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FOREWORD

The National Curriculum Framework (NCF), 2005 recommends that children’s life at school must
be linked to their life outside the school. This principle marks a departure from the legacy of bookish
learning which continues to shape our system and causes a gap between the school, home and community.
The syllabi and textbooks developed on the basis of NCF signify an attempt to implement this basic idea.
They also attempt to discourage rote learning and the maintenance of sharp boundaries between different
subject areas. We hope these measures will take us significantly further in the direction of a child-centred
system of education outlined in the National Policy on Education (NPE), 1986.

The success of this effort depends on the steps that school principals and teachers will take to
encourage children to reflect on their own learning and to pursue imaginative activities and questions. We
must recognise that, given space, time and freedom, children generate new knowledge by engaging with the
information passed on to them by adults. Treating the prescribed textbook as the sole basis of examination
is one of the key reasons why other resources and sites of learning are ignored. Inculcating creativity and
initiative is possible if we perceive and treat children as participants in learning, not as receivers of a fixed
body of knowledge.

These aims imply considerable change in school routines and mode of functioning. Flexibility in the
daily time-table is as necessary as rigour in implementing the annual calendar so that the required number
of teaching days are actually devoted to teaching. The methods used for teaching and evaluation will also
determine how effective this textbook proves for making children’s life at school a happy experience, rather
than a source of stress or boredom. Syllabus designers have tried to address the problem of curricular
burden by restructuring and reorienting knowledge at different stages with greater consideration for child
psychology and the time available for teaching. The textbook attempts to enhance this endeavour by giving
higher priority and space to opportunities for contemplation and wondering, discussion in small groups, and
activities requiring hands-on experience.

The National Council of Educational Research and Training (NCERT) appreciates the hard work
done by the textbook development committee responsible for this book. We wish to thank the Chairperson
of the advisory group in science and mathematics, Professor J.V. Narlikar and the Chief Advisor for this
book, Professor A.W. Joshi for guiding the work of this committee. Several teachers contributed to the
development of this textbook; we are grateful to their principals for making this possible. We are indebted
to the institutions and organisations which have generously permitted us to draw upon their resources,
material and personnel. We are especially grateful to the members of the National Monitoring Committee,
appointed by the Department of Secondary and Higher Education, Ministry of Human Resource
Development under the Chairpersonship of Professor Mrinal Miri and Professor G.P. Deshpande, for their
valuable time and contribution. As an organisation committed to systemic reform and continuous
improvement in the quality of its products, NCERT welcomes comments and suggestions which will
enable us to undertake further revision and refinement.

Director

New Delhi National Council of Educational
20 December 2006 Research and Training
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THE CONSTITUTION OF
INDIA
PREAMBLE

WE, THE PEOPLE OF INDIA, having
solemnly resolved to constitute India into

a

'[SOLVEREIGN SOCIALIST SECULAR

DEMOCRATIC REPUBLIC] and to secure
to all its citizens :

JUTICE, social, economic and political;
LIBERTY of thought, expression, belief,
faith and worship;

EQUALITY of status and of opportunity;
and to promote among them all
FRATERNITY assuring the dignity of
the individual and the ?[unity and
integrity of the Nation];

IN OUR CONSTITUENT ASSEMBLY this
twenty-sixth day of November, 1949 do
HEREBY ADOPT, ENACT AND GIVE
TO OURSELVES THIS CONSTITUTION.

1.

Subs, by the Constitution (Forty-second
Amendment) Act, 1976, Sec. 2, for “Sovereign
Democratic Republic” (w.e.f. 3.1.1977)
Subs, by the Constitution (Forty-second
Amendment) Act, 1976, Sec.2, for Unity of
the Nation” (w.e.f. 3.1.1977)

ﬂf;@?ﬁ”"?&
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Constitution of India

Part IV A (Article 51 A)

Fundamental Duties

It shall be the duty of every citizen of India —

(a)

(b)

(c)
(d)

(e

6))
(@

(h)

)

*(k)

to abide by the Constitution and respect its ideals and institutions,
the National Flag and the National Anthem;

to cherish and follow the noble ideals which inspired our national
struggle for freedom;

to uphold and protect the sovereignty, unity and integrity of India;
to defend the country and render national service when called upon
to do so;

to promote harmony and the spirit of common brotherhood amongst
all the people of India transcending religious, linguistic and regional
or sectional diversities; to renounce practices derogatory to the
dignity of women;

to value and preserve the rich heritage of our composite culture;
to protect and improve the natural environment including forests,
lakes, rivers, wildlife and to have compassion for living creatures;
to develop the scientific temper, humanism and the spirit of inquiry
and reform;

to safeguard public property and to abjure violence;

to strive towards excellence in all spheres of individual and collective

activity so that the nation constantly rises to higher levels of
endeavour and achievement;

who is a parent or guardian, to provide opportunities for education
to his child or, as the case may be, ward between the age of six and
fourteen years.

Note:

The Article 5S1A containing Fundamental Duties was inserted by
the Constitution (42nd Amendment) Act, 1976 (with effect from 3
January 1977).

*(k) was inserted by the Constitution (86th Amendment) Act, 2002
(with effect from 1 April 2010).
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CONSTITUTION OF INDIA

Part I1I (Articles 12 — 35)
(Subject to certain conditions, some exceptions
and reasonable restrictions)

guarantees these

Fundamental Rights

Right to Equality

before law and equal protection of laws;

irrespective of religion, race, caste, sex or place of birth;
of opportunity in public employment;

by abolition of untouchability and titles.

Right to Freedom

of expression, assembly, association, movement, residence and profession;

of certain protections in respect of conviction for offences;

of protection of life and personal liberty;

of free and compulsory education for children between the age of six and fourteen years;
of protection against arrest and detention in certain cases.

Right against Exploitation

for prohibition of traffic in human beings and forced labour;
for prohibition of employment of children in hazardous jobs.

Right to Freedom of Religion

freedom of conscience and free profession, practice and propagation of religion;
freedom to manage religious affairs;
freedom as to payment of taxes for promotion of any particular religion;

freedom as to attendance at religious instruction or religious worship in
educational institutions wholly maintained by the State.

Cultural and Educational Rights

for protection of interests of minorities to conserve their language, script and culture;
for minorities to establish and administer educational institutions of their choice.

Right to Constitutional Remedies

by issuance of directions or orders or writs by the Supreme Court and High
Courts for enforcement of these Fundamental Rights.

e O ———



PREFACE

It gives me pleasure to place this book in the hands of the students, teachers and
the public at large (whose role cannot be overlooked). It is a natural sequel to the Class
XI textbook which was brought out in 2006. This book is also a trimmed version of the textbooks
which existed so far. The chapter on thermal and chemical effects of current
has been cut out. This topic has also been dropped from the CBSE syllabus. Similarly,
the chapter on communications has been substantially curtailed. It has been rewritten in
an easily comprehensible form.

Although most other chapters have been based on the earlier versions, several parts and
sections in them have been rewritten. The Development Team has been guided by the feedback
received from innumerable teachers across the country.

In producing these books, Class XI as well as Class XII, there has been a basic change
of emphasis. Both the books present physics to students without assuming that they would
pursue this subject beyond the higher secondary level. This new view has been prompted by
the various observations and suggestions made in the National Curriculum Framework (NCF),
2005. Similarly, in today’s educational scenario where students can opt for various combinations
of subjects, we cannot assume that a physics student is also studying mathematics. Therefore,
physics has to be presented, so to say, in a standalone form.

As in Class XI textbook, some interesting box items have been inserted in many chapters.
They are not meant for teaching or examinations. Their purpose is to catch the attention of the
reader, to show some applications in daily life or in other areas of science and technology, to
suggest a simple experiment, to show connection of concepts in different areas of physics, and
in general, to break the monotony and enliven the book.

Features like Summary, Points to Ponder, Exercises and Additional Exercises at the end
of each chapter, and Examples have been retained. Several concept-based Exercises have been
transferred from end-of-chapter Exercises to Examples with Solutions in the text. It is hoped
that this will make the concepts discussed in the chapter more comprehensible. Several new
examples and exercises have been added. Students wishing to pursue physics further would
find Points to Ponder and Additional Exercises very useful and thoughtful. To provide resources
beyond the textbook and to encourage elLearning, each chapter has been provided withsome
relevant website addresses under the title ePhysics. These sites provide additional
material on specific topics and also provide learners with opportunites for interactive
demonstrations/experiments.

The intricate concepts of physics must be understood, comprehended and appreciated.
Students must learn to ask questions like ‘why’, ‘how’, ‘how do we know it’. They will find
almost always that the question ‘why’ has no answer within the domain of physics and science
in general. But that itself is a learning experience, is it not? On the other hand, the question
‘how’ has been reasonably well answered by physicists in the case of most natural phenomena.
In fact, with the understanding of how things happen, it has been possible to make use of
many phenomena to create technological applications for the use of humans.

For example, consider statements in a book, like ‘A negatively charged electron is attracted
by the positively charged plate’, or ‘In this experiment, light (or electron) behaves like a
wave’. You will realise that it is not possible to answer ‘why’. This question belongs to the
domain of philosophy or metaphysics. But we can answer ‘how’, we can find the force acting,



xi

we can find the wavelength of the photon (or electron), we can determine how things behave
under different conditions, and we can develop instruments which will use these phenomena
to our advantage.

It has been a pleasure to work for these books at the higher secondary level, along with
a team of members. The Textbook Development Team, Review Team and Editing Teams
involved college and university teachers, teachers from Indian Institutes of Technology, scientists
from national institutes and laboratories, as well as, higher secondary teachers. The feedback
and critical look provided by higher secondary teachers in the various teams are highly laudable.
Most box items were generated by members of one or the other team, but three of them were
generated by friends and well-wishers not part of any team. We are thankful to Dr P.N. Sen of
Pune, Professor Roopmanjari Ghosh of Delhi and Dr Rajesh B Khaparde of Mumbai for
allowing us to use their box items, respectively, in Chapters 3, 4 (Part I) and 9 (Part II). We
are thankful to the members of the review and editing workshops to discuss and refine the
first draft of the textbook. We also express our gratitude to Prof. Krishna Kumar, Director,
NCERT, for entrusting us with the task of presenting this textbook as a part of the national
effort for improving science education. | also thank Prof. G. Ravindra, Joint Director, NCERT,
for his help from time-to-time. Prof. Hukum Singh, Head, Department of Education in Science
and Mathematics, NCERT, was always willing to help us in our endeavour in every possible
way.

We welcome suggestions and comments from our valued users, especially students and
teachers. We wish our young readers a happy journey into the exciting realm of physics.

A. W. JosHl
Chief Advisor
Textbook Development Committee



NEXIEET)

FOREWORD v
PREFACE X
(a1 w2 iy xii
usmW 1

[AgLd®IRL 247 &2 (ELECTRIC CHARGES AND FIELDS)

1.1 ENICET] 1
1.2 [Agdeu: 1
1.3 AL 2 A5 5
1.4 u2wL gl [AgdoulRd s2d 6
1.5 (8ol Yaod oLeiul 8
1.6 sdoidl [Ruy 10
1.7 8ol [Qgdeurl 422 ol 15
1.8 [aeidaiat 18
1.9 (e &t el 23
1.10  [48d sds 25
1.11 [ad s ([g-adl) 27
1.12 AU oAU Hod s ([8-adl) 31
1.13  Add [Agdeur [Adze 32
114 ol (Ram 33
115  oleil Madis Gualell 37
UMW 2

[Radlagd Ralamiq 241 $uile~d (ELECTROSTATIC POTENTIAL AND CAPACITANCE)
2.1 IENICET] 51
22 Radlagd i 53
23 [Bigad, [Aeaern dla Ralaxn 54
2.4 [agrd sl ([e-adl)- dli REfaaun 55
25 [AgidouleL daq dld RRalauq 57
2.6 AuRAMHIA YL 60
2.7 [Agdcu- dotl RalAGLA 61
2.8 olel aatul RafGA 64

29 Yalesi Rad [Qgdaurat 67



Xiv
2.0 qadasgls »d ddlotan
2.11 SUR{le30 vt suAleu
2.12 AHIAR W2 SUr(lex
2.13 Sufler uR sludasglsl 2
2.4 suleud dalw
2.5  UleaHi dauld Glod

usWL 3

uals [Aeld (CURRENT ELECTRICITY)
3.1 PERICET]

3.2 EERMEIY

33 Al [Qgduast

3.4 AL U

35 dasgini-il (352 ol 247 AR sl BealH
3.6 gl Raul waieiil

3.7 YEL-YEL L HIS HARIH Sl
3.8 2ARA5ALAL AU URAL 2UHIR
3.9 (g1l Gloal 1 wiaR (s1dcarL)

310 qusid AAl- ARl vid quidR
3.1 [QgLd sy, emf, AAdRs HHarln
3.12 S 1901 24 AHLAR ALL8L

3.13 ENESTIETIN]

3.14 adlerest (3o

3.15 Hlexlne

3.16 viz(aHlex

uswWL 4

[t [AgLAMIR 247 415l (MOVING CHARGES AND MAGNETISM )
4.1 JERICET)

4.2 Aorslueo

43 2o sluaotl ol

4.4 AY5d vial [Agyd e Fotsluaing ol

45 [QerdaLe vigelL 5181 1O A STHaR, sUdl- 4R (AR
4.6 [Qgdmas HURd aquusiz ualsduaidl e uR eisluat
4.7 [yl uslea (sin ououdl) Fam

4.8 AAASS 2t 2AASS

4.9 6L qMIdR [Agdndle a2 dwld e, U0UR

NS

4.10 [eidias qURd A0 (MaloUo) UR dwld 2Ls, 2etsla sidula
4.11 A djaoual dea-inler

71
73
74
75
78
80

93
93
94
95
97
101
101
103
105
107
110
113
115
118
120
122

132
133
137
140
143
145
147
150
154
157
163



pay

UsMWA 5

?\{;O{&q wA, g (MAGNESTISM AND MATTER)
51 UclA-AL

52 aAlHUL ots

53 2oiscd el olA-L (UM

5.4 yecil 2eisca

55 HoauSpar i Worles dlsidl
5.6 gedl-l 2otSld oMl

5.7 sl otsl 2 [Agdeioist
usWL 6

[&%dﬂﬂﬂ?‘l U8 (ELECTROMAGNETIC INDUCTION)
6.1 Ydld-l

6.2 533 2 Sdldl nAloll

6.3 Aoisld sds

6.4 53ell el [Ruw

6.5 Axovell [Ham v Glost dRewml

6.6 alasly [Qeduas oo

6.7 Glod (ARG ¢ 35 HIALHS oA

6.8 gzl nasl

6.9 Uscd

6.10 AC %323

w5 7

wedadl was (ALTERNATING CURRENT)

7.1 Ydlal

72 2AAMS @ Wi AC dieey

7.3 gudl ARA (3ol) 43 AC Udls v die@y-l 2giid
74 Ovsser (URs 2lag)) Al uidd AC dies
7.5 sulex (AMRs) @l wid AC dieew
7.6 LCR el wRuad al uidd AC diey
7.7 AC uRugMl wd : A $52r

7.8 LC sla-il

7.9 PRI R

usW0L 8

[Q%dﬂbt:‘;l?-l SEN) (ELECTRO MAGNETIC WAVES)
8.1 UclA-AL

8.2 AR L
8.3 [Qeydaieisla dRall
8.4 [Qadzesly asue

oAU (ANSWERS)

173
174
181
185
189
191
195

204
205
206
207
210
212
215
218
219
224

233
234
237
237
241
244
252
255
259

269
270
274
280

288



COVER DESIGN

(Adapted from http://nobelprize.org and
the Nobel Prize in Physics 2006)

Different stages in the evolution of
the universe.

BAack CoOVER

(Adapted from http://www.iter.org and
http://www.dae.gov.in)

Cut away view of International Thermonuclear Experimental Reactor (ITER) device.
The man in the bottom shows the scale.

ITER is a joint international research and development project that aims to
demonstrate the scientific and technical feasibility of fusion power.

India is one of the seven full partners in the project, the others being the European
Union (represented by EURATOM), Japan, the People’s Republic of China, the
Republic of Korea, the Russian Federation and the USA. ITER will be constructed in
Europe, at Cadarache in the South of France and will provide 500 MW of fusion
power.

Fusion is the energy source of the sun and the stars. On earth, fusion research is
aimed at demonstrating that this energy source can be used to produce electricity in
a safe and environmentally benign way, with abundant fuel resources, to meet the
needs of a growing world population.

For details of India’s role, see Nuclear India, Vol. 39, Nov. 11-12/
May-June 2006, issue available at Department of Atomic Energy (DAE) website
mentioned above.
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Qo1 quid 2uild] dlogoll . 51+ el vilddl 3 erml piuell olss ual qual
olle olA-ll dlvisel UMMl ussdl uuein [@gd 2425t (Shock) 8L @lol €. el
ol 51280 el AR HRsd udl [Rgalicu ([Redeur Rage) 8, % sHauss
AULEl2AAL sR1ae] 250 Adl gl dH seld vid AR ul ¢al 5 RAd[Rgd Baut
2l ¢l8 viid 214 8. AU 2L 2 Uhleil WRRAHL AL o Helll AL s el Rd
2ed vid 585 5 % olld s L Sl 5 AHA WA oledld A S AdlAgdarai [Aa
[Qgacule] Geciddl sal, &1 1 [Ralaxi-i (49 1041 504,

1.2 [ﬁgd@uz (ELECTRIC CHARGE)

Glet 18 3 39l 51U AL oA BAdl d sasl ueleld sy 8, Al w515l
all8eg M 2 lastfs 2d 6. 4. 6004 AlaHi z»uqcu Thales ofMlletusrt BU 9.
[E{act (Electrlclty) g, AALH Als a0 6(1&;“ F el e 8 Q»U’R uel ULy 6.
geuefl el 2l Al neial Holl edl 3 v auaisl dil sl ctw»{al
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613l oleil (Pith Ball), $12100L 2541 %Al asl

el el el el el gl sl asdl gl vudl AR vidotdal

s gl 4l veResl ) sl alaE e di Al g Az 53 wsl 6l A4ss sl

- ) ) 30) aiofl, woll >l sifl endell Qs Sl

g\% m@% %&@% 53, dud Zleldl ugel wAdl s¥er-l

Hirdleadl s dldl. dy el § uluil usel

(a) (b) (c) des s B, eSlsdHl dil gldlai usel
Y2l 28 ©.

7: 7: W 2 A3 24 ¢ 5 Bl 5 224 51U

AL AAL sA-L oL AL visollHdl dws

) ) (f) aladl il sisello-t 2tuist 8 [2uslki 1.1(a)].

NN A

Glrietl 6L 23U 5 224 51USHL 6L 531211 5 ¥l
A AOUAA 8L Sl AL wRL viso{load
UL 9, %L & s1AL AL 4 Gl Bis6{loaq
w158 0. d % Ad Bl 8L (83, Fur) A8 adadl wWilResl oL 1l ual
2s0float ULt B [l 1.1(b)]. ULl 537 215U B, 6{l9w 425 wiResl ABAEL 5121
A 250D [0 1.1(c)] A7 221 3 Bl 3 ¥+l 2018 512070 AOULA BAAL Sctl Al
(RAH 5 Gl 24Ul €9, st A0 Braldl-l 2 2uLsy 9.

ol 52 A8 qAL WlResl AMAL, 204 5 Adin-l 12l U8 desidd o sl el
olflaAl (Pith Balls) (Stastt qHuML dl sl WelleldA oliet vzl aslat)q
24518l 20 L oDollAL isolloast 2uistt & [2usld 1.1(d)]. 2t uld 08 ua
ULSNRL AR . oL 61l 00l Al 22U A8 BAAL S1AAL A DA 2LL5L8AUHL U L
el % 1A wRUA O [l 1.1(e)]. 245 Uesl HHadis vid Ha & 5 sta-L A0
A8 w53l o1yl oliofl, wRes-L AulaL A 18503¢ll oll -l dolla 2us
& [2usle 1.1(£)].

11 2l Zd A0 @lRidl $Slsdl, auidl Yueil 24 5102y sl WL 24 dHedl
[samel u2ell 2a1fd a8l sdl. el el [Rati-lzil gL 8RlL S1%YdA 5L 011 Sid
el [Fest Aoadinl il sdl 3 % 2Rac (Entity)d [REA®IR sl 209 © d-tl
55 6L % W51 V. 51U 5 wllResel A0, 23, 53, 613+l atioll al ueidl [gdeuRd
(Electrified) aaal 9. aai-il [Bul e dil [Agdoir witd 52 6. i3l alloll uz-il
WAl YAl © 5 [AgdouRd adi-l (54 (Electrification) 6L U1+l € i Htueiq 213
g 9 3 (i) Andly [[adoud ssoload 2wt 8 214 (ii) [@ondla Redeul
2soflondt 250 . WA 2 uRL gl 5 o+l aloll-l AuS duid [Agdeur wma
el atiofl uR 2Lt Wi 6. U, 613l dliollil Au sl [RedeuRd a8 8 2n sddid
£9. 6L U1+ [ABLAGURIA el Wiscll oR1u A [Agd™ie S (Polarity) 58 9.

PHYSICS IR SlArll 0L 203 A1 BAAHL U € AR ABAL 2L5 USIR-L [AgdcUR 244

203 oflon wsiell (Ao wind 52 8. axal [AgdeulRa ddl 6 el sisust A

W2 A 0. ¢d o [AgdeuRd AL, Sl WA dd dAdl ¢dl d 8L Ausu

Al U dl dil sisoflon sl el 21006 %12 [[edeRd 2ul sl IR FHA
2 2ALSUAL S AULSL Sl Sl Aol S5l Uslaia vl dadl ¢ u115tdl S 2uLstsdl el

25l 1.1 Al 2t oL dlollail : el [Agdeul
R R R RN CLYIRDR CIIRICTRIER TN 2 )

Interactive animation on simple electrostatic experiments:

http://demoweb.physics.ucla.edu/content/100-simple-electrostatic-

experiments
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A

Al

214, el [AEdeiz Wik 536l €d dal [RedoiRa ueiala 2isollol AusHi
alacil iddl wid 53¢ [Rgdeiz ol £ 8. 21 adisl urel i 9 Ry dizasil ?
d el ied o Rud 8 5 uelalal wid sl [l Rgasil sisofloadl »ies
Uoe 52 9. w2l [AELACURIA Uet 2 881 lal UM AR [Asuidl ool vsell
GLRL UL Sctl. UL LRI 51 5 L2 25 Bt AvAHL 2 % s HRLAdl 8Bl vl
BHAUML 24U cll AAU Yrd AL 69, [AEAGURLA Bl S 8L el Al UYL SE1A 1L
5 ¢al. 302t e sl AU 2dL Brendl 53 sl [Beder B i wilRes
AU AL 2904 UAL [AELARUR 881 ARLAME U 8. %L 515 Ueldl [A8AMIR HR1ddl €1d
dl [@gdenRd dldid séa 9. auR d-dl W s [@gdeur el €ldl R d- [@gd

e glal sea 9.
[Agd 211 Yeiscad 2185

Wl AU, [Ald 2im 2eiscd 6L el (AUl d1RUAL sdl. [Agd sta-iL ABa, [Brardl-l 53, stelil, dlooll
2 oL [AgAeuRL 2100l dld 5, BUR o5 Aotsel, divisel opsl, 2Aeisla Ald L2 Aie-l AHidA3ul
(el 2l 2 . 182041 33uusit [st-l HHiRdsnt oeuy 3, 2eisla sl dws (Gur 3 ) yhal
izl [Aeduatesd st sl eisld Aiue siaddn s 9. HEUYR 19 33324 2L ddisn 23 sélA
AHAA 2 5 i [AgAcil Aesluast Gt 536 2t ollddin Yeist [ed Gt 53 9. 2R
25124l atilas(asti-l Asuaa a2 olilis@su-l diz-ed 2% s2a RigidHi dxdl 21 6 [Bydl siselloa
Ui »tadoist (Dependence) eallel R isl5ls01 Rig 23 od. 2 &atl [QAgdyosca 58 . wuuall
2UAUY ot Hl2tewot-l se-iil [Agydiotsc gl AHael astd 6. sl (Gl wslal dg e3s ta-aus,
=Rl geinl L51A 54 AR URHIAL A2 AAARLS 610 2L Al SIMUL 21512 Al WBAHA
Y sl ottl-[Agdaioisly laxiall GeMa 6. [AeLdAe Sl 6oL 2 el HOeLd 6ol 215 6.

gl Yesiel oUfetl AHL500 2 ARccAlsN ¥ Bl My B ddl % oL WAl (Classical)
[Qgdzietscanl, Asude 2% s2dl AR 5wl a6, d8l 2l st edld 531 5, usia [Qgaziesla usld
219 €9 247 el 355U, Hiot [Agd 2t eisla Ml uell Hadl asid S, d8l eue 3, st [@sun [@egd
i 2015 A8 0US T ASUAG 6.

(et 24t 2eiscad [Astint 2ULs ARgll WAl ©. [Aeduiar, g2, A3 i 2l 21 oflet
AR ALFEL AL AUUAL 2iets GuswlL 24 [Astirtl Rigldl ur 22uaal 6. ol eal [RgdenRd sl
[2eyd 24 2ol oln 6ol @ 8, dd 9t % (MEL 4L ol [Agideul RaR 8 dul ool wist [Aglan di
€9, dH 2RI 691 5 dLcaotl i d-AAM (Long Range) 6101 €9, %R 58I d2lef Sl viot Mg €l AR WL
el 21U HRUU B, 51200 3 AL 6101 AAFUL $71RL Uslall ARAAL BidReAl AUrL A UHIHL 82 9. 1L
use1mi el ollvilel 3 [Redoion gL Hed % Al 240 A6l 53l Hirtel Sedld 4 F2d Al UL .
(Rieal :usa-1, 2Re X, ellfasfRstina weayeds)

ueldl uell [Rgideuizell U sl iz s ALE GuseL A Yqel-q2u [Agdedls ‘

(Gold-leaf Electroscope) £ [%{l§[<\-t 1.2(a)]. d 215 6lLSAHL AEL Y-l Ged AL
2L B3 widon Yasl aut dR1adl el 8. 1R [AgdtiRd weld 22 UL Higril

o

SLoULA 4L 69, AR [ABLAMIR gt Wl AR VL UR U € el Al Hsolondl 2 AU &

($21469). e %l

WHIRL [QedoulL el 32U 6.

= )
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o3l (a)

£93 USEL GOLLSALAL OLLAL QILIEL 14, GILMOL 20 cm Eoll-il
2531 SLUL, il L5 93 OLULL 14 VA SIUAL 941 AUl (AuRl)
ol i A0AA Al w5 ddl WElL oledl i d-l vieal
9411 A2t G clall o Al Uselil A0l AdanSel usdl v
ad, [£95 opAHL ULSL. oL A4S ABAA, stiel oot <l drs e
2, ollouatoll B3 o<l elgl 8 A ALl AFMYU-L
Yol dv (QaLMRL 6 cm dollsSHl) A de HeuHiel auoll
AMAAL AU B9 A1 Ayl euell Al U dHRL
[Agdeds-l aruil 8. ALl @ateial 5 cm dousS ol olei2
28 ¥ oA o112¢l UR AOLLSL. HidR HIuAL MIE oleell 210164l
S1LUAL 5 351 s AL AR 2idR 2 [Agdeurel el
STHERTR S

[adess 3dl Ad 514 52 8 d Axwal [QedeulRd uell
Q22 wiLsHRL AL 2 HUUsl Al ¢l d sl uglbil dl.
Axe HeHig) cwol, wel aoail e [Faudl a8l ugld i),

[enall>il 12 widl g [gdeds odl 93 8 (2uski
1.2(b)). wsel M2l AeqHFUH-AL S5 Uidol A0l dl, el

I FHEE T

pa!

(b) sandell dwil 530, 2usla 1341 eaien Heor anisl Rausd

atigl 1.2 Bieieds (a) d-azman BuR 24 dx AL UZlA el Ad usdl 5 anis AU 2ud. dd
Rz 5 (b) el E{idz dedl A AL S ol o110l Bisoflonell g2 WU B, AL eAld 9 % S0il
dstions 1R salefl UZlA [AgdeuR Wi 4l 8. 2R di 2188l a9l

U2 61 BLLHL GUTL UR A [AELdOUR S B, dell Al sollo suist 8. sudl o
AR ARV [AEABsHL Al HA 8. [gdeiRd ueld AL 93 ol Aid sl
sAdl [AgaeuR AL U 214 d-l 418 A3al e [RUHAL AL YR 1A WAL 8.

| caRuinL ol 2441 G100 UR Aolcd (Similar) [RELdoUR 1 & i dall dil sy 8.

(2)

(b)

(©)

2u5(d 1.3 sl ugl-l
walol

AUl 6921 Udelle WHIBL dirAL UL [AELdMIR AL %2l UR UHIRA 6. AU WM dl 3L
AHDDL 5 g uelal [ dMI 54 U 529,

LM ABLLE9L 5 6LE, 5l URHIRL Vet /el AL o] €9, AtHL-dt: sedl [Agydly 2ld
e €lal 69l At [Agdetr HA 6, Uid il [BeduRl 616 AHAAd 234 6. 8t
sl ui 212AA 215600 U128 %53 AvAAURL 6101, URHLLLALA 2156{lo 18 %53 AvAIRI
ol ol U5 (Adhesive) 601, Yrslldl 18 AsOUAAL 6oLl 4 ol Hadd Dd
(e UsRAL B, % [AgdeuRlL 42l ool Geatdal 8. U3, [[edon Adedl 8 14
2URLL A A8 A5NUAY £35 & 8] add 6. el 3L %30 & 5 20Ul AL oo (A9
ay il

SIS e ueldn [edeiRd sdl w2 2Uudl 3is wsiRel [ado Glrasl 5 g2
sl %32 UL 9. R 2R 24 551 3 ueld [AadoiRd 23l 9 IR UL i
QUURAAL 2adl vedl [edeir-dl did s3A2 el dn uelid, uiey Al il
notclall oilfa Sld, duidl seais Sasgiq, sisel oflon ueid U iid WHdl [[gdenr
9. 2, ueld Sedls SAsZAA oIl e [RgdeuRd ol ©. ddl % Jd ueld
HAs2lA Ut 53 0L [AgdeiRa ot 9. 2R UL sl A0 29 WA



[AgLdeul 241

A

Al

gflal ¢l R AlMY] Sedls SAS2Ir 2H UR WId WH 9. i, DL 4
[gdonfa i 204 8L [EedeiRd ot 8. aaal-l Bumi 515 Adl [@edeu: Gt
gl Aigfl. qoll, elAidR WHdl SAs2ixl Aval, ysid-l vzl SAsgicdl gat Avaidl
215 8Bl ALl ML €9, AL BURLd gl 2l woroidiel oiBid ld dal SAs2iA % ddlril
Bl ueleiniell 2atid Wi 8. 24el w12 215 welda ol usle AE qadHl »ud 8
AR uelal [agdeuRa aid 9, i siael @l yeldid [edeuRd adal diddy Hie
24l 52¢ls A8 (Pairs )L % A0l 84 UL 9.

1.3 ASSL A AUSSL (CONDUCTORS AND INSULATORS)

il 2Ls A0 glaul Av Gl AR audl [AedeuRd adl dlaidl 515 Asd %ol
2l. A3, Alssil 5 wlResl Erse (S1a)Aoll gl AMAL sl Hidrl oL 2uedl
Ricid gl 20d dl d [@gdenRd adl glaidl A5d U 6. HIRL S 2UU8L dioii-l 28
iR+ dezel 61l alloll (Pith Ball) 418 45t i oflogt €941 2821 [Aed R wlRe sl
A0 018, %2 L 2 Ru8L 5 o1l ool 2L [A8deiR U 52 6. % 2idl %
AL (Alotell di L) ARl B3] ALl 0-6x8 ALY, S 2UL dl LResL
AL uRell ozl olloll dRs 51 [Agdeurd @i ad el ulhel ouoll ds
[Qgid o 2aid s1 ad -4l ?

sedls ol [Agydn durimiel Adaidell uaR adl e 6, ofla adl ed -ell. Bl
-l (g udausdell uaR adl e € dun yalesl/2aal dssl (Conductors) 56
69, duedl Wi QgL (SAs2I) Hal €14 B 5 % g™l AUl 5L HI2 A2l Y5d U
69, HUil, Hirtd el Wiell R0 2t yedl drest 9. 51, Wiidle, wiles, Audid, dis
el Meledalel gl dH-iHil [EgLdl uAIR adin Ml A4 elud 8. dus
2491651 (Insulators ) $& 8. M2LMIRLAL Yglll BU* wRude ciHie] 215 QolHl Ud 8.

AR 519 [AELACUR 2ULAR A5 AAles U AU 8 AR d dRcd % YAl sl AHA
AUEL UR [AdRd A ond €. viell Bag, AR 2SS UR 516 [AEAGUR HsAUML HH1d R
oL, o % 22U 2 9. UG FH AU d AR wedl-il wsRimi ellvall.

gletl AL opREd, HUURLA B %R B % el el S wiResHl siust ad ysida
Al L dAA S18 Al [BedouRd iy 9, uel a4l Fdl figHl ueld
(gL oiRe adl el Hig U+l [Eedeur el AR Higd Bl 2id wH & (%l
669, Leak 14 69), 51201 5 i, [AgLdAi qalss 6.

UL 2AUEL A5 (e dMIRd ueleda Yol AusHi diedlal il ueied u-il ol
qriLtl [gdmiR s wals 22, Aus suddl yaiss (e 9z Fdl) Hisd
Il uAR A4S A 8. [Agdcuri-l yedl wie adurildl 1 ulbad w65
(Grounding) Al 212 5& . 2121 (Earthing) [Aed URUAL A GUsEAA s
Al yl wid 8. s gl ndl we gHl-Aul G18 elél, d weHial 28l HidHl dir
61812 518 dMA M5l ([AeLeL) Hoa eid i AL S HIZ AviaHl 21 B,

* 24qussl (Semi Conductors ) A3 il 215 >l 4l uRL 8. Al [RAgdetRi-]
Afcirl o AR £ €9 L YAUSSL el AALS S ARAAL AUOUHL SIHL 8.
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(@
A B
(b)

At
2
28

2u5(d 1.4 9232 g1
EERICIFANERL]

UL M 51 (gLl UATIAHL A2 dIR S4B : @ (Live), el (Neutral ) 244 248
(Earth). was 6L iz waz-22aell [Red cid 8 1 »{logl diz sledl We 18 i e
53l €l8et (Earthed) €ld 8. [Aad $(l, 2819322, T.V. %dl Gusali-l didHl »idrel
(Body)hl 18 536 R A& B 9. %R 5655 vl AU AL Dedd IR HidHl
a8l WA AR [AAdoR, Gusra qsaiq sul Rl 2im diddid s udiaigl
Ricud, gl adl a8, A8 dl Hista A2 yatss 8 dall gl Rl asi -l

1.4 YW gIRL [El%d(?-u[id 329; (CHARGING BY INDUCTION)

12 U8l i3+l atioll (Pith Ball)A [AgideiRd wizdl sl Amaidl 2l s1dlal AR,

AL UL B2els Rl [AeLdeIRL eyl dUofl U iR X 8 2 d wel [EedeiRd

ot 89, v, o3-fl olloll Ausell [AgacuRd i B, ¢d ussl A wrdls wBuL gl

UL WL B UL st AL S % (836 U2 [AAMIRA B dHlL gIRL 25 WH 8,

24 19, [AgdeiRd AMAL W HU2 $ast Ul st 8 2 Sl UA B % Pl ¢

U8 galol phudll ol 6. el Al walol s3UA 9 Ad 82 d AHFALAL Ut

53,

(1) UslA 1AMl e HAOL HASS 2278 UR 25AAL 6 Hiril SUOUL A 245 B
Ausuladl,

(i) 215 4 [edeuRd A 5165 218 AL eld., Ail 495 da 2l [ d- i
AL{lA, dldl. AUUHIrL Hod SASZIA AMUL dRS HLSUIE D, 21 ¢fl8 ol Bl
g el AULEL UR AHIRAAL e [AgAeUR Bt 21 8, ol WsiR-L [A8d®IRL il
SlLoUAHL i8¢ i dell 925l (Escape) 2scll Aial. dell dail »uusld 1.2(b)4l
galledl Yool Al Uz 28 8. A ollousdl slofl Auiel U diRi-l el [Egdeur i
B otlau-l el AUl U afiudl 4 [3gdetr 9. UM 69dl SUOUBHIAL 68l
Sasgir Al slell AUl v visel adl Al ¥ FH Al ol quLdl U .l
[Agdeur oL adis 93 2 AR oflagt SAsgiql 21 oML dddl SAsgiq glRl
AULSHEL HAMA B, LSl AHUHL, AOAULAL AL58RIAL 6101l HU 2474 L 2l
[adoua dld adl stusiel sla-dl 21642 s, Addnt AU 8. sl 1.4(b)
Adart Rl eod 8. 20 WA [Qgacurd 328 (Induction) 58 & 5L @21™oL
cetiBl (dRe %) oiet 9. ol L statl AMAL 200 425 Av Sl Al YHL Hsél
24l [AdeiR AUEl UR 268 6. o AMAA €2 s2UML 209 dl [Agdeul uR 1S
OULELOL0L ALOLG, 12l 24 AL il 4O deRel iRl Yt [AdRd ad .

(i) 2usla 1.4(c)ui saied 3ol A dlousl 25 s1u-L AMaA s usdl vl 6
SULOULA &l4L HdAR A2l 52U 6L AU (A6 UsIR ([Andld Ad) [@edeuRd
el U B A Sisollon 25U Y.

(iv) Al g2 520 28l 1.4(d)Mi saledl WISl ol sl [gdeiz Y olisasil
WH 9. ¢ dNOUIA AR Al €2 52U duedl Gu-ll [Agdeurl dx-l Awdl u
[Fafid Ad [@Addld 2 o, 2usld 1.4(e).
2L UBUHL AL £25 00U AHIA 4 [A2ncdld R ([A3g Ust2) [AgdeiRd Ay

9. L 4w gL [AgdeiRd sal Bar . . [adenlRd siaHdl wMdl d-dl s

(ageu dp-iadl <l % Aus gl [@edoiRd s2ai-l But sdi waol 8.

12 [AEdoRd AL, gast ueleli-l s dlaaiHi 219 R el 21U 14 9.

Al el U sl Al u Boadla [edeur AR 52 8 »iq woadly Reder



[QgracuRl i1 &t

uglasfl g2+l AUl UR U B, [0 Sl Ueld dles < Sl IR WL Hid AU 8. g
5l ld w9 d-dl Bul ed ugldl ulRae 1.10 24 2.1041 q1eAdl ©9.] 6L Us-l
(AeLdoURUAL Svsl 2% Aol X 8. sl el ¢l 5 [Ag ([Andla) [@edeuRl
U B 247 A, [AEAGURL HULSY 69, HUH 9l 61017 Hirt [ABAMIRL A2 iR UR
UHRA B, 2L AL [BRAMHL ST 610 HULST 6101 531 A4 8. URBUHA, 5120 2541
o1l ollofl Fal uelal sast dlaiell AL dRs WA B,

~

BELSRQ 1.1 35 Higrl Ol ugdl [l d¥ dq 34l {d 8-t [RgdeuRd 530
asell ?

B3 sl 1.5(a) 1dAlss 22+ U 315 AR - Sl ddll Higril ouuu ol
8. 215 B [AedeiRd A0 HigL ollon Wt >usld 1 5(b)=u galledl 4ol
a1l AR ol s lddl, SUOUHIAL {5 6@5;L-1 puLsveLA el g2 nu
8 A gl 93 Bssl YAl U3 V. AwsHl B SAsiA-l Gerun dl¥ -
(g dolRd ot 6. IR HigHl e Hsd &Sé&;‘m SERIENIER) (Net) ol0L 9y
U 9 AU [Etadmzl-ﬂ adaall 2124 od . AU Ales iz A Hle A1
A8l usld 1. 5(c)=u galleil Yool S wﬂ-ﬂt Al % 2 AW 5L 93 Hrt
[E{actouzl AT UL BEL [Etactouzml 2415401 6101 Gl Al AL il % @ sl
289 2l Al el 52U e [AUACUR 15l B3 62 %36[%&[ % 28 9
[uglet 1. 5(d)]. [QadculRd A g2 53 2usld 1.5(e)l el Yool 4
[al?:l:d(‘tl?. sl w2 R 33 3aus 4.

(a)

2usld 1.5

24 WALoLM, Hicl Ottt URRieL sedl gl [AgdeulRd Ay € i 1Rl
alrtl 5U6 [ABLdeUR dpHLadl .

2ilal % UalAl glRL HiHL Sl WAL 4ot [Aedea alal aldl, st
B2l [AgdMiRd s3L asid O, il [BRAML U2 UUA dIR HIRsd %4l Ul
AL AR wHlARIEl A5 UL UR Aet WIHIL. e, 33 2 A Al
sl ?

| R RLRIED)
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1.5 [Q%dﬂ-uadl H™d {g'&lﬁﬂ-ﬁ (BAsiC PROPERTIES OF
ELECTRIC CHARGE)

2AUBL AL €9 5 6L UsIRAAL [ABLAMIRL €1 89, Bet el BB Sl el A iso{loan
“Aloge 53 6. ¢a UL (Ao ol Seals opail 2% 5319

A [AgdeiRd uelidl uRael (Size) durll a2inl id-l A0uHels vor dini
Sl dl 2uul aud Bigad, Redeuz aele. sual uelddl Rgdeusdl obl gl
2951241 18 [Bigal S[md Al HRAMi 204 6.

1.5.1 [Qegdeuz-l a1l q1d & (Additivity of Charges)

€2 2UURL [Agd iR+l Histits vl 1l Aell, sl d ¢ wesl-l wRaedexl 240l

-l
-~

1 Y 20Ul A4 AL @S9 5 o 53 ASA O e ¢d el 10 FSe. %L SU1S o o

[Q8deuRl g, 217 g, BR1Ad S1d dl daadl g [AEdIR g, 2Am gyl Mot 6ls ARl
530 qadl wasid, ved 5 [AgdMRiAlL dRrdlds vl Fm AAN Ad 8, Adl dil

yeldel el F 2URA D, % dol n-LLAMI, ), Gay 3, oes G, HRAAD €14 L oAl

saRadeiR g, + gy + g3t o+ @, O, [A8dMRA sl B3 UL €16, ut en{l Y
o ciel wel (2w dlell el 2UM 9l £0 2 [AUACUR a2 218 dslad 8. el $HAUL L %
€1 69 R [AEAGUR el 5 2821 €1 A5 69, datmiril [AedeuRll ARl sl avid Wy
Rl arural ud 6. elval ddls 55 we (295 2isnml +1, 42, =3, +4 2t =5 [Agdeurl
14l dotrll A [AAAOUR d AsHHL (+1) + (+2) + (—=3) + (+4) + (=5) =—1 8.

152 [?{%dG{R'i A8 A © (Charge is Conserved)

2 3 e5lsd U SR 53 A © 5 R uelin vl [RedeiRd s 2ud &
QAR 215 usldHidl SaAsgin ollon usldHl 2idRd (22 oledl) 2d 9 uid 51 Al
(gdouR Gaut adl & gl wHdl Aell. [Qgdeurl st Piot 2uusiq [@edeur-
ARl VLA AL HIZ HEB3U 9. %AUIR UL 6L uslald dl2 ¢Sl U 215 ysld
Yedl [RAgdaiR HAd 8 dedl % [gdeuR ofld ueld aHd 9. vau [[gdeiRd uelail
adL s3dl (Isolated) doul, ueldl a2+l AidBuid dlf Rgamii yd: Rda
(redistribution) 214 €9 U, A BRUL D 5 &0 $2EL d2AU $¢ (AT 488 Ay
&9. [AgrelRd et WaBs Ad 2elUd 2 452 6.

[AeLdouiR HRLdl 50U SIS UEAME Baurt 5 e winl 95 9 UL 516 uBRL A0l 536l
dat a8 HR1dldl 4 (Net) [@deir Gaut 5 el sald asd el sedlsar gerd
[RedeiRd szl Gaur 53 8 : 315 Y2ie, WAl 2 HASZAUL JUIdRA A 8. 1 dd
Baut addl W2l i SAsgi A e (436 UsIR-L [A2LdOUR HR1A 8 el dusll
A%~ UG 247 uedl i3 ol AL g [edouR gu 9.

153 [El%d(‘-ll%i sal-2{l$38L (Quantisation of Charge)

WARLS Fd 2Ad 22fd 43 B 5 ot Y [AdsURL e 93 saididl [gdoil Yaod
PsHeAL Yauls oLals Fedl o Sl 9. 2uu, usld Uil [Aedeur g dRal A yesot 2%
SAAEY -

q=ne



[Agrdtul 241 &l

UL, 7 LSS URL Hd % 38Rl Yalls B, [ABAGIR-L L HOGd 254 21 SASZIA 2l
iRl [Bgidenr 9. weulest 3ol SAsgia UL [AgdetR- 881 A 2U1d 8, dell
S5l UL [AgaeiA -e dls i et U [eLdou +e dls auiaimi 2ud 8.

[Qgdcuz éaal el yals oails o U ® d eélsd [Qgdeury saie4lswe s& 9.
atlfcsfastinul »idl aelly uRRAGL €l 8 3 @l 218 clilas AR sal-eHls
aq €11 B, [Rgpdotznl seilveHl 5201 alluasalz e, Soclla udlotsdl 3331 gl sl
[4aid (Aot (Electrolysis)-l WHlBLs Fadl g1l 53 ed. d 191241 Bilasa waiBis
Ad el ed.

215¥1-{l International System (ST)¥i, [A&dcUAL s g&6t (coulomb) 5& &
2 At 2t C gL salaid 9. geoi-ll cuvdl [Redudlsdl 254l UeHl 2004 9D %
0L lAAIRL WS ALl U vl YeHl 1 coulomb, ¥t 515 dlRHil 1 A
(ampere) [Agduals dddl Sl dl 15 4 dgrt Ul [Qedeir . (ol w581-2, 410l
XI, il s(asii uisayas, ®iol-1) 20 uglimi [Bedeizi yaod »isHd Her

e =1.602192 x 10" C8.

214, —1 C RgdeiHiade0L6 X 10 $asgid du g,

(Rad [Agdaueinl, Hedl Hial Hirt Huddl (Ao 18 613 % UL UL 6 | 514
uselle €1 69 24 dell 2448l AL 24541 1UC (micro coulomb) = 10° C 24241 1 mC
(milli coulomb) =10 " C a3 ¢l

A (AL HIoL W12l 2 A5 YAMA [A8AGUL E14 dll Bl HOLAL 24w HHOU
[AEAGIL extl YRILs dLas o Slal ASH. 204 A 51 Ueld 17, SASZA A 1, UIAlA
HR1AdlL 1A dl, Ueld U2 [AgdetiRel $6 ¥l n,X e + 1, X(—e) = (n,— n,)e 9. n, =i n,
yaisl © dell dudl dstad ue yais 9. s, 515 ueL et u-l [[edeur dHai el
yells RIS o G189 2t dMl IR S BaLdl vl el usHl (SeHMi, stepHl) s A5 A5 8,

Ue MUY (step size) € VoL i 8 5122 5 290 (Macroscopic) 32 2UU8L 52dls uC
[AEAo1L AA 514 53] €1d 9. L HIUsH UR, Ueldl URel [A8dMIR el AsHHl %
Qe 5 geLdl ast 69, ddl eslsd e wsidl Aell. [Qgdoud 8 (1) ¥ a3y e
A5 55 Acdd AUHL WRULL .

2L URRAA [Bignil 2im il ol [eLs vaLel A8 AUl ASU B, 35 2128 vl
(2usi 2usicanoll v11) g2l Adl A48 A0 (Acdd) BUiA € UBL AlRAAML d A010L A4l
2 50{log-{l viod 2 el Rl [Blg vl AL AotoL Juitel 691w Go{l 53 €9 d ALl ALl
8l [Aed®IRL 15 018 Al Actd [AgLdeu [RAdel ddls geua .

2201 2R HUURL [AELAeUR el el Auuellol Uals [AeLdeuRl 418 s sl $ld
B.e =1.6x10 " C dall, 1uC ¥2dl Redeur a5l uzsl [Badei s2di ool
107 o18ll 8. »L Miusy U REdeu st edl sl o adl 3 adl 93 & & eslsd,
[AeLdouR Add Hedl HIRL 530 4% dH sdal sl Wi 58 2Ad0L Aal. 2 20 AR,
[Agdeuz-L sdivemlseid S5 cuasiRs wReum el 2im d= staoiell aslot el yau
2 (Microscopic Level), o4l [A2dURL el S2dls 5L 5 Adsl AR Sld, 2ed 3,
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Gewsmw 1.2

Gewra 1.3

et ol At dal Gl dl Al AAL-2AA0L GRS %RUA 8 2 [AgdMiReL
sail=23{l 501 HAA1R{l st el ASUAAL HIUsH SALE o HeTaAL 6.

BeusaL 1.2 315 ueidaial oflon ueilui 2 A5 107 SASEA el id dl ol
Ueld U2 e 1 C [AELdeUR Ual 12 Bedl a3y @il ?

B3 s AL 107 SASAA UslfHiall oleR nd 8. dell s AbHi 6leIR Ucll
RgdeiR 1.6 X 10 X 10°C = 1.6 X 10 C. 1C Radeiz #HL gl 42
AL AL 1C + (1.6 X 10 °Cls) = 625 x 10°s = 625 X 10° +
(365 X 24 X 3600)= 198 years. 2114, ¥ ugieuizl 10 SAs2In 3 A53 61812
ol Sl izl 1C [RgAIR AddL HI2 SUURLA @LedL 200 94X QL. el
1 Coulomb [A81d™IR BRI ALASIRS Sl Hie Vot HI2l HsH 6.

UM 9cll, 2 ARG AU © 5 il 1 an Al=3le: (1 Cubic Centimetre)-il
25411 QOLOLL 526l A5 WAL D, 1 emil 6O STUAL B 254U QLML
2.5 x 107 SAs3i U B,

BELSRBL 1.3 15 el uiellHl Seetl He 2 2501 [Agdeurl ¢l ?

B3a 28l M1l @ 3 215w wiell-d £0 250 g 9. wall-l 22U 189,

2114, 1 mole wiell (6.02 x 107 »wepl)d e 18 g &, wiell, 1 wie welxi
plAl 0L (250/18) X 6.02 X 107 &, wislledl £35 213, 6 el it uHL3
2 315 H[EA% A URHLLY, H2A 5 10 SA5ZIA i 10 LISl 42U 6. 21l §et fst
[[EdouR 2t ge #8 [adoiz-i diqd 241 8. 4 (250/18) X 6.02 X 107 x
10 X 1.6 X 10 °C = 1.34 x 10’ C ®.

1.6 geotl [RuM (Couromp’s Law)

sdot-ll [Ray 21 6 [Bigad [edeiRl 422 dldl o 004 Histicts (Quantitative)
[ 8. 212 [RgdeuRd vetaidl vl uRHEL, dudl a2l videsdl avumelst vol
Al €14 UL ¥l uRHEL ]l 51U & 2 [[edoRd uelin Ligaq [Qgde?l
313 Rt »1d 8. 5ol o Bigad, [AedeUl 422l ot Miun 54 249 d osuy 3 d
[AAAGURL a2l 2idReAl Adidl @R WHIRHL 2 6L [AEARURIAL Hirtril dJBILSIRAL
AHUHIRLHL AG 9, 24t 6 [AgLdeURUA %lscdl UL UR ALoL €. UM, %l Ll sty 6
(Blgad, [ABA™MIRL g, 247 g, 422 2idR 7 €1d dL d3i{l a2 dloldl o (F) < Hist

sz'qlr_zq?' (1.1)

uel Mol 8.

§A0L, el AN UL 241 (R uR ell 2d il ? geol tigl 6 [QgdeuRd sl
Q2= 6oL WUl HIZ A0-dell* (Torsion Balance)-il GUdIoL 541 ¢dl. U3 6L dllouil
ARl dR e3s Ul Blol sl ag) Hig €l AR [edenlRd st Bgad,
[Qadour dds ad asid 6. o 5, U3PUdAHL MU W+ [AEdMR sld gl

gl 3t o Hudld gl Gusaa 8. wieenel dsll Gurlal 3AlRI Bl Yestsil AR clsURLAL
(a3l AsiRial Wiz 6 uelal 422 ARG 21d 9130t Hiudl 12 s34l ¢l



=

[AgLdtl 241 &l

A58 (1.1) el Aoia d Sell 2 el asdl ? gdol 12xl 40 Ad
(20, : IRL 3 215 ollon -l [RgdeuR g 9. A d= oflet Hal o
(Identical) Ul [AgideuR-[AfE dlourl AuSHL dladl »ud dl,
[Qgdeur ol slouil U Sells el AML uell es Aty
[Agdou g/2* 29l 20 UBAL Yrridde s34 28R /2, g/4 4912
[gdeuRl Hofl as. gdol [Agdou-dl M il (Pair) 32 Hdr
oleellal Yel-Yel HdR HI2 oo MW, uesl asl Aduiq [Aedou
oleeil v €35 %Ll Hie HdR AN Avy, gel-gel Al W e
%el-%el VidA HI2 dldldl ololi-il AR 530 gdol, A5
(1. 1)L 614 U YAl

seotnil Rt a0 oulRlas [Aiq, Gur salddl Ad azsiaul
WIBLS Tld o, e, HOUUARLL SIRL A 0L HIUSH URAL ULl HI2
UM 24 o, wel gd d uHgEl ULl il (Subatomic) R
(r~10""m) W12 usL 220 8y .

saol, [Agaeurdl e Hisdl sl [ d-l Has qoed
eell. $5lsdul, d Bag 6 : geioirl [Ruu-l GualaL sa 2153 [Agdousl
Al ualL 530 wstd. L5821 (11U & 2L 2 4L dL w1e 05
wAnls 9. kdl wedll, [?:tacmuzvu zwm Wy 58l 52 9.

ST LsH1ML k“t HRL QAIRPRL 9 X 10 69, vl uieoll-L uRsuH

(gL ol % 153 40l drl Coulomb 5& €9, %L H1oUG 2UuRl W29
1441 cvdlBd 524 sl A 0 e 0350 (1.1)H1 3, 208l
Ay Aslo s g,=g,= 1C 2d7r = Im™e

F=9 x 10N

224 5, 1C L 2edl [Qgdeik 8 5 % dedl % el ol
[Redouzel geudsiomi 1m id? 4sdi, 9 X 10N stuisiers
[Qadoen si4eid 6. 2aueulds A 1C 24 duRal Wie ol HIel 2154 9.
a1, Rad [Aerdaural 1mC el 1UC %l [A8AMIRL AU €.

Q520 (1.1)4L 24A0s k, uionel daLds M2 k = 4733 a3y
AL, el geotrtl Fasa ’
1 lq 4, (1.2)

F=
41r80 »2

AL AR € géot (1736-
1806) 3 [sudil gdol il
s1R81El dze 4l 215 Fle?)
AU dds w3 53 edl
177641 d R34 ULl ALl vie
s Aldl eallul Ry lxiedl
Gualol AllFis AMEAHL sl
dBl GloLg ML HuAL ML da-
qatdl s s 2 AL
[AgdeURd dlaL g2 doldl
2ULSN 5 LSl [gdoiotl
58] 524l dell GUAlaL Sl il
Ad 177541 dd rd qdi-l
ol NNl % ¢d geotil [Huy
dly englldl 8. 210u6 [zedl
2 5A<GEl uRl L [
Y-l 53¢ o, % 3 a4l
et uReus gl usiRid sul
sdl. sAol wola v [Eealad
o151 Hal 422l uBL 6Ll Hrd
ol (MM 2Ll Sl

A% @uiaimi 20d 8. €, A 4sa a5l YAdGdls (Permittivity) 56 €. ST AsHIML

sovia@{
= 8854 x 10 "C'N'm’®

-~

oo ufeel laiel, sdot-l (Ram ulea 2A3uHL dvtdld AR UL W, HILS [AgdeRl ¢,
2 gl RUAARAL AdsH 1) A 1, 0, %21 28l 1.6(a)]. 2UU8L g, UR gL ¢lB

# UL [AEARIRIAL AR 24 AReRil e el 6. 6 [AgdeuRl (es g /2)

GHAUAL 54 [Agdeur g a8,

£
£,
£

e

(9081-9€LT) WB§ 3 W22e

11
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dlldl oA F, 24 g, 4R ¢, - dli dldl s F,,
dzl% eldl, 6 [[A8dMIRL g, 2 @,m 1 249 2 53 Uolds
e v © 24 12l 2 ds erdl ulRar,, dils
ANCERE

) =r-r
@) d % Ad 22l 1 dvs eRkal uaka r, A3
c N
gl €9 :
) L
=r_-- F, Fp =0 — L= 70
9 _--~
4{.’ 9,9, > O [\3 ~ b ﬁ\ N (1%
» . 1 ARAL 1y, 2 il WL 2ASH 7y, 2 7, X
oy T F, gl B, (7, = 7). AR Baw o AR L visH
7 &< 0 Ao ad ealend 9. 14l 2 ga 2 ol 1+ B saiaal 1
g Fo UUBL 2154 AR 2L UHLEL AR 5321 :
(b) oo o, )
- N h =7, Ta=5=, 1 ="M
2u5ld 1.6 [Agacul 422 (a) ofal i 21 2
(b) sl r, 2T, 22 23aL 6L Bigad [edeul g, da g, Hi
1 2 g ) q, 9>
g, U2 g, L dl8 dloldl oot geiotedl [y i uHEl dviy
1 4149 .
F) = Are > (1.3)
0 1

A58 (1.3)1l s2ells Aluiat olloidl 2L UMIBSLE :

o {150 (1.3) ¥ g, Vel gyl Mol 5 2BRLIH o PAns HI2 AU D, %L g, YA @, i 25
o [Agrl HAAdL €1 (o el 2AaL ol 8RL), dLFy, 2L A <l Rl o 9,
% HuLsiRL eald 8, Alad [—AEdoRL 12 2 % id B A g, 214 g, [BRe
Prest HR1adl € dLFyy 2 —f) (=7,) Rl 8, % »usiel suid 8, [alad
[Qgdeual e 2L 2AWE 8. 20 20usl Aoaldd 2 [Bealad  ([@edeuRiu
(Baull HI2 2L 2l AHLs00 quial wsdl Al AlseL (1.3) ol BRudl-l
Al Zld Aeua a6 [2uslc 1.6(b)].

o g, [adou ur g, (g dl8 doid oo F,, 4+{l5200 (1.3)40 4t 1ot 2+l
mealoted] sal 1AL 9, 2ed 5,

1 qlqu, __

= F
4dre, 2 12 21
0 Ny

1Y, gelotrll (M el >l [Fau A18 AR R0 8.
o geoidl [y [Als0L (1.3)] riastami 84l o [Qedelrl ¢, i g, 4 ol
20, 69, % [ALLAMIRIA 5AHL YSAHL 2Ud AL Al A2l AASIAUL g €14, dl
sedril (At Ra aesivl sl dli uRRAM wl2a ot 6. sl gt vie REd
12 [Qerd ool 391 ¢a wedl-il wseiml [Au1Rlg.

F12




[A8acuRl i1 &t

BelswL 1.4 6 [Blgad, [Agdeul a2l RadQgd ot Hiexl geoirtl [ i 6
R [Blgad, eoll ad-il Ol Hiewll Yertel [Mud 21 oid-l 2uH1R
[QEAGURL/EUIL 2L 2idRel 2d-adl U2 8. (a) (i) BASZA A Wl A
(ii) &L W2l A2 ALLAL HAL 61Tl Hixtell LRl wRell du+l ueioidis{l uvumeil
530, (b) SA5ZA 27 WAl 1 A (= 107" m) 62 €l QU d¥sil U3 25
otgl Gedadl SRl it WAL yadL bl (m, = 1.67 x 107 kg,
m, = 9.11 x 10 "'kg).

B3a

(a) (i) 72l 28al SASLIA i Wl 422l [Agidoin

2
1 e
2

Fo=- dne, ,
o, 2881 Pugrt 214 89 5 6101 U502 SR 8. 2L 243U 2ot (dHal

2L5YRL6L0L 6. )
mp me
Fo=-G—%5
-

UL, m,, wim m, s HIRIA 2 SAs2iddi e ©.

F 2 39

i = W =24 x10
(i) 2L % A, r HidR el 6L U2l 9422 duatdl [Agdeion 2 ol
SIEIRES

F 2

e
~ 4ne, Gm_ m
p 'p

@

36
g =13x10

A 5 i B Rl BGBL S 6 6ollel Rigl el 9. 6L Wiel Hie, dRcdoin
BUSW SR, 2L gelol 6101 ULSNR WS S1U B, y[sau-l vier dal
6L Wil 422 (4[sauAHl 6L WAl 942 2idR ~10 "m €14 8.) @lldl
oLl AReAlLS YL F, ~230 N4 F;~ 1.9 X 107N ®.
2L 6L ool (WRMIRIRMSA) 218l eald © 3 [Aedeiotl dRooll sl
A UAN 6.

(b) WAl A SASZIA UR AloLdl 610 Fei Hirt, SAS2I o W2l UR dldldlL elosil
Uil w2 % 69, %8l 5 SASRLA el ULSLrArl 801 YEi-%El 8. UM, 6101 Hirt

F= L € —80987 x 10'N N2 (1.6x10°C)” _ 535 1g°N
Sy ¢ 10" my’

et oflogt [RUm F = masil GUdldL sl SAsgi-l uaol
a=23x10°"N/9.11x10 " kg=2.5%10"m/s

AL YU AR EAUAINAL Hed A2 AL, HURL Hall [Fresy el asla 3
asirt-il oLl U2 R cAfoL{l AU A0, €14 B S WL A Aldlell geloL
6Le{l AAR {2 d oL L2l UAdL A .

Wlelisll Walol yeu

23x10°N/1.67%x10  kg=14x10"m/s .

Tl B ED)

PHYSICS

Ayd/npa-uospiaep-soisAydgam//:dny
! MEB[ S, qUIO[NO)) U0 UONBWIUR JANIBIU]

[W)Y ZJ81SaWas NUSLW/ZI8)SaWas NQ/se0inosal 18]S

13
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Gels:w 1.5

BergeL 1.5 tigHl [AgdeulRd alial A Adin-l €13l a3 aesida 9. »usld
1.7(2)Mi sl Yorol s slal ($wsa) 4 usia oflol [AgdeulRa vl B,
Al 25 il Ad draadl 21 9 5 dHel Sl a2 iR 10 cm Sl il

-~

A, A 2tuisheL it 209 9. (srial aly, 215 ustae ad dd usilid 530
USEL U dr lddARaAldR Hl). A @i B olouiia 2si C 24 D
[adouled ool 18 sl 1.7(b)l eaiel Hosot U sl 2d 8,
¢4 C 1l Dl g2 531 Bl Al 4%5 dril Sl a2 2idR 5.0 cm & dv
aAlddml Ud B [l 1.7(c)]. eotril ML R A iuisie beq ud ? A
el C NS el B 24 D oUoUALAL WRAMIRL AHIA 8. A 24 B Al Sl a2l
Bicte{l ARvUHR{HL Al WRMIL SR

A Cﬁ%

10 cm P

(2)

(b)
D

[e———S5Scm —>»

(©)

2usld 1.7



A

[Agidacurl 241 &l

B3a WA 3 A dllol Ul 40 [A-AGIR ¢ 247 B 200 UL g 8. d3ell a2l
21d?, 835 U2 dldld RAdlagld ot (vid-l Ata dudl wRHie »1a0181di)

1 g9
F=
4ne, 2

£9. %I AHIA W [AEAMIRABA AL C, AL UL B 1R [AEAMIRL A 247 C U
yrt: [AdRd 214 8, 835 900l g/2 [AeLdour W 53 8. ddll o Fd D, Bt 2usl ugdl
€25 U Yri: (AR 2dell [AgdMIR ¢'/2 €. ¢a %l dudl a2l 2idR 2484, sl
219 dll, €35 UR dldldl RaAdAeld ol Hid,
1 @/24¢"2) 1 qq _
4 2 T4 > =F

TCSO (l" / 2) TCSO 7

24, A R B a3 ald el sledld el wel »1ouB g2d % 9.

F'=

S 10239

1.7 anu [E{%lad(?-u@l Q2| O{Ufl(FORCEs BETWEEN MULTIPLE
CHARGES)

6L [A8daURl a2 ddld uRR [Aeldeta gdotel [Hax ad suy
€9, AR PUAURA L5 S vl 8Ll [AEd™IRL €l AR oo 5l 3d
aparg ? gl=dlastal RAR idl n [Agd™RL g, g, ..., g, AL
(2R 52U g, YR @), G35 ooy g, B 324 G101 ALOL8L 7 gelotel
(Fa1m 24 Wstetl etel 2udl Wie Yl el 2ibBs Gediy Hiadi
GLULAL AHIARGUY AQLPSLRLL [FAH WHISL ARALL AL €9 clef 2R
5. REA[AELA BEOIM HRLAAL GOl HIe UL g UL AL 7

WIALBLS A i AstUAHL 212 9 5 515 [AgLdouR uR oflon
Avlolt [AgdeRid dld apd o, d [@gdeur uR ofla
[AgdeRin dli 21s 2185 d2ls ddi dwtdl ol Al Ao
%ed €l 8. Alsclold 6Ll oflon oloti-il elln dli 062 wiHdl
~tefl. 24 AUl Rigid 5¢ 6.

L vl ay AR d AHal W2, sl 1.8(a)Hl ealeul
worol A8l [A8dOURL g, ¢, 2l @il datdl (AR S s
[Agd™Iz g, uR ollon 6 [38deurl g, 2im g;m dl8 ald o s
[AgLdIz 93 dlaldl ooliel AR ARAOL sl MO . 24,
g, 42 g, I8 adtd el F, a3 saidlat dl, ofloa [Qgdeur sl
SlaLo9dl, Fp, als2e (1.3) a3 wa 69,

1 ql q2 r

127 4ne, 2" (b)

F

25(d 1.8 (a) ~2L [AgdouRisd

a% Ad, g, U gy dlf cdoid ol B 4 saiedli dl, S
(b) asu [dgdeuid dt
1 9%

2 T3 o,
4ne,, " 15

F;=
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Gewsw 1.6

o {17 [ALLAMIR g, S1%R SlALE9dL g, UR g A3 ALoLd, SEGL 0L % €.
2, g, Wl g, 2 g dli qld sa a F,

1 qlqu. n 1 9% ;

4me 2 12 4ne 2 13
P 0 13

F,=F, +F;= (1.4)

6Ll GuR-il o1R1cl 218 s2cll Ay [AgLACURIAL dat Mie wRl ety s3u sl 1.8(b)Hi
gallenl Horo @lay widl wsiU 8.

Auldue-l Rigld 22U 8 5, g, ¢, oo g, [AEAGURIAL dAYL, g, YR gL dlB
alg ot gdoirl [Hael 1A 8 d o 8. vied 5, d ol [@Agdeul ¢, g, ... g5l
el 18 AR wiHg el (eeaid ). g, uR olloa ot [AgideuRin ¢ld did go oo
F ;9 F o, Fpyo B ololisL 422 ARA002L 1O, 1A 5,

q, 9 . q, 95 . q, 49, .
F,=F,+F 4. +F, = —— |25 + D Bp ¢ TR

4 &9
R (1.5)

AR AU AU D AidReUy Agesieril [Mad well Hoad 8. a4
Raclagdaurel 2L Hooyd d geotel [Fa i AuiduRtil Rigidd wReu4 6,

BEWA 1.6 7 dotudl Auxouy Brsiei-l RRUGE 2L uR 281 [A8d™IRL g, g5, ¢4
825 ORI D, Al 33 8. 2us(d 1.941 ealled Yool BLsiail Hedes u 3sal
[Aeidonz Q (g Fal o Rugr ule) uR dwdld oo sed 62l ?

Aqlzq

9>=49 D / q;=4q
2usld 1.9
B3d [ dousSHL »ulal Axeuy Bisial ABCHL AD, BCA dol 81di, AD = AC

c0s30° = (/3/2) [, 217 A2l Heudes Ol 2id2 AO = (2/3) AD = (14/3) L. :lula
4wl AO = BO = CO.



[Agdmurl 241

-

&A

A

w1,
Aual Bgdolz ¢ 4% QUad a F, = — & =1 A0 R

0
B U2l [A8deur ¢ 43 QUi o F, = i Q— ,BO [Baumi

N . 3 Q q

C L [AgdeuR g 1 QU e F, = Ine. 0O (eausul

0

3 Q q
pe LOA (R €9 (AUdR 6y ALesIRLAL

[Fam Hot) .
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1.11 [agd WA ([g-4dl) (ELECTRIC DIPOLE)
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AUIAR =il AN U9l 54 [Qgdant P o<l [A3g Rl 8.
24191, 2418l
E = —(E,,+E_)cosOp
2qa -

=——F—— 1.17
dne,(r* +a’)"? (1.17)

2u5(d 1.20 Sudlas [Rgadot (a) 2
UL [Blg (b) [ayarvila Andddinl
[Blel. p Slauld 253 ol AR 6, d-d Hir

p=gx2ailkuw —q 4l +g dzs 9.

~

w89, ol Hiel vdR (F>> a) Hie 21 uRdl,
2 .
E=- qa3 p (r>>a) (1.18)
4n80r

AH152010 (1.15) 240 (1.18) Ul 21 U2 €9 & Hi2l idRU HI2 SIdULe Al &AL g 2
a el el el 2Uddl U8l duHL ORISR ga UR &L AR 9. i Juld A5HIIL
(Moment )<l @4rvais 3 53 8. [Agld siadlesl adle A4l p,

p=gx2ap (1.19)
A3 AR 5AA 6. 1 d s ARW Y, %L Ui [AELdMIR g 3Rl 6 a2l »idR 2a
(AL [ABLAMIRL g 2 —q a22ei) 8 i ddl (22U —g 9l +q ds+l 2oL U 8. pril
UeHl, slule-d [AgLdast Hial »idl Hie Ulel AZUHLHOLE :

Sl eyl Gig,
2p

4n80r
[ryavlly Audd ur-iL Bigst

E=

3 (r>>a) (1.20)

P (r>>a) (1.21)

4n80r

28 E=-



[Agidsurl 241

AN

Al

25 Heraril Hel AUl 3 Hlel R dlas [@edast 1777 dds & ua 17
Horol 82 69, BURid, Slulartl [Qgdaiotd Mid 2t (2oL Hiot 2idR 7 uR % 2R el v
2L AR 1 A SIAULA ALSHILL P AL B8 UR UL AUHRA 6,

2AUBL SLAULA ] URHIRL 20 94 dRF AUl 52 27 [AELAMIR g teid dRg aUld 53 el

p = q % 2a 2RusikR ABid (Finite) 2¢ dal @& (Limit)l (@202 530 aslat. i
sulas [blg Sl 8 9. Big sadia e als2ell (1.20) 247 (1.21) 565 usL »id2
SIERDIDE )
1.11.2 rid ([6-gdl) elas v (Physical Significance of Dipoles)
2L GLaLAL AL AR He [AgdeiRed S i 2801 [AeLdMIR 5w 215 % e SlUL .
gl dal sl ([B-gel) 2s3ell 9d 9. CO, A CH, 2L WsReAL AL 6. 2UH
t9cll, U2 [ABLdaal QoLsall 2d IR dalML AUl ALSHAL Baurt 21y 9. uid
s2dls RPUML 4 i 0L [AgdeuRidl Sl Auld ddl el del (el
SR &1L URL Al st [AeLd SAULE 2ALSHIUL HRAG €. HLal A1 a3 2021 5¢
€9, wiell-l 248, H,0, 1 U5t Gelewl . [alay geil [Agdandl siwdl 5 dlReiwlu
RUUE ARIHHL VA7 2L GUALLLL AL B

Gews 1.10 o [Agdouzl £10 uC isollndl 5.0 mm 2id2 3salr 8.
(a) 25l 1.21(a)Hi saient Yoot Siadiasil 21a sl del 3wsell 15 cm €2 4t
[adeu euy siden P Bigal 21 (b) 2uslt 1.21(b)Hi eaiel Yoot Oxiel
URAR Acll 247 28 dot el U Ol 15 om g2 el Q (Bigt [Agidast il

Q
A O B g
————t - --—p gy
-10 +10 P [
uc uc Pl
(a) o
_ i |
A O B
—10uC  +10 uC
2usld 1.21 (b)

(Blg3u trt [AEAeURLAL A S5, sotdiet Ssell BHY AU 5L :
D41t
r. = L
"2
7

01°1 16239



B culaslfasun

30

B34 (a) +10 uC RgdmR |8 [Qgdast

10° C 1

= X

4m(8.854x10°2 C* N'm ™)~ (15-0.25)* x10™* m?
=4.13x10°NC ', BP Rauui
—10 uC [Agidour- ¢lt P oo [Geldast

10° C 1

T 4n(8.854x10"2 C2 N m?) % (15+0.25)* x10~* m?

=3.86x10°NC ', PA ol

A v B ol o [GgdeuRid dld Poaad wReusl ([Qepdgol
=27 X10°NC ', BP [Zauni.

21 GelsRHL, OP/OB 9LRlTR ©Rll 32l (= 60) 8. UM, 2UuLl luuldsil e
UL vt gL [Bigt [Agdaial Mied ot Ald Al dl wal dsedl Gurd
uReux % Ha. sisoflanell 2a 2id Wl ¢ [AedeuRiel oiddl sEdiasdl e
Ut (Bigt [AeLdaotd 1t

(rla>>1)4RAL 1A 9.

UL, p=2aq SAUE ALSHAL HIA 9.
sadladl e uR [@edastl R dRal vl sHsun aleasdl uul (—g
ol +g d2s) QU B, w1 p=10"Cx5x 10" m=5x10"Cm

agl,

2x5x10° Cm 1

=2.6x10°NC "

= X
4n(8.854x1072C*N"' m?)  (15)°x10° m’

i A AUl ALsHUAL [Ba ABHL [Rauml 9. % 210U6 Hodd yReuHHl 4ws

~

8. (b) B 2u0101-iL [Agidouiz +10 uC dlf Q (gt [agydast
10° C 1

= X
4n(8.85x1072 C2 N m?) " [15% +(0.25)*]1x10~* m?
—1 .
=3.99x10°NC ,BQRaumi.

A 20100 [Egdei —10 pC- ¢ld Q [Bigt [agdaiat

10° C 1

= X

4m(8.854x1072 C* N'm™?) [15% +(0.25)%]1x10* m?
=3.99x10°NC ', QAR
oL/ B 5 UL 6L AN HEUAL 6ol OQ ¥l UR-lL Hesl -lote U9l i BA

Wil AHIAR B2si-l UL 2. 2l A 2 B 249101 6 [AgdeiRiq ¢l
Q Lo uRsu] [Agydéiot

Gewsmn 1.10

=2X === x%399x 10°NC ', BARHi
J152 4(0.25)
=1.33x10°NC ', BARwMi.

(3201 (a)<ll s, Slulesl 2iae dot vl UL el g-1L [big 2ot [Agudait
{2l Yoteil AL BUALoL 53l AR AL o URRUH HA o AU .



[AgatuRl 241 &l

E=—2 _

3
4n80r

(rla>>1)

5%10° Cm 1
4m(8.854x1072 C* N'm™®) ~ (15°x10°m’
1.33%10°NC

21 Bruxl [Agdastdl o e asueudl dleadl [Qs uxl 9. >0

UREUM YL 2A0UG HA A UREUIM UL YA D,

1.12 AHA susasml wia sna ([g-ydl)
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(duslc 1.24). pAV [Agdou dli P 2 [Qgidast geoi [y v,
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AE= P2
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o 9. ol A QAo Ve A P Al AdR 8 A P [Agder vigel P
dReell s AR . Autdusu-l Rigld uefl [Qgdeur [Adaq dld go [gdast gel
el 58 18l 18 GeMadl [AeLdaslicl AU 52Ul HOL & :

1 sy pAV P
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WAL P, 752 ot [Big Bigyt eledld a5 8. dert dUBidls dui »uuel
AV — 0 @ @=L A0 As@rt a3 A B, uid U0l vdR Ul d 221 6914
£S5 9121, 2541 sAotrtl (U i AuiduRidl Rigid Al 2aol-2A4dL »adl ddd
22l VAU AL HAIL el VA2 Adddd 2l 516wl [Agdou [Eda Hie [Qgdast
Hadl A1 6.

1.14 sua-l [Ruu (Gauss's Law)

[Qeid sl valaAL 218 A0 GUALdL S, 20Ul Svs uR dal [Blgdd, [AgdouR g
ARl 7~ BrasdiL olloumizl] uAiR ad sas [l susla 1.2541 saled oot dlous
“Aril-wtiil 82150 viMi [l d 52U

&S0 Vi ASHiell YAIR U sUSA,
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4n g
¢, AU e BSOS = 4T 9. BN,

0= —1 x4’ = - (1.30)
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1S [AgLdouR 8Ll « €ld dl. 24 ol 2Uusl sl 1.26+1 uRRAML eyl A
EICPRIIERN

2170 [AgLcaol AR 6 24 AR 618 A0USIR AULEL (Gl 691, el 2ie A
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Vip= . (ﬂ + q—z) (2.24)

4ne ) \ip Tp

uRell 1A 8. ¢ uedl, g, ieicd Hicedl r, Blgt dlaal w2 53¢ 514 g, ol r, Bigt
V,, %24 9.

1
3 g5V, 5(r;) = 4mz, (

943 9293)
+
N3 "3

(2.25)

q3 NN ~ NN N 2 - .
4 [QeLdouiRl 2Utal 1L 256l sal ML 539 Usd s¢

"3 1 514, [A[an woraiHl s3al 513 [aHlsReL (2.23) 2t yHlsel
(2.25)]L ARALUUL 1A 69,

a, Ul (qlqz ICICE qz%) (2.26)
2u50A 2.14 >0 RgdcuRiAL da-l RARGe 4me, i

12 "3 3
Suslcil salaa Asuil Wa wdlsw (2.26) 531ell, [Agydore A28l ol gl 5181 (Al AR

GRLAHUA ©. A 51t dl 512 Hdtell 2adat dlain dlf), U s »ilkin

62 Aot, uHlswL (2.26), [@gdeurl 2issl sau-l ugli v
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UAURA A2l REQGLA, dlscell-l slerll Rl 12 dlells © 244 21 R 3] d
Uit 530 d ugla v 2uHRd Al
BELSRD 2.4 us(d 2.1541 saledl Hesot d ougauon ARd ABCD-L RiiGigil
uR AR [AgAc olisdd 8. (a) i dllsaall Wird s34 H12 %33 513 2. (b) AR
[gidoun d RIRUGEL uR %5l Al (8o gt ARAUAL S5 UR dladil
2B, L HIR dHIRU, Fed 51 %3 ?

+9 -4
AO OB

Qo d

DO Oc
6l -4 wgld 2.5 +9

(a) z»tvt ERETRY) Q’{lC{d PORTE [E{actouuv{l »idu ouacue[l UR % AR AV Y

Al ¥ 3dl cl‘-L"l aledl &912»{ cl'-ll Y. 2l umgl A, B, C 24 D w2

[agdoul alqcuvﬂ 2»13 Ad w84 512 aiellel. w3 zuuam [?{actauz +g1 A

U2 dlaciml z»uq 2 2»1-1 usdl B, C D U —¢, +q ¥ —¢q [E{acmuzm RER!

ALAUHL 2 B, HALHIZ %3] 514 AL Hagot oLl a5 :

(i) ollx &Lq 516 [ABLAMIR G193 L Sl AR +q [A8dei A U dladl Wie
o33 518 2L Y B,

(ii) A R +g €% &4 AU B U —gd dlddl Hi2 ¥33 s -
2L5E = (Bur-il [Agdmiz) X (AUl +q [Redeurn dli B »uan
EERIEDIREIRY! ,

- _ _4 \_- __49
- e (4nsod) 4me,d
(iii) A U2 +g 14 21 B U2 —g €14 AR +g+ C UR dladl 12 %33 514
L 518 = (C u-ll [REdeR) X (A 217 B Uzl [AgdmiRiA @i C 21010
(e Raldiq)

+q -9
=+
9 (47’[8 d\/_ 47580 )

= 4 I_L
4ne,d 2
(iv) AUuR+q, BUR —q 2Am1 C UR +q €193 S14 AR —g=L D U clddl Hie 33l
514 :
21 514 = (D u-ll [A8dMIR) X (A, B 247 C uasil [AgdeuRia dl8 D 2uea
FRIREIED)
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(i) (ii), (iii) 21 (iv) UBlHi s2cl s1Al A2l 530, %330 5a 518
2

—q 1 1
(0)+(1)+(1——j+(2——)}
aneyd { 2 V2
2
= Tl =)
dme,d \/5

B c N N o P Y NN (G
53¢, 2L 514 o [AegdeuRitl ateasll U 2tHuRd 69, did ol Zld 24560 sul d-l
UR A, vl Yoror, 2oL (g AL dotl sa RaAGe eald 8.
([enell>il dan 213 da oflon 515 sl [RgaeuRid adld %33 sid-l 2wl
s WA L] 530 A3 O % Glod s % 8.)

(b) 2R A, B, C 2 D UR [A8d™MRL +¢, —¢, +q 1l —q &1% €14 AR g,
[Qadeuz E Bigal dlac w2 %330 sid, g, X (E 210 A, B, C 4 D u-il
[gideuRiel Gemad RalMIA) ©. vL e 89 5 E 2010 [Agd Ralauiq g4 .
512815, A i Cr 8 Beotad Rl B 244 DL dlf Honl Rt o isle
211 89, 412l 516wt Qg deiza B uR dlddl 12 5 s1d o33 =l

2.8 olial Al RalaGln
(POTENTIAL ENERGY IN AN EXTERNAL FIELD)

2.8.1 54 (3518, Single) [QAggacu-l RalaBlon
(Potential Energy of a Single Charge)

uRade 2,741 [Agdaiotd B (RAd) - [Aedoul 2in dudl 2l - «gild ed i d
[gdeuRin doi-dl RAlGLe ol edl. 21 uRAdeul U8 215 el % wal dnl Aoifhd
wa ysslot 9l il siS st [Redou g+l RafGles 2¢l ¢al ? mavR dl i ual
Rafaladed Ralaxinql vd ds eldl ¥q U3 [Blg eq (WRade 2.1 214 2.2). uig
2] UL AL A 5302 et 539 2 2 2ure s319L 5 uRae9e 2. 74i- 22l sl A 56
Ad A48,

Yoy dsldd 20 3 it ¢d [Rgasiz (3 [Raaeud)-) ouel axui Rl w1l
Aolt 9. 211 oUEIESL E, 20wl -l RARGLA ltdl & d 2t [3adousl af Gaum
98¢ 2l uid E, 2uial [Qedeurl Raid 2 Aldel Gourt 23d . »i=d Ald elldl
€S U5 69, U wnflar dadl st § 2R Sl 9, MBI dl 2 Aldell Gestad
[Qedasl E iaal [@ed Raliid Vgl 9. 2iusl 2id il ada ¢la 5 [@eda,
GUELALPL Bl 5l 247 Al VU 56 AR 52l Al A g Vol il gl el Ald-
247, 2L 61U GIRL 58] ATLAL S14 L 24 A1 69, %L VoL ER Fteicd B2 AL bl UoLL
Alce 51281, AU 24 8 d (AR, MBI [Qgdast E Gout 234 $id dl g Riad
glall 69l il ouaaial el 1A 2ol wst 9. L eAGR AL 5 2uuRLA 20U
[gaeur gl (2t uedl [AgaeuRinl datl) oleldmt1i RERGIA WML 24 69, iuRis
AL GUELESL Bt 524131 Al RARGLeA 2l clml 2 -l

6l1&L &2 E 2l et 243 ollel RAMMA V, [Bigt [Blea sledld b 6. vl yool,
P [Blgal V, 1 2154 bt [AgdeuR virid 2idell P Blgat cladiii 53¢ 514 8 (suus
2rid 2id Rl od dld 9). 2uM, [QedouR g 2ikid 2idel olel 8stdidl P
[Bigot cladimi ad s gV 9. 21 518 g+l RafGloa 3 2us Wi 9. oA Big Pil 2a1-
AR e 516 GornlBigl UEL 1 €l dL 2L,
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SUBLERAML r 2119 g~{l RA[AGLoS
= gV(r) (2.27)
avil 28l 911, %l V(r) 2 r (Bigl olel RalaHin €.

2, A ez g =e=1.6X 10 C 41ddl $A52IA AV = 1 voltril QI
astadmial] 4ABIA s2Ml 1A dld gAV = 1.6 X 10 T Glost witet 53 . Glosieil il

s 1 SAs2A dlez wadl 1eV dild crvdilid sl 20d 8, 2ed 3
—19

1leV=1.6X10 "J. eV 2R 54l 44 AUs UHIRHL WAL, 4[58UR 21 581
Allesfsuqul auan 8. (1 kevV =100evV =1.6 X 10 °J, 1 MeV = 10° eV =
1.6X10"°1,1Gev=10ev=16x%X10"J,1TeV=10"evV=16x10"J)
(24203 21 v 1281 X, AlfasfEstic uot-1, Wi 117, S1%s 6,141 2004 9.)
2.82 tugl &sdi oL [AgamiRiu da-dl RalaBlon (Potential Energy of

a System of Two Charges in an External Field)

¢ ULl HUUBRIL UL LD : GUEL AAUL T, 2L 1, 2L 286 6L [AgdMIRIAL dotedl,
RAMGA Sedl ol ? uan, 20Ul [RgdMi g o 2rid 2idell v, UR dladl qies sid
augflan, aaflsaal (2.27) urell 2 Bl 53¢ 514 g, V(r) 8. Ul »Uu8l g 1, U2
aladl Hie- 51 Al 2R Ht ollednl E il [3364l Al uel g - ol [A3gu
IEERETERRE )
ouel Aot (3641 g, UR 53¢ 514
=q,V(ry)
g, @il [3gHl ¢, U2 53¢ 518
= 4%
dne,n,
WALT,, @, 7t @, A2 SR B, 2UUBL A58 (2.27) e (2.22)-1 GuioL 531 8.
&5 Hiewl AuLduRil Rigld 1ol 20Ul 6 &l (E i g - &9t) [A3al g, U 53l
S AR 5302 :
@i, DL Alddl HIZ 53¢ 514

= 4,V(r) + i (2:28)
012

Y,

L ciate{l RAGLA

=24 2l6ARL 5L W12 53¢, e 514

=q,V(r) +¢,V(r, + 4?83,2,12 (2.29)

Gelr@L2.5

(a) (<9 cm, 0, 0) 7L (9 cm, 0, 0) 22U AL 6 [ALLAAIRL 24453 7 UC 24
—2 UC~tL sl (euierdiat [sit) Rad (e RalAGLo skl

(b) 16t [RedeuRiA Asollonel i 2id Al el uisdl 12 sed 514 3 8 ?
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(943
Dol
[
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s
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(c) @2 % 2 Radeuirl d-Aa siel [RgdasL E = A(1/77)Hl 4saui 20d 8.
%l A=9X10°NC ' m’ 8, dl 2L diste{l g RAMGI Sedl ¢dl ?

B34

@ U = 7x(=2)x107"

1 919 _ 9 _
— —==9X 100 X ———— = —0.7]J
4n80 0.18

(b W=U,-U,=0-U=0—(—0.7)=0.77J
(c) & [eeuRidl uruR HidBuidl Glod sieeidl -l Gurid, 6 [Agdeuris
o6l g aast AA -l iUl Glod w8, U 2w
7uC —2uC
0.09m A 0.09m

Wi 2 g [BgaRak Gl
99 _ , 7pC A
q,V(r) + g,V(r) + dmegr, A 0.09m A 0.09m By

=70-20—-0.7=49.31]

q,V(r)+q,V(r)=A

Gels 2.5

2.8.3 custdnl Swla-dl RalaBloa (Potential Energy of a Dipole in
an External Field)

2150 2. 1641 el WHIBL ¢, = +¢ At ¢, = —q “Ruddl S5 QLA SAsuHIA

(Agudaot Exl w4l (ARl

> el UsRRAML A, d¥, AL [Agdasl gl st wReuxl
(Net) 61 2Asi@ted ell, U3 d L5 A D, %

E T=pXE (2.30)

v

A3 AU D, 2L 215 A HEL S1cclAl Uit 5289 (Ricud 3 p, EA
AHIAR 3 WAAHIAR €1a). HIRLS dell R 15 ol 215 T, 21l Ad
AOLLAHL 2 B 3 d AL A5 AUoLe 52 B A YRSl Yroeil
AUAAHL, stRlld uddL Rdly, vicid yad siell s, sieL 0,210,
Al rmeL s B, 2L e(ULA olleL 215 A3 UAd 514,

‘,-V x

v

£ 0 9
> W = [1,,(0)d0 = [ pEsin0d0
25(d 2.16 AL claiAAL sadlesd] " "
RaliGlea = pE(cosO, — cos0,) 2.31)

L s dotrdl RARGEA 30 AAS WA B, 28l Jaadl M (0) Al
RaliGlod UO) uisoll aslal. 2-a RuGedxi-dl sy Rufablestd o
ddl Hidl SRl ueollHl R ddatdl 9. s @dids wdedll 0, = m/2
Aaeil 9. (201 M2l Aogcll 21 AATAL St GUIHL U D, ) 241 U2 1YL

ue) = pE(cos% — cosB) = — pEcos® = —p-E (2.32)

66 avil wslt,
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A, sule

2L Wls20 Asleus Ad wlsel (2.29) vl ULl AHD AsY 9. U8 AHLSWL
(2.29), +q 1t =gl 2L doAst o wLda, dl RARGLe 3ot
2
0) — _ __ 4 (2.33)
U (6) - q[V(rl) V(rZ)] 47580 x 2(1
230, 1, 2 1y, +q A gl 2AARA 2AA D, 1, i 1, 224 A2 REARHIAAL
dstad, 2154 4 [Agden dnidl (3364 r, ol r, U dlddl HI2 5291 Uidl S8 6RA6R
€. 6101, AHIAR 22ALdR 2acosO 8. »UH, [V(r,) — V(r,)] = —E X 2acos0. 2113,

2
q’ q

U (9) = pEcose - 41‘580—><2a =—p.E —W (234)

2URLA HOL YRl il 5 2Ud sdld Hie U(0) sl U'(0) 3at 2is x1aais 2¢
o %t U 9. RARGLA M2 w1unis w1yl A2l dell AalseL (2.34)HisL ofloa uea
2yl 9Ll £ wSlat Wl 2 UM sl d WML (2.32) o ol oy .

$d UYL A1 AL 5 UL 0, =T1/2 54 dld ¢d. 2 BRUML, +q L —gH ouEl
[Aaadioill [A3eui alaal 3zl s i 249 @36 © 14 dadl loge A4 8, 3ed 3

q[V(r)—V(r,)]=0.

BELSRBL 2.6 315 aei~l 218 10 C m %edl sl (gL il 511 8, 24t

gl 315 Hid 2 10°V m ' yedd uotol [Rgdast aouda (la diusid)

gelloyd 53¢ 9. &t [Ba 5128 60°L s181 wedl el HUd 8. 2L gl

gadle aotel Adl fRauxl ollsaldl 3sd adl G-l ardl s A0dL vidR

il 100% Seflorct a2 € i3 Rl

B34 214, 535 248l gl A5HGL =10 Cm

1 91 54 6% 107 248024 €1 B, defl o1l 2yl get

QAN ASHAL p = 6 X107 X107Cm = 6x10°Cm

w3015 RAMGI U= —pEcosd = —6 X 10° X 10°c0s0’'= —6J

il RAMEA (w41 0=60"), U, = —6 X 10 ° X 10°cos 60’ =—3J

REAGLAAL dslad =—3 T —(—6])=3]

214, RAMGlAMT BaLdl i B, 2 suled] ollsaallHi e glRL GwHL 3U Hsd adl

Glos 89,
2.9 yawsid Rad [Agdaura

(ELECTROSTATICS OF CONDUCTORS)

AASSL 2L vtalgst (AU w5140 254l @Ruadl U ¢d. dasst auladla
[Agdmiz digst 4d 8. alds yalssiui 21 [Aedon ausst dils Sasgid 9. aigul,
org1ReL (At ) S5 dxel Rg-uHigiiel 921 udl o 8 i auld 5391 Wi s
€l 9. L HaAsA Al e s Sl B URL Hidr e915al WIS Hsd el 2L Hsd
SASA 25 ‘Al %G 2 B, dADTL 2L50{l% LA VA UL AL AU 8 247 el Yl
[Reu2Aidl xieqalRad (Random) dUlct 52 €9, ol [Aeldai-tdi dil aot-l [Rausdl [A3g3l
g4 (Drift) 8. lsauy 2t oiBd SAsLiAAL otAdl el 2l Al M 221l
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2ir 2B LA ol 69, U 24 R YRR 24l © 3 [Gedanssi-l auld ur, ouial
(AgLdaiol i sealdl ANALRS 6LolL (Y1 W5R8L-3) ieiril 2062 Al 9. sl suuell
221 4@ Uty sl el HailRd avilel. Aatssidl RadEgdarein doldi it
R Al :

1. Y-l vieqi tuui Rad [Agdga g dlu 8

215 dee vadl [AgdeRd Yaresl (AR 5. ol RAAlAeLd o usl d-l uR €15 a5
8. 22l RAME, 2R YarssHl el cuorl 5 d-l Awidl uR s [@gduaie + €l
AR Yl sl el oLl o8l [Agdaial 9wt S1d 8. 2L g5lsd Yalg s aAvahid
53l oLRlH d3 A As1A 9. Yalssa Wsd SAsIA Sl 8. wul Y [Aeidainl 4
€1, Al YHl 24 45 [AAGUR Alss S GO HAMA 8 2in AU 6. 221 RAfAHL 35
(AgLaeRl aresui 2l 2Ad [AdRd i (adain) 6 5 yaresl e o [Agdast g
Sl 89, Yl sl vie Rd [Agidaint o= €lu 6.

2. [AgdculRa Y sl awl u Rad [gaga awdl eds [bigur do dla g

o E AU cot A gl dl deil 5655 21-204 825 AU AHIAR €ldl. 2 AA0HL AUl
UL Hsel [AEAGURL 610 2Aroidd i dtl ol s24L adtd. v, 220l Rl Exl
S5 walld wes < Gl WA, i, [AgdenRd yaresl awdl v Raalagdas
AW €35 (Bt dol Sld o AL, (516 [Aedeur(l Y srdl - $ld dal Jalss Hie
AULEL U UL &L 2 €1 69.) YL uRRUM-S,

3. el [Raldui Yargsti vieqw cuorni aiw-l [gacir &1 as

SIS 2R YaAlSSL e Ul AWEL big 5 58 Vgl AL Lol et i 8L [AgdMIRL
€l 8, IR Yales (AR saMl 21d 8 R 22l Rafaul ari-l [Qgdeu
Wi AWl R % 2l A% 9. oL [y Ul 1 oliotd sldd A4 B, Yalgsel el
ML SLE A2 2895 58 1S vl [AAIR 52U sevls v ARl ol AUl S U RAd[Agdast
9 89, UM, SHidll UAIR Uq 5e [AeLdsa s g-u 8. e, ol [y Aol S 4 516
Alvel (net uReudl) [@gdeur audl el wat 2udl Auidl S di an dedl il oiiidl
ASL9L M2d 3 58 v 2l &S U3 ded A (Vanishingly Small) @ 21512, 4l 218 3t
5 atssl el cuordl sidumt [Blgat s Avell (Net) [Qgdou €idl el i
QUL SLSURL [ABLAMIR AUIEL UR % 8L AT,

4. YUSsU uA sedl Rud [QgalRaladuq 2amn ¢l 8 i vigu (ol dg
HL AU UL HEL w2 g % Slu B

AL 6ol GURAL WRRUAHL 1 247 2 uRell A4 Asid 9. Yalss-l el i E=0
glatell 240 AUl U Bl 5165 2alld aes A dlauel Ay udla [Qgdenn daigs«dl
2eell UOLHL At AW UR AUl sAdL HI2 SIS 514 539 usd, el Hed & yaussHl
el 5 AULEL UL sLSuRL 6L (Bl a2l Rl dstad el dell 240 wReud 1o
8. %l 45 AR €1d dl [Agdast AWl doizl S s, il 2 21 3 qud ur-
Ralaid v AWl drd et Bl Ralamud gel 8.



[Radlaga Ralaxq
2 sule-A

el9s uRHEL, s A [AgdeuR-[Adel HRuddl Yalesidl dAdl €35
dalss alalds »an yeurd Rl ¢l 9, Uid 2 A0S Fel Yl Ydlss
HI2 el Sl A5 .
5. [QgatuRa yarg s audl ur [Agaaa :
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69, %l O [AeldetR{l Yos 8eddl & i i AU dot i1l ds sH AU .

2L uRRUH Al 529 W2 4wl UL P BigHl i is dla-olisd (Pill-box,
25 251 As1R) dlRUA Al a3, 2iusld 2.17 Hager urie 53, dla-olisy yalsssl
AU 2A9d: e 2 AU GLEIR B, drl ADEL MU &SN OS Ul HADRY
G 6.

AU 2R dRctell cLoLH RAA[GEAGA Yt 9 el GlgIReAL dRclrl BLALHL &L
AU dot 2 E Heusd 9. 2, dla-olisuuial go sas el st dla-olisu-l
ol8IR-L (AOUsIR) HHisedeuizl % 2Ud 9. i 4ed T ESS (0> 0 H2 4, 6 <0
HIS 381U GRAGIR 9, 518 5, ey 82150 §S U E 4401 AAR(l
AL 2t E 247 §S AnidR 3 ulaimiar 9. dla olisy a3 a1ddl
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g < Lol
N 236) |
[agdou-il ye sl Audl
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Ruget e AL 8. 6> 0 e [Agdainl AWl dot BeR ds AT

9. 6 <04 [AgdaA AUl dot e ds 6.
2u5(a 2.17 [AgasuRd yarss-l 1udl ur-it

) (Aerest e uHlswl (2.35) AlBd s He
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(AELAOUR Sl 2 YaAlESL AR ol GLELEAM HSAUHL 2119 dll UL el [deldaat oL
€1 69, L URBUAMAL 25 ALel (B 20Ul AU 536l % 8 : [AgdoiRd sau-] Hie-ll
ML [Agdaot g €l 8 (g2l ws81-1). U Yaesl viex ([@edeur-(ald-)
opuilet-l Hietl elatl [Agydaiol oLrd $ld v, BUR RIS d blg AUUS WRRUH €. 2Ll
A1 olt HAAG WRRUH 2L 5, Yl st [AedeiR s3¢l $ld A al 6llel 851 48 dee
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(b) (av2zll Georadl) [Aedeurn gl ag sl el 2 UM 54 B, A

vol R [A8dou 21580 Ad dl devil (Spark) &S a5 vt wRBUA L

CINIEER
(c) sReL(b)UFL% .

(d) 2R [AedRAMMIAAL dslad €11 IR % Udls UAIR AU 6.

LT wr M3y

2.10 31adAsISs 2 gil(i-lc{'l (DIELECTRIC AND POLARISATION)

SASASZLS Al s ueldl 8. Yats sl (436 dH-Hl [Aedeur digst dldl 4#ll (el

2oLy Al 1Y ©9). uR%de 2.9 uRell, Yalss Glal
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