis 6+ |+? =24.5 mm

In Young's experiment, the source is red light of wavelength 7 x 100" m . When a
thin glass plate of refractive index 1.5 at this wavelength is put in the path of one
of the interfering beams, the central bright fringe shifts by 10-* m to the position
previously occupied by the Sth bright fringe . Find the thickness of the plate .
When the source is now changed to green light of wavelength 5 x 10”7 m, the
central fringe shifts to a position initially occupied by the 6th bright fringe due to
red light . Find the refractive index of glass for the green light . Also estimate the
change in fringe width due to the change in wavelength. [JEE '97(I)]
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Solution

(i) Path difference due to the glass slab, =>Ax=(-In=(1.5-Dr=0.51

Due to this slab, 5 red fringes have been shifted upwards. Therefore

Ax=5A _or  0.5t=(5)(7x10"m)

s t=thickness of glass slab=7x 10"m

(ii) Let " be the refractive index for green light then, Ax" = ("~ 1)t

Now the shifting is of 6 fringes of red light. Therefore,

A =6A_, . Up-1)=6A

_ (6)x(7x107) _
W-Dh= 7x10°" =0

(1i1) In part (1), shifting of 5 bright fringes was equal to 10~* m, which implies that

-3

6 = w=16

5w_,=10"m [Here ®=Fringe width] = o = Tm:ﬂiz x 10" m
. o A
Now since @ = ? or @ee A = o _ »

- . [ 3%10° P
] mmnzmnd—md =(0.2x107) %10~ =0, =0143x10"m

Aw=0 _ -0_=(0.143-02)x10"m = Aw=-5.71x10"m
[Ans. 7 pm, 1.6,400/7pum (decrease)]
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A screen is at a distance D = 80 cm from a diaphragm
having two narrow slits S, and S, which ared =2 mm
apart. Slit S, is covered hy a transparent sheet of
thickness t, = 2.5 um and S, by another sheet of
thickness t, = 1.25 pm as shown in the figure. Both
sheets are made of same material having

refractive index i = 1.40. Water is filled in the space between diaphragm and
screen. A monochromatic light beam of wavelength A = 5000 A is incident normally
on the diaphragm. Assuming intensity of beam to be uniform and slits of equal
width, calculate ratio of intensity at C to maximum intensity of interference pattern
obtained on the screen, where C is foot of perpendicular bisector of S S,. (Refractive
index of water,pu_ =4/3)

Path difference at :;poim Pin air,

AX=(S,P-t, +ut)-(S,P-t, +ut) =>Ax=(S5,P-5P)-(,-t)u, +(,—t)Q,
We know that, (S,P-S P) = }f_; Atpoint C, y =0 Hence, S,P-S P=0at point C,
Then, Ax=(,-1) P, = (1, -1y, o

bl e ()

Intensity ata point C,

: A . T
1= 4l,cos 5= [, =31, (since, A¢ = _5)

L3,

. _ 3
Ratio= 41, =7 |Ans. 3/4]

Radio waves coming vertically at /¢ arereceived by a radar /T

after reflection from a nearhy water surface & directly. What h E)“/
should be the height of antenna from water surface so that it

records a maximum intensity. (wavelength =)).
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Solution

For the maximum intensity path difference, Ax = nA

At the point C, two rays interfere, one is mc and other is ABC.

A
Then, path difference, Ax = (ABC + 3 )—=(mC)

A
(since, in the case of reflection at point B, there is an extra path change equal to 3 )

A A
= M=[ABC—mC]+E = M={PB+BC)+E (*- AP=mc)

h h A
- M=[ - (cosZu)]+; = Ax= (l+c052u)+-f_;—'

cosa cosa cosa
2hcos’a A A
= Ax= +— = Ax=2hcoso+ %
cosa 2 2
. . . A
For the maximum intensity, AX=nA=>2hcosa+ 5 =nA= h= — (for,n=1)
2 4cosa

[Ans. ]

4cosa

In a young's double slit is experiment a parallel beam containing wavelengths A =

4000 A and 11 = 5600 A is incident at an angle ¢ = 30° on a diaphragm having

narrow slits at a separation d = 2 mm. The screen is placed at a distance D =40 cm
-from the slits. A mica slab of thickness t = 5 mm is placed in front of one of the slits

and the whole apparatus is submerged in water. If the central bright fringe is

observed at C, which is equidistant from both the slits. Calculate

(a) the refractive index of the slab.

(b) the distance of the first black line from C.
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As,-- -

== =

t et
7%;—'2---:5.2:-;:;: Screen

Solution

(a) Total phase differcnceatC,  A¢=kdsino—-Kt(u ° —1) for central maxima at

A (u-1)

2x10" xsin30° 0 |
- =5x10° p'=12 S :

(1)

=u=12x(4/3)=1.6 7 e

Hence refractive index of micaslab= 1.6

Screen

(b) A black line is formed at the position where dark fringe is formed for both the wave-
length.

2n-1
The distance of the first black line from center brightline ~ y= @ Zd)lD ............... (i)
. (znl_lhlrn (an-l]ll'D
For black line ; 2d = 2d
(20, -14D  (2n,-1,D (@ -1) 2, A A

2d 2d (n, -1)= 7, Where b= and d,=
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(an -I) 7 o
—"—'—(2“ﬁ Z)= s For minimum value,n =4 and n,= 3.

Hence distance of the first black line

_ (2x4-1)4000x10™" x40x107 x3
N 2x2x107 x4

y =2.1x10"m=210pum

In a Young Double Slit Experiment, a source S, of white light is kept at a distance
h from the central line such that at the central point O, green light is missing.
When another monochromatic green light source S, is kept on central line it forms
central maximum at O.

(a) Find the minimum distance, h_,_ of source from central line.

(b) Ifh=2h_,_, at what minimum distance from point O maximum intensity of
green light will appear. Assume intensity of the monochromatic source and that of
green light in white light source to be same. (D=1m,d =1 mm,1=05m,A__ =
500 nm)

Solution
+A
S f—I—-
g ' .
hi l 0
. 1B
hY
f——D—>
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Here
: h . -
(a)Ax=dsinB=dtanB=d x 1 For green light to be missing A
ni, " na,l
X=s——Do = X
2
2 2d s 110
For minimum h, n should be equal to 1 h i d *}K
Al 5x107 %05 s
h =-t=——7—=125%x10" !
O Mma= 24 = T 2x107 >x107m 5
2D 7
Here fringe width = — 2x10 JI(l=5><l{]*‘m.

d 107

(b) If intensity due to S, at any point on the screen is, 1,=4 | cos’ R , then intensity due to

2
) . | 2+P ?_El_ 2n Aod 2:':
S, at the same point | = 41 cos 5 where, ¢, = B 3= x-ﬁx TX Y
2n
. | 9o+2n 1 .0
i.e. 11=4lncm- 3 41 cos’ —= l2 . total intensity I=1 + L=81=co E
.. minimum distance of maximum from O = g: 2.5x10%m

In a Young Double Slit Experiment, 12 fringes are observed to be formed in a
certain segment of the screen when light of wavelength 600 nm is used. If the
wavelength of light is changed to 400 nm, number of fringes observed in the same
segment of the screen is given by [JEE (Scr.) 2001]

(A) 12 (B) 18 (C)24 (D) 30
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. . AD
Sol.(B) Fringe width, w = T o A
When the wavelength is decreased from 600 nm to 400 nm, fringe width will also decrease

4 2
by a factor of goryor the number of fringes in the same segment will increase by a

3
factor of 3/2. Therefore, number of fringes observed in the same segment = 12x 5 = 18

Concept : .
Since W< A, and if YDSE apparatus is immersed in a liquid of refractive index 1, the
wavelength A and thus the fringe width will decrease p times.

PR =d

L PO=dsec® and CO=POcot20=dsecOcos20

path difference between the two rays is, Ax = CO + PO = (d sec 8+ d sec 6 cos 20)
path difference between the two rays is, A¢ = 1t (one is reflected, while another is direct)
Therefore, condition for constructive interference should be

A 3A

Sa2vp

or dsecO(l +cos20) =

d s L
2¢08°0) = =
or [cusﬂ} cos 0) = >

M| >

In the adjacent diagram, CP represents a wavefront and AO and BP, the
corresponding two rays. Find the condition on 0 for constructive interference at P
between the ray BP and reflected ray OP.  [JEE (Scr.) 2003]

3\ ,
{A}cosﬂra'ﬁ (B) cosB = ;E
A 4)
{C}secﬂ-oosﬁ=a (D)secﬁ—msﬂ=T
A
or cos B ad
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In a Young's Double Slit Experiment, two wavelengths of 500 nm and 700 nm were
used. What is the minimum distance from the central maximum where their maximas
coincide again? Take D/d = 10°. Symbols have their usual meanings. [JEE 2004]
Letn, bright fringe corresponding to wavelength A, = 500 nm coincides with n, bright
fringe cormesponding to wavelength A, = 700 nm.

WD_ WD om kT

i d ' d or H: lu 5
This implies that 7th maxima of A, coincides with Sth maxima of A... Similarly 14th maxima
of A, will coincide with 10th nmximﬂnfl: and so on.

. . nAD
Minimum distance = “—&L— =7Tx5x107%x10"=3.5x10"m=3.5mm

3.5 mmj
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To recall standard integrals
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Some series Expansions -
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x 1 L L 1.1
4 1 3 5 7 9

w1 . X x|
L log sin x dx —Elogz EIGEE

Solve a series problem

2

I 1 1 v uptom:%,thﬂﬂ\'&]llﬂﬂf

A AT

If
—+—+—5+--- uptocois
2 2 :

n* T T
(a) (b) 6 (c) 3 (d) )

i - upto eo
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