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Seal ar /.Af[acian Operydor
e o(fuerjence of e 7raa(’iar+ of ascalay \/
is called La};lacfan o V] land 15| donldel
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_ Sor a scalar funclisn V. defned i (arkesian
oo, 15 gradient s :
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The Laplacian Opondor ard Vech Felds :
T scalar Laplacian a}zom%r s ﬂcﬂalfm/ t «
eche Fdd, i acts on osch  Componant i e
and gmorides o vecky freld.
5t o v fild & i Gulesian  csodd). .

E .G 456, +BE,
H vackv La/v/a(c/am of 1Bl i
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CYkafs Y4 5.

Attribute Electrostatics Magnetostatics
Sources Stationary charges py,  Steady currents J
Fields and fluxes Eand D Hand B
Constitutive parameter(s) € and o 7
Governing equations

e Differential form V-D=py Y=B—0
VxE=0 VxH=]
e Integral form st'dS=Q fsB-ds=0
f E-dl=0 f H-dl=1
C C
Potential Scalar V, with Vector A, with
E=-VV B=VxA
: - = 2

Energy density we = 5€E wm = suH
Force on charge ¢ Fe =qE Fm=quxB
Circuit element(s) Cand R L




41 Maxwells  Equations :

L Under | Sledic condifn®
L lf ~ (1)
| 1T 1 fone of Ho 7uan}‘r)7'(i§
WA E | 126 | () ,
ok apeariny i Maxod|’s
NLIB Lo g
L1 i efuadinS are. funchiens of
0T 57X - I S a_ﬁ_ A/(‘*l)
y ot Kines . Q! % -0 .
E . olochvic feld fmlwﬂj This is when o J’mj}

D. elechic Aux dmsi)y aye FW"‘W‘Hj fixed in spaz,
c . dlchic purnibity | o, F g e, oy o 0
DICE o a sleady rodt S0 ot £
5 magnetic field irkeasshy | and 53 LR ! BT 2 B
g;majukc Aux donsily | Eaus hon (1o (4) docouyle
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T ! LR LT J
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42 Charve and Current Dishibufrons -

Tn Q(ZC}TOMj nefics ,  Gumes and  Cortents
may be diribdd ovor a uolume of spac,
aaes a swfa , o alons g Une .

When  Hpose cjgﬁg dsbripubons  ar. in mofisn,
ty  frm  covent  dishibubons .

f2.| Charge Dersifies :

Tn afomic scale, fpu charge Aishribufron is drscrede,
in dedomagiehics, we shidy Ho dishipution o « larser
scale. where W dishhution is  wntinuovs .
(R) Volums charge  dlshitufssn

(B) Swchu charge Aishibudron

() Line  charge  dlishthutim



(A) Volums dw.rgz_ o(g}»n'éa/fdn
‘Er : Volome d/mrje_ Olzms{‘}j

i | im Qg _ &
= et 2 2B O/

NS0 Av
AZ s e clwtf?e ornteined in Do
/ﬂu; 457(711 Volume chﬁfﬁc Can'}-cu'r\_zgé nN vl U 73
R~ f » dar | (@)
v

(8) Surfue charge Acshloufssr
UANES whace C['wu’je, o(ensbéf

b R Y

AZ s J[«a Cluwje Pfe,sm’]' acrasSS an e.[wm% Suf)%.ce avea NS
The Aol suchncs charge present on swha S e

- [5ds (O
O



(¢) Line charge  dighibufion

\%: line O[/\.C\\@Z, 0&”5%
Sy = lim Aa - 49 e
E= Moo pt T Al (C/m)

Bgis Yo dhame hdd & 4 lie pf
1) doest need & o shaight -
The bl fne  charge andoinad in lonedh L 3
Q- {f ndl ()



Exam y(m,

Calcalate Hu. futal dw?e Q otained in a Yindricaf
%ube oriemed q(ovg J‘lu T-axs as S}Lowﬂ./léu- line.
a@ns{b 5 5 - 22 , where 2 5 Hae ditana  in
nofrs  fromn Hha loorr  end of A Hbe. y/MENR

lensth s 10 em.
go(u,*fon -

%bzéz«ﬁﬂn s 0.1 m,

Q:fﬁd(
1

- f-il% d2

-0

z

e ~>
charge J?l




Bangly:  Te Circular disk of elechic charge
shown  is haractenized by an azimathally symmedric
Swrfac Cfm(rje a(ms#:? Yoo incrzases  linearly
Wi v hom o ol P Gnkr fo G Cfm*
o rz= 3am. o e bfal charor presedf

on Hha sk  swha . ol
Solu})’on .
fS"JO OL“— f;Om
J
fs;é a,{' = 0.65m S
INcreqses [/'nzar[j 5 Hien L
S
§.(1) =(6-° )r :
60.0%3-0
0.03 A

Fo(r) = 2007 (C/mz)

Qtf‘i ds :f<2c>or)(ro(4>okr)
s S
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&am}?&,: A square PMQ resfah’,qﬁ in the X4 Jplau,
15 s;mfpr in the 3}7402_ dehind lﬂj ~4m %<3y
and  ~3m<y s 3m. Find A okl dmyja on Jhe
plae 1 Hhe surfac o/\m@e dcme{)j B

g diqd ot (pC/u?] .

2 2
..‘{X{O'_éfon fj’z"[j
X=:3 T Yad
et (k) ) (2 ) )
e NT=5 3 o
- dale ( 3—(—3))( ()*-(-3)")



6@*\]7(2: A hick S}phmcﬁ/ shell  contered
at Y ori4in extends befween R:=2cnm and
Rz 3cm. TF Mo volume charse @@usi/y s
22 3RxIo (Clm*) | Fad Hhs bkl change

onttined fi shall .
Sslufion :

Q- f g do f 3016 £ sinBdRAO A

003
~ 30 P UR smﬁo(@f 0&#
R=0.02 -0
603 14 e
:57&16%( /ZL(J )(,@5@[><4>J )
Y Rz0.02 g0 o

- u —
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froblom 4.2, Find Mo fokl  chage  wntained
In a Cj[indb’fca( vlame  defined loj y £2m  and
0<2<3m i 8, - 202z (mC/m*) .

Sslutjon -




froblom 4.3 . fud  +he. Aot ckafjg ontained in
a vond-kop cone  dofined bj R<2m ad

O(é’\<:,7_’7, gien Hhat F_ - o R cos @ (mC/m‘).
Solution




Teblom 15 Find the bkl charge on a circufar
disk o%wlbj rdal dnd klolif | !
@) & =8,¢ smn¢ (Clo?) I
whore £ is a  constad. 2% y

Seludon



42.2, Current Densﬂj :

I
Tl B oo

P i volume chave dms{lj, (s : cross sechon  area
T C)wu@x de(ocil:j dloney . fube | axis
Over o period St , Hhe chasges move a disfance
AL U De - u st
The  amount of C/meje. hat Cresses e, Fube’s  cross
secisnal  aren NS, in dme Nt g as Allows,

S)‘hCL ‘fzr z _.é-z—- ’ﬂf\.ﬂ//\

A?/: f.u. ASC u| Hr



In & move ja,nh%/ ose
£3 =nhs
L Py DSDcosD
Py i volume chavge density 5 DS - surfoce area
¥ chav 2 (/e,(odqu olony e fube _axis
The amount of charge that flaws Fhroush
a swhee NS win opemal o ke RS
nst nwssarﬂj pacallel to @ (4 charye szclﬁ
along the Hfube axis) ; is as hllows.
Bg - £ b
+ £ HLAS
- £, (Tot). (B3)
Aizﬁrbk 0.N% o 2qu(l)

A
Whene. Ag =~ N AS



Sine

Ai‘:-f'zr Dt Z.AS e | 2w (1)

—

'ﬂ\.ul _éi " f'zr ub@’ 2. AL
AL
L hure AT is Hu Al cuwent v[/ow)’/b
n A Aube .

Lk | 31 b CA/m*)
whoe T 7w A qurient donstty  in ampese
por  squarl meser .
In a 9uuz(al fum, for an arb'r}mrj surfae S,
bobal otk Sow Miowch She Aube 1

f:sj 742 ()



O Congechion  curmend and convechion  cirrend Jms@ :
Gonvechon  carvent s whun Hw cotvent % da $

be achual movement of efeolrica((j clwfjd maller

For uwnj)lx,, he elochon huam of a scannits eleckon microscape
Here T 15 caled | cohveckian carvent JMS}LJ.
@) Gonduchion cuwert and  conduchion current densidey .
Cnduchon camenk 75 whon de_ coment is due +o He
movement of charged  particles  mlohve to Shefr hett ptestal.
for examgle ) jn a mefal wive, ¥ d Jbhese is 77,1,'eJ acvoss tha
ends of Ho vite ) fon Ho dechors in Jhe outmost dechon Sels
of Hu abons can nove fom one dom o S e core
fo elechons Hhot emene fom Hhe wite are nat pecessorily
S same eechins dhat endered Hhe wie o Hoo sher end -
Here, T 8 dallid | chmdwdfioh dudvedi o(mc,(lj.



i (ono(u,o})'ov\ Cuvvent abeij Ohm’s law) AowW)
ovechon  anvent  does  wot-

Adlem w6 55 T =§xe (A/m?) , find He
carventy L Flows n 4—/%“91\ a_ Suave W Grners
(012/9), (21019) 5 (20012), avel (210)2).

Z
5 olw}’i oy, . (0;09) 92)
L. (3.4¢
S
= = (e)0,0) (2190)
;fj‘{x%.\JAXoI% T © 979 inh
S Hhe pasie
2 2
4 Y 57(0(7( f%d%
X = O %40

SRERRIC R
:t;jé( Q'L-o)(?- —0)




foblem 43: Tf T . R5/R (A)m?) | find

T hough Hhe guface R= S .
Soludfan -



foblem 432: If T .R35/R (A)m™) | find

1T %rou@l\ Hhe swdac R= & m .
Soluffsn -

z
7. [ 5[4
’sj D | 4s @j
.»_f)ré,g_ i :é)zq_sfr\ﬁl AQJC,E
s R

“

Ul 2T
- 5R [ smo 16 (dp (o R=Sm)
9:0 ¢co




Betlom 4.3: An dechon  beam skafeo! like.
a Cft’Cw(a\/ le;’/u(er o~f' m.agius fo caxvles
A C(’Wﬁb c&nsﬁv given bj

fw — _‘Z’ (C/m?

v

where 3, is a posthue onstant and e bean's axis
is Gincidlent with e z-axis .

() Defermine #he Bl chame contuined in lerch
L of A beam.

(b) Zf A elechons  are moving in s +2 divechan
witlh vriform speed w, dofermine e mognibdle
ond divechon 5 e currenf croSSl’/Lj 2/ %’fzam



() Determine #u fotol cﬁm@a contained in (@5—%
L of A beam.
Solution :




<b) I( %* @(&:/fth are MO\/!’I\\? tal Ar | +2 éﬁf&‘jfdln
wi'H/\ un?fb‘fm 5}74@0( U, defermine %_(_ moﬁﬂ;}‘&o{ﬂ-

ard  divechon mc #he (wrenf  croessing A %’j?ZaM
L ane.  or  Sim Fa - plone
C = %Mwﬂd—p fl 5 F( j Xj P )

Qa(ﬁj%éhl
SEr
)i el
= - %)U’)J
|4 %

Q,N,

1§
=1 |
T
-

N
N2
L=

T L[ T.[d3
S
= f‘ﬁ’ Su .2 rdrdd
| +r*
S
i 20
= — Jo U T&.f" fol+
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T = ~Lumn (1+nt) | (4)

St f 15 a psihie ot , thn T i
n the (-%) dndin a5 well as T



Poblem 4.9 A circulor  beam of  charge of
radus a4 nsists of  elechvons moting) - coihh
6 Conskand sye@( w along etz Hirechion T
beamt's x5 coicident  with Hue z-axis and
Mo elechon W densiy i given by

£l et [ | (g/m’)
whrt ¢ B G constant and v (s Ahe vadial
Aidance | from Hha| axis of | #e | boam |-
(a) Determing Hu.  dharge a&nsi}'j pey ot leash.

B Dedormine Hho  corvend  croging  Ha 2-plne



(a) Deferming cé\arjz_ o(msﬂ'y per onit /z:g%.

SO(W}"YO)'\:
Since \Pq, L | B2 and M- NsSY

Ny
Meen | £ L D2 Dy L 2l As
MYN 7 A B

s)’nc_o._gi,_f’ ran {f:fAsl

gt frgo{r flof<}> 1
Y=o $-0 [
l=tg (__5,)) @._’0) (2% (zr)

]
i1t
)
\olm
:,‘\
94‘.




(b) DL*!LWM{N.. /)f/ub C,w/mvd’ O’OSQ\'/? Ha %—-Jofamq_
C%:% Plau or bfw\ﬂlj Har )(j ~PZQM>

507“\!4'6\;'4&
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tomove g ot a conlant Sfeeo' with 2m accelevedion

He net fore acﬁ’g on 9 hinld Lipood
E,@_,% + i =0 v~ <‘(7



—i:ig 4—(3)

st ?:eri -0 ~L9)
Ten AV - U dw
ﬁ B . dL
LR
ANEMES
:_17_:(_75)-09

- Then A potential - differna CoWW"tj ho oviny
o }b'h* dm(j@ fron~ point Pt P i foud by
inkeyakien (5) a(ovg any podh betweon Hu peinle, as

ﬂ"v:fiz‘.ﬂ

P, -
VZ( :\[9."\/1 = "'_[P Eou, el (é)

Whare Y 2N, o e elackic péJ-cmL.aJ b j?ain)SJ?,Q?,_)
rcs?co\'i\lalj- T unit of V is volr (V) e V=: T
a



_ Kirdths Vol’}aﬁc law stefes Fhed Hha nod uéhf
dfO? evowmd o closed loo/p is 2zws . Then (6 bewons.

:
VoYY, -jﬂ)'é’.o!f ke
whidh T a (e infegal  of M elochostatic el
(acabrhon = 22)  arowd ong dosed ¢orrbour

w Blows: PP 2o (gl for)
by agplying Srake's | Hadom | for o | cloed arhr
d swrouv\ab@ swha S, Shen

Sj(vx‘g’).oag’ :Cgﬁ 2N _o

T UXE =0 7o Hu  dilleveudial Socm .
reall : whn TAE =0 A veddsr Aeld 4 aalled
iotahonad . TF 18 dlso w@lbd conseafive  Ste
fo  dodrostalic fold B 1+ conservodive sme
L s et a ﬁm—mgwﬁ Funchion -



~Reall i In  nodd analysi, & nede in a Cirend
Contbe assined an abslide. volbge | its vallge

| moswed  veledie b avefrencs nede uith o Jolrse
equal €0 zerw ) which ¢ . goond. Here a peink
in space. cont have an absolde eledriz pdental V
its polenfsal s ssuely ndasivad velafive| £ a| vdfedeniz
poind  diosen b be o infiniky . We assuwe Hood

V=0 when A poind is at infinly , as & vesult,
M elokic pofenfial N af oy paint P s

\ ,__f’é’.a{l’ (onit V)
pes



452. Elachic Rhatial D Fo Bidt Grarges -

_Sina Mo eladric fid due bo a pidt charge 4
locoted b e ovipn s
El e 2

ype B

whate [ ik fhe Pos{}iovx vechy Fon Hua C/Iafjﬂ Yl 5,
Obﬁa’ \/a.ﬂl'fow Po\“f&' ;

To fnd Ha dedric pedial o o poink P oill
poéi()fovx Je.chy E-) (1 locaked ad o oriv n):

R R
\/:_ ? 0( = —f(i—-_é.) }Zdﬁ
o0 I, MFEIR
K R
_z..f dR ;;z[;r.\]
YTE e i
NI



ML find ?,(.Z.Ch’f(, }704‘“4}”4 ot o Fafn‘(' P il
Poéu)wv\ UCCJ’DY avw( 2 laca}ia{ a:?L]wﬂ}wh ‘\lZCJ’UY

Wik bl LV)
we |R-R)]

where lzug,)]»‘s e Lu?#» ot Hu al{syw Vo cAor
fom M hage § b piat P (R-R)

—~ %r N dicrete }QﬁnJ— c[mrgo,s Z’Z;) M'Z\/ re,s:al.’.ﬁ
ok positen vechvs R, ,R.,. Ry, Hhe elechic
Yendial 75
prientia s .

AEI q; (v
Ymre ?‘ |2-R;] :




‘-{.5‘.3 E[,ec/'le 237"641/'5&/ [Dwe + @nvl)hVaus D/}}N'M"dhf -

Sha AV = de |
e R

A

wWhwe. Qis M.L unit vech< fafnﬁ}g Ffd/’/\ 0{2 o A
oWSwradion pof‘wf’ p.

(R) Volums charge  dishibudm (f;r _. 241 ) s

Vi [ fldy [ L L] T{l1g 4 bar

‘1‘776 L.
(B
B gm O(I‘ ln’éw‘ww EE ol.‘L -
<) f&«& C‘Aﬁfﬁz S (‘f;._—-\)

1 _lds
4TTE R

AReTANNNEN:
S S

_(c) Ling. CL\OU"?‘C Aishribodm 5 = _Z%_),-

HTE

I zj@_’s—dﬂ



459, Lledric Field as a funchin of Elechric Ftertral :

Sabe | | i L LE 4L

ond  for & sclor funchion N (from 4t grad )
AV = V. 4L

gj C.aMParIfﬁ Ha  cbove dwo Z

& USM% 45 easiey o Fad 'g %{omﬂx M r\gm‘.m
OJ' S jﬂjO’f V M‘W\ to vse de(ow\]oj( law

Conm—Pl‘U-a(% ond CDNP\r’zdjom[\(y .



Exoomple: Lleckic freld of- an Eleckric Dipole

An dodvic cliple  consile of Ao point charges
of equal magnitck but opposite pol arty , separaded
by o disfunce d. Defermie V and E af any
poink P, giten Yned P is af a distme Rpd
rom Hu dipele  conter, and Hu dipole vesidas

VZJ_[L+-%1: %[&_—f%
e, | R Ra sl RR,
- 1

fr Ry« RR, &R, R 4R, ar apprex.

pam[Ld}So R.-R @ dwst.
% \/: %‘- OlCOSQJ

Yreo g*




~Jox olf}?ala, T orientodion -

_ 32 dwsg
\ Yreo| (E©

e |Gdd N | e any a(j?olz OYientadign :
fov a oni} vedor g Peinfing s, Hx  condsr oF Fan
A{}?ola b He  obseruadan }7c>frnL 1% P

d st jé
a0 N
Then, V: Y 4 d: " P.R
e, L yreE, R”

ade [Pleb d lic| datthd [ o dipok  momart-



og\( 0(‘o #
)}71& n o Hg oTientndlon :
\/ » % 0{(2559'

] Yreo. R*
o dochic fld E
EL LV
LRV | &
( N, 6LV
3R R 99 *qDlee%q\i)

(A’ﬂ Ahorse  (esulls
art uhen R ol)



4355. [Zisson’s E7mfiow ;
Since M At@v&u‘kﬁ/ /;YM @a[ 6%55{5 lawo i3

9Dl P

q’d ﬁ:eﬁ:))%’”‘
9. E .| £

&

Aio sme. E - -qV - Alen

YV - |[-fu (Pdisson’s equa}fah)

~1F o medivm considored  has no charge (S 20),

Flan Poiscon’s equa%‘aw becones



Example: Podenmina o elochric e R
origin dve 4» four 20 MC Cl/\arses \/'2330\f./\3 9
flre space of e omes oF a 2mx2m

Suare condored  oloont Hax origin in Has. >g-plome -




EKMP(Q . /3; s,p})eﬁ'caz S')Aeﬂ 07f rao(ius a has a uriform
St Jgaz d\m@c dehs',{«j J’; . Dedermine -
(2 Hra eledric poleadial  of the counder of Ahu shell

(lf)) ’fc‘i 6(—2.47;5 B:Qu af‘%& C&AJ&/ of 46\&,51@[[
Ssudion




Q



4.6 (ondudovs:

e elochro w9mh’c conshhdhy e Pamwkri of
a madedal mediom are

(1) its  elechicl P@rm;#i\u’lzj &

(2) s magrelic. permesbilily M

(2) it (onJuC%’u\'Jy a

— A makevial 15 homogeneovs if s constihdive
parmddess Ao ot vty from point o point -
A adeial 1 fsmtrapfc i i conshhatrv
prvameters  are wa&Pa,Jmf of  divechon -

- Hee | all wodevials ave assumed b e
Nomogencons  and I’Solw’a?{c _



; Com\mku:b (&) of a mafeial & a naasure
of  hsw e_asilj elochvons can  havel Farsuol,
He malecial ondar i ofluene of an externlly
qyflfeop lechic fold.

Maderiale ave  classifed b

o _|Codlichds [ClnelelD)

(b) Dielechics (isulodors)

(<) Sermicondu chovs

N



1 Ln condudays) loosely iinched elochons are
presept in dh oermest ghells of s aloms
() Tn Hhe absene of an external cledhvic fFeld -
these free elechuns move in vandom  dbiechans
with vty speeds, thaiv vandom mekon has
a 2o aNerage  Cuwerd Hwoush Het conduchr
@) Tn the presence of an externd eledvic Feld
Hhese free elochmns move bom one dom + e
wxd in Ahe diechon opposite & Hhe  exdernal
decric frold  (elechors hawe & nagedivs chae
@Myum? b e posi}{Ve test cba/ga) | Theiir

WUQMU‘I' ngLS A Co)'lolu.cf)'bh C\Aﬂf.&/l’}“.

)]

T4k (A/m?’)  arp [mafer ” &5%’5 ()
:oiks ot i in Sr'mans/me}f/ : (Sm)
_ EJY 74\ P@V’FQO‘\' vaxa‘\uc;-or g = &0 (2 SUPCY(othdZyg)



~Tn diechrics, e eledvons are H1ghily  bound
b He afoms, so # is diffjedt fo defadn
Hoopr vrder Hhe ifluene. of g_x;emnj
apphied  ekelvic field- So, ne senificad  enduchon
Cuvverd con Flow.

_or o g@(a(ec} dieledyic o -o

D0 semiconduchys, Hhe mderials  allow
(o conduchion  coawents  een %ou7l,. Yrei
conduckuibies ore mudh  Saraller Mran FHhose
of  matale



4.6.0 Drif} \fe(oc.'}j
- L [onducking  mateials ) Abe dsifd elocily
of elochans 35 reladed & Yae  extormally gpli<d
Jodvid Al B he

_ T semitonduchovs, Ho cotunt flov i due

by e movement oF both olechos and holes.
ole drilt welotidy W h _/(h

Eleckon diif \!Qlou‘j U»,—w/*o.c (be)

Since fw condechion  coiend Jmsib na medivm

containinn a Volums dmsity g of charses

movin] it doclociby



Tham, . conduction  Cavient  den s»’{—; n
Semiconduchys | 7S

'—"9 —
~ ~ 2
- o
= "Nceua'}-Nhe u}\

- N (JE) s Ne M E
- (MK N, f)e E
= (’f«re)(e F fvhﬂh) £l
-l f
hore N, &N, :are Hu number of free elechens

omoQ 'H\x hULML)&{ og: Qe,e_ }’La(Q.S }7&( Uhx'J" deumﬁ,.

i 7o A abSo u,h je 0f Iy 5)/19(11 hole oY~ eleclron

w.)’L\ ¢ < 16 xw™|C
‘?v‘e, - -/\{LQ d'\oa ’fvl\ = Mh ¢
ah.(& N = “f,U.C }lz + {J’l\ }'ll‘ = (Nz}(( +A/h}(;,)2



- When  Gmpuing 4 sk conducr b a
gemiconduchsy N, H, < M
Mo Her (OV\all«CJf\!{\\:} by & \conduclord i
oL s Nfee  (S/m)
comymi b Aha Com(wﬁi‘w‘j by al Semicordudar
Tz oh Moo g e (et f)e (She)
Shd [T [ &
(1) Ar a Pzr&dr dilechic’ =0 | Hom
ES 1ol Yz‘jmfol(a,Sj i g
(2) fv o  Jerfck conduder cioo, Hhan
B o ) reﬁa«o((m of 5‘42 no charges
inside) a perfect  conduchr
As a (st 3 1 an fequipshertia]  nudivm
(equel potential of euery poind in Hor pededt conduche)

S)’I\UL V?.\ - *[EJ'XF - O Sia ?—;O



1 Tl conduchivilyy T fn mest moals 7 on e
ordut of | 10° Sjm . T s common to hend
fhown as  peffedt conduchrs and fo sef
Z -0 inside Hhom -

_ Each | @nduder | 15 an equipetentsal el
however, Hia pstenfial di€erence  bebuzen
o onduchy and ancter conduchv is et
necessmf;ly 20, each conduchy s | an
equipstential wedivm , but Fha presence of
dibereat  distribubions of  charges on Hhair

Joo  Swfaws an 9@@@& G psfental
dievenca_ befween  Hgmn .



QKMF(,Q : (ond(uc/fan (W}/ewﬁ in o CGF}A'&}’ Wire .
A L mann ol»hme/kw CO\W&{ Wil oot (OY‘JOLC#IJ)’L:Y
OL 5.%7(!07 S/b’\ é‘\V\Dl Z/[ZO[YOW MO)')'II@ 6(

0.00372 _’1‘_11, 7S SMIQJQCM b an eledvic held
Vis

of 26 (MmV/m) . $iad

(0) Ho volume charge dlensity of #ha fee elechuns
(b) Hee corveat  clonsity

() A coovent  Howlng i Hox wive

@) Hu eledon diff yolocity

€) s vsloman cﬁmsdj of Mo Kee eladvons



(0\) %u-ualuw_ CLM«@,? oleths)"J:y O';"H\LE/QQ e lechonss

fve. e |- 5F xlo’| | 1.3l ;(10 (C/,,,?j
U, 0.0 32

(b) e cnvvent clowsi‘jb
TLeE | Saxt’ X 2080 L 114 o] (Afw?)
[c) Hre covvent chﬁs n Ml | wive,
f’)’ A3 - T (avea)
L ifedid® (.’ZXIO o L zdal (A
@A) Hn elocvon dviff VQ(ochj
_/ue_g | =|0OSY Aop xlo’3 L | 4.4 xm'sm/s
) s volomn o@msdj o Mo Kee elodvons

10
NQ_ =lSale L 18 X0 |_ (143 Xlqu elechon /m3
e 1.6 X160




gféaMf(a . Dedorming. Hu d’enSiJv of oo elechrons
in a(um{num ] 5)1/01/\ /)’Lw(} s @na‘w:fl’uffj r$
45X (o? S/M and s elochen moloﬂf{“j is

6.0015 Mm%
V.s
S‘d(u,km‘- Oince = N, ﬂe e, Then
N .| ¢ | J _2.5x10
MR 0.001S x1.6 xzo"o’

N, .| 464 N elochons /m3



B«n\f&; The  curven}  flowing  Hhvaugh a 100
long Coydu&l)‘nﬁ wivt. ofF  oniformn  crass  Sechsn
has o denstty of  3xts (Apwt) . Find
UOZ-laje a(rof alons Aor lengtn of He wire it
He wire material has a  conduchity of
20T Skl

Selubson : S T = €€ and

Vi E4 | (posihive | Since Ho direckm o € s
fonn Ao point witln  hishor potential 4y Fhxpoiet
with lower pokeatial | whick is He same direahin
of Jos  corvent og@ﬂﬁc""j ?:c—-&‘l),w

VL g 1T [ ] sxle’[x[lod [ | )5y

¢ 2 Xlo:"




4.6.2  Kesiskance

.In aWa{ form , Hhe mesistance R v
any resishy willn avbibany shape s fourd
bronn  Hu UdHuyz V. acrsss e resishar and
Mo covent T loy ?

whore [ 8 S pacth befieen o sfecr'/iea/ pointe
and S ¢ Hu Suface of Hu resishr whenc
:\:)j CYPSS2S

T | PG 5 |t recpom)] of R
Wil ot Giemens (5) o (27)



xgxaw\F(L: o & lincar  resishy of crogs
editn A and  (oghh [ conmecled o

o dc Vouwjz soweae \[. The yesistor R /s
as  follows . B




&OLMJ;(D.: (orducksn of Coaxial (ably -

To vadii of Hha innow and ouber conduddays o

& axial @hle of (zw))fﬁ { we a ﬁb)regzoe‘»@&‘
T insuladion materia] has ondechsuiky o Oblain
o expressisy fov G‘L) Me conduchunce per uni-

lzmg% 04 ff(u I’V\Su(aHov\ (a&(j“, 2
GlT |_[JodE
VI g z.4

Vb

1 frown, Mt Trust” conduchpy to ¥t onder condluclor
ﬁ N n "
(s - X T P ikl B ot a dislanca
27 |
géh/\’%*l oS O'F ’H»J' W of 4l Coaxizl cablo. .
Sl'wz. i fE Heon E

{H

27 y_gg—






$6-3 Joue’s Lawo:
To bnd Hu poper disspded in a CGhJac})':tj
wadionn Vo M iFlagnce of an extemaly
soplied ekclric fidd €
A s P ondning elechren and hele
chage of 27,2 f b ord g < £ b
_ T olodric fovees ackig  on 727, Fo gl
Te- 1€ - Sy bv E
}‘i\:ihf’ = T BV E
=~ The  work (engimpy) anemwr oy E o acduel
7, X g, a Fema D, £ DY , respehiely) -
NN SN |
— Tn »powe( s o dmg rade of erecgy chang as:

A»Qz. ‘F Alh
b L “E? T A



for a U&Lum { vl Y otal 01:53)'{%\-}(& o s~ 1S

{2l f g? ds Q\/\/) ()omtes Lao~)>



E%amF(e: or  a lincar resishe ofF cregs
edin A and (wﬁ—}ﬁk L conmecked o

o dc Vo#wy sowa \/.
The elochic freld
C was found wheve
)E‘:EX M yolwwe vz (A
Than  Po | « (B[ dor
) V(«* Eds fé;aU
£

S

(by seppaatioey for. veluws. inkige] inko o prodecch
of & Surface in kgl and a lias ;uh»jm) )
Tow P =(cC6A) (€M)
PLlITNVL
Stne. R=N/T , Hon P=TR ad P_-._\Jél_




EMMFQ: A 56 m g coper wire has
o Civeelar oS echom Wt vadvs v=2 cm.
Grien  Had Hha Com(ud'fv,']j of Cpper”
il B W (S| LIl mdady |
(&) He veSiclama R of M asive

(> Hu posser dissipabad n Hu  wsive

iL Hlo \/él/zz,f acves ks L@?)rl\ is [ L5 VL,
() We kood Hhat fov a (rear vesishy -

RIXI 1 [ 5o [ [T T TT] tadxp'lsl
A 5.8 X8 x (0:02)" T

OYANAN AR (6327/: 2.3 W
R £.9%16 "



EMWﬂQ: Qe,}yeayL ]Pa{é' Cb) bj aﬁ@f,})
Po [ |B] dor
4 B

~3
Sl M- 1S X [ |and| f-| &
Than lé‘)] = jb”‘X[o:’\' . 2l T
56

Tlen p:JUlEJla(U
s

002~ w To

= 5.8 xloqx@x 167) jr&rﬂcpj;h,
D () A

L5915 x3x16 ) (0.0 (27) (50)
2.

P_ 323 mW



47 Dielechics

-Tn didecdics, Me eleckans  in Hu  odmost
atomic sndls  are ghongly bound & Hhe ofom.

- Tn dicleckic nonpelar molecales

(1) i Hox a losen e oF Qi e,(o_dfrk EJJ é)

‘H'ut. POSS')-W‘Q'\D c[«arj(J V\uc]eus ynmd'es an
dechic fold o itracks  and holds Ho

dedvon  clovd  apund 1

(2) in Hx prsence of an eldmic Feld T
Moo eledvons il can nok move , inskad , Hed
elockric feld will - polarize. oo afoms or molecules
by movne e cuky of fha elchon clvd away

from lvosf}v'\dj oharjd nucleys . TTE

ﬂ\( Po‘a/f%:_o( aJ'om oYy mo]ecule Can L’ﬂ Yl—Pv’zs—(m‘)'ea& AJ _»
| oK
an L(QC"'“C 0“170‘(_ Cays;'n.g a Po/a{faaffon A’Q(OQ- O -3



Tox plavization  fold s weaker ng’]‘g
fhan Ho dochic Fedld T and i1 oppsite
dicechion.to £ . As g vesull, Hha wnd eluchic fold
presont fn Hhr dielechtic modertal  cansed by 5
s smaller dhan E.

_ A dielechric: mediom  palacized by an externdl
decric Fid & will have ids cligeles aligned
lrnearly along du elechic Gdd| H as|.

As a vesuld ) A Upper and  [owser dj&j of fle
&fa,(zdﬁc_ W\avl-(/l'a( W)} { o(l,?)/aj Q fos':})'ve and
lmgab'\m va”fm Cﬁﬂrge Ams;'/)'e 5 Yégpedql/{\(%



_Tp | didlechic polar madertals

(1) in Ha absene of an elockic hll E,
Ho- permanent dipeles ave vandomly oriented
Cowsinay 1o net  dipele  elechrc freld.

(%) in M presence of an eladric Rald

%\x ']f)arwvu,m[ 0(,')90‘23 a],(yn a(or\j ']’ﬁu J(’VQC/)'AV)

sk dacme Geld 2 CSfmilar o flu nohj)o(af
W\a'LLme{S)-




471 Rlartzdon feld
_Tna Hre SpRct. < NEEEE
Howevev, in  dhielecmc maferial
Bl le[El 7
hone P is e dechic polariaodron Feld , F
is produced by Hr elechic feld E aund &f’w's
on the maderial properties.
_ Dieladric malvrials  aye -

(D linear :if P js diecH vhonal & Ftr
Mea;""l'kﬂ,‘e of E P

==
q22 I’SD/‘l’&fl'C d l?c P an.ol ? avd N ’)’6\} SpimA—

divechsmn

®) onisobvopic - f P and € oy huws dillnt

ditechon s

H) }Lomogeneodsf if él/«(,av\o(q‘ Gre.  conskant
’K}Yo%y)wucf' 'HM MQW"[.



_ We el srvdy - hore ovx(j linea v fsdroF;“C ,
and  homo 9encous materral 5 where
ARl
whore X (Chi) [16/ : 15 s elechric
susceptibiliby of M modevial |, chore
B.6L + exE
B 1d (XD E
Dlel
whee fha pmv\?fhu{ly of e modevial
€ = 6, (1+7X,)
alss o ould be  dofined by e Yelodhve

perm{%rvfjrj Evr as éy: é/ﬁo



432 Dielechic Breakelown

Here we asswme Hhot il magnibwde of &
doos not exceed a walwe  aled dielecric
shengtin By of Hu  maforial. Since begond
e o elechons  will dlefach  from H
molecales  and acelerade throvgh Ha mattvial

in M frm of o conduchan  caviend Causino)
e diclochic  maderial to sulfer o pamaneat
damaje due b elechon  gllisions  with Hin
molecslar  shvachare. Th's dange s alled
dicedic. brokdownt . So He  dielechic  shenaith
€ i A largest moonitde of L Hat
Mo mofevial can sudwin  without breakmj Jown .



_ A chﬁr?w( Hunderclond  ab dockic  polential
V| vdabve L the grouwQ cduses! lan
dochric  field E:g/( whure A is A
ek of Hu  clovd base aboue Ha groundl
0\ is [arpe so frad E oxweds A
didechic  shength  of air) foniFahion occurs
ad @& [@Hmmﬁ ol{sCsz Pllows and
Vi3 de brmkdown wolhage V-



9.3 Heclric  Bou vw(ou/«j Condthran’s
. B"“W‘/j Condihons  Speciby haw Hs
Cmporents of  vechy”  felds  tanoeahial
and novval  fe an  inere  bkfween fwo
medin velale  aawss Mo infedlzmce

_Hea we will Sudy Hhe sk of )%w/\day
condifone for &, Band T, applreable

it Hu Mt behueen Gy to  dissimilar
media .

- T bondawy  ondifons are dorived assuniny
ochoshabc  condibone  and Ay are  valid

by e "Uo"’ff‘r’ﬁ echric belds as wel .



(o)) g( iy —,[anjez/ﬁlfa( (omfbmyﬂls 5

We agply Hue ansenfive propecty of Jou elochic
field, ; by finding Hhe line inkeoyal of ht elockoshre
Feld awmd a dpsed path 75 2w, aud  (edfian
Ah—o, %\m

$E. puz,jg Mufg Ldt -o

Whis ﬂ : X f_b arL o vechys a_[oh{j b & od
E )4 gs afe /Hw zlec/n'(_ ﬁcus in  mediopn | ﬁ Z
andl ? m ) Ez:Eve*’E:m



P
m.u!"umi 3 = -
W P Ah
Mét T
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4.56 Figure P4.56(a) depicts a capacitor consisting of two
parallel, conducting plates separated by a distance d. The space
between the plates contains two adjacent dielectrics, one with
permittivity € and surface area A and another with e and A,.

The objective ol this problem is (o show that the capacitance C
of the configuration shown in Fig. ’4.56(a) is equivalent to two
capacitances in parallel, as illustrated in Fig. P4.56(b), with

C=C+C (4.133)
where
DT L (4.134)
l — d N N
€A :

To this end, proceed as follows:

(a) Find the clectric ficlds E; and E> in the two diclectric
layers.

(b) Calculate the energy stored in each section and use the
result to calculate ') and C5.

(¢) Use the total energy stored in the capacitor to obtain an
expression for C. Show that (4.133) is indeed a valid

result.
A
1 AZ +

- =V
] =
T & &y

(a)

o ks
= (2 == ¥
I
(b)

Figure P4.56 (a) Capacitor with parallel dielectric section,
and (b) equivalent circuit.
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4.58 The capacitor shown in Fig. P4.58 consists of two
parallel dielectric layers. Use energy considerations to show
that the equivalent capacitance of the overall capacitor, C,
is equal to the series combination of the capacitances of the
individual layers, C| and C;, namely

518)
= 4.136
Ci+ G, ( )
where P %
Ci=¢ —, Cr=¢€) —.
1 €] d 2 =€ &

(a) Let V; and V, be the electric potentials across the
upper and lower dielectrics, respectively. What are the
corresponding electric fields £ and E»? By applying the
appropriate boundary condition at the interface between
the two dielectrics, obtain explicit expressions for £ and
E> in terms of €, €, V, and the indicated dimensions of
the capacitor.

(b) Calculate the energy stored in each of the dielectric layers
and then use the sum to obtain an expression for C.

(c) Show that C is given by Eq. (4.136).

A le
s -
| =y
&1 - =
L)
I
(a)
C] e +
—
8 mee =
(b)

Figure P4.58 (a) Capacitor with parallel dielectric layers, and
(b) equivalent circuit (Problem 4.58).
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(b) Calculate the energy stored in each of the dielectric layers

and then use the sum to obtain an expression for C. 7 l le
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4.61 With reference to Fig. P4.61, charge Q is located at a
distance d above a grounded half-plane located in the x—y plane
and at a distance d from another grounded half-plane in the x—z
plane. Use the image method to

(a) Establish the magnitudes, polarities, and locations of the
images of charge Q with respect to each of the two ground
planes (as if each is infinite in extent).

(b) Find the electric potential and electric field at an arbitrary
point P = (0, y, 2).

*P=(0,y,2)

d ----?Q=(O,d,d)

d -

Figure P4.61 Charge Q next to two perpendicular, grounded,
conducting half-planes.
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% E-dl=0 H-dl=1
C C
Potential Scalar V, with Vector A, with
=-VV B=VxA
. SR el ol 2

Energy density We = 5€E wm = yuH
Force on charge ¢ Fe =qE Fnm=quxB
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hved b & clrcalow loop. IF Hhe magnefic fold
ot He ender of H lcop 15 20 A/, vihad i
fe yadivs of Hu loop if o op has

(W oy one e (k) 10 fums .

(a) Sinca  H at Mo arfor oF o foop in Hee

Ky-plane , 2=0 , (yith
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(b) by 10 funs
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Ltampl: A wire (5 formed jnts o Squave loop and

Poed ih He Kj-PlaM. wiHn sts  nfor ad Hur 0rigi

and. each of s sides paralll fo eihor M X or

g axes. Eadn side ix 40 am in lergty ; and #he

wirt couries a cavent of SA whose diveckon

is clockwise when Jht loop i3 viewed hom above.
(alcwlale he magmee  Feld af Hr anfer of Fhe

[oop .
Eady ﬂ?iva' W conbribute Ha sana

A dk Wi confer with fou divedion

into e pasye ( -S-axiz) -

R | — n — Py
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§.2.3 /'{ﬁ.jmx}fc fovee gojwea[ Thud Farale] (onduckers:

fov two  current @rrying
Gonduchrs plaed o drshue
d apart | they will exed
a masnehic hya on
e other . Assuunc
Hoort lenghn 15 inbinilely
long. Theis cawents

ave T LT, in fu
z-divechion. T for  Condnchr 1, #e
magwhic Hax denshy B, du b I, ab Hho
(scodion of ondiuchr. 2. | (%

— i a8 ~—
By = ~xHedi | han  F, A o exerded
27 d

on Crducley 2 due o é? 'S 13:—,’1\]2)(?7
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S L AT art inHa sum divechon , P forca.
bebween e fuo wites S athachon with eual foree .
THL L T, are in opposite divections, ha sives vepel
e anohher will equal Fovee



S.3 Maxwell’s Magnefsshatic 67ua‘/ians :
S3.] Gausss Law for Magpnebism :
Gauss's s for eledricil defined Hhe net ouhwsed Fic
of fhe elechic flux dlensity D Hvoudh o closedd  Gauss
Swnte equals Hhe enclosed 1 charge , wothemafialy
VB .f <« $PL -0
whore Q= (£, dv, and U is enclosed by s S.
Guauss's law gv ragretism  is
qBl-lo [ 11 jég.dzzo
This| udens| thet| Huaek s |no] mashebtc |eqiodlenice | £ dl
elechic charge Q or chavep density £ in madnefism,
S o madhe how  small a Pzrmamd magnet Js
oliviotza”, cach  nud piece  alwass has fus  peles
(solated monopoles  do nof exish in nadure Thas, magnefic
field  Gnes always form  continuous closed oops |



£5.i5.2 A—mFe,{e,IS Law .
fov the cochrastetic feld €, Hhe lne ibepred of T
areund ang closed  confour C is 2o, Hhus, £ s
onservabive . Mm‘l\emaﬁca(sy :

UREl=lo] [l gcﬁéf‘.alf .o
aPPlieA b & surface S e condour C.
for magnefosiadic |

B [ | L L 9547.0(7; T
s 7s Awmpe/e/s law . C\i\ﬂwm, T is e fotel curved
passing Hwough S | and T = [T .ds , and
the divechon of Hee anbour path C  hllows Hae
righ hand-vule 7 At dinchion of fhe bur Fagers
whle Ha Humb s aligned with e direchisn of Hae

cuvront L,



~TIn wovds, Amlzem’s low Hades thot Haa lins 7nk7m}
mc —Ij aromd  a c/oSCJ paj'/’t IS eqm/ +o He Cavent
{Fo\w/(frﬁ /Mwujbx e Swiuce ownded by ot path.

® 0 @Q

(BT  J§.dl-.o J8.dL =

_ AMPae,’s law s limited snjmme}vi(_ covrand  Ashibnkians

al(owmj a convenieat cholw fov on Amp&rfan ondovr



Exampln: //{ajmfic Feld of a /an3 it :

A {6)3 inbnife. s%ra,’?H wie of radivs o carrios

0 skady cent I Aot i woifoemly dishiputed over

s cross  sechon . Determine Ao W?ndv‘c fold ¥

r diskaince v howm e wire axis For

() v<a (inside 4 wite)  (b) 17 a (oubide Hhe wive)
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or () Y<a  (pse
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-0 27
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Em,ufla,: The medel pichivm  becomes a Super-
conduchy wilh zew ectrial resisnce when B is
cold fo below T K, pd ifs Sufe/c»hduclv‘ue behavior
Ceases when the magndic flux dunspy of Hs surace
eicoedls 02T Deddrmind Mol Masimbim| cloopl
Mot o O mm diamdber nichivmt wire can carry
and vemain  supercorduchive |

Fom e previevs OCaMFISZ_/ ot Hu Sutbace

— N -
27 & 2T o
T. 2Tag
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5<amyb.: Magnehic field msie a torvidal coil

A dorsidal il 15 a doughnet shaped Shiuchre wrpped
in dosely spaced Awms of wire . For clarily, Hhe
figwe shown hag He hims Sfaw{ for apart | i
prechice M are gomd in a C[osc(y 5}7acea(
cv(mrgemw B fhrm aﬂ)foxfma*dj chreuar /oopy Fer
a Joeid whn N furns  carrying a covveat T,
defermine the magrehic held H in eadn of H
ﬁbwing thiee  vegions -

(4) v<a (b) a<v<b (<) r7b

all in M azimudhal
Symmeby plane of o
toveid .




Yo cach loop, Using o Y- hand-rule , Hha
thumb psins in Ho ditection of Jhe carrent , Hhen
the four fmgers poink in dhe - & direchon
which 15 Hhe Qirechion of B .

Then  hr (a<r;b7:

PR - JCd0)-($rde) - N

47:0
2T . P
e[ de =NT = H o NT 5 F.-¢lNL
4=, 2Ty 20

(a<vr<h)



for ¥ <a , Mo cavvent  Hows ’%wu?'lq He. Swrtace
of Yo condowr with adivs rza ) Fhen
35—}?0(2: I =0 = B-o (rza)

fov Y7b ) tha net Cuvvent —p/owmy 'ﬁ\rom% Fhe
§uré.r_o_ oﬁ %.L Cordwmr Wi vadivs v>b s 2ers
sinc. NT flows inbo e page and NI ot of Hhr

F. L NI -NT _o > H=o (roh)



vayb, : /Qaﬁm,fv’c, fid of an mfnde conent shut
T xy-plane  conduins an inbinife cowent shook
it surfuce cunveat densty T =3%T; . Fud
Ao Mayw(’fc Feold H e,(,«e.:ju)lw/a in space .
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whan  the Fhowb s e divehion of Hu Gt |
thon 4 b brgers pond in dne dicechon of 7,
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So if | 270, ‘ﬁ:ﬁ{% ard if 2<0 |, H—_-glJ.
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ng Seﬁmw\)'s I£3, ﬁﬂa equa\s QD Sl (039;07

while  for stegmonts 2 &Y ﬁm([ié net 2o






54 Vechor MajM%’c Podenhal

Lrom Ganss's s of magueprsm = V.12 =0,
this means Hhoat  V.(VrK) =0 , fr ang
veche fold B Hoe A s du magnbic potedtid.
Thee B_UxA.

S Hie Laf; et of A 175

TA - <SE) L Ix ()

thon  Ix B o U (WB) - V(T A) VA = M7
o V(YR -TA_PT

Since (ﬂw & ey K .~

IR = 3TA YTAL TA, (2
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Pkdon 5.27 ; In a Gidem Yegion of spre A

Vecky mugnafic potehal s giden by

B XSesTy ., 2(24snTx)

(a) Deberminge B

1) Vst ¢-[B.d5" b alulde #a mogrete

flux passing Hrovah & Sauove /oOP with 025 5
/gy\j edoes F Hx [ong 5 ia A xy-plare it s
Codey is afl M 65T, gnd HS  edges ant

povallel 4, Ho - and Y- xS,

() Gleulate 4 4g4in - vsiae

b= 6K I
C
(d) ?;—VX/?
|y 9 =
D 0 4
2% 29 0%
g(oﬁﬂ\j 0 L+ 5inTTX
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55, Maﬁvubl’}é ?Vapmh’é,s & Madorials |
The magatic momnd 7 of a leop of dven A and
ctionk T has a magniduode  m= AT and
dicechon normal to H plae o Jhe loop (vsing
ha @w-w rule) .
 Magpagdion i 6 mdeyial is due b chomic scale
Curtond zéoys Associated with ;
() orbia] [ mbdibnd b1 elichons | asund Wil micllus
(5) mshion of Hu profons in$ide fhu nuclevs
(3) H elechon spin |
T magretic memnd Aot do profon mation
s e o of magritwde  smallr Fhan
fost of an elochon, s M bt magnedic
mowant of an ghom is Hu Sum of M
magneic  monaite of i< elichons.



_ The mﬂzjmﬂék bﬁlmvfm/ of a ma-ile/,’m/ ﬁ&/I/D&/w(S on
H\z /m’?y/a chon 07[ e mmﬁmﬁc o{f'/)alz morvw/nﬁ 071
i“fLﬁ ﬁ‘J’DmS wj#l 4n ,U(‘}WM/ mmﬁmﬂé'c Aﬂ,(ﬁl

- 74n @[Qc’!gwr\ o[ Ckarﬁ,z _ e moumﬁ mL
a (0?159%7\71‘ Sjye&d( U in a Cfrcm,{m/ @ -

Ofbﬂ' m[ vadius Cdmfwtis che lr‘r‘i
YQUOIMJ\'OV\ In -(7/1/\1 T = 2T |
U

This circnlor mobon  makes op

a /oof with coptront T o —¢ . -eu

) 27Ty

M} tha fm@nﬁ—w& oa( -H/ua arba’vlhl /)ftdgm—ffc Wmm&/ﬂ[

-—
—

mo:IA‘: :..Q—Jf_(f%‘f‘) — —ewuny
2Ty 2

ﬂb( Guflﬁmimlf mamt?/m’—LJm 01( /}ﬁx &Qc}mv\ ou,"}ﬁx

a mass m, s L, = m,ur



2,
The orbitz| dnulos mamaatym for Mo elodvan s
always somg el mulfiple d ﬁ:% whovt his
Parckis @nshunt. That is L, -0, %, 2k 3% ..

Tae sviallesh monzwe wognibede o Hee otbrk magnehe

mament 9€ an elochon 1z my = _ofr
2im,

h/ﬂ\.e 5});}1 rY\ﬁ\jVL&HC mom,t/m’} Yﬁz M {’D

LA

fJ’S Syu'ﬂn?flj madn  about its cwn axis s 69@

W: '_e-ﬂh' lﬂ?
2m, i

wL\IoL 5 @alua( "o e nnimom ofb&m( I’Vlhj)’\-@lfc.

WWA‘L m, .
- qu (ﬁe(frfams d/ aJ[amS w/J’If/\ an.  euen HUMA@V c)f(
e(ec}fzms Usma[{y @CfSJ‘ I PJLJYS y &QCL\ Pd{k— I/M.S



opposi 5 pinnine) divechsns Hus cmcdmj cach
cthecs’ spin magnofic  moments . If Hhe number
o dochoms s odd, Hhm Hu s has a
nonawe  net  Spin n/z,a,?n.u[)'(_ momond-  dur o
s unfw‘r@/ elochian .
552 ﬂa@m@‘c Pe,rmmb‘,lhlfj
e magru%'%aﬁon ot M s debined as Jh
by sum of e majmkc Aipole  moments i
fhe adoms contuined in a ont polune of H
madertal (1m*) . TIn  mesh mgm%'c moderial
Mo Yo 8
whett Ui Ha maopefic.  Susceptibiliby of Js mdtrial
Tor HOH’ILQYKOM&?MJW-C modkw a6
B fo(RatB)o po (1476) H o
whate Mo e agpahic permeabiliby of Hu maderial.



ﬂ\i Vdaﬂl')’tfl. P@(M)[l@ }»{( '

ﬂf:—}i:f_"_(_’_%):h%m
Mo Me

Moderiale are suely classilied g

(N d/amaym})‘c Y <o

(2) memajnd\‘c, AR T

fov both  diamagrefic & puramagnehic
Lol s on P ol of 16577

(3) %@//t’owﬁnﬂ,’h\c . \%"V‘l :UQ)/? \o\/(je,
Qj- )[D( }PULYI(;&J [(on

| )~ 2x10



EKMf[L: TF a cortuin Fype of | iton| iith

55 K10 abwe m? conbribdes one elidron per adon
b alin s spin magredic mamend along Hhe
divichon of ﬁ})jplf@( feld, fad

() Hae spin magnefic moment of A single elechon,

3

_3 ——
Gl en ek m, = 91 Yo k9 and W= 166310 ke

(L) Hee rmgm*wba of maﬁndic Vedo v M.

=19 34
(a) m. - —e R~ _lbxI6 x1.66x[0
Am, 2% 4] K167
_2y
- _ 93X A w2

(b) M. nm, - 8Sxi0 " (433106 ")
3965 x 167 A m



553 Masnatic. Hysteress of - Fersmagnetic materials
for eromcbﬁm%c mater7als ; Huir maguadic
memends align  alomg e divection of an extunal
}Méwf{ic beld  and yvemain paroé‘q//y mas nehzed
cwon  adder P yemoual of P exlomnal b2l
Tese madeials are vsed in }mmaw magnts.

"Mﬂ haut maj)’wjf?:Co/ domains, ) e,
=10 5 i gg%e
ot ol of 107 wibon GRS

WL\I-C L\ »}M MQj’)’LﬁJ’)‘(_ h’w}fl/k&/l]l’ﬁ 6# d// (a) Unmagnetized domains
a-]vmé) on M. oidor of /O,qmzvm) Bt s v i

— =T s, T =

_— ey e o~

arg d:‘gﬂed With s exdernal S gl
/Vlaﬁru,h'c held , e domains Lules

(b) Magnetized domains

mno’om oyi&m’/m%'OMS /ZSu[H/Lj n Q. o Mmagmﬁ%ﬁ'én.
Wl’\f/'/l an unmn?m{’;'?:wﬂ SGLW\J)& m[ a ﬁ‘/mm@jﬂ&/’l?_
w\al.@/jw\ 15 p[acwf In_ 4n ZKWML[ Wld?}’l@,f"lf ‘l(?‘d‘/ )



Hx domaine Varv%/@ a{fjn with He exdumal
ficld . The magw%f%%’am behayior s descobed
i derms of e B-H majMﬁqﬂH)m cwve
Sappose e stowt with an 2
unmaﬁnf%r'?cw( sam}a& ofl shon ; P

ALUOM bj O in 141.;_ ﬁjum A4A/
Shown., Lot Hu SMVDLQ haw

a wice wound  around 7. To incvease H ogn Ha
Sq/mylf& ) Incrase A conent T passine
/ﬁwﬁk o e . B will incrrase 2s H
NCILASLS y@acﬁu@ Fm'n% A, ( & Situration condiben),
W ow doms B back 4+ zero ( by alacrwr@
Mot ot T) | Hnen fle  curde  will Blldw)
i dh fom A B A, L AL A, HEO
chile B =B, Hus is called e vesidual



Hlux o(mgijry CThos iron material s how
maﬁ%f?’%@’ and tady 1 be used as a permanont
ijL, Mat s du b the fad Hhad a large
backon o e Wﬁhﬁﬁ%&/ domains haw WM/’MJ
af}jmd.

TI WL Yolust a(;’mc/?'aw of H and  incriase
Al vﬁi(ui/ﬂm B owill  diemase  bom B b
W at point A, Tf B continues to increase,
tha Ma?ndi%ﬂl%’ow (2achss f@fn* Al (4 safwatir
andibon) . TF we devease H back o 2w Ahen
}ncfw%d AHin - In the J%sfy[;'tft difc’af?b?/\ A Cupn
will  fpllow Hee path Fom Ay to A . This
proess & called magrefic hysteresis . T imp s
At Hee m«7n@f/%7‘7'z7m prowss i ferro s whc
matorials afa];maté on A maﬁmﬁt fold  and



oh A maﬁ}wﬁc his}pw/y of Aa pateral

A7, 7.
2V

(a) Hard material (b) Soft material

- Had ﬂorromagw%'d materials have  wide hysteresis
/00}75/ Ay can be eﬂs//j o(/zmawﬁw

he st Ay have. 4 /que (¢ siclual magrehizaty
Br . Howeser, soff éwomz?neﬁc matorials
have Navu hgslw% /00495, ’ij can be ems,’fj
mag nefiwed  and é{zmajnw'%ea(’.

- o Aemagnesize a a@r/omajnu‘?‘c madersal
s @L)acjﬂfd Lo Sewral /«gs%wsis cycles

v ile 7}/@8%@ &(ecrzasfﬂj iy Yarge ol Hhe
a)p}[)//écﬂ /Mjru»ﬁ'c Fold.




5.6 ﬂqﬁmﬁ‘c Boum’ayj Condihisns

Ths Joounalm/j @nolitions using Ganss's law:

_ for e plechic Flux d@msﬁ‘y !
pBds - 4 =~ D D, -

N

/L{f Hm = ﬂz H’zn

F’Jv 'fﬁ( %mjmﬁa/ Com]?ﬂfwm/? /L/S/'/tﬁ Am/p&r/s
/m\) ][Df q 0[66@’ VLC/’WW[M Contour 0% 520465 Aﬂ
b Ah ) Hen b Dh— O .

Hy, . ..- 00 b <— 4 Medium 1
I\L . o oly .
[ A 2
0 Hlt @ f }MG) ® @Js

H c E—
"\ —Al Mefinin 2
y Ha



$Td [ 7 )l /dﬁ:-w T
& a
J. AL p p\)}ume D is 4he

wherg |
comFo/u,m;l Oﬂ f )/L@fn/wz/ 1= ‘H\x Con/?)ur_

I{ fhe  pormal fr e contor s rr’]) e
To= Do i, thes

&gﬁf—ﬁ‘iﬁf—%ﬁ; fzﬁﬂ;f?&ﬁﬂ
0(/50 ai/LJ /é,:"ﬂz

/{M n A —_
n.(mzx[H,HLD = Js .n
TvC we asume that Hha )wrm/ fo  mudivm 2,1 =2,

'H/w/\ ‘H/uz —/a@m%q/ (OMPW%S @mu b& % W
W ? dite chons  Then Ahese ﬁnjm%“a/ CO/Vlj?on/%



are ¢ithey pam[(a( o J. or OY#IOjona// all
in Al xy- }p[ana
x The * com porsat of (4 - i, ) paralel to D
N X [ paralle] To J_«,J :ia techr ovthogonal to bth
W)
Hhen foc Hhis component (9; B Hd s

or}%ajarzﬁ/%o n, and /Mm/éa/ & T,

H!{; T Hz(: =0 =7 'Hlé ¥ Hzé

% Fov Aty Cém])omf“ @ﬁ (/juﬁJ orﬂwyom/ﬁj}%
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