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Result : lIT-JEE (Advanced) 2017

ALLEN PROVES AGAIN
Best Result in QUALITY & QUANTITY
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™ Corporate Office & Study Center :

All:" “SANKALP", CP-6, Indra Vihar, Kota (Raj.), India, 324005

CAREER INSTITUTE Tel: 0744-5156100 | Email: info@allen.ac.in SUNDAY

Web: www.allen.ac.in
KOTA (RAJASTHAN) Hostel Help Desk Available at ALLEN Campus OPEN

foath to success

To Apply online R500) Log on to www.allen.ac.in or walk-in to any nearest ALLEMN Center for Application Form (600). For more details about admission, please visit our website.

o For Class 5 to 10 & 11 (Sc.) Students
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ALLEN's Talent Encour
Get Rank,

agement Exam REGISTER NOW and
Reward at National Level

www.tallentex.com
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Admission Announcement KOTA CENTER ( Session 2017-18)
Stream Course Name (Eligibility) Batches Start Date | | Stream Course Name (Eligibility) Batches Start Date For Further Batches
JEE (Advanced) | Nurture (X to XI Moving) 19 June, 03 July, 19 July || PRE-MEDICAL Nurture (X to XI Moving) 11June, 26 June, 10 July STARTING DATES &
Leader (XIl Pass/Appeared) 12 June, 26 June, 10 July (NEET-UG, AIIMS) Leafier (XII Pass/Appeared) 25 June, 09 July, 30 July ADMISSION DETAILS
- - Achiever (XII Pass/Repeaters) 12 June, 02 July, 23 July, 07 Aug e aEEE
JEE (Main) Nurture (X to XI Moving) 03 July Pre-Nurture& | For ClassVltoX 26 June .
Leader (XII Pass/Appeared) | 14 June, 28 June, 10July | | Career Foundation | NTSE & Olympiad: www.allen.ac.in
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VIBRANT ACADEMY (KOTA)

THE FINAL DESTINATION FOR IIT-JEE PREPARATION
HHT-JEE (ADVANCED) 2017 RESULT
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Selections From Classroom Programme

1503

AIR
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For 2™ Consecutive Year

* Result received so far
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Sumit Manas Shukla Medha Kant Abhyuday Bhartiya Rishabh Bhutra Bholeshwar Khurana  Rushikesh Jayavant Najan Ram Goyal
SELECTIONS
G-,, Tarang
AlR-214 - 2017
Divyang Wil Bodant Agraval
All selected Vibrantians
are Invited for felicitation
function to be held on
17th June, 2017,
. at 4.30 PM in
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Tear‘n-Vlibrar-lt - Stronger Than Ever

~ADMISSION ANNOUNCEMENT

JEE (Main + Advanced) | JEE (Main) for Academic Session 2017-18

DISTANCE LEARNING
PROGRAMME
ENROLLMENT OPEN

« Vibrant Study Material Package

(VSMP) for 2018 & 2019
« Vibrant Al India Test Series
(VAITS) for 2018 & 2019
« Vibrant JEE Success Package
(VJSP) for 2017 & 2018

ForXtoXI
Moving Students

JEE (Main + Advanced ) 2019

Medium- English Only

For XIl passed students
JEE (Main + Advanced )
& JEE (Main) 2018
Medium- English / fe=t

For students moving to
class VIII, IX & X For
NTSE/IJS0/School Excellence
Direct Admission / Scholarship
Test / Medium-English Only

Scholarship Test Dates
18/06/2017, 25/06/2017

ZERO COST PROGRAMME

for meritorious students of
classes 8th to 10th

Selection Test

18/06/2017

Course Commencement
Phase IV - 21/06/2017

ZERO COST PROGRAMME
FOR STUDYING TILL
CLASS 12TH

For more details visit www.vibrantacademy.com

1041 wa 1241 & Ut fe=st aream @ faaneff it JEE (Main + Advanced) &t dadt @ fou uaer urca &2 Awd Bl

@ VIBRANT ACADEMY
. (India) Pvi. Lid.

Registered Office : A-14(A), Road No.1, Indraprastha Industrial Area, Kota - 324005. | Tel.: 0744-2428664, 2428666, 2423406, 2425407 | For DLP : 7340042900 | Fax : 0744-2423405
Branch Office : Hindaun Heights, 57, Shri Gopal Nagar, Near Mahesh Nagar Thana, Gopalpura Bypass, Jaipur | Tel.: 0141-2502255, 2503355, 7073277745, 7073277746 | E-mail: jaipur@vibrantacademy.com

Website : www.vibrantacademy.com | E-mail : admin@vibrantacademy.com | Followuson: @© 0 %
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A Premier Instltute in INDIA
Integrated PUC,+1&+2 | NEET | \IT-JEE | AlIMS | JIPMER | EAMCET,

Bengaluru
IIT-Main & Advanced | NEET | EAMCET | BITS | AlIMS | JIPMER | CET | COMED-K
REGISTRATION OPEN for PUC /12" /42 Passed Students

wONE YEAR LONG TERM ,,_g
") MEDICAL COURSE Ay

(PCB) (Repeaters Course)

= The only Instltute in INDIA
successfully conducting
c “Daily Test”
for NEET(Medical) aspirants.

Features of One Year,Long Term Medical Programme

Substantial Medical Entrance Coaching at EXCEL ACADAMICS done by the eminent faculty those who are
Medical Guru’s in India.

Starting with very basics and Strengthening them at Fundamentals during coaching.

Maintaining high end competent atmosphere. Targeting N EET

Timely completion of Syllabus and perfect revision. 3 La khs MCQIS f 201 8
. . . . or

Special focus on Physics Numerical questions.
Exclusive A.C. Campus with LCD projectors for One Year Long Term Medical Programme.

counselling hours
Targeting for practicing 3 (Three) Lakh MCQ’s Physics, Chemistry & Biology in this programme.
Separate Weekend Examination for NEET, JIPMER and AIIMS.
Updating to the parents through SMS/email regarding student's attendance, rank and their
performance on regular basis.
Coaching at Excel Acadamics will be helpful to attend All National Medical Entrance Examinations like
NEET, AIIMS, JIPMER etc... along with CET, EAMCET, Kerala PMT, MHCET and COMED-K.
24 x 7 Library facility with PCB Medical Entrance Study Materials and Magazines.
Brand new high security hostel facility for Boys and Girls. Help Line No.
Periodical Parent, Teacher, Student Meeting. 76769 17777
Semi-residential facility. 76764 16666

Lowest fee structure including all taxes.

Registration Started for Integrated PUC, CET, NEET and IIT-JEE coaching
for sure success in
LAUNCHING

E-a0 NEET - 2018

EXCEL ACADAMICS, Opp: Peoples Tree Hospital, Sector A, Yalahanka New Town, Bangalore - 560064, KARNATAKA

-+x Contact : 9535656277, 9880155284, 9036357499 *+-

€eeEERREE @

GG CRe @

== Separate Deluxe Hostel for Boys and Girls
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How to choose the right answer, fast?
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NCERT EANGERTIPS

e
T ATa o LD VI 51789

CHEMISTRY :
www.mtg.in -
for latest offers
and to buy
online!

Features:
; H = Chapterwise student-friendly synopses for
The answer |S praCtlce... quick-and-easy revision Y
Our team has seen that in NEET, AIIMS, JIPMER and JEE, Multiple = Topicwise MCQs to check your progress
Choice Questions (MCQs) are based on the NCERT syllabus. Largely !! « NCERT Exemplar MCQs

With Objective NCERT at your FINGERTIPS, you can become a pro at
handling MCQs. Practice to increase your accuracy and improve
timing with a bank of over 15,000 questions, all framed from NCERT
course books. Don't take our word, have a look what some of our = HOTS MCQs to boost your concepts
readers have to say... = 6 Practice papers for self-assessment

= Assertion & Reason questions for an edge in
your AlIMS/JEE preparation

Sanjay Shankar says, “Awesome book!! Everything is just perfect and the collaboration of the 11" and 12" sid. just made it easier for us and with this less
price. I will definitely recommend this book for every NEET preparing student.”

Shweta says, “Must read for good score in NEET. Many questions in NEET are from this book in last 3 years. It also covers outside NCERT topics. Nice
book.”

Vijay says, “This book is ideal for practising MCQs (chapterwise). It appreciably covers all the important as well as less important questions. HOTS and
sample question papers are provided as well. No demerits of the book can be listed. Though, it Is not light weighted and thus cannot be carried, you
wouldn't get bored revising each chapter from the revision section and then answering the questions. The language is appropriate and lucid as well as
easy to understand.”

SJ.Uday says, “It is an awesome book. Firstly I was scared how it will be, but afier having it, I was amazed. One mus! have
this book who Is interested in going for the NEET examination."

Sonal Singh says, “Book is very good. As it contains all the topicwise questions from every topic of NCERT, one can develop
a question solving ability and also understand the basic concepts "

Sunehri says, “This book contains over 150 MCQs in each chapfer, has caitegories like MCQs, NCERT, HOTS based
questions, AIIMS assertion reasoning questions. Every chapter gives a short summary of chapier. Great book for entrance
exams like NEET, AIIMS etc.”

Prashant says, “The book is really awesome. It makes you cover up whole NCERT in a simple way. Solving the problems
can increase your performance in exam. I would suggest each & every NEET candidate to solve the book. The book is also
error free; not like other publications books which are full of errors.”

Arka says, "It is a nice question bank of NCERT ] think it is the best of its kind. The book is a must to prepare for NEET.”

Wl‘t.G.' . . Available at all leading book shops throughout India.
! gg?g'g'es:g::g Ejerd;:n(ﬂzl-ztgfa HR) For more information or for help in placing your order,
' B9 Call 0124-6601200 or e-mail:info@mtg.in

Learning Media
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Resonance”’ JEE (e o7

Educating for better tomorrow

| AM THE ONE WHO DREAMS BIG.

| AM THE ONE WHO STUDIES HARDER.

| AM THE ONE WHO AIMS TO WIN.

| AM THE ONE IN
RESONANCE

ALL INDIA RANKS IN TOP 100 r.

from classroom programs

ARPIT MENARIA YASH JAIN RITIK ROONGTA
Roll No. 13405464 Roll No. 15151117 Roll No. 15102234
Classroom student since class IX Classroom student since class X| Classroom student since class XI
CATEGORY TOPPERS
™
letis, QEAENCC . “
i S -
e TR e e =T "l AR - 1(SC)

SHASHANK KUMAR SHIVAM GOYAL NISARG BHATT DIVYANSHU PRAKHAR MANGAL  KALPIT VEERWAL DEEPAK MEENA
ol No. 15172599 Roll No. 15102189 Roll No. 15155042 Roll No. 15172744 Roll No. 13401340 Roll No. 12405642 Roll No. 15107439
Classroom student since class XI Classroom student since class XI Classroom student since class XI Classroom student since class XI Classroom student since class IX  Classroom student since class VIl Classroom student since class XI
The only institute from Kota to deliver highest no. of girl student’s selections (351) The only institute from Kota to deliver highest no. of selections (568)

from classroom programs. from hindi medium classroom programs.
sc\cchons
se\EcUons
21.91% growth this year

se\ecﬂor\s

se\scuuns

* still counting

Classrooms - 4086 | DLP+ELP - 2145

ADMISSIONS OPEN (FOR 2017-18) for Classes: V to XIl & XlI+

* JEE (MAIN+ADVANCED) * JEE (MAIN) * PRE - MEDICAL * BOARD / 1JSO / OLYMPIADS / NTSE / KVPY

Corporate Office: CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Rajasthan)- 324005 ‘ Registered Office : J-2, Jawahar Nagar Main Road, Kota (Rajasthan)- 324005
Tel. No.: 0744-3012100, 3012222, 6635555 | CIN: U80302RJ2007PLCO24029

Toll Free: 1800 258 5555 | To know more: sms RESO at 56677 | Website: www.resonance.ac.in | Email: contact@resonance.acin f ¥ & &
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Akshat Chug

MTG : Why did you appear for Engineering Entrance?

Akshat : | was always interested in studying Science and
Mathematics. | wanted to study in the best institutes and it's
a dream come true to be able to do so.

MTG : What exams have you appeared for and
what are your ranks in these exams?
Akshat : JEE Advanced - AIR 2

JEE Main - AR 7

BITSAT - cleared

MTG : How many hours in a day did you study to
prepare for the examination?

Cracking the
I

pursue engineering as a career therefore it was important
that | crack the JEE exam. As far as preparation is concerned,
after school hours, | used to attend the classes at my
coaching institute for three hours. Once, | returned from the
coaching institute, | used to do self-study and every night |

would study for at least one hour.

MTG : How was the preparation for JEE Advanced

different from JEE Main?

Akshat : As far as JEE Main preparation is concerned

it is more about memorizing the formulae and speed
accompanied with accuracy. While one is

Akshat : | studied for 6-7 hours per day. nin lac\ea‘ preparing for JEE Advanced, there has to
MTG : On which topics and 66 larity © 4 then §oWOW  be clarity of concepts. If you have studied
chapters you laid more stress s“ateg\l is has pheen properly, then you need to relax before
. . rictly €CeSS" JEE Advanced.
in each subject? its su

seC‘e .
Akshat : | have always given equal the e MTG : Any extra coaching?

importance to all the chapters.

MTG : How much time does one require for serious
preparation for this exam?

Akshat : | started studying in class 9 and 10 itself but it
was only when | was in class 11 then | decided to seriously

0 PHYSICS FOR YOU | July '17

Akshat : | joined Bakliwal Tutorials and it was of great help
to me.
MTG : Which Books/Magazines you read?

Akshat : | studied from all the standard books for JEE
Advanced. There are no special text books otherwise. The



©] CB CLASSES

Admission

Some of our Open for

STAR PERFORMERS iy

SUBHASISH SAHA GYANESH GUPTA AVISHEK DAS

WBJEE 2015 | AlIMS 88 | CMC Vellore 9 WBJEE 2014 | ITJEE 143 WBJEE 2013 | ITJEE 115

e ENGINEERING Rankers e MEDICAL Rankers

PHOO0S

Gyanesh Bl.p'.l Ankit Biswas.

lrhu(u:: n 115 WT-199 (sc), n‘ 1u

WBJEEZ WBJEE-14 (sc) WBJEE-19 [
‘Saugata Halder Ratul Das
WT-1326, WT-1728, Rupam Paul
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i » gﬂ
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(MCESCLUR  JEE (Main & Advanced)
Program for WBJEE & Other
Engineering Entrances Olympiads | KVPY | NTSE
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@ 7890 999 777, (033)2522-5522 EERANALJSEERN

Test Series Program for X, Xl, XII & Xll passed
At Centre / By post / Online
Stepping Stones /-

School Curriculum
(VIL/ Vil /11X [ X)

Passion PMT -

NEET | AlIIMS
& Other Medical Entrances

Centres at :




syllabus is the same; just a slight difference in the approach
is needed | love to read mystery novels and | am a big fan of
Sherlock Holmes.

MTG : In your words what are the components of
an ideal preparation plan?

Akshat : Regular study is a must. Time Management is
required, you should utilise your time properly. After studying
for long hours, the mind gets exhausted so some recreational
activities are also required.

MTG : What role did the following play in your
success:

(a) Parents

(b) Teachers

(c) School

Akshat : Parents - They have been very supportive and they
have never pressurised me for anything.

Teachers - At my coaching institute, Bakliwal Tutorials
teacher’s were very supportive. Whenever, | approached them
with any kind of problem, they helped me a lot.

School - | did my class 12th from DPS, Pune and all my
teachers in school were very supportive and were always
ready to help me out.

MTG : Your family background?

Akshat : | belong to Jaipur. My family shifted to Pune when
my father got transferred here 6 years back. My father
Mr. Vikas Chugh is Vice President, Western Reigon in
Tata Sky and my mother is a home maker. My sister is in
class 8.

Do you want
yourself to he

updated
ahout

MTG : What mistake you think you shouldn’t have
made?

Akshat : | think I should have studied more in the beginning.

MTG : Was this your first attempt?
Akshat : Yes, it was my first attempt.

MTG : What do you think is the secret of your success?

Akshat : Clarity of mind, a clear strategy and then follow it
strictly. This has been the secret of my success.

MTG : How did you de-stress yourself during the
preparation? What are your hobbies? How often
could you pursue them?

Akshat : Yes, it is important to take break but you should
not loose your focus in doing so. My hobbies were reading
and watching TV shows such as ‘Arrow" and ‘Flash’ but was
not able to do so during my JEE Advanced preparation.

MTG : What do you feel is lacking in our education/
examination system? Is the examination system
fair to the student?

Akshat
educational/examination system.

: Too much of mugging up is there in our

MTG : Had you not been selected then what would
have been your future plan?

Akshat : | would love to join BITS.

MTG : What advice would you like to give our
readers who are JEE aspirants?

Akshat : Plan out your strategy. Work more on your weak
points. Practice and remain focussed. Try to strike a balance

between your hobbies and studies.
All the Best!©©

NEW arrivals at MTG Book store

Special offers on MTG Books and Magazines

Exams alerts, instant reply to your queries

Important questions for forthcoming examinations
Study tips, quizzes, flowcharts, learning strategies, news
from science world, and much more...
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Last-minute check on your

NEET readiness

mte

JM ENTRANCE TE ST

NATIONAL ELIGIBILITY CU

\==

HIGHLIGHTS:

+ 10 Model Test Papers based on latest NEET syllabus
- Last 15 years’ solved test papers of AIPMT/NEET

« Includes NEET 2017 solved paper

- Detailed solutions for self-assessment and to practice time
management

STUDENTS'

N0.1 CHOICE

for NEET
preparation

MTG’s NEET Explorer helps students
self-assess their readiness for success in
NEET. Attempting the tests put

m together by MTG's experienced team of
editors and experts strictly on the
111.',"“@?‘%53;’1 10 Model Test Papers NEET pattern and matching difficulty
o0 | With Detailed Solutions levels, students can easily measure
their preparedness for success.
- Order now!

Scan now with your
smartphone or tablet*

Available at all leading book shops throughout India.
®398 : il

For more information or for help in placing your order:
.... pinp gy

0000 Call 0124-6601200 or email: info@mtg.in
[Glalala] *Application to read QR codes required

Learning Media

Visit
www.mtg.in
for latest offers

and to buy
online!
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NEET|JEE

ESSENTIALS

Class
XI

Maximize your chance of success, and high rank in NEET, JEE (Main and Advanced) by reading this column.
This specially designed column is updated year after year by a panel of highly qualified teaching experts well-tuned
to the requirements of these Entrance Tests.

Unit
1

Mathematical Tools and Measurements

ESSENTIALS IN 2-D COORDINATE GEOMETRY

Straight Line

o Slope-intercept form : y = mx + ¢

Cases of Slope-Intercept Form

’

J
m = tan@ is positive
¢ = y-intercept is positive

=
=

y

¥
m = tan0 is negative
¢ = y-intercept is positive

m = tan0 is positive
¢ = y-intercept is negative

m = tan® is negative
¢ = y-intercept is negative

Conic Section
e Circle

General Equation: x + y* + 2gx +2fy + ¢ =0

Parabola

Circle with centre (-g, -f)

Circle with centre at origin

y
4
radius r i
_ |2 2
V8 * =g r
c
v (-&-f)
VV’
y

y

A

2 2
“L+yt=a ©0.0)

S 0)k(0, 0@ 0)

(0, -a)

= <«

y=1 ky* Passing through origin

x=1ky* Passing through origin

12)
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o Ellipse

Horizontal Ellipse Vertical Ellipse
y y
x )’2 A x y A
—t—=1@G@ >b) — =10 <b) (0,b)
2 2 2 2
a b a b
Centre: (0, 0) (0, b) Centre: (0, 0)
Foci: (+ ae, 0) Foci: (0, % be)
Vertices: (+ a, 0) x4 Ca,0) »x | Vertices: (0, + b) x4 > x
\ 0,0 (a,0) (-a,0) (0,0)f (a, 0)
Length of major axis = 2a \y Length of major axis = 2b
Length of minor axis = 2b (0.-b) Length of minor axis = 2a
b’ a (0, -b)
Eccentricity, e = ,|1-— <1 v Eccentricity, e = ,|[1-— <1 v
aZ y/ bz y/

e Hyperbola

Transverse Hyperbola

Conjugate Hyperbola
y
X2 }/2 4 e yz Ayu
—-==1(ab>0) L 1wb>0
a b al hz
Centre: (0, 0) ¥ - . | Centre: (0,0)
Foci: (+ ae, 0) - Foci: (0, + be) )
. .t (O’ O) . N
Vertices: (+ a, 0) Vertices: (0, + b) , 110, 0)
Eccentricity, x< R > X
v
.. A/
Eccentricity, e = 41+ a_2 >1 y

’ 2
a

e= 1+—2 >1
b

y
e Logarithmic and Exponential Functions
Logarithmic Graphs Exponential Graphs
} A A kx
h 4 = 5
y=log,x,a>1 y= & Ay—A(Ie )
X' » P (1)0) / & (0’1) » X’: » X

v v

o) > x > x X'« y » x 7 >
1,0 _
D _ 50 D kae™ 0
dx VxeR dx VxeR

g g y=logx,0<a<1 v
y y y’ }/
-7 = e .
x=da'(a>0a#1(a>1) x=d(a>0)a#1(0<a<l) Exponentially increasing Exponentially increasing
e Trigonometric Functions
fix) =sinx fix) =cosx flx) =tanx
y
A
Il ) ; i ) Il »
- -m ' on! /¢ 31 X
2 2 2
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ESSENTIALS IN TRIGONOMETRY

Basic Trigonometric Results
> sin’0 + cos?O =1
» 1+ tan’0 = sec’0
» 1+ cot’0 = cosec’0
> 0820 =2c0s’0 - 1 =1 - 2sin”0 = cos’0 - sin’0
» sin20 = 2sinBcosO
» cos(A + B) = cosAcosB - sinAsinB
» cos(A - B) = cosAcosB + sinAsinB
» sin(A + B) = sinAcosB + cosAsinB
» sin(A - B) = sinAcosB - cosAsinB

C+D C-D
» sinC+sinD =2sin cos 5
C-D
» sinC—sinD =2cos sinT
C-D
» cosC+cosD=2cos cos 5
-D
» cosC—cosD=-2sin S C—
tan A + tan B
» tan(A+B)=———
1-tanA tan B
tanA —tanB
» tan(A-B)=———
1+tan A tanB
2tan0
» tan20= —
1-tan“ 0O
ESSENTIALS IN CALCULUS
Differentiation
d n n—1 d 1
» —x"=nx —log, x=—
dx " dx 8e X
» —sinx=cosx » — COSX=-—s8inx
dx dx
» —tanx =sec’x » — cotx =—cosec’x
dx dx
» —secx=secxtanx » —— COSeC X =—cosecxcotx
dx dx
> ie’c =e" » —a =a"log,a
dx dx
d ax ax d bx bx
» —e =qge » —a =ba*log a
dx dx B

d d
4 S P0G AW AW G

dx f(x) (f, (x))?

14
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» L WA= A0S W+ AL
X dx dx

> i(ax+ by=a > i(ax+b)" =an(ax+b)"
d dx

X
Maxima and Minima

Let y = f(x) be a function. Then first draw the graph
of f(x) as shown. ¥y
From the graph we see
that at maxima or minima,
slope dy/dx of the graph
at P and Q respectively is ‘

Q
zero.
dy . -
i 0 at maximum or minimum values of y.
x
Put Z—y =0 and solve for x. (We may get different
x

values of x.)

2
At all those values of x for which d—)zl is negative,

. dx
we have maximum value of y.

2
Similarly, at all those values of x for which d_y is
positive, we have minimum value of y. dx

Ilustration 1. Find maximum or minimum values of
the functions y = 25x* + 5 - 10x

Sol.:  For maximum and minimum value, we can put
d
P _,
dx
dy
or —=50x-10-0=0 .. x=-—
dx 5
d? y 1
Further —5=50>0 at x=_. Therefore, y has
dx

1
minimum value at x=—. Substituting x =—in given
equation, we get >

1Y 1
Yinin :25(5) +5_10(§)= 4
Integration 1
> jx”dxz 3:::1 +c (n#-1)

v

j—x: log, |x|+¢
x

v

jsinx dx = —cosx+c

> Icosx dx =sinx +c

> jsecx tanx dx =secx + ¢



> jcosecx cotxdx =—cosecx +c¢

> jsecx dx =log, |secx + tanx |+ ¢

> Jcosecx dx =log, | cosecx —cotx |+ ¢

2
J(ax+b)dx=&+bx+c
> 2

Area bounded by a
region in the graph

Yy
2
can be done as =

Area= j:f ydx

Ilustration 2. Integrate the following functions

(a)

J.(sz +3x-2)dx (b) J(4sinx—z)dx
x

Sol.:

(a)

(b)

J(sz +3x—=2)dx= SIxzdx+3jx dx—ZJ.dx
5x3 3x2
=22 42 ox+c
3 2

J(4sinx—%)dx=4jsinx dx—ZJ‘d?x

=-4cosx-2logx+ ¢

ESSENTIALS IN VECTOR ALGEBRA

Triangle Law of Vector Addition
If two vectors are represented in both magnitude
and direction by the two sides of a triangle in same
order, the resultant R is represented by the third
side of a triangle both in magnitude and direction
but in opposite order.

Parallelogram Law of Vector Addition

For two coinitial vectors acting on a particle
represented in magnitude and direction by the two
adjacent sides of a parallelogram, the diagonal of
the parallelogram so formed will be the resultant.
Resolution of a Vector

Consider a vector @ in x-y plane ¥

making an angle 6 with x-axis

x componentof @ =a,=acos® a

y component of @ =a,=asin 6

andd=ayi+a,j

Magnitude of @ is

|d|=\al+a’ =a

a a, )
Heretan®= -~ =0 =tan"'| 2
a a,

X
Dot or Scalar Product
Consider two vectors d= ax§ + ay}‘ + aZlAc and
b= bx§+ by} + bZ]Ac and angle betwgen a anfl b is®,
Their scalar product is given by a-b =|d| |b|cos8,

a;+ay+a ,|b|= b7 +b] +b7

Angle 0 can be determined as

where la|=

_ b,
a-b

cos = —— 0
[allb]

a
For three unit vectors i, j and & along three axes,

i=1xlcos0°=1 (~ |i|=1=|7|=k|)
andf-}'=1><1><cos90°=0

i j=jk=ki=0
In component form,

d-b=(ayi+a,j+a,k)-(bei+b, j+b k)

= a-b=(ayb.+a,b,+ab,)

Cross or Vector Product

Consider two vectors d= ax; + ay}' +ak and
b= bx§+ by}' + bZlAc and angle between @ and b is 6.
So vector product of two vectors is
(@xb)=|al||b|sind n

> (&'XI;) is a vector quantity

and 7 is the perpendicular to
the plane carrying vectors d

and b

» For three unit vectors f,}',lAc along three axes.
;x}’:1>A<l><sAin9(2°lAc:lAc; :
Where |i|=| j = k|=1
7xk=1x1xsin90°% =i :
kxi=1x1xsin90°j = ; A

and ixi=jxj=kxk=0

Inshort, forcyclicorder, ix j =k, Jxk=ikxi=]

For anti cyclic order, ixk=—j, jxi=—k,kxj=—i,
»  Calculation of (@x5b) in component form
axb=(agi+ay,j+ak)x(bi+b,j+bk)

ik
=lay a, a|= (aybz - azby)i —(ab, —ab, ),{
b, b, b, (axby - aybx )k
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Illustration 3. A person moves 30 m north and then
20 m towards east and finally 30+/2 m in south-west
direction. The displacement of the person from the
origin will be

(a) 10 m along north (b) 10 m along south

(c) 10 m along west (d) Zero

Sol.: (c) From figure, OA = 0i'+30 jA,ﬁ =20{ +0f
BC = —30~/2c0s45° — 30+/2sin45°

=-30{ -30] A S B
Net displacement,

OC = OA + OB+ BC 30m A o lam
=-10i +0; /

|66| =10 m along west C=------ S

Illustration 4. If a particle of mass m is moving with
constant velocity v parallel
to x-axis in x-y plane as
shown in figure. Its angular
momentum [ =7 x p with

respect to origin at any time L
t will be
(@) mvbk (b) —mvbk
(©) mvbi (d) mvi
Sol.: (b) We know that angular momentum
L=7X pin terms of component becomes
i j ok
L=|x y =z
Py Py P
As motion is in x-y plane (z = 0 and p, = 0),

o L=Ktep, -~ ypy)
L=kwtx0—bmv]=—-mvbk
MEASUREMENT OF PHYSICAL QUANTITIES

e Fundamental Quantities Quantities which
are independent of all other quantities and do
not require any other physical quantity for their
definition are called fundamental or base quantities
and the units in which base quantities are measured
are called fundamental units.

o Derived Quantities : The quantities that can be
expressed as combinations of the base quantities
are called derived quantities and the units for
measuring them is also the combinations of
fundamental units are called derived units.

@ PHYSICS FOR YOU | July 17

¢ Different Systems of Units
» CGS system
» FPSsystem
» MKS system
e Measurement of Length
» Large scale measurements
1 astronomical units (AU) = 1.496 X 10" m
1 light year (ly) = 9.46 x 10"> m
1 parsec (pc) = 3.08 X 10" m
» Small scale measurements
1 fermi (fm) = 107'°> m (= size of nucleus)
1 X-ray unit (xp) = 107 m (= size of an atom)
1 angstrom (A) =101""m
1 micron () = 10°m
» Parallax Method : To
measure the distance of
far away planet,
b b

‘.G:B or D:6

e Measurement of Mass

Planet

» Large scale units
1 Quintal = 100 kg
1 Metric tonne = 1000 kg
1 Chandrasekhar unit = 1.4 times solar mass
=2.8x10"kg

» Small scale units 1

lamu =1.67 x 10 kg = - of mass of

carbon 12 (in kg)
Nuclear mass = 10~ kg
¢ Measurement of Time
1 second = time interval for 9192631770 vibrations
of the radiation corresponding to the transition
between the two hyper fine levels of Cs'> (g).
1 year = 3.156 x 10; 1 solar year = 365.25 day

ESSENTIALS IN ERRORS IN MEASUREMENT

e Errors : The difference in the true value and
measured value of a quantity is called error of the
measurement.,

o Absolute, Relative and Percentage Error

» Mean absolute error,

|Aay | +|Aay | +...+]| Aq, |
Adyean = .

» Relative error : Thenratio of mean absolute
error to the mean value of observations is
called relative error.

Aa

. mean
Relative error= —

mean



» Percentage error : Percent representation of
relative error is called percentage error.

A
S = —mean o 1000,
a.

mean
e Combination of Errors
» Error of a sum or a difference
IfZ=A%B
Maximum possible error can be
AZ =AA+AB
» Error of a product or a quotient
IfZ=ABor A/B

Maximum relative error, AZ - Ad + AB
Z A B
»  Error of ameasured quantity raised to a power
fz=A"
then AZ _ n Ad
Z A

Ilustration 5. The length and breadth of a rectangle
sheet are 16.2 cm and 10.1 cm, respectively. The area of
the sheet in appropriate significant figures and error is
(a) 164 +3 cm? (b) 163.62 2.6 cm?

(c) 163.6 £2.6 cm’ (d) 163.62+3 cm’

Sol.: (a) If Ax is error in a physical quantity, then relative

. Ax
error is calculated as —
X

Given, length [ = (16.2 £ 0.10) cm

Breadth b = (10.1 £0.1) cm

Area A =1Ixb=(16.2 cm) x (10.1 cm) = 163.62 cm>
Rounding off to three significant digits, area
A=164cm’

AA Al Ab_ 01 01 1014162  2.63
A 1

b 162 101 162x10.1 163.62

= AA=AX 263 =163.62 X 263
163.62

=2.63cm?

AA =3 cm® (By rounding off to one significant figure)
Area, A=A+ AA = (164 £ 3) cm?

Illustration 6. A physical parameter a can be
determined by measuring the parameters b, ¢, d and

o B

dVed

in the measurement of b, ¢, d and e are b; %, ¢; %,
d, % and e; %, then the maximum error in the value of
a determined by the experiment is

(@) (by+cy+dy+e)% (b) (by+c;-di-e)%

() (ab; +Pe; - vd, - 8e)%

(d) (aby + Pey +yd; + 0e;)%

bOLcB

dved

. If the maximum errors

e using the relation a=

Sol.: (d) a=

So maximum error in a is given by

A A A
(—“xloo) — 020 100482 x100
a max b c

+y-%dx100+8-3x100
e
= ((Xbl + BCI + Ydl + 631)%
SIGNIFICANT FIGURES

Rules for counting significant figures
» All non-zero digits are significant.

» A zero between two non zero digits is
significant.

» Leading zeros to the left of non zero number
are not significant.

» Trailing zeros to right of the number without
decimal point are not significant.

» The powers of 10 are not taken as significant
figure.

» All zeros to the right of the decimal point are
significant.

ESSENTIALS IN DIMENSIONAL ANALYSIS

o The derived quantities can be expressed in terms
of fundamental quantities as a product of different
powers of the letters M,L,T etc. where M = Mass;
L = Length; T = Time.

e Uses of Dimensional Analysis

» To check the correctness of a given relation
According to principle of homogeneity,
dimensions of each term on both sides of an
equation must be same.

» To convert a physical quantity from one to
another system of units
Q1 = Q,n, ; where Qy = unit in 1% system,
Q, = unit in 2" system 7, and n, be constant
values in 1% and 2™ system.

Sy = QIQ_ZI’ ny =l’l1|:%2

» To derive a relation among the physical
quantities :
If we know the dependency of a physical
quantity on the other quantities then using
dimension analysis relation between them can
be derived.

e Limitations of Dimensional analysis

» Dimensional method cannot be used to
derive relations other than multiplication and
division. Also, it can not be used to derive
trigonometric relations.
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» We cannot determine the value of constants in
a relation.

» The physical quantities depending on more
than three quantities cannot be derived by
dimensional method.

Illustration 7. Density of a liquid in CGS system is
0.625 g cm™. What is its magnitude in SI system?

(a) 0.625 (b) 0.0625

(c) 0.000625 (d) 625

Sol.: (b) Since n,Q; = n,Q,

= mML] = my[M,L57]

M L] 1g] [1em]?
my=m| =L |x| 1| =0625| —=|x
M, L, 1kg 1m

=0.625x 107> x 10° =625

Illustration 8. If the speed v of a particle of mass m as

function of time t is given by v = A sin[(\/E] t:|,

where A had dimension of length. m

Which of the following statements is correct?

(a) The argument of trigonometric function must be a
dimensionless quantity.

(b) Dimensional formula of ® is [LT™}].

(¢) Dimensional formula of k is [MLT _2].

(d) Dimensional formula of \/E is [T].

m
Sol.: (a) Plane angle is dimensionless.

(WAl =[v]=LT"! = [0]=T"

k|1 .o
[Z}‘m‘” ]

VERNIER CALLIPERS AND SCREW GUAGE

e Vernier constant : It is the difference between
values of one main scale division and one
vernier scale division of vernier callipers. Let
n vernier scale divisions (VSD) coincide with
(n - 1) main scale divisions (MSD)

n'VSD = (n - 1) MSD

n
1 VSD= (—)MSD
n

Vernier constant, VC =1 MSD - 1 VSD

n 1
=1MSD—(—)MSD =—MSD
n n

Value of one main scale division

Total number of divisions on vernier scale

®

PHYSICS FOR YOU | JulY ‘17

o Reading of Vernier callipers : Place the body
between the jaws and the zero of vernier scale lies
ahead of N division of main scale. Then

Main scale reading (MSR) = N

If n'" division of vernier scale coincides with any
division of main scale, then

Vernier scale reading (VSR) = n x (VC)

Total reading = MSR + VSR =N + n x (VC)

Distance moved on linear scale

e Pitchofthescrew = -
Number of rotations

o Least count of the screw gauge
Pitch of the screw

" Total number of divisions on the circular scale

¢ Reading of a Screw Gauge : Place a wire between A
and B, the edge of the cap lies ahead of N™ division
of linear scale. Then
Linear scale reading (LSR) = N
If n' division of circular scale lies over reference
line, then
Circular scale reading (CSR) = n x (LC)

Total reading = LSR + CSR = N + n x (LC)

Ilustration 9. The pitch of a screw gauge is 1 mm and
there are 100 divisions on circular scale. When faces
A and B are just touching each other without putting
anything between the studs 32nd division of the circular
scale coincides with the reference line. When a glass
plate is placed between the studs, the linear scale reads
4 divisions and the circular scale reads 16 divisions.
Find the thickness of the glass plate. Zero, of linear scale
is not hidden from circular scale when A and B touches
each other.

Sol.: Least count L.C.

Pitch 1
= =—mm=0.01 mm
Number of divisions on circular scale 100

As zero is not hidden from circular scale when

A and B touches each other. Hence, the screw gauge has
positive error.
e=+n(L.C.)=32x0.01 =0.32 mm
Linear scale reading = 4 x (1 mm) = 4 mm
Circular scale reading = 16 x (0.01 mm) = 0.16 mm
Measured reading = (4 + 0.16) mm = 4.16 mm
Absolute reading = Measured reading - e
=(4.16 - 0.32) mm = 3.84 mm
Therefore, thickness of the glass plate is 3.84 mm.



SPEED§I(5RA CTICE

The fundamental unit which has same power in
the dimensional formula of surface tension and
coeflicient of viscosity is

(a) mass (b) length

(c) time (d) none of these

Which of the following systems of units is not based
on units of mass, length and time alone?
(a) SI (b) MKS (c¢) FPS  (d) CGS

The radius of a circle is 1.22 m. Area enclosed by it
upto correct significant figures is

(a) 4.6778 m* (b) 4.677 m?
(c) 4.67782 m> (d) 4.68m>

If voltage V'= (200 £ 8) V and current I = (20 £ 0.5) A,
the percentage error in resistance R is
(@ 52% (b) 25% (c) 3% (d) 6.5%

The pitch of a screw gauge is 1 mm and there are
100 divisions on the circular scale. In measuring
the diameter of a sphere there are six divisions on
the linear scale and forty divisions on circular scale
coincides with the reference line. The diameter of
the sphere is

(a) 6.0mm (b) 5.0mm(c) 5.4 mm (d) 6.4 mm

Three concurrent forces of the same magnitude are
in equilibrium. The angle between the forces and
name of the triangle formed by the forces as sides
will be

(a) 60°and equilateral triangle

(b) 90°, 45° 45° and right angled triangle

(c) 120° 30° 30° and an isosceles triangle

(d) 120°and an obtuse angled triangle.

The resultant P and Q is perpendicular to P . what
is the angle between P and Q?

(a) cos ! (2) (b) cos ! (—2)
Q Q

(c) sin”! ( B) (d) sin”! ( - B)
Q Q

N-divisions on the main scale of a vernier callipers
coincide with N +1 divisions on the vernier scale.
If each division on the main scale is of a units, the
least count of the instrument is

10.

11.

12.

13.

N

@ N ® 5
a a
© N+1 N

The charge flown through a circuit in the time
internal between ¢ and ¢ + dt is given by dgq = e dt,
where 7 is a constant. Find the total charge flown
through the circuit between t=0to t = 7.

(a) ‘C(l—l) (b) t(e-1)
e

(C) T (e_ﬂ)
(4

The position vector of a particle is determined by

d T

the expression 7 = 327 + 4t } + 7k . The distance
travelled in first 10 s is

(a) 500m (b) 300 m

(c) 150m (d) 100 m

The height reached in time ¢ by a particle thrown
upward with a speed u is given by h = ut — % gt2 .

The time taken in reaching the maximum height
will be

u u h 1\h
(a) E (b) ¢ (c) " (d) (2)u

If |\71 +\72| = |\71 — V2| and \72 is finite, then

(a) \71 is parallel to \72
(c) V; and V, are mutually perpendicular
@ [Vil=1V,]

Choose the correct statement for the given graph.

1
it

11

(i) slope of the line is 4
(ii) Equation of the line is

2x+Z=—1

(iii) (%) =4

(iv) none of these
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14.

15.

16.

17.

D

(a) (i) and (ii) (b) (ii) only

() (iv) (d) (i) and (iii)
For the equation y = Ae™ graphical representation
will be
J VA
A Ab-eeemeeeeee
() (b) /
x ———x
y VA
A AT~
x ——x

In an experiment to determine the acceleration due
to gravity g, the formula used for the time period
7(R—r)
>g
of R and r are measured to be (60 + 1) mm and
(10 £ 1) mm, respectively. In five successive
measurements, the time period is found to be
0.5255,0.5655,0.57 s,0.54 sand 0.59 s. The least count
of the watch used for the measurement of time
period is 0.01 s. Which of the following statement
is true?
(a) The error in the measurement of 7 is 9%
(b) The error in the measurement of T is 4.57%
(c) The error in the measurement of T is 2%
(d) The error in the determined value of gis 11%

of a periodic motion is T =27 . The value

A physical quantity of the dimensions of length that

can be formed out of ¢, G and

is [c is velocity
4Te,

of light, G is universal constant of gravitation and

e is charge]
r 1/2
2 e2 v b i 62
@ ¢ G4neo () c?| G4mg,
2 2
1
(© G- @ Llg-¢

o 12
c 4ng, 2 | 471780:|

[NEET 2017]

Time (T), velocity (C) and angular momentum (h) are
chosen as fundamental quantities instead of mass,
length and time. In terms of these, the dimensions
of mass would be
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(a) [M]=[TC?h]

(b) [M]=[T'C?h™]

(0 Ml=[T7'C Zh]

(d) [M]=[T'C?h] [JEE Main Online 2017]

18. A physical quantity P is described by the relation

19. The following observations

P = a'? b* & d™. If the relative errors in the
measurement of a, b, ¢ and d respectively, are 2%,
1%, 3% and 5%, then the relative error in P will be
(a) 25% (b) 12%  (c) 8% (d) 32%
[JEE Main Online 2017]
were taken for
determining surface tension T of water by capillary
method. Diameter of capillary, D=1.25x 10 mand
rise of water, i = 1.45 x 1072 m. Using g = 9.80 m s~

and the simplified relation, T = Zg x10°Nm™,

the possible error in surface tension is closest to
(a) 0.15% (b) 1.5% (c) 2.4% (d) 10%
[JEE Main Online 2017]

20. There are two Vernier calipers both of which have

1 cm divided into 10 equal divisions on the main
scale. The Vernier scale of one of the calipers (C;) has
10 equal divisions that correspond to 9 main scale
divisions. The Vernier scale of the other caliper (C,)
has 10 equal divisions that correspond to 11 main
scale divisions. The readings of the two calipers are
shown in the figure. The measured values (in cm)
by calipers C; and C, respectively are

2 3
e
[TTTTT!

0 5 10
3

4
n

']

0 5 10
(b) 2.85and 2.82
(d) 2.87and 2.83

[JEE Advanced 2016]

i
b
© [TTTT 1T

(a) 2.87 and2.86
(c) 2.87and2.87

SOLUTIONS

1.

(a) : Since [surface tension] = [ML°T ']
[coefficient of viscosity] = [ML™'T ]

Mass has the same power in both dimensional
formula.

(a) : International system (SI) is not based on units
of mass, length and time alone.



(d): Area= = 22 X (1.22)2 =4.67782 m?.

As per rule, the area will have three significant
figures. Rounding off, we get

A =4.68 m*

(d): V=(200£8)V
I=(20+0.5) A

R=Y =2 _y50

I 20

A_Rzi(ﬂ+ﬂ)=i(i+£)=iﬁ
R \%4 I 200 20 200
AR

1
— X100 = i—3 X100 = =% 6.5%.
R 200

1
(d): Least count, L.C. = —=0.01 mm
100

Linear scale reading = 6 (pitch) = 6 mm
Circular scale reading = n(L.C.) =40 x 0.01 = 0.4 mm
Total reading = (6 + 0.4) = 6.4 mm

(a):In N forces of equal F
magnitude works on a single
point and their resultant is
zero, angle between any two
forces is given F

o 360°_360° _
N 3

The angle between the

forces and the triangle

formed by the forces is

shown in the figure.

120°
120° 18
120°

(b): s R
= tan90° = Lﬁ
P+ Qcos6 6
= P+QcosB=0 P

cosB = % s 0= COS_1 (%)

(c) : (N + 1) divisions on the vermier scale
= N divisions on main scale

N
1 division on vernier scale = —— divisions
. N+1
on main scale.
Given, each division on the main scale is of a units.

(i) o
—— | a units
N+1

1 division on vernier scale =

.:.d (say)

10.

11.

12.

13.

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

k-7
=a—-d=a—-|——|a=
N+1 N+1

(a): The total charge flown is the sum of all the
dq for t varying from ¢ = 0 to ¢ = 7. Thus, the total

charge flown is
T (1 - l)
e

—t/t "

T
Q = Je_t/Tdt = [ ¢ :| =
0 /o

-1/

(a): 7=3t2i+4t% ]+ 7k
at t=0,7 =7k
at t =10s, 7, = 3007+ 400  + 7k,

Ar =7 —7 = 300i +400 j
| Ar| =% -7 | = /(300) + (400)? =500 m

(b): Given, h = ut — L gt
2

or d—h =u—gt
dt
. . dh
For, maximum height, i 0
or u—gt=0 or r=2
b4
(0):

_
=
I8
<

o

nel

According to problem |V, +V, |=|V; =V, |
= | Vaet | =1 Vaet |

So, V; and V, will be mutually perpendicular.

(d): Here slope is +4 and y-intercept is 2. For graph
as shown in the figure, equation will be y = 4x + 2

Slope of line = (d_y) d_y =4,
dx dx
yaA
/
/{ tan0 = 4‘ N
12 "
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14. (¢): y = Ae represents exponentially decreasing
graph. Value of y decreases exponentially from A to
0. The graph is shown in the figure. ,,
A K
y=Aatx=0andy— 0as 7
X —> oo,

From the graph and the
equation, the value of

n T
15. (d): As T=Y -+
i=1 "

T 0.525s4+0.565s+0.57s+0.54s+0.59s

5
2.78s
= T =0.5565=0.56s

(- least count of watch is 0.01 s)

AT
Percentage errorin T' = - x100%

n
I -7

where AT = =l
n
|0.52—0.56|+]0.56 — 0.56 |+]0.57 — 0.56 |
+]0.54—0.56|+0.59 - 0.56]
5
B 0.04+0.00+0.01+0.02+0.03 _0.10

5

=0.02s

0.02
.. Percentage error in T = ﬁ x100% =3.57%

Given, r=(10+ 1) mm, R = (60 + 1) mm
% error in measurement of r

1
=—Xx100%=10%
10

7(R—r)
As T=2m (given)
7(R—r) 4m?
Log= X —
g 5 72

Ag _AR-—7r) 2AT
g R-r T

A
*. Percentage error in g = = 100%

3 AR-71)

—r

AT
X100%+2XTX100%

22
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16.

17.

18.

19.

2 mm
=5 x100% +2 %X 3.57%

0 mm
("~ A(R-7)=AR + Ar)
=4% +7.14% = 11%
(d): Dimensions of

62

=[F x d*] = [ML’T?]

4me,
Dimensions of G = [M 'L>T 2],

Dimensions of ¢ =[LT 71]

2 W
Joo| £ Gic"
4me,

LY = ML3T 2P (M L3 T 24 LT )"
On comparing both sides and solving, we get
1 1

p=5, q=5 andr=-2

, 2
=16
c?| 4me,
(c): Let m = kT*C'W*
where k is a dimensionless constant.
[ML°T?] = [T]* [LT '} [ML*T 1)?
[MLOT 0] — [M ZLy +2z TX—y—Z]
= z=1,y+2z=0andx-y-z=0

Solving, we get, x = -1, y = -2, z = 1; on putting
values we get

[M] = [T7'Ch]
(d): Here, P = a?v*Ea

AP=1&+2A—b+3£+4A—d
P 2a b c d

AP
or (— X100 )%
P

l&+2A—b+3£+4A—d X 100%
2 a b c d

Relative error in P

=Gx2+2x1+3x3+4x5J%=32%

(b): Surface tension is given by
T=rth><103 Nm™! =DThg><103Nm_l

Possible error in the surface tension is



AT AD o. Reading = Main scale reading + Vernier

Ah
- = 100 = D= 100+ 7" 100+0 divisions coinciding x Vernier constant

001x10~2  0.01x10~2 =2.8cm+7x0.01l cm=2.87cm
= [ 21X >+ X 5 ]x 100 For Vernier calipers C,,
1.25x10™ 1.45x10 1
(Permissible error in D and h is the place value of Smallest division on the main scale = b 1mm
the last digit.) Now, 10 V.S.D. =11 M.S.D.
AT 100 100
—x100=(l _) 11 11
T 125 145 or 1VSD. =—MSD=—XxImm=1.1mm
AT 10 10
T x100=0.8+0.689 = 1.489 =1.5%
. ¢ 8x1 mm, .
20. (d): For Vernier calipers Cj, 2 i3 : 4
lcm H H
Smallet divison on the main scsle = - - S TTTRTRAN Y L |
As10V.S.D. = 99M.S.D. x_)i—o 5 10
or 1V.8D.=—-MSD. H Y Ll m
Vernier const;nt =1M.S.D.-1VS.D. From figure, reading = 2.8 cm + x
=1M.S.D.——M.S.D. where x = (8 x 1) mm - (7 x 1.1) mm
. 0 = 0.3 mm = 0.03 cm
T M.S.D.= 0 X1mm=0.1mm = 0.01 cm . Reading =2.8 cm + 0.03 cm = 2.83 cm
———————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————— RO
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CHAPTERWISE MCQs FOR PRACTICE

MOTION IN A PLANE

What are the components of a vector A =2i +3]
along the directions of (1A + ]A) and (i —j)?

1 1
2>_ b
of) W
© (i —_1) )(—_5 L]
72’2 V2’2
A man rows a boat with a speed of 18 km h™" in the
north-west direction. The shoreline makes an angle
of 15° south of west. The component of the velocity
of the boat along the shoreline and perpendicular
to the shoreline are respectively

(@) 9kmh™, 12kmh™?! (b)12kmh™, 9kmh™!
() 9kmh™!, 155kmh™! (d)15kmh™},9.5kmh™

Two projectiles A and B thrown with speeds in
the ratio 1:+2 acquired the same heights. If A is
thrown at an angle of 45° with the horizontal, the
angle of projection of B will be

(a) 0°  (b) 60° (c) 30° (d) 45°

If the position vector of a particle is given by

7 = (4cos2t)i + (4sin2t)} +(6t)k m.

Find its acceleration at t = m/4.

(a) —8jms> (b) -16j m s>

(c) 12} ms 2 (d) 4} ms 2

For a particle in uniform circular motion, the
acceleration 4 at a point P(R, 0) on the circle of
radius R is (Here v is the speed of the particle. 0 is
acute angle and measured from the x-axis.)

PHYSICS FOR YOU | JuLY '17

2 2
Vo Vs
a) —1+—
(8) R R]

2 2
(b) —%cos@f +%sin9}

2 2

v Y A
c) ——sinBi + —cosO j
() R R j

2 2
(d) —% cosBi — VE sinf j

A cricket ball thrown across a field is at heights h;
and h, from the point of projection at times ¢, and
t, respectively after the throw. The ball is caught by
a fielder at the same height as that of projection. The
time of flight of the ball in this journey is

(a) (b)
ht; +ht; Wt —hyt;
() 7 (d) ~——
hlt2 + thI hltl - h2t2
A cyclist starts from the centre O Q

of a circular park of radius 1 km,
reaches the edge P of the park, then
cycles along the circumference
and returns to the centre along
QO as shown in the figure. If the round trip takes
10 min, the net displacement and average speed of
the cyclist (in m and km h™") are

(@) 0,1 ) 0
©) 21.4,7%r4 (d) 0,21.4



8.

10.

11.

12.

13.

A particle is projected from the ground with
an initial speed of 15 m s™' at an angle 60° with
horizontal. The average velocity of the particle
between its point of projection and highest point of
trajectory is

(a) 15J7ms™

(c) —15\/_ ms '

(b) 9/3ms™

(d) i ms !

A pro]ectlle A is thrown
thrown at an angle of
30° to the horizontal
from point P. At the
same time, another
projectile B is thrown with velocity v, upwards
from the point Q Vertically below the highest point.

For B to collide with A, -2 should be
Y1

1
(o) >

point

(a) 1 (b) 2 (d) 4

The resultant of two vectors P and Q is R. If the
magnitude of Q is doubled, the new resultant
becomes perpendicular to P . Then the magnitude
of R is

@ P+Q
(c) P

(b) Q
@ £+Q

A ball is projected from the ground at a speed of
10 m s making an angle of 30° with the horizontal.
Another ball is simultaneously released from a point
on the vertical line along the maximum height of
the projectile. This ball collides with first ball at the
maximum height of projectile. The initial height of
the second ball is (g = 10 m s72)

(a) 6.25m (b) 2.5m

(c) 3.75m (d) 5m

Let 7()=3i+42] and R()=4>7+3)
represent the positions of particles 1 and 2
respectively as function of time £ #(z) and 7 (?)
are in m and ¢ in s. The relative speed of the two
particles at the instant ¢ = 1 s, will be

(a) 1ms™! (b) 32 ms™!

(c) 5v2ms! (d) 7v2ms™!

The ceiling of a long hall is 25 m high. What is the
maximum horizontal distance that a ball thrown
with a speed of 40 m s™' can go without hitting the
ceiling ?

(a) 108 m(b) 120m (c¢) 150 m (d) 162 m

14.

15.

16.

17.

18.

A stone is projected from 8 S »p
ground. Its path is as A
shown in figure. At

which point its speed is decreasing at fastest rate?
(a) A (b) B
(c) C (d) D

A particle is moving uniformly in a circular path
of radius . When it moves through an angular
displacement O, then the magnitude of the
corresponding linear displacement will be

(@) 2r cos(g) (b) 2rcot (g)

(c) 2rtan(g) (d) 2rsin(g)

LAWS OF MOTION
A weight W hangs from a rope that is tied to two
other ropes that are fastened to the ceiling as shown
in figure. The upper ropes make angles 6 and ¢ with
the horizontal. Now, the values of T} and T), are

Wsing ~ Wsin
sin(0+0) sin(0+0)
Wsind Wsin0
cos(0+ ) " cos(0+ 0)
Wcosdp  WcosH
sin(0+ ) sin(0+¢)
Wcosdp ~ WcosO

(d) tan(0+0)  tan(0+¢)

A mass of 5 kg is suspended in equilibrium, by
two light inextensible strings S; and S, which
make angle of 30° and 45° respectively with the
horizontal. Then (Take g=10m )

(a) tension in both the strings is same

(b) tension in S; is more than that in S,

(c) tension in S is less than thatin S,

(d) sum of tension in both is equal to 50 N

A block of mass 200 kg is being
pulledupbymenonaninclined
plane at angle of 45° as shown
in figure. The coefficient of
static friction is 0.5. Each man can only apply a
maximum force of 500 N. Find the minimum
number of men required for the block to just start

moving up the plane.
(@) 10 (b) 15

45°

() 5 (d) 3
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19.

20.

21.

22.

D

Which one of the following motions on a smooth

plane surface does not involve force?

(a) Accelerated motion in a straight line.

(b) Retarded motion in a straight line.

(c) Motion with constant momentum along a
straight line.

(d) Motion along a straight line with varying
velocity.

The monkey B shown in figure is holding on to the
tail of monkey A which is climbing up a rope. The
masses of the monkeys A and B are
5 kg and 2 kg respectively. If A can
tolerate a tension of 30 N in its tail,
what force should it apply on the
rope in order to carry the monkey B
with it? (Take g =10 m s7).

(a) Between 70 N and 105 N

(b) Between 50 N and 69 N

(c) Between 30 N and 50 N

(d) Between 30 Nand 116 N

A gramophone record is revolving with an angular
velocity . A coin is placed at a distance r from the
centre of the record. The coefficient of static friction
is W. The coin will revolve with the record if

2 o’

(a) r=pgo (b) r<—
Mg

Hg ug

r<—= r=—=

© < GRS

Block A of mass m and block B of mass 2m are
placed on a fixed triangular wedge by means of
a massless, inextensible string and a frictionless
pulley as shown in the figure. The wedge is inclined
at 45° to the horizontal on both the sides. If the
coefticient of friction between the block A and the
wedge is 2/3 and that between the block B and the
wedge is 1/3. Both A and B are released from rest,
the acceleration of A will be

A4 B

m 2m

45° 45°

(a) 0.1
(c) 0.2

(b) zero
(d) 0.6

PHYSICS FOR YOU | JuLY '17

23.

24.

25.

26.

27.

28.

Abody of 100 kg is placed on a truck. The coefficient

of static friction between the body and the truck is

0.2. The truck suddenly decreases its speed from

90 kmh™'to 36 km h™! in 5 s. Then

(a) the block does not move.

(b) the block slips forward and hits the driver’s
cabin

(c) block shifts backward

(d) nothing can be said about the block.

A boy stands on a weighing machine inside a lift.
When the lift is going down with acceleration g/4,
the machine shows a reading 30 kg. When the lift
goes upwards with acceleration g/4, the reading
would be

(a) 18 kgf (b) 37.5 kgf

(c) 50 kgt (d) 67.5 kgf

A body of mass m is travelling with a velocity u.

When a constant retarding force F is applied, it

comes to rest after travelling a distance s;. If the

initial velocity is 2u, with the same force F, the

distance travelled before it comes to rest is s,. Then
— S]

(®) s, = >

(€) s2=5 (d) s, =4s;

A person sitting in an open car moving at constant

velocity throws a ball vertically up into air. The ball

falls

(a) Outside the car

(b) In the car ahead of the person

(c) In the car to the side of the person

(d) Exactly in the hand which threw it up

(a) s5=25

The rear side of a truck is open and a box of mass
20 kg is placed on the truck 4 m away from the
open end. If (L is 0.15 and g = 10 m s and the truck
starts from rest with an acceleration of 2 m s™* on
a straight road, then the box will fall off the truck
when it is at a distance of x metre from the starting
point. The value of x is

(a) 4m (b) 8m (c) 16 m (d) 32 m.

An insect crawls up a hemispherical /

surface very slowly as shown

in the figure. The coefficient of <

friction between the insect and

the surface is 1/3. If the line joining the centre of the
hemispherical surface to the insect makes an angle
o with the vertical, the maximum possible value of
o is

(a) cota=3
(c) seca=3

(b) tanau =3
(d) coseca=3



29.

30.

A weightless thread can bear tension upto 3.7 kg wt.
A stone of mass 500 g is tied to it and revolves in
a circular path of radius 4 m in vertical plane. If
¢ = 10 m s then what will be the maximum
angular velocity of the stone?

(a) 2rads! (b) 4rad s}
(c) 6rads! (d) 10 rad s7*
Two fixed frictionless inclined planes making an

angle 30° and 60° with the vertical are shown in the
figure. Two blocks A and B are placed on the two
planes. What is the relative vertical acceleration of
A with respect to B?

60° 30°

(a) 4.9 m s~2 in vertical direction
(b) 4.9m s~% in horizontal direction
(c) 9.8 m s~ in vertical direction
(d) zero

SOLUTIONS

1.

(0): A=2i+3] = MG+ +uli-))
20+3j = (A+u)i +(M—u)j
= A+u=2andA-u=3

5
= A= Eandu:—

R
Now, unit vector along i + j is L and unit vector
2 o \/E
N
along i—j=—

V2

n N 5+~ 4 PN
Thus, 27 +3j= 2(F+])- %(i—j)

_(i).(ﬁ)_L(f;fJ
V22 ) 2\ 2
As, the components of 2i +3j along i+ jand i -]

directions are (i _—1)
V2’2
(c)
(c) : For projectile A maximum height,
_ ui sin” 45°
= —2g

For projectile B maximum height,

A

ulz3 sin“@
Hy =——
28
As per question, Hy = Hy
uf‘ sin*45° B 14123 sin’0 sin’0 ui
= or ==
2g 2g sin®45° ulz3
u 2
sin®@ = | —4 | sin®45°
o

2 2
sin’0 :(L) (L) =l u_A:L
V2)\\2) 4 up 2
sinezl or stin_l(l)z?’Oo
2 2

(b): Position, r = (4cos2t)i + (4sin2t)j + 6tk
Velocity,

v= %: [4( - sin2t)(2)]i +[4(cos 2t)- (2)]j + 6k

= (—8sin 2t)i + (8 cos 2t)} +6k

Acceleration,
i= % =[-8 (cos 2t)(2)]i +[8( - sin 2t)(2)]j
= (=16 cos 2t)i + (—16 sin 2t);]
When t=m/4

a= (—16 cos 1/2)i + (—16 sin nlz)}

2

=(-16X0)i +(—-16x1)j=—16j ms

(d): For a particle in 1 24

uniform circular motion,
. V2

acceleration, a = E

towards the centre
From figure,

2 2
d =— acosbi — asin®j = — Y cosoi — v—sin@j
R R

(a): Let a cricket ball be thrown with velocity u at
an angle 0 with the horizontal.

1
As per question, h; = usin6t, — 2 gti
, 1, .
or usint, =h, + Egt1 - ()

1
and h, = usin6t, — 2 gts
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10.

28)

1 .
or usin®t, =h, + Egtz2 ... (ii)
Divide eqn. (i) by eqn. (ii), we get

h +1gt2
17580 1 1
t—1=—2i h2t1+5gt§t1:hlt2+5gt12t2

- tlz tz)
2usin®
8

1
Mty —hyty = Eg(ﬁt% ... (iii)

Time of flight, T =

1
ng hy +53112 (Using (i))

g t
2_ .2 s e
=£h_1+t1 :h_1 tity —tit, tt, (Using (iii))
_ Ity —hyity
(d)

(¢): Average velocity =

_hé—%ﬁ
! ity —hyty

Displacement

Time

R2
+ -
Yo =T 2
Here, H = maximum height
v2 sin 6

2g

v2sin20

2v sin

R=range = and T=time offlight =

g g

Putting these values in eqn. (i) we get

Vg = \/1+3cos )
15 | 15 15 _
143 x cos® 60° = - ;f ms !

(c): Both the projectiles w1ll colhde in the air if
vertical component of velocity of projectile A is
equal to the velocity of projectile B.

1
vysin30°=v, = B2
v, 2
(b): P+O=R
tana:ﬂ
P+(QcosB

PHYSICS FOR YOU | JuLY '17

11.

12.

13.

and R* = P* + Q* + 2PQ cosH (i)
When Q is doubled, resultant R is perpendicular
to P

R? = P* + 4Q* + 4PQ cos0
From right angled triangle BAD

D

4QP =R+ P, ¢
Ri=4Q°-P°
Substituting in (ii) and
solving, we get
P> +2PQcos®=0  ...(iii)
Substituting (iii) in (i), we get
R*=Q*orR=Q

..(i1)

22
(b): Maximum height of projectile, A = %ﬂe
4
2 inZ2ane
_ (10)” xsin” 30 =§=1'25 m
2x10 4 .
. . . . usin O
Time for attaining maximum height, # =
10 xsin30°
_ X sin30 ~05s
10

Distance of vertical fall in 0.5 s, 4 = % gt’
or h= %><10><(0.5)2 =1.25m

Height of second ball = 1.25 + 1.25 =2.5m
(c) : Here, 7(t)= 3t/i\ +4t2?‘ » K= 412 ? +3t§'
Velocity, 7,(t) = ﬁ - %(y i+t = 3148t

drz

A A
nn="2 (4t2 i+3t)) = 8i+3]

The relatlve speed of particle 1 with respect to
particle 2 is
Vip =V — ¥, =(3?+8t9)—(8t?+3?’)
=(3-8)i+(8t-3)]
Att=1s, ¥, :(3—8)/1'\+(8—3)/]\‘ = -5i+5j

|75 = V(=52 +(5)% = \J25+25 = 572 ms!

2.2 2 2
(©): by = u°sin“0 - 95 = 40” xsin“0
2g 2g
50 50x10 5 5
sin26=—g= =—;sin9=£
4()2 40%x40 16 4

cos 0 =+/1—sin? =g

2(40)2 ﬁ @
u*sin20 B 2u’sinBcos B 4 4

g g 10

R=




14.
15.

16.

17.

18.

_2x40 2%\/55

4 x4x10
(a)

(d): The situation is shown in figure.
According to cosine formula B
r2+rt—d?
cosb= — 4
2r
2r%cosO =1 +1* - d*
d? = 2r% - 2r%cos0 = 27%[1 - cos6]

=2r? [2 sin’ 9] or d=2rsin (9)
2 2

(c) : For equilibrium,
Along the horizontal
direction
TicosO=T,cos
Along the vertical
direction

T;sin@+ T,sinp=W

S2E AN 50455 =148.3~150 m

...(ii)

Substituting the value of T, from eqn. (i) in eqn. (ii).

T, sin O + (Tlc—ose)sin o0=Ww

cosh
= T, (sin O cos ¢ + cos Osin ) = W cos ¢
T - .Wcos(b

sin(0+¢)
Similarly T. — Wcos6
imilarly, T, = —sin(9+¢) .

(©): T,

< 30°
T,cos 30°

l T,cos 45°
5kg

From figure, we concluded
T4 cos 30° = T, cos 45°
3 1 3
TI£=T2— = T, =\/:T1 = T,>T
2 2 2
(c) : Here, s
Mass of the block, N
m =200 kg
Coeflicient of static

. PO |
friction, Mg =0.5= 5 8
&,

Angle of incline plane,
0 =45°

N
>

19.

20.

21.

22.

Maximum force that each man be apply, F = 500 N
Let n number of men are required for the block to
just start moving up the plane. Then
nF = mgsin® + f = mgsin® + p N
= mgsin® + pmgcosd = mg[sind + pycoso]

=200x10 |:sin 45° + % cos 45°:|

1 200 %10 % 3
=200%10
[J— 2J_] 2
_200x10x3 _
T V2 %500

(c): Motion with constant momentum along a
straight line implies p= constant.
So, according to Newton’s 2" Jaw

F="t= i(constant) =0
dt dt

(a): Let us make the free body diagram for both

monkeys separately. F T

As the monkey A, T T

applies a F, Sﬁ(g ZBkg

downward on the rope, ! !

theropeappliesaforce F Tl l 5¢ l

upward on the monkey A.

For A, F-5¢-T=5a ...(1)

For B, T-2g=2a ...(ii)

Dividing the two eqns.

F-5g-1 5
—=— =— = 2(F-5¢-T)=5(T-2
T—2g > ( g ( )

2F-10g-2T=5T-10g=2F=7T or ng
Now from eqn. (ii), fora =0

Tnin = 28 = 20 N; Tp., = 30 N is given.

force

Ta

2g

2F
Hence, 20 NS T<30N=20N< — <30N
7
7 7(2 7
Z(Q20N) <—|=|F <-(B0ON)
2 2\7 2

70N<F<105N

The coin will revolve with the record, if

(¢):
Centripetal force < force of friction
mr(n2 Suwmg or r< u—gz

®
(b): The free body diagram of the blocks is shown

in the figure

29)
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23.

24.

25.
27.

D

450 2mg sin 45°

4
mg 2mg

The equation of motion of block B is
2mg sin 45° - u,N, — T'=2ma

1
or 2mgsin45° - 3 2mg cos45° - T = 2ma

2 1 T
or 2a=|2-——|g———
( 3)g\/5 m

. mg .
But (mp — m4)esin® = —= will be less than
(mp g NG

2 T
or a=—"F—=¢8——
327 2m

4mg

W2

Therefore the masses will not move and hence
acceleration of A or B will be zero.

(wymy + ppmp) g cOsH =

(b): Force of static friction = umg
=0.2x100x 10=200 N
(90 kmh™' =36 kmh™")
5s

Deceleration =

_ 25ms ' —10ms™!
- 5s
Force on the mass = 100 kg x 3 m s> = 300 N
This is greater than the force due to static friction.
Therefore due to pseudo force, the block of mass m
will go forward and hit the driver’s cabin.

=3ms 2

(c) : While going down, machine reading is 30 kg.

= mg-N= m(%); lg/4

|
mg - 30g = % ;3% = 30g miTN=30g

Boy

"= 30x4 —40kg

While going up, the reaction would be
N -mg= m% Boy Tg/4

|
V=58 -2 okg)g o1
4 4 e
= N’ =50kgf.
(d) 26. (d)
(c):a:st"z,N:mg
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28.

29.
30.

ma - UN = magr = (ma - umg) = magy
= apr=a-Hug

=2ms2-(0.15) (10 m s %)

=0.5ms >

;) . ma
For the box’s m10t10n w.r.t. truck, Box (=
SBTZHBT.t'F—aBT.tz | tIJN
2 vy

1 5 mg
4=0+ —(05)0* == — —

2 0.25 BT
= t=4s.

After 4 s, the box will fall off the truck. During 4 s,
the truck travels,

x= % at? = (2)(4)2 = 16 m.

(a) : The insect I is under
the action of two forces.
N denotes the normal
reaction ~ while  mg
denotes the weight of the
insect. The weight mg
can be resolved into two
perpendicular components. For equilibrium
N = mgcosa, f = mgsino.
where f denotes force of friction.

mgsina
mgcoso

mg

But f=uN u(mgcosa) = mgsino
1
or Uu=tanot or —= or cotaa=3
cot ol
(b)
(a): The acceleration of the body down the smooth

inclined plane is a = gsin®
It is along the inclined plane.
where 0 is the angle of inclination
The vertical component of acceleration a is
. . .2
A(along vertical) = (gSIHG)Slne =gsin 0
For block A,
.2
A A(along vertical) = £S111 60°
For block B,
.2
aB(along vertical) = &S111 30°
The relative vertical acceleration of A with respect
to Bis

aAB(along vertical) = aA(along vertical) ~ aB(along vertical)

2 2
3 1
= gsin60° - gsin®30° = ¢ ((_{ ) - (E) ]

g

= E =4.9ms 2 in vertical direction.

@
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CHAPTERWISE PRACTICE PAPER

UNITS AND MEASUREMENTS | MOTION IN A STRAIGHT LINE

Time Allowed : 3 hours

Maximum Marks : 70

GENERAL INSTRUCTIONS

(i) All questions are compulsory.

(ii) Q.no.1 to5 are very short answer questions and carry 1 mark each.
(iii) Q. no. 6 to 10 are short answer questions and carry 2 marks each.

(iv) Q.no. 11 to 22 are also short answer questions and carry 3 marks each.
(v) Q.no. 23 is a value based question and carries 4 marks.

(vi) Q.no. 24 to 26 are long answer questions and carry 5 marks each.

(vii) Use log tables if necessary, use of calculators is not allowed.

S

A

SECTION - A

1.

32

A famous relation in physics relates moving
mass (m) to the rest mass (m,)of a particle in terms
of its speed v and the speed of light, c. (This relation
first arose as a consequence of special theory of
relativity due to Albert Einstein). A boy recalls the
relation almost correctly but forgets where to put
— mO
REENEE

Guess where to put the missing c.

the constant c. He writes :

Distinguish between accuracy and precision.

If in case of a motion, displacement is directly
proportional to the square of the time elapsed, what
do you think about its acceleration i.e., constant or
variable? Explain why.

Which of the two-velocity or acceleration, gives the
direction of motion of the body. Justify your answer
by an example.

When an observer is standing on earth, the trees
and houses appear stationary to him. However,
when he is sitting in a moving train, all these objects
appear to move in backward direction. Why?

PHYSICS FOR YOU | JuLy ‘17

SECTION - B

6.

10.

Give reasons why is platinum iridium alloy used in
making prototype metre and kilogram.

A ball is dropped from a building of height
45 m. Simultaneously another ball is thrown up
with a speed 40 m s™'. Calculate the relative speed
of the balls as a function of time.

Distinguish between distance and displacement.

Suggest an indirect method for measuring the
height of a tree on a sunny day.

OR

The nearest star to our solar system is 4.29 light
years away. How much is this distance in terms
of parsecs? How much parallax would this star
(named Alpha Centauri) show when viewed from
two locations of the Earth six months apart in its
orbit around the Sun?

The unit of length convenient on the atomic
scale is known as an angstrom and is denoted by
A :1A =107"" m. The size of a hydrogen atom is
about 0.5 A. What is the total atomic volume in m’
of one mole of hydrogen atoms?



SECTION - C

11. Define relative velocity. Deduce an expression for
relative velocity of one object with respect to another
in terms of their velocities relative to the earth.

12. What is meant by dimensional formula and
dimensional equation? Give examples.

13. A car accelerates from rest at a constant rate o for
sometime after which it decelerates at constant
rate 3 to come to rest. If the total time elapsed is
t second, evaluate : (a) the maximum velocity
reached and (b) the total distance travelled.

14. Which of the following is the most precise device

for measuring length :

(a) a vernier callipers with 20 divisions on the
sliding scale

(b) a screw gauge of pitch 1 mm and 100 divisions
on the circular scale

(c) an optical instrument that can measure length
to within a wavelength of light?

15. Suggest a suitable physical situation for each of the

following graphs shown in figure.
x 4

t >t
N

() (b)

()
OR
Look at the graphs (a) to (d) carefully and state,
with reasons, which of these cannot possibly
represent one-dimensional motion of a particle.

XA %
WQ)t 4$—> t
(a) (b)

Total path length
Speed A P 8

e

(© (d)

16. Einstein’s mass - energy relation emerging out of
his famous theory of relativity relates mass (m)
to energy (E) as E = mc*, where c is speed of light
in vacuum. At the nuclear level, the magnitudes
of energy are very small. The energy at nuclear
level is wusually measured in MeV, where
1 MeV =1.6012 x 107'*J; the masses are measured
in unified atomic mass unit (u) where
1u=1.6605 x 10" kg.

(a) Show that the energy equivalent of 1 uis 931.5 MeV.

(b) A student writes the relation as 1 u = 931.5 MeV.
The teacher points out that the relation is
dimensionally incorrect. Write the correct
relation.

17. Two trains, each of length 100 m, are running on
parallel tracks. One overtakes the other in 20 s
and one crosses the other in 10 s. Calculate the
speed of each of the trains.

18 A new system of units is proposed in which unit
of mass is a kg, unit of length B m and unit of
time y s. How much will 5 ] measure in this new
system?

19 The displacement of a particle is zero at t = 0
and x at t = t. It starts moving in the positive
x-direction with a velocity which varies as
v=k/x, where k is a constant. Show that the
velocity is proportional to time.

20 A point moves from rest with a uniform
accelerationand ¥;,7, and ¥; denote theaverage
velocities in the three successive intervals of time

(" =7,)

(v,-73)

21. A car starts from rest and accelerates uniformly
for 10 s to a velocity of 8 m s™'. It then runs with

constant velocity and is finally brought to rest
in 64 m with a constant retardation. The total

t;, t, and t;. Find the ratio

distance covered by the car is 584 m. Find the
value of acceleration, retardation and total time
taken.

22. Time for 20 oscillations of a pendulum is
measured as t;= 39.6 s; t,= 39.9 s; t;= 39.5 s. What
is the precision in the measurement? What is the
accuracy of the measurement?
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SECTION - D

23.

Ramesh was travelling along with his father in a
train. When the train was moving fast, Ramesh
looked out of the window of the train. To his
surprise, he found that the nearby trees, houses,
lamp-posts, etc. seem to move rapidly in a direction
opposite to the train's motion while the distant
objects such as hill tops, the Moon, the stars, etc.
seem to be stationary. Out of shear enthusiasm,
he asked his father, who was a science teacher, to
explain him the reason behind this observation. He
gave the explanation of the phenomenon in detail.
(a) What are the values being displayed by Ramesh
here?

(b) Name the phenomenon involved in the above
observation.

(c) Explain the above observation clearly.

SECTION - E

24,

25.

34

A point moving with constant acceleration from A
to B in the straight line AB has velocities vy and v at
A and B respectively. Find its velocity at C, the mid-
point of AB. Also show that if the time from A to C
is twice that from C to B, then v = 7v,.

OR
The velocity-displacement graph of a particle is

shown in figure.
v

Yo

0 x
X0

(a) Write the relation between v and x.

(b) Obtain the relation between acceleration and
displacement and plot it.

Define the principle of homogeneity of dimensions.
An artificial satellite is revolving around a planet
of mass M and radius R, in a circular orbit of radius r.
From Kepler’s third law about the period of a
satellite around a common central body, square
of the period of revolution T is proportional to
the cube of the radius of the orbit r. Show using

3
dimensional analysis, that T = % \/7, where k is a
4

dimensionless constant and g is acceleration due to
gravity.
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26.

OR
(a) Deduce the general rule for evaluating the error
in combind calculation.
(b) The specific resistance G of a thin wire of radius
rcm, resistance R Q and length L cm is given by
nr’R
L
If r=0.26%£0.02cm,R=32+£1Q
and L =78 £ 0.01 cm, find the percentage
error in G.

Derive the following equations of motion for
uniformly accelerated motion from velocity - time

graph :
(@) v=u+at
(c) v - u? = 2as.

(b)) s=ut+ 1 at?
2

OR

If velocity of light ¢, Planck’s constant h and
gravitational constant G are taken as fundamental
quantities then express mass, length and time in
terms of dimensions of these quantities.

SOLUTIONS

1.

From principle of homogeneity of dimensions both
sides of given formula must have same dimensions.
For this, (1 - 1/2)1/2 must be dimensionless.
Therefore, instead of (1 - v»)Y2 it will be
(1 -2,

m,

REREFERE

By accuracy of a measurement we mean that the
measured value of a physical quantity is as close
to the true value as possible. On the other hand,
a measurement is said to be precise, if same value
of that quantity is obtained in each of the various
measurements carried out with the given apparatus.

Hence relation should be m =

Given x o< £
or x = ct® where cis a constant

d
Velocity, v= & exot
dt

dv
Acceleration, a= Z =2c¢ = a constant

Hence the object is moving with a uniform acceleration.

It is the velocity and not the acceleration, which
gives the direction of motion of a body. When a
body is projected upward, both its direction of
motion and velocity are in upward direction but the
acceleration is in the downward direction.



For the stationary observer, the relative velocity of
trees and houses is zero. For the observer sitting in
the moving train, the relative velocity of houses and
trees is negative. So these objects appear to move in
backward direction.

The reasons for making standard kilogram and

metre from platinum-iridium alloy are as follows:

(i) The alloy is least affected by temperature
variations.

(ii) It is non-corrosive and so does not wear out
easily.

(iii) It is quite hard.

(iv) It does not change with time.

Velocity of dropped ball after time, ¢

vy=gt (downward)
Velocity of thrown ball after time, ¢
v, =40 - gt (upward)

. Relative speed of balls = v, = vy
=v3+v; (As they are in opposite direction)
=gt+(40-g)=40ms"

Distance

(i) | Distance is the
length of the actual

Displacement

Displacement is the
shortest distance

path traversed by a | between the initial
body, irrespective of | and final positions
its motion. of a body in a given
direction.
(ii) | Distance between Displacement

two points may be
same or different

between two given
points is always

for different paths same.

chosen.
(iii) | It is a scalar quantity. | Itis a vector quantity.
(iv) | Distance covered Displacement

may be positive or
zero.

covered may be
positive, negative or
Z€r0.

9. Let AB be the height of a tree, as shown in figure

and BC be its shadow cast by the sun.

10.

11.

Let ZACB=60
Clearly, tan 6 = 4B
BC

Take a rod A” B’ and fix it at such a point that the
tip of its shadow coincides with the point C. Then

’'np’

tan0= .
B’C
Hence ﬁ = A'B .
B'C
.. Height of tree, AB = A,B X BC.
OR

Distance = 4.29 light years = 4.29 x 9.46 x 10> m
(. 1 light year = 9.46 x 10" m)
 4.29%9.46x10"

3.08x10'° parsee

("1 parsec = 3.08 x 10'° m)
= 1.318 parsec = 1.32 parsec
Parallax of the star,
_ Arc _ é_ 2 AU
Radius s 1.32 parsec

=1.515"

v 1 AU
S parsec

Here,7 =0.5A=05x10""m
V1 = Volume of each hydrogen atom

4 4 _
=§T|:r3 =§><3.14><(o.5><10 1043

=5.233x 107" m’
According to Avogadros hypothesis, one mole of
hydrogen contains :
N =6.023 x 10> atoms
.. Atomic volume of 1 mole of hydrogen atoms,
V=NV,
or V=6.023x10"x5.233x 107"
=3.152x107 m’=3x10" m’

The relative velocity of an object 2 with respect to
object 1, when both are in motion, is the time rate
of change of position of object 2 with respect to that
of object 1.

As shown in figure, consider the objects 1 and 2
moving along the same direction with constant
velocities v; and v, (relative to the earth) respectively.

1 2
o————»V; o——>V)

PHYSICS FOR YOU | JULY ‘17

32)



12.

13.

3¢)

Suppose the position coordinates of the two objects
are x; (0) and x, (0) at time ¢ = 0. At time ¢ = £, their
position coordinates will be

x1 (8) = x (0) + vyt

Xy (1) = x5 (0) + vyt

Subtracting (i) from (ii), we find that

x; () = x1 () = x5 (0) = x1 (0) + (vo = )t
or [x, () = x, (0)] =[xy (£) - 1 (0)] = (v, - vyt
Displacement of object 2 in time ¢

- Displacement of object 1 in time ¢ = (v, — v{)t

(1)
..(ii)

or
or Relative displacement of object 2 w.r.t. object 1
in time t = (v, — v))t

or Relative displacement of object 2 w.r.t.object 1

Time ¢
=V-N
or Relative velocity of object 2 w.r.t. object 1,
V21=V2— N
Similarly, relative velocity of object 1 w.r.t. object 2,
Yi2=V1-"2
The expression which shows how and which of the
fundamental quantities represent the dimensions
of a physical quantity is called the dimensional
formula of the given physical quantity.
The dimensional formula of the volume is [MOL3TO]
and that of momentum is [MLT ~}].
The equation obtained by equating a physical
quantity with its dimensional formula is called the
dimensional equation of the given physical quantity.
The dimensional equation for force is
[Force] = [MLT 2]
The dimensional equation for pressure is
[Pressure] = [ML™! T2]

Dimensional formulae for force is [MLT ~2] and for
pressure is [ML’IT’Z].

Let t; be the time during which the car accelerates
and t, be the time for its deceleration.

(a) Letv,, be the maximum velocity reached.

As v=vy+at,

. v .
For time t;,v,,= 0+ oty, or t; =1 (1)

(0

. v .
For time t,, 0 = v,,, - Pt,, or t, = Fm (i)
AS tl + t2 = t,
v, Vv o+
M+ =t or v, —B =t

o B v
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14.

15.

= —(O(:‘E E) .. (iif)
(b) As s=v0t+%at2,

1
for time t, s, =E(xt12 (asvg=0,a=0,t=t)

and for time t,, s, = v,,t, + l(—B)ti
2

(asvog=v,,a=-p,t=t)
Total distance covered, s = s; + s,

1 - 1P
or s=-—ot; +|v, t,——pt
2 ! (mZ ZBZ)

1 (v ” % 1,(v ’
or s=—o-2 | +v, x|
ol ) e 3o()

(Using (i) and (ii))

2 V2 V2 V2 V2

L+L_L:L+L=lvz l+l
200 B 2B 200 2B 2" \o B
oft

et
“2{la+B ) L ap ) 2(0+P)

The most precise device is that whose least count is
minimum.

Now,

(a) Least count of vernier callipers

or

(Using (iii))

=1MSD-1VSD =1 MSD—EMSD = iMSD
20 20
—imm—Lcm =0.005 cm
20 200
(b) Least count of screw gauge

pitch

number of divisions on circular scale

cm = 0.001 cm

=—— mm-=
100 1000

(c) Wavelength of light, A ~ 10~ ¢m = 0.00001 cm

Least count of optical instrument = 0.00001 cm
Thus, clearly the optical instrument is the most
precise instrument.

Figure (a) : The (x-t) graph shows that initially x
is equal to 0, attains a certain value of x, again x
becomes zero and then x increases in opposite
direction till it again attains a constant x (i.e. comes
to rest). Therefore, it may represent a physical
situation such as a ball (initially at rest) on being
kicked, rebounds from the wall with reduced speed
and then moves to the opposite wall and then stops.



16.

17.

Figure (b) : From the (v-t) graph, it follows that
the velocity changes sign again and again with the
passage of time and every time losing some speed.
Therefore, it may represent a physical situation such
as a ball falling freely (after being thrown up), on
striking the ground rebounds with reduced speed
after each hit against the ground.

Figure (c) : The (a-t) graph shows that the body gets
accelerated for a short duration only. Therefore,
it may represent a physical situation such as a ball
moving with uniform speed is hit with a bat for a
very small time interval.

OR
(a) A line drawn for a given time parallel to position
axis will cut the graph at two points which means
that at a given instant of time, the particle will
have two positions which is not possible. Hence
graph (a) is not possible i.e., does not represent one
dimensional motion.
(b) This graph does not represent one dimensional
motion because at a given instant of time, the
particle will have two values of velocity in positive,
as well as in negative direction which is not possible
in one dimensional motion.
(c) This is a graph between speed and time and
does not represent one dimensional motion as this
graph tells that the particle can have the negative
speed but the speed can never be negative.
(d) This does not represent one dimensional
motion, as this graph tells that the total path length
decreases after certain time but total path length of
a moving particle can never decrease with time.

Here, 1 u = 1.6605 x 102" kg, c=2.998 x 10* m s
(a) Asweknow, E=mc®=1u(c?)

= (1.6605 x 10727 kg) x (2.998 x 10 m s7!)?
= E=14924x101]

1.4924x107"°
1.6012x107"°

(b) AsE= mc?, m = E/c?
According to this, 1 u = 931.5 MeV/c*

or 1uc?=931.5MeV
Hence, 1 u=931.5 MeV is incorrect relation.

~9.315%10% eV =931.5 MeV

Let |v4| and |vg| be the speeds of the two trains
(say A and B).

Total distance to be covered in each case = sum of
the lengths of the two trains = 200 m

18.

19.

20.

While one train overtakes the other, relative
speed between the two trains moving in the same
direction, i.e., [Veame| = |Va| = V3|

And while crossing each other, relative speed
between the two trains moving in the opposite
directions, i.e., [Vopp| = [Val + |Vl

According to the given condition,

200
=20, or |Vsame| = |VA| - |VB| =10
|Vsame |
200
and =10 or |V0pp| = |VA| + |VB| =20
Vopp

Clearly, |v4| =15 m s and |vg| = 5m s

In STunit, M; =1kg, L1 =1m, Ty =1s

In other proposed unit, M, = oo kg, L, = 3 m,
T,=ys,n=5],n,=71

Also, [U] = [M'L* T

We know, nu; = nyu,

1 2 -2
o omen| e [ M B [ &
R M L (T
1/ 2/, V2
(Y (1Y (1) my
= oG -
5
= 1y, = ? J which is the required value of energy.
o

dx dx
As v=k+/ ,—=kx1/2 or — =kdt
dt X1/2

Integrating both sides within the given limits, we get

x dx t

J.()W:k.[odt

xl/z" kt
or |— =k|t|(t) or 2Jx=kt or Jx=2

1/20 2

2
Thus, vzkﬁzk(%)z[k?]t

or ve<t

If v|, v,, v3 are the velocities at #, f, and 5
respectively, then v, = at;, v, = a(t; + t,) and
V3= ﬂ(tl + t2 + t3)

_ 0+v; 1
Clearly, v, = lzzatl
_ v tv, at +ta(t;+t 1
5 _ntvy _ah t 2)=at1+—at2
2 2 2
_ vytvs oa(t +5)+a(t +t, +t3)
ST 2
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21.

22.

38)

— 1
V3 = a(tl + tz) + 5 at3
_ _ 1
Clearly, v, —v, = —Ea(l‘1 +t,)

_ 1
and v, —v; =—5a(t2 +13)

V=V, :t1+t2

ObViOllSly, ——
Vy—Vy b+l
A s, B Sy C 3 D

1|/1—64 m—v:| ’
le——— 584 m———>

For the part AB of the journey.
From vy =v+aty,

V=0 V1=8ms_1—

Vi =V 8-0 _
a=-10="""-08ms
t 10
I », 1 2
5125‘”1 =5(0.8)(10) =40m

For the part CD of the journey.

From 1* - v12 =2as;, 0 - (8)* = 2a(64),

a=-05ms>

Also, from v =v; + at3, 0 = 8 + (-0.5)t;
or t3=16s
For the part BC of the journey.

5y =584 — (s,+ 53) = 584 — (40 + 64) = 480 m

480
From $H = Vltz; t2: $_2=_=
V1

Total time taken =t + £, + t3=10s+ 60 s+ 16 s =865
The acceleration of car in first part of journey is
0.8 m s %, retardation in last part of journey is 0.5 m s >
and total time taken to complete the journey is 86 s.

60 s

Time for 20 oscillations of a pendulum, ¢; = 39.6 s,
t)=399s,t3=395s

According to the given data, least count of stop
watch=0.1s

Precision for 20 oscillations is the least count of
watch i.e., 0.1's

0.1
Precision for 1 oscillation is 20 0.005 s
Average time for 20 oscillations of the pendulum is
given by
t+ty+t;  39.6+39.9+39.5
t= =
3 3

=39.665s=39.7s
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23.

24.

, 397
Average time period, t'= 0 1.98 s
Maximum value of time period observed
39.9
=——5=199%s
20
Accuracy of measurement is the maximum
observed error, and is given by

Accuracy = [1.995 - 1.980| = 0.015 s

(a) Keen observer, inquisitive and a good learner.
(b) The phenomenon involved is parallax.

(c) The line joining the object and the eye is
called the line of sight. The direction of the line of
sight of the nearby objects like trees changes very
rapidly due to the fast motion of the train and so
they appear to move in a direction opposite to the
train's motion. But the direction of line of sight of a
distant object like stars does not change due to large
distance from the eye, so the distant objects appear
stationary.

The journey of the particle is shown in figure, where
AB=s.
Yo T

A C
<«—3/2—><—s/2—>

e <

<t s =
For the path AB, v* - 1§ = 2as

If v, is the velocity at C,

v% - vé =2a(s/2) = as

From eqns. (i) and (ii),

21/% - 21/3 = - v(z)

(i)
..(i1)

2 2

v vl
or vi= or v =

5 5 ...(iii)
If t is the time for the journey of the particle from C
to B, then as per condition of the problem, time for
the journey from A to C is 2¢t. Clearly, time for the
journey from A to B = 3t.

v+
t
2 2

For the path CB, 2= ..(iv)

vy +v
2
From eqns. (iv) and (v), we get

and for the path AB, s= ( J3l‘ (V)

(v +v)= %(V0+V)

V2402

2

or 3vy+v=2v =2 (using eqn. (iii))



25.

or 91/(2) +v 6vvy = 2v% + 21/(2)

or V—6wy-7vi=0 or (v+vo)(v-7vy) =0

Since (v+vp)#0,v-7v5=0 or v=7v
OR
(a) Clearly slope of the graph,
m=—20 v
X "

Also,atx =0, v =1,

v,

v= (— —0) X+,
X0
o »x

which is required relation

(b) As, v=(—v—0]x+v0

X0

azﬂz Yo d—x+0 = a= o 14
dt xg ) dt X

2 (e

=

which is required relation between acceleration and
displacement.
Compare it with, y = mx + ¢

v vy
Here, m:—z, c=——
X X0

Slope is positive and intercept is negative.
ahk

0 X0
%

Xo

According to this principle, when a physical
equation consists of a number of terms, each of
these terms must be of the same dimensions in each
of the fundamental units.
Given that, according to Kepler’s third law,

TP’ = Tocr?
Also, T depends on g and R as given below,

T g R
where x and y are exponents of g and R respectively.

26.

= T=k'?gR

where kis dimensionless constant of proportionality.
Writing dimensions of the physical quantities, both
sides

[MPLT'] = [LJ LT [LY

N [MO LO Tl] _ [MOL(3/2 +x +y)T —2x]

Using the principle of homogeneity of dimensions

x+y+§:0 (1) -2x=1 (11)

From eqn. (i) and (ii), xz—%, y=-1

T=k?? g PR o T_k ﬁ
RY g
which is required quantity.
OR
Ppa
(a) Wehave, Z= A'B
Cr

Taking logarithms, we get
logZ=plogA+qlogB-rlogC

On differentiating both sides, we get
dZ _dA dB dC

—— r —
z P A 1 B C
Writing the above equation in terms of fractional
errors,

LAZ_ L A AB L aC
VA A B C
The maximum permissible error in Z is given by
AZ AA
R P_ +
z A B C
(b) The percentage error in specific resistance o is

given by

Ar AR AL
A% 100= 287+ AR ALY 100
o r R L
_[2x002 1 o01] o
026 32 78

=[0.15+0.03 + 0.0001] x 100
=0.1801 x 100 = 0.18 x 100 = 18%

Consider an object moving
along a straight line path with
initial velocity # and uniform
acceleration a. Suppose it
travels distance s in time t. As
shown in figure, its velocity-
time graph is straight line.

< Velocity» <

O Time—» ¢
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Here OA=ED=u, OC=EB=vand OE=t=AD.
(a) We know that,
Acceleration = Slope of velocity-time graph AB
DB EB-ED v-u
or a=——=—-——=
AD OE t
orv-u=atorv=u+at

(i)

This proves the first equation of motion.
(b) From eqn. (i), we have
_DB_DB or DB=at
TAD ¢
Distance travelled by the object in time ¢ is
s = Area of the trapezium OABE
= Area of rectangle OADE + Area of triangle ADB

1
=0AXOE + % X DBX AD = ut + Eatxt
I
or s=ut+—at
2

This proves the second equation of motion.
(c) Distance travelled by object in time ¢ is
s = Area of trapezium OABE.

=%@B+amx05=%@3+ﬂmx05

Acceleration,

a = Slope of velocity - time graph AB
DB EB—-ED EB—-ED

or gq=—=———or OE=——
AD OE a

EB—ED
s=l(EB+ED)x¥
a

1 1
:2_(}332 —ED2)=2—(v2 —u?) orv* - u* = 2as
a a

This proves the third equation of motion.

OR
Velocity of light, [c] = [LT ™']
PlancK’s constant, [h] = [ML*T ']

Gravitational constant, [G] = [M_1L3T _2]

For mass, let m =k, ¢* W' G*

where x, y and z are exponents of ¢, h and G
respectively and k; is dimensionless constant.

= [MLT] = [LT 1" [ML?T 1P ML’ T 2)*
Using the principle of homogeneity of dimensions,
y-z=1 .. (i)
xX+2y+3z=0 ... (ii)
-x-y-2z=0 ... (iii)
Adding eqns. (i), (ii) and (iii),

2y=1 = y=1/2

1 1
F ), z=y-l==-1=—=
rom eqn. (i), z=y 5 5
1 1
From eqn. (iii), x=—(y +2z) :_(E_lJZE

/ h
Hence, m = k; M2 G2 = m=k CE

hG
Similarly, for length, L=k, |—
c
and for time, T = k3 h—G
¢
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MONTHLY

Practice paper Class XI

MPP-3

his specially designed column enables students to self analyse their

extent of understanding of specified chapters. Give yourself four
marks for correct answer and deduct one mark for wrong answer.
Self check table given at the end will help you to check your

readiness.

Laws of Motion

Total Marks : 120

1.

Only One Option Correct Type

A rocket of mass 120 kg is moving vertically up
at 600 m s~' such that gas is escaping at the rate of

Time Taken : 60 min

5. P, Q and R are three coplanar forces acting at a

point and are in equilibrium. (Given P=1.9318 kg wt,
sinB; = 0.9659), the value of R (in kg wt) is
(a) 0.9659

1 kg s Find out acceleration of the rocket. (b) 2
(2) 2ms™ (b) 5ms (© 1
() 6ms (d) 10ms™ (d) 0.5
2. With increase of temperature, the frictional force A car of mass m is moving on a level circular track of
act1r}g between two surfa(l:)es s th radius R. If 4 represents the static friction between
Eg g::i:l;eezssiss E d; ]izr?:;ljs z:rf)ame the road and tyres of the car, the maximum speed of
the car in circular motion is given by
3. Three forces acting on a body are shown in the R
figure. To have the resultant force only along the (a) /M mRg (b) /_g
Y-axis, the magnitude of the minimum additional ’ K
force needed along OX is mR
8 © [=F () uRg
4N, A s
&%?/(ION A car is racing on a circular track of 180 m radius
0; &y x with a speed of 32 m s™'. What should be the
\ banking angle of the road to avoid skidding of
i 2N
i the vehicle at this speed without taking into
@) ﬁN ®) V3N consideration the friction between the tyre and
4 the road ?
(c) 05N (d) 15N (a) 45° (b) 60°
4. A block is released from an inclined plane of (c) 30° (d) 15°

inclination 45°. Find out the acceleration of the
block down the incline, if coefficient of friction
between block and the incline is 0.5.

Sand is being dropped on a conveyer belt at the rate
of M kg s™'. The force necessary to keep the belt
moving with a constant velocity of v m s™* will be

(a) 3\/5 ms2 (b) \/5 ms2 My
10 S 5 S (a) TN (b) zero
© pms (@) 5 ms (©) MvN (d) 2My N
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9.

10.

11.

12.

Directions :

A weight W rests on a rough horizontal plane. If the
angle of friction be 6, the least force that will move
the body along the plane will be

(a) WcosO (b) Wcot0

(c) Wtan 6 (d) Wsin 6

A dynamometer D is attached to two blocks of
masses 6 kg and 4 kg. Forces of 20 N and 10 N
are applied on the blocks as shown in figure. The
dynamometer reads

D
P
e ) I F=10N

(a) IO0N (b) 20N
(c) 6N (d) 14N

A particle is moving in the x - y plane. At certain
instant of time, the components of its velocity and
acceleration are as follows : v, = 3ms ™, v,=4m s,

a,=2msand a,=1m s2. The rate of change of

speed at this moment is

(@) V10 ms™
(©) /5 ms™

A particle of mass 2 kg moves with an initial

(b) 4m s?
(d) 2m s

velocity of (4§+ 2}') m s~' on the x-y plane. A force

F= (22 —8j) N acts on the particle. The initial
position of the particle is (2 m, 3 m). Then for y=3m,
(a) Possible value of x is only x = 2 m,

(b) Possible value of x is not only x = 2 m, but there
exists some other value of x also.

(c) Time takenis2s
(d) All of these

Assertion & Reason Type

In the following questions, a statement of

assertion is followed by a statement of reason. Mark the
correct choice as :

(a)

42

If both assertion and reason are true and reason is the
correct explanation of assertion.

If both assertion and reason are true but reason is not the
correct explanation of assertion.

If assertion is true but reason is false.

If both assertion and reason are false.

. Assertion : The driver of a moving car sees a wall

in front of him. To avoid collision, he should apply
brakes rather than taking a turn away from the wall.
Reason : Frictional force is needed to stop the car
or taking a turn on a horizontal road.

PHYSICS FOR YOU | JulY ‘17

14.

15.

Assertion : A concept of pseudo force is valid both
for inertial as well as non-inertial frame of reference.
Reason : Pseudo force acts along the direction of
inertial frame.

Assertion : A reference frame attached to the earth
is a non-inertial frame of reference.

Reason : Newton’s laws can be applied in this frame
of reference.

JEE MAIN / JEE ADVANCED

16.

17.

18.

19.

Only One Option Correct Type

A man slides down a light rope whose breaking
strength is 1 times his weight (1 < 1). The maximum
acceleration of the man so that the rope just breaks is

(@) g(1-m) (b) g(1+m)
(©) g @ £
n

A body placed on the surface of a smooth inclined
plane reaches the bottom of the plane in time ¢.
When it is identically placed on a rough inclined
plane, it reaches the bottom in time nt where n > 1.
In both the cases, the angle of inclination 0 is same.
The coefficient of friction U is equal to

1 1
1-— | sin B b) |[1-— 0
(a) { nz} sin (b) [ nz} cos

(c) {1 —%} tan O (d) tan ©
n

Two particles A and B, each of mass m are kept

stationary by applying horizontal force F = 2mg on

the particle B as shown in figure, then (T} and T,

are tension in the strings as shown in figure).

F=2mg
(a) tanP=2 (b) T, = \/Emg
(© T, = \/gmg (d) tanPB= 2\/5

In the figure shown, find out the value of © (assume
string to be tight)
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20.

21.

22.

23.

44)

a3
(a) tan (4)
a3
(c) tan (8)

More than One Options Correct Type

(b) tan! (f)
3

(d) None of these

A car of mass M is moving on a horizontal circular
path fo radius R. At an instant its speed is v and is
increasing at constant rate f3.
(a) The net acceleration of the car is towards the
centre of its path.
(b) The magnitude of the frictional force on the
2

. M
car is greater than v .

(c) Thefriction coefficient between the ground and

p

¢
(d) The friction coefficient between the ground and
2
the car is not less than v_'
Rg
A particle of mass m starts moving at ¢ = 0 due to
a force F = F; cos ot where F and ® are constant.
Which of the following statements are correct ?

the car is not less than

i
(a) It will stop first time at t = —

()
. . 2F,
(b) It will travel distance § = ——- during time
. mo
t=0tot=—.
@ F
(c) Maximum velocity of particle is v, = m_(()n

(d) None of these

When a bicycle is in motion, the force of friction

exerted by the ground on the two wheels is such

that it acts

(a) In the backward direction on the front wheel
and in the forward direction on the rear wheel.

(b) In the forward direction on the front wheel and
in the backward direction on the rear wheel.

(c) In the backward direction on both front and
the rear wheels.

(d) In the forward direction on both front and the
rear wheels.

A force of 100 N is applied on a stationary block of
mass 3 kg as shown in figure. If the coeflicient of
friction between the surface and the block is 0.25
then

PHYSICS FOR YOU | JulY ‘17

24.

25.

26.

(a) The frictional force acting on
the block is 20 N downwards
(b) The normal reaction on the

block is 50+/3 N A0
(c) The friction force (kinetic) F=100 N
K 7 Surface
acting on the block is
25+/3
S ERN

(d) If coefficient of friction is changed to 0.35 then
the friction force acting on the block is again
20 N downwards.

Integer Answer Type

A block is moving on an inclined plane making an
angle 45° with the horizontal and the coefficient of
friction is u. The force required to just push it up
the inclined plane is three times the force required
to just prevent it from sliding down. If we define
N =10y, then N is

The elevator shown in
figure is descending with

. 2
an acceleration of 2 m s™“.

The mass of the block
A = 0.5 kg. Find the force
(in N) exerted by block A
on block B. B

2ms2

Two blocks m; = 4 kg and m, = 2 kg connected
by a weightless rod slide down a plane having an
inclination of 37°. The coefficient of dynamic
friction of m; and m, with the inclined plane are
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u; = 0.75 and u, = 0.25 respectively. The tension
(in N) in the rod is approximately (Take sin 37° = 0.6
and cos 37°=0.8)

Comprehension Type

A small block of mass m is placed over a long plank of
mass M. The coefficient of friction between them is L.
Ground is smooth. At t = 0, m and M are given
velocities v; and v, (> v;) respectively as shown in figure.
After this M is maintained at constant acceleration
a (< ug).

a

n —
—-\m—bvl

M v,

Smooth

Initially there will be some relative motion between the
block and the plank, but after some time relative motion
will cease and velocities of both will become same.

27. Find the time #;, when the velocities of both block
and plank become same.

V) —V V) +v
(a) 2 1 (b) 271
ug +a ug—a
V) —V V) +v
(c) 2 1 (d) 271
ug—a ug+a

28. Find the forward force acting on the plank before
and after t;, respectively.
(a) Maand (M +m) a
(b) umg+ Ma and (M +m) a
(c) uMg+ maand Ma
(d) (M + m) aand wmg + Ma

Matrix Match Type

29. A horizontal force F pulls a ring g i ; F E
0

of mass m; such that 6 remains
constant with time. The ring is iy

constrained to move along a smooth rigid horizontal
wire. A bob of mass m, hangs from m; by an

30.

inextensible light string. Then match the entries of
column I with that of column IL

Column I Column II
(A) F (P) (my +my)g
(B) Forceactingonm, (Q) m,gsecO
(C) Tension in the string (R) m,
(D) Force acting on my (S) (m; + m,) gtan O

by the wire

A B C D

(a) P R Q S
(b) S R Q P
(c) S Q R P
(d R Q S P

When the system shown in figure is released, A
accelerates downwards.

[C]
S —
Match the entries of column I with column II.
Column I Column II
(A) Acceleration of B (P) Towards left
(B) Acceleration of C (Q) Towards right
w.r.t B
(C) Acceleration of A (R) At some angle 0 with
w.r.t. C horizontal (0<6<90°)
(D) Acceleration of B (S) At some angle 6 with
w.rt A vertical (0 < 6 <90°)
A B C D
(@) Q p RS RS
(b) P Q RS RS
(c) Q R P PS
(d) S R P Q

KA

Keys are published in this issue. Search now! ©
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COMMUNICATION

WAVES SYSTEMS

MAP

BROADCAST MODE COMMUNICATION
Large number of receivers corresponding to a
single transmitter.

Matter Waves

Waves associative with microscopic

POINT TO POINT COMMUNICATION
Communication takes place over a link
between a single transmitter and a receiver.

Electromagnetic Waves
MODES OF COMMUNICATION

BASIC COMMUNICATION TECHNIQUE

Waves propagating in form of oscillating
electricand magnetic fields.

TYPES OF WAVES

particles such as electrons, protons etc. in
motion are called matter waves.

Do not require medium for propagation.

Mechanical Waves

Transverse Waves Lonaitudi : S ;
udinal Waves
Tssiatiiuel s aithe Waves which require a material medium o .9 . . Transmitter Comm|:|n|cat|on Channel Receiver
medium oscillate perpendicular to the for their propagation are called The 1rfd1V1dual partlcle.s of @edlum AIEETE) (7 GomaeEie
mechanical waves. oscillate along the direction of for transmission. transmitter to a receiver. original form.

direction of wave propagation.

i Converts the message signal suitable \—p—
wave propagation.

—>——  Retrieves the message signal into |

Velocity of Transverse £ Direction of Energy 1. 4 H Velocity of Longitudinal Waves /—\
. . o ET Crest  Propagation 13
Wave in Solids and Strings g - -
B 7\ ; /\ « In a solid of bulk modulus k¥, modulus of Modulation Necessity of Modulation Demodulation
n 2 > rigidity 1 and density p is Process of variation of some Process of recovering the audio signal
+ Insolids, v= = l \/ \/ 4 characteristic of a high frequency wave o To reduce the size of antenna, need a high from the modulated wave is called
. 5 g . Trough < > K+—m inaccordance with the message signal. frequency carrier wave. demodulation or detection.
where 1 is modulus of rigidity and p is Wavelength _ 3 ) o 5
density of solids Direction of Ve 0 o Weneed high power transmission as Pe< (1/A)
. . 1rection o:.
: T Rarefamon Compresswn pogation_' . o o To avoid the mixing up of signals a band of
« Instretched string, v=,|— o Inafluid of bulk modulus x and density p is Phase . ]
m d frequency is allotted to each user for different
here, T'is tension in string and m is mass v= X L] Modulation radio channels.
L per unitlength of string. ) p e :
o Newton's formula for the velocity of sound Amplitude Modulation ' ;
. “—> inagasis : ; m; M
/—/ Progressive Waves /—\ Wavelength Movement of AmPlltude of the hlgh frequency :%& Time Time :
air molecules p= |Kiso _ P . £ih carrier wave changes in accordance c i b ‘ .
« Displacement, y=A sin (mt— kx+ ) p P (= pressnie el e ges) with modulating signal. Ommm:l:;l];: { AMinputwave  Rectfied wave ?z?tféﬁ(gﬁféﬁ?f i
J Tonosphere Jpace wave : i
y = Asin 271:(— = —) A sm— (vt—x) sourceof 02— = 7 o~ N\__ /=TT '
T A WAVE MOTION /ﬁ/ Doppler's EffectinSound [ iaormation o [ - )L
— o=y law L W
X _ . i -
o Phase, ¢ = 21‘:(? - x) +0p If v, vy, v, and v,,, are the velocities of sound, "ZE;LS_S:ZI Ssimr:glt device s Sky wave
h h loh observer, source and medium respectively, gesie ly(t) = Bx(t) + Cx3(t) \}_ LOS ~Ground waye ‘(/
where ¢, is the initial phase. then the apparent frequency, o) = A sino ¢ Farth Rectified
« Phasechange: Superposition B (Carrier wave) Bagﬁgfss AM & Tunedble wave Rectifier [ —2¢_ [Envelope
: v = m 0 XV d wave | AMPINET | 1rppsmitting Receiving [Ampitier etector
(a) withtime (b) with position of Waves vy, —v centered at ¥ antenna antenna
m S
_2m _2m Identical waves Waves with same o Ifthe medium isatrest, (v, =0) then User
Ao = ? At Ag = T Ax. of same speed speed and - " / Space Wave Propagatlon /\ SPACE Information Amplified  Output
~ 7 superposes different frequency v'=—2Lxy - - output __ (without
in opposite superposes in S V= ) | A radio wave transmitted from an COMMUNICATION RF component)

antenna, directly reaches the receiving

direction same direction

/ﬁ/ Stationary Waves /—\

Wave formed by the superposition of

incident wave and reflected wave is

27x 2t
ivenb + 2 asin— cos —
g Yy y= Y T

Ao, 3A

Position of antinodes: x =0, > A, —

A 3L 5A

Positionofnodes: x = —, —,
4’ 4 4

Frequency of vibration of a string fixed

atbothends, v= LV T

2L 2L

L =length of string, n = mode of vibration

4 .
« Open organ pipe:
Fundamental mode,

v, =v/2L=v
uth

(15tharmonic)

mode, v, =nv/2L (nfharmonicand
(n- 1)t overtone)
o Closed organ pipe:
Fundamental mode,
v, =v/4L=v (1%tharmonic)
nthmode, v,=2n-1)v

[(2n-1)! harmonicor (n-1)th overtone]

/—/ Beats Formation /—\

1

« Beatfrequency=Number ofbeatssec™
= Difference in frequencies of two sources.
Vpeat = (V1= Vy) or (U, -V;)
V3=V + Vpeat

o Ifprongsoftuning forkis filed v increases.
o Ifprongsisloaded witha waxv decreases.
o Uses:

— For tuning musical instruments

- For detection of marsh gasin mines

- For usingas alow frequency oscillator.

antenna by LOS propagation.

o Maximum LOS distance

d,, = [2h;R +[2h R
< d

/Range and Application:
o VHF:30MHz-300 MHz
TV, FM radio, metrology devices
o UHF:300 MHz -3 GHz
\_ TViaircraftlanding systems

—/ Ground Wave Propagation /—

Here EM wave glides over the earth surface
along its curvature from transmitter to

\receiver placed close to the surface of earth. )

/Range and Application: )

o LF:30kHz-300kHz
Long wave radio communication
« MF:300kHz-3MHz

AM radio broadcast for local areas

Sky Wave Propagation

The radio wave directed towards the
sky and reflected by the ionosphere
towards the desired location on the
earth.

o Critical frequencyu =9(N__ )~

max

Range and Application:

e HF:3MHz-30 MHz

Short wave radio communication,
CB radio
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ELECTROSTATICS

Electrostatics is the branch of science which deals with
the study of electric charges at rest. Here we study
the forces, fields and potentials associated with static
charges.

ELECTRIC CHARGES AND COULOMB’S LAW

Electric Charges

Charges are of two types, positive charge and negative
charge. The charge developed on a glassrod when rubbed
with silk is positive charge. The charge developed on a
plastic rod when rubbed with wool is negative charge.

Basic Properties of Charge

o Charge is always associated with mass, i.e., charge
can not exist without mass though mass can exist
without charge.

e Electric charge is quantised in nature
qg=ne;n=0,=x1,+2,+3, ...

e Thebasic unit of charge is the charge that an electron
or proton carries . By convention the charge on
electronis—e(-1.6x 10" C) and charge on protonis
+e (1.6 x 1072 Q).

e Charge of a system is additive in nature.

o Total charge of an isolated system remains conserved.

Continuous Charge Distribution

e Linear charge density : Charge per unit length is
known as linear charge density. It is denoted by
symbol A.

48]
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A= Charge _4q
Length [
Its ST unit is C m™".
o Surface charge density : Charge per unit area is
known as surface charge density. It is denoted by

symbol ©.

o= Charge _q
~ Area A
Its ST unit is C m ™2,

e Volume charge density : Charge per unit volume
is known as volume charge density. It is denoted by
symbol p.

_ Charge ¢

" Volume V
Its SI unit is C m™.

Coulomb’s Law

o The electrostatic force between two stationary
charges is proportional to the product of
magnitude of charges and inversely proportional
to the square of the distance between them.

ie., Foc @
B

1 499

4TC£0 r2

1 9 22
(Here4n80—k—9><10 Nm°C™)

£p=8.854x 1072 C* N m™is permittivity of free space.



e Coulomb’s law in vector form can be written as

Fip = 47;0 A 9, ; (r1-72)

where the position vectors of charges g; and g, are
riand ra.

o The Coulomb’s force between two charged particles
in a medium is

_laq__ 1 44,

medium

4me 2 4mggE, ?
(Here €, = relative permittivity of the medium)
— Zvacuum

medium
8r

o Ifadielectricslab (g,) of thickness ¢ is placed between
two charges kept at a distance d then the electric
force decreases. This reduced force is given by

0.4
F=1—22Wher€1’=d—t+t\/a
4ner

o If Fg = F, for two identical charges, then

i=,/41t80G

m
e Superposition principle :
The net force on any one 1)
charge is the vector sum of
all the forces exerted on it
due to each of the other
charges interacting with it
independently i.e,
Total force on charge g,

Illustration 1. Two identical balls, each having a
density p, are suspended from a common point by two
insulating strings of equal length. Both the balls have
equal mass and charge. In equilibrium, each string
makes an angle 0 with the vertical. Now, both the balls
are immersed in a liquid. As a result, the angle 6 does
not change. The density of the liquid is 6. The dielectric
constant of the liquid is

@) ——

o2 9l @
p—0 c c p—0C

Sol. (a) : Let V be the volume of each ball, then the mass
of each ball is m = pV. When the balls are in air,

T cosO=pVyg
Tsin@=F
F=mgtan O =pVgtan 0 (1)

pVg pVg
(a)

When the balls are suspended in liquid, the Coulombic
force is reduced to F’ = F/K and
apparent weight = weight — upthrust

W =pVg-oVyg
According to the question, angle 0 is unchanged.
Therefore,

F=Wtan0=(pVg-oVg) tan O
From egs. (i) and (ii), we get

F__pVg _ p

F' pVg-oVg p-o

(pVg-oVg  (pVg-oVy)
(b)

..(i1)

ko P
pP—0

ELECTRIC FIELD
e An electric field is a region where an electric charge
experiences a force. The magnitude of E is the

force per unit charge and its direction is that of F.

F=f- 1

- 2
4o Ameyr

A

Thus, electric field is a vector quantity.
The unit of E is newton per coulomb (N ch.

o Electric Field Lines : The field lines at a point, (or
the tangent to it if it is curved) gives the direction of
E at that point, i.e., the direction in which positive
charge would move and the number of lines per
unit cross-sectional area is proportional to E.

NPARN
——()—>— —>— () —<—
. + NS I AN
(i) (ii)
o Crowded lines represent strong field while distant

lines represent weak field.

o A small metal ball is suspended in a uniform E with
the help of insulated thread. If X-ray beam falls on
it, the ball will be deflected in the direction of E.
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o Electric field intensity due to various types of charge distribution :

(o = surface charge density)

Name /Type Formula Note Graph
Point charge — kq q is a source charge. 4
E =—-7 -
\\ / |;|2 r 1is vector drawn from source E
of’ charge to the test point.
/ \ outwards due to +ve charges and T
inwards due to -ve charges
Infinitely long A is linear charge density (assumed 4
line charge B A . 2kt uniform). E
i+ 2me 1
E i E 0 r is perpendicular distance of point
= (I from line charge. -
N 7 is radial unit vector drawn from
the charge to test point.
Infinitely non- ~ G . 6 is surface charge density 4
conducting this sheet | E= e (assumed uniform). E
. 0 c/2¢g,
A . .
4_-_> n is normal unit vector _ .
Uniformly charged ring kQx Qs total charge on the ring E
- (R? + x%)*? x = distance of point on the axis Bt
from centre of the ring. x
- > Ecentre =0 . . "
Electric field is always along the R
axis. V2
Infinitely la'rge charged Z_0 G is the surface charge density E
conducting sheet T, n (assumed uniform).
AL . . o/e f——m—on- - -
n is the unit vector perpendicular 0
to the surface. _ .
Uniformly charged | (i) For r>R, R is radius of the sphere. E
hollow shell or solid - kQn r is vector drawn from centre of
conducting sphere E=—r . kQ/R’}-----
|;|2 sphere to the point. :
(ii) For r<R, Sphere acts like a point charge
E=0 placed at the centre for points _1'2—’ r
r (iii) For r=R outside the sphere.
> ’ E is always along radial direction.
E= k_?; Q is the total charge (= o41R?)
R
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Uniformly charged | (i) For r2R, » ¢ is vector drawn from centre of K
solid non-conducting )
sphere (insultating F= kQ ; sphere to the point.
material) PR » Sphere acts like a point charge
(ii) Forr<R, placed at the centre for points kQ/R
E kQ- outside the sphere.
= —3 r _ p—
r R » E isalways along radial direction.
(iii) For r =R,
P - kQ » Qis total charge 4 R’
E=lpt SR
(p = volume charge density).
» Inside the sphere, E o< r
» Outside the sphere, E iz
r

Ilustration 2. Two semicircular wires ABC and
ADC, each of radius R, are lying on xy and xz planes,
respectively, as shown in figure.

If the linear charge density of the semicircular parts and

straight parts is A. The electric field intensity E at the
origin is

@ =+ ) G+
a) — +
A - A ~
—k )]
© 4megR (=H) @ 2megR !
Sol. (b) : Electric field due to MA; E, = (i—k)
4me R
Electric field due to ADC; Ez = A (- lAc)
4me R
Electric field due to ABC; E3 = A (- }')
4me, R
Electric field due to NC; E, = (—; - }')
4me R
Net electric field is
E,=E +E +E,+E, = itk
0 1 2 3 4 21, R (j+k)

Illustration 3. A thin glass rod is bent into a semicircle
of radius . A charge +Q is uniformly distributed along
the upper half, a charge -Q is uniformly distributed
along the lower half, as shown in figure. The electric
field at P, the center of the semicircle, is

Q

(@ 5

TTgr

22Q

) —5—;

Tog,r
Sol. (a) : The PO as
the x-axis and PA as
the y-axis. Consider
two elements EF

and E'F of width do
at angular distance 0
above and below PO, respectively.

The magnitude of the field at P due to either element is
1 rdoxQ/(mr/2) Q

4me, r’

dE = de

2. 2
2mg,r

Resolving the fields, we find that the components along
PO sum up to zero, and hence the resultant field is

along PB.
Therefore, field at P due to pair of elements is 2dE sin 6.
w2 Q . Q
nE= Imsz sin® = 2.[0 sin 6460 =
0 2ngr g, r

ELECTRIC FLUX AND GAUSS’S LAW

Electric Flux
If the lines of force pass through a surface then the
surface is said to have flux linked with it. It is given by

dd= E-dS(d S is the area vector of the small area element)
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The total flux linked with whole of the body
o=(E-ds

where 95 represents closed integral done for a

closed surface.

The SI unit of electric flux is N m* C! and its

dimensional formula is [ML>T2A™}].

The value of ¢ is zero in the following circumstances :

» Ifadipoleis (or many dipoles are) enclosed by
a closed surface.

» Magnitude of positive and negative charges
are equal inside a closed surface.

» Ifno charge is enclosed by a closed surface.
» Incoming flux (-ve) = outgoing flux (+ve)

Gauss's Law
It states that the total electric flux through a closed
surface S is 1/gy times the total charge enclosed by S.

@E-dE:f

where ¢ is chargoe enclosed by the closed surface S.

Applications of Gauss's Law

For an imaginary cube

Illustration 4.

One-fourth of a
sphere of radius R is
removed as shown
in figure. An electric
field E exists parallel
to the xy plane. Find
the flux through the
remaining curved part.

(a) mR’E
() —-mR2E/2

Sol.(c) : q)plane + Ocyrve = 0 OF ¢plane == Ocurve

(b) 2nR’E
(d) none of these

Position Main |Face | Centre | Corner - W R*~ . B TR? ~
of charge centre centre | of side 4= 5 b T
Fluxfromcube ¢ '+ 4 | 4 = 4 . 0% 1 geoh ~ . E 4
& 2¢, 4¢, 8¢, E =E cos 45 1+Esm45]=Ez+E]
=~ — -EnR E R’ _-7R’E
: q _49 —E-(Al+A,) =———— - =722
o .‘“ . Droral = g = . Opemisphere = 2¢, ¢ (A 2) N N N
This is the f . ed fluxis “RE
— is is the flux entering. So required flux is %
: : q T q
o g O = — = ! Oeylinder = 2. ELECTRIC POTENTIAL AND ELECTRIC POTENTIAL ENERGY
g g 0 o Electric potential at a point is defined as amount of
=R work done in bringing a unit positive charge from
"""" 2 infinity to that point. It is denoted by symbol V.
° q w
4 v
: q
g q Electric potential is a scalar quantity. The SI unit
Dol = g Peube = E and its dimensional formula is [ML*T A71].
o Electric potential due to various charge distributions :
Name /Type Formula Note Graph
Point charge Ve kq » qissource charge. Y
Cor » ris the distance of the point

k

r

from the point charge.

52
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Ring (uniform/ kQ
V = T,

_kQ

VR*+x?

at centre
non-uniform

charge distribution)

V= , along the axis

Q is charge on the ring.

x is the distance of the point
on the axis.

between two points is
given by formula
VB - VA =-2kAIn (rB/T’A)

Uniformly charged kQ R is radius of sphere
hollow conducting/ For r2R, V.= & r is the distance from centre
non-conducting or kQ of sphere to the point
solid conducting sphere | For r <R, V = R Qis total charge = G4nR?
Uniformly charged kQ R is radius of sphere v
solid non-conducting | For r=R, V=2 r is distance from centre to =~ 3KQ/2R
sphere he poi kQIRF--
% kQBR® —1?) the point |
For r<R,V = 3 |
2R Vcentre = E surface R r
= %(.%R2 —r?) Q is total charge = p%n}f
0
Inside sphere potential varies
parabolically
Outside potential varies
hyperbolically.
Infinite line charge » Potential difference Absolute potential is not

defined.

Potential difference
between two points

Infinite non- >
conducting thin

Absolute potential is not
defined.

between two points
is given by formula

conducting thin
sheet

(o}
V=V, = _8_0(”3 —1y)

sheet is given by formula
(¢}
V=V, = _E(T’B .
Infinite charged » Potential difference Absolute potential is not

defined.

Equipotential Surface

An equipotential surface is a surface with a constant
value of potential at all points on the surface.
Properties of an equipotential surface

o Electric field lines are always perpendicular to an
equipotential surface.

e Work done in moving an electric charge from one
point to another on an equipotential surface is zero.

e Two equipotential surfaces can never intersect one
another.

Relationship between E and V
E=-VV

s _(+9 20 +0
where \% —(la'k]@'ﬁ‘kg}

Negative sign shows that the direction of E is the
direction of decreasing potential.

Electric Potential Energy
Electric potential energy of a system of charges is
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e The total amount of work done in bringing the
various charges to their respective positions from
infinitely large mutual separations. The SI unit of

electrical potential energy is joule.
o Electric potential energy of a system of two charges
is U= 1 14142
4me, 1,

where 11, is the distance between ¢; and g,.
e Electric potential energy of a system of n point
charges

1 .
U= q]qk

4Tey 4y pairs Tjk

¢ Note : In this summation, we should include only
one term for each pair of charges.

Illustration 4. Three equal charges
q are placed at the corners of an
equilateral triangle of side a.

(i) The potential energy of charge

q2 A

4ne, a

system is

(ii) The work required to decrease

the side of triangle to a/2 is p c
q q
3 q2

4ame, a

(iii) If the charges are released from the shown
position and each of them has same mass m,
then the speed of each particle when they lie on

2
triangle of side 24 is 1la
2\ me am

The correct statement(s) from the above is/are
(a) (i) and (ii) (b) (ii) and (iii)
(c) (ii) only (d) (i), (i) and (iii)

Sol. (d) : Net potential energy, U= Uy + Upc + Ucy

2
=3U,5=3k1
a
_ 37
- 4me, a
Work required to decrease the sides is
W= U U= 3kq” 3kq* _3kq’ _ 3 ¢
al2 a a 4me, a
By conservation of mechanical energy
AU+AK=0
or []1 - Uf: Kf— Ki

D
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2 2
or ﬂ—ﬂ=3(lmv2)—0

k> 1| ¢
or  V=4—— =7, |——
am 2\ TEam

ELECTRIC DIPOLE

Electric dipole moment,

A——> B

=q L
f— 21—

p=ql)

p=q(l)
Electric field at any point on
the axial line

> 1

axial —

2pr A 1 2pa
4TE80 (r2 _12 )2 p =~ 4TE€0 r—3p (FOr r>> l)

Electric field at any point on the equatorial line

1 pa
E,= —=— (Forr>>1)
1 41'580 r3 p
Net electric potential at axial point
_610—9—+oq oP
Zpoomoses Mjeoooooe >
S RREEEEE Foesese »

V=VI+V2=2k—p

2
Ifr>>l,V=k—f
.

Net electric potential at equatorial line

X X
In general, V:kpc;)sezkp_zr
r

e o o
—qE4—<_¢qY

Potential energy of a dipole is work done in rotating
a dipole from a direction perpendicular to the field
to the given direction

0 0
W= J. Td6 = J PpEsin0d0=—pEcosO
90° 90°
This work is stored in the form of potential energy.
So,U=W=—p-E



Ilustration 5. In figure shown, an electric dipole lies at
a distance x from the centre of the axis of a charged ring
of radius R with charge Q uniformly distributed over it.

The dipole is slightly rotated about its equilibrium
position by a very small angle. What is the time period of
oscillation? (Assume that dipole is linearly restrained)
Sol.: Field at a distance x on the axis of a ring is given by
1 Qx
ATE (R2 4 4232 (1)
0 (R + X )

Restoring torque, T = —pE sin 0 = —pEB (for small 0)
(i)

E=

2 2
r:]igzzgmfﬁig ...(iii)
dt dt
From eqn. (ii) and (iii)
2
or ﬁ = _ﬂe (using o0 = -0%0)
dr? 2ma®
2 2 D2 L 2\32
T —om 2ma Con 2ma” (R™ +x7)""4re,
2aq Qx

3
_ 16n e, ma (R2 4 x2)3/4
| qQx

o Basic electrostatics properties of a conductor
» Inside a conductor, electric field is zero.

» At the surface of a charged conductor, electric
field must be normal to the surface at every
point.

» The interior of a conductor can have no excess
charge in the static situation.

» Electric potential is constant throughout the
volume of the conductor and has the same
value (as inside) on its surface.

» Electric field at the surface of a charged

conductor F=24
€o

where G is the surface charge density and 7 is a
unit vector normal to the surface in the outward
direction.

e Electrostatic shielding : It is the phenomenon of
protecting a certain region of space from external
electric field.

CAPACITOR AND CAPACITANCES

Capacitor
A capacitor is a device that stores electrical energy.

Capacity of capacitor (Capacitance)

Capacitance (C) of a capacitor is the ratio of charge(Q)

given and the potential (V) to which it is raised.

Q
=v

The SI unit of capacitance is farad (F).

Capacitance is a scalar quantity.

The dimensional formula of capacitanceis [M~ 1L27%A2).

e Capacitance of a spherical conductor of radius R is
C =4meyR

Capacity of capacitor depends upon

e Total outer surface area

e Dielectric constant of the medium inside the
capacitor.

e Separation of two conductors.

Types of Capacitors

e Parallel plate capacitor: C = %

(when air is between the plates)

e Spherical capacitor : C = 4ne, %
(a and b are the radii of inner and outer coatings
spherical shells).

e Cylindrical capacitor :
l

l
C=2ne,— =2m¢g, A
2.303log10;

log, 4
(aand bare the radii of the inner and outer coatings

of cylindrical shells)

Combination of Capacitors
Capacitors in series

g G G G g
—> >
Vi Vs Vs

o Same charge flows through each capacitor.

o Different potential difference exists across each
capacitor.

V=V, +Vy+V;

1 1. 1 1

cTa'g'e
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Capacitors in parallel

G

qq‘% G
B G

i

o Across each capacitor, potential difference is same.
o Different charges flow through each capacitor.
9=91t9tqs
C=Ci+C+ G5
Thus the ultimate effect is to enhance the capacitance
in a circuit.

Energy Stored in a Capacitor
Work done in charging a capacitor gets stored in the
capacitor in the form of its electrostatic potential energy.
1., 1 1Q

U= 2CV = 2QV— 2C
Electric Energy Density (ug)
The energy stored per unit volume in the electric field
between the plates is called energy density.

(52

ug = %801’52 = E.
Sharing of Charges
When two capacitors charged to different potentials are
connected by a conducting wire. Common potential (V),
_ Totalcharge Q,+Q, C\V,+C,V,
Total capacity C,+C, C +C,

Energy lost in the process which is given by

CC,(V,—-V,)?
0=
Effect of Dielectric

Different structures of parallel plate capacitor

v v 3
+0 +0 +o
oo
oAl 2] E E
'///// //////// | tt VE = E/KI |E = 0 Conducting slabl
o222 ¢
-0 —0 e
Ke. A C= L s A
C= €9 ; _ %
d d—t+ e (d—t)

e When a dielectric slab of dielectric constant K is
introduced between the plates of a charged parallel
plate capacitor and if charging battery remains
connected, then, V =V, (remains constant)
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» Capacitance Cincreases i.e., C = KC,
» Charge on a capacitor increases i.e., Q = KQ,
» Electric field between the plates remains
unchanged i.e., E = E,
» Energy stored in a capacitor increases i.e.,
U= KU,
e If in this case the charging battery is disconnected

then, charge remains unchanged i.e., Q = Qq
» Capacitance increases i.e., C = KC,
» DPotential difference between the plates

. V.
decreasesi.e., V=2

» Electric field between the plates decreases i.e.,
E

=20
E_K

» Energy stored in the capacitor decreases

: U

ie., szo
Polarisation : The dipole moment per unit volume
is called polarisation and is denoted by P. For linear
isotropic dielectrics P =7 E,
where 7, is called the electric susceptibility of the
dielectric medium.

Illustration 6. Three conducting
spheres A, B and C are as shown in B
figure. The radii of the spheres are @
a, b and c respectively. A and B are
connected by a conducting wire. The
capacity of the system is :

(@) 4neg(a+b+c)  (b) 41c80|: bcb}
C—
© ameg| L+ 14| (@) ame,| 2
a b ¢ ab+bc+ca

Sol. (b) : When A, B are connected
then the capacitor formed in between
shells A and B is short-circuited i.e., all
the charges is transferred to shell B.
4me,be

c-b
Ilustration 7. Figure shows
two  capacitors in  series. -
The rigid center section of aI IE v,
length b is movable. The area N
of each plate is S. If the voltage
difference between the plates is
maintained constant at V. If the center section is
removed the change in stored energy will be

%

Now capacitance =




2
) Se,Vya (b) Se Vot
2b(a —b) 2a(a—0b)
© Se,Vib () Se,Vya

ala—-b) b(a—"b)

Sol. (b) : Let d; be the distance between the two upper
plates and d, be the distance between the two lower

lates.
p = Ve
1
dy+dy=a-b NN
£, £, =
C, = L, C, — 20
d d,

SPEED

1. Initially, sphere A has charge of —-50e and sphere B
has a charge of +20e. The spheres are made of
conducting material and are identical in size.
If the spheres touch each other, what is the resulting
charge on sphere A?

(a) -15¢ (b) -30e (c) +30e (d) +15e

2. Two small spheres of masses M; and M, are
suspended by weightless insulating threads of
lengths L; and L,. The spheres carry charges Q; and
Q, respectively. The spheres are suspended such that
they are in level with one another and the threads
are inclined to the vertical at angles of 6; and 6,
as shown. Which one of the following conditions is
essential, if 0, = 0,?

M

(@) M, # M,,but Q;=Q,
(b) M,=M,
) Q=Q

3. Four charges, +q, +g, -¢, —q are "
placed on the circumference of
a circle of radius r. What is the +q -q
force on the charge +Q placed
at the centre of the circle as =
shown in the figure?

(d) Li=L,

CC,  Sg _ Sg
"t C +C, dy+d, a-b
As C, is independent of d; and d,
= energy stored is independent of position of centre

= C

section
1 SeoVy
U=-CVy=—00
2 2(a—-b)
If centre section is removed energy stored
=U = lcvz = M
277 2
SeoVob
AU=U-U=—20"
2(a—0b)a

PRACTICE

@ ~% o LV
471:80 7‘2 47580 r2
1 8Q 1 2Q
© T @ =1
ey r 471:80 r

4. A charge Q is distributed
uniformly on a ring of radius . (’
A sphere of equal radius r is sphere
constructed with its centre at
the periphery of the ring. The flux of electric field
through the sphere is

@ 2L X oL @

3g, 3¢, 2¢g,

3Q

5. The adjacent diagram shows a charge +Q held on
an insulating support S and enclosed by a hollow
spherical conductor. O represents the centre of
the spherical conductor and P is a point such that
OP = x and SP =r. The electric field at point P will be

Charge +Q on
insulating support

(d) none of the above.
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6.

58)

If an electron enters into space between the plates
of an parallel plate capacitor at an angle o with the
plates and leaves at an angle f3 to the plates, the ratio
of its kinetic energy while entering the capacitor to
that while leaving will be

o (@) o (=2
S1n oL cos

2 L N\2
©) (cosoc) ) (smoc)
cosf sin3
A rigid insulated wire frame in the form of a right
angled triangle ABC, is set in a vertical plane as
shown in figure. Two beads of equal masses m each
and carrying charges ¢q; and ¢, are connected by a

cord of length / and can slide without friction on
the wires. If the beads are stationary, then

(a) The angle a is 30°

(b) The tension in the cord is g;q,/I*

(c) The normal reaction on the bead with charge
qis \/3 mg

(d) The normal reaction on bead with g, is 2 mg

Two square metal plates of side 1 m are kept
0.01 m apart like a parallel plate capacitor in air in
such a way that one of their edges is perpendicular
to oil surface in tank filled with an insulating oil.
The plates are connected to a battery of emf 500 V.
The plates are then lowered vertically into the oil at
a speed of 0.001 m s™*. Calculate the current drawn
from the battery during the process. (Dielectric
constant of 0il =11, £, = 8.85 x 107> C*N"'m™)

(a) 4.425nA (b) 5.625nA

(c) 4.125uA (d) 3.896 uA

Charges +q and —qarelocated at g +q
the corners of a cube of side 4 =

a as shown in the figure. Find

the work done to separate the " -q

charges to infinite distance. -q ¥4

2 2
1 (b) 5.824| 2
4nega 4nega

2 2
© 2309 1 d) 3.535] 1
4meya 4meya
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(a) 1.154(

10.

11.

12.

13.

14.

In the given network, the value of C, so that an
equivalent capacitance between A and B is 3 UF is

1 C 2 uF
(@) - MF A
5 6 UF 4 uF
2 12 uF
(b) 5 uF o
(c) 48uF T | g
(d) 36uF B UF

In figure, a particle having mass m = 5 g and charge
g’ =2 x 107" C starts from rest at point a and moves
in a straight line to point b. What is its speed v at
point b?

3x10°C a b -3x10°C

e 1cm e 1em e 1cmos|

(b) 3.65cms!
(d) 5.65cms™!

(a) 2.65cms’!
() 4.65cms’!

A parallel plate capacitor of capacity C, is charged
to a potential V,. (i) The energy stored in the
capacitor when the battery is disconnected and the
plate separation is doubled is Uj. (ii) The energy
stored in the capacitor when the charging battery
is kept connected and the separation between the

capacitor plates is doubled is U,. Then % is
2

3 1
(a) 4 (b) 2 (c) 2 3

A capacitor is charged by a battery. The battery is
removed and another identical uncharged capacitor
is connected in parallel. The total electrostatic
energy of resulting system

(a) decreases by a factor of 2

(b) remains the same

(c) increases by a factor of 2

(d) increases by a factor of 4 [NEET 2017]

Suppose the charge of a proton and an electron
differ slightly. One of them is —e, the other is (e + Ae).
Ifthenet of electrostatic force and gravitational force
between two hydrogen atoms placed at a distance d
(much greater than atomic size) apart is zero, then
Ae is of the order of [Given : mass of hydrogen
my, = 1.67 x 107 kg]
(@) 103C

() 10%C

(b) 107 C
(d) 102°C [NEET 2017]



15.

16.

17.

18.

19.

The diagrams below show regions of equipotentials.

20V 40V 20V 40V 10V 30V Qv
A B A B 4 V>>
10V
10V 30V 10V 30V 20V 40V

I II

A positive charge is moved from A to B in each

diagram.

(a) Inall the four cases the work done is the same.

(b) Minimum work is required to move ¢ in figure
(I).

() Maximum work is required to move ¢ in

figure (II).

Maximum work is required to move ¢q in

figure (III). [NEET 2017]

(d)

An electric dipole has a fixed dipole moment p,
which makes angle 6 with respect to x-axis. When
subjected to an electric field E, = Ei, it experiences

a torque T, —tk. When subjected to another

electric field Ez Z\/EEI}' it experiences a torque

T, =-T,. The angle 8 is

(a) 30° (b) 45°  (c) 60° (d) 90°
[JEE Main Offline 2017]

A capacitance of 2 UF is required in an electrical
circuit across a potential difference of 1.0 kV.
A large number of 1 UF capacitors are available
which can withstand a potential difference of
not more than 300 V. The minimum number of
capacitors required to achieve this is
(a) 2 (b) 16  (c) 24 (d) 32

[JEE Main Offline 2017]
The energy stored in the electric field produced

by a metal sphere is 4.5 J. If the sphere contains
4 uC charge, its radius will be

(a) 32mm (b) 20 mm
() 16 mm (d) 28 mm
[JEE Main Online 2017]

A combination of parallel plate capacitors is
maintained at a certain potential difference.

s

When a 3 mm thick slab is introduced between all
the plates, in order to maintain the same potential

difference, the distance between the plates is
increased by 2.4 mm. Find the dielectric constant
of the slab.

(a) 6 (b) 5 (c) 4 (d) 3

[JEE Main Online 2017]

20. Four closed surfaces and corresponding charge

1.

distributions are shown below.

29
7\
44

51 Sy S3

Let the respective electric fluxes through the
surfaces be ¢y, ¢,, 05 and ¢4. Then

(@) 01=0,=03=04 (B) 01> 350, <04
(©) 01>0> 03> 0y (d) ¢1<dr=03>0,4
[JEE Main Online 2017]
SOLUTIONS

(a) : Since, the spheres are identical in size, so when
they touch each other,
Charge lost by one = charge gained by other
Let a charge g flows from sphere B to A, then
-50e +gq=20e-q or 2q=20e+ 50e="70e

or gq=35e
. Resulting charge on sphere A = -50e + 35¢
=-15¢
(b): The three forces acting on each sphere are:

(i) Tension (if) Weight
(iii) Electrostatic force of repulsion.

M
Ey
Tysin0, |+Q,

Mg

For sphere 1, in equilibrium, from figure

Myg

TicosB; = M gand Tsinb; = F; . tan6, =

18
For sphere 2, in equilibrium, from figure

T5cos0, = Mpgand T,sin0, = F, .. tan6, =

M,g
13

Mlg Mzg
= Fz, then M] =

0; =0, only if

But F]
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3.

60)

(b): Force on charge
Q due to charge g at A,

K= Q_Zq along AO
4ame, r
Force on

charge Q
due to charge q at B,

1
E = % along BO

Force on charge Q due to charge -q at C,

1
F= Q along OC
4T|:€0 r2

Force on charge Q due to charge -q at D,
F, = ! %along OD

|Fi| = [Fa| = |F3| = |[Fy| = F
The resultant force on charge Q is

Fro =[@F)® +QF) +2(2F) (2F)cos90°

_ P8 = 1 \/ng

4me, 2

(a)

(a) : According to Gauss’s theorem,

(b): Suppose
u = velocity of electron while entering the field
v = velocity of electron while leaving the field
As electric field is perpendicular to the plates,
component of velocity parallel to plates will remain
unchanged.
ucoso. = veosp
u cosP

v coso ]
2
K.E. while entering 5" (COSB )2
K.E.while leaving 1 5
2

(c) : Consider first the equilibrium of bead at P,
having charge gq;. Different forces acting on it
are shown in the figure. If the charges ¢, and g,
are similar in nature, then electric force F will be
repulsive and is given by

CcosOl
my
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_N14%
F= 2
Resolving the forces mg and (T - F) parallel
and perpendicular to AB, we get following two
equations for equilibrium

A
Ry
D<o 90-00Q VR,
q —<¢ a2
(T_F) G/Q\ Qo
& L S
30° 60°
B v v c
mg mg
mgcos60° = (T - F) coso. ...(1)

R, = mgcos30° + (T - F) sinat ...(ii)
Similarly, for the equilibrium of bead at Q
mgsin60° = (T - F) sinal ... (iii)
R, = mgcos60° + (T - F) coso. ...>iv)
where T = Tension in the string
Dividing equation (iii) by (i), we get
tan60° = tano
i.e. oL = 60°
From equation (iii) T - F = mg
or T=F+mg=(q,q,/I") + mg
From equation (ii) R; = mgcos30° + (T - F) sin60°
R;= mgcos30° + mgsin60°

Ry = \/5 mg
From equation (iv) R, = mgcos60° + mgcos60° = mg

(a) : As here battery remains attached to the circuit
V = constant. Now as due to lowering of plates
in the oil, capacity will increase gradually and as
q = CV the charge on capacitor will increase.

]

This gradual increase in g results in current drawn
from the battery.
If at any instant, y length of plate is dipped in oil,
the system will be equivalent to two capacitors
in parallel, one with air and the other with oil as
dielectric so that



10.
11.

gg XK X1xy
0.01

gy X1x(1-y)
C:CAir +Coil = 0.01 +

=m 1+(K-1)y]

gV
So, g=CV = 01[1+y(K D]

dg &V o o dy
dt  0.01 dt
8.85x 10712 x 500
0.01
=4.425%x 107 A =4.425nA

And hence, I =

So, I= [11-1]%0.001

AQ,

4ane,yr
In the present case, the charge-pairs are °C,.

(b): Potential energy between two charges =

Of these 28 pairs, we have

(i) 12 pairs of dissimilar charges placed at a
mutual separation of a.

(if) 12 pairs of similar charges placed at a mutual

separation of V2a.
(iii) 4 pairs of dissimilar charges placed at a mutual

separation of /3.

2

For (i) above, PE, = 29 __ 1249
4meqa 4meya

12(q)(q) _ 124"

x0.707

For (ii) above, P.E. =
ame,N2a Amega

Ug(—q) _ 4
4re, J3a  Amgga
Total Potential energy of system = U

2
U=-5824| 1
4meya

2
Binding energy of system =5.824 1
4anega

Hence work done to separate the charge is

2
w=5824|-9 |
4Tc£0a

()
(c):

x0.577

For (iii) above, PE. =

3x107°C @ -3x107°C

—o—o—o—o—
|4—1cm —>|<— 1cm—>|<—1cm —>|

According to conservation of energy, we get
K,+U,=K,+ U,

Here, K, = 0 and the potential energies are

U,=q'V,and U, =4V,

13.

14.

1 29'(V,=V)
O+q’Va=5mv2+q'Vb or v=,|—+—4 b7 q( b)

-9 -9
0.01m 0.02 m
o [3x107°C -3x107°C

V, =(9.0x107) =-1350V

0.02m 0.01m

2(2x107 C) (2700 V
v= |2 )3( ) 4.65%102 ms™!
5x107 kg
=4.65cms
. (a)

(a) : When the capacitor is charged by a battery of

potential V, then energy stored in the capacitor,
U= Lev? ()
2

When the battery is removed and another identical

uncharged capacitor is connected in parallel

Common potential,
vo CV oV

C+C 2
Then the energy stored in the capacitor,

2
1 VY 1,
U=-0)| = | ==cv
i= 5t )(2) 4

From eqns. (i) and (ii)

Up= Uy2
that means the total electrostatic energy of resulting
system will decreases by a factor of 2.

|
1
C,Vi2

D=

,Vi2

...(if)

(b): According to questions (for two hydrogen

atoms) electrostatic force = Gravitational force
Charge on one hydrogen atom
=q.+qp=-e+(e+Ae) =

Since a hydrogen atom carry a net charge A,,
Electrostatic force,

1 (Ae) .
p= L (A (D)
arme, d
will act between two hydrogen atoms.
_e -e
d ——>]

The gravitational force between two hydrogen
atoms is given as
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15.

16.

17.

18.

@

G
Fyp= ... (i)
42
Since, the net force on the system is zero, F, = F,
Using eqns. (i) and (ii), we get

(Ae)®  Gm}

ame d® 4
(Ae)*=4me Gmy

=6.67 x 107 x (1.67 x 1072)%/(9 x 10%)
Ae=1077C
(a) : Work done is given as W = gAV
In all the four cases the potential difference from A
to B is same.

In all the four cases the work done is same.

(c) : Dipole moment of fixed dipole can be written as
p =pc039?+psin9?
For electric field, El =E ;\
Torque on the dipole; Tl =(px E;) = pEsin® (- l/c\)
.. (@)

- A AN
Now for E, =+/3E,j =+/3Ej
In this case, torque on the dipole

T, =(pcosG?+psin6?)><(x/§E3'\)
TZ = \/ngcose(l/c\)
Now given, TZ =- Tl

J3pEcos® (k) = —pEsin® (k)
sin® =\/§;tan9=\/§

[$0}]

V3 cos0=sin6 or
= 0=60°
(d): We have to get equivalent capacitance of 2 uF
across 1000 V using 1 UF capacitor.
To obtain the desired capacitance, 8 capacitors of
1 uF should be connected in parallel with four such
branches in series as shown in the figure.
1 1 1 1 + 1 4 1

Coq 8 8 8 8 8 2
Total number of capacitor used = 8 x 4 = 32

HA Ceq =2uF

(c) : The energy stored in the electric field produced
by a metal sphere =4.5]

2 2
= Q—=4.5 or C= Q ...()
2C 2x4.5
Capacitance of spherical conductor = 47gR
2 .
C = dme R = Q [from eqn. (i)]
2x4.5
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19.

20.

—642
1 4x%10
L (4x107)

R=
4me, 2x4.5

16 _ _
=9><109><;><10 12 -16x10™ m =16 mm

b):
(b) - .
A {| {| {| B
D ’ C, E
[ ¢,
i
C.
A = B
G

As the capacitors are in parallel combination so
they have equal potential differences.

11.
16.
21.
26.

€ A
C =20 ...(10)
before 3
keyA gyA
__ 3 24 ~
Cafter - kSOA +M ..(ii)
3 2.4
From (i) and (ii),
kepA €,A
gA__ 3 "24
3 kM-F%
3 2.4
or 3k=24k+3 or 06k=3
= k= i ork=5
0.6
(a) . q) — 9enclosed
€
29 39-q_2q
For §;, ¢; =— ;For S,, 0, = =—
or S, ¢, . orS,, 9, & .
8g—6g 2
For S, 05 _4t4 :2—q; For §,,¢, = 17%4 _~9
b~ 2
Hence, ¢; = ¢, =03 =0, = —
€
..................................................................... XS
U JP U (Il ANSWER  KEY [
. (b) 2. (b) 3. (o) 4. (d) 5. (c)
(d) 7. (c) 8. (o) 9. (¢) 10. (d)
(d) 12. (b) 13. (b) 14. (d) 15. (¢)
(@ 17. (¢ 18. (a) 19. (a) 20. (b,c,d)
(a,b,c) 22.(a,c) 23.(abd) 24. (5) 25. (4)
(5) 27. (¢) 28. (b) 29. (b) 30. (a)
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CURRENT ELECTRICITY

Time Allowed : 3 hours

Maximum Marks : 70

GENERAL INSTRUCTIONS

(i) All questions are compulsory.

(ii) Q.no.1 to5 are very short answer questions and carry 1 mark each.
(iii) Q. no. 6 to 10 are short answer questions and carry 2 marks each.

(iv) Q.no. 11 to 22 are also short answer questions and carry 3 marks each.
(v) Q.no. 23 is a value based question and carries 4 marks.

(vi) Q.no. 24 to 26 are long answer questions and carry 5 marks each.

(vii) Use log tables if necessary, use of calculators is not allowed.
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SECTION - A

1.

Electrons are continuously in motion within a
conductor but there is no current in it unless some
source of potential is applied across its ends. Give
reason.

If the current flowing in a copper wire is passed
through another copper wire of the same length but
of double the radius of the first one. How would the
drift velocity of free electrons change?

A steady current is flowing in a cylindrical
conductor. Does electric field exist within the
conductor?

What is the advantage of using thick metallic strips
to join wires in a potentiometer?

Why are alloys used for making standard resistance
coils?

SECTION - B

6.

A wire connected to a bulb does not glow, whereas
the filament of the bulb glows when same current
flows through them. Why?

A cell of emf € and internal resistance r is connected
across an external resistance R. Plot a graph showing

10.

the variation of potential difference (across R)
versus R.

OR

First, a set of n equal resistors of R each are
connected in series to a battery of emf ¢ and internal
resistance R. A current I is observed to flow. Then
the n resistors are connected in parallel to the same
battery. It is observed that the current is increased
10 times. What is the value of n?

On what factors, does the potential gradient of the
potentiometer wire depend?

Explain how electron mobility changes for a
good conductor, when (a) the temperature of
the conductor is decreased at constant potential
difference and (b) applied potential difference is
doubled at constant temperature.

Two conductors are made of the same material
and have the same length. Conductor A is a
solid wire of diameter 1 mm. Conductor B is a
hollow tube of outer diameter 2 mm and inner
diameter 1 mm. Find the ratio of resistance
RA to RB'
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SECTION - C

11.

12.

13.

14.

15.

16.

64

Two heating elements of resistance R; and R,
when operated at a constant supply of voltage V,
consume powers P; and P, respectively. Deduce
the expression for the power of their combination
when they are in turn, connected in (a) series and
(b) parallel across the same voltage supply.

A storage battery of emf 8.0 V and internal resistance
0.5 Q is being charged by a 120 V dc supply using
a series resistor of 15.5 Q. What is the terminal
voltage of the battery during charging? What is the
purpose of having a series resistor in the charging
circuit?

Two wires of equal length, one of aluminium
and the other of copper have the same resistance.
Which of the two wires is lighter? Hence explain
why aluminium wires are preferred for overhead
power cables.

(Pa; =263 x10°Qm, pey = 1.72 x 10° Q m,
Relative density of Al = 2.7 and of Cu = 8.9).

(a) Three resistors 2 Q, 4 Q and 5 Q are combined
in parallel. What is the total resistance of the
combination?

(b) If the combination is connected to a battery
of emf 20 V and negligible internal resistance
determine the current through each resistor,
and the total current drawn from the battery.

OR

The given figure shows

anetwork of resistances.

Name the circuit so

formed. What is the

current flowing in the
arm BD of this circuit?

State the two laws used

to find the current in

different branches of
this circuit.

In a discharge tube, the number of hydrogen ions
(i.e., protons) drifting across a cross-section per
second is 1.0 x 10'®, While the number of electrons
drifting in the opposite direction across another
cross-section is 2.7 x 10" per second. If the supply
voltage is 230 V, what is the effective resistance of
the tube?

A conductor of length [ is connected to a dc source
of potential V. If the length of the conductor is
tripled by stretching it, keeping V constant, explain
how do the following factors vary in the conductor :
(a) Drift speed of electrons

(b) Resistance (c) Resistivity.
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17.

18.

19.

20.

21.

22.

Network PQRS as

20 Q
shown in figure S AMAM R
is made. PQ has mA
a battery of 4 V Lo 208!
and negligible T 60
resistance  with P [ Q
positive terminal AV
connected to P.

QR has a resistance of 60 Q. PS has a battery of
5 V negligible resistance with positive terminal
connected to P. RS has resistance of 20 Q. If a
milliammeter, of 20 Q resistance is connected
between P and R, calculate the reading of the
milliammeter.

(a) Six lead-acid type of secondary cells each of
emf 2.0 V and internal resistance of 0.015 Q
are joined in series to provide a supply to a
resistance of 8.5 Q. What are the current drawn
from the supply and its terminal voltage ?

A secondary cell after long use has an emfof 1.9 V
and a large internal resistance of 380 Q. What
maximum current can be drawn from the cell ?
Could the cell drive the starting motor of a car ?

(b)

Three cells are connected in parallel with their like
poles connected together with wires of negligible
resistance. If the emfs of the cellsare 2V, 1Vand 4 V
respectively and their internal resistances are 4 Q,
3Qand 2 Q respectively, find the current through
each cell.

Explain why an electric bulb becomes dim when an
electric heater in parallel circuit is made on. Why
dimness decreases after some time?

OR

A battery of emf 10 V and internal resistance

3 Q is connected to a resistor R.

(a) If the current in the circuit is 0.5 A, calculate
the value of R.

(b) What is the terminal voltage of the battery?

Define resistivity of a conductor. Plot a graph
showing the variation of resistivity with temperature
for a metallic conductor. How does one explain
such abehaviour, using the mathematical expression
of the resistivity of a material.

In a meter bridge, the 120
null point is found at
a distance of 40 cm e i —

from A. If a resistance
of 12 Q is connected
in parallel with S, the
null point occurs at
50.0 cm from A. Determine the values of R and S.

{o)
\°f



SECTION - D

23.

Manish and Rajnish lived in an unauthorised
colony. They found that most people of that
colony stole power from transmission lines using
hooks. They had read in the newspapers about
different fire accidents caused due to electric short
circuits. Alongwith some of their friends and some
responsible representatives of that area, they visited
house to house of that colony and made people
aware of the risks involved in short circuiting.
They also explained the people the importance of
paying electricity bills. They succeeded in changing
the mindset of the people. Answer the following
questions based on the above information:

(a) What according to you, are the values of
displayed by Manish and Rajnish?

(b) A household circuit has a fuse of 5 A rating.
Find the maximum number of bulbs of rating
60 W, — 220 V each which can be connected in
this circuit.

SECTION - E

24.

25.

26.

Using the concept of drift velocity, drive ohm's law.
OR

Show that the current density of a metallic
conductor is directly proportional to the drift speed
of electrons.

Deduce the expression of temperature T °C of a
platinum wire measured using Wheatstone’s bridge.

OR

In the given circuit &
diagram AB s
uniform wire of

]
resistance 10 Q 4 B
and length 1 m.
It is connected _Lz

to a series

arrangement of cell €;, of emf 2.0 V and negligible
internal resistance and a resistor R terminal A is
also connected to an electrochemical cell €, of
emf 100 mV and a galvanometer G. In this set-up
a balancing point is obtained at 40 cm mark from
A. Calculate the value of resistance R. If €, were to
have an emf of 300 mV, where will you expect the
balancing point to be.

Draw the circuit diagram of potentiometer which
can be used to determine the internal resistance (r)
of a given cell of emf (¢). With the help of this
diagram describe the method to find the internal
resistance of the primary cell.

OR
Find the conditions for maximum current in the
external resistor R when number of cells each of
emf € and internal resistance r are connected (i) in
series (ii) in parallel and (iii) in mixed grouping.

SOLUTIONS

1.

In the absence of any external voltage source the
motion of electrons in a conductor is random and
electrons collide continuously with the positive ions
of metal. This causes a random change in direction.
The average velocity of random motion of electrons
in any direction is zero, hence current is zero.

I I

Drift velocity, vy = — = —
nAe nmrce

1 . de 7'2 1 1
v, oc So—== =— or v, =—v
4 Va, (@2r)} 4 P4

ie.,

So the drift velocity becomes one fourth when
radius of the conductor is doubled.

Yes, electric field exists within the conductor because
it is the electric field which imparts acceleration to
electrons for the flow of current.

The thick metallic strips have very low resistances.
As such there is no need to add their resistances to
the resistance of the potentiometer length at balance
point. Instead, if we use wires whose resistances are
not negligible, these will have to be determined and
taken into account.

Alloys are used for making standard resistance
coils because they have low value of temperature
coeflicient of resistance and high resistivity.

Filament of the bulb and connecting wires are
connected in series so the same current flows
through them. Since the resistance of connecting
wires is negligibly small as compared to the
resistance of filament and heat produced due
to given current is directly proportional to its
resistance (from Joule’s law of heating), therefore,
the heat produced in the filament is very large.
Hence the bulb glows, but the connecting wires
remain practically unheated.

Potential difference across R,

ie, V=IR=—R
(R+7)
When R increases,

V increases.
In the extreme case, when
R>>r, R+r— Rand V— € as shown in figure.

®
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10.

@

OR
When # resistors are in series, then current in the

circuit,
€ €

I = =

R+nR (m+1R
When 7 resistors are in parallel, then effective
resistance is R4 = R/n.

€ ne

R+R/n  R(n+1)
As per question, I" =101
ne 10¢

R(n+1) (+DR

The fall of potential across a potentiometer wire of
length [ is given by

Current in circuit, [’ =

n=10

or

V=IR= I_pl
A A |
Potential gradient, k = T = Xp .

Thus potential gradient of a wire depends upon the

following factors :

(i) k o I ie, current passing through the
potentiometer wire

(ii) k o< p i.e., specific resistance of the material of
the potentiometer wire

1 . .
(iii) k o< o where A is the area of cross-section of
the potentiometer wire.

Electron mobility in a conductor is given by

eE T

Yd _m et . _eE

"CETTE Tl ( Vd_mr)

(a) When the temperature of the conductor
decreases, the relaxation time T of the electrons
increases, so mobility W increases.

(b) Mobility u is independent of applied potential

difference.
For a solid wire of resistance R4
ll=l,p1=p,D1=1mm

D} w1’

= = mm

4 4
_Ppih_pl_4pl

A n)?/4 T

For hollow tube of resistance Rg, I, =1, p, = p,

4

Ry

(D}-p?) n@2*-1) 3,
T = =— mm

A, =
2 4 4
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11.

12.

13.

_ Py lz _ pl _ 4pl
Rp=——= =
A, (3m/4) 3m
R
L A3
Rp
2 2
\%4 \%4
Here, b =— and P, =—
Ry R,
V2 V2
(a) For series combination, P, = —=
R, R +R,
v? 1 PP,

or P= = =
v ovi L1 R+h

+
p p, B B

(b) For parallel combination,

2
1% 11
P ——=V2(—+ )

PR, R, R,
v2 y2
or Pp =—+—=PR+P,
R R
During charging, the tae

electric current is sent
into the 8.0 V battery.

120 V dc supply

The current in the 050 Rey = 155Q
o 8.0V
circuit
- 120-8 112
[=97% _ I=—2=7A
Ry +r 155+0.5 16

Now, terminal voltage of the battery during charging
V=g, +Ir=8+7(0.5) =115V
A series resistance is joined in the charging circuit

to limit the excessive current so that charging is
slow and permanent.

Two wires have same length and resistance. As
the specific resistances are unequal, the areas are
different.
. I

For copper wire, Rcy = Py ——

ACu
For aluminium wire, Rpyj = paj——

Anl
I

S0, Pou—— =p
b MCu—— — PAl—,
! Cu AAl

Ay _ Pa _ 263x107° 263
Aey  Pou  172x1078 172
Ratio of masses,

My dpglAn 27%x263

= =0.46<1
Mg,  deylAc, 89%172




14.

15.

Mpj < Mcy
Thus, the aluminium wire for the same resistance
is very light than copper and has greater thickness
which increases its durability. Therefore aluminium
wires are preferred for overhead power cables.

(a) Total resistance of the combination in parallel

1 1 1 1 1 1 1 1
—=—+—4+— or —=—+—+—
R, R R, R R, 2 4 5

20
R.,=—=1.05Q

‘19
(b) Potential of 20 V 2Q
will be same across M
each resistance, so w
current A7 L vI

vV 20
R
2 2
12:12—0:5A,I3:l=_0:4A
R, 4 R, 5

Total current drawn from the cell,
I=L+L+I; or I=19A
OR
The given circuit is called Wheatstone's bridge.
Wheatstone's bridge is balanced when
Resistance in branch AB  Resistance in branch AD

Resistance in branch BC ~ Resistance in branch DC

Ryp 10 1 Ryp 30 1

Rge 20 2" Rpe 60 2
Wheatstone's bridge is balanced.

No current flows through the arm BD
containing galvanometer, as B and D are at same
potential. Two laws used to find the current in
different branches of this circuit are:

(i) Kirchhoft’s junction rule : It states that the
algebraic sum of the currents meeting at a
junction is zero.

(ii) Kirchhoft’sloop rule: It states that in any closed
loop in a circuit, algebraic sum of applied emf’s
and potential drops across the resistors is equal
to zero.

Here,

In the discharge tube the protons move in the
direction of electric current and electrons move
opposite to the direction of current, the total current
is sum of current due to electrons and current due
to protons.

Lyet = Ip +1,

Current due to protons

L _d_ 10" x1.6x107°C

=0.16 A
L 1s

16.

17.

18.

Current due to electrons
g 27x10%x1.6x107°C

e= =0432A

t Is
Total current (I,¢) in discharge tube = I, +,=0.592 A
Effective resistance, R = V_ 20 _ 388.51 Q.

I 0.592

The drift speed is given by

eEt eV .
vy=—=—1 ...(1)

m  ml
1 L

(a) vyes E (Using (i)

Thus, if length is tripled, the drift speed will become
one-third.
(b) Since volume remains constant,

A'l'=Al or A'=?—,l=§ [ 1'=31
r=P! R’:p—l,
A A

R’ '\ A I'\( A
—=|=|[=|=|=]||5|=3%x3=9
R AT\ IJ)\A

(c) Resistivity remains unchanged.

An ammeter reads
the current flowing
through it.  Let
us distribute the
currents in different
branches.

Loop 1:

20i; - 20(i - i}) = -5 or 40i, - 20i=-5

4i-8i; =1 .30
Loop 2:

60i +20(i - i) = 4
20i - 5i; = 1

or 80i-20i,=4
(i)
Solving () and (i), i — - £ A§ = > A
olving (i) and (ii), i; = - — A, i = —
s 7735 140

So, the current through milliammeter is

— =0.1357 A

.3 ( 4)_19
' 140 35) 140

So, the milliammeter reads 135.7 mA.

Six cells are joined in series.
2V 2V 2V 2V 2V 2V

r

R=85Q
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68)

Equivalentemf=2x6=12V
Equivalent internal resistance = 0.015 x 6 = 0.09 Q
Current drawn from supply,

1212

©85+0.09 859
Terminal voltage of battery,
V=e-Ir=12-139%x0.09=11.8V
(b) Maximum current is drawn from a battery when
external resistance is treated to be zero.

=139A

1.9
=— =0.005A
380

max

To start a car, a higher amount of current is needed,
so the battery can not drive the starting motor.
The  scheme  of
/‘/szj 1 v
I, I, and I; be the
currents flowing
through the three
weget, [ +L+I3=0 or 1=~([; + L) (i)
Applying Kirchhoft’s loop law to the closed loop
Be Ag,Band we get, 4I; -2-3,+1=0 (i)
. (i
loop BeAgsB, we get
AT -2-2I;+4=0 or 4, -2I;=-2
or 4} +2x ([} +1,) =- (Using (1))

connections is
3Q
3 4V
cells €, €, and &;.
or 4I,-3L,=2-1=1
or 6I;+2,=-2 or 3} +1,=-1 .. (iii)

shown in figure. Let

Applying Kirchhoft’s junction law at the junction A,
Applying the Kirchhoff’s loop law to the closed
Multiplying (iii) by 3 and adding to (ii), we get

O+ 4 =1-3=-2 or [, == A
From (iii), 13
2 6 7
L=—1-3[=—1-3|-= |=-1+—~=-2A
13 13 13
From (i),
2 7 9
L=—|-=-Z|=2A
13 13| 13
Note : Negative sign of currents shows that the

actual direction is opposite to what has been taken
in figure.

Since the electric heater has more power than that
of electric bulb and power is reciprocal to resistance

for a given supply voltage i.e., P o< %

Hence, the resistance of heater coil is less than
that of electric bulb. When the heater, which is

PHYSICS FOR YOU | JulY ‘17

21.

22.

connected in parallel with the illuminating bulb is
made on, it draws more current from the circuit.
Due to it, the bulb becomes dim.

After some time, the heater coil becomes hot. Its
resistance becomes more. Due to it some current
is diverted into bulb, and also the supply voltage
maintains the current. As a result of which dimness
of the bulb decreases.

OR
(i) Here,e=10V,r=3Q,
I1=05A I+
3
Current in the circuit is, yI 1A
€
I=
R+r Ww
R
or R= e-1Ir _ 10-0.5%x3 170
I 0.5
(ii) Terminal voltage, V=¢-Ir=10-0.5%3
V=85V
I -
R=p— z 04
P g T
Ifl=1, A=1 = p=R 5 Loz
Thus, resistivity of a 2
material is numerically % T 0 %

Temperature T(K) —»

Resistivity p of metallic conductor
as a function of temperature T

equal to the resistance of
the conductor having unit
length and unit cross-sectional area.

The resistivity of a material is found to be dependent
on the temperature. Different materials do not exhibit
the same dependence on temperature. Over a limited
range of temperatures, that is not too large, the resistivity
of a metallic conductor is approximately given by,
pr=po [1+ T - Tp)] (1)
where pp is the resistivity at a temperature T
and pg is the same at a reference temperature T,
o is called the temperature coefficient of resistivity.
The relation in eqn. (i) implies that a graph of
pr plotted against T would be a straight line. At
temperatures much lower than 0°C, the graph,
however, deviates considerably from a straight line.

When resistances R and S are connected then
balance point is found at a distance 40 cm from the
zero end.

B 40

S 100-40

R 40 R 2 .
ik -z .. (@)

S 60 S 3

When a resistance of 12 Q is connected in parallel
with S then total resistance in the right gap is



23.

24.

12 ..
S = S ..(ii)
S+12
Since balance point is obtained at a distance of

50 cm from the zero end.

R__5 _ R_50
R, (i)
S
Dividing (i) by (iii), we get
R 2
s 3 R_S 2 § 2
S =3 o SxA=Zor AL o §==S
R 1 SR 3 § 3
Sl
Putting the value of §; in (ii), we get
25 125 or 2. or28+24=36 or 25=12
3 S+12 3 S+12
S=6
Putting the value of S in (i), we get
R 2 2
—=Z 5 R=Zx6=4
6 3 3

R=4Qand S=6Q

(a) Critical thinking, decision making, team spirit
and assertive communication.

(b) Number of bulbs that can be safely used with

5 A fuse =i=§=18.33
3/11

3
Hence, 18 bulbs can be safely used with 5 A fuse.

The current I in a conductor of cross-sectional area
A and having n free electrons per unit volume is
given by
I=neAv, ..(i)
e being the magnitude of electronic charge and vy,
the drift velocity of electrons.

The drift velocity v, of electrons is given by
ek 3

vg=—71 ...(ii)
m

where m is the mass of an electron, E the magnitude

of electric field in the conductor and t is the

relaxation time.

Substituting the value of v;in eqn. (i), we get

E
I=neA(ﬂ)
m

_ eznAr

or | E ...(iii)

m
If the electric field E is due to potential difference V

applied across the ends of the conductor of length /,
then E = %

25.

26.

Substituting this value of E in equation (iii), we get

2
¢ nA’cV or V__ml
ml I ¢nAt
For a given

conductor, m, e, n,
T, I and A are all
constants,

. — =R, a constant

e nAt
Thus Ohm’s law has been derived.
OR
Refer to point 4, 5 page no. 92 (MTG Excel in Physics)

Refer to point 5 page no. 100 (MTG Excel in Physics)
OR

If k is potential gradient and /; the balancing length
for cell €,, then we have

82 = kll

100 mV =k x 40 cm

1 _ _
k=4i(§) mVem™ =2.5mVcem™

k=25x102Vem =025V m! (i)
Current in primary circuit

, where R 43 is resistance of wire AB

 R+Ryp
20
R+10
Potential difference across wire AB, Vjg =X Ryp
v 20 20
4B T R110 R+10
V, 20/(R+10
Potential gradient k = A& = it )
Iap 1
__20 (i)
R+10
Comparing (i) and (ii), we get
20 2
=0.25 or R+10=—OQ=80§2
R+10 0.25
R=80-10=70Q
Balancing length

when &, =300 mV =300 x 10° V = 0.3V
0.3
g, =kl, or 03=0.25%x1, or ,=——=12m
2 22025
At €, = 300 mV, we do not get the balance point as
it will lie outside the length of the wire.
Refer to point 7(f) page no. 102 (M TG Excel in Physics)

OR
Refer to point 9, 10, 11 page no. 97 (MTG Excel in

Physics) ©®

69)
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Current Electricity

Total Marks : 120 Time Taken : 60 min
7. A student measures the terminal potential
Only One Option Correct Type difference V ofa cell of emf € and internal resistance r
1. Inaclosed circuit, the current I (in A) at an instant as a function of the current I flowing through
of time ¢ (in s) is given by I = 4 — 0.08 t. The number it. The slope and intercept of the graph between V
of electrons flowing in 50 s through the cross section and I then respectively equal to
of the conductor is (a) —rande (b) rand - ¢
(a) 1.25x 10" (b) 6.25 x 107 (c) —eand r (d) eand - r
(¢) 5.25x 10" (d) 2.55 x 10* 8. One kg of copper is drawn into a wire of 1 mm
2. When a current I flows through a wire, the drift diameter and a wire of 2 mm diameter. The
velocity of the electrons is v. When current 21 resistance of the two wires will be in the ratio of
flows through another wire of the same material (@) 2:1 (b) 1:2
having double the length and double the area of (c) 16:1 (d 4:1

cross-section, the drift velocity of the electrons will be
(a) v/8 (b) v/4 (c) v/2 (d) v

3. If Ry and R, be the resistances of the filaments of
200 W and 100 W electric bulbs operating at 220V,
then (R,/R,) is
(a) 1 (b) 2 (c) 0.5 (d) 4

4. A thin wire of resistance 4 Q is bent to form a circle.

The resistance across any diameter is o

@4Q (2Q (©1Q () 8Q [=Ip(e™ -1);0>0

where V denotes voltage

(a) Power lost in the device is VIy(e™®" - 1)

9. The charge flowing in a conductor varies with time
as Q = at - bt>. Then, the current
(a) increases linearly with time
(b) reaches a maximum and then decreases
(c) falls to zero at time t = a/2b
(d) changes at a rate -3b

10. The current voltage relation for a device is given by

5. In a meter bridge experiment, the ratio of the left
gap resistance to right gap resistance is 2 : 3, the

balance point from left is (b) Power lost in device is I—Oeav
(a) 60 cm (b) 50 cm o
(c) 40 cm (d) 20 cm (c) Power lost is minimum at V=0

6. Tenidentical batteries each of emf2 V are connected (d) Power lost is maximum at V=0

in series to a 8 Q resistor. If the current in the circuit ~ 11. A network of five resistances and two batteries is
is 2 A, then the internal resistance of each battery is shown in figure. The potential drop across 10 Q
(a) 02Q2 (b) 032 (c) 04Q2 (d) 0.5Q resistor is

@ PHYSICS FOR YOU | July 17



12.

Directions :

2V,1Q

< <
3Q3 34Q
2 2

we |
24Q
Pwww——
3V,1Q

(a) 1.79V (b) 231V (c) 3.70V (d) zero.

In the metre bridge I
experiment shown in figure,
the balance length AC
corresponds to null deflection
of the galvanometer is x.
What would be the balance * x|

length if the radius of wire AB is doubled?

(a) x/2 (b) x (c) 2x (d) 4x
Assertion & Reason Type

In the following questions, a statement of

s
3Q3

assertion is followed by a statement of reason. Mark the
correct choice as :

(a)

14.

15.

If both assertion and reason are true and reason is the
correct explanation of assertion.

If both assertion and reason are true but reason is not the
correct explanation of assertion.

If assertion is true but reason is false.

If both assertion and reason are false.

. Assertion : Two identical cells each of emf € and

internal resistance r are connected in series and in
parallel. Maximum power transferred to the load is
same in both cases.

Reason : The value of load resistance for maximum
power transfer for series and parallel combinations
of cells are same.

Assertion : In a meter bridge, if its wire is replaced
by another wire having same length, made of same
material but having twice the cross-sectional area,
the accuracy decreases.

Reason : If its wire is replaced by another wire of
same material, having same cross-sectional area but
of twice the length, accuracy decreases.

Assertion Kirchhoft's loop law represents
conservation of energy.

Reason : If the sum of potential changes around a
closed loop is not zero, unlimited energy could be
gained by repeatedly carrying a charge around a loop.

JEE MAIN / JEE ADVANCED

16.

Only One Option Correct Type

The heat generated through 4 € and 9 Q resistances
separately, when a capacitor of 100 uF capacity

17.

18.

19.

20.

charged to 200 V is discharged one by one, will be
(a) 27Jand 87, respectively

(b) 8] and 2], respectively

(c) 2Jand 4], respectively

(d) 2Jand 2], respectively

Current is flowing from a conductor of non uniform
cross-sectional area as shown in figure. If A; > A,,
then the correct option is

(Here I is current, j is current density and v is drift
velocity.)

(@ L= (b) ji>j2

(c) vi<w, (d) Both (a) and (c)

The capacitor shown in figure has c

been charged to a potential It

difference of V so that it carries a y Ry

charge CV with both the switches S, 4
.. . R,

§; and S, remaining open. Switch | | fo ]

S, is closed at t = 0. At t = RiC, & S
switch Sy is opened and S, is closed.
Find the charge on the capacitor at t = 2R;C + R,C.

(a) Ce(l—e)+ CK2 (b) Ce(l—e_1)+ CK2
e e

© CeerCL (@ Cel+e)+CY
e e
A potentiometer arrangement
is shown in figure. The driver
cell has emf ¢ and internal R J
resistance r. The resistance of
potentiometer wire ABis R. Fis
the cell of emf €/3 and internal
resistance r/3. Balance point J can be obtained for
all finite values if
(@) R>r/2 (b) R<r/2 (c) R>r/3 (d) R<1/3

More than One Options Correct Type

Which of the following statements are correct?

(a) Potential difference between the terminals of
non-ideal battery can never be greater than its
emf.
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71



21.

22.

23.

24.

25.

72

(b) If a non-ideal battery is short-circuited by a
wire, heat generated in the wire is less than
electrical energy developed in the battery.

(c) Emf of an ideal battery is measured by
potentiometer and then by voltmeter. Both the
measurements are equally correct.

(d) The currentinside the cell is always due to motion
of both positive and negative ions while outside
it depends on the circuit elements (conductor,
semi-conductor, gas or electrolytes etc.).

When capacitor discharges through resistance R,
the time constant is T and maximum current in the
circuit is I. Then

(a) Initial charge on the capacitor was I;t.

(b) Initial charge on the capacitor was % Iyt.

(c) Initial energy stored in the capacitor was IRT.

(d) Initial energy stored in the capacitor was 1 I g Rt.
2

Two bulbs consume same energy when operated at
200 V and 300 V, respectively. When these bulbs are
connected in series across a dc source of 500 V, then
(a) ratio of potential difference across them is 3/2
(b) ratio of potential difference across them is 4/9
(c) ratio of power produced in them is 4/9

(d) ratio of power produced in them is 2/3.

A single battery is connected to three resistance as
shown in figure. 7Q

AAAA

(a) The current through7Q A E
resistance is 4 A. C

(b) The current through 3 Q B J\ le v {D
resistance is 4 A. 330 T 602

(c) The current through F G H

6 Q resistance is 2 A.
(d) The current through 7 Q resistance is 0.

Integer Answer Type

A potentiometer wire of length 10 m and resistance
30 Q is connected in series with a battery of emf
2.5 V, internal resistance 5 Q and an external
resistance R. If the fall of potential along the
potentiometer wire is 50 LV mm ", then the value
of R is found to be 231 Q. What is the value of n?

Three identical resistors are connected in series.
When a certain potential difference is applied across
the combination, the total power dissipated is 27 W.
How many times the power would be dissipated if
the three resistors were connected in parallel across
the same potential difference?
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26. The area of cross section, length and density of
a piece of metal of atomic weight 60 are 107 m?,
1 mand 5 x 10° kg m™> respectively. If every atom
contributes one free electron, find the drift velocity
(in mm s™!) of electons in the metal when a current
of 16 A passes through it. Avogadro's number is
N, = 6 x 10” mol™! and charge on an electron is

g=16x10"C.
Comprehension Type

A three-way light bulb has three brightness settings
(low, medium and high) but only two filaments. The
two filaments are arranged in three settings, when
connected across a 120 V line and can dissipate 60,
120 and 180 W.

27. Which of the following statements are correct?
i.  High resistance filament works for 60 W
ii. Low resistance filament works for 120 W
ifi. Low resistance filament works for 60 W
iv. High resistance filament works for 120 W

v. Low and high resistance filaments in parallel for 30.

180 W.

vi. Low and high resistance filaments in series for
180 W.

(a) i,iiand v (b) i, ii and vi

(c) iii,ivand v (d) iii, iv and vi

28. When the filament of high resistance burns out,
then intensity in
(a) all three settings is 120 W
(b) all three settings is 60 W
(c) two settings is 60 W
(d) two settings is 120 W

Matrix Match Type

29. Figure shows the internal wiring of a three-range
voltmeter whose binding posts are marked +, 2 V,
10 V and 100 V. When the volt meter is connected
to the circuit being measured, one connection is
made to the post marked + and the other to the post
marked with the desired voltage range. The resistance
of the moving coil Rg is 40 Q and a current of 1 mA
in the coil causes it to deflect full-scale. Then match
the following

2V 10V 100 V
Column I Column II
(A) Value of resistance R; inkQ  (P) 100
(B) Value of resistance R; inkQ  (Q) 2

(C) Overall resistance of the (R) 1.96
volt meter in 100 V range in kQ
(D) Overall resistance of the (S) 90

volt meter in 2 V range in kQ
A B C D
@P R Q S
b)ys P R Q
QR S P Q
dQ P R S
A capacitor of capacitance 0.1 UF is connected to
a battery of emf 8 V as shown in figure under the
steady-state condition. Then match the following

Ri=10Q 10 Q
N4 WA—D

M
8V —_— 200Q 20 10 Q
T 0.1 uF
MW\
B o ¢
Column I Column 1T
(A) Charge on the capacitor (P) 04uC
@) Currentin AC branch Q 02A
© Current in AB branch R) 01A
D) Current in R; connected S) 04A
between M and N
A B cC D
@P R Q S
b Q S P R
P Q S R
(dP R S Q
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1.

Set 48

A slender rod of mass m and length L
is pivoted about a horizontal axis
through one end and released
from rest at an angle of 30° with
the horizontal. The force exerted by the pivot on the
rod at the instant when the rod passes through a
horizontal position is

(a) 10

~ mgalong horizontal
4

(b) mg along vertical

10 1
(c) e along a line making an angle of tan™! (5)

with the horizontal

10
(d) g myg along a line making an angle of tan™! (3)
with the horizontal.

A cord is wrapped on a pulley

as shown in figure. To one end
of the cord, a block of mass M
is connected as shown and to
other end in (a) a force of 2 Mg (a) (b)

and in (b) a block of mass 2M. Let angular
acceleration of the disk in A and B is o, and o
respectively, then (cord is not slipping on the
pulley)

(@) a, =0y
(c) oy <oy

(b) oy >0
(d) none of these

An object is placed at A C
(OA > f). Here f is the /\

focal length of the lens. :
The image is formed at B. 4 \O/ B
A perpendicular is erected

at O and C is chosen such that ZBCA = 90°. Let
OA = a, OB = b and OC = c. Then the value of fis

(a+b)’ (a+b)c
@ = Ol
62 a2
© a+b @ a+b+c

A narrow tube completely filled with a liquid is
lying on a series of cylinders as shown in the figure.
Assuming pure rolling (no sliding between any
surfaces), the value of acceleration a of the cylinders
for which liquid will not come out of the tube from
anywhere is given by

Open to atmosphere

OO0 O -»a
sH i
@ 4 o) &
© szH (d)%

A simple pendulum of length
1 m is allowed to oscillate with
amplitude 2° If it collides
elastically with a wall inclined
at 1° to the vertical. Its time
period will be (use g = 1> m s72)

(a) %s
3

(c) 2s

(b) 34
3

(d) none of these

74)

By Akhil Tewari, Author Foundation of Physics for JEE Main & Advanced, Professor, IITians PACE, Mumbai.
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6. A

horizontally o)

oriented tube AB of Q‘”
length L rotates with
a constant angular
velocity @ about a
stationary axis OO’

passing through the
end A as shown in the figure. The tube is filled with
an ideal fluid. The end A of the tube is opened and
the closed end B has a very small orifice. Find the

velocity of the fluid relative to the tube as a function

of length of fluid h.
wh |2L 2L
@ O 2L, ) ohf=-1
2 \'h h
2L 1

© (oh‘/£—1 (@ @ 2L 1
h 2\Nn 2

The surface tension of

water is 75 dyn cmL. 4
Find the minimum /- A --------

vertical force required £
to pull a thin wire ring [
up (refer figure) if it is
initially resting on a horizontal water surface. The
circumference of the ring is 20 cm and its weight is
0.1 N.

(a) 0.125N
(¢) 0.115N

(b) 0.225N
(d) 0.130 N

A solid homogeneous cylinder of height # and base
radius r is kept vertically on a conveyer belt moving
horizontally with an increasing velocity v = a + bf.
If the cylinder is not allowed to slip then the time
when the cylinder is about to topple, will be equal
to

Eirs g
@) ®)
2bg rg
© T D b
A small rod ABC is put in A
water making an angle 6° 69

with vertical. If it is viewed

paraxially from above, it will
look like bent shaped ABC’, the
angle of bending (ZCBC’) will
be

10.

4
(refactive index of water = ;)

(a) 2° (b) 3°

(c) 4° (d) 4.5°

The string of step rolling wheel is pulled by applying
force F with different lines of action in two situations
as shown in figure. The wheel starts rolling without
slipping due to application of the force.

F

F

I II
(a) The wheel rolls to the left in situation I and to
the right in situation II
(b) The wheel rolls to the right in situation I and to
the left in situation II
(c) The wheel rolls to the right in both situations
(d) The wheel rolls to the left in both situations.
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SOLVED

Section 1 (Maximum Marks : 28)

This section contains SEVEN questions.

Each question has FOUR options (a), (b), (c) and (d). ONE OR

MORE THAN ONE of these four options is(are) correct.

For each question, darken the bubble(s) corresponding to all

the correct option(s) in the ORS.

For each question, marks will be awarded in one of the following

categories :

Full Marks:  +4 If only the bubble(s) corresponding to all
the correct option(s) is(are) darkened.

Partial Marks : +7 For darkening a bubble corresponding
to each correct option, provided NO
incorrect option is darkened.

Zero Marks : 0 If none of the bubbles is darkened.

Negative Marks: —2 In all other cases.

For example, if (a), (c) and (d) are all the correct options for a

question, darkening all these three will get +4 marks; darkening

only (a) and (d) will get +2 marks; and darkening (a) and (b) will

get -2 marks, as a wrong option is also darkened.

In the circuit shown,
L=1pH, C=1UF
and R = 1 kQ. They
are connected in V sin ot
series with an a.c.

L=1uH o) F R=1kQ

source V=V, sin ot

as shown.

Which of the following options is/are correct?

(a) At ® ~ 0 the current flowing through the circuit
becomes nearly zero

(b) The frequency at which the current will be in
phase with the voltage is independent of R

(c) The current will be in phase with the voltage if
® = 10%rad s7L.

(d) At ® > > 10° rad s71, the circuit behaves like a
capacitor.

For an isosceles prism of angle A and refractive index |,
it is found that the angle of minimum deviation

3, = A. Which of the following options is/are correct?

(a) For the angle of incidence i; = A, the ray inside
the prism is parallel to the base of the prism

(b) At minimum deviation, the incident angle i,
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PAPER-I

and the refracting angle r, at the first refracting
surface are related by r, = (i,/2)

(c) For this prism, the emergent ray at the second
surface will be tangential to the surface when the
angle of incidence at the first surface is

_ / A
i, = sin HsinA 4coszz—1—cosA

(d) For this prism, the refractive index W and the

1
angle of prism A are related as A= ECOS ! (%)

A circular insulated copper wire
loop is twisted to form two loops

of area A and 2A as shown in the *
figure. At the point of crossing
the wires remain electrically
insulated from each other. The «

X X

g X
entire loop lies in the plane (of areai2A
X

the paper). A uniform magnetic % X i X

field B points into the plane x x _———x

of the paper. At t = 0, the loop w( i

starts rotating about the ;

common diameter as axis with ;

a constant angular velocity ® in the magnetic field.

Which of the following options is/are correct?

(a) The emf induced in the loop is proportional to
the sum of the areas of the two loops

(b) The rate of change of the flux is maximum when
the plane of the loops is perpendicular to plane
of the paper

(c) The net emf induced due to both the loops is
proportional to cos ¢

(d) The amplitude of the maximum net emf induced
due to both the loops is equal to the amplitude
of maximum emf induced in the smaller loop
alone

A flat plate is moving normal to its plane through a gas
under the action of a constant force F. The gas is kept
at a very low pressure. The speed of the plate v is much
less than the average speed u of the gas molecules.
Which of the following options is/are true?



(a) At a later time the external force F balances the
resistive force

(b) The plate will continue to move with constant
non-zero acceleration, at all times

(c) The resistive force experienced by the plate is

proportional to v
(d) The pressure difference between the leading and
trailing faces of the plate is proportional to uv.
A block of mass M
has a circular cut y
with a frictionless
surface as shown. x
The block rests on x=0
the horizontal on frictionless surface of a fixed table.
Initially the right edge of the block is at x = 0, in
a co-ordinate system fixed to the table. A point
mass m is released from rest at the topmost point of
the path as shown and it slides down. When the mass
loses contact with the block, its position is x and the
velocity is v. At that instant, which of the following
options is/are correct?

(a) The velocity of the point mass m is: y = 28R
1+
M
(b) The x component of displacement of the center
of mass of the block M is : — mR
M+m
(c) The position of the point mass is :
‘e _\/5 mR
M+m

(d) The velocity of the block M is: V = —%JZgR

A block M hangs vertically at the

bottom end of a uniform rope of
constant mass per unit length. The
top end of the rope is attached to a
fixed rigid support at O. A transverse
wave pulse (Pulse 1) of wavelength

Ay is produced at point O on the A
rope. The pulse takes time T, to

reach point A. If the wave pulse of wavelength A is
produced at point A (Pulse 2) without disturbing

the position of M it takes time T, to reach point O.
Which of the following options is/are correct?

O| D Pulse 1

(a) The time T, =Ty,

(b) The wavelength of Pulse 1 becomes longer when
it reaches point A

(c) The velocity of any pulse along the rope is
independent of its frequency and wavelength

(d) The velocities of the two pulses (Pulse 1 and Pulse 2)
are the same at the midpoint of rope.

7.

A human body has a surface area of approximately
1 m?. The normal body temperature is 10 K above the
surrounding room temperature T, Take the room
temperature to be T, = 300 K. For T, = 300 K, the
value of (ST(;1 = 460 W m~2 (where G is the Stefan
Boltzmann constant). Which of the following options
is/are correct?

(a) If the body temperature rises significantly then
the peak in the spectrum of electromagnetic
radiation emitted by the body would shift to
longer wavelengths

If the surrounding temperature reduces by a
small amount AT, << T, then to maintain the
same body temperature the same (living) human

being needs to radiate AW = 4GT03AT0 more
energy per unit time
(c) The amount of energy radiated by the body in
1 second is close to 60 Joules
Reducing the exposed surface area of the body
(e.g. by curling up) allows humans to maintain
the same body temperature while reducing the
energy lost by radiation.

(b)

Section 2 (Maximum Marks : 15)

10.

This section contains FIVE questions.
The answer to each question is a SINGLE DIGIT INTEGER
ranging from 0 to 9, both inclusive.

For each question, darken the bubble corresponding to the
correct integer in the ORS.

For each question, marks will be awarded in one of the following
categories :

Full Marks: +3 If only the bubble corresponding to the

correct answer is darkened.

Zero Marks: O In all other cases.

An electron in a hydrogen atom undergoes a transition
from an orbit with quantum number 7, to another
with quantum number ne. V; and Vyare respectively

the initial and final potential energies of the electron.

V.
If —-=6.25, then the smallest possible ngis

Vy
A drop of liquid of radius R = 1072 m having surface

tension S :E N m™! divides itself into K identical
4T

drops. In this process the total change in the surface

energy AU = 1072 J. If K = 10% then the value of o, is

A stationary source emits sound of frequency v, = 492 Hz.
The sound is reflected by a large car approaching
the source with a speed of 2 m s™!. The reflected
signal is received by the source and superposed with
the original. What will be the beat frequency of the
resulting signal in Hz? (Given that the speed of sound
in air is 330 m s~! and the car reflects the sound at the
frequency it has received).
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11. B! s an isotope of Todine that 3 decays to an isotope
of Xenon with a half-life of 8 days. A small amount of a
serum labelled with 13T is injected into the blood of a
person. The activity of the amount of > injected was
2.4 x 10° Becquerel (Bq.) It is known that the injected
serum will get distributed uniformly in the blood
stream in less than half an hour. After 11.5 hours,
2.5 ml of blood is drawn from the persons body, and
gives an activity of 115 Bq. The total volume of blood
in the person’s body, in litres is approximately (you
may use e* =1+ x for |x| << 1and In 2 = 0.7).

12. Amonochromatic
light is travelling in a
medium of refractive
index n = 1.6. It enters

m n—mAn
m

1 nm =" "

a stack of glass layers 3 7 n-3An
from the bottom side 22 /2 FEVI T
Bl n-An

at an angle 0 = 30°.
The interfaces of the ‘¢!
glass layers are parallel to each other. The refractive
indices of different glass layers are monotonically
decreasingas n, =n —mAn, where n,, is the refractive
index of the m™ slab and An = 0.1 (see the figure). The
ray is refracted out parallel to the interface between
the (m — 1)™ and m'™ slabs from the right side of the
stack. What is the value of m?

Section 3 (Maximum Marks : 18)

e This section contains SIX questions of matching type.

e This section contains TWO tables (each having 3 columns and
4 rows).

e Based on each table, there are THREE questions.

e Fach question has FOUR options (a), (b), (c), and (d). ONLY ONE
of these four options is correct.

e  For each question, darken the bubble corresponding to the
correct option in the ORS.

e Foreach question, marks will be awarded in one of the following
categories :
Full Marks: +3 If only the bubble corresponding to the

correct option is darkened.

If none of the bubbles is darkened

In all other cases

Zero Marks: O
Negative Marks: -7

Answer Q.13, Q.14 and Q.15 by appropriately
matching the information given in the three
columns of the following table.

A charged particle (electron or proton) is introduced at the
origin (x = 0, y = 0, z = 0) with a given initial velocity v.
A uniform electric field E and a uniform magnetic
field B exist everywhere. The velocity ¥, electric field
E and magnetic field B are given in columns 1, 2
and 3, respectively. The quantities E, B, are positive
in magnitude.

Column I Column II Column III
(I) Electron with

s_oB0s |G) E=Ez | B=—By&

By

(II) Electron with

5= Fo s (i) E=—Eyj | (Q B=Byx

B,
(ITII) Proton with _ A _ A
V=0 (iii) E=—Epx | (R) B=Byy
(IV) Proton with
17:2%9% (iv) E=Egk | (s) B=Byt
0

13. In which case would the particle move in a straight
line along the negative direction of y-axis (i.e., move
along - )?

(a) (IV) (ii) (S) (b) (II) (iii) (Q)
(c) (IID) (ii) (R) (d) (III) (i) (P)

14. In which case will the particle move in a straight line
with constant velocity?

(a) (II) (iii) (S) (b) (III) (iii) (P)
(c) (V) (@) (S) (d) (III) (ii) (R)

15. In which case will the particle describe a helical path
with axis along the positive z direction?
(a) (II) (ii) (R) (b) (III) (iii) (P)
(c) (V) (i) (5) (d) (Iv) (ii) (R)

Answer Q. 16, Q.17 and Q. 18 by appropriately matching
the information given in the three columns of the
following table.

An ideal gas is undergoing a cyclic thermodynamic
process in different ways as shown in the corresponding
P - V diagrams in column 3 of the table. Consider
only the path from state 1 to state 2. W denotes the
corresponding work done on the system. The equations
and plots in the table have standard notations as used
in thermodynamic processes. Here v is the ratio of heat
capacities at constant pressure and constant volume.
The number of moles in the gas is n.

Column I Column II Column II1
p
I Wi, = 1.2
1 | () Isothermal | (P)
(RV, =PAV})— Q
v-1 v
p
mw,_,,= 3 . 1
- Isoch
(ii) Isochoric Q) Qz
- PV2 + PV1

Vv
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p
1
() W, ,=0 | (i) lsobaric | ®) | UX
>
V) w_, = B
v, (iv) Adiabatic | (S) 2t:|
—nRTIn| —=
v v

16.

Which one of the following options correctly
represents a thermodynamic process that is used as a
correction in the determination of the speed of sound

PAPER-II

17.

18.

in an ideal gas?
(a) (IV) (ii) (R) (b) () (i) (Q)
(©) (D (v) (Q) (d) (III) (iv) (R)

Which of the following options is the only correct
representation of a process in which AU = AQ - PAV?
(a) (II) (i) (S) (b) (II) (iii) (P)
(c) (III) (iii) (P) (d) (II) (iv) (R)

Which one of the following options is the correct
combination?

(a) (I (iv) (P)
(c) (D) (iv) (R)

(b) (IID) (ii) (S)
(d) (V) (ii) (S)

8]

Section 1 (Maximum Marks : 21)
This section contains SEVEN questions.
Each question has FOUR options (a), (b), (c) and (d). ONLY ONE
of these four options is correct.
For each question, darken the bubble corresponding to the
correct option in the ORS.
For each question, marks will be awarded in one of the following
categories :
Full Marks : +3 If only the bubble corresponding to the
correct option is darkened.
If none of the bubbles is darkened.

In all other cases.

Zero Marks: 0
Negative Marks : —7
A rocket is launched normal to the surface of the
Earth, away from the Sun, along the line joining the
Sun and the Earth. The Sun is 3 x 10° times heavier
than the Earth and is at a distance 2.5 x 10* times
larger than the radius of the Earth. The escape velocity
from Earth’s gravitational field is v, = 11.2 km s™!. The
minimum initial velocity (v,) required for the rocket
to be able to leave the Sun-Earth system is closest to
(Ignore the rotation and revolution of the Earth and
the presence of any other planet)

(@) v,=62km s (b) v,=22km 57!

() v,=72km 57! (d) v,=42km 5!

A person measures the depth of a well by measuring
the time interval between dropping a stone and
receiving the sound of impact with the bottom of
the well. The error in his measurement of time is
8T = 0.01 s and he measures the depth of the
well to be L = 20 m. Take the acceleration due to
gravity ¢ = 10 m s™2 and the velocity of sound is
300ms™!. Thenthefractional errorin the measurement,
SL/L, is closest to

(@ 5% B)1% (c) 3% (d) 0.2%

Consider an expanding sphere of instantaneous radius
R whose total mass remains constant. The expansion
is such that the instantaneous density P remains
uniform throughout the volume. The rate of fractional

change in density (1@

is constant. The velocity v
p dt
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of any point on the surface of the expanding sphere
is proportional to

b) =
®) -

A symmetric star shaped
conducting wire loop
is carrying a steady
state current I as shown
in the figure. The
distance between the
diametrically  opposite
vertices of the star is
4a. The magnitude of
the magnetic field at the
center of the loop is

(a) R (c) R*3

(d) R

@ Yl 3 ) Releso)
41a 41a

© 2Mlyhsoy @ Pl
41a 41a

Consider regular polygons with number of sides
n=34,5 as shown in the figure. The centre of
mass of all the polygons is at height h from the ground.
They roll on a horizontal surface about the leading
vertex without slipping and sliding as depicted. The
maximum increase in height of the locus of the center
of mass for each polygon is A. Then A depends on n
and h as




6. Three vectors P, (j and yA

Rare shown in the

figure. Let S be any
point on the vector R. B/ -
The distance between
the points P and §
is b|§| The general O X
rglation among vectors

P, Q and S is

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

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

(© S=(1-b)P+b°Q
(d) S=(1-b%)P+bQ
A photoelectric material having work-function ¢ is

he
illuminated with light of wavelength A [7» < q)—J The
0

fastest photoelectron has a de Broglie wavelength A ;.
A change in wavelength of the incident light by AL
results in a change AA; in A ;. Then the ratio AA ,/AA
is proportional to

(a) 7»‘31/7» (b) 7»(31/7»2 (c) 7»;/7»2 (d) Xd/k

Section 2 (Maximum Marks : 28)

This section contains SEVEN questions.

Each question has FOUR options (a), (b), (c) and (d). ONE OR
MORE THAN ONE of these four options is(are) correct.

For each question, darken the bubble(s) corresponding to all
the correct option(s) in the ORS.

For each question, marks will be awarded in one of the following
categories :

Full Marks :  +4 If only the bubble(s) corresponding to all
the correct option(s) is(are) darkened.

For darkening a bubble corresponding
to each correct option, provided NO
incorrect option is darkened.

If none of the bubbles is darkened.

Partial Marks :+17

Zero Marks: O

Negative Marks : -2 In all other cases.

For example, if (a), (c) and (d) are all the correct options for
a question, darkening all these three will result in +4 marks;
darkening only (a) and (d) will result in +2 marks; and darkening (a)
and (b) will result in -2 marks, as a wrong option is also darkened.

A wheel of radius R /ﬁ\
P Q

and mass M is placed
i
k‘v/

at the bottom of a
fixed step of height R
as shown in the figure.
A constant force is continuously applied on the surface
of the wheel so that it just climbs the step without
slipping. Consider the torque T about an axis normal

10.

to the plane of the paper passing through the point Q.
Which of the following options is/are correct?
(a) If the force is applied at point P tangentially then
T decreases continuously as the wheel climbs.
(b) If the force is applied tangentially at point S then
T # 0 but the wheel never climbs the step.
(c) Ifthe forceisapplied normal to the circumference
at point P then 7 is zero.
(d) Ifthe force is applied normal to the circumference
at point X then T is constant.
A rigid uniform bar AB of A
. — DAL
length L is slipping from AN
its vertical position on a J A
frictionless floor (as shown
in the figure). At some Y BB
instant of time, 0
the angle made by the bar with the vertical is 6. Which
of the following statements about its motion is/are
correct?

(a) When the bar makes an angle 6 with the vertical,
the displacement of its midpoint from the initial
position is proportional to (1 - cos 0).

(b) The midpoint of the bar will fall vertically
downward.

(c) Instantaneous torque about the point in contact
with the floor is proportional to sin 6.

(d) The trajectory of the point A is a parabola.

The instantaneous voltages at three terminals marked
X, Y and Z are given by Vy = V| sin 0t,
Vy=V,sin (o)t+2?n) and V, =V sin ((,)H-%)

An ideal voltmeter is configured to read rms value
of the potential difference between its terminals. It is
connected between points X and Y and then between
Y and Z. The reading(s) of the voltmeter will be

(a) independent of the choice of the two terminals

1

3

[ JALELD (I ANSWER KEY

1.
6.

11.
16.
21.
26.

(b) 2. (d) 3. (¢ 4. (¢) 5. (¢)
(a) 7. (a) 8. (¢ 9. (¢ 10. (¢)
(a) 12. (b) 13. (¢) 14. (d) 15. (a)
(d) 17. (d) 18. (b) 19. (a) 20. (b,c,d)
(a,d) 22.(b,c) 23.(becd) 24.(5) 25.(9)
(2) 27. (a) 28. (d) 29. (¢) 30. (a)
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11.

12.

@

A uniform magnetic field B exists in the region between
3R . . i
x=0and x =7 (region 2 in the figure) pointing

normally into the plane of the paper. A particle with
charge +Q and momentum p directed along x-axis
enters region 2 from region 1 at point P,(y = -R).
Which of the following option(s) is/are correct?

y
Region 1 A Region 2 Region 3
X X X
X X B X
X X X
X X X
X X X
O —
X X x|P, x
+Q  PIx x x
o—p
()’ =-R) X X X
X X X
DR >
3R/2

(a) For B> 2P , the particle will re-enter region 1.
3QR

8
(b) For B= —L, the particle will enter region 3
13 QR

through the point P, on x-axis.

(c) Forafixed B, particles of same charge Q and same
velocity v, the distance between the point P, and
the point of re-entry into region 1 is inversely
proportional to the mass of the particle.

When the particle re-enters region 1 through the
longest possible path in region 2, the magnitude
of the change in its linear momentum between

point P, and the farthest point from y-axis is
pIN2.

Two coherent monochromatic P
point sources S, and S, of
wavelength A = 600 nm are
placed  symmetrically  on
either side of the center of the
circle as shown. The sources
are separated by a distance
d = 1.8 mm. This arrangement
produces interference fringes visible as alternate bright
and dark spots on the circumference of the circle. The
angular separation between two consecutive bright
spots on the circumference of the circle. The angular
separation between two consecutive bright spots is
AB. Which of the following options is/are correct?

(a)

(d)

The angular separation between two consecutive
bright spots decreases as we move from P, to P,
along the first quadrant.

At P, the order of the fringe will be maximum.

A dark spot will be formed at the point P,.

The total number of fringes produced between
P, and P, in the first quadrant is close to 3000.

(b)
(c)
(d)
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13.

14.

A point charge +Q is placed

just outside an imaginary

hemispherical surface of radius

R as shown in the figure. Which

of the following statements

is/are correct?

(a) The circumference of the flat surface is an
equipotential.

(b) The component of the electric field normal to the
flat surface is constant over the surface.

(c) Total flux through the curved and the flat surfaces

is g
€

(d) The electric flux passing through the curved

1
surface of the hemisphere is - (1 - —)
2¢g \/E

A source of constant voltage V is connected to a

resistance R and two ideal inductors L, and L, through
a switch S as shown. There is no mutual inductance
between the two inductors. The switch § is initially
open. At t = 0, the switch is closed and current begins
to flow. Which of the following options is/are correct?

v
(a) Att=0, the current through the resistance Ris —.

(b) The ratio of the currents through L, and L, is
fixed at all times (¢ > 0).

(c) After along time, the current through L, will be
vV L
RL+L,

(d) After along time, the current through L, will be
vV L,
RL+L,

Section 3 (Maximum Marks : 12)

This section contains TWO paragraphs.

Based on each paragraph, there are TWO questions.

Each question has FOUR options (a), (b), (c) and (d). ONLY ONE
of these four options is correct.

For each question, darken the bubble corresponding to the
correct option in the ORS.

For each question, marks will be awarded in one of the following
categories :

Full Marks:  +3 If only the bubble corresponding to the

correct option is darkened.

Zero Marks : 0  In all other cases.



PARAGRAPH 1

Consider a simple RC circuit as shown in figure 1.

Process 1 : In the circuit the switch S is closed at t = 0
and the capacitor is fully charged to voltage V (i.e.,
charging continues for time T'>> RC). In the process some
dissipation (E};) occurs across the resistance R. The amount
of energy finally stored in the fully charged capacitor is E .
Process 2 : In a different process the voltage is first set to

Yo and maintained for a charging time T >> RC. Then

2V,
the voltage is raised to TO without discharging the

capacitor and again maintained for a time T > > RC. The
process is repeated one more time by raising the voltage to
V,, and the capacitor is charged to the same final voltage
V, as in Process 1.

These two processes are depicted in figure 2.

W
R
v(®) c=—
figure 1
VA
v, Process 1 :
A
2V/3 1 —
Process 2\
V37 T>>RC
: —
T 2T t
figure 2

15. In Process 2, total energy dissipated across the

resistance E p 1S

1 1(1
() ED=3(ECV02) (b) Eng(ECVOz)

1
() Ep=3CV, @) Ep =ECV02

16. In Process 1, the energy stored in the capacitor E.and

heat dissipated across resistance E[, are related by

(a) E.=E, (b) Ep=EpIn2
1
(c) Eo=2E, (d) E. = S Fp

PARAGRAPH 2

One twirls a circular ring (of mass M and radius R) near
the tip of one’s finger as shown in figure 1. In the process
the finger never loses contact with the inner rim of the
ring. The finger traces out the surface of a cone, shown
by the dotted line. The radius of the path traced out by
the point where the ring and the finger is in contact is
r. The finger rotates with an angular velocity ®,. The
rotating ring rolls without slipping on the outside of a
smaller circle described by the point where the ring and
the finger is in contact (figure 2). The coeflicient of friction
between the ring and the finger is | and the acceleration
due to gravity is g.

figure 2

17. The minimum value of ® below which the ring will
drop down is

3g g
® \ 2u(R—7) ®) \Vur-n)

8 28
© \nr=n @D ur—n

18. The total kinetic energy of the ring is

(a) Moy (R - r)? (b) %wa)(R —1)?
(c) %Mcof)(R -1? (d) MoR?

ANSWER KEYS

PAPER-I
1. (ab) 2. (abc) 3. (bd) 4. (acd) 5. (ab)
6. (a,c) 7. (d) 8. (5) 9. (6) 10. (6)
11. (5) 12. (8) 13. (¢) 14. (a) 15. (c)
16. (¢) 17. (b) 18. (b)

PAPER-II
1. (d) 2. (b) 3. (a) 4. (b) 5. (c)
6. (a) 7. (b) 8. (borby)
9. (ab,c) 10.(a,d) 11.(ab) 12.(b,d) 13. (a,d)
14. (b,c,d) 15. (b) 16. (a) 17. (b)

18. (bonus)
For detail solutions refer to :
MTG JEE Advanced Explorer,
MTG 40 years JEE Advanced Chapterwise Solutions.
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SOLUTION SET-47

1. (c) : Let specific heat of water be s ] g1 °C~!
Energy released by water to come to 0°C
=m,s, (T, —Tf)w = (10 g) s (10 - 0) °C

= (10 g) s (10°C) = 100 J
Energy absorbed by ice to come to 0°C

=myps (Tp-T); =(10 g)(%)(o - (=20))°C
=10 g) %(20°C)=(10 £)s(10°C) =100

(Here, we have used subscript w and I for water and
ice respectively).

Since heat absorbed by ice is equal to the heat
released by water, therefore, no ice will convert into
water. Hence, option (c) is correct.

2. (b): When we heat the gas, the temperature of
system rises and gas |
starts expanding.

Since, pistons are A —F A,
movable, the gas exerts
pressure on both the |
piston to increase space. As the piston are joined by
inextensible string, hence, both the pistons will
move in the direction of net force acting on the
system.

As Ay <A, .. PA <PA,or F <F, (. F=PA)
Net force, F = F, - F| (rightwards)

2,

2
3. (b): Current in primary circuit, | = ——
(5+R)

Also, 6x10 = X5%0.6

(5+R)
= 5+R=1000 = R=995Q
4. (d): For a circular wire direction of magnetic field

is shown
®
O] O]
©
5. (a) : The equivalent resistance of the given circuit is
RxG
+1.
R+G ”
Current supplied by the cell, I= RC
Voltmeter reading, R+G 1
V = 24 V - Potential difference across 1 Q

=24-1x1

84
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24
Voo 24 ¥
RG Y, R

R+G 11

7+7

R G

ForG—> e ; V=20V
24

= 20=24——— = R=5Q
R+1

6. (b, c): Magnetic field due to loop of radius R

carrying current [ at a distance x is given by,
MoIR?
2AR? +x2)%2

Let us consider that the distance of point O from
centres of loop X and Y be x and x” respectively.
Using properties of similar triangles,
ol o w=ox

’

X 2r

Now, the current in each loop is of same magnitude
and flowing in same sense, hence magnetic field at
point O is in same direction,

|.LOIr2

For loop X : B = 2372

2(r2 +x
uOI(Zr)Z _B
22r)* +(2x)?)¥? 2

For loop Y: B =

Total magnetic field at O is (B +§) or ?
7. (a,c,d):Reading of V, and V, are equal
1 T 3
= X=X = W=——=—X10"Hz
¢ L NIl
2nu=§><103 Hz = v=125Hz
Net impedance of LCR circuit, Z = R = 100 Q
Current flowing in the circuit,

V(200
=~ == |a=24
sz (100)
2
Vl:IrmSXL:(z)x—xgx103:1000V
T

8. (0) : If the volume of liquid at temperature 10 °C is
2 litre, then the volume at temperature 0°C is

Solution Senders of Physics Musing
1. Avnish Mishra, Patna
2. Subrata Sinha, Delhi
3. Nishita Kelkar, Pune




9.

Similarly if the volume of liquid at temperature is
20°C is 7 litre then the volume at temperature 0°C is
7
 (1+207)
If the density at 0°C is d, then the masses are

m, = V,,dand m, = V,.d
After mixing the liquids, the temperature is
_mTy+m,T, 10m;+20m,
- C om+m,

Va0

T

my +m,
The volume of liquids at this temperature are
V(1 +yT) and V(1 +vT)
The sum of volume of liquids after mixing is
V=V,(1+yT) + V,,(1+7T)
= Vot Voo YV + Vo) T
my+my \IOml +20m,
d ) my +m,

=Vlo+Vzo+Y(

=Vt Vot 10y Vi, +20y V=V, + V,
Hence the sum of volume of liquids is constant.

(3): UPxV = TBoecV
PRYB < v (*+ PV = nRT)
PBYB-1 = constant; PV(B_D/ B constant

10.

AU _nCyAT 1 050
AQ

nCAT 3
B-1

CV+L=3CV,where xXx=—
1-x

3
For monoatomic gas, CV =

(4) : For dc source : R=%=3Q

For ac source : Z=£=SQ

2.4
As, Z=+|R* + X}
. R2+ (wL)? =25 (v
(WL)?=25-9=16

X, = olL)

4
wL=4 = L=—
0]

50 _
®=2TV=2TX—=100rad s !
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