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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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L THE CONSTITUTION OF

INDIA

‘gﬂ PREAMBLE

8 WE, THE PEOPLE OF INDIA, having
a solemnly resolved to constitute India into
% a '[SOLVEREIGN SOCIALIST SECULAR
fj DEMOCRATIC REPUBLIC] and to secure
‘;5_1'1 to all its citizens :

ﬁh}* JUTICE, social, economic and political;
‘fg LIBERTY of thought, expression, belief,
*g‘f} 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)

2. Subs, by the Constitution (Forty-second
Amendment) Act, 1976, Sec.2, for Unity of
the Nation” (w.e.f. 3.1.1977)
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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:
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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 III (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 ———
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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,
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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. JosHr
Chief Advisor
Textbook Development Committee
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COVER DESIGN

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

Different stages in the evolution of
the universe.

Back COVER

(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.

Downloaded from https:// www.studiestoday.com




U520 Vi

[Qgya®IRL 241 &t
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1.1 Ydla-it (INTRODUCTION)

U8 uddl RS susl 2adl @R Bardl auid, v 53 YsL Al ULl
Al ARl Aaldl 2adl dddd el Aletndll 2ided 9. Wldde: wdl Fa
WBelnl sUdH dlL 2id @oloial »UFAURL ad % €l 8. di 58l 2 aenidl w4yl
Yoaaidl wuet 54l 8 7 [Agalaeir (Electric Discharge)<d, 6ll% i Gelsal
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 [E{gcmuz (ELECTRIC CHARGE)

Glet 18 3 29l 51U AL oA aAdl d east weleld sy 8, el e4lsd-l
all8eg M 2 lastfs 2d 6. 4. 6004 AlaHi z»uqcu Thales ofMlletusrt RNY €9,
[E{act (Electr101ty) g, AALH Als a0 6(1&;“ F el e 8 Q»U’R uel ULy 6.
geufl el 2icl Al oneial woll edl & Fud auqiel dil sl ctw»{al
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613l oleil (Pith Ball), $12100L 2541 %Al asl
Al el el sl asdl el sl 2R idqetddl
sl alEl w2 a2l uglRar s30 asi ol use sl

M-l €1kl PRI AR

(wl; ) aiofl, wdsil Ul stdld eadefl -l $eil
%&@% s dd ZldlAl wiel 2adl s2ye-l
Hiw{leasl -1@93 dldl. di ol 5 uglail el
(c) ds LU O, eslsdul dall AR wseld
Al e O,
W 2 A3 24 ¢ 5 Bl 5 224 51U
A HAAL slUAL 6L AL w50{len-dl Aws
() ©) ) aladl dail sl 2uist © [2usli 1.1(a)].

NN A

Glrietl 6L 23U 5 224 51USHL 6L 531211 5 ¥l
AL ADAUDAA 82U Sl il el sisoiloaqd
UL B, 5L 5 51l AL 244 Glet 21 50{lon
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
2ASUAL S AULSL Sl Sl Aol S5l Uslaia vl dadl ¢ u115tdl S 2uLst sdl el
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Interactive animation on simple electrostatic experiments:

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

experiments
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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, R 2RI 691 5 dLcaotl i d-»AM (Long Range) 6101 €9, %R 58I d2lef iR 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 .
(Rieel :usa-1, 2Re X, ellfasf@stina 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
AU A B, AR [AAGIR et WHIA AV UR 204 €9 et Al Sisoflons] e U &
(5214 69). &2 @l WHIRL [AedoulL el 3us .
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o3l (a)

[enall>il 12 widl g [gdeds odl 93 8 (2uski
n% 1.2(b)). usel M-l MUl 315 ol AL L, %=L
£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),

I i

pa!

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

atigl 1.2 Bieieds (a) d-azman BUR & ¥ AV UglA 2Acfl A usdl § qais AUl Hud. dd
Rz 5 (b) el E{icta 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

Downloaded from https: /] www. studiestoday.com



Downloaded from https:// www.studiestoday.com

[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-]
g % AAAR1Y amc‘a% A Yl 5L A 2GLSS)eAL qv?t;i SUOUML E14 69,
e
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2u5(d 1.4 9232 g1
EERICIFANERL]

6

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 ¢

24181 galol il el 6. el 2l uaol s g Ad ¢ d AMFAl ddct

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 Roadla [edeur AR 53 8 »iq uoadly Reder
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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,

PHYSICS

~

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 [Etacmzl-ﬂ adaall 2124 od . AU Ales iz A Hle A1
A8l usld 1. 5(c)=u galleil Yool S fmﬂ-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 %sw{c-u % 28 9
[uglet 1. 5(d)]. [QadculRd A g2 53 2usld 1.5(e)l el Yool 4
[El%cmlz sl w2 R 33 3aus 4.

(a)

WO IS)1/211B1SS/S011R1SO/BIPSWIL/WOD  WO0IsSeosoIsAyd: mmm//:dny
uondINpur Aq wd)sAS 319Yds-oM) € SUISIRYD U0 UON)RWITUR IAIBINU]

2usld 1.5

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

LAl o UoLdl gLl il ool Wi e [AgdeitRa A0l audl, 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 ?
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1.5 [Q%dﬂ-lR"u HNMA {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 56 we (295 2isnmi +1, 42, =3, +4 2t =5 [Agdeurl
14l dotrll A [AAAOUR d AsHHL (+1) + (+2) + (—=3) + (+4) + (=5) =—1 8.

152 [?{%d(?-ll%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 [Agona e WatlBus 2d 2ufid a5 454 9.

[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 -

=ne
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[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,

214, 1 mole wisll (6.02 x 107 z»t'@it)ri g0 18 g 9. Ul 1 el wellul
plAl 0L (250/18) X 6.02 X 107 &, wislledl £35 213, 6 el it uHL3
21 215 UYL URHIRY, H2A 5 10 SASRIA i 10 WL2l H1A 8, 112l g6 4t
[[EdouR 2t ge #8 [adoiz-i diqd 241 8. 4 (250/18) X 6.02 X 107 x

10X 1.6% 10 °C =134 x 10 C9®.

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 3o Hudld gl Gusaa 8. wieenl dsll Gurlal 3AlRI Bl Yesteil AR clsuRLAL
[Py 25149 412 6 uglel a2 216l Sid Aot Hiudl HI2 54l ddl.
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[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

L [AeLdeURLAL ual-l 24 A28t qizeu 8l 9. o [AgdauRl (835 ¢/ 2)

GHAUAL 54 [Agdeur g a9,

Downloaded from https:// www.studiestoday.com

£
£,
£

e

(9081-9€LT) WB§ 3 W22e

11



Downloaded from https:// www.studiestoday.com

N
W slasfasuq
ry =T Fo,  doidlead F i g, 4R g, 1 dli doldl s Fy,
N C N\ N\ N\ N N N
dZls ealcflat. ol [AadMRL g, i g,ml 1 24 2 54 A48
e v © 24 12l 2 ds erdl ulRar,, dils
ANCERE
) =rn-r
(6]
@) d % Ad 22l 1 dvs eRkal uaka r, A3
c SN
gallaly 9
) L
—X--" Fy Fp =5 — L= 7Ty,
9 _--~
4/ 9,9, > 0 ~ ~ ~ N N
F, . g, AU 1y, A il WA 2dsH 7y A 7, dllS
I, - A\ N N
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
9, Fo 2ALYRL 2L5H AR AL UHIEL AU A 530 :
() T T
L. N n2=5 == =7
2u5ld 1.6 [Agacul 422 (a) ofal i 21 P2
(b) el r, i r, 2219 28 6 Bigad [Badeuil ¢, dat g,
g, U2 g, L dl8 dloldl oot geiotedl [y i uHEl dviy
1 9, 9, -
F) = Are 2 (1.3)
0 Ty

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), dLF,, 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 euid 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,
Fi,= 4T:8 - 2612 fio = —Fy,

0 7y

2, eoirtl (R el >l A 018 A4 R 9.
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 o wedl-il wseinl [Au1Rly.
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[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

ﬁ = 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 19N
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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Downlo

Gels:w 1.5

Bels 1.5 i [AgdeuRd atal A siddinsl eldl a3 desidd 9. susld
1.7(a)Hl salel 4oL 2idles Al (Sa) a3 usdd ol [QgaeiRd ol 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,
gd C 2 DA g2 530 B A+l @5 distl $vsl a2 SR 5.0 cm &y dv
Al 219 B [H15[R 1.7(c)]. geotrl Mam-L 22 A 2uisia seq a9 ? A
el C NS el B 24 D oUoUALAL WRAMIRL AHIA 8. A 24 B Al Sl a2l
Slcre{l ARvuR{l2 dl WRARL SR

B
A OZQ
|« 10 cm >
(a)
B
A ‘ (b)
C ‘ =
B
A C):Q
[¢&—5cm —p]
(©)
2usld 1.7
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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

TCE—Z0 (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
L7 ang, 20 (b)

F

N\ N\ Y Y . N\ N\ Y B lg 2\

a% Ad, g, U gy dlf cdoid ol B 4 saiedli dl, gl 1.8 @ A2 [Ei%“f‘““i
(b) asu [dgdeuid dt

1 49 N

= r
37 2re 2 13 €. 15
0 73
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A &l AURAMIA Yl dol o Sld dl drl Y AUIdR 2 82s5 dld.
254 ula [Agdeun, anin aesdl [3gHl ald sadl s 529, U did. uig
2l AHRAMMA Yol cuvdl sl [A3g © ¢ 2 Awdl R s oL Bigall
a2 51§ RAlPUA dstad el 2 ulae [@edeud Awel wr auld suaal
A5 s 53 usd el wuell, [Radas wRAlM ywa els Bigal dal
€ld o ASA. [@adeur [Adael (ia-)«-dl »uauw [@edast weuiddr Rs
BGuRd 21 AMRALAHIA YL 25 afIRL dslEs 22 Pt yd e 9.

~

N

25(d 2.10 3 [@eydanl 12 wHREM Yl

AU [AgLdaol B AL S x-al [l ©, del Hie quRRAMIA Yl x->téi do

9 22d & y-z A AHIAR AHAAL 8. (sl 2.10). (a) sadld Hiexil i (b) 6l
AU Ht (AR AL AR Y8l 2l 2. 1141 el 8.

(b)

2usld 2.11 (a) savia
(b) 6L Ui 4t [AgdeuRl Wil seais auRAMA Yl
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[Radldga Rulam-
2§ SuRdle~u

2.6.1 & o, Ralan a2l ¥eiy (Relation between Field and Potential)

2 50{logt-{l viod o5l oL AMRAMUIA AU A 247 B (25l 2.12).
Al UR RALHIAAL HAL 5% V 2l VOV 8, ddisll [QaR
520 248l OV 2L [Agdainl Exl Ramidl Vil 335R 8. B quwiél

uz v [Blg P 9. Awdl A< Pell dot R O/ 8. sY 4
[Qgidouz - Uil B uel quidl A Hl i doivi ur, [agdait-l

(3640 oLl s21eael (3R 530 21 uBUIML 53¢ 514 [E] 879,

211 513 RAQAHIA d5lad V, — VA 6RI6R 9,
1Y,

IE|8/=V = (V+8V)=-3V

22d 3, B = -5 (2.20)

SV 1. glalel, SV =—[dV| AHls2eL (2.20) 2048l RRMIA YL

sV |8V 2u5ld 2.12 Rl wrell &t
E=- =+ & (2.21)

s @vil Al 2uH, sl [Qedaiot 20 RRQHIA d2riAL A6iE {00 6L YL
[Fresnil vz ugizllot el -
(i) % B (¢idz ad) Rl g2l Al atR »edl adl i 4 Bl

[Qgidast Sl e,
(ii) S5 (Bl 20 [Qgdastd i AHRAHIA Yo dol [Rauml sy eidR €ls

RalaHirrl $281Rm1L MU w2 SIUL 8.

2.7 [ﬁ%d(?-u@l'u da-ll (RalaBloa (POTENTIAL ENERGY
OF A SYSTEM OF CHARGES)

WIRAMHL, 516 Ga[Blgl A1Ua 222l 1) 249 1, YL 6L [A8dA0URL HisH g, 27
@il AL ol [ 521, 21Ul 2L ollsagll 224l HIZ (ste1Rel) 50 Usdl sl
L] 5309L. el 248 A D 5 21U g, 2 @, [REAAMIRA WIAHL i 2id? @A
6lLeL WR6L gIRL AR BUtal 2211 cladl M2 53¢ 514 alllel. w3 Ay [RgdeiR
g, i 2idRell r, Bigal diacinil »1d 8. -l [A3gul s1d 529 w3 ad 5US oueléin
81992l dadl g @i 2Rl v uR dadl 12 539 s g 8, 1 [[edeu
siastaml Rl
LI
4ne, r,

0 '1P
Beurrt 52 8. %, 7, 2L AASLAHIAL 1S [Blg, P gL 22l 2idR 6. Rl

vl Ul (AR @,m 2irid 2idRell r, Bigl dldal 112 sleleol 53¢ s14, g, oLeul
r, U2 g L clld R wed © :

V,=

1 94
4ne, 7, 61
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BULT,, 1 241 2 [Blg il a2Rle 2idR 8.

r N . ~ :
= @ Radgdeia 21 2424l (Conservative) 610l €latell 1L 514 doi-dl
RAMGeA 30 e WA 8. 1M, 6 [RAAMIRL g, 2t g7t daisdl
q, c
(RefcGlan
2u5ld 2.13 g, 211 g, [@edeuRi 1 4%
5 q, q> & U pres—. (2.22)

dotefl RELAGLA ML dLRUsIR-L
AHUHIRHL 24, dM] 9L ldR+L
A2 UHIRLHL 69,

€9, 21 2GS © %, USAL ¢, el Sletril 1 ALl Sld i g,
ueslefl el €ld dl uel RARGLEA U Hin % Sid. dY, us 2434, d
6L [AgdetRid ad d Fd dHel [ el R algaml 2ud d

NN N

weL RARGA 3o (2.22) steaid Al 2 512221 8 5 RAalAgdoin W2 514 1l uR
141 il

A5 (2.22) g, 2471 g, SISUR Rig Wi 0 8. %L ¢,g, > 0 €ld dl RAGLA
el 69, AL 2AUEL Hoold ¥ 0, 512 5 Aealad [Qgdeurl we (g,g, > 0), [Qedun
AUl B i [AgdonAn 2idid a2l R 2id? dd w2 d easdl [@3gul
g 51 o33 8. Qe Redoud w2 (g9, < 0), Radea sl 8. d
Brudl, [AgdeuRia sutal eel 2dd 2id 4 wdl He i ool [Q3gHl
a1 539 ud B, oflo 2681, Gaal Mol (trid vidRel lanl -l yHl) w2
2L 514 %330 61 8, Al RAMAGIA L .

alsreL (2.22) o dedl Aval-l (Big [AgdeiRIAL dat Hie, Asalsel auszd
AL widl sy 9. ¢d UL 1y, 1, 1y YR WAL [[BEdeiRl v4sH g, ¢y, g5l
dotl RAMGIA 2R3, g A i 2id2l r, U dldal w2 518 s 9330 el
sl 248 g, i 2l r, U dlellal, H0UB AL dx 2L UL 53¢ S D.

gV (r)= - 4% (2.23)

411:80 ny

g, 21 ¢, [A8deuRl RAlaMA Baut 526, % siSusL P [Bigt

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 (94 4293
73 G5V ,(r;) = 4mz, ( N + 63) (2.25)
q3 NN ~ NN N 2 - .
() [A8LAeURA pUTAL LI 2561 5L M2 539 Usd $¢
"3 1 514, [A[an woraiHl s3al 513 [aHlsReL (2.23) 2t yHlsel
(2.25)]L ARALUUL 1A 69,

91 ) ' ) _ 1 (q;qZ + q]rq3 + q?,q3) (226)

2u5(d 2.14 > [Agdeud- dotdl Ralaslod dne, \ 2 T 2
Suslcil salaa Asuil Wa wdlsw (2.26) 531ell, [Agydore A28l ol gl 5181 (Al AR
GIRL U ©. A 51t dl 512 Hdtell 2adat dlain dlf), U s »ilkin
62 Aot, Ul (2.26), [@gdeurla 2issl sai-l ugli v
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[Radlagd Rulawn
A, sUle

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) wt ERETRY) bucm PORTE [E{actouuv{l »idu ouacue[l UR % AR AV Y

Al ¥ 3dl cl‘-L"l aledl &912»{ cl'-ll Y. 2l z»uw 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) ol &LLL 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)

4 -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
C
S :

21 514 = (D u-ll [A8dMIR) X (A, B 247 C uasil [AgdeuRia dl8 D 2uea
FRIREIED)

=g +q q
dne,d 47Eg d\/_ 4T|:8

- (-5) 63
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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-
U2 515 oM [Ble el AUEL 1 1Y oL 248,
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[Radlagd Ralawn
2 sudle-A

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
~ ~ ~ by . NN NN
sud 1 dAs2 A2 2adl eV ddd aruld sl 2ud 8, 2ed %

-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)
0°12
Y,
L dote{l R2GA
=24 2l6ARL 5L W12 53¢, e 514
9,9

=q,V(r)+q,V(r) + (2.29)

47'C807’12

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 ?

65
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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 99 _ _
—_— =ox10 x L2227 = _o7)
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 -2nC
ue |, 2w

g, V(r) +q,V(r)) = A 0.09m 0.09m

pE wol 2 ga [QgaRa Gl

& 99 7uC nC

r:g q,V(r) +q,V(r) + ——— 4me,r, = A 0.0%m +A—— 0 09m -0.7]J
w

)

=70-20—-0.7=49.31]

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

Y T aousuHl A B 5 d 2L 25 AUolE 53 D A Wsell Yiseil
AUAAHL, stRlld uddL Rdly, vicid yad siell s, sieL 0,210,
Tyl oniesud B, 2 elaie ollel 215 At Al s1A,
s 0 9
> W = j T, (0)d0 = j pEsin0d0
~\ . ~ 0, 0
25 2.16 AL clEEHL SUlasd] 0 0
RalaGld = pE(cosB, — cosb,) 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

u@e) = pE(cosE — cosB) = —pEcos® = —p-E (2.32)

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 - W =—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 A5HL =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 (w412 0=60"), U, = —6 X 10 ° X 10°cos 60’ =—31J

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
U o wssAdl 28 8. [Agid gy (Electrolytic) Yot siil, [Agdeur dlsst dils -

ey
o0
@
D
(=]
)
N
&
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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
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UYRL AL [

GP=P-n

NN
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N

2SR SASASELS WIS AL 6. 2l 2.23H1 AL we Py el awicl e i <l el (AHidR) € 244

dofl widl e i <l (434 69, 2uH, @Rl AUl URA [G8deuR drdl B i Slofl AWt d weL e, %
21oUGH] dRUALS AAIML IR 53¢ 8. [AgLdainnil Al 5201 U2 2a3uMl duidl,
c—P-n

€

E-n =
0

2w2dl (§,E + P)-n=0
(€,E +P) 31 AR [Agd 221-idR (Electric Displacement) 58 © 14 d=l D a3 alad 8. d ulzaL Al
9. M,

D =¢E + P, D=0

Dl Hetad 8 : glraiasiaml [Aeldaial E 3sd [QedeiR Bl o 18 6lt 419 8. 2R Jadasgls
U 1R 1A 6 AR ddl % ML D alard 8, SUHASELS U Wi GUR-lL AHLSRAML UL 8 dY, Ysd
[AgdMIR Bl o 018 AlHL 2eis Bl <[ 42l DL 9. P, Bl [Bauui o glauel 28 ARl P, E i D
AHIAR 6. D it Eetl HisieL 2Rl

D o¢%, 2
= ==_ =g K 9.
E c-o, 0
A, D = ¢KE

WP =D — gE = g(K — 1)E

2L wRell Alsrel (2.37)4l carvaillid sa [Agd alelldldl x, we

Yo =E(K—1)Ha . ‘

BELSRBL 2.8 SUdASELs 2ANLS K HR1AdL gl 215 AUl 8250 AHIdR @R
suleadl e wed ©, ud dril A4S (3/4)d 0. i, d 6L W2 9 idR 8.
13 2L AAALA Rl A2 BV SCAUHL 249 AR SUAle~qHL Sall $3512 21y ?

B3 2 QUSASIS «t ElU AR @2l a2l [RAgdfst A3 B, = V,/d 9 2t
REMQHIA dslad V, 9. ¢d %l JuSasgls elid sl U dl, dasdls-l
vl &l E=E /K. a4l RafauiA dslad, 77
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K+ 3

E
1 03
Ey(gd) + 2 (Cd)

K+ 3
0 4K

~

[Ralcair dstad (K + 3)/4K HAaua Zedl 8e 6 %A1 el uHil Hsd [EeLdeur
Q, Gledldl AL, UM, Sudle-t ab .

)

NS o

Vo K+3) 0

2.14 ?xﬁ%ﬂ&@l'\i AA% (COMBINATION OF CAPACITORS)

2§48 C,, C,y ..., C, U2 HRUAAL SUA2RAA ALt 53 249518 SURdle=s C
q1dd, dot Aol Al USRS SUAlesA, Alsdotd suleil Ayl Ad wr
AL ABL B, 6L U0 AsAAAA] {12 224l 526 9.

2.14.1 3uilexl 2wlui (Capacitors in Series)

2150 2.26 3U{le2 C, 1 C,t Aellul it eald 8.

C,rl siofl wWie 21 C, el omgll W@e cielel 6o 2fida A8 S3d © 24 dHel U
2sH Q 2 —Q [A8deUR 8. i uRel S 1A AR & 5 C il oruell e U2 —Q ¢t
Cyrl i6ll e uR +Q [ABLdMIR 6. % M L Sl dl €25
SualeR vl 56 (Net) [A8douR 9 A dld. it wReud
C, 2t G, %isdl sl [Agdaint 2213, €ld. uell, C, 2
C, 0l Uzl 54 [Agdeir 94 o il Yol [@gdeur agq
WH 2 Al C) 2t C,mt sl Al sHL 8oL 9L otel, 2L,
A8l ARl 6 @l uReL [Agdeir (+Q) ers suile: e
AU HAAL S1A 9. AL 6L 941 AL RA[AHIA-AL
daslad C, 2n Cril R2[AUIA dsladl 2idsi V) 2t Vsl

V =
0™ 4
®
(]
&
2
w C = & = (—4K
= Y
Q -Q
Q -Q
+ - + -
+ - + -
+ - + -
+ - + -
+ - + -
+ - + -
+ - + -
+ - + =
C, G,

~

25ld 2.26 o 3{leA Aellnl Adog-

Q Q Q Q0 Q -Q Q
+ - 4+ -+ - +
+ -+ -+ - +
+ -+ -+ - +
+ -+ - 4+ - +
+ -+ - 4+ - +
+ -+ - 4+ - +
+ -+ -+ - +
+ - 4+ -+ - +

G G, &

2u5ld 2.27 7 uiled sl Al

Cn

AL B2 9.
- - Q. Q 2.55
V=V +V, = &+ 3 (2.55)
1 2
NN A V _ L L
0 2124 s,Q = C, + c, (2.56)

¢, A ALY 2048 [Agden Q 2 RafauiA
dslad V HR1ddl 2A%15 sUdlex dls owll aslat
et Al ARS8 SUleu

_Q
C=g (2.57)

9. 1L AH520L (2.57) 2uu8l w50 (2.56) 0
Auiclat dl,

-1, 1
t=ata (2.58)
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i\ =\
2, Sudle-u
HOL 69, 2l Fld oLl A1M d AL U2 Hie el it ALl Q, -Q, Q, -Q
ALYl 8. sellui dlleddl n-5UleRl wie A58l (2.55) @us 3U * - M -
+ - + _
V=V +V,+ .. +Vn:Cg +C&+ _____ +C& (2.59) + - + z
2N AN T, .2 A 7 . + - + -
2A3Y HIRBL 53 9. 6L sUAL2AL [341 Zal % Ul WHIRL A1 d¥dl ¥ - * -
2RI 72-5U{12RAAL AR{L ALY AL ASIS SUA e U s Yo Hoo - el
NN 1 1
HULEY : 9 0 9 0
1 1 1 1 1 2 T 2 T
L=+ ..+ =
cTttote c, (2.60) : - : :
~ i} N N 3 . - -
2.14.2 3Uale’l AuidHi (Capacitors in Parallel) M _ M _
215l 2.28(a) UHidUL il oL 3URdlel sald &, 2 BRuMl oinl + - + -
5U{leR1L UR 25UV RAAHIA dslad douddl 8. uig sule: 1+l ¥ - ¥ -
el vl [@gdeur (+Q,) i suilex 2+l wiel vl [@gdeur G C,
N —V—
(+Q,) u™L- Slal %3] el 0 -Q
a h
Q,=CV,Q,=CV 2.61) @ i
Auded 3lailer urHl Reder HE
Q=Q,+Q, (2.62) i
e RAHIA dslad V. M :
Q=CV=C\V + C\V (2.63) * -
A3l520L (2.63) uRell uHger suRdlex C, C,
C=C+¢G (2.64) «—V—>

69, 2A1ell % 2 7-5UA12 AL AHIAR L2 Hie AHA SUlexn
C [usla 2.28(h)] il as.

Q=0Q,+Q, + ... + Q, (2.65)
€ed 5,CV = CV + GV + ... + CV (2.66)
il U,

C=C +¢C, + ... + C, (2.67)

(b)

2usla 2.28 (a) 6 3ulelisd
(b) n-3uilexii AHIdR AALF~

BewswL 2.9 gl 2.29u1 ealedl Yol 10 UF-L 2R SUle s Aeds
500Vl Aeld 418 A3 9. (a) Aeased Arded Suiles (b) 835 Suailex uzsil

-~

[Agidour aldl. (HiHl 5 Suailex ur-ll [Agdou: »i Gl Ralasisl w@e uastl
[gidouR 6 % 1l Rl We Ul [Agd™iR sedl % 2 [434 9.)

+Q Q
B j‘ }: ¢
+ C2
Q=== e
+Qv =+ < o= Q
Cy
A :‘ }: D
Qv _Ql
« 500 V >
2u5(d 2.29
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B34

(a) e Heasui C,, C, 2 Cyl Aslul dal 9. i >t Suile Axded

S{lewu C'

1_ 1,

c - q

1. 1

C, Yl 1l €9,

C,= C,= C, =10 uF, 42 C' = (10/3) uF.

25l C' oA C, AHIARHL AL D, U4, Aecbf e Sudlet

cC=cC+ C4=%+10p.F = 133 uF

—~
=3
~

L5t Ul 2ureusl 35 5UleR €, C, el C; urell [AeLd™IR AHLA, HIRL S

Q8. C, W+l [Agd™R Q' 8. RAlAMIA-L dslad AB a2 Q/C,, BC a2
Q/C, »1 CD 923 Q/C, dlalzll,

Q. Q

S+ =+ ==500V

C C

1 2

Gelsw 2.9

adl, Q'/c, = 500 V

2L u2ell Suile-udl 2uuAl Hedl HIR
Q =500V x % WF=1.7X10°C

Q' = 500V X 10uF = 5.0 x 10°C

2.15 3uRdleul Aulkd Qo (ENERGY STORED IN A CAPACITOR)

28 GUR Ay dx, $Ule: Q 2l —Q [ALLGURL HRLAdL 6L Yalesld dad 9. H
AL A9t Wl Glo 2t Wiz, WIMHL [RgdetR-[dlH YAt st 1 2 24 sl
dl. uesl [Agideirn yalss 2 uel Yares 1 U gsd-gsd ad wdl-l wa @R, el

—Q'-3Q"  Q —Q
h + -

(@) (b)

2us(d 2.30 (a) yauss 1 uR [@adou
Q'ell a4zl Q% 8Q” sclrl vl YoMl
ad 514 (b) uailext [REdoulRa 524l
HIZ 526l 51, Q2L QAL EolMl AU
Wil Glod dl3 S wsiy

S Yales 1 [Agdeir Q i 52 8. [Agdou-l d:eel
U8l vid Yales 2 U [AgdMi —Q 8 (sl 2.30).

alss 2 udl 4 [Agdour- yales 1 uR as wal
w12, ote1l 514 539 Ughl, 51201 3 5165 UBL doiss Yales 1,
»alss 2 53l G2 RAfA 8. s3a sat sl oiail s
Uie UURL UM dl S el UdlAML Acdd Y&
[Aedour-l 2aial ad sl 2wl »u wua uBal
eRale-l azouousl idl uRRAAL [ 50 5 w1
AAlesl 1 24 2 UR AeisH Q' 2 —Q' [AgLdouil €ld. 2L
dotss Yalssl 1 i 2 azd-l RAlAHHL dslad V', QY/C
gedl 8. o, C 2l dold SUleu ©. ¢d s yau
[adouz dQ'A s 2 udl 1 uR -idRd sui-l
seusil 530 AWML 53¢ 518 (OW),

\

BW=V'3Q = 55Q (2.68)
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2 sule-A

U2l MOl 9, 2L 512 UREUA Yalss 1 u-ll [[EdoiR Q' a4ld Q'+ 5Q' wu 8. 5Q'A
UL 2AUREL 52691 Horot 910 dedl il 53 st el dedl AnlseL (2.68)w 1A Hasel

avil 2514,
SW = 5= [(Q' +8Q) - Q"] (2.69)
315201 (2.68) 27t (2.69) UsuMLA % 9, 5128 5 SQ [l Bl ue HHed &
8Q"/2C »iaoley B, 5122l 3 5Q" iz 95 Ad «liei B. [Agdeuz QA sp-uell Q yHll sl
5L 12, 53¢ 5e 512 (W), =l 512 Wil vior H1d) Avaiel uaiaizdl iz Al
5318l 1AL 69,

W= X SW

o1l Y2l UR AR

= 2 Loe+sey-q7 (2.70)

o woal wz . 2C

= % [{8Q” — 0} + {28Q'}° - 8Q™} + {38Q"} - {28Q"} + .....

+{Q - (Q-3Q)}] 2.71)
- 10 -0=2 2.72)
2C 2C '
2L % uReun wlseL (2.68) urell 2Asad gL Ay Holl a5 9.

Q A 2]Q 2
wofg -t [ -§
LAl F e el 51280 5 A5t 3L HIEL AvALAL AL UELL ARAL .
UL i wReuM A58 (2.72)1 el el A quil aslat.
2
W = g_c = %CVz = %QV (2.73)
Radlaeid oo 2izall dlenall 21 518 dotedl RARGLA 30 20 W 9. 21 % s12012l
RaMGLe wie- il uReuy [Mals (2.73)], 3udle-l [Qgdeur Aax 3d) 2d
Al B Al U R Al 1 3UleR wUR (R ([Agalaeu, ReidouR @)
AU AR L AARA GloAd Yoo wd 8. Saileasdl RAQGIHA el a2l [edamul
24216 WHAD Gloal a3 S At 8. i slal HIZ, A0 LR AHIdR e Uller
(825 @] 850 A UL 1@l ARle 2idR d Sl dd) [GauRl.
Su{l2RMi AR BloA
Q _ (a0)

Bl

1 % d_
2 C 2 g,A (2.74)
Al Y8 dridl 0, 6L @2 aRl-lL [Aeld &st 18 Aeilad .
E = % (2.75)
A5 (2.74) 214 (2.75) uel 2uveH
Suadlexml Al Glod

U=(112) e,E x Ad (2.76)

A 69,

)
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AL 5 Ad, 6L w@e a2l [RaRd st 6 (%, 1ot [Agdaiotd xARA 89). %l 20l
GloAl el BL5H seHl AARA Bl dld cuvaid s34 dl wHls2eL (2.76) eald © %

[Rieiddiotdl Glod aridl u = (1/2) g E’ (2.74)

A % 2l wlswL (2.77), AHidR e Fuiler-l Bru Wiz Albd s 9, uid
[gdastdl God asidl uasd ulReuy, slsaul ug) s 8 e RgdeuRidl S8 ua
ARAAUAL [Agdaiol e 11 8.

BE182R1 210 (a) 900 pFeil s Suilex 100 Vil 6123l a3 [AgdeulRd s &
sl 2.37(a)]. 32l Radlaed Gl 3udler a3 2Aae wnal ? (b) Suaileasd
orelell AdieL g2 53 oflon 900 pFeil [Aeidou (Al 3Urile: 18 Asami »ud
£ [211502 2.37(b)]. €4 21l ot a3 Seell Radlgd Glod At wwsl ?

Q Q

- “9 2 2

C C-
100 V Q Q
o O N - R
T 2 ‘: 2

(@ ; ‘

.

(b)

2u5(d 2.31

B34

(a) Fuailer uz-l(agdmr
Q=CV=900x10 “"Fx100V=9x10"C
3ua{ler At AAuRd Gl
=(1/2)CV’=(1/2)QV
=(1/2)x9%x10°CX100V=4.5%x10"J

(b) 2enal RElmL, 6l suRdlel d @l U A [dgdeur ¢al 2 d-l we
W2l U ueL AL [Agden gl diHl A RAlAHAAL dslad WRlLs
V' 6. e35 5U{le Ul [@gdek Q' = CV'. [A8d™iR ARMBL H4UR
Q'= Q/2 2142l V' = V/2. doAHl dulRd §e Glos

2 X+ QV = 4QV_225><10 °J
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[edousil 2Alas 240 WM Bigtia RAGAL dslad 8.
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tR1adl sulel A [edasL B4 Ra[G —p . E 8.
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el a2l RAfAHIAAL dslad 6. Cf 3t 6L Yalesil USR, WY i
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%, A 25 1@ AASN © i d Al a2l AR 8.
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e (Ll stal gal) UL drl Yed Cpall atl amu .

C=KC,
odl, K 2Aale s adetl LUDA IS AL 9.
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1

1 1 1 -
L= o
c-c tc Tc gIRL UL S,
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[Radeur gl RARGLEA “ieHl gV(r) uedl V()@ oled (2ied) [R[edoui
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(b) AL AA% A 120 Vel A1l UL UM 20 dl 835 SUAe AHidR
(RAfAMLAAL dslad Sedl 69l ?

2 pF, 3 pF vt 4 pF $U2{le-el »12L SU{lei AHid™l siia €.

(a) Al s Sule-u seq ?

(b) A U AU 100V AAld UL B8 2UA L 835 SUAleR Yl
EDRICIERIKIE

LS 92 gl 1Y Al AHIdR W2 FU{leaul 835 @ed 85150 6 X 10 'm” 2

6L 182l 422 2idR 3 mm 69, tL $Ule Surdle o1gll. ol i 5ule 100V

ALY ULE LML 2 dll el 635182 uRelL [Agdeur Sedl ¢al ?
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[Radldgd (Rulam-
2§ SuRdle-

2.9 Uty 2.8M0 A SUlexmi 3 mm sl wdst (aeim)Hl e
(Sludasdls 14018 = 6) Sulex~{l 6L e a2
(a) ALY A AL S AU,
(b)  dlees uwnusi AR R sulole

- gluie 5201 29 dl, 835 (34040 9L 21y d ueml.

2.10 12 pFei »is 3uler 50 VL oledl id idef 9. 3urileaul sedll RadlagdGlon
Aue wl sal ?

211 600 pFei s 5U{leR 200 Vil Aretid ol [AgdeiilRa saumi »Ud 9. ugdl ds
AL AL LR £ 5AUML 29 89 24 {190 [AgdoiRd A ld dal 600 pFeil

Su{le2 A2 AL U . 20 UBUHL Seel Lol dpiasS ¢l ?

QEIRUAL ALY,

N ~

212 35 8 mC [Redeuz Gombigat 3al 8. 35 sl -2 x 10 C [Agdoira
P(0, 0,3 cm) (g2l R(0, 6, 9 cm) (gt 45 Q(0, 4 cm, 0) [Gigi dladl e
53¢ 514 24l
213 b oUYAUOL A5 deirtl 835 (Biga [A8dMIR g 9. L [AgdMIRAL datrl ¢l sx-l
S uR R i [Qg gl kL.
214 1.5 uC 2im 2.5 uC [A8deuR H1ddl 6L il dlloul isoilenel 30 cm id?
2L 9. -l 22l RRMA i [Agudast 2kl
(a) ot [agdouin wsdl vl Hebig 2 2
(b) 2w 2ot He[Bgrial YR Ul 24 Juit dot AHdaul Hefbigl 10 cm
2l vidal [Gig.
215 viesdl Bl 7, 2 otgll Bl 7, 814l 215 GUALSIR dlss sa -l
[AgdmR QY.
(a) 59l 55 uR [A8deR g ysaml 21d 6. saasfl el 2 slgrl
AUl UR [Agdeur-l yrsndl seel wal ?
(b) ol 59 ANOUSIR « €ld ULl A ddl 2MAAMA 21512 HLAd] €11 dL el
ol (4l 56 [AeLdeur Aell)-l vie [Aedast 44 6 7 43l

2.16  (a) euldl RudlRedas- doiaesd, [RadeiRd audl-l 2isouoge olw

6119 A AU
Y (0}
(E,—E)-n = g,

GIRL AU 9. ol A o [Bigal quidl dot 2sH Al 8. 0 o [Gien
[gidouz-l yrs add &, (0 <l o ouy 12l o1y 2 drs 69). i U8l
galldl 3 Yassll dad oteiR [Agaast o n/eg, 9.
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(b) ealdl 3 Radlagd st a4 (Tangential) u2s, RedeiRd Al
a5 ouogl ofle ol Y4l Add €l B, [YA 1 (a) W2 oUArll [Huu-L
Gudlal 520 (b) H2 RadlAed a4l old oo U 53¢ 514 94t & d
&5l5dl Gualol 531
2.17 il [AgdouR Arddl A 4Addl 25 dioll A0S s dldl, Axald, yalss
ANUSIR AL BAAG 69, 6 A0USIR{L AL A s1HL [Agidant sed sal ?

218 5% WRHMEL $AsA 2 WA 0.53 A idd Ssellon Wl oiffd
AARYIHL .

(a) A5 2 WA A2RArL Heid 2idR W12 ARG 9L S 24l dotedl
RRQGLAL eVHL el 53U

(b)  SASZAR H5d 52 W2 B2 ety 514 539 U3 7 d-ll sauni-l alaGled
()4l 1ol RAMAGLHA 53l 2L A >UUA 9,

(c) olm a2l 1.06 A »id2 *2 RARMGIA L=t Al »Ud dl Guz (a) >4
(b) et ol g ol ?

2.19 %l H, 1%L 6l 215 SAs2ir 82 50UML 2419 dl AU SIS (e s
1ae Hy w0l Hj ol 4u@ERmi 6 Wdd a2 »id2 ool 1.5 A & 21
$A521 835 WALl doLoidL 1 A i 8. vl doi-il RARGLA sl RARGLs-L
ap= Hiedl dil wrieoll il

220 a1 b Bl wRuadl oL [@edeiRd Aaies dUoupid s di 9l Bl
219 9. 61 SUOUALAL AWEL>AL UL [Agdaiotdl dLelid Sedl 82l 7 i wRRuu-L
Guatlal s3 yassl dlevl e HRER L L quwe (Aol sdl
(gL ot ={l Yrs Betcl 2L HIS AR S1 89 d Al
221 6 [A8AMIRL—g il +g 2153 (0, 0, —a) 244 (0,0, a) [l 8aL 6.
(a) (0,0,2) 4 (x,y,0) gl [Agidamt see sed & ?
(b) RElud, Gombigsl S8 Bigrl »idr 7 ur, r/a >> 1 did AR 34l Ad
HRAD d ealad Yot Aadl,
(c) s st udla [@edeura x->18 Uz (5,0, 0) [sigdl (—7,0, 0) (big »Hl
A gl Sed s1a udl ? o ulaa [Agacuasdl Wil d o 6 Bigpil a2
X-A8 U A Sl dll FAOHL FR U 7
222 usld 2.34 [gd aqidl (Electric Quadrapole) dily siionviid]l [AgydeuiRisl
ollsal eald 8. Agsdl-l xa UL Big H2, rla>> 1 12, Ralauid r u2 3d)
A AURA D d ealad Yot HAdl 247 Rgkd Sadla 21 [gd Wi (sled
5 15¢ [A8den) M-l it yotell dHiz wReum ol 2ld g ud & d i,

88 25(d 2.34
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[Radldgd (Rulam-
2§ SuRdle-

2.23 s daAsglsa eslRunAA s uRuAML 1 KV AHIdR 2 uFeL Sudlea-dl o3

NN

U3 6, el Wi 1 il WIEL Avainl SUAle: W 8 1L 400 dlee sl 4y,

ld ddl RaHIAAL dstad vl a3 9. 2dl 2154 olisart ealdl 3 Fui agdy
vl $u(lexdl 32 ul.

224 2 Fell 215 AHIdR e SUriler-il ol el azdl- »idR 0.5 cm AU 14 dl sl
g5 wWed Aosul s2d s 7 [dHIRL wdlel uRel di AHD AsUL 5 A
SU{leRl Al MI2 UFL 2l 9L sHAL €l 9. U 09di, SasgldllRs
SUR{leRUAl Hell, Yl sl a2 vot Al 2idR glalell, gl Hiel (0.1 F) sl e.]

225 usld 2.3540 ealldd Aed s uuded Suailest Ml 300 Vel Al HI2 e35
SUle L UHIAR dlees il drtl Uil [AgLd IR QAL

100 pF

C ot
100 pF 3 300V

25(d 2.35

226 15 wuidz e 3allexdl 835 e Astsa 90 cm’ A 6 @2 a2 2d2
2.5mm . $U1221 400 Vit e 418 %A [Eedet R saHl »1d 6.
(a) 3uler a3 sedl RadfagaBlod Auldd ada d ?
(b) U GoAn 6Lde a2l RaAlRgA a2 wael ol 2 2153 58 €l

Blost 7 Honell. i uRell 1 24t [AgLdaiotelL Hint E azii-l ol 3ol

227 4 uF-il s $U{len 400 V 4y a3 [edefd saml 2ud 6. uel d-
Aeial og uidla oflon [AgdonRd A €ld dal 2 PF-L Sueile A8 sl
2019 8. wan Sudlea-dl Seell Glod Gw 2 [Agazietslu [ABRIAL 3uHl
&7

228 ealldl 3 AdidR @e Sualleasil e2s wWe ur cldl oot 1 (1/2)QE 8. i, Q
5U{l22 uR-lL [A8d™IR 8 2in E @l a2l [@eldsiot Hin 6. 2], 2ada 1/2
5ol Zld 209 € d Al
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2.29 DELUUSLQ %ﬁzﬂawi 2] aH%RLL AULALSIR %lC{léSl*'t %uoq LALSS 2511 A dHHL
2L UR wsdl vl €l 6 (Gusla 2. 36) galldl 3 allousiz 3uaileasd surilex
dne, r
_ 0ih

h=h

QAU L. WAL 7, L, 2ieAsH 61w 2L BLERAL UL Brosiil €.

(Agdeu: Q

2u5ld 2.36

2.30 w5 NAUSIR SU{lerl 2ieal 0l Blasdl 12 cm 249 6lg1z-AL dLioul Biosut
13 cm 9. 6lglR-l Al 211 (Earthing) 53 €l8¢ € 247 e 2l U2
2.5 uC [Radouz »uud 6. 6 A3l ollousil qri-dl sasian Judasgls
2A0N1S 32 4R1lcdl ualél ol oiFl €lba 6,
(a) sulex suzile aldl.
(b)  lex-uonoud Ralamiq se¢ ol ?
(c) 2l Suadlex-il Suailesud 12 cm Biosuldl 242l s3dl 0L SUdled
418 ULl AL UL HIST, HEL Vot Al 5H 6 o AHAl.
231 5119Yds G AL :
(a) o el Q, ¢ Q, [AgdeuR HR1AdL Yalss olouil selloa-l 1ws
el 204 8. durll 423l RaRR-dsa a2lledi Q,Q,/4mer” A%
UL 9, %L, 1 AHAL sl QR HAR S 7
(b) ot scoiedl am (1/77 A 61gd) 1/77 U 20HRd €ld dl vl 9 ol
M 2121 28 ?
(c) s Rud [Agdaiot ARA-ML 25 Al uRaR [Qgdouzd ko Ralaxial
Usd s 21d 9. d [Agdeur, d [BlgHial uuiR adl asReil uR auld
saLAL9L ?
(d) ~ufsauunl dn ad Sasgiadl ysl aquusiz sa eain sed sid 2y
¢dl 790 el doigxid (Elliptical) €ld dL gl ?
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[Radldgd (Rulam-
2§ SuRdle-

(e) 2uudl «ngilad 2 3 [AgdeuRd yatssl Auél-l 2uuR (Across)

~

[Qgidaizt 2 €l 8. gl [Agyd RAMLA uRL A Sl e ?

(f) 5@ (21519, Single) Yass-il Suilexu-Al A 9 21el 5220 7

(g) il susdeasils »aais (= 80) 2 HISsL (= 6) sl 8Ll Hizl lalsl
95, 510U VArtHIA S
232 s AousiR sulerdl ol ux-iald Asusiidl deus 15 cm A Blasuat
1.5 cm 245t 1.4 cm 9. 6l8IR+L AousiR- 2ARoL 531 €8¢ & 1 el A0SR
U2 3.5 uC [AgLd™R SUUdl 8. L dotd SUiled il 2 vie-il Aousi
(Rl 2L 940 UL AR (A2 5 941 UR &2 Jedlvdld And ) DRI
233 udAsls pANs 3 A QUSAsELs 2 @aoal 107 Vom | HLddL gl
deedl 1 kV 0L HuAdl 25 dHidR w@e suilexddl Raq sau-dl 8.
[SA5AS5ELs 202 4 g gl G588 UL (AL (208 il s gL [Qgd-d
et A3 UL [AnL) A 53 wsid HedH [Aeldaat ©.] Aamdl Hie duadasgls
el 10% $cll &2l sEL Al A3 o S29-{la 89, 50 pFe SuRdle Horda uie
el dg T s s2¢ ¢l 3 e ?
234 <13 Bl e AH R Y8l el gl sl
(a) z-leausi2um [Agdast
(b) &% %M [Fufid 2d al e uig »1am el (eld., z-[Ra) e 6.
(c) Gorlbig »iset e [Agd™IR.
(d)  AHAAHL AHIAR UL AU 2id2 8l diell [QadouRd dirdl eidg
ERIERE IR

235 7, Bl 2 g, [QadR qR1ddl s il ool 7, Bl 29 ¢, [@gdeur
fR1clcdl 215 NS 59U Y ARAAA B, tUldl 5 %L g, Hel €1 dl (U3 d oide
dl2 A A3AL S1d), 59U UR 5185 Rl [ABAMIR g, €14 dlL UL, [AgdeiR dllonel
5624 YR At UIHL .

236 l2HLAL Bl UL

(a) yeelledl wiclell Glaus 01l gedl [AeLdaotn 3y dldiar il 2l U
R Ll 08 400 KV 8. yeellefl 2wl s & 100 Vim
69, L uggl Htuew guiall LR viedlHl Ul ysdl 2uuRl [Aed 2iusl 53
vietddl el 7 (B 218 2 dd wiy3 HRL S wHl ieR si6 aot el 1)

(b) 53R 25 (R A% del 8-l 6leIR 15 6 {2 GALS valss Alug
(Slab) oled & 3 ¥+fl 2124 uz Hig 1 m’ dsts e HAMFHAU- U A
£9. 6{l% (22 AU A o il U 2 53 dl e [Agaias @il ?
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(c)  saudl el (209l) Assclt 518 AHA Yool YR dAldlaRRAHL U1
Rl nails 1800 A s2udl 8. dl uedl didiazel Uld A4y, %l Ayl
R ([ [[eiRd) ada dera 34 ol od -l ? oflo aceimi
alctael [QgdenRd wd dli e o ?

(d) awdtaami dlooll (Lightning) 2al el [[edGlod, Gl syl
a3UML [Aui 8 7 (A gl Awdl 2o [@gdast domol
100 Vm ' AR B, % Rgdeiz-l yreadi =10 Cm A »i3u

~

6. 50 km AHl AlcltarRiedl 8% aAlgsdl (ditefl 2100 GuR dl d yalss
69)L efld, uman yecl-{l vie €2 A5L QLML +1800 C [AeLdMIR elvid 2y
€. 20, t9dli yeell 22119 45 ocll el 51200 % Ax yoell ur adl dueclly-

8 AL 2Ll L [ deur uaL yedlHl el AU 8.)
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USWL AL

yaus ([agd
(CURRENT ELECTRICITY)

3.1 Ydld-l (INTRODUCTION)

USBL- 141 A5l 5 6i[Act o1l % [AeLd el RAR wRAML 2l ddl. Ul [Agdoul
[Agidnals 22 6. 2udl [Agdudiel sexdl Ad o ael uRRARHL adL €l 8. il
2Lefl % 215 B2l 9 & B [Agdeurl (yeell-il) didiaaHial uaiR s aienal yedl ds
ae 8, 5 o geilavid [BasiRl wReum wal Fumd 9. dlogollul [@edeird den a0
€ld ~tell, Uiq HUUell AWel DAl UYLl dRlL BUsBL B2 12 5 Ul [Agdeur,
AElHL % AR (Smoothly ) wiell add €la du, 2l T dddl $lu 6. 212 e Al
el @l Hiial GUsBAAL BelWL 6. i UsAHL, 28l Rd [Agdudien doldl
s2als Hooud [RuHi-L A0 53l

32 E{%dqu, (ELECTRIC CURRENT)
[Qgydoul dents{l [Rau dot s Al 82150 Bl Y AWA 8 di [EAIRL. 4 i
BRL 2 6l [AELACIRL UL AstsuHial U0 2 W9eL dert Wl 25 8. 2UUL A4

2dAd £ eRAlA, URLS g, wedl e [AedetrAl uReuHl el (2ed 5 2uoia-l [Rawul
addl [@gdeuuial -l Rl addl [AadouR ole 52 dedl) aAsaHl ad

oLl [Raudl ad 6. d % e, WL 5 g_ Fedl 8L [Agdeutl wReudl el dxsunl
25 21010+l [RUML dAd 8. dl £ w2l AHY idAAUL, AstsnHial 210l [RuHl addl

uReus] [AgdeuR g —g_ 8. 2l Helerdl [BRuUHL, 24 [AedMIR L uuuHRm ¢l
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94

Izg (3.1)

i OLRUTR A &ASAHL A oLl [Ranl addl [Agduaiesil epvat als asg. (2u
oA, 3881 1AL HA L el 212wl wieon ([A3a) UM A AHr )

uale éuall 2l o Sl dd et Al i ddl, ay @uus Ad, sl Ul
{12 Horo uaRid s3> Sl HIRL S, AQ A AL UMY vidud el (ed 5 1
e £+ A UMY A2) YaAlssl el a9 addl wReul [@edeur 9. dl 7
AU, sl visdemiel dddl Ualenl AL Ut dRsHL dat Hie AQ A Azl
Rl Hed dils epvafid A% 8.

lim A
I(f)= At—0 T? (3.2)

ST 2L5MIHL, Hellgril SsH, HARUR 8. s AFAAL vl ddre-l o5l R0
GIRL WA 9 5 % ULl ¢d Ul wsel @ellel. 82 auRgadl AL addl
wallse 4ed alaBls Ad MU sH4 Sld 9. dloolldl addl U Ul Hed
U5 £ SN2 HATUAL sHL FAUR sl oflo 93 uunil Adill (Nerves)Hi dddl
Ul HIOSIARUAAL s34 1Y B,

33 zgqms?mi [?{%ducué\l (ELECTRIC CURRENTS IN CONDUCTORS)

A [Agdaizl Aol WSl 2Ud dl [AedoiR ool detd 9. ¢d %l d 4sd i dl
Ul 529 i [Agduale 2. gl HUdl Y [QEdMIRL WMLR dldiaRelxl
2UAREYRAL il Gual 2R (Upper Strata)dl 2ARecd 44 6. U 48] i
MR L [AgdeuRd dasgii ¢ ad [@adeuRd yfsaupil sisella wl
%558al S O A Azl dil Al 52l Yo €ldl el WAEL Yuud JElL -l
(Molecules)l oiriell €11 8. el.d., 1 W wel ool 107 Feal 21l 4R1a 8.
2L AR Bisollon Al Bedl g Ad wsidAl Sl © 3 SAsA F-d (AlBdold)
(5l AL F5AAAL Sl el Sedis uslall, Sasgin sy oifid €l 9, Hed
5 [Agdfst @ouddl 9al dil uABid ddl el oflon ueldl Fai 3, didHinl, A4S
HASZA (AAM0L) Hsd S O 5 ol dil AHA ueldHl Ald 53 9. idl yeldld
AU YAl 568 8 Al duel [AgLdaat dousdl dul [Agduals A 8.

€A o UL He Yles eld RARL dl Uil (Atoms) Asellon WA 26 d
g s8al latell, 821 [AgdeiRd Sasgiq [Agdudied as 52 8. A 5 ol [Agdgian
(Electrolytic Solution) %l YA 5L WRLE) 5 FHL Hrt 2Ael L M, 61l W51l [AgLAMIRL
Al 530 9% 9. el AATHL 55 et Yalesl U2 % i S(wd 539 5 el udle s5d
%3t et UL WA 8L [—EdMd SAsgidiA S1REL 8.

A3 [Rgdda A1 © del Brail [B21R0. dH-l Gu{lu Glosat 518l Sasgic olld
53l 69 21 o AUl eAHUA B3 AL A8 UL S ] U 18] A% 51
ol Hes2In 53 Lol 3 o sul ollel 2A1e 529 5 % Auil M udaidl 35U €2l uig
el 2LHRL wedlel doiel (29U viRdird (Random) Sal. 2UUA UM, il SASZIAHL
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oL L S AlssU quedll-l [Bau Al Sl UM, AR
A 58S Assa Baumi o sl SAsgA- vy, qnell  TQ —E —-Q
(A3 RauHl 2l sl SAsRIx-] 4val Fed] o ¢al. dell
515 Al (Net) [Agiamans 22l =ell. U5l 3.1 il A5l 83 +Q A —Q

¢d ol 2lal Yalestl gssin [Aeldamt qdudlat di 9 [RieLdau y3al 8. [Redeudd ded (uudia)
A d gl iRl [l Slmd sl yalss R 524l Beut [AgLdaoin sR8L Sasgid 3se (Drift)
Brosuidl A0siz 2451l 9 d (@Rl (2slat 3.1). Al 523l +Q 24 —Q [?{%thLQ\L ol Al ULESL
HIRLE 2AUBL 6L UM Blosdl dRladl uidoll C{clUlLSl?. MAUAL Sl A dl UALS ALEL AHA 6lLe 2125 %4,

2SS dlsail a5 w28 dlsd U +Q [Agdeur

2 6l U —Q [AeLdeR [AdR addl 8. ¢d Bl 1L 6L sl Aousi-l 6L uule
AU A8 Lt [AgideuRel velL [EedeiR drs [Aedast Gaur al. i &
5128 SA52ir +Q [A8LdoUR ds UABLA 23, Al 24 () [A8d®IRA dea 541 ald
5241, ol Yl SAS2IA oLl st 62 L YAl et 220191, el >0 (AR wRRARHL o
el UM ML UAlS HOLED 2 AIRoUE el el I,

UL A, ot (aral) [BAR] w2 5 FH YALSsHL Adal HASIIA gl deRe AUl
[AgdeiRin 2 (GRUS 5aL) AAdl dlareur AnLsiRAL 991 2Rl Hadl 8. d
(03, qdles ueldsil »ie Rad (Radl) [edaot 2219, 1 R $51 AHUoU0L WL
walen 6le@ Add (2ALRRA) watel Rl Al (dxBar) siweudl (Mechanism) %

N\ Y NN N NN A A\ NN N Y /
o (8 [Agdaiat el AL e d [Aedsial 2in 6123 69, 5 %l A0 SUUBL 24 USWA-AL >
wiegotil ool s3el. ¢d ughlel [Aeuolml sl yalesul Rad [Agdasd srel A
Beotadl REd wate-l Htea 5319

(a)

3.4 28H-l [Run (Ouwrs Law)

WALSIAL At HiRwl o U™, deil 112 aiotelR ellasBaisl amee ol d-uel
el uedl, @. . 2UeH (G. S. Ohm) glRl ©.4. 182841 llHIdl &dl. HIRL 5 s
AalesHial T2el [Agduals AR 21 € in YalssHl oL 941 422 V 2dl RaldHi-l
Aslad 8. pUeHAL [RUU 4L 5,

Vel
Ul V=RI (33)  an
. . ~ ~ N NN N ~ ~ ~ ~ NN A2
U], UUHIBLAL HAANLS Rl Yl sl AR 5€ 89, AaAR1H-AL ST 254 2UEH O 2 ol ©
Q st A3 eALAA 8. HAUH R A5 55 524 UR % Al U el WRHI U Wl 28R
AN, Ref adles-l WRHISL YR HHadeir (Dependence) {12 46t sl asii o 2u5ld 3.2 7 dousSL 2

Al5281 (3.3)7 ARl Ales 3 Fell doitsS /247 21506 Axis9 A HRiddL dolza wed Qf“&? &l ‘3\}”5"1
el 23Ul B d4 il Al [2Usl 3.2(a)]. 3t R S st 6wl Aarpl 1l ot Al
ssolloat @ollaal aral § [l 3.2(b)], 3 %l 20 -l dowsS 27 iy, »u e Rzﬁpl//} A6LH
AulorHiz] dddl Ul 2 835 ¥dot AAAMIUL UAIR Al UAlS B2l % €L, S A WU sildd ©.
lAAlAL 941 A2 RALAMIAAL dslad V Sld dl oflea 2lAeiAl 931 922l dsldd ugL V 95
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gedl % U, 510 5 ol AAAL AHIA €9 24 A2UMIYL Al Uale
YL AHLA 9. UM 69 5 il AU AL 981 ARRAAL RA[AHLAAL dslad 6l
[5co1d AL RAMAMIALAL AU GRACLR 2 Al 2V F2dl 9.
AUl Al Ul T 8 il Al a4 R €A dl
[AHls201 (3.3)] urdl,

R.==* =2R (3.4)

290 5181 3, V/I =R, £35 AAALL 2AAAH. 24, Yalss-l dous
oiHRll sl el AL UL GBI I 9. AU Y, AR

ol Rt 20 (George AGUSAL AHUHLRLHL €.

Simon Ohm) (1787-1854) : Ro</ (3.5)
s oA ollsell, »-la uggl g, HIRL S AL dedl dollS AR 6L claLMl stualHl
(ARaARI)ul s, 2ed 20d 9 3 Yol 2 ARAA A AL [ oL ueL g5 AHLDES]
diefl [Fad GoaenHl wlBar deisa A2 @l dal Aridil 0l a3 @S usin (2ush
Al ABAAA U WL 32(c)).

[Qedail 21 diudiA-l ad--
A e 2w [Agdudle ¥
GUHIUNALS A2 ABAAL HUD 6.

~~
o
v
)
g
=
oS
=
-
N—
~~
=
=
o
=
S
=
- p—
7
<)
1)
S
S
3
&
N—

REIRERIC

c

BULY

ALAALAL 6L 941 AL UUE RS V HIZ %L 2, AlAALHiel
Aedl Uals T &l dl 2UAAs © § 1L g8 288 AAAHIEL dddl
Wale 172 agl. AL vl es 2L AlRARAL 981 ad [Agd

-

RalAHiAAL dstad V el vied 3 eu Q1A AHidR Ralduid sedl o dlal
L5 8HL AAALAL AAAY R, Sl dll,

__V_ _2V_
R=gy = T =R (3.6)

VU, P AAFN 2484, 5t YALESIL AU GIHEIL ALY . 2UYS AZU, HARIU R
2L HLEDEAL &S UL A UHIRIHL €14 8.

1
ROCX (3.7)

15281 (3.5) 2 (3.7) Al Qvidl,

/
ROCX (38)

2t el UG Yarss Hie,

L, AUHIAL 2ANLS P 3L AAUSSAL G4 U BUHIR ABL 8. U, el wWRAHIRL U
IR AVl A2, pt 2ARIHSAL (Resistivity) 56 €.

e9cetl U581 Bualol 53 2ileH-L UM dudi,
Ip/

V=IxR=-F (3.10

96 BisH &5 gls (Ualed doi3t) Uals /A Yals d-dl (Current Density) 5¢& €

~—
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ueus [deggd

Al o salaid &, wale aridiel STAsH A/m’ B, Q1M %R 7 ol YtesHi
(Hafid (g aotd Hed E €l dl g1l a2l Ralaid-l dstad V 2L E/ gedl 6. vl
Buatiol 531 ved Al s {2l oL qvil sty
El=jpl
>4l E=jp (3.11)
GURASA E 244 il Hislis a2l Aol Wi A2l a3uHl auil st wals gxdl (5
% UL Nl dot ial visH assnHial dddl wals ddls epvailid 530 9) wa Exil

Rl v d UL ulea j(=FE/E) 9. 214, ded uHls0 {12 waidl avil asid.

E=jp (3.12)

24l j=oE (3.13)

i, 6= 1/pt Algsdl (Conductivity) 56 €. 2l [Ruw gl auid 13ls8L (3.3)

GuRld 431522 (3.13 )4l AHA 2AZUHL UL el 2019 8. 83 uedlHL [Aetoml 21udl
gl [ Geald Sasgin-il Rse alal@isdia 5128 Bemd 8 ddll uuee Hudls,

3.5 dasainl g2 oald A waAusdid Ggam
(DRIFT OF ELECTRONS AND THE ORIGIN OF RESISTIVITY)
UG B dY SAsA GUR 247 (3l ALAAL AL UMD HAMA B U HAIHEL
olle il 21 % bsual Uig A Rl AUl 52 8. ¢ A 2R oHl % SASZIAA
4L @D dl A [l 51280 ddAL AR08 Aol 9=, 48l
214, A N Fedl sl &l 2 Ml Ml (i =1, 2, 3, ... N)
HASRUAAL AU UHA A2V, SldL dl,

N
;%=OW. (3.14)

z|—

gd, Al yRRAMKAL [R5 5 wHl [Qgdast slar ¢l U
gt 5181 s AR Y4l

—< (3.15)

i, —e i [AAGUR 2n m 2 SAsgiA-d en &, 3ol 7 U4 L
SeAsZLrAr LAUL dl 1L SA sl 20006 (Seell) AAHU £ AHL 5
52l USal SU135 U5 G2 2 UL S AL MALM Gl 7, Fel AHY 2R 3.3 urtaialfic st a4 Big A
URAIR 2L, L SOUGHL AALHRL 6UE ARt % ALV S AL FAHA AL o) B oytf] ydianell 98521+ 21901 el

QL D, {2 el Ul (RoloL 2uiL). Al satlel Yorol [Agida dlo)
V,=v,+ % ‘ (3.16) Wl dl dasgiq Byl uela o (aLes
wiL). [Gadasi-l [a3g leaml adl audls

518U S, o UG HALMBL 6ULE £, Fedl AHAU0U Pl U528 .
(352 oulat iHl.

(3.15) ot walid a4l ¢a (gl 3.3). 7 AHA SASZIAL AR
Aol B AL 614l % v, el AR A9 URL v, il ARAA YA 97
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[R50 (3.14)] © SR8 5 HAUHA 6l dd % SAsgIArAL Aol [Bau 2dyel Ad
AU . A5 AL 242 3HBIL MU 43010 2] Ul Ul AU AHURUA
AU 9. 6L A5 2ANURIL d2ArAL UIAA AHAA T 4 suldl dl U A¥L 24
HASZAB T 52l AR AR 245 SASZAL T 53l 219l AHU UAIR 54l 3. oflont
081l A5 (3.16)4H1i=1,2, ... N HeL {12 Hiddl AHY 7, 2 S2als SAsgIA U2
T 5l 291 AR 6l HIE T Sl AR S8, £ AL Hed-dl U221 BHd T sd (3
s AHY 58 B). 2, SISURL U £ 1A, 1Hl5 (3.16) N-Sasgid u-
AR 2AURLA A1 AL v, 2L

— — eE
Ud - (vi)z{‘wa - (vi)g{ml - 7 (ti)u‘wat

=0 - Lr=_ kg (3.17)

— A=V, Af—» m m

2L e, A5 AL UHIL dd B, d id eald & 3 SAsgi

Yol Slall £9di uMAl et 2lal AR 92l duld 52 9. 2L

NN

getinl (352 2l 35321 (3.17)HiL Aot v A Rs2doL 58 6.

A (Rs2 51280 B ciod 2ial s15uRL axgaial [Qgdeurid v

20150 3.4 1[RAA A5 U, ALl Adert (Transport) &AL €. YaAle sl ie-il MAHL s A1l

WAl Al Hed B Bls Assel Haddl v AU A [QRURLS % e ol 2L Bl AHidR ¢l (15(d 3.4).
v, Fdl AUl qaAdL s 23 (Rsen s18 Ar Feal Hlaysd AHAdUUAL, Azl Sioil

98

dlogeiizl Hex Fed Ui ol [V JAL F2AL HdR AL 618 % SASRIA L AASOA UAIR 53

9. HdHl B 25U 58 Els Ysd HAsZAdl AvaL 7l dl
il nALV JA SAs2I ¢l 8d £35 HAsLIA —e w2dl [AgdoR Hlddl lausll Az
AHUAL 1L aotsamial el sl AR Adl sa [AedouR —neAlv JA7 44l [@eda E
3ofl o1y uadd, €lanell AwlHial A Bl Bt uaiiz adl 4 [QedmiR 2l Ba
Y 6RI6R ALl A AHUHL A2150 ARiE] UAIR Adl [AeLdeurd He, epval (Adlsel
(3.2)) Hoset TA7 43l ul, T2 uadtsi wid eald 9. dedl,

IAf =+ neA v, | At (3.18)

I e A3lsrL (3.17) el s,

’A
1A = €A ThAL[E| (3.19)
m
ULl 4ol T L Ualg Betdivl Hidt | ] | A8 Asouad glael,
I=|jlA (3.20)
gl als2el (3.19) 244 (3.20) urdl,

2
il ="=1]E| (3.21)

m

Al2A j 20 B AIdR ¢ 2 ddl 2uuel 435201 (3.21)4 ugl Alza 2a3uHl 12
wosol dvfl ASl.

2
j= " 1E (3.22)

m
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A+ls22L (3.13) w8l AvuHel s2ld 8 3 %l Alssdl o7t Al 3ol riRid 5302 dl,

uas ([agd

315201 (3.22) 2L 2AH-AL Ram % 9,

o=

2
ne

m

UL 2L Rl Haleiil 22l

Gelsa1 3.1 (a) 1.5 A Melléf dert 51l 247 1.0X 10 m’ %2d »sded ArAsa
R1AdL 315 dlRHIA] A WMl SAS2IA HIZ U9 (352 35U dLLIL. S IR S ER5
SIURL UHIGL (Atom) @GRl s dles SAsZA U O, sul dddl
9.0 X 10" kg/m’ 1 =il U1, eis 63.5 u 8. (b) Gulsd Had Bs2 Beun
(1) AU, AR S1UR MR Gl 356y, (1) AalssHl 2 [3s2 ol w2
FUGLE1R 69, ol [Agydaiotl waei-{l opsu 2018 AuRvuneil 53U,

B34

(a) wss Sasgin-l [3se Aol [Agdanddl Rl [A3g Rouni 9, 2Hed 3

(b)

Hasgld atdl Ralasndl Raumi Rse wa 8. 3se 3w v, wdls
(3.18) gLl 20l AslA.

v, = (I/neA)

¢d,e=1.6x10 C,A=1.0x10 'm,I=1.5A8. dss $as3isll el
7 9wl anHlel 8l UM, (835 Cu URMIRLELS, drll dad S5l
25 dlalnl 51281, 25 Alss SAsLIA HIRdl) Fedl udl. 315 adle: siur- en
9.0 10°kg®. 2131, 6.0 X 10 51u2 uH1g1le £01 63.5 g ieiiel],

23
n = % X 9.0 x 10°
=85%x10°m°
d 4yl
v 1.5
d

 8.5x10% x1.6x107? x1.0x1077

=1.1x10 " ms =11 mms
(i) T %edl dluMid M &0 Huddl 5142 uHedl Gwily agu*
[<(1/2) MU’ > = (3/2)k, T] 3424 u28ll 4a &, % \/% AL 53+l 8. o, &y,
2 ol 2ANLS B, 300 K dludld e SIUR WIS il dolMol
2 X 10°m/s L. L vl YAl sHi S1UR URHIBAA] 22z Dleir By
galld 8. 2150 Al 5 SAs2iA-l (352 3¢u WML diumial oAal Howdl
Geafla 94, 52t vyod o i, @otatol 10 owsll Al i 8.

(ii) AaAtesHl (aRdl) [Agidasi-dl ssu, [@ed otsly do gedl, »ied &
30X 10°ms  Fedl i B (Ftl [ d3d us01-84i opaisil). il
ARl 352 26U wdd el 10 218l Al S B,

R XTAL YRS Us-13 158 (13.23) g2l

T. (3.23)

AU, 2UURL %L AL 5 [Aeldagd piseH A0 [F plgdl MM dRA 8. vdoid,
L A A I 8 5 T 244 77 [Agydaiol Ball 2etcal 2lal 24600 6. 241 wedl-L [deuoim

[ex))
(243
—
@
e
o
W
—

99
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Downloaded from ht

Gelsw 3.2

GelseL3.2

(a)  Geledl 3141 Sasgivrl [3se U, 32dls wAUUAL QUoUHIAL UAlElL
W Yedls mms | el dlaidl viele s3d 8 dl uRuas oit (Closed)
53l QML et o Wl Fuia 3l Aa auu e ?

(b)  Sasgid Bse A dlesHi Naddl [Rgdfs S1281 vir@dldl olas 5122
BeGid 8, UBL 60l dl WAL Bt 52 dl wesl Al AR SAsgIA AN
(Steady) A3213 (352 BEU U 52 8.

(€) A dasgin-il se Bsuanil Al 2 sl [Agdeir Hed usL i
1ol £9ctl 2L L2 2AUURLA YAl sHL UL 2L UHIRHL [Agdidle HA € ?

(d) gyl ddsgid o 12 Gl RafHIA ds Fse A dl 9 drll 244
il 24 5 ML AL 6141 % Hsd SASRIA 18 o [Raumi ol 5369 ?

() o o sfs (Mgl d 2uadl A1A-l) 2a5048 a2 SAsgid-l
(i) [aaraaat-il slreroul (ii ) [Agidaiotdl srolai qu el ?

B3d

(a)  uRuani doedl deal (wsiasdl Beuel) [adast dafid adi d es
(Big, 2010 220ls (Local) Bésgid [3s2 Gaurt 52 8. uals uafid
-l WAL SR Al sl 215 D312l oflon 95 el Ui ul il
A Al Wl el 20 9l Hetnl detl R e Yl usiaudl Aldl
AHY 38l AL 9,

(b) &35 ‘Hsd’ SASIA AsSUUR UARA 4 B, Al 352 56U Al el Al &
o L o MUl Bt AL 018 AL UL AR HAHRL 6L o el
(352 3564 oL €9 Ui Redle HABLA A -l 352 55y oflow a0
Al Al Yl Al 69 2 U (ARAUR) ALl 529 del (UML)
2219 3 HA52A 352 29U Ui 53 9.

©)  SAsgit LA UAE~10" m el

(d) A, suRl Ad gl Rse a0l Sesgivil Hiel 2raHd, A9l U Auld
R

()  [aerdast-il SlrerorHl aulet el qv 8, [Agdaia-l sialul Amid
Ad, v as sal.

3.5.1 Helldldl (aulasiladn) (Mobility)

UL A 5 dAlgsdl 2 aUlelle (Mobile) [AeLdeuR dugsin 51281 Betd 6. HigHl i
afaelle [AgdeiR ass ddly Sdsgi, 2uaslsd wyml Sasgiq 2 bt [QgdeulRd
2L, [Agd slasil (Elecetrolyte JHi tetl el 3381 AL iwL €9,

woflelel p2s 2ol AR 8 5 ¥ AsH [Agdat €ls [3s2 doirl 3 dils
ALY SALE
1Y, |

=5 (3.24)

lollellZll ST B4 m’/Vs § 21 A AadIz 254 (cm/Vs)el 107 218 &, Hiollel] b
Sl 9. u+HlsR0L (3. 17{ y4,
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was [agd
_etE i
v,= -
ael,
_la _et |
n=—4 =— (3.25) v
ol, T SAS2IrArAL AALHEL ARAAL AU AHY O, i
A\ C A\
3.6 2gHAU [Ruu-l HagR
(LIMITATIONS OF OHM’S Law) . . .
gL Huu gediel [sua ot @iy widl asidl e odi [@ed I '
WRUAHL AUl el UELAL A0 GUSBIL ARA AL D 5 FHLV 2 T 25l 3.5 ~es il 2igiHll Yau
a2)«f] AL sacld] el 21 Raadl pead HaA-miel 2 sear FHE eld O, Aol L Bl Yales
oflo WS-l S 69 : Y2 diey V [A3g wale 1 sald 9.

(2) V oL AL auuHiRil 24 A€l (sl 3.5).

(b) V il T q22-l 24614 Vil Prget GuR 2UHIR uvL. ofl7 2oelHl Vel 516 Alssy Yt
He Wl T el dl Ve 4t 21200 Anll dl (2o Geeiadl 23 3ed 42ladl uig Gladl
([A3a) Rousl ware T Beurt adl el (sl 3.6). 2id, el.d., Slsl BRuL o 6,
%1l AUCAIA 2AUBL W58 1441 5319

I
Iil-i— | T oy, BY MCRTL*{
(mA) o | Rz tRadl BRar

3 | i |

= 1 ! 1

T ! | !

=7 : ‘ :

c : 1 !

-2 02 v—»r !

L1 : \‘ - : »

UA e V (V)—

2usld 3.6 LS alal®s as. 9
el 2iml Uellgril Hrl 2in BEL Hell Hie
%el-%El WHIRHIY (Scales) © d il

(c) V il T a2+l 24044 Sy (Unique)il 14, 2128 & AL Halls T3 Vi 3ts
53l A8 Hed MOl (35(a-3.7). 2udl adels HR1ddL g el GaAs ©.

A+152 (3.3)H1 salda AL Fadd widn + sl gl 219 Gusell-l SadsgiHs
WRUAHL VoL GlElon WHIAHL GUALOL SAUML 24U 8. U, il UehlHL et URGUEAL
526Ls WSRRUHL UL 2ALHAL [l wiet s gl [etdmatel »iea 5309

2u5ld 3.7 GaAs =2 e (A3
Al S8R

3.7 YEI-YEL gl HARNUSAL
(RESISTIVITY OF VARIOUS MATERIALS)

el GUAIR]l 32ais el Maltsdl S1ves-3. 140 isaf@ta . 21l yg1aia qul 101
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AMSAL Al $HoAL Yl U YASSL, HAAESL A el Aollsd 54 9.
LAl 2Aa085dL 248 €1 B A A 107 Qm 2l 10° Qmetl dUounl €l 8. izl
A1 93, AlABLSA, 2042, 1125 Fal AL 5L D Bl AARNHSAL UL 53l 10" 21l 5
dritell uRL atR S 8. 2L oAl 422 HAALEEL B, 8 % dileil AASAL dAluHIA 012
afs Ad wedl wdl G 8. 21t AdesI-l AHAAUSAL dHL Al UHRHL 84
el glorl uR waL 2R A% 8. 1 el dlaBisdirdl Gudiol s34 wEALSIHL
BualL HA52URS GUSRWAL oiriladl HIS AU O

s : 3.1 2¢ls ugialll AU SdL

MARAYSAL P ARAUSAA A dals o°C)”
1

1(dp) .
o 3T | »0°C diusun

0°C diumir (Qm)

Yassl

2l 1.6 X 10° 0.0041
SIWR 17X 10° 0.0068
AU 27X 10" 0.0043
So%er 56X 10" 0.0045
21U 10X 10° 0.0065
@R 11x10° 0.0039
w243 (13)) 98 X 10 0.0009
(F514 (Ni, Fe 24~ Crefl B2 tit) ~100 X 10" 0.0004
Adlefl (Bateie) 48 X 10° 0.002 X 10"
QS

stelL (s152) 3.5%10° —0.0005
g H[HuH 0.46 —0.05
Rafetsi 2300 —0.07
LSS

g el 25 % 10°

SR 10° = 10"

$5R10IR 10° = 10"

NaCl ~

syms (Uloldlal) saés ~10"

AWEL DAL Sl WALLLWAUHL AURUAL 24 2R HIREL Gl HARUEL Hodcd 6]
USIRAL G 8 1 6B IR 2450 (Wire Bound Resistors ) 24 5161+ 2121451 (Carbon
Resistors). d? dleldie arlbl {=drile, sierted, [l st disl el Batigii-l
Al ot oletiactH 21 8. viidl usili-l uiedll {oud dH-l AA 5L diuHA U
C*ﬂ"b’l"ﬂ AvuHelML 2ideAdld (Beu AL aqma[la) Slalel S8 AL 2Ud, 69,
102 a ?qzmt 2 2lEHrAL 327 /« oot 4ida % cﬂs Fedl U B,
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Hlel $Hel HEl BRI AR oA 16t oAl €14 8. 5161 AL AL AR
Glal 51280 ddl SAs2IMS URULIML L€l WHIBME GUARL 1Y 6. dll Al 58l
glatel du-il 4edl Colour Code (31-91L) A3 HUUAHL U 8.

5125 @ 3.2 BLARIY HI2 A8l A3d (Colour Code)

S0l Black) 0

52255 (Brown) 1 10l

ale (Red) 2 10>

122(l (Orange) 3 10°

Yol (Yellow) 4 10"

dldl (Green) 5 10°

aeoll (Blue) 6 10°

ool (Violet) 7 10’

vl (Gray) 8 10°

A5¢ (White) 9 10’

olles (Gold) 10 5
Ricar (Silver) 10° 10
PREERI 20
(No Colour)

AL U Al o0l qadl-l A ElU B, Fef Heupe \
s1es 3,21 sl 0. 94 dgl UuY 6L dddl Ul AL
uddl &L Ads (Significant) 2151 euld . »loa vzl (sves @ 3.240

galledl Hoot) ealial 9125 (Decimal Multiplier) £21d 8. el U2l
galdd [Buaui el dldaw 2iadl [Baan sald 8. aeilavid, »i ‘“‘1 cue. cua fea
el UZL AREI%R SlA 89 Hiel d 20% 2ld-A (sl 3.8) © du

Y SN (Y . N a
£Ald 8. Belenl d3 212 321l A132{l (Orange), dledll (Blue), loll og.l%l( )
NN ~ N Nt 4 S ~
Al
(Yellow) i 9U€s (Gold) $1d dl 2041 41 36 X 10 Q &3l A Qe | smS el

dri 2l Hed 5% 8. N

A\ ™\ A\ /—
3.8 AAAUSALAL dAlUHIA YL 2R JE— N—
(TEMPERATURE DEPENDENCE OF RESISTIVITY) !

gee{l 21QRALSAL dlUHLL BUR UHIR AL 69, YL YL GHL AUl

BUR AU A 2UAIR AvidL el ol W2l -l eu{ ddl dluHLssL w50 3.8 Col (lé) de UL el

iRl OM0LL M1 M Aelleseil BeRlisdl 2ia 3 et v ¢ olour Code ALl =il

A5, (a )(22><10 Q)+ 10%
Pr=pPy[1+(T~T,)] (3.26) (b) (47 X 10Q) + 5%

oL, Py 9 T AlUHLA AHAZHESAL 2L P2 SIS AL dlUMIe Ty 2L AAAHSAL YA B, o
2 Sl Aty dRILs (Temperature Coefficient of Resistivity) 56 € i A{ls21
(3.26) uzel o uRHRL (umie) ' . Bl H1e Oi 4 Ut €14 89 2 B2l s Higil
IR Ty=0°C cluMid O 4ed 5125 3. 14 Ua 8, 103
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A
W culaslasuq
AH15221 (3.26)40 e2ldet 20018 YA D 3 P [A36 Trll AU 331 €31, 0 °C UM
5l 4oL (AL AUHIA 2oL 2 AU YRV Sl ARL AL FEL U (2450 3.9).
U4, AH151L (3.26) 1L GUULIL 2 5155 AL 6t dAluHLA Tl AU UL AW @210
AR0AL A 514, Al Tl HallRct OLLoU HIZ 53] 1A,
§ toa _
s £ 0
ot % 120}
§ -0.2 Q
/(; § 1 . 1 O B
5 &
1 1 2 100 | | I I
O 50 100 150 200 400 600800
i T(K)—» A T(K) —» T
Q'{Eé‘[?l 3.9 sl gl 3.10 (51 w2 Mta vyt T 2’“{[?‘ 3.11 215 culs s
AU SCAL Pr dluHL R 33 »adldsdl Or. Hie 2/'1&[2@{3(1["&> AlMHIA YR

TAL [@QBY, d3l3.

104

Aot (2ULHLR).

st (3 % [Risa, i 219 siBasHl Baitg 9) sl Sedls sedl-ll »1aRi4sdl
Al UR vol % (el A 2R A O (sl 3.10) Aol 27 Siereis ual
LALLM 6, dHrAL AR AU 12 oL % 0L (L) tlectldl dlaiel Hidl
UELA1HL GLELoNL UHIRHE GUALOL UHIRIGd Wire Bound ARl otldelml 214 8,

tugiiell [Quild, 2hdiesiel 2aisdl diumianl aRl 0d vedl od 8. d 34l 2d
IR AW D d ealadl 25 calsdl sl 3,114 ealda 9.

A3{l520L (3.23)- Heeall 2uuel oRus Ad 2dAESAL duHi A8 ol 2d 2R
ALY o UH AL i A58 UL gl HaRiEsdl 2L 4ot a3 Ul AsA.

m

=— (3.27)

1
) ne v

p:

UM, P 2 215 58 Els A Hsd AL VAL 72 27 6L AL AL AIAL UHU T
M, 6irirdl A UHIRHL AG 9. UYL P AlUHIA AL WL dH, dale M2l %330
AL 5L Hial SASZIArAL U191 U aAttcll 2 9. WRBIH MR Ul 29 (xt vl qudl
AU 9. LH, 6 AB LA AR AU AHA T dAlUHLA UL Bl %4 9.

HLGAL 77 2L ALUHLT UR DU HARLIHE SR AL wAefl 2 defl diusi A8 TH Adl
B2l PHLAHIRL 52 69 5 % UURL ik,

20T, AAALESL A DAL SL HIS ALUHIA A8 77 9B 6. i Rl uHls2eL (3.23)H1
2ilcdl THL Ul SLOURL B8l UL 53l Sl weL Y glalel lal gl Hie diuMid
AL PHLH2LIL AL,
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BELSRWA 3.3 215 HASILS 21ReUL ARH 5L HIS [F51H cdlell GUALOL ALY €9, UL
Aiell ALY Welle YR SAUHL U 89 AU 2RI Al (27.0 °C) -l
AN 75.3 Q F2ell HA 8. w12 212231 230 VoAl BE21 AL BLSAHL 21 €9 QUL
S A5 OULE Uelsl e 2.68 A Fed, 2l ot 9 cll [FLsIH iR 22l dlusiA
52 62l 7 (514 12 ASUUAA UMl OLLOLL YR AR AARIA-AL dAluHLL ALRILS

~

(Temperature Coefficient of Resistance)d Het 1.70 X 10°°C'®.
B3& R (M) diHiel YRR Al Ualls] Hed 201 €1d 1R Gl A
AL WS e AR AU Tl SR UMl %2, 4 ASIA. BAIR
2lRexl dleey BealH AL ASAUML S 8 AR WRMS Ulled Hed d-il Rad
ULl 4L 2.68 A 52cll Alg AHIR 84l U Uil Bo{ld e 5181 dtuHis
q88l. 2tz AARAHL AU 2 UAlSHL AL B2Ldl 2. Al ASSHL diuHLA
a8l A& R 21l A1aR2L Uit 20 e dIReAL A4 2 ddl Ul 2 oinixl
2] Hed ML 22l dAluHIA T, 24 A48 R, {12 4arel o1l ausia.

R 20V
27 2.68A

R, =Ry[1 + o(T, = T))]

= 85.8Q

wAwello = 1.70 x 10 (C) " adq
T, - T,= (58-75.3) — =820 "CHAL.
(75.3)x1.70x10
212d 3, T,= (820 +27.0) ‘C =847 °C
U, ARM, Sl i 22Ul dluml (Mg 5181 Geurt Al Gu{ld 2143 27

2LRAULAAL ALlARBUML 2l Gladell d AL & H1R) 847 °C 8.

€€ 1023

Bels 3.4 QLHH Ay HlAdL 2HIleMl Al QM dRAL AR
GRSl AUHIA 5 Q 2 ARANAL AL d 5.23 Q 8. R yHHle:R (Hot
Bath)4i $6lLallMl 211d €9 UL @AM ARl A4R14. 5.795 Q MO & dll - (Bath)+{
AlUHLA QL1

B354 R,=5Q, R ;=523 QA R, =5.795Q

R R, R,
6d,t = ——2x 100, R, = Ry(1 + o)
R100 _RO

5.795-5
523-5 x 100

0.795
0.23

R IED)

x 100 = 345.65°C

39 E{%d BloA 4 widR (sl!flcCRl) (ELECTRICAL ENERGY, POWER)

A 7L B cABig il H1AdL Yl s Ul dl S w1 Al B s [ %2dl Ul dd 6. A vid
B 2110101 [Agd RARMIAA 24153 V(A) 17t V(B) 4 £2dd 89, ¢, Ualle A2l B dRs dddl
glatgl V(A) > V(B) 2l il AB 941 422l R&A[AMIAAL dslad V=V(A) - V(B)>0 8. 105
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At g2l uHUoUHL Al B dRs AQ =TA7 %2l [Agdetr Ul 52 8. vl Hael, A
210 [gdenzsll RARGA Q V(A) sdl 14 d % d B 12 d Q V(B) 8. M,
RalABliHi $281 AU,

AU, = »ilan Raa6loA — Wizles RalaGle

=AQ[V(B)-V(A)]=-AQV
=-IVAr < 0 (3.28)

A [ABLAGURIL Yl sHl 1242 AR Al 53] E1U dl el dA[AGlo wat slealsS did

2 dell Al 5@ GloA 2120 2] €ld. 5@ GloAl A&l My Yoo,

AK = —AU,, (3.29)
Hold. »2d 3,
AK = IVAf > 0 (3.30)

24, ol [Aedaiadl 212 dsu YalesHl [Agdoul 4sd Ad ould sl €ld dl d
(sl dudl ould ealaiq Gl atiRl 26l €id. uid 2l U6 Y 3 A1
A [aerdatest walid atl sl el g 24U (32 dotel ol 52 6. U AdL o
$1R2L 2 8 5 el HaA15L eHAlA Al UL 2 UMY AL AAGNH HAMA 9.
2AHEL eULA, [ABLdeUR HNAE BloAd URHIL AL AU B, URHIIL 2iseY AL
Bletet 5399, B12d 3 AALSS ARH A B, UM, RS YAl sHL A7 AHUU0UHL Gl BloA
d=13 Al Gled,

AW = 1VA? (3.31)

D5 AHYHL Ay WHAL Bl 212Q % valdl uidR (S1EaRl)

P = AW/At i adl,

P=1V (3.32)
1oL gL a1 V = TR+l meed],

P=TR=VR (3.33)
A R A4 4Addl el T F2dl Udls HR1ddl dassil Qs (Power Loss)

N

(Hls[s-042) 58 B, 3 AL S 2L 3 WAR (S1@R0) B 5 % el [A8d eleotel d2101A
usiBld A ded Goial 2124 53699 % Bl 2l UL, B 5369,

2L WER 2Ud 9 siell 7 UL UG FH SR8 U, dH
AalesHl 2l wale Hie olal Geal-ll %32 US 6. wreusl vl
B2l % i UldR YL Uil 8. [Aedsin A salda s 40

o Q . N .
; it B3 yRua (2usld 3.12)4i Reia sl s Gloa sl ) »udl
CONEYEN [@Edi I N A AT ~
5 ALl U YLuLs .
R - Ylar Hiedl AHlsell (3.32) 24 (3.33) 2Aad RHL 4y
e YIHAL ULAR ALl Al Mals 24, dell 941 ARl e U ol

A 2UHR AN Y, d LA B,
AHL5WL (3.33)AL s LAl GUALDL ULdR HAULREL

2u5(d 3.12 [AadsiuHL B4im UuidR Bl
AR RHL G Gt 21 69, 1R RML Ay
acll Gl 2 Sasgiedesdl @S GlostHisl

106 L9 9.

(Transmission)HL 214 9. [Aeld ULAR 2L UldR ee-iuiel 82 vt
55231 2AML UARBL dlR (3616 gll WRARA A1 9. % sedls Al
WO £2 G189, AUMIAS B 5, UuRLA Ul 2292l 8AHL 4
F52 2L A5 el WAIRRL R (361644l Udl WAR-2Y, Q8T
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uas [agd

SN

SAUHL A 1A 9 2UURL A5 5, 24 5l A4S A5, 315 GUSAAR RUAHL AL S FA R,
{ARY HRAAAL HAURRL dlR (301l P ¥edl uldr yelAsaldl © 5 o vid [Quisld
(valalel) 8. % R AHIdR ez V Sl 244 duiel [ 2l Wale WAIR ddl $id dl

P=VI (3.34)
WA el GuswLA sl diedl [Rad A R, 6, Gusatd Blsdl diRHL 4y
Wil Gloa, 5 % sl jAssts a8 d P, <l yorol vy,

P, = 'R, % uls2el (3.32) uzel,
2
_ PR,
V2
YU, IH, P el uldR MR1ddl Guseld Adiddl HIE Gusnla sisdl diHl ddsldl
YIAR A Vel cdd WAL S 8. Wi 22aiel uaiRel diz (3oied)+l dousS Seals 2l

e glatell du-l A R, 2490024 el ddl gld. dell P, - setsal 4ie i diz (Se1a)4l
ot o GlAL Al (V) Udls de € 2int 1L 512120 UAIREL dIR (Transmission Lines) Gu2
Blaul cleeareil ViU Rt Aviall 21d € - 2id 41414 2d 3l quddl Hradl [@rdizal
g2 %l lal 1oL 8. viedl Gl dleey Mol [Aeid il Gualol scumi AetHdl Hell 2 dsl
aril oflon B4 AP0 2AASIHR A 25 GuseL 5 F il vaidl s33luid Feal
UHIRLHL LS 69, el GUALOL ScALHL 21 69,
310 A4S AU — Rl 2 UHidR
(COMBINATION OF RESISTORS - SERIES AND PARALLEL)
5 % AU R 5 %l 6L 941 422 RALAHIAAL dslad V Sl dl dHizl w12 ddl wals,

2l My T=V/R+{ Heeell 2l asid 6. gnilavid 21aRiHl sisoflon 118 Al $id

o N

€9 el Ll A AL AHAEL 2AARH AWHAL HLS B AR [HAHL .
1 I
4 ,I - Cdl Ll

Rl 2
2us(d 3.13 6L AL R, 247 Ry el 242dioget,

(3.35)

=

6L HAARIHLAL i, [Blg2AHiel 15 215 % A3, Sl dL 6 AAAHL 2 56{oL AR dn
sl (sl 3.13). a2 >l 2Aa08 24 6l ARl AL Ale AR BLsHL 2ud
(sl 3.14), L 4L AR0H AR{HL ANAAL D LM SSAU, JUM 9 5 ALUBL HAL VAL SLHURL
vl a1 st 218l et Hie dway uidl sl

I I

R,

R, 1 R,

2u5la 3.14 5121 214204l R, R,, Ry il 244+

©A % 6141 % AL 215 991 21564191 U8 241 A % <Ll 6llont 98120 URL 2 56{% H1E

~ S

3l €l dl oL S del AB12 UAREL AHIAHL S dH 8. (2l 3.15)

25(d 3.15 AxidML B3l 6L HAAHL R, 29 R,

107
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AR{HL A3al 6L AAREL R, 24 Ryml 2L dl. g2l [dgdeur R Higl otgl lsa
dedll ¥ [Agdeiz Ryl elvied aal. Mald,  [Agdourl der-l e Hiudl dlael oid
UAREL R, 24 R, Hiell AHIA WAl TUAIR 29, AL [y wRell,

R iR Ralasid-dl dslad =V, =IR, 2+

R, auidR Ralasid-dl dslad =V, =IR, 24l

AL AL AL 941 422 RAMAHIAAL dslAd VAV, + V, wedl aal. dall,

V=V, +V,=1IR, +R) (3.36)

LG 5 8L AN L AHAR AR, €145 %Al vlesdiel [ uRel,

\%

R, = ~ = (R, +R) (3.37)

w = 7
ol UUBL 2181 ARl 2RlMl edltl €ld dl, i % Id
V=IR, + IR,+IR; =I(R, +R, +R)) (3.38)
Alct. 2AUAUAS 2 o A SLOURL AvAL (72)AAL AAJAL R |, R, ..oy R ML [A2c1TL 2514,
AU AR, {12 oo Q.
R,,= R, +R, +... +R (3.39)
¢ AHIARML 3al 6L AR (sl 3.15) il adl. Al slofl ogell elvid adl
[Agdou »iad: R Midl 19 viad: R,4iel uiiz i 9. 2uslinl ealo 3o daddl
WAELT, T, 2t [, 1 ealdd [Bigil 211010 [[Agd o dserl e 3 8. dall,
[=1,+1, (3.40)

R, el [faw ddg widl A 244 B a2 RafdxHid-l dslad,

V = IR, (3.41)

R, 2Ll [y dousdl,

V = LR, (3.42)
_ V.,V _ L+Lj 3.43

I=L+ L= g g (Rl R, (3.43)

% 24217 w11l 221 AHARL 2GRN R, HsAUHL 29 L ALgaeAL [Ram Hoe,

==Y (3.44)

R,,
o Lo 11
@R "R TR (3.45)

UYL Al S wslA Slol 5 il Scll Id UHIARML @dUAEL SRl L
(2usl 3.16) wie avil usia.

25(d 3.16 212 R, R, 2 Ry HARHL, AHIAR AL

Downloaded from https:// www.studiestoday.com



Downloaded from https:// www.studiestoday.com

ueus [degga,
BUR HwolL ¥,
I=1+1+]1, (3.46)
2§ R;, R, 247 Ryl 206l Ry douadi,
V=IR,,V=LR,, V=1R, (3.47)
aell,
1,1, 1
I:Il+12+13=V R—1+E+R—3 (348)
%A 2L AAY A EA del AHGRL 2LARE R, A 5 gell 53
v
I=5— . 3.4
R,, (3.49)
dl
1 1.1 1
e 3.50
Req Rl R2 R3 ( )
Y, el Al AHIAR AARAEL Hie i A5 dwdL widl Asld. 7 HARIHL R,
Ry, ...y R AL ML HHARIY,
1 1,1 1
—_— = =t — 3.51
Req R1 Rz Rn ( )
2ldl AU HARIHL Hierl Yoli-il ueeell wlld uRuaul dddl Udls A
dlees Hl Asld 8. GelsR dils, susld (3.17)4l R
galldd uRUY BAAHL dL 5 FHl 218 a4l R, R, R I, 2
2 R, 2A4A 9. 212 R, 217 R, 21 AHIdAR™L Sl M?ﬁiy—‘
B ol C a2l Aud i wided madwel R2 A B L C
Y, Ry
I
R R CATORB R T
R, 2 3
— m
R R - A R'Z C
R23 — 2773 eq
P Rey = RR, R, (3.52)

. . . L 25(d 3.17 512 R, R, A7 R, 2AaR1Hl A4l
¢d, WRUAHL R, i R Siell1i 8, 21 dell dustl 23~ A N - .
o R, %2el AHAEL HAUY HRIAAL AR R, ¥

AU 221 AU HARY RZ; CEIRIETD s L RS SLsellon
R, AHid23l A3ell ©. R, A5 R wtsolloant

123 23 \ . NN ~ N 30

R, = Ry ¥R (3.53) Al v dHell AU AT R S,

ol A il C a2 dlee% V i dl (Addl) Hats T+l Hagel 21l sty

Voo \
R'Z R, +[R,R,/(R, +R,)]

i eq 109
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o> ANAAMNAL -
I lﬂ’ N I
EERRIELE)
(a)
ulas
glaBl-51Y
(b)

2u5(a 3.18 (a) Ay P 21
B N 4R1ddl [AgLd glasl-
stuel usle. oL gl 9
MR Rl VIR dHIR sl
9. P 2 N Al ws [4gd
glaRil [Gigvil A 2 B
idal 9. (b) siul A, +
VP Vil — LN YA B,
stuel [AgLd %48l P 24 N
2UU0L0L 5L 1A 6.

110

Downloaded

B V(R,+R;)
" RR,+RR,+R,R; (3.54)
3.11 [Agydsiv, emf, idRs »tarly

(CEeLL, EMF, INTERNAL RESISTANCE)
2UUBL 2LUG 2RI €9 5 [Agyd wRuanl a1l wals Anadl Hied s 40 Gusel

[edgiaa-siu 8. 215l 3.1841 salloal Hoset, 3ueid 2d [RedsiuHi o [[edydl,
el (P) 2t 2821 (N) €1 6. 2l [AeldglaRidl Hiald: golsaldl 2Ud 6. gl
solrsal [agdgal, [edaiast 018 [@gdeur-dl [aRua 53 6. 4 [Agdatae didi-l
2 Al dest 495 2uddl 5 3 pusladl A o salda © d [Redaiassd a2
RalaMA-L dslad V,(V,> 0) 8. d % d, 821 249 2 d-il desl o5 suddl $ %

5l B a3 ealdd © o [gdgiandl 8 e Ralue —V_(V_> 0) Gt 52
£9. U2 Uelld UAIR Al Al Sl AR A1 [Aesdgiariml 2 Rl ¢ 5 gl
P 247l N @22 RAlaAAL dsldd V, — (=V) =V, + V_ a8l 2l dsldds siu-
[gdaas oo (Electromotive Force-emyf) 56 € 2is dl € a3 lad 89, 1M,

€=V, +V_>0 (3.55)
2150 AL 5 € 1 WAUR RARMHIAAL dsldd © 21 Al 3 6101 emf UM dl wilaeiRis
S0 AURAX D i d DAl AHY SUUAUL U2, ¢ 5 % AHA 4L Herll 1Y Fd
A AstAd] L el

el HeTd AHTAL HI2 25 AU R (A2l sl 981 422 %iid 8 dd IRl
(2uslct 3.18). Ryl ad T %2dl el C 8l D dg dd 6. »0UB A1n d¥,
[eidgiaaial wats Nefl P drs Uiz adl glatell 22l dalg saald 288l 2L 2w
o €9 5 U1 [AeldgiaRimial A Halg UAR Adl 89, U o Nell P drs 4R
21904 RHL o Pl N dRs AR Ad 6.

o S

[eidaiant 5 guial date ad 6 dd UWRFd AR1H 76, %L ALdRS 18 5¢
9. uuH 2icl R QAR S R 2Add O, ddl I=V/R =0 23, 34l V2L P 2+ N
A2l RE[AMLIAAL dSlad 9. ¢,
V = Pairl A a2l Rafasisl dslad
+ A 211 B 922 RafaH1A-L dslad
+ Bt N 922 [Rdsi-l dslad
=€ (3.56)
2114, € 3 viedl WRua (Open Circuit), 2@ 5 w412 suHI] Uale AR Adl AL $1d
oL Rl 22 Het et 8L [AgLdtatl a2l RRALAHIAAL dstad .
¢d, A R URMA €l dl T oL Al 24 BRUHLP 1 N a22 Raldui-l dslad,
V =V, +V_-Ir
=¢e-1Ir (3-57)
A 24 B 922 R dstad (Tr)w uedtl s8Rl Ruget it 2id dal uiegon s1eL
A5 [AgdaaeHi dale I, Bl A dg ad 8.
AAGIR, ARAZIHIML w2 YRUAHL Ul T 24l €1 5 %l € >> 17 2l AR Sl
idRS 24 AR ASA. 21 2UdRs AL ARdAs Yt gel Yel sin
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ueus [deggd

HIe YE YE Sl O, vdotr, st s (Dry Cell)l 2UdRs aRid A [@gdgiast
SNl AeUHBRIML BRI IR SlU 6,
UL A5 252 914 5, Retl €991 a2 RAUAMIAAL sttt V dlaell 2AlmeL Rl Heedd),

V=IR (3.58)
HAl, 1501 (3.57) 244 (3.58) vz,
[R=¢e-1r
_ &
AU [= = (3.59)

stuniell vial sidl Hedd Hals AR =0 RA e & AU d [, = e/r ©. Uig
HULAUOLAL STHIHL HeiH Hivd (Allowed) Helled Hed siie st sl sluadl e

8] led AvAUHL 2D 8,
AELUHI [Aga™iz

ogeil ot cllogollnl altazeinl Gemadl 5usS ellalsd WRA Aus1RYB0t51R10 il 2uddl ¢dl. d-t
@oldlrie vl o Wi At HiAdML g, sd. uid 20 dlarvlll e slilasaratl walks Rigididl
veedl dstilFs A anondl asud.

aldiaRRuiHl [Reyd [RedmiiAL 92l usdi 51281 GeMd 8. 2UUAIRS1MR i HoA2REUML Y-yl
LAABULA 518 U [Agydiale Gt A 6. {12l AlclaRRIML Ul UHIBLHL 6Ll S1A €9 24 Ul
sl gaAUS 8 8.

ALIHL 615711 SRIL AL €14 9 & % Hi2l Al A4 69, AU €9 il AL [ Ul 2 El A 8. 2L
geril e(Male Al 58U st [A2LdeuR Uiz Hial S Rl [AEdeIR Wikt 52 6. i [AgdeuRd 58l dedl
ALl Gt 22ALdR (Updrift) 2471 olcclluotnst 51281 2isoilonl 921 wdl o 6. digo-l Guzsil ®ioL e
[agdcula 2t a22i-l ool el [[edould o 8 3 o 218 -l (Sdia )l s ad 9. vell avid aensi
LAl 941 AN VoL A6l (oL UHIRIML) Ut [AgdouR il Mol €. duwela-l dedl duid yadl
aefagdonld €l . adil, aais (APus, Cosmic) i Aii5ea [ABRWIL gal, det 240 B 21
a5 53 9, el sal s oo [Agd Aassl FH ad 8. i 92l uldl [AEdol Aendl d1ey dien
2 yeell 422 vioy o Hlel UHIHL [REdRARMIA Gt 52 8. % dlvllel s1-L dieeoell $1d 8 i uReud
gl (A8 24918 Wil Adl (Aol usdl) dlogtildl HeisiL 203 Al 8 247 SR UL $UAL UALS A
. i qvid wadd [Bedast 10" V/mel 53 Gu 8. 21 dlagolledl aeisial 4319 A1 deissiel sl S &
A €25 31615131 AA1e19L 30 Assell otldl Gl B, 635 AeLs1R1rL UL U™ Wi edLeL 10 Watt F26ll
QU

AR Uotlgl duid URL ALl [AgdeiR Sl 6. idl Aldsa Holeaiil [Aerdast 24 yedl yr-l
Y [ALLAMIR Betdl 2 AldlaRBll dlgsal Buid 2ua-l REuel yeell-{l quiel ds dddl dalegs 518 €1y
£ 5 % Picoampere/Square meter-il s3 €14 €9, Yeefl u~{l yvs [AgidouR drtdl 2821 $id 6, defl [Agydaiat
A3 425 G B, il G [REdaot @dlerl 120 Vim Fed S 8, % —1.2X 10 C/m’ %2l ys Radeir
el 2443w ©. yel-{l an AWl Gur ga 1Rl [AgdeuR 600 kC %2dl 8. dedl % H-l [Agdeu
alcta il ARec q1d 9. L [Agdaiat A6l BFeallil Aiaut €ld el 21 2l 8l suadid
SRR 5 oL o1, %, 2AUR] AR UL gat-{l ARvuMRlHL Algs 9.
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Gels@ 3.5

B 3.5 2usld 3.1940 galion Horet 1 QL AldRs HaRid 4ddl 16 Vil 6i2dl
A2 ARAHI 28 425 B B, (a) Aedbel uuded x4 o8l (b) £35 2iaRlumidl
Al el M. (c) Vg, Vae, Vep Al U (RAGHIAAL dslad) 218,

Bia
(@)

(b)

(©)

4Q 12 Q
A B 1Q C D

‘ 1Q
—— N
2u5ld 3.19

U Heds B AL AHIdR et Sl BLgelle Al 9. nan o
4 Qe 2AARAHL AHIAHL Glatefl dHn AR HARIH,
=[(4X4)/(4+4)] Q=2Q .

o Ad, 12 Q i 6 Q HARNHL URL AHIARHL Sletel] dHl AHG HAR(Y
[(12 X 6)/(12 4+ 6)] Q =4 Q 2l 2UvUd URUAUAL AU HHARIY, 1L 6L
2ARUAL (2 Q 247 4 Q) 1 QL 2418 A1 AR sLdl it st ed 3,
R=2Q+4 Q+1Q=7Q

URuaui addl g4 s,
€ 16 V
=R TFena A

A i1 B 422 8¢l AU RAAHL Al %L 4 QL Aa14H ] YR ddl
uals I, 2 oflonHiall uAiR adi daie I, €l dl,

I, x 4=1,%x4

228 5, 1, =1, d 6l d oin wvtiil AR Al wl A8zl 44w As1A
aAu 8. ¢, I+ 1L,=1=2A gleuzl,

I=L,=1A%2a.

UM, 625 4 Qel 1AMl T A UaAls UAIR AU 9. B 244 C 4221 1 Q
AQRUHIYL UAIR Ul Uelle 2 A 84l

¢ C 2 D 9221 AL RUAHL AL %l 12 Q 2Aa8HIH] uAIR Udl
Uale I 247 6 Q 2iaHM e v ddl Uals I, €l dl,

L x12=1,x 6,%2a 5 [,=2I,

uidl, + [, =1=2A8.

el 1=(3) AL=(3)A

2d 5 12 Q aiMigl (2/3) Al Hdle 244 6 Quidl (4/3) Al wals
UALR ALY 6.

ABAL A4HIdR dle S,

V=], x4=1AX4V=4V

2L A i Bell 922 UAIR Adl $@ el A 2i Bell q2lel A4ded a1
a3 ope(l waL Hadl st Hed &,
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Vs =2AX2Q =4V

Berl AHidR dleos Jlu,

Vye=2AX1Q=2V

2id, CDA AHIdR AL Ju,

Vep =12 @ x L=12Q@ x(3) A= 8V

2 as(Es Ad, C 2 D 42 $@ Ulgsll C il D a2l Auded A8 93
oyl weL Hendl ausid. »ed 5,

Vep=2A X 4 Q=8V

2 S AL S A 2 Deil 922 5a Al S 4V +H2 V48V =14V 8. 213,
siedlHl efinet diezes 14V 29l 4R drl emf 16 V 9. 2 i@t 4d (=2 V) 3
61230l 1 QAR AHAAMA SRV [2 A X 1Q =2V].

3.12 Slieil 31l 247 AHidR asil
(CELLS IN SERIES AND IN PARALLEL)

AL FH sIHl weL wRugHl Al 53 wsA B 2 2L g wRuan
Wil 2 clleeiil oLRlazl S6L SIMLrL AL AL 22U AHAL 51 HS| ASIAL S,

€

!
. I .
r, C

q

U5l 3.20 &, 27 €, emfHRAAdL 6L SN ARIHL B3l B, 7| A 7, ddslL
Hid[Rs 2AaRUHL O, A 2t Cell AL 408 IS 2L AAlseA €, Fedl emf s
Fpq B2 HidlRS 21AR1H HRAAAL SN AHded ARl wsi.

w6 1 AR0HL S d (AR (sl 3.20). %l ied S1LAL SLES 215 941 Ssollon
AL BLIAL 9, UIR 6l SILAL 6l 941 Hs AV 9, € VAl €, VL SIML-L 2eisH emf

e 7, 2L 7y AL ALARS 2A4R1HL S,
1L 3 Ul saldd Bigil A, B 214 C 210+ Ralaxi-dl V(A), V(B), V(C) 8.

gl V(A) — V(B) oL WaH siael el el 3880 ol 922 R dslad 29l 2048l d

w3lsR0L (3.57)4i 018y €9 ol o,

V,s=V(A)-V(B)=¢,~1Ir, (3.60)
ao3d,
Vec=V(B)-V(O)=¢,~-1Ir, (3.61)

clell Aol A i C gl @22 Rl dslad,
Vac =V(A)=V(C)=[V(A)-V(B)]+[V(B)-V(C)]
=(g,+&)—1(r;+r) (3.62) 113
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6o, %L BUURL 2L AR 22U A 25 C AR g, %2d emf v 7, %2l Aid[Rs

NN

2A4R0H HUAAL L5 % SN Y8l dll,

Vie= &, —1r, (3.63)
9eal 6L A+ 500l AeUMBI S,

€,= € T & (3.64)
i 7, =1+, (3.65)

215 3.20%1 USAL SIUAL L Herd et 6{l7 S1rL U o A8 %Al gl de tled
oA 6L 8L Yl Ll Sl dl A5 (3.61) bledld Vi = —g, — Ir, dils dvild i

€,~ €~ & (€ > &)4ad. (3.66)
AL 2{ Ls1RLL [ sLSueL ivalL st e [Aail asid.

(i) 72 0oL 00 A ARG enpf 2 Al L5l empfril URAU GRIGR E1Y 69,

(ii) 7 s 2Rl 2R AU 2dRs ARl 2 dd-l @lsdold
RS AUARALAL AU GRUGIR E1U 6.

U WAl €25 S1AL Hr Haniall ol Hlsodl Sl IR 2UH 4l ¢d A
L AUL%AHL L SIS Sl 38Rl gamisl] wale eelr Hlsadl €ld dl g, L

r N A . N A ~\
o {50l d st emf sl (3.66)H il Rig e deual.
cq NN . A cN
= m 5 e, SN AHIAR L8R UL Al (2usld 3.21).

T, 24 T, 24 Sl Aot gellmiell oteiR <{lsa . (big B, 211 It T, wals

2u5(d 3.21 AHid™L el o N .- . .
el ds 2L Ul T oSlRAl dRs A €9, 6lelR dS URL el drs wedl

[Qgdsiil. A 2 C a2l sl o
w3, 2L s 2 e ded T [ABLdeUR cr WML Slaul,
S SNE G (3.67)
emf 4Addl 2 7, 2l 1R :
iR s A4 Y1l L5 SN q1L5 V(B,)) 21 V(B,) L 253 B, 211 B, 200100 Rl 6. dl dan
wil usid 3 Fudl Budl SN AL Al del 94121 422 RafdMLAHL dslad V(B,) — V(B,) 9. dell
L5200 (3.73) 2 (3.74)41 uHlsreL (3.57) ural,

gallde 8. V = VB, -V(B,) =& -1, (3.68)
(Blg2il B, 2iml B, 24 % dld ol sius weL dal . dall oflot stuel sl ddi wa
2Rl
V=V®B)-V®B,)=¢ — L, (3.69)
HOL, 9eal AR A+l 500 uel,
I=1+1,
_EHE-V 5oV (8 & (l+L)
= P + ) = (,,1 + rz) -V n (3.70)

cell, V {121 Yot 3oL U9,

_EhtEen o hh

(3.71)
114 ntrn ntr
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6q, %L il A1 2R 28 B 2R B -l a2l g, w2d emf

et 7, Fedl 2ldRs a4 HRIAdL 25 % 514 35l 12, il HA1ueLH
V=g, -Ir, (3.72)
HOL. ©9eadl 6L A+ 5200 AHLA Eletl AT 244 dell,

L e

= rrs (3.73)

N rr,
e r, = (,,1 T j (3.74)
1L U580 A A0 I duidl,
Loyl (3.75) L

e 172 sl AU [3Als (Gustav
fg 8 &y Robert Kirchhoff) (1824-
e T H T (3.76)  1887) : 315 wniq cilfisRisus,

3 ¢ o c
AL5ML (3.21)0 24Ul 4et Yl 215 18 247 A o N gL el SSAAL (Heidelberg) 4Rl
o o . i oA vl WIS, deil Yo
215 1A wicl Ad wial edl 5 el YAl I 24 T Ut gemiel ol gl Bua WAsgRraOdl He

~ N a

“{l50cl el % 6llo (51M) Al 8L A ULl el Yo WA AE €ld, ol Bl el aul\@m}q W[\d}-
. N N . (AourHL WL AL HIdLEL 53¢

€, —> —€, duidl A58 (3.75) 21 (3.76) €2 uRL AL Us. . i UYL MBS AL YUH, A

(el [l AL 9.
lsRell (3.75) 27 (3.76) ueetsl [l wsid. L€, €, ...., €, emfHUddl i
WASH I, T, oy 1, B2AL DUARS HARIE HRLACAL 72 SIHIAL AHARHL AU S0 Al S1d dll
AL AU €, B2d emfHim 1, H2dl AHidRs AR BR1AdL 25 Slun Ange el asiu

(=
<
L,
1
A
&
£,
A

N
Q
=
7
-
&
<
~
(=]
=2
o
-
-
Z
q
(]
=
=2
(=]
=

N

~
—
=]
()
N
—
R
(= -]
B |

N

=1, 41 (3.77)
req " "
€ €
Zea By (3.78)

3.13 [3Aisu [Run (Kircunorr’s RuLgs)
s 43U [Agd wRual asllavid sselln A Al 2aEL i [Qgdsiti
e A otridl €l 9. 210UE, AARELAL SR il AHIAR LRI HIe HOAAL Yol £25
quid WRUAHL dddl ol % Ul . RAAMIA dslad didal W2 yRdl el
[EduRuai-i [edue w2 o a3 g Bals« Muml s¢ 0 d aal Guaiell 8.
A uRUA HZ 2R eds Hadsmidl addl w1 s a3 euidly e
aRiaHiell ealdd Rt uals a4 8 du yaadl 42 dl2 (Arrow )il 2l 4519k, A »idHi
I 4ed 4t 4L dl, WRUAH] wvR dddl Uale i eaidd dlR-l [Rauui 8. % 1.2 40 dl
wale ¥ ealda dlsll (A3 R ad 8. d o d, s Gea (3ed 3 sin vadl
[aduiaz (Glod) wiz- ofly 515 Geals )l Ut 247 8L el dote (Label) d@oudlsl 115
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30Q

14 )

1 40Q 1Q
ap— AN B AN —o] —4d
45V
12" \/

1Q2
———jﬁk—ijAWJV————E*—_—e
80V

2usla 3.22 s guidl eI lsudl waws
[+ 1,9, ad12 eluid Adl %als 1, 8. %52l
Man s 8 5 L =1, + 1, [Blg 7 2001 1, daus

LA ALY 69 S A L0 s % UL Gl8IR
AlsA 89, dell sl Fam vl d 1, o ¢l
iUl ‘ahdeba’ i ‘ahdefga’ w2 gu

(uaaL)dl [RuH =301, —41 1, + 45 =0 i
=301, +211,—80=0 U 9.

o=

20Q2

A suHiel addl s dR (iatl) Ay saidlel. u-dl
Heedl vl RAfHIAAL dslad, V=V(P) - V(N)=¢ —
Ir 1oL, (L5281 (3.57), % Het 4 P 2in 2801 4o N a2l dl
9, Ul UalS - SNHLASAN gl P ds ad ©.) ¢d ot dotelal
sl avid sl dddl uals M2 218l P Ul N oSt dl,

V=e+1Ir

(3.79)

29, Aoteflordl WL 2ure sul uedl >yl 24 Rl et
By, dl ALBLA Ul

(C))

(b)

o sl [RUM ¢ S5 uRL %59 240 slvd Adl
UALEIAL ARG B 5AAAL o1l lsadl (g2 i)

MCALSLAL ARALU AR S 6 (215l 3.22)
8ol ol il (L)L otdl % s oled SIS vl

uL [Bigal wel 2L [y A Fd QLU e,
24 [Auuel loidl 24 eslsd uell il asiy 5 2l

UAlSL HI2 52U 5 vl (i) si6 [Blg 24100
[Qgidoudl Aang adl el 2, emd ddl §d
Rgduale (5 % FsaHl elvd Adl [@edeir-l €2
£9) 21 %5912 6LEIR %l A UALS GIRUGIR €14 8.

qu (vionou )l Ry @ 21adl 2 [gasi
gladl 519 uel eigonouHl RAMAMIAAL 5381R1AL
6% 5 ARAN YA €14 B (215 3.22).

2L (R wat2aucifas 8, sikel s [gdRafiud sa Biga wdlst ot d-dl wr d
UL AV . U, 5L [Bieall 43 53 2 o Blgot wieoL 2Aellot dl §6 3512 94 Al .
GLHOUOUHL HUURL -l [Big L UegL 2ALcflt o e84 2 clall 2t [Fay @y .,

L4l

CV

BELSRD 3.6 £35 1 Qril el 12 waidlell AHa A sl [Aseiql AH-H side
RGN a2 20wl wsid ddl 2UdlRs 21418 421adl 10 V-l 62l 2 &
(U5l 3.23). Aeabel AHdE AHANY 247 AHEA] 825 pAmial UAIR Adl Udle

I 31
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B3a
2L Aeas A0 AR{L v AHIARHL A3l LARAHLAL 23UHL sl w19 ALl

U3, 51440 A1 A 50U ARRAAL BUALLL 53 A5l AHded 2aARiM 2] s,

U AA', AD i1 AB 2 A2asHl AR d 2Udal 9. U, 2l e35HL dddl
Ul AHLA Ll BAGB, HIAS d T8, Ayl RIRUBE2L A", B 245 D U910 e
el Ul Uls T olsIR el 6 UM A0 ML A8, 241 Zd, AMa-] ot
12 AL dddl Uats, Balsl nam Mam 214 S1ad 4 souda Ablasd
Heedl AL ueHl dvil sy,

uesl, 3Ls 618 oLl 11l 5 ABCC'EA @l 24 dAl (Bls L ofloal Fam aoudl.

—IR—(1/2)IR-IR+€=0

Ul R ¥ 835 OAAL HAUH 24 € 21 6123 emf D). UM,

e= % IR 2l

PHYSICS

il A2 Sl UUGEL AU R, ,

_ & _Spa
L= = RE

R=1QHRR, =5/6Q1e=10V He deasui ga ualle (=31) {13 1opet
Ha9l.

3I=10V/(5/6)Q =12A, 524 5 1=4A

Al €25 opammial UAIR Adl Uald 2uslt 3.23 uell aixl asiu ©.

9°¢ 10239

A 3 Hitd %33 ® 5 Gelswl 3.641 vila Azas w8 Asoudd AR 5128
[Balsil M) amdl (Power) ot 22441 Ul -i2ll. @aius Aea sl idl AR 51280
AL HA dq, (235 Auid) %33 el 2im %ol e oltououil (Reasul 2ulal
2aldl Fedl %33 dHin) W2 Balsl [Fal doudld il sl 63l asi. »i
©5lsd Belerrl 3,741 ealdd ©.

cyoanyeael/sondo/qoy~/mpa-remey sAyd-mmm:dny

BelsR@ 3.7 21150 3.2441 ealldd Az il 35 vzl addl uals il

: S9nu s _jjoyyaary jo uonedijdde .10y uoneruis

(e
[2Ag
—
(%
A
o
-
w
|

2usld 3.24
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118

Gelgw 3.7

B3 Aeassll £35 vt Mstid waus ¥ saldle, ¥ Bals il seesl
bl 8. sicdirll Aval gl s2cl ueddl o Bals-l uau MHam eds F5u-
11010 @214l 835 AviHizl dddl 2Alld Yale il A5 2UH el 21URLA 218
AL, L 24 [ HADL 5 % 218 % 8L-2f 8L o101 H12 (Blls -l oflost Fum el
0] As1A. oitoUL ADCA M2 (Bls -l 6l MuH aduddi,

10 - 401, - L) + 2(L, + L= 1) -1, = 0

2§2d 5 71,— 6L, — 21, =10 [3.80 (a)]
ABCA 642101 412,

10 -4L, -2, + L) -1, =0

§Wed 31, + 61, + 21, =10 [3.80 (b)]
{42110l BCDEB 12,

5-2(0L,+1L) -2, +L-1)=0

§ed 521, — 4L, — 41, = — [3.80 (¢)]

A3{l5200 (3.80 a, b, ) 22 2Asticdl AL ARSIl (3oL, - Simultaneous)
Q15200 9. Al uAl&d 3 G3ell asia, d uel

[=25A L=2A, =1 L AudL

Aeasell ogl gl avtimisdl addl ude,

AB : %A, CA:2%A, DEB : I%A

AD :11A,CD : 0A, BC: 21 A

2 AdeSl sl st 9 5 Balls-l ofloa [Fun ofloa sitauouiia @) uisdl
QHIRIAL S8 @dal A5 Hadl Al Bed 3 GuAsd sAldd UAlSIHL Hedl
Balls+il ollosl [Mam Aea sl S5 wal sitaon Hi2 Add 8. el.d., si4oun BADEB
HI2 5@ dley U

30y (3

% Uu D, 5 % [Blstl ollon M-l 933021 9.

3.14 «dleret [81% (WHEATSTONE BRIDGE)

(Ballseil Rl Gualol saiaal Wiz susld 3.2541 saldd uRua ¥+ adlewen By
5& 09 o el Al L (3o AR AL R |, R, Ry 244 R, 9. [A5811L 014 -2013 24141 6L
(Bigil (Guslami A 2t C)-l %is 422l GealM sl »Ud 9. 1 (Med 3 AC)H oiedl
o (Battery Arm) 5& 8. oflon 6t [RABig> B 24 C 423 SiediHler G (3 % dale
“Afdl Wi GusL B d) AL 2Ud 8. 24 301 3 ¥ 2islami BD dld saldd 8, d-
Jied-ti{leR oo (Galvanometer Arm) & 9.

AUMAL VAR U AL 5 SN AUARS M YA 9. AP A oL %
el Hetle a4 ©. Gurid dledrtiHle GHigl T, Wl dddl €1 8. HaRIHL Hall €l
9 5 el I, =0 2 dal Axqfetd oflo-il (BRAl [Ean 2ume ©. 2148l deaidel st
Audien (Balanced) Rl witd 531 25lot 5 g4l Giell dddl wale 9 2. i (BRuxl

Ballsel osan-dl Fud, #sa-l D 24 B @dusdl (2l 2usla) »imad 1, = 1,
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A T, =1, deit 1adl. uedl, [3Alsll ououstl [a si4onouil ADBA »ist CBDCH @13l

YLSAL UUH AL HI2,
~LR; + 0 + LR, = 0(1,=0) (3.81)
AL =12 I, = LAl GuadloL sdl, ol oL uie,
LR,+0-1,R;=0 (3.82)
HoL 9, AH{ls0L (3.81) Rl

I R,

L, R,

2
o2 A58 (3.82) uRl,

>—<|_»—<
WLEU

W

2
Rt <2l 2 1ol

Ry Ry
R, R,
AR 1AL ALSNAL 2L Dl Al 521 JedAlHl2R 9= Slallddn
£l A w2+l wudled 212d 58 8. 1l 3.25 cdlzzent B
cdlezedt (3o el dsfl AAAlAr At 2 Hstld a0 Wadl-(l 218 AddIy wgld w3l
WS 9. 2id, IR 5 2UUR{l U 15 Hsild AR €9 5 % ULl 2lefl ol doude 9. iy
R, A3t 69, oelldl 244U R, 2 Ryl (Bosel wan i ofley opoanl uvil sl 21914
R dicaetiler 91w iadet il i Yl otecdl S, ussl iR (B uxdiant Rl
219, AR AHALAA 22 uRel Hstid AR R, {12 Haed a1l sl

asl

&

=

2

[3.83(a)] | n

R,
Re=RsR, [3.83(b)]

2 Rgla-tl Gualol s3] otrilde gty Gusel {2y sea 6, d ¢ ugl
[euormi u2{la).

Gelgw 3.8 adleredt [Bo{l AR oyl (2Aslct 3.26)w +{l2L 3y 6iedl HAJAL S,
AB =100 Q, BC=10Q, CD =5 Q i DA = 60 Q

€

2u5ld 3.26 119
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15Q 21aR14 Rl dled-iHle: BD 422 %iid 8. %12 ACH uMidR Rafaui--l
dslad 10 V Fedl ool Al >1d iR dledHleiel dédl wale a1l

B3d oitousll BADB ®l+tHi @l
1001, + 151, — 60L, =0
2491201, +31,— 121, = 0
61421101l BCDB 414l ¢l. 24Ul
101, - 1) = 151=5(I, + L) = 044,
101, - 301,—51,=0
21,— 61,—1,=0
6i8o1101L ADCEA #4141 Adl,
60L,+5(1, + 1) =10
651, + 51, =10
13, +I,=2
35301 [3.84(b)]7 10 <3 98l
201, - 601,— 101, = 0
{15201 [3.84(d)] 24+ [3.84(a)] u=dl,
631, — 21,= 0
L, = 31.51,
Ll (Bud u+{ls9n [3.84(c)]Hl Hsdl,
1331.51) + L= 2
410.51,= 2
I, = 4.87mA

Gelsw 3.8

[3.84(a)]

[3.84(b)]

[3.84(c)]

[3.84(d)]

[3.84(e)]

R S
,—’\/\/\/‘—l B
o] [& »

] [

G
A [—%p100 - [;

“\Lle yzl

|
|
€ K]

2usld 3.27 e, AC dr-l douss
1m . R 25 2AdA4 8 & % Hudl 8

2 S 25 UHIRAMA 2AdAH 6.

R 215 {slld 2ARUH €9, %] et SUUBL A4 6. crl 515 15 S %Ll »Ud
120 ol viidl wouMl 2USL A5 MM Sd Aadn S AdB Sla. Al

Y

o )—

3.15 #lez[t1% (METER BRIDGE)

215l 3.2740 15 Hlebies ealdd 9. wuslaui saled 3o,
2B AML HLEDEL AN HRLAAL AL 1T m dUSHL iR 5
gL vl 6L stevgl adel il dl ugl A8 el stride ©.
11 Hicelly Uzl o vieell 90Ul (Gaps) € & FHL HARIHL ASAUHL
29 9. (HleB1orell) IR wdl w53 & d Hcalbig il s0 usl sy
A1 i 0. dleadAiledl s 894l ol Susil 922 2uddl HigHl
Y&l A8 UMl 294, 9. dledHleAL ol 931 sl (Aus
501) AL LAl U 8. %BU5L 218 USRAL AL A DAL B 5 =il
25 941 dllarl IR HAAL 6 i d AR U UL A5 d Ad [@ed
RSB 526,

-~

0.
2
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IR UL 51 [6lg D 18 ASAUHL 2UA 9 5 o 941 Al /om Aot 8. A8l i U AR5
25 8. R+l AD SlaL-l AU R,/ #2ell 8, 23l R, 2L dir-ll 25y A-HleR €ls
24AY 8. AR DC elat-ll A48 2L % AA R, (100 — /) Feell 44l

AR el AB, BC, DA 244 CD (R, S, R,/ - R, (100 — /) aR1Hl 4R1ddl),
aU0U[ASs B 5 D1 adleren (3o otld © 3 P4l AC 6123]-0% il BD Sled-iMle:-o4o
290, ¢ % Sl dlR UR ARSLAAML 2 dl 218 S UL HADL 5 ol dledA{le 516
wale £Ald A, WAL D4 Al 2ial Al Big Mz 2idr 1=, 9, Biog-ll AHdian
Rl AR A 2451 R, S, R/, L R, (100 — 7)) ¢l [l audian Rl
45201 [3.83(a)] urell, 12l Aol 200 9.

R R,/ I

x cm’l

S R, (100-) 100—/,

(3.85)

UM, 15 Quid 2AULL ], AL 51EL2A Al Astid 44204 R UHLUBIA Al 2A1H SHL ugHi
IEIRETR

h

1001,

R=S (3.86)

Sell el Yel YL UAE Sl UL /Ul el el Hedl HNgl i £25 duid R 2wl
98124, 7+l wiuellal 28d 212 2encufds Ad o Rel 21 uat uRawsl. Aid saidl sy
oA AHAle-[Big (Bl HeRaAHl WA, 2ed 5 /) 3 50 emil 4995 dlsdl>t dl
Refl Huugilel wleiaid 243l agry 530 asia. (it wie Sl diod uieoll sadl 3 8.)

Gewel 3.9 s {leAnwnl (2usla 3.27), Adl 33.7 cm 200 deRe
[Big/uudlan-[Blg, (Null-point) HA 6. ¢d % S AHdR 12 Q Al 2AdRH

NN

AL U dl AHALAA-(Blg 51.9 cm 2400 HA €. R 24 Sl Hedl 2L,

B3 udal Andia [Big urel,

R _337 (3.87)
S 663

S 2 12Q+1 4R AL HHIARHL AR 6lle d Wil %oUIHIAL AdRY
sgaldn Sl S, A 69,

_ 128
“S+12

21 dell Aol Andiast Ral,
51.9 - R _ R(S+12) (3.88)
81 S, 123

291, R/S+il (51 23l5281 (3.87)3iell s,

519 _ S+12 337
48.1 12 7 663

% S =13.5 Q 21Ul GuR £ldd R/SHi yed uell »uuaq R = 6.86 Q
HA4l.

121
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3.16 welRrHle: (POTENTIOMETER)

2L 25 Addull (e Gualall) (Versatile) A1t 8. d 40 dl 315 dioll AL
UEIEAL AR oA 8. o dollSul Bpflavid 235 Hle Aol $1 69, el detl 9L 42 Hs
wHRLed [Aadsiy B salml 21d 9. 2l drdlds a1l aellavid 2 dize Wi
AvLAL BRI 614l 25410l dls Al 2UA & 2t dedl 9811 Adl il uglall st
29 89 (2A5lcl 3.28). 25l diz Adl C 922 %iial . il Glet cuol 21 gl wdl ugl
2 9 % ¥ lRrll YEL %GBl BUILA %L 8.

Mgl T edl Wale YAIR 4l © 5 % uRuaMl odd Ad (sledl st ddl) AqR1Y
(Rlatizes, R)L Heedl otedl w51 9. 2490 R [HUid glenell A i [Blg A @l / 2id2
el 516 waL [6lg a2l Rl dslad

e()=0! (3.89)

a9, ol 3L BLsH AoudLls ARy U sald ©.

25l 3.28(a) 6 [AgLdsiiiql emf e, 2t €, AviddL Hie delilex-dl Gualal
gald 8. is [g-Hils0 (Two Way Key)-ii o121 [Bigil 1, 2, 3 saldeal . udal 41l 5
sl 1 29 3 Big otdell 8, el dled-inler € A8 sde RAHL 9. sl AR U2
[Big N3 & Adl /) 2id2 & il yHl usidl @l ded-iidlexl g
pladd MO 28 Balsdl qu (elgonon)-l [uw oigouon
AN,G3 1A @dli4dl,

0l +0—g,=0 (3.90)
ao Adollae, emf L LAN,) doudell Aqad sl 20 dl,
0L +0-g,=0 (3.91)
el 6L A 501 R,

g _ |

5 L (3.92)

2L W sidugladdl weedl o6 Gearidl emf (g, A g,)-l
Aol A A5 9. AaelRul s [Aadsin ddls uHRed sk
Al 2419 89 5 g emf ool ALsAL0AL stid 1A, dl oflo sl emf

vot ALl A5 (3.92)l Heedll 2kl asl 9.

2yl wielrardi{ledl Gualol [Agdsiudl AidRs 21a1H Hiual
el 531 aslat el [2usld 3.28(b)]. 2L He % sS4 (emf € )l HidRs

AR () 4l O dnl islanl saie Horet 50 K, glaL 1dRi
WA AR Aseml 2Ud 8. 2R 50 K, vieell s QUL Adar

K, (b)

2l dois /,(AN,) dotlsSui 1oL 69, 112,
e=01, (3.93(a))

2u5ld 3.28 »is WielReile, G A2 501 K, 618 ¢l AU SN AARMUL I T Uelle U2 54

dledrile PR s A PoAlzee 9.1, g vy fiuedl eBida dicde dia 213 Adant [(AN,) deussi 4i
2, 3 [gHioll satl Yol 9. (a) oL sIMIAL - Q)
)

emf <l AeuHE(l Hie-tl uRu. (b) sl
AR5 LAY HAl Hizl uRud.

122

V=0l (3.93(b))
adll, e/v=1/1, (3.94(a))
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uid, e=I(r+R) 2 V=IR & dell, [3.94(a)]

e/V=(r+R)/R [3.94(b)]
AH15201L [3.94(a)] 244 [3.94(b)] uxdl,
(R +r)/R =1/,

rzR(li_l) (3.95)

2

Q15201 (3.95) L GuAloL 53 2AUBL AUA SINL 2UARS a1y ] sl Sl
yiz[R{ledl s1uel 21 9 5 dieeel % Ald-l Huell sa-l 9 duidl d yale wWadl
“Aell. o ete viadl el dell d GeatHil AR s Harinel A2 wHdl el

Belgwl 3.10 wiz(Haleamigl R QL 2118 wale W 9. iz(Elea-dl
SAARIAR Q6 (2usct 3.29). WielRHle V %2dl diee dausadl 244
9. 2 U5l (%L8]) 5012 D2(R{letl HeHl e €l d REA Wi R
AHIAR dleey Hiew Yot dlrdl.

e Ve

A C
W

R

RV VVAV Y —

2usld 3.29

B3a

13 A5cl 501 UL[RAHl2AL HRIGUAML €9l IR dell $5d 21881 AR
(R, /2) [Bigail A 2t Bril 92 ¢2l. dell A il B a2l §& 21918, Q1L 5 R,
{121 Yot 3oL U] ASIA.

A 21t C 42l 6 A A il B dall B 241 C 922ixlL 2AAR1HIxAL
ARALL GIRAGIR 2A 5 R, + R,/2 U4l

soveFRHleMiEl addl wale
\ _ 2V

R1+R0/2 2R1+R0

Ulefrardilex sl Hadl dieees V), Ualls T a1 R AL 2JRILSIR F2dl 22l

v
V,=IR, = (2R1+R0) X R,
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124

Rl (54 34,

Gewswy 3.10

V. = 2V % ROX R
1 R, x R) R, +2R
——— IR,
R, +2R
2VR 2VR
7, =l =
I T R+R, 2R HAUViT R 1aR-
ALRUA

Al sl U U0 AR Acdl Uallg 2 HisedeHial HLsm AHAHL UAR
adl gt (Avoll) [Agdeu 8.

uRugmi 22l wals sadl evidl, 2uell wia ot wRue didl sidl Ful »is
ollel YRot (Agency) [Aedeur lar Ralasudel Gl Rafaxiq drs auld
sud. [Agidou {la Rl Gl Ralimi (xed 5, Gedtd-il is 93iell
oflog 941) AL &S vl Bean ol sy [AgdcR €ls sal Usdl S8R Geale
[Agiduas oo (Electromotive Force) A4l emf € €. 121, 4 <ML § emf 3L
o el o vieal WRuadl RELQ (OCC)HL Bealril 6L 9L a2l dley-il
dslad 9.

gl Ry : veuial dddl s T 31 dsl 83 aoudal diees Vil
AHUHLRIHL 1A O, A2A F, Vee [ 484l V = RIL %4i, R Ueld-l 244204 56 9.
AU U D 1 Q = VA

AALS Sl HARH el Aol /2 HLEDEAL BAFOL A 18 ~{l2AAlL A618 HAA S,
R=p//A

o, Pl AAALSAL 56 9. o gedril AABLEAL O 2 d dAlUMLA 2L goilel GUR
HIR AW,

et [Reidsla Haltsdl viet Hial sidiaHi sised 8. Hidil 10 Qm el
10° Qmeil 53+l vot 21l a5l HAL D, 512 (eIU) B W1 Fell
el il 2iaRasdl 1072 107 ol a1t S 8. Si 24 Ge Fal was si-dl
AR50l Logarithmic-25 Uil QRLRLIL AAANOIML HIAE 8.,

Hizleatdl veldldl ualedl alssl (Carriers) dily 9Asgid 8 @ 3edls
Brustidl eld., >0dllAs 28Rl 2 [AgLdgiariHl d 24 2881 Sl
[Qgdualed dg 52 6.

UALSEAL j 2L 2L5H AHAHL WAl ol 21534 aoisaHial UL ddl [dgdeu-dl
CENREIEES

i=nqv,

i, 1 o eXs g Fedl [AeLdR HRLddl [AgLdouR algsi-l Aval dedl (254 se
gls 2Aval) 2n v, [Agdals Sidil 3se Ao 9. SAs2IA U g =—e. % j, 2L0EL
EAS0L Al GOl €14 2 DU AP0 BUR AN €1 dl ALs0eHiel]l dedl
Uale Y ne v, A 4dl.
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E = V/I,1=nev A, > 2ld-il Rl Gualol 53 wwel% =p % v,
wadl aslat.

A UL 2 UL S UgHL S DAL UL AR A B o M
U Bilddr 519 D dl 6UELARL B 5139 Yiqil 28el HAsgi U dldldl

o eE i (352 4L v, (Mot Adl) aRledl AHUHIBAL AHD ASIA M 9. %

ALl AU AR Il T F2Al AHY idRAA Ucdl €l dl,
v,= at = eEt/m
o, g ¥l HAS2AAL WAL B, Al
p =—2- 4,
'\ne T A ~ NN . . o

AR SAL LA U8 el T dbdl Sl dal Al 2ldAAHT AQRDSALAL
ML AILS ol AMHIAAL 2L54 AHIAL €l AR AL (Fractional)
AR dZlSs AR 54 €.

~ N ~N N ° ~N ~ ~N
8oL Yeldl glRL ML [HUM Youd 69, ud, d gerc-l Yoeud uy el d
A2 AoAUML VISL U 6.
(a) V2L TR 202012 I 2UHIR AvAL €.
(b) V 24l T a2l Aois Vil 2sumi el dal [HRug Yl Rigd Gu

BULHLR AL S,
(c) Vi TRl Aol 2w - $1d (Non-unique €14).
(32211 (a) Hi2, Gelewel dls, 212 P w1 T AL (dluMled 20600 AL 2Hid
ol uel) q;tlcﬂ( €l AsesUR 2 (a) i (b) il el AdY-L 8. GaAs
(c) oum eald 69.
FUR € WG, emf 1A BEIAM GULEL 1AM R A12 A$AUHL 219 L2 R AHidR
dics {2 Horol Ul AstA.
&
Vey =IR= =R
UL, 7 2 BEAUAL HIARS AUAAL 6.
(a) 2Rl 3al 7 2iaREAL wRRUHL (5&) 2498 R {12 4osel Ul Asid.
R=R, +R,+ ... + R,

(b) A3id™L L3el 77 AR YRR 2118 R 2 Hosel Ul sty

Lo o b L

R R, R, R,
~C ~
ERELTIEDEE
(a) sl R wRuarL desl Hizel sISURL % 5 A0, % 5AAML BlUd
2l WAl ARALON % 522 £ Wl UALSLAL AL AR Elell ASL.
(b) @u (eltouon)dl [Fuy @ 515 oigouon Hi2 Rl 3351+ 6l
ARALOUL 9w % Sl A5,
Y5l saledl Haser cdlered (3o s 212 2144l — R, Ry, Ry, Ryl oisiell

RAALY. drtl e (Audlert) Big Hiexll ard {2l qared 2l asid

Rl — R3

R, R,
5 ool Heedl olLSlHL LRl ARl Sl €14 dL 1S 215 a1 Al wstA.
wilRp{ler Rl dstad-l avuuell saud A 6. 21 AdHl dae
Addl AL slatell i GusweLl GuALol RRAQHIAAL dslad HiudL; 62l vidRs

2L, UL i 6] BEAMLAL el ARGUHBIL s3UML 53 ASIL .
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RERE Asu IR ST Uy

[Qgduale I [A] A N CTCRERER]

EERICIES Q,q [TA] C

i, [RAgd \% [ML'T A \% PRV ELRICIE

R2[AHLAAL dslad

[gdau1es oo € ML'T A A% 1 /Rsdot

(Electromotive Force)

A R [MLT A~ Q R=V/I

HAQH S P IML'T A7 Qm R=pl/A

[Ae1d At sdl o) M 'L T°A”] S o=1/p

[Rigdaot E [MLT'A']  Vm' [igidotoy/RieLdeu:
. . eEt

Rezasu v, [LT ] ms ' vy =

s AU T [T] s

walle el j [L°A] Am” Walle/Aols0

Qolldldl m ML T'AY]  m'Vv's' v,/E

gt [QuReu-L Heil

I Md 20wl uatea dl2 () st wd eaidt uig d 2R AR B,

wals AR AU FAHA AL el was e © dn -l

ool Ul URL S Al 6. UL BAAsuHig] YRALR Acdl Wl 2 6
AlRollell 2R dRUSIR 4 sulad 8.

I=j-AS

ol j @A AS L ul2all €.

2. YRdsHl sallodl Yol A HA HHLAL V — T asial Al dl a8
2UHAL (A wdr 52 8 uid $dls Aél. V= TR 2 2leHeL Fas
su 89 dd [Raaicns Ad séd 412 Al 240 43581 2aRia-] v 2y
© v o dles BUSAU MA d HigHl HaHd wad s3dL gl 5 el d
ol Aol il astd 8. 2eH-L [Fam T [A3g VAL s 40 6 dy
AMPA 59, 22d 5 R 2L Vel ada .
w520l E = pf 20l Famdl ol [ ds ekl o 9. 2ied &

LSS g, PUR dril HaRiEsdl @l wdal [Agdaintdl Yed in [ea
BUR 2UAUR L €1 AR 2ALEHAL [HAH Ul 53 8.

3. 2el (Silver) ¥al wuioll A5l 2 g wHFAH Al 2H9E HR1dd
MUY FAl EASSL S OUUHL dollAl [Agdastdl Hed w2
gl [Rasd W 52 0. 2 aouda &l viel % Holol oird dl olHL %

126 (320 2L (el [Qaad i e,
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4. [gdast B4l eldldl (ass) ddsginadl ald (1) rdesd
L 8HRLAL Al ol 247 (i1) Ex 51281 Al oUleril a1 611612
€l 8, 2 MR 51281 Ucl dAladl A9 Y= Sl o
LML 100 Ul el (Ws01-11, H180 X ulsd Yads). UM, v,
HAS UR F5 AL UL [A8ABRR 5180 % Sl 8.

5. j=pv A6lt 3 £s USIR-AL [AYAGUR AlgsIl A0 AL @Y
RS YASS ARML, 6 Ul i [AELAMIR Brlcll L el el 8L
24 6 [AAGURIA 5128 BeMaA & :
i= PLv, + p_u_
P=p,+ P
¢, [A8detiRd den sl dee ML, p, = —p_
BURid, v, ~0&ladl, p =0
j = p_v_ull.
1Y, j=po A6l 2 gat [AeLdnals ddiq dawyusdl el

6.  [Ballsdl sl [Run [Agdou-dl Aem W 2R 8 i-
%5l oLl ls0dl Ualdl 2Us6onl GHAU 9 i d %59l
2lER £l Al UALEL GRIGIR €11 8. diR dlalell & d- gel-yEl
Rafxl ysanedl vl Bals-t o saestl [Fam-l didl stealdl el

ALY

s12eAl 25 A5 62 emf 12 V 8. % 6iel-l 2AdRs 1Y 0.4 Q 1Y dl

sleMigl Sedl Moy udle vl asiy ?

10 V %2¢, emf 1 3 Q w2dl 2ldRs a4 4uadl el 215 »azids

LML 419 9. % WRUAML Malld 0.5 A &ld dl RISl AR S2dl ¢l ? 1R

Ru ol (A3AL) Sl d RalAM] 6123l 2Bl diey Sedl sl ?

(a)  1Q,2Q 24 3 Qell »18lL AR08l ARIML SLIEL 9. il ALY ~A-Al $A AHAJUM
sedl el ?

(b) ol 1 AdwA 12 V ¥2¢, emf 2t w01y idRs 2aRiy sRuiddl oiedl
ALEL %ASAUML U L 835 A8 A €93 A28 dsleld ALkl

(a)  2Q,4Q i 5 Qrll AR YA AHIARHL BLIEAL €9, AL A -ALrAL §A R0
sedl el ?

(b) ol 21 Ad%wA 20 V F2¢, emf 2t w101y idRs 2HaRiy dR1iddl siedl
AL AsAUML U dl e35 AAEHIA] Addl Wl i oieHigl vialdl 4
welles LAl

215 A1 52l AURUdL 825 diR (Heating element)«il 241l diuHiA (27.0 °C)

244204 100 Q . % A4 5wl el AL diudie 2p@lis 1.70x 10 °C

UUA S1A L AR 244U 117 Q &AL UL R+ Aty WL

15 m dolsSil x4 6.0 x 107 'm” Fed, [Fulid axtsu daddl diHial x1a00el asi

d2ell 2191 Uells AR SAHL 2419 €9 AU dtl LAY 5.0 Q MMM AU 9. 2L

YALOL $LAL AUHLA dlReAL geel a4 5dL sedl ¢l ?

215 ALl AR+ 27.5 °C dludia 24408 2.1 Q 244 100 °C dludil 24414 2.7 Q

€9, ALELAL HARASALAL AUHLA ORI 2L

(514l 6Ll 2Ls 914 5241 IR (Heating element) 230 Vil Gg214 418 Al

WROHL L 3.2 A Halle A 8 5 % 2135 Asw 6lle 2.8 A Y2 el Al 6. % iRl
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3.9

3.10

3.11

3.12

3.13

3.14

Aludin 27.0 °C ¥ed, €1d dl 214 5l iR+ 22l diusiA 32d ¢d 7 ismdd
b ~ S LI —4 =1~
AUHLAALOU A HIZ 1AL AR AL AU HIA RIS 22183 1.70X 10 °CT' D,

2150 3.30 suldd Heas Hi2 £35 Aiuizl dddl udls .
B

10 Q 5Q

10 Q oV

2u5(d 3.30

(a) s *{leloor (Gusle 3.27)41 2R Y SHARIA 12.5 Q €1 AR 8941 Al
dealbig 39.5 cm id HO 9. 2dAY X AL W Hie wfleed vadl
{l22Bor i a1l a2 Lsia A dl il Ul gLl srami sud 6 ?
(2uglcai R e X, S e Y dl.)

(b)  ©d % X 2 Y+il 22l vedoled UL 2 dl GuaHl [BiosHl dea
(Aclete) (Bigd 2au- 2k,

(€) (Bl dera Big 10 Aea-idle: i oiela vealoied] sl 9 49 ? 9
Jled-idleR SIS nale eldladl ?

8.0V emf il 24 0.5 Q-il 2AidRs 1434 4214l A1 (Storage) ield 120 V

WL de Aeld 93 15.5 Q-ll Y HRsd [AgdeulRd sl »ud ©.

[Riadeua-l uBul el 62l 2R dieee s2dl ¢l ? [Qedeizel 1zl

Ul 2R{l 4908 vl S AL ?

215 WelRdlez-l -l 1.25 Vel 315 6123l dizel 35.0 cm »id2 dea [Big

U 89, 89 2L 510 ore el ol SN dolladl deRa(big vl 63 cm L0 HA .

dlolon stue emfsed vl ?

Bele0L 3,141 51U Yelle sl Yo SaAsiAAr] 2ielPsd Aval ddl 8.5 x 107 m

£, vl HAS2AA 3.0 m @ioll dlR-l 25 42l oflo 991 3l Bse adL Seell uH

ALl ? el LD Aos0 2.0 10 m” 247 Antisll 3.0 A F2ell elle AL B.

QEIRLAL AU

yecfl+fl Audl w2 8l ReLdeiel Yo dridl 10 Cm 8. dldiaReieL 21241 ool
i AULEL AL 400 kV RALAHIAAL dstada WRRuH (aldiaeil (2L eyrarl
9] Al sl 51281) 2uvild yedl U $5d 1800 A %26l Wdle 21 9. ¢4, %
Aldiaraui [[adasd eadl 9 sidl 515 seineudl A did dl yed-l 2w
e 53l W2 (Mielod) Sedl uuy dlldl ? (ARddul 2id selul 29 Al 518 s
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uas ([agd

yeefll el YEl GUOLHL Uctd Actl cllogoll i duoseiles A12-AL AARLILA 5181 Uctd
[Eidotz seididi 28 8.) (yedllll Bl 6.37x 10°'m 8.)

(a)

(b)

£257 2.0 V w2q emf 1l 0.015 Q %edl »id[Rs ARl $ld dal &9
AS-ARAS UsIR-L oL [Agydsinn ARl il 8.5 QL »aH Al Gedlm
A3 AL 20 8. Geatiell vl wals 21 2live diees Sedl il ?
aloll 4R olle 215 ollRL [Agdsiug emf 1.9 V 2im {2l HHidRs ARl
380 Q2 69, il stuuiell seell Hery Hals vl astd 7 g 2L SN s ALY,
sl Hiex Aaudl asql ?

215 AU 21 6{lo STUAL €14 Al 6 AR QO AR AHARE AHIA B,
oiigl 4l R gatsl ¢l ? A d uel AHdl 5 A HI2 Overhead UlaR S6id w2
MHMUHUAL AR UAE 53U 2D 6D

(P =2.63%X10"Qm, P, = 1.72 X 10" Q m, il 0lat sl p,, = 2.7,
P, =8.98.)

Heolflet (Rattigril otrlell 2iaRid Hie {2 Hosotl Hadlsl uel di g diRRl sieell ?

s e s ey
A v A \'
0.2 3.94 3.0 59.2
0.4 7.87 4.0 78.8
0.6 11.8 5.0 98.6
0.8 15.7 6.0 118.5
1.0 19.7 7.0 138.2
2.0 39.4 8.0 158.0

3.18 <l Wllril % ALel DU

(a)

215 AN VULEIE &S HRAAA Hill YU sHL UL Ul A 8, {Rriell
56 GUASAML ALgs HIR AN S, UL, Ulsartdl, [Aeiant, (s #eu ?

9] -l [Fun oL o alss 82sl 12 dBis Ad awy widl asiy ? o i
€12 L, 2UeHAL (MM Ulert A Sl 825t M Sl

ol RafaHin (dleew)aton BearHaial Mlel waldl Haddl ¢id dl d-il
2125 2AARUE VoL ALAL €Ll BB AL HLR 7

High Tension (HT) I3 6 kV-l Aweliddl 2idRs a1 =Bl a4l
LML 2 9, L ML 7

3.19 120 [Asey ue 53U

(a)

(ataugiiqdl a5l A 2Ad dxsdl ges digatisl 21a04sdl s2dl
(a3 /A1) €1 69,

AHL Ad g Pl Sl BatlgRloal SHAEAL diuH RIS
(ALrL/ALRL) S 9.

(ot Hetrilil 2AaRi4sdl diumiel doleidl ot €l B/dluHin A1
oL Byl 48 8,

215 IS wales (Bld., 21612l Aatsdl did 52l (107/107)L 53

Oz{aa.r]. q’%‘ll‘\z‘\élz‘l‘@. ~\ NN N NN N N\ NN N N
£35 R 2AR14xAL 2UUAL 77 2R dH Sall Tl osall & el dHe (i) HedH,

(i) @gny AABRS HAAY, MO 7 HerH 2l Yrdd¥ 2A4HAL dLlinR
Sedleal ?

1Q,2Q, 3 Q waidl 2U0el €9 dl due ol Id Ay sanl 2ivei-
A »arid (i) (11/3) Q, (i) (11/5) Q, (iii) 6 Q, (iv) (6/11) QL 1A ?
{12 21ld 2sld 3.3 141 sAlAAL A2as U2 AHed ML AL,
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b
@ 2u5d 3.31 ©

321 usld 3.3240 ealdd s wdd WRUA 43 12 VL 247 0.5 Q-ll 2HidRS 2as
BR1adL At el vl dels L. 835 AAREL HAL 1 Q6.

1Q 1Q 1Q 1Q 1Q
12V,
1250
1Q 1Q 1Q 1Q 1Q
2u5(d 3.32

322 sl 33340 2.0 V 2t 0.40 QL 2idRs a4 quadl [Qadsiy
uie(-adi{leR Al AAAAH AR ABL 6L 941 a2l RaldH1A el v 89, 420 1.02V
emf (VoL % 2191, mA F2el Ul Hi2) oell ALl 215 UHIRLeL 518 dIR YR 67.3
cm i d2lblg U €. wHileid stuHiel vie el wale 4l 6 d YRR s
600 kQ 2ell viot {2l ARl il 12 ARl BlsalHl 2d © 5 % deafbigl
95 agulid(Shorted or Short Circuited) 53¢ €. AURGUE 1L UHIBLMA SN
221 A3l emf € HRLAAL SIM HSAHL LA €9 it 4L % Il cleralfblg WAl Hd
€9, % dliz+l 82.3 cm EOLLE AU HA 6.

2|V 0.4 Q
|

e

— ey

2usld 3.33

(a) edveusedea?
130 (b)  600KkEC2riL viot 2L 2AcRIHAL S & ?

-l
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(c) el sHarinel deralbig ur 56 U Ugl ?

(d) 9o welailex-it wds (Driver) slud emf 2.0 VA oied 1.0 V ld dl
Gul ulRR2AlAHL 21 Td s1291d {lasd ?

(e) ol vt ulua voi o -l emf, 43 Sedis mVHL s3-UL (BLd., A4IsUa™l
ULl emf w2dl), AHdl Hie s1M 53 A 7o AL, dl dH wRuani 9 5812
53301 7

323 2usld 334 21 1.5 VAL slu-ll AAldRS 24404 2lldal M2 dugddl 2.0 V-l
wiefeler eald 8. vl uRuas RARML SiM W2 deralbig 76.3 cm 20 8,

AR SIUAL 6ULEL URUAHL 9.5 Qrll HARIH AlURAUHL 29 8 UL Adid [big-
(deraftie) vl wie[dler dir-l 64.8 cm dollSu Mol . Sl AidRs

B{ARUY, L.
| 20V
|I
A ~ B
15V ©)
—
95Q
------ AV A A
2usld 3.34
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USWL AR

AlAHL [AgAMURL 2 Yoise

(MOVING CHARGES AND
MAGNETISM)

4.1 WRdld-ll (INTRODUCTION)

(81 247 eiscat oint @Il 2000 sl af, avell waelldl 9. UM £9di, 182031, UaR
200 av udal, 2ure 2 Rl 4y 3 d ol 2iso{lon 418 olg 2 Asuudal 9. 1820+
GriouMl [MRUS efa walBs Feddt sl aud, 3R dfasuzl s BlEuA
{1223 (Hans Christian Oersted) 24012 5 {141 ciRHiell [Redudle uR s3dl avid
arll ool 28l 2otslu AL AU SEAdA 214 8. AL 4 Bl 2l 530, dHal
W 3 oisly Aldd seuade A4 diRA 5w ddls vlRidl ik deiuudanl el
steulsts agadl udisl Rami $i 8. 20 WRERAR 2usla 4.1(a) 1l saldl 9. w4
[Qgyduale M2l €l i 2eisla A ARl Ydl dws sld 5 el yedld eislugia
2aolefl 514 AR U el w51 8. udle-l Bau Gaaidlt di Ald- sieudad vl
Baals A & [2usl 4.1(b)]. Uale qrRAl 2aal dowsly A A<l 125 dladl
sialad- a8 8. dvigHl seflatl (a151) diz-l 296Ul MeRIAAML A1 dl dIR w4l
28 d Fd sellpll uuddl aqoiii dlsa © [pusla 4.1(c)]. 2y dre 5 alauir
(AELAOUR Al Heldl dreil PUAURAL AAASIAHL oS Bt 53 689,

ARGUE 2l WAL geHio Al 186441 %31 HsAuAd [Aeld 24 Yoiscd %
(Haaale wieet 53 69 o [FaHl diredl da uRelte vicl viqeyfd 305 wsia vt [@gdesly

S 1, UidL AR 3 UL ollaHl il
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Afcuirt [AedoRl 2 2oisc

Aol 8. AU d2U-L MY €2 53 A 1941 AELAL videuorml . A, ol dal .

NN N

WSl At Geurrt 531 olciedl, 204 UELHL [Rstin 1A 2s-lidioal grasin o3l [@ed
2oisct (A9 ay MUl wi adl dal [Agdiesla d2oll Gt s, [@Qadld s4l, d-d
UAIREL 241, uwt (Detection, dHel €1l Ai8) s2c Hiextl Atedisl e 51281 24

s oL,
s N s N
O
A 7 A - V4
(a) (b)

2usla 4.1 qla-aion [@aduasiRa diz dld Gestad 2otsluan. dir 2
Ulrlel Yuoel ded3h 69, 2otsla ALA diR{l 1Yol AUUSIRHL dlsAd . 2Aeisld
Al sleldde (a) w2 Rgdnans Wil yssuidl ek drs suddl $i,
(b) w12 [AgLdnaAle Uirlil YueHl 2ieR drg wdl €ld, () dlvisHl sellzil (oyst)-l
el iU ollearll. 2eisly Aiddl 4z eudl dx-l Grigd eald 8. Y-l

o1 sluat-l AR ARl 8.

AUl 53l [AAMURL Fal § HAsi, Weld i [Agdudls dex
5l dlR UR Yotslaaal soil Jd 6o qoud € d ULl L UsRIML
A5 ULl 3wt oflvlle 5 [Aerdnats ol A Aeisluaat Gt 52
8. S5l (Redenld) seiia vot Gl Gloail 34l 34l 2d
WAl 530 ws d AdY. dled-difle-l Heedl [Agduaigl 24
clloseoiinl (e )l urv sl Ad 531 asta d wa eilvila.

UL USR8 e oL Uedlel Yot secril WsRRMl »Uuel 12 20l 3@
(weulast, Convention) tuel. Uil Ysuigfl olR ds
Alsadl [gduas 5 ao ([Red 5 qosla)d eusi O ad saldlel,
wirtl Ysul wdddl [Rgandie 3 astd Alsd @ ay eaidla*
15[ 4.1(2) 24 4.1(b)ul 21 URRALIL, wesH ealdl &

4.2 Yuslunin (MAGNETIC FORCE)
4.2.1 G£2HL 1L &2l (Sources and Fields)

2ot Sluaol Beil Ay sl uddl sl wsel-141 [@edast E
(A9l o creul d dle 53 adal Ul Ay od 5 o [AedeuRl a-l
2Bl 6L L AR wstd 8. [Agdaiotd Geatd 2idl [Aed™ir
Q, [A8LdaA E But 5269 o,

*2ug ol 5 dlReil el vuuell drs Avil $ld dx srid 9, w1 Alsdl H

~

A8l 5 Y9 uR ool HRlag dlR 2usuel gl drs ald s 8 2n
ANIERS

st Blaad a8 (1777-
1851) 3 clifaswzl i
RARLALBIL, % SluASaAHL
WSAR Sl 8L M 5
[Qgyduate R diz W 2otsla
AU aladi d sleudde AqMd
£9. AL UM g1 [Agyd i sl
geloll a2l Asad G-l Al

waH HUSdl Holl.

&
1
fa S
&)
=
L
a
£,
PLY)
&
o~
—~
p—
|
3
3
o
>
W
o
~—
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8={ls izt A+ (Hendrik
Antoon Lorentz) (1853-
1928) & Asgilas clilaswizil
2 AL WSUR ALl [Aeld,
Aotscd 2 olfdael qAL
Aol WAL gl 2Aotslugiot-l
S13R1 Y sl G 5l
(Emitters) 4 oddl Holdl
Aotsla &olldl AR (it
AR ) AHAAAL ARl URHIZMI
[AgdmRl il dseust 3
edl. % M2 A 190240 isd
WRALRLS St 2y ¢d. del
spraRieil sufilas edldl a3
ylRad+ (Transformation)
50U ARl edl (¥ d-ll
HirHL w0y URade uHls20l
dls welldl 2ul) ulg d
oRldl - &dl 5 i AHlswel
A5 DA AHUAL Al vALE
(Concept) ds 13 4l

E=Qf /(4me,)r (4.1
Ui f ol redl [RaHidl sy AR © i &2 E 2 Aulee &l 8.
(AeLdoliR g L &AL AL 2LARBUL SO i O F 2l 69, o+,
aH{ls2eL

F=gE=qQf /(4ne,)r (4.2)
Q3 AU B, USBU- 131 Al S dH &L E 518 Hitaul¥Fd dag
Al uiq df oilas Heca 9. d Glo 2 daiAA dg s S V),
el d degtel Geotad, (Ralid ad) <ell, uig d ae-t Hie AlssA
AUY A 9. &Ll 2L vAlAAlL 3351 (AN 21 ALAL Sl 244
Usndd [agd 2 Aotscadl 20885010 (Unification)ul d-il
GUALOL 5UL dl. 2asiadl 35 Big (A1) U 204Rd €lal
Buld d AHA UL YR tledld A5 B, ved § d AMu [afy url
G153 8. i usRiul uuell Al s34 gl il 5 i
gloll AHA AL otedldl Yl

s1S s [Bleal [agdaiol, s 5 ay [QedorldL s18L €LY
5. A AR [AELACURL 1%R €1 dl vl &AL Al L ARl ALy
69, UsWLL-1HL dH 2lval 5 24 AuldueuHl Rgid s¢ 8. »is
auid &2 wRlal 1ol »ied ulael [Qedeir (Test Charge) U
alolg oo, uHlseL (4.2) el wadl asiy g,

ol Ad RuR [agdeul ([dgdast Gou~t 3 8, ddl d
[epduatel 5 alaxid g deil (ariRe) desluaot Gou 53

=) =)

p—

-

9. d B(r) 43 ealad 9, % uel AR AL 9. d [Aedalt gl
Sedls Huoyd dLRlaul 8. d wdstadl eds Blgal carvailid 530
ASIL D (e d UBLAHY YR 2ALMLRA SIS A5 ). Wb 2d, d
AuLAUBULAL Rigldr AR O dH HIGH UG 9. Ll oL A oislY
Bealdld Aeislualal exs Gedlidl ddal Yeislugiatil ulkay
ARALIL B2, SLU 6.

422 YnSUAA, AR~
(Magnetic Field, Lorentz Force)

f1RL 5 [Qgdaist E(r) i Aeslaast B(r)-l siolul siS is [Bigdd
[AgLdeiR g (0 dotell aulal scll A 744 1 2L) AL, 2L birixl
51200 [A8LAGUR g UR Aldlg 6L 2L oL dvll AsA.

F =g[E(r) + 0 x B(r)] = Fr, + Fyg, (4.3)

3

2L 6101 AIUAH 21221 A1+, UFUR i ool $2aL 8oLl YHRNAL IR
ol ¢d. A diReo oo ¢ 8. [AgLdainl 5129 dloldl o1 [A9 d [[oldar Heui
sl gl A 2l Aosluast Al uABuL BSL dl iRt 21 4ol diaBisdii

ALell ML,

(1) dg, 0B (52l [AgdMIR, A0 2 Aot S14851) U 2UHIR AL Y. B9 [Agd@LR
YR 64 41 [ CUR uRwl 0 52l Ao [Bo4L $14 8.
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Afcuirt [AEdRl 2 2oisc

(i) dotsld oo g[v X B] 21 A0l 2 Fotsluaotdl Alke dpusiR ad 6. ulka
SRULSIRAL 51281 PR AL A 2eislugaL w1s0ilond AHidR 5 UldHidR €l QR
2ot Sl 5120 ARl 6l Y A 8. AL o,

oL i 2AeisluaaL oinie detzd dlol 9. d-l e
el [HU 5 ogu sl aza vl Ry (1
ARUSIR) AL 25l 4.24l ealda B,

(iii) o [Aeder Ul - sl €l (5 %4l [u] = 0) dl
Aol oo i gl ©. aularud [Agdeur ¥

2forsluglaL ol as . (a) (b)

A AL A iz el s 25 4.2 RedeuRd 52 uz dwldi esld o)

F=g[uXB]=qvBsinOn (Ball. (a) 2151485t B 218 0 $121 otrtiad] Bausi v

2dl, 0 3 v L B a2l SR B [y 2usld o1l ol 52t et [RELdcuRd 581 Uz @lld ol
4.2(a)], Hi 8L g, F v L ot 315 154 A5 dl Hall ¢l [y 4 ala 9. (b) Aotsludas
AoL4ld oo 12 Yot YorSluBotl 2isH AR 534 1o AUlA sl g [QedeulRd se —g-l
12 Hee3u AU D, %A e SludoL BA dot Bami 1 m/sl Aol (g [Basl Ssuddn @d 8.

suell aUlel sl s [AgLdouR (1 C) uR dlalg ol 28
et €l dl 2AotSlaaoL Be Hed 1 SToAsH w2 $lu 8.

uRaHl 2d [B] = [F/qu] 14 € 2ist Bril L4 =ye As=s/gaor {lex (N s/C m) €. AL U5Hn
[Mlen ¢l (Nikola Tesla : 1856-1943 )+l HiriHl ¢l (tesla (T)) 943 sallaclimi U9 6. 22l W2l
SL5H 6. 15 Aol 2sH (ST sH «Ael) FR ol (= 10 22el1) sSd 8, A wal Gualami da 8. yeeild
o1 Sluflo 2L 3.6X 10 TH2d 8. 512 4. 141 stali i [[auon [Braimini 2otsludiot saleai d,

sres 4.1 el %l Ailas wRRAMPIME Yo SugorL HiRL 54
clfas wRRal B Hin (2zeuui)

21 i1l ALl 10°
5L WHILWIUHL HeriH ol e 1
Al ot 2ots (Bar Magnet)-l Wi 10°
yeellll Auwdl uR 10°
Yepiil Adl dg 10"
clR1L QAL stasieHi 10"

423 [dgauas Rd wgs uR awid Yusla tn
(Magnetic Force on a Current-Carrying Conductor)
UEL 515 25 oMl [AgLdoi U otslaaiotdl sIREL Alldl eotd [sduRl 2401m
el [AgyduareiRa Alan Aol Hie Gualorl af aslal. 7 dous it A 2188
a5 HR1adl Rafd (Auion) Aolldl [QR1. sl #H 21Ul 218 wsi-L auldaHis
[gaeul (mélul Sasgin) adl @Sl s, aui alasin [AedeouRisl dvaL andi n 9.
el dui eal ga aularid [QedeRi-l Aval n/A 9. L yass Adflaml RaR 135
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o BRCIREICETE]
[eduats T3z, 20l 1 5 e35 aldHin diss-l w3 flse (Drift) dat v, (s 3
%1L) 8. 6lLeL Aot SlaoL Beil $lali, 2L dLlcid dlgs U dlold ol :
F=(nlA)gv,;x B
Ul g, 2L ales 52 UL [QEARUR 8. ¢ ngu, i [Bgduale 8edl j © i [ngu JA
21 [Aeiiiens T 6. [[Aeimats i [Aeidpans gl (A8 af 3l e usa-3 24l >usl,
F =[(nqu,)IA] x B =[ jAI]xB
=1/XB (4.4)
o, 12 A0l doils / eal dint-tl Az 6 24 d-l (e [Aeduare T feausi
9. Al 5 [Qaduals T Alea el aHlsu(4.4)A1 Seatl ue U ¥dl avid, »uusl
AW PIgAR j ol 1 uolee)o.
alsel (4.4) Al Aollan e dwy wdl ws 9. 2L uH{lsHl B >t sua
2ot slaaiol 9. o [Aeidnals R Aol o Geatdd Aotsluast «al. o dir-l ofl 515
U295 SR A dl 2L dril YR diRw0 6101, A=t dll, dotideil 4L 3yed gsitidl
oLl AR dHAL ARALOU gLRL Al sl
F = ;ldlj x B
H12L GULLHL [BRA1AHL 2AL AALOUA ASAAAL JUHL Sl AU .
wAMR[AA (ulagdis) 24 ARG (wroradL) [an
(ON PERMITTIVITY AND PERMEABILITY)
el sl UABLS [Fumul 2Uusl sl ot 3, 515 wal 6 Bigdd geadisl Misello ur ol dols 8, %
ML gAML 72,72, ALRUSIR AL AHUHIAHE 24 Al A2l 2UAR 7ol QUL AU WHIAHL S1U B, A8
A9 F = G,my/r” dl% saildla 612, ol G 3t decisioidl AldBls »ais 8. d o Ad [id [@ed-
sdotrl [Hayn Hool, disolladl r 2idd Wdl o Bigad [BadMiRl g, g, 42 dldld e
F=kq,q,/r, %l k 5L 4uHeididl 212015 . ST 2153 ugliMi, k=L 1/47e a3 salacimi 20d & i € 3t
-l uRRMEE 8. d % d Yetscaul, 2iuaA ol 2HANLs 1A O, ¥ ST 254 Uglaul, wan a3
gallcclMl 200 9, i p ot el u BB ©.

G, € Vil L AR 2A2N1S5 A5 2ieddl Sl 69, Aeclld oo i [AeLdersly ool 422 dslad 8.
Attt ARArL 5L HIRH UR UHIR Avid A2l 2UIR [Agdaioisl oo i [AEAoUL § 2615l dRAL HIH
U 2AUHIR AV B, UM, G ALABLS HAALS 69, U1 € el [ HIAH UR 2UHRA 8. el Yl HIAHHL AL
yell 2ol dlu B, JlRISIR e S A AL Reidesly diot 400 v Al gl = 1/v” 4¥ls2el gl
AsAA B,

(e wrRla2 € idl ofllis 220 & 3 % [Aeldaiol 4im U 2im M2 (gLt U Sdl AR 528 o
2l 8. [gdaotdl 2R ds0 e seurl Wiaiss (dloid) adil 211 i 2 [@gdainin viad: o
sl Bl 4l 55l A 6. d o e Aoty uARAGLAL P L 2Aotslugotil sl otsc Haaal (el
53l &l eald B, A, ged 32l Holl 2otsluaot Aodl 9sd dd U s,

e

| GElgRuL 4.1 200 A £ul 214 1.5 m doliSHl 2is AL diz 2 A Redudie

Qgg BR1A 8. drl AHBly 2 A Aeislugidl B (sl 4.3)40 sl desdl
e =1 (Suspended) A% B, Ao Sludioted e Sed ¢l ?
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R A L8
oUlctHirt [AELAGURL 2 Yotscl
I
s —
v
me ®B
I« / >
2u5ld 4.3
B3 uals20l (4.4) urell, wuRla GEAR ML dold 17B Y 6l 1oL, gl
dsal L2, L 60 2Rl 610 A1 dle g Sld, B - PHYSICS
mg =1[B
Ele)
B =% g5
1/ =
_02x9.8 . =%
2x15 - 0-65T s z =
@ =
0 2 . 2\ 5 NN R o o R o B
AL 5 el 2Ly dous els gortd m/l »Utd Sld dl d wal Yo s yedld & Z a2
. 2 2 -5 N D 2 o 2 [ B
Aot SlAEA HUA 4 X 10 T 69, % UL AHANRY 69, = -8
s E
BELSRB 4.2 %L ZotSlUAL el y-iae AHIAR Sld 2 [Agdenld 58 H- =2
QA A 2 NN N A =
X-248 U2 9lfd sl Sl (sl 4.4), dl (a) Sasgis (el [agdouz), (b) wiel-t g o
LR ~ l
(st [RgdouR) uR 59 [Raumi iz slo qwolal ? T =
z g =
A -g_ 0%
3 8
Y T =
Rz
XXXZ(/XXXXXXX '—_1._'_'
X X XX X X X X X X X Ba
><><//§<><><><><><><><>< ng
X, X X X X X X X X X X gg
X X X XX X X X X X X = =
/ B Q<
X X X XTUX X X X X X X O &
X X X X X X X X X x X X ;%
X X X X X X X X X X X gs
vV— —
Z
-
25ld 4.4 5
o =3
QA o N A A ~ g =
B3 : 501l 0L v, X-2A8 UR B, U1 AoLSUARL B, Y218 U2 9. 20l v X B 3t & =
Z-048 UR (el [ 2429l 4B Sl 211811 [FUH) Sl 213, (a) SASZA "f
Hie d —z e UR 8, 1R (b) Ut [AELAGUR (MIelet) HIS AL 6101 + 2 18 UR ¢l )
. = .
4.3 ’g%ﬂ?«l&i%ﬂl aAld (MoTioN IN A MAGNETIC FIELD)
gd el Aoislaasl old sdl [Qgdeur-dl [@oidar vea 3. dda
(HLRRL XT, AL YRels, U506 )41 LBl ollval 5 %l 581 UR dldldl ol Bes, sRil ol
Ra (3 dell [e)4l €ld dl o ot a3 518 i, eislugeml ald sl [gdeir-l 137
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T cllsasue

[aum, 2esla ot seilL doin doi3t el 9. 2uel S8 sid ad el 2
oLl Y 518 52 Uscll A2l (A dril AdtHiexl [Banul 3381 Adl $1d).
[t 5 2 [Ggdaainl s1R0L dldl o gB %9, -tell, %+l gest ol
Bausd Axid2 (3 waHidr) €S 2% 244 agl ol 8 Glea-l ual
52512 531 93]

g UL A1 (HABa) 2eislaaiotl auld sl [@gden 2i-ul
A9l WRMHL v 21 Bl dot3U $ld du wdla. dezi dld e, qu X B,
Segoudl ot d2l3 ad © 1 d Yersluaoid dezil adayy ald sud 9. %
v 217 B is6{lon dot3il dl dl seudl 1ol aduusiz sdl (2usli4.5).

ol ALl 519 425, B A AR 5 WlAAHIAR S1d dl dUld 3l
2io1 51 aloA{l 516 R Al AL larell 21 Ees sedldl Hell. BA deizui dal
AHAAHL oL UG YU Yol aduuy €ld 9; il Ala (Sedlsa,
2u5la 4.5 adu aly Helical) alc Geid & (2tus(ct 4.6).

UGAL BIRRL (I8 XTI, Ws01-4)Hi d¥ el

AL €91 3, oA 5L AqousR ALl Brosal 7 €,

dl mu’/r %2d s adaisiz welA detzl 3 dzs

AL 8, Pl SwoUHl oo 58 8. ol AdL v, Aeislua

Vo Brl dot3U dld dl 2eisly 6l v 2 B oinid doi3u

Segoul ool 4 @Sl 9. de Yed qUB F2d ElU 9.
Segol{l olorel oie ¥+ 5200 AuAl,

mv’lr=quB, % Ul

r=mv/qB (4.5)

% [AgaciRd sl agouusiz 1ol Bl 8.
QoL Afl A Blasdl Hidl A © 2 aduusiz Wiotl

Hizl ot €9, o siella 219l o Sid, dlv = or. 21,
Pitch i, w=2nvV=¢gB/m [4.6(a)]
adousz afeusl B % 4oL 3 Glosl uR 2812 Al gl 2AlUL v 2
uRemall 2ugk 8. 21€], v Glod U IR Al
w2l 21 ollold AU SAIZIAL AL Vot % GUALR(lL 8.
(il [Acuo14.4.2).

25(d 4.6 Sellsa ala

215 WREGIHEL HI2 ALl AHY T=27/M = /v 8. % Aol Zotsluat-l leausl 515
ges (v, A galda) G, dl d 5o U Astel [RauHl ol suadl 24 sl aUfaHol
gellsd 82 (25l 4.6). 215 uRoMBRL el 2otsluaot-ll (Rl stug vid W (2,
Pitch) p s34 €9, 445201 [4.6(a) 1L GUAlLoL st
p =y T=2mmv, /¢B [4.6(b)]
138 il aduusiz tesl Bosuid ddlal Biosul s¢ 8.
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Afcuirt [AedoRl 2 2oisc

GeldRR 4.3 6 X 10 T F2all et $ludotal doizll 3 X 10" m/sel sisuell aUfdt sl
Sasgied (sl 9 X 10 kg 11 Rigkdotiz 1.6 X 10 C)rit slel Bresat Seell
2 ?arll (uRerHel) »uaf el ¢ ? Al Glod ke Vi Al (1eV=1.6X10 " J)
B w520l (4.5)AL Guallal sl

F=mv/(gB) = 9 X 10" kgx3x10 ms /(1.6X10" C X6 x 10"T)
28.12 x 10 “m=28.12cm
17 x10°s '= 17 x 10° Hz = 17 MHz
(1/2)9 x 10 kg x 9 x 10 m’/s’ = 40.5 x 10 J
~4x10 °J=25keV

v =v/(27r)
E=(1/2)mv’

[agacuRd sau-dl eelset alld 241 20RAR iR2udlA
(HELICAL MOTION OF CHARGED PARTICLES AND AURORA BOREALIS)

2ARSL A GTR S8l Bl Ha HB AL, A0 LA A%RL HASIAUL AAl HA 8. A sl dletl-
delol Folril USLAUAL AUARRYL AR HISUS O 2 viedl % 53U B, 2L gedl veril Anegdl
cllaslastiriml uusl % ollvat el il wel el Hofl €.

HIRLS m 20 2 g [AgLdeuR BRiadl s [QgdeRa s8, WRMs oL v &l 2Aetsluast BHiwaa . 1Rl
5 dril ALl et sluaAn AHIAR Bes v i dotEes v, ©. el [Ral 2 58l uR SIS o el
Al cell 2t 591 v, Qe erslugst AnidR Ul Ale AV S, dril doLrL ol 8425 v, HiL 518 AR Kol
(VX B) AL E %, v, 2l B 6irid doi3U €1 6. [AU0L 4.3.1H1 AY o 4ot 8L AotSlaaot dol AHdaul
AQUUSIR oL 53l ARl 4R1d 8. AL oLl 2ot 51U AR AHIAR dUA A2 A50 212d 215 (a)Hl sl
Yoo uRaual olfua e (Sefla, Helix) U5 o1l 99, %l o1 slaaiol il adl, dl wat deflse sl auld
sl 52 Ausdl (iHld, Trapped) 21 4L &Ll BuAUA AUl 52 6. Al 6l £35 [Blgyt dold
cor3u el Aot Sluainl 523 UR 51 518 53 ~1ell et Aot Hirt A5 UKL D,

(2) (b)

o3 AIR oL UGB AL, IR Y Hiel Hlel Wik SAsZieA i WI2lRA Gl A1 8. dHixil
Seatls yeedll 2otslugiol Audsa (2w as9) 2otslugiol el ur ddlse wiol ald 53 8. Yeisluant
oLl 2ersla gl WAL usla (b)ul saiel el s ol 495 2ud 8. 2uel ddl WA [[edourisl
Beicll A8 69, U [QgdeiRa 580 dldlaRRinl 213 2 URHIHIL A8 ARl ded 8. Gdod 23l
USRS AL URHIRLAL LAl U512 BADA 53 8 it Griod AL AUSZI% 1 URHIRLL LAlo]l UsL9l BiDd
539, vl g2l clllasfAaul IR0 ollRux 58 8.

139
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T cllassie

FE /\TE

>

4.4 %ig&d R T) [?{?:l:d R g;qﬂqétvimi ala (MoOTION IN
CoMBINED ELECTRIC AND MAGNETIC FIELDS)

4.4.1 @2 wiedllsR ([AaseR) (Velocity Selector)

NN

o™ ol 691 5, [AeLd 24 2eisla vt ol ol srwlal v Qe ould sl [EedR g,
w1520 (4.3) Yool ol A 8, 2ied §,

F=¢g(E + v x B) = F; + Fy
L5l 4.741 ealedl Yool HUUBL s A BRI [l 5 gul
(gL 24 2otslugioll isolln-d dot3u €l i d oisl s8Il Aol ugL

VAR

140

v

Fy

2usld 4.7

=33.0

http://www.phy.ntnu.edu.tw/ntnujava/index.php?topic

Cyclotron Interactive demonstration :

PHYSICS

> x CITERRALIENTDI

F. = gE = gEj 1 F, = qu X B = g(vi x Bk) = —qUBj

¥ udl, F = g(E — vB)j

2, 2iLslanl ealedl 3ol [ed 219 2ot5ld ool [ Bl al
£, HIRLS, 2UUEL E i Bril Y&l Sl Al § %2l oin oloi-l Hedl Auin
. dl, [A8deuR ud sd oo 2 24l 2 [AedeulRd s s
SlRLLALAA WAL ADLR 2L &SI AU 59, AL IR 254 61 S U3

gE = quB 284l v :% (4.7)

2L 2RdAL Guatial 5304 el el Beuel ol sl [AgdeuRiql Breuald (A4,
ofln)uiell 255U Aot [ doitRd sl (ARl [t 2in £0 UR 2ALHIR ALAL A21R)
uie 530 (el uldl) ASIA. B, YRRUR ol E 24 B alsll 4L waisdllsiz ddls ad 8.
URRUR ¢iol anliHiel s5d E/B 34 4Ruddl ([Redeifa) seil o s1S wel sieiddn a0
URAIR 4 U5 8. UL Ugleirll GUALIL 189741 %, %. dllA-L Sesgirtel [AdAaUR i ol
AR (e/m) Wl H2 54l gdl. 2 Rigldl Gualdl W UsgiHlez (Mass
Spectrometer) wMeL ALHAUL A 9. % A dHAL [AEAMIR 24 g0l dRIlTR
1oL el ULl Hie BUAIL Y,

442 HlES&C-flil"l (Cyclotron)

A5 21 [A8dtRd 5213 2uu-in G2l Glod 44l uaABLd 53 Hig Wa 8.
d~{l 2lle E. O. Lawrence 21+ M. S. Livingston 3l 193441 =yse{lu- 6lteL ial
Hie 530 el AT seligiul [Agid 24 2eislaasiiel A4sd Ad Guatial [Agdeuzld setixl
GloA aiRal HIZ 2l 8. ol sl wisollod dotzl dlaidl dxil $12¢ sles (Crossed
Fields) 58 8. 2[ot5luaoti [AgdeuRd sl uReral 2ugl -l Glod ur 2R
Al 2l L SSlsarl GuElol ALSSAZIAHL &Y 8, HIRLMIRLAL A1, 12 [AgdMIRd
581 HgHL 6L AHAAQUUSIR-UL Fdl, dEd@il D, 21 D4 AUld 53 8, Fusdl SR
239 D %l il dust Dees 5¢ 8. sl 4.841 Ssaigi-l 3uvil ealdl 9.
gl Welldl ((AgdeuRd) s8t uR (aeudastil 2442 adl el S8l 5 d seeumi uasil
s el ([REAeUR 12 Wist 592 d15 514 52 9). uig, qosluast ([RgdciRa) se v
ARl B 1 dn 4 (Dee)ll ie ddousiz 1ol v olli sud 8. Fedl dvid 2L 52 s
Deexial oflogil o, iedl e35 avid del U [Agdaatdl 264 i 8. [Qgdaot-l [
21 seu-{l oUfal 018 23U Ad RS Bee Yae Ul 52 6. i 2l Ad A 9 5 el
£25 Qi 1L 52 UABLA L4, £35 At UL 51281 2t 581+ Glosl ]l od 6. %+ Glost
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dfAHIr [AEAMIRL 2 2eisc
B A dl AquUSIR AU Ul Biosd il aicll o £, e, 241 1ol 2l (Spiral) S 9.,
AL 24 Sall AL Q] Basel [Rairal 21 il L g-uiasiEid
(Evacuated) s2a4i 2114 9. Gl »ug(ri dloseoiivl eid Dees 422 @dlLsaldl »ud 9.
L5l 4.841 e2lde 3U vl Yol 3w P U Het UL S 801 [edeuRd S8l (sld.
WIRLA) A 4ol 52U 20 D, A 515 UL 215 Deeti A9adousiz H1dl ol 5304 6L Dee
a2+l 20Ul (Gap)Hl T/2 AHY idRUAML 2419 ), UL, T 21 215 URSHEL HI2edl AHU 69,
o AMl520 (4.6) udl
T= 1= 2;—';"
B
§YALY, = ;t—m (4.8)
1AL 89, 4 g [RiA Buildl A seigid 2[Rt 5E B FA v, AL saldd 9.
e [Agdeouridl 2ugli v, sledl il Avial 204 6 5 %l 3R 2l
2144 YRR Y2 52 UL Dee Uil ga-il Rau stedld. v = v, €lal Hierdl #3302
»7i-ile (Resonance) Ad 5& 8. [Agdtid (dilo A )« sou 2dl 2d stedasi »ud
€9 5 el 1 UL Het LA Dl HIR U U AR D, AL (88L) dloreoita U2 $ld s
ogedl, 21l UABLd 2y, d (Dee)il 2ie [Agidastal Hsd sasiaml suasl ald 53 9.
gedl avid uu-l s d (Dee)Hidl ofloadl d U du-l GledHl adl adiil eV
(%4l V L o AHA 6l Dee a2l dlogeoiinl ) wedl ¢l _
B, uells2el (4.5) uRell RS ausi 3 deell vt el oy A A 0l R gl
BloA afl, deell auid du-l (adua) “iol-l Bresul dtdl %R\ e s
AU 8. ol Y el el Glod it + 52 3 el duetl R P
ool Brasdl Dees %eell « 2, @il Yl Fedl avid . /&9; i
il 215 Deeuizll 6ilew Deedi 4 U2 d UaBld Adl &
£9. QR olle Al 2otSlugnL ad SlRudde dMd © 2 .
(o112 Lsarainit) B9s (SlityHizdl »i weuell ez «{lsoll | RadouRe
A 69, M50 (4.5) vl 2L o
v =22 (4.9) |
1 T
WAL o, R 3L otz Al soncll amd duett Aol Bl P D,
8, % Deerll Blosul Fedl elu 8. 2418, 2l ol Glo,
2n2p2 g g
Ly =22 (4.10)
AFSAIZIA 518 2 €8l UR HHRA D 5 FHL 21Ul 21150 4.8 sl FuRniL. Grol
215 WREHEL HIS ALl UHY Al %3¢u 3 dl arxel sal Puiell G adl Bgdeudld 58l 3 »iaH,
(Blosul U 2R AL Al ALT5ASIAAL GUALaL, drl AL ot 2oiSluAot Bell 51241, D, 218 DMl
6121 UL a8 GlaAl Glaaion sail (2uasil)q 45U adousiz 1l AUl 52 8. Gae yae ud dleseoun
U ULl (o36118) 5304 uReuH adl 45412 uEd-l L LA HABL 53 Al 35U qtIR S,
BIOYY SAL MIS AA O, Al GUALL 8- YelElHL BidHL 24l 2R oLl Aflsoianel Wil widel
oflog il ALl (Implant $3094) d¥L ARIUHL tledal qodll (5l) deusti 2ua 8. 141
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T cllslasun

HIS AYAL Al WSIRAL gl otrladl (RS 534L) M2 4oL 41y 9. d-tl GualaL
SRUeAML ARANAF2e Ylel oirlaal Hi2 X 9, ¥ 0L Felrd 2 d-l Faurel w2
BuALRl 9.

BELSRW 4.4 215 ASsAI2lA-] elee U 10 MHz . Wil 4aBld s34l
Hie sed Yoislaaat %33 © 7 o Deestil Bladtl 60 cm €4, dl i waals a3
Beurt 8Aal Wil Beuald (o)l alfalled seel wal ?

(e = 1.60x10 " C,m,=1.67x10 " kg, MeV =1.6 x 10" J)

B3d flen 29[, WAl S5 gt Fedl Sicll ASHL. w520l (4.5)
214 [4.6(a)] w2l

B=2nmvig=063x1.67x10" x 10 /(1.6x10 ") = 0.66T
NEEEESREREN

L =rX2TV =06mX 63X 10 =378 x 10 m/s 8.

E =Y, m’=1.67x10" x143x10"/(2 x 1.6 x 10 ) = TMeV

QURAUL UA2USL (ACCELERATORS IN INDIA)

U5 2R Al ()4l cd udddl uadle 9. Al . Hadla A1, 195341 SlasdlHl,
sl S2lee s YEarR Bollsuul 3774 ASsAldil ol ¢d. el vl udl 8Bl oH
sisise-dicest (Cockroft-Walton) Uizl uaausi-l 2sll alel $-dlere s s9%-ed Ry (TIFR),
You, aelote Rem yMaRid (AMU), 1R, ol Sdlede, Slasidl 2 2 yRalid),
Al ([Agvusy )i 48 edl.

Lo1R{lUAL AT (~1960)-L e2L5HL 8R4l cist d ALs w12 o4l : 5.5 MV 2Bide Hell- cuoi
sefis Ra2l A2k (BARC), 4ot (1963); 35 2 MV~ 2lida uall S[3un $=éleae »iis 25idiw
(IIT), SIYRHL; A8 400 kV+i eBind Hall ot (&g yMaRidl (BHV), arwirilul; »1a dool
YRaRiE], uladiani oiwal. s 66 cmei A155AiZid USAL 22222 YHARIEH et 21w g, % ool
yRaRie], A€loiul stiad 4y s Wit 4R, Yol 215 il SAsgic udoLs otidaH 21, sd.

R 2 AL elasiHl Hiel Wil a3siid s, Al 2w AssARld A2 (VECCO),
Slesidml Ao AAD (deddl asi adl Glastql) S selgivi-l @l 2L 52Ul 241l; BARCH
2 MV+i 2= ait 8l s e Gley sl 2Ue dal TIFRYML 14 MV, e (Tandem) Ui
wsAldrer (WaoLs) auUd saHL U,

QAR ol YMARiA Ared sfaq (UGC) gRl, »idR ARl Guddlldl w2 $-e2 yMaRid
(542 A2 (IUAC), 4 [Redlui 15 MV exi UAZi 2a[Ud s3cUMl 2Ued; 15 3 MV, 264
UAZIA oAl HElee 2 [BHsuul; 2 6 1.7 MVl 232inint dalotle RaAd 2121005 F-ed
52122 1R FSAWRUA 2w R dal seussH Rad $FeL 214l Arer 512 212015 R vild 22fid
5241 24l TIFR 4L TUAC 6isl 2L 2uain a4, Gl Glo 34l naBid s2c1 Wiz quswsslaL LINAC
GHZLA Hi el Aol Sl AR 5UL B,

2L 21U U5 BURid, RULéie2 lis 212[4s 2149 (DAE) w1 6l2 481l SAs2id waoLsl [Asuieun
6. §E12 RAd, A AL AreR F1R Al 25Ul vid 215 2 MeVHl Rissigic 23taq A
SR B,

25U ot iRz (ADS)A Ruiéiez 2iis i2[is 21w ellamil Yidr Geuler i 219, Glost
Wiz %33 [Avisla geadt Aad 3al ald owll 26 9.

Gelsw 4.4
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dUfciirl [AEdouRl 2t 2oisc

45 [Agauas vis-u 5128 Hag Aoiludia, suai-aa-l Raw

(MAGNETIC FIELD DUE TO A CURRENT ELEMENT,
B1oT-SAVART LAW)

2Bl Fedl Aeisluall anllat o d st dl [Bednale (aan aulami
[QerdouiL) L SR8l 2iaaL sRlidl 2R s [ Uislis dotsla ALsHUlAL S1REL

€l 89, 21l 2Bl [Agduale e del SR8 Baurt adlL AeisldasL a2l
2A6irl AL 53190, A otliALARAL FUY o 2yl 214 S, sl 4940 Y
[aduats THRA digs XY e2lodl 8. 2 Al sl 2A 3gm vis df 2umui dl.
2L vigell 51281 d-tiell 7 HidR 2iddl [Big P ui Getad 2otsluaiat lag ©.
QR 5 dl e 2AUALdR AR A2l 5121 0 8. cldilar-AL Ry Ao,
2ot sluaiol dBd Hed [Aetamate Tt vis doils [dl]-l AHAHIAHL del SR 7
“AL cAoledl 4t WHIRML S1d 9. drfl Ba* df 244 rl AMLcdL AHdd dol 30
Sl 9, 2, Az 243,

(AgLdnats vis

dB o 1d ’{ 3>< r
_ M 1dlxr [4.11(2)]  2usld 4.9 owdleuaz-u s
‘ 4n r . . greld. [Qgduale vis Idl d-uel »
UL, U/4TC 2L AAHIBLALL A0S 9. 2l A6L4UAA dB Gurt 53 B,
gLdla 519l Hi2 U A5 AL UL 6. ® Rler 69000 0 3 o1 asl
VL &l Hed Yaelsril Uiriledl AHded dei3y
P dal drl ieasl R ©.
dB| =Ho 75D [4.11(b)]
. ;2

o, UUBL AR OLRUSIRAL AN AL BUHIOL 541 99, U5 [4.11(a)] 2ALUBL HI2

2ot SlUaLoL HOLoL A58 22 €9, ST2A5HIML AUHIBLAL HAGL S, ALSSU Y

h _ -7
L =10 Tm/A [4.11(c)]

€9, 2UURL ot Ao Hasial (5 giasiar) (L uHlaAEE sélat el

21 SluaoL Hiesl oAl [Rad, Rad [@edast Hie gdodl [Ray a0l sedls

AU A1y Sedls [QuHdltl sald . Fuidl edls 21 ool 8 :

(i)

(i)

ol @ioll »id2 (Long Range) AHl clol 89, 51281 5 oinl Gediell 2uua [Big L
AL AL A UHIRL UR SR AV D).

Autdualel Rigld oid &t 12 @) U3 9. [0 deddl ikl 3, gdl dad Rad
[Qedainl dl Gead, [Aeideurdl ol A3l 8 d o Ad 2Aeislugst d-l
BelH Tl {12 AHUHIRHL €14 69.]

[Rad [Aeidain x1[ee e, Hed & [AgdeuR al Gead 6. e sluat ulea Gealu
Idl 43 GeMa 6.

s dlx el (R MBI Slael 25l (AR a8 uRL 2w 6. AR dl el L AH LA AHAd YL
udal Al ofln ulel dg wald seul. w24 Ul [Aunadl g, duReul Az duzl
2§ 1A % o uHadl €l dluResl AR dHiel g2 ds €l
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=
o BRCIREICETE]
(iii) (A [Agydaiot % GealM i wasiaml eal (Bl Al 2aiaR uleal fauxi
8. Aoislugal, @R AR r i [Agduals vig TdlH AHAdl A1dan dot
33U,
(iv) cudiznaz-dl [Ram s uR 0Rd 9. % Rad [@ed- Busl 4l sid. »usli
4.94, dI-l (2o (2125 2viL a3 saldd )i »ide 5iS wat Biga Aoisluast 94 Siu
9. 1L [22H1 0 =0, sin0 = 0 21 dall 1581 [4.11(a)] 4rdl, |dB] =0.
U asiadl MRS €, wsd 2asta-l uHlBGRE W, 24 -aiasiaHl
ULl BU € A2 S5 JUUE AU :
p 1 -7 1 1
- (3) - i) 00 gy
Eolly = (4T0€) | 70 ox100) 10 GxI0Y &2
(A1 2er5ld d3otiAL WsRaL-84i 2L ol [Ag 4y 2l 539l y-utasiaml ustasdl
U 420 Sllal, €, QRUSIRT, HEd AN S1U 8. SIS URL s €, HUAL [y Y
il 22d oflord e AAssl 4 o B, ST A SHML, Py Yed 4T X 10 Fed FMbud
53469
BelsM@ 4.5 Yau vis Al = Ax i« Gedim Big u2 Hidl 8, 1 auidl il
[eduals T=10 A uAR Ad 8 (25l 4.10). y—18 UR 0.5 m iR 2etslugat
524 ¢ ?Ax=1cm.
y
| P
0.5 m
\ — > X
— Ax —
2u5d 4.10
P
Wy Idl sin®
|dB| = ﬁ—z [ls2L (4.11) u2ell]
r
g 7T
dl=Ax =10"m, I = 10A, r = 0.5m = y, p/4n = 107Tm
0 = 90°; sinf = 1
-7 =2 .
jdB| = 102100y g0 7
25x10
o1 sluaA-L [RaUl +z-[RUHL . vl AL HI B 5,
™ dl x r = Axi x yj = yAx(i xj) = yAxk
x AR oLRUSIR Hierdl AlBU [ die 53,
on
9 ixj=k jxk=i:kxi =j.
w N N c N
144 o L8l 5 Zorslaaote Hed Al 69,
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dfHirt [AEdMIRL 2 2oisca

84 ugdleil [Aeuorml 2l olaiiaRAL [FasHL GudlaL aduusiz du 43 Gestad

2o SluaL llal Hie 5319

4.6 [agduas qEq agousik uagous-dl 218 u Yuslua
(MAGNETIC FIELD ON THE AXIS OF A CIRCULAR

CURRENT LOOP)

241 (oo, dllousiz djao (Coil) a8 dsil »ta (431) ur BeMadl 2otsluaii-l
auldR] 5309). i ARidHL 2l 240UG el du, [Eeduds quRd yem vidl (1d7) 43
el 2AARAAL AU 5319 WRL 5 [Agrdnals T RAR & (edldl ell) i i aweidil

Usd 1a 519 (Lrtasial)ul s34 el

gl 41140 R [Gegduaie T quRd ollousiz uoll
gl 9. 2 U0l Bl R 8. A1 d- 3w Goilbig O wR
28 o A drl -z AHddHl 454 9. X-18 2Lt ULl A 6.
B -l e uR 2idal P [Blgad Aeislugil dltd 6. wRls
UL S 02l P 2idR X 6.

L OUOUAL Al s VS T HIRL.

gl 4,113 slde 8. dIHL 5131 Bedtadl Aeisluan
dBri Hirt otdilar-AL [y (35220411 (a)) el 1A 8.

Yo IdIxr|

dB = 72—

(4.12)

$d 77 =X+ R, 615, L o1oudl S5 WL vis, o visell viat
U iddl [Bre, AL aUidR AlRaq dot o, Gelgaw dils,
5[ 4,113 dI 24 y-z A1dddl 8 sUR el 218 vl [Big P
AL 22AldR AR r S x-y AHAAHL . 208l [d X r|=7d L.
el

Ko  1d]
dB =2 "¢ 4.13
4m (5% + R?) (4.13)

y

dl ) dB,

dB
R

0

1o X PdB,
dl
z

2usld 4.11 [Beanats ARd R Bosi

Aqasiz 2uou-l 2z (431) vz 2otsludo.
2l YotSlugia dB (e vis di-L 51R91)
i dell 218 (43]) YRl dM% de do g2l

gl 9.

dB-l (2w sl 41140 eatlell 9, % dI 247 r 4 oidl Auddn dot 9. sl
x-825 dB, €9 il x-viatl oL 82s dB, 6. B x-8e ol Heslel AU Sl
20, UL d A56{lA AUAE 52 69 A WRBUH Y HIL . Belgwl dls, diFL 5181

Yol 8es dB, <f 4ed (Contribution) dril @i+l AL 2sld 4.1141 el wes
A¥ HOAL ML A3 Aole AU D, WM, 554 x-H2s ¥ oA 9. Ayl UL WR

dB, = dBcosO Asarl sl 2t x-[2eu e wRawl ye 1A, 2usld 4.11

Hie,
__R
(x2 + RZ )1/2

(v R 2 r a2l S8 48l 0 1)

cosO =

A58 (4.13) 244 (4.14) ux4l,

pold/ R
dB, = 4 (2 +RY)?

(4.14)
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Gels 4.6

AL OO UR YEH Vil dIL AR UL URE 27TR edl Ay 9. tiell, Aysl
Aquusiz duL o P Bigt Gemad deisluant
2
N n,IR R
B = B! =2(x2 i o i (4.15)
2L wRewaAL (AR (321 dls 2Uusl 2 auoiHL S uR 2eislugeid yet dadl
ASIL. 2l or = 0 it el Ui
Hol
B, = SR (4.16)
“aL B, AqausR i ¢ld Geatadl 2otsluain il wusld 4.1240 sl Yool oy
auail 2L 8. ersludiat-dl leaw (ollo) ui-glasl »ioysinl (Huy @ saia © 3 12
UL :
a2l s sra-] 48l adasiz dir-l $2d 2 Ad adl 3 vel dwHiRl il
[agganas-l B sld. w18 slaml »(oys) Yoslugi-l o euiasl.

4

=&

2us(a 4.12 [Aaduas qRd suo w2 eisluant il Aoisludni- B
HAL-1AAL HOLsIAL [(HUY, 4 WO 9 % @il ealied . owousl GurHl ouogs
2oisedl Grir o ol astd R 1AL ol el@R Yo ol asi.

BELSRW 4.6 s 4.13(a)4i ealewl ool 12 A [Rgdudle Rd A4 diz
2 cm Biasdieil 214 dqousiz AUl Aol 8. HIRLS 2L AL 3w UR Zoisluant
B 9. (a) dlltL [Aewoll a3 Gemad Jeisluant 32d ¢ ? (b) AhdAqoUsIR Alu-L
$128L MOl B 53, AdUUSIR UL a3 Mo Zeisluaiot 56 2d g Ul 8 e 56
Ad dn 4ad 2ud B ? () sl 4.13(b)Hi sl 3ol 2 diRA dedl o
Brosiel uig [ Rl 218 agousiz Al aundimi 20d dl dHIRL %o
el el

b
@ 25l 4.13 ®
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dfAHIr [AEdMIRL 2 2oisc

B34

(@) &35l VS HIS dI A rAHIAR 9. 212, dI x 1 = 0. {141 vis |BHL 51
5101 UL 2.

(b) faAdousi AUAL 835 b W2 e2s dI x 1 Asellon Ui © (2
Wactseil Ulrtetl AHAAAL 2iER %, AL e5eUL S0 g HIAHL BHRYL 9.

el AAqUSR A 12 Bril Bl o grasl ol Fas a3 e
E2LUA B 2 e, HEL AQOUSIR OLLOUL A3 HOLAL Hirt 5l 28H S1U 8. 2114 &
B i1 Uil AHda doi3d vl Raldas 1.9x 10 T4 8. .
(c) BriHirt (b)Hl Macl Mi wed % Ui [ag [Raui vaal. &
BELR0L 4.7 10 cm Brosil Huad 240 viol WA 84l 100 {2l Hldd 215 ol
(Coil) 2l al, il 1 A [Gedudle wdiR a8, 21 AL Sl
2o Sluaiotd He sed eal 7
Bia oA viot WA el dAAd dlaell, 2l £35 aduusiz qes ()l
Bl 215 A+ R = 10 em = 0.1 m 48 sl 22t Avar N = 100 @
2ot Sluaole Hen &
BN drx 07 10°% 1 _ o 10 2 608 x 107 T f
2R 2x10 9

4.7 i usled (6iy susu-dl) Ruu (AMPERE'S CIRCUITAL LAw)

oudilarl FaHa 4y w0l 2 A2le Ad saiadidl ol Ad ual 9.
2L Asleat Mamul Al uu dtadl Hod (viedl) Auiél 2isu dami
29 6 (sl 4.14). 20 AuilHial [Eedudls waR A 6. 2uuel Al
vt ALl vidiHL a2l ol awslat. d dotsSHl 2tdl 215 vis LU El.
2L vg 12 UL 2etSl Aot uell (Tangential) 8es B, @ d-l 18 »it
vigell ot di-L oRusR s3>t (M : B, d/ = B-dl). 2Udl 6l QRUSIRIAL
ARALOL 5AUML U 9. AL LLSL A& Acll 4 i A=l vl afdl 2 d ast
(Limit) (2020, 2460 4100 AsaAmi uRemal. 210041 usled Muw Al
RUA 9 5 2L Asert AL AU UAIR Al [Agdmals i Pl ALRusiR susld 4.14
g2d 2. v2d 5,
$B.dl = p,l [4.17(2)]

Huel

ol T2 2L ALl el wiR Adl 5@ [Aeduats 8. Asa-d > Al axiadl Al CHl
614 U0 UR AelHl 2UA 8. Guasi A5, Heu glanl Fay o salaldl Asi-uenlest
(L) wetrt 53 9. aHRu glal a1iatuflalin i AL uR o [Raml il €19t d 2d
AL S % HI2 6l UL UR AsArl $B.dl dlg 8.
el 2iopsi-il Ba % Rauni [gauate [ 4e aRieiHi »1d 8 d sald 8.
sedls Guuloll 12, Ul 4.17(a)d 44 A0 @AW Yd A4S W 8. Al
(02040 21Ul 244 q1lal 5, icl ot ouoll (¥ A FURUA qu 5& 8) Ui sl A
€9 % % ouol-L e [Blg W2, sidl 147
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2% AAFQYR

(Andre Ampere) (1775-1836)

g W43 2BUA 3 elilds
W, oUlBldst A W1URIL
gdl ¥Rl [Agd ould Wl
sl i 531, 2iFuR
“Artuate] [Qaerel edl, % 12 au-l
G dl [asld (Advanced)
aURIAML WIdld edl. A8l 2Aed
(Oersted’s) s2cl 2l “ew
Wil od. ddl [@adudls -
oiscd AL Aol il Hie
MBI oL WALl glRMLoLHL
A SUL WL oL YAl
ylelM 243U 182741 ‘ssd
WOl AR [Agydotle sl
gedlpll (a9 sulidla Rgid’
(Mathematical Theory of
Electrodynamic Phenomena
Deduced Solely from
Experiments) WsURld 2dl. dgl
ydure 3 5 ol Yosly
ged,adauell (Circulating)
([deLdudleldl S8 €l 9.
wlFu [y 2w opaseu
(Gldlrt) edl. 25 avid d AULR
Aulela 2UE gHRI 2IHARL
wt oiell oL el 61 AN+l G2 &
LA 51809131 a1, sl
5612 UL A1) Qv avy 6 :
wid il (Tandem Felix - Happy
at Last).

(i) B it auoi s (usisil Baml) €l 2im B 24 210
Sld, Yl

(i) B il U0 d6i3Y €1, Al
(iii) Bllote aq SlA.

ed, HIRLs oo (it [Eewat )l deitsS L wie B sl Rl
€9, HIRLS 2L oL 4 BR1Ae [Agdudle T, 9. el w5 (4.17)
uRl

BL =], [4.17(b)]

R s16 AR HAAd dot Gl s sl 4.15 yaol

[Agidnals BRA eid doud-l A4l diR, dl 2L Fay o Ad

[agidéiotedl oRidl |2 Hee3u ad & d o d, 208 Raxe]

2joisluaiot-l oraidl AdansSel 53 asid 8. 2 Rald o ity

Gels2al 4.8+ saldl 8. 2a-ui dlfia suoi-l Alu adousiz © 24

Aorsluaol aguril uRan usisl Rauui 9. a2 4.17(b)l

316fl ooy M 2L [y 3oL BT Hol. diRell 7 vidR 2eisluast

2usisel [Baumi Mo, % Heu
B x 2mr = ul,
B = wl/2nr) (4.18)
irid Aol dIR Hie Gu-d ulReux asw 2[R siniel uYe 6.

(i) deald® 3 (dia 2a dadld oot dl), r Bididl adoHl 35
[Bigol orslugioid Her s vl Sl O, oflo Aol
2o sl AoustZl AR HR1A €. 8oL % AL e AL A
U IR AV O d (AA]) 55 2L UM 7 U 2R 9. ol
12 WRL AL Sl UL B3l U el €l 89 (AS Sl 1A ).

(i) adun-il 35 Bigal 2Aotsluaot sl Raui €l 8. M,
AN HiAOL Yo Sluao]l 3ol AHE]L adoll 23 B, ¢d
Ule 52 3, sl 4.1(c)HL, divisHl o8l wmEdl aqoil 2adl
gl 2 WU ¥ oid asl (BUL) A B dHn Yotsluaat
Wikl s¢ 9. d Rad [Agdesl vl %9 4K
[edouxial Baurt 2 el [Qgdeuyl 2s wa ddl
«t2fl. 218 1R a3 Gesradl 2lotsludiot Al iR s3el
wloll Agilels AELA 53D,

(iii) ofloal ~lHal dl el A & 5 dlR trid doilS-ll €lal 69,
crtell Algad, (48l Non Zero) 2id2 (2Acid #2s) 2otsluat
e A2l dlel ol dws usiilat 1R % d el vl af
9. i &ol [Agdudigdl AHUHRAHL 2 (teld doudl)
[Qerdnale Beatmell idel A WHIRHL 1AL 8.
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(iv) alow ([agdnats HRd) diR 43 BeMadl (Jotsla) aot-ll [Raw dltal Hie 2is Al

(2 9. el gradl Ry ddls stavidl 24 Fas 2 qae o :

clrt 1L el laell el I usdl s @l el [@QdRdl 210080 [@edudls-l

[Raumi 26, ARl tidwflatl e slaaiotl Rl adidl ¢al.

sfuudl ulfed Mun oudiar-Al Fad sdl 58 ueL Ad sddl el ol
2ot Sluaol i [Agduale As0 9, 2 ol RER [Agdudienl SI8L HoLdL HsAHIA
atlfels wRenHl o sald 9. % Jd geoirl My w12 ol a9, d % Zd sl
s w12 AL R 9. 28U Ran oA WREQUMRE 3 Al U 2uddl
aliles AR (Fotsle 3 [@edao)a viex 8dl ollo cilas wlL, P43 ast-l Gean
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4.8.1 AAUSS (The Solenoid)
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4.8.2 2153 (The Toroid)
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adua (TORQUE ON CURRENT LoOP, MAGNETIC DIPOLE)
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oAl ALdls dl Adiell Siell SSa. Aldr, 2AFTUAL [FuH-AL eloL q1 ©.
1L [Aet &l el 1S UL A1,

Bewsm 5.7

(b)
©)
(d)
()
(f)

2

- ()

9

w

()
(a)
(b)
©)
(d)

Lo

w

g

g (e)

Aoisly &l il 43 (235 Bigat) eaiddl Rl 2ei3d 3@ Aqd (d
[Bigat) ollecid €9 (s iR Ay 89). 9 Aeisla st it AUl sl
[Aedouz 112 825 Biga Yoisly ol uil eld & ?

2IRAHS-AL 2161 @101 (Core)Hi 2otslu 8ot Juuil AYRld: AAdl €l 8,
uig AlaL Aid-S sl gl e ?

oA 2e15l4 15 fellHil A1 Retced dAdd ld, dl eised 2L L HaHHL
g s usd ?

9} UL 2oisi Ao 51U AL drL il UR 215 @ ? 9 [eiduals tlRd
AL 25 vig ([Aewor) d o direl ofloa [@gdnans Rd vis ([@ewdt) ur
6L AU ?

afciirt [AgidouRldl s18L 2AotSlanl GeMd 8. SIS datddl Al
(wRewal) [Aadeur g €l dlut dn e sl A4t (Hii-e) $iss s ?
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Bia

(2)  +ll Yosld 6ol SR Bl dot3U €l 69, (dle 28 5 Yeisli ol = gu X B).
o151 &L JuUALA Aot51U 6o LAl 58 MU BRI M MG B

(b) o (Aeasla) &ot 2ouil AL ALAAD AL 6L DL 422 o A foiBd
€ldl, dl 825 941 U~ L8 9eHiell AR A $AUSU Y < Aldl. U Aot
Bri 515wl oid ysHiall uAIR A s6 SAsA 9l Yt Gl ASA.
2IABS H1e i Hesell el el 512805 dnl 91211 % el

() 2otscd Miesll olitrl [y e2ld 99 5 5165 vl o8 yrsuizl uR ad Bei
5AsA N YU EU D, [(B-As=0.
o 1544l (Monopole)iReica 42uadl iy dl el 6uy s 4l ddd
wsgedl (Eotsld MR) g A oR1eR €ld. (Rad [@ed HieHl dlisil
Fam-dl g [(B-as= g, 24, g, sad A18a (atsydl) 2oisla o
0.)

(d) -l (Retse) vig ([Acuol) 4l Geatadl A slaanL 4l d o vis U 1S 6l
3 215 g el uid d o dizeiofloa vig u oo (3 2i5) adl 8. (il
Rl 2155, (331 HI2 % UL 610 9L €14 69,

(e) &l cotmi 8l [AedetR- AU Y 9 618 U, U, FEL-YELUALS
Al gy (Guonil)L efld wadl 2oisla ALsHAG AU HEL Y -
weL Sl U8l URIHIAELS Ueldl IS AL W5 BElEAMHL A5y 5
UL URHIRLALAL A0l [A2Ld™IR 9w €lal o9l dxel Alvwil (2otsly)
(a-gicll A5l S1UL 69,

54 Q%Cil;i %l;btfscq (THE EARTH’S MAGNETISM)
29UG UL Yl orSluaotdl Gedut sl ¢dl. yeell«{l Al uz yel-ael 2 yedl-
361 Slu 8o+l Woto1cli 9 El-9gEl Slu B; e Het 10 Tril 54+ .

yecl-f ot Sluaiol SUL SIRELE d ¥ e el uddl id HiralHl 2idd ed 5 yedl-il
U2LAHL G clrfl Gl 248 U AL VoL H12L AL ZotseiL SIREL UL 6L HEA BeMe 6.
URUR ll UL Al ALg, [F3uRL A el o, ¢ S Hirtal 2Ud 6 5 yeel-l [ eudl
(o161, Core)-ll tlslrl [zl 28al [otiie wandl (et cdl [oLdiel divis 24,
(se )<l s Al 5120 [Agdnalsl Geetd 6. %+l 5128 Juslaast Gedd 8. 2
AHAHL AR S8A 6.

eIl 2otsly aot vl Yl el dal (steulss) eisla G-yl (i)l
oAl %ol €9, AL Uil e, yeell-l orupl e A8 18 e Al Ul sld sHeL
e A8 oL 11.3° gedl eadl 9. 21 Ad Adl, i (G5l 51280 2otsld &t vl
yelui il oteIR 50l 6 el AHIA B Al Aeisld ddl udal 9. Aesld G gard
2217 79.74° N tatial 210 71.8" W 2udi9l uR, Brir 3n41ml suis 2uad 9. Aoisly elaw
8 =215 5141 79.74° S, 180.22° E 2217 AL B,

yeefl-iL olloll[es Brivga WA 2ddl 4o G 2otsld 4 58 8. d % d, eldllas
elAaia wiR 2iddl an elEeL oSl o 58 9.

L'S w239

PHYSICS

/3ew093/3as/A03 eROUIPIUMMM//:dNY

suonsonb poyse Appuanbaay pjoy sndusewodn)
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galdl -uHsenl dldls edlal 8. o 2wl yedl-l ol
8oL UL S (sl 5.8), Ll wslat 5, ol 2ieisel [Qudld,
B2 2eisla Ha (N,) U (etsla) &iol el 2ie: wddl 6 2 efan
2ot5l4 fa (S, )HiEl el 2ud 69, el weudl el Hie udl 5 2oisla
ALt Griz o (yeell-t) e sld G (2ol drs el ¢dl; dotsl B

f1e vl G2 [Bal dzs 28l (G2 Bau eallddl) dlaiel de 21 A ua,

24, lsaul, yedldl e Gu 2eisla ga el 5 yedl-l vie-ll

2u5(d 5.8 [aua eisly -4l
al yedl

WY

AL 2ot eragadl s ad © 247 dell Glag ual.

Gerge 5.8 yeel 2eisluaat [Ayagn Wl qateial 0.4 G ged, 9. yeell-l 8-yl
LsHAAL (SLTle HiHe2) AL
B3a
A3l520L (5.7) wRell, [Ayag wa e sluast
M
E™ 4l
WA By~ 04 G =4 X 10° T 200 8. 7 ¥ »uudl yeedl-il Bioa
6.4% 10" m ass wdlot. »uel,
4x107° x(6.4x10%)°
= B, /4n

=4x10"x(6.4x10°)’ (U/AT=10")
=1.05%10° Am’
N . N Qo c~ 22 2 Y
% QYOS Hierll R SHL eAL9d HE 8X 107 Am il s 9.
54.1 4nslu Iselian (Declination-[8 5Uldsi) 2
flu (Dip-H-518L) (Magnetic Declination and Dip)

Gewsw 5.8

yeeflfl Audl v A8 2aa (i) w2l 20 Biga, wia adu-l B
ol Grz-elaa Bau eald 9, dutiasl G 4o ds-ll v w12l G2
Bau 9. yel-il Guel 248 24 utial g A Gt dude Glolls
ada (R4ur) sdad 8. d o Ad U8l d 221 244 Yeel-l Grz-elaw
gl Al steulis vumizl AR Adl Gt AHAUA d 2L Zotsld
gadad (HAdud) dls cvalid s30 aslal 240 wxda Y-l 2wl
vt el adaui dedl. 2uel, AR AHdaH] 45 Zd 53 4 dn
deslad Ausla ALY, qotsly adaml 8a 2 Ald-l Grga (yedl-l)
o151y Briz 4o d2s dllsalal. 2otsld Yol %Bisdl i yeedl-l etiolilds 2ia
w2 Al el (dHel) €lanel, sl gada cllolifels dade 118 215 vgll
ot 8. 2A4, o (1811) 41201 GLEILRLS GriR 2t 2otSld A1d a3 ealdal G
250A 5.9 wullir weden s AL 5L, B bR 2oisld Ssdla vadl ssd sedlman sé 8
da 53 0% ddl degly A Aersly (2l 5.9).

Grz-sl@el Bl suld ©. il 2ol Hie 35l Hig $ld 6. IR [Anagd Wil d i €l 8.
186 MRAHRISARAA I B, % B WA 0°41'ED. 24R HAS WA 0 58'W .
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UM, L 6l 2217 o1l A1y @oteiaL 4R G B ald o,
215 ofloy AL uRL el %330 8. % otsly Alu 2Aoisl adani Aulalas »e ur

2l 2l Agfed 530 Sl 5 d Aeisla gadani elan 52 as dl 200 wElay AL 2s

-~

BRIl oieLd, €9

(215l 5.10). At 45121 (Angle of Dip) 58 €9 (% 1+l UBL 5SAUA 69).

UM, AHASLRL L Y2elll (o 22) g 2Aeislaaot By a8 yeel-l Auiél 418 oiridl 518169,
25l 5.11 yeeloil Awidl uz P [Bigst 2Aeisly fadd eald 9. 24 qudd yeluizl

2l 9 9. P [6lg WA et Aotslaaioin oL coHl
(Aol 53 asd. s wlElay ges Hy 2
olloal Gtd ues Z.. By a3 Hy A1 oiidl 512l i
AHASIALT ),

B2 ANoUAHL Hi2leuoHl Au- sl Ll
Bri 4o (941) il drs AHdl (s0dl) Sl 6.

2u5(d 5.10 agu 21 Hondls AANLunn Aadl
yeelel 24149¢ 9. By 2t A Bl ves Hy,
ARl 518 AHASEL (ARl s du) 9.

A1
Gu /1
! H,
D~
p U
ZE A4 i BE

2u5(d 5.11 el Yeisluast By, -
wlalay 2t dot aest, Hy 24 Zy,.

2L GuRld 3seilart D 24 A 21al
AuesieL (il s du) T ealen 8.

d % d, elEel tond-L Weenaul Aus suiddl Alasl efagd A ds eadl

S,

yeefl ) 2wl uz 515 Big, WAl Aosluast el 12 Ul ~18L AR U s

WS 2 3selAan D, A sieL 2A%al Aue T, 2t yeell-l el AxEifaos 8es Hy. 21 edin

-~

yYec{llL 2ot 548l ddll (Elements) 56 €9,
Gtd gesA Z, a3 sallddi,
7 =Bgsinl
Hy=Bcosl
ZE

%yl tan = H,

[5.10(a)]
[5.10(b)]
[5.10(c)]
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gl u HRl S A (Sisiisdl A1) 9 eatasd ?

(WHAT HAPPENS TO MY COMPASS NEEDLES AT THE POLES ?)
SURL (€lstiaAdl) A 2s 2otsla Al ondl Sl 8 % s tally Big u Balid 53¢ 8. 2R su
(815124201 AR A S1A AR o 2 2w WL YeellAl A (B B2 s+l [BAHL OLsa 6. 2AH, SUI ALY
o 22 2eisl aadai 8. yeel uR sl ot eisly vilHoEl Yosu UHIRAL €l 8, % SWR (€lstia-l)
AU 2otsla Yadanial [Qaldd 52 9. eisly 3selldad ARldl ldul dl siusid swid (Sustdiat-dl) A o3
galddl A2 yeuzlA 2l G Rau Holl 2% 9.

N | audell i g duseat
(Compass Face)

Y Ad 531 wsdl 2Aotsla Al %
oisla Gz (N, )<l [Reuni ollsaud 6.

N

n

cll 2AUBL AL SUIA-L 2ot514 Y U A 5o dl 9 49l ? YAl uR, eisl asiuusil dotgt ool adl & (vl
€l 9. el (Fotsluaiotdl) wilElas aes Adlad €l 9. o 21 AA §5d A1y Anda] $30 a5 A4 i, dl
d S8 ua e ealdl w3, ¥ Ra-eds a3 BieaGualoll as . 21 Busl 4us saladl (Fesla) A
BuloL 534 BB ¥ (ersla Al ML) 2l WA O 5 w2l d yeell-l 2otsludiol dR1adl G aidan gl
23, U Bruml Swiadl A1 2otslugiol 21 Gt 018 oi-idell S8 eald 8. 2ol Yal U i A Al {2

axsl Ra ealadl. ‘

BELRR 5.9 515 2@i--l oSl gadanl Yol eislugia-tl uqlalay wes

0.26 G & el A4~ 512 60 B, 211 226 Yecld, 2ot Sluain ed ol ?
B34 H, =0.26 G214 8. 2k 5.11 u=ddl,

H
cos 60’ = =&
BE

H

B.=——FE
B cos60°
_0.26

= W2 =0.52G

Gewsmw 5.9
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el easluaia

(EARTH’S MAGNETIC FIELD)

2 A1l A A ASHL 5 yeedl-il Uatnui vier W2l ALl 3ots 8L 9 Fell 5181 2ol 2eislugial 9. yedl-il
BlErAl ML dlvisel vilFogtL 2L GldIR AL 69, U 2id, el 5 dlvisHl vied Hiel 8 258l (Block) 2otsla
Grr Yaell 2etdlu efaga Yol [Rddl . yedld dein (2161) viot oM 2t [WaLdld 8, dal 2uaq i
[Fseeil el yeefl el 2otsed HI2 FAUOLEIR 8. 2L YAHIREL 4812 A [&d ddl 9. 2ga [aLdd dela (a1e1) e,
cell d-l otsluaist <l gy HlHel wRerel 53 6 2in d-d Aotslaaot 4] +6lo) 9, FAIR 912, ¥l URGHRL €2
ol UL 53t 1Rl 38U €9l wg] Uoio 2AotSlUaR 9. 214 9dl, 24 AQAHIT (BHAL) WALl 247 A 2siell
Avial {12 %33 Glod suiell 1A D d ot 13 2 4w w1y, Al AL oHL BRI FOLHER A el ULl D ¥
A WML Hled 2ol aat .

2200 012 yeeflL 2AotSluaioinl adl 33512 B URL HUs AUE AR Ast 9. YUl Gid 1dal AlR
Yol 8l [AgdonRd sl yedl ds 2in defl 210 usL ol 52 6. du-l auld u yedl- 2otsly &st 2R 52
€9, e AH o uRL yeeleL 2o slaaiotedl el (Ruipil) U AR 52 6. Hall WA 2oisluaiotdl elid yeefl ur-L il
(RcuRLrl ettctel vevellad asll et 6.

yeefl AL ot Slua-tul Ay WA Al 33512 U2 56 9L 25MS A2l Al uRL UL A8 251 UL 32513
2AULA 9 12 Al AL AU £ (U1 W2l 35130 UBL A 8. S 15802 1820+ 240 atixit o efHdissl
% MRl Guetod 8, d AR ddrt vid HAAls Iselladul 3.5°1 3812 241 9, ¥ eald 9 3 Yl deial
2or8ld Sl AU A2 AU 61ed B, clbl Al aHaouoml, yeell e sluaotdl (2o Gaeidl diaid 1y ug)
8. slailee, Alvis (Hdn) B D 1 oeloubll A1 2Ald U GRUICR GLEIR 3514 8. UIR B2 3 Uddl S1U
il Bl AARAIML FRALE WLl S1A d £ dAHL EAL QLS AL 5L, o el Yl otslaaiotl [Rawm
Alsalld B, olAle L Ml Aotscd HRAAdL [AAIRAL 254l eRdRa{lY e eHUIA yeel-l
2oislugiot-l [Rau otedlai-il y1al sl 8ol diz woll ue . ‘

5.5 R0 A1 W2 5 dlsial

(MAGNETISATIONAND MAGNETIC INTENSITY)
yee] Act%lartl 2l HLdMidel decll 244 Al Ml €. 241 Guid st wel Adl

Bl Aol 20 dedl 5B A oiiedl 9. HUUBL L gedixil 2otSld LRIl
aoflsel 5320, AL [QEIOHE, U8 0L ARUAML Hee3U i ddl Sedls ARl
(Terms)-l AR 5319 24 AN

2AUBL A, S 5 URHILHL URGUBL 52l SASLIAR Aeisld ALsHLAL (Honidls Hinw)
Sl 8. geuel el 2L ot ALsHEL (Hide) A2 Id GHAA D 24 2uyRA uReuHl
(RAvol) 24904 2l 2eisld Aol (HowEls Hidee) Ul 05 6. 20U 51 sl
(ueledl )+t Hortelatd M dril 2154 st €ls ulReul (Avvil) 2lotfly ALsuisi (1oRdls
{2 ) ol o RAd s301 el

m

_ net
M= —= (5.11)

ML ARASD, FAURBHAL A D, dAl A SEHAm D,
254 ol €ls 1 el BRlAdl 2t [Agaudls THIRA s dioll A9 Ui dl,

NUAY

ALAASGHL BLEeAL GUOLHL 261 51U 8 HE 21UE oldle e d Hool, 189
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B,=u,nl (5.12)

oA ALAALD AL HeRrUL ML e, 54 GRAML A 5 % HOA2LERH9UA 9 L €14, dll
AlAASL viex (Alotsla) dx Byl af ¢dl. AAASAL viertl cuoLul 2Avvy &t B i
A saldl asia.

B=B,+B, (5.13)

oil, B, 219101 (512, 182)4i 28elL g ol Hoid 8oL 8. 2 AR MO 9 5 diRLe L
8oL B, 2 Ueldril HoA2tdar Ml AHUHIAHL Sl 8, % AL HogoL ealUd 8

B, =u,M (5.14)

oL, 2L ALAL-ALARAL [FUHHL 209 9 d o 208 (atasianl uEBe]) 9.

215 oflof AR Azt H R A01050t 8, F 2ot6ld dlsicl 58 8, 2 o {13 Hogot
UL A 6.

- % -M (5.15)
opul, Hrtl WML M el % 8 21 dl Am il SLsHHE HUAMl 218 8, »iell, se
2ot 51851 B 2L Harol dvll AsIA.
B=p,(H+M) (5.16)
2usL vl gl 532l saldlot Ul usidHl -l e g Aoisludem
HOLAL $L0UAL 6L HIRLHE AE2L 8 : 3L5; oleL UROA ¥4 5 ALAASML Al [Agd dasa dl)
£ anl H o3 ealldid 9. ol 2128 3 M 2eisly ueidl [ARre v 5129 9, 21 oflw
AR UR oted UR6LIA AR Al 14 8. 241 61EL 21421 RIS It 241 3oL BlUd B,
M=XH (5.17)

NN

ol X, 2 uRML 3 2020l 89, % 419y, Ad % Aotsla (Hon2ls) AR 58 .

“

A Zotsld gt otiel (erslu) Astl 3dl uldend (Response) U 8 o sald 6.
51025 5,241 32ells dedl HIZ X L 4edl ealledl 9. UAHARS dL% vl godl HI2 ds
U Al i el S 9. SRS dRlS HLObLAL gL HIE e 4 Al i BRL €1y

£9. 211 6{lost [30HL M 24 H [Q2g [Boumi eld 69, 4H{15381 (5.16) i (5.17) wrdl
B =u,(1+X)H (5.18)
= MO Mr H
=uH (5.19)
oul, = 1 + X 2 R Asd AR D, ¥4 ueld-dl e oy (HoAdls)
LRl 58 6. d RaUdfAgiduil Hhadl ASHEASELs HHANLS A8 AL 4R 8.
gzl 77215 URHABIAZ] D A el UWRHIRL A SLEH UL L, FAL% D :

W= Mol = Ho(1+2%)
2L ARAL X, @, 24 @ 2Ls6{lon A2 A50UAE] 9 244 dHiel 516 s % @A 9. A
190 L5 20 14 Al eALS1HL oL Adansell aeidzl s asiu 6.
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51025 5.2 300K dluMIA 324ls dclil oRdls naleBidld)
(MAGNETIC SUSCEPTIBILITY OF SOME ELEMENTS AT 300K)

s o

[izate ~1.66 X 10 AU
diot —98x10° ey

dRL —22%10° siflusy

Al —36x 10" [iBiay

Ay ~17x10° RESTED

Wil —29%x10° B
AUS2l (STP) 5.0 X 10 (4% (STP)
2l —2.6X 10" RIEETY

Rula s —42 % 10° ENEER]

BELERR5. 10215 ALAASSHL el HiAL (513) geur{l urd et u (A Bl 400 6.
ALAALS AL il il males A el wdarsd. iiaiiel 2A [Rgdudls U
Ay 9. % dul w15 Hle €l 1000 el €l dl (a) H, (b) M, (c) B i
(d) Haatdailor uate I <l aridl 5.

B3a

(a) &>UH, 900l 44 UR UHIR AW 6, el def HeU
H=nl =1000 x 2.0 =2 x 10°A/m

(b) Yeslua-l B yed
B =uwupH . 5 3

=400 x 47 x 10 (N/A”) x 2 x 10" (A/m)
=1.0T

(c) Hoadad
M = (B - pH)/y,

= (MruoHS— weH)/uy = (u,—1)H =399 x H
=8 X 10 (A/m)

(d) Honardoflol [agd uats I, 2 Sl SlRe1wlHl ALAAS L it
2lex UAR sl %33 ariRil (e waws 6 el ga [Qeduale skl
glasdldl Had B yed »uu.

218l B= pn(l + 1)
[ =2A,B =1Tuxdll,,=794A.

5.6 gediril o1l R HL

(MAGNETC PROPERTIES OF MATERIALS)
210 URAEHL sl AL gl SRS, UARAELS 2l 3RS )%

Qoflscl sl 2uuRin Hee 34 Al AAMSBUAZ XL ieciul, 2 X BRL €A dld s

NN LN

SAHIAELS, K-t tet Al Sl dL-URL A o X LG Al Bl €l dl $UM0AELs 6.

S1%s 5.3 osldl U 2L ueldl @Y v 9. 216l GaHAEls vslalal el
YLl M1 LS ALl 4 Aval € Aarmi 24l 6. lRes 24l 1L el [@otdalr

ISR KT

01'S 162M39

23 X
1.9 X
2.7 X
2.1 X
1.2 X
2.6 X
2.1 X
2.9 X
6.8 X
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e
S= =

(@

(b)

2u5ld 5.12
(a) Sao-dls,
(b) UAHELS god wIA
o151y &t el adels

192

SRS 5.3
SRR AN S AN S

-1<%x<0 O<y<e x>>1
O<u.<1 I<p.<l+e u,.>>1
U<Ho K> u>>U,

5.6.1 SLUAAZ AU (Diamagnetism)

SAHAELS uglell Ml S1U B 5 % ollel YorsluastHl Yl wenell ot 2otsludinl
dRs ol s dal 1R1A 9. oflon AeEln, 2ots FH vl 25U O Al [QuRd d
SRS Uelda HULSL S,

sl 5.12(a)Hl ollel Aotsluannl Hsdl suondls ueld-dl gsdl saledl 9.
BRI AULSHA 0 DL2A 5 6LSIR dRS H3AA 8 2 gl 8o () dlsidll) 22 8. el
1oLl (BRaudu, St 5,241 salledl 3arel, vl Haldl 10740 15 ol Fedl Adls o Eiu
£9. %A AU Aot SlaAAHL YL L 2L (SUHELs) 258 Hotnl ool 8oL dRg AL

s losrel el U0 AMYL U Yol 8. uMRML YBaA- iU S8l
HHEL 53l SAsRIA salld Sielly dormid 1A 9. sauMl sl 2 HAsIA [Agduals
Ul oAU AHGEL sl 2 dell o salld eisla ALsHL (HorEls WiH-e) Hud 8.
SQAHAELS ugldl Al B 5 Fuel w2 el uRaHl sl el (Moddls
Wire) 4 €l 9. Aoislugioidl glailul, ¥ Sasgiqi-l el Asuei (Modds
WHwe) d o [RoHl €l o HlHL w6 2 -l [Ag [Raml $ld d 358U usd 8. »uq
sl (A Yool URA [Agdualenl 51200 s 6, % dH W5BI-6HL MBIl UM, Vil
ueldl 0 At [ ol 2l (uReuHl) 2otsla aLsHisll (HoAdls Hidwe) Geurt
530 2 dell AulsNI B,

[Braua, siur, ds (), Rulesid, Ad2iert (STP 1) wisll 2is AURZUH salR1SS 2t
Sedls 4lMondls ueldl B, o4l o gellul QAMAdlaM €12 8. Uig HlelewolHl
(3221241 2L 2442 Mled] o] Mol $lu B 3 URARAZBH 247 3334 43R <l
24w, HURAL] AL WA .

AUR 58520 AL USIR-L % SRS uelal 9. d vt (AL diusii 64 536l
gt © % YBld: (Perfect) dlesdl it Yeld: JAHAday i ol eald &, el
8oL LUl (seell) Aysl eleR B3 9 |y =—1 20 W, = 0. YUR 58522 AotsA 2iuist
£ A (yerieil o{low [ 361) 2ois 6121 2UsHE 8. YUR 5852341 sal Had) Ayel
(Perfact) S141H01 1Ml A4 el 2l SeAL M U], FidR (Meissner) 2142 5& €.
AUR 58522 eisinll ©nll @ouInl dlMelds Gudlol 53 astd 8, g5, Aotscadl Glasisd
glscll 2t 24l (Superfast Trains) 2.

5.6.2 URAHAZAH (Paramagnetism)
UARAs uglal il uelal 8 3 ¥ ollel oisluantul Hsdl (el 2otsc el 53

)
~

6. o [l o1 Sluastell uorn 2eiSluainl ds AUl sl daRl B 8, 2ed 5 dil ol
35 (Rl s8Rl @A B,
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Hysterisis in magnetic materials :
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Interactive animation on Faraday’s experiments and Lenz’s law :
http://micro.magnet. fsu.edu/electromag/java/faraday/index.html
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fqR1ddl diasHl we [Qgdaioisly viade B2ld © siq e aY 45dusl Bd 6.
AL 5 WRd natgl-l 2oisla AsHizuil (% ould-dl (A1 52 9) ualel gl
B BAFUL UR 2AUHIR ABLEY (U5R01-43I uHl58 m=TA ALe 53L).
2L 8l5d 2ASIHARAL Hidrl A6 (Cores)Hi 843l Udle Balsal Hee3u
AU D, HA5ELS HieR 2l 2Ll i GusalME oju il o1 U ladid
€1 89, g1l nalEl HMA91A B 5132 5 Al A6 2124 53 B i GWHI-L
23U [AeLdGloell o 53 9. Higdl 9161 eirilaldl MI2 Hidril 2UcRel (Aau
u$) (Leminations)-tl Gualol s34 813 dalsin @eldl asid €. il »dRll
2 el (Lacquer) Fal talss Uelddl x1e0l U3d $ld 8. 1L iRl

NN

AHAG Yo SIHEA AHIAR % oA RS, Bl Al gu Hatg-il el sl

NN

%, vl 22 gudl uatesll dlady qel 8. Qe Gladd Gl iy 2

[gduaisdl dladiql 4ot ur U uvt 9. defl Goinl uHEHl it
CERDICE S

gl uatlél s2els AAIUAL GUALHL AM SRS © FH 5 :

() gl Hodles dslor : wen (alsaeudll) ([Qeazost sedls (ded
AaAAd 2l Wl Guz Rad €l 8. wuR [Aeidiest alsd an
89, AR 2l URA 94U uale sl aUfal (A1 52 8. 2uul 519
4iB1s BL1LLL A Slatel eLsToL 2442 pest Add ©.

(i) [Aga¥esly »q4eq (Electromagnetic Damping) : 5edis
Siedrix{lex i Braiotslu il umalluia oidl R A6t (S1R) €1u
€9, %UIR AN Blédrl 53 B, AR AGHL Bt 2 et gl ualel duld-L
[A214 52 €9 24 920U eyl RUR RAfAHL cud 6.
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(iii) 428-@g] (Induction Furnace) : ©vs5e il Gualdlel G diumie
Bt 530 des g ool Marig duir 530 asid 8. % didii
slouadldl €l d-dl nawn dlkid ojaouisl s G2 wugltalel
piceiElal UAle (ac) UAIR 5L 2Ud 9, ML Geurt Adl gl nalel
de ulonoil 915 decl Gl diuMil Geur 53 69,

(iv)  ddsgls waz ez : Sasgls wiaz Hlex (diriaiot 21y )1l A sdl digl dsdl
(Disc), 943l ualdlal 5128 3 8. 2203l wadl (Sinusoidally) eledldi

WSl glRL Bt 2ot Sluaoll g1l sl [Gednatsl AR scUHL 21 8. di
AMIRL R+ LR Hl2Ml sl A5 dscdl 1S w51 L.

[Agidiendla saven

(ELECTROMAGNETIC DAMPING)

siey[ay 2 YAl e A AR S AL 6L ULEL ULANL A0SR USU el REIE 2w UR 5A% A3
Al Gledl AL WHUAL HIARS A Sl Al UA AGUSR Jots dl 2 de e25 WHUHL Al D usaL el 3
2615 dil Ut BLULA WU ol AL 2l gl 5 el wSuHi 9Ll 2dd Fots wduHial ol
2iLadl MRl dedl % AHA A 9, Fedl WOU AR d % GRS 91l 2 U d AL, 835 [BAHL wduHiyl
OLEIR UL HIS A % UHA & & o UHL AR B 5 2ers AFAMAH UHUAL BRAML AR AHL A B, U3 AL HIR
69 7 d il waldlnl SRA B 3 % iHRUH WU Uel A1d 8, % Yoisld sesA 351+ 212d 5, 2ois+il ol
(A8 52 8. gadl nalg sRA aUaAus oo 2otsl alan AR 8. 2udl we-ipA [Qgaesly saHet
(Sdsglionles 33ylor) dls ol 244 6. il 5, Wl wdusl 413l uatdl el adl el R8s d s

U5 AALES B FUR ANYPUFHAH 215 ALSs O,

6.9 U5 (INDUCTANCE)

S5 L5 9AUUML el 25 28 21 AU g1 FUSAHL F51R Bt 53U 2L o
% AU G121 SUSAHL $381R 53 [Aesduale WRd 53 wsin ©. 21 6L WRRA2IA ¢d
ugdlil 61 el-[AMIRlHL A1) agladiHl 21Ad 9. A 5, 2L ol [BR0A4L, o0 412
AsoAE U5 [AeLARALSAL AHUHIRHL 6. 1A 5, Dy oL T a4HL, A AL HISR
(o[Hfel) AHA U8 oeeldl A Sld dl,

ddy dl

Tar T ar
vl o 125 flaloe N 2L O[A0L Hi2, 6Ll w2l Al8 AL 2otsld ses Asouda
12 69, AR LAV AU SUSA DMl SIS ALK B, AR 85 2L W[l emyf L 101
24 89, del, ¥@o sase (Flux Linkage) dils 2Uovid s Ue dugd 8. % ol %
425 dl219d il AN Hi2 Ny, 612161 €14 € A Hial (B

N® o< I
2L AGHHL AHUHLAAL HANLS H25cd SSAUA 8. 2UURL B9 5, Urscat oo+l oyfH e
(A1) 2L gl AR LRIHHL UR % HIHIR AT B, 2L olotd SUlexuAL Fll B, ¥

219
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AHIAR W2 UR{leR WIS e aotst i e a2l idR (oyfHle) i a2 dal Hs-L uAlRgd (Q99asils)
AN{S K (sl 2R 218144 ) u 1R 8.

Bascd s AR AR V. Al uRAEl [MLT A7) 8, % sasuril uRHEIA el uRmel <3 ouofld
(@ousR 530) UMl 219 9. Uscrdl ST 2154 &5l (Herny ) ® 7 dal H glal salddimi »1d 9. s duil 3
49 USAHL [adiotsla 9ol ale) ¢d, dsel Hissi 2il - siucidl s ed, ¥ $odwmi 333+ sllusll
Aol 8.

6.9.1 =04 Y5 (Mutual Inductance)

2150 6,151 [A21R 531, % 1ot diotl 6 AHad ALAAS A 22l 9. U viertl AAASS S L Brosui
r, o s dond €l et Avai 77,2l aldlal ok, olel WAALSS S, HI2 2L AR 2AAsH 7, 247 1, 8. N,
AN, 255 S, 2 S, AN & Hi2lisll v eald 8,

AR SHL [Agduale Tml AR s2AHL 2Ud 89, AR d S HL Yotsld sasu walld 53 8. Aldl d-L (iRlels
sasunl) @, gl el 2iim 243U WAHIOS S, 12 As0UAA 585U

N,@, =M,,], (6.9)
8. M, ALAALSS S AL AAASS S,~ll A1UEL 21r2flrd U250 dAZLE UAVAUHL 2AUA 9. AL 24wl H28 2GS a3
EENEPETRTENTE RS

2L AUlel Al AAASRU 1S M ,ril otatddl sl asd 8. [Qgduas L 518 S,4i qutsluéd pn,l, 9.
UREUH AL S, Ale ASUA S5

N,®,=(n,0) (1, ") (o151,

=u0n1n2nr12112 (6.10)
€9, UL, 1, 2 ALAALDS S HirL s 21l AvaL 8, 204, 1415321 (6.9) 24 L5321 (6.10) U8,
M ,,=Won,m,mr, 1 (6.11)

UL 5, 8L IR (941)<] AR 10180 8 2l Yotsluan
Uo7, L, AEAALDS S, AL ot 247 USLOUS UR 215 UHIA AcllMi »Udd
8. ALAALDS Aloll 9 312A 3 [>> 7, © d AUl Avdl 24l 245 413
AlRsedLe.

U8l ¢a (A (Btl Ul adgl. s [Agdudis 1, AaIHs
S, Hiefl UALR 2L £9 24 920U S, AL ASUAG SASA

N,d, =M, (6.12)

£, AAASS S AL AWMU My A HAASS S,oi 24e4led 5
S8AUL LA 6,

(Raduals T, 518 S Hidl s s Ayeiud S -l »ie % wulled
28d 1L AU B, 51200 3 AIAALDS VoL % Aioll 9. 1M, AAADS S,

N, tieiil s
. o a59
25l 6.15 A dons 1+ 6L aiou IR AU A5 5
Azl HAASS N, @, = (n,)) (mr") (Won,1,)
220 8. oul, m,l 2 S, ril e il AvaL 9, w5l (6.12) urdl,
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M,, = uon,n,mr,l (6.13)
U501 (6.11) 247 A3L503L (6.12) 1L BUALDL Sl 2UYRLA
M,=M,,=M (43) (6.14)

YOl 8L dioll AHAaU AEAADLA U2 L AL Al B, %L 5, 2L 0008 4y
AUs D, il 3, %A ARS AAALDS 1 6Uel ALAADS 5l vot 251 S1d (A 1ol %
2IER ALAUHL 2UAA 14), dl UL % 2UULL Asoudd sdsd N D | il aslat ¢l
181 5 Herll AALOS ollel HLATGAL 51280 BeMadl AMLr A6LSIUAANL U515
Ad AyLiugl A 8. 1 BuML M, oeidi] a0 ¢l A 3, ollel ALAHIDS A1
Asoudd gasu-l aRidil sl Acld Y il 518 5 vieril AAUS IR oual
ALAAS il Aot UR Ao 4189841 2otSluaoL olecid 8. ddl, »1L My, <l ol wal 21
(30l 2cid 4esa ol 2idl URRAPAML AHIAAL M ,= M, viot Gualoil €.

AU GURAL GELSAUL HLAALD Sl Hierll WBAHA gL o1l HHAX B, AL oted,
oAl 5165 AlUeL URHIABGUAE 1 Al UM €193 Sl dl A=l HRscd

M = pun,n,mr, ’1
2. 2 ARG UL Mt 8 5 o0, AAASGY, AR~ 25 B 2t U5cd, el
Q2L AR A AHAL ALUE 1A UR U RA B,

BELRR 6.9 6L AuS[d dLoUsIR AL, s il Brosdl 1y 2 oilog 1l Bl
ryi 5 ol 1 << T, Seal AUl 2d dH AR Ysaul 21ad 8. 1L dllsaRl-d
ALY URscd HAdl.
B3a

OlLEL QUOUSIR dAUML [AgLduals T, 4d € d¥d dl. i oAUl Svwul &t
B, = U,L/2r, 8. 6ily antally ojad] vor -l Blasdie €lai-l 51281, B,m d-il
9T AL 8250 YR AHI LRl A1, el

2
o, = mr, B,
_ T
Y 2
2
=M,
L,
2
HoTh
2= 2r,
A58 (6.14) el
2
_ Homh
M, =M, = 27,

AL S, 208 L otslufol By Tor,” flols el ur e widla @ <l »uald
Buddl M, oteidl 5318, du e9di, 2AULL 241 Yed 2l 512 w1t el 51281

3r,<<r,. 221
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¢d, UL URAIE 6.2 UARL-6.3 Ul 5L o WAL, FUIR 220 C,4iell addl
(AgLdualsHl 516 33812 Adl gl IR A0 C 1l emf AR aAd ¢d. w412 20 C,Hl
Ul T, Adcl $ld AR 9L C, (N tietalo] 3idl) Ale Asoudd sasu O, dl.
A5 (6.9) vz,
N,®, =M,
HOL AMY ALY oledldl Lals HI2,
dN,®) _ d(MI,)
dt dr
oL C ML URA emf
__ AN
- dt
glalell bw}@ﬁ
g,=-M th wasl.

2L 2 B % 20Ul stedldl [RgdUaLS A®sHL 28A 0L emf AR 53 U3 ©.
2L URA emf 4t [Agduals-l F381R-11 €2 el 2L 6L OANUAL 2L WS UR
HRA D,

6.9.2 BUH-US (Self-Inductance)

UG Yel-[Aciol, iusl 215 AAASHL ollo AAASL [Agandie s
Beurt ad s@sU cly e 2 UL ASA O 5 515 s A0 53¢l AU, duiell % Al
UAlgHL $38R s Adl sAsAu-l F8RAL wRL Al emf URA A, 2L ge-
PUCH-H sSAUHL U 8. UL [BRUML, N ti2lalon o0l A8 Asoudd sdsd vt
dlaA0UH L [AEAUALSAL AHUHIBLHL 1A €9 24 A

NG, o I

N®, = LI (6.15)

o3 B2lAML 2419 9, U, AHUHIEL AANLS LA 9A0U, 2UH-H 25 5SAUHL 1A B,
clrt QAU 24LH-H 8L A5 U 5EAUY 9. AR [AUAUALE GLEEH 9 L2 [N U8
ASUUAL SUSA URL el 9 i A0UHL emf WRd &y 9. A5 (6.15)L Gualal
5304, WRd emf

e = _ dNDy)
dr
e=-Ldl (6.16)
e
GLAL ALYALHL 2419, €9,

2, HIAH-URA emf AUl [Agdudlel SIS Ul 33512 (AR Al Bldl)-l
SRl [ 53 69,

AR AL A8l WUl Hie HcH-HRsca] oRLdR] sl sd 8. 2UUl Hisde
gols A, dollS [ A wisH dold €ls n el HRAAdL s dioll ALAASHL
2UA-U5cx] A 5320 U HLAASEHL Addl Al Tl 518 A slué B = pynl
(20UG+l FH R (941)l U] 2L 5cdl) B, il ALAASDS A8 AsuuA
ECRELESR

N, = (nl)(unl)(A)

=g All
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£9 %L, nl 2 2121 g@ AVAL D, UM, ALH-HR S

=y Al (6.17)
£9. % U AAAD Al vie wha uHIHGIA @ Aol st M (Belsel aly, 433
alvis, % Aug uHIABAA A G Her Hud 8), dl

L=p u,n Al (6.18)

21U 920U, 2UH-UR 5 rtl SR UR 24 Ml uRHI2AGUAE uR 1Rl ©.

wLH-URd emf 4 Back emf (¥/d emf) d3l3 ual 2A0vaMl »0d 9, 5181 5 d
YRUEM| waleHl ddl 516 Bl 33511 (A1 52 8. Alllds Ad, AUH-U st gl
sl ol 8. d AALWRANIAL g [Agidaionsly Axged ©. dall, dals wrauid
5L |2 615 emf (€) [Ag 514 s+l %32 Ul 9. 21 T sl 2udd s12 i 2Aot8ly
REMAGLA A3 AAlEc A 9. 5165 UL el wRugMi dals T2, 514 adi-l e

dW
[ZAVANTN |
il

€9, ol U8 AARUSU AUl va1RIAL 5321 2t HImL YR0UHL (Inductive) A o
ml @O, dl A58 (6.16)L GualoL s34,
dwW _ ;1 dl

LI &

dt
Ualls [H UL 5L HI2 541 2H1de 5120l 54 %2l

W=[dw = jI LIdI

0. 1M, }Lcuéo T wRel[Ud 534U Hi2 %33 Glost

W= %Li2 (6.19)

. AL AL PUUBLA M 5HIA B s8] (4iBLs) UGl B mu’/2+l die »wd
02 A O 5 Lol mel AH 8 (212d 5, L 3L [Agd odcd © i uRuAul et~
qla (L) i adsl (BeisiHl) [y 52 9).

125 284 6L ARAUUHL 515 U5 UHA dAdcll ALl 218 AL (31 AL dl. 28
o[ANUL A8 A5NUAG §ASA A I 2ARAC HRUAAL 6L §USAAL URAUNL F2E, 2.

14, w1501 (6.9)

N, @, =M, [+ M,,],

N

UHISL GleALdl. 24l M| o % 220U 51280 U5 R 52 6.

gl 3331 [FuH-L Guaiol s34,

dl, Md[2

€ = _MIIE_ 27

223

Downloaded from https:// www.studiestoday.com



Downloaded from https:// www.studiestoday.com

B cllas@sun

http://micro.magnet.fsu.edu/electromag/java/generator/ac.html

Interactive animation on ac generator :

PHYSICS

224

BGewsmt 6.10

WS M, UUH-H5cAD A d L, s eviin 89, el

dl, dl,
& :_le -M,, ar

BElSRW 6.10 (a) AotSluAoL B, &As0 A i AlA-ASHL downs / -l ueui
ALAAS L AR Zersla Glo Wi+ Aot Al (b) 2iL eisld Gl 3urilexdi
AUl Rt [Agd (Electrostatic) Glost-{l 2012l 3ol Ad uviidl asiu & ?

B34

(a) A+lsal (6.19) udl, 4eislu Gl

1 2
U, ==L
B > l
_ 1 B : NN \6 b _
=-L\gn (581 5 AA-UDS He B = pgnl)
1 2 B :
=7 (ugn Al) (_pon) (uls2eL (6.17) u=ell)
1 2
= —BAl
2,

(b) 54 58 €ls Yoislu Qo

U, = (2ul VL sesi aRlad s£.9.)

(6.20)

Bl UG AR wWe Fuledl wsH st els AARd Radlagd
(SasgiR22s) Gl Yot HNda 8. (Wsal-2, a3l 2,77+ eat al).

u, =lgE (2.77)
2
241 6l [Baauidiml Glod 1 aste{l sl ol axuHeL 8. w3lsell (6.20)

A (2.77)5 s AAASDS 2t AHIdR We Suileatl [Afre [Bruxil we
LR SUAHL 89, U o 2Aasiairl SIS UL (3R HIe AUUS S AL D 5 Ul
2o SlUaA a2 [AeLdaol xR 4RAA 8.

6.10 AC %1222 (AC GENERATOR)

[eyaziotsla neil gedin asfmsl A asll ordl A Guaioril daiui 2udl 8. AHeid
Yyl Gualol A vileel2a1 532 (ac) Geule 9. 100 MWL clal®ls Geule- adl
BR1Adl 2UH[Ls ac W2 2cdd (A5 4o 8. 24l URAIEUL, HIUBL AL ot U190l
yooud Rigidid agi 539 yotra@ui-u s Mol 2 2 4ot [ssl
A UL 219 B, URAe 6,341 FH TN sl 20l 9, 3 emf ARA 5ql
HIE OUOUAL AHAML 3EIR AAL drll USRS &ASNHL 551 52l
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25 uglil 9. 2] Yotsluaiol Bul GuBL 53 8, LR i o

AL, AARSIRS &AFA (Aol dot AULEl) A cosO 9,
24l 0 3L A 2l B a2l VBl 9. $45A §281R Burt
53+l 2L uglat 21 A0 ac w2 5L Rigia 9. ac
o123 UiBLs QoA [AgLd GloAni 3uidRd 53 8.

ac %32+l HOed Aol sl 6.1640 el
el 8. d AR We2 UR Y[R s 2jAY, 41 8. U
oL YReHEL 28 2ot slaaiotdl R dot gl 6.
LA (F WUHAR s&al ©) A 4iBts Ad 51 ol
UM gL BLEAHLA AL STUEAHL GHBL SAAAHL AU 6.
L oA URAUHRL 2 dd Aot Yoisle sasuHl
$35127 51201 oiel 9, el 24 o0l emf AR A 8.
2L AL 941 edlu (391 271 Gl gLl ollel ulRua

i

\J
Baeyde emf

UL ALIAEL S1UL 6. S161etetL B3l

IR AL AU (0 Fdl SN 518014 358U A18 ML 25 6.16 AC 5222

SAAAUHL S B AR, 516 uRL t &9l 2eisluaaL Az B
2171 9201l A0 AR A AL 5110 =t (1= 0210 =0 f1rdl) ©. wRenu 34,
21 S1U8AL LUl A ] FANLL HUERS AASUL AN AL GEALA 8 i W50
(6.1) uRall, 5165 weL A 55U

®,=BAcosO =BAcos ®t

9. 525l [ uell, etmst s3dl N izl oja0 4i2 WRd emf

€ =-N 40y =-NBA L (cos wt)

dt dt

6. UM, emf desifer Hen

€ = NBA®sinwt (6.21)

6. Ui, NBA® L emfr HedH HedL 9, % %412 sin OF = £1 21y, AR 1A 9. %
U8 NBA®H €, 4% elclla, dl

€ = g,sinmt (6.22)

sin (@8 qed +1 2t —1l 92 sediy 9, a4l emfHl Ast 3 R (Rac,
Polarity) Wol AH% A& cleelld . sl 6.17 uell Hidl 5 242 6 = 90” »tual
0=270" €14 B AU dril emf | Yed HenH U Sl B, 51281 5 21 Bigil 2010 s suul
53R Al HIA®.

wellesil Ba viad d el © i ddl 20 [Redudisn (Gaeyae) » ezl
Uals (ac) secllHl 21 8. 0 =27V 9, dell A5 (6.22) vl

E=g8iN2MV 1 (6.23)

avil 251 8. %l V iRl 220Ul SHBRIL g [T 6.

AL %, A58 (6.22) 1 (6.23 )20 emyf i dlcailBLs et »UU & 1 € e ad
Ad +€, 2 —€rll A2 olediy 69, UYL i[9l dlee 2 Ualgil AHY UL
yed Sefl 2 55l s d ousl wsHl oflvilel.
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) Y
Amssl 1 ausslz2 dAns5L 3 A5l 4 dossL 5
s Add TR 22 904 1801 G1al 270" ¢Hel 3601 GHRl
Auisld Ao GHA 5T 6 el s oY oilg o0 olle 9L

oAU, AHAY
otSlaotn AR .

Aot 8,

4oily
il B

AL —>

5[ 6.17 AoLS14AAHL AHU 5L AL LU gl H1e2RAAR emf Beule Ay 8.

ALARAURLS w2340 LA HEL sl M2 % ABLs Glost %330 & o Gl uRell
udl 2dal uiell gl (el.d., uial) Yl uisami »ud 9. s grdgl-gdlses omeR
sl 201d 9, AslEus A, Sl Hadl 21 Bldisl Gudiol 5309 well oy 531 aus
Beuler scUHL UL €9, G2 eollRIM] A VAL AU 2UHAIH] UREHEL B, 53 6. 2L
2 %2R s8AlMl A B, Sl oI, A 213 (4[54u) londui-l Gualol A1y,
dl Bl YLEHAR YidR 2R MOl 8. B[RS AHUAL %R 500 MW %2dl (24
Sal525 WaR Uel 52 €9, v12d 5 d 515 100W+L 50 @lvt oleoia, s 530 as © | 3el
1oLl g122AHL, QAL AR 28 B A SASZHIASAUA AHA SAAUHL 1A D, L
uRorRil 29[t il 50 Hzedl €. 411t ol 24345 223, d 60 Hz 6.

BELSW 6.11 sHAL 215 RAR ALASAA US HIR 8. UL AASEAAL UL 100 2211
21 0.10 m” AsLE0L HRUAdL S0 A1 AJAAL B, L oA AgHL vial W
Assell AH 52 69 et o oAUl YR 42l dot3u 0.01 T 2otsluastHi
HEAHL BUAE €9, HALIRANUHL Uel el HeTiH dlee 9 2l ?

G341l v=0.5Hz N=100,A=0.1m" A B=0.01 T &. 2+l521 (6.21)-l

BuAoL s34
€ = NBAQ2mV)
=100 x 0.01 x 0.1 x 2 x 3.14 x 0.5
=0.314V

Hedy dley 0.314 V.
24 i oflog Geule -t el 2uadsles [Aseadil i s2a stg i s34 el

Gelsmwn 6.11
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gl AN (MIGRATION OF BIRDS)

ugllatil 220id2 el @aldsiiadl fs13idL 2t URUR dHM [EsiidHl 601G 218 8. Gelsw dils,
uels Rrnonni S HlanL wallzil iRdld Guvisl wiell-l 200 e ¢d < A d 2d Bl o 8. 2g
AL 22 9 3, [Agaziesly B8l 2 @aidR Ueddl A5d 21l 43 8. Yl qusluast Gosild
Sl e-dHa AR 814 9. Bl MERd 52q1L HI2 2L &l Gualol dia ualaiid HedH
aeter]l QS 43 . ol yH 2uudl el ot Al Yl uallaiHl S1S disorslu ueid el dell
(Aol Hra 2 Ra MR s2audl Asuist 410d gl osud 8. Av a5 il dl 3 ol
2oisluaol B uslldl Aol v vt idl AU 6L AoiAd [Bigll a2l vidR 121 2124 URUR dot 8,
afasld emf M-l oL A58 (6.5) udl,

€ = Blv

B= 4x10°T,1 =2cmudlous »1 v =10 m/s daell, »uuas

£= 4x10°x2X10°X10V=8x%x10°V

= SUVHAD.
2L ALl RUfU dslad 32Ad © 5 2iuell YduIRelL 251U Hisidl 41d 8. Sedls usiz-l

L9l 2AL ALl [RU[AHLA dsladl bl 05 9. %l 5, AL H9ELHL WA SUERLSILL 20 stealml 2ALel €9
o ALl dle2 dsladid WA 9. yallml 2iidl sisiziil siov 48 wasl 4l 2004, uallaiidl 2u0id

Uerd 28UHU S, ‘
AR
1. 43U 2lotslugol BHL sl 21dd A astssl 2uidl 11 Asoda sy
55U
®,= B-A=BAcos0
Q3 AR S2AUHL UL D, %L, 0 2 B il A Q2L RIS,

2. F3l URRLAL [FAHL A1 A €9 5, N 2i21lou ol WRA emf dyitl
5ASA-U F351+1L £ 12 L4 2A6i8 HAL S

do,,

dr
2], Dy 2L OANLAL 3L il AN ASUAAL SASA 8. %L WRU oi8 1A dl,
(Qeydiale T=€/R dHi d2alfUd 2d 6. %2, R 5L URUaHL A4 6.

3. cdrosell (R oeud 6 5, WRd emf g (Walél) 20d €l 6 5 d 1l
(Agyduale Vel 52 8 5 % drl Bt 5URL YotSlA S5 551+ [AR1M
5389, 3L (Rt 4ot 82 Prgrt 2L 88lsd eald 8.

4. 12 1 Aol HigHl 215 A0 25 WAL Aeislaaol BHL dot ysaml
2119 €9 il AL L ALEL AL &L Aol WAL 2 6 UL el 94124 W[
emf (% AAlAsld emf sSu ©)
e=Blv8.

5. olgdldi %dl Jetslaanll d-dl Al g (515U alss)-L uelalnl udle
Uil urefld 53 a3 9. dxil ey Glod-l GwiL dl3 oy 53 9. viial
ualeld g4H3 natsl (A ualel) seaHi 2ua 8.

6. WR5cavl Ao (As0UAA) AU et ULl ARUTR 6. o ND /I 6142 6. 227

€=—-N

Downloaded from https:// www.studiestoday.com



Downloaded from https:// www.studiestoday.com

B cllas@sun

aln

Joisly ss

emf

YA -UR 5
(Mutual Inductance)
LH-UR 5

(Self Inductance)

228

.ol (QlA0-2)Hi tedldl Hls dxll AsHL dlaL (2[A0-1)H1 emf

URA 530 A3 9. 21 Aol

dIZ
12°dr
GIRL UL 2419 69, AL ML SN2l ALUEL A0 1, AU S
sdalHL 2Ud 9. el % D dai M, -l v ugL 530 a5 9l M, =M,
215 AUS UBAAL AL D,

g,=-M

. AR SUES QAUHIAL UALEHL 3512 AU B, UL d d% 2A0UHL 615 emf URA

8. L 2UAH-URd emf

dl
dt

GIRL SUUAAL 2 8. L 2 90 SUAH-AR5c 8. % dHirl del Wellgl
35120 [AgHl 22N %Sl WU .

Pl ool la WG] p aRlad Aeisld s vud © da diel
ALAAG ], MUH-U$c

€=-L

2
L = ”’r MO n Al
GIRL HUUAHL 20 9. %L, A L AL 2180+, &As 8, il dousd |
2 B 2L5H Aol SUL B2 AL ©,

10.ac %-R2ul, 4iBis Qi [Reaesly dexdl wediel [@AedGledui

FUAR A 9. % N 221>l il A 82150AL0W A0 AHIA Yot S1Ha
Bl v r2al uReisl wld A5+ A8 gHIaaMl 21 69, dlL Bdt aUldsld emf.
€=NBA (27tv) sin (27tvt) €9.

o, 2ALUBLHIRRLL 5L 9 5, =05 AHA 21 9AY] &oAe oL 6.

SN

ulas WY IEETIE] YA
o, Wb (weber) [ML'T "A™'] O, =B A
€ V (volt) [ML'T A" £ = —d(ND,)/dt
M H (henry) [MLT “A ] g, = —M,(dL/dt)
L H (henry) [ML'T "A”] e=—L(dI/dt)

gt [QuReuAL Helil

(et 2 Zotscd uRUR dUe Aol 4y . 2ol ALl WRAds
Ao, 2lRes, AR i vty [Qsuelalidl vl wealid s 3,

S
22N

afciuin [AgdoiR (Hals) 2otsluaial Uel 53 8. AIRoE 1830+l U, 533
2 Sollril Wallollt ealied 3 alauid 2eis [eduats AR 3 as 9.

ol wRuanl, [Agdudie 2idl Ad URd A 8§ 5 % Yoisld sasu-l $5 1R+
[aR14 53, d Glos ARaiAL [y Hogor 9. A 3, vieal uRuasl Bauul, emf

o
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[agidziorsla e

Al DS U AR A 6. d $@sAU 53512 A8 5l et AoiBd & 7

3. uRade 6.541 A AU emf -l selld 33341 Fumel 2adat d Ul
[AgLd™IR UR @laldl dlewos ola-dl Bualol s3A welL 53 Asd 9. %l 5, Ka
[REdcil RUR $lu (¢ diRws ol ue ¢ (V x B) $142d 4 €l dl ugl),
AHA-UAURA 2otSlagotll el emf AR A 8. 2 e, 5381 [FumH,
afciiet [AeLdeRl R &l i Red [AeLdeiRl AHA 18 sledldl dAul
€ld 2 AR (Symmetric) R €laid wRua 9. 2 3L [Has w2
AL LA Rigicrl Yaiotddl 2100 derel Asd >un 6.

4. oisly Yal a2 died-l Wed AR elde sl sl HUd 69, AR dxdl alld
B a1 8. gH3) (14) nasl glzl sadled oo 3ol Ad Gaut ax e ?

ALY ‘

6.1 Al 2uslail 6.18 (a) Al (f) g1 agida YRRARIML WRA [Agauals-
(2oLl eseudl.

AUHL A&

___________________

AQaiReeHl
olsaRl tleel

(elot 50 gHRIL % ol 53.)
() (d)

() e

. * Y [gduats (T)
A p @] eyl 42 ©.
(elot s101 exall o viedl $30.)
(e) 63
2usld 6.18 229
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6.2

6.3

6.4

6.5

6.6

6.7

6.8

6.9

6.10

230

25l 6.19 g1t adide YRRARIHL AR Feduae-ll Ba 458l sa w2
clrosil (Rl Guadlal L.

(a) 215 AHFAUFA PUSRALAIR, AQOUSRHL FRAUUL D,

(b) 215 Aduust2 U0l 315 Widou A4l diRHL [ [Ud U 9.

© o o o o0 o o o

(a) Q’lléx[?l 6.19 ()
15 221l W cm Aol 245 dioll AAAOSHL d-dl 2te Axid AlA-AS sl
2182 2.0 om” AAEN AL 5 Al ool I B, A AAASHL Adl
[Qgiduals 0.1's 1i 2.0A 9l 4.0A 22 Ald stedld dl [AgdualsHl 33512 duid
ansuHi WRd emfsed el 7
8 cm ¥4+ 2 cm ougwitqw e LS ALl SLUL (Cut) HRLAAL 25 AOARY dlR+L
auoll 0.3 T+l cdlsidiel 2i oo dot (2L 215 AL 2ot Sluaotl [Qa il
ote1{l d2s UL 53 26l . % susul 4oL 1 em's  (a) aiodl ML‘@% (b) apasl
sl oyl dot [Rall dgell ld, dl i studL 841 422 Beurt emf 52¢, ¢al T UAS
[BauMi WRd die2 sedl AHU M2 89 7
215 1.0 m @ioll HigHl amqm AL Eot 21 del 516 215 DMLl uALR Ul
28 2l 400 rad s el Suella pugf Al u[icmu $AAAML U9 9. 2L
AR ol B A5 adousiz il [RoL A1 AuSHL 8. et AHid 0.5 T+
20 24, DL5AHIA gots'lqam 35 220 iRl 4R 0. Bl S w1 i (301 9422
Beur emf <l 2121dz] 531,
8.0 cm Bt"zmlvu 2§ 20 2l oA dsl Gt auzu gl
3.0X10°T Yeysll 218 A AR By wzﬂq&mm 50 rad s '+l S1alld 2susll
gl 2 9. i AUl R HedH 2 AR emf HAdl. A i
AALL 10 Q  HARIAAL 15 6l8 UL 22, cl YAUHIAL ULl U Hed{l
oLl 520, g [B2larn 5128 AU Wa-44 (Power Loss )+l 21212l 531, 211
ulaR el 2 6 ?
ydell ulBas 4l [Brd3a 10 m donsHl is zm[ét[a% zﬂm AR 50 m s+
s5usll Yyl o1t AR 8250.30 X 10 Whm B LRI DA IR
(@) L d1RMl DIES] emf <L dlcalBls Hed 9L 69 ?
(b) > emf-il [eaL gL 69 ?
(c) L clirell 54l 941 Gl [agyd R uR e 7
25 WRUAHL 0.1 sl [Agduaisil 5.0 A €l 0.0 A 821l A 8. %1 200 V AR08
emf WRd AL, dl 21 URYAAL 2UH-UR 5L 2E1% 2L
WAL 28 2R A AR5 1.5 H 8. %L i 910Ul 0.5 sl
[Qednats-l 52512 0 4l 20 Al 8. dl i A0 A& As0UAY, (Aeo-) sesA-L
EERIER IR
%2 [ 1800 km/hr-ﬂ B0 uBdH dRs olld 52 9. % L AA li%cﬂ-u
oisluaold Hed 5 X 10" T 247 du siote 30° G dal 3 vl Sl
Q2201 AU 25 meil €14 L el 92 Bt Al Al il dglad 9 sal ?
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[agidziorsla e

QHIRUAL ALY,

6.11  aURUY 6,441 qu RER 6 dd WIRL, U ASIHARL Bl SR ¥ Al
[Qgidiots shuaiml 2Ud & d HlH R geisal 2id © el sl d-l
wiilds qed 0.3 T ol 0.02 Ts '+l e 82 &, %4 514 (Cut) il 2aumi »ud
2 Uil 244204 1.6 Q 1L $14, dl GU gL G130 alsd (WiaR)-l Sedl uy
21 69 724 A5 (W)L Bl 9L 6 ?

6.12  Hrt z-leaumi 2otsluaat 4Rladl [ARaiRMl 12 emil sy lalon 2Ls A4 Ul 5
efl 6l X 2 Y 2ElA AHid B dt Het x-RaHl 8 cm s L 0L WA
VRASALML DU 9, 2L &L MASIAML SLAHIA AL 5 uHU A2 AN weL Al
i w8l x-[aL 18 107 Tem  «f wad- (Gradient) (3128 % ¥ el x-[Baumi
AR SAM A A 10 Tem el al ) 84 D A A AML WA 107 Ts AL e
e %A 8. dell AR 4.50 mQ €14 dl L ol URA Uale-l B 2t
Y&y 55l 53U,

6.13 s wlsauoll @B Adlsael 2eisel Yl AL Bl Yedn Hud 9. vot %
25 w5 dleidie 25 Hiziwil aioll s il 2 om” Astsarl Aule wH-519a
(oluL) &lotedl (22Ul dot 1AL 2419 69 tet o wed] &ttt [AclR Mgl vl
val Qo 2419 69, (aal AHged Ad dril Adan ot e AxidR dldal
W2 515 drl 2l 90°< ataL Ul A% 9). i dAnml addl s4 [AgdmR
(oL A A8 olldRes Aed-trle glrl HidlMl 21d ©9) 7.5 mC 8. i
o210 it Jled-lMRAL A5 2A4H 0.50 Q 8. 2L Aeise{l Uondi ieHin
53U,

6.14 sl 6.20 2 s1ul 2ol Yol 92 clul welll AB uR RAd s HigHll
AUl PQAL ealld 9. 2L Weiil, UMl A 2ot5lugiol 2 S8l WRRUR dot
(Rounl 6. s dled-l[Me G 50 K glrl Wil A8 2sidd 6. i ul0ai-l
dolld = 15 cm, B=0.50 T, 1L A[NUL H1eAdL 614 UL AAAE = 9.0 mQ €.
AL & UHIA €9 dH 1R,

(@) HA3, 2 K viedl & >3 alua 12 om s <l o6l euldd R
BRASAHL A 6. U emfd delcd 2in Hed UL,

| — /\

254 6.20
(b) R K viedl €l iz ATl 94124 U 516 ariRi-l [Qgdeu: wenfid
a9l 7 Kol dladly ?
(©) K vicdl €l 2 A0l A 3 auled 53 R AL i aufds 5120
HAS2 Aoisld 6l Madl Sl 9dl 2 AMAL PQUL HASLIA UR
S5 2lvng oo A2l Anandl.
(d) UK 6l8 1A L2 2L A0 uR olfdRis oo sed el ? 231
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() LK oit S1d B AR L AMAA 3L 36U (= 12 cm s ) WAl Wi
(ol18L o2 gIRL) Seell WaR Alsd %33 & ? 2R K viedll gl R sedl
w5 (War) 2iaus 9 ?
(f) 2 ol ulRuadl Gwuzu sedl alsa (War)-l a9 7 1 alsd
(waR)- Al 9 &9 ?
(g) Aoisluainl doizu dlair oled el AHIdR $1d dl aUlaHi Al
URd emfed a9l ?
6.15 30 cm deld, 25 cm’ Do AxAs9, 500 i2lvdleue] A el ool
Mol gal S dd (AA-518) WAALSS, 2.5 A Udlerl dse 53 8. 2L UalsA
A 10 sl 251 AHUML 018, 5L 2UA 8, 21 uRuaMl vieed]l 50 (el)-L
B3l azl AR ARAW 65 emf 2d AL T L AAANSEU Baell Aws
2o SLHEAL §251R7 2RI
6.16  (a) Uslct 6.2141 Glclledl UHISL 2i5 Aol Y20 IR il a bUY AL 215 ARA
QLU A2l AL -HR e HIST Yo HAdl,
(b) S HRLS YU dIR 50 A Rl drl 53 6 L AUUA v =10 m/s AN
Aol UL AHB(L dRs WAL 2 8. U2 x = 0.2 m S1Y o &8l LML
URd emfrl 21212l 520 a=0.1 m &l 2t HIRLS UL HI2L AAAR1H HR1A €9,

AI

a
—* al—»v
a
2usld 6.21

6.17  wis colls el A wadl wuild [Agdouz, M gl i R Bl edla-l v
(A1) ux sl d HsaMl 20dd 9. i laul sasl AHASs IR
(Spokes) £ el d cxl 2iain iveall el [l GHR 5L HEd 8. 38 AR
2orSluaiol 2t aR-l il ddousiz [Acnoi [Raa 8. %+

B = -Byk (r<a;a<R)
=0 (2t=ul)

GIRL UM 2 6.
AL 8oL 242145 o1 54l Ul cdlatl sifld 4ot 9 el ?

232 2u5ld 6.22
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USWL Ald

wedladl was
(ALTERNATING CURRENT)

7.1 Wdld-ll (INTRODUCTION)

2URL AR AHHL 25(22 Ualg (de)wl Al i 2is(ea (de) 2Ald 8-l uRuealxl
(3202 54l 8. vicl Ul A4y A8 (B oleddl 2l uid Y A8 ozl ddl dlees
i ALl V6L ALHLL 9, HUUBLL 8R i HUZAML [Agd R~ Al 215 2l dlee ©
% AHU A1 sine [ABY orot vleald B, Al diees ulddl Al (ac voltage) 5¢ 8
2 el ol uRuaAnl addl [@gaudien, ucnadl (Gaeyae) [@eduals (ac current)™
56 69, 2% SUURL GUAIHL Al H2lewol-l [Aerd Gusalin il dleewl ¥32 Ul 8.
2L WL 5120 5L 5 W Su-loil gt dutdl [gaBlod uaue vin adasll, weiadl
Ul 23U 21y 69, Rl dieeal oed il dlea-il GUULoL Uie Sl Hud 512 &
6 21l Heedll ac dle@un s dieewigl oflon deeuul 0L 2 AANSRS
et 3uidr 53 wsiu 8. GuRid [A8AGA- 52522 Y5 @ioll 2idR Yl w2112 53 s
69, il wlRuall idl aell aialBsdiail H1d © ¥+l GUaloL ABEL WAL AURJAdL QB
BUSCAHL AA 6. BeleRBL LS BULR 2UUBL UYL Hetue 34l 22 e AL -
53020 9l R iRl wRuadi [RRre spnadial die adsl . d WAl sl sieqiy
¥ USRI 52

Rl Al A Al udle 20eAHS s [QAAHGUA] A AALAS D, 5100 5 dusl
210891: 242 Wedtddl was ey i uedtadl wals Udle 8. ¢ U8l 5181 ac, A0 Hidd
(uRicgl) ust2 Uy vt Hadoist (Dependence) saliadl [edARIA 2% 524 “i2
sedl dl WdBis Aa dlsiual © % UuBL dl Gualaml 24w Al GuRid,
ALHLIAA: GUELAL Adldl ofloa 208 ezl 248 6L Bigil a2l [AgaRafain-l dsiad
ZIURL
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st 2zen (Nicola Tesla)
(1856-1943) : uo{lu-t-21HR s+
s (Inventor) A wlactsuoll
AgMS edl. dH8l AMRL Sl
yoislualodl seudl s3, %
AR S d o1l o ueuad wae
oAl 2UHR ol © ¢ d
(agpdutal 3ol wda e
Hee3u A4S, duel WAl ey
RPUHL Hrart e, ac WAzl
Wlzn Rrew (elgsoudat) Al
A 2lafaxd Ae dul -y
daszifs GuswlHl auzldl 6=
wigliaoil Sesae sida (2
S19a)l AHLId A 4Ld 9.
21 S1UaAL ST A5HL A ddsil
UL AN UL 6.,

7.2 ARMST ARL WA AC ARY
(AC VOLTAGE APPLIED TO A RESISTOR)

215l 7. 140 2iaR1487 ac ARy Ald € AlA Bl sldd 9.
uRual ac Ald-l sl @ &, 2Uu8L 2dl ac Ald AL A
glad 5 % ddl ol 99l dzl A [ARA Yo sedldl wdl
(e Rl dslad Gaut s2. al [Agdfafadiq dsladq
AL e waL 58 6. % {12 ot Ul st 6.

v = v, sinwt (7.1)

ol v, eldd WHdL [QgdRAUA dstadl SulERdR © i
o c+il s1l4 2ug R 6.

L~ :

25l 7.1 2aA851 QWL Ukd ac iy

saRlasHiel waR adl [@gduans didal He sugld 7.140
galldd uRuaA [(BalsHl sitouon (Loop)dl Muy Ye(@) = 0
(w29 3.13 9%11) cloL uisdl {2l a3l s 1A,

v, sinWf=iR

. vm .
AHYdL 7 = R Sin ()]
], R 2420 glaltefl sl i alsa {12 yeor vl sl

[ = i,sinwt (7.2)

oL, Hellegetl SUARAR 7, {12 Horol 6.

25ld 7.2 g 2aRiusUl diRy 2iq
Ul AUASOUHL €1 89, YeAdM,
9 Vi HeTH A5 % HA3U UHA

234

=2 (7.3)

i Al (7.3) Mol HigHsAl a8 % 2d8s U2, ac diey - de
dlee ol Hie Ui dAd @l ud 8. wMlsL (7.1) e (7.2) oot Us
A AUHSHL 6L 991 ARAAAL Al Al Al YAIR Ul clydaled AHuAL @8y

a5 28l (7.2) Hi ealda 9. 2 ald vt EL 5, v 29 ol A8 o A1
9, AT il HSTH HELL HIRBL 52 69, R 9 5, dley 2n Ul oin
wL50{lon UL AHIA SOUHLS.

PEURL

U8 LS s 9l 5, eldL uide dice{l Hiss % Ul AL ds Yol
GLEALY €9 Hirl UALS A5 £3UL el AU Hrl 2Arl 0L HELL HIRRL 52 89, S,
215 YRIAS tAMULA desiliin Uelldl Hedlell AAU00 Yt €9 21 AU Ul

U B, AL UL AU D o @5l 5ctedl 21 3 Al 3 AUl (U Udl) AU

W ugl gt 8 A [AgdBloadl oy udl el dd el 9l d Yo,
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wenadl yas

2 ~ S NN 2N eA ~ S N
gt LR Yol A WA O el i (% €2l 4t Sl ugsl o
Ul Sl1d 5 BBL ) YR 2UHRA O A 7 U 2UHRA Al UM,
ARAsHEl AL HAlE UAR AH B AR YA BHL Be®d i

[Ae1dGloAtl o U 3.
A EH] HY Al desUlEe ulaR

2 2 .2
p = 1R =1, Rsin 0f (7.4)
L5 YRl A% £341 AL WA p e Heu,
- 2 .2
P=<iR>=«< i,ansm wt> [7.5(a)]

i, &R U (2] p ur) elr+ll [Raudl dd w220 Hed yud 9
B <. > 5Pl vieR 86l ARG AR A HA AU YAL D, i 2in
R 2120 A4 Slenyl,

P =2 R<sin’ wr>

Brstauflax AR 2o,

sin’ ¢ = (1/2)(1 — cos2m)-ll GualaL 53l 241481

<sin’ W¢>=(1/2) (1 — < cos2mt >) 40l A < cos2wt >** =0
glaell

<sin’ ¢ >=(1/2)

1 2

M, P = > in R (7.5)

dc WidR (P = I’R)L 2934 ¥l % 8A3UMI ac UldR- % 59l HI2

[7.5(b)]

wals 215 [Alre Her vl s3AA d-lL Gualol sl 21d 8.

anl A2219 Al aolya (rms) 2iAAL HABRS Ul 56 6 (25l

7.3)dalda ] 2d]ad sl 9.

£

N~ C

suly dlZas16u (George
Westinghouse) (1846-1914)
dc waled ogd ac (wcuadl)
ULl GUAlaL Sl Wizl 2l
uatsi. UM A de deledl AHAS
A el HRuUA WA AN
el ARSIACIGUL M AU,
e 3, weadl was-l 2s-idio »
(gl elaw-l 26l 8. dsit
UldiAl «ud uRig su-l-l 2a0u-
53] i Hiel Wl el siddl M
[FSLEl 26 A1 214 AL SIRIA
wellddl wale el x4 Gl
Al HRAddl Yl 2l
izl AL [ W2 dul

14
; f [Fasd sal.
i /\\ //\\
0 T 2m ol
—i =
i . NN
2usld 7.3 rms Uae T HenH Uaws 7, WA 1=—= =0.707 i eis 414 8.

NG

* s aadsin (T) u 516 R F(h)d a3a yed

N D

B L%
A

%l
(2]
—
@
(ol
()
fa <
~
Q
(43
=}
=~
(1))
(¢
z
172}
=6
=
(']
-
(=}
=
173
(¢-]
~—
—~~
o
L
'S
0
i
\©
[y
£ ™S
~

235

T
<F(t)> :% [Foydr 3 uzell .
OIT 1 [sin20t 1" 1
ok == 20tdt = — | =—=——| = —— [si -0] =
<cos2we> TOcos ® T [ > l) 5o [sin20T —0] =0
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N
W culaslasun
art {12 Horol Ul d sAA D,
l
1=y7 =30 = + = 07074, (7.6)
P 3 gallaldl ai:zm u.tqz [lugHi
P=p =1 2 R=I'R (7.7)
UYL MO, 241 % I, AU rms ALY AUAL HASIRS A%
D,
m
=— =0.707v 7.8
o ) (7.8)
dZl3 vaiRid s3at el +Hl50L (7.3) uel e
v, =i, R
uYq £ = i
J_ \/_
2yl V=IR (7.9)
wal. w1538 (7.9) ac A% 7 ac wale 42l Aold qld © i d de dles-Uals
Q241 2A6it %l % 9. rms Hedl-ll LA (concept) BLULA 5L AL S1UEL 82Ul ©9. rms
Y-l ueHl ac URUAHL dle2y i Walls dRlel Aol 2 wiaR A8l [uelse
(7.7)] de ulRutivL (34141 HOdL AL Sl % 9.
UYL 3d ac ABUAL rms HELL HIUAML A 29 $eAUML U 9, GelgBl dils,
YAURAA HISL 220 V 2 HedH dle%,
v, =V2V=(1.414)(220V)=311V
L rms Hed 8.
8Ll weutadl UalsHi dal A1 ULAR U Fedl % UldR AU % A1ded de dals
glRLAA Al T2129l rms Wl 58 6. 204, 0315382 (7.7) {12 yogor wat avil asid.
P=V’/R=1V (34l V=1R)
GEWSRMW 7.1 220 V Ay e 25 [Agid leot 100 Wi 22101 514 8. (a) oteotxil
249214 (b) Ald dle2 = HedH HEd e () tletuiall del Walsd rms Hed WL
Bsa
(a) 2UURAWARP=100W,V =220V 2UUe 3.
SN2 (220V))
oleoiel AAJAY R = o= T A Q
(b) idt dleead Mt Y
- v, =V2V=311V
[
= (c) P=IVuzsl,
2
2 p 100W
» I===—— =0454A
236 () vV 220V s
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venadl s

7.3 YHdA aulzen (?;:»Qi) a3 AC Y8 A iyl %A (REPRESENTATION OF

AC CURRENT AND VOLTAGEBY ROTATING VECTORS — PHASORS)
UG WR9eUL 2UuRl ollvdl § vl szl YR Adl ddlg ac dleey A8 SO Sld 8 URg Ssser, Suler
22l vl WRuA desl- Al €ld dal BRUIME 29 $id el ac WRuami dale 2 dieey g2l 0L Aol

gallacl MS UL S0+l seusy/raia-dl GuAlol 53
elat, 2 SlALAHAL GuadlaLe] ac uRual [dsdue a0
o1 €9,

S Bs AR B 5 ¥ usla 7.440 ealon Yool
Gor[Bigrl w0 s1{ld Ul UL S 9. V i T
35241 Gt 828l sine a5 eI tleadl ALl L U4 i
Y 52 8. V ol T 3301 Hid UL ielldd uelll-
SUfAR1R 2l Hedd Y&l v, i 7, sld 8. sl (a) (b)

7.4(a), ac ld A& B AHS el 2usld 7.141

galdd URUAA 243U £, AHA L% A udlenl 3R 25[d 7.4 (a) 2usla 701 salde ulzug W2 o2
2, Al a2l Aoit sald 8. dleey A Yol Gt Qi (b) v 214 i [z (0f)4L »udv

28 Ul AUl 2ed 5 v, sinf daAl [ sin®f d &8l

AsH AR 2L Ulerl Hedl £A1A B, FH Al g o A2 AHRL 52O Ay sl
7.4(b) Hastirl A5l ALAL AN 8. AARNEASL [BRAUUL Y 2L L 61 382 215 % R W,
A sl 7.4(a) Ul AS ASA D, AUAL 2L WD S L 2iml Ul A2l S0U dslad
LU,
7.4 $=3522 (U AN A U3A AC die2
(AC VOLTAGE APPLIED TO AN INDUCTOR)
L5t 7541 Hs522 A1 ac Ald AIA 8. AHI e HrsseHl
dlaid auss oL (Ad=dlaL)d aLeiiiul HaRld €1y 8, Uid
2UuRL QI 49l & Ot vl Usld ddl AU 8. U,
WUy g Hreseld ac WRUA 6. UIRL S Al 6L 941 ARl ey
v = v, sin0f V. Balsi sitououdi Fay Ye(r) = 04 Gualar © @
Sl A 2L WRUAML AR A Slend],

di
v-Lg=0 (7.10)
o, 6l Ue Hre52HL HUHURA 58 emf ) Ul L Swssexy 23R 7.5 S5 (Asojc) il
ULAHURS 69, 8L (L] Arosrtl [FUH, (W5R01-6) U] 21 9. B3 il Al

* ac URUAHL dlee il Uallse gHl AR - F91R glRL [F3URL 5L 2419 69 M €9cll
i Al el Azl UL AR B, 21, 2iad Ad sledldl ol 2R soul 2iq
SUlAc12, gHdl ARUAAL 243U Hedl ie [Bal R1adl Hadi-l ¥4 % dulidls d
A2 B, iad LA otedldl odl 2429 AERAAL A0, 2443 el st dal
U201 [HHiell 530 21514 o HIe % dHe 2% 530U, YHl AR Blve 52EL 6. 237
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Interactive animation on Phasor diagrams of ac circuits containing, R, L, C and RLC series circuits :

http://www.animations.physics.unsw.edu.au//jw/AC.html

PHYSICS

15201 (7.1) 24 (7.10) L AHY 53,

di_Vv _Ym .

T T sinot (7.11)

A3l50L (7.11) AL 9 5 Uelle §(F) UM W, 2d (A8 & 5 ¥+l ¢l di/dY, sine
(484 e, (sinusoidally) etecicl el 2B L, il 501 Ald Al Fedl €9 i dll
SUlBAR v, / L ad Al A5l 6. el Haddl Hie UUSl di/did qHd AUEL Asax
ERETR

% dt= vaIsin(wt) de

LUl i = —% cos(W?) + AN

Asertril A0S Wl URHBL & 2 o Axaell adat ©. Aldd enf yusdl
AU AM[AA Ad eland 53 6, dall d-iel Hadl et sl suand ARk 2d
Bl 53 6 i del A0 YAls 3 ualerll AHUYL edol (AU YR AU RA A €ld ddl)
516 828 SRl HR1ddl A2l Wi, Aseri-tl HANLS YU 6.

—cos(wf) = sin((ot —%) Al GUYLDL Scll UYL,
. .. T
i =igsin ((Dt—j) (7.

waL. ol i, = % Uatlesll SU[Ac1R 69, AR ML 2 24404 012 0124 q1aAdL AR %=

—_

2

~—

§r53ld Aoise-A 5 9 i d X, A3 sAlUU D,

X, =L (7.13)
2], Uatlel SulaRdiR

; —Ym

Iy =% (7.14)

L
ws52la Y s2xud WRHIRL HARAL WRHI ¥ o el il ST 254 s (Q) 8.

9L AUAS URUAHL FH a4 Hals A A (L) 529 adl o 2 Le $=s5dla
ulugmi Swsse udlsA RiHld 52 €9, Oresela duises, Hrss2R 2 udls~il 219l

UHUHIRAML S1U 69,

N

Ald AURY A HrsseMlL dddl Mals W2 Al (7.1) 2 wxlseL (7.12)-1
Aot eald B 5 UdLs Al sl S0UHLTT/2 Fedl Hadl 2s adaio s (1/4 cycle)
g2dl U9 9. Ul [BRUML SO s &Rl (7)) e dleew 2 Ualenl s usld
7.6(a)ul eldd 9. Yls 302 T A%y 332 V 53l T1/2 F2el Ui9ol 8. AR du-

siella 2glt o w0 Qumad Baml eHel snadiHl id i 1HlswlL (7.1) 214

(7.12) 6130 2% AdL 1esH Al 2Am Udle 2214 89, % 215 7.6(b)ui ealdd &,
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i,s1(Wf,— 1/2)

(a) (b)

25(d 7.6 (a) usla 7.541 ealda uRua W2 332 M

(b) L 2 7 [A38 WAL 2UEAM

U AS A2 51 S, uels ARy 52l 25 AdAlal Hiddsia [

IT_

)

n/2

()

] ysdl

dvi HeTH Hed Had 8. d¥ Y § Owesernl Avisen 8, w4 de URUAHL 2aARIH a3

uels Halled 2 dedl o 2 Aviset ac Ualen HUlRd 52 9. 9 d a8l Hiss waR

Y, 5l 62 7 Al AU A WHALAL WA 530

Ovsg2A MLl destl@r ular

pL=Iiv= i, sin (0)1 - %) Xy, sin(wr)
=—i_v_cos(w?)sin(wz)

m-m

[N V)
=— ’”2 = sin(2wr)

1], 215 YRl A5 LAMHAULAAL U9 ULAR
U VI
P, = <— m2 2 sm(2(ot)>

- @ (sin2wn)=0

9. 51280 %, 215 Yl A% UR sin(2007) U2AL YA D, UM, S5 Yl A UR Hris23 Y3

USLAL ARAA ULAR YA S1U 8,

2L opotdn sl 7.7 [zl A4 9.

BElSRWL 7.2 25.0 mH-AL 215 Ys Ss523 220 Vil Ald A1 A3d 8. A

19 (7t 50 Hz €1 dll 9+$52la Y2152+ 247 WRUAAL rms Uals 2L,

Bia Swssdla ser,
X, =2mVL = 2 x 3.14 x 50 x 25 x 10°Q

=7.85Q
YRUYHL rms Hale
_ vV _220V _
1= X, 785Q =28 A

~

Lt

UL a3y

239
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0-1 efRait A wiiell SRA0UHL elvd adl Wals
il Hem Her yHl af B, sasy vl
WUl 21 69 212A 5 512 (Core) 2otscd 4Rl
5399, gallda Hac (Polarity) Yool ez 1
wals il 4t (Positive) &, dell dul dRusiR
P D, Alnizll Gloe gL au 8.

1-2 (AU S[A0UHL Addl WAl 8% L 89, Ui

)
-~

d oeedl od 9. 512 Aoiscd oML 9
(Demagnetize 414 ©9) -t 2 Y5 ‘{grl IIRIES
5E SASY Y A B, ARy L BRSO (5120 3,
di/dz 200 69.) dleees il Welletl ARUSIR p BBl
21 €9 21 Al Glod uiesl Horal dLdL 9.

2-3 eHulA udls 7 80 oA © 2led 5 d B wiiyl
sluLe AL € i A Wil 6112 2419 9, uals~l [2au
Ba2lLs walr 51281 Aotsel Yo (UalRldl) sleald .
WAl A dlee ol BEL O HI2 dHrll p IRUSIR Ut
o1 9. Glogief llusL A 8.

240

dleo/alsd s Yol s, «AHl 3 wals ey
EENTRIITURIRCR

3-4 eHAl WAl § H2AL AL it 4 WA def Y
o ALY 69, 512 2Aeiscd AU €9 Vi FUSA YL Grl
8. dle2 det Sl B U UAls BRLEU D qdl war p
0L AL . 1825 2-3 Hogol 1/4 24 £330 WA
oAl Al wiedl A .

2u5ld 7.7 Ssser Aotsca Aanaq (Aotsluasel) i opad ([jenslusa)
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7.5 $udler (Qiﬁll%):l AldL w3 AC diey (AC VOLTAGE APPLIED TO A CAPACITOR)

25l 7.8 g SUAlEld ac URUA £l B, FHL v =, SO ac AR Bt 52l ac Ald € Wizt SUle AL AL B,
ol de WRUAHL dlee Ald A1e Ul BLeclHl U 69 IR 2ldl AHY HIZ UAle YR A 89, % SUdlen

(g ditlRe (Charge) s2aL wie #3389, sudlersdl wel u A B
[QeLdeuR 21580 Adl 6l @2l a2l dlees 48 69 o walg-l [y
5369, UM, de URUAHL ¥4 3U{leR [[doulRd (219%) ad nd
A 3U{leR walen HAllRd 53 O 2al d-l QR 53 8. s ¢ @ —C
Suler 2Ayel [gdsiRd (A) dd © R wRuaHdl uaus
8l g ol 89,

AR $UR{l2R ac Ald A18 L5l 7.8 HyoL BLIAHL 2414 €9

25(d 7.8 3UleR Al Al ac Ald
AR o Halg AMd saal HEBid 82 69, uid [@gdeur-

NN

Qe Ayl A Asd el FH Ul UAS 9Us U Bh2ld © A Fu(ler Hiad

Ad RedeuRd () 24 RaaleuRa (%) ad 28 8. w3 51 218 £ ad

S\ NN

su{le: vl [QgdouR g 8. ol el a2 diciBLs diees v

_4
LV=5 (7.15)

~

6. BAlsl oluouoidl My Yool Aldnl 6 941 922l 247 3udleadl 6 We 422l

AEY UHIA S1U 6.

L4
L, SINOf = C 5
Ul AlEAL 12 U8l [ = d—f Aoitrll GualoaL 5319l
i= % (v, C sinw?)=wCv, cos(wr)
cos(wf)=sin (0f + % ) 6ieel GulaL S,
i=imsin(cot+§) (7.16)
i, i, = CV, elAd Al Hetlgrll SUARAIR 6. drl 20Ul «{l2) 3oL 30 avil wslat.
v

m

= TwC)
1L AHL528U g A S Wy Ml i, = v

/R A1 v, 248 %L sl

m

NN

ot 5, (1/0C) AR08 Fel % @1 A 8. d sUALEla Aviset ¢ 8 i dot X
SREXNETURS
X=1l/oC (7.17)

asdll naterl sulerdiR
. V)
W= e

¢ 241
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SU{lla A se-ue wlRHiel Haribnl uRMeL g, %
9 e dddl SI 154 ohm(Q) ©. g AdA4dl
yRugHi %y 2R waled AlRd (FEBLd) 52 0 ddl
% Ad Yo sUAEl WRuarl SUREld Auise- nale
Suldrai Al 53 8. ud d Uil 2t gl
Ut UHLRLHL €14 9,
@ ) Ald Aol uHlsel (7.1) 24 als2e (7.16)-1
qReHel 2old © 3 Al Sl Wale SOUHL TT/2 Fedl
L9 9. sl 7.9(a) SIS s 7, 8L SRR LA
eld 9. ], yals s I iy 30 V sl 7T/2
% 2ell 10101 & A Al [Auad] ool orael 52 6. Husld 7.9(b) AHA A8 dlees i
waleHl Adi 328130 sl 9. 20Ul AS wsl2 Wl 3, Al sl Ul s Adala
BUAASIOL F2UL ASAL A1 HSTH HEL HAD D,

FUR{l2 YU ULl dical[BLs wiaR

p.=iv=i,cos(Wr)v, sin(mr)

=1,,,cos(wf)sin(wr)

i,sin(07,+ 1/2)

2u5ld 7.9 (a) 2usli 7.840 eaida ulRua W2 302
S (b) v 2 7 [A3g WL 2uAu

mvm

2
24, S[U{leHL Swss2rrl (Bl WHISL U321 IR,

~ i,V
P.= <l’” ; 2 sin(20)t)> =5 (sinwn) = 0

$1280 %, 215 YRl A5 U (sin2or)) = 0 sld 7.10 4L ouoddn [ArdRe] AHoad 9.
WU, UL Ay 5, Sreserell BRUML wdls diey Sl /2 wedl U -
S0l (B Uals, dUe% Sl TT/2 F2El 212101 €14 69,

sin(20) (7.19)

BELSRBL 7.3 315 vieoirt Suldler A1 ARl A3d 8. de 2l ac AU HIS dAHIRL
eSSl 5% SUAeR SU R4 HaLsalHL U dLeRs (Bl gl ?
B34 a2 3Uaflex A1 de Ald AL 209 & QR Fuller [RgdeuRd (u1%)
214 9. Yol [edoiRd 2ul elle uRUAML Uals addl Al 249 sleot usifld aAdl

). SU[Re~ gLl 69l AML 518 % 53513 Al A,

23D NN

ac Ald 11 5ule: 1/0C Fedl 5uxldla Axise 41 9 i wRuaH wals
Ad €9, uRRUH tleot WsLAd A 9. CHL 8Ll i Zvise a9 vin, oleo, yedl
Sl 9L dosell wstRid 21 69,

GELSRW 7.4 250V, 50 Hzell i 412 15.0 pF-lL Ul 2salmi »idd .
Ryl 5UA1Ea Loised v walgsd (rms i HeTd) He il A 2ugltd
ol scMl 241d dl 5ULElA vLser 2 ol HAll uR 9 U2 &l 7

Bia 3Udla Aiser,

w1 1
€ 2nvC  2p(50HZ)(15.0 x10™° F)
rms Yells,

=212Q

~
l\
5
o
2
w
©

242
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G

0-1 e[Rai 2uslani ealed Yool wals 4d § 2 d 0
W HeHell 1wl g Yol weid 9. @e A ax
[Qedona i 8 uiR @e B ur 8L [BeduR g o™l
2l AU €9 2l 1 WA Uele Yot A Al el Hen
QA 8. dieey v, = /C [AgdeuR g AL AL S0l
€l 8 2 dd ML 1 WA HéTH €l 8. Uals -
dlee oinl el dlalel W p=v i 4 8.

2 A2 MLl A5 R 2lanil Glond
21 6 2 SUAl2R [AgdcuRd wa 8.

@

venadl s

1-2 efMuirt was i+l [ Gaals onu ©. Aulsd
[AeLdeiR [F9als and . vied & 2L Alal ®dL-l As
gl 3udler RedleulRd (Raug) wu 9.
cllee B €9 U 8% ol Hrl Sl 9. Ul HRL €1 €9 Diel
AL ORUSIR V1@ ULAR BRI €1 69,

0-1-1 &l ¢uo-L s g(Ra WAd Glog 2
LR A5 EARALA AL WSl 1AL

Qedoua [Radloua Qedere  [Qadleuza

0 1

2

3 4

c ~

dlees/uale-d s

&

@

~

2-3 MUl uals 4, Adl B ds ad 9. 3udle: [[3g
gacd (Uelél) Hie [AadmiRd A 9. vied 5 we B
fe [AgLdeUR 2 e A s8Rl [EELdeuR Had 6. diey
i Ul Gl HRL Sl 9. ML ARUSIR P HeL S1U 6.
i 2lAioioidl 25 efUA Sule: Qloadd wma 52
8.

2u5(d 7.10 3ullexqd RgacuRa (ulsoL) 214 Redl@euRd (RaulsoL) ad

~

~

N

YRl A%, ML 5 Wale dle% sl UL 9.

3-4 AUl 3 iRl uas i+l (B Gaals nu & i d
Bell A dzs dd 6. AAldd 44d [Agdour [Boars snu
£ vin iy Hed v, 82 6. wIR Suadle: Ayel R
A 6 AU 4 WA L, L ol 9, UlaR Rl 9. 2-3
gRaimui A Glod AAldn wesl woL 8. WA
= C Ao
ool Glon Y Sl 8.
243
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Gelsw 7.4

a0
~
o
o
2
¥
©

HedH uale

i =~N21=(1.41)(1.04) = 1.47A
L UALS +1.47A 2 —1.47A] 422 eleedl 58 2 d Al sl /2 P2l
219101 AL,
o Al 29T or3eil s3cml HH1d dl SUALE A Axise-ud et 2144 49l uReud
Ul 61HRLL 2.

BEwW 7.5 sl 7.1 el Harot 215 usially oieol 2 315 vilun s16e
st il Al AL 50 gIRL B .

(~)
\_/
2usld 7.1

501 614 531 ugdl 2L AHY 6UE SssereAl el [QAaciz (L6 )HL Arvis-lL wltl
gluld, sUML 2ladl wstallu sieol ustliddl (a) aust (b) aeal (c) s o

53512 1l 2l AHIRL Aol 518 A3t HALUL.
Bia divistl AR R vieR elve AL A 8 AR sidardl viexd

2o Sluaol divised Hodeldabaet (etslusel) s3 6. %l viel AoisluaaAnl
QrIRL A 9. dell, siddd Swesad (Usc) afl . wReud, stdadl $=ssela
A1z aBl 9. %=l WRRUH AloL uie AL diea-il {2l oL w52l 6L 941
A2 ALOL YUY €9 iel, bleoiel 6L 93 el cllees €1 69 el sleoi-il usilEiddLae €.

7.6 LCR 2l uRuad @, ulda AC diew

(AC VoLTAGE APPLIED TO A SERIES LCR CIRrcuIT)

21504 7.12, ac Al € 12 sidet S8l L-C-R uRua 1 8. 240UG+{l 4155 U8l ac
Al dlees v =, sinm7 4SY.

R

A s1S s ¢ &l sulex urdl dlyeur g e
uRuaH] Uale 7 Sld dlL Bals olaonoudl Fuy vy,

di . 4 _
L LE+R+ 5 =0 (7.20)

8L dlcaBLs WAl 7 il AL udd deuadl
alee v A8 dstl sl Aels a1l el sl

L
A 1 1 § ) — 211 51481 6L wgleiell Biellel. uan uglanl sl uylsd
25(A 7.12 LCR sl uRua 418 %3d ac ld 21 612 UglatHl wale F--ll AHH UL AR Haddl

244

alsL (7.20)1 [sdume] (Alss a) G3a wadlsl,
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7.6.1 332 JLUH gL B3d (Phasor-Diagram Solution)

25l 7. 1231 wRua u2ell 2Bl S sl ¢l 5, 1M s HreseR e UileR
20l GASRIHL 9. HIZ SIOURL AHA URYAAL 825 H25HL AHIA SU[EARAIR 2 AHIA
SO0 HLEAHLA UAlS €4, HIRLS d,

Ii =i, sin(0f+ ) (7.21)
8. %, O Al 6L 9L A2l Al A7 WRUAHL Ul AL 501 dSlad 8. G
w2692 41 20081 % 2flval drtl AR Ul (34001 U8 FR LM ddIR 5319

Als8L (7.21) a3 2% Acl WRuUA Udle salddl 3302 QIR0 3 T 8. agul w3,
Hrs5eR, paARIMS, SURRR 2irl Aldrl 6 941 ARl eyl Y 5l F3HR HrisH HIRL S,
Vi, Vi, Ve 2l V. 20UBL wRade 3ol 21Ul AR{ 6912 5, Vi, T AHIAR 8. V., T
5L /2 B2l U9 89 2LV, T 53l T1/2 %26l 24010

8. ML§EL 7.13(a)Hl V|, Vi, Ve 2ie IA 410y 501 4018 I
IDERIEICR S
24 3L Aol AL Vi, Vi 2 VAL SulddiR Ve
{12 Hepor 9.
= A% o+ 0

V=RV, =1, Xe, v, =0 X (722) ¥

uRuy, wie dieeyd aHlsL (7.20) L yaor qvil

S, Ve
U+ Vgt U=V (7.23) (@) (b)
52 Adolt 3 ¥+l Gt a2 Gua-d a3lse 200 & d
g s ase, 215(d 7.13 (a) V,, Vi, Ve 247 1L 3021
. Yg + Vet Ve= V . . (7:%4? @l 2ol (b) sl 7.1241 salda uRua
2L Aottt 25l 7.13(b)HLRY 52U Y. Ve 2LV, dHall WEV, V, dal (Ve + V,) a2l 2ol

s Wil U URUR [A3g Boml la] dHal A3y
25 % 53R (Ve+ V)dls ds asid o Hist [ug, — vy, 9. V @il 6ug>il Vi 2t
(Ve + V) Sl dal siesian Bt 58 als 29 adl dlaiell, waaioliaa wiy oo,
2 2 2
v m= v Rm + (va_ 1')Lm)
U Ve 27 U, Al ML, 35381 (7.22) uRell GuRlsd Als01M1 Hsdl,
2 . 2. . 2
v, = (,R)+{,X—i,X))
2 2 2 2
v, =1i,[R+X-Xp)]
v

m

wYdl 7, = [7.25(a)]

R*+(X.-X))*
1oL wRuani a8, el aadl uell 20u8l ac WRUAHL S Z4 elvid 53l

i = [7.25(b)]

oul, Z=,/R>+ (X.—X)? (7.26)

245
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Ae — X,

4

|

R

I

2u5ld 7.14 SERSY S

4

NN

S T SHAUL 3R Vrl AHIAR 8 501 URIL O 21 Vi, 24 VAL oI &
el d 25l 7.14 uRefl 4551 53 wsin .
U, —V,

YRm
15381 (7.22)1 BUALAL Sl 2ALUBLA

XX,

tanp=_—C "L = (7.27)

4ol sl 7.14%1 {15201 (7.26) 2t (7.27)9 2udvila Ad ealda 9.,
241, SRS SLUAM 58 O, % 581 A3 Z €l Acll 2Ls 512518l BLsiaL €.

153031 7.25(a) Melerdl SUlAdiz 20U €9 244 13{ls28eL (7.27) sou-
L ALY 69, AL 018 % 35201 (7.21) 24yl e 9% A D,

N

% X > X, €l dl, § 4ot o2l 2t uRua wendl 2ld (Predominantly) $uziléla
o1t 9, URBUH URUAML Uale Ald dley sl 210 €11 8, %L X < X, Sl dl @
2801 ot 89 21 uRu Uoldl T Hresld ot 9. WRBUA uRuaml uals Ald dieey
5L ULl 1AL 69, 2L 25l 7.15 X > X -l (3240 MIe, S5 AU L v 27 4l
7 A2 Adi 33512 2l 8.

04 v

1M, 5+l ulBaLAL Gualol s3A 2uuel

....................................... LCR 22l uRua Hie udigl 5ulaRdiR 2

soL Haedl, uig [Asqueidl i ugladl ac
yRua HIZ 3edls dlRAlM 9. YuH, MR

(@)

(b)

S WRlMs wrd/RalkaxAl siS o Hulddl
Ul el ¥ £ 51 UL e (895 e (BHs
2L WSWIHL 68 o HUURL £ dlad ©9) 4 usl
91 A el Yel 3% AL ALUEL VRl

~ N ~ < N by A ~ ~ ~
2u5(d 7.15 (a) V 21 T AL 3R s (b) L-C-R 4sll gallddl el el s il sl ol 2 d

uRua Hi2 v i 7 [A3g o7l 2udv a1l (X > X, )

246

qudd Bsaq @l varel G54 sé 9. i
U5 B3e el Gud vuRll w &Ry Gia

URLEY % L =0 L2 URL Ao, U3, 22l viarell B5e i &lls Bia-l Ax-auel Hadl
B5e 3L AUUS B5e 69, YRell diol A 6le, 8BS B5e-l A v WH & 21 2]
L G54 glRL WRUA ddjs asiq 3 usu B,

7.62 azals G4 (Analytical Solution)

uRua Hies dlew wHlsre,

d

q

Li§+Ri+— =v

C

=V, sinmze.

A8l il €\ 3, § = dg/dr. Qe dildt = Eqldf’. 2, g sl D
Al {2 Horel 1.
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d'q dq . q -
L d7+ R s +E = v, sInm¢

wenadl yas

(7.28)

2L A58 AR MdlRd SlasHl A5 ¥ ©.(%2 HiRel XTI elilaslasiq

ULsAUAS 1458 [14.37(b)]). HURLS, 2i-L B5a,

q = q,sin(wt + 0) [7.29(2)]
9. a4l %’ =q, 0cos (wf + 0) [7.29(b)]
~ dzq _ 2. e
i ? = —¢, o sin(wf + 0) [7.29(c)]
A58 (7.28) M1 AL Hedl Hsl,
g, [Reos (0 + 0) + (X — X;)sin(0f + 0)] =v, sinot (7.30)
L. ol U8 X = 1/wC, X, = oL sisll Gudlol sl 8.
wls2e (7.30)1 Z= [R24 ( X, - X,)? A3 LRIl VAt BULL, 2RI
X. - X .
q,wZ [% cos (wt +0) + % sin(®t+9)} = v,,sinmf (7.31)
~ N ) R
HOL g4 HIRLS, — =cosd
Q){:[ @ :Sin(b
N g X, -X
adl ¢ = tan % (7.32)
315381 (7.31)41 24l Hedl 48l AU 2UUdl, 2R
q,,0Zcos (0t +6—0)=v, sinwt (7.33)
1A, AHL5R8UAL 6 6119 AUAAL UYL LS A5\ 9l 5,
v, =q,0Z =i 7%4,i =q, 0 [7.33(a)]
~ T
AL0— =—75 AU0=—7 + ¢ [7.33(b)]
agll uRuaHl uals
i= %tq = ¢, wcos(wf + 0)
= i,cos(wt + 0)
wudl 7 =i sin(wf + ) (7.34)
R T v,
wul, i,= Ym = [7.34(a)]
Z R (X X))’
X ¢ = tan | Fe =Xp)

247
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2, WRUAHL el SUfBdR 2 sou Hiesl [Asalis Bid 59 wylsael wadd
B5e WALl 2Ud 6.
7.6.3 »i-ue (Resonance)

RLC 28l uRua-l 215 e dlaBisdl 21 2is-iledl qeql 8. 515 s [Bd
g [rtell el sl gld 4R1ddl ol % doll Hi2 2teile 28 AMLA el 9. H
g dotdl wisliis g se 9. % 2ud 515 dod 2idl Qo Aidell aildd ad $iu s
il gt daA-l wgles w9l 1ws Sl dl eldridl sulddR Hel w8, >
gerile 2Ls il Geleat last uR Al viid ollas 8. diasHl Hiss HaL-uieu adi
glasi-l el duslas 2Ug [ Sl e, o oos el [FRafbid 438 HidRid v 21 el
viaaldl sugltt sl wslas 2ugkidl 42s ¢ dl dlasidl suladr Hiel a9
(g2t iR XT, us81-14)

v, SUlEAR 2 @ ugfriHl dieey a3 AAAd RLC YRy “ie 2iuRid wadl
walestl SulaRdiR

i, = = — i = AU,
Z  JRPH(X X))
8. %40, X = 1/oC X, = oL.
I, B oL 381 52U 24 dl s [Bad 29l o, He, X = X @A
SRS agni (Z =VR?+0° =R) o 8. 2 29[ 2iririle 209 530,
1

X=X, Y4l — = oL
C L (DOC 0
2yl wo:ﬁ (7.35)

2rULEl 2Ug [ Hallgrdl 5Ul@RAlR [, = v, /R B2l HedH Sl 8.

215l 7.16, L = 1.00 mH, C = 1.00 nF dal

1.0 244218 Rl 61 Y&l R = 100 Q »i-L R =200 Q 12
RLC #sll ulRuasi o 18 i, i 4di 335120 eaid 9.
I \ AL U Aid M v, =100V, 24 (B ue
i 1 .
< 05- //\\/ (i) w, = (ﬁ) =1.00 X 10 rad/s®.
~ / / \>( (i) 2uRl S Sl Sl 5, el 2ugl M
walgel SUlRlR ugnd 8, -ilesl R
- o \\T i,=v,/R glatell Bsm (i)‘-t'l\}{\ql@{l suldral2 (Bau
0.0 0.5 Lo 13 20 (i )il SUlARclR Sl 6LHBIL 9.
o, Mrad/s —» vileld yRualdl Gually-l [Alaudl ©
215 7.16 @ 14 7 i adi 325131 O Baau Wi Belewl dls AL aal TV Al eylHol sau-dl

m

(i) R =100 Q (i) R =200 Q 6ia Beausi L = 1.00 mH  WEAML 2L341-21wertl gl otfl olls51(E01 221-ixL

248

Roddl qnd 9. el gll Houadd [Roddl,
3L Mol uRu H2 Ald a3 ad & Al
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venadl s

uRua gzl ol sigraial Auldd 4 us 9. uid 519 s MBd AL A
Aletadl Hie sl WAL e AL lpl. ol sl gfHal uRuamitl
sulexd Ul dl Ad eedlat €la 5 ulRuadl xuq-uely suglid He
wirerlnl Hodd A 2 23U Rodad] 219l qoieiol o161 iy, 241l
1 2 89 LR AR ARAL 2L ol »ug i wedl o 24197 1 wRuami
ULl SUlARAIR HeTH o 9.

2 Al Mo 8 5, % URUAML L 247 C ot 6192 Sl dall wRuall glL o ieiledl
g2l Ue Rl 2ld . 4 S1d dl % LeAl 6L 931 4224l L2 2471 C 6 941 A2l Al
(6il (434 sOUHL Sl 51281) Hsolod Alole 53 6 24 walel suldaiR i, = v, /R
€1 89 24 Aldrdl Y8l d1e2% AR Rl 6L 941 422 HOL 9, 21l 248 21 5 RL 244
RC 4RuaHL U8l 2ie-ile Honl sl 4l

b{;l*llad'l dl#Qldl (SHARPNESS OF RESONANCE) :

LCR 212l ulugmi wats-tl sulaRdiz,

. v,
lm: >
R2+((0L—$)

BuA B0 = W)= ﬁ AL UL L HETH Sl 8, S HEAU Y&, (M= v /R 6.

Ol @, 52l oflod Yedl Hie uatetl SUlddiz HetH SUfEAlR sdl 2L ¢ld
8. IR 5 R o A Yt ude s 5wl wdlsHl Sulddlir ety
SUlAd1ReL A2 01811 A4, 2 e HI2, WRUA A 4y Al Ul Hed 24 AU 6,
250 (7.16)3ixL A5 Ul S ASIA D 5, @Al 2ALdL 6L HEL HA 89, % 0, 2 w,
56190, FHL LS ) 52l HIG 24 6(1% @ Sl Al & i 2L i Hedl el AW
AMBA3L . W12 2uel avil aslxi s,

0, =0, + Ao

0,=0, — Aw

2L 6l [ 4Rl dslad 0, — 0, = 2Ao- 8l auid wWRuasdl el
(Bandwidth) 56 €. [ (0,/2A0) 2t-ile ds-l dlevididl 1w dls ol »ud
89, %4 Aw Y& ivf €ld dx virlle ay dlasl vaal A58l Ao w50 Hoaddl Wie vt
A3, 0, = 0 + Ao A AR AL SUlBRdAR i, = (142) M 4.

v

m

2 1
R+ (oL -5g)

dell o, e i, = \/ =

m_ _ Ym_
V2 RV2

249
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=)
W culaslasun
| 2
22l R2+(co L——) = RJ2
1 Q)IC \/7
2 1 . 2
»ydl R+ (w L——) = 2R
7 0C
oL -— =R
1 0C
o {2 qoyot dvil s,
_+ -
(w,+Am)L (@, 7 A0)C R
ol (1+42) —— 1 — _x
A
(DOC( +(D—((l)))
stofl iyt ollo uei m,” = i Al GuloL 3,
L N
w,L (1 + ﬁ)—"’) _ %" _ Ryadl.
’ (1+A—“’\
o, )
A(D \_1 AO) N
<< 1 elaugl, k1+A_60 J A Al~se (1 - 0)—0) A sl 0,
o (1+48) o - 22)=x
sual oL 222 =R
@,
- R
Aw =3 [7.36(a)]
irjrttesil cllesial {12 qae 2w .
Lo o 2k 7.36(b
~ ('OOL ~N ~\ ~\ by . NN
Al ——+ uRuarl sAlddl $522 (dpeial »is) Q UL 58 6.
0)0L
Q=—— [7.36(c)]
R
b b ® NN . N
A5 [7.36(b)] 1A [7.36(c)] uRel 2Aueid 2Am = 6‘) Hol. dgfl Qi et ™
250

Downloaded from https:// www.studiestoday.com



Downloaded from https:// www.studiestoday.com
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WG A4 2Am>t Al Gws[Aga 4 i e dirilel dlasial ariR. 03501 [7.36(c)]HL
of = 1/LCL GudloL 52l ant aed A 2u Yoot saldl a5 8. Q= 1/m,CR.

215l 7.15 uRell 21uBl A wsla a5, % sAdtle 2L dlesl €l dl $5d
HeTH Hals % 2L €l dd Al U gl AL sual Ao e wRkua
wieeledl s gld i uluad elHor a3 i el »uel, »i-ie il dlaet sl
dld wWRual uaieollarndl (d ulRua gzl »ug[xid uie sql-l adl-Selectivity)
2119] €1 9 Al 1] Geg urL AU S, AHL581 (7.36) uell 211Ul A S wsla el
5, % sAllde] 522 HIL Sl ied 3 R AUl vt /294l L Hiel €ld dat wRuel-l
ueollatidl ay .

BELSW 7.6 220 V, 50 Hz ac Ald 412 200 Q+1l A4S i 15.0 UF-L
SUa{leaq 2flul sisaml x1dd 9. (a) uRuaHl yale 218l (b) A S 244
3012l 61 941 922 i@, (rms) AL 9 AL ALyl A5 ARAUAL Ald
dlees sl a4 69 79 el L i [ARivld il B5e wBudl.

Bsa

R=200Q,C=15.0uF=15.0%10 ‘F

V=220V, v=50Hz>uad .

(a) wagelaeial s2a W2 uRugAL Sl %33 Wl 24 d

Z=R*+X2 =R+ (2mvC)

= J(2000)%+ (2 x 3.14 x 50 x 15.0 x 10°F)”

—J(200 Q) + 2123 Q)

= 291.67Q 9.
Hi2 uRugmi yals,
vV _ 200V
= Z = ™l6 0" 0.7542 A

(b) <], uHA uRuaHIHl AR Al Uals AHIA el
Vo =IR =(0.754A)(200 Q) = 150.8 V
Ve=1Xo=(0.754A)(212.3 Q) =160.07 V
ol Al Vi 2 Vsl 6105 AL 310.87 V 8. % Ald Ay
220V sl 48,69, 2t [AA01ddlL 56 Ao ARl wstd 7 wsAyRdsHL dd
allull oL 691 dn, el oidt die2o AL SoUML Al HIZ dHrAL ARl
ALY, Av1Al] Hiss 4l b A€l oiA dley 9L sudstad 90
o2cl €9, HIS UIMARIRAUAL UHY Rl $a dlee Hodl ASIA.

Viree =4/ Vg + V¢

(e

S

= 21991~ 220V G

(=]

UM, %L 6L dllee AL 501 dglad H1oY Zld AL Al d dl =
5U12R Al AARAHSL 6 941 AL $A Al Al AR P2l U, = 251
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252

Gewsm 7.7

7.7 AC uRuaui wWaR : uidR $52
(PoweR IN AC CirculT : THE POWER FACTOR)
28l 13, 5, RLC il YRuadl dieey v = v, sin7 @13, usdl WRUAHL dddl dale

i =1 sin(f+0)glAHA Y.
- LY - -1 (X —-X
= = C L
Wi, 1, =20 = tan (T)

1], Al gl YR WA dLeEBLs wiaR
p = vi =(v,sinmwt) X [i sin(®f + ¢)]

v i
= ’;m [cosd — cosRwt + )] (7.37)

6. w521 (7.37)AL ouzil Ul 6L el A319 S5 YRl A5 U Ul AU 2 B,
% WSl Mot 6ll9f U AHU U UAURA . F+ A2U9L 94 A B, (cosiner Hrt HHHAUS
ABRL AU I04E 529.) HI2,

1
P = U”élm cos®) =% % cos®
= VIcosd [7.38(a)]
1L ALl {12 oL unL vl st
P = I'Zcosd [7.38(b)]

U, AURUCL (4 WHAL) AL ULAR Lo AL @A Hetlg UR LR el U3 datsdl
922l 50U URIL OiL cosine U URL 2AHLRA 9. ARL cosOr ULdR F523 5& €9, ULl
{121 Bruilil 22 5302 :

(3201 (i) 21088 uRua @ %l WRUA “isl Ya 2R R 41ddl €14 dl dt 2AdR1Hs
URuA 58 9. d BRUML Y =0, cos® = 1 ULAR U™ HSTH SIL 6.

(B0 (i) 2 Ss5dla 2iaan 30009 uRua : %l uRua Hist $wser wadl Judle:
8Ll 14 ol AU R0 5124 5 UAlS 24 ALY AAAL $0UL dSlad TT/2 B2l Sl €9
112 cos O = 0 it WRuaMiz]l Uale UAIR Adl £9did ULdR AUl (Hd WHdL) el
2Ll Welle 4Rl dledyU Udls 5 6.

(3220 (iii) LCR Asll 4Rua : LCR Asll YRuaHl adl waz 2y 1{lse (7.38)
ool U B, i, O =tan (X~ X, )/R. dell, RL 218l RC 1241l RCL Ryl ¢
21954 %91, Vil (BRAUHL UL WIAR HU L HIoL AAALSHL % AL 6D,

(B2 (iv) LCR uRuadl »isrtie-dl Ralt @y adl war @ siiedl Rafas
X=X, =02 ¢ = 0 dell cosd = 1 »4 P=T'Z=T'R. 2124 % iri-lle Rt
YRuaML (R glaL) HeH UldR ey Yl €14 69,

Gews 7.7 (a) [Aad warsl 2-id (sl oflo 2 as o) He
GuALRL daldl WRUAML WIdR 5231 A9 Y, 2l-uv{latnl M2l ular 4y
A 9, AMAdl. (b) uRUAML Aoy suleuall Sudlex-l Gualal s
gelldlz UldR 52241 YAIRL 53 ASIAL L. A+l
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B3a (a) 2Bl el 12l 3, P=1V cosd. %4, cosh WldR 523 . 20U
dlee S[9 (FUUA) WldR HisAaAL HI2, % WIAR $523 9L €14 dl dnl 243U
UALSHL 2AUBL AHIRL 5L B2, U, PUH Sl 2[Rl £33 UlAR iy
(I'R) viot atll ad &,

(b) ®A3 URUUHL Malle di% 5l SOUML O Fedl Wn © dl YldR $523
cosO=R/Z.

Z1, M dOLe0L R 2] tirtiellel AURL ULaR $52240 (A9LMOL 1 6t i) YHIRL
s3 wslad el 532 S (2l 7.17)< Heeell 20uBL AHDH 5 24 54l

Ad Hadl s,
AN

’

I 0 q
25l 7.17

2l I 6L q2sil [ouost s3lat ey wibe diees Vel [Basi 1) »t @)
uike dieea det [l I, uRade 7.740 di allval d 3o I, diedy 8es
seUd 6. dell Welleetl AL 825 3U UIdR A4y Adl A8l 1) wiaR 8es dils
2O 8, S120 5 e Al AR SOUHL € e L 243U wRuaui
Ul A AU D).

2L [yl d e €9 5, ol S WAR 3523 YHIRAL HIOLAL €15 dll, Souui
L0l el 2GR Mels T A drl el % i S0UHL 210100 el dled
el I, ol d2el 53¢l U3, HUH 530l HI2 104 Heurtl SUdleat AidR Al
ug ool I 24 I Asollon-l 21 Aioge 52 dal war P »irsirs d LV
Fedl ALY,

< >
' I
q

BELSW 7.8 283 V HgH Y& i 50 Hz 2ug[rialon sine Usil diee
LCR 2.l uRuad @y uidd 9. %4l R = 3Q, L = 2548 mH 4
C =796 UF 9. (a) uRual S[Us=e (b) Ald dle2 i Udle 9L 501
aslad (c) WRUAML Y Ul WaR 244 (d) LR 5523 LKL
B3 uRuAAL S Al ua R X, 24 X il aidl 533
(a) X, = 2mvL

= 2% 3.14 X 50 X 2548 X 10°Q = 8Q

1
Xe = 2nvC

(e
[
-
(8
AR
o
=
o
|

8'L 10239

253

Downloaded from https:// www.studiestoday.com



Downloaded from https:// www.studiestoday.com

B AulaslQsuq

3 |
T 2x3.14x50%796x107°

ael,

Z =[R2+ (X, +Xo)? = 3 +B-4)
=5Q
(b) sudslad o= tan_l(xc l; ) J

= tan (%) = -53.1°

d 288169, A2l Aldrdl oL 951 QAL e sl URUAL UALE UL €9,
(c) ulRvuMl e adluar

1
— =2 1=40A
2 2 ( 5 ]
a4, P =(40A)" X 3Q =4800W
(d) wer 3522 = cosd = cos(—53.1°) = 0.6

Gelsm 7.8

GelsR@L 7.9 HIRL 5 GuR-l Gels@Ml Ald-il gl otecdl asiy . dl
(a) 2-teddl R Aldsdl 2uglt sedl ¢ ? (b) vt-tesil Rl
S A, Ul it AU Yl Wi 2Ld3] S3L.

Bsa

(a) tirlie Ay AR >,

| |
0, = =
T VLC  2548x 107 x796 x 10°°

= 222.1rad/s

_® _ 2211
r T 2x " 2x3.14

\Y =35.4Hz

(b) ietritedl Rl U Z 2aR1H R B2l €14 9.
Z=R=3Q
2irirlE duid rms Walld

Y _V _(28)1 _
—Z—R—(ﬁ)3—66.7A

wirtriledl Rl 2y adi wiar
P=TXR=(66.7) X3 =1335kW

L] A %L ASLEIL S BEleRL 7,811 AU Ul ULdR Sl AL BRUMHL uLaR
U YYD,

Gewsw 7.9

254

Downloaded from https:// www.studiestoday.com



Downloaded from https:// www.studiestoday.com

wenadl yas

BELSRWVL 7.10 515 1UL2 UR Y& SIR2AUR Hed J2s2- izl His
U5 wAR 2 9. A d/delll WA SIS HidHl otdl 51 arg €l dl Hea
Q2522 o GUlFd 53 8. w4 J2523 sul Rigld U 514 538 ?

B34 Hed J2ser iall WRUAIML adi 2i-i-tiendl Rigic U 514 53 8. %41 a4t
Hed 252l sralonnial YR Uld 91 AR diRdAHL d¥H 88l il YRLddl
stde (Coil-ol0)Hizll uAIR 2Ld 9L, A0 2 53¢ SU{l2R A1 Aid 1
89, el URUa vitrile-dl Ralaxt €l 6. 2R dH dIRL [HRUHL HigHL 253l
AL UAIR Al 91 A1 WRUAAL S(ULRA otecld €9, WRenH YRyl dadlsHl
AlHulol 3351 Y O, MaleHl ddl i 33812 ubid (Detected) €9 i
A5 S URUY A d3 M it 53 6.

7.8 LC €1a-ll (LC OSCILLATIONS)
2l ol 9l 5 3Uler e S5 wisi [Agdly 2im 2oy Qo dae 53
A5 0. AR s SUAIeR (WRMHL [AadouRd)d $weser A8 sl 2Ud 8 AR
5U{le2 ur 8l [AgdeuR 2 uRuaui dae [Agdla elardidl gl [fusnd © % wibis
APllHL 2l sletl Fal o Sl 6. (F1RRL XT, wswl-14)

HIRL S SUleR UR g, wedl [AgdouR (£ = 0 u4A) © 2 =t 2usli 7.18 4o
rs5eR AL WAL 2UA B,

% adl WRua yel iy 8 d ad 3Uaile ur-l [edour dedis
A3 2 9. URBIH URUUML Al Uals Bt 21U 9. HIRLS 510 +¢a

25 ¢ A WRuAnl [QedouR g i wals i 9. di/ds 8- sl

i

. : . - +H+
ws522 LiL URd emf gacd (Polarity) »uslami sale ool ¢ ——
S8, 22d 3, v,<v,. BAlsnil ot oA MUY AHAAIR,
g . di K
4
C i 0 (7.39) .
wadd (BRuUHL, 7= — (dg/df) (51281 5, %H g 842 & dH j a8 ©.) 215[R7.18 515 3 219,
wie A58 (7.39) 2 o aal. [gduate ad © qell d-sseui
P UlRd emf'i g (Polarity)
—f +L g=0 (7.40) 2Lsfaul ealel yoold 9
dt LC < LA S
c . d2x 2 N - N A
2L AHl50L U0 A Ul AHlsRB — + 0, x = 0 B AU 4R 9. il
[QepdeuR % Wisls g el el 52 9,
N 1
dxgkm, = JiC (7.41)
£ il ol UHA AL AL (AR A1 2L Yol MUAUIR GEQIL 6.
q = q,,cos(t + ) (7.42)
UL, ¢, Pl gl HETH HEL 2 @ S0 §ANIS O, 1 = 0 AHA g = ¢, Ll
cosh =12adl ¢ = 0. dell U [BRum, 255
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g = q,c0s (M) (7.43)
WAl i = (— %) {12l 3oL 2l AsU Y.

I =i sin(o,) (7.44)
Ul i, =09,

UL YRYUML Elert Sl Td A 6 d 2 ML Sl 89 2AUBRL YU 532,

2150 7.19(a)Hi eatled Hosor WS [RAgdmIR g, dlon SUle: A8 2iied §wseR

2
Bt . [[edoulRd Saileai dulkd BadGed U, = %%’” . ulRuaHi uaLs addl 4
leiiell §rs52240 Gloal et SIUL D, UM,
2
LCuRuarl 54 GeAU = U, = %%’"

«—i

UZ%KAZ,K=O U#0,K#0 U=0,K= +m U# 0,K#0 U:%KAZ,K=O

2 max

(a) (b) (©) (d) (e)
2usla 7.19 LC wlRuani adl eladl [iol 83 aoude odis-l gla-dl ¥l 8.
250l Elantd 21825 ealda 8.

=0 U413 [usld 7.19(b)] 50 6i8 sl % 3Udle: [RgalaeuRd (R%) aau-dl
AU ALH . FH WRUAHL HaAle qHal QoL 8, ¥ d HrsseHL Yotsluaiol daufid 52
& 2L Qell G520 32dlls Qlord e gl Glod U= 1/2 Li” 230 Aaled ia &, 205
7.19(c)Mi ealedl 3ol 12 (£= T/4 AHA) UALS detl HenH Hed i, U Ui © AR
o1#ll o Glort, 2otsla Aol U= 1/2 117, 2ot WA @ 219 A dfl uetdiel] 251l 951613,
2L M [AgdBloa vt v AotsluBloa uvil €ld 9. ¢d Fu{ler v dlyeiz didl
«t2ll 2t el Al 515 Glodt Siedl el 25l 7.19(d )l el Yoo, g udle 3udleq
[QadculRd s 293 53 9. >0 WAL 3alex Ayl RedeuRd wy (7 = T/2 ¥ud)
sl 7.19(e)] il yHl Add g e 8. uig [AedeuRld Yo (Polarity) sl
7.19(a)l Wzl0s R sl A3 €11 9. 1], qgida 14 uBUL ol Yl dot d-l
Yo R g 20d il Yl -l o o yRialdd 29l 204, daui 8¢l Glod Suler

256 WA §rs522 A2 Bl 538,
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LC €la-l Rdt-L 83 e odisl wibis gl Fal o 9. 2usld 7.1940 €35
Lslanl 2L eor diBisdat-l (R e odls) 21434 RAM eald 8. 2106 i
au SRl 209 7L 0, A8 ldn sl m go-il odls< w3l s

2
%+(Déx=o 8.
t

2], W=k /m 2L k RBdLAL ot ais 8. dell x, g 21434 8. AiBisdat-l
B, F = ma = m(du/dr) = m(d’x/df). Reda dat w2 e = —L(di/df) =
—L(dg/df). »it & w3580 ARviladl 2uudl B wslaL elal 3, L et m A Uil
HRUA 8. HAlEHL AL 3R51R HIE AR W L 8. LC uRuanl Bruul o, = IALC ¢+
(3oL 012 e e M2 W=~k /m . dl 1/C, k A2 AUl 4214 9. 22915 k (= F/x)
2154 2AUALAR Hie %37 (6ULal) 6l YA 9. AR 1/C (= V/g) 2AsH [Agdeiz walld

sl Hierll %33 [Aed Rl dstad 3ud 9. sies 7.1 4iBts AR 214 [@gd

ARAL a2l avHel old o,

ses 7.1 ails Al 211 [Agdla A0 424 wRvuHsl

ailis dx [agydla d=
eoLm SrsseA L
610 242015 k SUerArll 4d 1/C
2lldR x dloeuz g
QoL v=dx/ds e I =dg/dt
4iBLs Glost (a1 21l Gl
E=thx’ + 2mv’ E=%% +ZLi"

Y

ALt 3, LC eletvill GURlsc 2l 6 5122042 dledlds Al

(1)  e35 9mss52R 52dls HLARIH HAA B, UL HARHA 51281 [AUACUR A4 URuaxAL Uale

YR AAHEAAL AU AU €9 24 994 ELEAL AL ULH 69,

(i) oA A48 9 S dl UL catell 56 Glost AN 2l A2ll, o il [eyd Aeisla

Aol 2930 GAd A €. (¢ wsdlel wseiml d-fl 221 8.) eslsdHl A3 A
2ll ateuHlexl 2 [al3eLu 20t Rd €l 6.
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6} BAOL-AADL 82l A uBdls b

g1 X1, eflfasl@siin wsaurds uR¥de 14,1041 adidd olaiRd 2axRd elasiidl oulidls uvimel,
ac L2 @oltel LCR uRuaxl oulBidls uldur 0l scil due aimal. 216l #lsw (7.28), direl XI
WIS A58 [14.37(b)]H1 AURIAE A3l 24t AAL YELYEL SLAL 9l el B €. HIS HAUBL 2L

ol (Rl M1 QAL Augerdi-l YR R s3I

R AAdd LCR uRua

dx d’q dg | q -
m?+b5+kx=Fcosmdt Ld7+RE+E=vmsm(Dt
QLR X suleR uRrL dlorour, g
A, ¢ A, ¢
B0, m MIHUSA, L
W 2ANLS, b 2304, R
(3oL x2S, k Suaile-ue @i, 1/C
las U9k, o, ds >uglx,
el wslas 2ug, @ LCR uRuaril wsls »ugl, o,
uellfed elastidl Sulaar, A AAS WHAL Heiu [AgdouR, g,
Ulets ol Suladiz, F, AL ulkd dieea-l suldrdiz, v,

AMIR d A diHg AG2 5, 2R (0 243U iR (g), SUEARAIR A (M 22UIdR ) 2434
AU Uy dlogeur g, 49l 2Rl XTI #5202 [14.39(a)] eldrlidl SUldRdiz 2w WAL Yeul
ALY €9 % AU VLR Al 53 2% 534 9.

Al )
{mZ (0)2 _ (D; )2 + (D;bZ }1/2
BuRsd AHls@AHL e85 WA 2434 [Agdld AB {5l 2 A5 g an d ? X, = oL,
X = 1/0C 211 0] = 1/LCL Gulal s319 L, C, 0 A ogril dlu 530 213 dil qalsel (7.33) 244
(7.34)AL Gu2LoL 52901 L AL 5L 5 AHL AL A1RAAL D,
atlfasfasiami axa 2l =l WRRARI sal 4adl 5, ¥4l gel gel de-i>il - aulBidls
AlsR8ll A 2% sAUML 20d 8. 2L USlHL 1SS A AN s11 WG €ld, dl diL 2t WRERARL 1R
243U AR 320teel s34 dHL A Aeainl WRRUH meued 53 asiel. ¥ clllas@sinul el el
giotiiell il o Al WRRAQIL HaAldl Waed 5 dH A3 JAdl2 Sla, Adotd, di dsladal vl

YRR €lal A, ‘
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wenadl yas

BEL8RM@ 7.11 £2lldl 3 LC wRuaHl 4o eleniml 3uile v S=ss24i 515
el AHA AALRA GLaAAL AU HAN E1U .

B34 w3 Sullex v WElis Reder g, 9. Ayel 019 3Udle il L
rsser AL S5 A 6. URA9 7.8HL i HeIA 541 d Yol UL

LC uRua »uglx
1 A A\ 2\
O (=2nv = —— | dl ele-l ALY AL
R

AN

SUS 215 7 803l 512 uRHL [AgAMIR g 2l URUAAL Ualls 7 {12 ool HWA .
q(t)=q,cos Wt

i(f)=—q, sin ®¢

1 U4 Su{leui AalEd Gl

2
_le2olg _1% 2
Ug = 2CV—26 =37C cos (mr)
£ AMA S5l AAUlBd Bl
1. 2
Uy = 5 Li
= 2 Lg;0'sin’(e)
q2
0 .2 e
=3¢ Sin (1) (o= 14Lc)
GlostAleAl A0

2
q 2 . 2
U; + Uy =% [cos f +sin o]

2
=y
~2C

o 217 C, AMUe 21 €9 el A AL 4L ARAWL (54 BloA) AHAA D, AL S

N A

a Sullex-l W ous Glod Fedll 9. 31 2ud, ? (42012 !

7.9 glva{?l*i%i (TRANSFORMERS )
gl GRall 12, il dleew s el Hial 5 il dlees qedli uRad- (el
3UIARA) 529 U5 ot 8. Al URBLHL Rigidell Gudlol 53] 2tell 2L oieid]
ASIA D, FL 2LUSIHR 58 .

L5 2solonel el 53¢ 6L S19A ([U01) A8G €1 . ddl ¥ dlvis
a6 (Core) U sl 7.20(a) Horot 2isollonell Gu Haal »usld 7.20(b) 4ot ol 6
2UA01-21e0L ML UR [d21dietl €1 9. d UL 28 sidan walis ool (Wamil sida)

(e
(a2}
ol
[
D
S
Vo
_\l
[
[y

58 9, dHl w2 N, G 9. ol siddn olleL of0 (A3 5l9e) 5¢ & dul el N,
gl 8. upllavid 28R Wiz wals 2R Sye side 2in Al v 2By
S0 €1 6. 259
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Ru-cllvisel A6t (core)

wiaAs
ShIRIK
e

e

(b)

2u5ld 7.20 2R wals 219 ol sl dleiaaid o
dlisaell (a) 2us6lloa-l Guz 6L oL (b) dLatdlL el MI2L UR 61 oA

2 Wals dproun ueadl diee @l uisaimi 2ud 8 R uReudl uas
ucdladl o1 514 ses Bt 53 6 % O A0 AL2 ASHUA 8 24 AUl emfURA 52 8.
2L emf Al YL HIHIR M2 AL Hield]l vl U €l 9. WS s el
2lug1R (AUl 3 il walis o0 1a1ell A51d deel MR 8 2im A6l 84
ot % 2otSl a5 WABLS 2in ol olddl el (Adl=oL) id Asnda 8. AR
wielis v, dleey didy uLdlt glad U Ualsn 51281 7 A4 drl uels viiel A8 As0dd
55U O Sl dH HIRL.

N, {2l Hiddl 2L 0l URd emf xadl diey

g =N, do (7.45)
s

8. ucdladl sasua 518 walis oMl vl WRd emf Gedd © ¥+ back emf 5& 9.

EN
N

o {2 oot 9.
_ N 9o
g,=-N, o (7.46)
U €,= U, % 2 L Gld ol WAHAL i AR 51280 (HIRRL Hel) dl
el teid A U, %l olleL 2jA0] 25 viedl Wdua (Open Circuit) €14 »iadl duiel
Anldl Ut 200 €1d dl uald AFMsediml e,= v, @S AL, %, v, A AU 6
941 aRAL Al 9. tial, 43520 (7.45) 244 (7.46) -l ot avil wsid.

_ b
v, =N, % [7.45(2)]

v, =N, [7.46(2)]

U150 (7.45(a)] 217 (7.46(a)] udl,

v, Ny (7.47)
260 P p
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“AlHL S GRS 618 AR ARRUSAL Gl 530 Hada . (i) Wiafs dR0uHl 24
il A48 AL D, (i) Wialis 240 oRL oin o[ANML il Els AMIA SUSAU ASHUY B,
£1281 5 1oL % 21 sy oliuiell 1925l o B 1 (i) Asws3 Ul Heu e 9.

A 2ruS1M2 100% AHcllo] (BloA-l 4 adl Aell) 9d i dl H=1Y2 UldR 1
UB2YE AR AL G 8, AU p = fv €laltel]

iV, = iV, (7.48)

a4l Glosleil SRl Ay Ul % €l 9, 9l Al 2l Rt s3ell arusiiz-l aHdl
95% 5l a4 ¢l 9. defl 24l s AR AlFsedl 8. (7.47) i (7.48) AlselA
QAL sl

o b N (7.49)
i v, Np

NN

ac Ald-l 29[ Fedl o 2uigxel § 21 v i slasdl 52 © dadl aHlsw (7.49)
24134 ALAAL SU[ARAIR 2424l rms HEdLL ALRITIR WaL 24U €.
€A 2UUBL LS 2519l 3, cle2os et Wl UR 21-uS1HR Sell A 212 5389, el wid

NS ~ Np
V,= (N—p) v, i I = (N) L (7.50)

NN

69, 2ed 5 o, WUl s3dl A5~ sldanl 2iesl qval ay i (N> N))

b L A%

uU A3l (442) (V> V). 2t Usiz-l dlsasil :2uziy 2SR 58 9. oA 3, 1l
dtsaRllil Wl s3ctl As=EH Ul 2L S S (N, /N, <12 [ <T,). Gelezel
)3, wialts dA0UHi 100 2i2L 21 ol 204l 200 el §. dl N /N, =2 -
N, /N, = 1/2. 2114, 10A101 220 Vil Seiyer SACUO 440V 2UB2Y2HI 22Uy 24,

B WH sl A=l vtiaiedl v el G (N <N,) d Ui 2148142
29l 2L BRUHLV <V, AR [ > 21ed 5, e 22U iGrl 43l 21l 42l im Udls d4dl.

BuR Ao dal A58 1L 2LASIHR (5165 ULl Glorl 24y A adl $1d)A o @l Uy
£9. U ARALAS 2vAg1MML {2 Yoroietl SIRBUAR AUHPUHL Glogiedl AU A B,

(i)  sas @39 : ooirl oroll Rt madl A6l gald a2 (Air Gaps)=i $128
WAHL o1, % s@ s As=uiel wAR ad -l uReus dlgs sasu dRal dlse
ALY 9. WIUHIL 24 A58 4 50{los uR cletofl 24 eflsor getdl asi 6.

(i)  aud=slornl 219204 = AWS=doML QUAAL dlRe 32ells A SIA 9. ddl dlRH
2 ~ ~ N 2 NN A
Geatadl Gl (I'R) 243U Gloril oy 2d 8. a1 Udle et 2l dleyaion
ASLlotHL 8L LAl GualoL s L Ay ag iy 530 ASIL .

(iii) 20 Haws (3420 yatel) : uenadl 2o18lu sast divisdl el 214 uans ARd
53 o4, YRRUH GWML By Al 8. 2R Al YZl2AAL stdl dLeil BGudlol s34
B AU B2 ASLHL .

(iv) eleedlale : ucnadl 2oidluain 5181 a6t Jeislsel (Magnetisation) A3l
BaielsS 20 9. uRenH o1eiui waldl Glod GwiL a3l 2uuy 8. 29l el uy
BR1Adl 261514 gttt GuAlaL 53U 2l B2l asA e,
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2L 819t GualaL 53 atioll il 4l [AadBloi- Hlel Wil U »iq [Ade
SAUML L9 89, 12wl HUBYR ALY UMY 5AUML 2 €9 (el Ualls 8 & -
yReud TR iy 21l asid 9). AR6Is dal dioll 2idd ALl A5l Rrdizel
Aot YA HsAUHL 2Ud 9. Al dieey UG (HalsUHL) saAUHL 2Ud 9.
240 Vil WaR Y8l 2Rl 82 1l usial d udal [Ads-aoreadt »iq 32ldlél ien

NN

(Utility Poles) (2io1el) viid 24814 a3 det 5312l 22U1B1 52Ul 21 .

ALAA
1. uenadl 24l i v = v, sinwz A4 R @l2) ULl dui addl s
2 g . Uy ~o A ~ N N A ~ .
i = i, S0, i, == LS. UALS 2 ALY WA dlee A1A AL SOUHL

S 6.

2. AR Ruiedl dedadl dals i =i sinor WdR wd 9 AR gd €l

N N ~ 2 2 NN

(GWL) 51281 UL WA AU P (245 A5 U A1) (1/2) 7, R €l 6.
9 2 )\ 2 . )
dl Rl waR (P = T'R)AL 2434 2% 529l Hie Ualel [ARre Heudl
GualoL A1y 9. det wlenl Aol A2 Aoy (rms) 5 B, FA T A
gl €9,

1= -2 = 0707,

5l

241 % 3\, rms ey

c(l)

V=—2 =(.707v, 4% el 8.

V2

UM, LA UG P=TV=TR 40 8.

3. Rildiey v=y,sinmr 4e Hs52 (AR5) L AL Ulsdl S-s52ul dddl
WAl i =i sin(wr — 1/2) S 8. %L, i, =, /X;. X, = oL $=s5eld
Auiser 58 9. Grss2HL YAle, A% 5l SUUHL /2 F2dl U9 S1d

N

£9. rg523m UL ULLAL WidReL S5 Yel s U] UL 94U E1U D,
4. sulexrtac diey L=, sinor AOL UL SUleHL Udlg
i=i, sin(wr+m/2) GedA 8.

. L, R DA ~ DI

=5 Xc= & A 5UR{1Ela Llseu 56 9.

N A C . N NN . . NN ~ NN
3U2{leaul Ul AR UYE A1 Sl SUUHL T2 Fedl 2010 €14 B, A5
Yl 25 U2 Srss2Al Bt Mg U2 Y2L uLsdl wiaR-d s yel 4s

U ARAA YA SIU 6D,
5. RLC 2.l uRuad dyuide dies v=v, sinwz 14 AR WRuasl udig
{2l Yol A 2l s Y. i =i sin (0f+ )

wii | = G
R*+(X.-X, )
R X, -X
24 tan) = %

262 Z = JR?+(Xo-X, ) AuRua-dl $Fusa s 8.
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venadl s

c

L5 YEL A5 UR A WAAR A {2 ool U U 6.

P = VIcosd
cosO Ue UldR 5523 5¢.69.
s SURALA Hadl Swssdla wRuanl cosd = 0 Sld & i wRuasigl
UClS AR el 9cid WiaR 4 Ul AAgl, 2Aial BRuUiHL Hdles, diedd
uatle dils Uaviy 9,
$01R1 313 2L gHAL AR Y dle2s 2 Wlledl %t glRL 24
URUAME UALS 247 e Azl su1L A6lt w011l aldl A5 9.
s Uk 9, % Borlble-l WA © stelld ssul slHEL 52 8. R
Hir S0 43 salldd AR (D2 el et )l SUlERAIR A8l HeH
Ye £ld 8. 330 S A% ac URUA [Asdua 514 9.
sledl deql RLC 2efl uRuadl 2is e alisd 8. uRua

rAle 22l B HHed & gl selld 209, 0,= ﬁ CIERTEIIC]
SU[ARAIR HeTH Sl 6,
(,OOL _ 1
R o,CR

3 gatlaldl sdlfeél 3522 Q, tetriesil dlaaiai-dl 425 9.

Qi Bl et nalsHl flagt Her yud 6.

% URUAHL ac Ald i AdAY A €l U3 OwseR L i SurdleR C
(wRoii [RedeiRd) €l ddl wRua Hsd gl sald 8. 3uz{le: ua-il
[A8dou ¢ w0 suadoula 4+l 5

2 SN N NN ot ~
d_g + i g = 0L AN 2 dell 20 Y5t eletrildl >ug
dr
1

W, = —— O, ot Glost 3Uaflex 2 Hri52r 42 Elarll 52 9 uig
JLC .
AL ARALN A 5 g Blol AHA ALA AN K B,
214812 dlvisri ool 414 8, Pl u [Heouda N, 2i2L qiadl wialbts
oL 2L N, tiel Rlad 2l of0} [daidia €lu €. o walis s
A ac Ald A3d SlU dl WaAls i oLl dieeey q-L Aoiy {2
UAOLES.

N N N a8n8
\Y =(NS)VP i, YAlsel Aol
)4

S

A WAlLs sl ollel ool w2l Aval af €y dl Al U

(V>V,) s 9. 21 usiz-l ollgaglld 22uaiy gi-is 142 58 9. 2 waliLs
53l 3121 dA0UME Hti2ied] vl 219 €14 dl RULIGH 2AASIHR HA D).
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rms e

rms 1dls

Aasewu :
ETIC]
5U{lela

IEaREY)

Bile

sl s522

Ylar $52R

=25 =l _ ﬁ DA 2\
Y, [MLT A ] \Y = Unic Qe+l
PO CERIER N
3
I A A I= 2% i acudlesl
PO CERIER N
2 -3 2
X, [MLT A] Q X, =L
X, IML'TA?]  Q  X.=1/oC
zZ IML'T AT Q  uRuasisaes
YR 2UHLRA €9,
—1 1
W >Adl O T Hz @,=—7—
r 0 [ ] 0 \/ﬁ
RLC 2Rl ulRua 312
Q WRUERR Q ©ol 1
eRlsd =— = :
}{ mOC R\
RLC 2{l ulRua e
YRHIRR(Sd = cos O, § @LdL uldet diee
i URYAAL Wale AL
s0U dSld 9.

264

augt [AanReun yeil

ac dle2 HAdl Yald-l AL Yt UMY 2d dtl rms Hedl 8. dHIL
UL Ll e €268 sLgleL 210 a2, dley UM Id
240V S1U 9. % A% rms Hed AL B, AL A% HeTH YU

v, =2V=340V .

ac URUAML AUl 82si-l ular 2L (AlsaaHdl) d- uue wia e
yAd S,

ac WRUAHL AUl (vialdl) ulaR s34 380 el idl.

ac Yale i de Uale i Mius UPTURAL Ad B, Uig ac Uals W2
21[FUR 3ol A carvaiRia 530 astd ? de AR % Ad ABd AL ® d
3d ac UelletlRd Bl AHIdR AlesdIl 422 Ydddl 115821600 o3 d AR
45 alscll A2l Al 219 wedl o »ugmal ac ale d-il (2 oied ©
e HLSURIOLL, AR Y 9 61 B, U, Ul [Bauell 2adat S
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11.

12.

venadl s

el S5 dparHL uel ac (U vaBid el BSHL. e ddloy
(Gw1) il 25 o4 8, uRUAHL Ulddl wdie-d 215 2142 rms
Y 2ed vl Wl 93 Geatadl AA Gl AR 2l o AHA
WRRAHL 215 20U de wale ol Geotadl A Buly R wedl
€1,

212l WRUAHL %L %el-%El H25IHL 6L 931 A2 Al GHRAL 1Y dl U8l
duel 50Ul A0y LA AL WS, Gels dls, RC YRuaui 1 R
2 Cell 6L D312 a2l Al HrisH Vi 2l Vi 81d dl RC A4+
Q2| 54 ARY Vo= Ve + V2 8, Uid Vit Ve il 512203 Vi 214
V422 11/2 %2dl 59l dslad 8.

SR SLHLAMHL Al il ol A2 AU 2% 5AU . U, HRMR 21
ARRL Wd ulky A, d 2Ry AR 9. 2wad Ad (erHiFsdl)
oreeldl 2AeL AL SUlAAR 2t s URidls A1 2l LAd %
Al 89 5 el 2Ad 143U Hird e Bl HAAAL gl Alearl el
AU AL 9. UL UGl Rl 9l o ulee Aol HaHiAL
Guallol 5304 AL Aot sl 25 A0 A 1AL A =2 2idd Ad
(e1iiFisell) orzetidl sl AN gudl ulR el gL % 541 9.

ac URuaML g Hrss2R i g SUA12R A8 ASUUAG WIdR Y 94 1Y
6. ac WRUAHL 55 1314 % Sl 825 © FHL Glod-l Hu AU D,

RLC uRuss o3 X, = X 280l 0 = —= ald A3 Asirile-d] 82l

JLC
BeMa 8. virlle Geatadl Hie WRUAML L i C oi gesi-l ¢1%3] $idl
ML B, 241 825l (L 242841 C) USL 51 45 % 42s 1M dl dlees -lole
2oLl 25l cll el 2t el 2ieie asd .

RLC u3lugMi uldr 3523, UlRug d-ll glal duRldl HedH wiaz-il sedl
495 €9 e, MU AL 6.

o223 Vit HI2RHL Y2 i HiBeye-il efisiil Gaeladl €. el
[REdBoA SryeHl Sl ® 1 4iBIsGlod 2uBeyeHl €ld 8. w3l
UiBLSGLoA SetueHl €l 8 27 [AgdBlod B2yl S 8. o Gusall
AdaLdell Gloil His 23U oflon 23U JUidR 538,

2SR (U ~{laul dieee Gl it uRaldd 52 8. Al Glod
AR&RIAL (MU Gedas ad Al dale d o w8,

Elldd oUlctd avlel 53AL W2 sine YAl cosine Udl ddril vily
AUl uAeoll ol Aol SR8 5, Yed-uHU @A sleddl dil
2159 ofloaml 3Uld UHL 9.

265

Downloaded from https:// www.studiestoday.com



Downloaded from https:// www.studiestoday.com

B AulaslQsuq

7.1

7.2

7.3

7.4

7.5

7.6

7.7

7.8

7.9

7.10

7.11

266

ALY

200V, 50 Hz ac Wiy A& 100 Q AR A3 9.

(a) uRuAHiUdled rms e 9 ¢al ?

(b) isyel A5 eAlHUlA WAl 5@ (Alvvll, Net) widr Sedl ¢l ?

(a) acuwlld-ll Al HeTd YL 300V 8. dril rms dlee s2dl ¢l 7

(b) aculRuuuiddied rms HeL 10A &, de HedH Hed 52 2l ?

220V, S0Hz-L ac Ald A8 44 mH $=$522 3 €. WRUAHL Wals rms e
oML

110V, 60Hz+1L ac ld A8 60 puF+i 5uile: e €. YRuani uals-d rms 4t
oML

AU 7.3 217 7.441 215 Y8l As eBUlA g5 uRUAML ALl A1vul wiaR
Sedl ¢4l ? xRl walotil Angdl Bl

L =2.0H, C =32 uF - 10 Q aou LCR #efl uRua wie e »u9{t o,
Hadl, 2L uRuad Q Hed sed vl ?

27 mH $+8522 18 30 pF+ Ayl [edenRd Suailer Add 9. di uRuami adi
45t elasll sielly >uglt sedl ol ?

ALY, 7,741 $U{l2R U+l WM [Agdourd Yed JIRls 6 mC 8. dl WReM
uRuHL AARA 56 Glost Secll €l ? ugdlHi 51 AHA 5@ Blod Secdl el ?
R=20Q,L=1.5Htx C=35pF f1ddi LCR 2ell wRua A2 Ald (el
w514 ddl) U Ralol 200 V ac A1l A3E 9. U1 Al »1d wRual
wislels U9t Feel s R 2is yel A5 elaiq WRUAME 3UidR WHAL 42U
wlaR sedl ¢l ?

215 AU MW alissize ei=s (800 kHz %l 1200 kHz) 2419 [xiii duousi 23t 530
s 8. A ddl LC uRuaHl 200 pH 2AAR815 94522 ¢ld dl dsil Ad
sulex-l Yo seell didl A Sut ?

(HINT : ey[Aol s2al Hie Wislis 2ugf 2ied 3 LC uRuadl Hsd ela-li-l
219 (7t 234 ot »uglr Fedl adl Hidl.)

2U5lc 7.21 ot Aldd (eedl astd ddl) >ugtall 230 Vac Ald LCR 4Rua
AL AN, L=5.0V,C=80uF,R=40Q9.

R
VIV

a@ ——C

21114
L

2usld 7.21
(a) uRuas 2is-ile-dl Ralai diadl e did-l 2uglr sl 520
(b) tirtie g [riat uRuAAL SR i Wals-l SulddiR AL
(c) uRuaAl 81 gesiAl 6 941 a2l rms e (RALAHIA dslad) WHL.
galdl 3 trrile 2Ug[vil LC Aol 6 941 a2l Rafauid dstlad
(e Jiu) A 8.
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AHIRUAL ALY

7.2 20 mH 96523 vt 50 pF Suzilesy 421adi LC uRuasi suadle ur wiles
[A8dcuz 10 mC 9. uRuAAL 1314 2ia0iell s dedl 9. 1% wRua yel
SAML2UA DY d &Rl r=06.

(a) gawzlos AAlkd Glod Seell €l ? 9 dei LC £laril ea3uie a2 29l ?

(b) wRuasdl wslas »ugla sedl eal ?

(c) suLuHd AALlA Gl
(i) @ygl [AgaBle 3u (ed 3 3udlexi daled) ¢ ?
(i) @yel 2ot5luGlon 3U (Hed 5 SwsseauiAuldd) il ?

(d) ©ws522 21 3U{l2R 422 sul-51 AHA et Glo Ao A ad1dl ?

(e) o8l 24l WRUAML 215 AR lvled seUML U4 dl B9 Seell Glad Gy 23l
Uy Y9l ?

7.13 240V, 50 Hz ac Alld A1 0.50 H S5 4R1adl 519 214 100 Q 244
B3 €9,

(a) slOAMi MedH Uals Sedl ¢l ?
(b) HedH dle2% i HeTH Uals AR UHY dslad S2ell ¢l ?

7.14 a2 7.1341 % uRuaA Gl »ug[rainl Aid (240 V, —10 kHz) 12l %salml
2 dl (a) 2t (b) a1l atlol Hadl, “vpor % G2l »ugrisl uRuaui 84
ws523 vieadl WRua (Open Circuit)dl Mg ad ©.7— 21 [A41 144dl. de
uRuH] 1] 2icRel 219 Ul Sriserril adels 3ol il ?

7.15 110V, 60 Hzac Alc 18 100 pF< 5U{le: 244 40 Q 2414 2R(l4i 6lid 6.

(a) uRuaHl HedH yals sedl ¢l ?
(b) HeH YAl i HTH A% QRRAAL UMY dsldd Sedl 83l ?

7.16 e 7,154 uRua 18 110V, 12 kHzeAl Ald sl 2419 dl (a) 247 (b)-
ogalloll Hordl d Ul “vpor o GlAL 29[l SURAleR dlgs ot 9.7 - 1 [QHA
H‘;L%.’L@L. de 1{[78{%[‘-& 2] wtcRel 219 Ul Suleal adejs-l uvmell i
CREEEIDERN

7.17 LCR 2.l yRuami did-l »ugtin si-ie 2ugh wedl uvild 2 L, C 24 R
A8 8251 AHIAR B4 2019 dl, £l 3 241 293l LCR AHid YRuaMi
$E UALE AT Sl B, 2y 7.1141 sAldd desl 2 Ald HI2 AL 2ugR
uRual £35 il Wals rms 4ed Hadl.

7.18 230V, 50 Hz ac Aid A1 80 mH 98522 24 60 pF Suilexd fellil oidd o,
Y[Ryl AR, A 69,

a) Wl 5UlARAAIR -l rms Y& Hadl.

b) £35Sl 6L anl dle2 Ju- rms Hed Hodl.

c) OrsseHleAIdLld dAE AAA ULAR S2dl ¢l ?

d) $udlexui e-idRd a8d AN LR S2dl 89l ?

e) wRua qd Altidl 6 U221 WaR 524l ¢2l 7 (AU H2d s A5 Gur

ARUL).

7.19 RS QA 7,181 uRUAHL 15 Q 24404 9. URuaAl £35 desHl 2idRd

AU ULAR VA AMLAL 6 ULAR Ml 267

o~ o~~~ o~

)
)
)
)
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7.20

7.21

7.22

7.23

7.24

7.25

7.26

L =0.12 H, C = 480 nF ddl R = 23 Q Huddl LCR 28{l uRuy 112 a4

219 [Raloll 230 VL Ald A4 .

(a) M SUlEGRAIR HenH ot o Hie Ald g Seel 82l ? 24l HedH He Hadl.

(b) uRua a3 2lMidl AAL WA, Y& Hed ol d Hie dld gt sedl
€2 72U MM Ulde Hed Hadl.

(c) uRuami &ldRd Wi, visle 2Ugld Hiedl WaR sl 1880 $1d d
219G [RU2AAL Yl 5415416 7 24 219 Rt Yalgel SulAd1R Sedl ¢al ?

(d) 2uueuRuadl Q-5523 sedl ¢l ?

L=3.0H,C=27uF %11 R=7.4 Q 4R14dl LCR 2l ulua 12 vi-ile »ug(xt

2 Q-3523 WAl WRuarl el dlaaidinl AR sal W2 d-dl “ud

HSETH AL AYLLUEIONS” ) 821l 2158l 5240 AU 8, UM, 5L HIS-AL H1oY

Rl YU,

{120l usedirAL S eLol 2L

(a) S1Su ac URuaMl @R wdd dictBls diey, d uRuasl gel sl
23l g2sirl 6L 9414 QAL dlceilBls el oS ARALL GLRIGR Eld
€9 7241 % WRBUH rms A% HIS AL 11 89 7

(b) st SOl Wals wRuanl Suileal Gualol L 9.

(c) awLud dieey Riona de dieees A Gl 2uglrdion ac dlea-l Auldl
oid 8. uRUA wsser i SUalead Aell gLl q1d . galdl 3, de
Rioda 3urileastl 6 941 422 A1 ac Riodd Srgsel 6L 941 a2 wella
(Appear) 44l.

(d) s Als 5194 244 oieot ARML de dAld (RAld) ALe A 9. oieot UstRLd
adl B 8. Als Aadl dvisd o6l (Core) elmd sl vleotel
USUBlAdIHL 5195 % 53512 Adl Al % AL % BLLL ac AL ALY S
U €14 dl drl UZU AHIRL AAELS T S S3U.

(e) acAreuy (W) Ui Aset el 2oirl BUALOL 5L HIe Als Sle AL ML
o331 9 7 UYL ALS SIOAA GEE AHLAL HAR1HAL GUALRL AL HIE A 53 A8l ?

a2l dldHMl, 4000 el Halddl WEHIL Sdddion UG

2151 2300 V %edl iy Hry2 UldR Y21 ULl 2 8. A 2162y

dlees 230 V Haddl €14 dl olieL 20Ul viet-l duat Sedl umdl Asut ?

215 SOAOASELS WA wlveul gotlel s witll 8 (Rd™) 300 meil Gl u &

2 HAAL Ul Uele 100 m’s | 8, % 26l weasll siamdl 60 % i dl

wtle2iigfl Mordl Rigld WidRe sl 531, (g= 9.8 ms )

440 V Gedtest alsa 81l [Qgd wivesil 15 km €2 220 V %2dl dies 800 kW

(A1 wars{l #33Adaus] 245 Al 2w A 9. WaR 4 wdl 6L die{l ed--l

R 0.5 Q/km 8. ASHIAL AU, 2UAAL 4000-220 Vil UG 2SR

gL AL ULAR HA W),

(a) UlAR ALSAHL B3 AU Y Yl ULAR+L A8l Holdl,

(b) cl3o=l 5128 Actl UL AR £ A HIRdL Wlw2 IR S2dl WldR YL usldl
RS2 ?

(c) elve Wi %33 Uiy 2t st cletBisdlL el

(BURASL (7.25 ) RAULUHHL UG 2USIHRA AEAL 40000 - 220 V 224413 e 1R+

GUAULRL SAAUML AU AL A el Hodl. (2UGHL 1o &8 (21dR, leakage ) UldR

2RI A S 2Ucll Rew AR el S0 S 2 BaAHL G et A5 9). o

el A3l 5 2 Mle G221, cllee WA 2Rl SATURE SRAUHLHUAY 7
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[Qgya2ioislu d2ou
(ELECTRO MAGNETIC WAVES)

8.1 YRdld-il (INTRODUCTION)

WSWL-4HL SR 9 5 [AeLdnale Aoisluaal Baurt 52 8 e 6L YlleRd diR
wso(l U Yoislaoion dold 9. GURAd, USA-61L HUUSL %Y, 5 AHH WA oledld
2oislugal [Agudaol Bt 3 9. 9 u-tiell Gag wal A 6 7 g AHA WA sledld
[El%dél’)t Q\i,f’{&'l?{ét')t Beurt 53 8 7 ¥Ry sels WA (James Clerk Maxwell — 1831-
1879)7L Ml HAAUR 2 WAUR AsA 6. §5c [Aeldnals % Al U AHA A1 sledld
[Agagot wal 2otsladinl Gaut 53 ad 8. A[uAL oif, dua-L [(Ruw (Circuital
Law)-l ueedll Axd 018 oledidl [@edudls 11d sl suile (AaRs)-l sgir-l
ML 261548 WALl AL, Hsud e HUFURAL 614 oL (Circuital) [HauHL
AALAAL SIS, AL HALARAL ER 520 HI2 8L 25 AL ULl B 3RUld 2] %
22l (Displacement) Rl wUH SR,

“sude [Aeid el 2Aeisluaoll 2iq del Bedlil, [Aed™iR i Haldardlil Aisndl
L5001 2L (e )l 2L 530, 1 Al AsAdaddl A4S0 dLS oy 9.
2L A58, A2y oo-yol (Usel-4)-l e 3olld [Agidalotscadl ot Hooud
(Rl ouBicild 2 2% 53 69.

Asudel sl Geatad Al ol e i [Aadie sy dolid »Rac
€9 % o Uy A1 olealdl [Aad 1a otsluanile (s 2d) sasml e eald 9. v
Al Uol 2L d2UAL 6y, ustelld HuHdl R HAL Wstadl AUl qer

(3 X 10" m/s)~ll vot % w205+ dlalled HetH wl. 241, 5121 315 [Bediosla d2old dd e
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545 4

BRA

-

F1A 545 WsuAd (1831-1879)
L {lAotol, ledwsHl -l
ol ALkl Held lfas-
WRALHIHIAL 218, dudl Ayl
2ARAL MLl G3H{lY, dol-[AdeiAl
Mus diredl 2iq d2il ALy
AU edl 3 3l wAlls Dd
Hodl ARRAL Fdl 3 2diddL dd1R
Ul AR WAl [l
wel% (Estimate) ¥H0lcyl.
wsudal A1l {2l Rl 2 (sdol,
228, WUA A FT gIRL
dldal) [Agdsly 2 Foisla
(il a0l A3l s20UAL 25 %2
(o) s xslslsel (Unifi-
cation) 534 d © % ¢d AsAAd-L
Alsenl invid ©. vl
Heedl d Al oLAHL dIRel uR
UL 5 uslel i [Agdaiosla dlal
€. RUUE ollotd dl 2L 89 5 gedHl
[Aeid 501 2a3uHl (Particulate) €
al (333 [Aad ([asquei-l
(Haal glaL 2ausl Yaaal) [@ar
AL d ASHd A el

Ad el sty UM, HsAdd [ sl Aeisla vid wsiaL x4 281
vt ([Rva) wisaad sid sd 188541 83 wellbus Fd
[gazetsla ol wRacd aled, AHA odl HsiHl 2 24
-l YLelBis (Technological) Gudlol 53] AUl 5ild U,

ol 2% UUBL A18] A,
21l USR0UHL ALUAH U8l 2l Hallerll ¥3RUd A dril

ueusiel 2l 5303 ol [Rgaesla aolisl aslicis 2% ild
5319]. Y-8l (dordets ~107 " m)ell dioll 330 (doLeons
~10° m) yHl uadal Redesla doll asiuad asid s3si.
[Agideiensla d2ol Asadiz e sdl A Hisaal s Al
(Receive) 53l d-i dgl-t wsel-1540 5319l
8.2 ridR Y8 (D1SPLACEMENT CURRENT)

8L US4 A 5 [Agdudls d-dl 2uauwn eisluast
Bt 5369, H5uAA 2l 5, llES A2l dL 12 etecldl [Agdast a3
ugl 2otSladnl Gaut ad % ASHL 2L (clllds) AR M viel %
LUl €9, 515 o U3UL A0LL, AUML AL A 234 Us19L BURit oflost

o1l o 23Ul [AgLd2ioisly dRolle A Reicd AHAd 9,
5efl 2d sledlg [Agdainl 2 2Aeisluaat Baut 526 d Ayl IR,

sulex (As) Al [@edeulRd adisil (Charging) UL 2a-ul €l
WA AARS ol [Bigu 2oisly &st tal e HRURAL

asled (Rueld) [Han (Wse1-4) dlay uidl.

¢ B-dl =p i (1) (8.1)
sl 8.1(a)HL 15 UHIdR e Hldd sulex (Aars) C 5 ¥
AHU-2UHRA Uelle i(7) HRAAAL URUAL 1AL D d sAlAd 9. AHIdR
w2 R1ddl SUleas{l elgi-L el »udd [Big P 21010 2otsluast
12, 24 HIZ, 25 7 Brosdill wuddld adousiz ei4ousl (Loop) 5
% A L daAlgHRa di-l B dot 2t d ik AR Ad
sl add 6, dn 2l dl [2usla 8.1(b)]. usladl Al wrell,
Aorsluaol 2 adousiz eitonou-l WRadl Rt ¢l 2t d-d Hidt
AU UL €35 [Blg, 21010 AL 82 A 2Aetslugol Hid B €ld dl,
s (8.1)+1 s1oll ol1og B27r) &9l el 2A1ue1

B(27r) =pi(?)
Ha.

(8.2)
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[QeLdziesly dol

gd, s oflo Awdl [AARL 5 o 20uB-L Bru wedl o dliL dlu. 28 plime

adl-2isil Al 25l 8.1(5)] 9D 5 % wells (Uelsuld diznl) suin 2l -l I I
wat 21 AWl de 3aileasdl o W@al-l a2 euoml 2R de e Gur saled 10 M

Yogoietl Aqousiz oitRuoll 8. il oley s Awidl (alsau oL Asl-ollsd V-

[l 8.1(c)] 8. udl At uRHHL aR1adl Al AU AR Slea-[Runm * C

adlLsdll sl 8.1(b) it (c)ui salda Aw2iimisl uals U1 Adl L Sleell, »1uglL
Rl wslat el 5 Aasllsel 8.1 suofl oigy orectidl el uig wueil oy pyit sled
gl 9L, UL, AL 215 [AR1HeUA 9, s Dd dRLdl (big P 241910 e sluaal (Ag-)
1gl AR 6l I ARl [Big, P 41910 2eilugoL 2w H 6.

21 [AR1Ae0A SR AL wrsled May douddl Gedd © ddl i
[Hamal o 565 ve 8. vl ved Ue g ¢2 5 519 wel AuLEl-l Gulol 530 dl usl
[Blg, P 2410101 ALt Zois1ugloL Mol

215 8.1(c)m Lrtyds Al 2 vedi e (49 20Ul 2in 53 Al i
Aale A1 5 9 suilex-l el a2el uauiR Adl wuiel SHil g 595wt Uz A e ?
el vdoid o [Agdain © 1ol Suailex-l e3s e aAsn A 21 gat [Aedeir Q i dl
wiel-l a2l et [Agdast Ex et (Q/A)/E, (uHlsrel (2.41) g1L) L. 2L &st
2150 8.1(c)Hl suldd AUl S ei3U ol def e Suller - Wil L dxsn A
U AL 2, TR GlglReL GLRLHL e S8l dl AWElL S e Asouad [Agd sasu

D 52¢ ¢ ?olinil [Ruml Heeell d
1 Q Q
@ = = p——
=|E|A e A A :, (8.3)
6. ¢d, A Su{le-ll We U2 wd [Agdeu Q Ay A sledldl $1d, dl drl 2434
wals i = (dQ/dr) ¢, ddl ulsw (8.3)l Hesel 24181

C

(©
25(d 8.1 215 UuidR @
aRldd sule: C & %l

oy _ dﬁ (Q) _1dQ AHU-UHRA WaAls ()
€ - .
. iﬁ RN dz\ uAIR Al B, (a) Big P
HAL A QAL 5 Aol HLe, B0 FoL5lUdnL gl HIZ
do, . r-Blasuiel sitouol, (b)
€, =1 (8.4) .. o
dt sudlex-l ol wesl 2»1e2l

YALR Yl gil-2A51+l

% [l ARl [Rdd ved Ue 8. dlgs glRl Auidluidl addl s walsHl > % o .
QUL 5 Bt (a)Hl

AUl A8 zisvuzlg (e AR AETUE, otgg é?tj{ dd wlz’\%\(aﬁﬂ& 1l Ffm-:i sl wororrt iU
PALMS AU AL 2AL §E UL i 4 €35 AU U2 AU € ARUH RAUMPUL 0 () ool e
dl 20 2L 2y s Rl weeadl 516 ugL e B yed lbdl S [ARiseu Al suiefl 12 Q1 21 2Aug
2d, [Big P 240100 o3 d WAL GuAldel dUdd B Hed A4 4l @R adousiz ay S i
[25(t 8.1(a)]L eltelL [Blg, P 2410101 B 4ed 3 w@tel dd % 2ieetl (blg M 2L Siaileadd] o el viza-l
ued g2d % AL el eslsdMl BUH A W BSOS [AAGURAL At 518 dddl  cwworl €l ddl sl
uelgA deriuals (Conduction Current) 58 8. u4ls32 (8.4) glRL s2ldd Ul Ad ue st auiel suzilea
& 2 d esdldl Reddol (st e aelair qurid g us Red 2nidr)q s @ o el a2l el we
21 dell A 22Ut Hellg, 2121 Hsudeedl 2eticR ale 58 D, vUgk 8.2 Guz afiq At [ dlz
AMIdR e HR1adL 3U{leasll igr uaddl [ad 21 A Sludel sald . PRA S a7
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org

N

WsAdd gL Add AuslswL {1 Yool 9. Aotslugiotd GeMaal A $5d
Al WMl [Agdould s1R8 Hadl agudle o el uid [Aedant $51-1
AHUE UL 9, AR A5, g6 Ul § 3, o3 galddl as (Conduction)

i(7)

2040 8.2 (a) Atusl
welil a2 M [Bbig w10

+ 3. F [ A +.*'+“FZ
Al ,'

@)

WAl A [= €(dD/df)] 43 £l RAUALAZIH ULl ARAL GRIGR S 6D,
el 2A1ve1e

4o

d—f (8.5)
YA 9. e AGEIHL 2ALAL 248 2 1) 5 FUe{lerl Wl tlelel cUatHl >uueL,
$5d dgrUAlS 1= [ HOEL e 516 2@UAIAR Uals (8 S, 2ied 5 1,= 0 44l
6l 6119, Suileatl iea-l alatHl 516 ddet (Conduction) Wele Al €14 »1ald,
[,= 0 §5d 22UAdR Nl €2, Med S 1, =1.

URUIAL 2L AU (2 121) AsTed Ran 2a3u A3l (8.1) Fd o 8

YRl A% dslad €9 1 ol oitauonl 21 uRML €l ddl stSuel AudlHigl uuR ddl
SAUAS M ASAUALS VA7 2ULALAR UALSHL ARALL GRIGIR S1A 8. 24U [HuH,

i=i +i=i+g,

$B-dl =Wgi+ HoE, d;DtE (8.6)
8 21 A= APUA-AsAAE U 569,

oLl % ALAHL, AL 2LALdR Haler{l Ul 24342 1 g (Conduction) el
ogcll o 9. 35 (BRASAL, L, Alss dRML R [Agdaioti (Bu i, [Geldsst
E A4d A1 oledld L slael iR Uale o gl oflon Brusial, eld.,
BuRLsd SURleR [AgdMiRd dal aest (Conduction) Hald il 22Ul Uals
ol 2151901 Yl YEL MUOLHL 1% ©dl. HILelolAl BRUMIHL My 2yl

Flei ool 6ol F oy Qs 5 YRl ptales < dlatell oln Waldl 2tasiaidl wis % ot vl HRudl
B, (b) 215[ (a)dl »lsde U5 O, UUE GU6Ld 28 5, 2191 vt Hl2L [4rd14l et (Conduction) Hetls

272

Al €l UL AHA A8 otedldl [AgLdaotl SI8L $5d 2eUldR ddlg ¢al. Ul

(R, sl dert (Conduction) Halge BedM < €ldl e9dl Uusl

2otslugiol sl dd ibal Avil wslat | il 2ulEd @Hid wateHl wre

WallBLs Ad 2l ws 9. Gersal ddd sl 8.2(a)ul eaidd ARs-l
el vie-l ool 2idd [Blg (eld., [Big M) 201 2eislugixl Hidl asi © 5 %
ole1eAL 1oL ([Big P 2A1210) F2e % €9 dM wuy .

~

2L 22UidR Halel (20e91:) @il £0UHL AR B, 15 A, HUURA dd ¥ vt
ol ddl 24 69 5 [AgLd 2 Zotscanl [Raml ¢d R AMd 2d 2% 53 s 9. 533
WAL [HaH oRud € 5 URd enf otsld AU $8R-AL AHY £ GRAAR 8. ¢, 6l
(Bigatl 1 2 2 42 emf 2ed 254 [Qgdeir 1ol 2 @ oral 12 539 usd st dell
emf-il 13 [Agidantil el yad &, dadl, 333 [adneil Fas ofla aoell
avidl AMY A8 oledld ¥ Aetsluaat [Agdainl Bt 52 8. dl 2 ¢slsd 5 AHd A

oteclld, [AeLdaiol 2 4otslaainl Geaurt 52 6 2 dd Ald (At © 2 eUidR deus

* oy ueL Al A8l A A s1ddL A2l ¢ Y [Qgadiori GeatHl Mal [gdeurisl
U A4Sl Bt sl BeaLML (Aeisla 2is8a) ruaL el
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[QeLdziesly dol

-~ .

2 2otsluaiol Hied Bedly laled wRRuH €. U, Ay 2R [Agid 2 2eislugsll

22N

5ol Beurt 529 ! 3L (gt a2 21 u-05udaxL [Huy 0

~

[t HIPLHS ol U D 3 %dl Ul Med A5 (8.5)41 ealdd sa [gduas
0. 211 Al is Al Hoicd R 3t [Rgaensld dol & 3 -l dpuats 2l

IR IR ETNCICTRIETER KN

Asuaa- aHlse0

(1) $E-dA=Q/g, (olirl (A el [un)
(2) $B-dA =0 (olltl 2ersca Wil [Run)
(3) $Ed =_dt B (3331 Fun)

(4) $Bdl =W, + WE, df% (GUu-AsuA [Hum)

BelsM 8.1 s AHIdR e uallex 3 %+l aduusiz Wesll Bl 1 m 8. dsd
sUle~ 1 nF 0. det [AgdeiRd s2al e 7= 0 AHA 315 R = 1 MQ-AL HaAR14 A1
Aellui 2 V-l 62l 08 sl 2ud 8 (dusla 8.3). 1= 10"°s AHuoUE el 3rs
2 WRE a2l e (Blg P oot 2eislugal dtl. (3ulex uR £ uHa [Qeder
g(#)=CV[1 —exp(—#/T)], %4l A+ 242915 T 21 CR GRAGIR 9.

0 °p OP=0.5m

l

(e
e VAVAVAVA
v 2u5ld 8.3
634 CRuRuasll asa 2120is T=CR=10 s asl,
g(t) =CV[1—exp(~#/T)]
=2 X 10 [1—exp(=#/10 )]

MA@l a2l 284 [Agdan,

E = g(f—’A) =nigo A = m(1)’m’ =2 Astsa

$q, [Big, PHiall uauR aAdl (1/2) m Bloasdl 421adl 21 W@Rln AHIdR 25 ddousiz
OLEOULOTL BALAHL Gl AL dUOUAAL 61l % (B>l 241910 26i5|UaL B 212U AHIdR

2l Vil AHI HAe] SO AL IUNL AL ASUUAL LS D,

273
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"~
%
o
o’
2
®
©

@, =E x oitouai astsn

2
:Exnx(%) =IE_ 4

=10 s 3L 2-lidR UL,

0

s

. d® 1 dq 6
iy = g =L = +9=0.5%10  exp(-1)

a0l 2ARUR-HSAAE (HUH douddl,

Bx27x (%)=u0(ic+id): Ug(0+,)=0.5% 10", exp(=1)

§AUB=0.74X10 T

83 [i%dﬂbtﬂll d?2ll (ELECTROMAGNETIC WAVES)

8.3.1 [Aggdderslu ot Bema -l (Sources of
Electromagnetic Waves)
[agideionsla dazotl 3ol 2ld Geurt sun 9 7 R [@gdeurl 5 Halfid ol (st 4ot

A18-l) aulet st [Agdeurl (Rad dare) [Aeideiosla dRol-L Beda el €1 s <l
i dad (AR [Agdeur) s5d Rad [Ggdaa Gaut 53 8 R olly 2otsluast
Bt 52 89, URd o AU ALA sledld Adl. Hsuddnl died 2oltd uReuy w89 %
waABid [Rgdmiz [Rgaeisld dolid g 53 9. -l Abidl 21 Yadsl Hulel-dl
GLEIR 9, U3 clrl 2ALUBL 2ALUBLL OLBLLALS 518U Hiewtl widL a5 2eflsidlel. 5195 wuglrell
gl sl [Agudou Bqul dl. (elart sl [Qgdenr L uaoll [Bedeur Geleae.)
d HaAsLAHL Bl 52l [Agafstd (iRl 53 8 249 d eldn sl 2etsludnie Fulel 52
€9 % % qull Wleg eledrt 5cll [Aedainl IS BEILH 6Ll €9 il HUH (Aclcl) AL 5269, HIH,
P4 AL MASIUHL WA B AY Bl 52l [AgLdainl 2im o1 Sluaoll visollonn Geur sul
53 9. 21 [Agazoetsly dodl 2ugh aculas Ad o eld-d sl [QgdmrHl »uglt
2l % €l B, UAA WML d321 A2 AR Glo S WAL [AEd iR 5 % Glost Al ),
a~fl Glosi=it GlloL A .

Gu s 221 uell, 8 Ustel 3t [Agdoisly diatsdl ddl tadl 518 s wdd
2y i3 Alold el pUuRLA g Al 5 UL s vl ac WRuakl 32 & 5 Fui
[Qgiduals eouausiel, eld., dlar usiasl »ugltel eldas sdl €l Rl 24 Adansdell
woig A s <Al o wstadl 2igf 6 X 10 Hz Fedl 8, ol »uufs SAsgiFss
ulRug o vl wis 10 Hz el o »ugfi soll b & »i sedl w2 o Redesla
aolidl Wil wlBidl eaiadl wdlol sep waL (1887)-l v «{l=ll »ugk

(RA3UA2AL (At )aou [AeoimlL s34l us.
UsAAAHL e 2100 $ageill AN UASL L &ML Griogel Ul 2 vl olloa

olUAL Sl (MALL)A BoR sl v s, -l A Asouddl o sl
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Rilgoilil 2150 Gedr 233 9. $egirl WAL Ad a4y olle
ogolglalRlg oL, slasldl vild 25l dRaldens (25 mmal 5 mm)
1Al [A8dAotsld dolled Gt 2 2adis S AsU
R&lL. $2ghel WALl M % del ualloL wat waoluon (dotizedl)
L AL el

2L AL % AHURUOL e[UA Seredlul dpeleil Hisi-l
(Guglielmo Marconi)a g2l Wdlotd A aeu [Bai{le:
g2 Yl [Aadaosly daa Hisadmi asadl wol. st 2
uLoL (Aot sl dROM gIRL ABAAAGIRAL AAHL HAH AU et

8.3.2 [Aggaderfla aon-l ewal@isd
(Nature of electromagetic waves)
Ygidal walsel uel ealldl asia s [@edieisly aolul [@ed

i, 2ots1Y, AL sl il WA R Eol3U Sl 8. % 2Rl
22z Wl 21200 uRell @uooll waL @l 9. Husld 8.2 2l .
AR5 @RIl el MolMl e [Agdant W o3l €lu 8.
i fl8 2R Ul HREA Gt ad Aotslugn Supilerl wert
AHIAR Adquusiz duou-l uRaHl RauHi €lu 9. 2d 3, »u Bruul
B A7 E wi50{lo1- dot3t S1d 69, 21l 215 AU claBisdl 9.

25t 8.431 z-[BaUMi WAL AHdA [AeLdieisly d2aul v
(3ol ealdd € (Ful 80 z-m i 20Ud 1A 741 QA a3
2ldd B). [Qgdast B, 21 x-vtadl Bani © 214 d »iie 24 z
A1 416+ [A8U yegot (Sinusoidally - uiadl) clecid 8. 2oi8lu-
QoA B, 2l y-vtetefl Rl © 2t d ueL -8 S+ [A8 Yol
sedld ©. (A2 2t 2oiSld 8ol B, 245 B 2tsolloan 21 warel
(Bl zed vl ciot3U ©. UL E, 24l B A {12 yosot vl sl

E,=E,sin (kz—?) [8.7(2)]

B, =B,sin (kz—w) [8.7(b)]
2121, ko dateons A 418 {12 a{l seiel dsoudd .

k=277c (88) ¥
w0 A seld gl . kA
dorifeel (Hadl wuel ulze) ke Hit

© i d-l B dail wAeHl 2o
YU 8. doL wAResl Bsu (w/k) 9. ks B
wlsreL [8.7(a) 2t (b)]-L GuAlol E,
el B M2 ot Hsudanl AHlseiHl
BuAlaL S,

[QeLdziesly dol

RETID] gS\lG{s éaj (Heinrich
Rudolf Hertz) (1857-1894) :
et ellfasasll 3 FHEL Aluax
auid AL A9l YALRBL
(Broadcast) $% - Asel
(Receive) s4. dual [Agdeiosly
Aol Bt 53, de Hasiami
WAL 512 i -l doieonss
21l AU HiuA 4. AHdl el 3
2l d3OUAL 5Ud, uRAdded A
Asleia Ll U512 21 USLA 2iel BHL
Aol el % 9 %l Hesall axsil
Alua quid 200 (Identity) 4
asl. duel gl [Agdalaar
(Discharge of Electricity) [At-ii
Al wazatid s 2
slAI8ASELS 1] 2k 53,

EHR

&L
)

&
&
@

~

«e
J

(P681-LS8T) (Z319H JIOpNY YOLIUPH)

2usld 8.4 is vily yellopd [Agaesla dol z-aumi wue Wi
8 % 9l eldrl s [Agdast E 2L x-[Raumi ¢4 eladt 53¢
doisly aot B o y-leanmi .
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http://www.amanogawa.com/waves.html
(ii) http://www.phys.hawaii.edu/~teb/javaéekntnujava/emWave/emWave.html

Simulate propagation of electromagnetic waves

(i)

o

w=ck, %, c=14le, [8.9(2)]

O = ck 1 a0 {2 WA 234522 & (sld., XTI, Aildsaradl Wsl uRade
15.4). v A3lseL apilavid 209 [ v (= 0/270) L 24 dRadeis (= 21/k)

_ 271)
2TV =c | £ | 494l
n c(k

vi=c [8.9(b)]
A5 uRl quiaiml 241 9, Hsudanl A{lsel el 2Ad uRL S wstd 9 5 [Aedesly
ROl [Agyd 24 ot 514 aollelL Hirt ~{lalo A3l 501 AsuAaL .

B,=(E,/c) (8.10)

2], 2 [Aegiotsly dRolixl seells claBisiil didlgl ddl Hsd HastaHl e
guralastal [Aeud et 2oty aalil Wil od % A¢, el (Self-sustaining) eleitl €.
>l AR YL UL opdlell oflog ot dRollel 21 sllotd™i (Mt €9 5 [Aed 247 2 sla
gollrl Sl ged-HIMHL 3RUL Al (Asouda <ell). SaHivL A A0 L A8
(Compression) it [A8~t (Rare-faction )l #2ld d2oll . dodld RaAlaas (l)
3ol 8t Uelel 3 ¥l 22 © 27 2152 (Shear) sl (B4 52 & dHl wa wull o3 8.
20l AL AsuRSL 2l 4iBLs Riot (v el sieal sial 2als oL el 3 el a4l
[A20d 3 U4 HAs14L A7 AHA gl 555 WM G2 €l BT 5 ¥ 21 [gd 27
2orsluaioll Hie Ralarauus el & 511 52 $2l. dHA 2L M $42 (Ether) U4
2L, il i $223ul WAL dRdldsdl 2190 v1edl ot viderR (Convinced) Sl &
A AR S-S (Arthur Conan Doyle) (Mvdld R4 - 9REALS Sl3Aurtl WdL)aL
avie Adasil The Poison BeltHi A4 2idl $u-L otddl BRlal euamisl] uaR
A olclaciil 212l 8 | vidoid, ¢a 20l 21q L5l lat S vuaL s clllis weusl
o3[Ruld w12l S.24. 18871 M scurt A HIA g121 A Mot UAIOL il $UR+AL ABASA
Falas a4 sl (s1dl) 2iasial i d4ud 012 gldan 52l Bad 2 dosld &l
grALeLSLAML UL 56{l% Actcl Ale AVLED.

uBl Bl ARAAML g HIHH S1wR €l dl o 7 2uusl eella la 5 usia A
[Qerd2iotSla dRoL e 5 % el.d., stlaMisl UAIR Al 9. UG HUURl Ay & Hiu-] vie:
waddl 54 [Aed 2 2ol sl uRHIRAA € 2 2otSla url2ABadl puHl ueni (21
UEL 612 CLOLME AL Aol Hieastl GLRLME AL §e 8vll S2dl AARIL YBL UL B d salld
£9) ealldl a5 8. Asudd wlselul [Aed 240 2otsld Aot agi-ul 2uddl g, 2
Ug 1AL uRHURALEL € 2 2ot S1u uRd{l2A A Al 301 53l wstal-tl dol

1
U=\/E (811)

M, WSLAAL 0L ML (Al 2t 2ot LRl U IR AW B, Ul ¢d
Uedlel WL AGY 5 s il oflon Misa{l AUanL Asloanis 2L 6L WML
U512 A0LAL OLRILTR GIRUGIR SIAL 8.

U HASIUHL A2l Yrlasial [Agaetsla dRolHL 4oL 2 (215) 2401l Haoyd
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[QeLdziesly dol

AN 9. %EL %EL adordonns BRIl [Agaeisl d3otl UL wHloll Ul 314 sl
® % 211 Q91 (d3adonsel 2ada1) 3 X 10° m/s-L YL 185 A5 gl vy Hlerdl
2ALsALSAL AHIA 8. a5l [AgLdRiosly dRolisL Aol A=A LA WHLL gl 2id
22 Wil 53 S & A ded ardlds Y ved ot ngild © 5 drll GualaL doisH

~

A sl wHRL dils dani wud 9. ed, Hlead uslel gdlasiaMl
(1/¢) = (2.99792458 X 10°) " As=¢ Feal uuuHi s1le idr a3 vl saam
2119 €9 o {l2 Hawoirll sl 8 9. AU YA U 5155 uRHIedl gt 2ied 5,
AS 255 qeAdlMl UMy (Atom) g1l GuDd igRi-dl UsHl ol % AlsAiSHl
AR 53 As1d B, QoS HAMA sHA Uedal I ddl o AlsAsell arvaid
5l 2443 6. UG dollSHl 2154 (El.dl., Meter-u[01L ad12)+{l Heeall Wual-il
welloll gl2L ¢l e 2.9979246 X 10° m/s F26 o, 6. ¢, ¢ 3L yol % AlssA A0
215 glalell oSl HLsH ¢ i AHUAL DISHAL UEHL AR 53 s e |

82 55d [edosl dolle 2ARac % eaiel id el uiq duel ealed 3 sl
A9l 5 =l dZadeis wsial dali-l dateions sadl s18 (10 Fulaun) ol i dil
el [ads, aletad 2 gelletan siqed 8. »iu, 48l 22 d B 4301 aeig
WAl 54l AR A48l R [Rgaeisld dall Gaumt 53 dusll ddotdous
s[5 [Fwie [Gig il (Nodes) a2iwtl »idR-{l Heeal el dRotdl 2419 uddall o weildl
(elasl 2ugl wedl) glatell dsl v = VA Yol Gualal 530 dotel 35gu 2Hl i 24d,
ARIAL HRL S AL AR Uslat-il ohsu Feell avsuell o il 52 9.

(Qeyciorsla d2oll felleyd 6 d eslsd AL (Portable) AM 3uleL 6llss1REl0L 22217
ucil wlacia-dl Heeel Asalddl s asiu 9. o AM 34 2(es1uls (Telescopic)
22l 1 dl d Rioniet (Signal)-l [Aadld aes wlaena 208 9. w12 il
ALY sUHL 2Ud B U RHond ol o Aolo] 4 md . =Rl Al A3
(agicrionsla dzorl Al silerl (umid A ALl a8 il ie-l ouail)
€l 89 5 % 2oisly aes Hie Aderalld ¢l 6. 2l AU Riord AL (Receive) s34l
Hie AulEae Aval ul. 2ial Brusiul, 30 wlieid 21 33U 29l 11ta
A4 (Orientation) U2 UL 2ALHIR AL €9,

9l oflon dZoliedl ¥ o [Agdziotsly doll wal Glo 2t Aot et 538 7 8L, Al
UBRL M, 52 69, HUBL USRBU-2M1 1Y, § Aol AAslUHL E g2, [deldaat driadl [Qeuoim
(€,E"/2) %edll Gledaridl €l 8. A % Ad, ws22-64i Ay 3 Fotsludial w Asauda
Aoi5la Glesricl (B/2,) €14 &, Rgidziotsla diol 3 [Bed »i 24615la 21 6in Aol
aR1ad Slanell drll 12 ueL 219 Gl xdl Asnudd diu 8. ¢d [gaesly -l
w0 R dot s uHdd (ARl (sl 8.4). % 24l AHdd UR [Agdoul ol dl dil
[Qeyd2iotsla dRol-wL [Aeld 2im Aeisld ol glRL ol 2Ale 529 i 2Alg, AL 1M,
[aacu, [Redio sl datiel Glod 2im dotHis Al 5230 AL A $8lsdat eald © 3
[eaietsla dal (oflo d3oliedl %) Gl 2l dolinie dge 53 8. [Agdeisly dioal
AoLulre At sl dlenell eotel uRL @ousal g+ [alde-eoust (Radiation Pressure)
5469,

oA AW £ uHul 2ud] 56 Bloa U €ld dl dd saiell 2514 5 4l u2 2iuid Adl
$@ AoLMIA e (R [Al3Rad 2iyel gline iy Q)

p=Y (8.12)
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U1 AHIRL €12 UR AAUSLA UL B AR del [Agaiensla ddolimisl Glosd- line a
9 A Al B (AHIRL Sl2 oM Add FRud ©9). [Agidaionsly dRoll la uR Aot ugL
UYL 52 8 U O e 1ol % HIg dlalell, $Auiln Hotdl AHIA Hed Ad i 89
cell 28l goul siqeddl #l. 190340 A5 aslHsL Rsied x4 ¢a (Nicols 249
Hull) 2t g2uusta [@Bw-soneidl vl scuml dso auL »iq dHlsel (8.12)l
Asiiell 53 A 7 X 10 N/m il $3ef e wel, »Us, 10 om’ %2d a-isa H21adl
Al w2 (3R 5128 dold 61 7x 10 N Fed Sl s,

[Aeideiotsla aolid Wi WielBls o 3t d-l is 2anell ofln 200 U2 Glod @S
ogcti=l sMdlt @18 9. ells5128101 (Broadcasting - A1) 2244l 23U 244 TV Rondl
Blosie aget 53 8, usiaL yhell yedl Yl o aset 53 8 3 2l yeddl U was asy
6L €9,

GELSRW 8.2 ¥15 25 MHz U9 (7t HRlad AHdd [Agyd Jeisld dRol Hsd viasiam
- ol 52 9, 2015530 AHA A 51 3 A5 Big A2 E = 6.3 j V/m
€9, cll 1L [Blg 21010 B 2llHl.

B34 Au+ls (8.10) urell, Bri e

B=L
@

__6.3V/m
3x10° m/s
(Baw elaal Hie, 2Uuel Akl 5 E 21 -2l 6 i 29 -2l 4218l ui

6. dall B 2L x il y ol el cdod gl AR ollyaulBldl [Ruy 3ol E X B %
x-le2uHi ¢l

=2.1x10°T

Gelsw 8.2

8, (+7) X (+K) =i, Bt z-Roumi ¢dl. 20, B=2.1X 10 KT &4l.

BElg0L 8.3 215 A [AgdotSlu doi Yotsluat
B,=2X 10 sin(0.5X10°x+1.510" ) Tt & 2Uucusi »04 3.
(a) dotel da1eons 2= 2ugx sedl gl ?
(b) [Aaidaiot Hies w3lse quil.
B3a (a)>ule Al s {124 Al 520 18 Avadl,
B, =B, sin [2% (%+ Ttﬂ
HUA L = —2%

x10°
WA T = v=(1.5%10")27m = 23.9 GHz 4.

m=126m

(b)E,=B,c=2%10 TX3X10' m/s=6x10 V/m

2L [Agdaiol 8es wuwL (Bl 2t eislugian dot sal. dell, 2 [Agda 4es
Z-otas{l (Rl 2l & % ~{l2heAL Al a2l sty

Gelsw 8.3

278 E,=60sin(0.5x10'x+1.5x 10" 7) V/m
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[QeLdziesly dol

Gelswl 8.4 18 Wem” %2di Glod sest HRlaldl wslal 35 siuridd-lu quigl ur
o1z AU 21 B, %R »iL AUl 821501 20 cm” €l dl 30 min F2el AHULUL
UL AULEL UR AL AU 610 WML
B3A AUl uR UL 5¢t Glod,
U=(18 W/em’)x (20 cm’)x (30x 60 5)
=6.48%x10]
aell (el el 1i2) AuLdla 2uid 56 doimiq,

5
U _ 88810 _) 16x10 kgmis

¢ 3x10°m/s

AULEL YR oUSL AL A,

S
Il

-3 _
=2 _Z216x10_ _y5010°N
£ 018x10

oA AuLdl Ayl uldds €ld di ol Ad g wReus el ?

BelseL 8.5 100 Wil creotial [Alswiel 3 m g Geotadl [Aeld i Yotsluaol
oL, oteotsil s1daudl (Efficiency) 2.5 % 9 »iml o [Blgdd Bea4 & du il
B3a Bigad Geaw, vieot ol o Raui A A Usial Bi%t 52 8. d- 3 m
il ddl olousiz Al astsn

2 A

A =4 = 4n(3) = 113 m’ 9.

2L 2d? dllddl,
I= \um :100W x 2.5%
a5 113 m?
= 0.022W/m’

AL cllstetiell 28l cllsiclt [Agyaaiat glrL i 2484 2ferslugat gLy wsidl sal.

1

1 2
B = 5 (SoErmsc)

= % (0.022 W/m’)

= e Vi
8.85x 10 7) (3 x10%)
=29V/m
Guz Wl B 4ed [Qgdast a3 abld yeusi o (rms) 9. ¢4,
ustalaml [edast adl (s [@8, Sinusoidal) €larell [Eedastd wedi
HALE,,
E,=v2 E, =+22.9V/m
= 4.07 V/m
UM, dH A ASLEOL S dH alAal Hie Gualal dlid [Agdaiotl ueiodl 2t asll
QUR €1 8. d-il TV el FM dRol-l [Qgdaial ueadl § % sedls Hidsidie:
wlalexrtl sH-{l €l 69 dfl 208 aveusell 530
. 281 2ot slaatl wotadl aRlla. d
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B —lfms _ 29Vm
meooe 3x10°m/s

s3ld1R, ustalERul dot diadl (o (A8, Sinusoidal) i, 2eislugiie

=96x10° T

Wedd Y By=+2 B, = 1.4 X 10 T ¢dl. o1 $ludiol 18 isoude Glod ReLdaiol
A2 As0udd Glo Fedl o el e9al, 2Lotslu gt uotndl vior o 2l i 9.

84 E{%dy;wélu STERTE (ELECTROMAGNETIC SPECTRUM)

% AHAIUOUHL H5UAQ [Agdotsld dRoldL ARA@] 2A1U€] 53 d AUl
§5c 224 USLAAL ARl % ARl [Agdetsld d2ol el wRwlotdl 2id WiRsd dRoll-L
Rt (A2l Wl vor o 209l ¢l 1941 Akl i QUL X-[Bel 244 ous
(3200l 2l &S 251 el 2uBi 8o dl veR 8 5 [Aeldeisly d2oUHL 22U stalL d2ol,
X-[32011, ouMt (328, UL d220l, HISL d9U, WRHLAEL 24 YIRS d9LAL A+l
214 9. 2ugin 2UER [Redesla dolinl aollsaq [fgaesly adiue (2usld 8.5)
5¢ 9. dHl 25 USIRAL dRold el uedlel U512 a2 dlaal eevil <l 24 qolse

Gelsr@ 8.5

E B [ ~ s N ~ LY ~ 2 .
22 Heelal 5l Ad dRol Bt 31 wsld A /tadl det ubil ASA dHl 2R ScLHL
) o N S\
S5 AL D,
% 2 209, Hz daldeus, m
£ 3
5 3 10 — .
o — 10
S = 2 10° — o 400 nm
352 10" — oust (38l | o ool
o E— c 1020 ] .
wn > O _ 1011
28 10° I . { 450 n
o =9 § X320 — 10" -
5E 2 o — 10%7 el
® = O 107 —| S
E = £ 10° — wiReiodl - 500
E E = 107 nm
B == 10° —| S N
229 10" ( B2 j 10 dlal
R << - = 107
1013 | .
e o B
P S . — 10°
10 W5l maﬁ _ 02 loll
10° =
o - 251 A3 d3all — 10", 600 n
3 ~ BT — 1 K .3(],
10" — TV »1 FM 341 —§ U3l
10 — 5 R
0 AM A ————— =100 650 nm
100 — — 10 Al
. e s - 10 ‘
10° — aiotl 234l ol S .
3 — 10
100 — _ o - 700 nm
10 — ,
0 — 10
25(d 8.5 el el cuaLl Al M Aot [gaeislu adue.
el el Mot cllael ALt el
¥ely
280 UL AL gL el [RAgaeisld dolld adld dadousl Gddl s1 Yool 533
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8.4.12[3u1 azon (Radio waves)

L34l 0l 25 dlgsdiRMl [Agdous{l nalid oUld glRl Gt 21 . ditl AAL 244
le[AzerlL Az ALAAGIR AL GUEIoL &Y 9. d UL d 500 kHz %l 1000 MHzsL
2119 [vUUHL SAL S14. £9. AM (Amplitude Modulation) 6i=$ 530 kHz &l 1710 kHz-(l
a2 1 8. 54 MHz -l Gl 219l Short Wave (SW) Bands i d4uy .
TV d2l 54 MHz 2l 890 MHz-ll 2UsUML 814 8. FM (Frequency Modulated Band)
(3L 21 88 MHz @l 108 MHz Yl [Adret €l 8. Mioudd 51t talA Az AdASIR HI2
ot Gl ug[xt (Ultra High Frequency - UHF) Band+il 2[341 d22li-ll Gualol 52 8.
W52 1541 24 2ol 3l el UARA et AR SAUHL 2 B e Al 53 B

8.4.2 wdsiaq (Microwaves)

WHslAd (251 d3aidons Yaldadl WAL dai) 3 @l 2ugl olloused (GHz)w
sHeAl Sld 89, B AlssU WL dsyH 26l (5 % sellRgle, Hogl te 3t S1dls s
ALY ) glRL Bt 54 9. A¥ril 251 d2Leoid 5181 dedl GualdL AL [Bau
(REAoRIHE AURUAL 812 HIS HALALSHAL 89, Bl 1R, ollddl 28U, SRAHL Al 1S 24
gLl 64 2laal Hiesil 244l ou-t (Speed Guns) Hie-il WRL HALHIR YA UL 8. HIHsldd
leiet 21 L A9 oL % JUUE BRE, BUALOL 8. vial 2adul Hidsidasil 2ugl >t
wiellsl 202l il 2uglh wd qada dlael adomidl Glod »usis dd
221l oGl a5 3uidRa 53 astd 8. U i wiell dRuadl S5 UL vilsg

ALYHLA QHITL WS D).
WHHAL A (Mi1CROWAVE OVEN)

[eazietdla (A3 asiue 215 WiSsidaa ddld 2iovildl euol 81d 9. 2dl d2olidl 2ugl 21 Gl 2ausial
520l eIl U AZOLEOUES il Sl AHIR €14 B, S5 el Rigicd 4O w1 d 3l Ad 51453 ?

2RI & BUAS AMALAL 5 0124 5L 8. viRLsL e Al Fell § 501, WseUD, Hi, Mseuld 1%
QIRHL et s Ly wisll €l 8. ¢ 1R UUEl S 5131 5 515 Ue el oM UHl Hed UL 9 AHDH T 3U1R
UELZe, UHLA A8 QUR AR AUl 5t 248Y 5 URHIAAL Glod Al & 247 2L 2211 G20 Glod 2012 21l %
gl & ol 53 8. wiell-il 204l smal 2ugl doteiat 2.45 ollouses (GHz) 9. %t well i 2ugft
BRIl HSSlAA AR 53 ol el A1 i [A5R81 2melL 528 5 % WLl 21 50l GIRIGR €. HL 24R|21L

Al GloA AU EAL VIRLSL 1R 24149 F ] VIRLS AR U4l

LAl HI2 208 WA (Porcelain)-il cgli-l GuEloL 53¢l ASH 2t Al 5 HigHl 51201 3 AAled
[adeuR- 5128 SAsZLS 2lls (A1) dldlcl-l 614 el 8. W[ A0l e YL 247 64128 89, 51281
5 il HleL 244 vt % el g (riell eleet i ALsU 52 6 2 dell dsldd-d el sl el dall dil
M Ul Al

U, WHSLAA il YAMd Rigid el F GRHL VIRLS HsAUHL 2Ud 8 d GLLHL 419y, g [RisL
Wsidd (A3 Bt sl 9. UM s8], il 94 5241 Gl Assidl ell. 14 sau-l 3ot Adui
6L U] AULUBL UAM AUY A D 2 URoUe AUl 3uidld Gl 519 dHl A VRS 1RM WA 8.
WSS Hianul, 2i-iel Gag, viiRisHi 28al wiell-il 2uepdia 18 Al Glost A & % ¥ ugdlell quA viris
ugiA 9,
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8.4.3 WIR5d d3dU (Infrared Waves)

w25 (Infrared) d2o0 9RM UsLEL A U201 G121 Bt 21 9. 31 Band 29445191
iyl 209l g [ 2l dioll dZadonSHL B3l Aws 2Udd 9. UIRsd d2ol aell
quic, BWHL a9l (Heat Waves) URL SSalHL AL €9, HIH, SEAL ULV, HVU SRR A 9 5
Hl2LHLL sl 28l UiRlol AARHL A alSel wiRRsd d2old, 2wl 53 8. (ol 8Lu
QAL %Al 5 CO,, NH, a9l URL YIRS d200l, AMBL 52 69.) uaL olle dsil Gw{ly
Ul 4B 9, 21ed 5 Al AH ALY €9 Bie UAUIAAL GLILA UBL AH 53 69, U 61¢0]
(Lamps)-il Guaiol sulRs Gunz (Physical Therapy )i 2id €. ALA81GA 244 U5l
UR 5 [Af320e0 yedl U+l ARMIdlL (£5) AL U221 dAlUHIA ANAAUHL HILAAL B0
oord 9. UL 894 U518 (5 % aldiar@imizll AdatsSell uiR A wd 6)+ yeel-l quiel
gl 2L 2 9 S ALRelLe (@il d3atedous qlddl) wsd [AEeiul s3el Geuss+
211 8. 211 (A3 AL A FAlS 5101 SLLSALDS A WRIAL AR GIRL B 541
(Trapped) 4 99, Yeell-il GUASIHL WIS Detectors (URut5dll )1l Gualol @gs3] dtil
2 WisHl (st (Growth) iall 213 olam] a1 9. SAsgUFs Guswll (l.d., Ahale sl
oi-idl Light Emitting Diode — LED) W2l WR4ct (4324 Gt 53 € i daisl
gRauLelll SasgiMs axgatl el 3 Eldl., dlRal 2514 247 hi-fi dotinl 312 <2l
LSO UHIRHL GUALDL 2L 69,

8.4.4 29u[301 (Visible rays)

a el nelld [Aeaieisld dolid a3u 8. 2 agiue-dl »idl ool 8 % % Ul
vt gl ueid 8. sl 2ugRt 4 X 10" Hzell @diedr 7 x 10" Hz Fedl staal
dRaLeells @aLeial 700-400 nmeil 422 €l 9. vUuell dUAUIRHUL 84 drqil uRell
BADA 2 WLl 22U sl Heedl 2uueia [ 2100l 1l dl ol 6. 24ueil 2tivil
2L Aol DAL oUL 12 Adenella 8. gel-el Wil gel-%El d2aLdeSul 12
Aderelld $ld 6. eld., AU WRRSA dolUA uvil 25 & i 8l il 222Ul
uesionl [Aool yHl [l €l 6.

8.4.5 wrRundl (300 (Ultraviolet rays)

241 [Retiote] d3a1eois 4 X 10 m (400 nm) &l 6 X 10 'm (0.6 nm) 4l [iact3ell
9. Wil (UV) [ABeL 2Alssy wsi-lL ool (Lamps) 2l vol % A4 Uglell glRL
Gt 21 69, A4 W0t W51 2AUAAL ALt 89, U, AIRL {61, dHixL Hielewt-L
[alEe dldiarRimi @oimol 40-50 km GlALSHL 2416l UL 2R 1L AL &A1Y 8.
QAU WHIBLHL UV USL12 HIAA UR L52USIRS AR 52 6. UV USLAHL AU HHIRLHL
2eael ™ML HarlA (Melanin) Gaurt 52 6 5 el amdl swoll wil oy 9. UV
[l el st a3 it A 69, dell, stasl sulaiel siadt UV ustael 2l sl
wdlodl 3 dadl %dl (Sunburn, el ddl) Al

qedlal s1i sl dlst daedlol A (Are) gl el WHHL Gestddl UVl vivi
oA Lecll HIS ALs5U USIReAL S1AL QLRI 2A-AL s1U+{l U3 HRlddl HelRl (Face Mask)
U2 6. dril 28l dRotdons 5120 UV [alEeiA vot widon B dils sl=d 53
S B 5 Yol GUALOL vol ALsALS HAAL BUALLLL Al § il dlesiu (Surgery)
LASIK (Laser-Assisted in situ Keratomileusis)¥i 212 €. UV @x-il GuloL wiell 91
50Ul BUSRRL (AL )HL % UL S M1 AU 6.

AUcllARRHI, 21, 2 A28 59U (etlas, Protective) S13 53 € i dell d-il
SRS 51014 (CFCs) Ay, (Fa3 slaiin) g1l Al 2469 (Glau) is HidA|A
BRIEICLTRS
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[QeLdziesly dol

8.4.6 X-[320ll (X-rays)
[Qad 2otsld qgiuedl UV et wdl 2iddl eudt ([[ewn)qd X-Bel s¢ 9. d-i
uelae 15 Guallor 5128 >l a-Braliel uR R 151 A dotatoL 10 m (10nm)2ll
©510 " m (10 nm) 3l d3orcows 413 &, X-[Ball Gt 5301+l 35 1w A
viol Gll Glost BR1ddlL SASZIA il dad (Target) U2 UdlRdt (Bombard) 531 X-[328ll
B 5cUML A . X-(5R80AL GuloL 2iMld AvHL 2L el Hizel 215 Albs
S 2 45 USIRAL SUAL BUARML 21 6. X-[300 @(ad Hinuellil (Tissue)
1525 el 53 sl dlatell del ag uddl 249 B3 GualoL aladl A S
8.4.7 sua (31 (Gamma rays)

avil [agazesly adiuesdl el amz sugiainl ol »uddl 8 2 ax-l
dzoldots @oloal 10 m el 10 m sclid Ul Sl 8. vial 6224 »ug[ 4uddl
(al3el 2fsauz UBUHIHL 21 33 U522y fsauRimidl G ad 8. duxil
Guallol UMY ALAHL S4RAL SINIA ALoLE S 8.

sies 8.1 el el Wsill [eaeisla doll disl Beugt 21 uaut (Detection)
213U ALRAL HUU 9. A0UB WRURL oL Hyo Yel-EL 6l [ARUONL A2, 1ot % ALS5U Hevil
cilaal ~tel 24 dutl 2Us0{lon GuR AUId 4AAL .

525 8.1 el el usiR-u [Aggauidla a2l

dordens sl Geulg

EIRO) >0.1m 2 4Gul vt o Bsuell walid i
wlanalid dasgiv-l ol
HIslda 0.1 mel 1 mm selRRUA dled el Hon2lH dled
(EREX] 1 mm & 700 nm 23] el URHIRLALAL SUsl
goyusial 700 nm %1 400 nm URHIYML V15 1] AL
Glosiedui udl 2isila el
A2 U512 BB 529,
gIELIETC] 400nm 2l 1 nm URHIRLHI 2ie+l saHl Al
SAsir-l 215 Glot seuntiefl {12l
Glost seumi adl Asild sl
X-(580 1nmel 10" nm X-[3231 eyot vtadl vl saunl
SAs2ln
aumL (328l <10 'nm (s 234 2B @y

uvi (Detection )

Aaflar »iRua

Point contact diodes
gluLda, sllelHler,
U5 S12LUES e
v, s,
sl2lEs [Ber

S12d, SR S e

NS

sl2ULEs (B, audHoR
201, 2LALALGHUA

3643

BuR Hot

283
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284

ARAN

H5AAQ AU [FUHHL 15 AALAAAL L 207 AL AALAAAL ER 534 HI2
25 AHIRIAL UL, 2UALdR Hals~ll H3RuUA AL, 2L @UAIAR Uals 2 4+
A1 tleetldl [Agdan SIRA D 5 ¥ {2 4ot 2Udl ASUL 6.
doy

dt
2 24 Ul Conduction Ul (bt )l %3 % 2ot GeatH dls ad 8.
waABLd [Rgaci [gaedld datl Gt 52 9. v 2ugial idd (gisikHs)
eldsll s3cl [AeLdeR, v Fedl % U9 Hlddl [@gdesla d2o Bt 53 9.
(et [3-g1cll 2t [Agdesla dRoll el Hooid Ald 8.
188741 ¢23 dollzedlul »ys Hlerl su-l dotdouns Hddl [ediosla
2ol Beulest i unt (Detection) $31. UM, dBl Hsudddl alsel-l
Hoed >uugl-l asiel s30.
(gdosly diaml [Agd 2 Yesladol suadl (Sinusoidally) d
2AASLLUHL AHA AL el 52 6. el eldrll 5l [Aeld 2t AeiS5l48RILE 2L B
visoflon dotzl 2 [Agdriesla datl uae R ual dot3u $id 6.
V 2U1d R, A dRO1E6US HLAAL 2t z- (2L UAUWL UHAL dZ2L HIZ,
E = E (f)=Esin (kz— i)

= Eysin [2(£~vr)] =Eysin[on (- L]

B = B,(1)=Bsin (kz—?)

= Bysin [2n(% —Vt)} =B Si“[zn (Ex_%)}

axll Ey/B,= ¢ deingl Asmdal 6.

grdlasiaml [Agdosly dadl Bsw ¢ Ay A g, (s 2asiadl
wlaGfad]l v w2l namist) wd -l ywoer Aelfid ©.
o=1/Juye,. o4 ustalla uiunlel 1ol Her wed ¥ ©.

ustel s [Agdeieisly dal 9, ddl ¢ 2 ustadl ssu 9. usial R
(Qgyd2iotsla 2ol wal 36U Hselastami ¢ wedl % €l .

o WAl wstadl 5 [Qgaesla dRoll ssu v = Wfue o8 2w 6. sl
U 2 HLd ] udlo{l [ 240 € 3L uHI[R41E] 9.

1R gL sla d3otl Aasiaial uaiR A © R Gl g 5369 2t 1
Blod [Agd 1t Aorsluaioll 422 A eudl adiddl diu 8. [Reaesly diol
oL, UL A 53 69, AL AL 0Ll AULEL UR ALY (AUld) WA B AR
AULE) UR BolRL Gt 53 9. %L £ AMAHL AW UR 2L Al 56 Glost U €1y dl
2L AU UL, g6 DI p=TU/c 9.

Agilas A, [edesla ol asiue diol dousuiidl 2isid oo ur [Fddl
&, el %L Y51 AULOL YL L 1] 2 4O LA D. 10 ° A 21291 10 “m el)

;=&
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[QeLdziesly dol

10°m el dRoLeoUSAL Al 3L y-(Bel, X-[5ell, wrewowdl [32el, eed
(33011, W15l (381, ML 51Aa 244 341 4321l

Al Al [Agd 2im A STHERLE § B sml 61 [AeLdMIRIA gl 509 8
Al glal ged AL Aid0BUL 52 9. wid alme, wEelH a3+l [Brgd AidBal
2 el staneuel/siandl 21 [@edaioslu diol dotdons s w84
24R] AL URHIRLAL USIR UR BUHIR AV,

gt [QuReurL Yl

1 el gel wsiRel [Agaesly doll a2l 4aeld dslad 21 dasdl
doldels 5 UL AL © 5122 5 il 6HL % LrALdslaAUl AHIA
udl atlad 53 69, uRBIH A3Y, 2AL d0LL ged ALl 2idBULAL Adul
wLs0{lonell Lot o YeL UL B,

2. uaBid [AadeuRd seil [adesly ol Gaig- 52 8. [eaesld
ot dordons aellavid da Gugd sl dat-il dlaldls uRHIeL 018
ALSAAUHL 219 89, 204 10 m 2l 10 m d1d6nsS dnadl ouHL [AfEel
alaf@s Aa 4saumia Gesd 8. X-[3all i Uil gL GiDd
AU 0. AN i uRuaHl YABId A gll Bl A 9.
(Reore) HARA 53 2oL vivetid uRMIRL % 0l d2adous
Ped % €l duq Al Ay silay Ad uARA 52 D, eUus 3 ¥
UYL G121 G A B d-il dotdons UMl URHIBL 5l
ot 8l AR €l 6.

3. [Aadiesla doi elldd ol [@edeird walid 53 as 6 2 eldx
sl dellg Baurt sl ws 8. defl [Agazetsl dRolxl un sa-
A=Al 221 2L 8515t U AHRA 9. 2 qa Trllar 2 o Rigid
UR 514 5 . 2L AR HAMd Rigid o doil ol o A Axlar
(RL-GUSRBIL)HL WL AuRAA 6. B2 g [T 4Ruadl [Agdaioisly dRoll-l
Uyt el I Al gt 018l AidBuL LU Geurt ollfas v
VAR SAHL U L.

4. 29 U5l sl Y-l 2R ] SIU Al WRRSA A0l $5d SASLAA %
1l Ul qedril AL Y, A URHIZLA EléeL 59 9. 2L Eleil ueld-l
idRs Glosl e WRBIH dluHiA dHIR B, L 512218 YIRS 32l
geflavid G¥HL d20L UBL sSalMi U9 6.

5. duuell vl dqdedid w3t yAuidl dlsady [@BerL dadous
[AdRUAL v 012 AUl A1 9. 2L 51200 4 B 5 il G el
w0 d221eollsS U Alell Adel £ 118 Hpu-l Gesila ada .

ALY
8.1 »sld 8.6 g3+l Biasdl 12 cm €ld ddl 6L aqousiz Weall einie 215 3udle:
2lda 89, 61142l 42 21dR 5.0 cm 8. oled Ge2lM (Guslani el Aell) ad »i
suflern (Aars) [AgdeiRa sl >0d 6. dnl [Agd™IRd sl s 0.15 A
W2l HAN W 69,
(a) Suaile 2t oL@l a2l [QgdRAlaHIAHL dsladHl e oLl
(b) A2l 422 21l Ul OIRIL. 285
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8.2

8.3

84

8.5

8.6

8.7

8.8

8.9

8.10
286

(c) 9 Bals-l nay [Fuy (5o el Rum) qeRsl 35 We Hie 20 9 ?

2usld 8.6
g5+l Blasdl R = 6.0 cm €ld ddll ddausiz Wes oid 215 Aidr We suaile:
(2uslct 8.7) Suzile~d C=100 pF 9. 241 4815 230 V ac Be21H 18 As0Ude €
3 apefl (51801%) 219/ 300 rad's 8.
(a) artuals (Conduction Current) rms Hed 524, ¢l 7
(b) gL Agrtuale e 22Ul Rl AHIA S8 7
(

c) walril 922 2gtell 3.0 cm R Huddl [big 210 Bl SulARdIR 2L,

I
Y

2usla 8.7
10" m d3ateons quadt X-Bell, 6800A d3oideis 4alddl Adl sl
500 m d21eioilsS HLedL 238l d2t W2 565 StllasABL AHIA S ?
s AHdd [Agaotsla dol -l guastami ol 52 6. dul [Geidast 2
2oisluaiol Alkel wie dil g sl wsl ? o datel 2ugl 30 MHz $id dl ddl
dRatdons seel ¢al ?
215 2341 7.5 MHz 2l 12 MHz+(l 922 516 2341 2290714 Tune (3440 531 5 9.
2l 213U dRaL6USL UL Sedl ¢l ?
15 [RELACUR drll w309 udlde 2t 2w 107 Hzel 2igReel et 53
€. 2L eldts glRL Bt [Aeldieisla dRoll 2ug i Seell ¢al 7
gilasiaml 8d SRS [Beddesly diodl ol §id dal 2otslugiHl
5U[@RAR By =510 nT 6. d29l-4L culoL €14 dal [Agudast-l suldralz sedl ¢l ?
QRS 25 [Qgdosly dol [@gdaa-l sulddir B, = 120 N/C 2t d-il
29[@ v =50.0 MHZ 9.
(a) By, @, kst A 2ldL. (b) E isl B et 3ol 2ldl,
Y5l [Rgaesla adiuenl gl el aliatl avelald (Terminology) i 8.
E = hv ([ABa1-l Glod-oreal : 5121 112 )il Guaiiol 530 [Agaietslu asiue-l gel
el M2l $121 Glol eV BUsHHL Holdl. dH F L el el sl sleir-Gloa
wonal 9l o efl 2ot (Aerciorsla [AfERAL Fel-% el Ald AL A6l BRI 7
215 qde Redzonsla diori Redastl siiadl Sl »igRt 2.0 x 10" Hz
247 5URRAIR 48 Vm ' 9.
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[QeLdziesly dol

(a) dzoll daadoeis sedl 9 ?

(b) €l sl Aeislaaot-l suldRl sedl &7

(c) aldl 3 [Agadol -l 43312 Qo ardl, 2otsluaiol Bl 4312 Glost axdl
Feell . (c=3%x10"ms )

QHIRLAL ALY

HIRLS Ll slal e [Agidaionsla dal [dedat,

E={(3.1 N/C)cos[(1.8 rad/m) y+ (5.4 % 10 rad/s)t)} i €.

(a) ML (B 596 ?

(b) dzateeus A sedl e ?

(c) gy seddle ?

(d) dRotil2eislaaot-l suldrdl sedl e ?

(e) oLl 2eisluai e AHlse avil,

215 100 Wil W19l ticotedl @oLoidl 5 % stdavle 294 [AlBaul 3uide ad 8,

29y [Af3R1el u3219 dlstdl 2L Bt v sedl ol ?

(a) sicot@l 1 m id (b) oleotd]l 10 m »id3

2 HIRLS e3s [ABwL ol o Bl wid Ad GADd AL 9 2im uldd-

w8,

2, T=0.29 cmK il Guaiiol 53 [Agidotsly agiue-dl gel el el clal@s

AWUHLLILLOUL HAAL 4L HLE HAEL Aol g %RUa €9 7

il sauatil gel-gel uRNeul [eaie sl [Afel wa Asnidl edls waled

vl {2 eaida 9. d [Aeidieisla dgiuenl sa1 GIoLHL »Udal S d Ul

(@) 21 cm (22 dusld 21as519 (Interstellar Space)Hi UHLUEAS Sl
gl BB d3ados)

(b) 1057 MHz (&3t (812 (Lamb Shift)2ll »lorvildl sl 3 sl sLdgis-Hl
6] % ~195 1AL 6L Glod 2dR1Miel]l GiAdL [—BEReH 2ugt)

() 2.7 K (35 [A22 3ol y[aiqil Big-bang-l GeMa olle »iasiaq Aysl
&l gl A Dd saal [al3e A8l ASs0UAE duHIA).

(d) 5890A —5896A (LR~ Double Lines-[-2vuil)

(e) 14.4 keV (vor wauldd G [Aciedaulsd aadl usgirsilus ugli
(Méssbaure Spectroscopy)Hl ~ Fe yfsau-l s AlssA Asild w1
Asoudd Glod)

{12t Wardlel ogetlol 2L :

(a) &R dr+L AU WA UL short-wave band AU, AL HL2 ?

(b) £ AL TV-UA1R 1S GuaAS-ll Gualol sl %33 69, AL e ?

(c) usielld 2 WAL 2lesiu yeelldl AWl uR R/AHL A B RAR
X-[3201 volndstit (Astronomy) ¥t yedld uRsHelL (Orbiting) $cil
BuaLs UL AT A5 69, M2 ?

(d)  clcttaReirl GUrl ULHL 8 Sl e 2l ey ol HAlReic Hie
oL % LA 89, AL AL 7

(e) A Yyl aAlclaRRl AL €14 dl defl AU A AWUHLA AU 8 el SRl
QHIR 5 219 €l ?

() 245 AsuRSi i © 5 yedl uR odiea (Alus) ylsauz yg gl
“Ylsau-Rrunr (Nuclear-winter)<l dlst »142 evuial & el yedl ua-l

2, U ot % (A2 513] 212 2. el 206l I 541 AR €15 A5 7 287
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UL (ANSWERS)

uswW 1

6x 10 "N (2AuL5s)

(a) 12cm (b) 0.2 N (241545)

2.4 x 10", v SAsPA A WA A2l (AHA 2idR WD) [agdotn i
ARcALLULAAL IRILTR 69,

(8o Geurt adl el 3 el windl Al d g5 215 el oflo ueid u2
22lidRd Ul 9.

A 4N

(a)5.4x10°NC ' OB s

(b)8.1x10 "N OA 28

e RELdoUR e &, SUdld AL =7.5 X 10 Cm z-»a-il Baui

10 *Nm

(a) 2% 10", Gltefl Wiellefld a3

(b) &L, Ui, Heioled el (s 2x 10 kg)

(a) 1.5x 10 °N (b) 0.24N

57x10°N

[QeidouRl 1 ot 2 8L 69, [Agdeur 3 ad 9. 521 3 Hie [AdeuR i guxl
ARILTR HSTH 6.

(a)30Nm’/C (b) 15 Nm’/C

9L, ®ul elve Adl undlel vl dizl o112 ol -l dval gedl
% 89,

(2)0.07uC (b) -l $5c ie-ll 54 (net) [A8douR YU 8.

22x10°Nm’/C

1.9%10°Nm’/C

(a) —10° N'm’/C, 51281 3 6 (B0l Auddl [AgLAMIR A 50MLA % 69,
(b)-8.8nC

-6.67nC

(a)1.45x10°C (b)1.6x 10°Nm’/C

10 uC/m

(a) g (b)ud (c) 1.9N/C
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Aol (ANSWERS)

125 9.81x10 mm
126 s5d (o) AR89, ousl-il RAA[AgLd astulll 2% 530 43 8. (a) Wi 6, s1R8L S
AL YAl S ezl % Sld.(b) vlg 89, 5181 5 aAvvuil el [Agdouel
A3 AS A5 AL, (d) VI 9, 51381 % vl visellostn 98l ab <Al (e) I 6,
51201 5 RUcAgyd AU 68 du0LL 24 b LS.
127 60110 °N 8L z-Raui 128 % sadl Rigddotedl R 8. di 251zl a5l el 3
L 2o saule] vedl RAGLH] [Ba ua 8; 2L5 gu 9.
128 (a) Ayl yaiesl viex ¢l 2 ol (Cavity) 8dl €l dell
AU ol R w2l a3 urie s
(b)  (a)=tt il % AuLdl uR ol HuH £ld 8 5 g, yalesil viea-l A
U —g URd 5369,
(c) GuseAyeiudl s qwidlel 431 @l
129 yaudt : yriadl Bogaon daiesl [BaR 5. dul drd 6léReL oML &t
(0/g,) A € 2ind e Yu 8. U &oAn, YAAAL (95 I8 [AgLdast 244 ousl-L
(ol yatss dla [Agdaiotdl Auidusl a3d il yalss-l viez-il
ALALML AL &AL AL 24 (A3 9. 611wl BLILHL AL HeHL 2 (R AL
£9. 22l YA 5L 6ULSIAL AL A &t (%) 8.
1.31 p;uud; n;udd 0
132 (a) At : [AsouAel d A6 50 WRLS Adadt 2l $id dl, uRa
[Agydouz o o [Baumi 269 2UdRd s3dl, dealblg drg yr: 2alus
601 M. 2128 5 deRalblg A5 ol AU Ve drs dealblg
s+l [eaunl didl Adut. 2@ & dealbigsl 2uaui-l ol Auidluial
e ds [Agdaiold 565 54 sdsU . uid ol [y 3ol 519
[Qgdouz Bcl < ¢l ddl awilHial [Qgdantd sast o $id 9.
1], At 2l A €1 U,
(b) ol [agiaeuRin wlsdl el Helbig, dera (Blg 69, wlRewl [Qgdou dea
(Blgiall d o Tuil UR 2% BRASL AR el 5 e 6t d- deralbigell g2 drs
A AU 6. Ale AV 5, Al el 22 ol Bl yrRaus o
%3369,
134 1l.6cm

us0L2

2.1 as(agdeuel e [Qgdeus{l sugt 10 cm, 40 cm g2

22 27x10°V

2.3 (a) AB- dol 2 dril Healbiguial AR Adl AHAA UR €5 e Y
FRIREIERS

(b) AHddA o2 AB [BauMl
2.4 (a) g
(b) 10°NC"
) 44x10'NC" 289
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B claslasu
25  96pF
2.6 (a) 3pF (b)40oV
27 (a) 9pF (b)2x10"°C,3x10°C,4x10 °C
2.8  18pF,1.8x10 C
29 (a) V=100V,C=108pF,Q=1.08x10"C
(b) Q=1.8%10"C,C=108pF,V=16.6V
210 15x10°J
211 6x10°J
2.2 1.27, R [Bign s 85U doia .
213 RAlHIA = 4/(/3 e b); AR wel 2AUEL Horel 8 9A 8.
214 (a) 2.4x10°V,2.5uC Radensl 1.5 uC Redei d2s 4.0 10° Vm
(b) 2.0 X 10"V, 2.5 uC 9 1.5 uC RadeuA Asdl 2uil 2w dsieol
69°L Sat eietledl RoMi 6.6 X 10° Vim .
215  (a) —qg/dnr),(Q+q)/(4mry)
(b) ot (s udl, otvlle (F4i 18 [Agdou ell) ddl el wwiel
U, 5@ (net) [A8ldou gt €ldl Adul. d2[295 251+ ovlle Hie,
2lerAl L [Agdaial 2 Sld ASH 214 séd Y ell. slullami -
217 88U [AAGURL LS U3 69, FH-AL 56 [AELAMIR Qe A, AL ASALAL
(Ms1e $4L HI2, 215 618 UL AL, %1l 215 ML oulle ] ieR axvi U
€1 i oSl Al seil 2ieR Glu. aAlg sl 2ieR dot A dlalell 2L &t a4l
wRatl [Aadeure ol ol uR @ el ad 565 uRewal s 2l 8.
24148l il 915t 5 [R2 [AeLdaat HIe HL AU 6. 243, AN dadl HISR
Hi2 olldl ier SO gl €ldl Adl (Aed 5 ant Agl) 24 algsl
el Auldl uR 516 [Agd™IR Sidl Al
2.7 MQmeyr), 4l r A0SR AH i8] Bigd 2idR 9. dxt Bresdiadl x4
a3 0.
218 (a) -272eV
(b) 13.6eV
(¢) —13.6¢V,13.6¢V. 2 AL % oflo uaigallml sl uHigl 54 Glost
AU B,
2.19  -19.2¢eV, RAMGLoAr 9 irid 2id dlia 8.
220 uad-l [Gedast i ofloell [Gedaeil Rl (b/a) 8. awie [Aeuotd el
Broguiedl otlousiz Al 2 (12 [Aeiior Aiel Brosuiedl otonsiz quidl 1l
ALl asiy.
221 (a) i vieuz BRI (+ 1/4re,) p/(c —a’) 8, %l p = 2ga sdle
ALEHLAL, AU 8. 2R [Big, +g+il s Gl AR + R 2 wUIR —gl
195 $1d UL — g e dotzu (v, y, 0) Blgaiiat Ralaxin gu .
(b)  1/7 usi2 ruz 20tRa 8.
200 (c) . -, 5122 3 R [gyda 9 6 [Bigil a2 ad s, d o Bigyii

oBL4cll M19L YR LR A .
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2.22

2.23

2.24

2.25

2.26

2.27
2.28

2.30

2.31

2.32
2.33
2.34

2.35

2.36

Aol (ANSWERS)

il M2l yed w2 Al BRI 1/ Yoot seeid ©, gudlard Rk
17" Yot ole el © 1l 315 Yol BRI 1/ Heorol secld 8.

1 UF-L 21312 $UleRl, e3s $ANUL »18l sudilel fellul ¢id ddl 6 ¢ol-
AHIARML el

1130 km’

Amder Biailewt = (200/3) pF,Q, =10 "C, V, =100V, Q,=Q;=10 "' C,
V,=V,=50V,

Q,=2.55x10"C, V,=200V

(a) 2.55x10°]

(b) u=0.113Tm ", u=(1/2)g,E’

2.67%x10°]

QAU : HIAS 2UUBL 6L e a2l SR Ax wed adl>t gl (el uReid)
53¢, 513 = FAx. 2112l 3Uafleasdl RalGloa uaAx Fedl af 9. ol u Glod el
. 2418, F=ua. % u=(1/2)e,E L Guallal 52i (1/2)QE %2¢ el A a5t
£9. 60l Yot (1/2) Hadd uadl olilis 518 2 8 5 yalgsl did 6léR
8L E €9 2in i8R 8oL 9 89, 212, U190 Hed (E/2) oloul $101L U0 69,

)

(a) 5.5x10 F

(b) 4.5%10°V

(c) 13x107"F

(a) =L, 512005 atoudl uR [agdeul [Adel HuBid (Uniform) <8 S,
(b) -

(c)

2Ud, dHaL %33 el (A AARUIL A0 1A L % AA ). &lAAuL HAdL-l

(2aul 240 €9, WL ey s3u, dotl 2o AL,

9, Yl SaLAL HALSIR 515 UL €1 L UL 33 Ul el

AL, RE[AMLA Add 9.

215 % YaAles UL 5UleR 8, ¥+l 6l 1@ vird 2id2 8.

wielldl 2R s1Hl Ul AU Sl 9. UM 9dl, Judasgls

220157 Hetell [Aordar Axgla Mie HSsRsls Rigid-l 232 ud &

2 d 2L Y sl Haletdl o 9.

12x10 F,2.9%x 10V

19 cm2

(a)  x-y AHdEd AHIAR AHAEL

(b) (a)-l &woy, Rrca 3 o+ &ol abl €9 du [FEd RElAHIAAL dslad Hrlddl
AHAAL 2150{loA+{l A5 2119 69,

(c) ¥ 5w Bonlbig uR €l dal AM [ dllouil.

(d)  9lsel AmsHi ad d sedldl 2130 ¥ gxL 2idA €12 €3 3l

AHIAR AHAE 2SI 6 O,

(e}

~o o
r2o 2

AL LR (U 30, DU 247 59 A2 85t H1oL ¢, 48 RUIRA 214 8,

21, ol 2 sa2 a2l RAMHIAAL dstad g, U 2ERd <9l %l ¢, 4

€l dl R2AlAHIAAL 2 dslad dHal 4 Sl 8.

(a) 2uug) 2302 2 yeel AuRALHIA Yoo 2 69, FUIR AU VAl Ul
WSl 9l AR viedl atnil Hou uuRAMMIA Yl 2l dd tleaiy 9,
UL USR] HIE, 2 Yecl 25 % RAMAMIA E .

291
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W cllas(asun

U5WA 3
3.1
3.2
33
34

3.5
3.6
3.7
3.8
3.9

3.10

3.11

3.12
3.13
3.14

3.15

3.16

3.17
292

(b) ¢, dicdiarml [galaeuz (Discharging)-l RAR udls HeyMHuul
Uciir HIR 412 [Aeidoiufa 53 69 20 (U, A (Slab) 2im yeeil )2l 2241l
SU{leAL Ul uR 28R AvL el 3ot Yl dd RAlBIA R 8.

(c) A yeell U2 eIl 2t dlogollil aiell daldiarRl Add [AgdeiRd
A 268 6 el AL Sl [t 2 [Agidfaeud (Discharge)
A 28 8. 2L 64 [AR1H WALl A3 L AgartHl €l .

(d) dlogoll aa eBmai wstaBlod i d-l 8 adl Azl Gl 24
t MGl

30A

17Q,8.5V

(a) 6Q, (b)2V,4V,6V

(a) (20/19)Q

(b) 10A,5A,4A,19A

1027 °C

20x10 ' Qm

0.0039 °C"'

867 °C

AB oMl Halls = (4/17) A, BC ol = (6/17) A, CD el = (-4/17) A,

ADHL=(6/17)A, BDui=(=2/17) A, s ¥als =(10/17) A

(a) X =82 Q, olly-3yotui 4=l o2l Al L Sl dal %8R HARHLA
a8y sALHLR

(b) Adl60.5cm

(c) diedridlex 9w uals salladl.

11.5V, 2l 24418 1 6llel GearuHial vialdl (HodL) uats Aql4Hld 53 6. d-l

ARl IML, UalS AU% S QIR L.

225V

2.7x10's (7.5h)

yeefl«fl BLosal 6.37 x 10°m %aell dl w1 (yeellett) ahou w2+l get Redeir s,

dr waledl eloll Bl AHU = 283 s HOL 9. il Id YL dHA vielwd [BHd %

UL, o et 012 Al e ?

(a) 14A,119V

(b) 0.005 A, d 2154 ~t2l, 51280 % 22183 (Starter) Ml s A5 {2 HIel
walle (~ 100 A) ASHL 9.

$1UR 2 AU AL 80 (3 a%t)AL dLildR (1.72/2.63) X (8.9/2.7) =

2.289. AMFUY sl €lal 51280 Seid-L diell Suspension U2 dxil GUALdL

R

Qe 2ALsALS Qe HHAL [Fam AR08, s Heolrlnel HaRiHsdL diuHi-el

CRICRIEERER)
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Aol (ANSWERS)

3.18 (a) S5 Ml (5120 % z%ulﬂ glald g 9 1) olsld ot 24158l
&msm-u U UHIRHL €1 69,
(b) i, 2 [Rums Ul L sl Gl ddl Geleell : Mald sl
(Vacuurn Diode), AAALES Sl
(c) swka 3 @aommzﬂ ULl HedH Yale = e/7.
(d) 51381 3 il ul\zw (21538 ﬂd) cﬂu[@m (Short Circuit) UMl 2419 dl
b{?{ldl Ul % HLARS a1 {2l AL S1d dl yRau-414L (Limits )2l a4l
%9,
AHIR,
ALl

3.19 ))
) Lol ¥t
)
)

10”

3.20 (i) sl

(i) ol4i o Auidul, n°

(i) 1Q i 2 QA AHIARHL 2 2AL AU 3 Q A12 2Rl A4,
(ii) 2Q 11 3 Qe AMIdR %418 1 Q a8 118 ARl
(iii) ol &gﬂm (iv) 618 % AHLARML.
(I (16/3) Q,
(i) 5

321 YA HIAS Aedd A bl AU AARE X B, U B 52+ X/(X+1)=X 3 %

NN N

X= (1+3) Q214 89, Jell ucs 3.7AD.
322 (a) e=125V
(b) a2 wAd wsd ddl Aus AHdlad Bigdl g2 G d A%RNME
JledAlHl2aHial uAIR Adl UaleHi 8eLdl sl
(c) -«
(d) -t o €2 qiesalldidlerl Aes [@AeLd siuel emf s3dl AR $1d dl dlR
AB U2 A¥dlan [Big wadl el
(e) 2 Rl wlRua 250 Al ot 51280 5 (SR € 2L 2445 MVl s+l
©2l AUR) Al [Big 981 Al viot % 495 LAY 82 2 AUAdlsHl
uldeld A2 viot o MUl wal. Aoy A Rl iR ABL AR(lui 35l 2L
uRuaMi 33512 53 Asld 5 el ABA AHIdR dlees dsldd 2 % emf
Wudld 9, dril Sl 8% % AdIR €l Ul Audian Big di-l Wiél
collsS Hie {1l e Ulctatd A2 aell -l 1l
323 1.7Q

us 4

41  wx10'T 3.1x10°T

42 35%x10°T

43 4x10°T,dol Guz (6) das
44 12x10°T,eRR ds

45  0.6Nm'
4.6 8.1x10° N, o0+l Baul sARILAL 1611 leiedl My yoror 2w ©.
47  2x10° N, AR doi3l B dzs susilei 203
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4.8
4.9
4.10
4.11

4.12
4.13

4.14

4.15

4.16

4.17

4.18

4.19

4.20

294

8nx10° T=25%10"T

096 Nm

(a) 1.4,

(b) 1

4.2cm

18 MHz

(a) 3.1Nm,

(b) =l ot sedldl e, 5181 5 SLSURL 2USRAL A1dd A0 (Loop) Hi2
YAT =NTA X Buy®.

Sx10 ' T=1.6x10" T Ul d2s

ol AR 50 cm, Blosdl 2UAR 4 cm, tiat-l Aval 2122 400, [Qedudls

1R 10 A. AL (ALl 2Art= w2l 235 HULEIHL ALILS 3512 AsA D),

(b) olusuAL gzl Heafolg Wil 2d F2dl dottSel il [GdR Hie

IR2N 2 -3/2 2 -3/2
po Hoo> ¥y (3+d) +R? + (K—d) +R?

2 2
2 -3/2 _ _
HOIRN 9 5R2 y 1+ﬂ 3/2+ 1_ﬂ 3/2
2 4 5R 5R

2

2 3/2
HIR™N - g _6d 4. 6d
— X (3) X [1 5—R+1+5—R}

o, GuzAL ollo 1 S{lot uenl, /R’ dal d/R+L Wiel Bl Huddl YEL

240121 9. 5128 5, d/R << 1. d/R HRUlddl 2vild Yel 150{lom loge 53
€9 Al [l (RafHd otsla dst B 2uu o,

32

B:(ﬂj HoIN 7o
5 R ) R

YA 2RIOS U Bri Aot AIA-AISS HISw 4oL % 8 : B =l %4l »iusl

Brumin= % il 422 28 al 016 (core)Hi &t 9 12l

(a) 2, (b) 3.0 X 10°T, (c) 9. <liel 3, AADsHL ¥ e e viell
o8Il (1ol AR5 Glecld dM. drll BUSE9BHL a2l Algs oledld 6. galol
(b) w2212 Bl r=25.5 cmel 243U 8.

R[S L 51 dl Bl A4idR e ulaHidr ([ag) 9.

[~

(a)

(b) 1, s 5 otbla e v <l [Banstedl 9%, uid d “ir -l

(c) Bril 2o RRldo 1A ([F3) drs eldl g,

(a) Bridot 1.0 cm Blosuil adousiz ouldua.

(b) 0.5 mm Bizudl ala (helical) alaua ¥+l Bl Rl 4oL 82s

23%10'ms " 8.
RRIAUM AL 5 Qe walel e el 510 5 s5d [AgdouR i
gLl A1ellTtR Sl 21l B, oflo wst el He it a2 D,
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4.21

4.22

4.23

4.24

4.25

4.26
4.27
4.28

UMW S
5.1

Aol (ANSWERS)

(a) alsscnzu 0.26 T Alalaes Aeslaast widl [l 5 wel salio-
Sl gl (M Yoror et Sld oo BUR drs 1Al
(b) 1.176N
12N m ', wusil) i, iR u2 Al §4 60 1.2 X 0.7 = 0.84 N Haad 21
AL AL, 89, SI8L 5 M dolls el dlaldl 6ol Hied Yol F = ;—Tfr 11,
&5 virid dollSl iR e AL 6.
(a) 2.1N[RRdeLBU drs
(b) 2.1 N [RRidst +{la a8 ([Aeid daresdl (2o 2t B a2a-L 515 ueL v
U AL 5120 5 /sin0, 20 cm B2g AN E ).
c) 1.68N[Ridot {1 dzs.
= JA x BuAF = Il x B+l GualoL 53,
1.8 10 °N'm, —y Rauni
(a) yowel
1.8X 10 "N 'm, —x Bausi
1.8 X 10 "N m, -x [ 2018 240 4 5181,
9Ly
9L
£25 [BRunl oo =1 69, (3241
22l A 2t (Bl
22 A L 23U 9.
9L,
9L,
235 SAsZA UL ol eVB =IB/(nA) =5 X 10~ N &,
A4 ool (c) 55 AotSlu oo eald B,
108 A
23{l A0 = 5988 Q
w2 wAR = 10 mQ

—~

NSNS N T Qg
mHo o o o v

>l

~ A~~~
o o o
~— — ~—

Woriéls ssellriare, du (Aue) st yeell-l 2loislugiotdl ufElaos wes.

(a)

(b) [Brestuiay (@dte0L 70° Fedt), 51223 (et 2oidlu Gur fasll ay "ws 9.
(c) yeel-l yotscanl 51280 Bril exvuil o3il-misl elgir lsudl suual.

(d)  2otdla s AR AHAAHL S0 W2 Hsel 6, FUIR 2etsly Jdl W

yeefle 8o oi1012 RN B, 211l il 5w 51 uaL [Ra saiadl.
(e) <ldUlE HiMw2 m AL sadlel dotlgeiers ([Ayazvil) uR &t B Hie-l

Yot-ll Gualol 53,
_ Hom
By = 4 .3

~

m=8X10°JT ,r=64%10"md. %4, B=0.3 G 43, il
Hirtetl 53 y2ell U+l 2o S1AaL 018 1oLl 20U 9.

() 2w ue el 7 yedl 2eislugia s5d Alnse 2d o duladd ot e, 2alHs
N-S gl 5812 2otsla vl oeaiq 518 Beaidl a5 6.

295
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5.2

53
54

55
5.6
5.7

58

59
5.10
5.11

5.12

5.13
5.14
5.15

296

S, o AHY ALY GLEEld 9 %, HIUL S dl 551 HIS AHAIUOL AR
235 A58 Al 9. U3 detiel B ALl Sal 2sls % aulel duo R
il 335121 AY LU 018l au51d del -2l

51280 3 [oldg, divls (% yeell oleiui vt Gl diusid divigsll »is
2ARALY ) SAHAILS Al

215 wsAdl, Yeellel iesil etaridl AL 212 1EL 8. uid elsd 51
AR, el 2 ALl AL B, WIS AHIR 4ol (Geomagnetism)
UL 5L UIRL YRelsL oA 5L ASH,

geilsaol (s1R81) wiEaL el yedld eislugial viel oo WALl
VLSS AAMBA AS 20U 89, 185l 2L Aotscad [Azauet sdl op-2oisl
Slagi (Al uladl 1o .

Hi2L vidR 21 4L &AL (Yeellotl 2UaA1RS14HIAL) AUlcHLo At Aot
S0 38R AA 9, % (GaR814R) Yol otR Gedtadl dist-l, FalL s
AR YAl U AL S (Al steald 28 9).

ls2weL R = IZ_113) uel, vo g ast uRl [AedeilRa seiiq vel Hidl

Brosiel adousiz 1ol U2 did 9. Al 2idR Hi2, vel {13l Blosut Rel
51280 Hog, steuad 5812 Al 4 ¢la, uig Al 422l HasiaHl
uldad Wel >dA W2, U seiddd AR adl [Rgdeidld sl
el d., sURs (Bet-l ol uz iasfla 22 53 as.

0361T

(a)
(b)

B A¥id2m, U=—mB=—4.8x 10 J a1l dideirt
BAURRMIdR m, U= +mB = +4.8X 10 ], »el13ll didesl

AAAS el 218 42 0.60 T, % Resducerdl B gl MalRd aiu S,
-2
7.5%10 7

(a)
(b)

(a)
(b)

(i) 0.337], (ii) 0.66]

(i) 0.33 ] %edl 2l$ dlal ¥ Wodls Hinre ulRaq Bl [Bal 18 215
J01Y 5L YU 59

(i) 9.

A8 U2 1.28 Am’, il [Ball ool @laietl 251l [Fas 4ot Rggduiesl

(2o urel Hasl.

[Fuid &stil 6oL 94 9, 215 = 0.048 Nm % AlA-104-l e (31ed 3

dril 4o dls HiHw2 Ul2ar) B Ule L5 308 sl WAl 52 o [BauHl

AlaLsl.

= mB/(4m0") 213 m=NIA Il Gudlol 53, d uzell =12 x 10 kgm’ Hadl.
B=0.35sec22°=0.38G

yeefle &ot ollolifds AZRuAl ulm s 12° 2 RIRidor Axdadl 9, ¥
(Bl (sl elaael 2oibld Gar drs«l) Ralul (Gur-l drs) 60° sua
o9l W1 =0.32 G

(a)
(b)

S-N [210.96 G
N-S [22u41 0.48 G

yYeeflH) &ot-il [Baumi 0.54G
dolgenssux 14 x 27 =11.1 cm 2id2

(a)
(b)

(ugm)/(4mr) = 0.42 x 10 Fuzell r =5.0 cm =l
Qum)/(ATr) = 042 X 10 32d 3r,=2"r = 63cm
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Aol (ANSWERS)

516 (a) (Avst (magnetising) &<l AA) s wRA Adl dulel-l dlsasill
FRARMA s ol gl Boldiet sa1 olouel Agald dq <l
ML 82 ),
(b) S3ondls ueldHl AR vl HiH-e E3all 2ots (magnetising)
glotell [Ag [Ranml ¢l 6, uedl dn uauilel Aidls ol od o Sl
(c) [Brme sHondls dlalell, dlgs .
(d) =i, HodedRBai as uell euild 6. HorlLSRelrd Asel aloL Ul 3 U &
5 LAl 8ol Wiz m 12l Slu 9,
(e) 2 sl eslsd-dl albidl (¥ @ell wABls 2ordl 421 ©9) ol
Wi, sl AUl WA 2eisld asll (B i H)<l A4 2:dl wr
UARA . (BUIR LS HIHH HIZ UL >> 1 SIA IR, AL AL HIH A
oLl dot3U MO 8.) Al HUBl 2L Y s+l Halel el 8.
(f) €L ol ogel el sedisl uHIRAs Sadlesil uendimi 2Alsls o dstdd dldl
BuRidt A HoA2LHRAUA HRLAAL URAHAIS Uelde Hon21SBar UKL
sH 62l UR, Agied &AL 22 WABLS T 2tas via Glau e slua-ti-l
%3LULE.
517 (b) sl el 253, s1R8L 5 35 A5 eMa Goidl @y dredladla gu
(QUOLL )AL EASOLAL AHAMIRHL €14 69,
(c) 3RAH A HonaLdRar, Aeisld (Magnetising) &t 215 Hed (A8 2.
AN &2 Hie A HE, &2l 2 drll HoraSRa-l sl v U
UHIR AV (2@ 5 HOA2LHBAAAL Seedl AsHIUL L UALR YULEY, AdIR).
ol Qoelil, Hod2ldRBertr HE A Hor2LdRUA AslL AU (33[d) &
2518 9. % ML [Acwoll (bits) 24l AL AU S3UHL 204, dl
dlredlall qu ealad U9 dot MulEdl A s2a A a3 sl 53
a5,
(d) RRedsa (R Ad wBal s3d Aay, 2uE- A5A41048) ¥ $2AH2e vl
ERETURS
(e) 2w [AcR-l 2iwA M dlvigl ol Avil. 2oisly 8ot Uil
WollHiell waiR Ugl i i ol a4 dAAAL [Ael12 2eislugioiel 4sd 284,
uig i [ledlon, owel [Redainml 3ia assHisl oplleHi otddl Ayel
[Aeiciaiottl Ruedlon e Ayel el “ist »UeRL UL 9.
5.18 2 (cable) AHIAR 24, d+{l BUR 1.5 cm id3.
519 2 (cable)il -,
R, =0.39c0s35°—0.2=0.12G

R, =0.39sin35°=0.22G

R = JRj+R2 =025G

0 :tanil& =62’
Rh
dlxl Guz
R, =039c0s35"+0.2 = 0.52G
R, =0224G
R  =057G,0 = 23° 297
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W cllas(asun

5.20

521

5.22

5.23

5.24

5.25

USsWL 6
6.1

298

(a) B,=(u,IN/2r)cos45"=0.39 G
(b) ydel uBuu (ied 3, eisla Ala d-l o o Gaelasl.)
o{loa 8ot Miet
1.2x 10 xsinl5°
sin45 °

44%10°T
R = meV
eB

eB
=113m

BuR 3 {12 2lad =R (1 — cosh). %, sin@ = (0.3/11.3)

21gll, Houd e = 4 mm

A3uli, e sl W2 =0.15X 1.5X 107 x2.0x 10
=45]T

430 AL BudloL 530 m o< B/T

el Ul 2ild W Sl M2 =4.5 X (0.98/0.84) X (4.2/2.8)

=7.91T"

NI \ Y N . N N\ N
B =% AHls0UHL Gualal s2A, ol p, Aua UG, FHL wel

B=448T
oiriuizl wulswl @, = —(e/2m)l A Al cllasaiat Haol 8. W, 2 Il
UL UYL 2 R 9 5
2

w,=IA=(e/T)mr
2nr?

T
ol 7 L aquusiz salldl Bl 8. 3L, m smid vin (—e) [Agdeuail
HAS2A T AHAUL 215 URAHRL 53 8. e, B/ 1= e /2m. H&Asgi-l [AgdouR
(=—e) L glanel, 3L A0 wstd 5 U 2wt 1 [A3g [RUHL O i ol a3l sail-L
A dot . Ul 1, =—(e/2m) L AL S u /S Hed w,/ /&l [uRd e/m
8, v2d 5, YAl Ad U qed sl o], i wRaus (B a v
AsRUAA B) 3 24Ms sdled Rgldd 2ol uRoud 8, ¥ waldd
clllasauet ad Hadl asid =l

[=mvr=m

qrpq W3,

o ®
~— —

prq ‘-LLO{L, yzx ‘-LLS’L,

yzx ‘-LLJL,

Zyx HLDT,

xry HI3L,

U0 (U )L AHAGHL &L 1AL A lalel dals WRA Al Al

(e

AN N N N N /N
(=N
~— " ~—

=
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Aol (ANSWERS)

6.2  (a) abcd H (2512 URAdA eui Awdnidl sasy 48 8. dell URd
Uil (414 53 se5u Baul 52 69.)
b) a'b'c'd Wl (UBUL elru sesUE D))
63 75x10°V
64 (a) 24 x10°V,2sy4dl23d
(b) 0.6 X 10 V,8syHl 34l

65 100V

6.6 UYL (qu)-Leds viawmidl sesu =B cos(wr)
€ = —N(Dﬂ:rzBsin((ut)
€ = —N(DTCI"2B

max

20X 50 XX 64x 10 x3.0x107=0.603 V
s AS U €, AUD.

I =0.0603 A

max

le [..,=0.018W

average= 2 “max max
URA nales S19a (laou) AL uRaHEIAL [AR14 53 215 Gt 539, 21 194
[Fafid 2d 32a91 W12 215 ol Sios2 (ALR) glRL 2L 5L AHAL 53, 215 w3
ulsd, % ASHL. (514 ud ASH). M, 201 ARH] (GWHL) dlE ey windl
GloAeil Al GlLel AR V.
6.7 (a) 1.5x10°V,
(b) ulamelyd
(c) uéﬁ 93
6.8 4H
69  30Wb
6.10 B-lGtdaes
=5.0 X 10 sin 30"

=25X10°T

€ =Blv

€ =25 %X 10" X 25 X 500
=3.125V

ARA emf 3.1V (A1ds L5l Gualal 530A)

2L alor Hie wivt-l (2o 2ioicael A2l (el 44l d A&l ).
611 WRdemf=8 x2 x 10 x 0.02=32x10"V

ARAUAUS=2 X 10° A

R =64 X 10 W

UL LR Al AHA AL O SIHAA AEAAL HI2 BAAEIR Acl GULEL HY2 6.
6.12  BHiAMUL ALAAL R 535171 518 §ASAA F5R-1L €2

=144 X 100 m° X 10" Ts

=1.44 X 10" Wbs '

Al Bl qusil ol i sasunl 581+ €2

=144 X 100 m” X 10 Tem X Scms |

=11.52 X 10" Wbs " 299
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L ol AU AL z-WHL sasAAlL Baldl sl latell BRI 8. dell, URd
emf =12.96% 10"V, ARA Ul =2.88% 10~ A. ARd was-ll Raw il &
5, % 4l z-[RUHL quAl s@sAHL ARIRL 53 9. o [2las Hie gqu el oy ould
52, dl wale lan sietdl oufasdl [Rausl [agui evitdl $2l. Bulsd uEuisl
1oy AUBLAL (1A w9 :

a

D(f) = j aB(x, f)dx

dt ot Ox Ot

- [6—B+v a—BJ < GuALeL 534, 2UuRLA
ot ox
do I [GB(x,t) 8B(x,t)}
a =4 -[ e o VT ox
oB .. OB
AL+ 0vE8
A [ o 6xJ

Wi, oul, A= a
oB) (0B). - N . C oA - . . <~ -
1)\ G ) A v S AN vl 2dd el Bed ues HAG B,

A AR 2L UUAUIRS YAAL (2, Serglold 01T slir %3 O)A U4 sl A
€lad cll wRL dH g% UL o Hieil 25l ol 5 Aeisluaioul UM tledlan SI8L ARy
gl otlctl 51280 i3 ol ld sesUHL FEIR AS A .

Iy
613 Q= jldt

4

N
=R (@;=D)
N =25 R=050Q, Q=7510"C

P

= 0,A=20x10 m 2 ®=15x 10" Wb

300 B=®,/A=0.75T
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614 (a) |e|=vB/=0.12x0.50x0.15=9.0mV; P =L €9l %1 Q 28EL 941,
(b) &l %R K 6if ¢4, AR Ualérll Add s gL A8l [Agdeuq
oAl 21 69,
(c) Al ®aml [43g Rrgriaion ariRiql [@Qedeu sRel L [Qed
6101 gIRL 26151 61O AULOLE SALHL U .

(d) aula[aRks s =1bl

. 9mV
= 9 ma X 05T X 0.15m

=75 X 10°N
(e) =AM 12 cms Al Fubid R Ale, AL {2 Bt ald (414
ol AR OUEL B2 glRL WAl War = 75 X 100 X 12 X 10
=9.0X 10" W&, 2412 K vied &, c1? 515 uiaz waildl e,
(f) TR=1x1x9x10"=9.0x10" W
2L ULARAL ALl BURAS AURLAT] 4oL 6LEL 2% 2 1AL UELA S3EALWAR 8.
(g) o=, Al o &t entin studl el (it : PQl dowts 3e a2t
2id Fedl glad na 9.)
po NI
-
(Ale-wSeeil 2ie 1211l gR)
o NI
!
Asuudd gd sdst = NO
}.LONZA

= ] 1

6.15

b =

A

(941 WA B el 335121 AAA21BLAL)

_d
55Ul 54 38R
el = 56 AHY
-7 -4
el = 4”1(‘))3 le)fjlo X (500)°x2.5
I X
=65V

616 M=% (1+ﬂ)
27 X

e=17x10°V

2 A
6.17 -Bmarp

MR 301
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UsW 7
7.1

7.2

7.3
7.4
7.5
7.6
7.7
7.8
7.9

7.10

7.11

7.12

302

(a) 2.20A

(b) 484W

(a) %:212.1\/
(b) 10V2=14.1A
159 A

249 A

5 (Bl g
1255 ',25
1.1x107s

0.6 J, usSletl 412 uRL HH2e o (UML)
2000 W

=L L ,?;tac:l%C=4n21sz

L=200 uH, v=1200kHz412 C =87.9 pF.
L=200 pH, v=800kHz %12 C=197.8 pH.
A 5[Uilexl 2+ 88 pF &l 198 pF 2Uvicl oA,
(a) 50rads
(b) 40Q,8.1A
() V., =14375V,V

v

=1437.5V, Vg,,,, =230V

Lrms Crms Rrms

(a) 1.0J,%R=0€-dlL A CHi AALld Glosoil A0 242802 43,
(b) ®=10"rads ,v =159 Hz
() g=g,coswt

_ T 3T N :
(i) 1=0 7 ., T ,.ax404

=

&l [gaBlod 2a30 Al 8.

9

o, I 3T 5T S
(i) t= 7, 4 g e B T=

c

= 6.3 ms, A& Glo Ayl

&

< |=

~

21514 Glogt 243U AASLA B, (SHed

)

QeBlod 9u 9.

N N T T q()
L AHA SIRBLS g =g cos L= g cos r=—.
q9=4, 9o >

_T 3T 5T
@ =g 8 4

5?9?9
2

2
Jell ReaBed Lo = 1 %0 | & se Glod 21e8 meu 8,
) 2C 2 2C ) S A

(e) ®42 LC £l R 51281 He udl -ote a9l dHid wWilMs Gl (= 1.017)
92 G130 4y Yl
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7.13  LRURua ™R, % V=V sinoréid dl

V .
I= ﬁ sin(M? — 0). %4, tand = (WL /R)
R +w L

(a) I,=1.82A
(b) 1=0AHA, VHEAH Y. 1= (/) AHA T HSAH O,

¢d, tang= 2L =1.571 »taa = 57.5"

A _575m 1
ddl, My dsldd = 50 X 2nx50 —32ms

714  (a) I=11x10"A
(b) tand=1007. §, 21 7T/2+(l 25 9.
~{l20] g (Rt (301 T 21 (a1 7.13 )4 S1d d 5l el % ALl 8 24 d
gIRL M 214 B 3 Gl 2i1g[Radlot L @ol™ol »lus 4512 9. de uRuaHl (RaR
el ugl) 0 =0 dell Ul L Yg diss a1 ad 9.
715  RCuURu IR, % V=V sinosdld dl,
\Y

I= ——%—— sin(0f+0), %, tandp= ——
JR? +(1/ ©C)? wCR

(a) I,=323A

(b) $=33.5"

UHU dsldd =— =1.55ms

()
716 (a) 1,=3.88A
(b) &= 0.2 24 G2l 2ug i @areioL g 6. 2, G2l 2ug i C alss
a3 ad 8. dec uRua H12 R 21l ul @ = 0 244 C 2llu- A5le
ddyad .
7.17  UHIAR LCR WU 32 2AuR5135 S04 {2 Howol 2un 6.

b= e

FW = 0, == UL,

JLC

212, |Z], 0=, P HeH A i $e Ul SUlARAIR @8 U9l

RauwvuMl, I, =5.75A
= 092A
= 092A

L alvuMl,

Lrms

C auvil, I

Crms
AR g NS T =575 A, 5128 3 L 2 C ol Uels 180°+L 0L dslad
€9 2 Uil €35 8L ARl AR LA AA 6D, 303
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304

7.18

7.19

7.20

7.21

7.22

(a) V=V,sinorHie

Vo

= —— sin(mt+£) - QR=0
o1 -2 .
oL ——
oC
A WL > 1/0C &4 dl — Ml 2199 241 % oL < 1/0C ¢id dl

+ (M-l 2uasl.

[,=11.6 A, =824 A
(b) Vv

s =207 V, V., =437 V
(~1m 437V =207V =230 Vala, YA rms A% GLRUGIR 69 a:{vt Y %
€l Gl L ot CeL 6 &96[ QL Aol oleos] Ad 9. 510
tefl 42311l 50U dstaict 180° . )

(c) L siS Ut e I\él’-l, uel wzwzl\ ALE2% YAl Sl TT/2 el U0 €9
Hi2 L glRL ULl A1 ULAR A4 69,

(d) wzﬂam cuca% TU/2 %2l 9L 89, el C glRL VRl U9 ULdR Y4 B

(e) 2llMIdL S ARUAAWAR YU 6,

I, =726A

RAARIAWAR =T, R=791W

LA 42218 W =C L AL YA =0
ML $4 WAR =791 W

(a) w,=4167rads ', V,=663Hz

™ =14.1A
b) 7 =(12),'R, I, % gk (663 Hz) 412 Hetu B, & % >igRisl
P UBLHSTH .

Pou= (112)(1,) R = 2300W

(c) w=wxAw[A (R/2L) << @, €l dlifsedlag 0l 8.
A®W=R/2L=95.8rads ' ;Av=Aw/2m=152Hz
V=648 Hz 11 678 Hz HI2 WMLl UldR HetH ULdR 5l 24841 9. il
g 2wl SulRdiz I, sdl (1A/2) 213 24l 2ed %, uals
SU[ARAR (MeTH WIAR sl 21881 UaR Ad d (Blg2at) 10A €.

(d) Q=217

,=11lrads ,Q 45

u)om 32512 541 912 Q elMBll 52 Wiz R He uetdl 3.7 Q 2.

(a) L g % WRAH rms dieew Hie W, el 519 3, el Yel d2siHl 6L 94l
AL U AHIA SUUHL AL UL EIA. BELERL HIe UM 7. 181l Uit YL,

(b) uRuami el de © R AR adl Gl cuca%r s[Rdlea [agdenRd
szqmt (Charglng‘il) QURAA B 2 UM LS (Sparks) Ficuﬂ e

(c) dc e Lol SFUsA (SRS HAUH) 4420, 1Y 9 A Crll ol %
Hlel (?)t-ict) Sl Y. Al CriL 6L 8941 423, de [i{o‘ia HA 9. 6[2{[ wcg_[?tqwu
ac C{lca"zf e L-u PRABRS b{qzm A 2l Cell vod % 2L €14 89, dell
LAl 6L 8941 a2 ac [4ore 1AL 9.

(d) de-l 2e2dl Rl M2, LAl 518 o 242 €lefl el wedl od Al 2 a6l
(Core) glal ARl Al ac HI2 Alswl AL S[FLAA 5128 61¢oL 291
sl (ivil) 29l R i a6l (Core) elHd 1ML 24 8 AR
vitsvu SRS AtURL A £9. ol blcol 6% AY asibﬁ %uit

(e) 2Als 3t<éc1 Glost-l yu AR Yot 6} €941 A2 ALY B2l €9 BUIR AARUY
GuHL 230 Glosietl 1 539,

Crms —
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7.23 400

724 QIO 9ASIS WAR = hpg X Ax v =hpgP
oul, B=Av nals (Asderial ula As=s addi el s¢) 9.
Yadl $A52ls WaR =0.6 X 300 X 10° X 9.8 X 100W

=176 W
725 AR ASHALAAY =30%0.5=15Q
S . 800 x 1000W
AR QUM Wllerd rms Hed = —oone— =200A

(a) s uwazau=(200A) X 15Q=600kW

(b) @2 glRLYRL Uscdl Wiar = 800 kW + 600 kW = 1400 kW

(c) AR Al YR Udl dle2% Su=200A X 15Q=3000V
YLAR WLv2 HIS 2eUAY 2L U S1HR 440 V — 7000 V €.

800 x 1000W
40,000V 20A

(a)  aS-Hiuar @au=(20A)’% (15Q) = 6kW
(b) @l glRLYA WAL UAR =800 kW + 6kW =806 kW
(c) WaRASH YR Adl e U =20A X 15Q=300V
RUAY 2SR 440V — 40,300 V 9. »idl, 2ure 8 § @l diey
2R glRLULAR. @] 2siat] viot Hiel wHiRl el u 9.
a1y (7.25)H1 LUl 4 (600/1400) X 100 = 43 %,
VL AAURUAHL A 55 (6/806) X 100=0.74 % €.

726 Ydg=

usW 8

8.1 (a) C=¢g,A/d = 80.1pF
Q _ - dv
v - S
dv _ 0.15

9 -1
T s = 18T X107V

(b) i,= ¢, % .. ¢, 322 wuidz @, = EA,
Blcd YHIRUA AL,
Ao
N . _ E
adl, i, = € A—=

N _ Q N d_E_; N [ ..
8d, E_EO_A adl, g —SOA,%aauq 95 i,=1i = 0.I5A.

(¢) ¢l %A ‘wale’«l e q¢d (Conduction) Wele Ad 2ldid:
(Displacement) Mellgell AL A4, 5324 dl. 305
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8.2

83
8.4
8.5
8.6
8.7
8.8

8.9

8.10

8.11

306 8.12

(a) 1,.=V,. 0C=69uA
(b) el 2z 8.1(b)Hi caldd dial %l Wells AHA A8 Slee 52l S1d dl

ueL A1 €9,
W . N NN N NN ~
(c) 2B = 2—0 Lz iy, Ui, (2 ddl B) AHu A8 elae sl el dl

uel A1 9. Aol eld ® 3, dvil dsolla A suML Bldn 52 B,

. PR ~ W . NN . N ~
i, =i Gl A By= 51 5 i, HA 8. %, By 2t i, e
R

Elldd Al 2otSluaoL A wdlel SUlRaAR 9. i, =21,,.=9.76 UA.
r=3cm,R=6cm™2B,=1.63x10 " T.

aLela sl el s AMIA e =3 x 10 ms B,
E 21 B 21 X Y-4HdAAHL 24, 150{lost ot €9, 10 m.
dzaldeits ool : 40 m — 25 m
10" Hz
153 N/C
(a) 400#T,3.14x 10° rad/s, 1.05 rad/m, 6.00 m
(b) E={(120N/C)sin[(1.05rad/m)] x —(3.14 X 10' rad/s)7)} ]
B={(400nT)sin[(1.05rad/m)] x—(3.14 X 10° rad/s)f)}k .
sl Qe (A=1m™i2)
6.63 x107* x 3% 10°

= = ev =124 X 10°ev
1.6 X 10

[agiqziotdla asiue-l suslani saiadl ofle diadons»il w2 sldin Qo el
Als2 dlcls o3 opell Aol asid. sl Glod dl Beurt sl BeatH- Aoilfid
BloAl 23 a2l dslad (Spacings) e2id 8. Gela a3, A = 10~ m
21§12 Glod = 1.24 X 10° eV = 1.24 MeVA 2134 8. 2l 45443 Gl 22
(3 uril a2 2Asila y-Brol GRilsd 53 9) a2l dlalls dsiad 1 MeV
Ul arll 495l 8. 4 o 3q, 294 d3AdeUS A = 5 X 10 m 3t 518
Bl =2.5 eVA 23U 9. AL HA 2 5 BloA a2 (3 Fuedl azdi-l disila 29y
(A0 20 89) L 2435 eV F2dl dglad HAL 6.
(a) A=(cV)=1.5%10"m
(b) B,=(E/c)=1.6X10 T
(c) E &t Qo et : 1, = (1/2)€,E°

B aoti Glost etdll < 21, = (1/211,)B’

1
(a)-j, (b)3.5m, (¢)86MHz, (d) 100 nT,
(e) {(100nT) cos[(1.8 rad/m)y + (5.4 X 10°rad/s)f]} k
(a) 0.4 W/m’, (b) 0.004 W/m’

E=cB-l2d ¢ =

AL GUAdL Sl Uy, = Uy,
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8.13 T cdluHin 28¢ Uelel dZaLdei Sl Add dRlue 241U €9, 51001 Yelel I HedH,

dlstdl 42uadl [ABEA 243U dRoLdes Wil 3oL A, = 0.29 cm K/T o3

Hu §. 4, = 10 m, 42 T = 2900 K. 6129 d3oLcetSil 12 diusie ]

A5, 2L Ad Hae Aval [Rgaesly asiuedl gel-gel euaimidlL [kl

qogdl %330 dluMiddl ouoll sald 9. i, e [Aler (wRls

A=5x 10 m) Al HIZ G51¥- dludiql €21l 6000 K 24 €l S,

(8 = 2tietel {12 cumie w24 dZaLdotsSA Gt 5331 vl d HeaH dlsidl
y1adl e Sy,

8.14 (a)
(b)
(c)
(d)
(e)
8.15 (a)
(b)
(c)
(d)

3L (28] dRarcouS L 94l drs)

231 (28] dRoLeotS LBl dRs)

weslda

gy 519l (o)

X-[3281 (A2a Hg (soft) y-[5et)-L [Qeio.

UUAUREUR AL OUOUHIHIAL ATl YA 5269

2laaon Rondid a-tRBUR gL 419U 2d udd- ad el (Wsanid
AviIRL Yl ). defl uRlad Guas (Azaise )l vesdl 514 8.

cUlcllaRl X-[50Ud AL 53 69, wUIR EUUSLA A AU Al AElA
UAIR A .

d duiell GiFd wraoidl [ABeld e 536 2t da yeell quidl
Al uiadl 2 (y2efl UAL) arie 5l U 21251 9.

yeelof cdtumiel {124 $ld, 5122 5 dlclaei-l Al481GU AR AR61%R €ld.,
Alus fsaur Yg (War)dl Gl 2dd aleoll sl U5l gl
dleleold algl 2, 3 % qAusiast el ollon u-L 2l oL cuiaL Yl
Uil estad. 2L 215 Qo wRaHd.

307
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