(57)

- Cuveenl and 7l protoq o€ c g &

L v ouw Stud \o"(r 6’/€L%V\OS§'_/2{'Z‘% cs wWC wrE f‘f’ /)szdfr/'r//
nteveste ) ¢ foadige diSTvi bulyone wonich were
ﬁ"ft{fgawéf‘/.‘/ /-,; Lime . Nocw € waeil +0 consibew
4he motwa OC ¢ buige . Sucl ¢ phesgeel motiou
will glso Wﬁ@(/ﬂ((-e ce n;,(f/;m-c_'?‘zc cicld, o nod
W' assuurc 'fﬁcif fﬁzc mo?‘zarzafcﬁa’ﬂjf rs
weal 5o 7tulr Wﬁﬁ tie Ll ¢ paa S mgy/kc‘?"?’c@
We Say il < halgEs (n ST e Vi Nodwce «
surncal” o How owe fﬂf)d)owe‘-f & cumnet?l O
gﬁ(pgf we /43[6 C/?/.g:f’c/’f? &) (’Z’W%Qgt'{{)/‘ /¢
a Jocalized negion. The 57/7@!?@’ c‘c%// moue
Adee 1o e /ff)aa/ 5/6’(,_7%/’{(. é/t’% g @vcl 7;/‘6_’(@(;@
oil cnti £ =0 (nside ¢ conducton, The
Cunveat 1s a Tansicil 7t Clowoc
oV /7 whea £ # 0. Onee B =0 T
Cunneatd Joes @y M/%}/ 2
*'-_—_> Tn a coaducton +be clecTveas
L M€ éaéT They e /9»45‘744»4 ai
bumpig (ato 1he paatic [ee +4re]
Ml “po 7he Cryx"fé/ Jctlice” o€ Fhe meltwl.
They /ose enelgy dé ‘7%(7 éuwf /770 T .
stulionary [aflice peaticle s, Tt /s, €rclwo
witb e lcthoe Ccan F be rxﬁgkcz‘fcé cacl
S CunnedT XIES {(c,t)a)/ whee {?: =l



G

— 779 MQL%‘(LCEM, '7""16‘ C c{v’”@"ﬁ‘j'/ (€ Mcc57L
awmtawm E o O

= Fon now wWe wlll asswue  that 7hHc0e
15 Some Meckitnism Cpe A AT 5
520 ma condechi so 7147 electvoye
Newa [(a /7707§w4,

Considev @ 7hun wine ma cle €A con e ton e?./orfl)
WIheh we haye = 0.

F—> V

-

G—>V ——>

(M

A = ¢ross gectronal
ANV €

Fon stmfl:‘cnk/ we tele fhe moving chaviges {o
éie F«og;f{\dﬁ ,/em&( ane i’*’i()\/t”‘f}‘ ocA{\f/z‘c} g (/462%}141/{)/\
A0 poving, Chvges aae pege7ive andcl move 4.,
"f’/tt". - % Myfcfé,%50‘y7>p\/i'7z‘h =a UC’[OCL'TLV V e

L = cuvpevit = AN
N
Aé? — '%Okfﬂt/ C/’)ﬂv’:’fe L(/'thL; VeSS &6 —ﬁ7€:a
42«45&’/4 i a Lyme ANC,
- al=0 AT T L&
anrts o€ cumedt 2 ampere = Coulomt
Sec

Lz a cealar 7{\%{7 71%@ the rate @t whncl
cha ige {lowe ph The lewve .



G
A &
7 L
&
O— T O—=

< ’Vﬁ't.—-r

aY¢Y 31\;.:"{ a bl T he (,;/’zawgc “”‘9“""‘“6‘ /w‘ Jhe S/,m(/_’&;/
VO/C(&MC s Al( 01‘ ‘%hu C,'Ifif(lf\fe criosse s f?‘ [,; a

"Zé/wzt’ AT - e o C‘héwgf\g
LK = AVt n 7 voltwne
S ;= singlc
ATJ,’ = VO{MM’L-@_ - l/l, g(_v*ﬁvc_/
_ AM6 Wit AN = Av aEn
— (2\& 16 Avbt I == #Off&l({vy—.es
1= 2= ~ v < had<ed
aas ANE
AVE .
= %Anv

Detive Fhe suvneul /afwamn* dnew 8 &S
I = L _
\ A~ B"Y
Can also debute Lhe cuvreat 5/6#761'76/ as &
vector -
( \ E‘\\J" - .6‘/\ '\"'// .
wheuwe 4l/ 16 ta THhe fineeTwon O t% o

Lw a vl ('ovzc/uafw\J e fectroye cavny fee

cuvnenl
———> — >
v a”
3 = ng V==hev
A W At

= Qj [& (n %hc\c/wec?‘[ow o % eV v
—Hyorx_ﬁh y 16 (n Se -—% g"wc¢?é/¢:)ifz.



_DM’('“E' \/{j/ﬁc,f;ﬁ/ ot e /C’(,YL?"OE;

‘ 2y
Iw C,%J h= %S X/0 /l/!’l3
Tuke HA= fmm S gquat T = I A

F =nev = V= A

V€
g ATy
[6x15H {;pg‘“;wo%g/m3

= lDG)W‘ (o6 X007 X1 Y
= 3
(0 -5
Wl . , .
= vevy s/low

= ('/Jlm/ does /z:«)/z’?L Yo ou SO
ﬁcucklt}/ once « S’cut‘TLC?é /< C/::Dsc'/ :7

PQFB%L%'?(/{JHAY
How 5/0 {-‘:"/C’CYLf’f’WL V‘E’%@@/mf 7ZD E /M A /o%c/u?(fow

m%"\y{’: -6%“%‘/@\/

e = N te al Wﬁ,;gb, e/éc?L neas CO//Z Le (L] # e
e [alfice o a metel

= swailan Fo Fhe Evic Tion Covee. o
an object movmg fanougl @in.



@l

The velocity meneasec quty | +he Conce Cuow
E delancee the dvag,

B '-mvi = u’\eSz%'ﬁwﬁz
he

7 15 tnTrwmsic Yo Yhe peteaial

7 ;: = % = ‘v‘he cunnew - Aev S’!?k/
Y ﬁw:%)om?‘/vmff/ #o
5.

1~

=> hote Vhat 7 Yeud s o Inenease oty
~the %Cmpﬁwafécvhe = Incncase o e/e’c“/‘\/’ovl

+Ahevaa | ;oeecé Vie
= also Ve ~ 10Sm/s Cou
Te v 300 %

=2 Vop o> V



Potewtie | gém/o 4/0&13 G wine

/:\pf)/y A be"ZLevﬂLML[ \'Vo’{/()wg a wne ot /’5’/{57{55
and cwnesc seclron /Z] ,
it [ =~
A ()

)
V =0 = O

{

¢

= E POM“Z‘S Aown e fxo?‘t‘%"ﬁd

D,

s

== cupred] €loWS alomg Fac divellion

or ﬂafpo?%—w Z1a ! d’mg@

Fae VM o ve B _ s
- = 7 7 L

71_..

R = ?A-L—- = VesisTance.

T= SA= A

TR=V = Ohn's Law

é'ﬂl_weﬂ/’ Cuneq7 and voltasy e
In a nne

. /grg& [ = /aryé’w resisteovee
smalfer A = ' .
unclte s _. | volt
L Ohm = 225 = BN

JCW(/D
2 hae unrts o€ Ohm —metere



&3

example ;
V‘esm‘hwf o ¢ ey =
y oT cqop X
cteel = 20 X(0 S

-9
(.72 X0 M

) o
How /Wi? j< 4 wine »€ Cu with A = | mm

R= Il = ‘0}74L‘ = | = %Q/fl-

| JJ). o m >
L = - g
(.72 X760 S S
Zteel ?
L= &m

FlecTromotive Lovee aund circuits

An elec tvic cuvenenT q‘/m}/s “locoe Lowin &
Fof&v’l"tlﬂf/ //H// A o {oww, A ctvrc‘u,ff‘ Lle
currenl mest close on 11F<sel€ o chgrge
coill 444{&%&/{27&

£ "
--.'_-— 7_+
T ~ i
Vo ‘
V avound a closed /oo/o
e need .
Wgomeﬂamﬁ
+0 atse
v up

S —



fn electromotive fonce fopcee chuye
Up hitl +o « highev /Qfo'/c"'t'?('fi/
— EMFE A |
e acts ajaa‘/tsf the elecTvie €reld

@ = Mmeasu V'—?%f"l L’Dﬁg
(=2
|

= Y'efbweéem‘“f‘s A &ounce
@[g\ high voltage <ide ot EMF
Rollew c;acasvlew'dm(/og)( <
= chiaw [MLHS ‘e cav “p Ve hill (EMF)
Ry gy‘a'wb{ accelevatee tire son iy
ey ol peaches HHae 5'“/55”?‘114\5 /b@m'zé
( cuvwnedt dmy e é\/ /QO7L€’M7LM,/ dwo/'a)
> C'y¢/€ %6/066571?5

examples f)z#ev\/ =% g chemica | peac o
Covices 19¢€ /@c‘u{yc - /e
§ il (

Electvi e ge ncoa o
Vavide G mach me _ meé.hcth'zé/



ktv\(/hfi)iaé ‘S Loon nule

As yau, impu e ("me) /f‘{c/y J&/)cptcvm( A /‘om.f/'c‘yg'f— /0@/DJ
\ou mu sl arpive back at 7 he ﬁt»?%ﬂ‘fm | whcue
ygug ' 'fﬂﬂffog
= the sum O fhe /moﬁ"cﬂdlé{/ (;/m‘a/o@
avewad a [fogo musT egnal Ffhe s
o€ e EHF<.
gxagpls | ;
Con éLcat?d @ C‘mc‘uﬂL wittr av EMF‘O"Z( L= Vp/%g
cind ¢ pesistonr with R= (2,
=% neglect +e resisFance ol 7he wive
O C hod 1s s vesiston made ?5

, ,'G) The EHR dvives cdnpett—
{ | g =2V A I in-the Cw('ul"t_' O +he @
VAV VIVAV. . H%'e@'
R

i «— -IR —:7 V@{*}aqc ACroce ﬁzcﬂ
[pfglg’f{)uf‘ &@/Ag d/cw:ﬁ
Flee A nection o L,

Sam ot [QO"IL@/I fmls s cor.am‘ftr* C/Oc;/twmcf

_ < |2/
e ~-TR O — - R 5

= 12 A
Clock wWise ‘
: ; -
~¢ 4+ DR =0 = ggam L' = T



St anT 6); a5554m/r16 a

| | |
( %’aﬂ | %an}r divcc{gons o L
|-
l

lounten clock wige

=T 30~ Yvelts =~ I 200 4 |2 volts
1 ‘: &

r = (12-¢)Yvolts =

= LA
(B+2)J2
= 1€ chovse T clock wice wwould €lmC€
% v oo 22
I = -S-;/?

Enevgy diceypoutton in a resiston

Consider g vecstor R with cuvwedt [, LOhat
(& Ffhe Pette o€ fw-ewg,y ﬁ/lsg a;pcz?‘zcm Z f/(@ resis Tov "7
V. |

S~ = =
E ke v .
) T
s v= TR
IR l X —3

Congide n a Chcuﬁge_ AR whicl mopes Loco n e
[aoq‘ew tiq | => Vecewes enevyy

dw = dQ N~

= fvowm 5 = evnanyy losT as
”leifé&cwns collisions

in e presteton



Rate ot enevgy drancben o hoal

JLU sl = /QOL@C)V\ — “_d__éz_? V— s I V

AT ~ T
P':: IV: IZR MM{TS; l
H - G J
‘/(AJQ#'— ‘S—'—C—l—v
- == i
FDV* = 120 Uo/‘fs;J R=/0.00 ;-;:6
= I = 124
> = 1dgo g

Sbuw = o gmeww% N =

An EMF vaices a ¢ hange %, Up Tl /007‘@12‘1@{ &.
= guwes C;hécwge L= J/@E
@=Te
T = ate at cohicl e EME

guﬁohﬁﬂs evszgy'%o “te
Chenges Fhroagl, The cwme,

CTU/‘('(,Z, ['-ILS (,UL/—(/‘ [L\Vhb/r]/{‘f/ow:g 0?(\ ﬂfﬁﬂ’/g‘?dow\(\
F i

Cinca (1o mcty have a moN< 5‘0:/70/6)\ ol UeTio
o€ resistovs ., These say otteu be /Qﬂf/bgg@
(10 an etéective Hesistivily 10 sunOlic€y

(e C'Ovrﬁ)ymﬁzﬁﬁ/‘f)n



©

R,
r I E”Ier“erlZO
g ] %ﬁzz 7 ‘
r l g"ICﬁt{"Qz_S‘:@
T R= R +Rx

—> note “Fhat the cuvveul

1 1 V‘owyh the Hwo pesis o
@ T % R 15 1o <Lame

NeSis Fong m/mm[ﬂe |

T, —

= Vo/'fa?-es AcvosS
R | T, | ~ R, aved R, ave
E’ T ‘R\ %;R:_) ks Q;L{Q{
If‘Qt = I:. R:\. ,
[oo/g\ rule elock wise around
I = I" ¥ Il U“igM'f havel /00/():
= In R, + L, - I,R,+ T R =0
Ry . e
—. J.._z_ B
= T.(I+ E}\ = I -5
R\
T, = _I
i+ B>
R
T
€ -I,R, =0 = - R,



R~ WL+IQ1 = LR=C

=> R /s eéulvq/euﬁL V‘Bs%?‘dwcc o7¢

regist ovs i /qu‘cz/((.[

mixed ¢ LV‘duL"L!& -

, €
I( ll f FingT considev
A S
e
Rz
e e e ey
RS IQ:-;B ‘Q;J
€
We are le€t with »
| | |
J
R
Wi 1
R R=R,+R,4
= R + RaR3

Kinch o €€'s vules

—

Sowme CLV’(M‘I':?L\S am’-f be é %
CC”(‘&JOQ@.J into f“mche( = %—ﬂm ff

pe SeMNE peasTovs

_— need j’dwe«,( rules o /O;ﬂocc’ed{



Go/

A _f)v\cZVFcl‘l oq,vi_f' /g whc’me -ﬂq,ﬂec‘ ovi Mmove
conductong come. 'qu;e'féem,
ﬂ _/voE (5 am?/ clocedd ﬂoam in The &th’L(L+.
*-._—_-—> have TFroo vu [ to addpess
50»‘«)0[6,‘( aw c‘ul?‘,s

(D M ;S The sUm s € c?// 71'/@ CL(V‘&C’M’?LS

+@w4m¢€ Fo o éwa.wck PDWZZK /S 2€vo
. = I =5

; :

\\ ) The cuvrer T +owaend
> e BP drc

/I/ b5 FoyLa =45

2,

T he S vy O“F “te 07L€v;f74¢/ p{[f{lewew(‘c—?\g
anownd cen y /oc?: Py sT ﬁﬁz{&l 20 .

'—____—> musT (nelude =M IFEs

rgxdmlﬁ_)/c: 4
Ry T, 2;":[;3'\/_0&'1:1.{\/

A s
— . R, = ) = 2L
e, = g - ;R; Ri=302 Ry =2

Choice o cuvnevil A neclong
/s drér‘!&r\dv"y‘




powt rule (*/-o/o \(unc'how)

fpo{: rele (left /oo/a) ¢ lockwise

, ] , - E&,-¢<
E-LiR~- €&, =0 = L= lK’ >
I
=ty éac/(wm‘cf’s 'fl”v'd?o*ﬁg SJ_ _ ﬂ N 3’4
3N
/Oop v*u.l(_(mgh“f* /00/3 cloclk w:’se)
I_’)_ -—_ﬂ_;:— _2)2 ’Of
T, = To— I, = 2R-3A =-I|A
= cuwpev? Lz €fows docon
vathey +han (’ﬁo
\/0[“"(.2(5/c gf’mcfa RCVOSS R; ?
vcoh%cge aeveose KRy
L. R = v
Nad  a switcl o the IB LInNe
Ry T
itea e B =&
g — 2 | == L = Iy
\ S T
/I glﬁll&[‘-lﬁlr’zl =
< | o B 13
I' Ty=ds= -K:"-HQ,_ -5



D
(Whet 16 Po‘z‘fwﬁx/ d’wo/o acvoss he Swoitch
=%y &N
le€t /00/; countev clock wice
oV + & + IRy -E; =0
av = €,-€,5 - IR,
= v - 2y = (9-:

&

iy
(e
<
(l
9l
<

R C cive LHT_*_

Considenn a cwewy T Wit an e &d @ Nesistor R
and « Coyoacl'i‘sm C .

At £ =0 cloge Yhe <witclr. A
curvedt will €/pw. Chavge wull
1904116@ (/70 ou ThE CKC/O de,'fom

H
k‘\
o)
—NW—
o —
o —

. C-Q pontil the f:o"/vvf?‘m/ dM/@
v, = & acvoss the C‘_’WcﬂLoz/" equels E. .
“ B At +his Pom?‘ e Cuvinew? lowd

STUPS-. To S'ﬁ)ou_) +hig 46(6(;

‘—/[26’ Pa?if’w?LttZ/ \j‘uwy:)g azn/JOv;qu/

Fle /DC}O = gouwuteuw clock wise
8"‘IR"’_C§— = O

The cumen® T c)grmfs tne rate ot jneviewce ©OC (7

e
b= E



AR . 1 &/ = & _ €«
at — Rre R T

=5 RC ha ¢ cvits o€ YL'/V”@ —> Y= RC

= a1 wee Yhi¢ é/ ('ﬁm/oaw;dy‘ e teni?e o

&
7e Y Re

~

== Y=RC [§ fue Cime ('0»75‘?%2&77" ten
the RC v cunla
= L imc weﬁuwtecé o build zﬁg chavge O
flae c‘ﬁe{icif@*
= [Arge v cesisT ance HO cunvent
Clod = /'Ongem A
—> /A(‘gcv‘ Ccﬁmcz“ﬁcxnce = /DVI&C“V- P
%g A -,;-; o = —l“f’ € G
Solve or CQ@) 6)/ mile"jm‘fzom

AKX 1/ ’*—Czy)
AT %’C&Q

% At

ga-& T
62 /
C AT fa = £
< ea-R’ 7 T T



4
- /n (€a-&)\ [ = L
, i i
(&
. (n@_d_\_:@_ - % ac:-az) __t
£ Q 5 MLs:-:c; T
Take +he ex poviev tra l ot bott <1 deg
o
EG-® _ 2T
o
: -/
&= &Q C/ - e )
A& a T
, e X
brzFcm T =43 --edde
= g "
Y
For C<< Y .
J T N
= cuvpeu] M&(ejo-t?ﬂd'f"t'f ot G
Fown 2‘/::5’}/)

= €C1>_T::D

= Poteahal devess Ex egunle &

~_

Re & —» R + —S

pi H




7S

1

Di%chamgcm7 ac,'?-faﬁ:c:fom

~ ., 8 \ "
Saﬁaose a (;zﬁam./‘fow o in a curcudt corty g4
reoicTorn R has aw snitial chuvge oy , AT T=O
e gwd‘ch (< closed .,

R
5 ICL L /OOP vule clocks Wi s e
L1 l .&__ -~ LR =0
Wik, o
R - notle Fhal % = -.I
AR v _
Z 4 =D
A6 AT ' 7 3
_—C_}'_‘Z‘: = Az = gﬁéélz = - d_f_ < _.,'_2_5_
i o & g,}, =
in(&\ = _ ¢
(ﬁo} /?
CQ = 6?0 ét "

=> Chievge d&'c‘cyg ittty Time.
\ . LIS
— . ; ., 2 _
= crevgy é,“fawecg m C (J”;l: Gy~ = —_l;' ")
[ o(’lss.daa‘ltc% 1u Fhe ves) s tonr
d/éfatﬂ'ﬁv@ Ngte ;

>_ T% +h =~ d8 &, -t
P—IR)UJJ tI JE = Fe
5 v Tls

A 2



Wy, = Total e A16s i QO uf-cel

- " 2 T =2
Witre, = Sﬂ’?f Poo= Q‘Q-D:IQ gdé e v
O A s
2 __g_'_t'; Qb
AL .
-2 0
2 v
= o R _ Qo™
27 24

LA

,
— initial cwewg)/ stoved v Q3



