- E/( €cC 1!73”0 Yy k’;‘t?”?f/b‘f 774 ¥y L‘f’ Toavgrisron /\_,l-»-b_a N- r,,f"};gz;PKL-f\‘Ffrf-‘
e i ———————— — - __)_4?.),4,.?; @g’gﬁﬂ

Veckn Algela %

f/{p (hr'{) wn {%;'9'”’@.-1[?'(“_,5 (’I f"!) »
”
Blechromoguches ah o binch of piyhrel o

dEC/h’"Cod ghgﬂ‘neexf\.g n ehvich @{ecg‘rfc ,4? W’Gﬁw@bc //ﬂ)«& Y?thEhm%

Ave M‘G.JL
el Eauahions: -

<z D =0 WAL,
<7 = Veckar diypevential
V- B=0 opere
VXE = -—__c;__’-‘; D =Tl dew‘cﬂuxdem‘éj
R £ = plechwc peld Tndety

b= Mo?ue,b*c vev |
P, = Volume Charge dewndy

T = Cuyvens dewnds
SCLLQC\B"V
\P IQ SC@\J!O&YF}"A o~ Wh}:b SN o Mj
| (~ & - Time , Mo, dMance, Fewperadurs Fopulortion,
gz(td'ﬂ'cpdkhﬁﬂl o =

| veckvy : -
fVeckr" 1A & quanbdy hod hoa bodt

Zi E VBPGO‘@/ FoxTe, Aa%f,(a\@gmwf elecknc

moﬁw‘ﬂale.

Lo fﬁw\ },ude 1£ C&‘yﬁcﬁa’__

f’\dA Tndarsty
F:":."ﬂﬁl b

A podd” b o funchon drak Apecipd o parbicubr PRED

' zverywl“"‘ 'm oo 'n?vbm ‘ I



- B ———— s e e ——— — -
G de qparily is o Acalar(or vecksd), 7 el
| Aodd b e O Acodar (o vecker) -
|
; C'f'r——_g@&ar}rdob ave femperature do X bedron f'wéw?lab'z?
Sourd Tnfertody P o Theaker, |
= Jecksc pofinbiad fn o YRP M,
Repyenctive Do den Of & va‘ﬁeak e i,
The GVO\M\J'GL»HG”HGJ Jfece on & body In Apa.ce £ V’Ebub
st roddings v e plvagrar ¢ Sawples g vegbo pelds.
 veindvp phet o

"

Unid vechoy:~
$ e maﬁw‘hc,(e oF ‘A ia a scalar wrdtenod A
- A unld VQOMIG\,,,' dﬁa\ﬂg A 4 O‘leﬁwel o o vettar choie
N 4 s drireClion (A alo“j A, &y

7ALIE

moiw?a‘uol@ A wnidy (Orle,
_ A A ) |

fE——— T ——

| A A |

e B _
A = A —\MQB‘

‘A i bk o 1 vno wduoe]A] & 1'FA A«‘recb‘w‘qﬁ'. |

o=

A f@ ‘A onve cher, v Caxdtrion (or Reo}uwﬂar) Coc@ivade
Moty bR represenkd od,
(A, Ay, A2) Ay Ont Aydy A0z

e A




1 E S |
“} i !
> f Y e
B+ )
A prxt‘lﬁ
y |
! |
Unit Vechon a2y 40z (omponcrts 7' oilogg a8

mmﬁ\ﬁw'h«de et ;q’(‘f’?d’c/l’) 3,

po AT TR

L wnif vecky odog A iy
Axox+ Ay ay+Az%z
_ Axoxt Ay Ytz E

Ap = =
Pr Ay oz

veckos Addihon 4 Subbrerlhion!= |
oo ecks A 4 B (an be added degelter 2 g
onatar Veckr ¢, ik,
e A+B

’%/ F= CAK, Aj, *“"L)
E: (g,‘f ﬁj/ B'L)

|
I

|
|

l.



; F
B C |
Fasttlelogomn o Heorg| - Fo-Teuil vede
D= A-B
o )
e e
e P\ /
= B /ﬂ
2 Y
Far allelegroen nde Heod - T — T4 yede

..Jﬁp_. dtree bova'c ﬂélw/g of ai;ebm Oﬂ:ﬁ(jﬂat by any

%Wh ve chkevs \/b“B]/‘C' are Auwmam‘tEoL od,

et wlcf?{).ﬂlCa/?ow

ORI il o S
6""*”1“}}“}"\/‘9 A+ B=B+A | kA = Ak
poeiiee G D= 6D £ 605
Disbabuhive | k (A+B) = FA+KB | s

K 4 ) = Scadar-



|
-
= :

TR magwivnde o W (veckor) 13,

| A= \/A X +Ajv+/r;

‘{’J’Z»ﬂ- Unid veClloy obia? A 3
AxOx+ Ay C’\j-f-/qzqz
O iy e

Ap = —
Py + Ay oz

dipow & Q bbraChion i~

vecksy Ad r
oo veckes A 4 R (av be odded Fegelter H gw

| LRy~
" andtey Veckr C, e,

= A+DB

i, k= (i, Ay, A

E = (B“{ ﬁj/ B‘L)
E: @n + BQ An T ()qy"'gj) Gj 4 (,4.7;%8-‘9 .

Ve chox Subloachion,
5: ;"B e ;*("9

= furBawt (1 Byt (Aot o

< ——f > ) Y
£
5 o
£ ¥ o |
" |
Unyd Vechom o, 2y 4az (m\fomwh (}/—\ﬁ o(,lﬂgq'r,aff“z.
|
|

5.

|



©

I
*Pomﬁm 4 piklance vecfo '~
|
| T poitim veCka T (o vodins VeCkr) g foivk € 4
!&3 dle ﬂ;‘xadi‘&ak diMtence Provo (1 omp Iy 0 Fo P Ny
Ty} = 0Pz Aoyt Joyt 242

TRe poia biow veCker & poink P J4 uhepud v clepwivg 1ds

| Fosdion I Apeice,
Z?'l'" )D(:?)/ "'f/_QJ'

% = OF = 3antHayt 5%,

A~
o Fr,

| [ Al =

v/ |

AR ST

=3 4 , ;'/ =
| ¥ J=y — ‘ s b 2 = '
o Y 5%“"’*“””""‘&” o gk &5

o A;Aﬁpﬂacewe t Lo

A (ﬂ,/(}mwce o veCkor”

anof s
Tp dwo poinds P £ & e, (v, Yp, 2p) 4 (g, %, 70

By = Yo —Ip
5 Q@L ‘\f’) Ay f @V flp) y .—f@q/fzf)mz



veckor Mdhpﬂtabbw:f
&J}w.v; two Veof-d\d\fr"( '3/ oxe vnu,ld'?p(/‘eofj de de3odft 1A
vecCtur Jef euoulﬁ W}mé(flgj are ma.lcbc}a[o‘ezk

titter o pcadar o a

. Seadowr (o dot) Produck =>A-B
5. Veckar (o ©aM) Produck = T X B

<. Sealar triple f’ﬁcbxcéf;; 7. (BXO)
4. veckn bwple poo duck => AX (ExC)

DO(}L Pa—o&ud’f"
The dof )Darndykdr F Fwo VeCkat ;:3}42'@/

sy dle produch of (e yrog widuded o

7. = ABC O
=g 1A P O o Lehweer A4 B
94 ;c(A”/Aj/ﬁf)
7= (B, By
Jn A-B = ﬁﬂg"”mj%’

i %
%

)
(=}



(5)

Cy@,(/ﬁ P&@Cﬂufkif )
N — - 3
e crom produck of dwo vecked A €5, 23 AxE 1A o
P il el
M 7 ¢ E) £ A g JJ'VEDHO'W oF advan ce o A n‘ﬁff‘tr wde
by A "

—

E‘QCXEW al \Ef 'A burcd mbko B
R < BT ABGANE G
Oy —> Urug Veckew —

| The d;zr’?_(:ho\ﬂ ¥ ap /A JoFen o4 /‘( e
Ol e finget 7 O ¢/ ey fj;lmce op awyhb -
!d‘* diyecH omof v A bk n o3 Trod ar e .

2 ! B
ﬁ\omcleri Acyew od A )yskur%-zel W 4o

; dise
diveckh ov OF |

T : s TR CrattP™ aduck F peEs ”*“:‘%
\ //"; anra_ o fAx w
L ol 7 f"“”L"? A

——— f

5 - w(w(gcvtw”&“
Rt —ho




T vecka wnoddpleakion /3 called oM product due &
b o by b ip o ek veckr prodick becanis 8
e

vecker <
Z/ E:@H}ﬁj/Az)
é: (Ea/%‘/ &z,) d’l{\q/

QAn oy Az

)
\
>
=l
Ly
o

A x
B a B’j I5
s (/Jrj 2, — fz 5,).«:\,14— Cﬂzsx*ﬁu B;)"\j
+ @uﬁy " 7?7/37;) Az.

The CyoM PU@AUC* botd Mﬁ%w:‘% paogpesties:-

— notCommubehivee
; AxB =B Xk

TE s anb Commulnbier
AxB= —Bx A

= g ja not AMbedadive:
AX CE)CE)::(J; F<Bxr ¢-

=) Tk A A'WLVJ"W‘ N
A (B+T) n Frx B+ HXC

= Axk‘r:o/
QX ay =0z .
’ :’:Z’ I'A C;/OL'C&OQMWIOW-

Qg K9y =%



( oM Wa&ucf B

e croM produck of dwo vecked

veckor Wv\hdj (0 hose magnd

%)

E%E oy AXB 1A O
ol elop p e
hauded,

‘hude Fa e RyEA af e P
Jbre chon OF rdvan ce of & nﬂf

Fored by \3148 £ o
CSeye W ad \;\" 1A bured mbko B
\;rxx—éf:— ﬁgw@ﬁﬁ G,l‘

Oy —> Ui Veckar npacd 40
_”\R- diyecton & an A JoFen o4

e divechiomgf o JA
onm(iﬂcl AL¥T

W od A z/skuwel

—> A

dZ—LdURChom %m 27

w(h;\}/tfw»«/f do B-
odvey, ce ©F ownjd”ﬁ

Adperobvey

— mCmMpafaoQMCkQﬁ ﬁfé% A

VeCE‘WWW mﬂﬁ“"“‘i w € &rccho-q
AR oy froabilogra
oo ndscrped-




G > Ay ~
2 oy / .
f\\ “—7*/ | : AR //ﬂ !
(A~ e
Momf Aogk it Moving Connbeyclockes /42
Leads do Pokitive redulds fendy o riegodive retuds

Lgcajah’ T'zp‘fle Pafacluck:r-
Lef qnree veckas A, B 4 €. i Awiar’tm',a!@ Produckey

I-Bx0)=RB-(cx® = C (Fx B

U & =Chv by 82)
g: (Bm,Bj/B.Q)

C:’CLX/Cj/C?)'duH/
o Ax by Az
ﬂ‘CBXC_) = lgx By Ba

The yehuhd op dwia vedoy meddificdion M Acalar.

Veckas Trple Pro&uckir
T (B0 = B (R0 —T(A B

04 boined w-y‘mc L st



CMWMWK ofo Vel toy 1 -
f C{]jn.cfaﬁpﬁmﬁm in Vel et pa’aclucl‘ o 144 Wk
(dY Camf)M wﬁ') Uf/ o~ Leofor [ O

&e/{vemfwfwj e ?W‘QCHCM
v (en Le g&hrm/ vecka:

?ﬂ"ve\« AvecHon. T ,nmc

57& Tre Scalay szfovm Jﬁg O]f\/-"i—f a«QO‘”ﬁd"‘Ved’”‘f'B/
\f\
fg = ACd Epr / /j
= [A] l0g) Cos Opr- s | v
S djzoiﬁ_ar ' Cc?mfov\ﬂng'* Az

/ArS’: /ﬁ;‘O\B-

ke veckar Comporent A
seadoy Compovent, ymufhiplied by

5 or A alog B A rovply e
o LW VECHY cdovg B, |
8.,

Ar :—(Agc’\g Qg - W /}T"

A

veckoy Cﬂ?v'fmd‘ f]g .




CO-ovdivade Syhbers £ Tonaformobi

A Poihlr o VeCkoy Cov be r&fpx&dew lh Avy
Cunviliveay  Coovdioke Syrttin,  hich Moy Le Gb/ﬂoﬁwai or
[

»fﬂ; Fn Ob/rf%c?cmaﬂ Ly
wulsuodlj perpendicedan
Tl Coosdinede Syshemd o,
% The Cadfea’an o) f\’eckomjmlo«r
/* Coraedeny cjb‘m dxcod
AR Sphevicod
¥ Blliph @i;wdm‘cadl
- Payobolic @bhdm‘@l
# Covvcad
K Pro loke Sgﬂhwidml
K Oblodke Spheroidod
% Elliphbojdod:

Ke A O " chicl, dta Coosdiadeh o

Codteran Carsdivober (%,9,2)

A poink P Con be a’?ﬁﬁ%ehﬁﬁiw (5,950 + e vorged

i

| : ¥
Cof dle Coosdinede vomalla Y% A

| e = N L

|

| a2 ) e
— ol 2 BeZod

| A VQC-IEW\? i Cadledomen 09,
(/q“/ ‘AJ/ ‘A'Z’) Q;*‘O d‘if;to‘x*fbo\j 4z 0z .

A A x A
0“; j tyvd vechkow: /4j }?ﬂiu of4 - Zi/cbrechaﬁ
| %z Az



'G'XCM,{QY C]L'mdzfcokj CD%QEMCMLQ (f'/g,Z)_':_ IO~ | q

| Io—% Rodius of Ml Cjﬂ.‘derfwmk] frvouy™ P
[ﬁmdiaL dixtance foovn it zfamvg-

A ”e——awkﬁ ‘;hdz{i

| : 5 d fr
. ﬁ _> Gzimuihal angle, mesdure / Ay P Aarin.

e od in Cotfedion Spbe
Z

’I

7z -8 SNa

Fovg e of P varionbdes,

0 < g<2m T f,af,i; l'
|

—N < LI

/'/ j

vechnr K in cybindved ComGie®s & pink £ 4wt vecks)
‘ £ Ao ol Coordinafe

@f/ j’r,ei/ AZ) (9 o . Ol?ﬂCng I

heapt Ap0g T A202.
Ap ) prukually Jev

W= a8

Qp-Qp = Oy 'O =Gy » Xz =/
Ge Qg = Qg Gz = Az Ap =0

Qp XAy =z
ag x %z = Af

Qz_ X O\F :0\’3’_



(&

Trangfosm odiov 2~
Relobron—8 hip bekwecy (n, %, 2) ¢ (e 8,2
1

T (7

o

4

7re yelahon Sp behoeen fre
| fatpenian Gonlvote Gaem £ dlare F

(6/@/ Z) art,

vavebles (%2 of I
I re Cjb'lﬂdh'Caf Syxren

-1 [9 g7 =T
F‘“ )lV-F'jy ﬁ:‘c}‘ahi[‘;{’)/

‘ e ' 7z =Z:
'K-:FCM¢/ j:f&.ﬁ )

The velodiothips bekhoeey (ow,0y,%2) 4(0,%,02) Fro

| ¥ ,Wq,v\bg’
unit Veckoy WW%' b“%w& ot oy
\ ,) Fi 3 4 [g &F
'\_ffk‘li
. | A //_‘
8 & opt rdes
Lol “9\¢
b ( l‘\ﬁ Op
fid T 5 ,;:’j N "

Oy = GHFrp—8ivgOg &fﬂcaw5&r+y”¢%*
44 Ay = SI‘V‘ﬁS &f" -2 ag CK¢ - ~Sinfay + C?J,Q’ij

Az = %z Az = Az

—e ey



Foowr e wwid-peckon,
Ap P Cod S + AySinf
Ag = — Ansing + AySe
Az = Az

i

& - (mc_c»»s;z!vlr»‘r:f«?f”ﬁ)&p o (~ASing rhyeetg)t bz

- , A
A corg  wmf O !
Af,ﬁ —Sing Cord O 44
A : 0o o l . A"Z/
z-'_-"‘

fz
VD UMVLO‘;F &of PB’GCLULCJ‘/

. o0 Gy O G0z j‘;
Ay | = | PYOF o i M B O 4

T | agoap Az Az~Az
Az

-t




=P, 6,8)
Ronges, = 0<v <=
e am
0 < p=27

+ Ap Ap
@Y/Adl/ AQS) / Gl T

i /AI:W

Ry - Ay = g - r o~ Ag A =%

v Oy =0
Ay-0p = A@-NP g

&;,xa\@:oq;;
OK@LXCKQ:“’/
OKQXC’\Y:OK‘G’“




Relak' onship bekoeen B jf)’ (5680, (682

| f> ysmd-

| B O ki ke (7% %)

N

X=¥Sin@ Cou g ve [ A TET
Y= rsing sin@ A h\n"f(r—/’f‘fw“’)

z = V(oMb z
|

The Wi VRCFD>S (i, 0, Az 4 05,00 ag & follo:

A, = Snlcoasff &y + (46 Sivg ad™ Siv fog

|
Ay = S;‘n&gf\ﬂ;ﬁ Oy + Cod @ S A6 ++ (oo f A
Ay = (@ Gy — VA AE-

Ay :‘:8}\”@' Cﬁ‘-&%ax b o Sg\h&_‘ﬁ‘hﬂ/@dj—f—ca\g S Gz

X = (o & o B and (a3 S &7~ Sv@ az

Qg = —Sivdan+ Coy F oy



(Y
L. -

7#7& d-?/ﬂahCe

. |
A ¥ &' € Cony & 8w Sind it iﬂ |
I‘q@ Comr @ CO‘J,Ef CMCSL,S?‘“ﬁg —Ciw B ,4; .

|
¢ i R = 8 0 |
|
A Sl 38 Cod & Cos & —Shn g . ;
Ay " sA& civd Cos & si'ngd Cos & j; |
Cos & BT S5
ZAY Ay ~Ax Ay O\j Ay Qo /f:(;
Ao - A - Ax Ag . ay 4 Ry
Aﬁf G\{ng Ay M ‘O_Lj M‘o\z,
Jd behwe ev JWO OIS I, Pelabron veckaa ¥i F Yo 14
de= (- Y{)
Um'rvea%vﬂmvngwma;b‘m a%;. o
4?\ o Colind el 4 gphental o
~ a.&'\ f' 7'\
N> o
M ;

AL

d"’ = C‘Az,-ﬁufj)v-,L (9> “)f,)V_f(z),-—z,)V {(nﬂﬂ.‘f/m.w} |
(}/q’: (ﬁ/ﬁ)—(f- ﬁ"’@- 'Zﬁ Y& Cdl ,_’@Q_f,(zl__zf)"’/()ﬂm&m(a/j
c/m

— }f‘;"?l_ );,-,,H 2%%2 (G (9 d, — 2.7 vl Sind, %’/uﬁc‘i,}

()



ﬁ
.__:) fof,e}'ﬁw}‘)‘a& }’tdm-ao artod
'p.

A

A

Ay
“—.ld.z dz r.,_l—)aj
ol

—_—

Zz

V74

daine

=> D;Myewdﬂ'od Vo
Av = dx dy dz

= c-ﬂ ﬁfgg oue ve ko
> Av 4 scdar

o e hb-pnded
o Cg(agem"mw Codﬁ;ypl}dﬂh-
-7R
‘de
4 ey o
J: C{% qn.f-djﬂjﬁ’dﬁﬂ%L

'a
|

1 '

Qs = dydzax]

. PAs = dndz oy
© s = dz Ay oz
> |

| I SR




|

Foon pgure, from poink 190 &, dl= 4y oy beas
moving An dle y-divechiow, g At move fe=v @ koS, Medyeyt dzaz,
| Lecawn i+ mave &y alog v, A= alog =, & dxmo. sty

b e s B bn G Lhedd vmeav  dred Ad= Lantdyoytdzaz

T dippervendi ol dugece ol vrul S 14,

A= dsa,
| v Lindxn G\QI‘V"%!JE/"" i
CJ.QJ &‘ﬂ&‘lﬂ Co 1 97/7@%‘/\4"\0;@5{6%\1&
" & Ol dn©
Q-':#&YEV\/&_’O‘J &Afh&m P_I/JF/ ¢ N 30 a K Cordinad
. ‘ ,, \\ ) |
AL = dpapt Pdgagtdzas é " 3k i |2
| g
Diperentiol normal &ieon, | ﬂ ?Lf}dgé |
Ty ‘. l& \ 1
® ds = Pdgdz ar Lyay /
\ / g 4™ /
A Oy L D .
@ de = Pdgdraz // . ap
V X A Z

! Digperenkiod Volume s,

Av = pdpdg d= %0\1 N/xd /{\

A » 4 > |
| O f AnAdg




gﬂ\ﬂwcc;\ﬂ Cgﬁ/cs[!m_m.é‘ﬂ

> 8ypernbd dinplocemenk 13,
M= oyt b él@—%afsm&&f&'%

ol yigrmed areoh 3,

= D/‘/f&.ahh‘ |
@ ds= v"sin@ 4& dgoy '
Ln/:?s;h&ﬂlfotﬁck@, .~
@ s = vdodb Ay

=>piresentiad vl fo.,

Av= ¥ Sine &YJ&M. e
158 od
</\

- 3 |

=%

Gt e BT




| LFWC. ) Swyrece, £ volume jWJ'{W - |

The kive dvtegral /Aor i die inpesgred of I bangendi ol |
@‘”‘ﬂ)mm}“ of A along Cwrve L-

Civen a veckr Frelh A and oo Cunve f, de mbegred 7,
Jﬁfﬂ: /{AT Covd dd

\
oy dte Lva I\V‘L‘eﬁz’a\ll OOCK croing L LF dte fc’\ﬁ\ of—
fh}eﬁﬁ\hm P = Clored cwxve Ssuch ob abca be g o
Clomd Conkenr gt
$A- AL
L N
Lkich is Codled dre Girtulodion o Al avoud L
Yﬁg,w wawgm

C:J'VQ“ on v e chex f\d&l \ﬁﬁ C o ngud Jh

| ur\"}iﬂ
dwoodt Awface 8, W€ depie dre Jurperce fwécjml o I S

| G"ﬁvcﬂf-j’intﬁr o4, Sy, > wnid ovmerd a’v;
S v - Jalcmeds = /};\ -
. . . £
/f / _
i =3
uf\g K (2 ¥ = //"r ds - A Y
‘ J pe— S S’ A A i’}
| - U ( o“@
| . b Ay foink
/ (-:\/ /% on S _
'{)L‘*\. \ L %ﬁr{@c cloAzek T ﬂu\ W G aA Ve chor eluol\f‘r)’.
P”‘b” f | o m?ﬂ”y% Suyfate ¢

F woaf
T peckuep o d K PR et bl |
ol M e f!:( -'_‘ o { e e



V= dx.ds,
£ N |
w A pons.
ich 18 vefenred Jo o dre MEF cubward flwc ?
A Sayce Wl ap a Cﬂm/‘r‘ld fupace

h Ofeh

ﬂ’CjaAcA f’o\fl\ Olef/,m a
&%MA a voluvnes gHM,

/Qc{v-

Tl volume indegral & dte Scodny f over ¢

74 '\/OVLM Vg W

' / volu
771& fffj,zgccd mmwhgf gﬁa_ ﬁ:mj Ju;%:«ce/ o Vi ﬂ(w f‘/.

; wied &
ofure f i phorical quond £ rpret ¥

tﬁefﬁn&; o PN

T > -(\J_"'E") Yo | | ) o\i

g ‘C[j'[i”&eﬂ oﬁero\,émg ondten 7, 4 de v echox dippercd
“M/

0})(? sokUY Th Cadfediom (o o¥din
J > o
v: " G\n'{‘é——;&\j”'(az’ z .-@
| ) o e M
! T wecker Tpebbigs OPWW;. el bk WY 't
) E’O\_Vﬂof-d\/ in 1 FACH
fﬂ’\ﬁ{r@\/\k Gyﬁm) A no
éoﬁmfm on & ACD‘«QQJ/ fw?(lho"‘;

|

}'\‘ndwn al fhw_!

5
|
|

. e e e ——



The Ofcm&df A el n depvng,

|+ The W&'en} of o Aledar V, wrten o3 TV

9% TILOLVW;WCQ e o VE
3. The Coxl of & VQWA

chor B, wiidkn od V- A
corfFen 04 TXA

he The teplaciar g a b

T del oﬂoemb’&’“\’? dn eyl
’},“QW oF P/ Q’/ z)

To oblwiv ¥ m
CLANP bD)L C(Mq Ry .
_-__f__—_ ....@
i - Slwﬁ_/a_ g 9 -
07 T
o 0 ) ¢
o e 5
FE & Qe
of ! f 395 e 31 e

Srwilasly, do Oblaiv ¥ infermt ez ¥, @, £ &,

L Y i = :rfy-
Y—W/— ﬁw@ﬁﬂgr ,  tond=

ol iy SRR S K

dnc ol 4 g/ohhcal (oosdinotd




(1)

Jo OJpgzu\\q)
rb 0 oond D, (230 D \
o e ; __ 8
X Incd Plg——r * 5 j’% SFF; 3/6

Coacgs?h;SL o 3

*

v
f-ﬂ:g’h@.g.f;ﬁ..é-i;—*

37 250 3
e 3 T
gMﬁMJka iy‘ -V ’orf)g@ d‘l-u«)

(yadient OF & Seodlay—
vedko thod

The ﬁmﬂﬂ"en& of « acalay pld V' s a cqoe-
- Imawmin
nfs bodt P maiw&uale 2 e divechon

h‘_’fyf'.ae
MMCreahe c%ﬁV' J
/gﬁoace yo bt G InC : | 3 05;5&”1 - e OQ;/%gmme £
T gm&‘&lﬂl" WMo oV | oy
He fedd v behwse” poirks f 4 P FT
B
AN ajca-ﬁﬂ‘/
| Glﬂd‘ewjfgﬁd 'VI }\/2./ \{3 ___>Cofy1ﬁ"0uy5
| qﬁ,‘ﬁ & V —> Covfond™
N/ Q= 9Y fuy OV 4y 2 ge
/ _j_llr“f‘;;--‘.-,@ = (QLQ’H_ OV_ay+ QV-OQ (Auwdj"\ﬁd*ﬁ
2 & ¥ d A P) & B



Gl = 3\/ 3
e V
o 3z Az

Av = G- dl = G- o383
dv
T et

Vs piperentiel doplcement pron

A s Angle Lehuween § 4 L e

Fyom d7

obave ek o drot Av 1 ~
Iﬂ— Lﬂ)}é v A YA

e datreckion of G,

cbam

g=0, Jf./ ¢ han Al A Y

Fad v= VY= oV
= v
Bt
z
e gradient oF v Ca
n be € '
wprenek 7 Compedanyy Calindsital,

£ Splevicad Coosdiviokes:

e —



For Coffelaon Condinad |

<V= _ov. 3 oV
el L% aj Ay Ty A, .
o Cjﬂm&m‘ccd Corgdimok® /
= v
V= Mooyt iy ¥ ToE -
oY th‘en'coxi Coodinebtd)
oV

\4
Frs == a U\af’f"g}*%a\@"f yCind ﬁmﬁ

Few Q&Qmﬁwf [ﬁéfﬁ v @j g =
| V(V‘*‘*):V\/fvu
’_—9 p-
" V(Vu) ) VYUUkL&vV WM\/‘fu ave Acodos
V[% & &wvu‘-- YI 4 awn jweger
-
LT v iy
Y = N % <7V
ceodar peld Vi

Fuw&p\mev\dﬂi Pﬁﬂfd&ﬂ@ of d1e gﬂ\&iewf OF-

m V"Lﬁkﬁh{h&&t % Vv ezr/v_ﬁil ULLL priavd vy

l,{"\n v P Ui d” A Atonce
OLT-( d_“yeoéqm 9’ T g\wmuw rp\J’ﬁ

'5’?\J"€ gd@nﬂ_ €

o Chownpe In\l/‘
od PO

v Poinds
_,,‘}w\\/ ‘Suyfece d

| fhed PRIt




o T prosechion o vy = ,
frc)e oV % YV o oin Jle &JJ"@C{;'IRCM %0\ Wit o VEOJ‘W\OLI I
O Voo ond i Called dp direchomal  desvekive sV |
CJLQCM%\O\' o Thin™ 1A W TYoke %O’V\MV% or V' ia dre dive oy

grac:
6 I fr= w0y, ¥ 4 Aajol 4o L€ scadar fPodent o o A

b

Dl\/ﬁkjence of QA Vecbos amd Piverjence Theoer

Thu ek oukplows ¢ dte plax g o veckw preld A proe
o clomd Swgace “g' 1A obdwind  fpom IR )‘W FF-d3
No‘w(ﬂ-c ogjve\gchg % ﬁ’ as e ek OMJ'WUOGL ﬂaw %ﬂqn £

Vcimme MY o clord iwcmm&mafa(jeﬂ

UniE
L cudward
/

The cf)v‘f@eme_ c%\;\ﬂ o ox{?%vew fay"né' P
,ﬂqme .S’LIYTV\["\A MOU»& P-' :

J/fu.\*\ ftfo\w‘r Vd/(um od e Vo
$ pds

AV —> Volume encloned  Lydie clodk Jugace s paodel)

P Y /L@Co\jr(o’x ,

POM&LJV{ N e? A Ve
OQ»'V‘?—?-ence 4 vergen s Zero

(o
~1
]

e



| Sk Psint , o 2o

> To @UMCJ”& Cﬂxv‘er?fehce O o0 veckos feld \ﬁ( N

(is)

e Cﬂ}vﬁ?/eme Cf Veckor field. Caw alse be viewed o4

| /&H/Vv}}-j (]l,l‘-L /EAVY”A’- dez.p_ ﬁdatr/& /g’ﬂUVCG A/I’YC’ln f‘ek'f—ﬂw\r Vﬂ(b{(rw&-
Tk A for b ve o & JSowrce Fol v 1w Wﬁ'dﬁq/ 4-m;aﬁyq of o

(lave drex nedler Ak nor Sturte:

poiab P(ne 3o, 2) Lok Poink Le Enclord by o dugpevenbied
Veluvwe 03 Nhoto frhf%‘?«/\vt.l‘

Bk*/:
. 4t
oV Off Pt .I ]:
EVM L hde MAQ
ank /\.‘yﬁ‘f‘b
? Ay )

4 givee divmenoval  Toghay Seves eqpardon Fhx

ﬁx( 'L) ﬂa(wo/n/zo)q{%r)fo) a’“/’_}_(‘j_j))aﬁxl“;. (z- za)aﬁw)_mﬂ
?d?fd'“fravd'gy,-d_e/ _— 710_}_0[%, 4 @Lg-: (nglz,q“‘ﬂq_h/ '"@

/ A-ds = fdez’-[A" Cxﬁ)jo/—zd) 4 %l aaﬂ*} +Lj4ddﬂﬁdm:7 O



!Fw’ N btk fode, A= xo - B ds=dydzrad) M,

| / Ads =  —dyde [}m (Mo Tg2e) — Q%(i %;}"L] + tv‘“Z"\e*"‘d‘ﬁtw

bat.(‘,[‘l '_@
Hewce,
]z‘r d\s{-/fr ds = dndydz BAy) ,f:f_‘j/hrcfﬂerdc:rw ,,O
Frok belle P
By feutsivy iy <D .
er de —¢
/ f-ds '+/x‘r~0\f" clmoljo\‘?«‘wj + A/hrdﬂ v
lept ﬁ?’v}’
| P oAz L oy fer "H@
[Fdst [ Fds = Aul;dz«_a,;jo* st
wE Lt
Sub, @:’ G/ @ Nz @/ 4ﬂdﬁn%MAv:Aw&JAz/
Lom A Mw MY @_Az__/ f@
dean = {3 B e
Cﬁk&‘vegencegg

Yl Voawkh o8 AV —= 9
Lecawn dkfujf’*‘” Rer deir” s

4! b goink Py, 78) In Cotfedions ST S

hYals 3;‘\) (%
vﬁr L0 TN AZf O

g’fMjCOdjj/, ﬂgf)/ CJL'\«&)‘;‘CO‘J/ |
VA_.__ 6% —{*____S@ 3

Z-




T cﬂ,‘velgxnce %ﬁ' Y Sf’}&”\Cobq oo, . |

-Vﬁ' = LCAB }h@)—{— L

Y

Propesties o O dvesgence of aveckn freld i~

i Gk ymoﬂucu a scoﬂar’;,dd -[BGCOLLM Seodos FBWLUQL )4 ;‘wa,f.,fecﬂ
B i 7] cﬂ;vea?evx{_e of-a Scolor ¥V, divV, woks N Seinse.

3 v. (i+D = VATYB

el (M0 = ST ede B

ﬁfmau&«er;m or 7
/;g/}d5~/v/‘}¢lvz

T 1 colled dre dvergence dleover, O ovid A Rinouh

las Fie Cpust ~ OB ijxzmmj Hagver.

Lgﬁk}ew%:f&r\/e?eme Hooom ytadd ol e dodod gukuead plux
Gf « vedley p e,{CLA O"Lﬂmj"’ e Clomd  Suifoce N
/Sarme o dhe Voluome m#gfm{ of Jte &LVG{}E‘ZM@ of &'
fmfr—;—g%o@wcue voluwme V fndo @Lﬂa@e i bor o Avnold
L Celld Gp dre k' cell had voluvme BV £ b bounded LY
jéuﬂace L

| Peds = 2 AL jfd;w

. = S



9mce e pubwo ¥d Jlur o ove cell 18 jwwoyd & Af@.e

h@%bmmwj Cd,ldj J’La»t 1A @WCM\W o™ MD’ .\‘V‘J‘CW‘C/X
So gt Auwwm of Fre Suyface W?mu over Sk’j

)

LS-‘U\B?(ACE/
A dle pawme Fra  Susfe-ce infegaal over S Susfece 3
Taﬂ»?g e Lvnid  SF L 5‘7‘4‘“@%0{ Arde o7 I €915

ﬁ;‘&(:f'; /veﬂ-dv.
.S
voluve V é?dumoleot by The

fRe Jrovern apphied do S
1 -‘ 2 dl\ntd’_
Lol Soince “G! Gk, dint RALIM TLGETES oo deel
E av d A ot Cpnd nurud T L
k\ N Vd/(um‘vfehcpr(
). WV "y o %A’“WC(’_LQI,

Curd of & Ve chds f Skokess Treomewn:—

“77:& Coxd ©F A an owu'od Cm/ ral:fmad) Ve Choy
reedob v ‘A s
4 whore direckion 14
be oo A oserded

W hoMt m&ﬁw‘ﬁ(g(e A dte LT P
uwi - area o1 dic Area jends do zero

e noymad direckion of e area  (okav
e C(A'Cu_laj'lmn Lo b A v

prund. & cloied M‘
[
|
l

Ao od Fo imake
[‘ﬁ arculakion ofa \/echfa"ﬁdd \ﬁ(
AR dte !"’L/'Qﬁ‘a'aﬁ fgkdij

l




@

T e WL S - = __*

vl A = 2 b FEA
ot & = wxa= (b2, 288) -0

DS

e Cuxve L omd On M d= Ui

—2>The a¥Ca A8 /A bounded Ly
14 deferriined Wi G

Veckaw namod do dhe Juzpace AL 4

K’i‘«tr bl Akt
(orsedey dre A prevenbiol axea in d1e YE~ plane o4
Mrowdn f'h(f—;' Vs
.
; AL 6”@“3/ weel v WM?
X ; ! Gt nﬁc‘”‘”f”&“‘kgﬂ e
| For'vhk P (e, % Zs)
o 2 b ey

T Love l.h}eﬁ’wd yv ey @ FA dé;a’w'u& o,

’.ouc( )*‘:
f“" afb:[id/ﬁcdg 7 A

The fv&ﬂo[ vanfm&n}ﬁ o quﬂa{ Sexned @folwh“aw okoub The
Cewbey fcu‘vJ’ P(re, e zg) @b in Say. —
/41& 6{;'7/ Z): A:& (”-o;ja/ 10)’%(”"'} ii”f s

(j’ja)_%ég/é_{. (’zfz_d) %/}9 £ L‘y/l‘mr'aﬁfrkw




| O Side ob,

M:aj&j 4 = Z-C‘"dz/?_)

O\Z?fﬁl:[ = dj[ﬂj()(o/‘jc/ Za) i _f'_lzz_' %’ﬂg/}g]

ae e A B Tl ay € TSI +0U/L/

./ﬁ-ﬂ = Az[ﬂb(»fc,xs,zd)wﬁ & A / j
b " P

1l

msde Cd, Al = Ay 4 z=26f d’/z/

[ s [ 22

o e da, Aq=dzaz 4 g H= %-—cﬂj/L/
e g 4
ig\/ﬁ*di - _dz | pr(e T, % ; fgz;z.jfj

S oM ers jdun  As =dr,d™y

A/P;’m /E‘Ol:( - B/“z aAj
A e T
(v
Gk 3), = P2 _ oy
THNE

A
1 -
0 Z— I x



&

Thre d%&,md‘lw op TxXh A ;ncﬂefewcaew& of The
Coosdinode  Sysder:
ip eakily found eag,

| - By 2 A
' VYHZ __’a__- B a
| L s
A rqu ﬁ?'\
oA M | o,
vk 79‘1 [3: ’g

» A, A
kil %’f”ﬁ]“**[n

icol (o ovd) nobeA 2,

' ¥ ¢ ijz&?ﬁ
T ) N fw a?_
TRA= — } —5" j—’
f’ A,o % Az

VX?EF y. —'—#Mﬁ.ﬂ Q—L]“F +[57‘(F Br”*z}a‘ﬁ
[B(ﬁ'o'@) 'bﬁ(’j g

el 0
L —car g b T T T
i
Sl‘h@ _-,_--__ . B
) beﬁ@ Qy*f«;,—&;n&-‘.a’g‘ DY

X‘ﬁ: s
A Y S 06 LY

%% [ 0(rAs) _ OAr o

¥ 26

T Coedinn Coovdinokes I coxd 28’



| |
| ﬁpﬂf@ﬁva o Curd
[ The Curd of aveckss peld s awmadber vecka pield..

0. The Curd 0f ~&cador pedd Vs Vx V, Mok AL

3. Ox (AR =WXA +UxB

v x (RxB = iy - EGA+[BY)A- A OE
sy X(VB) = Vyxh 4 TV XA
b T O@prjﬁme o Jte cord g o Ve Ckor predd vawdbd

| je., - (7x®) =°
#- T Carl ﬂt;«wb‘emf of
Cuxd WV"““[E& Fre rLamuim
codonHiom d@ewﬂ‘@) £

ceodar preld Ve, ¢ X V=0

F It fi dA ¢
t1e diveckon olong W

ch diiA o T L vedve

P Qicok¢4
. e 5 4a%78
The Lwrd BF = . o a porw P be
mfmﬂ ed od yneodu ré of Tk C‘«'a’(ulg,(}—fma (0 Lo Muoz,.du
b P

ng&l curly oFT

pohopr i kel
pud o O



A L[j.

/ |
o ¥ ‘

e | TR Aerte %au.z.dqgl
b . Lar Tnvatied 1 Qlokel |
ﬂ-‘ld‘rf/m‘ |

/?M?a — [ texm - d3 [
- £

L 4 Colled Shokel Hamer

e b - B |
ng'f“é'e ‘Yol o o (y Cf\Vfd__—gxf,‘e,(A A ovsund a(fffe@
o dnkegred op Jre Gk F ,4\ |
p 93’0»1_51€£L dl«ﬁ«_ﬁ_; |
, Q' boumia_cl by 470

S }‘.)5 /SU\/LD&AWAQA fnd?)o\ ﬁa'f?'@ V‘luwaf’gii

th el hosy LuspenC ay e



- st

T Of YT AR o f?c»a’l, S0 d

-ﬂ".}’ﬂ frz&(‘?\ @V‘lc
% e Aawme o3 T

Ao op ¢ Live Jofegrnld ooonnd e

Rive J.;\}&jq@ﬂ O\Erauval s fmuwc@ng Cuyve Lo _*\Tqu%? N
Bimif of dte mﬂ-fmkai rde o7 €q. a3 I8 T
fa-a = [exm - ds
g £
S

1 awd ds mut be CloAer LNy
e direchion

Tha

1t diveckion ¥ 4
‘D"_.\'fka"/ww«eﬁ%cl Screw yude « [ et Ch‘kfuhﬁeyﬁ f’ﬂimf/'w

b I ndicoke Ik diveckrov o ds.

o db e dha 1
(,Q.Jv€¥j,eh£‘€ f/\cdh-cm Q‘Elthf‘e,{ A Sut)g",a\_ce /'nf{.?vra_ﬂ Jo a Voluume )
‘el o felh  Jreores reloded Qe indegred [ veelodon
f )

Tngegrel

0"0 o & u%ﬁr/\c 3



| ()
me/ﬂmcfan of & scollay -

Py prachical veabe>s Y

ok Which i % wa}e
ThiA cr,oermlrw (A Rnowr o /_affﬂ

6?9apqae.} Fo Irdooduce &
ond— OM dvesgence

/‘?S:th/fe op € of ?a%@

afemlma.

“The [,afﬂm@r‘cm o A Scedoy fpeld v, pyidrn o4 TV,

1A I &z‘v‘er}mce of g 7‘65-&’\“} op V-

I_ofaeaudmhvz o Y =W
oV o v
f’[‘f’"‘"“*%’%*%{“‘ﬁ] [$ooue by rrjze)
i J

* The Magah O/ASCMaYﬁ‘@[A A andirev Acalorfeld.

Zﬁfﬂwgc\m J'vm gﬂz mol?ﬁCoJ (Od@ma/b‘q

A w({o )+

Sf}«z vicad  Copdiverked

;,o\{oﬂa o
oV

g o3 e d o (“8 )
v‘/ YWZ)?- 9{ 3’\\*‘!93 ’r )/\fgl"'f} Ba

—>TRe SC@.QCJ\Y ‘,Qeﬂ& 1A AW‘A 4u Le hormond © Fin cng\,e.h ¥RGom

J"f ,(M }ra\f'_ftkﬂu?\‘n \[@WW ,Hn Wﬂqu\n
< =0 ':>1—9\fla~ce.‘/s f%/\m/_"ah‘



The Lof,ﬁau“cm qOemdrmr B <V o Acalor afem!mg
Ik n oadie fe/w'!oﬂe ﬁ CQ%‘M 7= Laffaa‘au STIEN ve choy A
VA Aol nof Le viewecd @b the di\VBYZence of I yzradfw-
of H Wkich ot o AL

4 v s depied o dra Grodiend o I diverpence of

;4 mindd e cuv A of dhe G/\«Yi of A
<H =< (9P — < x T XA
VNFJ‘W Cav}coan Sy¥ey

o i A R R

+ 9, L i

o F = =

% A+ 0
v‘frﬂ"o/ i



; £ .

= ROu, e PP E A
s e A =3k 7 <A=80

A= wx A= 2kE,

g ef By =2 B ! =
g ol A 4 Aol du be ' 2 Jevordal’ [W&Wﬁehfdw)

gf Al

Qoa¥yC € NOX S

FW &( VE’.’Y}(WC@ W‘D‘NW/

f,o?As :/vJﬂF Av=0
N v

gfﬁ e,vw'{hh/ot oy Apaced SwIFALE

Hence, plux Livns

'I/WI/VW_ M/&O /fea)i/‘i )‘&
oA Gole ordad pulds:
fm‘"“f‘& ¥ i (In-cow oo Heli

% r\/' 7,,\9,}7 Cfv(‘.’l-fg;b
4 Vgt coditions .

Solewerd o becont

T pedd g adk F i purely
57w [ME] =2



A AO/LEMI.CJaLQﬁM\t? Can Le Ef’w M Jerma ofoundllor

V@W \E/‘/
Vﬁ_’: G/

—

gfﬁﬂs;a L Fevch
g

A veckr Field A A Aaid de be 49D Lot ool (o pierd=d)

if 7x A= 0
> Curh - free vecks
From flokeh Jreorery
Jeox Bods = f FA e

;w?f!l-a? Sod™

1A /hmfvﬂﬁ!'fo’h al s

rrdodh el peld Al
jA Jdewkrcally Zer TR
- op- e ChaAn pordls

(ﬂ:wﬁ I AW

T ’.m{TfA-J"‘W@J PHeld Al Gow Jwass e 6@0&4\

~Jers of o 2cadar Fred V'
T RF=P
ﬁﬁ‘ Cﬂi [ 4
L

;’f > chcv\zf"bk}; 3EN
v —> Scada¥ Oﬁ)d}e\,\,ﬁw( o A -

A= TV



&

A vecltw \14{ )& "\WC[,ME_JJ’ 5 reacybed widhin @ Q’Qdfhcm Ly 14

Cdivergence £ is Carky

- A = -f;;

T x kR
oy Jre Aarrce deviady of ;4,_4 gfh
i OATVE eq A
Luvs Qf

@/ Covn b€ ch’\lﬂed
Wy VE cfoy A ‘g”*‘ﬁﬂ/y}' i |
v & Com be twdier o) IR

Gf'xcr.dﬁ.é’fm Aewn 87 A

adh -é"ﬁg E Vﬂw\/ﬂu\ﬁ ™ |
é) j od ey Sathalcl.ch

L
froo veckos @ me iﬂ"?d@h‘cmdhl CZ.ezro chvO) J
{ |
; : [ v7 }' od JJ;’ Pal
(zevo divergence) T/ 1A clled

» = BRI $33

/ld' -/Z}—;: gy 4
As = ng

XA =E . Ain iediod Tl
&7 ")Cﬁs =0 " ;Es i ba/lfihm'da,{.

VNAPVP; o~ o s

L]
— .



Elechosdotic £2A4

E,fedm:’/b{r{a}"cfvdi ) W&t—wﬂdfj o b Chars
Cga'//h?'bmhmn-

Coudomb s o=
COUﬁWb’A /{&u) 1A N e”f@’imﬂm}'&ﬂ daceo /gm»—ulw(}\
bj Fyenich (.dﬂow ef, CLG\Y}& AV‘MW de Cojaumé- 71 5 deals L
' 2 B &

du fosce a {)OFW} Clargl ene s

Poind (oG
Whare  dimersied
% ee&(_‘/hﬂ'é @Lar?m on QLF-;\')

foiwf@k”fe' Chavges ¢ yme
- o_q/u“/cdwf ¢o

O_; G}.‘_o\}’;,{ LECOLU\M

oy HE fzre_jam_& o
(o womb A (f C) . Onk cowdow b 1A PP
o VeYy ,Qma’é}e_ un ld

. ())(/0;8 &QE_CW/. i ke rA
19
IR 1 1B €

Sb\l‘ﬁ ek i
ot oA law Krodd ok dH- fT7LE £ Lekueen $9°
f’omt}/ OLM?-M @;, 4 Q, 1A E 9&0\,? d7e Lo }Tmmr?f: a’l_ﬁw,)
D jreckly pagpotioned 1° Jue poodud 88F
LN Chor 74

Al do @M Sqprone af I+

, Tovenely praposhion
R behitem fre

A)/!Q?:«w ce



' Fd)m‘d-;w vetfers ¥

Chor g €A &,
R rx duXFance in ebeS ()
F /s Fote /7 Frgd S
=
ﬂfc = f
\ spvds free Afnce (“”ff“"“"u ﬂme}{)
Eo 25 per! ! 9

pr 8 oo

AT E R | hoMw
4 &L e /EQCC‘-/’(DL o) falhfs ?

G o) nd—Cho ¥ 563 @I Q.
L me*dnﬁme%,@“&z’mhy
fityy B0
- Q, &>
= l . Rin "'@
N gV NG wac/&a'{
s, 7"\,1, = %"ﬁ /q(’{” o%ne M fe
R = }TR_;LL s / : *
O, = EE"‘ o%i9; 6
el &0 Féi‘zj Y



. B8 {F-5
Fe = 11_(1,

—

2 %)

Nege: -
s Ap Ahoww i frgures dH foxce fyy

—

Fz"' = FF;’J O\Ru 5 ig”-/ G’C\R,,)

Lke Choorget rep e
:g, Jike Charged CCMa;eA of Jre b
finkike charged PN 2
3. Tle diMance R
P

ved
,70. Lovpar
je, @ €87 ot b point OeFE
T ]

ne & 4
5. T S«jwj O%QH



Tp ok Fhavw dwo poind charges, i principle o |

s porn 1o 4 dede
Tha prvciphe Abodes Frot
Rocodeh mafac:.lrv'weIJ) o~ ol
dre mw”’f\hf' Joce f om O~ cj\o‘rf(
veckn Aum OF 1 fov(es exerded ov O Ly

pmire fre fort@ pna pa v cedor C/L'-“'r/"e'
!} FHere are N Chorf @;/@z““@ﬂ

ny Wik polodion vecks %, T
& Jocaked of /)c}'v\.lr\ ¥ s die
eoch 0f 7+ Clo®

(Qr/ (QL = &N
r 0 (=) Q 0, (7-%) o een(F)
= . B g s g R
e [7-5)° b4 és [7- e 4T 5T
F. 4 £ Gr %)
= & k=t RS
Eleckc Frd T w4
Te electnc Hredd Gy perindy (09 Elecknic peld atrenfot
Fie el eChnc

L Jfee  pey uwd ChoxFe kvt f),fCJLCQA m

\Er
Fdd-
—_— = ja.m :é—-
k= Q>0 &
E e
T olechic ﬁeﬂd fn}t’hk;dj F A @éw'owf(j v (e Aivec By
Jore F @ A yecuredk 1 wewkers | codon (@)
. (%/,M oy (¢ W

voldk /wv}tr .



ﬁ‘—‘— @{&O‘h’f(_ f?d& r‘nﬁwﬂ‘b Mfo;‘wk\'b/r &mﬁ_ do O

fOI‘VlJ’ Cﬁ@rj’e /&FCD’\*{A (}U{'Y' z’/\ r&:\cQJj pbtf‘a.(‘mdm/

i o
47 &R
= BlE-7Y
E = Ly
wnt [7-7)

Qp —---- &N /&"CO‘}"T{ b V,5

‘ Q
For N poing Charges =,
W % obdnind e

e eleckr'c ﬁdo‘ f'whwﬂ‘&j WF'/’OJW&_ v 40

Fovee Eu A,

e (_Q,C?"%)___; 4 Q'L(?’r;) § ot &@3 i
T e JE e [En) il

i




| _
'Eﬂecb’if ﬁdCQJS C;Qu& +o (W ireirhd C/\mje prﬂ'bu&?‘Wf" T

| Vorow CAM;& A sl i ¢ ﬂ\a?{ elomends

Yo\ 1-‘r + 41
£ - XA [+ Fe 1
.,_ . )\.X . 1 .J.‘ 2 Y
Poi nfF Lins S TfoCR W:Euvwe

Choge Chorge  Clagge Chavge

\ ¥ 'v\h.'
Tk A 3o po/m'bﬂe Jo howe (onb'nusvs C’}w«x;}a dintsrbubia,

v In 0N VO Aowne -

a'ﬂmo? o dive, on o SWFats
Line Clovge dewndy — 7 (i C/’”>
o ve dtope denity —>6 (in )
Voluvne Charge devsity = f (iv )

@ dea do
T Chovge plomend A8 oqu. fre ol Chovg™
JreA® Chovge Ao Laiong 932 ot foi vad 2,
da - £dl
A :_/ﬁ o4 (/ﬂm OLO,,?Q)
L
O[Gl;&dg da =6 dv



|
T elecbic fedd inferady dun o each of dre Chovge \

| Oﬂ,ﬂ/h"j,uhw (DL/ ffs 4 €, wwjf be Wj»ﬂ\ﬁed nu 12 Aumodion
o e LA Condrbuted by e humeyewy  poind Chorged '

‘ drte  chox e ﬁ.mbunhw Tk é] &ﬂffa&'vz} QN |
\moJﬁ\ﬂ; i o e

Wit Clavge elemedt da = PLAL, Gds
F - /ﬁ, AL~ C v Cﬁmje)
& R

= = /_ML Eiﬂ [guwce C(-&\@E’)

ungs R~
.E = (\D/ O\V I{Z (Va,,luwi CL\Q\VEZQ)
bn& R~
L e Choxge: - | :
A]L‘-ne 0}‘“{/@ U)fh\ UUV‘J‘fo’XVV’ W‘?’Q &Ehfbdy (f_ e,r'/-fweﬂn?
] Mooron e f»'}ju%: '
e fla Z-awd A
Pom A d0 B A
3 dEz
T' p L dE
f 1k
(0, 0, ?’} 7 — ( . I 71/ -
J w;"\ ;\' '. .92 ,
i R Evaluabion g I
(0,0 N f_f /.da? Jpdiha,
Al'} o Wya.



==y
The Clorp element d@ omsuod<h widh elewnend dl=dz |
o due b 14,
Lhunce dte Fotel Choage & 7% |
g
.= / p, d=z

Zp

ity E oF an avbibmy ot 50

T eleckic feld
(G b€ forwed vHF "B (e charge)
Fild peivt (/9
Souce poirk (¥)3 ) z)

‘d = 4B

il
)~ (0,0 z) = mwﬂa_ﬁﬁ*z)az
s P 0 ) -
R =32 )

- . !(" J.
Gika'

._-ﬁ—:: [Jar +-(sz_|)0\2 _l.\ sy | : (_. ’ . \

R = |[R)" = ¥ 5% (2-2)7
= g fz-w)Y

AR R Poap+(z-2)%

—

-,-, i - =
R ’R} [f,-\,_’_ . ZQ} T3/
Sub:, v B, dlen,

b [rarDis gy
H?T& [f’w4_ (Z’ Z)'Z.] 3.’/1.

—



Clovge dte dipperentid form bo =, [ Gz )
1~ N 0 l'e ) — ‘ .
R:‘ f—l—(Z-—Z) ;--'ﬂ"":,‘.}: ,,

e (zszq"ij = P Sec

7' = oT- Phan=, dz' =fsecxdeC |[

Neow, e
T ez o de
“E _ e / (’Sec&[cmxa,oq—s;mqaz, = |

Y,
o
L /’* \
e L ey azj d=
&P £, [ Cas~ ap +

Thes for o fane Line Chavge,

T

E ;_—. [ (Sives —Sivex,) ap+ (Gos =~ ("‘J"‘) Az \
ANg F

( Wy IngFnife .ﬁ‘ne Chaxye, Poink B i3 |
AL o /\éﬁeaokf Core , For an IMF |

_ i Tl Xy = _7TL 2 Pe
at (c,0) t Aok (0,0,-*06) Ao, frod, Xi= T 7/ !

ZfCvawz;J Vandhe frev,

R LA :

27 & L

Ty fre Ive 14 nok c:dkv? fre z-awd, F15 I Jey dixtence |

b the PO of jnjevent oand ‘
(ﬁ’m dle gx"\l ,P"N (j\gt}( s Jie f’dCl fﬂl,dﬂ

Ckf A C’tu.\.q‘c}- Ve Cley (?\fm&;;

dLJ:‘J' d.,Mﬂ\nce CEXEC/!ﬁc'( f"rc.*\r 7 e



S\myacg Cjﬂ?&}
(pindey Gn Inpivife Kleek Gf Cloavge
WO (1 Wnfo C'Lw;j--e Aevw by fg- T %{%
elewen #al  a¥ea ds 1A,
da = f ds.

{ Lonce ¢ doiel Choge 1%
= /Fg ds.

M Coudn buhion & £ peld ob pornk P
Awapace(D o3 Mrowniv yraswy

O

f.h de )flyf—f‘:((;;\he

ANST Oc:b[#‘ﬁcﬂ Lo) Th eh

(¢ h) by Jre elewenferd

= d
E = A ot
4 N ANE R & 0,
|
'.,I*'/:c/o’\h p
N b Evaluakion g
| S Blpdd de boan
T i fe Hha ok o
v S Chouge-
-»h.f*l ¢ -Eﬁ}\
c __/’/
//{..-"
|/’//
[ FB?\mﬁ?M'rﬁ/ R+ Pap = hew
R = P+ hay,
G(R:\ﬁ’ ) dl@_:: &,Ag "-—“Pd&lﬁfoldd(-'

»



]

Culdsch ke f1e Jexes 1w ey D,

T & pdgde[-Far+ haz |

Do do e Symmebry o dhe Chorge &m‘bub‘m,éﬁw;niﬂjw
elemenk [, et A o Wﬁmd}? elewent 2 Uj)LaM i
dowg ap Cancels frod g elewent !, o2 MM::}’-»ju . : | )
(onkrbubod o Ep add upte 230 - So fred E \/uM mew :
This Can oo be Adkovom yn onfte monhcalls by hfia&ng Qf@(\pﬁéwi
T degaodion F Cord (@) S g 2VE |

! CoJﬁ O\K—f- Sin Q ij‘
Hved Zex0 .
F apdeds

L: OEE = ’?S -
g= fde. = m,[,o it

z

ol
3 -
— @Lga 217 /[ft’(-ﬁ,“j EL d{ﬁ)az,

T 47

Y
L /*ﬂ’vﬁkh"j&} oz

75

= (el Equetion, B = ;Sgd A .

O IA novmed fo 72 A e




| VOIMWE Gﬁﬁafe;r 1

' 1
\& A
\
r 7/
| { { (o)
I:'-:( 1 [i j I ‘.}
) r\.l {\' J
{:,V T-‘-‘___‘-‘;‘\_ s o\\
~< LUK S
T P
JT oy
1 / \
o 7]
q_j‘ j e \
Te— ¢ e - y
\ s A;)'.’\ S ;
\ ] /
; ‘:\ \ /
} \_
7
N

' Y ) o iy 6 .
Volume OL\ow;e Anbrbub on LIdh W Chorge dewgly (v

d@— = (DV ClV“
Eﬂﬁw@w}*&ﬂ GJ\D\}'}& Miﬂf v |
X A
Todad Qlﬂarg/ejm &gf:i«uﬂ& of m&uu o 14,

:ﬂ,/dv

= B o

B

3 i
w enla voluaie
T eleckic Feld AE of Pl z) due do fo elementary |

giuige W¥s g dv

wm &R

AF -



Whye, Og = (asx Ay + Sinx %

pud dov dte &Jw vne/hry oF dre Cﬁuﬂ’ge OQ*}SWLU‘}’.O\”/ Fle (onbnbuhovy

hgﬂ@wﬁjwofﬁﬁd’a\

Ez_: E - -ax. [ A 3 ABCM@_j

Z/fiﬁ Cos =< [ e poogoisin e .

g
Po = v /0\"’6"“5"< —
4T o R> @
= Ysms' dr' 48' A

Apply Codive yule for i Al A
K=+ y gz v e 6

Mo 2 - 2ZRERT

a/ —
Cor b = 274 F
.
2z Ryl
g
o o = BT f T
________—————'::
2ZR

: | i
Pigperentioh vy Con @ eq. [ort O Eesphvy 24 v pned[ i vﬂ/

RAR

zy

Sin (9‘ 01(9‘ =

Sub- oalleq/'s m ¢ O,
74! o ook
/ / VRAR alyf Z"f‘R_:}I. j
L!T? s X 7y ey A,

Eg=




1l




Electrc FAux &.emigy:r
The_plux due do dhe eleche FAAE Can b2 Coleedmded ey e

Guyal depiwdion o Flu (V). A newvedk D /4 fdependend
of medium 1A Ae};mj Ly,
p=&E:
V) »
Elechic ﬂu(@mm of D o,
W= /B-olj.
“Fe efechrC /’(un PA wcmurﬁo{ in Gulanbg. T vector Aeld P
ta Coll e dle elechsc flan Aevs b 4 A weasuy<d in Coulom bs PE¥

Aqmare reer The elechrc flun dernty i Ao colled elecksc

ﬂ_.‘/ﬂrf/(atevwevx&"
D —2 ¢/
._ e B
Lina GLAY?Q Qle,ohpc.ﬁd,d g = ey Qp
Sugace Chavge glechicfdd E = -
2 &
=& o = (AP L
Voluv-e Chacge et s yne. ( 3 9}/77&2»

E/fe_c'k‘n‘c ﬂq\tf}lf_‘w‘}j f)’ﬂ ﬂ“"}’ C'L‘qyj'e! 5 }W‘L‘W‘L CJ'\GY‘ZQ/

) 5] §
hn R 77

P

'_D_ }V/ Sb\"}ak\(:ﬁ d\pll’j(/ F/ﬂﬂ/ V!,lumﬂg_ Oéar?gj

D:_CS”O‘W S:‘/vaﬂkﬁwlv

Z




Gowns law:-
G Jacs dines st dodol eleckioplun Y drvygh oy

O(o/\&d Laypoce JA evmj o (< J—JJEJ CM:"Z»Q enclomd by ok

Suypace-
‘ZJ/ - @‘Q\nc.

W = ffw = [Bds

= Todo (;Lmyg enclord @ = /ﬁ,oﬁv‘ -—®

- &:fﬁ-ﬂ ﬁ\//(’volv‘ ~&

Q&W‘A -/(.OU‘A) 9 J‘HJ’(?WI ‘Mﬂm (d{/.‘ fOFJfW

Apply diveggence dheaser Jo e €Y 0D,

Bds = fvod @

Comparvg- €A 6 €6, e = v p—)

A Gle A AWML ) Ple

E%'OW frhod L voluwe Gng,e dewal
divergence oL elechs c fiur olevia Hy.
I Eq A @4 @ng Jacwmﬂy Aﬂ@b“g (o WA Jowd dipfere nl e,
POJWE' fdx‘m of-

/
Vi

Gouins Aeted
9-Cawn laco 14 O Ademabve  Arefemend

propey opplicakion o Pe divergente Haorern

| b Gomond o ods

g CQUJJMLJA »ﬂo\u\J,
Jo Cordombla Aaw seauds



3 ‘
Gouwt Law Pwrvtdezs An oy YP€ans OF ﬁ“dyé@ﬁ for
e Anbsbokion Auch ow poip Charge, v

gynmd-a'icml Chaox
s Cylindneal Swface clavge 4 &

iupnide bis Chage, oW
ke Cod A Mloubion of Charvge:

Applicokios of G auwns haw:-

1T wnain opphadion o o low in o Aivd gledfic field Bosy

Vnm@ma}icaﬂ clorxd Susface Knowy ab A Gawsian Susfale
D A nosmal ()

Tondewhiod 4o dhe
Gounilh SUyFale:

The Suxfoce 14 ChoAes, , Auuch dhod

D 45 Nwmd}@d?ﬁf‘*b’f“*f—fxdkh, D-ds = £ .
VL 25 O Q'J

Conbond— s =

5 i 'T_a\\a(;)khd?'o\l Jo he Susfoce, v, D ds =0 /@'—‘?0'}

L%af nt Cﬂ‘&’ﬁe’-"

ok wr Cowadty o foimeL‘“’}Q (saxts

(o sy SuFeLce
obok a pové oLnuj/t

>

ak e O\"gﬂ‘w o Cofsdi oS

c+ D iA everjwhere nowmal do e

?’WM‘AW_ Su yfa c@
D = D&y

bppls gown Joss ¢
?f] = @\.Gmc %V%/



g = 90-ds = 0, fcls = O -HAr™ *.’_/o(;-,qm.

51

Whex j{fij = / / rsive dad olﬁ: s
=0 g-0
5 Et g 3 QAr
Lty
f=P - 8. _-a
o 4m &S

® Twpiwije hine Chayge
D 1A Catand ™ and vioxmad
0‘_66—[“1 C-JL\U&?"CG?J @auw‘mw Swfece,

r_e.,,}




@fH/vWFﬂ S u\?SaC%CE Cﬁmgﬁf (9'3’? Shf, N/ 4e gl\edf—% U\D\J;‘lé_.-

£

g0 Gzo y=0



(&)1 -]
= ¢ (Z) [27]) [4]

= f ?
v 1L
YW =
p-ds =
ff s = P, j(cks
'L'ri il
= Dr' =
/ / Yy Smé OL&AK
g=0 G=o
= p, 47"
Zl/: @@ewt/
p,ynv = £ Lny
&
by = E\:;'Z
D s Pr-r
5= BT ar o<r<e
(oselii) L
TN
b_: %»O\r‘
&e“c = / CL,/
T o~
G Jor- .
e / / ) 7omads dpdr
9_1) o
Qewcs €+ L 710°

)gpwﬁ?p’ /&r
Y= B k0



£ lechic Po fen drod -
m deﬁhﬂ(fﬁw f”k"%@ k
fb’ﬂ‘m Cf?wl_ﬂ'wio/& da w

duwe o Choipe dorbovahi,
n ﬁ’e"‘“’@{ ) From

G’“" be @b{f‘ﬁ\ld
a&m&ab&) What 6[*9“7/( £/A/b%mlﬂom A Ajwwe&n‘c g A-mgd’}\{rw‘,\j
of Obloniv!f = i feom TN slachric ALOAY pode nbiod V'
LR, A port Chex e A fawses FHRER Jo poivb B
© am elechnc Jrdd e Wiwﬁy‘im
i . T Farom CguiMIa'A Ao s
* : Tl fovce on & A
| 7= QF
{,JM dovu. ‘mtﬂd ﬁpﬂﬂfl‘n; dku,@gx
| Jaj d]_ Ay
s &DJ: w-f_: ﬂ
dee — QE- AT



pr—

&
TEC dvdzd oK dove, ox tre Patenpral ertyg reqmired, i
mo\/iwg & frowmm Ade B 14
B

w=-Q JE-4T
A

. . ends

Divi diry Wby & 1 fie bV eq . Phves die porenks ol

Cnevg fev ww ¢ C’\D\\?/Q

B
W . e AT

WIBE Vap 14 K nowv &4 fra Pdd‘thh'od &A%Q‘KCV?CQ befueent £ B

e B m Tl Snad poind-
potendinl €2 /v o]
beibg Ao b
pebestind

Nofe:-
I~ In Agk@ymimi? VA‘B, A A die o B B ALY

g G Vg 18 negaks ve,
D fmf,b ed

dhzrt;'/.sa(ﬁo/d in .
L W 17 _
&Mﬁd‘oﬁ, v 14 &3@4“0 A
Sl d - gowever , '

engy (v e mot/E’wrewL/

Jen O#dHe P bk
Toud &4 d’crf,owlmé/- Commonls

At do A PO Charge Q.

3. \/m; (a6 17 &e“fe J‘Q#e_ﬂ"fg( 2 o led 4SOV,

jf S E LHud 14

Locojed o d1~

(‘J)fr'\?q'w/
E @ Ar .
& vV
ot
) \/ F/ - A dr Ay
AS P . i



Hﬂgd ')/V
A
¥p
= e & [3"_,]
c iLall
I’fﬂ go =1 Yﬁ*
— 0 ) /’{R L __GL_-——- B
B um o v y7 o B 7
i vﬁ'ﬁ = Vg —\a

i T)

of B and ﬂ)mr)edv'vdy-
%B i &’jfeﬂnce belueen Pa}{m}&],

Whe v f’or'w#/’r uooak TmAHKE dinfance,
den Vg =o ol —> =9

i > 7 due fo A PO chorgt QA ecod<d
’ o4 cfb’?y’}'w~
A
=

E o, G\Vy Cgvué‘yj‘buj’]‘@,-, ’97 A On
,‘ace (§J .Cb hfé cﬂ}\ € M k‘j (ﬁ-@.
&A V\Ir ‘ dh \ " / ) 0(
nA{J me vl 0% EZ; Df.( ov [ﬂ

Aot Podudt, E-dl = £ o3 ddh
potrenpral dijperence Vi 14

P polnds v e Youdiod direch
re

- Ed¥

J'ndtfehden}ﬁ’-

Hewce/ dir

He podh



Zeoxo fdcfflnb'od o imf,’wr/y/ = /Jd'f\’j‘\h'a\.l
: ¥
oind Chavge vy e wWak Mf"
g g A Fer O
o en 19 Foars ey

By Muwf"ff

af o dixtoace ¥ Jrom g
v chage by av e nemad
fom epinidy 40 00 P

r =
ve — /&AL

v bud
» not LeCoded of T o b

Gp (e Poine £. o o

s \/Qd'&’%‘ d’lfuk f’oﬁ
s 0\[’03\/\}" RIS fo_mho“ 3

"t [

d“ f‘O’ vq-€4 Po;'»d:r
'J’(IP HA#I CL\D\;, / &1/ @)—v~—'mh _/(.OtajtoL 0‘1“;{
& (“—A\n dw (‘G’J‘(M‘)‘m,l o
‘ o t}zﬂd v 7 — ~¥n ’ e

b Q@ SR -
VB e ot e A 3L

e [T wmg [




‘ Foy Aine c,t\;ug,e/
[ ! t

an& [/ /;‘Zr

F‘O"/ Su e CJ‘MY?T.?
. / (F) ds'
V) - »m - 17 258

Fov Vodume Ch P2,

K% & C)’) AV"
vzl = vféi, / -y

’“MO“WGU/ﬁ W‘m{#

Relobion between i 4

TR
BA A1z . //}
LA
\é}} "’- VB_B == | /{II
Wy
,C{ E-dT=0 ,_6) ;,f‘_)-h
C

Clowd. podty e Le zero
dod Mo pelwark 14 doe 1
an e!ecbfo/%a-hc/%d&

Apply Shote's Hooyer, Jo duobad/e Y-}
<7 X E =0 #O

'AOA{@ oA Aoud & Le CovAervO\bvf
Thas an e,lec,m»ﬂa»b Lo ia o (ovsenvetie feld.

Y] wadehionel,



[» EC(/IA @4@ AR “/ém Foou NMowwellA E.W'dv;
;(m Second MNMlanwell J Wm)ﬁ\g Jo elecheXtenbic &ﬁdﬁu

Lo, () in n irdgoal from-
e @ (3 /i if/;auﬂmﬁou(gﬁ:rm

. Pogerdiol, V= -[E-dT

dv=—E-dT
:FE‘AC!H"‘EjAj""EZF&Z- ,..,@

-®

o dve OV gn 0V 4 oV | .

il st 5
E){ < ""_.-aa—::——- Ej«- aj A EZ- C)L
E: - VYV

. e elechrc Loddd ivfeni by 12 he Me¢ oL V-



Elecksc P’fo/(ﬁ Cf,wA Elus Lined -
0{;‘00)8 ) W When dwo Fo]v} (}\o\?@,

¢

An elecksc

bt CJW@MH /%v;m ast Seperrded Ly o
A Z

of equmal Mo~ dude
Ao d Y o
T ivportance g 1 Freld due
do o flipode il Le emdend,
Consir der d1 dipale, dre parenkiad | 5

ok Foink P(r 6, Z) P ;«,'.ﬂeh Ly, Lo

Q {Q }j
& | v T £

= ___@_:_.- ="
oy b

‘c‘ﬁ";?’; 4 1, ¢ N, xbeance bd’”fiﬂ‘?

V=

g f o, PN,

S
1f vl
Vi ¥y ~ d (=08,

V.Y, e Y

et desd )

"y & e

- vdcows= d° %
I: IQ-Z__

- 0d __«@



@.
oy Ol dipole vnom enk,

P .ay
Vs S
s A |
[ . Op die
The oQAF()Xe moment P 1A QQ;YQUFCOL Jrom ﬁ&c‘f!j—}-&l Jf
giv Lok of T becrs,
&J’foie cendey 5 mod of d x5 v |

.
’-P-' be'r Jila _ @
i ed

v (7)<

Tl @(ec.f‘n'c‘/l'd_& dwe ¢0 ¢ &,'doa/lf widh Condt o T

e bl o e ' @,

| y
) ) V€ Coan
| ng,‘v’/ S goin ¥ ﬁfu "
; v Ad v, ,
"~ — — e . &
= = e ar+ 5 :
A d S/m@
== 8d (0 @ - i i 4
21715 y3 L7 E ¥
. E = i (z@@far.{_ Smé c\@
wmé v’

Wiax, p= [P) = @d-
4 i eleckre preld

[ W O vngvopd A€
A PO."J’ C/Aﬂ‘}?e / r /i,d& a el ,de

\ -.m"
VCKW@! }.V‘We_ﬁdi] ) > whele 4 f’d‘a"ehh

= W G



1
Elec hicﬂv\% =5
[ Elecbrc flu finns)
e (2¥) ele chwic i nes gf ST O N
odh or Live d yawv

7-‘-* dew’;cﬂ“’t ,Q”,.,L 1A an ;chikg’\‘fﬂ‘g P é)();% - W
Tlap i diveckiom of O ™

Aulth a worf | Jhak fO -
By - ctectic pield =

ye CL1on

A N
< . ﬂ‘ . j_}"" | \
> N\ < P




| | P
| .Ewesyf &wﬂg:r — T

Lot f’fwﬁe_ fON diom (’/Am?ag &r) Q, arvd. B85 in On i oty

KoM " g@;mr@ No wayk 14 a’ec[}_u‘md Jo 1arifer

Cunphy Apace
v J'J‘fa\U] Cﬁaaye Jree |

&y frow poprnidy 40 fr becawse Jre Mpoce /A
avd Jre B 10 electrc pedd.

. W=0
T wosk dowe 10 Pranife 'm‘vy & from mpwity do Pu /A

equed #o Jte preduck F @ f Podcrdiod Vy, ok fo due b0 81

o=

wheyt, V.,
gﬂfm,io\ h’lj/ 2

&3 C\éz ’f"‘";a,r)/ .
L s Mg = @3(\'37_*\/3;)

Vs 4\ ax polrenbiely of A dw e @, 48,
e Td‘/?"*( YK dowvu /4,
wf— = w)"’ W, + s

= Q. %, FOs (Vo + \/.h_) o D)



Y
1 dke OL‘O‘W‘U (E¥T ﬂw‘ﬁmw( v wvese oxder,
I/\JE = i"}j‘ o+ W)

|
|
_ o+ @ %st R0+ DRSS
|

> V.3 sk poferbiad ok f duw dod s

4 l&;pﬁ ey O &%)

w+ %)

l o s 0
— &’ V‘, +@2 VZ'{—CQSUK
e = )): (@1 Vyof @a"’l-f@_g@

Tf flere AN point d“’j%’/
Y7

VAL hen o
?k@f}t&cﬂ D/, Poj\f\,}” C/{‘G\yﬁ"a") OLL/( Xfﬁ-y'(m hod & CPV‘.’I—’V-' ud }‘?

- dimitubion,

| wg = 4 /r;Vdi~ (L chorge ).
o { / £V dg (suyfece (Hovge )
W - % ‘/ﬁ, vdv [vw(v\m d\a{j/()

"fy= D,
e = ,&Zf[v-b)vciv
%

Foy Oy veclar 4 SeclavV, gre idendidy,

7 VA = A VV'H'/(V*F)
(V.E)V; N VA — A TV



¥
7dwirie,  WE =4 /(vuvﬁ) dv =L /(ﬁ vv)dv
v v
Y’W —hawd Arde §f e €V
bt = % ﬁ @Vﬁ)“&f = sz /(5‘?90{"/‘”@
< v

V varied o Yy £ D o9 Jyr for poink Chevges,
Vianieh o /1 £ D o Yz Jor dipeles,

L VB ot Vary adleour o3 fps wikide ds vare ar™

. 1% - _>. b UK J‘EV‘A dJe
Cuacspanbely, Bugint inbsel i <46

s Le foryg e
ZevD o (ha Sagnce S Lecorr 4oVF

WE =74 /(’5‘ 7y) A

y dewv by Wi 0 ¥ o,




—_———

Dreleckrc Goatrant- 4 8htugb

0= Eo ((*f'?%)fa = 5y B

Xe — £ lecknc Sas c%‘b!%"dj Gf e waoeviod.

D= &E
wheye £ = & &

| £
fys l-fxf"”-g-'

0
g s Calllech B pesmittnty of ¢ DQ'elctoh)'c/
: go A " i %C ﬁ’tﬁ Sf)ac({.
: —9
10 _ Flv,
36T

£y 1A calted cfu?%é’?ﬁﬁv vi by (ovdielechnc Contlavd

Te ' drelechric Guitant (o relodive pexmidtiaby) & 1 9
I vadio of dre pemitiviby of It diclechnc #o drod” & freedrac -
| Noke

--J;f_’k, IA oJM)C\y/s j‘mm}er e Q_c:r/w)d do %W'_Jy-
e Fme;che ¢ non doeleckrc modcw ot B =1 -

ﬁéZL{}f?‘C@JXj A?}MVL? Y0 (Qj.eﬂﬁdtﬂ‘c )‘/& J‘dﬁaﬁ- L’J"-’LM m
i : (bLL o .{oﬂ" R / 2)
€Jl C /?dd 'n o CﬂjdEdﬂ 1A Jjﬂaenb(j j ) ‘
} m | . 7 Jhe \’”%(QC(A.(E{/ ﬁ{- dLL C{};d oﬂ‘aﬂ‘c
hfbl-'u fJQC/W‘é (E?wafe/[‘@(j GU\J’V | €
l! QVu{’ﬂvULChw Dl ﬁd'b’iC b)“ﬂc?‘-k* 1A Amcl 6’6 o OCQW)‘CJ.
J é)&ﬁ(}\/ﬂ@ 3 . ef JGIAD’} ‘q

| AiedBehic beComsh Condurching pielechsc Lafﬁa,!j(jh;c‘cm
LWl & ’_ “f § |
i v old Eindd OF ngdffob”c inoded ods @QWJLWGU/ £

i'
1
I
.‘



{ dre Amoand of fim e frod B pelol B oplied: T mivimum |

Value g e clethrc pield ob which dielechrc bapdain |
occus B Colled I deelechrc W-hfh o dle dielechrc medenal.
A monf v o Shich ocks o bdhn Jnacdodar 4 &\AQJJ\C}T/V

1w colled prelechvic madoiod s Fivi o moderied achs o imswlofer

ki g fovce 1A opphied do e o desiod R i oohs o4 Onduths

ia codled dieleckre:

——

D e
D =g

Tf draxe 16 10 frce Space,

V| W

—> for freespace.

T

o= b Bvbl
Folovizodion P = Es XQE
P o Z,E-F&Xe?

. 58 [11%]
CRERA 23
- p=EE
£ & Eps

» The v T v UGL.LUQ of C/L\A}?,( o do ConV e ¥ !.hfulo-ﬁ?

42 Cﬂt@wo[mchh? i colled p ielecknc X}yﬁhﬂl\.

}



| - =L e LS R A0
Z‘Jv&a‘// QA0 b’D‘PfC y /’WO?QV\QWA ‘Qde cknch L~ Q

|

| for o mederiod o awny foin ‘¢! p Comdand it
2) Corsdinove Aytdervd 1% Colled
e of D4 E ot

| deesn't deponds O (x,Y,
| Homogeveaws  When fre Chavackatntic

i;/)g\VﬂQ fa Collesk I o b e
!; Foy A dielechc yodent ol Sahaf p= 5 )? i die
i, moden ol A [ty Bhken £ wndj Chonged Jo dic E 4 ceong
] . S
(ic_fehou e Cooxdrnod< Sqster Cn, %) 18 coalleok Moy, hahipe

! 4 t\gwloﬁ,éMO'M :

i,(_)_QL«'han:f
| I mojevod 1A Dad

|
i
widh B & hen Livea r odt«

o b be Liveanr, 14 T+ F D Vahuﬂ'mg]

Y u)t/{'e

being Cowder ¢
(71/51/7,)) ore Aotk b b2 ho
ey € depends ov

I
‘d%o’}ﬂﬂct : L ‘ |
| ™ etk Jo¥ ek P 4 B gt mAame diyechom oxve |

Jo be 1P0pICe

Cox Non - A s c Dt E 47 cie Wodin porallel(eo

| N v dlre Hav fﬂjr@dw'm_ ‘
|_
=

l_—_-—— A



For o Conduchr Which Aahipes T @
Aoeh . pes Jo o,
ng- vary widb B howoFerniond | S ! }
If s deesnot vary

@ from poing Fe por
fOIVlJ'_ " . Y %
g JAodroP 1 C wp ! daes ndd vory W 14

Aivechon .
(ondinniky Eqpadion .~

Due bo dhe ponciple F Clarge Consevvedion,
T O PV velume woubt b€ equed

of decveer of Chovie
I ro 091, e Cfa/ﬂi Surfee

Lo e ek Guhsayd CHERRE (ST
| of I Vol e -

. 5 §3

- dawp = T-d.&

= - A(ﬂ;},
Ak - O
& —
j Tofod Chowgre enclored by (e c oAk purgace -

U)ﬂ‘ug dvesgence freovern &3 eC(/.CD/

igg?‘OkE: ‘{/V’i’-o‘\\/ «-—@

— A&,
® d S dve= —_/,()?_gtgv ~&)-

CC"’”‘f'C’\'b’jh? e/ - & “{'@/
— 0fv
Xt I35 = %
W —@

fﬁ(/-@ 2 colled ¢ Conirwdy OF Coasend 8W*
) o4 ;




T Condinwdy Equahion s desived foon ha Pwnapiaoj
Cosewadioa of Charge 4 encnhally aeda dtad drere Con be m;"
OlCumulahon o Chowg e oF aky Poi nd—

Fov Mreody Currtnds o _
K

o=
Slow A Jrod die Jo ol CMa’gﬂ ({ewvi
fod  Chwgt endering Id -

g o volume 1A P

Name o hu d7
Retekoc |
Rel arxodkion hme-

The PO!VJ”[’WM of dhm'A daw A 5

—

e TE

1\

!

- = FV,
- EE: Cv -



| Ppply indegradion o bath Gde,

/ff’% oty = "/—E: dt- y o i

-Jl”(ev): = -—%—- E -+ Jn b

whre e, o Cartonnt o e gaoion.
"'671';.
b fro: €

Whex, Ty = -2
o

Ty —> ﬂd.oww\)’fm ‘h"’“‘(ﬁ’ﬁ pe amf\af}mmw" . |

£, —> Tnidod chovit Jowdy . i, &ob €50

It does o (,M};ﬁ fiﬁ('ef}l

Rdm’tcxd’l‘ﬁw Hme 15 J hrme
=] | _
n dhe nded v Of&wm}{ﬁml 4o dwop o €7 2. & pericd
I o vodut

=]
e = Bl 0.,

a :E\'ﬁ ﬁ-g)\'[d?

o =14
= [~53Xx |0 Ts.

Shovt E’C&f’fcl decay op Char ¥ placed iwwde Cofp e
o £ 9c-o;[ Cond Wl , Fii yeloATovr dr e 1x Ao
of dru Chavgr ol Ve Poove any indtoey

e SuFonce

> ) Wf/(d‘@ di.
Krov) €., moeNt
Fornd £ apftar nJ

——



For Fusd guasdted Yotz Jer fkdance,

& = /(Sbja m}\OA/m

@
|

EJ = S8
=7
[© )
LWL LR |
26T (o
Large rel okedion flos  Thot &% |

T Mowd A Ve

5 Aced CAaxyr 4o
may Covsrcl e (fre ]mhfwlm

?’0‘6'{1 5QJ‘ ele cho D, e

|
g, periEr pleteld: |



pertr GLECE
e P

T Megehashbe L

—-—-> Ele chso Mnhic j«ddg aye Ckxmdkh"lccﬂ Ly E@9D
£ —> Flec tm‘cfieﬂﬁ[ Inderady
B —> Flechrc ptux clewa by

bodie prelds ove Charadberized b A9 &
B — magdichdd Tondibily

= gm{thrﬂuw dewss b7

| ¥ aﬁm eho

Relakiow befueen 54 E aa, P= EE

Relodi o bebweehn 48 o, p= MH

»-—> e lecho Mroic frekd A )*”a‘ocQuC ed by Mabiclod ooy dmyﬂ

—9r cﬂa\?u axe YAiVG width Cosbond Vd.w@/ QA Khahic mopeibic
[or] Magrete shodre preld produced |

Lﬁ [Costank Current Ao W [or ] [ Dieeck cuvrevt

F The Cusrenk plow mey be due de,
]\’laﬁwﬂ‘l'fzo‘l‘fm Cuivievds G4 Th ﬂmﬂweﬂ}* MW,

g lec by —
&V\d_mdﬂ'ﬁh Cuyye wdd ou I

2eavn CL«?Y%;J]’ o Ih vaclumt Jul e, |
|

Cu..g-n-_’uf_-ﬂ Cox’b’a:jiv? LI ¥E), I

| T\/{W[ /{ﬂ(i'] J‘V‘r‘/ MOW; | ‘
| Toang forrnes, Magnibcoll s Leliof<d khsped
| Micseps verid e, |
1CH af}m’v\u/ ” |
A ¢ f""?eijﬂ?l/ wfod
”'T(:‘/!Ef.uzxm\z L,eb(z)’)"»yenv/ ARSI epasofon, - - - -

Teleur Avow [ cw'vy Covkra d,
| - ﬂ(/l Vt’ﬁ’ﬂh’;"jﬁ (:ﬁf;/&fb(a\ya’/




J'F rce law

—

' P—
Freld Tndenso £
o
| Relokiowatvp

pehieen
preld potentiald

FLun

3 ﬁeﬁo&w é:l&ohac «{i?‘é?aywh cj@da(.l

| f”’/cyv/fc-

47 R

Mo 2dT Xag
o i el

—— _,_4._*__




@?
Biot — Sowavkh faw - i

— 1 /
Stakemend .-

pdd Tnjensity df preduced oo peint £

TR L’VLO&jhﬂ,}’fC
emeul~ ZdUL pwﬁ%’rw do Tre

ibj Gh’ﬂ dﬂ[fferfd’)cz\l Ct&)’ﬁew}’ el

eleiment
!fﬂ‘dufé ..?CM tf' dle $n¢ Of die C’U’TZ{EO( L efween i~ eime |
Ia GL (ﬁe ﬂ e J'of ; 9 r d'—»'; d'luz @/lﬁi/wﬁwf— c:'l’kcl !:4 ;'mveme,fjf’zrvfbﬁrml
e M o : oyl il
o e Sqpart F e dixdon € R bebween £ avidl e ele
T A S v
e
l foe T
RL
R L
b, S . aw ]
4T R

Fyom fra definibhion of (50H produck, @ pE o

Ve chov ferm ¢4,




Disech on %;Ag.’ 7 Pirechion # A B weg
T e Wjﬂ’ hard ed Lestw e

¢ 'm'jft*-—hmck yule

TF 15 Cuxdaoroyy dv 7EP
5) b] A A
™ o hedter

W

elend I orechion of Ik mw(
fv@{& - 7 (o P el Crrcde I dh A

| d{fewﬁihg T (v 7) b oud ff,é
Hswin 0P
© @ Convenbincd reprasentadion of H oz
hegr I (D5 0uk F YR

A oul dn
@ @ @—ainﬁ ([N f"*j/a

| (I:O’Y(ﬂ%/»erev\l— Cuyrend i b udiond

/(j N C’u‘(ﬂ’th}’
Surrace Cusrend

Volure Cuxred -




IQ — Suyface Cu'ﬂrﬁ%(ﬂtw}y [;‘1};«;} .

-—

J —> Voluwme Current Jewndy (/r/h,a

_(Ed;l:f/fz-ols o, T dv

| i dibrbuded Cuent dowrcey, die B oF =S avadAatey

T T dAx O [p‘mcb«mwﬂ i
qT B

:/K

/‘de i [Valuw& Conrsend )
b R

As X Aag [g }fo\cp_fu'ﬂc"‘kj
b R

Magetic pretd Sndenblly 17 i Currend) oty Godhuch

. Z-
——%(Fiwfk/{ehjfﬁ“ f F;,ﬂa w evda vy Conduchor A

‘ of fwie devgtt AB-
|
|

Feld J/mh’ :3_ |
due fo & XFW;/‘“'L L.
Jrlardass

i g
<2 (Covd ek 1A aw Z-awA wrdh 145
Y evdl A m,é.J'Cht;Q; 12? an9l e

Lfper 4 Lo et
x, 4of ok f-

+




(onsmdey (e Conb brd'ow dF o Pl o @ eleney AT b
(0/ 0, Z,) ‘

Buk A = dzaz_;

R= fap-za,

KRR~ AI}(F:deqﬁ
H g Fdz
H:/ il o
BTT e T 4

/Fe/{-/ Z= FCC'{’ <, dZ: —f C.Q%chro(/

i s " O(L
g“ . H = - J_._ / (YCO%{CW’D(
i e

£ £ Cwe.csv(

o
Yyt 2
B e j e ghoe
4 f ,

;’; :L (CM"\’;,HCM«:{J O\/P_‘f ____@
e

d < c\ﬁ

i FWJZLC—"V’@/ H A au(ukk% aim?,

(ie., dlang Concentric circolay pod
wire or Prapord U YT o

0L dle
% A Aem:‘;hﬁwt}«l{w-r;& P)

Lot ) (J;P ke Cﬂlﬂ&udw--

l A b 04"0(0/0/0) et e m®
2 A C"-}"CO} Ojoa)

'V He =
2K L a,

de vnd— Veoler ag |
) roespechve & e evgn, |




| fmpere s Circwd faued.

Slofement
W g orowd &

| Condir)—
% Qfdla@w&uc}ﬂ‘( '8 o iy Jen
/

Point-A1p o1 (0,0,9)
73/\/5 O-//CO/O/"O ‘”°<f'-'-‘f<§>d > dL:Ob'

—

21 o P

Uwy vecfr, Og = Ay X Ap.
alowg dre dine Current

,‘Q__.-L Ay

whye , Oy rd4 —> uwd vVedtar
‘e die /(JV‘LCu’YYC#

&.P D m
Fo feld Poi v

N axA weld A EWM (.

o/ die de;euhmi Covrpport

yrew Lenc enclord %767"*#9’1‘

m/&"*wﬁw
lorcd podn 18 dqu\weaqduw@{r Cu

j” = J‘ehc == @

#_Amf(?zfﬂtx& Law 1A A”ww(mf&v @au,vjbsiaw
A ThiA fhfﬂMm W patpal whkv e Currtnd AT brdion 14 Aywmehcal
ﬁfflj Xldke'A TMorew 42 1 @W@/
Lewe = 52;'&? gk = /(V;CH) s - 6
L S

W'mvﬁ e -4 & 4@

ZK H=J — Thrd ranwell’s W""‘

N{A
Df}%‘-’xwho&( Lo 0D Foivpfer

_.—NWF”WJMMC Aelal & p,a; WMW——&

Ix B =T #o



. [ T,

ﬁ[)ﬂfmabw ‘?/* /JWﬁufeA ((gud -

'OJVZ/’!N}C Live Cuyrend -

Cowsider o0 mf’m'fdy XW? S lavendeiry OAMW‘”EW(%’?
allow a clored paft,
A do be |

O‘h Z-awh H M- an o0 b Arerveohion poivk }0
!fGU\J ﬂ“"?’i’ £ s M o sdlecl de)eb’tl/l Aaw
raﬁ% ed A Kwnowh oo an  Avpeiion ot .

] .

. | | it
E 2‘ U 1A Caxland m‘de&p JA (ongyand . Sywce dh /00“”7

i ' honperels decusr
EEIAC;(B/}Q J whode  Cuwztnd g, recordivg Jo My

Hﬁ 2 / ﬁ f‘ Ny A f "\_& p y
{ 0 )
I = Hg S 2P M{_ __ %
// i
e P
4 R r P [/

Q

.@ g&’{f;w‘){ Shaed F Csstnd !~

Lek z=0 pPlan.

| Onifgern Cuvenf dewity E =y oy, o [—

t ﬁﬁajtj fhrperelA Jow do IR ‘QCfM;/Aar Clarch pod /f“‘f‘ﬂ?ﬂ%l

|
?’W@, 2 @ —?
%H AY = de = k‘y b — )

—g@nc




1 : G
i \)‘ b‘\x ‘l |
| 5 - - F . .
| : L t/;\“' P > _
" z’ [IO‘\ L) 4 f 0\“ ,; " e _-Hx\b
i T _; mji— = e — | . - -
¥ A by
| I. \} » )
/ - > sij:! A 2
; N NdHz2
.,.\:‘" (lOMCl P c’-\}' b S/j e, CJ:LQ peir of Cu Sk
2 =3 =kt = Johamends il Currend alcﬁqg
; Lowne s
| wpgrate B pi i (Bmprihi] o y
To H/ duj"‘ﬁhr}( Aleed o4
ﬁi&we\«hwm

AT obae or Lelod dhe Mool dea

C’Mm”‘ﬁ Cov be /‘OM wd U*""'gr/ )
'f-'f_ = 'zt-'fl‘f—F Okﬁ ‘# ag = Qg xap \
T yesuldaw AY bas auly Qn A-Coypaesd, I om oweArde of

Jlof OV T oty Jode But
A ug of Tuck

Jo dle r'h/,'wf#

| e Kook [8 e Rgadive of
s '07' Tl Aheth) He Maek Cwn b* z—ejzmﬂeol ,aq'_ Ca Lo
Ief:v it gL of B for apoir |
 plave .

/)a\me de dLl. J\hﬁ‘wﬂj"e

ok dte Claracfenadi'cs
Cusrend Abees,

ﬁ:/ﬁaa( 7z Zo6 D

< 0
—Hy ay Z

A R
jﬁﬁ-ax:[/+/+ /+/)A+m

0 [ + (~Hy) CDF(V+(H) (D = 2Pk -3

—
=



e o i : E;ff/m}my% + W, :

: o *"@/ 2 Hobz Ky b 5
Sub~ Mo In eq,-@/ e = 7k |
F 3 }zﬁ@c\x P 2 70 |
”;’L-Ffj o Z< 0 J

lufiw se dhee) of Cumrend G(EM;)_“j K Al |

|
3
|
!

9n j,am-ﬂ\i/ Jor an

H E%E X Qy,.

tohere, Gy A QU Und nasmod  veckar direcked fam i Currend

Moo} o he poivd @ Triereid™

@Qwﬁn&fdj }L@’Yl(;/ Caﬂm'c&! T’a’?’w\awb\/h'ovm /“'M/‘r" gt hetleca | :
a7 N |
| N\
YLt fn dnpiscly Aoy FrammisionBine ¢ PR,
/7 Pt A\
G ,M’;? or drio ConCenbn'c CJL“JM //’, f/ ,:-l-i \‘\L\L \‘\‘\ \
{ = 1\
o) L\ 18
"(L; di'\ur aﬂu lemi d-LL ’ ZTC{MA 2z '." 4 ‘{ ‘ ']1( ( \ {\ LE:‘;‘;; I -:;} J'Ill ’x
| S P .
- X o T .
o Z-awes 1A oud o I AR \ \“Qx}=:*;i;/ X 3 44 ]
FToney Grdachr  radivd @, > ._%’"’ sy
et Currend T) . ';

Tomer rads ug b, 4 frickvers & Cpat Aecbm 0z de

dine, diepebidiv
bawmition ho(»{qum o

e -
IA MWM Aixcto b Jv LETh

*'OM}&V ¥

ty

Curresd T,

T ekerywhere ot hod Cunend
Conduschars:

=== T



i
|
.
s

/qm;oere‘/& Law o\iow? dre Anre“nmln ;ockﬂ‘ fer Coch Of e

ﬁqr poimble YeFis k0 S <o,
'*O\c: f <l
*Le P ebth
P f =il

For HZ')O’V) 6 < F—éo\/a‘ﬁ’{j }Werﬁkiaw J?f“‘h" L"/

Epdr = re [P ol
L

Glwee Jlo Current 4 u"“fm""(j Aot budeek ey e CooM Aﬂcﬁo'\n/

5o s O, A5 - Pdgdraz.

Jenc

. //“@dﬁ O<ﬁc:2.'0

A Lwit
SHi)

7FFW ¥ AL PLh, o dra podt Ly oy e Aoperon Fedv,

= . " i S
/,;p,zm’ / ¥ Hg =L @




| Fordie seponl < PLLtE e poll Ls,

F7-aT = Hy o8

-G ~ &
—_— -—eHC.

tbest , T ¥ e Curewf dews by [(ump,kpea A 00-60\) af dre

' owker Conducdor and it olong —az, I,

B e

o [G+ % g

Sob & }h@/
g w B iyl fwvj =0,
4 e P T+ bk
" ; +b we Pt BL,
ﬁ'ﬁom-:g_f-’rfo
L



| 6<fPL
| 27 a o
1
| i Gt g
| 27 P #
b= ] L < P Lit
[’ +zbb’
f;;—b-Hs
o
N
N . \
f{:’ P s
L ‘/:._ -
e / |
/ L s
0 (6.8 . 7 2 |

N&ﬁheb‘t ﬂuk &GW}‘J? [T\J’C\lww% gwb(?\ﬂj"'

B —> Magr® e fow de' by
7 i velofeol Jo e ot ﬁdiﬁmmljf)

Be T
Whan, Ms —> ftmeova"r@b ot freefpece.

M, o om <167 # [”w’%remj

m F?WC ﬂuy( ﬂawy’h a Suyferce € 1A,
Y= /g‘ AT

a/l\u( Y — w%eﬂ (MLQ 7%1(

dmhﬂﬂm

el s iyl [Nk cﬂ‘;um(,v&l

— _.B _———-? . (M/?% i (%/) w;a‘{%ic{:)/% Cuyyend Cormng JMJ”%‘W}}Q
-+ el




7

weh ¢ /{Um Lne i O Mh} which B fld&my/ﬂ,d.;w

| vy
od enery poing v & maguehic feld. It i d L adong Whick e
need de c%; a\mtﬁweﬁc @mfom il omevd ;}Awg/ﬂ(ae&g{ m Tre
mc’jv-cb'c, Freld - |
0y Jrod- mdicoded i et |

# The direchkiov & T A daley
magrehic. (ompasd:

by dw needde g+ I
* eock planlive o clopedl awd hos V1O begring or nd.
:,mf"ﬁ"“”e s for o Shaghd Corrmnd - Cosrging Cudwchs it Y
b?emm’uj h"‘e‘M‘m"ﬁ""PﬁC Jlun Lry are Clord ave do net
Cyors Co-Ch odter B""f}?\z’ouw o T Ourrent A b wdiew.
O an elechroobic freld, J1o flon posng Jrsough CAoAN
| Sarfonce A gdha Aamt o Jre Chorgt evichored

Y- §5.45 =Cac

<

Jeonmy & chortd f > Ford

?ﬁ"\* ‘(e—“’\"“j N ClMSwzf&QQ f;/!:‘; |
e 4o S acoded. eleckric O3, | Jo mogrebic Char7%,
Y=FBds=0 |

r]'f/ ’:“i};b—clz = Qe



-

A

%}; M Faakaded \mokﬁvﬂ@h-’c faz{c by d,‘v;'o(,.\g - v-,,ojmu,‘( lar |
Jeces each howy Yot 4

A'MCQM‘I‘V‘&[j I'n d2 dwa/wge\nok Mdo Ldl‘d’h P
s

Souh pohes «  Thir ympambhe Jo teperale o nodt floke [row

Sou.}’t\ FGVL( i
* v moladed Y”a/fw%c Cfxaagg o ges N QNI

The dodod plun dﬁm%, a cAoAed Swyfece A Wﬁﬁ“%cﬁe@\
wuyd be Tero,
FRasFes: « o LE
Th' e/ 1A Wj/emo{ do oun dhe ,an of %ewah‘m af R
Jlex o Gowon's Aows for chgwc:@kﬂmhc Feddd- St N, |

§DdF= & M grush s Jareechonrabe feds.
'ﬁtwcﬁvmw‘ﬁ J:,di I ) COW".\GW[AJ')W ”"Cﬁwf/}’fj{w Y

(s epvordiee .
prehs

Fras- [phavzo 0
S o

&'\x{j@me Haoyem do ¥ “@) }

<. B=0 - — (©

e - © i du Jourl Mranwel/s €. |

o - @4 (D Mhows Jrod magnifo Mndrc ¢ fedda hort no Awg{w
A

F Magutfy C ik Ly a5 ahoays Conens J‘




| b TN TV
J L_g_’ i
L | -
:__—: ] S r ]
| | N N
| |« |
| L___‘g_,i S | N ) :.u ,t‘ |

| Succem ve Qi vikion of A by monj-y,ej rosudds v
E preces Wit hoftn £ Soudl podes, A/Lm:? o MW(
| Pales Cowmot Le ihadoded -

Maxwell EWT%Y Stodhic __EV! Pield.a -

e

| 'PQI\V\J:_@__________,_#,___ I S ——t
~-D=fy | ﬁDo\?:/ﬂ,o\v 6 awnia daw
| <
!. | ;
B fpame | e pm
5 ‘ ma’he)fal‘f— l ‘
VxE =0 | jﬁ 5 AT w0 Conaseondivevers -
L eleckeo sodre pel
v xH =T j{}}‘»df *’/ff» § frpere's law
i s
1 C—— - o ] e




&

M&gmﬁﬁ‘c Scolar and veckar Potendrods —

¥ Tre pajendiol in elecho dtabics yelakal eidh ele chcfidds
e bty 1A Frven B,
E T g N W
Sinidary A podentiod eure Cringeol widh, YOI

/l"d"t:g - TR m"‘gjwdfc Posendi ol Counld ke ¢ cokowr ¥ (0
veckr B, To depue b, &£ A imvolves droo 1dewhdies,
v X (V) zo s I

V. (vx&) =0 D
A A B= =NV, i Vﬂﬁ\jheh‘c A conlay PothdTm,( Vs
g e = ¥
Ciw mqff’.r'u) ol Yeladeol Jo H ckCcm@'vﬁ 40,
F = = V Vyr) ‘;f 3:.’: 0 — @

—_—

~<7xH=3
L5 SR F e
= VX (= YV¥%n) =0 ___@
Acalony POJ’f'.MJ?‘aJ Vi 1ia ondy
V,, Aadidfed Laploce e quod1e Joud oy

The ’V"‘O\ﬁﬂ ebc
| egion Where Woewb »
V does for  elechoAtedic preld 3.

Hence, k=0, (

?:CD "@



Fox mwmaﬁd& S B =0,
The ve cley w\oﬁn(ﬁc ?o&f-w‘a‘al A (r'h wb}m)) Auchdrod,

B= XA .——@

da |
b £ — @

A= cardd Joc bins Covmrend — @j
AN R

/ Mok ! Lo Suyfoce Currend )
g 7 R

p 4 /MOZJ:AU /w t/ofu\me Cu.ra’t\,}‘ ._@]
v Hn R

8 = /’(o/?okj‘xf
o -0

3
L R

Where R 14 dre diklance vedX foow
'z) Jo dre preld poind (1

. it
e Aive elemew dd

o dhe dowrce forvd (' ‘j z) o NXhown in

Pigwre, & R = IR 15
v v 816 ‘/7-
ze e [(xrm)+(y*jD-#(z-~'z)J — {2

——

V[}ZL) = (n.hm)a,l-[—(j y)aj-{-(z-vz_)q_t N 2

= ———

[(n._») +( 33+ (z- z‘)j =

R .9 () -®




b, in &3 ey () i
Cgl C—O\M ()61 .)_/"/

B= M/ dxx?(g)“O /0{4%%

FBooy vecloc Tdewhdy,
v (4B = f 9 XF 4(9=F  —(f)

L= Scedar feld
_F-_ — \/eCJ’GYJ—:\Q-LoL'
L@k—gj oMU, j:?}Z 4 F ::ol«l/

I"’){ 7(-’3{1-) = %(-dej,)—-VY[fg-‘)

N7 gpuake ©TF (1Y z) While A7 ra « fudior ‘:W(”';*ffz)/
7 x 41 =0
Ou
&' wlp= — V- — @
- CCV—@ reduces 40,
=
=1 MeSd A
g = ¥ X = s @
L
Compoiivg ev:4 @4 v,
7. [rozdl
ur R



V= d/iiiotf-

—

B= L xd /

7%= /6‘(‘ h) As

S Dg}v[ce% TheoMe\,
l/:: & X

s

(lf)"ﬁ MOﬁ'ud’?‘c ﬂwi d’LW?/Lm 3;v@m anted



E

 Forcer duwe do M{')ﬁyﬂ;‘c Fredos -

' FM’VW (?rfﬂm'mem{’/k}

Tese Qe od-Aecad drsee wo W Whch force ol do

W"jheﬁc Srekds Can ke G)feaiehcub

The fece Can ke (a) Dus o @ maing” wzﬁ@—c’l pasticle (v o B A Uehs
(5) Or & Cuamend elermens i ow endemnal B Sdd,
(C) Befween dwo Currend elevends. |

ﬁ'FO’Tce On & Céﬁ?ﬂl}%ﬂv‘de g

£, —s Porce on o Shadioma vy @) vmong electc chosge @ 1

A elcdm‘cﬁ'elok*
Relahow L/"’ fe 4 EAN, )—E} QCawme direchom.
F, =QE = [0} |

ehic preld €AV enext foxce only v & mouny Chage.
i gh foaw ok THL G GPeSEt e Fn erpeverad
velocidy [T wcﬁtﬂcﬁcgﬁ'ﬂld 5»*4,',

A mng

by (ChATTE o wmﬁrr\; el dh O

?_‘m = Gl\‘/_t XE' "@ - N " .

. AAr Jer d WG B |

* Fe /A fwol-efe‘ﬂokemf” of dn Vdodb of Jie Charg€ ¢ Con |
sk v e Chaige 4 Chonge 145 kiwehic enesgd:

‘;-(;: ) O’Qf‘?"’éq—d o Cﬁ‘o‘f*?e

“7_:‘,,,, AL =0 j WosR Comnhd) e xfoym LR auu

I 14 o oghtanple Je die L vechey,

(Perpar
velocidy 4 ovwinl do M-



For & g Chayge (@ f dre presence g hofv elecke
: t{e W@\;’h@,{q‘c Fl“d 0‘-’5/
T deted feortce omn WCLQW 14,

—

/ B &[§+'&Ix:§j/ L)

5.0 in called Losente fxce Epation b T
e Chaniced fovee do elechicd pforce. Gp e mond of Ire
dﬁ@yy& fC\b/&?‘dQ \fﬂm‘h? ;h E 4— EQQ\ELAJ ){;3 v, Lj MQLJJUM'A Ae(l}»ﬁL

Jouc) G ™y
2 V”’%—:t - &(_g+ﬁ>c§) —(5)

- Séja}tcy ,oaar%c.ﬂe_ 2 fedd | Bk l (bl B & FAAl
Sthomo vy !i 0B ' '; QF
Mlovi g | QE % QU x B @CE+3>¢5)
rf3° FWCC on O Co\md' Elem;wé’:f- |
TR forte M & Gursent-elemend BAL
Codoscher dos do (1o Brebiepield B,

U./?vr'vxj e (Guvechon Cuwrze wh,

of o Guren - Crylvg |



TdL= fA dv
= (fdv) @ !
Mol = A «
Aihwmhvwx TAL = %&&T ':M‘—ff b 5
Gal= A8, 7 5
‘Ghﬂ I/dﬁc,fb L'_’L

An ?jermewlf Gﬁm’}c da md\/{m} W/ CVMH]
deﬁ C@Mvv;d”‘on Curtnd element &&ﬁ) i '

Ry~ ele wevd 1 A -
V\},ngrmth}’

[d’kwt‘_ Lj Pncg
S Cumw’, TdT n O WAj'w&J‘fC
on o~ Cuyt

ﬁcflad\ﬂ?
= v—r@{/@ T " _
drf; — FTd3 W {“JW ,ﬂo\ﬁ}f@} /&u@;d\(

Cewd, The
L o Clrcwd,
(f/ s Cuvrtnd- 2 18 J'm'mﬁfl‘ a cﬂa/\&:l fb\lﬁ“

o g e Civced & 1 given i,
@ e = jpfio\if x B
X E s har,
Gupendk & T AT, jp Hud=e elen evd B
AF =rdsx B
FTJ/KMKE

of Voduwe Cptud edevund
AF= JdvxE
F=/Tdux A |
14



& The majmedv'c Oﬁdd B depred oy Jre forte pey wmid ]
(e W elemend -
.'

@ Fovce bedween Two Cnrrtng Eleimendss~ |

J ek ux Cownder e force (H & |

belween dDO d@wﬁm j[&j 4 gxdﬁ‘

'(’r/c 4o Biof-SoNart'd Law, Lohn Coovend .
peldd, L
r

:,{,\lﬂ f

elemen  po° duce M&jve}q c

T frce A(dF)om elemend 5 d X, dua de

o fld AT produced by elemed Bdl g0 opeen, o
Convre wf—Aoofs

&(A?&;): jj{d*p)(dg_ = @

AB, = Mo T Ay X Og,, - @
471 R,

A(AF) = Mo dd x (7,4 ¥ %,) O
R,

E ia die detd foce, on Cumend doof! dua Jo Cvrenf dogp 2 o3,

ﬁy = /"(04.;4_,_, %ﬁ ou:; P;(M 0((;2{) O

h T Lt Ly
T frce Fp mdowp 2z doa 80 magnebe peld By from Loop) JA/;-LL,,,
| eqr- @/ &y ;w,c.wm?{vgy Aakhcop®s )4 2. -

R
F4E Cﬂot’i% Ne win's Thork dae:



—— 1 (‘_“_\/

[ Time Vo‘ﬁ”ﬁ F f‘ez{ouj

Time ——Va)yl‘nj Selds () wawd ave umﬂj Awe o

i&CCdexzy\j{cL CJ“"*?U oy ke \/cxgih(y Car>€nds . ﬁhj JDLJAc\ﬁm‘?
Va\ﬁihﬁ pelds ] -

r Manwell s EW‘M

Cune b wi ;P?R’c[u(e Tg&@&ffﬁhf’ﬂ‘me

% .8 kebiovavy 6‘5\&? er—> Flechoxtodic frelds

|
|
} ) S{fﬁadj Cusrenks —> Maﬁudaﬂc\ﬁcﬁ‘dcﬂ-
| aﬁ;e/fob(t"o

A Time- Vc\y l‘%‘] Conen)s —> f/fecz?ramcyu 4
NN\ A=

Vanous TIpes op Trime=Vavying Cuvrens”

Faa’aolajr/& Laed:—
ﬁCc;aﬂfhﬂ Jo Fab’m&aj’)& e»fep“mew , o lendrc mm‘yneb‘c
Lud o divae— vaxyig Frehdd s

pedd produces yio Cuwend flow,
" ele chonegive Jorce C”’Ef“a

produces an 1w duced v’a/{:}n‘g& [c
it clsaed, - Civenil, wdfeth Touued A flow o Cars€nd™

“Foknkclaj A Covesed Jhod dhe mduced fm&?} \/e»w/-("h wih))

i any cloAcd civent 15 Egmed Jo Jre Jime e o Clonge 7 I
woguebic plun Lnkgge & Jro Girtuid-"
TTop 1A Called Faraday ' law, 14 CanbC ehfar-wvcotov_t/

AP AV
R T T v



—

thave N 78 dhe N bes oF fury Jn die Gotud avdh

* W d plux Jrrng, each duwm .

o Thy =V ?vd'mo HMopr dued Ik snduced vedduye ads

Yo Auth a N‘Tj a3 Jo ppesc ﬁL/{um pnalt«c;“sﬁ' S

E9 (D)
TyA A Rnown ok LenzA law.

P/fec/bﬁ‘c aar’?/‘-«)/dhh

by fon Elechic frelds produed 27
(auwwd by

art Ofter Kinds o7 Uechic freldls or A reckdy
elecknc Chm?@s, TheAe ove EMF - produced freds.

Sourcer, OF Emf include
JTarm0 CD(A}O/LU/ ﬁmd Ceﬂ/:,/ ¢ 'P}-\sz; veldad'c cells,

(omve st Nomeleck cad enery y v do elechrcal Enevgd

i’ I

BOUU"&}F%T{:} == - |
£ ,__jl:fc ;Rﬁ Cirewit /ﬂ“w“y—é’yfﬁxiwy
(| Fild £y cleckosteinjblEe
N -
C&w'der dre electsic O‘r(w'r/ )bt dhe boktery 13 O
fle bbbty

clamicod ackim GF

 sowce F Emmf TTe eleCto
Pue do Aetuiulsifios  9F

’b’@ulh vi O fvyb[’- Fﬁ’fr‘QV\C&o‘( E/_ )
. C}/\.O\Yiﬁ af e L;Cvé_g”ﬁfj C}emimo«,@/ an 2/{9__64—3@ /w?“}’tf')ud %e(:"V\)-

odko enAls -
Toral elecknc feld abany Poind,
E-Ep+Ee
£ 14 zexo sudAcile e bondees.
Tk B have qp. dhrechionin G sy



G e Jo Aerd Cicw' e, |
I n W MY |
1 P |

jfcu: }5?; d2 —+o FN/EF“‘U [ﬁ“”wé%ﬂ
) L |

ASERE j{fge dl = o be Cauk Ee_ 14 Cons eyvendt V€ » Tha 5%;;

of Jle boffery 14 S Low ;nf{?frnl of (tu Emf — [’ar-cc]_uceol Fed,,

ie, . L |
Vevnf"; /é} & P = Ee -dd =1R |

"-'é}f- Fe QX E’.W Lok Op ok H2 LI I ( ) )
. » o L
yof dlac Le wjmaﬂe_d as dre podenhok Aperevice (Vp "N

Lebeen e L ey Of’Ch—Cf'r'(w'd— fevmiyondd-

| Maje=-
| HebhoMobic fredd e
| Lo vt Mwc e g{f—t L =i
L 5
| (A noMCGMf-’”"Wme'

.. v Bmp - %&Acdﬁdal —f}‘ o e
e * elechramaha, voldrge & poderdial digre |
9. Pucept P € |

vealy e Eqpireled .

o 1N

CCKYN\OJ" yﬂO\J‘V\(f-Z'/V.Yl (N MJ Cu¥<

= 9R.



e

Trangfovmer & MMokionad EMIEs -
Foro Criwd widh & )m"vj(e koo (N =1),

_NaY

V/ .
= Ak

|
- 2%
Ak —

1

|
{ v

emp = - | >
| /E o(,t..«—a_l_; T - (@)
| s

O e Y how Leen erﬂaceci foj E/E‘ dT and A He Surfoce
are . of e Civou'd bound ek by f1e c Lo\ /"0“}4' £ I
|

Eq - @ o hme Varj)‘x«i Ao drnod1om Lédn elecknc {
W&ﬁhaﬁc /rdc% ore {FBUEVJ’ svid A¥E m}»ea’r(’lmko(f
dee'h e . sy @ 14 i

sy () s bowed v &7
cseoivy B ()

J.\"I

. J'M/’fﬁﬂ of ﬁfur( o3,

(?y: AU\CQ(L f\mf d.wl do o

. . diefichent Jeap in o
L hwme V’d(jfﬂd"' B pfed-

‘ fs-’ - M/
2 fil'r\cl'--' ¢ 4d }3

71:4 vanahr o flux o 10k v e oy be Covrel fn Jlyce WAL,
3 eld

s gj hc\th o~ gl/atho\bg ioodo o W A e Vanjlvg B
vmyn?; /&oof ara M o Wcﬁf'etcl

dogp adtoh ina e VA&

|
i 2. BY

| I Bj lzou‘rfhg

kov"””c‘}‘ o fime-
B Aredd

adimt= YA g



@)
ﬁ Skahmayy Aoo p s Time =Varying B fdd [:rqumx ENMF)

‘ (037 der St amavy @mduuﬁhy loop H 1w a d""""e"‘“‘“ﬁ?’l?%

maguehc field & Add.

\/evuf;fgﬁ"u “—“@

)

Qs

|

:__/‘B‘Jjo ,-—@ !
§ 9 |

r'i\-..

s @mp 1 duced by e e~ Varying Cunreof (f’miuol«j

Jre UL’.“"‘&'VM&?W ? /,Q,{DD v o W‘mo«?j i@UTA A Qjﬁ-ﬂ -"’Wﬂ’i

|
) b 2 = 1 ! a |
we r (J\‘halj AA Jonce (4 A dea ¢ |

Fs o bawfomey Emf v pPo

hravd foymer’ aciov -
Apply Ateke A Heorem for EY- @)

= 40 wmlar w = J38 ps B
jf)[:z d4 _S/(vx E )3 ) 13

ok
(=

Frome ¥ @eguatig S bt |

1

</ x E o

. | : e LY 'Iﬂ/?
Ts 1A one of de Manweld  Eguodiord S rime— VT 'Y

j‘&" Ko vA Nend™ T2 FHwme Vc{g,‘hj £ JL“MA i ok CC"WJE‘W‘#D'L;L

C felds ‘
M dre fWhafKM a/ ehﬂfij

I[Vx'ﬁ_i %oj . Ta dees teply

oe Viododed:
e wovk doe v daf<ing a Chavge  ako

O dime —Yarying peld, S Enample | s Ao 42 €

(Mewﬂﬁ?ﬁ\o

wp o cdoped podh i



2 Meving levp in Stndic B pdel [190hoval Emp]i-

hevn a Cfmduca’ivt; L@Uf B VY'IO’VEVL; v a Stadc B ﬁ'e,u/aw;
Eomp 1A iduced v he doop. The force o Charge wm.,?wr}ﬂ,l

umffdm vdoa"g‘_wj U T a Mﬁﬁv\eﬁc_ /,‘aliu[? 1A,

fm:@ﬂxgﬁ@

T Modiomod lecko'c freld £, ™,

—_— F‘ o =
Em:____rm — &k B - "'@
a
. o
Wm'f/ﬁfoud'y oy

(rsrde ¥ & G;\/;(;Luoﬁhi Aeop, oM g widh wn

2 mduced P
mber af free electyond, dhe S

Grating of—a farge va
P iaof’ "‘)’;
Vew, ;.%E”"A’{ F/@/(ﬁxﬁ' AT —6
‘ L

CL Y?‘tda"bhmt Eiry Wﬂuw-—(‘udﬁ‘?
I‘M- fn* I‘A ﬁ-\t }QIHO{GL.

W/ g’em'p’w/ GU'\A

% et F Sy 1 (olle
A g;le o mdd‘{mﬂod ect

Eimf Lecawl it o
fonfp fndh it €L

alpe madons -

el valleh & guCL



B

L[/———a ¥ A Oreck—c Wialds

o Cly

Coyw:'d —
ey o 800 /Jcrle dc mackine Widh o armature

;Gn‘l and a dwo bar Covsiviikedats T wol P=aye 1A gensroded ob dhe

# Induced Emp du
o Shohcgpidds

Lomider e \pAdagse 1A - gencrorpek—ox Gt CotA—Yotudu witin

| M i 2k :
| Wﬁ Ud - Cosodey & ¥o d A wd\A\ﬁ Lehoteny a PM of
qoilp s Gv GWé B £ M.P :



<X B = ¥X (xp)
3- ‘Moﬂ‘bﬁ i@cjp v Tivme- kfaa;y;}, predd -
A W’OV‘\W Ca«ol.ucﬁw(?r o of 1A tnol e vavy g imagmdic

Joeld - Bodh brand fagmet Eimf £ mofioved Emp one prejend -

o Joded Emp o3,

. g o
Ve""ac' :ngf-d(( = ,_‘ “j?"clf-# Z[(U\XB)-cu
S
L B

Dirplace ment Cuvrent !~ |
elln Cork &Ww P EleckNabic
J v? AL duohov dv

Re cow deved  PToaw
pdds and modipr ek Tk Fer dime-vayy

Aroidfy FaradayA daeo . . E Tt
MNow Cownder Maxes ells Curl QT/L"‘MW Pl ind

- h HVa\J'jfn Cowa(fd‘;m ;
/’»f&ob; [f}mf’ere(/& Cioscwid /(ﬂuoj Jox e ;

fox Mrenhi € £ M Frelob,
TB=30 2 [T (¥
The divesgence of die curd OFany veckrpeld 14 :dwdﬂw:&j

i yodf » dkfrw'm

fence, - (Ixp)=o [7 e |

9 Fes =9



Tht W”W@ g Cwent M

FT = M" +0. (@

(¥

—

'm(/bj @% ':'A @ & @ oy @i\/‘f'a’u{{j ;h W&i‘a CFdY

o‘-iwe— \/o\.sgivﬁ (odi' chons -
Add o Jferm & e-"Vr@/ dren,
X g = \:J'_-,r- 5:[ e @

T divergence of dhe Cord gF-Qny Vedfer /4202,

Howee ,

2. (Vxp)= O= < T+ T,

T -7, % _2 &P
YT,
— g oD
0 N
T .35
d T
e
tub- eW® MmO

TR 2 J-—f-____. o @
. C&V C /A l\‘?o\&weﬂﬁ GWW Jor o Frme- Vﬂlj#ﬂj f:dol
.m&c’m ‘jd ,‘_)_Ji (4 Know? o cb/s{)faucewem} Curftmd' dernds

Jk
t T8 Be Grduchm cumend dewsdy (T= B

R —
|

i



Tiso Surfacls  of joderendi
&ﬂwfm? e Vee h@,f Ty n ﬁmfcre% C(‘V(UH'/(“‘-J‘ :
|

|
ol on G ditplacoment Gusent dewids, It dinghoceied
Currtng— oo, |

— ' \ e

The disploce e &vend A B GG vasyivg |

elecksc fHedd.
é;f».'r— Cuvrend fﬂ’a’@”j’rﬂ A Csﬁ%o«'&?ﬂ/ when Aan sl ey
veddage Sowrce JA a{ﬁffjeol do idx plad £2- Phouin P> Fur |

}Ormfoere.’/& G rowd Aaws a2 & Clered pendts L Ao ir g€,

g,
: '}g 'ﬁ’GLI‘ = /j—:‘dg-‘: Iehc‘: j?
£, :

| L= |
| | o
| R L, T Curtnd O”nwu}%dl&cgfmti S A

| ﬂM‘Au}fmc& Z;mmj&-o( by L v e boddgom "U‘@fb& Sufenesy dref-

o behween fle Copacibry  plodes, o4 Hhouh o pU e

| ok
JAdr= S/j\ép_';g Fepe =0-



QO

o oo oot Guretet (o) it o)

e Folted Coysend dewady 15, S 7Y
-li %g-d?z /‘jhd‘&}-: i BhoL_‘."_: _?J.\E.'::(F
| 7 i Ak § ar -

Same Curewnd f?'((f)‘cnl/ AA oAk cn')/mv?'lﬂ 1d 14 CowiMCj'l‘o'h

|

Cauxent in S 4 &‘)Vb\ce e nd Cumv,!f;'h SV




BOLU’LCH.CK? (WCQ‘%C% * -

G ru il st In S 7 Coming O don e

e dian, (e Comdifiony Frod— dre Feld munp Ao

| . ' N andory Gwdidion”
A{Farauh't«g Jre media aue Cotledh bowndary

Mepe Candlidionns e ve helppul i Aeferminivg 1 Fredd bnowe|

fterMde 13 Fretdn. Te

| &g de of die bdwm-ﬂﬂﬁ’}fcnt /Q‘dﬂlo’“m |

D FYp s of wodert ol de wedlin are |

|

EC&\eﬂx‘ﬁM oM Le Reckedd by
|

el @ oF -
| PR
£ Dieleck c Cé’,) 4 Pielecknc (gr) |
% Conduchor 4 prelecksic

b Condunchor 4 preeppoce:

Ol o, v ot Capoadiny,

| To dthermive ¢t boundary
E-dl=0. —@
I d5= Qene — ©

1T eleckic Aeld tnkunbidy B inde dwo om‘s?@‘m*@“f‘“'éfé

E.2 +8n -G

¥
J
—~ r'
Wht ¥ Et ré Jﬁ”fm’\}’f‘ﬂ-ﬂ COV-T’OH&V¢¢ r tF |

-—

1.;_; |
r te o 4
) i VLWQJ | { |

Péivdayr CLe,CarrnOoA???‘cm Can k& dove Sor dre EIG-Ofn‘C/{m Aaw?fﬁ‘

4y o d1e jnjerfad



e — ——

@D;e@ecva~ D:dEL bnc gouh&p\ﬁ Condidions—

S ——— "“”""_T

(Owad ey dre f,clcl ewiih vy Im oL YeFTen (onipngy of dw@

A spereny dieleckics Chara Chevzed by

AN P T, Jpmedia ).

"~
[ rmr——————r—r——
|

anpwens Loy~ d1e P

g&- = g@ g)/l EL " 2_4
E = E) gt Ep f @
B =Ty + By,
f,
D) .
£—>0
) . Pz g
".’;\a 62

e y@;dc_chfc 20 undovy. 2

Delec

Jor Hre CloAd pod b CdR,

o v . p
1ol de_obcﬁdo{ | nfein e i T

0 verf Aol -9

e B Leéamy,

& = h
Wiave, Bo= 1By 4 E,,,;[Eh] s D —9

E;& =¥ —®

— Db e Bh
E éﬁ = E%%%"'Eag-ﬂ w'f'ri‘—h"z'f‘flh-:;
2

!
|

®



Thua die de}omod (pmpovends OF E ot dh Aane ond’h

fzgr cz\w;legag no Ciah}e o\nd’ktédwﬂfy

|
:(}'Lu() Jdes ojchh bcrL\hJ_C\i/}ﬁ
J( ks Aaud do be Gonbnuous ooyl fe bound oo

i

— — - |
"'@:SE-’-‘pk-—f—ﬁ,‘/ 1‘
[

e -©@ can kR W& (Fen ol l
DF _ Ep=Ep= B |

& £ \

_E!_{:_ 2 ____,@ i

& e |

uﬁhatnw {le IndegFace: f}fhce‘

A ACohnwows  OCITA Fle Wderfaces |
pIA Lo [ola,wmaw Sasponce] A Jovig |

i€) Op undergoes G
DL s Acd do Le
g.,,,w,)im/,(j ey - (2) 40 gt

‘;D\,,AS""D?.MM |
A&;’: fsAS ) |

6

Atmdy dely LemJ-@(j of Te
b e JV\J*CWCQ(’Q/

. n’ﬂl'l"'_% 0y ?“/@/
.’Dpﬂ a-— p?,h‘:_ FS
'S
em/'A'
bUMP\GLDng ,LJZ YLOLP)’EQ Wrgz&&

| Chorg =4 ave nof deliberedely
'Dj — Py =0

—(
o = ‘n = Conbrnunond a 010 dh



e i A i e g et g R i

s 0,8 @ are
- ITRVR. i ol
AJ/%EPEMJ' Dudcc,{god,

chively sepermsk 42

N

?JﬁuthQ\‘/)" &V L 78
poanda v/ comdid1ot j.

d-Ldﬁ




gl‘m‘}ay,(j/
£, By 8 = Pon

SJE;C(M@; =& FCm @, (ﬂ@

&\w‘&'e Cﬁ/‘(’&@{ “/.}
&fkh@/ : o'"ﬂ\h&L ,.@

Ef T
& e Gy +
EL':- Zc‘ g'}"\,
ey - (13) beer.
ﬂ!ﬁ\'\&; fy}
}'PVV\SL i S,,{_ o (;?

s b dle Low OF TS
boodinry free of choge [ 6 =] Grperpoce bebueen 1
dvelectna d”"""‘"w Lﬁ.h&iw? of e MM Ly 03 % reywld o

Charges o p— dre sides ¥

Un ("[_Wv{ P Janzodion

NI PEP N
@CO%CQL&C/W -

Vi ejeobﬂ'f [Souw c(o. vy ( cj’mﬂidmw -~

p;dﬁtﬁ‘ﬂ‘c

———

(



.I @Y FC ':O). LS!ACJ/{ a
| «%rr Gﬁoea’ 4 o Aver ot

T Coduckonr s orurcd do Le pefect (e, o0

To d\u{m;my@fﬁj

ool chi € jdeferce,

'él" de_Ob'th ; e >;F0\ce em(_{,a-d" M

|
|
|

Candnchor b prochically
o peypeck Comdontho’

peehy j£ So for (lomdpadt X

2

OZO-AW+O -—2-:*-{-97,‘,_5:

Asl 8k 29 2

Ah

Ei——:’:o

1
ey
|
}.

reolizods,

Igouhd,ﬂlg 6«0‘4?‘1‘% /ara\ Cp-,\olzndvr -~}




=

i

I+ No elechsc pedd Voo el itk hy A Comg@u.c}w/ .

P,,/ZO E:O.

fare Coan be M0 )”OJ‘EV\J’)O\,{ Jw[fevtnca

2. Zince E = =YV =¢,
| bedween avy duoo poinds 1 dre Comdumcdor, 1€ mcmw
% an equupodendod body -
| 71 elechac JA B v Le exfermal 42 e Codccher ¥
gonce, 18y

wawml fo B8

= goier':&-

An ;\mfo\@v\wk afff,cow‘?o«n of Jhe forlA™ frodt- E =0 Imde
Acxeeivng Awddivg s

s undd Conduch—B o4 |

i



—

3 Condunchor - Free Apae Boandary (ndition:~

- Ledween oo Condincder ‘? Free spoce Ca

1
i i ey . e i e P St .

Tk iAan apeciod @R of Co~durchor — dreleChrec Cnditions

T boundoyy Gomdidions of tue InpofCe |

. ey
o4 Muown 1 /1’2‘* 5 L, éj

rplocing & byl
e dpace oy be pgasded o e apecilon
dieleckic for wich &= B e ]
T ot |
Tl elec |
' g(:u\a(f,ﬁmce
LA wogmad do )98
A A W ) bg wmﬁﬁ“mﬂwm CcM:(j
Ty o benekary Gt
D!,:-: £y EgEL =0
Dy = BEF=O [ 2
Dh = o %1 En ":F_t
Dbf-‘ f}/ ED: P_g‘ |
k% \ _ii- . " o "?_D’H’Y'D'étj:
nqCAO\CWCQLLd?\'gA e |
Eﬁdd{ MMO‘{"P i, E
P salill ! freagporce

(f 7 f,,,)

?
o f

3

3

<



UNIT-1¥
1 ot Chamuisites g

| Foee Space fr:o/ Es £, /Hr/%} fé’,,: /4

2. Jare Lest j,‘elecb’dﬁr:"‘) £=E & //”'—:/":ﬂo = LJC’}
B popsy diclechits § oo, oog6  p=HMH) .

. Grood  CondinClon ﬁo-’zfodf €= £, M=MrHe o Z7 e ]

Ly —> ﬂ’njrmiar prety of dhe WANC -

ﬁthch'cm oL Ldd Aﬂﬁce 4—(:’"’%6-.

ke o disturbance o £IA,
Whad hoppens o«ffaihfﬁé/ ok Hime
cﬁ:;ﬂg,yehﬁwl etz/f.\oq}"—ﬂ"?

¥ A wave 1A a
10w indthon aceuxt
ok dHime b, 12 reloded do

L7é, . A w2 cqpodion, ¥ A fcxafch'o\,{
of e Aﬂcaml oxder -

YE o~ JE
0t 33{‘" =9 -~ 0

U —> wewe velod by,
jf [ }*’ﬂu:ﬁfukw 1A f’ﬂ'-f Apace Hen 6 =c, T =i

# ¢ = F£(z4Y
1= 9 (g +ub)
@
F = f(3-4b) +7(2+up
L5 fanchons dnclad e 2tug, Sink (3 +Ub), Conk (2 +ul) ak

1]

@

SR GEWD
, Kié A Covxdanf



Gr oMume haymow' ¢ (mf Sa‘qua!‘ciod) Hime JEf@no(awcc er&
J

ey
q"l«-un/
A E, N
Azr‘, '+ P E_S =8

PRI &S }3 & LLS%\

%5 ?AJDHMWJ\W Cf};FC_

E-f- - A eJ (Wbt -PZ)
E= A eJ\ Cot +F 3)
I(WE+=LP2) = e Rt
L B 4Ae F)+B€J(L + P2) .—@‘]
,;_L.»{mc/;}ﬁ A e vead Covtands .

7—0&14&6? e ;V”‘-ﬁf'r\a'ﬁ y¥a of Tl equrend’ v,

g = Asiv CLok—P3) _,_@
e eapobio (4

O\MU\L’/\LJ e -Je,oewjehce

%Mowfwg CLAX’G\CJ'CH'/VHU of Jra oMl '

o B - ad Hye hongvroYlic be cowrt), AF 14

e Fo v ve o Jre eOV@
Lide ¢ TR Lol o

e
A 1A Colled T Qvp-

okmj“/&am

Uit 5 oS E
| s (TR DT I ox»«yﬁ‘&w&e o (eI |
f)ﬂf.’/\M (‘flﬂ Ja\dtbmé) @/ (/t"i‘ MJ{M/ ]a’ o’(’{)E’v.ch

Vﬁ w)‘cfujr_:ﬁe o A

oy fyﬁw.\ﬂfj (}w Ja&x‘au/rpch); B die

g, B e Omy@l
(i cordias )

phowt Consdand ox oWt Nty



@
Due o ke varohon of £ (h bode hme b Qnd Apace
Vah‘%le 3, e am,@- Pio&g o3 o Junchor of & Ly Eeepivd

2 Covlaw and Mce ver o
T ploss o F (3, s Cratant) 4 B (be 2 Comrdons)

'éf-r,—/?}

{,vu-J'L‘ Cc?v\/‘fr}_fmu., 'Z .



Power and P ﬁ‘_j”hy Vectns -

E”’”ﬁj Cant bt rf'mv\afrﬂio\ Jorm 0% paind d° Anodier

Pornd by means g EN) wowtj « Tk rnde g Anch ewery trovs ot oding
(o b2 O bdadned foorn r‘?mweULB W’M,

= _ ah B
IXE = —/”W @

ake Aok f)naﬁmd t' - F B §vds,
£ (VKF): O"EWEE%;;\ ~
Gdenh d:- _
vy el
v (@xp =B (ox W — A (v x%) Z’“E}
- = B
H-(vx E)+ Y CH*E)'“ g B E5z -©
g S
. Y
- (exE)= H'(“/M’a——)
M pp —©
- M (B
M-g‘{/-@p‘w@/
M) (BB — Exh)= o+ g IET _
L FW) 5L ) XL
Rtam\nﬁ{w; Feha anl Jﬂﬂ\fc“"g e Velumt Indgad gh belnmdy
d"c@ i



Jo a2
/ = 8 [éfg"-f-}_/“h"jolv -—V/e'“&“}lvﬁ@“

ppplying die diverpence dheover do e LHS P,

JExm o = 3[4 e pun]de oo
\/—/“/ \_/,;\)[,f‘// g _L

’roa"c\,k_ FO IRY - Rﬂ\}'{ df cq o —— }‘V\ elﬂ-“jj Cﬂ Y ﬂ »
/{QC\M W d\-—l UGL‘AV““( 5 ’gd@'}{c{ ip., e_lec_t—szc ahD\ — QL' |
? M.-}:i-w e T f,e,wl& . /\A"Afﬂ}—t;l .

'ndfvz_gf):, fraoverm . TR Gr-ondidy
bing Vedar P

Fprodion & Qepperved doals (v

Ex i on e LPS of eq (&) 18 Knowr o Fra poyv

Tn wF P &ch_mmr('b%,,ﬁ e

P = E X
9F o"gfv'f_’/!@vvﬂd I ;M/}’O\VWMGM pou ey oewwdy vecher
& T &,ﬂ-,ejd o Cmgh'\v\&w po;'hk. TR Wymﬁcﬂ

of d o ynhng _
owey Flowng oud 0F Hed $aFace
Wosd Adpdemend OF ponbing dleovem = |
fﬁjwd‘)‘kﬁ:\ s ot AM drad M et FIWET cﬂac«};n},
w G WY RV V'ﬁ,{mm%’_ V- IS EW H d Gh”“f o< of
d ecreest e

)



f}/wml Le woitd drwk 1A

nRwal b bdt ?4¢ H T 4 B
D*M f791f09{’\}\'#\n \\‘
plong Gl diveoh o F A L
ﬁ,«; fﬂ U O™ F/lp“"'“ WIANEE @lmd
Lo
?ot)l:’ T |
Rohorve”
B s 3@3’3
. S\
_b_\ _ ‘-a @ ,0—\” dt(:’?‘ﬂ?\r’ W;WJ\?-
> E er7):

ﬂga;@ul de wyipthy 04 A W por ndt g " vecker foow 2
Arurty
X o
—(z, ¥V = Eo © Cod ik~ PR
dn e - XZ e
g, =~  =E =
pez ) B0 e @AW L2 (b~ pr-B )l
)
B ”2"’”" o, )
“ow [ons B+ G (0E 1Pe-6)) %
3

=& Cc-,A.PrCfAB:: [de(ﬁrﬁ)+ﬂo~5(&+[§)j-



T 1 ime- ONE TG Py 'nch‘w{? ve Chor g’a(-z) (;‘h w/hn)) tohch ¥

ot c L VC\.J:A,Q dhawn T I Frndanio td f’{‘jhﬂ"!’g veCior
OfL imoxk o Al

eCz, b,

— 'lﬁ L]
gw‘?’a Je g eqmmﬁw‘ e - e f’mo'A T= oy 18, ;
o

T
Pure(2) = & /P('z,lr)a\r- — ®
5

-G/

it (2):«-2{— Re (-E xﬁ:#).

Bk eq.. (D 1w e e . @ ,
won .

PM? (2) = ——

yvevr furd, Cp:?QF f'/_l
'.| I £ (J d}’f)\/{ 0‘7. ME PEAN J’—)cﬁ,de.y y—c;jm'ngc\ 9);/% J’ﬂ
- pn € - 3,@ (

?\"'wm b7,
P AY
(PM’E o W@
XL



[ A "‘[Sele.P'lwne (fne  has “the rjol,iow?w? par orneler s

K= Lff}‘ﬂ'/m G’l-.-: oo m‘s/{T, M L =

02 MHhy CTOSNFlp
8(;]{ 4, |&ne 8 Qi’)emffe.cf at

i i ool -fkﬂ_
~tre cha acterict ‘%ﬂf’@-&m e and V¥ f—i‘/y &}
/%igml ;

o ™M i"r%

Calewlate

gwen ’E&LCL‘I'

R = teo A (:1" (00 ms [

[ = 0.2 MHm c=0:5nFm

Ew ...... T A i ;% ; ...... i _./E{wa
) ] » uf}. r-r)du W Ov2 -
Z j Ryl gt (ERTET T .
Fow Jomi— =4 ETT T
: 7
T Yo qul _ [unazsd
S T LA L

(2
K by AL >3
il P e o Ky
o4 5w0) (Bwe " |2
N @+J LJLB (é‘\ g ¥ \) v‘_f“ L}?‘ 560 E}-:’_ 2 }Lﬁf)t’ {-_l},f.pm
| . Lo o
Lpss le i Sy LC e
o s e T~ _[%
4 e L.
. ?”T”J{'J = q) ;._..-r =T
CJLH'or‘{'m’ﬂ less | f/ﬁ & ( E. v C v (-]
|
i

\ 8



‘m _'5%

% = X 'ij%
= _J{E’&EWQCQ +jwe) Ot
..................... 5 B I—-—”M e l,f\ [}I!G‘*‘/J‘-} .1\] ‘?‘
Sz \]EWQ‘{O 4 MTT’)(O'i + je oi'ﬁ') o \,@0 g2 ] (
= h{,{ 1§ L 3U %
— 296 40.6161 /m
C(‘«"»“-- 1-96 N
= l’dflzjf | p = p.blb redieans [on
107
u= X jprayxet /s
0+6 th ;’\ICLS R = GO a'lffg nuglione Levu
A SatorkTon les Lt vl
o . ;,E{xm?‘rﬂ/S fflm
( &S f}Tr\ al Jelocth a = 8 ?
. 90mAeper/m i mkem (e .
“@. Pc { . 1[ ‘*“"‘}f\e. 'jr =% (LS %
Pag_gﬂn’uﬂ ers ; %

A P
(g xi1o® mls

too H Hxz .
L

g

ot
™ 2o mN {Y‘ﬁ
E - &
L 2
% —
£ j,‘:;
20 "6( c
& = RG
To X = K |
Qc:)cro"3 = 12im
' po X 2C
R =
B R = i — 033MS3
< G ® =3 ., n
- 333 Ms/m




¢l
&
2o = C.
\
C = Mg o b

f

o, = C .
ot — e W
Jie = =
g i1 B
=
W o

L= o xrn¥ ]
FE K108 ™[y
-8
- 93,33x10°

-~ 333 3 X iOWCl’rfm

— 233.3 DHlm

vl [$xw¥m/lc _  (.&m
fgn BELE,  e——
: teo Mtz



9@ 3 Yadaws fm o looM
CE_.VLA Qa?uﬁ{f;&.u(

{}””i}.f.tf}
o lad sl Pes
e -F ‘f-n_f p
?f) e ma.%u.a!l "{j 4} e
(" 1or Cﬁ e o Cc' (¢
\ rlote 1 ¥ tne [

(e IPE ro:Jr'fn.a

Fo = £0 - = - e} gf e

o ne Hoh oML ¥
/g%\gg e (Gne P j
' o { o4 M {,0\» % o f.‘_!,&

X e A 5’%%“_ v
[P\fc(‘f v { vonsmu

Fsis *?hf ) TJILP L\ﬁm‘ . (e

- e RSO
. A 50K

has = SOJLfkm

3.A) T]"’ S, g = AR
% e '%va&aans{

§ g{, e 0
(@, Fo = £
L = 2 |
5 P
3
I, € 76 C
w0 -—-'\':I-””-» = W
g e
\?ﬁ) = WLl
,,,,, |
£ il B T
S ERRCY S
“ s S we
. P
ijw ﬁ'{: 2

i has ¢ E'Lmaﬁfe.r'is-’r?c, ?wm:@&mm. @-_%.- F N—







s P
A : d -L__w& %
9 A sen X0 X g0 .
pros "5;
I REKREXIO
E S‘QQ‘PFK\V{?
i(—j':')j‘_ g
“£0 o e Jg Jgﬁ
‘&g'c‘{‘ e Q P
L0Jr
Q i 80"(«0 OL{ f?) Q (m
—
A L
—‘ZOP} o ;’Z;”‘ Kw‘}
B D
; - j{ﬂ | 7
w Y
[ 'S g 120
= ?ig.l{-—-l"" - —M-—-“;"E'Oq
—  328.-32 N H[m
- [& E ® L
”'c;g - K Vg et . 7 g &
& ‘féa
. 0.0Y oY &
G = - 00, SR '3/

S g0




¢

! en ng Bpe! o P
- Mete - ];
.8 , |
‘ | - j-niw LE)I — 82
Yol By ¥a
x (rife) (r,l8:) = Wit LBt6
. | .
# (ree) o v L%
ﬁ; _____ ff ey &,Qia[ftit\gh ¥itia 18t B2
e
fnpu.{' ?mPezjﬁence SWR &, power o,][ a ~t yans yrisson hn@_?w--m

‘ : k. : v af{ o {)

Kelk ws - Conis slor @




W W e _ _ _
—AE, g When e dransmiesfon (Ere Jr  Gonmatied

5
A - : “
o the loact open Chren € d (Bve Boc = Tin ; 3%
'Za- & — 2 / R - 7]
[ TL=% | = ¢ = 2ot kL
~tanh YA

18 Cormected to

PM e () 1= eohen e 4y ancrss 0N (Pre
. : - £ 30 .
iL o -2,0 LOL\JGC.E’L ¥ CCLLEEJ W@_;c,{l’;ﬂ...ﬁﬁ YL
Zo0 = R T z e
Q«i’—[ = O
e = |
‘ | £ ha
50 I (osclest ~fyansrafesion ine
2 %
. e ?(;,; '{c:rmfmxhz&‘(
Eaen SO DP“"‘“‘“T; o =M% |
o or /ij na{ V@_Cx.f_{-

A load 2t = Lo 4 Jub I

'D{Q— v elocit Cﬂ O,F
C’»VLCQ fern P u_’f"'

[f’a ot '%LQQ

i % 03 L

(Tne 5 b [ , CQl
\ 7 t-’{YWPQ e

Coe-theient

"‘t&ﬁ. Y@frg [_g.cﬁ g&"!’ 1

_“fjfz;LcLI:’ _3L ~ 9 HH 3 2= bo +Juo

-7 5
L = 6o w3 xio¥ Ms = 1g xlot (g
Evie ;



o +up) +50 110 + U0}
= ©. (9% +0.292]
= 0,355 L5548
e {2etanftA o pu3s LTE

G a(3) = 0.0012
9 (T X2 X (o -i& (¥

\

g nt0¥e
0.069% vadfans | mebs

("%\{Jj
=
il
|
,+
=y
£
<
A
:
o
N
~~
%]
o]
[ ]
o
e

I e

1
S
S
SRR
=2 &
o
- e
&
o}
a~
-



aSSume JE e 30N Y&Q = 2808
B = eio&ﬁi?}-m&zkw Fiels dan R = 0.036
© ¢ f =
2 = BO Lo -+ 4ol +J(50) (0036) o
go+j(be 4o} (o-0%6) ol
e e ( 6o+ M L %3 )
.................... ~ (a3
co 4 2+16] & — U/ r
y / i e
= [ 60+ Ylo%) / Ry
= I R’ = “
Uy St +26) / g3z wagez e
i Co [l 991 -t D\XOWI) /_;Q,..L_“;_, g een (302
_ n¢.2) 232N 7
(Zyie.

| - Calealale ‘[ﬁn, -rzf{eff fen

"-_fi'fm{%nc-f’[ﬁa with @D ma‘hhec\

CS) +)5eN- ey -Json-
Zap, L.
L+
-1'( = Q%IL—— i %a c} = ——
gy 2 -

Lﬂ—) E Y, & ] -—S‘of o (.L_ET Ch,t‘ZC\ LGOL Cl



{:,63 %Z_.L " fﬁ‘i’a
So[~ S0 T .
"T_t = w_._i._m.” = :.J._._?‘ » é\\j o i')’)
onﬁ- D j‘ﬂ e =
$5=1
{ | -3)
o - v;
¢ 4 1J
G, .
L 3
PR 1
\ H"! ]
S w3
> E = —50
- ° <0 . ug 44
-—--g’gj +S0 J
-0 o TATH,
o ==
: g _ [+t IWJ_}__ ,1_«%‘\; - ‘H}
R l‘j ] i~ -
2) A lossless v ansmbeion (Fne. has 2 = 1000l s
Co‘mr\ci‘:&cl '{'D oL L&lcl» f’ff 3006JL Calculo:\,e, "ﬁ{m Y‘G:{feﬂfm’l
CcfirH:?afanE and  VSOR
A) Zo = oo Jt 2y = oo J
4o . = - e gcolf? . 200 =o€
:;—::; : 2p0 100 &0
i~ T
1 o
5 S €
r_L) e J -+ i‘i} | N LJ 15
L e - C§ = 3
5,,) Tha open - A (g e cui ﬁ'fggﬁ ?m?é.éum. 4‘,
tgo0 b A .
~ansmiss ot Bre ol 3b&H3Z are 800 L= :: n
snleolabe Hos c-l;\,a,r'a_t%” istic cm{:&:ﬂm(g_

@O L 20 S



Zoc = ($06 L 602
Zase = Koo £LT20C
Lo = Zec ThHe
2o = \;' Zoc. TsC
LI e
: j!gc.cweof goo L0
- !__ﬂ_,___,___d ........
. B v 123y 000 /%0
. e LTI
G
w= Lo Ya.fg.«muh[

A Cedtafn ~{sansmbsion

hos o= & degbles fmels
and s 2 meters [cm?_

a Rource of lozo® Vo lbs 'Z‘-fl - uo
‘ma' o load ok 20 +J508- d e termime

(@ Tmput fmpejﬂﬂ--
Carvent™

Cb'\) /mw; A flcn"fw!nbg é’«n.ol
CC\ Jr{,\g vamt" at ‘HUL mﬁile 05[' +he (Zre

%> jlz ven -ﬁf"xa.,['

1o® mcll{anﬁ (8 et

,EL = a9 L] =
| . f o dect hl2A ]m{ ey
E = \ T"a._ﬁﬂﬁ'a. " | rante ¥ of = § e

2o = (oetiyov VgJ = {QL{JG vV ?U =40 el

2= 20xfse

Lff} Swce N2 - ¥ 686 A8
g - 865




’§i - Q'"(D —C{Z,{ _f-‘) I \) = | BU A 2 E v)\n?.r}
: . g inh &% ey
using e Armulo- Jor danh —%\‘a) o 2 e
v (i bt f"’QU PN
el G‘E'H'L s é")t - > | =
W = [' ?9} j ci. 9;}‘\"\*’1 - ,_,_._-m.,mw CL"&%'}\. & {_hwr"—_f__,_
}1 _ | = ir W
'_d’w" (I‘S’%ZJ) Coharz gehie +5 inh™ % L Sinh
JML["iJj) & L.u{-fz-?; !
—tan WL = Lo33— j‘o.ﬁ 03429
&\ - Gw ) x
%_Z - _Z [WE”L + ‘—2:0 -\:(L.hhﬂ“f.— (A A?,“ ¥ Cﬁg?’j
TN = & il S = =3
' 2o &L -’(qn\’r.*él"i _
) (oo & 350 + (60 43u0) G i fE R Uh\
cﬁ%v?«+UQWQQ&~
T (e Lo

3 T
I
oF ;j 2.9 440

/= 2] A€ mA
ci \.‘;;1—* & Vc.

_ q3.©%

@) [o rﬁ%\cﬁ ‘e CL”W-"‘\T ot ""““g poing - Loe e
1 s N HB 65 ] 11 18 "o —
&’d:% WI‘O e ‘L (% . ';) o ai :) - 9 .%{_1[) o ,oq 3{}%1‘__2;.%& ) )
4 il == C:’ai = QJ(; L‘ga =
Vo = Zin e — i
GG&“’ Ln.&?- v
} 4 > e
) i )Co-ﬁm ol
67 [eagB=
. L (el L=
I TS )12.ef 1
B : e
P ) Jf...'“ 2.4 |
- ! e + “Lﬂj " _o“‘iic’%
VC b= 4/1_ (‘JC u " C(bb*jwﬁ;)ii} ) é .
i * [w6® ~ = o.05iy L26°
s V}, ().E;';‘: | 2 ‘l’ ‘g% ::_-C‘.a[ll' -4:5‘
: 2 "..‘ ) = = 1,; E
ot Hhe sackd e e Ha L0E - Az
To | # -i“/ )" W' ode. e
_H'&A_mw C'.J—IY ei"\,!’ ::5 l;S [ = 21 ‘____.___. e ,:;»j":"'
o "9 --’C.‘qui f”\‘l ] < 260" Q-Ct"?—;}-fl 1 s P
l(}é 4 - ¥ ) 1 .
pgrd T E - TP il LI S i)
¥ __——“"'M'"'Mﬂﬁ N _________,_d—....--:-—“""” 2 & " '}i‘;&ga
. ) 5 e .Jrjl,.{ {; O . .__3
\ 6L Jrafbs sl g5 U iy L L
- ? 2 “O‘QL o g &
gl e e e it
3 Ja 3361 2l | R
i s \ojmg—zfi mA



Sk Nogeen Arhomed

_ g 16AKIAO U ¢|
EMTL ASSIGNMENT -T

\ X EcE I
Y

Convenctfon n p—_

.%'i'n a IOWHO{ SCYY  mwalesaly mCLJ be  chssifed {erwy  of ety

COWC#V;'H T, ' mhos Per méler  (Wm) or , move LLS&O“U Scameny

Per  mgler (3IM), Y conductoyy and  non Conductorg | oy f“;’”;@ua

nsulatovg (o dielectries). T Cohd.uc'ﬁ’v?fy of a malera]

umal(a dﬂ,f’c_ndj on (hmfckﬂ.uye and ]EY'E?/UEMH. A vwalegal  cofth !’lﬁh

i s metals  qnd
|

Conaﬁm’f?\ﬁfﬂ (0~>>1) K veffered to o4 a metal, whereay o with low
C()ﬂd,tlﬁfv]w (0—4(_0 X yg-ffeyed 10 a4 an ?VUulafor'. “A nn—[@\’fﬂl cu}’\dﬁe
Conduc"l".’uﬂa [ies  somawhere  hetwean o of welals and ingulbtory

B @lld A sem Conductyy.
%Elccm( Volta  (ov potental diffevence) and cuvent e fuo furdamenta|

rwe @nScered  pofential ke ot
C‘n{)lﬁs'f Refore emm.‘n*.ﬁ how The  electyie el behaves
or dielectve .

Warttes  tn eloctt@l  en fnmrfﬁ

na Corductoy

TC i approprale o corgrolos oloctvrc  coovent . Elochte cuwvent
® fkm&l%[ Caided Jgd the motion of  elechse (’/’;alj’g,

i%m Cunert (T ampeiey) Thrw&»h a Fwen area
MIYH 'WYUUﬁL The  avea Per unit Iim.
That i,

8 The clectyic (‘Lafjc

dé
Pl

-
L]



I']Tﬂ,u m o cuwent of o am pere rﬁnrgo s be.rﬁ -(mm}é\

yale of one coloumb per second - \
we  now infroduce  The Concept of curyent dﬁmrfﬁ J- 3f cuwent

N\

Al {lows 'Iﬁmt{]h a plonar surface As,fth cunwent da.mrrgf N

AT
J= “As

ot AT = TA8 =8
Assurig that the cument densify iy pererdicular to The swhc.
o6 e cunent cemity %5t nomal fo The Swiace

AT=T AB —> 18
Tow, the otal Quent f lnw?n(? 'Tﬁmuafn a swpbe S 18

T J'f’f. 45 —> 0
Deprding on how T & producd ,Thee  ave diffoent Kinds of crent
ola.m?hd Convenction  cuient  devsityy | conduction cuyvent dnrqlW and

duphcamant  cuwent dongity - we will Coyicey  convenction and
Conduction  cuvent  dangptzey  heve ; displaament  cunent dmd;ty Wil b

Condidered @y on C‘l'nj)tu U what  we ned o keep P mind Y

Tt o0 W) apdies 4o ary kind of air ity compe,

wWith T Jenool  defvitton  of fiur e (313 £ eyn(s) shay,

frat  the cuvest T 'Il*mﬁh S 8 meve.LU The Pl of e cunent
oluwrﬁ J-

Coje A conveclTon cunent ——
[V WS

R N L U

Convection  cuwent , ay  duttndt fom Conductfon cuwent: ; does vof

?nuo\u‘w‘a conduction  ay Comﬁ"],uehi%f &y ol 8)2[‘-'41[3 ohm's law.



it ocaws  when  cuwent tlows ﬁ“w:]h an i’mulai‘?ﬁfﬁ meclium
: " dq 2o ‘wd Y&YEHE‘C\ ﬁCLj) oy Q Vaccurm) « A bﬂ&m Df_ C’zﬁfh‘omj
S ! >

‘n o Vocuuw fube for oxample 1 A convectton  cuwent -

cowdoy @ floment of ﬁa‘“ﬁ &Q. 1f Thae ©u o tow of

chage, of dawgity f, ot veloity

| - A& g As . PASU- m——3)
A = e e v o v J
| il = At

The  Cuvent dmav ot a Jven pofat i the Cuwvent ﬂ"@ﬁ[\ Q
wnit  vormal avea ot That  point -
The  Y-divecld — cuwent olam:'fa T, o Given IOU

4t By
Jﬂf' Asfﬁvzj

The cuwent T 2 The  convectfon cuywent ard T % The

__.__>®

tlence , ™ General

l

convection  cuwent dam;tU o Ompeel  per Spuae witle (ﬂfrn‘ﬁ

A-‘-J .Ir FH‘ T b
A “ !, ,h |- .
| A o=
s — S _ y
Ay
caue %
VWB Wﬂ Cuvent =

conducon  cunvent  vequirey o conductor -

A Concluctor 1 charackizpy
b(d a loge  namber of fhe

(’.lﬂ(‘)ﬂbm that PYDVIdQ ConducTion Culyeirt
dit  to on mpitkd  Tpressed  elochi feld « whn an eloctroc

field E ts opffied ;e fo@ on an clchon charge - iy
F: ——QE _——>®



| Sna the  eloctroy 38 nd % ﬁec 8}3!1(‘@ , ¢t will not e

aveoge  a@ledtion e wnder  fhe  frfluene of the el feld:

ot suffrR  congant conditfory  with the atomic  lattie. and  dvif4
\

’5’ n

an el fred E iy on aveep  dirft  velocity u)a(cmdw?ﬁ)

o' law, e
Newton'8  [aw Qwevage ¢ L‘m‘ﬁb T wonestum  of the fre efacm:mj

Mot walh  the  appled  foe |y

fiom one  otom -to anclher. of an  elechon with magm 15 movi

i

m * s
4 --eFE —@
(\'J
Coy) TR __

whee oy s the Qvera

L the  inkevval log tukey e DA o li=-
isiohny - Th md

ot the dvft N Gollsioly - Thig Tndialy

whilf& of the eliction B divec
ofpliecd freld- Tf theve ave

chatge daongity iy given o
‘@:rhe —a 1)

e  condluction eyt @L@q;l%/ A

‘r[,U Propottoral +o  the
eloctrony Pev wnmit volume . The e loctronic

“Thuy

:_ T V\(-’i"l" — =
J = \fvu' E= o
m

whm (oY) l:j__ 7_6:2 - @
o : o 4
e lm Y% e Cordu(‘f‘fv?v of The conductor . A4
mentioned earlier fhe  value of

Poviced - The  ve la*‘:’onsf{,]o
of Ohm'fs law
! Concluctovs:-

o= T8 commoy  malota Qe

e €n (1) known a The Point 'ﬁ)ryy)

A Pﬁv'p‘zd Concluctyy ( =) Connot Contain an  elchostal® ’ﬁ}e/a[
 witRn it (E—::o)






Tn byep
M - . : e, 3 1
ﬁjﬂ/@ dbeleckrc 1A a vieedliaie ta whkich EF p /
- : of dhelectnc.
profogabe, fore puwer owing do T

oy dfectec] H0  fopect|echmc — =0
Tyl et A

A‘v\.e,m s
Z’s/ﬁmyr‘c
- des -

Q i P e Il F""/j’:e SpAce,

— i W =
£ »-' =0 , = l(ﬂ—g- m,

l

i : I Y (). ¢ : AVE Ad



_ Eo
Ho -

Fo
TR

N —> Complen AMaubify. Bhown s Inhinsic Gmpedovce. (1)

_‘f‘ﬁ__ - L&,l -;} ej@"’t
= Vo dse
\)

Ar Jhe won® p};pojt—«}ea .
by o forhur € b

¢

_ eehron, Jd decrtouy (or)
Oim?j t:xm(‘/o--"t /

od e hronf i CKVTL'JL«.CLG
X — Adtenuobon (ke nd-. F Jie med,um.
Ik 14 & werduye ©f Ths _%}')(,w}?'c-x[ sale g decay of T eI

3 A
e arx por emeder /NpAL) 4 Con e e
]m Fia rm't_cq_:'uw;j VV?PC«/EL.W"EO\ ¥ Y}Ef'*r/ﬁ £ rmefer (N‘P/"“)

/7
jo Ao belyper medes (al’?%ﬂ) .
NP :'Z.O,{ojrf - 8.8 648

' W .I
xz0, Jn Mo adfcinusdion o e LaMtprpel

Fﬁ&-ﬁae Spacs, & o,

= W B >
l C.S) - ) FS' "g‘gzo}'ﬁh@
| Zis | ) Jese B



; Plove coodes Tn fer)ler duelectres:-

SD\J?Q“}“'A VCNLVM f."T O(4ﬁ/ d"\l)‘\/

Ko, P=tryHE

I~ 7]
- ] ?\ = a-lz':'__ -
| HE ’

=5

a{- E ¢ ’f} art e e f’M ¢ i fCACLthha"

| Pl skt i Free Spaltes-

| o _ o =37
! N, = L

Ci= B @kaff‘i)ax-f
= fe Cos(wk-PD Y

H ':EQ.CMCVJE"PQ S
N
AxXOg = Ay
0\|< XO‘\H:-C\E_
G\EX&E} = Q.

ap > divechw of conbe prefrgodion,



I S The pield Lines Jie iv aplane 1€, pansverse o 0aflogoral do Ihe
divech om of VNTEP S ?Wf?‘/jﬁhlm‘ [No elech ¢ 4 f‘“lo:yvth‘c(,&'e{& ad.o:yﬁi

ICL'F‘QCHCM 07: f’”fajf’\ﬁﬁ’“/ Aach o ko (A C_o_\_Uegl o Eroy g vesse
elechomaget’c okt TE F‘f}.
in (ood. €omductos 1—

d’()( U_77U-9E‘/ o —;,7,1

Plane Ve

f perpect o Good. (rdus

¢ =4, M = Mo My

Coul, - (in Vo 1n X £ B,

o = }3 er

L Ade
c@_,uuaa 14 Ny
1 T e bl in G HT
-z
wclor € ‘ Jo o oo
n odte worked I°] ﬂlf&\ s L/.d’H AR O\VY]{’LMG Aecreasél
c ‘ =
The &Mﬂncﬁ. Or/ fin CQMQJ S/é}‘w cl(‘f‘ﬂ' (C,ﬁptmhom
; j% - . s
. o igivodd valt) L
¢ (oo 3T F \
dow s
ALV(»\JL of ¢+ v € ) e I A "
TR i >
xd=1 J= -;E‘ !
_.m>l!

B

2 : fr. deptt do HHTH BN wae
+ Skiwdesh, 14 meadn ve of (e
- B

Can feme,'['-x.u}e e yﬂc_&ju\vn



|

I
SNEY

w 0 ow.ol,uc}‘m/]‘
# E4 B Con Aardﬁj P"’-’P?m&‘? ﬂ”’f“ Fe d ¢
. i A
. o (e AC yeyMavce due
; o umpd in le.CwL@“b'ﬁ
¥ The SfRuv defﬁz 1A o, de venidance,
"” ) n € 1A
A
Rac = ox

" nfM
(gmmhg KS = 6,:{?(_——:

= -

Wowve Puim:n“z_gﬁ}m \—
' $ e
(C?O Jorz odom e ke Yt;?m/ulegl oo fru Aocd Fdte DIEF ,
; ’ C,’L)W Q} f;yﬂ/a"\-
electoc pedd Cr'n o }afome P&xg’ﬁm&tw@a}” do I dire sl

. D)
-' | wnchiov OF Frime s
o vey Poing b Y I
My > Lo prplabant TV ¢ padie
736)% tarc@w el f”/"}ifﬁm\)‘
£ lphed e
fa){nh

o ve



) L;JLC_M' ?‘Mc\m‘z&ﬁ'm A
Toransverse (ovmprends (E4 H) ax jnphlart,

E '-:Ecx @(&Jk’”’?&'{" ¢“> iﬁ“fgoj}éﬁfj
fj = EBoy (o2 (u)[——ﬁl_-f- ¢ ») at‘r\'zayw'halu et unegqnal
& » = E&‘ -n
BE= B .+FEy: dLum?/( MJW(E{.J

L'hmv/(j f‘o:tmm'aa& (Whe v, Mﬁr“@d

ﬂ@:@.—g’% Th"ﬁ'/}m T P
d Arar polopzadia

Dk 1A

The dip o EJ@W'Cﬁ'M}cM.ouA oxﬁa'ru!/CouUc

gj'z.~ Dipele onkomad £ L

AN f’(*"“mé"-é [ R T ﬂ:;vlaﬁl-d VY.

Gircelay polanzadion:~

o - B =F,
Mw&n&f o€ Ceowe in m.@jerz[EM ,an o}

A€ Y- -
» Phose (-L‘/fe»mce yefuieen J o W Gn odd WMJJ?JO E/cf 2 ;
ﬁd:‘_‘ @r—¢“ = i(‘a_mf-,apﬁ/z_ 3 vieoyl2 — -
(o1~ B, = Fo CoS(ulk
!% Eﬂﬁéo ch(ujk—FzZ) } -TL-E ,EO'CM OFH}U\J /_’e;lci O‘Gace,j CKC!‘VL[-Q Can Le
e ColF +W/b) Aten

; _ )\6”5/ 226/

| frpAlcohoss Ey = FoCoult)

| DHekieal Anerma Ey 2=Fo sinlwh)

| DTese Livear Senrces [2%]= ] + leV} =B - } Which K a Ww%mde_

| widn owdee phos(%E)

|

J' E/Uo‘fd"ffa\j PQ LQ@ZJTW Ve

fin dbﬂr@uﬂj fq)zo&ht.e |
F‘M ProCel an eLﬁ'ﬁJv‘c ﬁ«aCuJ oo Aned frg Vet

ﬁdﬁﬂ Chrosges vsidw hime -



= M'fdv'coq pdlo v’z oA om A ackered, whm e 1t thnf%».ﬁ
ove ho} e_cwed_('n mﬁqwe v & Loy ¢ phos Aigreremee behoeer fram
A an edd wuldpde o L e
Age = ECna DT, Ve
ez ek BD =gy ~Du=Ty, 4220,
£ = Fonlos (W RZFE) = éé@%: —

Ej :Eo_j (CLA(ME_" }?Z +¢:/) .ﬁ ETJ. = SJ’H(U”‘:)'

$q/ - 4 odd om bdih B dy,

Cos™ Wbt Sin™ () =) ) — "FE%—tl-



UNIT=V r
TRANSMISSION LINES I

TranswmiMaom Lives are G).mmw,‘lj wied 1w power ot Ledin,

(avf lau.) ﬁ‘&cr/v\.wcpu) ahok " Cgmm.uw‘@&'m (wk ;‘ﬁl‘ﬁw-ﬂ&'@)'
dwikded= Fody 4

A of Framnmiddion Aivy Auch od e
n Compudey refrionty

Noavic wa Kiv
Co il Cobl e (:mmw 4 hckned) ase oomd

Nunch o Chesned ¢ Imimet

Cpsa X5 o7 dLoo o Yove

ﬁ FransmiAon Lna LJOUM'CG\MJ
e }o on /(Uaaﬂ-

fo«mﬂd Conduchos vk o (oamech O HOWT

Co -oval five 7/6-1‘_0~ i a’e Live

@) (b)

anar Em«t CJJ IjeJ o AR 6\-«5[)‘&{:1""9 o (©) M icsarbip v

Souwsce ey
175 dyo elechknc }emra}cv 8 Foclory
B Toawyvmdie! Ay Ardenvie

ﬂi’? 0%6110*)"0( -a.V\ O—%’(J‘MOAUJDQ‘



: -E'c\\,\avniMCM {Q“"‘-‘L Jjatsawuft‘r& Y

i_Pa&;;ﬁe&exs ' Co awal Lova TLoo -wive fna ; IOXGRV-IO\ - z_'_M |
oy SR Y S | |
R(fn) e ,,\+LJ St | deﬁq
l(oc<<:o\/ C—é) (f<==) | Prel
) | gk |Aowid | AL
D, L jnk G4 =
. _(/ ) | r M (/) Cow%) A
_l e E Ue £
() An(%) Gah1d_ 4
. _ | . pll= Cw 7?09
6 = = SKin depd, of ¢ Cadutder

(ke i
CO*-J bh'r.,ﬁl_._ = l[h % "’[[%) >/
2 o .

Tramnamidnov ﬂ'm i derny of rk Lia poramefen, wk.d_"
axe 145 yeAAtarce P €Y N ’{E"‘f% R, dnductance Py Unif Aew L,
Cmiudﬂw_ce ey wnd- /{ehgfc% G, 4 Copacifance pev mw'f*z(c?ﬁc,

Noge!-
). "ﬂ'd_ eLV\Q PO\WWQJ"CY) Ie.,

Qoxtobaded o Hhout Ib

: wh 1-e /(6#:241'
g bubtd alowg e € ‘ “
& i Conductns QX Chova cden zed Jay c, /u:/ EC&/

Aeﬂnmﬁnﬁ Jie Cuduchoa M

P e Tle Pasavwefers
%L e A1t

0. S Cach Lw, |
and (e homgpenes delec brc
Chavockrzek L 7 M E.



2GFF ;R 14 de ac veAAtance farqu-AewZﬂ, 90;:#{ ‘[
Cmd»oﬁm ngndamu;’ dre  Lva 4 6 A e Conducdavce LY
uw dengg due do dhe deelechs ¢ wmedbwn A€ paroding e
| (ondcfon

"-{ The value 07 L A dle EW}CH’LOJ iwolu Chance pey OV a /l@h?{f’l-v/
| € ¢ L)’\J’_ The Qﬁﬂec}/\ 0/ fVll‘Ca’VlOd fWOﬁkafc{mLce_ Lf’h(—': )\o/a))
|16, L=tent

| ) o kech yon Cormmim e’ cof10
axt ypeglgible o figh pregrre e @

?AW'W« Opevadt:
& Fax €lh Le,
Lo'= Me 4 _%_ _ =

D Imersions Of/j[\{ Aines

¢

+
5
3

>

|-"~“““— L
i) (h) )
(oawal Line Twoe—wire finn Bl oy dre.
Series R and L D.'/Yfﬂlti*/'ﬁvk frt edLe“’f F o

o queLquZ'f d’“ m‘"‘*"’m”

|

Shunt G and C I
\I

<

»
<

>
ﬁ

|

|

|

|

|

|

|

|
-
i
i

|

|

|

|




3

]
1

mode pPon ¢ e -k Ik

Ewtcktmpiﬂzr
Gwn“de v a (oo ok Live Cown ech'n_cj; Gha gcmm,}-mr o Aourte

Jo de food @3 Ahsuin AU re,

E field

T feld

Generator pe——————Cvaxial line————] Load

(a)

: .
Whew Suidch 3 i Cloaed ) dhe mner W |
0wy g Ao

Aoum 1 fgure
I H pedd enciride) die

. e “The fojhd'}hj’ VECL-UT

vadiodly  ouhwon i 2
Hecovding o Ampered Aoy

s . |

et C20 wwwdﬁ m?;::‘fw L‘f Thes , Chorg T

; W) |

(¢ xH) poivts aloﬂﬁf:;s . dinbusbance pokich oppears 03
X bl

| fraws vexse QJQOWW"Z?W‘HC

A awwided RS

fnfagoﬁ“? odovy drlive.

swidch  Atwply i
£ Ly weaw oF 15 PRY

Crer) V¢
wal€
Sale A o v Unfer? oo

i dre L

Tras



|
r
|
I

; ):‘Q~/ C*’LL deoé‘b’ft

@
WC\NW‘MCW’} L“"‘e Ec?/\,w'fgm:.- J
¢ V"C‘?W@HC f,eﬂau o da A ne are bawviene

fo du derechon o WA it

e -
To generator - _I;]

st ‘l ) TO iﬂad
Viz, 1) GAz ﬁ

L~ bype equivled- L
Civcwi ¢ wiodh & R I

. ] Aem -
digorerbed Wi
A
c{’h%"“‘wﬁm

- T

i I L
> -0 |

()
IS

¢ reamengzd poEbI O ol
VW‘M'M* Tha model afmt
i oo AN K (Z,G/G;..

) of w3 (oder a0 (v

Az O @ dwv-—@”’h*c’h’rp i L poyaw
equivaleny Gyemd Khavn the oty dre - .

T model 1A Called



_ {Bj affﬁjl“? K«.Y'CL. [ (
! % ‘rcuié‘ ‘ ‘3K (V9] J?_) Ol O‘{,\J—C'}'ﬂociﬂ

VCZ/E) = R P\ 7 - ai(
z *(?/t) + L Az ’azfi £+ V(z+ A‘Z,IQ

(@)
viz+ 82,8
/ ""VC'Z/%)
o ot Sdz LR k- i e -
fageiy bt Bzso  feadids, "
v bz —> o ¢y,
_ V(b i

,__Efl. - RI(=M + L J—S—%& ()

Similarhy,
of e GY ity VY,
T (z4)= T(z+8%D f AL
S(zy) = T(zvoz, )4 o o2 (s HRLELE
o | F

44
g (z+oz,8) — L%
wﬁ&t:)__" = /E)J = GYCZ-PAZ/ k) ..[-C erCz+.bT7k)
T ok

o Az —0, ep[/’@éecoww/

9
_s2ew_ gy 282 — ()

2
J, o e clefem de.vrce/

Gy, e
V(z D = Re[% ] )
G (z,8) = Re ffﬁs (2 @'3‘“”7



Whee, \, (2) 4 55(2) ar dw phosarfams G- vz D

:
|
(2 ), dew e @ 4 £ Lecoms, |
l

Tt
7 Me yode dhon
g, ey h @ ¢ & v, & @5 0t @ led. 0{;"“ s
g re- / % B - w6,
dake die Aecmd Aehdow“"v@; of % IV L“‘/@
Frev ,
%, Q’ivfuwn) (@+JWC)V5
AT

} vodd=
g‘[/-’A ‘(’@ oyt e W€ ﬁww'ﬁj}{; 92 |
L Curend 7 12 oo PTE Gttt G P77 7 Skt
i x ya dh odtenmohion Cavmwi(fw hepess LU i B9
| [ € =
P s dx pPhose Coxhand™ (1w yodiaws Fer ek O



Tk wwe,{evyﬁ% A { e ve/(acfbj U o, |

?\:ﬂ
e

u:%:/)‘ @
b 32 - Jz

—_— <~
iz —
T e "
TilD= by € + T, egl ___@

whort, VT oy g 4 G5 are W Wﬂ’h&ii I
4 4= Sipm denode WM ane
T ivtondevntowt - enTRNST X i s
v(zk) = Re[w(® il
~y 8% es
VAR R \éfeqz@(“i&%

@ﬁ'(ﬂ“* Lw A e VG\HOGf'
o~ avf

(//Lﬁ\mcf}":ﬂ?rh'c j;,fcg(ah cef,
4 The ChotreclepAbe 1

pombively braweling vokiape @
Fowd s Korves.

edance Zo
ave ¢o Corvrent ore



Lo 15 Anodegous do 1Y) IR ST —— |
medinw gf wWal® prpagodion.

jz. Iz
Gepienss o b € 4 €

.—+ .
— W
Z,:Lﬁryg_,:figﬁ,i:?% |
o7 a y Gt Il
I8 7

W -
Zo = RHJWL g+ X, ,__.#@

64 owC

4- }maa%na vy Posds of Zo -
cLaz-achbf)d?c A v e

o e Loy Frpe inded

‘*720 4' Xo O Jle re ol \
%/L(’./\/o :)Z:.'

1A e

kﬂ_@wauzuﬂ
Are }mﬁoe%eof (&<
ye thAserlaal A ,ﬂoMj[ s-:,réa),

X The zrec«'f»xacg,( of Zo
e Conduchkns Cromp®¥ing Mo Live
deleckr c v wWikch ke C@AAMWVS A

| o Liva R=0=G)" N y
L OMREH C v A 12 porcl b b€ YOS A

,,d) and e a&'decbﬂ'c



=

I«Dfﬁk’lﬁm/,% /L.ht? (K/L — GA—) S |
ﬁ SJW MWG\MJ @,.MM’) of @& bahgk % WHUIM/

e avpliud s & digevent fregpancy Comporends (,::;{jeﬁb
Cffenoded 1 & Jomy bw a3 & 13 frepnd depe ‘
:'b"f/sulh b Ndeoxdion.

A O I wheh (e often wahow

“ﬁ Cil/‘s}'()ﬁ‘!mq(‘ eM /LM J Wv’rp

Cosbank =< 5 Prequncy i dependent ohide Jin pPhase
[ /thm’lj clefewcle,né on ﬁew.qu\

P A—/ﬂm‘ﬂ‘lwrfw g . gcauléh A S e faarawd{si)
Rk
- 4

Vi,

] ‘/KG'(’*Q%—L-)(H,J%QD
b W(H’ Jg(j

V= <t JP

'Tﬁv@ for o datrshionled

. b S EE
B e L ‘

i ol
. e doerof depend on freguencs cokere o3 B 14

' L.ﬂﬁ'{ ft}wd‘)m o%/}-@!/mc_wc.j,



—_—
=

e 22 .
P T

Noohe
I mf}ﬁcx/:e V?Joacfj £A mokefew dend F Frpenty bermwrd T
fAzMe (oxbawk 2 ,Q.k_z;s(ﬂj A?f)ﬁhol).\ oy ﬁﬂwmccya The M—\of@
€ m
UYV(W o 4, W axe fh&?fehotﬁt/\}" 0L fa(ef?/wunj

ANTadd o of Sﬁ’hqh’&

9 f for Jew

A N0F necem aily

Aine
delspddr  fi JRAEK mew v, felephon Jines
&Mww
e Tﬂ—'ammiwﬁm /,,,‘we Cj\md—cn‘/\ﬂ—fo)
Cos € P?fﬁd’ag—mf"c'\n (oxdant | | Chavathenmc dhﬁ)e&mde
— , ] = ¢+ P ‘ . Ee= n-HX
e eS| e |
UM J{w | | G—-F‘)NC
64 Juw {LC (cg_; e
R & Jw, LC £ ;
= + Jo



) =
}_LY?J’LJ Jm{wéclaﬂce) S WR 4 Powex:— y
|

(b EPivalend Clatwy or Pnding Vot e 1 d5ms Of-

T af dr iy f’u/— 2
1, Characten'ze by

@W‘C{ﬁ'\/ A MMW/W’?G\’? LP\L of (Lw Aden
‘? 4 Zo, Cg\nwe_c}ccl do oo lood Z 1 o Nhowy W &A‘]M}&,- 1 ?E’mrm&w
e WITh S load e iw infwi }mfeo(awcg Lings

| ef die Do Aon e endond foom Z=0 M Jhe JF?
o z =14 od e foad . TR veddenge 4 Cerotind {’W‘M are iven b,

: + —dz _ .
W@D=V € +% € —

S S P
ifo e Z_ VO 6'1'2_ @

Aee s N L
odor

_ S =3
TD:=%e 25,6255 (2D =

e Zo
N
Lel™ ¢S Covwr dev - et A e A
A‘Vkmwmmde /S VO = V(ZFO) e \'n?ln ’“‘{‘C"Jt,j P obbn of
/ -r-’;; = (Z. = ) Courrend

[z=¢] -



NE =L (g5 2.8)

/
)
(

ENCRIO)

Vo'f'zoﬁa 2 Z_Vo* » ) N

v

= -—2): (Vér-i- Zo Ed)
NGRSO

S p o tnp

inpud voldageld dre Enpul

A ic'%—%* 952,

\Gr“’;rz}j (l/a e Zo-qo)f.

Voo = ”Z)_,(VO"ZC%)'
wd ,mepeg(om ce ofdre Mf
Guwend T, 16 Obfoune

{ V(z- J)Jl
{50

— __.Vi__ :—LE./}*

dermivoy 1A Gy, e
b ;
d Ao 2 e o |

.-v;]



-7
V= v"e X—P \{;”e;M

v
e (VL"!LZﬂ :f;_) C

2 M
Yo (V - Zy ) €
\ " VJCZ)
o die  Twprd— wa@&vmce i =
) el w Conw ey f —
i O, 52
9 C2D
NSRS ]
e ZO __________:_
VT —Vv
3

Z. [(V 4201@6 -—[—(VL ZO‘,LL)E.’ J
(VL+201L)€ =% 2.0 E’“

o [P I p il M ’97

VL(e o e““)—rza e R ’”)

p}.v]‘al?_ L)’ 2 ;h ecCh J‘Cm

n - é’ﬁé‘?i
y(ete ) +2,7 T_

O e M i
] T
v"'(g—gf")””‘“- "—%*"

V/L S-fv:fn“ + Zo I, CCH':L?‘(



®
* |
Pvide nnmradar £ deviewiveder WS cas b/l |

S Lnpud impedavace OF  fromarriiion ks frow oAty T hoonfine,

L +7Ze a‘moh\u |
Cin = Zo [ = ' ____"] Cﬂ&M])

Zo+ zL_é'th

J-jp = domhipd c Jbumpd, TF

P,

o Rz [zﬁjzmﬂhﬁi{} ( fomten)
IR =

Zo -+ J ra o’—v\hﬁl

SR ik CQJ‘VW'CM’!CG}.J
fmﬂdffmy%ﬂance Var €5 Jowwb colly
o e lnd oo elechicsl

c{po\wb\Jj ] i ) ol
Vi 4 Com Le ’f A rj
l&vtjﬂ'lﬂ ofde'L/L

: _ePECA ny 1~
V@l}e&j@ afe'f(echna Cofgf-,o&n} ( )

Voldege reptection Co-espicient (it Leod) (7)) i1 O

o .
| Yods o 0} e VB/UU}Q 'ﬂf{&d"o’w wol® 7 dr 1nl devwd LOOWR o

iﬁm& - 41

Vp €
{, = T

+ =
! A
{-\ Va_ 2,;1

2 —e £
P 7
34 1k

"-’Z (VZ/’Z"EL) e C = “7_;_,-—'20_‘_

S e B 7, +2»



sk The Voldoge sesteckion Coespicient o any —

i dle vebo of dle veguitud e of fra Tepfecied wAdoR toal® &2

M of dle InUdend walt:

Cerrenf riffe cdion Corghaevwd !

o repectiov Coepprciend ad—any porwp o dre

The Cusre o
Lovs 1 weg,g\};‘wq Q;P(jh Vo,{()’a?,e a”ﬁﬂtcﬁm CoRptiiewd of dhed 97
T Cumitwld- TYenion &2 espiciend ap duload M,
Yo, LT
A R -
7," ¢
SJT\MJJW (Sowe Yoo~
| CswR)
L = __\_/_l"li‘i__.: EW# A H”rl:\l

Viwin 7, [ "",f”

L i



grmart -‘f____..—w"ﬂ“
Zo
€, Vi
—trrn =
Zo

/LO% YAV oL ff b 11 1V M@war

‘ ol ce rZ;,,i
“Tle fﬂfwﬂ rrv\fe.cﬂam
vl doe 4 C
mfe'd;mj) Jd’l{ L AV O ¢ yngnimon OF e

/{J’OM-CL. "‘ﬁ WAL

- 100V

Chlovock vhtic ;mfeobmce & Zo =Sty

)m Okf(AyQ

50V

y@h/@(&ﬂv{ foack Zc=
of-dhe Load A joo V (»3)

31 radians)

g ta)R

Atwavelengthy =2 A

/ﬁ Vo/(Ja;e 4 Corveo) e
o Jou lor e dermivaded vf o
sx?ive doad. .



'ﬁwer % o Transrm A on e _]

|

‘7}; waem}e fﬂ)owb'&oaww o aﬂfz\/dv\ncg )/nym.
d’lﬁbo\c’\ YA 3,"\/@\4 b7,

oy - + R L y@ 3 @)

s o fother, doe o peak values Jrxgend O Tre 8 vaks,

3.

fz':J)

@»g = ,_2[/ Re [\{s @y i’f (‘Qj

PR
FERL ) (i
L re [l E (27

_— r+ ~
T gl o e ncidew power £, ke dre

Ae cond e A $e vt;fecdwl powe¥ Jy,



f, — Trpk o Fearsmdted pouer 4 negodiv Agu isduo

e regoks w2 g5y Wel 2

Conly): ~
Sk bive (Z=0)'r
Lae. ™ z)‘h/ = J‘Z‘jhhpﬁ‘
Fl e
s
o - |+ rrnl) o s
=1
(one(i1) 2 -
. \ ) L) el o
G Gyl kixj:yf/mtw ﬂn')w s Commechd g e Ao ch op eoCoCuisd
pian ¢
&9‘;«2 Zo(, = L"“‘ i :_Ei-———* :«__‘)'ZoCa.,J'f?i
/ ZL,-)'G Jd’ﬂmﬁi
Ege® o z =%
i =i, &=°°
7 Tor = Zam‘



Inductive

S

8t

L

;,K““___"__

|
|
|
|
|
|
|
T
|
2 |
i

Capacitive

Lnductive

0 e iR

Capacitive

k:j iaﬁuk?‘mfeafmwce of o lo lgw L 'Uitw 0O
( " (2]

Gy ,‘,gfuﬂ] abAaibed by
0)3{\’”‘1:16( wln.l\'? o

’7[1 fncide v /:
T 03000‘”’ rovsfer )A

madeked do I+ s



-t

‘ Soudh Chard -
| “To seduce Jle Cmffendy fnﬁwﬁ»‘ng Fransim Mron
|

ijﬂ«'m(j{m/\f??d [;an r-; Swﬂj

T'/Sm{—h Chard 15 Comaruched] wydh
<) Jlev die VOJ'J of u/{eaﬁﬂow CoCLf-Uevd

A

Moo cocle

"eA L@huEew @) 4"

g fey befweeV K8 o By 1S8S5°°




N O‘d‘mé’-ﬁ‘zt?o[ Sﬁ‘dpégg: E

ZL: 2- e ¥t IX

[, = %o Ay e (49

— -

</:+J )(E,+D = 3.
Ga+0+d[natr) =31
q+iq+= 3 [i-07FIR]

L= M = ¥t I
(1(7) &I 1}
e € e o () W

L . [eeyrnd[ o]
B -1

e ————— ,
[6--i6] [a-5) +17]

—
-—

(-3 + G

V)

(-0

-—
—

(-7)+ R~

o 445 ) 80D}

a

}tﬁv—fi () (F) +J 0 Cr 17

ey

= = ﬁ”«w/r—f G+ 1] (-]



\9

Lo
19

o
'.'1

£q, -0 M ol e
. ; Q'}CLQ
G A i Lo 00, 7654/‘01“(@ j
ch ' @ ? [onrcz((
(,(.,p) e (- = o | ol
vl yo o ud
| , il QW'M of o Grc..?ﬂof_d/‘,&d Pt
tobuch ® Jre 7€ £, 74 C
ncde
Covdered ok (WK, yeadhane&.T5 o]

|
¥ 4 o=t |
Covkty C*k(f;, ﬂ) = G{[’/O) -

Comber ok (£, 0) = (1, L) + A4



fg\&dp,‘,{ 4’(@&\1“&}5 (yqafrcdfd% fca( '
T%’)( ol veduwes F

NJKWLtoL ﬁ%M?\ME(X)' CP—W(+r/0) X ?Zcﬂ;ug( )

0 | e |
h évg/ o) | ""/'3
| A / Vo

|
I
|

Z i |
5 (25,0 | A
# C‘S/{,/ 0) 1 Vk




‘ R{)\AX;‘ ‘(’ Cenfer Jor X- Cecles
. f:ﬂ rjﬁ"“‘l Vt\ﬂu'us?/, 2,

 Noomabiz o echance(w) | Radid (k) | cewter () %)
i s G
j-/j/z 2 6/ iz)
£1 | oW
- I & 2
=S ° Y
. |

Note:

— ¥ d alwaps perFive
— A Canw b fOMM[ For Gwduch ve }mfeolawtej

—> N /i N’ejg\}-}.ﬁm[ " C?fmcf&iv*? wae_o(aucej.



Q). Spith Choct”
Munboding Acod &
arrud die fEREY

Avrudh Chavt movy

8 oned vt G Deperltand gepert & Ihe
4o dedermine ameg ofter J1ings
W =l L8 ¢S

b) Zin o Vi,
i; Q) The bscokions of Vosn & Vi

he wned



|
Phwbedior of e Y= 0 ¢ e-Ordd on e Sumidfts Cladl~
FJ}AA}P. Khow A I NWML‘ZQ_A "WfED[ﬂhce 7 e &"*.J
i ﬁy'XcL
N= )

T pornt F ingerd eckion T4 % iA poin .

th'im&/{‘j/ -z = / ._J'o-f

r=1 ,}@“¢fl'

e -0~

Tre SwR 1 S pepioal € docodr
Figux Ahow da £~

P i i e -1y B

O~ Cirede

v Wwhet av
:by34w'

Circdes for S
oy | |- Gk co 14

b g Cired ¥ A e e g e
[ﬂ)WvW?bMﬂ%tHMtﬂﬂ)m 1d VﬁdmimﬁQN
0 druan de ORI Of T R



Pyo_bPL’Wt

|

W? )29,«4 lw dTU\MMWW ﬂ'lm?_ w1 dh Z.a® Sov/ - UP(’FO\J‘TM? ,

ll‘ﬁ'zo—w'/t ' Y o= SLucobC
op amiz mdtreivelsd W1 on ood 7, = po+J 40T Tfus
o
o e . ;k ryf&’fﬁw Ca%‘dfv\}’p
5 M)’ :} -@;[ance-
O T mpw HF
Sol: -zo-:soﬁ—* u,:._;c,“(‘_‘.
z = bodd ot
F *:‘Z;MHZ'
P
A
-3[_ = Za
_ bot ks fo +0°&9
= o
r= I"L }
J,.‘xtc}vl:} }L:O‘g" :
Argle G 2 7 . Chot Fa’g‘;&; e, '
o4 fre S .
WWWWG@W i b° enend. o $ord Y
9\\(\6#( L’W}\-eb/ @ = 5 1 .
e i OP/(?{(FOS arf "f_‘__l.-c-:h R ke 1|
el :‘_____.-——--"' -
@"ﬂ ;&96" | ) g B B
- 035
g 18
> 082 Léém
L gMARs 4 B |



—— _ ®

l@ Drow o Chcle wih vodud 0F £ Cewley o} 0-
b 1A I Covtont & o 1] cocde |

Locode Porwvw S e dre S~ Grede mees e f,’r WA .

r_',:ofwvﬂdkjml‘ﬂ‘ot‘o‘%“ !

A
e volwe op v o dH4 porw 1AS,
(‘j./ K= ¥ (/‘rm 3’7//)

=2 )

| 976 obdojn Tin, Gy enpred L i derms G ox indegued

il Azal
- . 1 I W
dmlem = Soepes iy
- F2
3
= 2Lp°
* on (e
C1 o caprapndy 47 an agesar movement OF 70 y Vettisecy
* _ oaw av
pro Qe of du A correspend O° o lod)

Of ZL{()O.;_(?/MOV“Q- d‘Ouﬂ?\ﬁzA & v U"LL '_g._cj}{lt ﬁ@,ﬂfm‘“ffdv

' on 2 ho
v dte  Clockuinc direch ) ’
Povk G-

. 50[0 lq?q‘-Ja-u}(_)

- 9 2.5¢3) 75N



24 Viman OCCw» Wi Zf»)vh.aﬁ o loCoded on dhe Choxt, rlf’./cmd;\f I
Ve, 18 Locodeh ot de o]

- w oy o D}jc |
PGMJ"JW rw‘( AwA ik dl{ Ngﬂb\‘”"t f‘: Ay A @(1

b 12
M)LL\LL:\W sy O dwe Cha /

|
 omoof, | |
y & =200 I} The Broe 14

- = )b 4
© W——L
j&gﬁ/wﬁ—;—@

; 5e ,.-fe Cd” oM (o - e
| by Y iww

| @ 1te didonce °F
| he_dicdon

| _ Bh e
| [ == QGE A'-_
| C?zivev'j S:)'{:/ @("3 P
.d‘l‘ W‘&’/ ‘ 7k U\J_’
F v flans 1o of .,V{eco"lcm Co-H9¢C
dud @
Ha g ™
OP - 2 -] - O3

-l rLe
- O > % ﬂ'_.ZOOc

= O‘l:éf-'f’"’qlt o4

rped mpedanee SLT g,
we KMoudM
ZL =} IS ,_JO‘S(
ps Zd'-z‘L

‘Z_ =

s 70() 15”J°f)



©

! Fooen Jhe Avmidh Cha ¥,
| /Nt hmo\ﬁa‘z@k "“dq " iwf@c(av:ce 14,

‘(’i;h = 008 — 6'2—6_}'

ZI‘W = Lo zh‘
= Zo( 0¥ —0-263)
o Ly - /B |

z V. do fL@a\A e Aixroace S\ Aﬁ?ﬂie)& 14 1o
So w1

S Vesa= O LbEE
FON Ypaw, D A= 90"

2+%

M= B HIb
g S Lorrde

?
/ o ok B
A lood 9 00 + J 150 rAM
aﬁlmﬂ&hﬂ? \/L

et Sy Lood
b By oo k) 8 &) Th Jood 2P0 ™



Ty =00+ )5S0~

Zo - F5°T
o) X, s == = i O o o
TS m s

* 75

6 st+ohrH J

=[N _orbb L OF
Y forr srdh Clayt, S = 48,
?rﬂ}cle fcmsih;. Jh rewgh P)
OFoxv G frence o O o po pl ank o pav
Lo (e CoXiok 5 giiphe SR pof ol T
g, = oL _ 034D

c Z 93 « YU gzu P
(D TL,L R W{’C“‘”‘g Jo M O\\rx?xl,\j{y\)’ WW‘EWV\J’ of
6 H ?ﬁ?f%d: 108’ I Covtont s omede
from P, WR ooVl 28%° o vonsds e QE“M(C“(‘@#WW)
ot (e € rcke 9 yea Oh (POJ-L«J" R
- K D, G T 065
Ziv < 2o Lin 99(0*‘“3 -*!-.jcrbg’)

= 2] 95 "}"72“95\)'_;\#



i___.—

| 6)77\4 o CMPW*}U Jo aw c\w?/mlmr AR et OF, @J
0 b ,,)(; 726 = h32° :r/;‘”f‘i\fd/fubran + P2°-

r evede

) ot dorg I s
A reach P s siad
we hoM W’e"k

wp € fwice

7,[-[:/\/5 we M“*\W Sfrem (,edmo( en

o o ot revodub ov Pl 7 an
Frer P‘/

o e ond /’“‘;

hze
Poing 6. Noke grak reach O

fovomgt PO 7 (Losrbon O Vi,
dtus frcﬂ“ Ch"l /g"ckol.

B3 oL




7y =135 +ReFR |
/fz_ooMH% Zo = BOW-

g, e s e 0\9834&0‘6‘1\}

20
f) p:‘?i)“
o @ pr1dh Cho W,
of
= .---—'_L’}
p o & ""l‘;’:é,_ -'—Dl‘fﬂg-

T OHES [ 92° = o-056% oy b1-4

)5' = \/o 3]_,
= ) j
3,..__-'—00 (6 g 2 € 7
\/ :D\E{»V
VWMMC. Q*F}U

93 F K . -
L = 0:38%A ae © Ll
7 2 X 10%
— o Bty B
= <&M,



TR
Fo Vo he cheaeed ot 93°
?9#%3 = o‘].'g.;.‘)q
| 536-)3"{6@ 15 1 A2 |G
}: = 6-200Y
|
;
® Mﬁa&d T 05 receivivg eund fvypedance F
loo & Ffbta i e dengtn o I WM
P iiin (5) R plechion C LT |

Love 74 2

© fook ok e POE
@wacckame 2 d”ﬁm-wmb\,«b‘m.ﬂf
€) prdfance L Uhoee fa&el £ 1 Vi 69‘2»@,,(/
\/.9/[/‘&% PV - X 'M\Wﬁu&
Wl et
Fy= 100 4+ J 12
Zo = oS-
T2 |
2 = = oy UL o B 2520
. e 50
arl e 2.8-5
of {) F
o e T <
() = oa ~ 76~ 0~ b



y{/ — O" 2 — 0D~ )___Sc—J'

3 = Y A
LV i e B
&

o = Q -Ze v, =z,
) vl = = & S0
_ s#Go &
— 2850 =y

n a\ﬂd o £ Jeare

) b duo e drovminion die L 2T
J‘;goJL Pk

Feclam(e WA Lo |

jp gmineded o a0
. .
Replechion O Sy badten ¥ L3




| HWL“ whivs Of Toowmi i o Ainer =~
Tramwistion Ly asc mently waed for
— i@mal;h-fdmhce walft..'tﬂ'vk?

— Qw‘fecﬂaw ce M) ecsepytinens .

A Buodter— Woke “Tanifamer (M et {\:lh}) o
ﬂocul x i imodcladl and o Wf&ckd

puwey drawifer, ot A elea vk Jrok
(20 2{_) Ac Had Jlede jA

Whaw Zg 4 2

O ads an dre Lwne, Fo¥ Y a2 U W2 .
fle Lead Le wodched {o diw Fravsvmtr onm bine A &OLWA
W 6 W}/fedvcm [} /Ho WS”@ The WOJ‘C@V? )

}zyu)n

Nhovied sechionns of Hrovav

_en.r_ T
Whev A=y (o7 ?A e s 2%

e 0 mm’]
Moe il e i
Z“" . Zo +JZ dun pA

, i hlj/]

1!

+JC
z.= b
L
iy B e B
Zy by
M —
Q Z(.h T —2 ;M pnns 'ZL
L.

' Jnpnd
WM@O‘MBO\%LMWMAWﬂWW/ﬂ £

(itar ;n ecﬂc&\/}c@ =
Fer&c\hce C_m&!fcaﬂ.gt\,? J'c,m/?’”/ﬂ"' f ! f



,Zé*ﬁ%\ modching MM."‘? R Yy franifogmar-

/9 m A vaodthed loacdd Z¢ Cawn be P'zrcfenfj Meadclad d2 o
dix
hg P??‘C”YT/(ON{ a

Lwe [w:}hn (layecdenthc fw(;’@-a(ﬂmce Zo) by iwAedh
,'mfacla\nce 'Zoi e

Frang iMoo Lie )%, pra e ,L,r,;? ( wign Chara Clen' Mhe

T M, sechom Of dle Havsym o
M%}Z

Nhowh o Pgure:
Sov ?‘Wf&ia hee

A Guofer o brovns forme” Lecawn 1d 14 e
j«.KQ AN C”)’Q‘.Iwo\ )“j &H'QMJ'CW Y -
)b selecked Auch hot (Z;M rZCD

o
2 = JZa e
wizve, B , Lok Zo e Al yead
f%e;_
fﬁ 20 - load ja dv be madthed doan F5 o A,

T RuaYhy - Lo el oY Loy’ mug- Lot e Clova tdepath’ ;"';yoekqmq

%f/ m: G5 -

Tk G5 Jb  fmoager - Walae oo Wl odée
Jovced o a j2on P AT

yodch o 754



20)

thk?é_ﬁfkhoq;my WUl ffgeim oOf MM'Ach/lmc{

V

e e ——

Z(}q 5 —T‘: ]

(&
| (b)

Withou} o % i fam Wil o Moy duenniperar
een The honjreone

Aonding ool AU eV b ed
foliruggls o 7 o ot

: die
b foe lond, flave 1 mo Arovdivg welt T2

frad jormiy dun do Ik rokelind

: ‘i n OMl
7[:& (ﬁaﬂ./(eckd wal® (af?s' E’;}z«v\cﬂjyy C\}Mfe) el oufed =

froc il b€ Wﬁd’m

o e clerred wove Lew it (o fregpency 1)

9 SN ,))(L]/L\J’{j A}f/eh--cu} WMJ{QM%L\.
T v Aoatdve ndegh cgécfh ?uaz{}c

cqaanty —Se i Hve L emce-

y —W oW hrovng Jerrev

A A o Yy oW - bathel o Pr



_C, | nyfﬁ- Stk b Tunes (r’?c\.ﬁ;t\; .,L?) § g
_TM \mc\.jc!\( cQa‘au)JoC\C«F" C‘y" ‘“’n“j (€N %-MW{PM mn&g‘m
a3 & live - "mod'du'm? device 1 elminoded  bf wnind & 87‘7’(’3*‘-%

&—mﬂeﬁ' :
T funer (wists O AV opCehor Sl oxted Aechon Of Pansmima,

fne o lenghn & Comeckd i prrolled with I v i b
e dintante 4 foom s aedl o Aboum InFPTNE

O

"

1
8] ZQ 3 | I | Z .

Shorted stub\f

T(}mha widlh a
Sivgle-ghun it e

The o heows dia Acvme Chasacdenndit fmfeolahce oy di
woin Lnes T 1A mowe Az et o wxe & feney Mub ool
LF (A chﬁdﬂ'cm,uj feoxble.  An open Clocw kd Nhuwb v A48
Acre ENITY o k*;/u Pt & - Cw«f_q/wwb{;, Mt KXo leCi /el
pavedhel Xhud Are P resered.



@
padhed Zi=7,, 18, Zin=) @ Jiy=) o poy A on Gre
Live, fimr draw dme Locws Y= 1+Jdb (v=1 Circde) Onihe dod? ot
o8 Khorsv "V‘f"gm‘{' ffj A Khuwd Al @ odw fFavice Y = -3 13
I'nkoduced af A, Hen,
Yoo = pdb + Yy = Hab = JL= I do

Vs = ib

Locusof y=1+jb
(r = 1 circle)

Um;; N Avidt, Cloot do dedermite 1 & A of A ShunLheted
9‘5/7( 2S£t haar -

Since. b ({cr\,\,lck Le he_?c;\f{w 2 d7“'50 J-)OM‘,G/(@ Vafwu C’d_'fj éﬁ/z)

Cov, be fmw«l v Qb Avt
A Az 1= ~Jb,

ay Mo .'.lnf'?,ur(.



| Due dodie fock dloy dhe Kk ja Khovled, Cyt & ‘9")/ e
Aegtn d ¢ P Abub by Sirding O Aerbewee frowm (o chbich
e vequired Hhal adidtance Js -

0y dre AdixFonce from £ ko ﬁ‘/ s
v Py OF dre chavt

3{,'5 GtJs) d°
For dle At b A, d=dp

poods do Yc= 5L dacode o T

dedp s & Aifonce provn G

P Cames

Gnuda rij

¢ B (Y,=9L).

ﬁu_b d_::olﬂ 4 Ql': CJB, Cmufancuhg )ﬂ) /\ 4- l’_%/ mfecﬁwb(;

Ao Je dhod a‘&-FO'E:)‘/L elsays « Swce $uo

oS A/)AGWW ;h f,‘?\b\ﬂ.
oo P Nhelhey

fc‘/W‘],,,/(e /Eﬂtuwé‘@ol M'w(’-?’ hofrmm,{,lj Chsah 2
clorer Jo I Load

m de bne, e may Lote o
Sor B odivlol

ML 0v o P dom
a ‘e‘ri\n?‘[e Xk Mu\nJ’Lg\ a.Cy
s 1A Colted dyeide - Yhut \modchivy ond  allo Wi

of dic Lsnd iwpedance .

Clodiedbine (Tmpedonce TT1E8UEmE nb) -
ﬁ% L"j‘" frﬁq/um'u/

4 Volfage becaua \m OB UY by devices Lecome Mgnpcant i Gze

vaMa e Aivie . The Xlodid Lo 18 &

n  UnKrnowh

[ Ia Vevy digfcudd Jo imeosure (wroy

4 evevy clrcwd Lecow o) &
wing drx 1‘mooulance of QA

fomphe  delice waed v Aefermi
of fvjo\lxnx’f"z (6 H2)

Aooh o ij/k fregpan ' e upte Jofe e 2o

el

/



l E - To detector

| ] . Probe _\_\t Sto‘t/ted line

e ——— o i emm—— -
0 Y 50 ¢
] | | ' RN, Yo load or short
e [VETt SATESIRTI VYT, lrullnHJJuj’l“;J“”J““}
To generator \ »

A

Cahbrated scale

@ Typrical Hodfed Line

(b j ;
DER-M'M‘»g diu Lo c_c»H»-L of d1e Load 2 4 ., ohbdive

Tk CoeNs of o Aech ew of an aur Cﬂgwj f@,@law. Lt
) - we hos Q@
Ao r e ouder QVAL\CHY' e Aot v p!—’?bm Tls PANS

= wd
E ; fa
Poo be, dm? e T pekd , whkick Aawmpdes dre B FRTC\

| ofween e PP LL
B~ 7 s fendad dirperence ke
CQ'M\?WV\J’?.(J' Vv € oAU Y ed [

Aawkh [T OWJ»{!"MJM- _ o Tt CA OV cordh die
beok Live A pm cx}j'/(j weeh fr Cordun (Ju . J.)b
'ﬁ\&_ %/[O - c»J’)‘O C a
. m&l.v‘. wake 4 AN
Amrdh  ChaYd Fo defernine (e Kl 7 %) 5 1 s - 'MT“L“MCQ

L vn /(J—C*
VG/UMV dv Jle yrilimum Vo

of M m U v i, i C[elchHcM vnekvf(—d“"’

Zi + Tha \/alw‘. of S 1A ytod C{;v'ectb’
Jie Ao od 1 Compeckeds ;_,
Ti deferiva To, A Yeplace Jhse load by

s nét die Locodora ¥ Vedd
da ynokimon b LCAUM

a6 Wintim A (hi'ch exre 1ot
g8 op I Ahoyph e4
o cCu yadey defermvned dlaan

of Jr o i g f’m‘"“’) on A code s



Qipee fmFELLC\hC(’A’ 7€{’€c~}' every half wcq/tiewgn , owy cof i ’

h";iﬂi‘mc\ MO\j Lt’. Adece)’(—c{. =] dl-ﬁ XJ)O\_f,L yﬁau_}ehce /)GI‘VJ", NClAj dre |
dre Acleckd. ryeyence poing do diu foad by replaciy e

&'/ﬂ’tlh& f’)c\m
rg d'h/EoCowaq of h veddn9e

Yo Gircwd & dw Lind @Qnlk hed

Iminim o -

e dintawnce L(dovtaunce F Vinug
i derms OF A A uwrd 4T locoje die pemdion
Choavd 03 Nhouwv ju pgure:

L dousord  dhe Jonll) npremed ¥ |

o T Lood ef &0

< civele on Tk

¢ = distance toward load
: .

s-Circle

ﬁ"‘iq@s@ Aocone i Lo by t,un‘ug 1!/ wdits ¥ He
CO"‘WW‘CQ Of v""f'n do wesd de :},ENBO\J«"( . ity A Orr,(t oy Le waeel
o dlocnde 7o
: X Cowv b€ Auwman Ze o follood &
wnng e MJNLM. T

svalved  n
The PmLecluw Vo o e, Wk

1 it de o ad barsprd, 3ol g, 9% 0B debechon e
g—ﬁr(«(e on Jle Awnydh Cl-\aﬁ‘

. widn G Lood veplaced by @

V(‘.‘:“ Min - 6’0!»’\}_ » -
2wt e dond aw dradive, rode he pomdion ¥
od & dudunce 1 £rom

b On Jle Avw fln Cheirt, ok Fouoenyd e /(c
pd 2 of dred fuivd

D rgerthe fo“}__f;ﬁohfof 'Z'LOJ* o~

Shog Grcwd, Loaode

VV“H"V) JV dej’cm\f\& JL‘
e locafr'on OF V‘W‘h}



- & A 2.—‘:2
Widh, Ampedance kot I 307 A do be ool ij
\ : oo 0.

| f)naLevmo\
oo Asrslens
o) Th vegmived &
L:)'ﬂ:g S Manct Lehee
I Aduwh /(e»ﬁzr'%

d) The mholxyg e 7o

Jo+I 30 _ 0-4—+J03

Sol |- _ ZvL
O\)EL, Zo c ,,_‘76‘5_"" =

bl A downce
y P b amd dle  RWMA

g Om each Yedio Je SFFem,

o Hhovow ;‘noafgzuya.) foovn it

‘e Cho ¥
v B Lscode A Loavmepncolly

NCC’\J{ T, o e Av
Aé’?xw s 5—~CJa‘tx{e/ Ao J ot jz’,
L B T

SnpersecHs I F=i

Y, = pay = J }-01;,’_(%,: 4 J 1ok s
— P ) _jlopws AN pora’ble veluad

2



D de i
) Xtawnce b@h\’ﬁﬁ'f\ 71N /fﬂ&ck(amhm In i (W}’ E e
7

W/MA/
| GSZ’L ~3 9D
-~ - o s
A Q’Z/, (/’Z* = -5 %, (5'0 XA,-: 2’_,...51-—-;
720°
— ©6:35 ol
o B (
bots 3Y) 7 ;
Xﬁ': (’/_8”/ -~ © o3z QM A@‘: ?_,5"7‘
Fre “20 :'6'634'>.

O o Cde Pairds & 4 B Comerporbing do Pt PR .
o —JF 04

eyt I Q?\A/b/eehgé—u» [&Mame f"”"'”f;c o Al 4 5

P
q20
N
ﬂ\g = 291 x =0 297€”
FeA

é) b yon h~ GL‘O‘/&/ S—2.7%F
VO J SR oW e ﬁ.,.a Segwt,,f L efroeen TH B,
2 g dood - €7 g o Al 0O Chw beCAM g din 8
= 4/}2,\}9!:5 A/lnaﬂ”‘-ﬂL



- %4

— o )

ﬁﬁ’ ;d)la"ln av unknowp imd G?hwc}fal Fo ox )\’IW&@{AZ.M S =2 /) a'cha/Je@
by & showndivy wawe Jhd,cah £ mimma Mwl Al NCr, 1900,

"’-ﬁmﬁ:&
"dh Scal @ Wh chaﬂocxck 1A -reﬂaCeo{ by & Shovt-Ciocw' & ) i
e b s, By == L6 G, Cal- » L Z;-

| 3 . -

S it o g e 1

oy as Kown In fGRE,

b = J9-11=8&Cwm (09 A= b v

2.
g
f= 2 = an10f _ 1 e356Hz7
I i ofedd ad 160 o 2HC
be AoCc i |
| @ " C an |
| Lﬁiﬁ Ca’('lj quw& ,.?,; Oh ,QOC*\OK g IOO\DL f.'/& o«)’ e CL"‘j“"’(;(’

drog da Loooh 5 EHEY

j'} (We owmurd

AM{W V“""i.ln;
/( = o2 4~19 =GCwm

2.2 w318 N
57

| P

Top Covmypondd de AV avgulas bt
F150"

92 8° om Tt

¢f 0:3l25 X7 20° =

dim Lood (Connder docbried ¥

g, = |4 +J0 7S

coCiH afo9e) 2 Fat) ER S0

Z,e PNT




|l The pellowing mecsunrtims wese Jeleen M”‘y Hes MW Live dechmpen.

| it dood , L= |° &, V’M,\ o Ccnrrecl 2BEmm, 33.5Ch - N

|_§¢0<' /\dm..,,,‘ OCCM?C,WL ak 250m, 3?"5C";h__‘___ Jf- . "!."aJL Ad%“ﬂ
| ot PR Y st
| —_——————
i{‘gﬂ.{:' 32—'5#"‘1‘13 5*"‘-—-(‘5
7, W llods ’“Jc?"’J?- lopd  toldh
2.A¥5n Jows dews Liva ia 9° Le modChed do on 100 5 A

el M
} a §hoxked b C alcelonde d1e  Shtk den

HA v dFenc e

‘ de.a, A Ound e neceun St dridienes
Aﬂ‘_o}z—é?'} :}'__J ’26'—'}!»1‘(3

= 63747

| /5ods /(,a < 3093 N,
{ dg

Ag = 0272 A



11.5 THe Sttt CHART % 497

determined by locating where an s-circle crosses the T, axis. Typical examples of s-circles

for s = 1.2. 3, and = are shown in Figure 11.13. Since T’

and s are related according to

eq. (11.38), the s-circles are sometimes referred to as [T -circles with ' varying linearly
from 0 to | as we move away from the center O toward the periphery of the chart while s
varies nonlinearly from 1 to =,

The following points should be noted about the Smith chart:

1.

14

n

At point P, on the chart r = 0, x = 0; thatis, Z;, = 0 + jO showing that P__ repre-
sents a short circuit on the transmission line. At point 2. r = % and x = %, 0r
Z, = = + joo, which implies that P, corresponds to an open circuit on the line.
Also at P,.. r = 0 and x = 0, showing that P is another location of a short circuit
on the line.

A complete revolution (360°) around the Smith chart represents a distance of A2
on the line. Clockwise movement on the chart is regarded as moving toward the
generator (or away from the load) as shown by the arrow & in Figure 11.14(a) and
(b). Similarly, counterclockwise movement on the chart corresponds to moving
toward the load (or away from the generator) as indicated by the arrow L in Figure
11.14. Notice from Figure 11.14(b) that at the load. moving toward the load docs
not make sense (because we are already at the load). The same can be said of the
case when we are at the generator end.

There are three scales around the periphery of the Smith chart as illustrated in
Figure 11.14(a). The three scales are included for the sake of convenience but they
are actually meant to serve the same purpose; one scale should be sufficient. The
scales are used in determining the distance from the load or generator in degrees or
wavelengths. The outermost scale is used to determine the distance on the line from
the generator end in terms of wavelengths, and the next scale determines the dis-
tance from the load end in terms of wavelengths. The innermost scale 1s a protrac-
tor (in degrees) and is primarily used in determining fp: it can also be used to de-
termine the distance from the load or generator. Since a M2 distance on the line
corresponds to a movement of 360° on the chart. N distance on the line corresponds
to a 720° movement on the chart.

A — 720° (11.55)

Thus we may ignore the other outer scales and use the protractor (the innermost
scale) for all our 6y and distance calculations.

V... occurs where Z, .. 18 located on the chart [see eq. (1 1.394)], and that 15 on
the positive I', axis or on OP, in Figure 11.14(a). Vi, is located at the same point
where we have Z, mi, on the chart; that is, on the negative I, axis or on OP in
Figure 11.14(a). Notice that V., and Vi, (0r Zi max and Zig i) are N4 (or 180")

apart.

The Smith chart is used both as impedance chart and admittance chart (¥ = 1/2).
As admittance chart (normalized impedance y = Y/Y, = g + jb), the ¢- and b-
circles carrespond to r- and x-circles. respectively.
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(a)

L — .
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arTe .\.—...N’—‘ T

Generutor Iransmission linge

Load
(b

Figure 11.14 (a) Smith chart illustrating scales around the periphery and
movements around the chart, (b) corresponding movements along the trans-
mission line.

Based on these important properties. the Smith chart may be used to determine,
among other things, (a) I' = [I'[ /8y and s: (b) Z;,, or Y and (c¢) the locations of V,,,, and
V. provided that we are given Z,, Z;. and the length of the line. Some examples will
clearly show how we can do all these and much more with the aid of the Smith chart, a
compass, and a plain straightedge.




EXAMPLE 11.4

11.5 THE SMITH CHART & 499
A 30-m-long lossless transmission line with Z, = 50 Q operating at 2 MHz is terminated
with a load Z, = 60 + j40 Q. If u = 0.6¢ on the line. find

(a) The reflection coefficient I
(b) The standing wave ratio §

(c) The input impedance
Solution:
This problem will be solved with and without using the Smith chart.

Method 1:  (Without the Smith chart)
Z, = l h[) - J4(} = "\U 10 + j40

(@) T = =
Z, + 7, 50 +j40 +50 110 + j40
= (.3523/56°
- +0.3523

=r| ~ 1-03523

(¢) Since u = w/B, or § = wlu,

W 2w (2 X 3 2
8¢ = ot _ 2r(2 X 10")(30) _ 120°
u 0.6 (3 X 10 3

Note that 8¢ is the electrical length of the line.

[_Z Lt iz ‘?H_Qf}
Z, + jZ, tan B¢
50 (60 + j40 + j50 tan 120°)

[50 + j(60 + ;40} tan I20 ]

50 (6 +j4 — S
= ( ) J> _- 740;L71J
(5 +4V3 —;6\/3)

23.97 + j1.35Q

Zil]

I

Method 2: (Using the Smith chart).

(a) Calculate the normalized load impedance

“WE g 50
=12+ j0.8

Locate z, on the Smith chart of Figure 11. 15 at point P where the r = 1.2 circle and the
v = 0.8 circle meet. To get I at z,, extend OP to meet the r = = () circle at Q and measure OF
and 0Q. Since OQ corresponds to [t = 1, then at P,

= &_1
OQ 9.1e

T| = — 03516
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Figure 11.15 For Example 11.4.

Note that OF = 3.2 cm and OQ = 9.1 cm were taken from the Smith chart used by the
author; the Smith chart in Figure 11.15 is reduced but the ratio of OP/OQ remains the
same.

Angle 0y is read directly on the chart as the angle between OS and OF: that is
fr = angle POS = 56°
Thus

I' = 0.3516 /56°

b (b) To obtain the standing wave ratio s, draw a circle with radius OF and center at 0.
. This is the constant s or [Tl circle. Locate point § where the s-circle meets the I',-axis.
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[This is easily shown by setting I', = 0 in eq. (11.49a).] The value of r at this point is s;
that is

(forr = 1)

s=r
2.1

(¢) To obtain Z,,. first express € in terms of A or in degrees.

u 0603 x10% _

= — 90 m
f 95t 167
3 720°
szmﬁ)hzﬁazazyw
90 3 3

Since A corresponds to an angular movement of 720° on the chart, the length of the line
corresponds to an angular movement of 240°. That means we move toward the generator
(or away from the load, in the clockwise direction) 240° on the s-circle from point P to
point G. At G, we obtain

2y = 047 + j0.035
Hence
Z = Zozin = 50(0.47 + j0.035) = 23.5 + jlL.75 @

Although the results obtained using the Smith chart are only approximate, for engineering
purposes they are close enough to the exact ones obtained in Method 1.

PRACTICE EXERCISE 114

A 70-Q lossless line has s = 1.6 and 0y = 300°. If the line is 0.6\ long, obtain

(a) I, Z;. 4
(b) The distance of the first minimum voltage from the load

Answer: (a) 0.228 /300, 80.5 —733.6Q,47.6 — j17.5Q, (b) N6.

A 100 + j150-Q load is connected to a 75-Q lossless line. Find:

(a) T

(b) s

(¢) The load admittance ¥,

(d) Z, at 0.4\ from the load

(e) The locations of Vi and V.., with respect to the load if the line is 0.6\ long

(f) Z,, at the generator.
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