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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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Constitution of India

Part IV A (Article 51 A)

Fundamental Duties

It shall be the duty of every citizen of India —

(a)
(b)

()
(d)

(e)

(H
(2

(h)
)
)

*(k)

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

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

to uphold and protect the sovereignty, unity and integrity of India;

to defend the country and render national service when called upon to
do so;

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

to value and preserve the rich heritage of our composite culture;

to protect and improve the natural environment including forests, lakes,
rivers, wildlife and to have compassion for living creatures;

to develop the scientific temper, humanism and the spirit of inquiry and
reform;

to safeguard public property and to abjure violence;

to strive towards excellence in all spheres of individual and collective
activity so that the nation constantly rises to higher levels of endeavour
and achievement;

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

Note:

The Article 51A 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

e before law and equal protection of laws;

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

e by abolition of untouchability and titles.

Right to Freedom

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

e of certain protections in respect of conviction for offences;

e of protection of life and personal liberty;

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

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

Right to Freedom of Religion

e freedom of conscience and free profession, practice and propagation of religion;
e freedom to manage religious affairs;

e freedom as to payment of taxes for promotion of any particular religion;

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

Cultural and Educational Rights

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

Right to Constitutional Remedies

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




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 with
some 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, 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. I 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. JosHI
Chief Advisor
Textbook Development Committee
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RugyeieTs ergfor Sk T=vifFe e e, Siee GTaes, pe, FIRIE Fb, T %N Aefoq srrifas
o M Sieoe 2@ | 1820 RGIt wiifam RN €5 (Oersted) (0 (T, A6 {1 X[&FIT IR
G5 AR O @0 9T Ty ey ot 21ifze Tt =it [ewel 1 | Snifg 93z Fie @3
ALCTTICE 2 I L I ([, ST Sfwidie GTaFCa 1S T3 GR S poe ofoe 7% 37 |
Sfe qR (STERCTH AT A5 A A% T2 Fioo “miefm e t@s (Maxwell) @3 ©I5 2w
&g (Lorentz) O3 ©F G791 I (I (, G2 {0 T A&7 Toi fsaiat | G0 SGpaaiy (3%
JCE | SR HIRATH Toalle BRI R oo FRI0ed SIS I 31 I | I 92, ofief
TR AN CHAIT 0 Rt IO 67, G FE ST SO AfFMY AT TR T
0O @R T o SIS SIS #{1f Sithe ATepioa a2 AR S FAA TeT | o (Ifers eT9[Tet
G 2o SIGHFRIN 7T |

TARGRICH [HCBTR T FARFREITH] G TR I (X G AT T o ©fGe p=h0y (classical
electromagnetism) YHETCETT T oG TN ﬁ@m AT ¢ | Fofa wrae {% (OER RG]
a5 ofe pFRT U UF (@91 (T O € pHI AR 7= 2feq @ 21t | 4 wify s @,
SR el S @32 FRACER AT AT AT |

SfUR @32 FRFCGR [eele 26 Siyfel A1 Teyols 3o fofs | ofbexf, Glemiaicala ==, @
@R GeTfea @3k ATefass Rt 7% e (Ffbtas Tgoiifs Tz « Reitw difen eom fefe w2 tofazx |
Tfre 2IfSRe fEe il ©fe R GTIIT TS 2l I AT F(F, O (@ freg 77 Sidiweeen Fua
AR GICHCE AT TR (TG SIGR I 2 | (OISR Gl (3, 2T 9671 €3 -7 (long-range)
T | Sl (e SellafCeI (ood g 99 (I 2ieTe G 2O} Sed Sl AR B 61 2R et
TR NS GG A0 JBGATS 27 AR | 42 SO SR K47 (7, S8 i1 27 I3 ABRIITH
TR AT A QT SP9e! (FHF WICS) @ =IFFIett (gt qifer smiefmia stigje@a 2aw

S T54) | ‘

3B IGLS SR S o2 oy @315 o7=e1 77 201 7 717 of i 77 [ foa
1.2()] | 4TS 93T (oSG THFOI G JICH P! ACF G WGHF oS AT 90
AISH] EITIR 21 NI AT | T2 93T SN 750 nesfba A sRiere 4o piHs
(knob) ™k T3 23 &3+ e 1fbre Sk 2[ifEe 27«3k @3t Rrwifie o | ReeReR
AT RN ST sifasiel fratro 23| 3
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B 1.2 ST 1T | (o) TN ST TE, o) TN wIfeT I FCE T SR SRS IYwR AR S
=% e ST arEa @i | RIF G 2T FCAREAN | TR A0 ToIa! ©ier Il

(a)

(b)

(c)

foq 1.3 It Tl
2 |

ol e omfs Spica (G AFeel oioedre T
o TS AT [B@1.2(b)] | 2F JAT @FT 2fTeeT
SRR WS Fe AT 42 20T & I ARCR | 20 cm
WGF @3 TR qOIE @ S @ WHT GFAE  GF0
T 2AE G O 2SO B2 FC | G0 0! (@0 e
@ 7l ([@STE S AT IR @AGeADa @6 76 I§ Tl
@TS AT | G2 WSHF FUTSI (0T AT o I 4F
ARSI A ow ca1 | TUBE @2 fecwm W M 2t
FNe @ 6! S Nwa M Gk 17T SHT I @A™
2 | GO (RG] 8 AToeN SRYNRIGR 2ec (foil) (@I 6
cm (G ) TSIt SIS I 7SI BI76! SR (TeICene
BT AR SAGCE e | @b coma ofbeIrwi Ea 7@ o
T | (@ASTH FHOEE B @ THT TG SRHT 6 TS
A 5 cm BT ACH | AR RERe Aol 17 &=
Tl (A2 G PN (FAE @R (SO (@0 (el
@TS AT | 98 ROFIRER AR SIGIFF 07 SN
AR G0 S sifzsiel 2fe 7|

e 77 eI G I O @RNF T GG Al

@ wlte G el Cofd = | Tl (At «=e 1.3, oraw
TCol IF UK SFE ©F I (Mountain fold) 2R 37 I3 718 | @2 TG
Sier TR Bl M 4@ | oYl 7% T @, Wl b 2R (A 90E E AW @S
QAR @ 3 T T Tl S oo 30| 749 o Tt SEs s 71 wdn
T ORH A WY FIS I | O G RS [ 0 | oS T Aare
T2 oAl T I W | 1T YT AT G 2w Ig = FACE SN wesre
=R O 0] I SN #ACe RIS 22 | #ifelba Tex Sigx| I i =l
FE QR G TS [T I | Aqqod REFRe SIva $oAF SR=e SAitTa
AR @17 97 I | 5 AL [l 4Ied TG IO S A F(F ©f AT
&0 I
(ORI T (@ 2T IF oY @R / A oy e afde | 3fre Amerei I
ST R &7, GO S A (g o Sl e aeifie At | @ @
ATTYATENT IR AT, IO (SO 2T 40T AT, ST S g e
(adhesive force), #PBITaR M T IFPTE — ATOFT 2Ffs IeTo Sifbfos Al
Hifes TR TRIFR I (A0 T 2 | Goid ifefos 71 T & @ SIom
G ol IS 25t oFg A SioE I0z | SR @2 I T=94F SN A€
eI Gl v |
G S FHCT TG SRS FF G, SN G GG SN 92 TGO
ol T A GO (A S FAC] ATS | I =1 0 AF @, @3 7 iz
TR SR G A W A A fors e 0 2AfF | I sfwire




IIICNES R
GR CFq

PRSI S g AT BERGE SR G I (A O IGO0 RIS 23|
ST G G g TEREA TG I LIS S WS 200 AE | g aw o
TG TR 31T FE A S SN2® 200 AN | G0 Hod 7eors i aisl 9167,
7S (AT g 2ETRE PIET FloitT RINSRS 20 AT | ISR 16 LIS S
wifZe 27 @3 P A S s S0 | 9 2f SR @ Ton S 35 23 9l
RT3 RIS ZERGET TR, IYS TAPS @6 SERGER MR T 372
T T | TS OOl SR T G SERRGAYEIE (FReTa TR FCE SF) TG00
RIS 20O AT | FICSE GFH IGS T4 o) @0 7 e o Tt 23, 3 gfo
S TS FEH IR SR TR AR TG RO (TR Sel) SRS 2T
fag S o aieiE 03 e =31

1.3 {9413} 992 ST S (CoNDUCTORS AND INSULATORS)

2ITS (T AP GO QST BT o 1 #I3] MR 70T i wifes Re (Rt ool (TR
1 A T A APHFT T (T 4197 WSETF T 46 SIRHATH o 71 I 92l
T @i e 2T o7 AR | 4371 T, SN AF0 ST OIS IF AVF ©fo
R 93T (P10 AT 93 S7F AT A4S S wNifRs G(6 25T ness
N T FREN | ST (T (@ AL O S S T | W G352 2/ 2o TCa
TS A AR WIS AR 7R T 2 O AIPGCRT 75 (T LT (@Iel =i
RIGC 20 1 1 WG (TP A ([ ST FRIFE T 1 2

fog oIl =Tz 9t SR W& e Teres ofe 271fEe 20e (7, St (Fid ©f
o 1 | R ey e ofeadiz 47 Were 2xifee 20e 2, €d #7913 (conductor)
JCET | AT S 3 S S (FTERG) FCACZ T SIS (SO STAFIFS JTOIT
HENBE A0S AR | 1Y, T G A (2 8 2JfT) 231 “Af7 12 | 21, coNeifers, 21155,
T, F G TS HEPI TS AN, ST (T07 ST 2AAIZ 2SN I T (I
BRI P | GRS FEIF (insulator) AT | SRR #iefd Soitar affo 3o (uifdlq asibre
A I*

T4 ARAIRITS g o RIAERie 27, T4 ARAR T @1t 2w 70w |
SR, T ST g SAfRIe S (e 7 EI9TE 98 TRl PR A | Gs W
(905, @ R0 (oIt #7< SIT A |

AICT 2 (G AR (SRR NG (@, Wizew At 25w By frea sz pot
SIESICE 1 GO I (e G301 SRS 2, 5% BI0e See] e #mief wifee 2 1 | 41y
(TS IS ST SR I N T BT 50T A, @l 419 G, AI0TR SoRig
fred #fF1T |

I SRS TG 2R T S 20T, I T SIS g iaie s #AfRiRies
(- *I919) =FoR=I 212 57 T AT 5reT T | 5K AT ST
M LAV G2 2AfFAE G-TaTaw79 I TR A0 | G- RN (QAgfed a1 @]
TFAITSTE MRI=iel 2wia 0 | g-F<EA AT G0 (] AT ATt BhiF eI (e

* AR FEE PO SRS (= ST ST bR Sof AR 2ie GIRR T+
A2 € ST AR 27 |
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@ 1.4 SEET @R
SifRewe

0 G(6 (! S (2B A I 1 275 G TR AleAieIfre BT Awaes
AT AT SR PIZ JI2 1 2 | ACAE ([Qyfess T8 7 foaift ol A
— =iz, NegeT gz e | AT Yb O *[ =T (power station) (ATF ©fES #/f7724 I
G} PO ORI YT (RIS 4o SAIted A I AT | ([@Pies 27, @RFecans,
Tt sTel (Ayfes Tgoiifen aieq SIRas SNl OItas T I 41 27 | I3 4req
(G IS IR AT IT 2 S (FICA GfG 20, O (Ao I@o|Cenis A N
I S 7 T2 T4 BT 23RS 2 | S, @RY W =4 Sferes
A2 2 7o S 2 7vs |

1.4 SCICHE 541 Afeewa (CHaRGING BY INDUCTION)

I T2 G e ST 25T rea AR ok i, 5y sifamie et sngie

W (AT IR0 e 23 R «fbe oifew 237 | qeitR et = g enfze

= | 96 w3 2P 7 Rl e 2 fog [Keide w4t wifee w6 we a=l sigs

2@ 1R @IF, 90 SRS 7 (& R TGS SN0 T — @ 2453 Teg @eme sl

25 1 | B, TR 2RI T it ST SRl @F Ted S (535! 4 |

(i) TSI IS @27 A 95 41 (MeTF A, B 1.4(a) oaigaim—x{zaie |

(i) ISR ST B2 GF 6 TSCH (F- (T G0 (N (KT A) FICR S, 515
AT @I RG(T (ANTFOTE =2 T B | (NS [ SETRGHE WCesd i Seiae
T | 9T T B (OISR (ARCTR 50 LT ST Sl 27 | ToF At aiee
LIS (AT SR LA, IS 200 A 1 1O ST 1.4(b) FHraz Tl (e
T SR I | A (ST AT SORE 4l ST 932 B (NETH AT
SIRSTIE LTI ST AT | TS (AN TTF BERG A (9T AT e 27
T 1A IR AT (@G A ST ST 20 *[F I, 1) SETRG
R AR R TS 27 | MUSa SIorefers 96T G 3R A4S SNITaTa Sy R0l 96T Giead
TRRIIRT 43 31 TSI S0 RN RS 22 | 1.4(b) 5 ARTIRTRITS 2y 0 | 3
AT ST SRR A0 3R @fs Siemwlameita Aaifde 27 | (liAEa g
IR TSH Tow (1 1 T GO (AT 2D W A AT | v
AR ST 2, ST T4 (AN AR 721 oS 0 11 43R O 77150 20 e
T SR R |

(iii) 1.4/(c) DA A (AT FICZ FIHF TGHTH LT AN SRR (3N F{OC Al
TR0 SIEWl 6l | ordl A 9T (olteTss Roide St =nfee 27 @3k @Rl 2R
S B |

(iv) WEIHEE AR NS | (TR SR SRR S9[TaTl 1.4(d) Hrassice! Frem= ==
Tfeere T | G ColITFRACP (] RG] g AR NNE | 1.4(e) T @ (it
TR, (AT SFPTRZ ST P TSI (00 27 |
<3 2T, SR (ANFFACEA! T @ R S SR 27 | I 1) 7137 Snfeeee

T | LI ST SRS A T 631 (I SN2 2R 1, [ e 2l SR

e |
Y SRS (A WG (I 20T TG 710 Siel| 28 O G5 Sfejg =1 <ol < |

wesf IO FETS! 2T RS S 432 77! AT 3 S RS 6 | (955




SUe Y
R Fq

el I Sif7QIE W 2eee «ft 9h | @2 WHI S« @R A simadits 1.10
@R 2. 10 SR 1L T 2R | G2 LA ST (K GIOC A AR ] 247 |
S G @, RIS ST S0 el 0 3 7o S 2R 0 el 6 | 4
(2%, AT A0 SLIFTER TP G S 7167 I G- U S| 416
el qe1 STl Sift 27 | FerEgel, PN TR Al HATEa SIvel FE9E, 2!
2SN, TS MBI S I |

Trizad 1.1 9 @36 4T T =i 7l I TSI LIS ST SNz
PACT?

T 1.5(a) fora ot Atz @, 93 STEfe (e Bred Tow a3l Sz
IS (3NTeT BT | AN ST SRS 9o WG 46T (AT O B0 SNl 2T,
B! 1.5(b) BTT (RGN R | TESHF (SN PR SN T TF 2G9N
R T3el M0 R AW G GRS 2ITT Tl 20 QF | BCETRG Qiohod vel
DO 2T LeeRs SR 2 | A9 STETF(H T LRGN G A6 a1 %[
B0 (ST ST B B AT I =0 AR | AR ORI A1 TR e Bl
AN TE IR | TERGACE ST 2_1fee 20w AMea Ffne nefbg A ST
SRFACI g b AT GISE SHAAITAL (oIl S8 (AT A, 1.5(c)
ota @S Ol 2CCR | CoNETRIoR FCol Bl FCAol ey S wie | febos
AT LISF I S (ATF A [1.5(d) R Ba | | =nfze wel A Tie |
HRII S (ANHOF FANL 7T ISR RS AT, (@101 1.5(e) Bra i
R |

PHYSICS

(a)

WJ2°US}1/SI118)Sd/BIPaWIW/WOD WOo0isse|dsd1sAyd-mmm//:dny

:uononpul Aq wsAs a1ayds-om) e BuiBieyd uo uonewiue dA1BIAU]

(b) (d)

a5

€3 2T AT (TR0 SN AT MRS 27 3R 75 9 (@ICal =N
QR

G2 AT ST T, LSS SN N12S G(0 75 G 4167 (olfeTera
IR G ST AR RO 4TS ST SRS T2 T | TG (NSO
SR RIR SR 0 I A 2CARE O (AT (T OTS 212 203 | 97 SR
OISR AP FACS AT 5 2
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1.5 SfCeoYITTa (e 4=i{afe1 (Basic PROPERTIES

oF ELEcTRIC CHARGE)

I (TR (@, -4 S SR - G € 498 @R G & (0 Siod
AT 2IfETe AT 2! (T | Q2o SIS SIS ST Syt 9% <65t e Sieet=ii
4|

M SRS TG SFT G0 TCISE TG G 432 (=ITH! 2, O S0l
GO [4% @141 (point charge) BT 4T3 (7 | @f 403 (RSN 2 (F, TG IS
0¥l (in space) 9% TS (F@igs TEE |

1.5.1 SNYTAF AN (Additivity of charges)

QYRS ST SR ST AfRere @I e R [, sizae [ s oft A
B6 9991 | SANTSITE =01 1 (@0 AT 40 2 SISl w2 29 | 3 96 A=
q, SR g, 9 S A, ©F ARTT G5 SN A AR g, 9K q, 97 RS
Aerifafess IR MR Sefe ATF AR 0! SN @lol 51 T ST @9y
@ G TG O ool CFeN A | AW 9T AT g, g, g -0 g, TSSO N
FRAF S AT O AT (NG W4 2 g, + q, + g + ... + q, | OES
CSl, ST T S (g @I Sfeyd (@3 | o2ifst o1 @3 St g @3 fo
A1 WZ | GF6 I¥T ©F T GITF S5 GF6 S GG Al NS 208 A |
G T AR @I AT GO AF 5F 92T FACS 2 | SMizgerwgst,
OB TR SRS ([T~ GFCF ABD ST +1, +2, -3, +4 @GR -5 < @6
Y BT €3 AT GFCF (+1) + (+2) + (-3) + (+4) + (-5) = ~11

1.5.2 (Y« #AMFS ATF (Charge is conserved)

SRl TR @2 wita Raw S FER W@, W Ak g Sk #9126, @
I (AT TGS TG FRINERS 27; (I Toa S 5 [l [ 220 41|
OfGR SHAE N G0 bd, S FTHET DS IO AW I 6 | 46
IGT 2R T FACE, G0 I S AT I G2 S S 210 | STTwofE
wifes T TR Sifde @ [iter riE (oon Teifrre IpTEs A
RS TG S (TS 200 e g @b ol T @, Rivew =iia (i6
S A ACF | SN w4 AFrwrETed afsis |

IMe @ G0 2R G0 R AR SR TR 5 A [ =1
QT Al fhg HRITT @6 SNt 75 [oeal K w1 3T 77 | FUA-FUA| 2phe
ifes 0 9T IR G0 oG T (@G G G TETREE FHATRS 209 A |
GBI T (2 9% BERRGER T ¢ Rods i e @R g %3 st
@I 2T (G S e 27|

1.5.3 SNYTaF (FADAT (Quantisation of charge)
AFETed b afse @, 76 T TPHE 20 e 7al Bfee 36 cifers




IIICNES R
GR CFq

SN A4 TR fferess | Fre 96 IT S (& 71 (T 2w 1 =2 -

q = ne
@A n 28 GI0 S0, @b A eF A AT 20 AT | AT (e G 28
G e T G (25 1 ERGT 92 | 26T 2APE, I TEREET ST
e RO A1 &5 Srodd, G360 SRR S —e RrTE @3k @36 &=IGER
SIGE +e RO @ =

ABCI ST ST FWT ‘@ 9T WIS YfTes 27| G N7 (FIITIT
(quantisation of charge) I | *MiefRwiT gl @ 5y cFg qECR @AE GG [y
AFfos A @GBS (quantised) AT | BTG IR FRATT Wkge ©foe
RO AR PIeT SJaRIeT (A Fei ST (FAFBICS 4=l Ahez 7 | Rl
1912 IS ANFREFFII ©f 2welq FafRe |

TS OF G HARETS (SI) ST GFFE FoTF A6 R C oF aiat ot =1
| 1 FEHF SIGR2ANZT GF(F T TGS T 7 (@O (Il 27! S
GG | G2 AP, TM (] OT 54 T ofbeaqz 1 A (SHfF»RIF) 27 o €2
SIS W4 T 1 sec @ @1fTS St sif7mie @ Forg | (P @iflz e
AJPBHT AT ST TSI S (0l 1) I3 =TS ST 6T G A 26

e = 1.602192 x 107'° C

TOGY, ~1C I 6 x 108 7S 2reTags AT | 727 ofbre «gsl 328 Mewa
ST AT SN 4 I8 AHI 20O 2 G ©I2 o Foed 93¢ 1 puC
(micro coulomb) = 10° C 52Rl 1 mC (& Fe¥) = 10° C I72F F[ |

Tt A5 9% TETRG T2 TG G o S ZF AF O 7 AT
ST e G AR AR 767 2ffeToss 203 | 437071 I 9T IYre n, TG G-
n, (AGA AT O 68 TEHA GG ST ARG n, x e + n, x (-e) = (n, - n,) el
@G, n, R n, SR, SIHF ST AR 20 | (T TG SN 712 e @7
SR Jfore 27 9% e 9T 9fF (in steps of e) ST FAT A ATITA (@TS AN |

sfferos #Ifaisl (step size) e 472 (R T #If3rFl4s V@ (macroscopic)
I FES pC AR g SN FiE FE | oA 29, @B (R e GF G @I
IR IR I A A Q@A 2 1 | 92 HARCEFRCS, St v 43S 8 2%
@7 @ft fsraioze 0T o 27 |

@2 SRICF 7 @3 @RIF Sififes Qe A0 werwl 11 A | @ 01 @RICE
(dotted line) v (A SRty N 218 AW A6 Feides =127 | 2=t e
2R AR Y AR GG Wbz GRIR @ IRl (7, SS9t R S
G b SN 3% RETa ek 27 |

AR T@, S G T S N S FE QW DA e GF W 9
TS @ @Y e = 1.6 x 107° C, 1 pC T @ A, 93 ZERGER
SIS BRGOIE 10™ ol Sl A | Ggot 928 AT S (GG e i
A 2 @R e G YfTSF 20O AT @R @S & YIS 2@ T @ e 7wl
b T2 oz 0 | Sredd 2RI W@ MU @RS @I VRS 47T
(12 IR AT T T T | O, SIHAT B, @A ST AT e @7 IR
Tl *eeye FIE 2 wefle QO ol A | e [ifve gt (discrete lumps)
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Twigad 1.2

Twizad 1.3

ACF IR FICFEE NI (@RIBIENE S 1 97 | [Rbe @@ et aoweg
Y92 e

Trizae 1.2 I 436 3G (A0S AfS GRS 10° FRAF 2RGSO G TG00
5o AR OCF TSR IFHA (1B 1 C SN 371 FH00 T H 9 2

TR AT TG (AT &S GIRTS 10° AT 2ERE @R A | o, 1
GRS TS ST 2T 1.6 x 107° x 10°C = 1.6 x 107°C | GITHG 1
C SN[ HG A S TS ST AT 1 C + (1.6 x 1070 C/s) = 6.25
x 10° s = 6.25 x 10° + (365 x 24 x 3600) IZF = 198 I | JoANR, &S
CTFCT 107 FRAT S(ETRG (1916 T 3 G5 I (ATF 1 C S F2T FACS
IR SFATFCIE 200 IZF AT | AR A RS (FGd 1 o7
Y G S J2L GFF |

©2/1f?! <5t Tl 39 97} (@~ AMITLR 1 9 GRS HRIBIEE 60 G S
F© AT ARG AF | 1 em AZRFS SINF TRl G0 FHT Sieatifas
2.5 x 10%* R SCERRG AT |

TR 1.3 4T 19 S 1 AT LoISIF @ T S AT 2

I 4fF, 1 Bl AT ©F 250 gm | SCEAF SARF ©F 18g | AR, 1 (& (=
6.02 x 107 MRYF TY) T& = 18 gm | TSR 1 HI¥ Te] 99T AT (250/18)
x 6.02 x 102 5|

T 2l SYTO YR AR 2BIGITT R I =019 SHSw S 106 2errgw
10(5 (2 AT | oG GG AeSF G (T LISIP SN e T G3R G
S = (250/18) x 6.02 x 102 x 10 x 1.6 x 107 C = 1.34 x 10” C.

1.6 JF1CF< @ (CouLomB’s Law)

TR I 2e1 9061 R Sniees ey friiiet et sifaseste Ko | wifee aepnees
YS! TG DA T G (AR S 4 T T, O R S o1 21 A
TR G| SN2 IPTECE (7% N7 TR <31 27 | FoT qio {7 ST ey fretiet
T AT T G (AT A (F, G2 I STARER T FACGS 0o BT @
TR TN ST AT 9% T S GBI LN (72 IR 1 57 |
SO, q, G q, N (G K S0 I AT 770G S| AT O SN (T
TeraiIeT T0Te (F) W =0T

q, g
Fok 19 %l = | (1.1)
FIOIA FoTH O 2/ (AT G2 70 SO FCARCE 2 4o SN2 e coffeTeama
(TSR T ol (T G7e) JoTF IS B4l (torsion balance)* AR FERARE | AT (NI

AN ST (ANERFAR SG0! LI 37 (@1 20T SRS (AT e st R

IS GE 76 I AT G0 031 TF | ARSI 9 I (SR 71 W2 e Ao
I FTCGCR 2 0w LS [gitel FTeEre g2 T A PR |




IIICNES R
GR CFq

916 1 2T | Tl (@I, CONETRITAIR S Fro Sreniel e | fof wizee
SN (1.1) ANFACIF TS (B 701 ST SR 2 Fo17
e feTe e Sl H® SR : 401, GG 4o (el ST
A g 137 T Sl 1o G{6 SN2 (N A=t
AN TSI (N AOR 5§00 SN BT AT | 2SN &y 2ATors
(SN q/2* NG A | G2 2AfFANHTE Fkalfde Faca == g/
2, q/4 T STATAL A | Fog G TS S aiera <!
Y RS S0 @3 [few 120es o O (oed SR F6
At wee | o oz Ry S Yot e rag weifiafee
@02 ST M SAfTIS GO | j2is 925 7acy At [
ST AN ST IR I 2Tl 9ol FE 7T (1.1) AN
TFBre AT 2 |

FEICHA A6 261 G e il [yl Alefimmel S affe
IS SPTRel S AT ol G Toiae 2 | 371 A1
AR B Ao 2Ee MARF TEE (r ~ 10710 m) @b 2fsfre
TR |

SIS AT PICALA 715 L9l RIS For i 7l Srifsist
FCAMRCE | AW GHTF STOIRE A2 F1 2 | FACES @00
Q47 G ST AL (ST Gy I F QAT A 1 (1.1)
FAFAC! (ST TFOTS e G ([~ N ARFCS AT ISl ke
T (-G 4 S e 211 | ¢ 97 i s 7t a3

2
ST T R 22T | ST R e G 2R 9 x 10° Ngzl |
75t TG TR e g ot SR (@ 95 AN A OICF FoT A6, Al
SR (1.4) SR AT FCAREN | (1. 1) TN ke 9F €2
AFINE, ¢, = q, = 1 C, r= 1 m 97 & S ATZ,

F=9x 10°N

wifie, 1 319 261 G A, A0S AFPRIT Sgot oo @56
S (TF 1 m 0 T €3 9 x 10° N SR [R50 o1 Sfeq
IR | 791502 FIEIRE CFCG 1 FoT9 291 Y32 A0 979 | RS
(g PRASIBT® 1 mC 3l 1 pC G W01 57 GFh9]CeT 70 2 |

ST AR AR S (1.1) TN GIF ke (F 1/ 4me, AR
ARSI B FEACH QB (L (T -

1 |q,4q,]

- 2
4Te, r

WW%—W [ Charles
Augustin de Coulomb
(1736 - 1806)] FIT 7wl
FF STIIH 2GS QIS
ffemifs 2fefmm e fwem
G g e | 1776 2. fofw
RN R e @R ==
o ey g g -srifers
Casifefs aicaell =g e | fofd
& ARCHAT & IS 9Tl
(torsion balance) SfAER
TS 9R @forF Fr wifze
CoNIETR ITCRA AR il
31 et Fe el IR e |
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Eol
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e
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eZ
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S 2 (@ G (FHAET NGO 7F 10 om T, @61 1.7(a) 7 ora eraiea
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TG - G N 70 LA AT (AT SR et e oiffos acema s
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dne, (r/2)7 4me, 1?

F:

=F

G'T bi2lua

GOITF, B 99 9141 A 93 Gof7 Rl ©iftfos 1e1s wioifiafee e |

1.7 IPRAFAUCTR 2/1577([5% 31 (FORCES BETWEEN

MuLTIPLE CHARGES)

s ST N0y A I6T FeTraa A AR e AT |
G ST T2 (AN GG 7, HIFMCS AL SN
JCETR 1ol FISICI FAC 2 A0 AN, TR G0 A ¢, g,
g - q, T PRI SR | g, AT @, G, ..., q,
SN Tl 6T B A2 @ AT TG HANST Gl (TG
TR @2 ACT T | 779 A @, FeAqeaifofes qersjeeta
NG AREESF I NI 41 22 | e oo fefew
TN CFiae fF @b ey e

AT O 2for 2R @, @ ST T &
I ST TG T ST GRAF T, G 9IS, S
I FINTYCNT G ST ITYCENT (CFT (RN | FoF IeTICen
& ] AT AR OT Ay delfTe 27 71/ IfocE
BolfFares Sife (principle of superposition) & 23

NG SITESIT SIHI SIS &) 1.8(a) R Bra el g,
q, SR q, — 9% foafb w4 RS g6fb A<=l Reama1 Sl 1o,
(T G S, I g, G T T G5 NG g, g, G TG
AT I, A NI v ISR (DT @9 @il 2hel
QTS AT | GO, q,-99 THF q, 9« TG @00 AW F,, @l
fofere a1 77, Ot e Sidiweeeta SoifF=fe tgs F, 5 (1.9)

TR AN @ AR D AT | (b)
qoEm, B, Sy 5@ 1.8 (@) forifb =i (b) TR ST
Aney 1y G5 7= |

GIROI(F, g, 99T g, GG 60 F |, &1 bize w40,
TR AR — 15

ISITEEC C O I
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Twizae 1.6

1 qqu i
ane, ry °
QS S g, GG g, 9T G2 FETIR 6, G S S g, TIPS QP ATGS
Gl g, GR g, ST oA G g, G TAT G o1 F, (F (WHIC1 200 521 A3 —

13 =

1 q4, . 1 q,9; .
F =F,+F, = L2y + LB 5
1 12 13 4me, r122 12 4me, 1‘123 13 (1.4)

ToI(F AR AT 93T fomfba @ft sitais AR 3132l ooy eetieael 41 ([Co
AT, @01 1.8(b) 7 BTa (oI 2= |

THAfRTSR NI (A T I, g, Gy, .., q, NFRIET G AR g, 97 &)
q, 9T G TG, FETCT FCa AR “A1e I Ao, e @b, g, q, .., g, ASTS
e SR AR 7l delfe 27 41 | g, SR SHiF, S 7 SN G (6
T F, S F, F,, ..., F, JEEER ST QIR AR (511 7 :

wiefie,

1 |qq, . Chqs qlqn -
2 rlZ l.13 +. 2

4drne, | T r2
ol Ne 13 1n

Z iz (1.5)

471:‘90 i=2 T
(ST @D, (ST @I TolF91To ANER Jafba AR “Ae (ol | 371l
e e fbefRe (b 3eTe: Forea 19 98 THAfH{Tes Aifex? AAfem |

TwizAel 1.6 4G, q,, q,, g, N (SAGT AT g ST T 9% G 1

SRS G(6 g fagres MARmmejrece sxie | ageity sar, e
a3 QAN (g 93 rol Hz®) Soim e o (59 1.9) 2

F,=F, +F,+..+F

In —

a0

L 2ME€ ABC FA1g faewiba Aigeien o 1, I SIs=i BC 159 ©91F AD
T & B O,
AD = AC cos 30° = ({3 /2) | €% A R (A(F A ‘0”99 759 AO 2o
(2/3) AD = (1//3) | | &fSAGIT AR AO = BO = CO|
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oI,
A RTe SIaPRIS g ST &7 Q 9T BARIAF, = 4;38 % , AO AR
0
3 Qq

B Rt SRS g St &) Q 99 T @ F, = drne, 2 > BOTRA
C Rre w1fe g L & Q U CAT I F, = 3 99 commm

3 949
dne, 7 » OATEIRH W04, 9

ANERT a9 AR F, 9= F, G ARG
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4me, 1?
ATSAITTR 71 G615 (, I21 FSbF (1911 %[+ 20 | ATH S (@, FAK I %[5

T (non-zero) g Il WYY 2w | 7RIBTF O AITATH 60° (AT
o0 TS Ao 6t |
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ot ST 315 571 257 | AfSTs SN S 2T 71 9 2

s =éq
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l
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SRS, C R —q AT CHAT AT F, = V3 F A, @ACH A /BCA
OF ARG IART GFF (93T | 5l Y32 T&F WA @, T4 A7 Soig
FAYCEN (ST I91%Fe ¥+ 27, wefie,

F. +F,+F, =0

G TG (ML SFTHET 7 | G2 TBel (AT AL T A (3 FoTCH 7,
RO SO Ca Mol AN | A2 TGCHR Aol (ST AL Sy
A s 24 |

Twizae 1.7

1.8 ©fS<r=q (ELEcTRIC FIELD)

B, o) G 3 7 O (0 @b ey S @ Ricwetl w7 | afw ooy @a6fG g wniaie g
P RCS 141 2, @RCH OP = 1 , OCF FACII JAPAE Q S g AT &2 <6
& AT A | SN G 20 F0e A : T 4 g & AR e W ew@ Q @3
BRI AR 2 T 592 I ARFCI 01 2 P Rire [5g2 71 e <@ 729 P {ire
q I AR O 9T ST TG 67 A IR | 9T 2HPT[02F Ted ee 2L M
el SRS Lrwg TwiFS (N SRS T | (3 ST SIIwE1 76709 #A1fF, @ St
DI FEG A5 SCLTHG ST R | T e GG S g (F G KoY P (S =it
2 O ETRITA SICLCRE ST G2 [FFgsl @0 I 2T I | Q WA 2= x
SRR (I e ool Sfeerwa AReNc (electric field) MHRC? & <=1 A
1 9. 1 @Q
B(r)= 4re, r_zr - 4re, r_Sr (1.6)
@A £=r/r, T T FEIRY (A0 r SR (937 (RS [y efoy? o5 (o371
AN (1.6) , ST TR (S5 r 97 Tl G AR A 2 I | CFG
Q *( (RN (- 00 A (distributed quantity) (I (FAF A (S5 20O 2AH)
SRR B Pl #1736 27 | S <rwiaa Sifeg St et Sret swlifersia
TGS | (R G0 ST g 97 ST 24T G0 SN @ 7R 2YT IS F (T (5071 &P
I

(a)

__1 Qa.
- 47[:80 r2 (1.7)
AT (@, g NHNDS  Q ST TAT 4T I+ @ R 767 AN T | Q
GR g IR N0 S PRig ofteqais g g 8 Q St Sfe<rHiad Ny

Al R 1 Reifroeitae Reapai a1 Qe = | Sis=l T g Sie SRR
r 771 foe 4, O @ F 361 Syed 93 T S g 3R 67 SRR SfGa 2A7e
E €3 5J¢[(eTa T | Sreed,
F(r) = qE(r) (1.8)
(1.8) AT OTGLCHE ARCENH SI GFHE N/ C* 071 a0 0T |
QT 5 9gg7lel ey T @S AR
B@ 1.11 () QOHTT (i) AT (1.8) (ATF SN @ P e =117 @, 7 g @ Sidia 271 Q St
W, (b) —Q AT g Vg SICRCR i<, G I AT 0T AR N 30 23 | S0, Q S
TS Sfe<rwa T TS DI ST (It G55 Rre ety 2i<eniss €3 v el

18 SO QY G [958 G V/m STErd A1 A |
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G T IS TN TS S g® 071 RGN T4 T | Sfe<rwa T Q
SLINGTE B SN (Source charge) A0E G3R T SLITHL ASCE A I
ERIRISEAC) q NLIFGTE Ao SN (test charge) I | TFAT (T, TN Q
SR O3 2ie SR R AR |3 @G SHAE g (F Q R BIRATT (@~
GF[6 YT S, Q D [FISe g SR Siel) G0 T6T ] FACO I G=%
SIFSRIET 26T &) 276 20T | 92 AP 77 T & g (F s 791607 (negligibly
small) MR (6T T | FITHCG 61 F SIS 75190 N 23 [5G F/ g S it 757
X 3R OfULCHE AP (N ALesI o el A

E - lim (5) (1.9)
-0\ q

q TR BoARISTS Q WY G SRR o AiiE @it IR Soir o

fog S5 AERAR Q SIS G SR T AL | 5] SFGHET [0 20 I 5

ARSI LI (GG GNBI2 WCH | SR T4 (] G0 A0 S G G

SIS AT AT TSGR I& RTI6 TR (RN 1.15), O 200 SIS

SRS S CHAMIFICRS &) TS & AT AT S FIRCS G0 SR LT

A |

(ii) NI (@, QNI T ST AR E (F IS G0 Ao S q 47 NG
RS T 201 Gfb ¢ Ao | IT IR T F, q 93 A0 A A1, ©i2 F/q,
@B S q 0o | Q AT TG g TR o [FIRA I F , g g
TS SRR S FSaIeT ¢ SNa SRR Q ST BIRASR (70l (space),
- I AT 20O AT | GOIR Q G Telf SIGECHG (7% RIFIT 1 99 Tofe frda
T | e M (Space) q €F [Rfeq SRR T SN ©fC<CFG 2ikeT E «F
Rfom 1= 112 | faqwifas @ afsft e efberwias wifveg AtF |

(i) G G ST S GG 2AIRET S (AT P IR IR 2 | SO,
T St Tt ietters 23, O3 afsft [imre ofberwa cegafs e waia sres@
27|

(iv) (AT q ST T2 Q SN AR 2T I6T F -G T+ S 557 T8 77 r-<43
Toi7 fToae, of2 Sfesrwa A[eT E-99 N8 Y7 r- 937 $7F feq 93 | ol Q
I (AT I TG I SO0 2ARET E-G3 Se 1 2 | GRIFCE (RIC! CofleTena
(" AP (PG R ST TG 5 GG AR M (9T Sl 7KG
I T | SSICI Ie| AR G AN Aol AR |

1.8.1 G0 YN AT &) ofe<wq (Electric field due to a

system of charges)

@WWO-&?WW I, r, .. r SR (SF M2 SRS 4y» Ay s q,

SNLEITE! I 51fo® G 7= RTbe S0 | GG ST B2 (70! (space)

AT @6 T ST AR 0O, (FICA SN FCRT AR GIRACR (e

I G R SReLTrg AR 92 TS A (T G55 Lol #1150 e o

d,. y ---» q, SHFYCET SF© TR [ 1, T[S T AR a0l IR |

SR (93 1 71 9o (It @6 Reqre ofbersra ke et st Fereee 7@ ¢
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r, SR I g, S T 1 SRR S Ae) E, (5

. RICo A T T —
s E, = 9
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Y @A §p 21 q, (AT P G S0 G (OFT G 1, T, 9<%
T
4> Tap N P &3 o[ AT |
~ . Tipo GBS, r SR SRS g, ST T r, SR SFGLrwa
) Tp i ‘q4 AT E2 26,
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q ®
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= __r2P
2 4dme, 12
@ 1.12 gFifF SRS @ = i o ]
FR G (I G e sermg NG Tp 21 g, (P P G SGYCY PP (ST 9K 1 T g, 9K

&% RS 5] 52 ST T P T TS 7A | W7l Al g, g, ., g, SRS &

3

SfE<CFT 02T (ST (@I | SfGeHa AR E,, E,, ..., E,_ 9 (F(Q8 Ay |
TRt Mo SRR, @2 Sl Teed A= (1.12 7 fora 2mffs)
1 SRR SfGTFq e
E(r) =E, (1)+ E, (1) +... + E (1)
1 q . 1 g, . 1 gq, .
T 4ne, 12 fie ¥ 4me, 12, Tap oot 4me, 12 g
_ Vi
E(r) = ame, 72 Tip (1.10)
E 21 @30 (S5 1 Tt Siiie 31530 pasiiee i [ieeiea fafon 23 @ @61 St st
SR Al e = |
1.8.2 SfEeTFIad (8o ©ie? ¥ (Physical significance of electric
field)

(O ZACS! TGY ZCO AN, SCLHET DN G2 (o TS T 31 2R | (e
CRRITA ST AR (HICA G0 ST A #AT AT 2 0P A P01 I3
@32 GoAFASTR S (A 1.5) 2T A0S (7 T AT | 9% (o ©fe<rwa
AT AN G TS AT SRS TN 2T 297 2
g b, Sfecrwa aRET di=el SR, g TR Tob! W[MF 77 |
SICLTF (! SN AR ARIGER RS0 Bl Fo AP B | T ST
FRI GIRACHT (¥ (G e ofberwg 2ien I#10e IR (7, 83 e qi4l «3fo
OFF LIS A S (RARNTE [y 1l F07) F© 91 Sfod I | Sf<THa 261
CRICTI ST FRRNT A5 A5 @<k «@fS @it re sfoerra aliwen et =ifsre
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ARt cwg ==l Aigere @3 G AHTE AT T (T (space) 2t [imre
PRES GR 7 (e SRS 200 AT | @rEg 36 @3 (937 A ©iF Sfoerwiae
G35 (TFT (9 | STELTFY AT LN A (ST Sl *&uiq Tz =5 20T 610
L S R G Rmr AR ST S S fem e Qoo fNTa 51 i | 7St 3=
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FEFS I SATF ([ I oIfSTICa! 2NNl T © 761 B oiforast ¢ 19l g, @7
(-GN AR SO AOIT IHAFOI 45 TR ST A 1 | X (g, 9 G4
JeT) @I TR (q, 97 (1) Jxy === g el [eT (time delay) AR | G0,
@53 AT (@, SETHER (AT SREGFIT (FaR) 4el RIS G 472 TATN |
CREBR Qe R T : g, SN G S S0 &ty 75 O GLHRA O] ¢ SSTITst
R 1S I GR q,, G G771 7T 2T 0 | RO Qe 432 R0l et Rerses
] (73 | G2SI(F, AME SFCLTHHTE G (CTRICHFAE XL SR ST G dSI
(I91) RIAIR *IE T (@CO AT GIR GRS ¥ sNifelfeagsl RrRe 77, ot el
FOA1\S 9190 TR T | T oo e a1 4 AT, wiefie GRl TR SRiepiiee aFif<ie
27 | @31 *IfFS AP FAC AT | GOIT 7Y (67 SCEHFIT CFLad ST 5 M7
SRR el ATFT G G247 7% 20 (G AR SO GaRT owiaa [ waifde
I | TN A2 G2 SIGGFR (AT el STl T 43R b 92 simieffeaitaa
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Twizact 1.8 59 1.13(a) S @30 3G 2.0 x 10* N C! HRCEH I3
SETHTA 34 MR 1.5 cm 730G AT | AR 40 S#ifao® @oe g7 ooy
TRoSoy R 11 251 9% GG (26 €8 SfULTHias GF uRg A1 [ Bd 1.13(b)] |
ASTHCG N A AN (T N | S SR YT 2fo et G2 AAffeifen
e G DA A |

- = = + + +
4 t—e +e
+ + + - = =
(@) (b)
Pa1.13

L 5 1.13(a) SN SfGLCHT 2AiET TR, O AT SR ZERGA
eE =7 @36 [T 76 Sed I, @A E 261 ofeerwa AR A+ |
BRG] T

a, = eE/m,

I, m, RCETRES o |
T SRR (AT @ T LG S BCERGH0F ARSI 70,

° \a, eE
e 9 (FE, e=1.6 x 10'°C, m_=9.11 x 107" kg,
E=20x10*NC", h=1.5x 102 m,
t.=2.9x107%
5@ 1.13 (b) SR, ©fSerwa 2ike Rl G3R A9 Sidiwewg (@A S
T eE T G35 767 Sge I | (2507 92,

a, = eE/mp
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Twizad 1.8

Twizae 1.9

QR m, 28T (BT ©F; m = 1.67 x 1077 kg | (GG 05 i Haplat,

2hm
t = E. P —1.3x107s
& a, eE

iz, Serrpe oIk i1 ((@i5) G2 g A ARTe @R 7R (79 | af6E S
SR SR 2ReireT G2 ARG A T AL, @A G TG AT T
O 0o 23 | A (T, (2 SiRAtH Aewia M ovig S seate
TR BT FCAMR | 97 TANLST (A &), BT SIS 2ive STty (2lioatg
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AN (R AT Grely B, S| b Henes wIfPefon il RKane!
I @I p, E OF IS A1 E @F WA g Rofdrogq o —@
ToACHCER w11 5F #[, 5% E 7778 11 20wt farag (B Soig el s < q £
ERIdgER qeatem  —q4a%Um
1.23 foafs e ftes < =6 | of 72ree @RI A, p, E = =
G T 20 Ofbr-farg b 36 (a2 Se e @3l o A are wfegd = «—
TSI T | p, E G I (<5 RoiSrey ) 2w oG gemin T R AR~
CRAACE ST G w1 e Sl T | NS, G2 316 E ®)
GFACATT p GF SSYATOT ToF fTSa FH | foa 1.23 =5 Sfge-farmgm Torofge 7=
& Y] SIS @ (frictional) SfETod O A (a) E, p-43 7S, (b) E, p-4g
AT T T | <& pera w4 e vifere By wlaitea G AT forg oA |

SR FCF | S S, T g B S qeie S0 | g e

e | OIRE WS T WL F 2 7S SACEABR J LCH 31




w R

AV
o
TSNS WU AQ =PAV

@ 1.24 @RS speaw @
TS SN T
G| | ATOIF (g RIS
P SRHAYCE (AL AS, AV)
G ST 7 HLAP
I S 4l
|

32

(c2ifFRTe) Fe1 T, SNifEs oyt Fertes Tt (s! wa wiefie sfberwiag sifey
=T OG- BT SN WS 0 | Ty, ogfeiar Sl Sfberra 73w «3 | @ SR, 46
e (7 A (@, Fleie fogfew s «ifve =311

1.13 fSaafoes ik 967 (ConTiNnvuous CHARGE

DISTRIBUTION)

9 #FF S 4, Ay - 4, ffbzs (discrete) NI 02 FRMES wnila 7=
AR PR S0 fifOal St ST AP G0 Pl 2861 G2 (), e afffelfeseia
A1 TSR B G e [ TGl 22 A1 | AR (=1, e vt bt iy e orer
] AT B 1] G ST el D2y S IeBe] el 31 oSt o111 2TRIS 2 | Sriesei =g,
S SNES SAMITR SRR ACATT (F SRS AN} 2J0 <M1 35 Srard
N ARG T | 21 77 Toie g G Fr o AS (b 1.24) (afb »f &l
(T OIOTS Y (518 IR LRG0 I (509 TS A0 ) 011 511 @32 63
Y SR FU ST AQ (F I 1 TAD IR | GICH(E SN AT TG S0
A ST G TG o -(F HGCo! A 00 A,

AQ

o= AS (1.23)
IR0 Teoiw Rfeq Kre oisml @s@bl 09 A7 G GOIE SR werlifas
g (surface charge density) 715 @36 FFfven ST o (ot #iifF | GgqCol
TG A GG 9] o SR @FIRDREGE (quantisation of charge)
G IR B SR I6 RbRAod SToil I | o AT St
TENIfgF TS AT T, A @F Y (FIFCET @F FY SH AS -4F TAF

SR S T TSI e 18, @ AS 2FAfTe SieRmraaget 32 g
ARTFFLCA FUI 0 €T @FF C/m? | @RF =4 3959 (line charge
distribution) @3} SFTSWF ST IGCF (volume charge distribution) (9@
S R 91 27 | (@Il G S @RS S Ty A (& WHged g =1
W -

A= % (1.24)
@A, AL ZeT RIS (FE OIET O4F T8 (@RS 95 T IR SNYIF I Sifze
TAMIE L0 0T IR AQ T €2 FH (AT S TFHT SN | 4 -4F 955 C/m |
GBS TS SN[ TG (FUCAN-FCA %G Sl Torg 1671 23) g0l evifero =g

AQ

P=av
@A, AQ ToT IZRAT SNYIFHAF TS TAMITCE 417 T A7 45 AR eATeI
T ST AV-IF TFGE 4 | p -7 §FF C/m |

Terarafos S 2B Caa AIeliD el feraiozs S5 60 (FR0g oo 5)f2® L=
S | SR T (I CHAETR 1 SCar e 0o SR #ARAH {0 qe0ga 322 0

SIS W, SN 36+ oz 27, @ [tz siaece siaaiREs el o
(intervening space) Bl 7JAFF AT |

(1.25)




IIICNES R
GR CFq

2 | SR ST @ eafvaa 2Rt 4= e Kifvea onelfs atowcs rorm 3 |

@3B Rfbe ST AR TP O (FaLRE] ( 2IfoTs el A, A9 (1.10)
I SF0! (3 #IfETo2 o ibza ST Ie601a wgel ©fbe CFaaliReD “iel ([0 Al |
T3, M0 (space) (FIT IR SMLH IGT SAF TG p | RGO AR LT
e G3R IS LT WS (T, 9B ST I (G @0 [Red ol (%4 r | /ey (AT
Cs STl 9o p AR 20e i1, Si2fie @fb r @7 @6 S | S IBAHBE AV
SR FU U SO S S RO ST | G20 G0 57 SO AV (0 SIS ATt
PAV |

@34, R SR (S5 RS (@- @It @3 79 P (e 35601 STey@id 12 A1R)

R 0 (5@ 1.24) | pA VNI Ty SBR CRAIREE, FoCH 704 AR, oot
AP I

1 p AV _,
47(',80 r92 r (1.26)

AE =

@A, 1 221 @ S4I (charge element) € P &< N8| g @R T 261 TG SN
(AT P G SO G5 (9FF | SARATS T 1S S, [Rfen Sire s a Stz
VA SO G A G SN A0 wg (NG SIGR (FFagii<en #1e3 A :
1 AV _
e iy pr,z r (1.27)
% S, p, 1, 1 AIER [ (A [re 7RSS 20e #ita | A 9= aifafes
AROTS, ST AV-0 (R 2 G GIEFTE ANBH T 2IfFere 231; g 7aeroiq
Grel) QI G SIITETb| ST 41 26T 1 | FALCHC| ] A, FECH I € STtz o
TRZT FC (@ SN IR Gl SFGLTg AR Fefdr F1 (@C 2I; ©f 3510
fifvear <t feraafomer; =i fifoear At wnifis fasrafozs 12 @< 91 @ | (F1RTFCot F@11 T,
FECIA I 8 THARIreTas e 2R 07 fvea 31 fazrafozs i Sk [Kifvear At wiisiss
T ozE (- (IT AP LI TG el O (g al<eT el ol (0 2MICT 1)

1.14 SIS0ME 9@ (Gauss’s Law)

SUR FFITIH IR G 8T AT 0, BreTl ey =i g (& foer (wvtew i e i r
JPNEE @I G ColleTeea 5 facy wifess @b ofes ey Reasat 371 colisiea
FIEHADCS, 1.25 ez i 8 Fu Fawa okl Reg 36 |

U CFIHE S AS -7 301 M el ©fbe 9 (Flux)

E =

Ap=EAS = 4n2) 5 FaAS (1.28)
TG SR GG S g 97 7 SR CFaeiFet ez F10e 9@ 929 SR |
G (ST T (ST (e (ATF TP I 0 Crageee] <ol SOy | 2], @Ry 04 1.25 ¢ ST forer
(SN AT [0 o717 @ RTe AP7e (O3 IAR O FY CFaTa] o¥ AS @y (PO S S 1=l

I N Ny ey wifess
T -7 SIfOy4 O3 27 | TMoET, C
ofGe |

q
AQ = AS
¢ 4ze, 1° (1.29) 33
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—E (@, @FF (T3 A 1 | [iew Fu cwazret o[t 1&g ey

| SR q

) ,\ ST S FITHT TN WG (6 3 “fhesn |
E - — .

L Z, o= % SAS

all AS 47'[;30 r

5 1.26 7w ©fberwa firs <o GITeT @R (IR 2ol Fa craeet sied ST (AF 92 r@eg
et W fica wfesie SRS |73,
ofge F fAefa | o4 5 aS- q s
41‘[80 r° al AS 47[80 r

34

GFCE, CNETRT ANLOET CFaTe] S, 4nr? -AF AN | o,
q

0= e x Amr? = % (1.30)
(1.30) 3lFarel P=iE IfEoms s At Prites w1=e R A0 SR 97 6 |

Al RIS AR @ fbras fwgee Ko af7

JRCE] S-G9 T4 (M0 SO ©OfC< 315

=q/¢, (1.31)

q = S B IR TG SN |

1@ @RI (@, 96 O B ! ST SR A AR €8 IeaT67 34y e
SOFIE (N ST 219 *[7) 2 1B 1.26 0z 310! (b e =R G 95 Al
TS AR |

QU SFECHD FHI R ST T 7% (BTGP jorest Rpe 0 i o=
ST AN OfGLCHRE E-G5 AN | 0ai(07 314 M oo (G SO i ¢ = ¢, + ¢,
+ ¢y, AT ¢, G ¢, TAPCN O 1 GR 2471 (JCIFIF 27=rvew [RFG) ey ea Sifosss
BPI, 3R ¢, 2T TSI I (BIGIPI S 7 Mz S oI® 219 | '0e 3-97 Ao [iqre
SfeeTy E-43 GRS SRSl ACH, FICSR FIT FLEPAE, ¢, = 0 | TG, O 2-4
T AN 1H0 E-97 R, @R oo 1-97 SoiF Iz o196 E-a7 ooyt |
e,

$,=-ES,, ¢,=+ES,
S,=S,=5

@A, S 28 JOIFR ZRITRR CFaTe | GO, (N5 SR ZFw =+ 2, @01 SR
QPR 2 | SOG, TLFE S| (TLT A7 (&, (@I G0 OTera 504 Mo Sifes®
GRIIT 3190 %[0 22 SIS P (7191 (1 €3 % ST A1 ST (NG STl o) |

M 3, TN (1.31) @F RO wlesid 7o1 @2 (@, @ft *jgeiig s [{irafoe
AT TR (AR 1, TSI 7] | A, @2 3 71 v o ggsif kg ers 53 -
(i) - ISR CFCAL SR (6 HO) ; G SNFO I S A2 2 N T |
(if) TSR e ARSIl (1.3 1) FAFACIR AN A g , SEALH 7N SR IR

ST AN | ST S5 fSTH (- (R AT SRS 20 A |
(iif) T4 REafbe el @ 27 @, g S wa1ba (oo W3 g SIidie 320 Ay,

CTRTH(E OULCRE ARET (@ ARET I (1.31) AR ANATT AFMH0) S Oellod

(TSR 3R R AP FFT ST SjE A | ST ICEs ANATH AIFl g 7o




SUe Y
R Fq

XY S ST ST A GG ST A>S |

(iv) MECIR I LATACIT (L (A S0 S| S F NG AMSAR 6ef 0o | (Il
- (I 2Pl AMCSTRY T 57| 0 NS I 2T 19] A0 AN | @ =l 5 A1
@ M =1 @ ICeTl by St Sor e =1 2 | 93 el 2et Fosjen [ifves
S TR G I (I G SN SRR SfGLTHFACE Tl e
TR | (IS fRCE AN AR O (@ 2IKED AT (08 A |) o2l
AR eI Tt S BT 1<) T ([T AN |

(v) 23T FORNFT (T S =TS SER AR SO Sl ARIE SST T T2 T4
2 | GG %W TS| SNCHR ST P LT FIEH(G HLErSIC 1 A |

(vi) SR, R 9104 RS RTea e a s aor S fefe wa st rra o7af afefre |
NS AT (- I R ST, B0 I8 o o 7 |

Triede 1.11  1.27 5ta (It Sfe<ra ARe0a SHAIH9e 21 E, = ax'/?,

E,=E,=0| @ o = 800 N/C m'/? | (a) Tio< M) T 2112 (flux) F©

A1 AT | (b) THHIOH SISV S F© B 9191 FCAN | LG A€, a=0.1ml
y

a

Ba1.27
Il
(a) (TY TR ARG x SRS TAIH ARCE, OIF x ST ST ST
(0 E 3R AS -9 N6! (@4 = 1/2 2 | 9[SAR, 2L ¢ = E.AS ~9T
BRI e[ RG] S5 S| Gl 7J2I 7SI %oy 20 | 4 e
O SfCTHE AR T
E, = ax'? = qa'’?
@ eI oT F@ x=a) |
TIPS O OfGe AR T
E,= axt’?=o2a'?
(TR OHAGF (70 x = 2a)
AR, 2R 0 (fluxes) TP
¢,= EAS = ASE, -f, =E, AS cos0 = -E, AS, (A2, 6 = 180°
=-E d
¢= EAS = E, AS cosO = E,AS, ARY, 6=0°
= E,a®

TT°T biZua
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Twigad1.11

Trigge 1.12

ISR, THOF N M (N &R

= ¢+ ¢, = E,@® - Ea®=a (E,- E) = ad® [20)'? - d'/?]

= ad®? (V2 -1)

= 800 (0.1)*2 (V2 -1)
=1.05 Nm?C!
(b) TR WY (NG S g 97 T30 @t MR @ JI2F Fc0 A1 |
SIS, ¢ = q/s, VLA q = pe, | TOAR,
q=1.05x8.854 x 102 C =9.27 x 107'? C.

TR 1.12 GF SfTLTHA, x SCH LIS A -G LIS AL e I
G X SICERR AN TP x -9 TSI SR Sely T 8 FAFRID | (e i,

E=2001 N/C¥4qx>0dRE =-200 i N/C I x< 0120 cm (7 €%
5 cm JARFS 46 ISR B16 x-S IR TSI AR @ 97 @
SARYCS, ST x S AT IR GFAG x = +10 cm -9 G 9T 2AEH x=-10
cm-9 AT (5F 1.28) | (a) &S Treet 7 W @IS IR 212 (lux) T2
(b) (BITET I+ T GG 2_IZ IS ? () (GItes W& T (it IR A Fe 2 (d)
(BITeR NG (NG NI 2
G
(a) ToF (A SR @HTS AR, AN ATSHAYD E @R AS AT AN |
TR, AR 21T,
¢,= E-AS = - 200 i-AS
= + 200 AS, @RY i-AS =-AS
= +200 x 1 (0.05)> = + 1.57 Nm?® C'
T, E @R AS A7 NG | SN,
¢o= E-AS= +1.57 Nm*C™.
(b) BT IF7PT @-@CA KT F0@ E, AS-9F T2 o9 IR q&12
E-AS = 0| T 3399 T IR 2_iz (flux) 20 =+ |
(0 orefa s frca (i 7= 2412 (flux)
¢=157+1.57+0=3.14Nm?C!

E<«— /\ —>E
0 > X
U AS i

>
< >

x=-10 cm 20 cm x =10 cm

@ 1.28
(d) STSER 7T TR T GIeba (ood AP (NG SN e a1 (@Te #Iita @)

@
q=¢¢ = 3.14x8854x 10" C = 2.78x 10" C
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1.15 SS9 qCad AT (APPLICATIONS OF GAUss’s
Law)

SR g (1.27) ANSEAT AR S IR TG T SIeTHACE A I |

WCW,%%&F%WCW@@CW(Space)

AT R o fe<rwg il srege TG

(Summation) I ANFE (integration) F AT 1 |

w2if?l NS a L FCH g by dfests sy

R QAT 7]g T2 I T2S2 ST

ARG ([@F I 778 | 6 g SN AR 47

SIS (I S |

1.15.1 JFSICA SEe SHA T 4G
IR & Sfeera 2l (Field
due to an infinitely long
straight uniformly charged
wire)

237 (R S IG5 G5 ST5T] (A T I

/| RITT ! | OISR G SR AT 2ot :

2@ 10 R ars PR »15@ 4@ e ghme (o33 @)

SEI ORI BIRMGE §312 | GO 92re P, P, P Koyl

wNifEe SRGa AT 72j<fSita sTrgen 23 | aft @R

@, G RTo O AT T T2 70 20J |

Ao e ©fEe crazteTs s SR aremd 7a o

@ffAizm, 7 4> 0 e wEHRA 27, M A < 0 2 |

1.29 5@ (AT GO 1Tt @R A |

oo sba yrare &@RE Fa =i+ (line

element) P, @} P, RCI5A1 S| 57 @RS Oi<e

(ST S TS SfGLCHE 2T A P I E

2 (AP (ST A TSI AP oIy AfSfire

o) |9 FECR @I (0TS (Fag afb 7oy 9= ey

@A R P (9 (IS it Py 27 | wersgt

I SAIN 2 eI G AT (electric field) ©iH S

oy A R e SRR S TS S 1 | T est

5Tl TR, OISR (77 41 ST (- (Il e

ST IR 2T IR G N (TG JPAE IR

TR r - ToF NS I |

SO AT Sl FACS 1.29(b) orag ret @
(G161 9T ST 57 A | STy 74 PR
RGNS GIEFS ATTHR ST 1&lIS T 212 [+ = | 37

o]
————— o
-

IR L E |

N

N

{

(b)
@ 1.29 (a) SN TR 7 4G SIS Gel) ST AET 261
AR, (b) ST TN (ARE T[S
TSI (0 NS e |
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-

X

z

bie

BITeA 37T S RTe E 7o A sT9eIE A I3 (e rdd Sor fisa e
JCET G N LI A | IS0 (Fqe 2nurl, @A 1 GH6Ha e |
NI oo T S eI i

= ST WY (BISIFHS Sler 14y M SfOPIE IS = E x 2nr

2 O GRS S A L | SNSRI @A, E x 2nrl = Al/e,

A
oI, E = 2me,r

A& (E) 99 (937 371 24,

AL

E = n
2me,r (1.32)

@A, A 2o €3 Rre ol sifesy ot sl €2 7y e sfesi@ a2 v
(3T | A {19 20 E A G3R A 4909 20 E ST |

A (F, T (I G (SFACE G0 (o 8 G0 (SFCIF 9JeIet RO @1l
z,wefle A= A a, GTFE A (7R A 2e1 93T reatifarSizr siwant | @ft aeigss w2t
Ye[TSRF ZCS AT | ITFCE A > 0 20 A-IF IO & GFF (ST YA @38 A < 0 20T

a 9 e SIfeyI 2 | Tl AR e MC Seiey Fee =i ARG (A==
oA TR 93 ©ITF A -9 A (Modulus of A) 767 2, @I, [A[>0 |

G T A (F, (TG G0 B SRR (A1) SN AT (G STFGS 41
(518 SfGLG ARG E, ol Sl ST &l 775 | GRS SIR(G S A 4ol Sefsiey
T8 STOTT YFLI | G ST RIS S GG AR E (F G oS oo
TP AR 577 4GCS AN T 1S, (PICT G5 A O Mgt ol (@A &A@
2T T 1 (TS AN, OIS (T SKF ST SfUSrwa AR &+ (1.32)
AT AT |
1.15.2 I3 FATSI(F S A FT0s1 TSR Ty SIeSTHa 2i<eT (Field
due to a uniformly charged infinite plane sheet)
4T o 25 A WT© G SN e ATSH Seal[q S Iog (5@ 1.30) 1=

x-S SHAbF o1 IAT AR | ATSHI (A 7o T ©fve

S— ARG y @R z ST ToF TNoq 03 1 @3k 2l mre «=r
Il I o G x-STCH BN |

I T A BLaR NCo! A 2RI (g [RS

LU G SACTRIPE O&1 RPN T A (T Gleiple wers

g’/ i e @CS AR | Fod (T Ol AR (@, (I 1 @38 2%

i 2——' X OHR IS SR SRV AT G SfELCHG (T ST OF9 T
BN 2SS (G FFICH G S L |

1 ¥ (T o1F A IFF (SFAMN —x SIS @ 2

T SER Y AT GFF (STA +x SHISYA | AR (NG

—= 2

@ 1.30 TSI IfZS S 7ree 2Aire I, S0 (G 2SN NN FF E.AS I (RS 370 |
ey SNSAR O | oG] MSAT $eed W4y M (S FIF 2 EA | 3% o 21

38

R G ST 25T 6 A 1A SNEER @R,
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2 EA=cA/¢,

A, E= c/2¢,

CERSIRIE]

E - %ﬁ (1.33)
@A N 26 SEF Aol 577 I A GFF (937 |

o ~9F T (IS ZE E-IF SGYY O (AT IR @R -G T A9 206
E -3 SISy ST 27 | PR (T, ST 9041 « AT ST S St S
O AR E-GI W x -4F ToRS frSamiet v |

G I JCT! FATOTE AT 2T (T IR Ao R ST & (1.33)
AR 2R oy 27 |

1.15.3 JATSI(A AZe 2! (A (AT S ©IeSCHa 2liFeT (Field

due to a uniformly charged thin spherical shell)

4f RUPIHR @B ARG (oI (AT e ST =i 9eg o (foa
1.31) | qC0q @fb SRE (AR AT TR | CAERFLH (O3 '€ JREH
@-CIICN 7Y P-(® SfGerha ARey %@ r (CIertod (@ (AF JPid eI e
AR S Ra g -3 Toia a2 It @3 SR eyt (wrelfe wNe sp
AL (OFT TRE) | DA

() CNFTHGF 30T (FG27eT (Field outside the shell): 4G, P R :. '
AR @3 g, TP (SFF ¢ | PRAYCS E 21411 SRS St O
(& (T B rHIERIRS Gl6 (i ees P el e es R
U (oo | 2 S R AT G2 CoNleTRbR GoiF e []Tetie o anill
TN 2 (AR AR BT SR A @R | S0 SNES ST
ol et e ©fSe AIRE E G e A G P (939 IR | 918
E @38 AS A3 R0 217717 T@1eT @3k 2ifolb 57 <1 &y M s

E AS &3 I | 351 8 (Fqe] S* - AS-9[TEN (@19 I T ST
SR N MAFTZA E x 4 7 r? @3 (6 S M4 6 x 4 1 R? 19941

o
Exanr?=_4nR’
€

(b)

ocR> ¢
g1’ 4mng,r’ @ 1.81 (a) r> R, (b) r< R

@A, g = 4 7R o T (SNAR ST GG Si | fTe MEAT e |
(SHEE (kR

q

E = are, 12 r (1.34)

Tt g > 0 27 O3 SR ARen AFA @3 g < 0 ZCE SIS 27 | @51 I O Kiqrs
A1l g R ST e AR A, I TSI S (AN (RIS IR Il
R0 ARTER NCF G0 S 2 (@ (IR I S OIF (. 7}E1 g 203 g | 39

ql, E=
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Trigae 1.13

(ii) (A SOV F OfCTq &li<e7 (Field inside the shell): 1.31(b) ota@ P
(T (AT SIS R | CHCES NTHAT G0 O (RS € P Rl @i
(o113 | STH TS Sfell FCF 2SN, MeAT S 04 T QS FHE x 4 nr2 |

@Y M O (FICAI SAIFF SN o, SI2 SR I (AT
Ex4nr’=0

widie, E=0 (r<R) (1.35)
T 912 76 TSI SN2 GG AL (9T AT SIS e [0 T %[ |
€2 gl T T6T AR AT 2P SAFN T FACHF G (AF AN AT | @3

FENRFAOR 2T 2 Fo17 ]0ad 1/ Sqeics Mo 3 |

Twizas 1.13 AR S CSCET SFYTS R AT AKE I AT St
TCTI RIS RS (olieniia B2 2l AR5 Ze dee S e e
AR A REs 91 7@ | 26 AfRFFeica S e | @ Sreafa ow,
SRS (A r e Sfeery 2e) TR 2

@ 1.32

Y 2RI G2 MCTCER (FGa ST I 1.32 71 F5a (It TR0z | R
AT T (NI ST TG (LG GG NS S SR —Z e 2, (&Foiedt
ATNS ( Z e NS TN + 21 =i Sy fozess | aft samfa
SR T S TG p (TR | TSR,

3
4TR p=0-Ze
__ 3Ze
O, PET IR

fTefzamfs (3t e 1ea P e ofS<ra &lRe E(r) (oIte SIsE! s w™ @
AR IR | SN IR I AT S r-97 SSYR AR @F T (&
SfULTHE ARE E(r) -9F T (GG IO IRRA GRS 1 -4F TofF fTSa1aT |
SfGLCHa AR SeTL TAY (AF P g Iened (939 r 39199 (T2l [Rsidre
) =2 | SRR SISH el S FRPTCS (e T G (AR o1 209 | SR
i sifaPfon w21 Kbl 599, FT© r< RIR r> R

(i) r < R : CoNETFIN A0 R S O i,

¢ = Er)x4nr?

@i Geifer AR =H13y={Tes 8.5 7R SICHRMY IS T SRR (AR AT AfbT

T S (AT |



SUe Y
R Fq

@AM E (r) o r A0Y STCTHE AR A | G FIFe 257 (9N ANSHT ST
Afef Rmre Sy e wifey 93 s wrea S oy 39199 @38 Se1oa
Afsfb RyTe Tz 23 |
MNTHI ST BN S SN g 25T LIS NS PR S R r AT Calereioa
T AR Y,

4nr?

widfie, g = Ze +
ST e S TG 7l p (F 2SS o o 211,

r3
q:Ze—ZeF

MO, E(r)=4Zneeo (%_%
fberraft AP TR AR & |

(i) r> R 90%Cq, s oo e (ha siesi o= aat s @ie
S ) | TSR AT @A,

ENx4n r’=0 92 E(r)=0; r>R

r = R2(F1, SOACH(Y U2 FoNwa AT AT : E = 0.

]; r<R

ST°T bizlua

aifeasy ez feaimrz

R El 2@ARiE Ko d@er @y RS A= T2 22 | @ «A0TE Al Rl @i st
QOIR Sfoge T (ATRITS AR IR | SRIRTTI Y-z ST ST G0 ST F33 GV (SN G S
g o) R0 21 267 | @ 716 weifafSe 2t 3t (a) @@ M y- 2z SR ARSIt 5vata (sheet)
B TOICA 2T, (b) x-S FICTH (@-(FIC @It QIR AT | @ <07 Ay e Sidfies oo
{6 AT GO (RGNS TR SRS Qi | 3 Trizae! R Sty 2e) E S[H2
TefFfSe I |

Y- JARE betware 2oy @RIF @, (0, y,, 0) € (0, y,, 0) R uitrs ofbe &k sz @5 2 |
G-I z-S7F TN Beiws® SfSAIT (=1 A (0, 0, z,) @ (0, 0, z,) T 7HTe ©fe 2y S G
B | x-SR FITHT Iefq9ro 2O TR LT = (1% F00 A @, E S8 y-2 S SoF
o9 203, S2ffe @b x-STCw AT S S 20 |

G G ATGAICNT I (STI W T (ATF (ST S0 AR (F SIGLCHFGLF W G0 I G% X-
R FHCF | 9 7T FE @, 96 AT Sz S 2121 BV (sheet) (g ©fSra ARETR
I (7 (space)-97 &fS [Tyre @2 At | Tfe Sivala Sex ey afes sy Reygaites cvtg o3 wifeys
AT AT Ry A 23 |

FHACHA 1@ AR I A T N A2 FEANPCE (RN G ATASIAT A AR 4oz waet

PN ‘

41




w R

42

At

ST IR GTF F6T AT, B IR TS IFF (bulk matter) LA
fdfze = |

TGS SfETed 72e AT (A PIE (e AW @, 2FOTS F-4=0=
ST TR A TS ST 20 el T 8 iAo wniaisyeen
ATRE S 6 | 2bfere S SR 201 Fecs O Fieie e w2
AT S L2 23 R 2SO T ME 130T A5 s ekl
AN 2T |

ARRIR T4y T SN TAIS HeNbet S0 (77, [5G o183 ©f (w1 | 41
T A6 ST 257 STERG R G IANBI0F (GG {T5 S TS
T SRR e A0S |

S ST fowTs (o1 437 SITR : (PRIFBIR, FLCAG @R = | S
ST FRPRIC IR 26T [, 9H(6 I (G S (g) FWI2 ST
G5 3T (PRI (¢)-9F el ffeies 15iefl, g = neDF, @ATTn=0, =1, 22,
+3, ... | (2B TR BCARGEAS S IAFT +e, —e, ARITHOF ST
) n G AT L] 2 AR ST (FRFGINCE G2 T @0 AT |
SR ST FLCANE IET00 ([N (, G0 AR (G SN 2o €2 FARF
TS Fog SN safafess iaizret (Sefie @I =g g HEaEie
eI @) |

ST SR ATl FECS (@RI (T, 937 b A= (i Sl ST
ol SRS AT | @b @RI @, TG 910ER a[1 91 26 9T 9
CRICP STOCS ST F4gloTe 23, [ o S0 ST 715 < ey = =1 |
AT G - q, G g, 90 ({7 S T “AT~ifse e eifefos 7= g,
3R q, GF YT ANGANST @R S 767 TGS e (r,,,) I
FIg=iifes | slfafsTel,

F,, = q,~93 WA g, O G2 T& =

k (q.9,)
2

21
@A 1, T q, (AF g, WO I GFF (SFF =R k =

Il g3 |
SI G ST G 2e1 FoTH | -4 AP A0 261

€, =8.854x 10> C*N"'m™
Jc -3 STl fee NG 251, k= 9 x 10° N m? C2
@35 (AT 9% GFB ARG T ST IR FRIF I Sgoirefd
Bl

Ik e

G mm,
BolfFoetaa aife (Superposition Principle) : (@ 4G Toig fofe e A
Afsre Gt 251 7fb St SRy SIS At [Ree 7o sfeie
DO (I ) A (A A TRF) SRR 7l elie 207 Al |
dp Gy Qg - ASTO ST G AT A (I G0 SN, G

l'.21

4me, Sl

=24 x 10%®



IIICNES R
GR CFq

10.

11.

12.

13.

14.

q,~9 TR A 28T q,-9F WG q,~9F G T, q,-9F WA q,~9F TR
T G P71 O YR (ST QN9 | ATGT NI ey IeTo
i< 3fefe i Wit ooy Fe0Ee A 7 TT T 27|

I ST R v @Il Rre Sfeerea &iken E 201 2 e it
35 F7 AIH AT -9 T2 TR @1 92 AT [ 2l Sl
FCI AT T4 | (P! GF0 G SN g -7 S (@I G(0 [Tyre oo
ARCETAN | q| /4ns,r?; A g AT 2 OQ SCLCH AT g S (ATF
T AR IR 2T =R g AT 20 Afb T IR ST 27 | o
JER o] SfGLHE ARENS TARAST IS (0 56 |

G0 OfTLHT (T2 T GO &we PR I &feb [qre sifere
(% 63 T oS erara Rt Sifwe Mo 01 | ofberra @RifER
SCHAER 1w ARGl [Rfen Rqre ofw g AR St Saoits
T S0 | =R SE < SITet IR 2517 9 S 27 G3R ¥3a
SIGLCHCE G 27 (AT U AT | (I TN SO S eT O fUerwg
IR AT (TP ANHCGS A B e I B |

SfEerTa @R g el R 26 © (i) Sfe<Twa @19TEN @I
2 RIS 5%, i ioze 0l | (i) 120 SfS<rwa (@l SRR AT (=
IO AT | (i) PR SCLCTE (A LIS S (AT [ 2 AR AelTee
ST T T — G TR I (o FR 1 |

5 STy 2o 71T 2a IR A I @ RoFrexS Sdgere
q 9R -q | G BY AT (OFF p A A T 2ga GR RGHHT S
e —q (A ¢4 e |

@35 fGe -t M otet (wrelie fRRa o Gok o1 @ € (FE™aN

__ P 1
o) (Y (AT 1 YA OG- CHFALET : E_4m€o @1 7

D T I r>>a
4 e, T
TG ioe SCra CoiT G (K (AT r UHACY OIS (AT
_ Zir 2p
4n80(r2_a2)2 = Tgors , I'>> a “g Gy

@35 b= g SR e (I Reqes ofberwg AREme 1/r2 93 8oh
eaerer gem 3 ofbe-farga o) Sfecrwa AR 1/r° -9
Tz frsaiieTel RTAeIt svsa |

CIT! 7T SfCLHCG 95T ©fee- B 6T S ge 5, 1 =p x E

g @t @Il wf 7o SIS S A |
G0 FU (FAT SH AS O W MT E SO ARENT &l O s
A (B TCo A 1 T,

A = E-AS

(@A F7 (FATE (STA L AS = AS I
AT AS Z6T FH (FFaee] ST M1 A Y72 5 8 A1 [Tl 51 I
G 251 92 FY (FALE ST CHF o1 | 2i5fers S Sl G I=reteT

43



R GRS

44

CRITETE T8 S &Y A (S 23 77 R (ST 27 |

15. SMGCoTF I : (I Tee S G 0L M S el OfGersias i, S =il
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AT GFF0 GIFFIT AT NI FRE TS 27 (ST OIta Soi7 fFamiet
F&) Tl NS SfG FeT S| SCARGI2 7767 | FoTqg=t 1 iR G
A ey IR ARACAT GFF 201G, 1 C = 1 A s, OO HOITE &) G515
R [A) ) [ B RGE S

. IHICE ARG (additive) €T @ ST «f w71 @b @ wred et
TAfFS (T, ST ST (@I TG A 1 SN AT (Fo A |

. S, (RETIE oo AR (FAIR (SN2 SRS w7z1; @it et siferoe
0 GG e SRS | AT (TR Ty Afb o7 o1z 311y 721 | Svrzzergo!,
7 T oifexifs @l Feiw, g St aifsrs o @roe wer @ft
SRS T |

. @ ffves R (G SNt w9 @3 o @, @ 6 TR SRm
Tfafie SNt (FeTs afS e | ke @I ave oM @ TINEe
ARSI 2fs 3ftre w07 | @I A (FTF 2N AAFS A8 AT A
(@ @3 SRRz A i) | T, (o3 7 57l 20 2ita
(=, g0 fafbes AR (Ffels w79) |

. AR FRTGRA aFfeq @b (e (JIMR) 79 : TSI TR 281, O
CPIRIFBIRC S (T 9@ (=2 |

. CHARHITSR TS ST R W23l (O3 Q@I R0 Agen R




w R

46
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1.7
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AND CAPACITANCE)

2.1 \giﬁﬁsl (INTRODUCTION)
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AL ATF - T AR (FFCE SH9ITANE FTRR I SN[ 7l effsa=lifore w31 23|
O TR (L (I G0 S PRI sIret Prarefoerig it siaita e
SR LSS FCO Al |

RIS 35T &) 775 PR oG E Ranel FE! | 7R TSR &l JoAee
OB Q T Tre) SfBeTa E RTA5a S0 | Q2 Q SHiTe [l I0e7a [Rgees <o
AT WA g (F R Y (AE @S0 P R S 200z @3« 1 76 12,1 7 5a
SPAITE, @6 FEIT 21, M Q 8 ¢ T (IS A TOAB AT T, AT Sy
5 EF Q, g> 0 |




R QT 12 ST 1 (T AN | ALTS SN QRN 4F (7, g

? AT LG G TG M T 2F© S [epsr g2l Jafyrs
Q3! LIS [{fFe (disturb) FEE 1 1 (FLA Q AT T

«3f5 SIS Fe1 JeRmre Fo7 qt 27) | faSiee g Sk R

(AT P (9 S0, Sl Reeiafae Fog sfbee F, & afefio

@ 2.1 eifre wabee Q (> 0) 7@ Fae AR & AT RS 961 F, A0 | (Wefie, F = -F,) |
At e @ @ S g (> 0) R @fb @RIT @, g SHimBees <[+ 61 1061 A1 T2 Teid R (TS P

52

(AT P RCo oiieyl 27 | S 1 200z SR SAAHE @36 o Fu Neaw Tgfers

(infinitesimally speed) R (2TF P ( I+l T06z | 92 SR
3IfEe I Al FOBI 20! R Sfe I Bl AeleE Fo @R @fS e
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TP B, C '8 D R S 287 | AT GG FOBI LT LT 2l 1 207 |

(i) T I SN A A 0L 828 HleT A RYTS @ +q WA SAF00
ARG PO 7 |

(i) A RCS +¢ ST S2ARRISTS B RYTS - SIS SIS FORIE AT |
@ ISt (R TF : (B YTe SN4ie ) x (A TS +q SN & B
fmgre Frisrefee freq)

=—q><( q ]z_ q

4ne,d 4ne,d

(iii) A RO +q 93 B RYTS —q SAta= Soi=fors ¢ RTs +q i S
el PORIRT ATNGH | b TSI GRIGI F : (C Ry i) x (A 932 B
s et ey ¢ e few)

_ 2 1
o s ) )
(iv) AR +q, BRMT® —q @R ¢ e +q =it sifrifets D [Reee
—q ST SR & G0 IS ARG 27 | b @I @RI 9« (D R
) x (A, B @3 C RYre Si4ite &=y D [iqre Priaeivs feq)
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Twigad 2.4

+q —q q -9 1
_— + + - 2-—
q ( 4ne,d  4me,dy2  4me,d ] 4ne,d ( V2 ]

(@), (i), (iii) GR (iv) 7R AT ST FEPLYTENCE (@191 FCH, (G ARG FOFI

2 1 1 _

B 4756810(1 {(0) H (1 - E) ! [2 E Ej} - 47tzod (4 E \/5)

TSR, FOI *LFG ST TeF Sl 67 7, g IS Snaoyeet
TS 25, G T S T 11 | o1keal Srpait @b 2t Sniiwe) e it o i |
(RGN IR 22 ST ST S ST AT 42 Aol Foprt/ =i
/611 FHCS AT IR *(FF 2l G2 AP - «aft (T o Rl T #1= 1)
(b) A, B, C b3 D R0 BIR(G SR SRSt ERYT® g, St Siwce @
SR ~Aflle T 2T 27 O 24 g, x (A, B, C G3R D {re Sidiaojea
ey E Res Prigsite e9) | E Rmrs Praeite [eq ==y, Fi6 @3 e A @3t
C ¢3 Re7 B @3 D-93 Re 7171 2ifSfie 23 | ©i2 E e @It S Siacs
(I I AT 2 1 |

2.8 3ifgrs ofverwrg Bfewf® (PorentiaL Enercy

IN AN EXTERNAL FIELD)
2.8.1 «3 W@ W4taw Fefexs (Potential energy of a single
charge)
2.7 T SR STLTHIIR SIACE S G G SRITR 211 s 1 2ifest
R SN SRR TR FPrifeif el vt 2vafest | @2 SRy @7 1wt e @l
A 2 STl AR | G SFCLTHCG (I G0 SN g a7 o= Frzra 2 @3 opst
(AT AFOITH PrIelbe Rotas diRen 2iafE a1 2fere o (afb sman 2.1 =)
2.2-99N(R) | @b IR 2.7 SIRM DS RIE (ATF 72T S T[T G
ey SR 2 2B g @It SR ARG |

GG e A1 2o Gl s fb<rrta b St ([l il 1) PR e
I RTAB SR | (@919 2w Siiea PRI« st el 3529, €2 Siaiae)taia ooy
e Seerwalb E 775 23 | SfSerwa E gwe Smas 12w T (A 7 |
T LAY Tl AFCOS AN, G 2T @1 Sl AF LA WS A
QI AT SO ey SfGeTa 2AlRe) E 912 Fiaefie eq v RS it |sismt 4
2 @, g =i, e sfecrwiag Sornes $77 ol s 2ol @ a1 | aft odw
7Te) 2 T4 q S 432 F7, T (@I TS F61 A2 A1 AR TSAYTEE
Frerspe w19 277 | @i ‘g 97 #Afafe e e, AR Tt WrEd T G ASis
TToR S T, T STAC SRS *{F 1) T o7 1z 62 Rafbe wigget s ofeerrg
AT E % 30 I S @, SR AT ST @i 2e g St & (438
AITOITS S FR &7y PRI stelant Face 513 | g (@ Teoiotent AifEs ofverwg
% TR, Gor PRI =T Il =it 2 |

JIfZe Sferwa ARey E @3 @3 SiRies ofte eq v, 7 com «ifiafds 23|
RGP, (I G 7Y P (0 ©fbe Ko7 V 2o, SHIN 137g 200 G310 G756 (e




B BRIV
R ITFY

SIS P RAYTS S0 LTGRO | (SR ST TC0] AT O fReq =+ &7 1)
©Z GG g ML STAN (ATF ANTF SECHE P RYTS S0 2T 7 FOI 2o
qV | G2 FEFIZ oAt PRI qret Ao e | 7 R Aies P R SRl
(93 r W, O S forete =iif

121 ST r SRR g i e

=qV(r) (2.27)
@A Vir) 2o r e e ofgeeq |

GBOIE, g = e = 1.6x107'° C SHIT 6 IEFG, AV = 1 (OFF [ed
A g W @ ¥ e I O = gAV = 1.6 x 1071 *fFT @ @
1 Zerel (OFp SI=El 1eV a[l e 11 27 widie, 1 eV=1.6 x 107 | eV-aq
MG GFFYEN YT ARSI 2o, efgas a3 ot smidfmm a7ge =31
(1 keV = 10°%V = 1.6 x 10'°J, 1 MeV = 10%V = 1.6 x 10'%J, 1 GeV =
10%V = 1.6 x 107'%J @& 1 TeV = 10"%eV = 1.6 x 1077J). [ 93w ifaq
A, ©tel-1, AR 6.1, 117 T 5P «f6 FKeiTe st 2@z | ]

2.8.2 (FTAI G AYGF CFC@ qb WL Fere @Fv 7R Pafexife

(Potential energy of a system of two charges in an
external field)
G SR 24 G(6 e SfGLTHTE, r, 93K 1, - SRS T FLB! S g, 43R
q,, RIS GF6 o= P S 2t 2 A2s: Ss@l S5 ¥7e (A0F q, S0
SRR SIS LTSI FOFI ololeTl S | 7 (2.27) I I, G AITA Foig
2 g, Vir)) | SR g, RG0S 1, RYTs S o Forics [Riapa o[ | 92
41T FoFI WgIa A ofbera E-a7 Rare@ sisifde zaa, simistifa q, -~z efeerstag
fRgrae wafde e |
s SIeTHTE KT q,-97 2R FOIR = q, V (r,)

. _ 44
q, -7 SfS<THaa Rret q,-q T Foad =
0'12

@A 1, T q, GR q,,~9F TGS 73 | S| A (2.27) 3% (2.22) (F JI2
AR | OGS &y ST ITS 1S Gratiel T, 92 12l ofberwias (E @k g, -7
T SfGeTRE) R g, 97 Tof FOIRICS Q@15 T -

o rd
q,, SNECE 1, [0S 0O FOFR

4,4,
q,V(x,) dner, (2.28)
FiteE, FeRIw FRieE = w11 e e @it Fo
d,49
=qV \% _42
DY)+ @ Vi) (2.29)

vz 2.5

(a) CRICT S1%CA Ui % (-9 em, 0, 0) €% (9 cm, 0, 0) (3 IAFC 7 puC GR
—2 uC R I @ ARG 510 1 2 ((FITTI AR S e Lrmiad wegsiRifers)
3 FPrfexfs fefa et

(b) &3 TUH! SNIITCF AT (A ffvar e S fre i wAfnel Ficea ares
=2

ST bizlua



W R

(c) ACA € ST 3 7RI 9 ©festwa E= A(1/r); A=9 x 10°
C m™2 (S RN 741 297 | 92 3 il [ Peifexifs e
A

N —12

(a) U:Lﬁ=gxlo9xw=_o_7‘]_
ane, T 0.18

(b) W=U,-U, =0-U=0-(-0.7) = 0.7 J.

(c) S FIBIR ARifs< fava =i wiifaafSe 2t | wifmg « wist Stz s
SRELTHCER AT 2Ai{7< i =S A0 | ==t 2113,

7uC —2ucC
@,V (n)+aqV ()= A o.(;lgm A o.ogm

IR (WG PR ofbexs 2o

qlV(r1)+q2V(r2)+ Lk =A 7ne + A e -0.7d
4TET o 0.09m 0.09m

=70-20-0.7=49.3J

Twizad 2.5

2.8.3 AT ofeerra ain ofve fatsrga Fefe«$ (Potential energy

of a dipole in an external field)

q, = +q IR q, = —q TS G OGP 7 SfTerara
E ( S [{Jean 37, T 2. 16 72 5ta @It 2@z |

v

— ARSI SN (e @, (@ g ofertg sfefarg
5 > (I T T Sl T Al g GG B 11w ey A Al

t = pxE (2.30)
B BTS2 TRt GR35 0 (Toe 71l 2% p , Sferwra
E-97 51 A Refoyd 22) | 4 @3l e 56 1, @smei
AT 91 29 (@ «ff %@ 2 5% ¢ (& aAfSfite w3 @3 Foew
o e R 6, (el (AF 0, (el T 2 | 125 et @it Fort
5@ 2.16 @I [ STt it ofde
facrgs Ffoife |

v

6 6 .
W = jgo 7., (0)do = jgo pEsin6d6

= pE(cos 6, — cos6,) (2.31)

3 FoE TRIMGTre FrifeHfegret wige 27 | gl wiwar oo frg e afoa e
PRI ToRkF Rilof TS #AfF | Sty Frfefa wre! qrmwiae e (U) e
ol ARTTeE S (0) AR TR AT | GETHCG 96 AR AT 2 6, = 71/ 2
(&3 SUTAGAIT (<I0T 9T G0 1L (e 2R |91 Sl for4its iy

U(0)= pE (cosg —cos 9) = pEcosf=-p.E (2.32)
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g efbe feg
AR 4ITF]

@2 R AT (2.29) (TPe KEASITT @RI AR | +q G —q , G2 S

R T ARG AT (2.29) 2fedlel T 1 77o=iifoa Frfexife 2
2

U'(6) = qlV(rl)—V(rz)l—%S?—xza (2.33)

GQTH, T, G T, T +q GR —q S SRR (0FF | G 1, G<R 1, TR
TR e #1197 261 93 @6 LRI SNAE SfGTHFCad KT 1, (ATF 1, TP
S LTSI POBI | A SIS 0! AT 74 25 2a coso | ST,

[Vir)-V (r,)] = -E x 2a cosf | 98I = A2,

2 2

/ q q
U'(6)=-pEcos-———=-p.E—-——F——
(6)=-p 4re, X 2a P 4re, x 2a (2.34)

SR FFE R U7 (0) @R U(0) €3 7 o112 2o1 a5+ « (6 71 a1 9o avre s
fRtE oo 4358 | (e PR owig «alt g3 Fif+ SieoRE, O siwat w0
(2.34) 9T TSR G AW T Al G2 O3 G2 FRReIE e 2 (2.32) TR AN
Cel 27|

G SR FACS AT, o ST 9, =n/2 A | GECHC AT Sfoera E-99
RGO +q GR — q SN S T AT PO T 43R {91 e oz gg =z o2
I SRS fsfire T, wdie ¢ [V (r,) — V (r,)]=0 |

Trizae 2.6 (I AMICHT 96 w17 =1 fBeg A M 2eT 1020 C m | 9%

I Aol @3 oIl 10° V m™! a4 *feiieht SfSerwg aiey acal

03 (T orsiwiay) R w31 261 | Sfbera AR SIfeye 2ol FE 60°

@Il #AfRAES 1 267 | Sfe<rwa ARETT G2 Tge SIS RERAENE Tfess

2o 21l F sifFsnier SiomifE Yo T3 ©f e 1 | zere i e Tt

100% (Aol 2= |

I QT 2SG SefF B @ = 102°C m

@AY GF GIIET 2T AT SF TR 28T 6 x 1023, iR ST GG ofee

IE p=6x10¥%x102°Cm=6x10°Cm

Atefiis Prifexif, U, = -pE cos 0 = -6x10°x10° cos 0° = -6 J

i FefexifE (799 0 = 60°), U= -6 x 10° x 10° cos 60° = -3 J

frfexfa oiftads = -3J-(-6J)=34J

iz qrEe PRifexifea gr 906 | ReRET FfS sfeywe Aftsre Fa11 Sy

smieff 2 =T SRI2 Ol ool Te TR |

2.9 g3 e ifcfes ¥iafeT (ELEcTROSTATICS

oF CONDUCTORS)

AL ST 2IFAD G SFIF HATE TR ST 2 TR | AR AT Sty
T 2T | 41 7RIS G2 S AFYTE 26T SCETRGH | Ao AT 7hafze = wigfie
@ISTS! (valence) SERGAITE! 217819 (AT ZL6 I TSI {674 0 | 3 ZTRG-19]CE!
LIS AT TSI T A [5G 416 2l <l (A (@R ST A 1 | 42 2Tyt
SR SR 0! SIHRE FC | ] AT G SR FLR AT AT IO IR ARSI
fifor Sfexre 5if oo AT | G711 ANTETE SfECHFIaR SR Sferwias [7dte Sy
©If%® 277 | BT @R G BIRAIT SR S ZTERG A FAC SIS 4o ISs Sz
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IR GO Toiery SRR i AT | o RTsRy #IREIEITS 1T @ Yol SR Sozg
S AL | A2 (G ARRRITTT T SIfzires FRGAT | STERTRTT S st
5ifS, 2T SRETRHLaa AP AT o1 2N eifre 27 (PO Sl (1) | sl
S SCEGI FfoeT 4F ATRAND A AT SN AL | 5T =t wAfRigia g
Ifefess «aliafer ke 5y ool T o7 31 |
1. YHAAIRT TeE A SELFa 2[TeTd W %= (Inside a conductor,
electrostatic field is zero)
G5 wfEe 9t =iz “fFE FU [ana 39 1 e Ay g ofoerrese dvre
AT | PRISRRIT 74 ARIZ ST LA 5 @I 202 A 1, AR sreraE
TGS ST AR =7 27 | @ o115 2R «f e Reit 403 (Rewt @re A |
G5 AT S T TETRG AT | T 1 AT SIS SCLFg *+y 2|
AR I AL ST Sefed FAR G3R OIfT® T(F | PRI T SN
ReT@ @TeNR 3T IR @ ST 7G2 SCLFG ARE) ¥ 27 | O #F7127
ST PRI OGS 27 Xy T |
2. wifze AR 7o feb e Fum ofee aey s row syt
<% (At the surface of a charged conductor, electrostatic
field must be normal to the surface at every point)

Tt B 7J00a SIS0 =l 2, 7 59 AR 5 ST Stis! A3 | GTesea AR 5t
[T ST F6T S T 3R SIfSANeT 21 | SHLITS PRSIl ST A4S E-A3 R
Totieel AR 1O 7121 97 2S5 e 5217 ofSe 2176y o2 9o Sifeara 3
203 | (AT ST GG oG 4] 20T ©LaTq 2Ol [0 O 7 27 E %)
20 1) 5 R TS (CRA |
3. PeeIT #fFIEF Seea (Il Sfofae Sy AFTe #td it (The
interior of a conductor can have no excess charge in the
static situation)
I fie w12 2o 5 SiTet At sjPerea 7 Skee AR €I @ AelgT
I A | 2ARRIRE 2 T Sl s i <jgmig #If12e vjprere o=
frer 07 | @ RIfG SISETR 1 (A 1 2 | AR ST (- (I Fh SO
S’ fRTIB 39 | (T O B SIS0 7 S ‘v S SNE | (2 O ‘ST AT
SfGerrg AR 7 112 @eT S-a= 37 T (G SfGzpia *[+7 27 | Sred NS SISt
‘S’ oo Rl (I S SR 7% | 759 ST weIfbre il T 357 o i fte A oigfie
S SH v (F FUITFE T QAT A | 97 9L 2, A7 TSR (! <70
S T A G ST SN T2 FF ST SR FHCT |
4. SfFARF e STt Foa efbefTed 495 AT G 2FoTa (TG LAA T
@2 3« AT (Electrostatic potential is constant throughout
the volume of the conductor and has the same value (as
inside) on its surface)
@fb TAET 1 TR GR 2 R PIIE (AT sihed I | @2y AR SS¥E E = 0 9%
ST AR (A oI Tl AE A1, ©fF AR SIS @R et @3
AP TS (test charge) SR FATe FoHT o 27 | widfie SRR ST




g efbe feg
AR 4ITF]

LT AP (- (TN G K W e SA12 A0 1 | Srod Siwa Afégs wameiz
ColeTsT | 3t ARG SNfEe 27, T3 SfEeateT sjFetea Are! 19 2; I3 =12 26T e
3R 7T 5 ARTH SfefReq «a2 AF |
- G S, SIS 3% e KAy AR 7121, 2ot #ifkaie g7 Wew
SibeRres G w3 fom for AR cFia 2 433 [ 20e S |
5. Wit AR JPreta ofoer=g 2<%y (Electric field at the surface
of a charged conductor)

o .

0
@A 6 25 AR SHANGF TG IR 12 TR TR TSI A 40
G (OFT |

2 FAITAD 2D T G0 Pt SRS P [ @36 @7 7%t (pill box)
(HFTex Greia RTm) oM ot 7l <1 FE [ 2.17 7R fora o 2wz |
BT T TS (B16IPI B g =191 AR Srer@a < AT =i A1) 7jeda
B0 SRS | GF AR FH (FAT 26 6 S GR 9T SHo] SoalT |

PO 3 STeTeF, o ofberwa ey «[«; et
35 IR E e ofe A1<e ©reie Soig o7 23 | 912 (Gleieie E
S A0 (G (X SO T 23 O XTI AR 2RI t
JEFI ST &) S | G2 OGP 21 = ESS (o> 0-99
Ge) AAF, 0 < 0 9T Gl AeAEF), I FU CFILA 6S 9
TR E (3 g3 [R5 91 @S 2T @3 E € §S 2707
A A RATOTA | GIEPR O @ (@ AfFiet SN
I A 9Ol 267 66S |
NS 77F (AT AIZ,
lo|6S
S
lof

EoS =

E= (2.36)

&,
@@@Q&@M&W@ ST T T, ORSGCHRE g 2,17 =il wifw #(Fai3 oo wfvera
HRTETR (ST GG AN (2.35)-4 (RG] RCACR, R ety fefar e &y (b o183 w1 (e
TN o 97 T Hza & 3 | o> 0-97 S, Sfeerera B T T |
ARG O ST 77 AR IR, o < O- G G SRELT=a &R
VST G T G3% STB |
6. Seaefee wigw+ (Electrostatic shielding)
@35 917 (cavity) TS 2IfF2 RTI6 3 | @2 9120 @I S AF N | GBrwg 90
g7l TR 2 1A @- @I W A NPT Ty A HARFARAGTS @-
AR S oreT 20 w1t ARAIRITE AR Sfeerrig e Fee, 63 9123Gre
SfGLCHa ARET [ 27 | G2 TAFETT G0 72 (Fd S| SNC98 2fwiel TR @A
G ST (AR I STSTB R SIGLCHa ARET ¥+ 27 | (AR ASAoE I
FCH ARG (G 2 I 2Tl 51 QR (2L ST (et | 5Jid St w2
SR 9120, ST AT X7 27 T G A FoTizeeT | @=oifFe wenres zet 69




ﬁrsﬂ 2.18 T-(FICA! 911?141%%1 oI 9 20d
SIGECHG 2T X[+ | FNE SNAE 12 I

AR AR50 TR I | (IZE G S

AEEF 1)

ARG wfee w0 fixat @it ifers sfeerra o i
AR S NS TS, FAF N 5159 TS AR
XGRS SRR A |

2.18 fora Sffe Fereets @ el @ it oredi za =,
7% @7 gl Sleo SRt o TR | A2 WA @R
SfSerHcaa KehT i3 @ 7t @ ARRIZT 7o @-Iel
23 A2 SfTLHCET AT ACF | FA0T TS
W@QWW“B}Q?I | a6 FRzefTe e (electrostatic
shielding) FIitx #ifafow | @23 [Kafbcs it sfac st
SIGZI Mo AR Sl feT 2elq (At 75! 91 ([0S AN |
a5 oAz 57 Jgeell Tew wiftfes wiiafem Amcems
2.19 @ itz |

Trigad 2.7

5@ 2.19 «ifFa2% fFg Jges)d Fre oiftfes «fiafer |

(a) @35 BN M 4T poT SCTITR 717 afS (@ITH! @ITH! FoNTTa G Siezfel

PCI (P ?

3 pa1 foe 23 3t =it 350 e 23, ot <6 2 (F0 (@0, e ofde

70

Trigad 2.7

AR S N)

(b) A AN STE 22 | F6g RO =0 AR (ot R Bipla BRI
QD! AREIE) 21 22 | G5 TSI (el 2

(c) WiZy “wiel SAfFIZTRIN e AR Aeers i % [ge e fwe
AT AT (e 2

(d) T TS Tl T ©fCe FRRRIR #T18CH (D 2N fe=i#iTn T01 A0S A1 |
g o s WIfew Al @Il @ TS €2 @8 ARAD =i Fa0a
TRFICI Rgesd 27 @ 2

AL

(a) I Ze, TR e oI M=l 23 | =Nifee Beat ail Hieitea sieajwet
GRS 27 3R 3T SIS 0T T 2 | fow pre wiea 359 e,



g efbe feg
AR 4ITF]

54 TR TR IR T T 21 2 | ITRCE oA Sndiwe=l 27 =1, ©i
@b (RITH! (RITH! TS GICIANE Sl FIC ATl |
(b) FROTETS BT 5 PRASIGR SN BT A TR G G2 JIRA!
T QAT | (Tl ST &I PRI TR ST HAN ] S G ERA NG "ot
5 AT AT G FEFILA SN FT0! (@CS 2 |
() ()~ S~ I |
(d) ¥YIa e #1125 AerE ofoe Ao &3 |

2.10 “FIAYe @3k (FAfO©! (DIELECTRICS AND
POLARISATION)
RS 261 AR ol | 27T A TS G G

L'T bk2lua

ST AT (72 (I AT T Faieh) | Pl iR o, =
SCLTH(G R FACE I ICH O (2.9 SIORW T 36 FCH E, E,
(TR | ARRIEITS T SN ARF9JT b1 20 WIS GNToIta ; -

R 0 @ SIS A= &) 75 o feerara AR e
e SFETHFACS A oWl T | 97 B0 ATH T&H9 7T
T sfberara qft AR s afofie s a3k AfaRiee .
% SIGETH %ol 27 | 7/ CoF MTH ST GFA T

E, E,
BeIbe] AET K | 32 2lf oo 3 (@ AT ofeermg 7 (Qyfes * -
IR ST 2T S1=] AT Ao g @ i g
| AT Sl g @i AHfeTs el Ayt @ 2.20 957 AT oo “F7E o

IO T Wi WF @36 ofesrwa Ty 07 A AT
OGRS AfSrik 0 | 7 gorE oIS efsria ofoerwmafb
A2 TCol A Sfeerwars Tl afsfre =t | 43
Afod ofverwal @ema AT ofverwag
O PR (7 | AP AT aFhod St
2 SRR @ FO5F 2 O TTSH T | I3 2ORE
TS T AR o Amic eiielfRa e i KT
T 1 ARNS |

CRIT! SMITE ST (TS| Al SIS | 208
A | SIFS! (G SYTS LI GR AT ey
R @3 e Tisifes A | arweg w9 fog
G R (I FFI) T @I A Al | SCgRe!
e SUIREe 2 & e (O,) IR RRGICEH (H,)
<q; 2AfSATOR T AW @I g A AT
T ST ! O @S G T AT 4T
IR YT S (FH AT 7245 A (GoI1S _— -
AT SIGLCHCa S FRISTo) | 9 R ST Hel H.0

AT AR SDelaT 1< |

e

5 = Tty @ G | HCL A & (H,0) @ 2.21 FEHH (! @ SIS Tl TR |

O TS AT S T G LR CIO! ST

Tz | 1




32T ST SR SIS S (I

8 YIS S AR [T Sfeyed RIMERe

2 | G2 FANGI ©ANE T T4 S TAMIT
SR SR R 1MRrs <o (S Sy
SIS 0 ) 2T T61 7 2AfSire 23 | goiE
SRS TS SRS g A Ger 27 | AR
SfLCHaa SR sfRiagies 2mid (el sre
FACR I AT | SR ¥gllg (iR 7S CFaioe

w1 Ftafe @ WS Beg @ qize

SfErHTaT SfeYA 43R SfGerwa ARTENT

—+

NS | (TR ML (70T @ LIl ) 2T,
IR (AR 7713 277 (linear isotropic
dielectrics )3 | Alf2e Sfe<Cwtas Soif=fore
“RitagTes micea Rfem s =S facrg
IR AT TR G 1K TR QI B A |

e ofocrwg RS RS a3t
Aaftapfes omitde @il facrg @ 7% 23,

o 2.22 fZE foerErag srfe 1o Aaitapies At sk
Rty @I AT I | () SEFTS! 9, (b) GRETS! 9 |

72

(b) IS =19

g qm iR for | Aifer ST ias sgrRRifere
A TwiAE Sty [fow = ke aeen

TGS Afeers AT, e GG G A
e 2 | AT Sfeerwias A, &fsl facy
IS IR CFCa e Hfeere QST A0S (T | 7% S9CeT1 Tt I il
0 12T ST Taa ST G w1 farsrg @ 9315 231, wiefie siaitawfos smife
TS 27 | GIIAFSIR ifastiel oizfx fKiside 1t R Sl Mae og fasa
0 | AT oo g Fufoxifs g sfoerwas wifoyre sifeee Fare bix
R O *IF G2 AT ReTS T 2fere! (71T | TG, SRS S CHig
IS faGg A ZeI ARFCS AT, G AT (6! S TeT (g FReysael’
oo SfaTed g |

T, (IO (21 A SRS T (3743 AN SfeLrHaa GoifRifers siaimrei
@ FfR sy @ IS I | 2fS 3 SISt ey SERGE AvitdE (vgafeer
(polarisation)JCe AR G(F PWE%W?N | GRS A ”{?ﬁﬁ’;ﬁm CFCa,

P-4 E (2.37)
R, y, T ARICIOSH CAD) T G g A0 ~Haitan o gt ©ife eqaer
(electric susceptibility) I&1 2T |

SRICR SR Jelifer A« xS reiffe a1l 91w | fhg i @ e Seard
A !

QL 2P TET : (RIS AT i eI IF TS 67 AZF SCHGHIE
Ao T 2 BTl SR FeTOR Sy & E,, AR 3 A a9 ofesrwg
ST AN O o AT AR SR & I (- Y i oot ofb<rwiag
TGN AT | S 2Ragies smitd 93 Jaw gafsel P S w0 | w0




EXERCICRICE
IR Qg

TR AT TR SACH TH AV (@ SFCLTHAT SSYCH G0 TRty —FE
TS P AV 2T | FE SO S AV ARIFOFSIT X 20518 G

I TR 4R BTN AN | 2RI “MIcea SrersE (@- Rl S YEPEDP
TR 57 SRS S AD (9 S (S %[ 23 (e &1 w1 farsrg) GICEACIPAGK
NS ) | 97 I A T AR G{6 TG oIS S &g @31 — P PHE= D=+
AR TATR AN SN AT ARG A | IS e wifesTey
2 PRITIOF AMITLR Pt 502 G T S g AR 1Ba - o - DD DD

2.23 S, R w2 fire 1aems Sidie 2@eje uin ofste —H=HE=H =
@R ACTIRE ST BT A SAPOTeT SR 07 | @2 weifefire

ST 21 A S GTHR T vl SR it | S I
©fF, GRS RIgfes el o, @ o, SRS wemifg S —H=H ==+

g RS 26 R Oree Tige 27 | #1508 & werll e Sigiejtets
o) (TSGR TE 2, Ol N2 SGLCHars 141 (77 | 2RI ios SOISOISOISE>
TR S RISTS STGLTHa AR T S G377 Soif=ifsre #Af —P
ST AR I 3 22 | GO THAR (@, AR omicea aw 59 2.23 T TR GRS
ST SR (T S ) ST SR g 0 -G GGA R | A0 ArIcel weraiifias wriaie a7 <t

g ST TGS T AT 1 |
2.11 499 Q3R 4959 (CAPACITORS AND
CAPACITANCE)

G TFTS M 7js w1 gfo 212 RS oz 2o 75 (bg 2.24) | @1 A=, 7@
g Q, @R Q, SN TR IR Ui [eq V| @) V, |1 W(E, V=V, - V, Feq
A A I ARARS Q @R — Q S AT | SR LA (G (FETNG 4 G
S G U2 K61 399 | (G5 @6 sifFaRitre 1< ReE 92 34 @re
AT @I SR 2R S T2 T3 21 27 1) RO G0 AR 90 AT IS
FH @ LT ST | (TS 2N | O GG ST %oy 208, AFeie 4G w12
GO AP Q SHIHE 2T LIRS S |

ARQIR UoT TR SgER ofverwal  Q wKWTa
AT | qRoa S 3 fasjel 23 wite drers [imre
Sfeerwaie fagd 23 | (4 0 9@ 9=k Ttz Aifoa
Toix fefe x wlea ofbersrg qag St S Fig=iifes
FAF (AT S0 1) G2, Sfeerwafba Redice 2 = «AfFaR
2o 1R SARAIRITS G0 F& AT A 7 @ro ofs
G S FoFIe AR 9! [oq AL V|

FETFI V'8 QIR NGNS G2 Q/ Vi1 (b &7 : Ba 2.24 <75 wr@=E sAne 7RI 72 w917 AR

C = % (238] "_RWW NBISE ﬂ@T‘H

43 g3 C 5 I 41707 | AR AP, C, Q w2l
VIR | 419 C (@eig 7RIS A ARRIR g sififess sioe Foia (SN,
SIFFS, Al ) To TS R | (ST ST (rITAL @, 473 211 o0 7j20< 73




W R

F(R RN SGF (ARAIPIET) MO 2 Ffox Toige MSa 307 1) a7F0ea SI @7 1
FRIC (=1 FTF-CS1F ) &2t 1 F = 1 C V! g gz (IS «36f6 «izess, — |
— 2O BT (RITGAI 2F, (@RI G35 ARSI 7 A =R (rlG 23 |

T (2.38) (ATF (41 AT, JRR AT C- 97 &y Q =T AT V F7 N 27 |
@b (@RI 928 AN a5y RS Go5fb G55 SoEripe 5 AT V G99 GFae [opt
AT SN 4179 T AR | @fbxr @3 T2ifE 939 0= | T e iy 2R
1o BRI i foertaz 775 30 | 93 =il Sfo<rwg pRieia s fas
FACS 2T QI TSI I ST KT SN & (25acae M GRS T (IR0
12 (205 7foa SLINTAIE ST SRFFSIE 2eTe W T30 | Do =, 4R gl
TR STGIF LGS ZICT Sy ST e 27 |

G 2RITARoT N O o187 4¥ 75 (break-down ) = S AE (@ SfGLTHG
AT 2y FACS A Ol Ao 2Ritauyfes goel (dielectric strength) I6eT; AR
cw@ @bz Am 3 x 10° V™! | AR g MRS 96 1 em A R TRz 2 @
cFafba oy SifFa1R) gfoa e SegRferss eq M 20 3 x 10* V| Geie)3 St =4l
RIT] S S G FACO 2(E QTR0 (FFY 0O0b12 Spaitas 26 T ATe [eq
AL S AR SGRafb STEe! Mg ST 4 KT ORIl A S 11 R | eI
! TR, ST OIS T QG2 (A GFB HITF G A S 21792 e Ao
A4 (TS A | AW, GF TRNC G0 SOFZR G : I3 BT G5 AT O3 B2,
1uF=10°F, 1 nF=10°F, 1 pF = 10™'? F, 29S| S4q AL 72 RIS
G IS RO 47 I oAfFS! Sfee T8 & o1 Gl | @ Kaca e
S AN FH RS |

2.12 F@AE 21 419<F (THE PARALLEL PLATE

CAPACITOR)

GG AT 9IS (7S F7 I A 76 J22 TG AR e @t «ifds (foa
2.25) | AT S| AR ST6! AGADBCE %[ ARG AN | ATRE TGS
AR NI 2SI AT S o= SIS 2= | 47

I (g A TIF, 2AfSfb 2T IO (G A <R I TS| LI
/ d | ATSTBTS Q €K —Q I ACEE | AT g5 it s

M A | T d SIfF7 26ACe (d << A) , JATSIR SNz 3
+ + + + + + + + + + +

FASH{TIR WFol 775 SfG<THT 2R AR ST TFTa
IR FACe AT (Ao 1.15) | &L Ao Siaitag
TGS Tg o = Q/ A <R TS #irefbre Skt wewifas

d
7 J' g —o | (1.33) AN I IR [feq owta of<rwa

S — v
SIS 1 IR GET 1 (2L Are B S ga),
e 9g - o
fBa 2.25 T “Ar© 47 | E-2_9% _o
2e, 2¢, (2.39)
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g efbe feg
AR 4ITF]

Mg 11 (TSI “Alted AT S9geT),
(3 O
E=——-—=0
2e. 2, (2.40)

2w #ire 7ioa vgel ofsrwa 2ikey 7o Fkifere I 1 7. @R 2 7k #ife 7w

ST S FCETR SICLFE AIeT AN A
c o e Q

E:E+E:g:€oA (2.41)

SfETwg AR SMSTL LG 2 (AT ANIF 2T TG 2 | TS Ol
AR 2SO T SFHALTS A ATF @ HEG T 27 | HfSrs (et (RS sAires
CRCY AT b= AN Pi<pifR <2 Ao 78] 20 1 | 2Rt CRariefCeTl TRt s PHYSICS
@I — 9 &SRS TR (fringing) 6T | SRR, Aetd 744G o TR Tz
T 1o @ << A &, ATTECIF AL IIF G2 ASR9CECS Sro 1 ([0S AT G2
(2.41) TR AN (AF SFGLCFG 2R AT T | Q4 FIN Sfeerwrag o=y, e
AL (FRETIG SR ARET € ASq{Ga TGS e JfTosqrat et a7, T ze

[eL10IN) AR DANDERIIU|

uonoe ul siojpeded ‘aduejneded Bunpayje si0e

1 Qd
V=Ed=—2=
e A (2.42)
GICFCE TS ASIH0F 4199,
Q A
-, == (2.43)

6! S T ZCARE, g (e AR epififes s Tk Fee

FEIA=1m> d=1 mm, q RN &=, S 213
-12 2 1 2 2
C:8.85><10 CfSN m - xX1lm _ 8.85x10°F (2.44)
107 m

(COINAN AT FE @@ AT @, 1F=1CV ' =1C (NC'm) ' =1 C>N'm™) |
@b @RI (@, 27 IR AFACHG 1F 27 96 20 G5 €3 | 1F &3 Jpeifetol (rdi
I G AR TS C = 1F 4959 R[S 49639 1 cm I ! A= CFaTa

fajefar

/ooueyoeded/eae(/3ewol)o9|9/npansy1audewoioiw//:dny

Cd 1F x102m
A=—""= —10°m?
& 885x10°C:N'm? (2.45)
[ AT 30 km 7F G2 2REFRG @56 #re |

2.13 4FICY TF ‘ﬂﬁiw 2%9 (EFFECT OF

DIELECTRIC ON CAPACITANCE )

2.10 SR SIS @I A SGCHE Ao At SisareR ae fefers
SCE! SISt @R I o1 Rgyres Soifrifors a3 fh Traaie sie e aiee Srei
“Afafoe 27 | 7[ta Troi2 &b A ep=itmaw @3k d #iRife T3 RS 72 3znes
NS ([ 2o | 2GR S +Q G FRET AR GG 7G5 (o= Q/A) |
LElR(CE R RIS SERIC LI G




W R

76

3R ATTACER T e 2Ny V, 20,

V, = E,d

GBTH(E (7Y,

Co = % =8o§ (2.46)

AT (TR, ATTEER 8| T (G AATIPIET et 71 STs{ef @It o)ef 711 247 |
Ao M SELTwa 7R (NS 27 =R 2. 10 ST 2Me IR SRR #ige’
o, AR —c, T CeTia oy G 7fb wnfes wiives (sfosrwias et sifeery
IR ~fitagio sl it ©e) argen 27 | sRigere foersy 2iwe) +(o- o)
A ST weTsfEs qeg RS G SNifZe siives vgel sfeerwias srge 27 | wiefle,

O—0
E=—+F (2.47)
&
O3, SRR WY [Teq 2rew
v=eEd=2"%4 (2.48)

&
e A=ifgres oweg wimE € [ #ifs, o e sfocrra B ol o-aw
AT 21O, (07— 0,) , o - TGO 27 G Sl #118,

o

@I K 2o 1T MLt ([RGRIS G310 433 | ™1008 K > 1 | (GICeee Sl
g,

_od Qd
T e K AeK (2.50)
T SAITeT TS SR Ao sinil 7l #)¢f AR 417,
&,KA
C=%=—°d (2.51)

g,K - G2 oFeTIOCS WA OfGene (permittivity) 0 G- T £ @I 7>©
27 | oiefe,
e=¢g K (2.52)
e NGEE CFAK = 1 G ¢ = ¢ &, (F X0 T SfG<cenel = | AT
EEUICITEC

K=X (2.53)

&o
@3 K (& *midfoa #0mfew 47 0 | 7]t Srafie AT (2.49) SR, @t =% @
K-S 99 1-47 @ | A9 (2.46) @R (2. 51) 20O “AeT 7

C
K=—
C. (2.54)

PG, (S AT AR NG Siif (@I 2=y @i 7=o)efeiea ojof =1
20E G AT, %[ SRR MIFFCGE G To (> 1) IR A ©Ire €3 7wt #aitagies
433 01 | IS SIS AT e GRS (F0@s (2.54) AN (AR o0& @@ !




g efbe feg
AR 4ITF]

SRR A (a2 S TSI AT IR AFOATHS ANSHA BT AT AL
AN GACFT AL (2l (TS A1 |

@@QV@*‘T (ELECTRIC DISPLACEMENT)

S ST TGP g o) G (NGES! Pt ST FFIPART RICH] 74 3221 o Wit A iCagef<s
LA QA SRORN FC (2.54) AN Sl 20 |

A FOe TR (BT @741 AT,

o0p =Pen

@ R 2o SR T2 IR o719 IR G G55 (93 | BT AN (@RI Spfeost sitagies

AR ST ARSI 797 | 2,23 o1 2mffs wemsiba (g (gafeel P wiv #ifers @3 (839 A -«
ST @R AT A 07 RoiTe Seare 230 | of2 oS StTs wemifas 9 O Arfors a e
R I APFSTE TS 2 Al 913 9Jel91 TG (T H20SE SG | (2.47) AN 6, = Pon I
SIGLCHIR (ST 7110 AN AR,

_o0-P.n

-

<, (80E+P)-f1=0'

¢, E + P @@ M0 ©fgeorme (electric displacement) I @R G D &1 4b® 1 227 | «@ft
@b (ST MM | e,

D=¢,E+P,D.n =0,

D~ Ol 261 @B (1 : %7 NT YT ST GG G190 -4 A E TG | saitagfes
G THAPRIETS D ARG B! #ATeT 01 | CHTRIE A6l TS Ol AR AN o M= (0 E =,
TR D TS NI SoTlGF I8 o9 0! TP 511{FS | @zp P @3k E @7 Sfye @353, 813 P, E
@32 D 92 fSa{b (ST A7 oG |

D 3% E 97 NG ST 247,

D  og,

E o- Op

TG,

D=¢ KE ¢P=D ¢ E=¢, (K-1)E
9 (AT (2.37) AN HE@NRNS ©fYe &l y, F FWHFCA 71 A

Ko =50 (K1) ‘

Tuigdel 2.8 K #AAIay o £33 RS NGTR Gt 261 A7 A3=I0RME CFael
GG ANBAIET 211 LA 2GR AR AN IR (T4 (3/4)d, @I d 2
AR LI | T AT TS O LI TSGR FIS! R T 5{e
1 2 0L G (O P ARG 207 2

T AT, 2RITIPoT NG SIFRITs sforrms Tae! ofesrwa E, =
V,/d a3 Re3 A9y v, | 2RI ios sMapsif s=iisie 30, @ 5 e ofeerwa
E=E,/K T

E.n

= &K
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W R

ISR RIRE S
et B3y —pal.3, .y Kf3
V=Bl d)+ -2 d) = Edly+ ) =Voo

AT S @, SRS AFEte, #fFafSe [Kiex oiiefy et e A=
(K + 3)/4K 9 T | STo¢3, 4G I 211,

Q, 4K Q, 4K
C=_=—_=—CO
Vv K+3V, K+3

Trizac 2.8

2.14 4ECF9 AN (CoMBINATION OF CAPACITORS)

SIS C,, Cyo...., C, 47 RS KT aRa I FE C IR 4177097 G5{ A=l
1 FACS N | AT Fog M TS A A7 Toig ST 117G f6a 307 196
SR TERT! Ao T 1 237 |

2.14.1 fd5=_ITT 919F (Capacitors in series)

o T C, 9= C, ATFHCEICF 2.26 BT (e AR |

C, AT I #TSfb G- C., HICH e 2T BT 12 AT AR T <R GO
I IAFE Q 9. ~Q | GF FeTFYA C, A Tl 2I[TS
Q -9 YIS AR —Q G C, AR NAICS S A
_ Q= | M G211 =, O ATTFHL I GG ST AT
- W@ | GHFTFGA C R C, ATFE AN AR
GTs OfGerara 7T & | C, G C, (© (NG <Y 2Ifiel
Tow] 21 ¥ 27 T ST S 212S 200 AF 3%
C, TR C, TP ARIRICS (P SIGCg QAF Al S
CIfel ARG (0, AfSfG LIRS HATSRC ST (+0) AT
I | AR (6 o9 716w (V) C, =% C, -4 e 7eq

P V, @R V,, -G T8 71 |

foa 2.26 c=ffite Tw 4fb “xes | vev .y o 2:9 (2.55)

+ + + +

| N

++ + +
|

+ + + +
Lo
+ o+ + +
| O |

G G

0 e, §=c_+c_’ (2.56)

_ ST G2 ITIRCE Q SN IR V e Aefma @3
T TR A RO Rl 9IS i | 98 TR A
— 4599 (effective capacitance) 2
i C= % (2.57)
(2.57) AT G3R (2.56) TN Getall FCH Sl
AlZ,

+ + + 4+
|

+ + + +
|

+ + + +
+ + + +

C, C, C, C,
@ 2.27 nRAF Q[T @O AT | 1
—_ =4 —



EXERCICRICE
IR Qg

T AT =508 YIRS AfCers (T- (T FRAF LI
STy 3] | (EIfe] ST AP 1 FRLUF AT Sl (2.55) FAFAAOCE
ARANFS I A2,

Q 9 Q9

V=V +V, +...+V =—+4+ ="+ . . +=—
1 2 "Tco T , C. (2.59)

0 LI (TG STS RIS ST SO 1 AR LT (ifel
ST I G AN} TG A 212 —

r_+r r 1 .1

cc'c ¢ e, (2.60)
2.14.2 QA AUF 49F2 (Capacitors in
parallel)

SIS SN 2 9o AT 2.28 (a) BTG (R TR | G0
To¥ ARG AT @32 [ A oE 2| 79 1 R 4909
ATST ST (+Q,) G 2 TR AT 2T SN (+Q,) FoT €=
ARG (2 |

9,=CV,0Q,=CV (2.61)
T ARG Q= Q, + 9, (2.62)
G2 eg ol V|

Q=CV=C,V+C,V (2.63)
(2.63) AN (ATF IS 4T,

C=C,+C, (2.64)

IIFAE I A 1 FHALE QAT PR LG C- G Aol
7411 [2.28 (b) ba] TSI e A -

Q9=0,+09,+...+Q, (2.65)
widfle, CV=C,V+C,V+...CV (2.66)
(@A AN AR, C=C, + C, +... C, (2.67)

©
I

©

Q -0,
+ .
+ -
+ -
+ -
+ -
+ -
+ _
+ -
G,
Q, -0,
+ -
+ -
+ -
+ -
+ -
+ _
+ -
+ -
G,
“—V—

(@)

A+ |+

el T

e

©
I

©

4+ |+t

L,
|

(b)

o9 2.28 (a) 46 «=ET, (b) n FRAUF LT

Trigae 2.9 2.29 H1a @SIT (RIG TR, 10 pF 40 5D 4 GF o
HIfeTHl 500 V 97 G0 BT AR TF | (a) SfeRmila ©o7 41757 @R (b) 2
I NI el T T | (575 A, D N 267 T e ! Alceq

iy Ay e A AiTed e i 32 [Feidre 1)

+tQ -9
B ;o ©
S r
M _
CZ
+ H o+
_Q;; 77+Q
e e & -0
C4
A :‘ ‘: D
1T
o -
+Q -9
< 500 V >

TSN QI |

7/




W R

T
(a) AMSTETICS C,, C, 93 C, @I AT TE | G2 FoA1G QR 9ot 4Fg
C' 2

1
T @ O G
C,=C,= C,= 10 uF -9 & C’= (10/3) uF | SIfFGre ¢’ @3k ¢, Tieare

TR TE | SO ST 0T 4IFFG C = C' + C, = (?“C’j uF =13.3uF

(b) BF@E™ST @, C,, C, 9 C, AFTFYEN LTS oA Sl 3, 4 Q |
4 ¢, 410 WA Q1 94 [2Y AB, BC ¥R CD-F 12 AT e #iiefy

FAFW Q/C,, @/C, R Q/C, , ToG T 7,

g+£+£=500V

G G G

S[IE, Q'/C, = 500 V.

10

Twizad 2.9

ANE (AT NI S S A7,

Q= 500Vx?uF =1.7x107°C 4R
Q’'=500V x10uF=5.0x10"°C

2.15 YAS A4S ¥ (ENERGY STORED IN A

CAPACITOR)

SR (e, 930 9IS 261 Q @R —Q SRS 16 272 @ AR | 93 FRI
g =i el w219 &y, ANRFSIE 29w ¢ fFor « ¥ s #IfFai2 Ko s |
Q= RS AREIE] (AT 22 SATTAIRTS GTF 7 9 Y3 FR TR S IS G0

T

—
N

—
N

(@) (b)

5@ 2.30 (a) @2 SFRARNTS @G T2l Q”
(AT Q' + & Q wAfFMIel BNt I FTE FoFIY,
(b) AR SNfReFAT GG FoId T 4l AAres
(ToF SFELTHAF e *FITo (T @S A |

80

afFa e I TS =T #17F a2 A0 Q S e
B | AT T TS ST <17 S S oAz ==
-Q=(%¥ 2.30)1

o SifFAID (ATF AU AARARICS GAIF S RIS
e, APPSR B A=A SIS T, I (T~ (T AT 2w
AR TS AR (A T Kot A | (6 Foi atef
FAF (G, AT SN (RICG! (RICH] A1T7 478 F@ AR
(infinitesimal) (S, *= M FRIHR) ST F=ITSEE S
FOI 10T B | 751 96 TGS SRR T K5 7, 74
A2 @3 fASl 2IRAIRITE INFE Q7 IR —Q’ T AT | @2
SRR 22N @3 Ao 212 Wy e sAielay V7 -qg e =
Q'/C @A, C T8 AT 4FTFY | Q<4 T3 I G0 FA
A 5 Q7 (F Tasly w712 (AT AL 2AfFARITe Rirefe T4
251 | G2 L7 FOFI (6 W), TR 0 22 SAfRA1EIe S Q
A I (AT Q'+ 6 Q' T, OiF AfFie

Q

SW=V'8Q’ = C ek (2.68)




g efbe feg
AR 4ITF]

@ARY & Q' (F TR 2z Jre! (RITH fATs #iif7, ©iF (2.68) ANFF Fwgeet
TR T

oW = 19" +5QF Q"] (2.69)

(2.68) €% (2.69) NG 7= FF & Q' “I(G BRSS! (arbitrarily) (=ITH!
2677 AT 5 Q' @7 ST FEE Al welie, § Q72/2C G Trorwa | (6 FeP
(W) =1 S Q' (T SIS T FE TR AT ¥[7 (A Q 7R® I FAC0 FX F7
FOITYCEAR (5 W) (U9 531 |

W = Y &w

IS LT ARG

1 ’ N2 72
_ W%ﬁﬁ 5cl©@ +06Q) - Q7] (2.70)

_ %[{59'2 —0} {269 -89} H{(B5Q) - (25Q} + ...

+{Q* -(Q -89} 2.71)
1l g9
—ZC[Q 0]= e (2.72)
G AT (2.68) AN (ATF AN ARG FAA ool = 2w
Q ’ ’2 Q 2
(950 197 _9
W‘£c5Q_cz|0 2C

G ST LETNT T2 (72 BT TP 2o RN R F& ST GG IS |
(2.72) TR @ FeAre1s Sl fon foq epita forars 47

Q> 1 , 1
W=2_=_(CV?2==QV .
2C 2 zQ 2.73)

FrizelTe 76 AT T61 29T «3 FoIRH AT FfexifF Rrma Afge |
Gz I PrfeEa oIy Teee (FfiTad 2.73), @ A=fSTs @ 4 Sl
R 91f5e 27 (2 owifon Boig fSa s 1 | 92 41766 w2 2 (discharges) @3
e« TT =7 | AT A TR [y Sfberwtg Ao FfeiE goa 9B ol
BT | GBITF (T &) RSN G0 IS S (I 2 (5@l 1, i Al siices
CFATA A G3R 2SR (SO0 179 d |

R Ao =i

_19° (0P d

_ _ w & (2.74)
2C 2 gA

I SHNNGF TG o AN (T Sferwa E-a3 309! e 7731,
E=2
e (2.75)

(2.74) 932 (2.75) TN (T S| 2412
A Ao =IfE

U= (1/2)e,E* x Ad (2.76)




W R

82

Trizad 2.10

T I (@, Ad T 26T NGO ST SIS (T %G SfSrwag i) |
T S *IE T TR (space) 2 @ simrets 74 %I 2 wwife

S ANF 2.76 SPACH SFLTHa *IF Ty

u=(1/2)¢,E
e 4 TG AT AR CFea Sl TN (2.77) 2ffow! FEf, 9
SFETRCaR *If qeTg TS T, TGOIITH 472 IATAFOF! IR ST (@~

R wgel 775 S fULCFias Sl 2TAey |

Wz 2.10 (a) 9F 900 pF HFFCE 100 V WG 2=l =iifze 41 241 [ foa
2.31(a)] | 4TS F 2w Fraeifefes «if iy 2@ (b) @7t oI
AN (It oz F21 267 93 S @SB 900 pF LI 0! I8 41 241 | foa
2.31(b)] | 7T ' ifastel Frg wifgfos = Agm a7 2

©
I
©

+

®
|
I N
S
S

T
e
[

G

(a)

(b)

C ©
100 V
o o 9 . - -Q
(@ E
e
(b)
@ 2.31
IRIFHOTS A LI 261

Q=CV=900x 102Fx 100V=9x 108C

4 F93 Mg *fE = (1/2) CV2 = (1/2) QV

=(1/2) x 9 x 10°C x 100 V=4.5x 10°J

FrroEIT, 76 GRTFE IR ATSTAITS A Red AF G TR AelTE
ANSHTAITS Tl {7 AF | €3, A (common) K3 AT V' | Sigte
AT (R AT Q' = CV7 | ST A= 7@ S @RI AN, Q7 = 9/
219 @RIF @, v = V/21

e og NG =S =2><%Q’V’= iQV:2.25><10‘6J

GOITF, (a) (AT (b) (T @TS, AME @I S Ko 27 11, ol pore =
AT = (FIeTIG NS 27 | G5 #IfE T 7 2

FRIT7 PRI SIRTCS g TR | (b) G2 SRR TR AL (TS (AT
TSl qFSHTe G TR 202 T | 92 AN *IF Ol G SfGGTI
INSERE BT

(2.77)



g efbe feg
AR 4ITF]

2.16 i« t &F (TITa649 (VAN DE GRAAFF

GENERATOR)
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GG TS T S ¢ (0 (6 g, LIS ST (Befie YA ¢ Rofdrey? @7ifze
IR TR ) 92 CFaeTod W& e g At 2ifew 200 | Sgeieit, 4G 16 g
YT SN CFRaFeIog 1 MC TR AR 2002 | CRaeaiibg 1 M ¢ ST SIRITe]
TRCE 2R @G Sidies «ifwwd 21 g = q,— q_ | 77 2=iEd o @fb ¢
SR AN NS G ©lizre

I=

~ |Q

(3.1)




I GBI

94

(F S8 CFGHETR N4 T s ofbeeRiz Rrr wkeife w1 23 | (3 «fbx deds
T ST O0F @ft @6 2o SRz o 6 1)

iRz 7 727 & A SiE SIS St ARSI Sfoee RS Faqr Feie
3 | 4, @3 A7 @I @ erRErE N M At SRI [ S t @R
(t + Af) N NS AN | AQ AT (1B SMegiey 2i91fEe 205 | ©r2tet ¢ 7w #fF<ide
6% ZPRITERHE W4 T 2912 ST At &3 S *[Ta SIRIFR AN (At —0) AQ €
At-9F IF7iTe 7l TSRO 9 23,

_ i AQ
wiefle, I(t) = lim == (3.2)

SI IF(F SFGRANZT IFF 261 ST | STz pIIR ASIEd O ¢F
SRR <l SR 2Re] SROTC SRR FC! | 2RI ofe TgilfeTs ofge s
i RS S0 S0 23 | TG AT 5108 2SR SRR BRI vio)el SR @R =g
CRRCE ST (AT TR T2 I, S MG SIS TR 2112 Sfbe 2et R0 Syl
FOE |

3.3 AfHAI2Te ©f¥e 24T (ELECTRIC CURRENTS IN

CONDUCTORS)

OGRS T ST 2 20T SN G 61 Sefod B0 | v LI betarsl
=3, @fb e T Sibe SRR 5 0 | 2Fore I TR T/ TR0 @ TR
YNGR SHATIR B, TF FAIERIT (ionosphere) I | AME 979 IR T9Te
YT SYIIE) ZCETRGA AR Lo SLIIR] GTZRART 2=w{Tara AT A G ©ig
O FIRTSIC G5 0 11 | S S fefss (Bulk) I IR A 19 A1 915, Snizerzgst
RN T A 10227225 59 0 910 | €3 S99 et g il AT (@ ZEG9ET
O et e e i A10en 2 I AT St =1l | @ SRoRiAe 6 ey 2t ZERGo et
G S AT (7 STELTFG AT FAE BERG9ICH 9O 1 | Sty 2l
T 413 ity g MRS BTG AF0L T (ATF @ R STee M TS
BEIDE A | @ GRS 2T MATTS AR o1 27 @R Sfe<rwa 2T I GWd
M ofe 2 IEd 5 &7 |

T =T T 2R P2 SR O GO AT AT Aol SI2 46!
TGN S AT (T (SO AT SIS BERGLR ANET T3 S 2iA1fEe
27 | Ffne i R 2tEs #RR1E AR (e ofbe KTy w3el, (@It N € Heie
Tox AFIF SITE BENbE FACS AR | SN SEAGICS St *jgeia T ARa2w
TR (S (79, (R =0 o1 SR AT oIS SCERG 2ITRE G2 S
AR = |

AT I GFH SR G NS @A (I GG (72 | O 9167 Sy STl
5| SReT 2GR BT N PRI ST T A FREACH 191 TF | A5 SCERG, ST
0 FRACSH 2 G2 ALAIG7 (@071 R ol =21 | 3l AAITe =11 (o e s7jef
CATCACE] & | (Il 75 A BTRGaof ot ISRt (FItal #=2ewa s it =1 | 912
MTT (R 9T T 2SR 2eTRGeaa 714 OfF vt e 2ifeRier 2reraoaa R4
T 20 | PSR (FICA O R AN A 1 |




GRIEIAGICN

GG AR THAT SIGLTFG AT Z0T B W60, HTA Q2o ST S (AT ST
foerermIce [RExia Toia (Ffirge SO R TP 956

wlelghe ARAEE o3& (ba 3.1) 1 461, ==l

AR (o7 92 TP K0! FETE HIFTS e .0
W GHHS +Q TG @ SHHTS —Q S FINSIT

——E .79

5 ARCZ | IR GBI G163 b HeToeT S SR

257 | G ST (RIGE s S e BRiier aas 5d 3.1 9=6(6 #Afa12l (ltea 1208 +Q a2 —Q @il =12

ST B 2 | (2 ST AONA RG] 902 |70 OGS S QLG 1] STe 2
+Q IR T RIS 20 | GO BRG0S0 | a9l D efgeataie e #(aE
YT 2¥E 0O SN 27 | Tow TS G T +Q =R G SR O e 2

AIZ HETC® AP ToHe2 SGR2ANZ 76 FACF | AN,
@ ~Aff=ox 2l RTam= T R0 ST I3 T FER G2 Ofe 211w 73 «3: gl
2T I 2R YRR A1

I G QB (FHCETH FAS SIS Al @ (BITeH ABITECS T9 SNl
FEENL P AR TSI ZCTRG 2N T 2N ST W5 wfzel a1l A7 |
CTeRE ARAIRIGTe @ e e oforwa 3% 201 | 7 w0 T e ARAS a3
frrfbe Sfbeeriz B 2 | @ ARl 3 FRENI Sfoerra T AT ©f 2o oo
1B TSI @ SO KT A SR T | 9170 S0z il i sffeataig
ToCa S 599 Al SARIRI0 P ofeerwias &) 75 2 |

3.4 S2(F 1@ (Oum’s Law)

iR 2RI 2P (F e SREIEE 92710 1828 fI6i f&.971. 25 ofbeeqz 7ifFe
G 361 I SR R | 471 A, G0 AR 0y e 1 ofbe @7ifee 2ovz 932 @7
YeTed e +i1d V | 8a0e 7ad [igfef 2o :

Vol

A, V=RI (3.3)

AT, AN /11O L& R (F 331 & 2AF12I7 (F14 | @R ST G 267 67 G GG Q
AN B 2 1 2 | (@14 R-9F T ¥G A2 SAMICTR Soi=2 fSaia w31, <ol
#IfF1217 M9 (dimensions) Toiee ST | A8 Talg Told (@Y R-a e
fTeits fasqeel 33 s1=res e i 2 |

L 76 @R A ZPRITRME CFITARMS G AR Fercaa F20t Reas= s 1
TR (3.3) B [ 5@ 3.2(a)] | 9@ R T06! SR e eE 3.2(b) Braz siwet
Ao GIFSITT A ZH @ TR 7 21 27 | AT Fo1ea w4y e @ ofe
AT 7o el AN 7 MRS G52 ofbe 2 ifEe 27 | 7 ¢2s FeTca waiitss [eq
AL V 2 O SR T it e Aeme V2, FiRe @S T 26 gaw
RO S G A ©GANZ YIB! FeTC <) M2 2 1Re 2002 | 1592 « TR
RIS e #A12ay Tomaad e e g e #H1<fa @ioiees R SR 2@ 2 V|
TR W4 R 21T Sfbea iz [ @3 TR @K [ 37300 (3.3) 7 (A0 |

@ 3.2 v w2 A
HR[RMT CFaZre % % 33
GG TR

TAE (PG R = pl/A
R ADg qefell |
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R.= ZTV =2R (3.4
@Y V/I = R, 2fS Tt @i | sl sifgaidia o fasgel wce1
(I Faojel 2 | STouR, ARSI @14 TR TS,

Rl (3.5)

G IR, FAFOE 9 IRF ATTSIE (0O § 5 41 267
AT | O [5G A /2 2PRIToRE (et {5 B! ST~
TR AL R T A | [ 5@ 3.2(c)]

LA AT M GG WS TS #1125 -2 &) e FoThiod
W MR AW [ ofe 2ifEe 531 oigte ~ives Siwemm @ afea
e e 1/2 ot aRifze 2id | @rey &S s paiies ed
T T O (1787-1854)  1IW VAl woiela qaiivas Req AT A, ©i were affe

I mew, e ges SR (I,

<
10
%
0
Q0
s
§
E

SI171 | 17| 2T S0 A R="V _oV_or 5.6
(R €2 ORI I 2w FCH: /2 I
@ ©fe 2ARE 2o ST wreffe, ARRIZ SRR et S 20 (@14 B9l 27 | orewd
TSA@T A IR ST ZE TSI TN A, (@ RIS (FAFCET 0! AT, wiefie
Sl AJICRT A | 1

R A (3.7)

(3.5) @R (3.7) ARG AN(T© SN A,
l

R Y (3.8
Sredq 56 WS #IffI2ia ¢,
l
R=p A (3.9)

TNANET gTF p -7 WA AR SoAMCR Sot ez &g #AfF1E @ Toa
TSR 71 p (3 I0N 2 @ASF (resistivity) |
IR A AR ST A WL 2P 1 =T

Ipl
V=IxR=—"
A (3.10)

GTF CFGT(E (SR A2 ATOIR) 2ANMR® ez I/ A (F I 2 ©feeAF
TG R T j A QI A 1 2 | G ANZ I SI @56 26 A/m? | K T
1 AR S0 e SR ARG NI E ¥, O3 O FaItga e Al V, El-aF 7w

2 | Q9]TA AR IR (3. 10) AN Wi,

El=jpl

qA, E=jp (3.11)
E 3R j O3 W 750 Soa AN (STRCAE 2 1 T | 2412 779 e
(TCF R GFF ARTRMT CFITCET 00| FTFSI(F 2[R SoeedR 7l A@(e
96 FAR) ESfeyl @k @fbe «Fh (937 j (j=j E/E) 192 3.11 JF¢00E 11 AT,



GRIEIAGICN

E=jp (3.12)

ql, j=cE (3.13)

@A o =1/p & I 27 2IFQRRSIS (conductivity) | ST 4GS (3.3) FANF0

T 8 FUCA T (3. 13) FNTACIF MRS 2 T 2 | 27! SR Sl
BERGR [6e (drift) @RFGIRTE (AT $Z0R TCER Sl @RI (630 T |

3.5 3ETREA [A0ew «a2 (AHTeTa Teoife (Drirr

oF ELECTRONS AND THE ORIGIN OF RESISTIVITY)

SN[ T FCATR (7, G0 SCETRG PRSI SRR A0 AT 18 27 93 R0 2/
@33 (391 90 g eI R ficss el 22 | aff st o151 Sresgao ez 2l
R S O SR T4 X[+ 2, e 2ERGACEIR 516 SGTR AT | ST
T @I S 208 N RS TERGCR TR -9 2ERGE (i= 1, 2, 3, ... N)
aiferae! v, ¥, O

1 N
—) v,=0
N Zl (3.14)

G BTG T2 G G SRR 3R] T . 2 ST &)y SRl
S 203, @R @ T7
-eE

a-= m (3.15)

AT —e 25 SETRGCT SN I3 M ZF SCEAGCR ©F | [T (el
AT I ¢ (© (-0 RGN KI5 FCAT | 93 JEFEAD 1+-9F
g T 7ITF IRACS o1 ZRMRe G ATRA (<17 FA© 2ETF 7
SSPIG AT 2 £, | T (TS SRS AT 19[St v, 2,
O t, A 217 G I ST91 209

—cE

Vi=v, + (_) t; (3.16)
m

Tl G AT (AT % I ¢, T SR @b (3.15) 7
TR 2 2ol T e 2 | ¢ T ZCEARGH AT TR0 26
TGV, -7 97T | (AR (- (I FALNCS SPIRASH 20 RCARGCAT

(91 TSI TN 28, O v -0 TS 2 [ ANl (3.14)] | A
RIS G TR JRIE N LRI SRS T 52 3.3 o1 of speirom 51 AT 779
= | 4G, GG 77 #f A TGS AT oG TACF T /R AOS  rfesgsy o0 A (a0 B Rgr sifoilar @
T 76 | GG G5 WS TN I g FRUF 2 RGN TG (fRfoEs i a
S @ T (T, SRR g AL AN (W | SR @ awfo) | Hrad el 7 @sf wferma A
qE, ImesE i=1, 2 ... N S9N AR e OIRCEA (3.16) 41 T O SEiA0 B R A (S5
SR £ 1 g FATCET (GG 1 S| ol i o 1A o) | efgertan feidond]
&) © ST R | (a7 ST ©4A B ¢ [ AT WY AR I o <l T |
(relaxation time) I 12 (X~ (] FIRH S -(8 N-FRLF

BERRGER & (3. 16) TR TRFACI 21T 07 Al 5ot

7



I GBI

cE

(Vi )average = (v" )average - H (t" )auerage

Vq

eE eE
=0-—7T=—"-7 (317)
m m
(<A TEANFAD SIS T N0 | TRITE Ol T (F, BETRGH9 R 92 A1 e s
ST G T T 15 e sifsTier 237 | b2 2o RpeTera 2ol @3k (3.17) AN
v, (3 o1 = fbeTe (391 A S 21z (39 (drift velocity) |
G R &) 2, E- 3 ST 0eTR S14] MR SHITas isTies #ifes 2% | AR 1wy
G GH{B AT CFae] A T IR (T (R0 o7 SO
E-93 370%] T1e1e 2 (10 3.4) |3 ReTtas &y S 71
At (S CRFaeell AR | v, | ALVEG 43S % TG0 @
= E CRITG(P ST T | AW LTpbw G SO Y PG
eo—>
TR N T OF GF7| TEFGER MRY TR n At | v, | Al AR
S el BETRETE S —e, iR At TN A (R W4 M
TS SIfeH® (G M@ -—ne A| v, | Atl E I Sfey3,
foa 3.4 93 arex ~RFARTe ooz | @3l [Val
o efoeenz o 2 e ©i2 Yo N4 A E SIfSre (i 4sifers St 23 @3 s
e - YOG | AT, At T A RIS W) M SIS St
G v, T G0 (BI0 SRES ST T |
AT T AL [ R (3.2)], @A [ 2 OGRS | AN,

+——— AX=UVAt——»

IAt=+neA |vy|At (3.18)
(3.17) AT (ATF | v, | -3 A= I ~Ahe I,

e’A

IAt= TN At|E| (3.19)
m
RGN, SFEeAAZ IHCe T | | -7 et [ gt 7ifFs,
I=|j|A (3.20)
AR, TN (3.19) G=R (3.20) CATF 2N T,
2
. ne
|il=—7[E| (3.21)
m
j (SFAM E -9 A0 @0, ©12 (3.2 1) TR0 (T30 [Rfiiiesita @141 A,
2
=" 1E (3.22)
m
(3.13) TR ANFACI 0! getell I A Sl i #AfFIfZeiss (conductivity) o &
G 40 R @,
ne’
c=—71 (3.23)
m

T (3.22) T AN TNLOIT ST TAF AP I |
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GRIEIAGICN

ISR, SR (TN (3, OfGR AR I A6 AIell (AT S2CH (b ANS A |
S SRRl 7GR n (F E TR0 433 Mz | 2R S Skl eg0@ q0ad el
[BESGIRIEcl

THZA 3.1 (@) 1.0 x 1077 m?> 2RITRMA G O ©Ias 94 7 1.5 Aofee
112 20 2112 BCERRGA9CENR 5 Kb gfeq s 5ol St | «ea s, 2fsf
SN 2RI 90T G5 T AR 2TRG 2Wie F(R | SN Tg 9.0 x 10°kg/
m® 3R AR S 63.5 u | (b) AN K6 gio= 0o — (i) Freifs Olsfia
SN SR O G, (if) RbeT 21w 75w ey vl #if712) 77w ofoerswas
R gio ot el |
RRIEIC
(a) AR IEIGHCAR KbeTe (@I SIfSy2 2o Sfeerwian [siFrey 2 wefie
BTG SR ©fe Kot s Ao 27 | (3.18) 7R AT ey
faver gfe
v, = (I/neA)
94, e= 1.6 x 109 C, A= 1.0 x 107m? I= 1.5 A, 12 IERGER
TG 1 T GF TR0 TS AR (5 2T 74 (Cu-ad [@ieret
FETRGER TR G 28T 4 (ST I (@, Cu-a3 A 21wt @6 #1112
CEIG 2N FR) | 4 TRGIF OIS 9.0 x 10° kg | AT 6.0 x 102
FRYT O 2TNGT ST 63.5 g, Ol
_6.0x10%
63.5
=8.5x 10* m™
(AT 2N S T,

x9.0x10°

1.5
v =
¢ 85x10%®x1.6x10° x1.0x1077
=1.1x10°ms?! =1.1 mm s

(b) (i) TON@, M SR SN RN AT o+ [<(1/2) Mv? >=(3/2)K,T

FTFE (AT AN T R GOI AN AT ARG ke, T/ M SR, @A
ke, 21 @T”‘:U@FUW 43 (Boltzmann constant) | 300 K SI#NIGR SO
(LG G &= 2 x 102 m/s | 92 ARG [ ARRARITS 29T G
TGS GRS A0© IR | ST (F, SETRGCAT [ 5T God i+ 372 35
e OISR GeF 2 107 9fel |

(i) ~IFFRI2 TR 2R SFTLHIR G SGGTIR S Gfoq 71, T
T2 3.0 x 10° m s (SR S (IR GG S FACR) | [ {beT gfod
W G QeI Y32 A 107! ofeloss T 27 |

* G (RN IR0 QI SIS (13.23) R AN (el |

o



I GBI

100

Thizad 3.2

Twizad 3.2

(@) 3.1 Turzace! NS SR TR SR o AR T 2ERRGR TP
56T gfog T NG FEE mm s~ AT (517 | OI20ET T61 72 (closed)
T R YZOO TRE FONT TSNS OISR 7 27 2

(b) SRR STSTTIR SCCHG SERGACA| T6T TS T T2 IS G
I 2 | I SRR T 5 T, ORE SERREAYE (@ R AT 91
e gfostre a2

(C) RGNS BT G G ST T Y42 3, ©IZCe 2ATAIRIc fRpeiie wifarsniet
Sz SRl FeiF #1fE 2

(d) 4 AL BTG [oeTe (Fed (20 T e s 27, aaa &
AR (T AT AT HoTE [T 2CARG9IC] 958 SIS oA 2

(€) BUFTRGAYTENT 77 7T AL (ST SICAT LI ST AT ) TSt
SIS YA FFEACINIF 20 5411, T (1) SIS AT A, (1) T4 SIS
2T AP 2

I

(a) TZTEA TR (ST ASTITH) FIT T 190 Sfbrara R 2, I e
ARQIRT AT [RYTe RINT TG [oem 27| ofbeeqiz 3% &y
FERRGATAIE ARRIZT (AT (ATF ST 2T TS 7T o FA0S 2
T 1 7fre P TR 21z 2Afere 2re o g e 2tise =3 |

(b) &St T G TS 27 @R O [Kibetw gfs wome #17® i ToITs A
T AL T GG 4IeF MIT @ GISRE SACTF Aot FRACK o1 27 |
FRECA #IF O o1 Gfo 2 PieT g Y200 T2 [ S=el 7 =2
R BT G5 FRIT N 2€ TS oeTe e AT A ; 3 2AfF 5eTres
2T | ©1 90T ETRGACE! T [R5eTw gfS o1 07 |

(c) T BCARGCAT AL Tl S (M IR GF T AT 10%° m™ |

(d) IRRNER N | BETRER CH R A (@R AR REeT (@9l Feifere
27|

(¢) OfGLTHIR TIPRIOTS ATl FHEACARIT 2 | g Sfoerwian eoififors
(AT TIST) AT AN I 27 |

3.5.1 beTel (Mobility)
SR (TR, F5eT S A Geg AR 95 2 | G S A2 4o
SARITL (L BTG 3 SR T (G BTG '€ LIS ST | el ©fbeRrsry
AT (FCG G G 3R AN T IR ST 20 A |
567! (mobility), u GG YFI A, ACE G5 AR GG [beTe @0
T R RIS 1 A

_|Va |

H=E

v _ etE
T m

(3.24)

IpeTeld SI ¢35 2e m?/ Vs, @G ApeTold 7217 9 cm?/Vs -9 10* 94 1(3.17)
T IR SPAE



e,
_bq_er
"E m
@A 7 267 ARG G %2 7T | I .

3.6 STF (AF ANE=©! (LIMITATIONS OF V

Oum’s Law)
e SRR I« WA (A #MICHE (FCUg 2Ty 2Ce o7l A w2 ‘ ‘

(3.25)

SfEesaITe Age «37 RS sl 3 7t 95 20 TR CFea V @GR I—>

I -9 LA TAiF aiarey 2+ 1@ Rpfer ool FafRe @l oo o o oan 2 ERIRIEIRCE e e |
G 2P B0 AN ) <] <511 2CACE | TeioRs el 9fs
(@) I-933Cs! V -qF e oiifoss 71=7F0 G 1 (fog 3.5) | RIS Req V @k ofbeaz
(b) V aR [ 7=5{Ff6 V-4 Brzea Soiar e e | el <1 11, [ -2 S (72|

«3f5 S V-ag oo SfSeaaiz 7 1 29, O3 V @7 99 Sieificfs
@0 ooy 2 Roide e e ofeaarz 195 2w =t (5g 3.6) | Srizserget
T A, TG (TG GF21 T TG Tl SR St ST S0l 99 |

I
1.5F i ERINES
E i e Sl
2 02 yv—» o
;-
L v :
WA fTeq V (V) — i
5@ 3.6 TitaTEw @ 14T | e 4 3.7 GaAs -9 (g o1 ATow Ao
O3 OGRS foF AT = @ OGNS 7/ |
AN (FFYCEN o1 Q02 |

(@) V@R [ GG T~/ STz @7 77, Sifie ofbeaaz [ -a7 @i f6fs Sita
Ty RS 91195 V -« «3h1fas S sfhem A (5@ 3.7) | 92 261 4l eivfaaidt o5
AT Biz=e 261 GaAs |
@ e sl @R TG (3.3) AMEI Sl G2 G (T 5T 11, Ol oI

e (electronic) ISAITS JIZS 20 | AME 3 T G 26! TG ST

SIS 2T I (G BTeT G374 ST ofbee iz e s Sl |

3.7 fafeq 2wt @41 (ResisTIviTY OF VARIOUS
MATERIALS)

FHABT LS 2T N ST 2P 2L @IHITST T 3.1 7R ARACS SIfereigs w41

TR | @IS N SR IS ALY, - 7112 ) S et (iferes 101



I GBI

KIERIEY

il (FreTer)
OIS (A1)
SilGIRERE
BIEH

TR (SN=)
2=

#{w (NFHI)
BIE&aD|

(Ni, Fe, Cr-a3#183<)
e (3134)
o 27
PR (225)
SN
Fiferes
TolfFR

e oo

A

RREINIED

NacCl

froers (RIS

102

31 TR | ARRIRTEAR @ITR S I G2 G @F 10° Qm (4tF 10° Om
F S A | Senfacs PRI, a1 @) 25 Sret Sisifzaid) Al ciirsss
M AR @IITST 1018 9j¢l A ©iF @ 2 | SRR 25 @ REEE W | Ifre
Sl I AN GO TS M @RIt 21 <A1 | S=Ra1Ee v #IfFel
i A BoifRfSa Tee @ikiTssa v greifie 27 | S @2 i @St
@gfed (electronic) IFAINSTS FIS SN 2T |

1.6 x 1078 0.0041
1.7 x 1078 0.0068
2.7 x 1078 0.0043
5.6 x 1078 0.0045
10 x 1078 0.0065
11 x 1078 0.0039
98 x 108 0.0009
~100 x 1078 0.0004
48 x 107 0.002 x 107
3.5x 107° - 0.0005
0.46 -0.05
2300 -0.07
2.5 x 10°
1010 _ 1014
1013 _ 1016
~1014
~1016

PR G AN IR Gy A fETreI0a &g (0 9o (=ifel St : o
ST @14 @R R @5 | O TS @I RN, TP, TZCN SO
QRO O a1l 7Tl ffefe 2 | ST ioIae $oi @It faeaiersl SIcorFige
T WA DEAN G AT LRI 22w 1 T | o (L S AT G5
ST SN T (ATF FERFH ST WA 2T N ACF |

THAT (LT DI I TS 27 | P @9 7 € HF 9K VT
I ACE (AP IO G I%67 970 T | P @F9JT] i SN, 8 G0 TP
WA (colour code)-UT AP A T 2T |




GRIEIAGICN

gl 8.2 (AYTFA 92 ALF© (Resistors Colour Codes)

et (Black) 0

WS (Brown) 1 1 O !
e (Red) 2 10?
A1 (Orange) 3 10°
e (Yellow) 4 10*
A% (Green) 5 10°
et (Blue) 6 108
@9 (Violet) 7 107
PR (Gray) 8 10°
%l (White) 9 10°
N (Gold) 107!
i‘?ﬂﬁf (Silver) 1072
Ff39(No colour)

CRTRR ST AP SRR Ao e T2 Sied AR 3.2-9
SIfeTRgS 4l 261 | (@A 9T 2T (ATH 13-4 2243 gib 216 wgw
G IR 2 G SI-A5jel 74 o® 0 | gort -« I
wifirs afferess (31f 3.2 SRR s1foe w0 | TR #1f6 e Wit
FICATT TSI *SFIF ARG T ST | FACA FLUCA 98 T
#ITB0 S1sif=ie 2=teT (No colour) S 20% AT o T |
TrERerFgel, A (@A BTG TR T e, T, 260 =R GTi=et
o, GTUFCE + 5% sz 3w 72 @1fs 36 x 10* QZF |

3.8 @Yt ooal FSae

(TEMPERATURE DEPENDENCE OF

RESISTIVITY)

AR LSS @I Boie fes wece o 17 | g g wimieda
0 G T Ol SR eTe! (7l T+l | TS Ol isia) G4

(43 QMR IZH =), 413 SRR @i Sipfareica Rwgee aom
T TR —

Pr =P, 1+« (T—TO)] (3.26)

(b)

foa 3.8 T TOIT @IKF
(a) (22 x 102 Q) = 10%,
(b) (47 x 10 Q) = 5%.

QA T AR (IS p. G -SRI @41 p) | o (F 61 2 @0
SIoIEl 9JeNtF (temperature co-efficient of resistivity) @ (3.26) ATl S
-G TGl (ST | AR CFCE -4 e GSF G Ty, = 0°C Sy g
TRYF AGT - IT N 3. 1 ARATS SIeAITS 21 200= | (3.26) AN 721 SIS
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‘pp -T’° @TADED @6 A=eT=l 2671 0% SCo SI<e6! e Ssiianry @iibalt
FRECARTO! (0P AT [y 270 (o 3.9-9 @we) |

% (3.26) AN, T SIFwIal T,-97 ACATF T-97 e o5 ifire
RN ATAST | GTIT FTHA0CE 2R 96 A R 2 41 (@0 AT |

E to4 _
R g
= [3)
= = L P
= ‘31‘20
§ 0.2
.2 gl.xo—
L 2
' . roob— .
0 50 100 150 200 400 600 800
SefEEl T (K) —» OiFE T (K) —» .
fo@ 3.9 ©iNF @IS p,., 5@ 3.10 RECE @ foa 3.11 aFe SEeRAET
I T- 9 AT Py, PRSP T a7 @IS Siowa fFsaeTet |
R gwifEe | ST RO a9 |

104

TR (1, @12 @R GIERIGE 139) Wret (5 g *mic& @iuiessa s
SIFER ARREER So 43 AR fed (Ba 3.10) I | el @R FAEoabIS
G 3 (RN | GO AT ST SISl SAfFRS T 0> 33 A #IfFafSe s o
4 (wire bound) &% @14 (standard resistors) (Sf0e @79 ”TWTQI/@W
=

SEHARAIRE CFCa SloIal RS AR @INTR 2RSS 47+ e el 7,
TR IR (RIS SioiIal JRE AT ZT AR | & RO <0 @IS olopstiat frsameret
3.11 fora (el 257 |

N 3.23 A ST MG SN oJeloloeIrE @iiTea siofa! frsaierst
AT A1 | @ I (AT AT N1 gt Aeat am —

l m
P o net (3.27)

SiE p, G TS YT SERRG A 1 G3R 77 217 16 ALAITST TS| oI SR 91
T, @ YR AR BN 2 | Sl gt R A AT 202 TS SERGHER G
7S i AT, T T 9 IS W0 | 12 i@ IR AT AT 2177 AT Y ALITSR J
T SRFCIF G 7 ZOT 2T |

9T (FFCF, [T 20EIG WA n OIPNIAR Toig Sfemiar Feaiiet =17 | i 734
A SIS SloIGl R AN AN 7 -G T ZPT (AT p a7 S I A1 |

Tfte SHAfRID @ STaTF M (F0a, Oloial I AR n-97 e IR AT |
N-GF NCH GBI ¢ (AN 3.27-9) -7 (@@ A P QIR A | T 9
AT ST CF0a oI JRE AT p -G N 2 AT |




GRIEIAGICN

Trizae 3.3 @I @AYo GROIE Ot Toime RO WS 92 341 21|
@F gy T Folel ©fGe AIfE® (e qCHA SIPNER (27.0 °C)-4F @K =
75.3 Q| IR T4 GPSRG 230 vV WEIAIZ AL I I T FES
GRS W) 2@l 2.68 A F=F Wt ¢y | [iRw SoAmeha g
SIPIG F© 20?2 AW OIFT @EE i@l oiies (T ¢Fiq Siomiat
ARG 2N oG ) 28 1.70 x 107 °C |

TR SAICR 0 M0 2R=IG] 75190 20T SI9AR et S22 T SAMICR ol
T, (IS SIoNI@R Sl <31 T | GrBET A2ifE-9 I§F0E eRwas ol iw
=, F=E W 2.68 A-97 [Rghl @M 2@, g ofbceRies AR T SpiE
TAMICTR Si7Ial 7 #1103 | 97 0T G I AT 2@l FRee6] g1 #{1e3 |
FEF TSR RS OlofIal PR sReIR (it A S i AR =1 @3 Somie
Y 9J2T® 2@ Tog PR W IR | PR Si7RIdl T, (9 SAMIR (@14 R,
20,

230V

= =85.8Q
2.68A

WF R, =R, [1 + a(T,- T)] &R a = 1.70 x 10~ °C™} IR I, Sl 5412

T - (85.8-75.3) _ _s20°c
(75.3)x1.70x10

wigfie, T, = (820 + 27.0) °C = 847 °C

IO, ST TAMITTR PRI SIsaal (327 Teolifre ©ief @3k 2o wivifos

Ol PTAT  27) 847 °C |

g
=
w

Tuiggd 3.4 TN @iy ARG WTTw O @y TEess 5 @ @3
TFHAICS 5.23 Q T | ATRGRTEE o7 TN G 20, i siaa
@Y 5.795 Q T | SIS Sioial e e |

AN R, =5 Q, R, =523 QER R, =5.795 Q

R, -R,
2, t=—1"2x100, R =R,(1+at)
“ RIOO_RO
=mxloo
5.23-5
0.795
=—x100 = o
023 X 345.65 °C

3.9 ftex$ 8 5ol (ELEcTRICAL ENERGY, POWER)

A FE, A GR B ARRYIE G0 SRS W0 M@ A (TF B (O [ SR 217
TR | A @} B RaRE ofteReds 39 V(A) 9k V(B) i sfbe <=1 23| 0z
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@9 A @F B (9 24iZe 77, ©i3 V(A) > V(B) €k AB -4F 29T [eq sAidy
WV =VA) - V(B) >0
At ST BRI A (AF B (S ST SIS 230, AQ = [ At | FREAIE, A
e St Pefexfs Q V(A) @k BRMte Q V(B) 23 1913 Feifexifes s,
AU, ,, = i fagre Feifes - arfes iiqre Fafedfs
=AQIV(B)-V(A)]=-AQV
=-IVAt<O (3.28)
T 2/ e T S RO REITOIR 5aI66 F(F, O T 2 Fe aerei
S{fZTE 701 @ (NG =i S 2t | IfRea vicareel 7 SR,

AK = -AU,, (3.29)
SRS
AK=1VAt>0 (3.30)

©f2, AR SfELTHET AN A2 314y T SN [ Rbettas ¢ta qma
sifeifiE, aifox T2l AT g itz | T ST s (e (1, e Sdiweeen wie g7 =
TR G0 P WM [Kpete @9t A sifoiat 237 | 5AbeT «it #i7le) € SRR AR
ST AfSfTe ALAITeT 2 0! 2 | FRASHITH YT G2 wiers =i
ST @ AT N A6 2 | T AT WA (SIS wifrs 2 wielie
AR12 Ted 2@ Tro | ©f2 A @Il “RRIRI0S, At TR SRH0H ©loHIfE 07 wvifoe

I izt 25,
AW = I VAt (3.31)
G FACH SAD® ¥IfF O FoA5® Tl P = AW/ At G S A,
P=IV (3.32)
ST M, V = [RIZR I Sl A2,
P=I>?R=V?/R (3.33)

@58 R @RS [SfEead @Il +AfFaiRice sioifos wwel | 43 e waois AR
Ted F(F (ST | (@APIos AT REAIGID S SIF 216 @3 Ol @ Nt RiFaces
ol @ AT G0 Ao+ |

He[gF
wfCearg

7 SN B IO ST (el (AT 2 SR 7[72 (e, AR sy

sfbeas it g ofteadiz IEiT A4 S @It @ AT S
AT | 91508 IFAG U2 T3 3 o] FFA12 I | 3.12
ofocfmry PG SO T G670 TSl (AT ZCCR | I SIGLCRITe!

Fige AP %S TowF 8T ARARTS 3 Fele| 7T FACO
QI |

ol e fms Tiiwael (3.32) @3k (3.33) SISt

5@ 3.12 Wioe@ig oioma abaae s R (IR @, R G S17ifbe el 97 51 e g1resial € g8
S (@40 Teofg wiol R (@4es oo @2 #ife Req Arema Srm fiea s |
ST oGy s qEEfae «f 2| TS HARANZR (@ AT (3.33)-99 45 9Fg7}ef ATl
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AR | ©fTefE 7TTZ (FH (power station) (ATF SEHF
THAAE SIER e At *1 *1e 2w 77e! ALK At FIFLTS
RIS 2 | R SRE 513 I TR (W (AT AT A S AEE [Tge




GRIEIAGICN

TN RN I *( G (@ PoTosl 2 | @ TSI 31 9781, (A58 SR 24 (LA |
41, R, (RIS 1R Sl M (FIC] G Sfedy R~ AIAIRS 53] P @%
SR IR A2 Soifb® 27 | I R-97 ARSI e eiten V «3g &7 &) ey e[igsial

JEEACIC
P=VI (3.34)
P (AT ©feeqg #RIF FAN ©Iwg @ AfTS @id R =it | 719 oIt
wifoe el P, 70, (3.32) HNTe! S,
P.=I"R,
PR,
= (3.35)
P e 7 G350 SfSTFCE BIeel FA09, G ACAGRIR ©icg e el V 2 -aq
DI = | =BT (A *S*® Ni2et ([ G2 NI I (Y R, LRy |
TG P, (F FNC S SR AL OIoj el oifs S freq atew (V) I8
20 ©fR AR B R G2 FICCE FIAIR FRA 2R (SN0 [{9{7 FLCPo” Il
2T, T TERZE I AIRCF AHAGT (74l A | 9 THA [ed AT (voltage)
Rrea 2 G s 73 932 ©f2 Ryye 321 AT GHasiE I i ofgeaza
T S ST 2TSUCE IR TP (THA e 2o e w41

=0
3.10 AYTF ¥ @ AT AT (COMBINATION

OF RESISTORS — SERIES AND PARALLEL)

R @I G 95 (I AR e 2ften V 2ie 7 311y Wi aaresia) ez g«
SR, 1= V/RI ! SRE FoF9TA @IS G0 IO T ACF GR @ G-

(R4 TR 9T (@14 (equivalent resistance) T (WIS TN Slela] 31 A |
I I
* ? R ° > R, > °
fo@ 8.13 R, @R R, (IR0 (¥ifel 7t
i @i Afeba qabwig 2w AW =7 IF A0, O3 I67 203 GIE9jel @=fire
T Nz (5@ 3.13) 13 T @36 (@14 TF ([T AR @/l TR G2 eI IT
AT (ba 3.14), O 761 201 @I foqbg @fiTe TE SR | 1502 SI=l @-

AT @G (@ TS IS I fe 0w Al |

1 R, T R, g R, I
@ 3.14 R, R, R, foAl @iacea 96 (el 1
M Y2 A ST (@IIFT YT GF2AE G AT GR GBS S2/F 2T GFA

T AP, O I A LT AN I ez (bg 3.15) |

\'4

I R,
5@ 3.15 R, 98 R, (@I%<3 IS T |
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4, R, 4R R, (%S 46 (00 I O | (@ A R, (@IL0 S 6 (1
N SHE R, (8 2T T | AR RG] S S0 20 A9 I, a7 ol
2 R, GR R, -4 W&y Taeal @58 ofUe 1 2912w 704 | €20 F@ig :

R,-47 AW Req Aten = V, = [R,, 9%

R, e¥ Req eten = V, = IR,.

TR 2 e 2ten V=V, +V, 9],

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

T o @b goT (@K R, A U ST 79 SR,

\%
R,=7 =R +R) (3.37)
I Bl foa (b @I @it e T4, 039 I iR,
V=IR +IR,+IR,=I(R+ R,+ R). (3.38)

50, @-(FC nRYF @F R, R, ..., R 99 (¥fdl RIS CFeas T
G 2T B (S M, 97 (14 R, 20T,

Req=R1+R2+...+Rn (3.39)

G2 45 @ICT TS TR (57 3.15) [eawat et | I8ace A (A
Yqife® Req! AHiejret A KHCe =it @9 @ o) R, -9 314 W a8 ot oiee]
R,z e frcy eifee 2e (i | foog amife eigtal 1, 1, I, 2@t oo fRegejeeice
Sl SN2 2| O,

I=1+]1, (3.40)
R, (RIGCFT (0 SR 0 A0, A @R B R 313 e aten 2,
V=1I R, (3.41)
GFECI(F, R, (@I (04 B,
V=LR, (3.42)
A% 11
I=L+[=—+—=V| —+— (3.43)
)
M TSNS (1w AN #HCS G 9o (W R, TS 1 2, S FIPAA,
iV
"R, (3.44)
e,
P 1,1
R, R R, (3.45)

T AZCER (TS AT @, a1 @ AEle TRIET (R O ANFIA0
o A s aw | (g 3.16) |

5@ 8.16 R,, R, ¢} R, foaf6 @iataa si@aiet 1w |
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AN RERIACH
I=1 +1,+1, (3.46)
R,, R, §3% R, -&3 (% SZTH 94 AT 0 S 9112,
V=L, R, V=L R, V=LR, (3.47)
T,
I=Il+12+IS=V(L+L+L] (3.48)
P /Rl R2 RS
IR A0S TSNS T 66 97 (4 R, 431 A @,
1%
I=—— (3.49)
eq
o GR (T,
11, 1.1
Req Rl R‘Z RS (350)

-(RICA TP (P IS AN (LG G2 IE (RITS AT | n FRAS
@EE R, R, . . . R - NG AXQACE 9T (M4 R, (F TR <o st

R I S
Req R1 R2 Rn (3.51)
o e Tibe SfbeTeaa Wy M 2iwia @3k AR ek ater Wi a9 v

G T (AT ARSI 7RI 91 QTS AT | (3.17) Bra e R, R, 9K R,
(RILTIE TS (A FCA | R, G Ry, 17 TN I 4 OIR A0 #If7<0 B
@R C R S @3(6 7TTgeT @Y RE T (@O

2T @A, I >
R, ! I
111 ;
R:, R, R, A B ¢
R,
R,R
wi2@l, Reg =RQT; 3.52) _ . >
B 3 = A I 12l B Rf; C
TEAMDBCO G R, <R RZ A7 (=t Ig =g
R ©IF G ARG “AFCS @ 7Tgen @y = IPI_MAQM_>_6

eq

R>® TE 41 (@ACS #AT @R,
a 3% @ 3.17 oAl @ R,, R, 938 R,-9F 4T 7T 1T |

R’ =R +R (3.53) G IS R, 8 R, -9 A9y GF6 @14 R @3
M A G C @ g Red iy Ve, s asaits RO TT R, @ -a< ANGeT I Y |
ARGl =S,

I= ‘1/;3 = v

R R +|[R,R,/(R,+R;)]
V(Rz + Rs)

= 3.54
RR, + RR; + RyR, ( ) 109
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3.11 ST, STHIAF I6 G2 TeTFqrel (Y

(CELLs, EMF, INTERNAL RESISTANCE )

1 2fSo[TEE Trard SRR @, (It ofee T8I0 @it i it o fbeeaiz e A
R g 26 O % R (@ (electrolytic cell) 15T G STELRTAR 119F

c1 R I p (P) @<k 4<% (N) 76 ofbears (ba 3.18) 2t | «@ 76 wfbear ooy
] A G A | T_E fafee SRy ofbeme 75l @9 oibeRmicna
I P N I A SN S -2WI BT | 419 Sfeeald frers @ @ Feoiref 2wl

TG SfGRTEy 3 A, (fora anife) @ vgrm srg [ew aten v, (V, > 0)
T | I3 TPTSIE NS SGRIAD G AT AP 7S wfT ey wad
B-«3 (5tg 2mffe) Aiteies — (V) (V. > 0) [ex 2114y =i 953 | 2122w
iy TR T SfERual 2 e AT | Ok P @3 N-«3 5t fres 2irer,
V, - (-V) =V, _+ V_ = SOt 92 [eq Aot (@b o b 6
(electromotive force) Al emf I G EWF[EWWQT | ISR

R e=V+V.> 0 (3.55)

"""" TR [T €3 (@, A oY ¢ 2o e 2tew, (! 96 97 | AR @, Il

E,j &R/ SR emf ANDT 26eT T G G G TR 98 AN T 7
GG fRaafb AfoeIm sy feat =1 |

(b) emf Al &7 Ol Tofai TR0 20T, M 1S G SBHTHR 16 SfGeRIEs

5@ 3.18 (a) N AT P @ W&y R @F I 391 291 (ba 3.18) | Gl R -7 &g facxy € (/1 D g
AT 2T N IS @b oo ey «ofb ofee 1 aifze 20 | 5 e 1t St SfeefRume s N
e e ol | SUa 1hT o p ooy wfoe 241Re zew «3fs foig 241z Iow AT | 515w,
AT T TS e fapairar w4y T @< N O N (90 P ST 2R 7, I
ﬁ%@ﬁ'g% (%P R4 w4 Tt € 21z P (s N oifey Al 27|
p @SRy smiefba sz frca ofe aifes 2o o3t AWTS @ik A,
Sleo7{feIteE P @ N @7 76
| (b) S SIS 25T QPCF Sresae @4 (internal resistance) I 2T | AATT R -G e A

TP @ N (o s (DA @ = V/R= 0, @G P E} N - N0 e dren V|93,

FE| P G N- S0 V= P @R A-49 T feq efven
Sfeemibre Rige Kl + A G B~ Wy e 2ten
= | + B @3 N-93 %) e eftew
=g (3.56)

TG, TE TG00 S SGHTHR W2 AT AR %[ SRR AT S HoNSE S Gem
YIRS (e 2ATonE 261 eI e ¢ |
M RIAAN A &R [ ¥+ & 11 | (GICweE P @3 N-9= N0 e efven,
V=V+V -Ir
=¢-1Ir (3.57)
T A T [N A @8 B -1 0 fresedten (1 1) -4 Bl 4eierme | = el
ofGe Rty w4y M 2712 B (403 A oy 27 |
T TS TG [ @F1 T (@, ¢ >> [ 1 3 GG IR 590 T8A0e TS
110 CRRITHIT STeT@ el (AIATP S22y 1 (TS 2ICH | SISyl (N AF© e (S| o Ko
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T | (I, AR ST R (QRITeI eIz feiet (R STeredie! (14 SIfHred SosaTa
=7
SR @8 (TR (@, R-49 28w Red #11d<y Ve, e2ie i,

V=IR (3.58)

FNFY (3.57) G2 (3.58) (& G I S 2113,

IR =¢—1Ir

SIN —— (3.59)
R+r

R =0 & G5 ©fGe (Xl (AT A ©feeaqig ANe! I, 9 e & o
I, = ¢&/r |qms 3 ox 2 (AT T3 FAIT &) I SEIIH (AT (Fel
SRS A SGLANZ TF W (T S 53 27 |

YYE (T4 (CHARGES IN CLOUDS)

AB TR TGATSTS (T S 2IFoT A ST SR IR I RN Ol 2 | G AR AL
= R M 31 2, g T8 g Wo-1 “miRwgia G ifed 2Ity (eifwme it i< 1
|

SfGR SR 72T QST T NG ©fEred BB 2T | SAFTNGH (ionosphere) R G
G0 (magnetosphere), 778 3R 2RI S@fEaR w0t =fea Sfoeemites 7S 27 | AFASEE o
T B 217 71 20 0T R TGRS AT TS A |

GIER Goifoere T8 FONTAR ST IR0 2113, IR QoI 3R ot 40F (Sl AT | STAFIFS (=IT!
FNTAL LRI SN @R 0T FANYTE AT SN F1S FCF | €3 SN2 Tl (099 SR 2
(updrifts) IR SSHCAT Tl ST ZF | GIEH GATIT T LI SN R S!S A9 ST
N2 Z TR 91090 711 T | P! PRI (IO AT A0 Y F6T Lol g5 Sl 2NeT i | G Rz
AT AR G LRI SN SRS 2 | TR0 G2 (oG Z [RIFeNE IR AT 3R A ST
S T IR Y 76T i ARIIRTS AfFere 27 | AT @2 720 (CIF T, AR AN GTh @R
ofiE Trre Rsfe AR ©fbe Req Sevm 30 | g2 [Aotas #Afad T o7 (O 1% 2 938 SRt
IR Ol &SR ol (ST T, TG Rrod IR %7 27 IR TSI 2SR ofbe #aifRe zre
2 | SCLEFCER I 10° V/m SR & | G306 I8 RYjees AT 20 S 511 Sifodines (strokes)
% 2 3R AT JTH SATAF 30 sec. AR 217G R A | &S QTR 91T M oo e 2&1
AT 10" watt |

*F SR ENTOS IINSGTE SN LARFCS 2N | SIS ST ST 11 8 IR ARSI &y
3R G AR SN GaT (AT 7)) &S 35fRDI AT spifera SR ofbeeitgs o) & Sz eares
SFELCHER I 2 | G0 ST ST qolg A, Sfeerwal ey 2 | 9o Bsid oo ofbsrmian
A &l 120 V/m Q@G SR womllfas 799 —1.2 x 107° C/m? -97 SR CHFas Sgq | 7
AT TG S ST 21! 2T 600 kC | IATNSGTH G A LT SN SIS 2T | Az
GG G2 SfELCFal Sfed T I 1 | G FIFe 257, ABCI SN A 72 FEZE A G iKs

{1 |
=
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Twigad 3.5

Twizad 3.5 3. 19 Bra @I (R TETR G G @I (75 S A
10 SrerEe @RS 16 v -a3 @6 B IS 91 26 | (a) €3 HSAEFT

ey

I 91T TR | (b) Req ST v, , V@RV, e
40 120
A B 10 © D
40 60
)
16 V 10
@ 3.19

T
(a) FIDSTF T&T QUG A6 e (el \@ FRBAIT AN | AATT HANFACT Al

(b)

(c)

b 4Q NI 9T @ = [(4 x 4)/(4 + ] Q =2 QI
GBI AN AT AR 12 Q @R 6 Q @RFEERT To7 @R e
(12 x 6)/(12 + 6)] Q = 4 Q|
@2 b @ICE (2 Q 3R 4 Q) 1 Q @EFT ACH! (=TS TS I IO SANHT
TN RSN, R=20+40+1Q=7QI
TSNS (G &31Z,
= € _ 16V _
R+r (7+1)Q
A Q3% B -9 &) @9 321 Reanel & 17 @3:(6 4 @ Wit @iaess

& T 2R 1, 93 S S S#A07 S0 2[1E [, 28 0,

[ x4=1x4

wgfie, 1, = I, (51 1502 Seild AR AfSHITIT S 79 2 | [5G,
I +1,=1=2A|%94T,

L[ =L=1A

weffe, ATTIH 4 O @I N M SfEL2RAZI TN 1 Al B €38 C-GF TG
SRR 1 Q @I 94 M ofteaz 2 ARE |

@2, C R D-IF N SRR (@IF9ET 2 [Rapa & 13 12 Q @3
60 (LT &g T ST IANF I, G- 1, 7, O

[x12=1,x6, I, I, =2l

g, L+L=I=2A

2 4
Wﬂa, 13 =(§) A, 14 = (g) A
wigffe, 12 O @G 9 e ©fteeqiz (2/3) A, @RI 6 Q @IUET T4
T ofteez (4/3) AT
AB TR 12 2T e 7few

V=l x4=1Ax4Q=4V,




AN ©fbe

A E3R B-E3 N0 SSRGS R @G 2112 90 I8 =it «@ft e sace
AT | =efie,

V,=2AXx2Q=4V
BC -93 12 TS Wy e oo,

Vee=2Ax1Q=2V

(I 2R1®, CD-9F Y2 AITIT Ty e oo,

%
V=120 xI=12Qx (§)A=8VI
SASITE, C G D -G S 967 (IR 0 (16 2[1E 9)¢ SR e a1 71,
wdie, V,,=2Ax4Q=8V
T I, AD-GF U2 AT TR GG RSI ASH (4 V+ 2V +8V) = 14 V|
S« G 2AET KT 14 V | @A @7 SfEBEa 4 16 VEy | Rewg @

AT (= 2 V) WG STeradiel (@8 1 Q- GTEVT[2Ax 1 Q=2 V]|

3.12 (e 93 FGAC AF (FHTE (CeLLs I

SERIES AND IN PARALLEL)

@3 TSNS @ILCFT TS (FHYTEAIRES GF0q AT T AT | (@LCF e,
G5 SIS SNz I3k Red Fe @I MRS (8 o (1 7l eifsiifore
FACO AT |

G'E bizlua

5@ 3.20 @MTS TF ¢, AR ¢, STUBTT RS 4G (P, TTH TSV (@Y INFC 1
GR 1, | A GRR C- W AT (LG 2 AT ¢, OB TG @<k
Trereel @IRRG b @ RETE REs =1 @S« |

cifats 2t 22w gt @ieta s ot st (foa 3.20), @A 16 @R 9vels
AT AN IS G (YT SHATET [T AN | g, &, 261 IANBE M 707
SO 61 =K 1, T, ZoT AL GO STST@ed (1 |

3.20 ora @t el 2R, 4G, A, B @ C Regajtaite [eq I V (A), V
(B), V(C) | CTTHCT A (FITAT 418 8 IS 2T W2 RSt ANy =7 V (A) -
V (B) I SIS ZTSING (3.57) AN @fb6d storl Feafz |

V,,=V(A)-V(B)=¢, - I, (3.60)
S,
V. =V(B)-V(C)=¢,-Ir, (3.61)

e, ARG A G2 C A0 W& [erag 7iey,
Vi = V(A)-V(C)=[V(A)-V(B)]+[V(B)-V(C)]

=(81+£2)—I(r1+r2) (3.62) 113
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T S 5, SFCBIEE & =R 1, I (@R <GB (1] G G TS

Vae=¢€o 1T, (3.63)
T AT Pl L S A7,

oy = €1+ & (3.64)

QR 1,,=T +T, (3.65)

3.20 Tot@, ==l O AN SIGLRITHR 2T A0 RSRIBH (e SCRIT
A% I FCAR | AW GF ATRITS SR NS SfGRIH 7603 IE 1, O6F (3.61) el
et ofRfSe 7, V= —,~Ir, 932 SIS AL,
Eeq= €176 (g, > &) (3.66)
5[50 (el AR (TG (- (I TR IR ey Al 71 AT
() I TRIEIT n MRUF @R o7 SCHIEE I 261 AT ToF OIGSHET
TR AN |
(i) c=fel TR T n MR @I SIS @RT 97 (FY T6 I 2T o
ST (R AAHNG |

G5 T T T AT (PN LIS ©GRIT (AT S fafe 27|

L A1 o TR STER 2RI (I (TR AN STl (2T fiofe 23, o713 (3.66)
RS gr Spe, IR Wl Ofbebee e e @ At b 3w 2|
I, I,
r2
&aq

QI (I G0 AN A [{ev St (o@ 3.21) | (@raez=
GRS SGRIR (ACF TFT [, =R I, 212 fofe 2z | B, Rmpes 1, @=k 1,

= i 2] ST (@A 2 7 (A 1212 AiRes fness fsfe 20z | ey B Reqrs
T,
“ ST SBYA 27 A 2N T T O,

59 3.21 1T FRICH AP 56 I=I +1, (3.67)
@ | A @38 C-4 G AL e, V(B,) €<% V (B,) 21 I B, @< B, Kre [Req | g2 22w
G, GRS ¢, OCDEE b (R (3.57) AN S G ATTES e Aven,

T GR 1, TSy (RS V=V(B)-V(B,)=¢ - I, (3.68)
[F0HR W4 (3.73) =R (3.74)
SR (Tl 2R | T o B, 4<% B, @ 393 GOl BT (RIvia A0e] T 41 297 | 430
e TSI (RIS RTINS0 SN =473,
V=V (B)-V(B,)=¢, - L, (3.69)
(! RS RN AL 6 “A1SN AN,
I =1 +1,
§-V ¢&-V (g g 1 1
= = —}—= |- V — —
n ! Ty [rl +r2J (rl +r2j (3.70)
T,
E T, + &ET; ILr-
V= a2 201 p_ife
N+, n+r, (3.71)

AT B, =R B, G £, STOBIETETS 1, ST (@1 54 G55 (P
V=g, -1Ir, (3.72)
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I AT SR @F (S | O3,

_ 811'2 + 821'1
eq r o+, (3.73)
_ Nhh

a4, (3.74)
T B ANFLATHAE SR AT SN 00 N,
1_ 1.1

r.onon (3.75)
€eq & &

— =4 =

e non (3.76)

(3.21) Tora SISEl LT AT GFAI T FRAMREN G e 796 =T [Gustav
St g6 AT AFRS IR IT [ 2R, @ ofbeaar Robert Kirchhoff (1824 -
I, R I, N A% (A ARE fisfe 21 3 Blafa e 24w 1887)] G2 Gisfie simiefm et
AN 4T AT A T[T A, 999 (3.75) GR (3.76) ¢ RIGAIe Sigie e |
AN £, — —£,-97 TS T T | 2eere: IRl TEe Tl

TP (3.75) =R (3.76) (FI=ee Al Tl A 1AM ¢, AT e Ao et 1 o
£y . . . &, STCIATEA GRINF 1.1, . 1, TSGR @PT>an oS Ao sl
IR (T FTICE T 51 2, O I £, ST e SR IR A SRy e

4
0
N
=
|
o
(00)
-

G ., STOTTRN (AN b S (I TP 20T (3, SEISTT (F1a AT @R
1.1 +l + +l SR
Ty L T, T, (3.77)
£
R . (3.78)

req T T T,

3.13 {tra @2 (KircHHOFF’'s RULES)

SIEISANTS ANNIIS TG FRUF @I IR (1! AT A0 ST RIS A | 7T
AfSfIe @ g2 TN TR FGRFT TSN A7EG 217 G2 [T #Miefy ez oy
ST O =1 | 46 77, S T8 Rt &y 332 SAIN, ©iwa 7403737 7@
|

@I Zre IS aITS, S [ifew @iacra vy M sfeeaqiz I i fhfze s«
fbeaitEs Sfeycs fox o ai S Faca s e g 3 1 3f e #15® [ =ies
fdfifare gxreta ciaeas g e e fbeerz ageite fo e Sieyr® 906 | SR
I A 20e1, SR agpets fox forzs RAIce 906 | SREee At SO &)
(wrefie (M) A S BT o TT) (I R AeTSF SiGers]tel fbfere 2 @<k @i
Wy M eRiRe sfte fox forer ARy Fom w1 =1 b SINmE @RI @,
GG 2T P 3R 4eF Al N -7 N0 {ed Ay, V=V P -V(IN)=g-Ir
(3.57 ANFE) @A (&I [T MR N (A P-9F Sfoqrd [ ofdr 2Jifze 27| 115




I GBI

ofeaz I (& HiTesaria Mg I 6 P (A N-97 s Seo [ 27, O 1593,
V=¢+Ir (8.79)

foferoael afel =S T 517, SN G2 Q9T I
@R A FAC
14 ) (@) CAG (Junction Rule): (I-(PIC (NGO @
OfGefIZHCZR (AT (3 (I (7@ OGN ZT
al ° l—4d e o (foa 3.22) |
45V ST oiam «3f6 g7 7ARRTS @i ©IEe @i [Rres «3
\/ 200 QG FAFTOICI Gy |
10 T OGRS W U AE O (I (TGTO A OIS
L © - fRges St s 22 471, @3 foferes s1aft 2fsfs |
a1 3.22 a (R Fisfo Sfoeeiz 1, + I, <K SO, (N N9 TR i (I 26 IR 54y M iz
T SfYeE [ | GROE, [ = [, + L1 D eeoR ) (G f1oF® G eeItas e S0 il 70 |
e ot fbesiz 1, | Gz b i sz (P) TN AFCAT LA (Loop Rule) : 6 T30 78T
wfYeeriz fofs 2 o2 G STaRI oI e 1, VP G (PR e [T AT CTAT (NF
2(3 | 57| @@, ‘ahdcba’ @3% ‘ahdefga’ S %WWWN (@ 3.22) |
(F0a, 301, — 41 I, + 45 = 0 & ~301, + 21 I, @B I@ADS Y 1D, (e OfCeReT (el Rz SRt
~80=0] Tl fTSaNe | oK, @G @56 % (It Tl g e 1%
I S G2 [Tre iy, Rewa @it s o=z
*e (A | G IHESACS ST AT @A Rere et =nfs @3k erereis afbr a1 v
|

Tuizgd 3.6 Aol 1 @ @F 12/ @IswyT @b TwIPhe ifermia (cubical
network) ¥ 39177 12 oo Fifass g M @6 10V @3 W6 e, I
I (@K ST (57 3.23) | SFRID wou @i T I @R T
2T g Taa ofbeaaz e |

[ J=n

Twizad 3.6
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GRIEIAGICN

T G2 STl @ILCF (ifel 1 AT FAIE TS| I AINCH oS
T A A AR @F G2 AFIre 36 =S afemre wite, E F0T AN
TR Siferalfba we Gt et wace i |

AA', AD @R AB R9ENCS AfSmIelE Sifiibre wis St 2@R | e
G AT (SO T SI13 A T S 21fTe 27, 471 15 G 2o 1
SR, A’, B @R D MRS Wiore Sfbeadz 176 JZR =4 Sz
TR ReE 2@ | I3t Reeftra 242w 91q @R Tpnifoe efsorsrel IRe 30T,
TR0 1215 AT S1e TR ol SRR @iC 47 HR0R. [-93 N (@71 I |

TSNS G5 I TET ABCC'EA I 3R {ra iy o1a aftanst ea :
“IR-(1/2)IR-IR+ &= 0
@RI R 26 2095 4G (edge) (@K @R ¢ T W0IRT OGBS 6, PHYSICS
&= §IR
2

g b
Sifeifoa 9er @i, R., =57= R
R=1QEE TR, =(5/6) Q&R ¢ = 10 V & G SFRAGI (NG ©ffeerz
- g
31=10V/(5/6)Q=12A, 9, [=4 A 5,“
(=]

TSI AT 34 T IR O 2@ i+ g 3.23 (ATF &=l ({0 2 |

GBI TR (@, ST 2Tl &y, TiRgel 3.6-4 RefTera o 1/ 2iealal 49
G SR L 1 | AT TR, AT Sy G54 A wae] 20 11 G AN
8 7 7 LR (10 GTETRIRT Sreiell ] TR FNAICAR Sy ST AT
TR<{Ter e 9T 2191 I ST G TP T F09 AR | @ Tzt 3.7-9 i w1
%9 |

Twizgd 3.7 3.24 B0g (R SR ATo0 =T ©fSegaitgd i fHefT
|

/eydany/eael/sondo/gar~/npa’iremey sAyd-mmm//:dny
:s9[n1 s, jjoyyoary jo uonedidde 1oy uone[iwig

L'€ bbalua
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I GBI
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YA SR (PSR AT = &) 1o et 2irewig) fadfifae i
2RI A0 TR (Kirchhoff) @ 2T 0 Q31 10 et A7 | %[Fr02 SeRIteq
TR FAMCAT G 2T =4 reers exraal WS wea 2t Aeaiam=ics A
GIITS Rtera 2t safb a592ie 391 21 | Sis itz 92 foafo wreare 2= 1,
I, O3R I, TRICZ @R N foait Riem aw ayeet feftzra i o@ el s
ANG @TS A | ADCA I 0ot Reefrerst STy 9@ &tiiol 3 shhest I —

10 - 4(I— 1) + 2, + I, - I) - I, = O [3.80(a)]
widfie, 71,- 61, - 2I, = 10
ABCA 3% F91F &) SSE A1E,

10-4L-2 (I, +I)-1,=0
oigfie, I, + 61, + 2I, =10 [3.80(b)]
BCDEB 3% 515 (57 SIs=l #1132,

5-2(L+L)-2(,+1,-1)=0
wiefle, 21, - 4I, - 41, = -5 [3.80(c)]
(3.80 a, b, ¢) FANFAI9YTE 251 fonf Sreare f KRG ot sz-s1dw | avfers
TCIE QoYTeTIa T 91 (@09 2 | GTHCG

I,=2.5A, L= g A L= 1% A
iferpia R =i eRiesal 2=

AB I 2 A CA®NI 25 A; DEB IR 17 A

AD I 1— A; CD,0A; BCWW 21 A
@b 2rEE sz%om'a'frczr SRS v 0o T ot g mmw%ﬁ@m
Fog AP AN AT WL, AN SATIIE 9L Sl ATt %
AT o ReefTera SIa oAt B (satisty) 0 | wizgel fREIE, BADEB 3%
AL (G Reg-7feq —

5 V+(§x4) V- (%xél) Vv
G2 A R el S %o =03 |

3.14 §§5C$Blﬂ f& (WueaTsTONE BRIDGE)

feftera sras 96 eclel R 8.25 fora eraita 39 Reawa St — Gt 22507017
e 3t | feBro R, R,, R, 9% R, — <2 51 (i =itz | 3¢ 7t it wateriel
@ w0 [ 509 A @3 C | @35 ©fTe TAts I 741 2o | G0 (T1efie AC) Fi5ifF Aig
I SO AARY B €% D-A3 N G5 ITSIRoE, G & (2_Eal Aea
O 7F) TT 79 24 | @ 21 (5@ BD) eSS G ag 6 |
FRETO Gy, S| 4G 2. (&, 950 (i Srer@siel (@1 (712 | AFerS A FM0
I 14 e ©fe 2aifes 20 @R @R el G-ag 5= e 1, 2z i | e
AT (579 757 efefe e (balanced bridge) IR @A GIHFSITHAIR T G
T @ [, = 0 2 | Wi 7R0erg G aifSfir weei (Aite Alf 72 sieTeiCIfbicas e
e @It ofe iz 2 et | IrFtE, D @3% B SRR (foa orea) fexfra sigeatat
4 TN PR IR 1, = [, &R I, = [, TF 400 ~1e IR | 9917, ADBA &R




GRIEIAGICN

CBDC 3% S (TS SIS {0z o1 97@ 2ol S | 212571 (A 2hhemt A

B

LR +0+LR,=0  (I,=0) (3.81) ) /\ﬁ,@%
GRSl I = I, I, = [, 7% 9217 36 ~A1e7 A, ~ g - N
I,R,+0-I R,=0 382 , & R, 4
A S C
I, R G
(3.81) R (TSR AR, | = A & R, >
2 1 ] 1~
g T a
I, R, b o
GRR (3.82) FAP (AT O AR, T T \(1/ &
2 3 3
Sread, SRl P
R, R
g? = R—: [3.83(a)] ‘ |
=S AE e
TSI 7 RTwo! At i SRR Ca bR I AR STeita 5@ 3.25

*ICATE TN CF alfefiie e9=F #% (balance condition) <=1 2|

G STCeNS (R M <23 &y 225001 e 3k 31 aifSfirs o=z =St « o
FRRIEE (S 2 FCF | 40, SNWF GF6 B[S (@1 Wtz @R @fors [rem sed
12T I 91 =T ; WLfie R, @i 7 wreers | &l @iy R, (F 2N A GR R,
RS AIZTe (T4, PORTAGA @K R, (3 7136 0 AR To! 2@ ol ST IIRoR0
foostr sl oraie | et o aifSfire SRRl SieT «3k @fSfire sk = @2
S[eS @ R, -3 S AN T,

R4=R3%1 [3.83(b)]

@2 o AT T G G IR TG 27 [A01F [FE | @ A Sl A
SR SCEATB FHC |

Triad 3.8 G50 22500 farer biafG A1gre (5@ 3.26) At (1Mo IR :

AB = 100Q, BC = 109, CD = 5Q, ¥R DA = 60Q.

8°€ bizlua

119




I GBI

B € D-&7 &) 15Q IR GG eTSICIRNGRIT I 31 202 | A 8 C-GF
W e T30 10 V =G SISO =GR 5 Wi 2-iesia) o 20 sioel e |
SN BADB &9 RTasa 03 St 7R

1001, + 151, - 601, = 0
A, 201, + 31 - 12L,= 0 (3.84(a)]
BCDB 57! {541 S St 212
q, 10 (I, -1)- 151 -5, +I)=0
2, 101, - 301, -5I, =0
A, 21, -6l - L, =0 (3.84(b)]
ADCEA 7! 5+ S0 St #4112

60L, + 5 (I, + I) = 10
al, 651, + 51, = 10

A, 13, +1,=2 [3.84(c)]
(3.84b) FANFAF 10 B el FCF 2113

201, - 601, - 101, = 0 [3.84(d)]
(3.84d) 3R (3.84a) FTNF (ATF ST 2413 —

631, - 2I,= 0
A, I, = 31.51, [3.84(e)]

1,-9% A [3.84(c)] AN AP AR —
13 (31.51)) + I, = 2
al, 41051 =2

Tnizae 3.8

" I,=4.87 mA.
R S

Fe_B i 3.15 fore faw (METER BRIDGE)

GQP 3.27 =& forg sl o e I6a1 @At 2eacz | @ TF
e L 100 - 1 c .
AD ' TR 1 RO o1¥1 G0 SIS AR S 90 g,
WW 4 ATSH ACH! B BI I SNGHICA! AT (TSI ora @t
t for et T IR) | 41e9 AT 16 P ST G348 RETEITS GRS Qi 1
l| —(-)—— WWIWWWWWZWW a5 B
£ K, M G (@ T AT |95 I 9! e Arefoa iz
53 3.27 @5 foE Fe | AC ©1@f 1 fLem 0O WESIIRDIET 32T I ACF | SFTSIHINOIET SR
R @ufoa st e a0 209 @) A% @3 & (jockey) Aol I AT | S0 TGO GG Ao
S @G @19 (&) (1 | WG AT G AT Y QI 2 R O FL19] BRI &y b0
O G M TTHIC! (slide) QTS AT |

190 R T G5 SI@@Ie @14 T i Sl (e 700 512 | FIoiee o7 31 I S

1 2T | S FIPOCO G S 29 (@K S AT I 2| A 2% (AF | cm TH0Y




GRIEIAGICN

SRGT BT @I @F 7Y D (@ GiFH o T 297 | SiFE O I SN AT |
ORI AD S (@M% R, L @9 R, 251 2 GiFBRIGR Ot (1Y | Sg#iei,
©HfGa DC S (@14 Ze R, (100-1) |

“5eg AB, BC, DA 3% CD @2 bR 13 [ @I IASE R, S, R, 1 9R
R, (100-1)] < 22505 & o107 F0F @R @4tT AC 291 il 91 € BD 2@
TSI g | GIHOC O AR FHANCS AT G G SRR 2N A T
STTSICITGIR (I 2R (TRICT 1 | TN, o0 SR A 2% (A Gies SR
vei 7e 1= 1 | dfefie s fqrea o (4= R, S, R, 1, 9% R, (100-1) |
2AfSTTe SR *IS SRR [3.83(a)] AT (ATF e TR —

R R, |, L

S R, (100-1) 1001, (3.85)
OITR, 1, e 20 (91T, @IS (@14 R STl @M S -7 e gt @1 -

l
R=S —1
1001, (3.86)

S-a7 Rfen N IR FE RN -9 RIS 4 21T 93 AfSTE R Sl FCAl |
1, AT (e Gf o &ey Freifreita R-4g 5191 gi o1 | i orieat (e
AR @, =i oo e skofimm S A4l et g, 1-937 9 50 cm 99
FRECE, R-GF S0 GoF *0F1 QS PoIosl 1 I (GF &) S~ G (5 GG e
(S ATEH) |

Trtzaet 3.9 @36 (6 e (5@ 3.27), A 2% (AF 33.7 cm 7= i o
NG (91T | 924 TM 12Q T G0 (@14 S @I AT AT I I 27
OTE 51.9 cm Y W {7 s1ewl IR0 | R 938 S -7 1+ el S |

Y 2L i {9 (2T e 41

R _33.7

S 66.3
S @ 120 QIR A0 TG JT FA 917, FIF0F TZ @K S (AT A7
T S, T, @I

_ 128
T S+12

3R 2SS SRR T =1

519 R _R(S+12)

481 S, 128 (3.88)

eq

3.87 WA R/S -4 S+ IR =11 #A%
51.9 _S+12 337
48.1 12 ~66.3

@ (AP ANSA AR S = 13.5Q. R/ S-AF TG N 2T 0 SN 473,
R = 6.86 Q.

(3.87)

6°E bizlua
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I GBI

3.16 “GASHG (POTENTIOMETER)

«f5 @3 YA ST TG | Gft IeTe TN OIET GO AT G, T T FEEF
IR TR 200 IR, AR YAITI T G0 20l (@ (B) TS 21 23 | 20 117, I
P ST (B TR0 TRCA S AN T2/ el 27 G G0 ATFACENCT
I3 #is e g <41 230 (@ 3.28) I FHra oiafG A (AT C 1% e | 5w Sag sttt
251 OlRihe [RfeR St AP 4o =TS |

Siafba w1 few eifee sfeedrz 1@ I$aits I8 Afsaaie @i (ResH)i5, R)
AR RS T4 @O 2I1TH | O T 28T A GR A (ATF L IR0 SAPRS Al
g g e s,

e(l)=01 (3.89)
@A, ¢ 21 2fS G5 e feq shwee |

3.28 (a) Bal &, G=R ¢, SFCHIETS o1 IFE 7{G ORI ST T 0T werell
FACS AGAASHBIET ¢ IR2ITE el el Facz | 1, 2, 3 Fofze Reen «=
2 Bif7 o107 0 | @A BifkGT @ SRERIER F2 R e,
@A 1 @R 3 T, @ VRTSAIRGIDG &, SEwIes =[G
SO AN T 2 | SO O TR A (AT 1, =0 N, 7

R AT 251 R STl ReF#129 22 | AN G3 1A =7

<fiera o791 919 Attt 0= Aveq T

$lL+0-¢ =0 (3.90)

I, ST SfCHET T4 ¢, O L, (AN,) e el
LISICERACICH

pL+0-5,=0 (3.91)
CRTYID AP (AT SA1ST T

1 ll
S (3.92)

&

G2 72 (FED g6 oS SER SfUHIeTs I (¢, &,) T

FACS AN I | JIRTF CFCq ©fR (@ 767 GO0 SwHai

HRFS! Fofe G SfTH1eTs et RIS SfE<TIT afsiet (Pl ool

FET T 192 (3.92) TN IR I ST S G T3 SIT1TE

&1 oIS FZ0ER e AT |
@ G SCHHT T (@i e et AAPeRoe

(b)

27 F4ce AfF | [ Ba 3.28 (b)] | @ FIEF & @ SCHEH
(ST 767 &) Sreygald (@1 (n) Fer st 261 o1 (@i, Brag

foa 3.28 436 “afrefitm | G 93l T, K, IR M0 G5 (1 003 (R.B.) 20T AL I = |
WA ¢ R 4o AR = @ K, 5ififba 4 SRom oiwd 1 (AN,) Tred 2fefire el Atea
(e351i5) 1 1, 2, 3 @36 fas 2 BT eS| (9167 | SO,

(a) 9 (T STTHIFS AT 9ol SO e=¢l, [3.93(a)]
SYEE ; (b) (T SO STl K, Biff6 < 2li<eteT, Sfbereib et s (R) 3 warefbedarr
i Ttz ey wfgeasa | (1) AT | o 2 e 2iTew VEte R OIER L (AN,) T0

192 Afsfire SRl #ilew caitet

V=91, [3.93(b)]



GRIEIAGICN

SO, SN AR, £/ V=1,/1,

%9, = I(r+ R) @3 V = IR, 4 (A 21T T,
¢/V=(r+R)/R

TR [3.94(a)] 9% [3.94(b)] (A AT A,
(R+r)/R=1,/1,

ql rzR(l—l—lj
> l2

[3.94(a)]

[3.94(b)]

(3.95)

AN (3.95) TR FC A (PG AVG (P STy (@i el e i |
AGAPISRGIED A9 251 3 @ @b, @ Fea S srersaie @i s wa0e 2@, it
(ATF @I Ofe @R | 0T @6 (AaPrefiitm) Ser™ srerei @iy o Zeiie =3

At

Twizad 3.10 R Q NTF @6 (@14 @I AGAeioR (24 ofbeeqz Fos |
AGAPERORTT @I @% R, @ (b@ 3.29) | AGARIeRERGre v eq gdren
AT 2 25 | AgFerNeT (G 2GP1e oI ST A0, R @R
TS feq aArema « (6 e afew s |

o V o

@ 3.29
T T4 AETI0 2GS HIBITER MR AT 02 A 43 B [gq waraet
L N AT RIBITHRT IR S0 (R, /2) 20 |©1, A G3% B3 30K 9eT
Y R, (B fSg0e 2o 51 A
1 1. 1
+

R R (R/2
__RR
4, R‘_R0 +2R
A 'S C-9F X G @K 20 A 8 B @R B € C-F VR (@I NG I,
wigfie, R, + R /2|
. ATASRBITRR e M 2w wibeg iz 20,
\%4 2V

=R ¥R /2 2R +R,
ABAETOR (AT e Req AL v, 1ofeaarz 1932 @Y R, -9 o=
I B |

0T '€ bizlha
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R, -3 W« 2 S7=19{w 0 2Neq AT

Twizad 3.10
A

e 2‘;2 . 150 Xzfje
+
Ry x +R, °
R, +2R
2VR

Vi=————
' 2R+R,+2R

v, _2WR
R, +4R

A
@I TR @I 2ve SRRWT (Faeeed w4 M ofgeaz 2o 63
ARITRMA W4 T 2ifs @5 T Sfei® G ©fve Syt sifaie |
PRI ©fEeedrz ISR LTS ST G0 7% ©fee T8 T2 2ATANGH,
@I AT @I G 7= S e (o Prfeifea sga (2w T
Pefoxifgr Sgter M vifete 303 | S @it 2fS ¥ Syl oy Prifefss
TG (AT T PRI T4 teT G (@t (S1efie BT 6 2T (AT O+ 2AITT)
PRI BT S G I67 A0 | 575 (A, SIG LI I671 (I 61 13 TS
TSI W62 2o B 12 AT W e A1y |
ST HF : (R AW 3y T 2 ifee ofbeazal 1 @ SsAmies u2
ATET o7 oMLV -a7 Aigeifes | wefle, Vo I A, V= RI, @4 R
TAMEOT @Y | QT GFF €T 10 =1V A |
(PICT 22T (@7 R, T2 G 1 GR SRR (Farel A 49 Ao fewa

AN @ FAA e, R=p;l

RN, (FA&P (p) T AN G 4 @6 Sloial @ piTsi og g = |
(RICA TS ©Ifefo< (FI41&F (Electrical resistivity) G5 B Aarice Ao
T | 4197 (AP T3 QIR G A 10° Q m (TF 10™° Q m G T 2 | F6 @38
RIS 00! SBACHT (LG @S 1022 (ATF 10%* 9ol @ 23 | Bifereat (Si)
G ST (Ge) TS AR @ILTST T AT (%ot oo
N AR 27 |

I TG (A, OGN LT 261 SR [ (g CF0d, (I ST
(&1 (ionic crystal) @R SIELRTH CAET (04, LIS QIR AT STACTT
T o 21Ee 27 |

CfTeIZ Ty j & 2R A TSI SRS Afe @7 CFIHeed w4y Mo
afs EIFe efe St sifase |

j=nquv,

I 1 2T SN ALY AL TG (2SS 95 St AT AR ATSHoR
AN g 93K v, 25T SN AR %7 (791 (drift velocity) | RTRGES
CFE q=—e |TM j, SRR CFATA A - A0 579 2 G 794 (FqTeT
43 0P O CFaeivg we fea ©fSe eg=ial 1 -4 N 251 nev, A |

E =V/L I =nev, A 43R STCR 79 T FF “eA T,




10.

11.

12.

138.

14.

15.

GRIEIAGICN

eE  ne’

m m
T S 40T 92 @, «1gF W0 FERHAYCEN A AT AACHI T

TSI R 2 1003, A SfOrg E- e &) G1ots I 2rerg9)(

ST AYT 767 eF IR 6ot @9l v, (F791 ) | 9 W) AT 7=9F @R

QTS AT | T ¢ 9T AN SRICH G371 AT MRANfFe 27 o0

v, =ar=eEr/m

@A a ZeT BRG] | STOGq p=nZ§T |

SIPNIGIR @ AAER @IS SIPNIaE A AFERRTOI I AR, (K007

Ora Q‘W@W(a)aﬂwﬁwm RIHITST A SAliHiaTe I =l

RIS 4 2 |

G AL SIS AR Wiy F0F, 759 «ft agfen (e @ 7w 1 @b s =t

3,

(a) VARSI I-97 o7 feq 307 |

(b) V -aF 432 9IS NG &), V GR [ -4F 9% V-7 forza G fda
I

(©) V&R I -9 T=5IFM Sfgorr 77 |

(@) 9T G SHRRE 29, T4 p , [ 97 A IR AT (GF Siofial =

RIS | GFYAPEF (rectifier) (a) €% (b) TS (AREGIZ &+ FC | Gas ()

G IR (T |

JY ¢ OGBS T G5 TACE IR (14 R~ 0 I 41 =, R-451 72

AT ST A4 v, o AN 2l =Alew

R

Ugq

Vo=IR= &
+r
@A r 2o SR TeTF919 (JY |

() = TR IT n MAIF @A GeV @4,
R=R, +R, +..... + R,
(b) WWWnWﬂR‘I@WW@WWRW

1 1
—=—t— ... +—
R R R, R
feefrzear S@rafer —

(@) I AF (Junction Rule) : IS BICA AL [ERAACACIRI]
AT GG NS fW9fS 2GR (NG ANDF A |

(b) % 3@ (Loop Rule) : (PG I T8It e Afzaeta @it Aemiififes
I SRR % RS |

23500 e 2o 511G @14 - R,, R, R,, R, -7 2! 95w @6 2921, @l

ATE AT ZECE | f7917% &2 (null-point) *SfH 2e -

R, R,

R, R,

b RITE T Sl AT, G2 =S JI2 T G e @I M= el

B RIEN

1 Al woTell FAIT @G 7 21 AGAISAGIT | @ARY @3 A=TST @i

S 2IfEe Tl 2T TS FHFT ©IF U2 TFH(E Ko AL @ @Il Srersa

I 2T @3 75 ST S GBI F61 goral T I I @O A |
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(STA WA FRmmR

. ofe ANl (FET 26T TGS SNl fox iz AR sfeesaz awm

TR | SR 2EAGl (ST @I A (I 5TET N | SfGRAANZR A (ATFS
@RI I @, @b 9T (FAR | AS ZRCRER 3 M 27if7e fer 1 @ 9
(ST (FI SN ARG AP w1 0 :

I=j-AS

@AM j €3 AS T 56 (3|

. AR S&Fe (F4SF 98 IS &) V-1 @TRbE o7 6l | 936 @I

RO I (G BT (AT SIS (VT BT A | S04, V = IR , 87N 9[0aF 48
R 7=l ey =17 | @B AT @IS AR R R 7 40 AR
JCF (0, SR SR I NG I 1 N, 92 TS T2 T4 A0
AT | SFCR @RI 13NV -97 @Rifbaf swwealks widie R, v Raws®
2|

E = pj 536l ¢ g3 raw Sneasfo R Mo 3567, sl 749 @it $oimica
@I AT SFCTHER W IR T T fSa 7 1 o2 @3+
T SZCE 3 i) 6 |

. {W(silver)ﬂw&ﬁwqﬁ?ﬁﬂmwwmw RIENS

GGG SCel SE=IRa1E], Sfberwan g NS sim #1359 egmm @ &
5 | Tft Sferwtas Wi 39 @ 23 o1, afSrwaz 3R 9 (At Rpye 23|



3.2

3.3

3.4

3.5

GRIEIAGICN

4. 36 oferFa E (0 ARIR RGN ifS () GTEtIE (random ) SRAGE

ooy oS @R (i) STETHG E-9F T 9167 AR A 23 | TG AT
Ty SR 9T AW %7 T GR v, FAFHCS G (I SR A 1 (G ifelz
AT G ST | TOGI NYNG ZEARGCT G AT AT SFCLHCGA T2
v, B =

ATTT 2T NI ALF (FCG LTSI j = p v T9IF0 S*3 2ATANST 2 |
I AR O (NG ©fTeeqR GIR ST TG HINE € AN SO 2
SR GE 1 8 -

j=p,v,+p Vv

p=p.*p

Q4 ST} 9T (TeF oI,

p.=-p.

(&G, v, ~ 0, Tl (AT e TR,

p=0

j=pv

2, j = p v TFH (6 2T S T0e (T ATST W |

fTzrar T A GRF @M (KCL) ST 39! 90ad ©ofF 2ifefde @
I SRR TR TS €2 TS oI9S SIS 2E AN | SIFCE I
3l SR JAeere FaCans e o vt SifRafse it |

SregAtteT

@I AN 71ETF AR (storage battery) S 961 (emf) 12 V| I

G Sreree @4 0.4 Q 2, OIZCE AT (AT 7D Fo w7 ©foe ez

BF T ?

10 V SEH1eT 361 @3 3 Q STef@aiel (RRE G G5 G @I 1ol I8 1 3

TSI ©fTeedlz 0.5 A T, OIF @ [@IHFS (@14 T 2 T4 T8 7T (closed)

1 2 oL I AV e A Fo 212

(a) 1Q, 20, 9% 3 Q I ot @IFcE @i AT T T 29 | @ AN
o AT S 9 2

(b) M G TAANCE G0 ST ST (@4 =24 12 V SfCHIas A1 161
0] YT T 2 O LTI (FLCF (3Fd 99 e (potential drop) @
JCATN

(@) 2Q,4Q9R5 QI FSD HLFCE TGN TN IS 3 267 | @ FARAC
e A1 ({9 A |

(b) M G AARACE ST STSTRA (4 T4 20 V SIS A1 <o Ai61fea
e IF 1 2 O AT (@i w1y e 2difee ofe i i (At (el
GRS T ([F I |

TET OPNGT (27.0 °C) G356 SIART SAMICIT (heating element) (¥ 100 Q|

O SN @B TAMAGT @IET T 117 Q TE? (ST g, @LFod SAMITa
O el [ 1.70 x 107 °C™' |
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3.6

3.7

3.8

3.9

3.10

3.11

3.12

15 m TICEa @R 6.0 x 1077 m? J&s 2RWE @3 OIad 54y e Srormai
T SfT2ANZ AT 26 GR ORGF @Y AN S0 5.0 Q e (5l | 2Tl
BEPA ST SIET SAMICR (@IS T (@9 I |

27.5 °C OI7IaiT @36 oI (silver) ©IGHR 1€ 2.1 Q @3 100°C SI#I@RT &3
W 2.7 Q 2| AR @IRE Sloiia! JAitsss e (@3 I |

OISR oA R ARGEEE 230 V TRIRICET 09! IT FA 20O 3.2 A Sfbeadrz
(T, T IS GRS 207 2.8 A ey =17 27| T 9037 i@l 27.0 °C W o @
ST TAMITR T ST S 9 2 (GRS S s{im TiReE @
OIANIE] ST MG A 1.70 x 107* °C™' 1)

3.30 @ (It Sifeia (hemit) afsB =nie ezl faefa s

B
10 Q 50
A C
50 100
V'
100 10V
@ 3.30

(a) <=6 FoRRETE [ba 3.27] 74 Y @igR(l 12.5 Q , 944 dfsfrs &G (balance
point) A &% (AF 39.5 cm FAY “NETN (51 | X -4 (4 ey ot | @hfB
bR RTe @)™ N0 e wi2[l (e el o7 o siite tofi 27
(e 2

(b) Teitars e At X9 Y oRritas =i [t 33 o3 aifsfirs [mft e s |

(c) MW [T TSGR G @ s =i &g 3 ow afsfie kg
J ARST 201 2 WITSIHIRGRT T TG (AT 2

0.5 Q SefEI (@Y @R 8.0 V SfHES IS @3 A%y WiHieE 15.5 Q

@IT el @fATS IR2T I, 120 V de FRRACET AR Sz w1 24 |

TifEesarER 7w UoiEhT AT e 2dten T 2@ 2 Tizesw T6AITe @LH

TS I T S F 2

G 2GAPISGE TR 1.25 V SFGLHETF I61 797 «F (b (F1 ©itad 35.0 cm

ey @3t 2fsfire % (balance point) (T | T o= @3 (1 @ TF @HGE

afswifere T2t 27 o3 Afsfie [t 63.0 cm-9 372 7 | @Siw @Ha Sfwiee

T fefr et |

3.1 TR SV SRS G0 ORI FARINZTS [T 2ERGER S 7R q9g

8.5 x 10%® m™| 3.0 m T I OIET GF ANF (AT T AT 6 BTG

A TCe F© T AN 2 ORMHF 2RERWT (Fawel 2.0 x 10°° m? @R @fbts

3.0 A e #Jifee 2z |




GRIEIAGICN

fefe S

3. 14 T AN ST SoTllGs qevg 1070 C m 2 | AFASE SoAfFelol @R g
G 400 KV Re-(A-009 e (Toa A e 3 sAfFaifzez siace) e #fidice
2AqEEl 1800 A B | AM NG SO I& AT (IC Al 11 A O
ARSI 2fie FA0S F© TR (AFF) 2waes 212 (IR @wg aft
YA A 7 TR SIGR ST qibfe 2= /G [Rfen SiKe waies qg-9e
@3 Ry o1 el g AFTes afsat e | (4w P = 6.37 x 10° m 1)

3.15 (a) 936 8.5 Q @I ©fEe F731Z ~ASITe 2fSG 0.015 Q Sre@d @ix 932 2.0 V

SICLHIETE IS T (3T SHITE R0 (oMol (T (T I8 41 261 | B
(T S AR 2[1E (7 9% 97 LG RS (T80 9 207 2

(b) A IREET @I (M (I 1.9 V STGBI o1 €3 380 Q ST Srera@iel
@ TR | @G (A AEH F© 2QE e AR @t F 93 e
IIGACS 3515 FAITS AR 2

3.16 N (CHA 4 oI, ¢35 Sy a3k sl oiE (o | qoE @ike T |
@ 457 W (FIND ST 2F 2 97 Tolw 7 F0F, e Tw AR
FI9e (power cable) RETE (& ST ©RPE Al (7 — AT I |
(ppy = 263 x 10° Qm, p,, = 1.72 x 10® Q m, SERFHAN G2 ©™T
AR Ty IAF 2.7 € 8.9) |

3.17 ST 4Ty M= (manganin) TofF ¢ @ St Fafaie st
A of F g (3 2

02 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 fIferie emisjrens Cex wie
(a) SPT 2RTRGE I3 Aol +AfF[ER W e 9o fresite ede Tz |
ey, e gfo ¢
(b) 7 AR ToAMI F AT ST 7 &ATAST ? [ 1 27, @5l
TAMICEN SuIRgel 7S ([T SZTNE I W) 27 11 |
() @G o o< 791z #IE (AT T ANZAG! (21T Z0eT O Ter@ael @iy 49
= e SR | & 2
() @3 2T G (HT), €3, 6 kV, FRIAE S0 Sef@e @iy 39 T 267
S | (2
3.19 % sl @z e
(a) TRFF YT FANS LTS : A GoAMI DGITET STt (@ /) A |

129



I GBI

130

3.20

3.21

3.22

(b) TR 4 STCoF] 1831 A9 9JCeTH (RN TFol ofeliess Firers: (7 / To) e
27|

(c) T Aig Wil @iaiess Sgel I seel (AR fF=eeme / g 3 (olts)
T |

(@) 9= &g W @Bl [T 40aT AT (@I SN (FA4ies
(10%2/10%%) W@R qJfdets @ 271

(a) 2AM€ NI @ ATTIOF (@A R |9 GO (@I RN T FCS, I 92l
el (i) ST (i) ST 20e 22 CEH @R FRTH @R SRjsire 1 232

(b) (OFITF 1 Q, 2 Q, 3 Q &% @ix (rew 751, QITENE O IS TE T4 I
we @efs == (1) (11/3) Q (i) (11/5) Q. (iii) 6 Q. (iv) (6/11) Q 2

(¢) 3.31 % fora oraitel Siferifba wom tx Fefr e |

foa3.31

0.5Q ST @I 77 3% 12V T (A7 3.32 51 It o @i v
7j2rs eREa e e | 2fS @ @ie 10 |

10 10 10 10 10
10 (12V,
0.5Q)
10 10 10 10 10
5@ 3.32

3.33 f5afs 0.40 Q SrerEA @ix T GFT 2.0 V & 372 @ 2GaP1eoReE
@R T AB (@14 OF 30 e ofon I AR | 1.02 V 7T ofTmE= A1
(IS mA 2Nl D) G 2 (@ O[T 67.3 cm T @36 2ifofirs e
O | 2fTiel (P! (ITS 432 3 21Z 2ewl e 909 600 kO -3 36 SHHINE
GF AT TS I T2 257 43R 2ifSfire g 43 SR T691F 7 (shorted) F1 24T |
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GRIEIAGICN

G2 2o (FIBTT TR SGEHIFF 61 & T2 /o (i @il 2ifoiifere w1 a1
R G AfSfire RS Oima 82.3 cm L #Aewl (91T |

2v 0.4Q
|
[

—./._

4{ l— 600 kO

@ 3.33

(a) e-GANTFO?

(b) 600 kQ Tt @iufa AtaIETe Fi 2

(c) @2 % @l =l F afefire [yt aeie 232

() AGTASRGICET BT (T GBI 767 2.0 V I AfAcS 1.0 V ziee F
AT “IfSb Fie 07 2

(e) Y2 T WK SIS 0T, 4T FEF mV NG et 7810 5 Afdreia
JS FACE (4T SPEIR [T emf @3 5cet) 2 T 1t 27, o3 il Frei

TSN #AFSd a2

@3 1.5 V (@0 Srereaid @i s oe 995 @35 2.0 V AatieitRs
3.34 7 ot oraltal =05z | el I8 ice (@b Ty 2ifsfire [ @ 76.3 em |
oz TSN 9.5 Q @ 2T I @fSfire [KeyfG GafrefitR siwa
64.8 cm (S 0 AT | (@ifoa sreradia @iy e s |

| 20V
||
A , B
1.5V @
9.5 0
------ VAVAVAVERIESEE
@ 3.34

131



9 L

2R Y @ pIFY

(MOVING CHARGES AND
MAGNETISM)

4.1 \giﬁlaﬂ (INTRODUCTION)

2000 IZCFAS A FIeT (ATF AN ©fTL G3R FRFY TR AT «17ell feT 15719 200
TRA SN 1820 AT, R [HIRIG 771+ T So=ARK 41 (9102 | 1820 AT A
G G Avefey e O vl FCe (lecture demonstration) ©ib o Reia gyray
o eAETT o7 SRR @, @36 Ag SR O, a7 o7l 4G pEe =iy
TN Rewwstd <o | Fof @3 B el SRPTI SR | 4 SRS (% I
ORTGR ] T TS ([ I I T 1 A G @ -] > I3 *[Apl o=
T B v cafeeT 1@ e 4. 1(a) 7 Brg (raitel 20t | 949 Sfgce @z Shata
R *(EIIT ST TS AR AF, A 7R BTG ST 2F, 0L 93
ORI o7 91 AR | SR Ry 11 2061 pas *AE SRl [Repre [sidre &
[ 5@ 4.1 (b)] ISfCeeItes = T I =1 T SN IS * NG G 7o g Sl
[, pRS =R et wo i #1177 | 2112 oRfa biRiied =i e eyl
4.1(c)] | SACHT 2 PRITE Toidle 24 (@, 9IS Siae a1 ofbeeqrr, 99 BIRee=
TETas (T0e] 9T (o TRCara 915 A |

G FTTSIITH @RI IS #1711 IS 501 | 1864 FNE (P SUIHETRE
SIERWI € TRV QIR G Fae] T e 07 TR 7( R 3 T Sk

* e SR PO O IW;G (74 |




PEER

FIE (@, ST 25 G0 ST pFIR ot | [Realel 2% (@i whe SfEmE F0Ee @)
T =t oo s (.01, @PT @ & (ol wxrent Sests 0w | st srotite @
R Srarataey (Feife 3k 2gfgere Siaeifs 9ib | sfiepaas riffe wifess Gt a1
Tl IR STEG IR AT e, R, eglerss ik wiiesss e aaifua s
TFCH B TSI TR |

VR
A O
A\ o/ A - V4
(@) (b) (©)

@ 4.1 <3 A 2 TR ©IF &0 775 GTIFCTa | ol Floltes ©rea Sfeety
R | SRADTE (@59 I G {1 I 95! pFFI0 SRR T | o] FRI 6 SR
R (I TER T3 (a) S Iz FlarereteT 9=,

(b) SfGeaNZ FolTrereTa B, (c) CRMBIE @ FCI ETIRGE s | 5! e S
Al Ter G Jfo® 07 | -5FF (FLaT AR 2T STAFAN |

Q I ST (T4 2R, (25T el 2ifodiet iifes il
G ST I BoT 96 (BT CFa PN I67 AT 0 |
TS T STGR2NE TSI (GTFFCRE 5 R | SR (127 GG
IO TS TWACE Y32 CHAC *([To Gg® 1 I | A==
Q8 ST T FIOI GF0 TSI 2aesal e eq atens
Aol FACS A |

B ST R AT SRGIT TR =7 Sl fwferfs aipfers
A1 270 FAE : 9IS ST ATH TTF-I(Z A SfGeeAZ A CFaE
(SR 3 GT99) TG (@) 31 7o 11 221 | 17 STy S70en! o 7-Srgf
TR Al (FACF 9 (®)* =l Ib® T 27| B 4.1(a) 9=
4.1(b) INF RET 2D CFaE v 0 |

= f$Moae eI756© (Hans

Christian Oersted -1777-
4.2 BFHT 94 (MacnNETIC FORCE) Christien e

4.2.1 (519 T 93 CFR (Sources and fields) | ey 4R (FICAT @O
GTHTHG B -7 {9 Goi7=lI =TT =TS SISl A2 Wi oo SR | fofeT o SrafReer @ =<
Sfoerma E 7903 31 0l o 771976 399 | SRl OredfR @ gfs 0 R SR USSR GGl
ST NS S 1 4G 410 Ko 31 (@00 A | oferwrgn OIS PICR IR Pl =3, FAICI

c%
0
-y
5
>
@)
=
&
&
w,
=
\]
\]
7
[
(0¢)
2

Tt Q O @ sfesrwa 7% o, LGSR CAE (ke 2 ATRRO S RUERC [ SEAREY
N SIGR R TRFCR AR
E-= 4ng)r? 41 (O
@ x/ (ne) D et v o 2w

* @35 ©6 () & ootz fiess fmie @36 Sitaa Siereitar sItet e

20z | G316 T (O (ATF TR I ASA SIS 2N 2T g | 133

L SIGIRIRIC R T —



)
N
)
r—-{
|
o)
o)
®
=
%ﬁ
E

134

@AGF GO #1C% (Hendrik
Antoon Lorentz -1853 -
1928) TS Sifes smiefm w2
et wpie R RS ©fve,
PRPY R eI AR
94 ST FCATRCE | ST
eMTTFT AT GTRFCFCAT
AP 2o (SN G0FS) W11
BT AT FCE, @ IS
T 1902 A SHCEF (IS
T e 1 2ifRe | fofe oy
wfoe aiifdfes Yfvorsa fofers
FABT  ANFFA AACRT
(transformation equations)
G 22T A G (€T N
SRR TG NS AT JeT
zy) dfewt sl g, @2
TRV, (¥ G e ToAfFS
@ Todl (IR 1S BTG I,
3 TS o oafEe R =1 |

@A £ 26 1 GF AL G0 9IS (SFF G3R SCLCHa E 26
G (STACHT | I3 SFGLTHIF Ao GF 0 S g “ATIfE< 2w
F 361 S[ed 304,
F=qE =qQft /4ng)r’ 4.2)

Y2 ST 01 ST T TR, Ofeera E 35 Famiere
ST T IR GF (ST GhiF! AE0R | 2 STy *IfF @3z Sl
it TS PNF Gk @b SleFliTei ®ifsre 2, 75 w7 [KiwiEa
ey SRS T Aol | Rl TS “GFad e So [oa
TG SR FCET IR YIS SR R FRFCGT GFGIPAC 93
2N STTET A | 3 Caf fgwifass oo @it Rz sreritT Toig
TS A=A TR RIS AR[Ee 2w P 1w b e
SCHS 2 | 92 ST SR SNG40 (7 AL ANCATT
CFaoF AT 2R A |

@36 WS Rere sfberwa s i «ifes S =) Z0e
AT | QIS S AT SCLTHFAYCE! (ST W0 FN e 27 |
2L I SN (O ST (SR G2 T Soifdsieta
S &1 27 | SFECFGH T e, 218w SNxieta St et
o1 AN 4.2 SR AT T |

oRIF SN (o O Tg T FCH (oule ©feeadz At afsHet
K (97 SfOTE) 9T GTITewas %% I A @ (O3 (Fa,
B (r) 231 9o 321 27 | OfG<Cg el @2 (GIRICHCEAE o9l
Gnfers «rsfiafer 21 | fawifas oo (space) 2 e ar wkwifte
A AT (G3R AN @5 T Toe WSAeT 2re AR) |
AAFRETFOICE (el TR GfE TRt A (0 beet Tl
TOW T (GIAFCRg 26 AfSlt @3 SO &) (GTIFCHaa|a
(ST Qo I

4.2.2 (BEFCTY, A9 91 (Magnetic Field,
Lorentz Force)

I SfCLCHG E (r) 938 (G190 B (r) SORA Gi=ifore i
R N4 g (T 2WE ¢ T x SRR v @00t 91 oRiet) i 4=

(2 | TSACHCAS &) OGO g -7 Goi7 et qe,

F =q[E@+ vxB([@)]=F

+F

magnetic

(4.3)

electric

SRR @3 S Reewom 7@l sriifrts g A5 WEreE TR fSfers
G35 TG FAIALT 3 IO AP T | 9B TGP G707 767 A0 | S STHRAT Srely
AYT 6T S (O TN RGO a7 0 | T SR (GTEFCHCAT Ao =%
a1l o7 9, o3 M erfie (@arSe)tel o F93 —

() e 3=l sabaiae g, Afr@e v 9R GTFFTwg B-43 Soig fSaliet | #91g=s

ST G 2 T Gl ST G2/F 8T ICeTH 97O |
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(i) FFRTIE q[ v x B | ARCS SN 17 91735 @R (STRFCHCIR (ST 7o SIS
TR | SIfOTael @I GTIRCHE AT NSl A
Ry 2061, GO (ST 7)ol ORI (TR0 wgel
TR 0T W ¥ 2 | AfOTel @32 GBI,
TORR ol SIfeey e (b AR 231 4.2 71
fora 90 S (@37 (1 F97) Yeltaa F fovww A
BRI TS R 0 0T SR AN A |

(i) AW ST SRt 71 O pRR T %[ 2 (Pl
qUFGE | v|=0) | (TG G AR e ST FIR
T e I |
F=qg[vxB]l=quBsin 0 n, (0 2 vdR

B-43 48! (9, 5 4.2 (a) (A | PRI A @B

FAARNEART g, F G3R v LTSI @76 NS 4= 20,

ARSI (STIRCHLaR TR AL FHCS ST

R FC | GTIICHCET (B) 090! 577 SIS0 1m /s G e oifo#fiet @ st (1

C) T 2T o1 1 W80 201 93 (b IFFCHCAT e ¢F SI 975 27 |

G NS ST S 2413, [B] = [F/qu] €% B -7 IFF N80~ GRS/ Fo- W0 |

el fTlal (BIETIR (1856 — 194.3) TS SIAItd @ GO (G (T) &1 2 | (Gl

@ (b)

@ 4.2 wifzs F(7 o S IR A9 Sfeye | (a)
G2 (o2 SR, (GTFCwa B-93 A0 0 (&I v (@00
SN T IS ST FoNF TAT 2T I SOy |
(b) GTEFCHCET THAPRISTS ¥l 2ifediet wiifes Feit
q-93 Rl —q @7 [7iSre wfeyre 23|

@b 28 GFF | AMEH (=107 GIE) TRE G SCAFIFS FR GFHS (ST ) Sl
A2 2 I | AT GTEICEG @ 3.6 x 107° T W2fivem [gw s
BTRFCFAYTIE 4. 1 7R AR STy T R |

A 4.1 & SIS CFTa GIEICHCAA NI A

B EATRIGE (2 10°
AN CofF RT ST GTFFCwa 1
G5 Y 75 pHA ARDLO 1072
AR 107°
AR N OHCF 10710
GG TR 10712

4.2.3 TR ©ITAq B9 pFFT 6 (Magnetic force on a

current-carrying conductor)

G0 AT ST G2 GTHTCHFAG S 2 IR QAT S S UL 4y wTeset
CRRTAS 2T TS 2N | A FI 2RI (RGP0 IR [ T @66 75 Rrapen
FE! | GTHCE SR SARRID AO1B G2, LT SN AT (FCARG ) 499 | 431 A, U
FHE SN AZCHT TG 5 11912 T (G A6 S IR 7R 2o nlA | AR e
PRI eeaaR I-Gae, SisE 2ol oe Sk A= 91w Kber (51 v, 40 oo #Aif
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W o

(TSI (A | A GIEFrra B-a Soif=Ifors, @ S izt S et
e 2

F = (nlA)gv,x B
R G LS ST MR g | GUFCE nqg v, 26T 2R j 9<% | (ngv,) | A%
AN [ (2RIZAG! G3R 2]ZITG RTEE S GO ST (el 1912,

F =[(nqv,)IAl x B=[jAl]x B

=IlxB (4.4)

@A 1 @ (37 9 3 25 vefoq o 1 @R @t ofeiarz 1 aa Sfesre A |
AN (F 2ATN@! 1 (ST AT 1 4.4 7R TN I SIS LT S (837 Bz fo
j A -9 AT FER |

SR (4.4) G AW TG Gy ATANGT G G2 FNFAC B 21 AR GTAICea |
GG SfUeAIR TS Gl TES (HTFCTE =3 | (F-(FICA] SIFoT S G2l 2T w10
TECP 1] B (570G T2 SIBCP oIl i T oiet 1, -« it f2oAiea et
M, AT F7 ST o7 2T I (@i ez M (5 71 F oifsnst 51 27,

F=) 1dl,xB

J
ST (g 2 B TN #IfFafEe s T |

Sfegrewme! @k (519 (St (Permittivity and Permeability)

ARG SRR I S, S| AT Al -l i 77 Sraa 912} #Aifs et a1, m, @
M, O 53 eICET T AITST GRG0 SISO GG -9 0 DB 11T 23 | G2aareid e oifefos
FARR AT SR forite AR @, r a9 Rifsre qft K sitad g, 8 g,-a7 TSt faie 36 29,
F=kq,q,/r* @I k2e1 G0 TG4 47 | ST G, k-7 A0S gI0er1 /4ne ROTR ez
@AM & 2o NG SCLCOT] | GRS GFEIE e FAG2AST LA SI G, 1/ 4n RO
(RSN 2, @A p 26 NG G (Svol |

M G, & IR p G FAB TAAET g7 2ot TRFT 761 @ SfEGFRT AT W A1 TR |
TR I, ST 0! NG 2AFoF ToiF fTSaNeT 71 2ete SfTp=I 7o, 7fo e | po (R Sael
M 2FFox Tofx (TSaNe] 230 | O3 @A G 281 GF6 ARG GIF G ¢ '@ p MO AFFoq Tofg
s ufo g3 | Rfoq S, o= fom 19 AT | gu 2oy, Mo sy frca ofSe pain R @ot v
GFACH gy =1/ v A TATE A |

el ¢« 3 (STo AT, N € SfELTF, G T FeiF 2eife Fea o g w1 | AifH
GG TR I 2T GRS AN 31 @2 aeiad wigt fdifae 27 @3k ars smita sreree
CRaRANET 5! 2o 23 | STgee, (PTRRACHa SRIRIS (! oief pa e 2ea L2 267 sMita IRsrerel
L | €51 2T PRI STSTS T (STEFCIaS (SRR 2If ol |

TrizAct 4.1 200 g ©F €A% 1.5 m HRIS @6 4G OiF 2 A o 2IfFazs
F | 4 I S N GTRFCHCGS (B) AN AT AetfFe ez (fod 4.3 (ra) |
GTHICHEE T e e |

=
<
T
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aa.s

TR (4.4) TR AN (AT SN FRTS AR, G 1B T G0 SR 76
F S0 | A1 e 2afHe SRRy «2 161 sl sifeasi et el afefiro =
mg=11B

=Y

Il

. 0.2x9.8
~ 2x1.5

AR (@, GBCHCE m /1 L OICER 2l G (e OF Srardd IS | A
GTEICF ARG SGATF 4 x 107° T 3R G30H0T G5 SrorwaT |

=0.65T

Twizact 4.2 I GTEFCFG GISF y-SICHT AT G SNfZe FI6 8 x-
o JARA 9 oRNE 231 (o@ 4.4), ot ffeie oFcg sitag e oL 2 2
(@) G ZCEARG (ANGIF SAIT), (b) G (2T (4L SN ) G ST |

z
A

A4
«

N
><><><\><\\><><><><
><><><><\x\\><><><

<><><><><><>\<\3<><

lxxxxxxwx\\)g
><><><><><><><><\\\
X XX X X X X X
X X[ X X X X X X
X X[ X X X X X X
X X[ X X X X X X
X X[ X X X X X X
X XgX X X X X X

Paa.a
e i Sl v, x-S IR, QLI GIIFCHRg A6 B, y-S I,
R v x B, 2575 I (F 720w A Ol 2 forarsl Sepifar) 231 | 910 (a) RRG10
AT z -SFF FARF | (b) (HIBA LIS 2-S75F I S o] S T |

4.3 GIEICHLE 2 (MoTion 1N A MacNETIC FIELD)

ST G2 GTFFCHR ST H5e SR 916 7o/ Reeita S 1 | AW
(I Gelfelar SNTSWET T S () SR (SAE (@ IR TR 24T 7o I
FAE R M TN T SIS A RIS SIS 2 IR S AF | GTFFCHC
GG SR T (0@, G SoiF KFRIET IR 81 TR SRSTICaRT Acen! o1y ol

I'¥ bbzlua

TV bbzlua
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|y xapui/udewned/eael/sondo/gar~/npatiremey sAyd-mmm//:dny

{UONBIISUOLWIRAP DAIDBIIU]

‘pI2y 212uBew e ur Bulaow sapnied paBiey)n
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e

T | IS, (T P AN 270 11 9% SIS0l M (@R #Af7asa 906
N (A SAERTI TSR #AfFTEN 20O 2NH) | (FTFNT (@, G IFF RIS S
T SfGLCHCE ST BT & I gE (AT foF | @3 ofverwasive
AR ST ST SISy Si2ia RPRITe Boice T AN G IR SRR
Al == SRS 200 A 1)

IR G2 @A G0 FT GIAIFCHCG G0 Sfe® FF oS [rapa
FAE! | A GF0q FNT @91 v, GIRFCHES (B) SIfSeTy I 47 e |
TR IADL v x B, Seta® 361 AN &1 FE G A0 G IFRCHead
0] TSI JEIBI A0 A | 37 v 93¢ B 77717 Sfeers 23 o< 3910
JEFIT A0 NS 7 (f5a 4.5) |

I EIEFCTe B IR 17 S5 i St @b Sl 2, O «3
Toitxifo wreifafSe A, @t (GTeerTg IE o oifs g g Aeifs
41 | B-«F Sifeery ot 9163 9f@ 737 7oz JerwT
27 G 3PET© SR AN AITe FElk-9F (helical) T
27(ba 4.6)|

(OISR 7o (IfTs (@t Guifet, el ST o)
IS Sz (@, FeT7 T TP 1 20T 3 AT
Q- @I e o9 3999 F@ifeyq mov? / r RS
(@ 3 e 2 OIS St 361 A0 | i Fiifoa siferas!
v (BIFCHG B-O7 STy 27, O@ fRI IE0 v 43R B
TS SGaTs T 3R G2 A6 SIS J61 R s
| 2 I W T g v Bl OfS@® I 98 13
IR S &4 AR,

muv?/r=quv B, T (I e AT,

r= mv/ qgB (4.5)
@3 r 7o wifge Fifoa ger Afesitg et | SNt
A T© @ T, IPIife e @f* 2T 93] ©Ud

% 4.6 W %g_&a W ﬂ‘% (Hellcal mOtlon) @TW W q@q{m W W | ﬂﬁ Cﬁf% Mt{as I0)

FOE v=ow rIEE

w=2nv=qgB/ m [4.6(a)]

QNG @9l A= FACoFF | v 251 SRS T | ARG AT G2 FARTF v
- = TR g sief AT ST (SRR 4.4.2) (Tl |

G 5 SIS THTHA T T= 21/ 0 = 1/ v | 2AWG (GIRFCFCIT ANGANE
wrifes Fiiber ST @b Tt (v, il fofers) Aretat, aff wiifbee (raerg s
SfoMeT FACI 9% 97 AT SAHICa! Feik-a7 T 203 (bd 4.6) | 977 54 SRS

GTECTg IR T @ 79 915 (pitch) p I | 4.6 (a) TR ITNFT A2
FC S AR
p= v,T = 2rmuy, / qB [4.6(b)]
/o7 JIFIT SARTR WPNLCS R=-G7 W7 AS=%F (helix) 0714 I |
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213} Y 3
PR

Twigad 4.3 6 x 107 T ARG GIAIFCHET SSatT 3 x107 m/s Gore

SN GG ZETFEET (T 9 x 103! kg G YT 1.6 x 1079 C) oife0q

PG G2 G TS FAIF [T Tl | FNTT *IT keV GHCF el 61|

(lev=1.6x10"J).

MG AN (4.5) T2 FCF SN AT

r=mv/(gB) =9x10° kgx3x 10’ ms"' /(1.6x 10" Cx6x10*T)
=26 x 102 m = 26 cm

v=v/(2nrn)=2x10°s"! =2x10° Hz =2 MHz.

E=(4)mv? =(%)9x 107 kg x 9 x 10" m?/s* =40.5 x10"" J

~ 4x107'%J = 2.5 keV.

€% bbzlua

wifEe FEIF BT FRei-a2 T (Helical) TS @3 Tea 19 &Hifs

TGN ST I SR G7R TS FIAIGI ST G0 TGS M SCEITHRG! (7] A | TS A&
CoNRTIAT SNTERT PRI 71 (1 DI AR (Saliel TRTTRIS 7o | I 2Fo Toa1 WLl G2
SR 2hea 1, (7 REca Sl @RIt ST |

A, meF '8 g NARHS 936 iz it @FH Grarcrsa S5 (B) AN @9 v N = 33 |
4R (STFFCHCLS TGN G2 ST Tofiee] v, Gk SifeeTs T v, | (GTHICE T G2 iR
B B (PICI < fFraliet 22 1 | O (G (STRPCIas @RI v oISt fta 5e1te e | weiifbs
SISRER 1% oAIel v -9F &, v, 3R B SRR Sy AR I (v, x B) $EI 2 | ©fR Semw
4.3.1 SR, iR FbH (O TRFHRas S o Ot Je 71 7= T 27ere! TS | 11 (reaestas
FAIBNE IO A G S 9IS IR (b TR (11 TR IHIC! F2i- a7 1R (helix) 91912 2he A
QAT BF (a) (O AT ZCACR | CFG @AY (&0 (oIt BT Pk - i Ag ol s sifesia
AT CRAGTICE (57 P €8 SIfS3E bifere 23 | ey &fefb fvee st o1 el aiferacar sifwers
IR SN 23, S GTarcwa N ToF (@It I 0 =1l G3R TSR0 958 e I AT |

(@ (b)
CTIRRNG IR Y (AT AR ARAF TG S (AT W2770 27 | qUiR g TR 7JfRIS (S TaCrtd S
T ATY GR (AR R 2B F2i-ag i 2Ot b1t AT | 7R (1= (RF ARG (Fa
RIS T ARRS 27 [ 5@ (b) (7= | 1913 (TP FICZ AT FeTg I 213 | G2 FN9JTa IS oI
ATTNYSITHAIT AT ALANS GO | STEfSre SIS AL AT ST AR NG 219 (SN = et
I | AmidReRI G2 B ‘TeFCvg (@i’ (Aurora Borealis ) I |
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4.4 SfEe ¢ (59T (OY CFLa YT 9if® (MoTion

IN CoMBINED ELECTRIC AND MAGNETIC FIELDS)

4.4.1 @"‘Iﬁ?ﬁW(Velocity selector)

(SN S (T v @0l Aif SR g e RS @ Foit sfoersa a3k Gracse Tormg
TARISTE G T TSI I A (4.3) R ANFAC! S W, wefie
F=qE+vxB)=F_ +F,
SR G G0 A2 (Fg KI5 FACR @ ©fTa, GIRICHG G938
T SITST AT 2RI ol o7% 27, Al 4.7 7R ’ora (it 20z | 9=t
= @,

o 4.7

=33.0

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

Interactive demonstration:

Cyclotron

PHYSICS

140

v
=

E=Ej B=Bk, v=vi
F,=gE=qEj,F,=qvxB=q(vix Bk)=-qv Bj
woqd, F =q(E-vB)j |
i3, OfSe 3R pERIT F6T 2 [ReRos 3, 71 o1 (It 2 | E
G B -7 W INI(R gl 311 261 (9 @ G 06T A 2770 A0 22 | 0L
S T FAK T [+ 27 G SN RTFoRTeI CFad sy AfoRie 23 |
@3 oI5 T T2
gE=quvB 4, U=g (4.7)
o foq gl S ST (@1 (T WS @6 SToia ST 901 STEE AIRie [
G0 @3 *ST AR T 2 (FNTAIT SN G3R ©F B (@F Al (&) | S 2A=oi7
SfSer E 93 B (Fq g6 ‘(@91 500 ikt it 01 | *gsiia 92 Felojien v gfs
E/B T, G312 #AF>F Sfoey (Faaidd w4 M REFSel@ Sifoms F0e It | 92
RIS ST T 1897 A (&7.(%. AP 2GR HAT-SH SGATS (e/ m) 2t
JE | @2 TS SRR o7 a+(fe7rwe 77 (Mass Spectrometer) ST €1, AL
SR GO S-S Se2ll© S 52 A |

4.4.2 AZFEF (Cyclotron)

ARG 2o wifze Tt A WP Th+fEre wafde 27 @3 g | 1934 A
@I 3.8 510G 93R AN, SO (TSN 5107 ST Sty 3 7g SN
IR | MFGE e TN =S I 0o (@S Of<Twa € GIFcwa
JRR I T | (FF Y6 AT Soes 28T I BTG ('’ (crossed fields)
TN T | (STRCRG MRS T SIS T, 47 *(G 0o 23 | 930Gt ARG
YT R & | AT GO i SIS fo e bieR Wi e AT
D, §R D,-97 IS e AT | ATHOITE (00 BRE! K ‘D’-4GF B2l
&, GOR 'S (dees ) &0 2 | ARG G oIt o 4.8 71 fora oraital 2z |
{IS] ATFIRT TSI Nfze T sfenmiis AT @) SCCHET 2do[ (AT TS
2 | e F9N57 Tt (STRFTHGa Al ATF IR T 0 NG BF G ST ea e
TR SRS 3 | 2 72 NG @3 B (T 471 B 0o T, 72 SRIee Sfberwaf
G T et = | el g sifen lisea A AREn (@0 Sferwtas Sifoe




212} LI S
9

T AAfafEe 77| @B FREve g (@ ofberrg qil wifte w41 7R weifee 27|
Afsaras el gl = =i 3 0 1 <1 I A= ARl g3 s AT Pnde I
2T | 0% @3 sﬂ%’?fCQNV‘Sﬂ’ﬁﬂ%ﬂ%ﬂ?ﬁf(spiral) 7|

S R AR ST S IS SN Sy 720 AT B0 Aoy 31 22 | B
7o TG T T RIIG o1f7arS! e eitiol 1 230 | 4ol S At oS iifEre i1
TR (@ (25 AP (@ P Rre I8 341 27, 1 4.8 TR g 5ra (rateal
TR | 971 @~ 96 T -7 NG NGO AL SO FH 9. T/ 2 T S
-7 ! FIFRIE (TR, @A T 28 SRS AT, (4.6) 7R ANl
P |

T=i=2nm
V. qB
a, v, =38 4.8
bl c znm (')

TG PICIE B TR HRCPIG T T 27 IR LS v, A1 o 1 27 |
T G2 REER T3 (v, ) GTeIT el 1 221, S ST S-S e
SR I SR -2 SIGTH 2FfS 26 T | Fere) SREGF =16 v = v &
WWW@/ (resonance condition) (=1 | ATIARFO ofUe IeEa il GTSItE G
QAT el LI ST T D | -4 A0S (AR o D,
oy Ko 2w =37 93k S9! st FHit R gaifeds T
T | S9N 8IS (dees)-aF TS id SfOLTHasS ST ST rEa

fRCwoi #ire

SIS 2 | &F D (A O D (S ST T Afearg \—
quR SIS qV #IfsIeel i o117 (V et 98 3o O-a 3| i
Tre! e #Aief) | AMTA (4.5) SR @ 5 @,

A1z aifexifes 3= T e qo sfseitem gpide 3w
AT | STFSIE Tl-9F PN AT IR 57e T
gl =i STGTe 1 2 ST SN AR BT
TGO ST TR 20O 2 | 7917 (GTRCHG SN
fifSre S0 [ata #It2 AR (AT @F FE @ | AN

(4.5) (TF S 473, p, ~ [
gBR '
U= T (4.9)
@A R 281 MofSmite] AgR=I0a P14 31 8 (dee)-a7
W% G I SR oS 2, 5@ 4.8 G @ g7t foa | p Repre =nfes
1 e CBR (4.10) il A SRR Tt A1 ST | T 77w
2 2m ' GTFTHCEd (B) &SI D, @38 D, -9 SIS SifTs

TR D ofe ST Foerrlet, G oA AMART SRS JEPI AT TS | G55 AT

A O 2 — AR O TR SR TR ARPEA TG ferwm B eioits wimemz Swuits ufors waifde
T | FRTPIGCT TG SN2 Nl AR T weiee 2 | AT ST st sie e feife 2|

0 TS0 MR Tof SIS TR & 3R 9F T
FRaifde feigs RimarTare R 511 23 | Flo oIt SgepTE 7= (implant)
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W o

ST AT <RI AL, A Tge] 212 AL ST FIGE 3 I 92T
1 2 | i (oG ER Al ol FRC T2 TG 92T TN 2GR B 2L AT
st el e fesi e S = |

TwizAd 4.4 G ARFIGERT WS SIS 26T 10 MHz | (25 RS aifde
T T PR GTFFCFG O 287 ATAGH 2 I B1-93 APNE 60 cm TSR
TIRE (AT 2@ (2o TN (FITeF Sif xS (MeV OF(F) T 201 ?

(e=1.60 x 10'° C, m = 1.67 x 10" kg, 1 MeV = 1.6 x 107* J).

TN (R ARG FNF AL T FAIE I8 N 2 |
AN (4.5) G 4.6(a) TILT B SN A3,
B =2nmv/q =6.3 x1.67 x 10%" x 10" / (1.6 x 107'%) = 0.66 T

CRAGTTRT S @l
v= rx2nv=0.6mx6.3x10” =3.78 x 107 m/s.
E=%mv?2=167x%x102"x14.3x 10/ (2 x 1.6 x 107!¥) =7 MeV.

TS §9F T2 (Accelerators in India)

T TF [T ARG OIS Seos G0 T2l (7l | 1953 AITH 19119 ‘Saha Institute of Nuclear Physics’
T 2D B2 (R AZR O 37// S [RRS ARG RIfe 27| @3 SRS «iw2 aRRRFeE
W—@W (Cockroft-Walton) &0 93¢ Ig IS ?{'Eﬁi-uﬂﬁ Tata Institute of Fundamental Research
(TIFR), SNifssices Aligarh Muslim University (AMU), $e<ol< Bose Institute @<} SIFGRET Andhra
University af1mcz =1f*e 20afze |

oA WIE SN (vedfe Bhabha Atomic Research Centre (BARC), ?{‘313 (1963), 2fewIt 5.5 MV Bifs=re
@™; Indian Institute of Technology (IIT), FI¥94, ARV 2MV Bifsfae iR ; Banaras Hindu University
(BHU), IR €<% Punjabi University, AR 400 kV Sifie @RFF-ag stet @ g o5 f© 2l < g
Rl T ZCRE | B@m Punjab University (® Rochester University (USA) &€ 66 cm JFAREG G55
AZFIG TF 21 T2 MR | University of Pune (2[T) ARSI @55 Y ST 25 G9F IZS o 41
ZCAM%E | 76 <R SR WHITF SO Variable energy cyclotron centre (VECC) 2f$dits 5= (wii 2gfgre
S *If§ AZ@G (Variable energy cyclotron) et @5 foiieT Smiel (e 2@ReT | BARC 29t 2MV
BTSN i TS 2l $7FF I0ET W G S fwsliel 1 2% 2R TIFR A 14 MV BIITSH (ATEG (Tandem
Pelletran) §3/< Ig 17/ 1 201 | 49 335 ~Rreice 7 Rl Tgf wiisl (UGC) 99 wies R Rgerfefes
E[I%WT TEAGET VSTCQfInter—University Accelerator Centre (IUAC), Weffate @ 15 MV GHTE (TG,
Institute of Physics, 9ICT¥a a3 BTSN (AtEge, Atomic Minerals Directorate for Exploration and
Research, 2RTRNM @2 Indira Gandhi Centre for Atomic Research, STi&s @3 ‘tfﬁ% A ’{Iﬁ 1.7 MV
BITSG (Tandetrons ) 715w 341 2124 | TIFR €% TUAC ToF 2fedinz oifs 713 LINAC SfESa A<aie S
SFPTERE T *IETe GR4® =1 NG Gorst FRL FA2Aed <1 |

Department of Atomic Energy (DAE) 42 331 S 993 g RTINS g 20eTRG G ACH GAN A FCI | 2CHICH
Raja Ramanna Centre for Advanced Technologies, 92 f$1t @36 GeV P Rfdmre St fsfiel w1 2301

AR *f$ @19 (Department of Atomic Energy) ©fRms s 23103 *f$ St @3k Mol Reremmes
(fissile) oW ?{%?I (breeding) CFq §IF BifeT® 3= [Accelerator Driver System (ADS)] 3N AT

S o Tz | ‘
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GBI RO
PEEAY
4.5 7O TAMITTA & (GIAFCHQ, ACA- ASITHA
9@ (MaGNETIC FIELD DUE TO A CURRENT
ELEMENT, BioT-SAvART LAW)
SR #if2fo 7661 (GTrrag ©fece Iz (Il Sl Siai) @3 FPREa
T (IS AT &) 6 2 | S G ST IR 97 &) 775
GTFFCRCAR N A6 Sl | af6 AP J0aa AR dFH TN N
SR I FA (T 2RI O XY -G, 4.9 5@ oraite ze | #ifFiE
R @ oS Fr o Al Reawa 3 | 7 ofee «Af7ai2 $ome & r
Y P RYTe @3 & 375 (5193 ¢ @l7e dB 94T F30e 203 | stz
TR SIS 5w w1%) d 1 3% 79 (8B -3 TS| (Flel) 4f | ATA-ASIH
1 SIS (GT9F (Fa dB-«3 W SfGeeiza [ ¢ (eha Faoieel | dl| -3
SIS €32 THG 1 -9F 097 TWIYAIEF 27 | @ rota Al @R 1 W,
dB-93 SISy & STetea SIfoe Ja199 27 | ST, «F (939 371 2,
Idlxr
dB o 5 5@ 4.9 AT-STST raa e
U, Idlxr AN, T OGRSl I dl
dB =, — 3 [411@)]  ogo rymoe 7 GTeer=a dB|
T 1, / A T GG 6 478 | TP MR &G S A © 02 sl orerm Soia s
2T 2 | AR OB A (STFFCHG AL W
(TR SIie 23, e e
aB| - £ 191500 [4.11(0)]
QT SR 97 el Ao aofiafer IaeF TR [4.11 (a)] T4 201 Greecewa
Tl S[eT 7sraret | STl =iifoss gioa SI 9 A i 247,
Z—; - 107 Tm/A [4.11(c)]
SIS 11, G [0 ML BT (om©! e |
GTHFCTHCET GC ACN-ATSD ]9 @R o Sfeerias ety For 9ead W& g
LT SR 5% G M0 | G 6 0 Sl 1 247
i) @2y Towz B (A o R 277 r@res 07 Iwigenfes, sz Tows g
AT AT 2T 2T | TSACHCET SN2 SRS IS 2te! 741 T | (92
A AT ([T, PR SfTerwg, @3 T S St AT (@go! TRE Ao 4F
2T, GTIIFCFAS G T [ d1 -9 AT S (FRF 790E AT )
(i) P foeral S Syl AIe (Fei G @il 316 &3 | Grascwai [ dl (939
TeA 7R T 2T |
* dl x -G SISy Tl FCOF F I ARG ANSHN I : d1 G=R 1 (SFART (T O W,
O T A | AU (SFF (A T (DT e oifs Fael i | aifefb 7 wfen Sio
oIS SIS0 20 O 91 (SFA07 SISy (oI it (towards you) T | SR M @3
7If T TR G 2 O 97 (STA07 SSYL (ST (ITF YT WCH 26 (away from 143

you) |
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(iii) PrFOCerFab S8 (FafRre (Tl s IS 7196l (S SR T |
GTFFCRFAM A0l (ST 1 93 T 212 ToAMIT [ A1 (@ IS 2T, €2 AT+ T
EEISPRERISEERE

(iv) JAC-ATSIHR @ (1o NTTe TSl @i, 75 T ofberwia @ @0 @l
o7l (72 14.9 B @-@IE Rre Grarsa d1I=-E (I @) $m 2 19
@ATART O = 0, sin 0= 0 &R [4.11(a)] AN (ACF |[dB| = 0|
X[ WL AT g7 &, BGTIS (SO 1, G #0069 ¢, G

R ST o5 2 -

coo = (472 2] =[5 )107) = ey =

SIGpFRR W] R SO S ST G FEIE S| R0 SCEAIB S |
QAR *7 T SN AfOT9] g7, O e, YD PRAMAT A | g, A o, -4
K (- (] GBS FIRIT T GG e PR 511 2 | ) PRANC 20 9= o
25 4n x 1077 SI G35 |

Twizas 4.5 67 0o 14 @36 w7 7 TomiT Al= Axi T I=10 AN
G T SR 7IfF2e T (6@ 4.10) | y-SICFT T 0.5 m TACY BGIFS CFq
IO ? @AY Ax=1 cmll

» X

— Ax +——

a9 4.10
R

|dB|=&IdlSln9

2 14.11) TN IR T |

dl=Ax=10?m,I=10A, r=0.5m =y, ,u0/47t=10’7TTm

0=90°;sin 6=1
107 x10x 1072

dB| = —0 X29x°0 7 _ -5
B = = 5 X107 4x 1007

A SR LIS -9 AT | (AR,
dixr=Axixyj=yax(ixj)=yaxk
(OITHRATE S YT BB 45 (cyclic) e IR 713,
ixj=k; jxk=i:kxi=j
THA (T (T Y32 I TS |



ARSI @
DR
HRRS] STCPRTT SR AN-FNSIH 7@ AN FCH JEIFIR 02 Gl 775 (GTHF (e
el
4.6 JSITIT S(LLAIR eI SCHA T2 (BIFF (Fa:
(MacnNETIC FIELD ON THE AXis OF A CIRCULAR
CurreNT Loop)
€2 SR OGR! JOFIF ST Tl OF S ARG GTAICHG el TN | 578!
SR SRS FUIoHY SG@AR SAMTERS (Id]) 2SR v
FRNGTCTR N (TR (7o T 27 | St «fF sfoeedz 1
TR ST (@32 37 <RI *[=7y e Safere |
4.11 o9 ¢ FRA AR (1) TR JEPR P a2 4B
R TRIERIS q6 Y-z ot RIfe 998 9 @5 281 A . L . ,dB
O-(S SRS | x-ST{ SRS O | SR G2 ST 7 P Rre .
GTesrFa e FaTe big | 47, 907 @m0 A PRwEmy X p dB, X

X |

Foifoa «3fb =S = #ifF12) e St dl [ 5 1 @b
4.11 Tor@ @I 2@ | ARSI 3@ [F70570 4. 11 ()] Sogaif
A1 SIGeIIE] S &) 775 (STRFCRCas N dB #{1e 1,

dB:,u_OI|dlxr|

4

QA 12 = x? + R? | 9IRF I 0o - (1T ARRIR
Ty S (T SRS {7 217 e a1t (@3 Ra Sor wifeety
o | TnizRerEgS, 4.11 Ba S dl % 0 S y-z St
@R d1 (TF SRR P R 7168 e r 7 (8330 xy o
AN TR 198 | dl x r|=r dl; 3o,

_ My Idl
dB = 4 (xz +R2) (4.13)

(4.12)

di

VA4

@ 4.11 RIPIERES <3 T2 Fewm
G ERAT T (STFRCRT | GTEFCFa dB
(59 70 ToAMI d1-a9 &) %
dB-3 ST JARE @ SCH STyl
Tl YIB! (I 20T |

dB-gqSfeyd 4.11 ora ot 2re | 92 Sifeydft d1 e r (@ o S[hfRs (g
T SfweT T 2 | dB-A9 x-T0iee] dB, G x-S0 OFF G2fix] dB, AT | x-
ST SHT S TARHYER FLCRGCR 0 G71 70)¢f Afofire 23 @3 93 il e
) 2 | SRR, T o s Oy S d1 -3 ey dB, SiiifS, it 7 st
AT SRS ST~ T ST TAM d1- 7 Sl (ST Siiee g afefiro 2z of2
G x-ToAIRHlojraTiR waifSfire At | <wE e oA Som dB, = dB cos 6 TR

T FC x- ST I PP a1 AlS

R
4.11 SZL‘@ (%09, cos O = W

FANTT (4.13) G2 (4.14) (AT AT,
_ uldl R
 4n ()c2+R2

dB

X

)3/2

(4.14)
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e IR o7 TeAmE d I TR 2 2nR A eI Az T | oiF e
FeR AT G P RYrs GIeeca

Hol R? i
2(x2 +R2)3/2 (4.15)
TATATE TR G [RCRCE FRIANC SIS SR (0K (5 TIRCHa (900 2117 | 92T
x = 0 G S A,

B=Bi=

B, = o7 § (4.16)

JEIT O &) (HTRFCHE (FLI9JT IR 5107 03 932 b 4. 12 T ora orareatt
2R | (GTFCFCAR SeAfT, SRl B 2ITed Jriie fEes 2w sthew T, @
s ige <=1 21

JEFT O I DI SR TITRICST O ITTSIF IS (I SN FTY e
OfCR2IRNZT G 23 O JRS (ST 73 [l T |

==

@ 4.12 @3 T 077 T GIRFCTFG @IPTE | 9IS IS i TS Jrite
AT I GTIFCFIT SSYR (T TR | A Tl ot @2 Tsa A a6
PR ILAFC TSI 8 7wl (g 2N S (@CS A |

Trizas 4.6 93 4G 12 A SfEAR ORGE 2.0 cm JPNERMS Sgeica
IR 251, Al 4. 13(a) TG ORI 2GR | TSI (i (GTFFCwa B RKeamal
FRI | (a) A SRHAYTER o) (PR GIRICHFG T2 (b) IF0 SHFEP G-
@35 JEIF T (™ GIFFCHAT (B) T AL 2T @3 q0iF A
T ? (c) I SIRHCF 98 TRICEH [ R SIS SN S 22 A
4.13(b) BTT I 2R, T (O TEEA H oAf76w 203 2
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212 S €

PR

RRIEIC

(a) G OKER A F7 K TAMIN dl €% r S AT | S0, Al x r =
0 1812 4Ig] ST S+ (LK (G (GIAICwa | B | AT 1 |

(b) SEISFF OIFH AfSH Fu ST G dl x r (STATEN AT ANGAET
(IS ST ST TR SN T | GO 21 e (ST A
Ao 2= |®E"\‘W/§@$\? BIt7F (semicircular arc) &« B-4F Ji¥ JEFT
AR T 2 SR ST 2 R 3 SISR T /T JR& s St
AT T SM09F, B -GF T 1.9 x 107 T @R GF SST FoI0TH ST
EICERERISEA TR Rl

(c) B-9F T €32 S g @7 SCTL (b)-97 (F(a 2 ST [Roidre 27 |

TWiZAe 4.7 10 cm IR 1 A SFEHAIR! SHBRIBISIE AR 100 ARRFG
G5 SRFGA KRG SR | FEAMDT (& GG e (Tl |

TG @R SN O SGHITTSI 2!, ©i2 2ifSfb el oI SHAmIT=
GFRBNE R=10 cm = 0.1 m, 4 0 AT | AR N = 100 | GIIFCHFADH
RIDETR

B MM _4nx107 x10% x1
2R 2x10™"

=27x10*=6.28x10* T

4.7 SHRTEaI™eL 714 (AMPERE’s CIRcUITAL Law)

JNRN-SATSIH AT G0 R3] R SRR GATC 20 511 ({09 AT | S~
I LA G SR [ 7[ooe Rl a1 23 (5@ 4. 14) | ores 213l S

LY bizlua

THER ) T ofYe 21w 27 | SIS S Se{b e SR Y (ARE SoAmie
faca Tofar awe Reave <1 «ft @v 96 T @RS TAmE dl a9 BT
OTRICFALT R SARTR AT B, q3R 46T 8 (AR (el GAmI dl-a1

] ool S [eFFAR : B,dl=B-d 1] | GO Al eIl G50 ALl ers
31 27 | (AR SHAMITTR (IO AT TS 3 27, SR 00 @R R @RS
To{ie FRCba 09 Al | GUFCa G TS ARG I (77 | Sif~>ficast
J(o12) SaF YRS ST I3 T 7fPrest @il S Ttas w4 facy adifze
SICACE R (CEIITAD CERACRIN

$B-dl = 1 [4.17(a)]

@I SeTRR S (FCaq W) A (G 2[iEsial 1 | efod AN ‘C7 @F el
IS I FATT ToAF T (ST 2T | SHRAIG TR T FITo s Sregisht
orza S atare | i3 T TS SNEFTE! G T PN T (@ G0 5791 e
$ B- -2 RN Seoterel U | GCa 1o Sfo 2 I eiesiaies $iee 4= 24 |

! Rrg 2T (R0 [4.17(2)] AN S 61150 91 020 SAIN | @it
G0 SR G G5 S791 (@[Tl Sif~ifaa 571 e sifafoe) 4t (2 77 2ifsft /e,
27

g 4.14
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ity wifEE (1775-1836)
TR AMLRT oAl siftefv ¢
ofEeafs Ree aads Fae |
e, ’fF 12 929 R Sre
sifere=ty (advanced
mathematics) A 2R |
Sl SR FARE | 2"
ofeemt @ G wr S
THF FAACTT G AT ST
FRIRFSIR AT A1 -
R IS oA SRR | €3
e SPTIE F 2Ifeifs Tl
1827 JIts1 ‘Mathematical

Theory of Electrodynamic
Phenomena Deduced Solely

from Experiments’. N

Ao Bl 77 | fof «izel
I (& I (ST T2 SIS
Sfbeaaiees & 75 | fofd Kmat
g I A | fofe qars
TEe  @CAlfecar e
CTITICETT ST e fol AR |
61 I2F A NS SHS
20 S Jgrael S0 | ez I
(T “Tandem Felix (Happy at
last)” TR c4miE 1 == |

() B-93 TG 5oIa = 7077 @R 97 W G 47 T X
T YR
(i) B-93 oy seiiba ey w1k, &2y
(iii) B-97 SIE][ €CG |
Q4, 47 AT (@ ORe B (P 27, 98 SRH9e (G
%e1 L Gk i aistl S il [, 199 (4. 17) % el
ENE R e
BL=p,, (4.17(b)]
NS 74 2T ST el STt snifitaa safos
{5 SIS (T A SfEeAIR itaa St afeats =i (og 4.15)
RGN (ST (el 321 27 | Moe 4.9 Tmizare «ft oraieat
2R | AR T FEBE (S 2 G G2 Feivw 2/ T
GTFRCTE "R 2T | 3 G SRR [4.17 (b)] AN AT
B. 27 2NeT ¥ | SR (R (@O (A0 1 H0Y GTacwa 2RI
o G BRI 1T,
Bx2nr = p 1,
B=p, I/ (2r1) (4.18)
SN O &) 21 TATAIG T ([(fon s (A3 o |
() @ @ @RNITE, rIPNET JSFF 20 (SRl Jrea o
TR 2N) 2lfSft Rre GTerreg @2 M 2 | TSI I&0
@, GIRFCHFIL (@EFR ATSATF (Cylindrical symmetry)
SR | AT GTHFCHE Fomb RIFICH ToF Fieq Facere
qEFGE G GG RIS 6 Tof fS7 0 | Aot AT
T AN & |
(i) JERPR AT @I RYTS GIAFCrias Sioyd €3 Reyrs = is
TR 2 | ORI (TR0 (19T A CH e IR 2 |
4.1(c) foa =1 FCAl, T G T s JeR AT Heere
o | TR AfEETS AP G2 @RS (BTFFCTT () A0 | @2
19T PRTSiR RIF SCo! 73, (@90 4N 2% (A0 %7
ST AN S 21 912 g AT | 4G SISy (5 TP
R SFEHTER 21w Sifes <ot e = |

(i) ST Berme R SToFallEr (2 SIR(G ST (TR ZCETe %[ =
G VRTY 2 SITRR GG 5 (TR0 Siis! 2% o1 | Oifbd 332
IR CATRITE, (GTRICHRAL S A M 2N &S] (TR |
GTEFCHRAL TR TGAoF G 2T T (ATF FACT
INST 2 (ST (TG SR Ca) |

(iv) T SICH &7 35 (TRt Sifo2l fef(z b o7 7aet fovgret




213} Y 3
PR

Stz | @fb ‘T 2@ 479 (Right hand rule) 6 215w | @2 fawfoa RYFeG 2=

UES

“COIT O 21 AF OFGE JOIR GRRIT GITOIT GG 47 S FRGDG
O GRARNCZT SIS [T T, Ol ORI ([T ol S eqeTo[CeT! (IR S SyIeF
oo P

SRR IR A e Rt Ac-Areiss g (3o for 73 | T =g
GTIFCRE @ SfERANZF A7 77ifFe F0a @R Fr7 ofbeaaiteg 33 (ST e
2P I | MGTIH 91 8 FETCI LR N ({ SIS 51 o7 GRRg e Sificaa @
ISR LA TR S| T0/F ST | SRR 3 @R TR 94 ToRE
AT NI T G(6 AR ARICE (TR SN G ) STers= e 2AT
ofzre Sork 1= 2AFioT AT (B2 1 SHT) AT F1F Rl I | SR Q€ T
TR @, SRR =512 @ TR 0! ARIS e OIS ANER St 73, 7R =g
SRGRANZT (a3 ATAST | ‘7% ©fTeefZ’ (enclosed current) I e Mo Suizei
SISTRCS IO LT T4 |

TRzt 4.8 ST 2RI a APNRIFIG 1 =i Mt sfeeaiDt « (6 w2y
ORCF 4.15 B@ (AT TR | 7 SRTERME ©9F I Sfeeizh JIeitd
TS| r< a ¥R r> a, 92 130 SAGE G [ I |

7
S~ >

aa.15

L (a) r> a CFAH [KEaw 1 2 Bfere snififa 5916 ew=im=rm A
IHUF G J | 3 AT Ty,

L=2nr
1, = 37If% =1~ ofbeeqz = 1
@5 A g OIS Al T [ A afmenfs

B (2nn) = ul

Hol
B= 2—7"” [4.19(a)]

1
B o~
- (r>a)

(b) r < a, 92 CFAb REIHA IR | 1 Hiers spififax 5171 e | @2 Jewm

AT r 4,
L=2nr

8'F biszlua

* SRR (3, G 12 o Ol 2% oz A0 : 96 s OfGeA1e] 0aid Sewe $ofF (519
CFE B-97 SISy 43 91 2 SfEeaidl Sitas &) 76 GTIecsa B -7 oyl o

IR | B Y3 (3G NG G I ST G 72 23 | 149




W o

150

Tnizae 4.8

U SRR OGN I, (NG 212 [ T FAI a3 I 3 27 |
Y ofbee el ATl A0, O SRw ©feadiz,

nr? Ir?
I :I = —
e [na2j a2
Ir?
SRR 919 2T, B27r) =ty

I
B = (L)r [4.19(b)]

2na’

Buxr (r<a

> o

L i <
& 1

: o

A

a
Paa.16

(4.16) oafb ©i=lba & (AF R r-97 0ot B-a7 N AR @36 @74fa |
GTHFCFE SfSTR (1 3l 2 7R) JEIFI TR =1+ I 2 R O G2 o=
R Afee Tmzr s SRS AAveql a1 |

9% SRR SRR 140 TS 219 T (@0 2T G5 ARG 2AfSAy
JECR |

@B TR (X SRR % 7120 7@ (- (RICA1 SCRT (G 2ATASH 208 AfOTaig
oreReCRa et G fb 10l 721 e 20 AT | SnRerTgol 4. 6 SR STHrS JeF
a(foq CF0a O (FHRYLS (GTHFCHCAS 77e AR B = I/ 2R (4. 16 710 el
SARICER 912l SCaR 2fTlel 1 A 1 A (RIF, 93 e e Aoty [Rf4S v
IR @A G2 ABF FRATTFSIE AT T (@CS A | ST 217D SR,
ARG G GICRCCH ACo| G35 FHAGH AIZS R 478 SN (BT FRI 76
COTRITE el SRR i 9Ja(G 2Tl Sl |

4.8 HAlEIT @3 HACTC (THE SOLENOID AND THE

TOROID)

AR G2 TARC G 6 T I GTHRCFE SAT 0 | (Glerfemta ez
GTFFCFE GRAMCH ARG LI 91 27 | PG A0F S ST (b IFFCwa
T=oAMTH SO RN TR T 2 RS G% TG ST Swa 121 2oty
TR (FAITS AR G G (R SO RICH I RS a<FSIC 2Tl 411 (TS AT |




213} Y 3
PEERY]

4.8.1 AT (solenoid)

SR @ FY AT SATE SCAG FACAN | A ATACS FeT0e Sl IR (@ a9 oy
A G S @ | @5 @0 Feik-aar w71 Aol o131 i, 3 2A<S! 2Amoe!
T ARG | ©f2 2B /170 90 JeIFE 571 A 26l T [@CO A | 377 I AT
Gy (b THRCRCAT (ST (A9 2o (NG (5TPC | GRICE T O MG ST AR
AT B A |

(a) (b)
@ 4.17 (a) 9F ATIRCT TTH0HA 2R 6 GIIFCHG, ST &) [TF© 07 (TIT 2R | ([T
SRR (22 SEFEIFIT SR*B (R ZCTE | AIA AR TR Seg8! R GTFFCHCET JSP AT

AT el 2AfSHe T et (AT ©f 575 1 | (b) G WitS (e AfT=red & (15 % |

T TS TR AlTETea oe) GTHTTa @G 4.17 @ ot 2z | @2
AT ST SR RAfERe 351 4. 17(a) 6@ oraiten 2@z 1 4.17(b) Bra S
R speftent SRSt a7 ARG GIRReEa T2 (R 2R | 4.17(a) oa s
GTRITHCAT JEPR AT (AT 645 @ 21 7375 AT S8 FRIT (STFRCas
SR 0 | 5 4. 17(b) (A SR (R & ARSI SIeeE@ N P (o GIecwan
7, (NN @R o SIfSR A 27 | ACETes 2= W™ Q (8 GIFFr=al yde 23
R I SIGYR AT S IR 2, @RI CFADR (G o719 A STy Sofiged AT
A | T ATAEE Tiox 27012 @bt G5 A ([Erihiz 41 2ATed i (7 14. 18
foq {5 STl AfereraTes foaget v S0 | ARTHETES A3 GTIFrsa wa TR
N | S| ACTARICS AR (b TRHCHE *[7) 477 | AT TS 7 (HIHICHE G
ST A 2 |

d:
/..;........i....................é............\
: P — S — i :
> P / ( ( sj
AN /,

N T O T T X I X X I X X X IR IR I X XX R X X XIXT

\ 4

9 4.18 @36 wfe A AT T GTHFCFA | GBI o o=
G SATORPIT ST 5791 abed RTao 37 |
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W o

GG TSI S 5751 abed RIS 1210 (e T SIS od I
QD ¥+ | W2 (transverse) ¥ be @R ad IR CFAR ST *[77 | qeid
TS (0T 93 6 SRR @I SNl (73 | 4071, ab I ¢Fa B| @It Suif~=im
o efifers e L= h |

A1, &S G G0 SRR n, OIRCE (G AR 203 nh | 9o S ofbeearg
I=1(nh), @ I 257 ACTCHCGT 04 AAMES O | SR 52 7 (ATF
[F1S=9 4.17 (b)]

BL = p,
B=puynlI

Bh=pyl(nh
(4.20)

GRS BIF 2 WG (I 2 | G510 773 (GTRRCR 2SI &) ARSI

(b)

5@ 4.19 (a) 1 2912 IZHIA G IS,
(b) TIRCTT ARV 5@ | TS (X
O (AT @-FCA 1 -4 GTIFCHAL
SRR (212 I AR “ATe
QTS AT | 1, 2 @R 3 741 e o @
251 &3 fontll Ferpla Syl o7 |

ARG TS 23 | 2R SIS (T SIS AT ST TRR
G = (AR Wew! ({0 fRleT (OTRrwa SLeis 4l AN |

4.8.2 54T (The toroid)

TAEC G il JEIFIR fFR T ST et 72T 211 9 ©IF I
ARSI GOl AT | A6 G G ARG R (4l ([T A
IF T FACO G Jred HE P00 27| @Bt 4.19(a) ora
T REICR | G 3 T [ iR 212 205 | SISEI (1 (3, GRS
TSI IR (P 7)) Gres 920 (Q [) 15 cwrafbar ey
e | RN TSI S SACCTH Tel) I STIIE (G IFCHG B-aF
W G |

4.19(b) @b TarITE GG LTI (IR | JEITE L2 &)
wEFeNS! (clocMse)lWWWﬂWW @1, 2
G2 3 R (TR 29 | ARSI S, (BT (Falb G ATSHOCS
(P GR 2 GG FCT T WG 47F 267 THw | 571 2 @3 3
T 7! S JEIPIT (Fg DARC(S (RN ;5 GO e I I
OICER Afefb 21T 575 2 (F G @R T 3 (F 2 AN (@7 A |

40, 5750 1 TR (BT (Ao e B, | O1RCT S~ I9(<
oCa [ A9l 4.17(a)], L= 2nr, |
R, 3771 (I SR S FC 1, FICGR [, = 0 @8

B, (2nr)=u,0), B/ =0

wefie, FAEEHT SOrEE THRIE @ @I &7 P (8 GIeaewa
[ |

IR Q4 (TR Q RMToe IFeIFTOIE GIFCHG *[+0 | 40,
&7 3 TR BTFFCFE B, | SIS, SHFAREE G (AF L=2nr, 1
@, AR e (sectional cut) (ATF SEI (MR T, PSR ©F

(AT TS 21t Flae o e 2 gk eI exifire 2 Ay | i,
I=0, 9% B, = 0| 4G, AT H0eT TS GIFecwaic B | Sl 92 S [re
GTEFCwal RTTs= S0 | SR ST TN [4. 17 (a)] SRR SO 1= 97@ 2t
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PR

S A31R [, (G ot N #ICa &) 2eT N1 |

B (2r1) = p NI
o NI
B=—"—
oy (4.21)

SR G2 GRS =R HATARCC Sl 2 U6 R ool G |l 4.2 1 AN
RS ATACRCEH Ty (4. 20) AT ARG Aol QoIS 72e 00 (4.21)
FNFLACE e 071 AP TN | 01, FACIOF G P 1 =R &S G355 (e ARt
n | G,

N=2nrn =5I0CT AT o[ x 2ifS 93 Carsy A1
R GOITF,

B=py,nl (4.22)
wigfie, @ft FAfTaTea Ty 2t At e |

O S=FAe (Magnific confinement)

4.3 RoIw! SRl (R (€2 SROTRE 2[0S (el 03 Mrdl - S T oot Pt T “iei! (helical) |
@, SNz e T Feicem wpi shisieat | 7ft GTeecFal spi 23 59 93 Je IR 93 Sk siffaey 71
2, S I GTIFCHG 2ATICHT A7 G FITd i ANGIC 7 207 217 @3 4761 (GIaCsa AR o7 @
T 0 213 | = ST (evacuated container) SRR 2R (AF (NS @0g SRS 1ft Afetraecs [l
3 (Tres= foaf oredl, @RI Saafbes st oraiE ) 196 Afemrres waas st sif e siifze Ft « 356 =it
T I 5eT0e ¥ I | GIFFCHG T (9T AR AP I 911 @R A i e A0 I3 ol
AT 7Fel GTIFCHADT SR SN | ARG wofel At aAfemmaieasa et e 6 | (F016 Feoant 2-«3 fes
TP 200 A B F @7 SFoyafb o7 It | rgaifen Reidite @31 b spefie Soiie St |) @2 S 34010
Afeea oS! 208 GG R ST | 2 Taa RN GF(T (BTFR (JSeT Al (BT SN ! IS 63 |
FEA9YTE FACAR ST 72T FNCE = 30 1 | (TEF A<@e AHR (fusion experiments) T =
AT S AT G2 (AT G (@O I RO T2 | 2erst @7 TH Siowias e @-@ie
TAMIT (o @I SAFFOF A2 T I (G | S+ G0 ST S 267 SR | LSS = pat (fusion
power reactor) A SRRITS ‘(GIFICHRE A0F GARG G 2 el 21w FICI Q=01 Sl w1 3 | fafge
e [iEw vAcebe Fare T wEEifes el WeiEne ﬁ%’ﬁ‘my@ ﬁ[ [International Thermonuclear
Experimental Reactor (ITER)] < €& I fed A (" RIS AR @ S0s @36 AN
G| ITER 209 €32 @55 (project) FIF wiwe Rwifieeitd wives 9 http: //www.iter.org SSNLs
(TS A |

G 1 FEA 2
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v BACITE FGAG JEIP | AT GARCI SATFT S0 F2ik-aF R SAiwieatt

(helix) €32 FACRCHF ARG A0 G =Fel GIHFCTG 2SI AT |

TWZAt 4.9 0.5 m TG @R 1 cm THAIETS G0 ARTHET AR AT AR
500 | €3 ATIICHTS 5 A Sfte 212w o7 | AFTEHEHT e/ GTFFCHad N+

T2

500

TG 2fS G55 e AN n = 05 " 1000 #=s/m |

B=punl

Twizad 4.9

AT M [ = 0.5 m GRAPNE r=0.01 m IO, [/a =50 e, [>>al
SRR, S AL AT @ (FRFF9! 4.20) 32 FC0© Al |

=4n x 107 x 10° x 5
=6.28x 10°T

4.9 wfb IANTAE Sfee@AT2d MY T, G

B,

7’

L,

oa 4.20 16 T 2 e AR A
ey e [, @ I, BRI 2112 R 9= #7ia
d VACY SRS | ‘a’ SRR &

b’ AR G (TR B, |

(ForRCE BETWEEN Two PARALLEL
CURRENTS,

THE AMPERE )

SRI (SATR (@, (I OGR! AR &) G TR G5
2 T I S 3@ G 5TE | SR SRS (@efe (@ @3fo f2e™
GTIFCFG (I ST #AFA2F Toig qe1 At w6 | @fd s iae
JeT 9@ (UCF SPTe TR | oG, B! Sl T JRIT @ AT
IR 2 T ST 2! T Toid (TR IeT AT
FR | 1820-25, G2 FTHHIE SR €3 G IR 2P0 @3
SIGRAINCRR AR i, AR SIS G SRR T @ AR
(ST TACTA T 2 ICE FTSTRNeTO! F=o/TE S I | <2
STeERCT SR {6 @I OGR! AR G e Swizgel (7
(0! BT AN SN T FISHOCE SR FACS AR
|

4.20 fora oraiat gft T T «if7i2) a @3 b 27 (T

d TA0Y SREUS G- GO W O IXBE [ G=) I (TIEe) ©fSe #A1f7e 2R | ‘A’
AR b’ #IF12) T 2Ters YT A GTHFCwa B, SAAH 0 | Ol 2 i
B (STRICHS TSR N T (T4 AR ST efFoiE@ R 12 1[4.19(a)]
IR A A SR (12 SR G2 (G TIRCHaR Wi,

Ba — ‘LLOIa
2nd

b+ A ey e 1) ofbe 2RifRe 2z, B, (GTeectas e Aoy oo

— o SO T | G2 I By ‘a’ AR =177 (9t a6 Fe) | b AREER L



212} LI S
N

ST G e’ AR v W60 Sl F @il i i | 1S (4.4) (05 9%
RIGERIERI

F, =1, LB,

=fosae 9 i“;b L (4.23)

‘b’ AR T ‘a” - 97 T 2T IECE SR 91411 F1 7S | B! (A= Seppe
TR, (RO b’ ARIRITS areT@s el ‘a’ AR[IER LSkeR 877 egg 3 F |
S el F0S A | 97 T F, - 99 SR e 93R b SiSy3t | wreed,

F,_=-F_ (4.24)

o 01, Gfb [NCG PO fSias S~ | o9, Srge: AN@eT AL @3
R 212 T, SR (AT (AT (1 A SIG 919 3R FEG I i AN et
BEHCEICSERICH(CE ARt RN

ST S AR A (TF (TN (T, 962 SIS0 2712 SR A7 2-7I0F
I S | 51 CRIGET! TR (, Ro1Se S 2iRifee it stz R 31 | Fitwrs,

“STAIGANET T 2INZ AT SNF) FCH G TGN [ 22 AT
R w1

% 74 Prrefbe-aa (g “ANed rax Relde | 7 (932 Beg) S 2RI
Rl 37, 5g 132 SIS (GG 20 A= S 6 |

4, A @ e F,, IEE A | 071 A9 (4.23) (A

_ ol I,
Ja oxd (4.25)

TR AT SFRIFCE (A) (A (e G GF0) TSRS T00
JREAFANRI |

MR 22 (TS 1 TSl 70 A Falel @v=ivsen RIS 16 7 ey e AR
AfsfBre @ FE M STz T R 7T A7 ATtaa G afs @ fb e
2 x 1077 {85 61 2T FCH (12 O ER2[IEE G SR 2312 0 |

SRR @3 k@l 1946 AT 92 zrfe | @t 3 9@ (theoretical)
<@ | JARIRE (0 N 7R GTRFCHCE 2O SR T AT G3R 7Y 4G
SRR SRS IPRAT ABRIS TC17T Sifiifess Sigfea Foat e 201 | ‘ez war’
(current balance) << T30 G2 FNFs 367 #AfFw+ F00 AT T 2T |

AR SI G T FoTF I AR, T G2 SR A<eslTe T AT |

T @I 2IRAIRT 1A PrEefr 27ifEe 23, w4 2RI ev=itsema w1 e
1s -9 ( A WK 2ifee 22, Wit 1 ers (1C) 6T |

@Bl @RIT @, (@I A S 29g @) / Sl SIS SHEmetetar CRGa €2 Sdiws|Te
3R / At AR ST I (g TG wol 91fo1afb 2itarey =1 2rs Al |
FARGIT (O PO L (6 SISIHIRR /e 251 9 [fvem A= Sa@ew
T | T (@ OfeR PR (g 72 AN 67 SR ¢wege @t Awaey, I owiad
TARAPE RO (Fe 27|
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TG AT SICEAIITZA TCY SFHA (TATS ACSLoR et

SIfEfo% AT GeMIT pRIR LS Ao 53 27 | FoT7gA, 1 9Jorp(0 7 287 AR ATIfF e
feaTCwez 1 23 | ©f2 Sfbeaitag siia=ifas s 1 Kol 3¢t 51 F0e1 | @I, 1 em A1 a0y
! i OIER ArerFvre 5 A Ofe 21ifee 2w @fs bR e 7126 5 x 107* N, I 50 mg €&t
I | 46 FHFETT T 50 mg ST I OIRIE G TR BRI 0ot | e ORI (ITl Tl el [
oIl
G5 TS AR P2k I T S| TG I A SfGR2NTER FINF (e i Fce 2N
R A I T S g ARG 28 ARSI Ao F09 #A1fF | Ol 5 A N
e aqiteg 3 Peg ofte Tee et 2| |
A G5 7w P2k il TR Jreif e 2w 0.5 - 1s | foras
T T 2T Aot Jene G 9 NI SIKe G IBICE! ©all
e (D) TTFE! | 4 i1ta g sifesiret AArmr e @<k Pk aveei
( B QIR G G DI ST AT et 5 B AN | bl AR
(DC) B T8 R I I 15 AT P2l -9F SHATHR SR AR TS
f) AT G B2 AIBIHTP 2R TG TR AT | Fiz-ag waiG 3fr
N T ot e <, U AR e T TSR e 2
(T3, *[Fro TNAAT T T SR e | e, Pk v
GO AL 251 & Aff 2RI (FeTg =i 0 AT | P ofbeeaz Sebes o w1 @R 5svam
FENFAD o7 6! | F2ilb @5 (jerk) Bt AP0 2, ol “im (It @R =N (GO 1 mm -93
e, IS fom 23, 21E % 20 A, PG fifde 23 @k sjrm st SR e @re 635 0, waiife
SR 2ARACS ™1 B 8 TSANTS AR 22 ¥ 2 G G2 b AfF1f6 B 65 B 1t 1o betre
QT | GG T o1 2Fe] NS &) %0 (RICH! CRITH! AT LT AT 2 |
AR Aot TS 2, ©iF (SR AT G (T I QIR | R 24w 0ot 95T e =1 | ‘
Trigaet 4.10 G WS R $-GTRICHE T 3.0 x107° T =R G2 CFCAS

i SN et (At Tea g e | 96(5 =ifs T aigg #IR1ETS 1A e
5 T ofSe 21z 27ifEe 2oz | 739 ARG < S GRe =ive
T 7 932 SfTRANZT 1 (a) 7T (AT ARS ; (b) W (AT Ted e 2,
w2 2IRRIRITF 2fS uas T o e e e 2R

AN F=IlxB
F = IIB sin0
24 95 (TH 96T f= F/1=IB sin0
(a) T4 SCLAANTZT SGIR! 547 TATH ARG Tt AT o2,

0 = 90°

Jodlk, f=1IB

=1x3x10°=3x 10°Nm™
G2 I SRR eET SRS 2x107 Nm™! SICo 908! 23 | 9199,

—

Trizac 4.10
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PEER

SRR S F0s 7R GIFrTag I3 S SRS CFRGaa AR

% (e 432 7Rl |
e SifeyLt fMmifoyat | @2 sifeyafb (@30 31 943 (cross product)
s «ofa =il el a1 9 |

(b) T4 OfGeeANZ 7R (ATF TEAY, g
6 =0° i3
f=0 »
AR, SRR Sl (Il < a0l S 1 | o

4.10 2[E FEAR TR fFARE 5, GrEe Aoy

(TorgUE oN CURRENT Loor, MAGNETIC DIPOLE)
4.10.1 930 Fa (BT (FLQ ATSIFIA 212 FEAF G914 55 (Torque

on a rectangular current loop in a uniform magnetic
field)
ISR G2 R ([, G0 I (BT CHiq R FRig @iz 138
D ST P RN T «f5 G5 5 e 7 | 2 ==elfe
A Sfeerie SRS g ©fbe favsrga AT Apsjel (Srem=a
1.12) 1
ST AT G T2 SRR FA R T, T4 FEAR
S SRR GG I GIIFCHE B-9 ST 212 FEANE
S 1 22 1 46 4.21 (a) OTa (rel 23R |
GRG0 FEAT G0 AZAD G BC (9 (FITI I A9 FCF
Tl | GTIFCFAL FEAT AB IAZF A T GR F, e AR SR AR
ST FGAT S (S0 s I 2T | 9T T,

F,=IbB
SEFPOIE, GTFRCFaAl CD g T F,, <61 20N S0 A
SO 9GO (AP AR | F,
F,=IbB=F,
TOGT, PEEAIT G (N &7 ) | PG &7 F| G F, I /2, a2
T Gy G0 B 1 0 1 4.21(b) TBTa 2RIz Foiba AD &A%
(TS G0 707 (PICHTT 2ERICZ |4 (T AT 515 @ PGt Coid Faretien m
5F FEre 1fea FoR oo [@RITS 65 I | @2 5
e, (b)
a a
t=ho+hg fo@ 4.21 (a) 93T TN GT9F CF0a 95
a a TSP SFCAIR FG! | GTEF ANE m-9F
=IbB + IbB =I(ab}B wifiesa T e (5 ¢ o 99 231 4ok <
FioE oSt e FEAHEE @RTS GH FE |
=IAB (4.26)

(b) TEAT 7 27T 7% (couple) |

@A A = ab T NTSCFADT CFaT | e

L SIGIRIRIC R T —



S ATSNTS AN G5 SR R N S @2
PG A (GTIFCHG IR 2 1, G (el FCH AT |1
{1 (713 GTIFCHG IR PG SIS Nre! (el zet 0
(7S (AT 0 = 11/ 2-97 S 4.22 fora @3 e
oG fofaqe 2z |

BC @3} DA JZal@F T7F 2T I&1 11, Koo @3z
PG O A 2, T BC €38 DA-9F SIEHENCE IS
A | S TR G2 (R SRS R ] AT 2ol
[ T (G T 761 A 5F e =0 1 | AB @k CD
LT T YT 1 IAFE F, G F, | A8 A 9%
Rsifre A =7,

F,=F,=1bB

g G2 AT 2T T | 97 P TS 00! G R
9% 27 | TEF G2 5T M 0 Sl Sfie 24 Far
OO (GIRPCHY AR [Re, G PR T 2 | GF I 2
RUYE IE19[CTIR (O eTa=g 211 7R | 5@ 4.22(b) 251 AD
AT (AT G2 AR 90 77 @3 @fb, «2 =1 9o 7=
913 TG I 0 | PLAT TAT AT S T,

5@ 4.22 (a) ABCD 7o (%@ (93370 GTRICwad a a
AT (@ @I 0 T | (b) S04 THT t=F5sinb+F, 7 sing
(T 7% | AB €% CD 13T 2T

=Iab Bsin 0
TEPE F, @3 F,, (I TR0Z | ab B

=]ABsin 6 (4.27)

0 > 0 20, BCYH IR (O STHLAG(L =T [

AR T | G T I AR T G GG T '8 5F #[7) 27 | (4.26) 3R (4.27)

TP IS T LA (ST AN GR (STRICHIT (S ¢ NI 2P 301
QTS 2T | 2R FEA (515 GNP S| gt el 5y,

m=IA (4.28)

N TINZCER J=ofD sl SEPIITE (g (939 A7 oA 261 F9iTed Ok (SoEd

% JAE | (TP m @R B -9 TG!S 0, SO (4.26) AN @R (4.27)

ANFAICE G0 AT AR 2F F41 117,
T=mxB (4.29)
@t =7 SfEred (E Sferia shieie it g T Ry @ p, ) A0 Fersief |
T=p.XE

(4.28) 73 (ATF GG =T @ (1T QA M@l [A][L?] €32 ¢ ¢FF Am? |
(4.29) T (AT T @I m GTFF (g B-GF Ao A1 Al [oAfrog A

2O 5% 1 e 2 i | @ @ SIS Mo 0, @R FEA0 T @It

52 (13 («aft m T T RS (@- (I T9F (FLQ8 2TAIET) |72+ m 3% B FTIE1e

158 2, O3 AR R 2 | FEAT @- @A @ITH! o 9F6 5F 9% 67 [ @t



213} Y 3
PR

SR ST SRR R e oot | 72 @3t Rsifrey 3 27, ARt sihvew 2
B (- CRIT FoT ST 9715 0 Q1 el T AR I A1 | 93 5rhar Soiforifon areg
TUHEE A (519 TG IR (GTAFTHIEE AR Keres 2 |

I (loop)BTES N2 A< Tl ARRT I LI AT, G ARSI (4.29)
TN G ATAISH T, O HAFAGCE TSRS T A

m=NIA (4.30)

Trizae 4.11 10 cm IPNE GR 10016 TRIRRES ARRRMS 90 TS FEece
3.2 AR <3 ©fb 2AES 205 | (a) PEATH (&FH GIFFCHCA N 9 2 (b)
FEGANT GTHS QR el T 2

PEAILE G0 SHT OCE RIIo F1 26 G FGAID 97 P AT G0
ST ST AT LTEOIE A A | GG 2T NN T (b1 S @ s
TP @SN S 27 @ ANANFON FEAT % GIIFCHAS ShoyL ARG
QI | PG GTFFCHCET 2SI 90° (T GATZ | () 2L 'S (<SRRI FLA]
T 2GRN TS 2 (d) PEAD T 90° (I YL AT O PG B AT
FIfe S Sreie 2 FLAINDI Soe! FFF 0.1 kg m? |

AL
(@) (4.16) AT (AT
B- U NI
2R

@A, N = 100; I = 3.2 A, 3R R = 0.1 m | AR,

_4nx107 x10°x3.2  4x10°x10
B 2x107" ~ 2x107!
=2x10°T

GTIFTEa SISy 2b TIErs Ity FEea ARy «hem T |

(b) (4.30) TN (ATF GIFS QN T “Ne T,
m=NIA=NInxr?=100x 3.2 x 3.14 x 102 =10 A m?

BT (e WSy RO BINRITes Jritenf® MRt ARy e A7 |
(© T=|mxB| [(4.29) T AT |
=m Bsin@
AT (G, 6 = 0 1'S0GT AIARTTF 7, = 0 | ST (F4, 6 = n/2 (LA
90°) | ST, WG GF 7, = mB=10x2=20Nm |
(d) FCotTa oSl oga (At

dc;) =mBsin 0

B (nx 3.2 = 10 IR2T )

g

@A 9 26 PG ool T | #4971 94 (chain rule) (G
do_do df _do

dt de dt dt

4G JIRT L,

J odow =mBsin6 do

IT°% bi2lua
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Twigad 4.11

Trigae 4.12

0=0 (AT 0= /2 (S AN I AT
/2

gmfo)dm =mB j sind do
0 0

2
%)
A, 9 2f=—chos0|g/2=mB

B 1/2 1/2
0= 2 = @ =20s:"
J 10

Tuizad 4.12

(a) GFD OGR! JEFR 77 G 1o 90l ST OC A W | A S
QST (I 7 (GTRRCTG U247 F1 A R A0 A (e Aeoies (Tag
S ACATH) FACO 4T I |

(b) @ SfGeRNZ] JOFIT T G0 I A2 GIAFCRCG SRS | T A
TSI FHC AN, 9= =S A TR0 (orientation) F & 2
e (@ 92 BRI (6 GTIFCRCa 19 (IR ¢ + SR 2l Beofm
CFRE) A 2 |

(c) ﬁﬂﬂ‘ﬁ@%ﬁ(irregular shape) 430 ©fEeA2! 77 G AR GTeF CFLa
SRR | R w2 b ST AR 2 JoRF = (e 2
G

(@) =, I G Ty TFR e @30 5F ¢ AW, TG = [A x B, Q&9
ST SR (FE (93 A T M IR, (- (! e (519 (%@ B-9F
e 5% ¢ oifoa Ot AR |

(b) FPRFACHR 77 R FeT0 Gl 1 IRV AT ST A (i (SFA07 W
2Rl (BT (AT 7 IARA 2T | 92 0 Rt o371 2l St (B9 CRRiad
free SI7 Af2e= (LR 16 G2 2 G TSE 0771 S(eTd (et IA199 23 |
T T (G ST CRHRCET A FI AN AT |

(€) CATRY ! & AN (0 Sy (- (R SO P18 IR e
TSI (0 JOFI SNFNS 470 FCH |

4.10.2 Wﬁﬁlﬂfi‘(ﬁlﬁ{@ﬂ 212 s]7 (Circular current loop as

a magnetic dipole)

3 SR SN AT G135 S TR 2R I Kb S | SsE) (4Gl (@
SR FOT AT AT &l (BTG (S GACT (09 SI5<rel S fSe faroiga ey
Sfe<rmTag srent Ayl | 4.6 SR SN RIPNE [IRG @ [ g ofbeaanys
GG R AL BT ST G2 (b ICFCA el (I ICAR | G2 (HTIPCHCAR T,

Hol R?

3/2

B=_ Hoo ™
2(x2 +R2)



A3} SNl @
PESAY

7 SIS SF JAT 2T, T T Z0WF JHIefD 0= 2 shem aw (b 4.12) |
G, x BeT ST I S0 (P (AP AR | x >> R -G &) 2 Al R AMGw am

fute «ifs | ero9,
2
B= #OIIE
2x
1A
T <A SJCAR (AT A = R AR, B = g;x?’
SR 7T (GRS I m (S RBTEC FERATAT m = 1A | AR,

21 x®

2m
= Z—OF [4.31(a)]

[4.31(a)] TR0 2N AR 1 sthean oo Rrre o ofeerwias At
AR | 3 AT T 1 [0 A =Nl fferfre aifes=iisiqswst 37,

Ho > 1/ &

m — p, (Fereiiefes facm)

B - E (PRasfecra)

©@ SN AR, E = 2P.
4TE, X

5! ARSI S BT &) I TS (PG RYTS STESTHCaT T | 2L S
1.10 SR [ (1.20) A | afb St S1m2e SfRei |
@b (I T, TATTTE AHTOIT S SARCRHCG2 IR T ({0 A1 |1
AL IR (AR (), SO TR 7% TR S S SfG<rg ARG [(1.21)
SRR (Al ]
= —pe
Ang,x®
@A x 267 g (A0 @ S Rz e | o sl St Sifsien p G m (p >
m) A GR & 1/, (Ko — 1/ &) @il efe=foe S oo ol =i ote (e
(T x WACY @36 WS RFTe (519 (%@ &ikey B A | x >>R -93 &

m
:Z_;F; x>>R [4.31(b)]

@I % ST fatga &y [4.31(a)] @3R [4.3 1(b)] STNFIET (ATF 2N T
TN |

TR 2 FAFAGCE GFCo I IR @, A6 (- ICI TG S]C2RT (0 ATANS)
20O AT | G0 T 2RI T2 G5 (519 BT 0ol ey | 92 (515 farg(oa
RCH AT m = [A, T Sf6 RER AT p-aF S~ | ©1 0RE, G0 a1 AT 7T
IR @, 9 ©fbe Ty o Gifere «a< e oifde 230 - STy (Sl ofde g
) | 759 5T (F@ @3 G fartg (T2t @3 @12 5791) 25 ITed (most)
G T | ST SN FTaesT S AR G (NG (T AT TG (73 |

3
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W o

SR (R (@, 96 2121 T () GIRIewa 915 w63 (ba 4. 12 (edll) @3 =ifEs
VECE G0 pE TCIg ST SIIEEe 01 3% (i) FE *FRR TC0! G5 53 Sefed I | 43
oA C717 6 S =i U2 2B = 11f S (@ T iR 2 ITs (e FRICeS
% 2 | @t ST 37 0T W 2 R G755 5 GIFA T8G9 #5® Aemt g 2
(21 BETRG (BT o (TR el TC2H TR (b 19 G N2 Al SR 2R e

EREEN
4.10.3 <3 YT ARG (519F &g @5 (The magnetic

dipole moment of a revolving electron)

BV ST SIS 2ROGITS 2GR (LG QI TGS TS Glefd |
1911 e wifet siwiefve Tt @G a1 21 W0 T9i0S 27cel
COINRN XTI | A PRGN IR I gl IR SIS R4+ ST |
QIR NG, G5 BETRE (A0 AN ST Sife® T4l G LIS
S R e R B gar el i i azoet garz |
RG-S AT AR>S 761 Pz ©ifefoss (Fa1R17 361) @3l o
TR S 61 257 - NPT 67 | S (4.23) 5a TERGeR ¢eg @
TS efvfel e |

GG (+Ze) SIS PRA O HSFER bR (—e) (e=+1.6

5 ®

foa 4.23 2R0ITEA AP AT @ 1019 0) e @35 BERRG I JeT AIfSTe AR | @3 T 1

TG, GFT AT ST DS <
AT 2, (T,
BETFG (O ARSI S ’ ki

(+Z o) g [efgrm siftfucs onade 1=
FACZ | ERGLT 7T e 2oF e

(4.32)

S|

FIIE SR (TOE i @k @ o G | (ICL,
e SnEmreI oo 1 2t | 2T
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T = o (4.33)

T -G S (4.32) 0 AR T #A1eN A, [ = ev/2nr |

G2 T ST IR AT GG (5T QN SE LT ACF AL 11,10 o =l
2| (4.28) AN (A GF N, = Inr® = evr/2.

4.23 51a 92 BT S [ 9IS OeTd (SR 0 | bl 5[ SNTElbe T
20w il T (AT oS T, el S SN NS ZERGS AN Gofey
TS S GRS 76 FC | BATH ATFACI I 240 2CTG & m 771 e 6 @it
I AN,

=

= om. l [4.34(a)]

@A, 1 26 FRT NOFNER ACATT TEREET (@G SRR M [ TR
(11 S9! (“orbital” angular momentum)] | (ST AR S I,

= €

o l [4.34(b)]

e



212} LI S
N

Yiiers BT @RI (@, BERGER (I SAERCERF Toy GTeF ARG SfeqrLd
RANS M 2T | (— ) TNATIT TETRGER ARACS I S (+ ) SNATIS A 40 (72,
T (O SR @R GTES AT G52 SfeyA 27 |

&_ e
I 2m (4.35)

G SASTBTE SR AGF i@ (gyromagnetic ratio ) I €<k @ft @3 435 |
G RGN (0T G T 8.8 x 10'° C /kg 1t [fw #1f=ria A2y Atz st 2@z |

ARTIIRE TES GTES NS TR, 92 T SHF#IET ARTaE G Qs
TS AT T 0T | SRR TP @2 ofs @i TRt smicda 1
3 I TS AR I | (S F sAa01417 farsg st ffess e e itz 2 Teaza
— 3 | @ITE NS A48 N0 (AT (@ (S 95! FCS 20T | @I 417l FERE @,
BETRGAE (e w3l Kifos N 9v(G 15, Joro

- % (4.36)
@A NTFORS A, n=1, 2, 3, .... G hTF G L7 A I RN TSACT
T (AT 79) AT T h = 6.626 x 1074 J s | @2 [iftzy Mg @2 =[SO
(condition of discreteness) (I (PFBIFY *E (Bohr quantisation condition)
I | A S @ R0 RS A 59 | Q2T SIS Sl 261 (FeTsa
@i T2 R AR B A 9167 T | 1= 1 407 (4.34) TN (AT AZ,

e
41tm

- 1.60x107"? x6.63x10™**

© 4x3.14x9.11x10™

=9.27 x 10>* Am” (4.37)
@I ‘min’ I670 I @R | 43 N0 (@17 I9cab+ (Bohr magneton,) I |

I &R 7ANSTS SiSHT (- (I ST AL G B 1FS @ FLET ACF AR

ARRAT  (4.34) ANSACIT SF71 | 92 7T SN P (B1FF G (orbital
magnetic moment) fREA NI 1 227 | 98 SR -9 1 T 41 TR | TR
COTHE SINCHT AN BCERGCAR G0 TR (517 QIS ACACR I AR FAJw31el
(4.37) @ &I N A | G o/ (575 @I (spin magnetic moment) I |
AR AR AR GBle Gl FqT (@ TG I 217 g afb &, Gomol 77 |
TETRGE G GTeTe ol @R #NG 1+ el G @ Yol o (=2 | spirge afbw
OB FI GTF S WL | BETRGER G2 TR 20 (51T QL. (1R 3L Sy
AR FHICGR SN T L1 431 @S AN |

4.11 T& FEAT MG (THE Moving CoiL

GALVANOMETER )

(‘ul )min =

ORI ST TGAIT OB 3% RS 2Tew 7 Rgoelta ST 11 2@z | 75
FreIE N G0 “AfTIof 99 2 Frei | 679 G T Ofeeaqz 1.5 A S

PHYSICS

3/Wwo0291e189|02A11D MMM
:12)2W[OA pUB II]2WE OJUl I2)auoueA[eS JO UOISI2AUOD)

wiy-e||X Jo1owoueAle

163
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I @IRE 72 A0S e 2129 1.2 V2 (4.24) 5@l @2 S 797 Sl S
GFT> TF HAF G WETSIAGRE 2 Facz | «fb (6 77 3k 4. 10 Kot wwiom=
SICENBIR (S fere @3 SErmiio @R |

BAPG TSI O ST AR A0 PG A (@ TSI SIS
I GIERCEHCE G0 =7 o (od 4.24) AT YOI FACS 2/ | G0 G5«
ETIRT GBI T AN T G GTFFCFAE XY SR A AN 0 11, CFafba
AREns I I | FEAITe ©fbe 27T 20 @7 Tog @36 5F 2T 27 | 4.26 AT
SRR €3 5H0 2@

©1=NIAB
RN, AP R 25feTs o1 729 0 | ([0 711 SPAIE (F @it ST, ©12 50
RGeSl sin 0 = 1 4 @R I pFS5E NIAB GBS @IRITS (535 30 |
P s @af (5191 5 fep 2ACIol S0 [ pFE BF NIAB (< elfofire ea; e,
PGACS ¢ PR G0 RIT Gl [Twol 2 | = —

k¢ = NI AB
@A, ke ’iﬂﬁﬁiﬁ?WW (torsional constant) 9i€ie 2fs G FIHCT Lfazs
5F | Pt vTre 8 96 55 3l ¢ RTwG (e Sofg foitare 230 | sis@t forats #iifd

9= (w)l (4.38)

ke
AWE ST CINOICER &) I (Tl AT «5f6 g7 |
ETSIRERD RfeTem ge 20w #iite | Sfbersaire ©fde
a]ifes 7oz a1 o1 512 T4 Gft T ITHITS (detector) REE
LS T AT | Z2OEHIN e AR G 2R SN (R |
G I I (o7 SRR (I ST ICHINBIC 5 e

(I OfTe MRS 27 ) (T A 27, 4.24 oras el
(R A AT 2T N | SR S0 Toit fea S oA
TRl Tl 1 A e 20 AT |

AR FHCe IJRIT I AW A | 97 w6 R TR0 : (i)
TIOR3 AAW=NeT 77, Afb 1A ST 2AAICZI Tl 53l
CFo1 QTR (AT | (i) ©GReEIR ARSI &) eIt ERe
TS ITS T FACO 2T IR GF GFH SHAI (@Y AP

TS AN SRS SN | G G FG A G WA

G 1 (F STETSICAIRG S AT AN T FACO TF;
54 4.24 SITFEG AWIETOIADI | €7 | (R ol 2192 A g e 2o 2 | 97 i
BoATIPTE ~A7IcC e A < s oA I,
2102 TS g R, arial R,r,/ Ry +r1) =71, A R, > r =
(SOR(EBRE) w9l e eiven (CerBibH) wAfmie i IO SRS SR @4 R -G G 1 -7 e T3 2
TS TR 1 (S A | O TS AT TG IT S SR FU AR F9lely | 98
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AT G0 (@bd 4.25 5Ga (e 2R | SHoR (F=0
TN ERS AT T RS AT AN (€T @CO A | Sl
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MEASTIRIGIES 2/ R afs s @3itz [RTwl R Akelfe i | 73w R,
4.38 (AT 92 WS 2o, e
¢ NAB ‘
T Tk @439 V. |
SRS I AT AT G ST Gl 2 AR N A | ||
I LN
TET (T ST 7 20T [{od (awy #IfRslsl F0e (orshive Reae RURELL
STITSIIRGIRTGIE <2 1 (A0S A | 99 & GG SRmZ TSI @ SR A foa 4.25 @6
TSI I 0O B0 | ORI, =7 314 TG 2fdiiz 93 0 2edl Sl S e UEeio (G)-aq

TSR AR o7 AR 2IZAN S 3 SATTe] SR e | afrgereg oy 7101 <72 T A
o 77 @ SR g0 el (@ OIR T AT o | @ff ffve grre (1 7 CFHIERIET

SIS IITRBIR Tl 5 S @M R (< (ufite 7 1 20 | €3 g2l &5 o o DI (A)
AT 4.26 THra (T 20T | 75 6! (F, @ SRR (SFBHOIEH @, el

R, +R=R: RNIT

CSIFBHRIBITR (R0, ST ATSWR NG ARG 21V Sy SigH{i&me 1 23 | (S0 & R
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TR | G G2 (02 2671 &g (ST0IfoTe Ber «R b1 o Mrire
Te (T WAKS! (Flel | @B (FAE G [Rpfe A e [pife

5@ 5.9 <=6 5 prs Al g (declination) i 21 (b 5.9)1
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« 2! S G JFesll T itz | 7 @I P pEs 9 SefiE wrw
AT T5fef AR TSI ANF (@ Afb ST 0T IS AN, O 3! o
TSR Aol G (@id (o FAC3 (59 5.10) | @2 @it /s @ol (31 9f%) 7ot
“ifafos | FiTeE RS agst @3l @t 2t +jfAw @i Gresewa B, 98w oo et
o301 5.11 5t ARIA7ET P RArs paIw Tresits 2 a0z | @2 weft 5
3 M @ G35 (2 (section) | PRAYTS GG G136 (FaCE G (6 SO G|
H, 4R 4 Ty SAH Z,, (9 [reifers 1
@CS AT | By, , H -3 30! (A (1] Tof

aFe Ter
FE ol 7 {1 et T | : =
E
D
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ey _____ BBM\\.\

5@ 5.10 G5 Sares THfere et 5@ 5.11 537 GIIFCFa B, @R
%5 ~ffRISE W e wfoie s fo G ST A H,, G TET TAIH
(2 | B, <R H -9 I8! (@eif53 Z,, SR (It 2R [Rpife D@
faefe i | REISISE Pl

TR (AT SIfERI TR ST 35! pHEa T&d (Y N5 T (NS | 42T,
vt (ANAICER SIEIR* TR ST 51 paeiog vl (g A0S e (@ |

s} Toifafere «als T GTaaTFars 3909 Fa0e S foaf e S
A0S R — &1 71 [pifo D, Refe (il a1 7 I 932 - GTaacas Siggfie S
H, | Q9731 <17 pF3 C5Fead G=m Sies #Afzfoe |

THF TARAE 2, 71 3o 0 S ifE,

Z.=B,sinl [5.10(a)]
H_ = B, cosl [5.10(b)]
| (AT 2SI I,

Z
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G BT A 46 pe * 511w e 91fF, 1 G Frerplav RTs (R | 12 SR ST i ore 4l
2 O T *[IF 92 R AR G (LA S S SHARTHR SIS A1 AT | ISR 7o 707 93
R (5T NLIee] I AR | 22517 g g I paiw Afver Sl I 31 315! e G196 S4roe
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AT Y
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o
TSI geferma
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FAG |
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SrSGT, SR ST o] F=9ATE pIRIT (L T CoIC B H0B 2 (O pAI CHRaArl SaFel@ 27
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3N 2, O0F G (@~ 7 39197 ARFTS AT 93k 0 5[5 021 9 @Ie Soirnfaret® D603 1 | G2rta
TR GG A1 p7 &7/ (dip needle) TG A G GO T AT AT FII (09 HLAfeTS
@3fb BFF ST YA Ty ST T QT | 92 AN FACTF #1010 @siw @35 (et ot 3 1 padiw
@ THIT AT (O 0 | AT (FATAICS <3 =(&11! (At fesa e e A | ‘

TNRAY 5.9 (It R GIFF W0t 7RAT GIRF CFCAT AT e GoARH
0.26G 3% IS (Fo 60° | G2 SRR AT GTIF (Fq ATE 2
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GSIG] 4T (RN To® R (), 7N SITFC TSI (! I1eT we pa TR0 A AT (BT (s &y
i | TS 7T TSI 2R AT (IR &l SR 098 G TSIR! 472 3 (X ERI (! {11 =6 15
(Block) FRIR B (1Y (T TR niwel (g 21 e 00z | {4 51wl (core) 37 5199 € 5ifets Sz
2T 3R (RS T SIEICE! o) perad ey WSl | 3 Sl TRy A8 901 N6 27 | 5w A
I aifeTe Test (712, GF (@I pIIT CFAS (73 | WFARF I 16T 27 I @R pFIW ¢Fq e, g
FEoIfeq gefeloifion 219 2mwa S RIS €3 GF AR CFas IS =1l 237 | Ifre o oz Beolfen
(5 FIRet GRS TS AN T TGN *(F FH=ATE oS A 2N TR | T 29T ALl
faafben (IeIfe SIAReE CFacs 2l FE0E |

SRR ATIS T AR AR AT GT9F CFLa ARTENS TR G {6 SFEAN (3 q | 977 7t g
wifes Felioen @3 2Egee 5AAte =GR AR, ACE GTIF IS (solar wind) A6 | G 2 AR G1ee
CFE A1 2Ol 2 G2 T 1 AR (BT (RO (R #ARREA ST | (g FRihife SRS raeseas
R 7| S S (I eI fer =3

ST ] 2R FAII CFAR 2ARTTENS (I ST o SN 3 | O S T oA SeToftet
ORI 2 *TSIRNA TCo €% AL ARSI T 7% o7% 75 A G | 1580 (ATF 1820 A% @2 240
TR IR I 2N SAPACT (Ll (9T TG pFei [Rpyfed s 3.5° #IfFafee 2wz | @it @-iw @,
AT TSI GTHF G SRR TR AR #7360 2 | @ fuiferae q=eaa At oral otz sjf2sia
GTRCRLET SIfoy2 RPFoy A 2Rz | SNCHRER (Basalt) G112l G @3 @2 SeeRfet sicamfaifa e
R ol 27 | 74w @b S1e! 203 S 20 ©4 G (TR (@RI @I G112 §IF T2 FIea 92 R
TIICHCAR M A FATAICE Aleers 2F | G771 pRIF© ST RIS SRR B-ifes SRz (AT 2iiire
2 (@G- (GT9F (Fad [ Sroice 35 7 #AfRafew 2wz |

5.5 pHa QR (BIHFCFa 2I9e] (MAGNETISATION AND
MAGNETIC INTENSITY)

2SN, T T SR ro! [feT @R G ¢ @9PHIEs Ap o9 | 17ivls
SR ferereTge 3159 4y, (ot @I GRS IR 0 BTA(R | (F (6 @O i
PRSI QTS (elfeiam FACS 21T | 43 Sieroem, SRl @ g A1 keifre gar
15 T TR SR A2 ST JAHCS AR T |

ST (AR (@, 2RISR N0 TS BRGNS A0 (519 QIS A0 | (R @
SIS 2T (30, G2 AN (ST (V91200 G ST K (5T QI ATl
FACO A | AR @6 T[T (sample) pFrd M (& G4 GFF ST A G1FF
T G AR S0 #{1fT -

m
M=7"et (5.11)

M & (SET AR ITIA L AGRGTGFF Am ! |
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I'ofeadz RS n AT 6 o191 AR Kb Il | 92 AT SIS
GTRICHCIL

B, =y, I (5.12)

ST TR (15 21 ACa ATRITes STeres 7)< 11 20e1 SIeed (Fa2iey B,
G (BT (I 20 | ARTHCACSS SefF 1K (7 2D WHIC? S T ([0S AT

B=B, +B_ (5.13)
@A B #MIC4 &1 (core) el 376 (5 THFCHd | FeT7g7 (2 fSfiE (Fa B_ #MIcdd
IS M-G3 Ag7AIST Q3R G 2 521 T,

B_=uM (5.14)
QA w1, *[ G5 (o7l (permeability) @32 IARG-ATSIHH 704 TIF© L7F S |

AT & S+ ST G0 (TIIT (Fg H-9F e 41 T, WCE G719 &I7eT
(magnetic intensity) e AT G2 (S FLGRIT® 1 AW 907 @,

B

H=—-M 5.15
Hy ( )

@A H-G3 @ M -7 (o] G358 R G GFHS A m' |
IS, (T GIIICHA
B =y, (H+M) (5.16)
SN S FGAS T A9 #fa1gfe 2 | AleATes e (b
OTFFCHE 08 FIFEICE SR Y2 ©ICa] Ol TR : G510, JRIE FREPTLZ, @ ABTARCS
%312 | GCF H a1 0 391 23 | 1910 26 e «micds Redw 25f, 72t M| 7St
I ey PR AR Aol 20 Al | 92 Ao b sifafess aif frmgl

M=yH (5.17)

@A y @F0 T2 FF GIR GTF IARLSIE (B79F FF99) (magnetic
susceptibility )3 2 | 456 (G155 il (@FIT AfZTF (F0g Il Sivae w03 o frzs
a3 Aol T 7| 5.2 ARfATe g Gy -a9 Wit wifersl (rewl 2re | g
AT o € T (RO 3R GISIF; G0 210675 (paramagnetic) #ief e |
S P AT S @3 S (RITH g 24eliess; qid feqe*575%e (diamagnetic) #tel
o7 27 | foAr6TES “MITYS CFCg M IR H 7 SIfSx2 «i77=i7 Reidre 23 1 (5.16) @)
(5.17) AN 76 (TS Sl A,

B=y,(1+H (5.18)
= Ho 1 H
= uH (5.19)

@A = 1 + y 9 A@IFE A, A Mo encafare @19 (omel (relative
magnetic permeability) 01 | 4f6 77 SETe “11 (Ao g Sogot | 2MiTda
BT (orel u @R A 1 -7 TCoE ©FE Al R 9T /RS ;

M= pokt =ty (1+7).
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Py p

fTiel (Bismuth) -1.66 x 107° SIS (Aluminium) 2.3 x 107°
Ol (Copper) -9.8 x 10°° SN (Calcium) 1.9 x 10™°
219 (Diamond) -2.2 x 107° @I (Chromium) 2.7 x 10™*
i1 (Gold) -3.6 x 10 ferfR=s (Lithium) 2.1 x 107°
A (Lead) -1.7 x 107° SIS (Magnesium) 1.2 x 107°
2w (Mercury) -2.9x 107 SN (Niobium) 2.6 x 107°
F2GICE (STP) -5.0 x 107° f9Ce (STP) 2.1 x10°
71l (Silver) -2.6 x 107° AT (Platinum) 2.9 x10*
Fifere (Silicon) -4.2 x 10°° Biierse (Tungsten) 6.8 x 107°

s 1, IR % Toa1f AR S o A 3R GO R0 ool RN | 4o 1
(ST AR S+ BT MZ0S el 21 (@0 AN |

Twiggel 5.10 G FARHRTTH TR (core) A 2RI SRS GBI (o]
400 | AT Tee! (AT 97 FEAYCEN TSRS G2 2A ©fbee R 724 I |
it @7 2ifs KGR W IRFRAT 1000 2O (a) H, (b) M, (¢) B 9% (d) FFF
AT I, St R |

AL
(a) H CFaflb Tesid »mitd Gofg fasa 30 @)
H=nl= 1000 x 2.0 =2 x10° A/m.
(b) WW,B=;1T”0H
=400 x 47 x1077 (N/A? x 2 x 10° (A/m)
=10T
(c) ¥4, M= (B- u, H)/ ,
= (u, uy H-py H)/ py = (u,— 1)H = 399 x H
~8x 10° A/m
(d) T 2R 1, 977 ASRE 22 Il TG SFRSTe AleHrETes FEam
ey A 23ifes T 2061 ©ObF (Fa B Bl 203 95 A SHARfere
oM T |FIER B=p.n, ([+1)) [=2A, B= 1T I @l AR
I, =794 A.

OT°GC bb2lua

5.6 *Mtda (519 43 (MAGNETIC PROPERTIES OF

MATERIALS )

A SRR SITEAIbT AVILAJTEICE AT, Feqee5 19 A S5 19 (ferromagnetic)
ool AR TS ST AR S | 5T AT g7 -G ACATE (ST G(6 2l
TROTTRE TE@ T4y (IS 2, 2GR 203 T4y LI @ S S 27 d%
SRTHTHE Z(E T y LIS 8 (@ TN 27 | 191
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-1<x<0 O<y< ¢ x>>1
O<p <1 I<p <l+e u>>1
H<Hy B> Hy H>> My

AR 5.3 GG G ARILYTEN T I IFell (R | QAT & (6 RITH! (s
TR A AINETES SIS AR feffael 00 Toivilom 71 270 | 2RSS SNl @
AT FT=2ITF GG 7&RC2l 3 T2 |

5.6.1 fearoiTay (Diamagnetism)
feAetTES 2mid P 2Mief Tl AfTF GTRFCwCE =R SgeT (AT qIeTod ST
ST AIS] (T | TSI Fe! A, G0 5HF (FIZI NCO! AT SFe FACES
//';—\\ S0 BTR *Mi<fC el a3 |
"‘El_' 5.12(a) foa AT GT7F CF0a A1 foAObTHE ML G WSt 2y e |
GrCTa (@419t RFfe 2@ i e wopifEe 23 43k smitda SroreE GTeacsa
(@) 2T oI | S ¢FeE, AR 5.2 SRt @fb G, @3 2 A, 10° it @
SN | 7SGE G0 SPT (519 (Fed A4 20 @fb T (At [ (resweas M

NG 29T (I |
foRrbTrres IeTos I WEgel | @ s NS FeR vkt goame
(b) BERGACENT TR (FIIF I AT | FCF I G2 ZERGA9C Sl eraia

TGS IR TR (BT AT AP 2 | FST0HT7 2Mief GPIR siviel T 2w re

Tﬁ’ 512 990 e e o 2 14 AR (T (R TR AT B, O T R A0
a) o] (?‘s AP — -

’ TR (ST QI YA SR 51 F0N T GR A TR (G196 QI [ oq A SITd
(b) 2ACTES #MicdR ) %

9IS (AT T | FTCET AP SN SfGLeRITER G2 GFEw 905, A (OISR T S
ST FAC | GO 2T MG ATT GIIFCHCad [ e @it w1f 1 @i
b Tgo = 4% G IR0 53 0 |

g foareSTo “inie == - o, o, J1, Fifereey, T2GE (STP (9) Tt |}
UGN PRI | @7~ foarebTes R | 79, Siesic oFia @2 do) qog
T (@ AT, SRS 207 ST Sy 2eld 7l aforifsro 23|

e 9713 (superconductors) SWTQf%ICFﬂ wfefifbg feamtTws «wid | et as
41, AHT 43 I ST G 1 201 631 Tt sRifTet @k eiFe foarsiery
Totz o S| 9L (BT CFa (@AISTE o)l Siopifie 2! = -1 @R
1= 01936 = AR pacs R T @R (FEHT $or @) pes aie
Relio | wfe AfaRer 2 fCarbTFeres G8 Aot SN FIN SFPIE J2FT
2@ (Meissner effect) 3& 2% | [Jfew ¢%ea, WW@W @NTE BT S
S AR {1 pFFCE STe"Fe|( IR ! ([0S A |

506 (19 CFARAT
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5.6.2 ?[ACoIA%g (Paramagnetism)

AABGTES sl €2 A7 2Mief TR RS GTRICHCG AT TSI TS 27 | G
TS CFaT YHeToF SIa (AT =T STeTa e e eierst A, widie @3l
P Ui pieTeiE o 27|

G AR TS AT FoF AR ITE (I SRATE! A S93[ee) Gt ey 95f6
R TS BT ST RGBS | AT SRR A SR 2ifoq dRe
CRICA] 1k peel Ol AR | 96{5 0T =il 1f2rs (. B, @71 SoifPRifore qag 1
SioaRy afefl smwiga ke A B, -9 SIS Feaii e e 2/ |
5.12(b)ota @3 2T G7F CFia A GG o171 BT Wt (o7 @ west I
AT | (5T (AU 2RITLS STSRL Gel ARG T 3R G ST (GTHFCHCIT W
@CC TR | @ AR 5.2 (AF @fb J% 27 @ il ¢F0q @2 I 432 3, 10°
BT G Bl | ST (5T (T A Z(E 3 75 el O (A0 *feet owiad s
ST & (5301 T |

g SATETES “mief 241 - syisfifaas, Enfea, Febris, siHe (STP (9) ¥3)
AT T | 2SI, NG R (@, AANTETIE AL I AT oA !
WIS,

B
M = CTO [5.20(a)]
L, (5.12) G2 (5.17) TN T2 I 2SN T,
_cHo
1=C = [5.20(b)]

«F ST IR R (1859-1906) T 2ItF @it F77 ¥ (Curie’s law)
T #IR5S 2 | C gIFHCT F7 47T I97 2 | FCSE AT 2T S0 5 G=R p,
Toz, %@ AT BoiF fTea I3 =1L, IR “mi G Siomiae Some Foq 0 | 73
BTG AT 2 A O] FAC 2 0 R I 2100 QS T0e ] Gfb 77
S M9 ¢TT2R 3R 6% R0 33 G oj Tl T2j<felta (TRITias Sifesed Hiter & |
AT ST IR @0 [ AN (5.20)] TS & 1|
5.6.3 SE*5I9%Y (Ferromagnetism)
SRS sni< 63 37 2t A 1T GTHRCRa AT SRS e 2 | I 73e
ST GTRICTHE (AT = SIFTaT GTIFCHC ST 279! 47 @ AT, wefie
gl PERISE l(V\((.<P CeToICeTOI] \'NN’I(;(\'J 27|

CRICT SRTHTHF AT g AT (I SFTEN A ST AR TS oice
0! GG I pFRI TR CH S | WS G G A== 0! @i
T @ G (GBI (domain) TF @36 2w ST e ForgseiE it
Aaiet SIS0 Afeere 0 | G2 FRCINN 2SI IR NG JARMIT A G 93
AIIIZTS ©f TR AT (32 | 2 (OITTaa s TR SNTg | LR (ST S
1mm @R G5 AT 10" A7) 470 I | AL 206, pIF ARSI IF (BIT
CRITS 1) (ITAGH RS 27 3 (FIC! 3 paeet A 11 1 4fb 5. 13(a) fora orarca
AR | A4 S G0 AT GTFecsa B, A019 ), (OI=een el B, -4
SO ACer® 27 G2 AL A B, -4 SSYC2 e (OIC 5[ S I #A17 |

PHYSICS

D)2 ‘Urewiop ‘sfeujew dnaubepy

Wiy s[reonaudeN/so1sAyd/a|oniedsew

/289[|0DANUNWIWOD)/$921N0SYUOIIBINPT/310°pa-apu’ mmm//:dny

o9 5.13

(a) GCeTICACSTI ™I IQMJ\@’
(T, (b) A (SIS |
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Hysterisis in magnetic materials:

PHYSICS

Tigge 5.11

(ORI U2 O9g 938 B, (O U7 oI A=l (PICT] IS [l 37 | SRC<D 175
AT AT (I O G 97 2eTHFCE SYRHCEAR NG e T4 (@0
AN | AT 3 ASTH AL T (@CS 20T | 5.12(b) o7 @ 93 SRt vl
FACZ XA A (BT AfCers BT G S YT 2 GO K117 (BT Cofd
IER |

GO, G5 STHSTEE AT N (BT CRATANTAl SIOrS Gel A 2 | ST
GTRFCFCE, @ (AT LR = GTIFCFg SGTeT TSR 2] 2ATF | TL
IS CFAE AR (FET 0L I WG O SR S SRS 209 A | g b=
AR TS peel TG 2T | 9 KT 2L THAE 60 27 F97 (hard) GT5 swief Al
SO SRTSTEE | (Y, SR, S, (@RS 3R O 1 41 S 2519
R GG ol | 2FFSTO 2N (T -EHIF ST GFT SRS THF 7l | p7 = !
S ARG TIZ© RN [FF 9 TR #A71 e CoF | ST SReeb 19 #MicE 9o
«3f5 cufet SR AR ATE GT9F (g (A AR (TS 2012 paee [ 2 | 7w i
(T 6 O3 4T G0 21 | @3 7w AW TNLSIT T (soft) SHGTES wiel
FN T | S (678 SEH TS © (#1215, e, carrsiferfaams Senfra Sret s
T2 SRCHTHS | GO SIS 2erst >1000 !

SRHTIR 3 Ol T (67 36 | o1 T OIoIaz G SRees T 7wl
AAETES AT A 2| SioIal AT AL IR (BIT FITHTE (Sret T |
SIAM@R AT GO [ A @20 27 | @fS 9 27 7l sif7adey Tt @6 30w
(T 9T 0 FRIT (T | (T OGS TR 2N 190 AR 2o
FRSI@ T, 390 2 | 5.4 AR FEH0 SREHTES i i oi7mal oifeige

1 2o | PR ST ST wefie AAITETIRG W I GTEF 2o,
C

xX= (T>T,) (5.21)

T-T,

Aafd 5.4 SO SACHIS ot FfE oisial T,

coceifereR 317

TRZA 5.11 SHCSTHS #71ef (#I2T G (I 1um JZRES T SwIea
CE | (ST R 2RI TR, A TSR By AN @3 @3 paa
alofell AT | TR SNefRF ©F 55 g/mole GR G TG 7.9 g/cm® | T e T,
Ao ETRIT 2RI TR G A 9.27x10724 A m? |
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Y T (SIS SO, V= (10°m)® = 10"* m® = 102 cm®
ST =TAOI xqTg =79 gcm° x 102 em®=7.9x 102 g

e SR @, SHTSING! AGF (6.023 x 10%) @R AN ©F 55 g
FISE, (BITLCS 2[4 A2,

—12 23
N = 7:9x10 zg.ozsxm .65 x 107 7]
A TSI AT @ my, SR 2SN TR (SRIET) T4 7 AR =l
sjef 1o eI Afeers 20 A 1O,

m,..= (8.65x 10') x (9.27 x 10**) =8.0 x 10> Am®

[ FRIC A
M, =m__ /(O SRes

=8.0x 10 Am?/10*®* m® = 8.0 x 10° Am™*

SACHTES *MItel B @) H -4 5130 wifbet | «fb Ataizere tafie 2= «a Tmifoa
GTF 2Pplon TR ST 6 | 5. 14 oa paatas @6 546 sl fba sivge 3¢ 3 |
R, ARTFI “mlft SpFee f2e | =i GTs AR AR @R AT g
231z I FR | 2MICHT TR0 BT R M T IR (21T 35T 28 (@ I8 Oacs
e 2RATE | 41 BB COITHAYTEAR FH=7{<( @I Ffeere 20N 2R#{Ta= AT el AeATH
0 S0, Towe 217G T SR pEee I TSI N 2 | 93T oz (w2 GTES
CREARE H) I 1 S22 | G717, SR H 291 S #=ce e

TT°G bi2lua

PR H=0(S B #0933 abaFlbe I 2RR| H=0 (© Bt
B-&7 A0S 61 T T (retentivity) T SRRG pHew s D
(remanence)15.140a B, ~ 1.2 T, @ RS0 GFTFIOICS ' bl
0™ 0 | AUETE Blete (G179 OB AR (FST I (BTN 107
g I T 21 | o1, AT 22! s oSy s
T AN BN G 141 31 50 = | el w7l STt A (e g

P -200 -1£0 /100 200 H
[ 2T, OO A g AT (S 6 RoAToy 2 200 AT | afb /=051 A/m
T be AR 2 1 S | ¢ (6 H-a TG etz -Teierel a1 fielie! /10l
(coercivity) 7= =1 5.14 fota H, ~ -90 A m™ | =i 2icea d . 41551,6
= R AR 0T SRS G 7§ #{19 | 5 ed e 7>© A |

I3[ (GTFCFE B, ~ 1.5 T G991, 2R TN & (I de) R G5 5 1.4 wrapeiiss wmiela &) b1

G AT 11 22 (I ea) | 92 b WL 7 AITS = | 57% 6l cofts e R SV o7
@, H-93 3= g7 1 2031 I Oa e (A dopaiifi =g ol | H-a9 ' '

T35 = &, B-43 SISt (el e 22 1l 5 «afb wspeifoa agfen
Toiz S 07 | G2 TONIOCE 251157 (hy sterisis ) 3e1 23 | RRFGfR0M
*Rfoq 1 5ol (lagging behind), 2fezT 97|

5.7 ST 79F AR ©[CLHF (PERMANENT MAGNETS
AND ELECTROMAGNETS)

@ 2L qCRF OIANGIT 0T ST 43 A ST & 40 A1ATS AN St N3

(hysteresis loop) |

5% (permanent magnets) & 2 | R 79F [feqw T (o T4 (@0 AT | 195



fo@ 5.15 UFTw N, Teq Tl )
ST 714 TG (IR ©F GTEE Z5RAPT A (5@ 5. 14) SR R pRCE el TP el oot

VST 2ol T SI4re S0 =I5
R0 AT 0 11600 f4: 2o
BTG AN AR Al

Teq wiHwd SOty G FIRE W@ 47 (@0 0 I A 2gf M
S 1 261 | 92 =il 5.15 e oreitel 2R | =8 o< (o a1 @
@35 73 AN P, @fb @RITE2 400 I27 2R G3(6 72 (ATF (=
@2 oafbe Tz g ST 1 20 | (PG I F=A pas Cofs a1 052
G T (@0 G T WSS 4T (A0 G W2f 20T G WS pResa
G AR Tg ALY A SO FACS AN |

R IS (O FAIF G0 FIAFT 77N 67 G0 G THS TS(F GF o
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R =i 25 | 5T i, SRS emf AZHE G (AT T TGS I67
@R G SR wgel TS Tl — @ MFI® AT Fefw et | w@eeR
ANCATF @2 AP RS @Tifog SikF= T |

o o

[ ]
K
[ ]

L ] [ ] .S L ] [ ] [ ] [ ] L ] L ]
[ ] [ ] [ ] l. [ ] [ ] [ ] [ ]

x=0 x=Db x=2b
@
Pae6.12
ALY 2A x = 0 (ATF x = 2b “HF AN 6 sifs [Keava =1
SPQR TSI A TG® G195 I,

&, =Blx O<x<b

® =Blb b<x<2b

© do

T Wemf,£=—d—t]3

E =—Blv 0<x<b
216 =0 b<x<2b
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Blb—

Bly—+—

EMF

2b b 0
()
Pae.12
PQ g7 R Mt 9IfS q@ AACS AT F&1 [ 1B, ¢F SoxL M |
AT W,
212
F=B  ocxcn
r
=0 b<x<2b
TG-Sl o S 2,
18, S Iy
212_..2
=Blv 0<x<b
-
=0 b<x<2b

x = 2b (AT x = 0 *T TG 5ifex vgel Sg=t A sAre w1 6.12(b) Bra
grf¥fe Rifem e Eiba PR @ @ @ i afFita el el
TS A |
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6.8 {WW (Eppy CURRENTS)
QTS SR FEFIF FEAR VI 2R ARG 772! oS sz FeitF sz
FEMR | G ARSI GTEF FICHT SR Ao Jawid «if7aD drve S

'e:n?ﬁ (Pivot)

o 6.13 G KT AT @GR

ISR O AT
gfeforaiz T 23|

5@ 6.14 SN AT FI6! e T
{2 Ies A0 SR 77T |
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STCReE S/ 2 | T 2N L e 76 YefRrea Srg! | ey
T3l (Foucault,1819-1868) 2 AR NREF FCARE G & (HCER
Sfbeadiz g42@1z (Eddy Current) I |

6.13 51 2mf*s GoraerTsyz o7 I | G370 *fe= It TR IaEa

R G5 S 21 GNTSIR AN SN0 A AT WA I o0 AN |

T AR (M1 TS (G SRS 23 G T8 TR B (B IFICHCE Ao fb L

WGIT | SR G2 GO0 SfEGRRIT ST AFE e fofars 12l FA0o

A | R TR TGO NG TS AT ST AT @R AR

e AR RS (519 FICHT 2AfFS 20 AT | G2 (5156 FIH 2Ifaew

Arefbre gl 2z oS I | (AR TS NG TS AT b AT

G €% T (AT IR T YAEs Sy sfria [eide

2|
6.14 foq SR OEF sirefbre FewatE SoR <ie S5 g

SIGANZ Gy 57K (e 27 911 | ©i2 o at A& B! (oIGaIw oAt

SICHARIT SRV ZI AR G 2N SfHTed SR FES A | ST

@, RS ofGeadites FET (T @ (A ifors A (X)) ey

B S (R $oF o q 303 (599 SO m = [A 3l el

I |
AT, (oS (N5 QR ST G LRI SR FFMTS GIgS SIF-Hee!

A AT e sresiz gidferarz 2171 30w @ T F2we 27 | @y gidzare

IS (T TEY F AR SEHIFTE ool wiro 3, ©iz @2 gidferarg

QG = | ST ! (AT 4igbF W@ (laminated) W@&WW

TN T 2T | (AR (lacquer) CO! <GS 7w T GA9|TANE 22 A1l

o | BN O T2 (B IAFCRCAR ANSACE AR AR, ACO A2 TR

qfefeIzs #iel T7acs o I | @2 @wa AR IA2RIEs Sl g3

IR O | (@R OIHTE 071 e woipw ©ibeeqiz Taw Sige a0

To fSa 303, S G20 O Soba SIfEIal g7 7 |

TS g 2tlel (e gifeRitea fRarsms 32 -

() o W & (Magnetic braking in trains) : ﬁ@&ﬁ]‘%@ﬁ?
GR g *HIET ofTpae A2 ACH | TL SR pIACE A 741 27
S (T R Yfefarz SRS 27 T Grad Sifet A O | (R @
(I AIMET A A A1, ©f2 @H0F A 3PP € FI1 2 |

(ii) ©fTg EW?V ey (Electromagnetic damping) : g s5iee it
SHFR AT ToAMIT Cofa TS sreet 2T | Testiz AT FEATF (M
e ey RS ez @3 oifSts A o @3 G2 FEABT @i
IKIESERL
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(iii) Sz pa7 (Induction furnace) : &% SI#IQ B0 IR TAMIT 99T SFCH
ST FH A AFOTS ST Fa IR I (@CS AT | (@ A S 23
SR BIFPATH A O FB 74 U T 7K T 21! 212 Il 51 27 |
IGAITAR T Sgo Y22 AI9F 9IeTCa AN Sl7isIal Sy I |

(iv) "<& 617 (Electric power meters) : (Ao SBIGRR (Sl=IET] 2o b6
(I3 It If2RITEa wgel SRS 07 | P! OITF AR« AR 2rices vgel
TS (GIHACwa b0 Sl SIS 5 |
(O AT (Ao Rt Suga sifeiba gofa wftt o7 te 17 |

Sl RS ERR T

I SrerEAe RS Spsfifam e f5.f8.5. (Pve) Ssimiw i Tl G it @ #irest @emiseia 21 s
e | GRS CETSIC T AT ST WG (retort stand) SNGHE | ARTAT Srer@iel 71 SICorw
IfNR5! T G G0 (RIG [P FIE S G G2 pRFOC Al 2ABToi= 3145 M SR @9l (20
(ST 2o TS AT @ft ARTHT STrerasite AnfeeTess i 1l $03 | gl &7% 907, PVC 2i2ro@ w1 fuw
SRR (F0T (& {0 @RI SIPT (@ IF (T7, AR SreifFrfsre paaft g2 Thel sese Fre
G2 A (713 | 2ifSf5 #AlRToR 5 frca pRe @R SIPICS (@ T (T Sl 7% A | oIzt 9fl (T @,
SR 2RTHR (FFa pRHI0 SIS A1 T G | (B 0] 200 2 S felfeaiis] #1i2 0ot g g1 2raiees
T @S0! Z0BE, A GTES FIEHR ARe e paes sifers At frosz | gideraites vy 975 «3 fRgw 7a
PG 9IS ASTRIY I | A7 TS STGGHRT ST RA 91 1 2F | 5T (7, (TG PVC
/%7 ST SAMITA (Ol O G0 (PICAl g 20T 16 = 1, o Suiegiazns #42#i6 =2 Somica

e

6.9 93*<F (INDUCTANCE)

(T G FGATS GTFF FICI AR 7ot @ AT i w97 @ Fesaice A
S FToH T2 G STz SIS ST AN | FRS GU5! S| Smam €2 6!
TR PN N 1 T | TR (21T, T8 ORI A TS (515 31 ST eeaiiies
Tisifes & 1w, @y all

iy, FoAba oo srgfo A A o M 7, S e

T ARG I N 7R0F SRS @6 Feoang, 2afl ot A «
R TS FIH SO ATF | T4 FEAR AR GG (G175 FIF @, +IfFoe 27, =S
ST 51 BCe Al AR SR AT | TOGT, TARROSII I FEAR
CRCG I IR A ST 7 (flux linkage) TF @76 A 920 27, A N@-93
A GIR TG,

N oc T

@2 o F TNYNST ZHHE F1e (inductance) I | SR (AT @,
FNHIF (FIETHG FEANDF SHNGF @3 FIT T2 401 (intrinsic material
properties) $7 f$3 37 | @ {7@G TG 7ire GF (70T A0 i),
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@A 4P ACST CFaTe] 8 AR NS I (SHEF) Gk STeFe! e
A TP g7 K (TR BAMI 437) - a7 g a7 |

IICIHRT QI (FAIF A | FITHT NAICE ©f Stz al M Siol 7 @3 T4
AST AT [ML>T > A?] | NI SI G 281 (277 (henry) €32 O H a1 91b®
T T | (ST @[T TACY 3 AR A 2 | BEVCS TG Fod A
ST I (T S5)ef SIS ST Rl @ SO p Rz St @ 1o
IR SR |

6.9.1 ANT=IFF AT NeF (Mutual inductance)

ATST | RS 76 A A9 ATEG [0 1, W 6.15 Brg (raital 2@z |
SR SITER ARG S, -7 N 1, 43R 26 G5 (T 21 A n, Fewogoe
I | e ARTIES S, a1 RS ARSI AP 1, @R n, TC7 Afoe e | 40
e, S, ¢ S, AT FLHI (G {1 FA ALFE N, @8 N, |

T S, 3 TMCA I, STEeeiqiz bletal 1 2, Seele 1B 8112 S, -4 ML G1FF
IS ALY SO | BT, SR G2 FIHOCE @, 7Aoo I | S, FATATS A 75
T A,

N, & =M,,I, (6.9)

M,,-@ S, ARG ACATF S, ARG A7 e @ =1 @b
AT S 99157 (coefficient of mutual induction) FTNS #IRHHS |

9 SRS RS T FAFFI ATHICSH (R M, 519011 11 7S | Of @R [, -9
WOl S,~ 9T R TS GIRITHA 1y, L, | 7 T, S, ARG AR 19 7RI 2,

N, &, =(n,l) (nrf) (4on,1,)

= pon,n,nr L1, (6.10)
@A S, ATTRCE @G AR 0,1 191 (6.9) 9% (6. 10) AT (ATF AT,
. M,, = yonanTcrlzl (6.11)

3 // AT (F, GG S 2ER AR (edge effects) ST

IR GRS, TG (7 6 27! TR 7 3 (GTRICa pin, L,
Rawat sz | Aemee b oifs # @At U >> r,, @3 [{@fe s
AR Sl Real Jeye 2T |

4= Sl Refdte et [Rrawat w=eal | S, Afereaes e fac
1, 5% 2317 Bl 21 20 S, ATHRTER AT 13 1T

N,®, = M,, I, (6.12)

M,, & S, FEHRITCG ACATE S, ATIRCG AN/ SNTNT
o] 2 |

ARG ARG Y51 &S e, O I, SfEe2Mawgel S, Aemerea
AR ST FIF (NG S, G STSTSE AN ST I 4 (G
R | SOGT, S, AT AT T A,

fo@ 6.15 <52 | TARRS 6 @l 3
SR ATEE | N, @, = (nl) (wr?) (omu 1)
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SIGR R
oG

R n,l Z&T S, ATIRTGS GG 2R | (6.12) APl (AT,

M, = /,tonlnznrfl (6.13)
I (6.11) € (6.12) TIR 6 SN A3,
M,, = M, = M () (6.14)

A PR AR &) SR 3 STl 2l FEMR | TR0, (2 716 SI=eoi2
LR | T (@, T A2 ATAECHF g Sr@e AT’ TS iFa 2@
(G2 TAPTER SIS FIEFCAS S GG 9 N, D, -2 /6] FACS ARSI,
Bl ST ATAEGIT A2 ATTNEHCGT TN (GIFFCHE ARSI AR Do = |
GUFCE, M, , 43 51901 728 2 | AP, @R OB ARG 74 775 (515 (77,
A2 AT (7 G 2F=IToRw JAF AR 23 oi2 Az Aemreia A
GG e Mo T 432 Gioel 26 | O qUFCE, M, o FANS ST Gioe] T | 37
CFE M, =M, I’ 372 THATIN |

FATRC T SIS s A 40 A, Sl Toirars wiz=ellt 1< SR |
IR AIRRCEIM 11 ST (ool (relative permeability) RS g TEH 2w,
EICFCE AR SIS,

M =p_p, nn,n r21 l

GBI (ST A SR (, GFCSTE] ! | ACTARG 2@ (L AR SN,
O AR R G oA SRR St frea 57 |

Tz 6.9 95 r, FuAPNRES 932 2= 1, 32 MRS (@A r, <<
r,) MG JEIFIF FE T 8 ANHEFCIE RIS W | €3 =i
AR SN e e |

L 41, 2R eI Peoia 5 e 9o ofe 1, axifze 2o | e
PG (X (GIFICHA, B, = 1,1, / 2r, | AR ARG RS ST AT
AP Y2 W, ©IR G FCAT LIRITHRN T FJA2 G1Feca B, [eawai w1

@CO AT | =0 dd,
D, = TCT12B2

2
_ MoTry
- or, L =M,I,

GO,

(6.14) AT (AT,
2
T,
M,, = M,, = u02 :
Ty

A, STETBIe G A 2RI 7 2 GG I GIIFCHG B, A (0
@, -4 G ST T (T ST M, , 14071 FCafR | AR, @i e i
SR @ACRY r, << T, |

6°9 biZlua
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G BT, SR 6.2 SeRet A 6.3 AT wwe 71 €3 Afwihre, C,
FeGaa N frca 732 Sfbee iz #FAo 27, 93w (1 A C, FEAITS emf SR 2 |
4, 799 C, LTS ARGl [, 03 C, (N, A1 [RRG) Feoaa A &fds
D, 7|

SR, (6.9) A (JTF S #418, N, @, = MI,

TR ANCATE ARSI G2 N &y,

d(N,@) _d(ML,)

dt dt
d(N,&
@R C, FEACS OIS emf, & = - (dzl)
dI,
o oA, £ =M —2
R dt

@ (AT (7R R (@, G G 52 M ARSI 271z, 9 AT 45 Foace
emf SRS I | ARG ARISER 2 G3R TLBI FEAF AR>S ST T
975 emf Ba = FEa w7
6.9.2 Ftiies (Self-inductance)

TG G| -SRI SR ST G0 ARG 1< TR G2 wgel A Go
AT TiTe T [Reava FER| @t aas [tz Foaia 1 T AffadTmie
SER eI 0T Pt AT (BTHF FICHA AT el €2 958 FGAN (0 ST
T SR € TGS | @ GOI0CE FI (self-induction)3IaN 2T | G0HCE, N AFRFS
OB P AR G ZIH PG 1 T 2GR AN #1176 27 932 G0 w0

N, o< I

N&, =LI (6.15)
A, AT g3F L -(F FGANF FIPep a1 27 | A FEeA0F FI9 7aems
(coefficient of self-induction) J&1 T | 2AENQ! AFIES 2051 FEGAITF A T
TS I AR 27 G FEAIDBT @G emf KB 2T | (6. 15) AN ALK I
RS emf AT I,

3 d(NcDB)
==
dr
€= _La (6.16)
%, LMo TS emf 712 @7 W& fca Sfece™Ies @- @ sfFaeacs (I
J2P7) i (T |
e SIfalfS Sl RS TSR0 Ty IS telel] 01 5B | 5T, S &ffs

G A0 n ARG, | T €% A SRITERVE G0 RIK ATTHCH0GT TN afoiell
R e ba N e 2RifRe ofe [Faawge Gewa B = u, nl (S 28R
2SI FAY F(F) | AT R AR TGS G FiF,
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=u,n°All
(A nl 251 (NG AR | O FITH1S,
— N¢B
I
= p,n>Al (6.17)
i Sl ATHRTST Sreralh 1, SCFERe (17 cowre! RIS Soiwits (Criggeragsi
T (R, TR AR comrela Wi T 2%) 7 TR |94,
L =pu, u,n>Al (6.18)
PGHALT FIIHF T TN AR IR NG BT (SO Tl foTSaiaT |
HICET© SIS TG I7w T *BIME! S wbTeTr <16 (back emf) 6T, Fiee
@t TSNS SfT=2 TR [@- @I ARTSC A (7 | VR, FICIS GGG il
AT IR | TARRIC SR (G, SICHII (G I Sl Bl A1 I |
iz R ofewee e Rgra ofteedg AGHER T FoRT AT 27 | @3
FoI pHFIT PRI 0o Ay 237 | T6Te @It @6 Jgrd [ Sfeea e sy

AW 1

dt

Tt S ARSTART SPBTAEN S M IR (TG ST ASRCS {5l

I, 90 (6.16) A TR (L 26 A,

L

aw _, dI
dt dt
SfSeaaiz [ Sesim A S (N FoR A,
I
W:de:jLIdI
0

e, SfTeaqZE [ (@ Tae I &) (@ 2Afwie =ifex Arne= =3 ol 24,

W:%LIZ (6.19)

@3 AT mSARS @6 7 oIS (fFF) mo?/2 , G TN BT S T
€] @ (AT (R I (@, LT m 7 Sge (Tefie, L 28 (@Qqifess sroel 1l q8aite
SIGLANCES (FIC A 2P0 A () |

AR AT A Yo PG Foiol ©fEr 27w 2bz G GF6 AR (Fq
TR 7T | (T FEHIR AN GG I 2eT TOFSIC FRIN CH1 ZFICI @91 | (6.9)
SRt e eifie 27,

N1¢1 =M, I, + M, I,
A, M, 9L A ST A |

SO, FICTH 34 IR I,

a, ., dn,

& :_Mud_tl_ 12E
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http://micro.magnet.fsu.edu/electromag/java/generator/ac.html

Interactive animation on ac generator:

PHYSICS
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TWizad 6.10

M, | 2o 1S G2 @6 L =i 9o 23 | Sy,
drI dr

a=higy T Mag
THEAS 6.10 (2) G ARTHRICS e GIFIRECT GIFFCwa B, (Fazel A
GR M 1 G TG 2 FC | (b) G 470 Al g wifefos =ifgw Ave
@B pHIR AT geTell PO T 2
ERIRC
(a) AT (6.19) A pFIR I,

1. 5
U,=—=LI
B9

zlL( e ) (- «=f5 AFmETeT @6, B = ponl)
2 (un

2
—Luncan [E] [ (6.17) 29 (AT |
2 oI
RN
24,
(b) A G TS GIFF *I[E

Up = % (@A, Vet Fi3 [vgsie)

= (6.20)

G5 AT #A1® QI 2 G5 STe Al e iftfios *ifga A< et
SR BN (IR [ O SOiEa (2.77) TR @edt ],
1
U, = §8°E2 (2.77)
T2 S, CRAARETR I TGAIfSF | AmEe 32 T i
IR0 SCo 5y RO CF0aa & IR (6.20) =R (2.77) AT At
T TR | g @2 AT AT AT G @A @6 GTIecea
/O3 SfTLHE IS @- (T SNFENS Gl AT |

6.10 «.f3. & Ta69 (AC GENERATOR)

SR PRI ST IR o0 2 fore (e [{fom St 2o w1 2 | AR[S!
ST (ac) Teolive 261 7 b STer i 979l A5t | 100 MW SIE57{5 FropTia
RO LR SN a.c. (SR 261 SIOJ% SO G0 T | G2 SR, S 3
A T AN T=TE S FACI! | 42 ACE 2G TS AN Fhog JeFIfoaa
TuRS e Cﬁ‘ﬂ?ﬂ“@? (Nicola Tesla) (€3l &7 | ¢35 ?ﬁ? {cﬁ@ﬁ@ LA
AR N 47 FIIFF CFALCER ARITS L NI FEANTS ST 741 A wfTeaaz




IR 26T GFT %S 6.3 SR S I TR |
B (5TRCH(g FGAT0A I AR S5 a1 corazeet
(TR S(SoTy T 1K) B A cos 0, RRHA €
B -3 WS @l 6 | (517 FIH 26 Wi @2
o 21 @1 9B, (@I o SR | @3
Q.. (EICET AT < ofeeiErs gsie e |

@3B Q.. (EHIEGES & SoAmEE 6.16 fora
T 20 | G0 G5 (9 W0 (rotor shaft) $o
BIATA G ST FE AT | P77 BT g
SRS T | PGB (SNOI) F GIFFCRCE A
I T ToAT @R 27| G2 N 0o FEAR
AR GO TR A6 G5 IR ©IZ FEATE emf HS
o | PO AT YLH, el ik @R I g 3o
AR TE AT |

I PG o PR I giere @RI 27,
T (FIA GF LS ¢-(S GIIFH (939 B GRFEAR f5@ 6.16 «.Fi. (TGS
CFITE (ST A -IF FLIS! (9l 0 = ot (T t= 0 (S
6 = 0° 4T3 0 23 | o1 g1, (TR0 (1 IR FEA FIea! CFaeee] Ao 27
@R 6.1 AT SR @- (I T ¢ - GBI T,

@, = BA cos 0 = BA cos ot

FIRITG 34 (AT, NFRIF ARFRIS o otz vgel @re =S emf,

e=—N d o, =—NBAi(coswt)
dt dt
IO, SITHIEF 0T O THIF e,
£ =NBA w sin ot (6.21)
AT sin ot =+1 &N emf G A A2 NBAw |91 M NBAo & ¢, e
IAfo® 7, iR
€= g, sin ot (6.22)

@CRY AR ST M +1 R — 1 47 =] 2RAS0 27, 9% emf 57 vzt cagte
SR AR ~Af7E© 2771 6.17 g SR o7 F0l, 749 0 = 90° It 6 = 270° 7T, U2
T2 (G (519 FIT1-3 oif7ade 7114 28717 emf T A0 W10 (T |

GBTHY SfeeAItes Sfey AT fFafSe 27 @3 O @2 2T AFT)
Tz (ac) I | A=Y = 2nv, (6.22) AANFIAHCS WHIC7 @ @0 AT,

e=g,sin2n vt (6.23)
AN (STHIHCT PG Il FoART 2 v |

T (@, (6.22) G=R (6.23) AN G5! emf B3 Slwiols e 2w 0 9% 3
emf (g), +&, 938 —¢, G N ARSI A6 27 | /778! Rioq 3% efbeedien
ST AT TN (time-averaged value) SSITR fNeT 41 237 o1 SN A7 ST
g | 225
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&St =t worm orfim g 7irH
GIGE P 180° (T . 360° G gt
©51 90° (R Y Qeftera o1 vod S 7 SIIE
7q G &5 T PeAAD 270 o PGB S
GTEFCHLAT e CERCIRE]
e AN 2 |
i OIS reerwran
a : :+ o
90° | 180° .| 270° | W —>

5@ 6.17 GG GF6 O FEAT oI el Beof AR ©fws1ers 74 |

TWizad 6.11

Tp R (@314 (AT 41T T e (w0q 95 (GG 10 SEoIT
PEA G G0 ATAGIT e =67 @A (7 | Q9YTENF “GeT (IO (Gleqb
(hydro-electric generator) 3 | REFSI, T A S *IF SR AR ST
Teg 0 AT FAASRe 391 2| T BI9ITT 2 A1 STHIF FEATS 6 35 7 |
QYT I (SIE5T (thermal generators)JC | I A S I e g
JRIIT A T O S| [S(5F #f@Blfere (et T (nuclear power generator)
B | Y (SIEEATE 500 MW -4 Co! Tt SfSewe! Sy T4 75y Sdfie
@ #Fel 100 W FFsrepirf 5 fifere (@i g a=10el gisics «iita | sk
(STAICEBACENR (FFa FEAPTRE PR ([F0Y SR @A 2 | SIFedty 2 Iefea
F91sF 50 Hz | 5 g (0 @9 USA (@ 928 1153 60 Hz |

TRZAY 6.11 6 AR P (@02 S G 2w (peddles) (IR |
ANHER 2 @ 100 AFRET G2 0.10 m? CFATH T FGAF A
T[T T 2 | FSANDCS G Il ST ST 0.01 T AREVRIS 46 777w
CTFFCHCE R/ 1 T G PG 2AfS GRS SN SIS 547 F | FEACS
AT 0 e Tesin 201 2

G GCFg v = 0.5 Hz; N =100, A = 0.1 m? €38 B = 0.01 T1 (6.21)
e 2T ¥,
& =NBA 2 V)

=100 x 0.01 x 0.1 x2x3.14x0.5=0.314V
AR, A e 0.314 V |
I 512 (SIS Rgjeile SAMCR (e G S1=) K8 AS R STy
|
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2l1AF (PNET A (Migration of birds)

G 43R SIS A [{eaie Sarres T2/ e AR AR @55 (migratory pattern) SR
G5 T | TiRgel T, 2lfS Aron RIC G2 SAIfRI9ITEN PR ARCIRR (AT FTOTTOIta SrE SRR SHSRITHRT
T Tt bre SI0T | SfepFIR S sfaadt agfon s M w2rs wee avie 909 211,
QIO el | <A SfSEa 22T O e CFiad Sy 08 (IR | €2 (GIIFCwas I3 AR
sAifRefTER et fefizel T3 cwra RT ST2Iws 20 i1t | Tora ol @if 21T (g ST TS Sei
TAI AT A | 012 ST SN2 N0 27 s FfiaTeia (g g T2 i<t Al | 97817y @3
g {5 @A G19F (%@ B, 21T 9ifSt39! v @R AifRE O 1o 2@y g a5 1, @3 foas
I AR 2RI SAT AT | (6.5) TN S O O T o1 6 I,

&= Blv
YEEZ, B =4x105T, [=2 cm @NFEIR v =10 m/s, SN A3,

£=4x10°%x2x102%x10V=8x10°V
=8 uv

1 AT @2 IS T TN+ 01 B (@, ST G2 4R qiefet sevifos =72 | g e «aea
SR FAACS RS AL [izet T 76 | AT, QLR AR (2 9+ g R i bfere
TG CACE N FE NG [0 AL et 0 | AR (g Qe @iet @ fofee st a1 o2,

AR AR 2o 7200 Wge T (= | ‘

HRCHA

1. B GICca RIS A CFageRifirS s[tod AR Giee (G193 Fi9 (0)
el el w1 31,
@, =B.A = BA cos 0
@A B GR A -7 TS el 0 |

2. TRICEH G S, N FRLUF A RS @0 Gt SIS ofGepier @1, @3
RS T FICHF ARTSTA 2T T A 774,

L
dt
G, AT G0 AT AN GCS FH 2 @, | A0 TS FKES 2, O
@S «3B 1 = ¢/ R SfELeANZT BT 2, (T I8 @4 R |

3. ETCgReEs R SIgaidl, i sfepies e GReFfe @ &7 @, «fb 5=
@35 ofeearz o7 2ol I T 92 &R o7 o) T[T FICHT
ARTSICE 4 (O | “TACCR @ FRFS AT e B @2 oo
2fore 3 |

4. TU @3 TN GIFF (FG  B-aF Sfeery RS | T G 4ieq Wt
LR SIeTR STE v (@0t SIFSa 311 27, wTed 12 2% I oS oo pee
& (1SN SIS HIEF 967 A0eT) 2,
&= Blv

5. GTEICHY OF MRS 41 (- ARRIZ) SHAMITT FoFT! 212 751 7S
FACO A | @ F2A9JteT OfCeHET WoHfE 07 Woibw 0| @ 4R ©foe
AR «fS A1 g 21z AceT | 297

E =




W owiRmm

)

T Y € UL 2ANRT ST 267 SRS | G Nap/T -3 0 |
@35 FEGAT (FGAN-2) T4 AT ARSI 217 @3 FFoa8! GF FEATS

(TN 1) SFCHIETE IeT SRS FACO AT | €2 T2 =&, & =My, —2

M,, AMRBTE, PG 2 -G ACATE G- 1 GF AR ST A0 | GPETT
I @ @S M, (F SIS S0 AT | GUFG G0 AL AT9! ANeA I,
M, =M,

8. a$2%§%ic%wmﬁczrww ARRIES 2071, 92 FGAITT G2 46 2B
S IETs <61 SN 2 | TS oG e @1(6 241,

N

emrdl
dt
LA PGB FIC1ES | @t Fesata 5 i ofbeaaiz st [igra soem
A |
9. u (T9F (eWe! (permeability) T GTFF SHAMIT o TesifAf+S @l T
AT FITS,
L=y p, n’Al

RN AT AR CFqLeT A, (0 1 43R AfS G355 (7 AR n |
10. G 9.5, (SAICHBICH, STEGHRR SR ALHIE Ao M eI ofeexifEre

AR 27 | T GG 5 GTHFCFE B -9 210 A IR (FALeE N

YT AGRET G0 FEAE v 1.p.s.FCE @R 2 O TGO TR

STGEHIETE Te, & = NBA (27y) sin (2 vi)

@A t =0 s IR PG HIIFCHCAT STweTH IR 40 (FE & |

BT SR aFH Rl FFA
(5TH I o, Wb (weber) [ML*TA™] o,=B.A
SfGRBIETE <61 € V (volt) IML*T® A = —d(N®,)/dt
AR SNs M H (henry) M L2T2A?| g, =-M,, (dI, /dt)
KGRI L H (henry) ML*T?A7] e =-L(dI/dt)
NI EREERMDEY

1. SR @3 pag T ifersita i | B *Isi 22w it eqwos, Sifteria
G S Resisiom Afars g ot afsie 23 @, sifeRier siaw
(of¥eaaiz) GTerra S I | RGP 21 1830 IANTEH STHAT, Reaia wiice
R T ATHIF NG 2T IR (@, @6 5Tl pos ofeeediz wfks
A AT |
2. 36 I G RS Sz @i 27 @, @ft (G155 FITF ARSI A1 oK |
«q FRrafl =Ifea Ficarwel o AT A7 | AP, T TSN (A G 201 I
ST 761 SIS 2 | SRS ST 761 FreIta FiF ARTS 7 AT 794fFw 2
3. ISR ST T M 103G IR QA IS AR TG 9 (AT
298 6.5 STV A1 TSI SIETHIETF (S FOFOIC IS TP U1 1 (@0S AN |




SICRERS
oICI¥

G SRR FRE AFCAS [ A IR g (v x B) ARG IR 7 1] 03
FANCATE SAFISTANET GIFFCHCER THARRETS w3e (b SfTmwies 761 =TS 23|
SiE, TGS srad e Fre Grasrrca sfofie SaPRz O3 TN ACHTH
ARTSTNET GTRFCHCE = STz, 9 w2 SFget «fFF=S o[t @re «iiw 1 9
TS AWl I |

4. RS ufo 1o T N0 G SRIF ANSTH Fo0 (13l 206, «F 5ifo Ssfre
= | eI YfeRz G2 Sh=ire 961 316 a2

o
SrpATeTl

6.1 e 6.18(a) (3T (f) 75 Ha ez avf¥fe cFraswete oIRS sfbaanzs
wifeye el et |

(=il I T TS H<ZS T JZC6) fRe751b Ao

(c) (d)

LCCLCEEC ) )

. % Y f5=ig B S
(1l SIS € 419 WZ09) r
(e) ()

@ e6.18 229
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6.2

6.3

6.4

6.5

6.6

6.7

6.8

6.9

6.19 51 2mffs (Fa T @ A I RS sfoeedites sfey At Fat |

(a) SO NPT GHb ORCE JEFIF SNPFOCS AT 11 20T ;
(b) G JEFI ATT I G A ST B T |

() (b)

Pae.19

2 GIFBRGITE 15 AT AFRFS G0 A AANHCT TS G SCHF SGeH
2.0 cm? CFawe RS b Farsla o751 =ife et | 7 Alemeea w1 ey
#If2e ©fSe 0.1 s T 2.0 A (ATF 4.0 A T 7AW QY A © =7, o7 @3
AT ARSI AT NS ST AT e T 21 2

8 cm € 2 cm JIZPRET G A IART ¢F0 F@ (@7 (small cut) 77 «FH
ST OF F&eA!, 9F SR Sroermydl 0.3 T AREVRS 7 (GIIFCwa SIge
(A @ ST | EAGF Aifors 1 em s B (2 T TGS U1 7@
T 2(F, T FEANF SN FGAR () AT AN, (b) Fored AL SFCeTFII 27 2
STty SRS feq o = 232

1.0 m MORRS @3 4Iex ne6E @7 9F AT @R Tba MehT SfeerggA
AT ANCATF 400 rad s~ (FAF TS FA 205 | RSbF S 21T 96 dreq
JEFIF IR AT AT | AT Aol TG 0.5 T 2enAfrS «:f6 g e
A BTG T R | (% € T T TGS SIS 761 9/ofe| A |
3.0 x 102 T ARETRIFG W30 ST 73w GIEFCHE 20 2IEF @< 8.0 cm
FPNET GF6 JEFIF FEAET @7 TFF JIOWF ANCATF 50 rad s FlOF @0
(T 200Z | PERABCS HA T G G SNfS ©fEwleTs e el a1 |7 Feoas 10
O @RS @ I P 2T, OE FGACS A 2AAIZAG! S1o ST | TG Siofs
AT AR T =31 aiele] FCA | G2 FF! SR (FI (AT ?

TOHIEF (T 0.30 x 10 Wb m2 dRETRMS gz SR SifeeTy 77,
7 A5 g 10 m e @36 SIgeiie 45 ok 5.0 m s g e s i
ey

(a) SRS SRS SITHIETF AT OITHOF T F© 2

(b) SCHIEF ACaT G2 FI 22

(c) ST (I 2T Torod ot ReARFG 207 2

@35 IETS 0.1 s T ST@ANZ 5.0 A (ATF FC 0.0 A ZF | I WIS ofwsreia
JCETT 1T ST 200 V 2, O3 T840 FICIH1F 2o It |

GFCEG! AR FEAT ARTTE SEF 1.5 H | M 936 FSGACS 0.5 s A
YIIEG 0 (AT 20 A A 2T 23O, So1F A AR GG FIH 2/
IO A?




6.10

6.11

6.12

6.13

6.14

SICRERS
SICT™

@35 (&6 RN 1800 km/h gfete #if*sw futs ST witez | afn @3 =t
Y- GTEFCRCE 2 5 x 10T =k [afe (@l 30° 27, o3 et 25 m fge
I YIB I AR Wy Ty e o< Fe 2

fefe SA=

TR, SRR 6.4 @ SRS T~ e oiite g ofve pHE e ©ibeedE
FEPTN G O3 3 AT G T GIFRCHead AT I 0.3T (@&
0.02Ts! BICA 2 {1tz | T g6 @moiH(G (cut) YT T 2 G A6 @1
1.6Q T, OCI FEEAHC I AR 0l Sl wviibe 2032 U2 Fo T
I

12 cm RS (6 5P, G AZITAE X 'S Y ST AT (02 I35
27 SISYA (GTAFCFCET ARG 8 cm s NS0 AT x-S QIR oAf o Ne
T | (S TRRCRQID SR HICITT (T I 713, T ANCATIRS LI 13 | T[S x-S I
@3 (GTFCRES 71 (gradient) 10-2 T em! (TIle HNGF x-S IR (FICA
SfEeIR Tl s ST 2 GTEFCFaAft 10 -2 T om - QI AR) 9% GTIFCwafs
SR ACATF 10-3T s BITAZP 21T | M 7740 (1K 4.50 mQ 2, O o SIS
eIz i+ ¢ Sy e |

T PoRAICE 770 G (0 * T pHET CIIAEE S (G 1FICd AR S St
Aol SO W2AB! | G2 TR, TTSICI SGIC! 25 AT IR 2 cm? CHRATaA=H
@ Y GFOAT ST (search) FE! (TIFCRH(AT SGTFYA SR A 27
IR OFHAT PEANOCP (5 1FFCHE TG (AT F© (BT (T I (16T 2 (A G
7 90° (T YR 97 GH(F (5 IRFCHCIT TSI S (@O 2MTCH) | TS FEeATo
23IfEs @G SN (PSR AR IT AT eTeaitieEs AR »fFfe) 25
7.5 mC | P! IR ETSICINGR TR (@14 0.50 Q | TR0 (%@ 2Aey el
&

WY G RN FAE (AT TGS R SRS (76T AB-GF ToAF (6 1o
WG PQ T TR, Tl 6.20 B R 2CACZ | (M0, 4167 6 G (GTRRCHFQTRN

AT SGeTY TS SN | TSGR G, G0 J25 K- 9= T @B A I
o | 06T (7 = 15 em, B = 0.50 T, 7% FZCAI0e! 9% 79454 (14 = 9.0 mQ | 437,
GTHFCFA 7 |

(a) IR, KBIRG e @3z 766 12 cm s g fem amffe sifesee sifedie
27 | SIS SfEwiers A0 Wi @ (e e e |

N
IK P A
T ——T
9 /
[
S
5@ 6.20

(b) K BiRkfT I8 AT nSMed AW Teite SsiHe widie e 263 2 K
HIfRRfG 32w A, o @ F 2@ 2
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6.15

6.16

6.17

(c) KBiffb cae s wesf sJaareita sifemist aistet, PQ weba Sr@sie 3eTag
SRR GAR (] PR 97 Q7 71 13fre 4= wesba oifoq el 9 TR
SRE PRI T6T SO B, IR |

(d) B kTe SREIT nela B g F@(oa e Fo 2

(e) BIRfG Iz SRR €2 FRTE (=12 cm s7!) TEHE SR AT F© ol
ARG (JMfRr FICA A= =R 2202 BIRI (e SRR 0 FIeid ArRIe
2?

(f) T TS OI9IfE oot F© Tl T9ibe &7 7 G Foo T F 2

(g) GTIFCHAD @0 A% ST 7l 2R GF ANSA 20 9N WGHre
D ST 761 36 2 ?

30 cm 9, 25 cm? 2RI (FaEe 3% 500 2ARPRANRIFS Gt el see

RS AT 2.5 A ©fSe 5{fHa2a F90= | 1078 s 5 I SR SiGe 2z 2ole

T I (RGN T | TSNS H25 3 T SRR I A AR NS SH MRS SIS 1er

T (back emf) 91T W T© ? ARG ATIT AFSH GIFICFAT ARG

T |

(a) 6.21 fora amife «3fb A 4 ©iF @3 a AZRFB 9w Cola Ty Aifz
ST 9Jelicea e 2fedt st |

(b) QT qEIANE, A ORD 50 A SR iz FR 4R 7B v= 10 m/s P&
(0! Gl 9ot el 2002 1 720 x = 0.2 m, €3 JZ0S 37160 oS ofewmies
& slelel FCAT | HCT N, a = 0.1 m G3R FAHF @i S @ |

Al

\ 4
Q
Q
c

A

fae6.21
M3 @3 R ARG @3 5isia #iffaa Soig afs aas e A S JaweiE
Rz | 511G 2leRe FARAIR =i e ol @z «fb aq Siema AT v TRz e™
SR Ao 2T (bd 6.22) | 718 @2 STerad il e SH0eT J7 GIIFeran

e | grwta (rel wNte,
B=-Bk (r<a;a<R)
=0 (SCEFCE)
GTEFCFABCE 2IIS T T (S 27 I (1A (39 9 2 2




A LI

MIEEIS A RIEY

(ALTERNATING CURRENT)

7.1 \gﬁlﬁsi (INTRODUCTION)

ST G2 2R H2NZ (F8.5.) T @3 2312 TN To i el Keapa Feaf | @2
ARAIZITE! I Ao SIS ARRE S 1 | g A= M2 e @R 2 ites 7
- G0 A TO! | SN SR IR TP 2 Ry a1zl 251 @ « (6 e
(CTT) T IR FCe! AN SCAFRCEA el #1027 | 9371 Fears 7l frea
(@5 (OIT09) ¥R 9 Bl TS AICS SifeTe Sibee izt AR @iz (9. F.271%) qceT 1
FEC SR GIF© SFI<H (APToT SATAAYEICS “AfRS! RSTaa 2/t &% | 99
Al FIF 26 SfEPIH Ryyeifs Besimaaidt @wreeiifee ki Kife ofbexfs sifaast
AR (AfTS G A(T© 27 | G ¢w0a f8.F. (eIrHres gemiz 4.fi. cevents
@M} ol I I 26 AP (SITHEE 4T AR0E 9% THoIF I GIFICET
(transformer) AR IF N (SITHS (ATF S N (SITH0S “AfFIS 1 T |
TR, SfUHTRET 33 3 QR0 TRVHICS (29 901 A | 9.5, 1) i g GGy vl
F0F T AT I ST TET FS AN 27 | SuizFerggst, T4 S el
ABETT AT @I CHIT Bew B w2 =it @.F1. 78T «36(6 Reer 4otz 3t
276 I AR M {6 T=9ITF (TR 2SI S FAA |

* {fge! e (ac voltage) @3k 7RSI @417 (ac current), €3 et 7fS T A [rd
IR AT | (T SR (g U7 S1f TP AR 2441z 4 (alternating current
voltage) €3 AfTS! &z 2917 ( alternating current current) | W%W?ﬁﬁﬂw
ATTNCS 2P T TGN g <. B, 4B AL T G512 22eITalel 20 STIE (@ @2
SR 3 S R | @Rl (SirhE (Rex) St st 7t 4ft v S Keq whefe
QR




7.2 G0 @UF oS “IfFFst [eq (AC
VOLTAGE APPLIED TO A RESISTOR)

7.1 ora 96 »F7S Req T ¢ 9T T 3 @1ees et
2002 | (I T84 50 28! B 2SIl 261 @ | Rl g

P S T BT 1 R 0 21 6T 53 el 12 e A e
S Y R A1y Bt 0 | 40, % Rew AL, T 9 e
B e (voltage) ICa, [HFC~ 2<Fix 11 A
v=0, sinot (7.1)
A @A, v, T e [od AL RS @R o 261 &Fiae
TGS |
s (57T (Nicola Tesla
-1856 - 1943) Tfy fate=
aFee afeere AFT-MEFES
e @32 T | Fof gefaie ¢ @ R
BTIICFG A=A QIFel FCARCET
[ IRAEE CFCE TP ARFIS!
2R bifeTe FFIR ETfele «r @b
e Toa J0ot A IS oa 7.1 @ @I ags «if7S) [eq |

AN FATRE | S SNTF© Sy )
T T ST 2 @ Wy e A1z efbeeRices S et siwet fitra
e, At =fem g = 173 ) e(r) = 0(3.13 wegewen ¢7edl) 7.1 o amfefe <eaice
R @GS @ GRAfeIt 735 T AT

FATST ST FEA (G v, sinot = iR

)
<
)
—
|
©
lo]
0
r—

PG ) IR SN 2CETRG 1 TN | ,
S A GTEF CFCad SI al, izﬁmsincot
RIS EIGIRRERIS RG] @RY R Gf6 4=, Sl G Fselcs et foreivs »ify,
i=1i,sinwt (7.2)
A NW Wﬁw,
U, 7 v Um
i/, . =R (7.3)
l (7.3) A=elf zeT wzraa o T @ 1. 3k f8.51. Tow Reraa ez @i

T2 AR o9 #1195 G O w1 e 2-ifes ofest 7.2 fora s sl
foaifts w1 21 | o7 T, [eiws «3:f6 S 7™ v @3 | TerEe Il
{77, FTCHH 3% T WG (TR | 791502 [T 3% G212 271077 02

0 m\ fan  wi > S NS IR | (7.1) @R (7.2) TN AR A @3 R e

%;%ﬁﬁﬁww TR SR |

ﬂi{]%l‘-: ‘;;Uu‘]?f" ﬂtzﬁ“aswﬂ:lq 1 (R (¥, &Y et o ofgedaize i3 «5 ©it (sinusoidally)
s R +ifgafwe a7 a2 oS v g Wi LI L AT W 2 | SO,

TOACHE G T Ao 2 | ) gafe R

315 3791+ 51 Olem i SfEe@aiz e (instantaneous current) S
234 GRIIT TS *[70) 27 3R 91T 2AARS *[+) 2T | Tl 25, 1T 217 [ — @7 o1 @2




T, T RIS I %[ 9. T ST (I S 2 1 |
COIRI ST (3 Gt Seloie 2R B 2 11 28 3R 12 97 SR
53 307, (N 72 AT @A { GIGF AT T2 @F
@), HAT THAT T | OGS T GG AT S GLANZ (FIC! @A
PR E(ERIRICEER G ICIC LGRS SRS PRIERE

@I SI9ifoe Slemwiers =Ifes sifame

p=i’R=i’>Rsin”® ot (7.4)
OB B p-93F M T
p=<i’R >=< i2Rsin® ot > [7.5()]

@A STFAHF (G p) To2i7 A (bar) BFH 9@ =cE @R
@R <......> P @A (TG A AT 1T (e @R/
@RY, i R REFT O,

p =i2R < sin® ot > [7.5(b)]
faefifeF =tew sin? wt = 1/2 (1- cos 2ot) TIZF IFCE SN
3, < sin? ot >=(1/2) (1- < cos 2wt >) IR FCRY < cos2mt >
= 0**, SRl AZ,

<sin?wt > = 1
2
o,
p= ;iR [7.5(0)]
QB el (8.5 %5eld (P = PR) 0ol 9393707 A T,
SfGeFET @I [T M9 M@ @R 92T 791 27 I 9%

W?ﬁﬁf{ [root mean square (rms)] 3t W@@QW (ba
7.3) T | @R @G [ Al T @i S0 ) /3 |

1
0 z \/27: wt
_im_

5@ 7.3 rms ©fGc2@E 1 97 AN 2]I0EF A i
A T 1= 1, /2 =0.707 i |

T
* &3 A T 09 F (1) STCFFCHA A (F(t)) = %IF(t)dt
0

s < COS20’t>=ijcos2wtdt= 1 [sm Zwt} B
TL 20 20

0

= lT[sin 20T -0]=0

Te eTaf5r 8T (George
Westinghouse-1846-
1914) AVAATZT ARITS
9T AT AITT | 9TSITH
FANACZT FANLT A TS
G A O TSR |
eTaf5e oY faf*ee fyraw
ARS! 2T ATTEAL 2o
e efiRres I biflfd | o
ST T @ [Are @Freeiifa
YA IR @R AR 2T
57 @3RS e f{ge
(PR Sl TS I
Tafen T e GAel @)
S SifiERE e oI
FITTS TTGT FR, T2
AR TS Sesmta
sl

2202 3445 bl
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Twiae 7.1

iHeAEEE Rk CRIRIED

= 1 i
N
2 V2

=0.707 i (7.6)
1-93 “fzcefwre paEl fbfzs ofw =g =

P=E=%i§R=12R (7.7)
ST, rms (@B I PR (SITE

vm

V= E =0.707 v,, (7.8)
(7.3) AT (AT 2T

v = imR

15 1

m - MR
ANCRNG
A, V=IR (7.9)

(7.9) 7579 AfF<S! 24qiz g “fFe! [Reraa Iy T>F 2t g 9z «fe
FALIIER (G T9F 07 S 1 af6 rms T AR SRR SIS it
| rms VG ACATE FAOT TG (FAFF 7.7) G2 2AGa6! T 21T 2

RS 7% o702 TSR S~ |

ARS! AT ALITSIE SIS rms T A @R 2P 51 27 | Trizerw g,

AT RS F1E O RSt M 220 V 25 &9 rms e T8 A1
v, = \/5 V= (1.414)(220V) =311V

AW, 1 N2 rms 2T ZH (12 de AT AN T ARRS! 2102 A 1@ >

AT I | (7.7) AN [Flefositas awm i a7
P=V?/R=1V (@Xy,V=IR)

TRIZAS 7.1 220 V 1L B &) G AFCE 100W -9 @62 51 2@z |
(@) BT @Y ; (b) ST A (SITHS GR (c) AT 74y T 2Z® rms o
AR W e e |

AL

(a) TSR, P= 100 W G V = 220 V, AT @4

roY _(220V) _ 000
P 100W

(b) TR AF (SIHE
v =2V =311V

() @AY, P=1V

_P _100W
V220V

=0.454A
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7.3 9 (SFTFA ARITH 2IFTS! 2_AT 9aR (SITHEA
AF —- W‘TT{"‘T/?F (REPRESENTATION OoF AC
CURRENT AND VOLTAGE BY ROTATING VECTORS
— PHASORS)

TR SR S (SR (@ (@40 &1 i 2:ifee ~ N
OGRS COBUET A T ARG AT, g N _
47 1 01U TS SR e 6 R e s | ] T /
T | GG #AfFS! 2R TSI [Red G2 AR W&y 7l Lot ot owi, 7w\, on ot
AR TG &y SISl ol (phason) e g N \/

<7 | gl 5@ (phasor diagram) ARG @G 1
W@Wﬁ%mﬂwmlmﬁ @) b)
(phasor)* T8 @ (39 T WW"W o FfF
giore SAfs 205, A 7.4 e (it 2@ | V @R 1
TG BT Gl MR (1 STt AfRSeie e
LR i (F AP |V GR I WY T G2 @Iz (oscillating) ARtz
REFANEE v R i &2 | 7.4(a) 5l 2728 212 SRt I8 @i
w1<ffe 7. 1 fora orTel TS TEAICS ¢, AN [ G3 SR gl @ S Aifas
RIS 2P R | T SICF o9 93 2R wHIgel 3 SIfer (projection) i’ v
sine t 9% i sino t, G12 JZ0S TR RS 43R 2R T 2 0 | @0Z @3
0TI SIS 2 7.4/(b) o (I TR Beom 23 1 7.4 (a) o (it @l
iR @, 46 @ACFT CFCG V @32 I 71199 75 @2 SIS | B! 311 A0 G2 e
2T | 4 @RI @, feq G2 2RI S0y wilesle) <[« |

7.4 G IACS 2T AT (S5 (AC VOLTAGE

APPLIED TO AN INDUCTOR)

7.5 Fora @3 ST AR TT G +AfFTS! ofoe Tt
AT ZCACE | STHRETS: SR ARFTATS ACIREE (@1
T | g S 40T (7 @, G2 SR @I 94 | SToGq

@ S ¥ ST (inductive) #fRSr 1641 | 4T Ber@ & @
(OI08 v = v, sinw t| TS G GAF AP Ko

AR @ ) £(t) = OI[ER TR ~Neql AT,

@ 7.4 (a) 7.1 orag 387 va gl wii foq
(b) v ERR i I t-GF T |

v—L%:O 7.10) 8 7.5 S TE €l =78 2 Teot|

@A, TORT 25 26T TR NS FANCC SCHIETH 61 G2 L T6T IR AN |

* gfrg ARTS! 2T TSNS (SITHH GR 2ATF WHIFHT TSN (STTZ 7! 2FH 1 27 |
OR G3 FrEEl (837 ww; @A (T A | SegEfens Ww e i R[S gefirme (o%w e
SSTHRCAT ARGTAT TCO] NS 2SN (Feiia A4 Tres [FEE ¢ i @32 2=ifers
anfafsFeita Aaifere 27 A2 SRt 2 AT | AT ARTSTA AT ST St 237
T T ARFSTS (@9l FAF AL (TG G073 5 AT (ST 26w 1 TR |
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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

el o0 (FTCE T4 (AT AN T (TSGR | (7. 1) =R (7. 10) ANz ALl ere
I A

dL_Y _mginot (7.11)
dt L L
(7.11) AN @R @, I SCAFFICH AR i(() -9 AN =2 a2

2@ @, 97 9 di/dt TR GF6 A4S AT AR A B (SITHrea A ATt
IR GR AT RBIAZC v, /L | 9% SIS W w1 ooy Sl di/ d it (5 TR ACHTTF
I R A1 :

di Uy [

= [ sin(et)dt

T,

i= —U—’“cos(a)t) + 3|
oL

AR YA HN [N G2 G711 2R NG S 2 | (AR SR G0
SGBIETR T SR I ol TS G0 ARSI I 2, 31 20T 75 OCAR %[
ACATF GITSICI s 27 @ AT (@FICA LIS [ 370 R0 T 1 <A,
SN, I LI =+ |

. T
—cos(wt) = sm(wt - 5] T I SN 2473,
. . . L
i=1, sm((ot —5) (7.12)

@A iy =:)—”£®W1%W| o LA Qe Sl 3R Gt S afowie

(inductive reactance) I GR G X, Al 7] b® 391 2T :

X =oL (7.13)
AR, 2T [

. U,

=y (7.14)

A SIS MG S (@EE TG G2 T IR 9T SI 959 €7 (Q) | (0
FHTT TSNS (@Y (TSI AAIZCE 2ge IR 5% GTeia G356 SN TE TEITS STl
Afsare eRRE Fafge I | S 2fsare TR S 43R 2AI0RT F2ITsa
gAIfe |

T (S0 G2 ST 2R 21tes Ao AP (7.1) =R (7.12)
TN FACA (Al A (F 2R (SITHISE O 71/ 2 MG A @ 5efies! 53 [(1/4)
cycle] IR G | qUwCg @It 676 328 t,-4 (SITHE @8 &J1Z WIS 7.6(a)
5@ ORI 2GR | &R IERF 1 COITHS wHiIgele V-G AT 71/2 (Ice! R At |
T o IS 97 O RAATe AASO 27, @@t (7.1) G3% (7. 12) AN SRRt
(SIS 3R 2R AP T @R «ib 7.6(b) ora (it 2R |
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@ (b)

@ 7.6 (a) 7.5 5rg it <= g it o
(b) v ER i I - (&7 |

T =n/2
4
TR W R | (O (TR (F, SR ST AR, I 2R T4 @IS
SR 2[EeE il 3 | afbs F @R o = SI9/53 01 2 56!, OBl ([ F1-
GO FEI

I AR Ol (¢ 5l

T T F (@, (SIHIE Ol I b TS leT [ } AR 2[T

p.=iv=1i, sin(wt - g)xvm sin (ot)

= —i,v,, cos(wt)sin(wt)

=— i’“;’" sin (2mt)
SRR, {6 771+ 51 T Fare!

P, = <—%sin(2wt)>

v
= —l’"T<sm(2wt)> =0,

QTP G 72 5T sin (200f) -9F G *[+) 27 |
SO, GG 7/ B S FIIANRS T Ol Y 2 |
7.7 fora afbw ifse pin (rezi etz |

TWiRAS 7.2 25.0 mH T G356 Rt SIS 220 V S<EE A 78 541
23 | O SRR 2AfSRs 3R T8RS @RS 27T rms T 947 79 749 T
A 50 Hz |

AL i 2fedrs,

X, =2nvL=2x3.14x50x25x10 * W
=7.85Q
FECe 2[IfeS 2R rms W,

vV 220V _

X, 7.85Q

28A
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0-1 IEAF A 1% M TS ofbeaaz i 7 (AT
IR (AT T T TR | (GRS T @i
T9ff oS S welie ewifo (ST A R | (it
(RSS! SANS (ST dR 2ANZ TSR 4N
TR, A T p 8 4T | T (AT *TE
chifEe zm )

1-2 FEECS AR G47e GAISF g F gPI |
Tewlb RpFiee 20e A R @G 6T I @6
T % 2| (OIC08 v ANIS 27 (ARG di/dt
HelTe[R) | (SIT7H8 TR A]ITRA YoiFeT AGF qag
*fF o Berat e = |

2-3 21T | A 27 wLfie «ft P B &A% fex
AT T 3R A A1 T ARSI | (e 2-ies
wfeye Af[fes T, FREd GRRfSeRe Ak
(AT | 21T S (SITHS TR AN | oK, S
SJoFE p 4T =X @R #fE eifEe =

3-4 217 { P 7R 3R 44 *[[) (TR, O e
Rpalee 20 @R FF X 2| (SITT 4 9F g
21T AN 2 | TSR 0| AT & | 2-3 HTF
eefifere *ifE 2w S forra =t

240 o 7.7 S pEeel @k [pEe |
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7.5 GF0 AT ATT TS 2T (SIEHE (AC

VOLTAGE APPLIED TO A CAPACITOR)

7.8 HaFRM v = v_ sin ot , ac (TS TAMFHI G0
AR 2T T ¢ , AT I N T 0T | @f> @ (6 Tt

{IFFTT ac To! |
T G5B ANLZ TSNS (SIE6E SR A G AT

T[T A, MRS TS I Sy g 70T ooy ofYe 2z e @ - c

o | QRGP 2O9TEICS SIS &3l RENH A/ R #AIred e
Al AT AT Tl 2 SRR A (F | 1efie (6 AN2E
TS A QT &7 TTeIAN ©fbearacs Fafge s a A
(7T | 4T GG 41 el e 2w, T8 ofeeiz X 2 | foa 7.8 3 Sl Az T
T I 417 4 AR 24z S A 7.8 Hargad

T 41 27, @b 21zes iz S g SNt 2z ) afera sE = | ates

S5 ANZT ALIS R 2ATIS TR AT AT 4176 2R TR wfEe 93 weifze

77 | 4T @ RS T ¢ (9 49 g AN = =it | 90 SiewhiT [eq

=4
v C (7.15)

AR S AP, BT freq @2k 41=0e e 7w 2,

v, sinwt = 4
C

ST 1T Tolef Gz ey STl — ‘;_Ctl oS R I,
i= %(vmc sinwt) = wCuv,, cos(at)
cos(wt) = sin (a)t + g) TG AR R SR A,

i=1i, sin(wt+g) (7.16)
T {79 &M= {EE i, = 0Cuv,, |SIT GBS WHICoe i F0e AR

. U,

"1/ w0
G5 R @I IO G § = v, /R -GF AR A= I SR (7409 A2 (1/ 0 C)
QAR gﬁ?ﬂ AT I | G NFHF &fSA1Y (capacitive reactance) 0T, ATE X,

X=1/aC (7.17)
AR, 2N [
. U,y
n =%~ (7.18) 241



v,Sin wt,
i

P . (IFI AT NG GR I M@ G2 7GR 93
Nt SI g @23 () | G Rt (P TSANCS AR

i sin(wt+m/2)

(a)

5@ 7.9 (a) 7.8 org amfe g6 glemi 57 |

ORI T\ [T O i T (I ST e S | R 4R
ARSI, F=9I& G3R (TS A TG AT |

T (7. 16)- 97 AR (7. 1) FAFAC (el T
(b) (SIS ool 0T (7l TN (SIS WoellH 212
7t/ 2 TR ol A | 7.9(a) Bat < 3gs t-9

b) v R i AT @t -4
(b) v ER i ot -4 EToE el B 2mia F0E | QLI 2[E WIS 1,

242
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~
E

(OIT0G MHIYeF V- FNTHTT 1/ 2 TR @falta AT, (oeil @31 9iea St [Rsidice
W6 F0z | 7.9(b) Hat Kex w3k 2@ite sffasacs otz | foafs (s simi (rate
AT 2T (SITHISA G I3 Grpefi<et s St C{ws ;e (oM |

HICF NS OITHIB oo
p.=iv=1i cos(ov, sin(wl)
=1 v, cos(ot) sin(wl)

i v
= _m2m sin(2wt) (7.19)

TSR, SR R IR ('S E FFalo|

P, = <lm;m sin(2a)t)> = %(sm(Zth =0

@ @35 79 5T <sin (20t)> = 0 | 7.10 fora @z Rgw i oreat 2@z |
IO I (G 2R (SITHER Pl 71/2 W PR e @R 9R0wa
(L ANZ (SO 9T 71/2 (T QfICa A |

WA 7.3 @6 G 0l G AT @ATe TT T 26 | AR G%
ARS! 2417 BLER AT T I FAC N F (TS 2T O S I | SSATHCG
Jl WO I AT AT g AR

AL T G AT GO ANLANZ SR A T T4 2, 4730 Wife® 20
F IR HRETAET 217 TOACe (@I 2T AR 71 9=k fooe ger =t |
IFFTA (C)-4F N ZPT (oITa18 &3 SRR (@I 16w 203 1 | A7t ez
T AT IT ARCE ARIHF AR 2AfOTNS 2@ (1/0C) R T9A00 Sfoe
aIRe 2 | Ferggsl AT GeIea | C-97 W goi e affeare i s @3
SR ey Aifea Segere! w0 |

TWZA 7.4 15.0 pF W G LI 220 V, 50 Hz -4 S A T 41
o | 47 &fSId (capacitive reactance) @R @3 TEANCE AR (rms G-
RN T TR | T4 Tl faejel 27, 02 47T 2foqe =k ofbeeies
J 2/RE 705 2

WY« afoars

1 1

X, = = —=212Q
2nvC  2n(50Hz)(15.0x10°F)




0-1 2RIfZe ofe i, 0 (O M 2GR 1-9 [T (2T | A
Arefb oIS ST Nfe® 27 @I B 2ISiBrs el Siie
| ZO AE TOT9] TG ] G S 1- T 27 @R
o2 # 7 | (SIT0S v, = q/C , q ~97 A FIHI AICH
@R 1~ T AT (TR | 2NZ 3R (SIHST SR LeAIB
Q& p = v,i FNF T |

% 9T peditd BIF YITFH Wike e wgel T (ATE
S cifre =)

“Wﬁw lmnfiwz

1-2 23T i -9F SOy TG A | AlFS STl 7 20O
X3 T wefie 470 €3 @ G ied! Bl TR 20w AT |
COICHIE e B AR g ©IFG {19 LA, 21Z AelTee
T 3R SIHR Y1, TONE HelISF 27 |

0-1 *Rita «< Tyfiedt 5T (iifve «fT @2 vgdied vT
EgsAiatl

wﬁ@3w&\s4

Uc

A

W7

(OIT0%/ 2RIZT G 5Jof5e, 77 IR (SITHIeE Ty 212 Aol s |

A B

2-3 A (U(F B (9 247 i 24IfEe 20 A= | 4730 [Roidre
CRATSSIT wifEe 2t TS Sdie B #i1sfb 4aIe S 3
A 2ITefb AT DY 1S B | AT GR (S0 Tox3
YONSIF, SR I p € IS 27 | G2 5ofiss! 50 4I7S
= ceire |

3-4 3-9 2[R | -F ST BTH I IR B (ATH A SASHCH
231fZe 237 | A SLmaTeT T2 TR (SIHe v, -9F
T 2P (91T 2T | 4-9 T4 GFF0 Tl sifes 23
T v, - N *[T 2 | A AN 2 | 2-3 20T <hifyre
=i ST fRr e e | sjefotes b eeifre =i ifasiet ==

=
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S GRIEL)

N
~
E

rms 29T
V220V

X, 2120
A 2z

i, =<2 =(1.41)(1.04 A) =1.47A
@ 2T +1.47A G -1.47 A N (SO ™IS 2@ AF IR (SITEHIEE
AT /2 WA &I QPN AT |
Tt Tl el 1 27, AR 2fde SEE 23, FerRgs 2] o =3

=1.04A

TnzAd 7.5 9 1S @R T YT TN AHFF G ac TEFT AR 7.11
foarEiS st TgeT T F1 SR |

()

Baz.11

HIRIOTE I 1 251 @3 g IR 7 G0 FAIRIT WECF SN SISTEH (GIRICA
| (FIRF wGh GRACIN F0 AfSoa Segerel (a) I A, (b) g 2I1F; (o)
GARRSS 2T | (SN Terad FHATE IS Wi |

AL AR NGB 2T T 20 FGAR (O0F GTIICHAD AR paiee
FE IR PEEAR (OO GIIFCHCEN W I A | 0T FEAR SIS I
AR | FETFLA FEAT SRR 2SS I 21 | 97 T 2E ac (SITHCeT 09!
A ST 1R 20T TS 2, M6 Sy 39 T Wi Qe | 7oK, qifsfoar
Tegerol g A |

7.6 93 LCR (el TETe 2gF AC (SIT768 (AC

VoLTAGE APPLIED TO A SERIEs LCR CiIrculT)
7.12 fora (it 78910 «3f6 LCR (ifd 787103 96(6 #1f! 2912 T ¢ -aa AR T®

R

L

9 7.12 ac SR AR TT 956
244 LCR (&% 9% |

TR | TR O 4 7, SR (e v=u, sinot|

RIT NS AT ¢ (O 4TSI TN g GR TSNS AT
{ 20T o106 1 7@ (/T AN A -

di .. g

La+1R+E=v (7.20)

S Sl 2T | G3R ATT AT (SITTS v-aF
AR ST il 3791 fefar Face 512 | ot gfo oot @3
ST TN FACI! | LTS S w199 S 27 FE
GR ST #ifore i -3 I fSaieTel faefar <0, (7.20)
TR el RTsTers Mg T S |
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7.6.1 gfe{ vt foraa =iat iy (Phasor-diagram solution)

7.12 51 2o TENTS, @14, ST G K17 (e TR T N0 | S0, (@~
TZr$ 26T Botwitas sy few @3 R @ it RIS «1fFadt ofte aifee 23| 4rat @2
AR 2T

i=1_sin(ot+¢) (7.21)
@A ¢ 257 S M2 AT TS A1 R TSNS OGN N0 78N 21 | ol
SR Al (SR OIF T fofe 03 Sl I8 (F0aq &y @6 glefmit fog wiczwe
T |

el (7.21) AN S TOAICS 23S 271 1 (T 96 7l & S | TG,
&V, Vg, Vi, 93 V 251 IS S, @4, LT
R LT M3 AT o7 AL | 7[T49 S0 (AT Sl
Gl @ Vg, I-45 T | Vi, I-G9 Qe 1/2 (I
G SIITZ | B2 well 7% 912 7.13(a) e V,, Vi, V,, VR
UERS fedugiia Eleiey

G PIFYER TG AV, V, @RV, - R v wt+d

Vg =i, R Uy, =i X, v, =i X, (7.22) Q

TSI G (OIS TN (7.20) (F 0! (5141 @To
AT

U+ U+ V=D (7.23) @ (b)

VIR =T e SR AR ST el fa7.13 (
NG A (72 T51F(6 2e '

V, +V +V =V (7.24)

G2 RO 7.13(b) fora aw w1 2z | @Ry V,
G V, I G2 (1 I g oA o2 27, ©ff ot @36t@ @66 1@ il ol
(V, + V) 071 FRAIEre 31 S a@ s | v, — v, | 1 V & @5 @ Al fagrea
wfowe il 7o T AR AL HAT MY Vi G=% (Vg + V) | LTI 719 (A
2SN

Q) V,, V,, V,, &3 [l Ief]TAR 00
TF, (b) 7.11 forg emffe 767 v, v, @3}
(V, + V) il GoRRoITaIR S 5191 |

2
Uan = vlz?m + (va - ULm)

(7.22) T TE v, Vg G Uy, -3 I SHATHAIE ST IR AR
v2 = ((,R)” + (i, X — 1, X..)
=2 [R*+(Xo - X, )]
. U,
A v [7.25(a)]

G5 TENT @ A [T @0 el 9% ac T9AIce Ay Z (impedance)
IICE I :

-
= [7.25(0)]

@I Z = R + (X - X, ) (7.26) o



@Ry 17l gl 72V, vell el TIIea1iet 93 viTaplet ¢ 291 Vi 3%

+
V -a3 T (et 11 7.14 foq (4t frwgest ffa a1 @es o
_ Ucm —Um
" o tang¢ = —URm
ol (7.22) AN I I AST W

b tang = Xe X1
1 an¢ R (7.27)
% R % (7.26) =2 (7.27) IR @ETRHE ARG (7.14) Bra @i 2@z |
foq 7.14 afstiy @iva G 2ferary (79 (Impedance diagram) I [ Z Sfoge RS @36

TN e |

7.25(a) 3% (7.27) AN (AT SN0 AP R G2 vl (el =Alen A |
@A AE (7.21) TG 7)ol e |

X, > X, TE ¢ LGNS T R TEAAIMD AT YRR | 0o T8I A T
(OB oI Sl =21 A0 X, < X, 7, O ¢ W L G TG 2iiee:
ST 2T | T IO 212 G (SIS e AR A |

7.15 ol gl oa = X, > X, -49 (F0q ot
~GF AR v | -7 2IRFTET 2wl Tz |

GBI YT 2= 727 S oI LCR
ifet TETce 2[ITET [REE a3z wit e Face 21 |
g ac TS R @2 sinifox g srft =itz |
geae: el foa 2 SRl T @Il o2y
G @ @ t 97 @@ M TS A1 | (et
t,, CISTeTB I SR (e =) 43R o vl
oIS SRS #A1Ta ot Rfem weit goftarar sty weeifee

(@ (b) (IO 2l 0 | TSI (@ SN AN AR St
5@ 7.15 (a) V @92 102 Gl Ba (b) LOR (ifel aig PRT TR I (steady-state solution) T |

P0G v R (I @ -4 (TI6E Q@RI X, > X, | <6 e I T | GG 0 = 0 TS 7 45
SR AR AT | A AN G ST AN

R PRI SRR AT (ST A | TS A 03~ S it 2heia g
I R TSN D PRI SR NI AR IR 1 T |

7.6.2 REegee/s 79« (Analytical solution)

T (OIS AN

L2+Ri+g=v
dt C

=v,_ sin ot

A }‘7¢4{/v

oEl wif, @ = dg/dt 1R, di/dt = d2g/d? | SR, g GF NG (SIS
et 2@
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d’q _dq q
LF"'RE"'E—U sinwt (728)
@2 eI AT G SIS (AL ANSACT S [XI ifefq sl F2caa

{14.37(b)} s (70T | |

q=q,sin (ot+ 0) [7.29(a)]
o, % =g, wcos(wt +0) [7.29(b)]
2
OEN jtg =—q,,0° sin(wt +6) [7.29(c)]
(7.28) AT 2 AT IFIC AT,
g.®[Rcos(wt+0)+(X. — X, )sin(wt +6)] = v,, sinwt (7.30)

@A, X = 1/0C, X, = 0 L | 92 F~7F9[T1 SEl JI=I FEMR | (7.30) TN

Z= R+ (X, -X,)’ @€ = AR,

W0 Z gcos(wt+0 @sm(a)tﬂﬂ =v,, sinot (7.31)
R
@3, am — =cos¢
X.-X .
kﬂa’t{ % = Sln¢
L4 X.-X
@, ¢ =tan™ % (7.32)
(7.31) FNFAC G2 A AP € FIEAF® I A2
q,,0Zcos(wt+6 —¢)=v,, sinwt (7.33)
B AN TS A ool S AT,
vV, =9, 0Z=1i,7Z
A,
iy =Qn@ [7.33(a)]
T o
R O—¢=—— 6=—=
qR 60— ¢ 5 A 5 +¢ [7.33(b)]
AR, IO O Al
. _dgqg
=—= t+6
i T g, wcos(wt +0)
=i cos(wt + 0)
ql, i=i sin(ot+ ¢) (7.34)
v v
@A, i, =2 = o [7.34(a)]
zZ RP+(X.-X. )
4 XX
@R ¢ =tan™ e 247
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GBS, TSNS 2NEH BT TR PRI Sy OIS NI, EIefs Amifors othez
IR AR T I |

7.6.3 S«v (Resonance)

RLC (el 361 93515 SN0 (57 26T SIefaiiv 93135 | (2 F3 AR GG (w170 FoACR
(e 2ETT AT AT, ST (TG S A0 AT Tl | G2 F2&E F@lfIF
Pl (natural frequency) 0T | G424 (5 7RI T 9T TSI TR PRI
TR G0 *IfF T 771 Afpifere 27 wiq (ietd RS 33 ATl 27| @3 @3
AR Triggel 2e (IETR (Aistl G0 i) | (IETDR CAGRITSTE IR SHe-1*BIL (AT Srely
«3f5 FreifT T 2t | 7 S S 1o 7170 79 7fEf e it @k BIig Foires
B ©IT (MISTCR T STl 2, S (RIS 1 AT (vt ST, Gt
cifel) |
v, AT G3R 0 TS (SI=08 7 BIfeT® RLC I9AIR (0 2102 R

Uy, v

1 = =

"z RP+(X,-X.)P
@A X, = 1/0C 9R X, = o L, ToqR M o R 27, a3l Rirs 7 o, o
X, = X, @ 2w s (2 = VR +0° = R) 2| B TS G T

(resonant frequency) I |

L—w L
XC=XLaT’ wOC 0

m

1
A, G = Jic (7.35)
S TS, A7 R Ao e i =v, /R |

R-@I LA 1 (i) R= 100 Q @32 (ii) R = 200 Q-7

1.0 L £
&) G5 RLC (2 8109 { -GN 099 ARTS 7.16
I 509 (74T 2CATR, @A L= 1.00 mH, C = 1.00 nF |
Il 1
l 05 / \\/ ) AT aT @Q‘Cﬂﬁ{@ Um =100 V-¢43 &« COO = (\/Ej =
= // \& (i) 1.00x10° rad/s |
Y SR (TR G, S SN 202 {1 A0 27 |
_— o | T @RS, i = v, / R, (i) T CF0a 2102 {91 (i) 718
0.0 0.5 1o 1!5 b0 (TR
@, Mrad/s —» S TG I AT SN | Twizermgol @fe At

5@ 7.16 75 (3F0aa &) | - AT - A, O1oA DR G | TS Sesal fafes s e (3w
() R =100 Q. (i) R =200 O, L=1.00mH| KO | U2 RIS FKCFS (G T e
TSICHCG C = 1.00 nF @K v, = 100V | B3 R 1 0, AR fafen At i) 38 vifero
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et Bk 37 | Bk War o, Tofek I8AITe SR (It 4196g GsIeid AAfRe
TR @ TN A T G 92T (T FLCFCOH I/ 23 ol & | T4 G|
05, O ISAICe @I S [@OR (% (AF WS WS FoITera FHred 2 dE
TR T & |

G S A YT 979799 @ L G7% C TORZ YT SR G T 02 (IR Sl
FG 37 11779 GG (G2 L 3% C -3 2 2S99 A7 4779170 2lfofre
(T©32 =137 PNRT NPIR) ¢ 2102 (%19 27 v, /R, I R-47 12 &0 (5 Ao
ST 73 | G &9 ST RL I RC TS0 Sl #A1e Y |

W@W (Sharpness of resonance)
LCR (¥fd I8t 2[ited w17,

D,

i, = o

m 2
\/RQ +((0L —lj
oC

GRIA 0=, =1/ JLC. WS i B | R AR® I (" =1, /R |

0, BT 0 - S} A ey 2N IR AL S ST 5 & | 0, S0 0
-OF ST S fw S T Sy AR RBI HCA WCd 1//2 99 2 | @@ e
el TG4 @it *ifE T SIS 2@ | (7..16) F5raw 39 (curve) (AF SR (fR @,

- G Y0 T AR, 4 0, 9K ,, AW GG @, (ACF 0] G 2= (RICHH G
-G ACATT 2SI | S| G 1T #A1fT

a)l=a)0+Aa)

a)2=a)O—Aa)

o, — 0, = 2Ao, I3 TG 2T T8I b2 (bandwidth) 6 | (@, / 2Aw)
AR AT SrFeld A7l RETE 590 I & | Ao -97 T FaoH 20T Sgam
SIFed 11 71geF (narrower) T | Aw-93 AREN fRefCar ST 7% q140e 2@ @,

0, = 0, + Ao ~EF G AN RER -5+ (1/5/2) i 27 1 574K, 0,4 00,

i, = L
2
\/ 2 ( 1 J
R° +| w,L -
(01
_im Un
W2 RJ2

2
e, \/Rz-i—(a)lL—%j = RJ2 249



, w,L -

0, 4= N IR A1 A,
1

(W +AW)L ——————— =
(0 + Aw)C
oL (1+ﬂj—;=R
@o w,C [1+Aw]
2
I TS AT o =% < B #i1Z,
wOL(1+%]—Li’=R
),
)
W

-1
Aw AW Aw
(1+—] @ (l_a)_] o1 4 e 217, @y o, <<L IR,
0 (0]

(2

), )y,
2A®
al, oL o, =R
Aw = % [7.36(a)]
SR ST,
W, _ oL 36(b
2A0 R [7.36(b)]
L ,
wf? SISO IO (DT 99 QI |
_a,L
Q= R [7.36(c)]

[7.36 (b)] 3% [7.36 (c)] ST (2T S A3, 240 = % 13[eAR, Q-4F T TS
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0T T, 2A0 GF T I AT OO (RG] 2 GR S SrFed 2| 2 =1/LC
AR [7.36()] FNFTABE Q = 1/, CR A€ S 1 (@CS {1 |

7.15 5@ (A o MR (@ T STt SrFel % 23, (SRETNIE L0 2123
O T A -4 S AT TOT SN T G TOA DG +12@ SITE! 20 Al | 0
SIS OIFo! TS T 2, TSI foldibel Fuole I 201 Gk [oifroeis «fb 7wy |
(7.36) 3¢ (ATF SR (R, R 9o 3t et 23 wiefie R 31 41 L @ 2w,
T foriipe et e 27 |

THIZRS 7.6 200 Q N G @I4F 15.0 pF N 956 4195 220 V, 50 Hz
ac S AR AT T | (a) TSNS AR A [T It 5 (b) @IF @R
QAT 12 AT e #1199y (rms) el a1 | @2 Req9ten Seaiifafes @oreet
T Tt et (A0 (¥ 2022 AW 21 2, 9 2 F06F (paradox) AN A |

AL

wel T

R=200Q, C=15.0uF=15.0x10°F

V =220V,v =50Hz

(a) OfGERIZ 9o FAIF e, ST TS ASTATR T 2itae, «fb 25

Z=\R*+X2 = |R* +(271vC)?

= [200Q) +(2x3.14x50x15.0x10°F)

= (200Q)* + (212.30Q)
=291.67Q
TSR, TSNS STz
_V _ 220V
Z 291.5Q
(b) (R e T8 IART G52 ofEe a7ifEs 27, W@l +4i3
Vi = IR =(0.755A)(200Q) =151V
V, =1X. =(0.755A)(212.3Q) =160.3V
Vj, @8 V,, (SIC-0erRad Aesiiafos 5 311.3 V I B (@I58 220 V (A
@ | 2 SNt SRS T FISIT T 2 N @2 ST (AT (&Cc @ 9o
COITE T AT 1 | ORI ORI AR FRAF el FRAEre 27 1 | @2 7fo
(SITHIER (S0F 90° 7l A<l TS | TR, FAANTHAER TS ATt T @2 7o
CSITHreR (i 7S e a0 203
VR+C=\/W
=220V
B AT CFCE 9 COITHred well ANew 3 AT (e 27 | 91 @iF €
QI 12 2TS (SITH0ER A B (SITO0eE AN 2 |

=0.755A
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7.7 Q.5 ISATE Tl : T 99F (Power IN AC
Circuir: THE PoweER FACTOR)

SRl (iR @ @96 RLC (2ifd 9A10e 2% 9356 (S0 v = v, sinot TEA0S
SfoedaR i =i sin(ot+ ¢) B I @A,

X -X
i = 2 azrw:tan—l(—cR L)

TR, B FH TAIAIZS OIHT Frol

p=vi=(v, sinot)x[i, sin(@t +¢)]
= —Umzim [cos ¢ — cos(2wt + )] (7.37)

(7.37) TR T 210y A GfS 2107 ST AR G 751 51 ol oIl
ANST AT | G M (TG TSI 7AW T ST T G *[w0) 2 (PR SO
HIG ST el S AfS e F01) Toak,

U, v
P = ”12'“ COS ¢ = —=—=COS ¢

2 2
=V Icos¢ [7.38(a)]
(3 GOS8 (o741 T,

P=1I*Zcos¢ [7.38(b)]

TSR, T A5 HTS! (FIETAG (SITHE IR AN $oF T8 0 =, GO TG
TR ¢ -9 (@FPINRT SRS 1S S | cosg AT A1 FFwer 995 (power
factor) | 5CA SR RS GRaeE M S $F

CF4 (i) (4P IS4 (Resistive Circuit): T I8BTS %y e @ies R A& O
AT (FI4F O+ A0 | €3 TS (G ¢ = 0, cos ¢ = 1 | G3CHE =TT T4 27
R 23 |

=g (ii) = S A TR TG (| Purely inductive or capacitive circuit):
SN S (@, TENCS JFG SNEHE A AT A (SIT0S G 2R N0 7=l
AT TR 1/2 1778, cos ¢ = 0 R TS ST ANTS ZCAS (HTA FTOI {57
T Al | 93 2AAFCE FACN FAC SNG2 29126 (wattless current) I |

Case (iii) LCR (@9 3%+ : LCR (=4 I$Ace =7 <1763 2 (7.38) FAF20! (AT
SN IR | @A ¢ = tan™ (X, - X, )/ RI7TeAR, RLII RCA RCLISATS ¢ S
20O AT | G, @ LA TS (FIEANG (FICE *I T SIo67 27 |

Case (iv) LCR (/fd 3$1® Se173 7373 AIf@F 37 217 (Power dissipated at
resonance in LCR circuit): S[AMI ™R X — X = 0, 93R ¢ = 0 | JSFR, cosg =
1 @R P=1?Z = I? R | < SR S T6I1C0 (R G M) >0 219 7010
2|

TR 7.7 (a) RS a2 G TS TEAICS, TSl oI T T,
AR ST *EHICE @R | T FCA |

(b) <35 TSNS ToRT MFFCLT (TS AT I Fa©! YA N AT T |
I AT |

Trigae 7.7
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SIERISIEARIED

AL (a) SN SN P = I V cosp @A cosg 251 el 96 | @3 7S

OITH @3 S 2 =i s %@, T cosd (RT! 27, @8 ST

I 2R A R 0O 20 | 6% G 0T AR T #GH S#163 37

@M (PR) 27|

(b) 4T, (I TSANTS AR 1 (OB W2 ¢ (P! ARG o | Giestg wret

YeIF cosp =R/Z |

SR Z-GF TCF R~ AT FIRIFIR T T3] 9ol 3 I (1-97 FIRiFif®)
VA

&
>3
I,

V.

I

q

O
Paz.17
0o S | @t Freta T4 A7, 5Tl o SR Yo vl forag (foa 7.17) =y
IR B R 1 T ¢ g5 Toticest Reifere Gl | 2 (St V IR 1, «=]
AR o7 TR I, | 7.7 SR (Ol (o, I, BoAIeICe ABRE Sl
T I RS AT G2 BT Ty MG (PICA So(5% = 1| I, (F =l
Tl et e @fS (SITFHIE A T AE @3 @b T8 =TT S5
e Wit |
Toltd R (AF @Bl 1% (@ T Sl FFerel et Wi I FA09 512 o
SIS fPifRc 2l SBRAN a1 (& G A SBRE @i 1, 7=l
|l ARl TA0e 20 | T TR THATS AT G5 AT ol
I G TSI T TS AT @ I @R I 2R 2 S0 @R P-4
IS [ VST

THZAY 7.8 283 V A € 50 Hz TS GG Azwad (SIC08 G5
LCR (¥ I$ITe 2F 2 @A R = 3 Q, L = 25.48 mH, €% C = 796 uF |
(a) TS ARSTRAN; (b) T @R TSN 12 AT o7 2N 0 7N 412 ;5 (c)
TS =T SAGT @R (d) el 5jorF — o7 e |

AL

(a) IR AfSTAI Aol TS AT TR X, 9% X, Al |
X, =2nvL
=2x3.14x50x2548x10°Q=80Q
1

=27'CVC

]

5
o
q
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L
L
1

T 2x3.14x50x796x10°
oA,
Z= R +(X, - X.)? =3* +(8 -4
=50
(b) 7=l “A1<f<H, ¢ = tan™

- tan™ (ﬂj - 53.1°
3
QAR ¢ ANSF, TSAITS STz, TR Ked et (At iR At |

(c) ISATS =T TR 2
P=I°R

G _ 1 @)z
asm, 1= 7= \/5( o | =40A

AOAR, P = (40A)> x3Q =4800W
(d) *FO! 94 =cos¢ = cos( 53.1°)=0.6

Xc _XL

TuiRAd 7.9 W I, AT TUIZAT (ST T I ARG T @O
A | (a) LR (I F=NTR S A4S 20 2 (b) Sl =TS, T8 2AfSray,
e g, *IfF SwivEs 2 e w5 |

AL

(a) @ I g7 S 27 ©f 2a

R 1
° JLC 25.48x10°x796x10°
=222.1 rad/s

v =% _ 221.1
" 2n 2x3.14

(b) ST =TS, 2AfSTRNK Z @R 7= 27 :
Z=R=3Q
ST rms ez
=K=K=(@)
Z R {2
SR ¥ AR B
P=I’xR=(66.7)>x3 =13.35 kW

TEN SRR (AT ST (74T 2T (@ 7.8 SHZAT (T S5 2T Qe
I ¥ W16 2 @ 2|

Hz = 35.4Hz

1 66.7A
3
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SIERISIEARIED

TrigAe 7.10 [ww Tica FMaisrer it e @R IR B aEe el
(ood e e 27 | A fofd (oj33/3f2et) 4iea tof (Hieetl g 7= e, (Woe
TCEFa = 93 7 | 92 fGU63aM @i Tfers e w2

NG ac TSN SHAIWR NoF €A GHE 3T TSt I | ILT 9 (oIe
fC3ER Sy e A, S o Gt 3370 R[S Foe sy e =l |
LA S TT I LITFCE ANTOIE BER T AF (@ TS 6 STl 23 |
U OfE AT 46 4ied GCa! 1w 215, a8 aiferaiy #ffEs 22 et adits
T2t SRy AAfTe 27 | fbeaqiEs 3 ART$ag Fe T4 2T G
BERGAE TO GG *H AT (alaml)ﬂﬁ:“WI

7.8 LC ™%« (LC OSCILLATIONS)

N S @, 90 97T 8 GFH T IAF SoexiE @R GTeifE 7ey Fare
AT | T4 G0 T (HIAFSICE TS ST GF 6 SR
AT I 1 2, AT S G TEA00 SR 2Rl (e =]

OT°Z bizlua

Avfel 0 Al AFF ITCR STggol (XA ifet, 5ot Siie) |
0l (t = 0 ) g, ST SRS G @< 7.18 Harga
OB SN AN T |

Y

TED Tos{el RCAT 6 (T LR S ZPT (A0S A, A ¢
TSNS STz I 2113 | 4T, ¢ T q G=R | 2T TARFC SN G-
TEATE ST N | @RY di/ dt <9, Braa wrel L-q oS ofgesere
TR G 7S GRSl At wieie v, < v | it 571 9@ 2esl
I NS, <

q_ di_g (7.39) @ 7.18 tﬂg(.\gfﬁ'p—ﬁ IR T

c dt AGCR | AN NS ©fELHIEs
qUFE i = — (dg/dt) (q ZER AT AT i 21) 19797, (7.39) A GEAG0AS 2/Ha6 €602 |
AT 2T

2
373 +2q=0 (7.40)

d2
@ S PRGN (WA (FF0F G2 TN A5 251 d—g + @ x =0 | QRIS

R Teiiis T ~ifre 2o ATE
1

= Jic (7.41)
R ARSI AT AN e 710l Sl +1fFafoe 2re At
q =gy, cos (@, t+9) (7.42)
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@A, g 28 q 97 AR [ G3R ¢ 261 7l g5 | ARG t= O IR g = g, | S #A12
cos ¢ =13 ¢ = 0 I 77oR, ACFg

q = q,, cos(w,t) (7.43)
. dg
ofGeaal l(= —a) (3,
i=1 sin(w,t) (7.44)

@AM 1, = 0y,
BLET TSI G 7o Pl A25IfFe Tl @RI (551 4 |
7.19(a) Bta g, 2T RS 9 47 G S ST AT I SR |

2
wifze R Age eiftfes = U, = %%" | A2 TS (T Ol 2R & =,

ST =B [ 27 | ;0q, LC It (6 *If,

(a) (b) (c) (d) (e)

5@ 7.19 LC IS e ik -9F (<1 2T AN FF0F et Siegg2! | ora @i 1o et 1 2z |

t = O 3T, H2BI0 T AP G QL SRS 2o (g FeA [ o 7.19(b)] Iofbeaaz
e AR AN I G0 GIFFCwFE 96 2GR OIF F(e ST BIFS
el g = Ao W AM I : U, = (1/2) L | T4 S A e (i)
=R ( t= T/459@), (7.19(c) 5ra @gei (eI 2E0R) FE =1 (17 «eqee go
2 Uy, = (1/2) L2, | SE1 43 720 (rAITs #Mif @ i wifefes = 1o ores
T I 2 | G2 PRI LRBCS (I SN ] QARBR G1 (I *If@e w1 17.19(d)
foalgai sfEeeaiz (b Qv SifEe T *g F | A0 7)< Sifze i 26w 2%
@2 2 5eTTe AT (t = T/2 K®) [ Ba 7.19(e)] | g 2T sz [Ksidre
RS «ft =iz zre A [ 5@ 7.19(a)] 1 Tt Afdfe swsje =l fre s
SJTRAITE 2T AT ToTH| 7@ 1 7R 3o SR Reea T | G2eied AT =i 4
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SIERISIEARIED

LC e, Feik-a31 2 I @0 J039 AMEs iercas ol 21 7.19 e
R 2itor oraa et aifgs i (Fer-aa A I 396) RS wacE anef
IR | R oFF FER @, 0, TN ™ Wele] - m SRR G0 J aifeq AREelD
e

2

2. _
FTE +a)0x—0

QA @, =k /m . R k T Pk g3F | Jo9R., x , q-97 Sgge A | 9o
qAEF AT & F = ma = m (do/d) = m (d%x/d?)| @3 <ifefes
FRT & ¢ = -L (di/dt) = -L (d%q/dt?) | @3 ¥ 70 wotell I S
G @, L-9F W m-9F S5 &1 L T 23R SAfFeasidl @eE 2Rl Le
T (R @, = 1/+/LC 9R TE P2-97 (F@ @, = fic /m | T91K, 1/C,
I S | ke (=F/x) L3I0, 9T 7 GOICS ARG 10 (JIf2rs) @RI,
SARME 1/C (=V/q), $FF D AFRER &) ARG Ko ALHE @RI | 7.1
(ORI AfEe G2 oifefom ARSI AHreTs (= |

Efd 7.1 Aifys g3k siftfos wif@iecena s
wfEEwew  effewew

©dm SIS L
ITYIT ke QRGN 1/C
ALY x 4= g
@4l v = dx/dt sfeegarz i=dg/dt
TfFe =S SfeeprR =i
2

E=lkx2+lmv2 U=lq—+lLi2

2 2 2C 2

575 LA LC 51747 5715 G #F7 SITensa 75 P I 2747 -

() 2T ST Fg @4 AT | @2 @Y 9T @R ISATS 2ANZT T2
SRV ASI (FCE GR @0 T #1FF (T T |

(i) @ I @y *Fe 77, AR @ *fT g3F AF 1 | 9t SCHFR wae)
R 78T (A RGeS 2 (o8] S ST 209) | AV, (@O G%
fofen GefinmEt @2 RiFarr Som e F@ |
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i 72 <o, 92 sttfafess few

Of Gt el ARt ATHBCET 14. 10 Se0=07 SIS A7 SRNFHS (e A ac (SI6e
AYT @I LCR IS 9ot FACS AN | SN SCOZ o7 IR Ghiv! (=ifel Ajowa [14.37(b)]
TN QLT (7.28) FRFET AN 393 @<, Tfwe [fow 2w Bz @ 2iivet 95 200R | 5T, @2 4fe
cwea Sl e e cood Mprers siftieige I

s[5! (wieTe (Forced oscillations) <gifer® T84 (Driven LCR circuit)

md—2§+b@+kx=Fcosa)dt Ldz—q+R%+g=vainwt
dt dt dt? dt

I, X LRI 9N, g

M, ¢ N, t

©d, m A&, L

SRS LT, b @4, R

ek g3, I SIS 4P, 1/C

BIeTE FAISE, DISTS A&,

ISR IR T, o LCR 91 @I 15, ),

AT (MIeTCR R, A A e i, g

BT 09 (91, F AT (SITHees [, v_

Of SR 5T SR (@ (@R g, X ~9F 9] A O [T A (S0 799 A AlGS Sieiey
q -G T | G el [14.39 ()] AN (U0 D1 ATGCTS MG (R RIS Aren aw
T S AR QLT e Sra 4 :

Fy

= 1/2
{m®* (@ - 0})* + w3b*}

THTATE AP STSRG AT HRES SifGfew A1 =i &fer=iisi Tl @ F = 1 X, = oL,
X.=1/0C, &8 02=1/LC IJRTIFE L, C, 0, 93K (T2 FCA | I 9 (7.33) &% (7.34)
AN AT FA, (O O TSR W«ﬂaﬂ%ﬂmﬁ}r&%{ TS AF |

AR (ORI G0 T THIR AN TR @A [T 2iFfoT Toaite @2 aiifelfes e @
o3 1 27 | I o I T G AR 29T 27 SEH0 G0 TFA 28, O 9l 7S
AT (TG 2SR5 T Tgel LRI FARFEDCR WL FAC AR | (ot s Rifen
(G AT ST Toe19]0a1 ([ T (570] FACS ATl | S (SN S G A1 TS S[91e

FCO A | ‘
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SIERISIEARIED

THZAS 7.11 (RAIe (@ GF6 LC TS T[T ™0 (G, 4TS G ST
s * T (MG @9 FARH ATATF LI |

ALY L1, 2ifiie SRR QI SR Al = g, | 401, Wit 4735 L
ST GH{6 ST N T | 7.8 SR COINIF (St ([ €2 LC T9Are
G0 =W IS AN T I
m(=2nv=¢)

JLC
t A, LT A S q G2 O L2l i (F et a1 =11 A
q (8 = g, cos ot
i() = -q, osin ot
t I QRCE Al ¥

2 2
UEleV2 =lq_=q_0
2 2 C 2C

t NG AT Ao >

cos? (wt)

1 o2
U,==Li
M9

=% L q; »® sin® (wt)

=%sin2(a)t) (- o=1/LC)
G =i

2
Ug+U, =;1—°C(cos2 ot +sin® a)t)

_ G
2cC
q, G C T I (WRACAFRERT B (@[S AR AT G35 | 75 A1 «@fo
QAT I =i I | (& 71 272 ol A

7.9 JI¥TF (TRANSFORMERS)

T I ST Sy« (It 0ea G Wi (AT, O (&4 A NG (SIT60e
ARG (2T T AT & | A1 ST o ST RN GITFas= w1
JFF AR @b w2 |

@3 GRTFISICER 12 (16 P&el! AF ! 277 (ATF S8 ST AT | 931 G
T R e 87T Tive A, 7.20(a) DAt @3ba esix w96 at 7.20(b)
Toalega el sTvl Tl NZCS ST AT | ALAE FEa TS FSHACS N, FRAE
A AT | AT PGNP (719 PN A0 A AR N, | s 2L A6
A2 Z5 PEA G (T FGAIE SNCHG Feoal A0 |

TT°L bE%ua
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EEL RGP ER )

o 6S Sllble @
S bl
1L 3
ez
RS blle)

(a) (b)

5@ 7.20 TN AR @R (N FE1 SO 75 0=
(a) 7> LA AT GFOF ST SNCAF 0 SOIC SR, (b) TeHIF AT SrGite| 96 TGl |

4 2N FEATS ARSI (SIT0% 2T 27, BT @12 GF6 2RTETA GBI
IS Tl I A N FEAF AN T (AT G0 SfTHas Ie1 SRS T | @2
SGRBTETR TR N (A1 FEAR AT G o7 T | S| GG S| oA
(transformer) 2! RTI6+1 Tz T 2T FEAT @K 47 Torely 932 AT @ (Tl
Tox PO AR Tewl F=7iof (ST F1 T | 401, A o v, (ST 27T
QO t I SGAANZT e e 2fSfb 2A1Fa el Ties FIT ¢ 2F |

O N, Y AR (T LTS SRS S Gepiers 7o A (Slve

g =-N; % (7.45)
@3 TSI T ¢ AT FEAITS 9 SfTHIEE 767 SRS F0F AF AGIeTS!

©fGepe 6 (back emf), g, I |

d
g, =-N, d_(i (7.46)
g 2, = v, | T @7 T 2, O A PSS ©fTe 2RIl S 2, (el
(R (€T TR0 AT FGAT @4 [+ | 7 (el FEA T 971 27 A (Tl F&eiifo

(T 43 T AT ©G2E ([ 27, ©4F YT SoTT ST A

SS=U

@A uswc%wﬁaﬁ AT TS ATSH | SR, (7.45) G=R (7.46) TN (AT
Aew T,
v, =N, [7.45(a)]
s S q¢ .
v, =-N, % [7.46(a)]
[7.45 (a)] 9= [7.46 (a)] AT SN A,
v N

260 v, N (7.47)



SIERISIEARIED

T A SHACTI HAFIAT w10 STl (AT SA1SN AT : (i) AL E FEAT (@l @3
SfYR 2T W FY ; (i) ¥ FU RS FIH Tewl (A (97 2677 AT @32 0Nl
PEHAITS G TRAF (5195 FIF TG ATF | (iid) (N FGATO SG@ANZA e 5 | It
AT Tl 100% A0 (6T T (KT (@IC S#i67 27 1), 275 ool SNeo7[5
IO I 2, R ARG p=iv,S12

ipvp =10, (7.48)

i3 fFg Ao« wwivT 283 Arge At Gt A ST, @RS A< F T3
N AT TSl 95% -3 ([ 20 #IITH | (7.47) G2 (7.48) ANw=1el AN ere F
s A,

i, _ Vs N

& — S

i v N (7.49)
@AY ipaaa up@wiac@ewwwmas%@,m%wﬂmﬁwa
rms IR TGS (7.49) AT (TS e AT |
QI SR (7T TSI AT (S0 G U2 2l 6 | Sl Sif:
Ns NP
Ve = [N_pj Ve @ = (Ns jlp (7.50)
wrefie 7w 2N ot SCaw (Mol SR AR @ 2T (N, > N), (SIBres
A (IR (V> V) | 3 AR AIRIE GICFIZ FAETF (step-up transformer)
JCET | 01 ACGE 3 R TR A FEAT e (9T PG SR T
SICAFIFE TN (N, /N, < 1 4R I < I) | Gizgerzg =i, T o 2l gosi
2R 100 @R (N9 PSR AR 200 2F, N/N, = 2 @R N /N,=1/21
TeG], 220V — 10A -93 GF6 2775 I (7T =MEG75 440 V — 5.0 AR |
At (Tl PG AT AL PG Gl 9 2 (N, < N), Sl SIeaidl
JoASIF (step-down transformer) B | T Vo<V, aRI > IPWQﬁQ CSIEH0EA
I 0 AR A ZOT AR G SN0 0 I 241 |
T 2 Ao S IATGET (g3 ATAIS (I =R Ssica =io) |
G AT MHREIRS TR IPTACE G0 T4 A =T 25T 2 :
(i) FF1TFF 9 (Flux Leakage) : 72 g 71 [5g e w3 23 widlie wesia
GIsjof TSI G Al e (S I AP, 212U PG Grely 735 FFITHI 7612 (a7l
P W1 M SIfOHIE 27 1 | A PG @ (el FEAT GFHE ST o7
GG @2 gfo 2o 11 I |
(ii) #1t#F (7% (Resistance of the windings) : ~F &« IIZ® ©IHR g
@Y AP G O Ol T RS #FT W6 27 (I 2R) | T SfGeaAAqZ 3%
A |
(iii) g2z (Eddy currents): 2R3IS! G193 F3 @R Tewice <3 g 2z S
I | T Ol TesT 27 | BiFe Wew! (laminated core) A2 I G2 2102 Wi
IR
(iv) RF5fa% (Hysteresis) : 28! (IR (7@ A1 MEG1F pRAT SGYR AF AT
“IfTS® 27 | G5 2FCeT TeIC (3 11 < 20 O ©IAgCet Tigw 27 ik 251 = o
79 BT 2Mief I 0T Ao T T |
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262

FATTF 2 IR S T 91T 47 00! N S G (2 GR35+ F1 27 |
(SICABIER ST CSITHre™ Wi I 411 2 (I SIG=aZEl 3 A% 3% FeTagol
I?R 91958 S0 TR | 450 ST SIa IR (@ (T ST $9i- GOt (Sub-
station) (2 T T | GTATH (SITHIS e FACA 27 | ST ABCE 240 V -97
I TIRAIZT S 35 F-CH IR IIFR! TN AT 2 (SITHSE S A

OGN 2T |

GBI
@3> @I R-9 AT (SITHF v = v, sin Wt AT 20, 92 @CHT 74 e

i = i sinet = Ofbe 2[IRS 27, @A, im=%|mﬁmmﬁw

AT IRV AC |

@& @ITE (R) @3 ARSI 2702 i = i, sin ot 23RS 2 &1 OioF a7 ooy

T 7ifbe =e= (P) (43 5T 1T ) [ (1/2)i2 R | TR *fE (P = I°R)

0o T AT TR G SR SIGRAAER G RO A IR T 27 |

GF G I 2RI I5FE I (rms) IR GCF [ 7F1 S T &
I=%=O.707im

S0, rms (SIS,

Um —
V_E_o.7o7vm

oIS @i, P = IV = I°R
@35 R ST L-@ 96 ac (SIS v = v, sin ot G FAET SN
W ficw @l ©fte 2RifEe 20 T N i@ = i sin (of — ©/2), @AW i = v_/
X, X, = oL (3 ST 2fene I | Sy Wy Wi ofe e,
(OITHEE Goa /2 W ffRea At | «36f6 7=jofbrss Sitasits sz
G FISIF T ) |
@ﬁWﬂﬁacW@v:vmsinmtmw,wilﬂ]mkﬂﬁ@@&

o[ T AT AF : i = i sin (ot + 1/2), 99EH i, =3 X, -l =
X, oC

TR AfSRE (capacitive reactance) IET |

QT MR SFCAAZ ATT (OITHIET ATHATF 11/2 MR QAT T | AR

rel, G 75l B ATT RIS G AR A 77 |

RLC (% I9TTS 2E (SITHS v = v, sin ot I SFCAAET T

i=i_ sin (ot + ¢)

D,

@A iy, = . -
JR? +(Xc - X,)
4% ¢ = tan" Xe—X1
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SIERISIEARIED

Z=R*+(X,-X,) , a0 I677 AfSraiy e |
G35 75 50 1T Soifbs et
P = VI cos¢

cos¢ (F FYO 99 (power factor) I |
@35 R ST A AR IETS cosg = 0 IR TSNS BT 21T 2rere
IO (I S5 2 1 | GTHE G2 SfCRAANF GG 2917 I |
(OITHT @R SfGeeAIFE YT (SF7 AR 2FHT MG GF6 ac IS8T
SfTERE @R (SITHEE W& Wl A1 JRUSFeIa aFH T AT | G 7N
9% (phasors) 0 | il 65 281 G (S A SR ATCATTE o FIOS gfore
SIS I | Wl gofFT W it gl it Ao Afi (coIttE At ofeed)
A A RO @R
gl Bras IR NG ac IS [esie Szeres 2Rz |
RLC (@} 67 @3> ST @D 261 S <oell | TSACS Sefaw T

weffe SRR AT g, = ——— (S 2ICEA T (amplitude) T | ST

JLC
SrF T ee IHST i 9 & fTRgTd mwmifte w9t =@
9=%L _ 1 | g g7 Swen wim aaizs SrF poie oM 3@
R  @CR

ac T @R @I (@I TS AF6 T L % GF 475 C (AT
SRR NRS) YF AR, TS JT "0 aws(q I | ([T SN g 7T
ANgA eifeq feag AN T 07

AR, T AT TS @, =% | AL I, 4T G2 SR T

wifire e AT g Ot @iaree] 1 EIeHfE AN AL &7 = |

GEai JoAISACF (transformer) A G & T2 N, FRYF AT A
FEEA @R N, FRAF AT (Tl FE it AT | e 22 FEAT ac SR
AN T AT | AR IR (T (SITHIE T FFERI FAwaet oAt FAiFge

A
NS
ve (2,

@R SfGeeIR

)

I = I,

N,

Tt (9ol PEAT AR 2T FEAT oy @ A, R OIToe I oA

(V, > V) | 92 (RS @12 Fogae A0 | T (Nl St Ay A
TG (ACF T W [ T GICAE FATITF I |
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ARy

\%4 v

1 A
i
b'd
zZ

o, 91, o, Hz
Q

(S FCNIEREERENEY

1. 49 ac (SITHE Al 2[R G0 I @S ACH, b AR rms T &
| (SN WEF (R FRITe sl e Reqeren JaeTre: 240 Vi
@ft (SITHEA rms TN @RI | €3 (SITHIE A

v, =2V =/2(240) = 340V

2. ac IBAICS IJIZS TAMIFTAR F! @62 (power rating) I5CS B2 9T el
@ @R |

3. ac I8AICe IS *IfF FAEN AT 27 = |

4. HARIE] gAlE G FANLAE TeAR RIE 2 71 27| 79 «fF=7S! exicea
CFa SRR Fe TkeElfe 232 1o T™eas oiEs Ty 2[ifRe o
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10.

11.

12.

IEEISIRARIE

AT 1F4 AT Sl F67 (AT @fb e AT, @01 AN2Z SRR
AeT A | @G ARTS! 2T T T AT AR TS AR I @)
91 Sl T6T X[+ T AT | Si2 2RSS0 i3 @ @aRTR fefers
e Fate 2@ A ofreRies Sfeyed BoiF 67 303 71 | et Talol «37!
@ @D, @I T9AITe R[S 2T rms W @F SRR 23 3w €3
HANZT WA TAT 91T Ol IO G2 SRR G S9N N2 wgel Seof
OICAT AN 2 |

@35 ac I8AICS, [fen Auyfes ToAMITTT 12 ATTT SITHSATA! @lof FAF 7
R TCER I RTama FH0 203 | TnieserEgel @3 RC I$AI0S V, G V,
Tt TP R @R C-4F G2 e 212 2 O34 RC AT GG (SIT0e

Vie =A/V2 + V2 TR, (V4V,) T, @AEY V,, IR V97 (S0 w27 n/2 |

gl fHra eitte ¥R ofbe dEmas Ime (o3q @kl e w1 =, &g
@2 AfAeEn aFe Sy redl (937 I @A (FAT Al | FIFE PIEgITSIE
ARSI CFeT AT T 3R well aiifelfeT smfere ERErrea i
2 AR SR A ¢ SETITT TSN (STATAR SSTHMTZ
(projection) RIfETe 2| SAMWE Gl (SIEF TN G IR I A2
AWRYTAIE Ao oIfoTe @9l I T2 PGS ARTS TR (FoT
AT 2 FACO ARTETA (STPTCRA 296+ T4 TR |

P 419 @R SIS G ac T8N *fF @I 76T =7 1 | @6 ac
TSATS (FIEG AT *GH 95T 27 |

@36 RLC I941CS, T4 X, = X, 3 wo=%‘a'§rw S RS = |
ST TS (AIE L @R C TSAE IOAI0S T2 AFCE IR | (TG o

AR (L Al C) (SIS AR T AR AT 1 | T S 7SS =77 |

RLC IS S| 5J¢3F I6TCE IS5 AT HIo! U I FoUF IIfE A2
O AR @RI

(EAICIGIT G (BERA CFGE 2950 IR SASH5{5 GhPR Svel-awel 23 | GIGER
(g SfSeIfE 2o1 395 (@It eI 2o1 =NTos{b | (emItabieas cta i
2o 375 @R S 261 SNTH75 | Tow 172 X1 (61 GGl (AT AL
AR 0 |

GFT> FATIF (SRR T (SITTeE TH (OIrHre I7ete w6 aft =ifex
IR AT S T A | SfGeAqE TGS [ICH 2 2|

G35 AANAISTE AR I EAIZA-GT AR A S @RF AT AR
Fef T Ol Z@\Q"’i"‘f N, FIA *[W-ATT SR (zero-time position)
e T @3 (AF THre Fesfte w4 )
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7.2

7.3

7.4

7.5

7.6

7.7

7.8

7.9

7.10

7.11
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SregAtteTl

220 V, 50 Hz ac SR AR ¢FH 100 Q @IS TS W= |

(a) TS ©fTeAITZT rms T F© 2

(b) G5 T=)f5tzF T Wi el Fo 2

(a) 936 ac B (SITFHIEA AT 300 V| rms (SITEHIEH T T 2

(b) 36 ac ISATE STLANTZT rms T 10 A | 2T AL F© 2

220V, 50 Hz ac S<FRAR @36 44 mH ST IE SITE | TENTS ©f2AAZT
rms S 6T et |

110V, 60 Hz ac SEFR AT @3B 60 pF N 4I7F TS SR | TS OGN
rms N9 6T 61|

7.3 §R 7.4 SFARNTS @6 7o} 5F AT I9a1te (6 <Nife wwor
Azt o 2 colvT Teaft i T |

@35 LCR (¥ifel TN Sl =701 oo e FCA @A L = 2.0H, C = 32 uF
@R R = 10 Q| IS Q-9 Wl T ?

30 pF T G Sf2® 4I7F0F 27 mH S G0 SRS AR T 341 247 |
TSI T WA ST Tl T ?

(AN 7.7 SRS QI 2AAF ST 6 mC | T6AIce AAFFeE @i F©
T ANGS 202 #7S! AN @G *fFw At Fo 2

@36 LCR (¥} I91Te @3B #AfTadamliet F=IIT&< 200V ac TR AN R =
20 Q, L= 1.5 H 4R C = 35 uF T[T | I3 SR I>1&F 617 Feif
FATER AR I 27, 435 250 TEAITe F© Tl FTH2® 23 2
@35 @FPSE MW 231179 ST T @3 TS otz B8 (tune) 1
1T (800 kHz (ATF 1200 kHz) | I € LC ISTT FIIFK SN 200 puH T
[ A7 AfTIS! 4 (variable capacitor) #iiE fARvTeE F© 2= ?

[ WS : BER-7 Ty FRIRE Folies wiefie LC IS T W0 FoN&s
@GS ST TN T2 T 207 | |

7.21 51a (Rt @3 LCR (¥fd 78 936 AR #a1 T 110w 230 V B
A FEOMCZ| L=5.0 H, C=80uF, R=40Q |

R
AR A%

e () ——cC

21123
L

@ 7.21

(a) SR @ T TSITS ST S FH ©F A fefzy S |

(b) IS ATty el TR TR SR TN AN AT e Tt |

(c) TS foaf Tomita Red #Iota rms T o7 et | (et @@, gt
TR LC IR 12 AT [oq oiow #[+) |




7.12

7.20

SIERISIEARIED

ST SpAeTait

10 mC F HHFIE 50 pF AT G (6 QI 932 20 mH -93 G0 S5 IS
@35 LC I8 BITR | IO 14 STHATAR | ATl ¢ = 0 YZTS IS0 I T 247 |
(a) @A T «if§ 7y SNtz ? LC g g «ft [ ikafre aits?
(b) IS TSI F=oites T 2
(c) I AT Al =i
(i) Fsfefeita wiffess (1elie 4ITs Aldge =) 2
(if) =)ol T (Belfe W= Ao 277) 2
(d) I IIC I *F SNCIHF =R A ISR A0 27 2
(e) IMTSITS GFb @I TS 31 27, ©IoIfE BT oo sifg o =g wsifbw zta
0.50 H SIT*F @38 100 Q @IHF @F0 FEe1 240 V, 50 Hz -9 @30 ac SR
AN TS|
(a) FGAICS FAEH F© ST 2ize 22
(b) S (SITHS G D SFELANTZA T IS A (time lag) I 2
7.13 SRS (a) (AT (b) #HE 20 Te el St 4 TSR TH FATERR
<O (240 V, 10 kHz) 7T I8 91 2| GF (AT, TH F0T I9100 2!
ST T T NCo! W67 FE — @2 Trfes i<t w01 | g sz #47
(steady state) GFb AN2R TEATO ST I WG| FCT 2
I STRATT TF 100 pF K G0 4195 8 40 Q T 936 @14 110 V, 60 Hz
TR A T ST |
(a) TSI G2 A W T 2
(b) ST 21T TR A (SIS T TS I (time lag) F© ?
7.15 ST (@) (AT (b) #1F@ AT T& el Tt 74 ISNBIE B> TS
110 V, 12 kHz SR A T T T | 0297 11 IR (@ T A0 (7
AR TCOl BB T | G2 SGFIE PRI 2ITF AN2AE IT8ICe IS G0
AT DB A Tl T |
T TS LCR (e I3 STejiiial S=ATess i (@02 I L, C 93k R 9
oAb AT AT TN IS I 2T, O (RIS (T, G2 F™AAITR LCR TGN
TSNS @G SfTeaZ FT 203 | G2 TN &) 7.11 SGAEINCS (WD SH
@R BAMITTT S 17 &S =M< i #1t2d rms S+ Refar et |
@Ifats A1 80 mH ST 3R 60 uF GRFYT G0 641 230 V, 50 Hz T
AN TC | IO (@14 ST,
(a) SfT=eANTR T M @R rms T (T Tt |
(b) TS TAMITTR 12 &S Keq 2IST1F rms S ey S |
(c) SIS F© T o] FFIAN® 2 2
(d) AECF T 9T Fro! AT T2
(e) THATS TS 1T ol (+IIfT© 27 ? [T IETCo G 7)< 5T 5T (@ ]
TR, 7.18 SERERITS (e TSTS TF @IET N 15 Q | 7617 &6 SoAmic o
TG TS TS F(F @R (@6 (+HifFe wrerx sifste ey wcat |
L=0.12 H, C = 480 nF, R = 23 Q IS ¥ LCR @4 I 230 V &3 45
AR T S AN TF |
(a) T TR (I TN Gl 2R S A 23 2 SRR G2 AR i felef
|
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7.21

7.22

7.23

7.24

7.25

7.26

(b) ST TR (I N o) T84 @I NS 91T vt A 203 2 Foroiq
S S el e |

(c) TER @R FFTAR Tl TSNS FAIANTS 6] St SIS oI
SIS 2 7 3 TS| TAITS 2R e 9 2

(d) 2VE IS Q-9 e T 2

L=3.0H, C=27 pF, 9%} R= 7.4 QJT 43 LCR ¢ I8T Sl Fo{1es

R Q-1 Ao Al | TSI SR SFFel I FAIT TR 97 IO A

TR S 4o #if (@ i SIS 1 27 | 97 &y G0 g S Aifa e |

TR ePlofeTs TeR wiS

(a) @-FIT ac TS ATT SICHIF (SIT08 ToAIce fdre T [feq Tamca
72 AT OIHOF eI TR B 3o 2 [F2 rms (SITHCEA (Feae 9t
EESREH

(b) ST LT AT TSATE G AT AR T T | (e 2

(c) =G AFT (SITHE ACF© (signal), THAAIZ (SITHE GR T F=T& AT
(SITHIER GARAS 0T 915 2 | 1 TEAT LI IR I (4TS T§
OIS | (1418 ({, C-97 3 2T TN2NZ FLF G L7 72 2T RS Ao
A5 2|

(d) 3fe7 et fdrs Al @3 GIF FEA (choke coil) ATAANZ AR (de
line) TR I | IS U2 SR Tegetel@ Gelte (2l AT | (G (o7 G0
@R Mg AT FAEE AT Tegeror (@Iel #ifgade 27 w1t | 7 @fb ac
BT AR TT ARFCS! O ALES To16 N 76 061 sl STefaiie) A |

(e) ac GRAFR AT TT FERIETS N0 JIRIET CFCa (51T P (e ATIAC 27 7
BT FEAR ARICS SR A (@G (o I FC0 2 a2

@35 *IfF TRIALHIR OIEF T2 4000 AATF YT 93 SR FATIE

2300V - o] FFIAE I | 51T 230 V STH2[T (91T (57l FGAF AR F©

267 SATANGH ?

G5 Tl (m, T iol AT 300 m THO TR IR 2NY ST 217

100 m®s™ | =it GRS (GeIIad Frel 60% 2, 98 (% (AT 2% [@gfes

o] 9l BT | (g = 9.8 ms?).

440 V 2T *{E Seive F0e 71T 977 9T Ry (7% (AT 15 km 03 9T (@101

*2(F 220 V -3 800 kW Riyexifis aicaie | =i g1 uib ©itad @ik &ifs km -9

0.5 Q |1 *=HTe SRS THATE 4000-220V SRR FATGICH AT FIRAZII!

2 (AT I oA |

(a) SICHR SN SR *EH SbT BT (1) alelall S |

(b) AT &) ¥IGF 25T ST 402 (W, Ry m (s sz oo =% ez
TACS T

(c) ¥ FRHTS SR ToNTICH (IR (00 |

G AT ST SRR FAMTIE 40,000-220 V SRR IS 71l afferziifers

BT (SNCH 0] FFACE Gy *ITEHF STo51 AL, TS G0 O (SIT0% I AP

@ @2 SN Y9 AT ST 20 ) | G2 AR T (SITHreE (219 (& AW

=IO I AT
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SIIVE S RESER)

(ELECTROMAGNETIC WAVES)

8.1 \giﬁlﬁsi (INTRODUCTION)

Sl ST SIS (SR (7, SfSeadz «a s Graaesa 3% 301 @3k b ofb g wiaa
@3 S ToF 9FT G I5T AT I | GRS I SO S} (R (@, e
e AT GIFCFd G0 Ofeerwg Tesy 0 | 9 [FoiFre Toa1e 5 1oy 22
S A0 AfSTIeT 1 Sferma F @6l GTFFraias 775 TS A ? (@ FIF
SIS [James Clerk Maxwell] (1831-1879) ¥ ¢« (3, AWE @53 06 AT |
HyWig @6 Sz w3, AT 0! 2AfFSTe oferwa € Grarsa 73S I |
SRR 512 9@ AT T I SPHETE A0 G5 SR T SR | 92
SPRAIS 7 TR G fofe @l wfefie @aiten wifwy T I @7 9% fof @fbes
AF9-21% (displacement current) SIS (7 |

PSS e @R (GTIFIT CFGPNZ <R TR G, S IR ST TS
FE ANFRPTCEF 936 (G5 RRETCE a7 FE | 9T A STCER I 2R 21w |
FRACES I 79 (59 TI) T2 WETHCE @9 aiifeifeaqret ofee peerea G
G CTICT AP |

SIS AT (AT TGS AT TGl 7N 2o S FIR oA
fEG, T (YASIR) IR AN ARSI Gfcs Aggifere ofve @i GTEFewg Tz |
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(93 FIE  WHeTIA
[James Clerk Maxwell
(1831 - 1879)] FLeTICST
«fSaaiesf TeEe eae | i
Rt i o w2
Avtef RN N Serew |
ST a1 SIgejTeT it @9t
B TAfFS g o Feaw
@32 fofa @1 717 sraial
e Sy 22w S siare
agfs sifFaecey e
@F ol e
(molecular parameters)
TATE S ITAal S
FITIARCAN | AHETICHAT
SAEC 0T FFeTo! T ©fee
GR FRICGT (JoT, G0,
S @R FIATT B
i) FResE AE 7=
FRITS ANTAPTCRT G5 (16
AFS 41, AP WP
AR 0 | 97 Tolg fefe i
fof sife ageelefl Prate
BN 29 (@, e @FH
SfGpFR SR | TSl [ART
FEAE - @ QAR (TR
SIGRRTee 7@ [l Yoot
AGIR®) AR 2T R 1 |

A GTER AT SPAIE, SRR GFS, SN A (AT
2 ST BRoa TS (3 x10° m/s) AT IR | @ (A ===l
@3 HrTE Toiahe 20 T @, Sita 3l S paR ogel | 9o
ISR I OCL THTE G ST (FaC T Ee 30 | 1885
INET RIS (Hertz) SfEGEIT SACH L SIRBGCT ARSI 2=l
R | SR (Marconi) G- ST SNIfRESIalel 3 TP «F 23 fFare
R, A QK2 S G2 O S| S ASTHFSI S
3|

@ STIC SIS AT I -LNER ATAG ARG R G T[T
I SCAD T | G791 SR SfGGIRT AT (6 [Tgoe
Rzl Topritom 3 | SfEpFI SRl e 3efie, t y-af
(SRS ~10712 m) (AT WY @B wqet (Sqeitndy ~10° m)
#® oo 0T | AGIT ANAS SCHIIR w8 Freitd b
3R 2T 2 (31 A 2l SR SCeNfoe 20 |

8.2 F994-249Z (Di1sPLACEMENT CURRENT )

SO ST S (AR (7, ©fEeeiz @ 5o @3l Grerwag
S T | AT TReifeq Ty S (i @, ARTeTAe
SYerT e SR GG (ST Teris e | G2 Aold 992 g,
el @fb @Oe e, ¢~ T ST IR SRR SCGTI
SRS SSCe 1] O |

ARSI ST Pl @b GTIFrFe %3S I ©f (TS
B, S @3 GRCE SR afeai «ak dirsba e @i
e (STaarma e Tace S w{aItas Il 3@ (S -59%)

§B-dl = p, i (t) (8.1)

AN IR | 8.1(a) BAD G0 AT #i1e 4FF C -(F WA, Al
G GHT IO WA @A G AN A 2ATIS T NeT i
i(t) 2IfZe 206 | LA SR TSI “AS (707 A2 S0
@I @3 [Tyrs, @ P, Grasceg 64T 37| aoey =@t r
PRI 95 T5res el a7 Rl 37, T ot ofeeqrd)
SRE SIS 0! 777 TR T (TR AT SR T
SRR [Bd 8.1(a)] | AT ToR fefe T a1 A, Gresrwaia
ey JeIF 57157 #Iffd 7" 932 F#ifow eters e wa sie
I, @& W CFADT T BEI O (8. 1) AN ANAF 201
B (27 1) | s o=l 514w #iifs

B (2nr) = ,uoi (1) (8 .2)

Q3, @38 AT T2 S GF6 5Pee (surface) KRG
T | @t @36 21T@F (pot) Pt cet (B 8.1(b)], T IS




ISIICRURERACE R

AANECE = S 7 G 97 Tt (757 7ie viba e A @k @3 92if S At
JSPIR LR ! 2 | 97 B fooetfs G5 B 0o (G111 2o =il s =3
(5@ 8.1(c)] | 4358 2AI5eT TT G~ PO SO I=(1= I AT 0 SRl (R (3,
(8. 1) AN IANATT (A A6 22 15 G O e 27, p1, i D (=g oa
8.1(b) ¥R (0)-9F 7o fCa (Il STz IR ) | FICE2. SR G Seifen
YA 2Z; GF AP AT P RYTe GTRFCwE 213 AT; SISt 9i¢ie1 F30 P [{eyre
OTFRCF(L =[e 27 |

@R ST SIS @il SRR =212l 3@t AR PR 5, FsE &1
JRIIALCS Fg AW TETO: AW 2ITT (91T | AW ATE TS| WG SH{1E G 203, (F-CHICAl
PEHE JIZS 2&F Al (I, P TS 433 BT A1 A |

8.1(c) Foaft 7Ty 7% FACET AW 2ITT TSN 1% F=9/7F S A1 ST T A1f |
(RFHF AT TGS S 61 SfeFiia (It A sifqass 2wz 2 271, @fb i@
Sfoerwa | T 47 AT CFgret A TR (G DA Q T O 2G9NI 0!
SfULCFa E-47 T4 201 (Q/A) /¢, (N9 2.41 (e2l) | ofbecsrafs 8.1(c) foras S
ST G STF 20T | 9T S ARH0F AT (FRATETa $oF i A g @31 Afzea
[ R0 AT | G S O NG SO @, 42 e B =0 2 SIS 7 GRS B
@i =

1
(DE=|E|A=—%A=Q 8.3)

& &
QU (IFFOF AT TAT S Q T AN AR AATE® T O @A @3 e 2@
i= (dQ/d1), 9E (8.3) ANT IR T TN #AZ,

d%; _df9)_1d9
dt dtlg ) g dt

@t @RIT (@, Raifeq &,

go(dquj _

dt
@52 2T SIfPSRITEa Il 3T (/T W 50T TS #17 | T St 1712 e ey

fata SIf oS @IG =TT Aol BT G 21, @6 I8 ST T AT A0 S eI
ARTTSA R 5,991, IT TR 9 A AR F O 74 S Grej2 (16 2N
A i AN 2R | AW GG 91 27, O AR SR it T2 F6 @- Il
(G (ATF 2NE B -G T (@G SoRaIS AP 1 | P RYTe B 5ieia &) (1 9618 49214
T 2TF I (4 B -9 A *+ Z 1 | (BN A2 (@I & -0 B-97 9 [ ba
8.1(a)]-99 T (@I G K M- (@ T 2e7 Tivw O B i 203 | ety
AN Ve AR (@ oY 2R1f2e 23 OIt #Ifdze @12 (conduction current) I |
TR (8.4) BRI 2 2tz @ Tew o @3k «@ft sifaSTe Sfeerwra AT
TS (T2 ST e, @I A 21 T @S (IS AT 2X) | FISE, AF A 2417
(displacement current) W2 YRS A7 212 601 27 | 8.2 5aft Toizr afefe
TGN 7S G STSTTLH ST G (GTIICHGCE Ao I |

(8.4)

<,

i(f)

+ o+ o+ F ot +

O 1 1 1 1 1 1 1

(0
5@ 8.1 T IS 417
C, T a6 TS
R (Tt 267 @3 T
W& TG ST A
AfTTSTeT ofee i (1)
2ifze 20z | (a) rarE
T 9(6 5751, Sl Sl
P RvTe (reecsa faefa
FARG; (b) 9 AT
wNIfe RS e Al wiea
AT 8! ¢ T
SfoPIE @R (a) ora
Il 2193 {5 (c)
@3{G o <91 Sighon we,
i bR 2o ger ot
I TR0 ATt
TS! R G AT
TSI G S SRS |
ANSHTAIT TGS R
I STCLHAE (TR |
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WIASETF ARAFAT (771 | 90 GTIarwg Seoifen Fiel @FeTia
ST 2RI el I #1f32e 2IAIESNa1 =1, R AT O GLCHa AT

i)y —

\
A

M
paD
+
/s
+ -
+.
+.
+
+

TS JO A | SfFFod FpROIE, (G dqigal @ 7 i 7 e sz
YAIG! @< 1, 7l e ae AT TS [= ¢, (d@,/dD)] I PITER Sl it
AT
do,
dt
BN, GF S 28, QRFOR AT 20 Sl #y Az @117 i = i
5{fZ, T 3779 2R TS, i, = O | SATTTH, HF O SOTECH I 21w
31z (72 wdfie, i = 0 g @FeTg 37wel ez e o, i = i |
SR JAbF AqFAF (4R AF) 94 (8.1) AR vt 7
a3 A T : " @- I O (AR AR (6 a7 7791 74 T eifze
NG 2RIl #iff<ge 2% @3 =9 AR IS | A (G 2e

i=i, +i; =i, +¢&,

(8.5)

Ao,

JB.dl: Uo T+ o & i

@7 Gfb S-S e e 719 21t A |

AT T2 AR (ST A A2 AT A | Rigrmeca, Tuizerzgst,
G RN I PRANR SCCHRR Sy FRe &AIR =70 200 A IR, (GITHC
TR A SCLCTHE E-O3 ARTE 0 1 | ) (0 SHIRAeTFL~, SoITAE LI

(8.6)

@ 8.2 (a) xIFFHA 2o TaT 2o, (T (space) for o7 Sigtet #Ifdzs @3k 7119 Tox a9ig 2]12e
el M A wfte gz SRS QARRCS AT | SR (R0 TORR GhE TG [ 20O A el

GIEFCFE0 E @R B |

CRRITA TR 2jof AR A1 ool Sr@as 27 = | TG &1 2 247, (Tl (space)

(b) 50 (2) -7 2P=ITmTrar oy | TR GG R TR RS 2T LI (RGNl ~ARee 2R (2 g sFareaa sicent

272

ARSI SIGCHCET el (FIETNG Fel 2 ST | e AT e (7ifzze)
A I A ACGE SR €2 H R 936 GIRCra 2oyl 0o 211 | 70l
YAIEH @ ST ARSI A8 F1 QTS 7T | TieaerFgl 8.2(a) bra
757 (25T TS! GTHFCHA [ 49, M [Rrs | #IfFwist 2t A @3z oral 1, @ft
0% al3wa [ P RYTe | &l SITa ST |
SRR ST T 2ICER G366 7 AR AR S0 | ZTSINER) &77% IR (7, ofve
O FAII TGN G2 SIFAGI 2SS TR HIRANT 708 [ S,
SR SEH 1T e, GTFRT I AR 2 A | 42+, @R 96 [ 1 @R 2 @7
M ST 761 261 455 S 1 7% (203 2 e e Fold, Fires sfwie
I I, @ Sferman SIferes 2l 2fens 307 | s, SfEpaRR SNt TifFe
THRICG AL S| FEmRICe! TolIfoe F0e Al : TR A ~RSTe GrFecea,
G SIGLTHCIR 5 I | TR 0ol 2ARFIE TN S GG GFD (TIPS 315 I
- @ S5 HIRANTT TR A A7l @R 774 -2Ar2a G GFag Tl 268

* GofreTl Gl ARSI 2o 7, ofeerwa o7 &y Ofbe SLTae A GTHFcwa 7o
@I e (FHFT @FF (3, magnetic monopoles) Sl (73 |



ISIICRURERACE R

GG AT | TSR, FR-eTSa ofe o (FTeerrg, b w1 Gesifea el | efbp e
] FEHIT WG I G SIS 73 @ [Rgsfba gwlG wifsrsielsts anferset
AV FC, (@I 21202 (i 211z, A (8.5) AN el SR | 2 AfSAHT 90
ToTE g7 AN 257, SO wAreis ST, (3 R 2Jeiole SITEAlb= Sl 27!

SR A |

1. §E-dA=0Q /e, (SfGe TR AT )
2. $B-dA=0 (PP TR ISR )
5. frrat="C% (AT 732)

4. §B-dl =uoic+uogoc‘(% (SR ST 7)

THIZAe 8.1 TG F@AIT 4TS G J@IPI ATSCET TPNE 1 m R 4G
1 nF| t= 039, 46t SNfTeFACE &0 @ R = 1 MQ N @iamiz =i
TG GG 2V I e I 91 261 (Bd 8.3) 1 t = 107° s I 7« 2Aoq (67
@F IR AR TGS AT NG P RYTe GIRFCwa el S [ ¢ 7T 21
QIFFOT SN q () = CV [1 - exp (~t/7)], QAT 7T EZF 7 = CR |

(0] P OP = 0.5m

l

1MQ

— ——— MAN—

2V
o@ 8.3

AMY CR IS AR EIF « = CR = 107 s | SRA 43—
qt) = CV[1 - exp (-t/7)]
=2 x 107 [1- exp (-t/107)]

t I 2 2 Yo7 NG| ©fbera,

q(t
a0 _ a ;A =n(1)?m?= AT AT CFATT |
E,A  TE,

Q2e, P 7 e SfSais Sio9tea SIS (1/2) m IR 93 e st
T IR | 0T I RYCS G B -GF T 3 IR SSYR o I |

E=
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Twizad 8.1

LA 4 U SIS I W o, 20
@, = E x AL Crazel

2
=E)<n)<[l) :E:i
2 4 4eg,

ERRASIES

dd, 1dg .

— =-"9_05x10 -1
T8 Taar * =5l

t = 1073 I 77 | G F2IBTS S RIF-SFHIeRTER 7a AT S S| 473,

1 A .
BxZnX(E) = Ho (i +14) = 1o (0+15) = 0.5x107° pexp(-1)

i, B=0.74 x 10°°T

8.3 UGN ©9%! (ELECTROMAGNETIC WAVES)

8.3.1 @f%ﬁlj‘aa?l SACHIE T (Sources of electromagnetic waves)

SIGHFRR SACAF TeoifE et 22 2 PR i 32 7 siferig Siae (==
7 217 SIGHEIR SHCAIR T 200 A =1 | 2T %y Frer e ferwa % Fre
A, g Al Grasesg 35 a0 I @3k Gf SR 10w S 2 1l | sprerER
SOGH G0 97l T 2o (¥, 9o S Sfeepaa waenl [ w07 | @3 Ghiferss
AR 2wl I AR 19l @ e Rerrces 3130, g a7 @3 @iveH
sJeere @feor fofere «ibte wis@l Tl S fHre 217 | @it F=oiies [/G @B
CAIETIRTSI ST RTIB 01 (S ST Snizel 261 @35 (RIS S | ITH0a
@f5 G HITRIT SIG<CFe 75 0, T G0 ISR (b IFFCHCER 910 B GIR 7T
GTo (TR OfGery 57 TR TR U G It AT 5e10w ACF | GOIE
(I S €3 (STFF0wE G0 Sbess sjagesiiine Fa wiefie 7@ i s waet
R o1e 30 | FORTOIRE SO SAHE FIes ST (et F=o/T&s Tl
2 | NI SACHIT ] T *IF, T #ifE welie wiie st =i 2w =i |

AT SSRGS fE T, SNl @ G SfUpFa ol @2 Fgaaoa Al
2G T AN | SRl ©IAces S @ft T T SR AEeE G5 GF 6 ac T641
RN (@A 2R PRI ST, 4T 267 SE], T SCwifers 2% | g s04d
%, @3 R TSI =T | 0 SR F20& AT 6 x 10'* Hz, W26 Topigfas
BERGT T4 I FCAS S A (@ T (2IT {17 ©f 217 10! Hz | 9
IR SCLFRT SACHT 2T FRETS avefe oy Fsiies 1950 ((@fGs wxent Sigee)
SR, (0! IR 2181 (1887) TR |

21 <G TGS IH ST SO AT A #7415 11 et sniforcafzet @2z @
R TS o) TR SIS (2=l 771 foeT | @ s7eiFe il jgesiel eeetol Roamei
TR TR AT | QT AT S I 21 S 5 (1 SO Bl F1




S UG SASTCHR (25 mm (ATF 5 mm) ST I 3R 15
e

IR w3 e TeIfece gaifeEsic SIFM (Guglielmo
Marconi) I <TER S SRR FH (@6 TS SR 7Y 7%
SIEG IR SN TRBI I FFETO! SGo] SR | i 21
RIS BT CFL SIGL TR O] LI o A |

8.3.2 o Td wATHR o5l (Nature of

electromagnetic waves)

REEER ANFACR 827 ofe I3 @t @i aw @, 93
SCHTRT T SfTHE, (GIAFCHG G SACHT 515 o
ATATIT ST 79 | 79 22T ST SN (Aede «@ft gigenzy
I ORI 2 | 8.2 Foals R a1 | 1S HF 29T S
SIGLCHE #ANGYER S o1F | 3779 212 AR ST (BTG QIS
AT AT G I AR TR 2 | P2, TG B 9%
E R o7 | a6 @i el (@07 |

e Trizel R 8.4 51 z SIfey< 7a7a SerRw «35(6
AT SGRTR ©e| (T BT (TS ¢ AN CFAACENCT 2
TSR SIS R (I RAR) | E, STGCHal x-S =18
G @B 27E T z -aF Aol AT (sinusoidally)
oS 2| B, GTacsrals y-or TINe @< 4B z-47 70!
TSI A0 23 | Sfeerwra G- (STFHCRY E, K B, A
T oTF R 51 AGTL 2 G A G T | E, IR B, (A0l
et foreite wiifar

E = E, sin (kz-ot) [8.7(a)]

B, = B, sin (kz-ot) [8.7(b)]
QA ke, SA&ITBT SIS 1 -7 Ao fFiTlRie e ATwe!
B TS

_2n
T
QT @ 25 I TS G ke 21
oo (S3F (WA [TWEF-(39) k -9F
T @G3R @b SHTI 91N SRS et B
T | STA T AGET G (0/ k) | E, 9K

X

k (8.8)

B, 9@ [8.7(a) €<% (b)] ANTINGT
IR S G AN T2 I
NS T,

@9 qrottr s
[Heinrich Rudolf Hertz
(1857 - 1894)] (s
Anieffan [V e2w @foe oot
BB G AT 229 FCEH |
fofq sfecped sawt Sesiy
FCE, BIRAMCE GO (27 [
R GO SR € i fefa
6 | fof micates @, aora
T APfe, efowre @3]
ARSI T @3 Sl7 SACAIR
ot % 458 T @R @ AP
wfemet fofz dusam afsd
s« | fofa otz st
G FRF TG SITAT
waf g Rt g3%
Ttseiee fFm e
|

(F681-LG8T) Sz dulalb bisflez)

y
o 8.4 ¢ YT MTRS© STy oe), @H 2SI oI
TR, AT METN E SFGLTHFG x-S0 G (AT

BRI y-SIST |
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http://www.amanogawa.com/waves.html
(i) http://www.phys.hawaii.edu/~teb/java/ntnujava/emWave/emWave.html

Simulate propagation of electromagnetic waves

(i)

PHYSICS

276

o= ck, @A, ¢ = 1/ \[u,e, [8.9(a)]

o = cl, T A SATHT T2 A A= (Twrzel R assivmt ifelz ol
AT 15.4 SHA (T | & T=2H(C ATHZ TN, v (=0/ 2n) TR ST, 4
(=2r /10 TN T | (@ :

27
2nv =c| —
% C(/’L) q

vi=c [8.9(b)]

SR ETCET AN (AT A58 (721 T (@, G0 SFCHII A0 ST G
BTG o717 fasfeTioeita TiFe

B, =(E,/d (8.10)

GRS ST GG FRR O] YRS (5 (D) TGz Ty G | 37 R 1 # =T
o 43R GTIFCHFACE! Fery (e IS A0 | SR @ 7 (& A7 S+ el Too(F
S FCAR O (ATF @ S9N @ O o (), iR GR (GTRITHATAR T Il
TE TN SRS (72 | TS *1 ST TS S Gef @] ol 511 Srejons sl
2 | 9315 D 93R RFTor Afstare s Ffoe e fogs oo (%) wawl @
S TS A | TR *oAe [Reelal U2 s ora ool Srep 2RRE @, il
I G FEQTIAT SN T SR A ST 43R A #iee gy a2 e @
DRI (g GH{b PRSI G 0! Sl 2ifSiaR1l (raiRI e T |11 G MR
B AT | S MGHF AT TAAE G908 S 2T @, i Sl (@it (et
(Sir Arthur Conan Doyle) (=11 (8l S« =iis(s IR GITD!) 7 oS @6
(The Poison Belt) 75 G35 S T6+11 ST, (LT S 91 2R (@ ETRNSEa
@ R B A et T S 2002 | Q2 SIIS= &if (3, 82 136 (I (9T
TS ATGATS! (712 | 1887 AT MECFT @R (N0 (Michelson and Morley)
F© e A 7l G2 2 A0 ACwRIeoel(F e 261 AR | (-ICe (space
and time) (RIETRIT S G (HTFFCTHG X[FIRICH A1 [Ferae! Teiq ATS 2N |

g M G (ST M B AT OC F 2 2 Swiggel R, Sl S (@, et
G35 SIGGIRIT o G3R FITH &) AT 9131 6 | 972 =l (reelf (3, «3f5 e
SO SRR PR PRGSO S U R S (R ASIENACT IO PRUE R saacki O I (GRS B (G|
@RI (@, AT T G (G (g F05)el) il S 27 | YIS TateTa e el ©fe
=R (TRRCRCES R0 PR AR AR &, G=R 1, ARIPIO R GR o157 ¢ SIU<Cowel
@G3R 11 (GTIICSVTO! I (T SN SR ([91 2T,

bt

\/,u_e (8.11)

TS T TG SR (@91 NegeIba ofoe @R FHI @R Boid fisa 367 | izt
SIS AT (F, G LT ANCHTT S G0 N0 2O/ (refractive index)
V2 T ST (@ ST 20T 7 |

YT (free space) Il *[«) NN SCGIR AR ([F9 40 ﬁﬂﬁﬁ‘f@%ﬁs
47 | Rifon e (e oo aRa St Toia #mr afb (7l (ol (, @3 (51 (SR itney
AT FLCRHTG AN T GR G T 3x 108 m/s (AT 2AfS GILRCes FEF o




ISIICRURERACE R

R 2 | %7 MO SFC G SACH ([0 el 25551 aia 02 yroi 3wl safes
3R O 2O W o2 I @, «fb e e e ReiE I9ge TR | @, e
QL (1 7RG RO @RI 23 (@ 43g Sl (1/0) GRS e I | (1/0) GRS
= (2.99792458 x 10%) ! CIHSG | 92 ACR (THERS SR T TRCR | TREE (o1
GFHF 2T F901&F (atomic frequency) Sefie @ f6 Rz aifeag @6 sizsie ==t
e ST I 7=l AT FeEifie T @O A | hF Gifes 17
SRR AN eIfe I ST Ffoel | T 7o o5 (R wes 2rgfs) e
I A SNER @ @91 () Ao T 2fest ©F S 2 2.9979246 x 10° m/s |
@TY ¢ -4F T TALZ G Fl A, PSR WD G0 ¢ =R TNES G55 0
TSI T @A A |

1< (e OGRS a2 v+ = {4, fof afbe i @@, wicenss
waTe v fuifera ol seitnd RIS wet w17 1f$w (diffracted), AfS7® (refracted)
3R RIS (polarised) 2CS A | oI ol RfFATeR wq@r! 2Ffor Mo
AT R | G2, T I SfEGFRT STz 35 F0aw @R 2R (G i Rz
SR R A9 G ST e 0 | g st Tl Gl feet [Snemiessa
(oscillator) F=AT&F AN 2SI I |, o v = mvpaﬁmwwwﬁaq%ﬁ«ﬁr
FCE IR (AT (F, ST SNTENT GOF I GRS 915+ 3G |

SICGIIR Ol ANAS, €3OGl (T (@S FH*Te= 2l b HZ0E 2
(portable) AM ST IRE @A T 1 7MW AM @FCSTS GRTIfF SITHat ssiica
T O @b Ao (signal) Sfeerwg Tk 2fS afsfmn omr | I Smcsae
e NI I R S FLLF0 19(6 B #1131 | 72191 g (OE TS Sefg s Sl
ML AT [ TS @O I (case) T |, AT STEGFIT AT GTII
Tolirela 2ffS AT 27 | AT TS (9179 €3 (R AETH SR Sfehiimeid
AT TR | PR (G FLCS AL AR T, (GBI AT @GS =i Repiem
ICLEIATICER Gl

S S PR SO UG STeNS F*ifF TR SAE A2 I 2 2 | SGGIIT
S| *{fF G S9N T2 I | FAOR S S (MR (@, I[F I G0 ST
ofSerwa E Rmsia 2@ Greit =i 2o (s,E2/2) & | 9329I(< I SR GI0wa B
-7 AT BT I T79 (B2/21,) | AT SGGIA A0 Sfbe @R G156 T
AP G R IS 97 0] ¥+ 7 (non-zero) G5 I *IF Teg IS AT | 94
SCGIIT ST B oI SGLLT 0! TSI A1 I7reeT [ el (5@ 8.4) 17
OB SR T OB AT O OGRS ©fGe G (STFCHA AT Af6re
/ST AP 20T IR G2 TSR SRR IS A | TSI ST ST CE] (AT *ITS
3R S IS FAC | @ (AT 715 T (¥, STEGHRT Sl (S S 19[TIF TCo) *( %
3R I T2 | ARG G CHI9] T2 (I FIG2 OGHTRA O] € bi=] 2Tl
T, G0 [4P9 b1#f (radiation pressure) (A |

M I @I P RIS @6 *ifF Uza o @ft (I 1w @, 92 srete
FRRANES IS ST e 203 (774 IR &ey),

p= = (8.12)
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Trizae 8.2

Twigad 8.3

T (O 2T T2 IEAIT AT, O SIged Il (@, SfTHIIT w5l (AF
(O 2 B *IfF C<11fre 200z (COIT 21 91 20 ) | S FRAIT o] (oIl 2T
TAREE RIS 3, TG -9 M+ SefaF 01, O RIMERS A& s 43
(RITH! T R (OIS 2T BITHT ST T 1 | 1903 HITE ST P <@l fipiert q<
2J5 (Nicols and Hull) F*5sI= ST R Bl #Afsies) 72rere) #1ie S+ @2} (8.12)
AT ABE T | @f6 R (oltz @, G 7 x 10°° N/m? 63 | 9igfie 10 em?
PSR (FAFCET G RfFaereare 761 2w 7 x 10° NG|

SO FRR SR (2R AT 2Y[FT 7Y 07 @I * T G35 T (T ) FRICH
2 I TNO! A 270 2 | 2B (F (broadcasting station) (AT @GS @3
TV FFe *IfF 32 I | W& I (AT =i 327 I ojf2Siee 9 «iet @) a5y
HfRFITS IO A 2CACZ |

TWRAY 8.2 25 MHz F~iI&s [¥SG Gbfb Mlwet SEGFRIT waen! T
(free space) X—W%{N SIS MeT | TR G AN (space and time) 36 WS
RS E = 6.3 j V/m | 93 7 B F© 21 ?

AL (8.10) AN 2T FCF B G Wi

B==
C

__83V/m _, 110¢T
3x10°m/s

a7 Sfey el &y, Sl S @, E, y-Sifoye I8 @3 O x-S 999
T IR | G2 B, x G y-BOF ICHT o9 Sy 200 [ | (837 Jemifre
IR FE, E x BF xSOT4 T 200 2@ | @R, (+]) x (+k) = 1 &2
B , z-SIfoY¥ [ T |

wefie B=2.1x 10° kT

TUZAS 8.3 G AN SCLFRT A& (BT,
B, = (2 x 107) T sin (0.5x10°x+1.5x10""t) |

(a) TSI STHITIG G TN T ?

(b) SfeeCwalba G A (T |

AL

t
(a) 26 MAFBCE B, = B, sin [Zﬂ(f+—

1 Tﬂvﬁﬂwwww

27

SR B, A= ———
A R, 0.5x10° ™

= 1.26 cm,

o %=V=(1.5><10“)/27t=23.9 GHz

(b) E,=Byc=2x10"Tx 3 x 10°m/s =6 x 10' V/m = 60 V/m
SfGerara Gl RISy G (GTFFCHA SIS A0 T | FICSE,
AR BIEERSIPN& URCh I

E, =60 sin (0.5 x 10°x + 1.5 x 10'! ) V/m f&3AIt7 #tez 1|
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THiZAS 8.4 18 W/cm? I FIEFE A1 % 9-afewe1s (non-reflecting )
SR O TSI 7o 25 | M OeAbh (Fawe 20 em? 2, OGF 30 faifaGaisit
I S GO AT 5T & el Tt |
T
SR AR Sivifes (G *IfE
U= (18 W/cm?) x (20 cm?) x (30 x 60)

=6.48 x 10°J

JSE, (6 27e T (T5fel TR (FCa)
5
= %:%: 2.16 x 10° kg m/s

AL TR 2 9T T,
-3
F= B:%:lgxlofﬁl\{
t  0.18x10
T waft T2 eAforers 20 O (O TerEF Figel oAfFaes 2 ?

THIZFe 8.5 3 m TSI @SB 100 W TR (AT SMiste RiFeis vigel 755 ofee
GR TR CFATA! ol IR | 40T W€ (@, ICR0T wwel 2.5% 3R @t @36
g T |
NG [ Tt ReTea @t AWes FJFrered St [iFel $1 3 m e
@bt T Callenela weiioa Crazeet,

A=4nr® = 47(3)* = 113 m?
€2 ACY AR Ol [ 26
el 100W x2.5%
cFeE  113m?

= 0.022 W/m?

Q SO IS SFELFG 7 IR SES G (g B 27E ZRCZ |

I=

%I = = (EE2msC)

(0.022 W/m?)

N[~ N~

~ 0.022 B
Pt _\/(8.85><1012)(3x108) R

TAR Al E -7 M0 261 SfGerafta 350 3117 918 I56E (rms) I | Qe 9T

N AR (light beam) SfELCHED AR @G (sinusoidal) 27,

FE SfGLTFABT AN E, 204,

E,= J2E_. =+2x2.9V/m
=4.07 V/m
JCe2 O R @, AT Ty Ol (@ ST IR I, O Oferwas TS
A | TV I FM SR SfTHias =1 10w welwl S, @9Tee *IfE afo
TG IS AT AT 27 |
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% s

G2, BT S BT CFaiod WIS el w1

E,, 29 Vm'

B = ms — = 7
e @ 3x10°ms! 9.6 x 10T

SR, (G SN IR GTIICHAL A2, 8 (GIIFCFADA N7 M B,
= J2 B, =1.4x 10" T| 9 THR, G173 *f§ G 7w zwee
~Ge: GTITCHE AT 332 73 |

Twizae 8.5

8.4 W@Wﬂ 3¢fit (ELECTROMAGNETIC SPECTRUM )

I AT SFGGTIR SHCHR SFG TS 1% 21! FCAT O i
e GG FoiRiibe ST wrwl fost | Sferasfa 43 SRTEIRS SRwPRER SiEY
ARG 2o 2R | TR o eI X-f 3R y-afine S 2 | ==l
G el AT SIS S, X-0, Y-, ([0S o, MR ere, Sferefa 9ok
SRENRS O] A2 SIUGTRT O | em (STEGTIR) SO /15 Sl
I gTFRNF SGGII I (spectrum) I (6 8.5) | 9F 2FIF SHCHR 0! G
ToTRRCD 2Rl #RIS ] SRR (I 15 oiem @il (72 | Sqenlof (el FIoia Teoia & 3

e
s
=
o .Y
Q
5%
Q
£E<
>
£ g3 [T AT 2T, (ORGSO Soix fefe wea eefafe s 231
SRS
Vv o
%E" § O, m
> -
2 %E 10% 10
O — oo 107 o i 400 nm
g) = 8 02I —10 .
= C 1
gz Y 10 @
s 2 10 & 7
e s E - ~10 i
s = = 10 e e 450
9235 107 7
L == 10" i A
=< c ]OI? — 10_?'
10!6 N 1'0*
R 500 nm
P S 16% =107
10" 10° I
10" “ a0
10" - '-10" 550 n
10" | 1.9,_3
10" — 10 s
o — 10" 600 n
-1 0 Fa
10° g
107 —10" !
2 .|
10° P 650 nm
- — 10 ". ﬁm
104 L 10°
10
10° - 10°
- L 10° 700 nm
— 10
10

5@ 8.5 SfGepaFIm (@, A7 RfST SRH9YAIE 2bfers At i itz | [
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SR G2 RS A TG TSI G S AT ST AT 3ot
AR |
8.4.1 (IfTe wa%l (Radio waves)
AT OITa ST Tl oifon g @foe wxw! 7S 27| @ojre @fe 3 wEmita
AP LAATS JIZS 2 | Q9ER TSR AME 02 500 kHz (IF & 1000MHz
-G W 2 | AM (amplitude modulated, @ witaifere ) e 530 kHz (A
1710 kHz-93 S 27 | 54 MHz 7I¥@ Sed T 1&59)(51 25 ©3%! (short wave) JITS
[AZO 2 | TV 9 (=11 AT 54 MHz (ACF 890 MHz- 3 AMC<F | FM (frequency
modulated, T SRS @fGe G 88 MHz (ATF 108 MHz #1¥@ i5ge | Glefaiia
(TS SIS B ¥ (ultrahigh frequency), (UHF) IS (@08 e G721
T e SvI-2vie RN 2 | 9B Sqiajre el (e 3 2 & ¢ [
AT SISO FN RS |
8.4.2 MI(HSTTe (Microwaves)
fol9l121 €& (GHz) #IE ARG MR ermerjE Re wws A B8 [ @ =
FIBEGITA (Klystrons), SICAG (magnetrons) @3 M« IS (Gunn diodes)]
A1 Teoly ! 2 | ZF SHGMCHA wge QaltET R ST I9g SR 2o e
THAI | gosifen Ie, GRET 1S 491 761 @R IFARIET oifo s 77 gfe aveea
(speed guns) I AR fefe e | RS Ee (Microwave ovens) ﬁf?ﬁf G
SR G ST 2RI AT | 97 GRIYTEITS MRS T TSI

N STTS ST

SfEepERy [ 3¢ @b AT NBHNSTS A0 | G SAGITAIT Fooies G *IfF 7=t et
ST IR SO G (ATF @ | MRS ST eI F 43 b IO 16 77 2

SR STy AT AT 1 121 B0 91w 1 | 971 (ol I (I, 6, A, WA, =17 Topifce
G S R ST AT | G2, S T4 e Q1 (@ G0 9 517 202 O b F AR 2 4 6{6 g3
SIPIIG! AITTH AT =R SF Gl (random) 5163 a1 3 7l g2z S1ejajrat T =i st
(R A w10 27 SN SNIES 20O AT | ST SR el T 2 2.45 Fiaizi<er (GHz) | afrea
2 IR MAFIGES 2% I OCF GF Y9 @ [T (<110l IR, T T 515 A 79T |
SOYSITE] @ > AP RG9S TERT T 15 T (TR GR GOIR Q7 517 &7 |

TR SRS CTOH (AR #11d 7RI 1 THo 43R 4% 7iia I3 31 Tfos 731 | el s ofe
ST el R ofeeiass *I<5 # A0S AN | SopfEis SFORT 4P oIteTe (@0 AN | (AR 2@ geifie g2 =
R S AT, P G YT RENET G SIS I F=2T (AT @ F91S 27 9% MBERNSTHS K
FAC AT 1 | 2 Q9T TeR€ 2 1 |

FSE, MRS ST JFNS0 26 - GF PP (FE, S @RI SR g [ (7 =T
T TSR NG [fet B 91 | TeiTR AGHes Ted FA0w «IfS e 20 411 | 2bfers oifers
JiefCas S A ~ATaf Siitel Te 2, G7e wAi@ (A I 9= STerer Al MR RIS &7 @)
S 2T | TS NECHEES €Tt =i T SS9 [TENTs RIS 2GR AT @ (UGS 794

QIGCS GO 2T |

281



% owifRmm

282

R 91 27 (X SR SR S TR S 2, Ao o] (A *IE Sefojrena
TS FIFISI TS 2 | 9 T SHIT @ - QWG Ol ([0 T |
8.4.3 TQEIze w99 (Infrared waves)
SRR She! TF I @R S9N A1 Tt 27 | @2 ST it e qefiet
Tl Ll AY ST AT A2 T | SIS SI@SEE FAC A Ot
SIS Tl Z AT | G I SR AL M2y ToA=IS Sera $ieja|tetl Sacenfzs
TSI SIS (T T (T (Tl A ], @A CO,,, NH,, '€ SRS [
CAIRTE! L) | IR 1T, G0 o1l a1fs gt siie wrefle Teg 27 =k Afeiifaiers O
FF | Refener==itaits (physical therapy) SRR A1 (Infrared lamp) IS 2 |
REGIRCIS EEE BIRSRIEHESISEN BRRCEE S G ERINIC R ICHSIE S REIRSEE 0l
I AT R | S G ST (AN T MO ST ARG SO
J(R) T-9P A NS 27 @32 SRS (Mioq wawnitnd) [ifsaet oot o= [isfare
23 | @2 R{iFae ST TIRSHITT @R TR TCo! et 21 2719]TE @i ARG
o AT T Iﬁ?ﬁﬁl@wm IS SRS %A (Infrared detectors) e DIGIETIES
FRITSIT @R AR iR oA, WWWN|WW (Tnrzel
R SRR ST [eAiass Bite) SRz wxet fHee T @) IR
Ao AP @5 TV G5, fofbe @R @k hi-fi A= RS 330 aft sl
[RO R |
8.4.4 I« M4 (Visible rays)
Gt SRR e T T Jeifbe 371 | @fb 3¢fieia oIz w1t a1 S 53 T
T | G FHITET #AE AT 4 x 10 Hz (A0 &1T 7 x 10 Hz 921 @7 S tatia
AT AT 700 — 400 nm | BRI I TR (AT (7297 1 A foTe i« Siicet erale
ToifFe fifeT o SN Pt ST FAT | AW (G STAICHT @3 2T
FCAveeTeT | RS et sReniteda R SAa v e 23 | Swizaerzgst, i SRR
S TG FACS AT G S 2T (G il A Sier@effd 2% eifFs |
8.4.5 W39« 91 (Ultraviolet rays)
AT 6 x 107°m (0.6 nm) (ATF 4 x 107 m (400 nm) G ST 2 Seia|Tal
T IFYS | Sfetas)f (Uv) Rifsgel Ko aacea 1S «qk oifs Ted I (A0 Seom 27 |
wfeteff ST 3 el T 261 Y | 59 Gl e @7 SR ANGET
AR 40 — 50 km SHOR SIS T A IS 20 I | S #ARe UV SCe!
Tl 23 932 BIST0T S 4179 0 | Ael S5 UV-RFael (el 3501 | e, S
ST TR SSPI et Bl Sl A Al Z & |

GIeTi33a (Welders ) SRR "feTe! (AT Seoi R #ifsiiel UV [l (200 GILeE
] A0S RO QRN DI G ST 5 S9! JCIPT S0 A | UV R
SR 2T 29T 10 GTF Y3 I AM9TR (FHIg© IS SEF 7 2 %7
@3, LASIK (Laser-assisted in situ keratomileusis) WWWWN |
UV-AITs et Rl R Gl @< F09 995 2 |

IRFGTE GG B 96 AT S 2T FCH IR G&) AR e
(CFCs) 5791 (IS (F31e)) 2l Wb sreaaae sirastifos wta «sfo Srare ez
lie ey




ISIICRURERACE R

8.4.6 X3 (X-rays)
SRCGFRT AT UV-SGCS 2t X-3f S1ge1 wiafers | fbfsets g aa <zt
AT FRCHE X-AR I7=/(F S Sfes oif7f5® | @3 Saenitnria #ia 2w 107° m
(10 nm) (ATF107® m (10nm) *¥E Ko | X-7f Sesimtag a3 st Soii 2=,
(I 49T BICIHR Bof o *ifeat 2retrlel a3l <41 | Dfeommrr @iel Fefiws s
20103 3k fog e FICas o feoti X-af 7% &% | iR, XA &ifie (i @3
GIRIR TS A A KA FACS A | G2 G ST IR Il N@ifolie Al
T AP O! SRETH | AT |
8.4.7 %< 91 (Gamma rays)
@ft SFTGFIT IAATS Tt T &RD ST SRR I IR OF ST &l
107 m (AF 107%m 1T Fes S « Rt ez i Sesim =7 @3k cow@w
SRS fNzye 27 | et sieie (@ &t Fare b g e |

8.1 felre fAfen e oy wawn) 32 Cerife qag Fmigasel 7T (il
2O | 532 BTare 91 TR 7, R 2bla SIgataj e sy (@RI 7% Al (712
3R Q9JTET] G0 ST ST A oif e AF |

Efd 8.1 f&few s SfpaRw vawl Mz
el wwelwdwdmt 0 el e

@S oo >0.1 m @R (aerial) To w10
QIR T

TS 0.1m (CF 1 mm WWQWW
o[

SRR Imm (2%F 700 nm Y G AT T

ST 700 nm (¥TF 400 nm TG TR TG Sl
o7 7, T2 @3 THHIE T
(T T I W oo 27 |

wfstaef 400 nm (A& 1nm AR ST B FCHFT
FERGAICEIR 4 * BT (AT
[BERIMGGERT]

X Inm (¥CF 103 nm X-afR 582 a1 Sreredia FrFa
Plaianbcat|

IR <103 nm RefFner cowEm =

AT @FEE

g Aol eI
(Point contact diode)
QAcalf»4iZeT, TCenfot
SRR oI
(5]

I

FCHIERR =P

I

F(HIelfRe e

oI e s
o S 2D
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A

ST SR TG00 G SRS (TS Al G AR SN 73 411 &ty
o szel-2are Aty @i wfsfare @aites Siwres [aw awia e | 92 Fe-2arefh
IR AT STELTHCAT AR wgel T 27 @R fbrss et eem st 23 —
da,

dt
@R «@ft 53 21z 2Ited el G19F CFLas T R S 3 |
@ TS T SFEGIRT Tl S F( | PGS v F=2A& (0 ieTirstiey
@ SR YT GF2 v FNTET SCHIRT ©F! BT I | G0 O fa-Grg.
SEGTR SACHIT o1 T |

1887 BITH 21 AL 21T 19N IS (o ST wqenitnd) [RS ooz
SR TRAT G AT FCA | TSI ol ST AT Giferss aieifelies
?i?ﬂ/ﬂ?ﬂ?{ (basic prediction) TI512 I |
@3 STGFRT SAT!, SR I TIFCFGYTE I I3 TN ACATE Az« eI
(sinusoidally) (IT5T | (RIFTTAIE ©fEe @ (GT9FCHE E 9% B 8 SEpaRiy wqeifo
FG T STGIR 2RHAT AT | 2- SIS IR BTN A SHANIG @R v TR 46

OICHIT e,
E=E () =E;sin (kz- ot)

R

B = By(t) =B, sin (kz - o {)

sl Sl

QYN E, /B, = c AR 2R Y |

AR O GHTIR SHCA GG -G AH 1) 9K ¢, ([ TR (BTHF (DU G
Sfe comrel) @7 = w91 ¢ =1/, &, | c- 97 TG AR o1t (A
A1 ST GO A |

A G STEGERT ool; FIGT2 ¢ 26 S IS | SN RIT e SGHFIT
TAGITEIRNS T R G358 G ¢ AT |

GG A S| 1 SGG TR ST 4, v =1/ Jue

AT 1 T NGABF GTIF (SWol IR ¢ AT OIGTeHTe! |

(@I R (space) T4 T RBIER TI SCGFRT S@io (a1l =i 727 FF @R
@ *fF o G BTG B TSI A6 AT |

SIUG TR SHAI9J(eT] BHI91G T2 T | A8 SHAITE] (A G O SN 0o
e GI Biv AT 2| ;M ¢ TR GG wlel RFSRe @ =€ U 27, ©
THILLO AIRANR® (NI6 SR 26 p = U/c |

SRR SACHIR I, NSNS SRS SN AP Rge 2 1102 A3l
10712 m (ATF 10° m 7S FIRVE ST FNPAC ST Sgegattett y-af, X-

iy, =&




ISIICRURERACE R

TR, STl &, g S, SRS 9, TREReEe Gk @0 v 2gfe
fafen A ~ifafow |

QaITA AVITLR AT U7 OfGR @R GTFFCHAT N0 AIES T 367, A 5«
AT RISt (et 23 303 | g «ir=ifass et ot ettt oiefs, Roawotet
TN ST AT SHATT €3 NI AT €3 T 2AFfoq ol freq
T

I N U EREREDEY

1. @EY 56 SfEep IR Sl *[=) NgeR 37 frexy @63 sifers exifzs 27, ©i2
fRfen @t sfenRaar el Iy Ghfers sl ame switng
T fomor iR AT | #Afeagel, Saeioten g A S =i
ez eplon st TS fom = |

2. RIS Y FEARTIZ SfCGFIR W] [{ifwsrel e | Kifas 1= @HSrEs
1071 m (/TF 1071 m 2NE SRS ¢~ (@eTig A= frefzm
(T2 T=ofE & | Ol AR (AT XA (370 27 | TOAICO 9T SERREITR
e orel Teo ICH| GFH (AT ST GF 2R I SFIoF S
RIRG SfTpaRin wxwits A wror [RiFad Fae It | a3 @9, sy
(TS 7129 e RfFATe Saeitns, ARdRe SPEs e TS et
= |

3. OfCHHIR CASIRR I TeTHI1e] (AR SN TR S T G ™ Weile]
©feedlz T FACS A | O3 U2 OTea T2 fofe T o eHmFIT sawhTzs
AT &) G0 T (ol 11 & | [T T o (Ifers ‘aliea@in’ 0% @
Tfex Btz fofe 0a Fie S0 | AR SNYE 767 212 TFIMTS @2 G52 TeITS
SEPTRE F 2F | TG AN T FFTE SIGGIR SAGPRRT TS
S <1 AR |

4. VTSI SCEAR O o 211 RS SRTeifee Se i (Faemlia 2ERgte
T, TR THAMITTR T S SAFAYSITHANRE T2 R | G2 21 SAMI Sroreael
e O @3 TFel R T | 47 TR SRS CIAISTET AT Ol
oqe 0 |

5. SIS (G AT (5T I (T o157 ST R Sl
T FmTe Tiwfos 23 | 93 TR 28 o 7o« R asmelE
qUHCR (@ IRTAICE SoifPRre FRHTH &6 S itneia 2l wio=Ifes Accawamierot
T =

SrpAETe

&Sl 12 cm WPIERIS 05! JER 2T #7717 (T 5.0 cm I @0 96
I 917 91 27, T 8.6 Fora it 2tz | @3 ifEs S<oi (fora amfe =)
AR (RO SNfeS F1 2062 | 5ifeR 2rzf Fegr ek «a w19 0.15A | (a) 47307
qIAFg @R ANTAR ) R AL ARTS T 217 914 S | (b) b #ire I
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8.2

8.3

8.4

8.5

8.6

8.7

8.8

8.9

8.10

a7 @iz T It | (o) «imfba 2 oite Resfrera 2es o (et 91@) eitarey
23 5 2 i< A |

foas.6
C = 100 pF 4FeRi*S @3 el #ife 4w, &l R = 6.0 con 9714g$ 136
JEFI e e o7 (bw 8.7) | 41566 300 rad s (14w FARTREAT (6
230V ac AR T2 A TT |
(a) ~IfF92A &2 rms TH F9 ?
(b) ~Afazs @avefb & 7e eices T 2702
() AISECHF LTS OFF (AT 3.0 cm FATY (PG G [T B-a A iy foefzy

0

@
foas.7
1071° m STITTGT X-AM, 6800 A SASITHTH #1iet ST Ga% 500m SIS
@fos e, a2 feqrg @i (sToaif+if «ae &z
G AT SfEGFRR CAS! ¥ NG z-SFF A 5 (| G2 S
ST IR GTIFCRG (©FF Yo7 SGIYR T=2/TF 9l F @100 i1l 2 a7 saeaiiog
F9(15F 30 MHz 2, SIZ0H GF ST 9 ?

7.5 MHz (& 12 MHz #If6te 96 @@ CHER A @it @fve Bow
(tune) ! (TS A | AT wqeitne «A6l To 22

GG SRS ol 107 Hz TN T 1S A== AT SCHIETS 205 | 010
O T ST IR S| CRAT T ?
A T GFT NG STCGIF TACHIT GIIFCFG © ARTHT AT
B,=510nT | €% Sqwilbe Sfbera SHAIR AT Fo ?
T FEI, GF0 SfCGFF SACHT SGCHFET AE® [@F E, = 120 N/C
3R 97 TS v = 50.0 MHz| (a) By, o, k 93 A-93 W4 3¢ @11 (b) E
@} B-43 e afedt e |

AT F SEGTRT AR RIST SR Feae F1 2Tz | E = hy (RfSaes
RGN F4ll, (ot =7 ¢F0a) e AT Sfeepaaw Ieftens [feq wiceg
G eV GRS RInCaa =i e 301 | Sfesp i RiFarin SorEe i gsiw
A1 o «Ifw fom fom e Froiea e 2

@Ff AT SfTEIIT TACAIT SFELTHFAT 2.0 x 10'° Hz F=9F @R
48 vm™' @R faea Azl saerce ~ifre 20z |
(a) CRITT ST T ?




8.11

8.12

8.13

8.14

8.15

ISIICRURERACE R

(b)  “IHeReT GTHFCFALT A BT F© 2

(c) ke @, E CFad 916 *IfE9Tyg, B (Faid 9% *IfE 990gd 7 |
[c=3x108ms.]

sfefe s

LI G, ¥ N G0 SFCHII SACH Sfoerrg =i«ifb

E = {(3.1 N/C) cos [(1.8 rad/m) y + (5.4 x 10° rad/s)t]}i.

(a) wrwilbaoaafer sfoye Jie

(b) SHATATHT (1) M F© 2

(c) T (v)-GT MF F© 2

(@ wreifla Gresewa Soiifba T [em o

(e) <RI Grercwa Soticiba s 1<l |

@3 100W @Agiess AT IO AR 5% s [Kieaced goisfre &2 | i

RIACR T 2ReT T, T4

(a) IFEREELETY 1m ?

(b) TTVEE 10 m ?

{7 e RfF=efs Titnfae waereet fRe7s 230 3k qrwta afswrets Srorea |

2, T=0.29 cmK, 92 @i J327 I GG FRR AR (107 S0 @GR

SIS SArE el S | (O (@ ARLANTAL CATAZ Q9T (OITHATE T AT (T 2

st [fen cwia ofopadn [ifsariz 1S 5y ggeelf 7= M oreat

27 | 2ifofl kel SR T (I ST AR AT ol [ |

(a) 21 cm (SBAFFEF (LT ARART 2GS (AT 7o wReitne) |

(b) 1057 MHz (2i2rgiter 12 i fRe =fewas sy A= wge 2 R
TN G T34 (Lamb shift) e |

(c) 2.7 K [ T2 el SRyt Afsja<s spiintie Rfdsces A wisisal «2
TRIRR B e TRRTFR (big-bang) O #IfFeS 30, @5+ Sl
]I

(d) 5890 A - 5896 A (ENETR fRCTAPTR) |

(e) 14.4 keV [ *"Fe NS0T 9 Ko cwmerie =g A1 =i #/ffbe Tw
s ST T CATGICHIF 7o (Mossbauer spectroscopy) Al
RG] |

CHH 2R Te 7S

(a) VRIS R ([FOIF ST TRPRCE (Fia g7-979! A 375 &7 | &2

(b) S YA TV HLCF© AFAH GG G122 IR g4l | (e 2

() SR G (TSI ACS e TF[CTl TS =47 a1 =31 g =2 vifsfess
TS FIA THALLITZ (ATF2 (FIETNG XA GG TEI2 | (o 2

() TREIfeT SIfFTeR S SHIGIFFAET TR Fu @ o b 332
gl | = 2

(e) T T[T @I AFAGH N ARFS, O G FFSER SIAN@l, TSI S/l
S (M A 20Ol ?

(f) Ry ReRiom s[igee 2= af Fofm R safbe = e «jfRFice eams
‘FefFar trey’ e T3 A SfAice SRt So Rt 2o (@ | @3
SRR et e F 2re A ?
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Pl
.
el

[

-
.

e

-

e

(S

-t

(S

-

6 x 10° N (feefelxdh)

(a) 12 cm

(b) 0.2 N (ST

2.4 x 10% | 45 IR Gk (2NBTa 0 e P oifefos 961 ¢ wadi
I (992 ACY) SIS |

YT Y0e 72 4 11 @218 2 4 | 9T el G35 g (0 o) I RIAIE e
TRZ |

¥ N

(a) 5.4x 10°N C', OB FHRS |

(b) 8.1 x 107 N, OA RS

GG SN *[7 | R ANF = 7.5 x 10° C m, 2% IR |
10* Nm

(a) 2 x 10", T (AT AT |

(b) 21, g Fotey sifFstiel (= 2 x 107 kg , A0 ST SWIRAC) |
(a) 1.5 x 102N

(b) 0.24 N

5.7 x 10° N

1 92'€ 2 72 NI YN AFNOF, 3 7L S GAIGF AF(6F | 3 72 IO SN
TR SIS A |

() 30N m?/C, (b) 15 N m?/C

], TFOCS TS FRAF IR 2T FA0, 55 0 747 el AR itz |
(a) 0.07 uC

(b) ¥, (PTG &) I SSTBAR GG S #] |

2.2 x 10° N m?/C

1.9 x 10° N m*/C

(a) -10° N m?/C; (TP <3 Y2 CF(q SR S 452 27 |
(b) -8.8 nC

-6.67 nC

(a) 1.45x 10°C

(b) 1.6 x 10® Nm?/C

10 uC/m

(@) *<, () *, () 1.9 N/C



1.25
1.26

1.27

1.28

1.29

1.31
1.32

1.34

SRR G

9.81 x 10™* mm.

*YE (c) foaft #fowF; ifFeen Frarofbe cwrarat fau s A, (a) oafs Afow

T, B (G @A AR ToA7 S 719 207, (b) Boaft A 71w, Tz

G (AT NS SN (T *F 209 2N N, (d) Foaf® A 77, Fi=et o

AYTEN 2T (U TS AT, (e) FoafG AT 721, et ¢Fg @ralafen a7

9 Tt S AT 1 |

AN 2 SIS BT M 102 N, iefie Fugpme sfeerwiaa syt | ofi

512 TS AR @, farg o Frifeifs @3 sifeyre 0 A, 55 4+ |

(a) 2w : qsw G ATHT et A5 FCI! A T5{efeIta w2 Srere
G3R 91ZIHE AREHT FE =R |

(b) (2)-9F TS| I8 ST T2 AITHT @ S @ W @ g Ao
ARRIZT =G 9 ST —q SN SRS FF |

(c) TR TFHEE Tl 41 2D A1 S| FC |

oo : 47 e ARG feml® T I (e 76 | wee Sif@IRR O Al

SfETFE (0/5,) & GR NETVCH SIGTHE 77 | =Nf2s wAfza2ifoa T = orea

fow w1ee =% ARG SRS S rge WS rraaRz= Soifoietas e @2

SRELCFAMN 2SN T 0! (S € | AR ST G2 SFGLTFGE Ao @

AT | 2D IR 2 SIGCHG FLBI TN G2 98 SISy 27 |07

ot R e ooz [ 52| B

p;uud; n;udd.

(a) oo : ReISTe SR GBI 2=l S | 4G, A JFRE; o4 @- @ el
IS AT ST Aol (0w e S oo {77 (null-
point) SIS GG eI 6T Sefed FA0 | SLfie fNeiv Rmm sz
T CRALRITE et v s wresf gea Bfow | widfie fesim o
ARG P I OTo W& TCH S ferwias @6 w1k oras(3 ofeg s
AN T | G ST I ST O BT T S SR =Tl AT €3
NIGERCI RIS PR SIS EGCLCIER IS ERUER | R SElIIh EE R AR (]
oif

(b) U ST ARSI (ISR G0 ool (77 | 915 25l S
€% (L TR 017 7 (AT QIR0 (0 wie | GO @I 2o
T TR =¥ | g T et @i sifeeT 3a)e sl 27, o ofil
(TR (@ =K T ST ool R (T 70 AR 00z | M A4,
AR RIS T A7 SEYTL 2Aefoe Fo1 Sl 26T T |

1.6 cm

e sy

2.1
2.2

10 cm, IS ST AT GRS S (0P 40 om 40 |
2.7 x 10° Vv
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2.3

2.4

2.5

2.6

2.7

2.8
2.9

2.10
2.11

2.12
2.13
2.14

2.15

2.17

2.18

2.19
2.20

2.21

(a) AB IRl a1 Aty Soifere [@- @it e ofeefies %[ |
(b) FTTEHH S SfCeTTYA AB IS |

(@) =0l

(b) 10°NC™*

() 4.4x10*NC*

96 pF

(a) 3 pF

(b) 40V

(a) 9 pF

b 2x10°C, 3x10°C, 4x10'°C

18 pF, 1.8 x 10° C

(A V=100V, C=108 pF, @Q=1.08 x 10°C
(b) 9=1.8x10°C, C=108pF, V=16.6"V
1.5x 10°%J

6x10°J

1.2 J; GeRioa e &y R G wiapifes |

%9 = 4q/(y3 g, b); CFA*w) Al ATSHINTS! ST SN 1 A |

(a) 2.4x 10° V; 2.5 uC (¥ 1.5 uC 2I¥S, 4.0 x 10° Vm™" |

(b) 2.0x 10°V; 2.5 uC 3% 1.5 nC ST N0 T AT AT
AT 69° (I ICF 6.6 x 10° Vm'™! |

(@ -q/@zr), Q+q/(4nrry)

(b) NS 7T ST AIZABTE (TS (T SN (1) A I (3 6, G2
SR TOSTRR 7T I ST SR013 %[ 20 | (- (AT SRR G5 91Z S
S, I STOJE(E SIGLCHE S %) 20 b1 A0 ff* 5w 77 | ig=iore
LI IR A ST QRS 2 QIR N S #[57 2 | 2 ABRANE
€G] TR G, HTEA] {0 I 5771 ol T G0 S| 5150 STST SR OfeeCHa
T R SRS T AR SIS A | AN TS ofGerwg
e ZETE GF A SCF A2 I 91 IR iz Face g I
Flre 2 | SR Gife] PR S URTHHias e N6l ST | ©ig 1gCad
STSTS (@I (Pl (Sefie ofeerwg) 73, sfFRRbawigfe ol @
(S, I TG 5T (I SN (72 |

A/(2 7 g, 1), R GGG NI &P (AT o &g 261 - | (gl gy

3L ICFT TAT T |
(a) -27.2 eV
(b) 13.6 eV

(©) -13.6 €V, 13.6 eV | 7% IR @, AT (T 2GS FTNF GG
e |

-19.2 eVv; PRI AT SIHAICH %7y =1 23 |

A% ¢ TSI (0 &1 SfUSTHIER W71 251 (b/ a) | 956 AT fore S J2-

PRGNS ST Sorget @R SFF 2@ =ikel 5w TR et

STETR T 20O AN |

(a) Tatgs ot o) o3 261 (= 1/4 1 5) p/(Z - &), @A By
I M p=2ga ; T4 [FYG ¢-97 678! O4 4 @R T8 {5




2.22

2.23

2.24
2.25

2.26

2.27
2.28

2.30

2.31

2.32
2.33

2.34

SRR G

—g-47 el w2 = B | (x, y, 0) 6 "egha ¥ Twadss
S TR SRS | Oig Req [y |

(b) 1/r? -4 Go frSzie |

(©) I, el PRl ota T 2l Ra Sy It #it ot
frSa e g |

-9 J2L W S0, 59Eg [Red 1/, ety [ex 1/r2 @R @3 g [ed

1/r-93 G fSgitet |

Afel 1 uF arg RS 1876 41w, 2fefb Aifirs 36 1 @4 TR I a3

610 AR AT FIH R iz |

1130 km®

e 4R = (200/3) pF |

9,=10°C, V,=100V:Q,=0Q,=10"°C
V,=V,=50V

Q,=255x10°C, V,=200 V

(a) 2.55 x 107°J

(b) u = 0.113Jm™>, u=(%) ¢ E*

2.67 x 102 J

oo : qCa (2, Sl i AT W I Ax’ IR I | e R mE
T = F Ax | 43 FOI (R FRIGHRETE 1 a Ax ANl I S0, @4 u
205z *fETTe | O3, u = (1/2) 5, E2ARMEAID 392 F@ F = ua & 720e2
(1/2) QE RROIR ottt 3w | 3 +ifaiEifow o afzca ofberwa E 9k @3
SOTSH SfGLTHG ¥+ LS, I AT 1/2 o0 TTET 2030z | ©fF

I AR £/2 E2 NCT0 TIGE |
(@ 55x10° F

(b) 4.5x 102V

() 1.3x 101 F

(a) N, IR CANTFOI SAT S 5+ I ZCA 1 |

(b) I

(©) oA =1 (I cFaraAld el 27, «Fig oe ey) | Faailfe
LTSI G SR 0 FCF, @ Sfey= 77 |

(@) =, 2jefient Tt SIgTe B @F @ |

(e) 1, Rex fa@afvzd (continuous) |

(f) 9T 9T AR 251 G 4T T A FIOIR ST G0 ST |

(@ T ST G I ATy AT A | 7B @, A FoF g0 Mwa
R I S0 S STGR AT TR T &2 AT 7T SATHAGNT
RECRIEERE

1.2x 10'°F, 2.9x 10*V
19 cm?

(@) -y ATSCHR 0| AT O TR |

(b) SRS (a) €7 SIS, g g e #tefwy i wete)tet sfemwrma
M SITSTH 3 T AR 20O QAT |

(c) SEIRYCS (X FC HACHUD (5T TR |

(@) farres Fiefe St weeE AR AfRTsTee Sigfen «3k e
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2.35

2.36

2.37

(AT AT ST S9N For! fATTR S@eT Saree Sighs 311 3 |
A v —15x10°%
E=5x10"V/m

1 Q

= X —
4re, R

E = 1 x%
4rey R

V_gr
E

vV  15x10°
= R=—= -
E 5x10

= GRS AT CF0a "FE SIS G G S e (e S 2,

Ao @7 ST 2f7ET SR S ST 2T | P GIRACHT SR SIRECE

W@ﬁ%w (dielectric strength) SICo SfGeaRE ([ QST (AT

I IO T (discharged) 20 A |

e : AT 97 SRR, (M @ (UAFOF T SfTHg GG g, A

e 22| O (oIERs @R (HIETioa N0 e AL g, o =213 ¢

(T 2, OCF [ A1 3771 419 2F |

(a) O G2 SR TR0 Al ST (72 TSR O (ol 6 | Sl T4
CAIET SN ([ 22, T4 SR W S G @2 Keta @04 I3 IR
TR TARE] S ARTET T |

(b) 2y, AYNGTE =i 10l 21 SRR 2ISee S Sife® B @3
3 Ieq FOpF I AT ©F IR0 (119, T3 @R G AN 91f5e)
IR S S T |

(0 7R KT Igeie @R [Rgge Ieifag Mo Ageee afsfims wifze
TR 3R FOIRT TRRNSNTT TG 1) T Smifee 206z | ARSI,
@2 7I5! RS & ACY AT |

(d) Ry AeRRfEce Sl e AR A, IGATe ©is g3. =w=ifE Foivie
T |

=0-3m=30cm

SSERERNE

3.1
3.2
3.3

3.4
3.5

3.6
3.7

30 A
17Q, 85V

(@) 6 Q

b) 2V,4V,6V

(@) (20/19)

(b) 10A, 5 A, 4A; 19A
1027 °C

2.0x107Q m

0.0039 °C™!



3.8
3.9

3.10

3.11

3.12
3.13

3.14

3.15

3.16

3.17

3.18

3.19
3.20

3.21

3.22

SRR G

867 °C

AB *¥I{IT® Sfgeedz = (4/17) A,

BC (9 = (6/17) A, CD (S = (-4/17) A,

AD (S = (6/17) A, BD (9 = (-2/17) A, (b ©f&e2dZ = (10/17) Al

(@) X=8.2Q; @R G AR AR O 14 RIGaT =N 1, 0l
R (A4 A FA0S GO e st 23 |

(b) A (TS 60.5 cm |

(©) shETSIItRD @i ofbaaiz (i = |

11.5 V; Ifite I8 @i qifErs Te (A0 aifze sfeeemizs e qiee |

G SHRIeTe, 2712l Rememeeita SwHIa 24 |
2.25V
2.7 x 10* s (7.5 h)

AT IMNL = 6.37 x 10° m A NS @R A GG SNl [T et | 5708 =
283 s 2\ ST T THCF ©fG2AZ @il Sl a1 | 027 @3 2= colmies

QTG G35 @7l (7; aft 7o)l Ao 77, &= 2
(@ 1.4A 119V

(b) 0.005 A; SPTEF, T G0 IBIHBIF (NHLH FEF CIICSGS ST SHANCAT
SfTRAITZT (~ 100 A) ATGH |

O @ SIE NI OItad ©tad (A €T) SRS 267 (1.72/2.63) x (8.9/2.7)

= 2.2 | (AT SR GoEs 2, ©i2 7T w15 2w afoa <2

Ay e 2 |

TR 9 S IFFORNE ATASy; SIeifea 7T Ao (@K1 2R wi=isial

IBRcEEl

(a) FREE Al (IR LRl FIF M (redl =iitR) | iR afEiajgen
AR (FAPCETE TSR 2 |

(b) I, ST S L2 Tz : Ay o= TS, =112 TS |

() T, T (A 2AIZS A ©fbe = ¢/r |

(d) e, 7 TSN =5 (TG 27, ST STer@1e (@4 0T 1 20 27ifes
Sfe Remst wifea |

(a) e, (b) Fe, () AW WA, (d) 1022 |

(a) (i) T, (i) 379 S0 FANSACE; n? |

(b) () 1 QER 2 Q G2 YLH! (@F TSI I IR IR G2 BREGE 30
T AT @IITS I I, (i) 2 Q IR 3 Q R NS A0
10 TG AR @IS T, (i) 7 FA0 @ATS, (iv) 79 F0 AN |

© @ (16/3) Q, (i) 5 R

3w : 4fF, S (FHCTFHI T (@Y X | ™HTOR 2 + X/ (X +1) = X, @ (AT

NS AT X = (1 + J3) Q; SO, SGeAAZ 26 3.7 A |

(a) e=1.25V]|

(b) T ST =y [RTwwsl =7y (A0 i A0 O3 afjfeToiaifoieas w1
S CRATZE FAICT G |

(c) =TI
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(@ AT fIBIET 5o SIS (driver cell) SfEHIFES 6 SC215F
‘& (A1 20 AB ©IT (1T %[ Koot g =hhea A it |

(€) ST TSN AN B 203 1, el Grea *[= {owet [7ufo (o s
mV FCIF () A ATIT Y2 AR 2GR AR A= o1l g6 432
@™ TR | AB O AR G TATE M @14 R (AT T I SO0
QIS TSRS T 2 (T AB I 2 2T TR K& 21w AR
ST & (T TwRG! (I = | w2ie xfey [t b orsfba 21w (A
T VLR AP G * O] G[6 SIS o 2(A |

3.23 170

o I

4.1 1x 10*T~3.1x10*T

4.2 35x10°T

4.3  4x10°T, TEg oL |

4.4 1.2x10°T,uf eS|

4.5 0.6 Nm!

4.6 8.1 x 1072 N; FR-GF ATES G NI I ST #A1e3 A |

4.7 2 x 10° N; QG &6 A OIS SiweTs I B OIS Wi |

4.8 81x10°T=~25x102T

4.9 096Nm

4.10 (a) 1.4, (b) 1

4.11 4.2 cm

4.12 18 MHz

4.13 (a) 3.1 Nm, (b) /I, T&f0 woif7afSe A7, Fe @~ SFfoa Arrelers
IR S0 (G © = NI A x B , 3 TG @) (A |

4.14 57x10%T=1.6x 107 T vf*o% s |

4.15 7K 21T 50 cm, TG AT 4 cm, AIFAAN AT 400, SfTe2ANZ 2T 10 A | 93
Reraget o 7 | e #iay 5y siffs 781 |

4.16  (b) 730 FEAT TGS AT R ANTHTF 2d (TG 7 G,

RPN R 5 _3/2 R 5 -3/2
B=H N (—+d) +R? + (——d) + R’
2 2 2

2 2\3/2 -3/2 -3/2
::'uOIRN X 5R X (l+ﬂ) +(1—ﬂj
2 4 5R 5R

2 3/2
:‘u(gI;sN x(%) x{l—%+1+%}

QI THTAIE TSR G PO AITA 2/ R? AR 3K d/ R -9 Tooe1e %

d
APTR BT TN JEACR, @AY 1 << 11 d/R 7> @l =Awejean afefire
T G0 FU NG PN GIFCHRG B AT AN



SRR G

5 R
4.17 oo : 36 AACA &) (GTFFCFA B -4 A G50 AT 00w Gy 2

GIFFCFCEISGG : B = i, nl, GZCHG n AR 1= ;Xr | SAFIBIC] et
@il A5 (FaeTia Tewl b Srergeag (TFeCwal X« 7 | (a) ¥+, (b) 3.0 x
1072 T, (c) X[+ | ST (T, ST A1 (AT AR 114 SIS0 r-a9 2Afs o
N GRS RN A (SRR 0] w46 27 | 9C AE r =
25.5 cm -4% FETG Tedls 2T (b) |
4.18 (a) AT @I vET B -GF AAFAE = Koo |
(b) 2, TR T 6T v-9F TSI ARTE F00 AT, 7 AT 7 |
() B -T2 TaFei g zem Eiw |
4.19 (a) B-93 ST O 1.0 mm JPIERIES e 2012 |
(b) 0.5 mm APLRET 2Hie Feik-97 TiF feoid @ B-93 S
9fSTa9 T 2.3 x 10’ m s ZF |
4.20 THCHRN SR A GHCBRAN I3fZ; TERAT AR TR 717, T GBCHCE (TG
S @ ST ST (G e 1 200 | SRRy TSIy SeA9YTEN T He', Litt
2o |
4.21 (a) ~RARTTCAT 9T GF G 0.26 T AT IFH ST GTHIFCHG
AT T 20R W, FR-aF 2T T Srgaiffi-a9 $oig @fo TRy
BT ISR 2T |

(b) 1.176 N.
4.22 1.2 Nm; RS orFar @ oRiba o e @b ale 361 1.2 x 0.7N
= 0.84 N, (FIETG SAFSIF AT I 2fs G Ty et Fet

F =P 11, | g affemmm s oo (RIS Cra 4 2icren |
4.23 (a) 2.1N,SETOI FFI3|
(b) 2.1 N THEFSIR TR (@Y Isin 0 = 20 cm FRA N 27, ©i2 2rzsial
8 (FTRPCH(AR SIS NS (- I MR @I &y @fo 1fey) |
(c) 1.68 N, ST (TF3 |
4.24 1=AxBERF=I1x BIRIAIA |
(@) 1.8 x 102 N m, AN y-9rF QRS |
(b) (a)-9F I |
() 1.8 x 1072 N m, HIF x-OFF IS |
(d) 1.8 x 10> N m, 4I¥ x JCHFT ACY 240° (FI9 IA-_A |
(e) *U
(f) U
ToATAIE UB! CFF0a Fo1 %[+ 2T | () (@B JP—IT @3R () (@i S 11y feycvdst
IE |

4.25  (2) %, (b) ¥,

B = (4)3/2 luOIN ~ O 72 IuOIN
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4.26
4.27

4.28

(0) 2fSib BEARGT T AT 967 =67 evB = IB/(n4) =5 x 102° N |
T : (c) TG ([FETG (519 B13 A5 I |

108 A

fite @Y = 5988 O

AG @Y = 10 mQ

AL L

5.1

5.2

(a)
(b)
(c)
(d)

(e)

®

(a)

(b)

(c)

(d)

(e)

()

~

BT Rpfs, Raf® @i, $-CTaFrwias ST g N Sofie |

REGE oo 30wl (4 @R 70°), Fge [o 723 Teamg 37 il |
G- RO MFe B-93 (FACIITE S (T ([0 S0 01 W0 27 |
AT GTIT Y G @A 2R G cFafs =)o Saayl,
CTAIT G5 90! 5o STl ST SR YRS AT |12 751 50 (&~
s SIfoy A 20w 21T |

m (513 A RS 9T TRCgR o9 MR S ST GIFCHe B 93

o, m

AT ang®
m=8x1022J T, r=6.4 x 10° m &G {7, <=1 12 B= 0.3 G,
RS 7RIS GTHFCHEa N SR AT AT |
@ 2 1 2 A TR G Al (AR A STl | SniRerwgel
Algo pRITS UfeTer SoAMITTICES wgel [Fg RN N-S (RF ST 200 I |
2, B TG AT 2IRRES 27 | T ARTSH 2ol 19 &= Biew
CFETID AR TR ¥ 27 23 | G AR ISP IR OEANETD AT FH
(RS G2 ARG FH=7joRCoA Croiweeliz =3 |
T sifeTe @RI (A RTH TeTETR AT SAMT GTIRH T ST
AfafEe ) |
GG TSR 2e 7|l STeBR (TGRS | [5G @71 2 Fe QiFell FE=
(3 | G2 ATaF ST QRN (SR T (ST T-FFFCT Tl S
ST (T SAIIJ7BIRT AR (e Tow |
TR Al eI g 2Ny e sfadw Greerras gor
TSI AP 2 | #IYH pHFCGH RO G-F R0 SIS TS 2f e
A1 T |
T} & FACE, SIfeHNET SRR (SR SRANGE ) GIHFCHAR TG
T-(5TH (i 3 RTINS 2002 | 43 ST 216 GTizaige sl A
CFa X9 ORI T AfS eI 2 |

R_@ G TS S, GG 79190 ACTT G TFPCTG SRS FeAPTRCS

oIfs - i?& AT JEFR T 5iferes 7| F7 17y 201, @ 320
FPERIS (R) PR TR R0l Tz 118 2T 9IS | SIS G




5.3
5.4

5.5
5.6
5.7

5.8

5.9

5.14
5.15

SRR G

AR 7RG 2/, SNfEe FiER siforiR Ruwsd leos)ferns aeike
o | SRR T, Seisifes ARMpTR |

0.36 JT™

(a) m 3R B 2T ANEAE; U= -mB = —4.8 x 1072 J: P

(b) m @G3R B 2T [T, U= +mB = +4.8 x 1072 J; TP |

0.60 JT"!, Sf¥eetes sifey< al Adifie sfemuares sr s |

7.5 x10%J

(@) () 0.33J (i) 0.66 J

(b) (i) 0.33 J TF HCFF WeYL @5 2T @, @t GT9F By (320 B
IR R 17 23! (R | (i) %[+ |

(@) 1.28 A m? A (BT ANFH TIF 2T F folzrs S ofbeaaiz a
fadifars Afetraces o 7 aRa 2T |

(b) TANCHG AET T *+ ; 5 = 0.048 Nm, I SIS 5+ Z (, FAAIRTSH
oG (T 9F BT AN (939) B IAF [0S I 260! (T |

9=mB /(4r>v?) IR FCE; m = NIA T, ORI AR

9=1.2x10"* kgm>.

B = 0.35 sec 22° =~ 0.38 G.

ST (-1 WY (AT SSACIY IR ST AT 60° (TR

(I COTCANTET STSTET 12° 2IRBT Te Ol B-(GTS CFais Sl S0 |

GTES CFALF I = 0.32 G|

(a) 0.96 G, S-N Sfoy4 IARF |

(b) 0.48 G, N-S SI&y< A |

0.54 G , 7RI (GTFFCHCA SIS |

Y MRAGIHT ToA14 x 27/% = 11.1 cm TR |

(@ (yym)/@nr®)=0.42x10™* A (AT r= 5.0 cm ANSA AT |

0)  (2u,m)/(4nr?) = 0.42x10* Wfle, 1, =21/ r=6.3 cm.

(a) 5 Sgom, Rivwed ot sifoq e facg T0es (FF CFeas 2ei@) JTes
RS 28T gerel g AR |

(b) FSACETES AT NS fatsrg s iR poFIw (3rad [Re e 21, qUwta
AR ST STereaiel 5ifex (@l 2ok 72 |

(€) (EY Romid foarsTae »miel, ©f2 Ui v |

(d) o, pIRel IFCHET (AT G145 | pHe ISR A1 (AT B! 4T
@ O N GTIPCFA G (GTHF (SO (1) Tl SCHATFIFS (]
2|

(€) VLB AT RTSW O (STRFCHa LS (B @R H) At *[084 (boundary
conditions) ©[F fofegeat @3 "E\Q‘?i"‘fm (IZE IR AT @AMl
1 | (AT G NG 1 >> 1 Z0A, CRAATE! G2 M0 e
A sTFeI et 27 |) fige StsTnel @2 SoysjBraea afzge |

(f) 271 /96 fom SoAMITT 7 7 sAiselfs fatsrg sTe[eaa «(fea Ay 2129y 2l
ICRE T[T T NAIT GF0 AAHTIS AR I Al G2 FF
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5.17

5.18
5.19

5.20

5.21

5.22

(b)

(c)

(d)

(e)

2 | g SR {3 Sy AR TS24 7 G G0 ST R
CFg ARNe |

I a1 ¥, Fiel & b RS ©isl, RESERF e cFawem
A ATEE |

SRICSTES AT G S, TR (G ACATT {5 M1+ 15 o
T | G3T FTS TII CFIER WFA SAMINOT e M@ T, TR O g
R G R i 3fege (welie @it paetTa 33 b s S0
3911) ToTHe Toie fNSa 0 | ST o1 T, pHeel bipe 92 #Afmaeg
o5 [RIR A | I 92 SHYTEICE GO ARSI+l /G R aiely 11 23,
O @ ARG @ 40T REGEE ot TRl 30 Gib @<ofb 11 gz
g 21103 favnl 0 AR |

fraifie (Reireits affrers @R oREe SHiEe TR) SreR Sime
IR (FAIRDE To1] B |

T (FTIRIT T M SFHATLC SN IR | (G TRRCG (FRI9YTE I 304
e Sfeas FF 93 I B SRR QG0 GTIFCwa I A | AFF
SfeerHg SRS g ARRIRT Tera o1Z0e A5 ©fbe St
TSl G (19 SR 4 22 1, aft (@eTig e 27 |

ANBANCE G FICEE O (ATF 1.5 cm SATT |

R OGN
R, = 0.39 cos35° - 0.2

0.12 G

R, = 0.36 sin35° = 0.22 G
R={R,?+R> =0.25G

6 =tan™! R, _ 62°
R

h

T O (AT T

R, = 0.39 cos35° + 0.2
=0.52G

R, = 0.224 G

R=0.57 G, 6=23°

(a)
(b)

B, = (4,IN / 2r)cos45° = 0.39G

517 (AT SAfFow (Tefie oIS 3 e wfey< S5 @) |

I (GTEF CFAO [

R=

~1.2x107% xsin15°
sin 45°
=4.4x%x10°T

meV
eB

\2m, x aifeifE

eB




5.23

5.24

5.25

BRG]

=11.3m
Toitaa e <t e e [eFoi9 = R (1-cos0) , @A sind = 0.3/11.3 |
i Rewetel 2412 ~ 4 mm |

2AfF @6 G aNS

=0.15%x 1.5 x 102 x 2.0 x10**
=45JT!

IRA@, m o B/TIRZA I, @ (AF NG GT7 A 9412,

= 4.5 x (0.98/0.84) x (4.2/2.8)
=79JT!

B= % TS R S 21, B = 4.48 T | QR 1, T SCARRS
T

GTES Compel |

TR S p, = - (e/2m) 1 6% T2 Aarost ot s10en! Agomoie | p, @3
1 -93 7K (ATF G5! H20e2 (rIC! T

w =1IA=(e/ T)nr’

2nr?

l=mur=m

@A JEFE FHALTT G 1, ([ FFL AR ST @R (—e) i [T
BETRGAL T 5 SIS I | ™58, u, /l=e/2m

QARY TERGET SN AAEF (= —e), @b HZCEE @RI AT @, p =R 1
AT RATOY AN € T AL AN T2 o7 |©1F, |, = —e / 2ml |
AR (@, g, / 1 -97 RATNCS 9o FCH 1,/ S T e/ m, TR Feroe] 7ifore
AR TR 29 | (HITATE T (PRSI AG12FS) ST RGI
SGH G SIS Sl sio)ef #Afelis 432 T e A=fSTe el TEI2F 7 |

TV T

6.1

6.2

6.3
6.4

6.5

(a) grpq IS

(b) prqI9_S, yzx ARG

() yzx3JQRQ

(d) zyxJq_S

(e) xryJqRS

(f)  CIICA OGRS & 11, PR (5T CHATRIYCEN FEA oA e AR
A |

(a) abed IR (TIPS ARSI AN SR TAB A TCS (519 FIH
i =117, ©fE oS wfbeaar [eRoy 2 2w 7% w0) |

(b) a’d’c’b’ I (92 AFAR FIH 0T 217) |

7.5x 10°V

(1) 2.4x10*V, 2s>&

(2) 0.6x 10V, 8 s¥f

100 V

ZASLS)
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6.6

6.7
6.8
6.9

6.10

6.11

6.12

FGAMF 2fS ANTFT A SIS FIH = 1 r°B cos(ot)

¢=-N or r’B sin(ot)

& ="Nor r’B
=20x50x tx 64 x 1004 % 3.0x 102=0.603V
GG TP £, VT |

I, =0.0603 A

l8 I,..=0018W

average ~ 9 ~max “max

TS iGNt &y G0 oftaa [ioidte Sfoyt b 5rda Tua 27 |
PG T Yofel IS A &y 2 T HH0 aifrs Fare A1fers il
TR (o) SI2 5 2ATlat (3R I AT=ovey) I | @2 A5 Yo (rotor)
25 PEHIBCS I2HIfRE oot S=ifbe Folq Teo |

(@) 1.5 x 10V, (b) “f*6¥ (AT 7, (¢) 7% AT |

4H
30 Wb

B-I9 OTF oA

= 5.0 x 107* sin 30°
=25x%x107*T

¢ = Blv

£=2.5x 107* x 25 x 500
=3.125V

S S 1eTE FM0 267 3.1 V (S5 345 29 F67) |

2 B S (STCOF BINF SISy R =13 (To7we! #12@ @b SIe i 2its) |
TS SfEHIETF o1 = 8 x 2 x 1074 % 0.02 = 3.2 x 10° V

IRD ofveeqz =2 x 10° A

e Fel = 6.4 x 107°W

I A GTIFCHR 2RISR S miRt 1256 7T 267 3 TFaror e |
R I A 2SN B 43 &) T ARRS 7 219

=144 x 107  m? x 10° T s™!
=1.44 x 10° Wb s

I T G GTFFCFRCA (B) M0 FEA0F 9161 &) FICHS 28 2
=144 x10"m? x 10° Tem ™' x 8 ecm s7!
=11.52 x 10° Wb s7!

3 YTH! ASIT P FRYT TR (XY CSACH(AZ LIS 251 I IS 2
A 27| Oz TS SeweTF 61 = 12.96 x 107° V; WS ofbezqz
= 2.88 x 1072 A | IR ©fGeeRItzs Sfoy O3 23 (@, 419 25 IAE
FEAR AN T FHE I I | AW FGAID 2RIEHE ATATE TS
SSHIeT 27, OF OibeaiRll wfa FoR [Reidre Sieyrd o 11 A | SRS
srfefba 7oz et Fgst

D(t) = TaB(x, t)dx

SN PRUISER)
dt dt



6.13

6.14

dB _9dB 0dBdx
dt ot ox dt

[BB oB
= —+v—
ot ax

S A,

do _ ajdx[aB(x,t] . aB[x,t)}
dt ot ox

},WW

0

ot Vox
@A, A=

_ A{aB N aB}

TS TPTI (a(tha) (g—f) R v G2 2AME FMHTHA! IF LT F(ET A
il e T | @I I 9 G2 229 =i =T SaRe Face =1 A=
TIZCAS FEAM 9IS G @ AN SR ATCATE GIIFCHAT 2IfTS,

TOEE v (5T FITT ARTE Wo00 2T O 9fsl 720G Sl 0 2R |

iy
Q= [at
t

1ff
=Etj,.gdt

- - )
N=25,R=0.50Q,Q=7.5x 10°C
®,=0,A=2.0x 10" m? @ =1.5x 10" Wb
@B AVE AT S,
B=9/A=0.75T
le]=vBl=0.12 x 0.50 x 0.15 = 9.0 mV;
P {9 AT dR Q AN AT |
(b) 2117 BIfR(G F1e7® TP O felzaibzs Sibeetes MK Siefg S
BEIREISIERE
(c) WO V2 AT Redioxd SfoRie Saws el Tge Sfbee T3 paarl
TG afsfire 23|
(d) VP (Retarding) <1 = IB1
_9mV
9mQ
=75x 10° N

x 0.5Tx0.15m
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(e) 12 cm s TN @07 TGHF SIS TG AT THATAT TS IR KGO

(I FIT2T A=Y =1 e Faret
=75%x 102 x12x 102=9.0x 10°W

L K IR A, (it =Fsrel e 27 41 |

(f) PR=1x1x9x%x10°=9.0x10°W
3 O B 267 21 757/ BRI AL Tl [ SHTAE (0 51ofTl
IR

(@ *; wSioa Afo7Y CFARITEIE SOrNTSI (=W FC = | (FFEFE -
ToATIE O PQ (M5 HUB! (TR LIS ! AT Al A Reawen
FATRCZ )

6.15 leuoiNI
l
(T AT (AT I ARG ST
l
G 219 1Y = N
_HNPA
l
(T 2T B-9F AAfRTS Srorwaz)
d
= — (N
le] dt( )
K =§mﬁmﬁﬂﬁa€n
@ GG ST
4t x107 x25%x107™* )
lel,, = 03107 x (500)% x 2.5
=6.5V
6.16 M=“°—a1n(1+3)
27 X
e =1.7%x10°V
6.17 _Bra’ip
MR
A L
7.1 (a) 2.20 A
(b) 484 W
300
7.2 a] —=212.1V
(a) %
() 10v2 =14.1A
7.3 159A
7.4 249 A
7.5  Aferwaz =,



7.6
7.7

7.8
7.9

7.10

7.11

7.12

7.13

7.14

125 s%: 25
1.1 x 103 s7!

0.6 J, *7aferoe 433 AFE |

2,000 W
11 1
“2r\VLC’ @Rﬁﬁ C= 41*V2L
L =200 pH, v = 1200 kHz €3 &« C = 87.9 pF |
W, L= 200 pH, v = 800 kHz €I &« C = 197.8 pF |
ARSI GICFT HIFTFCI #I1E 2 88 pF (AF 198 pF Al THw |

(a) 50 rad s™
(b) 40Q, 8.1 A

(¢) V. =1437.5V, V., .. =14375V, V,

Rrms
V, I L 1 0
= , — =
LCrms ms 0 w, C

=230V

() 1.0J,3,IMR=0TTOE LR C (O Alge =T @51a] A HFo A |
(b) w=10%rads™!, v=159 Hz

(c) q=q0cos ot

(M ¢=0, 5 T, %T ..... G2 EETAITS g =i 1ol oifefes |

(11)t_§ %T,%T ....... . B YFEETS @A T = — ~-6.3ms 7,
(S *If oyl T IR | (wﬂﬁwl%,eﬁ%*ﬁmzr) |
oT _ T 3T 5T
() R q=goco5—- =docos fﬂﬁt—— T g RO

YT SfeefF = 2c 5 [20] T G *IfeT wIET =

(e) IfFITN @I¥F R, LC ™Mb Sas{re 0 | (e Al # 6 (= 1.0J)
AT eI oA =Ifegeet wifbw =21
@3B LRISF (T, ;M v = v, sinowt 7T,

Izv—sm(wt ¢), @CT tang=(wL / R).

VR? + 0?12
(@ I,=1.82A
(b) t=0CS VIS | t = (9 / w) FNC I 6 2|

2nvL

@3, tang = =1.571 2, ¢ ~57.5°

ﬁ%ﬂm—q’ﬂmﬂ%_(m 5“) L _39ms

180 ) 21 x50
@ I,=1.1x107A
(b) tan ¢ =100 r, T ¢ -4T N 7/2-4F FRHIE |
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7.15

7.16

7.17

7.18

T FAICT [~ I (T oq SRR (R0 G S SIS ST 5 aes!
T GIR LEICTR0! T T I SHF FC | de TEATS (IR I
) =0, LR SRR i =i5ae S|

RCISA CF(E, M V = V, sinwt TF,

v, , 1

\/m sin(wt+¢) @A tang = “CR

(a) I, =323 A

(b) ¢=33.5°

I=

O], AN WET@'\'\\D/—\‘JT (time lag) = 9. 1.55 ms
(0]

(@) I,=3.88A

(b) ¢ ~ 0.2 G3R TH TS A ¥ 2 | 0, TH F=F C AR
f2onca el 3 | STeNE (de) T91F (Fea g st (R 719, 0 = 0
AR C oY (e I8 21 Afaifee =3

S LCRISAIF a1/ 97 AfSrat siheat am

2
Z R oL

o=, :% 20 ST A s s =

13, © = 0, 20| Z| A A= 27 IR @6 Sfbeedrz Rww &y 23|
R ™I, [, =5.75A

2 "Rrms

L#=E, [ =0.92A

2 “Lrms
C =4/, I, =0.92A
75 : (N6 OfUee[R [ =5.75 A, ARY LG C =T Seeaarz 180° 7l
AT AN 9R 50 @SB T208 G toreea <[y 27 |
(a) V=V, sin otdJ G|

V.
I=— 0 gin[wt+X g R =0
1 2
wL ———
oC

QT oL > 1/ CTCE A0 (- ) 5% @32 wL < 1/0C 2@ 4993 (+) b2
T |
I,=11.6 A, I =8.24A

(b) Vi =207V,V., . =437V

Crms
(@537 : GBCFCE T6AICe AT rms €3 2renfs 230 v A 437 V - 207
V =230 V I I 2| L G € -4 A8 [req2iten 1800 v i A<l
P G AT ReAifere dea |

(€) ‘L & N ey SI=al T AR @F 7l (6, S5 [eqaren gl
AT /2 TRITHIT G A 1012 L 63 TS 51 o %[+ 27 |



7.19

7.20

7.21

7.22

7.23
7.24

SRR G

(d) ‘C 93 Fq [Re 2Ten /2 Wil (I PifRca At | saRe ‘Cc° Fes i
G o [+ 27 |

(e) TS FET (G Y2 51T ol ¥ 2 |

I .=726A

R (A4S0 oG 0] = [2 R=791W
LONEHFHCO 9T FN©! = C QFFHCS 9E FNe! = 0

G 2T el = 791 W

(a) w,=4167rads'; v, = 663 Hz
Igmx =14.1 A

(b) €38 663 Hz I Gy T4 I, S0 ST 2 (IR0 P=(1/2) IZR
HCEIE5 2 | ACH( 57G e, B =(1/2)(I,..)°R = 2300 W |

(€) o=, + Ao~ G [ S0 I &AM (R/2L) << o] |
Aw=R/2L =95.8 rad s™; Av=Aw/2n = 15.2 Hz.
v =648 Hz €% 678 Hz TS 530 el 700 ol SIiH< o7 | @3
FIET LT G Ofeeadfe R [ ad (1/42) 6% =71 welie

AT BT (ST AR S SRAT) 10 AT |
d Q=217
w,=111rads™"; Q=45

0, ~9F @I AREST N 1w Q & fagjel F900 R -F T P 3.7 QFA!

2|

(@) 2 irms e Atem oty @b GF3eIt 7o) 77, Fi99 910 TS [fen
TAMITCE ST 2TeW 7 WHITS e AFCS AT | SRIZFTTLA St
7.18-93 T&AH rdl |

(b) X TSI forl 2 O TGS SHAN S5 SIGHIEs T, “Fforest A @
IR (1T g 3715 A1l S AIFH{HT oNif2e F40e 730 27 |

() JWZRICER (dc) CFE L-97 AN 991 @R € -9F 2fSrR1K 438 T
(THIN), OfF  C-9F AT AR de FLFO0 2P AT | T F=5FRS
AR 2RI (ac) CF0G L-99 AfSTA THAE =R -4 @ifSriy e
T O3 L7 2T IARE ac FFO0 2R AT |

(d) FNAANRT PRF SRR, I STOTI (FT12 M| HIRT I G A
I FACS, LG (FICA AOR AT 11 | ARTS! 22T (F0a G G
wfsfae et rg (Ao Afsb Segerel 7 20 | (BIF PG STSTB=
(BT STes] FRI19f T e G St 74 3 #ir o capfos afsfoa
TegeTe! S T &7 |

(€) GFb (BIF FCN (R TR 63 2G! T 206 Al [eq aArens

SN (7 | (6 N4 ©12IfE 0o ol S5 WoIT |
400

GEIRYIR WS = hpg x Ax v=hpg B
@A B = Av T 02T 2T (TS 2RITEME WY W 2fe Giacs 2ifze
S SIe) |
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7.25

7.26

o Z?IZ! O Ol = 0.6 x 300 x 10% x 9.8 x 100 W

=176 MW

ATIAZ 12 (@8 = 30 x 0.5 = 15 Q.
20K 4 T rms ©fee2qz = 800x1000W _ 200 A

4000V

(a) N3 S9ifb® el = (200 A)? x 15 Q = 600 kW.
(b) 20D (ACF AIRAIZFS ol = 800 kW + 600 kW = 1400 kW.
(c) =3 fRed #fee = 200 A x 15 Q = 3000 V.

TS LS AR FATETIH ‘440 V - 7000 V A |
800 x 1000 W

oo gl = ——————— =20 A

40,000V

(a) T3 SD® F@l = (20 A)? x (15 Q) = 6 kW.
(b) 2T (AT AFIARFS 3] = 800 kW + 6 kW = 806 kW.

(c)

2B e 16 = 20 A x 15 Q = 300 V.

AR FoNTTIO 440 V - 40,300 V' €3 A 2| €51 ™5 @, TH
eq aaiees Fea SHiibe FFor ol 2 TG AR FAICA]
TV | TR IS 7.25 TR MU, €3 A4S Fwel e
(600/1400) x 100 = 43% | SAEANT G2 FPPT 9T N TG
(6/806) x 100 = 0.74%|

CERRCENE]
8.1 (a) C=¢,A/d=80.1pF
4o _dv
dt dt
av 0.15
dt 80.1x102 =1.87x10°V s

8.2

(b)

(c)
(a)
(b)

(c)

d
iy = €0 37 B, G X T S0 4B AR &T© F13 @, = EA|

da,
dt

Todq, iy = €A

g, E= 9 |wregq, E_ L
e A dt & A

() ()

2l | “SIGReE RICS SR #AfH2e @3 A7 22T TS 0z |
[ =V.__ oC=6.9uA

2| g3 5 W I AT @ e 27 OR€ SRR 8.1(b)
PP 2o et ey 23|

@3 & 7 TR AT i, (e B) e 2 wdNe B = ;‘—;ézd,

@2 IS LTSy | Sotars ARSI (ITF @l AT @, 92 1 7061 @8

Q (T ANSA I i, = i = 0.15 Al



8.3
8.4

8.5

8.6
8.7
8.8

8.9

8.10

8.11

8.12
8.13

SRR G

TR A B | RUR 4, = i, T AR By = 2 o, (RIGT B, R 4,

26 IAF TN W6 (GTEFCHG @R SE@ANTZT A {17 |
i,=+2I_=9.76 pAl r=3 cm 93 R=6 cm T, By = 1.63 x 10" T
I A SOOI Sy %[0 ST GFE 2 c= 3 x 10°m 5™
E 3% B 777 S92 G3% x-y O SRS, 10 m |
ST A : 40 m - 25 m.

10° Hz
153 N/C
(a) 400 nT, 3.14 x 10® rad/s, 1.05 rad/m, 6.00 m.

(b) E = { (120 N/C) sin[(1.05 rad/m)]x - (3.14 x 10® rad/s)t]} :1
B = { (400 n7T) sin[(1.05 rad/m)]x — (3.14 x 10° rad/s)t]} k
IR (1 = 1 m-9T &)

_ 6.63x107** x3x10°
B 1.6x107"°

SfemEaR I¢fel bra S Seivehs SeEfe @ o *ifE 24 10-97
0 TATAE NI el FC #A1e @CS AN | 95(6 T (A0 5770 @iGw
T % 92 B RS *IfF I IS 0 0 | SwlzRerwgol, 4
= 10"? m SAHTHCHT SNafeIF @B =T = 1.24 x 10° eV = 1.24 MeV |
@ (ACF @RI T @, FToPe TR (G T AR w0 -3 g
) A 1 MeV ReAT IR A | SIS, G35 el SHenitntdia (4
= 5 x 107 m) A& o7 AT = 2.5 eV 21 @ (AF @R I @, =S
B! (GO N TSN e e [ifearel fWesreel 22) SR ev [es

RN AT |
(@ A=(c/v)=15x%x10"m
(b) B,=(E,/0=16x10"T

(c) E CF(q ST : vy = (1/2)¢, E
B CF(q *If¥¥g © u, = (1/2p,)B>

1
E=cB @R e= 7 TR Ay =
0“0

eV =1.24x10°%eV

@-j. ()35m, (c) 86 MHz, (d) 100 nT,

(e) {(100 nT) cos[(1.8 rad/m)y + (5.4 x 10° rad/s)t} k
(a) 0.4 W/m2, (b) 0.004 VV/n’l2

T TFer 3 73 Rien wneitreds sl 3¢ia 4% w0 | g3 e,
ST AR @ 2, =0.29 cm K/T | 1, ,=10° m 2T T = 2900 K| Sl
SRS TR GToe TFo! el T (TS AT | 43 TR Te] Sf i aefietiar
fafem st RfFael Aeqm oy e SFoi Ars o 0 | @2 P
el 2N &, <T@ A= 5 x 107 m T(E, S SI7Eiat 2 6000 K
283 THo |

753 o Slomiame @ sReitndy Sk 203, g 2ike A 2@ |
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8.14

8.15

(a)
(b)
(c)
(d)
(e)
(a)
(b)

(c)

(d)

(e)

(f)

@oe (27 2T ST

@fCs (27 AT IS

AR

AT (25T)

XA (N RIS 9l ) g |

R G G2 e #ifh SRR Afowfie S |

SR GHA G FCFTRT AT STt T T (21 TF
T53) |52 2 ST CFig Flaw TolazIz S 2 |
RN GET XA GO B, (R GHTI G2 (HOS O] (T (S0 FCH
QTS A |

@ 37 (AF SMare Sfee KT (uv) et 03 @3z @3 FfRE
AR (Mere At GRaifa 28 (4 T T |

SR TFO! CAHFS I TS, I GIRTFCE AN e 21 Tzt
ERiEcECE

ST e 1ol 20 Tge (Ta5) g SIFITR SIS geT Iz
F(E R ABIRAI AR | T 9jf2Swjre [ 2t s chwe
(T 2 TR | TS SIS Mo L KRS T |




