Made wit|
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Basics:

Field Force - Acts at a distance
+  Ex. Gravity, E-Field

Electron Affinity:

+  Object with greater affinity attracts electrons

+ Total charge conserved; it can be transferred

+ Electrons transferred in “quanta” or packages of charge

+  Only electrons can transfer b/c protons held by strong nuclear force in
the atom

Triboelectric Series - Demonstrates electron affinity

Triboelectric Charging:
+ Charging via physical rubbing etc.

Polarization:

+ Electrons polarized and now the left side remains positive, which is
attracted to negative rod

+ Polarization can never repel a neutral object

fo
AR

Grounding:

+ Acts as an electron giver or taker

+ Can neutralize or make object positive by taking extra electrons or
turn object negative by giving electrons
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Induction:
+ Polarize object then ground it
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Electric Fields Basics

+ Charges create an electrical field similar to how masses cause a
gravitational field
- Size/strength of field depends on size/strength of charge
+ Other charges can sense this field
+  Objects must both have electric charges similar to how for gravity,
both objects must need mass

Charge Notation:

« Variable = g/Q

* Measured in Coloumbs (c)
m{—cCxio’
VA XYL
nc—=>cxlo’

Comparison to Gravity:

Gravity E-Field
M, M t,a
3, ® —5
____r‘____l '___i_____'
[5]=m E
|Slo<‘r2 @ ______ [
r
|31=%5 BEZ
'Eldyr‘
2l klal
E] C o klallg)
)FEIIIZ”E,: rt
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Example w/ Variables:

ZF= Eix +E24 = 2Eix= 2E cose

L Losp=afaa = Uy

?r (Zkt (/:.’) —% te Cisht
Zﬁ"tiE * oo® Fo rmh+|

E.
Find E-field if test charge was on any point on perpendicular bisector y
// : ,- ‘,_ I( Z(L 2ki
AT~ - £ 2 ’f' ) lfl ) (('ﬂ?’")":ﬂzt)’1
(4 ")‘111 y : g \\ Jo\/'l‘_/y a
II ! \\
Y 2E =Fix + Eas
| \ a
r\/ \/\ |-] \\\ Jo LSBT P
T gE-26,- 2(2) () T
't 14 AR

Make all constants equal to 1 to get an idea on how the graph looks
S
E aar y’)/z

F_ In order to test what happens if y becomes
very large:

- Ak,
_/\y 2[-_()1,1(4/77_*'))3/2

“4kqda
6= o™

J )!{_)MMZf = )L(oﬁa + D

Wkim
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The Electric Field Force

v * g=-e=1.6x107-19C

_

. - E=E7

0c o ol - E
Me= 11 & 107" ko « ’rel —’-fHL—-l

E=1%

[5Fl= melal = |F|
l'&l‘-'"'/m ‘-%E
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Electric Fields and Forces Superposition 1

[mm
F Ee @ @ Determine electric
q, 3 q, 'R » Field at g2 and net
electric force on

| 8ym

q/I:—L(hL 1,3 §nC 1: 74 173‘5)7[

1) Find forces that effect g2, (*remember g2 doesn’t effect itself)
2) Find Magnitude of E-Fields

qu
;o('rwz 7,0 N, e—

]E|| 002!
|E;| 1 "%)—— L7 xlof o &=
|E

_1xl0"(6xg" D
L,I Bl R 2 3k, —

2E- £, FEs-E., 7 927 x165 M

2Fe =(9,IRE| = €0)(1.27x10°) 7.0 S6€ W —
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G~ 1 Find net E-Field and net force at location
Hm of g2 and g3
i)’-“g)«L / 5
O E
€, ‘ ]E[ 1,) k=9x 10
Y t2z~6mc

) 9( ZE:!&.?*E;1=7,7TXIOG”//L
k(l:—:lb - G, CZSXIO 4/(_ if 9;_ fan-l(E,/Eis: 35-’0 Sof W
Es:‘k(g—;}" )_ 8)(]0‘ v, ZEZ: 7.??X}0(4’/L @ 39/0 54" W

*P/c L. <O

2Fe=4,|2F[=|56672.¢ v & 35.° wolE

t5)

[_' k(m)o) - 362185

E,- K( Gxua) LA £ £ £, = EicosS3.1°= 2§ x ot
E\)v’ E/S/*?SE/ = 2. ??Xw v

0= tax' (B)=53.1° Eia
€5
ZEx- 6= (2.16x10)= 35 71 10° % o ’
2Ev=2.855x10%m, SE 2E,
2E= (36T 3, =|"§x 106 @ 2fe=lea] 126 4387w & 36.9° ¥ of 1y
& = tan (P%e) 7 309°S of E
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Electric Fields and Forces Superposition 2

Determine the electric force that
would act on electron at P

NIACI
F 10 ) g0t s 156258 074 =
EZ:?W’(S"W‘)/_OHQ= L(-‘S)(w?”/‘

AF2
= +an (%)-33.7°
B Bex El)’ESy:El Sin®= |.5626 #1197 5in33,7 = 5.67x10° Ve
Erv "‘ Esy
| 3 2E=Ea0-2(ED)= 2075107 Ve up

?Ffl(i”ZE,: |- 42 IO_‘7(2,771 Mj)'-' "fz"f3’(’0-‘2/l/ down
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T ey
El‘-Ez:qm (4x1p )/M, 2 3% 105 Y
r={816* .01
-7
Eg: EL’:?NOV(IOMD )/.OI’ = 7&’0'5”/4

R = ton (%)= 3¢7°

"Cz Eux

£ 2

Find E-Field and force due to E-
field at the point

*

>

E:T,y ‘(rCZxIOq

)

SE=Euxtboxs Ex +Eqy
= 2Q2.6x0%)coc3( g+ (9 20°) cos36.9
=2.02x 0 W —>

S ZFe = | [2€1 = 3x16” (2.02 x104) = € 06210y —>


https://goodnotes.com/

Electric Forces and Motion:

Electron traveling at 3e6 m/s enters a uniform 20 N/C electric field as
shown in figure. How far does electron travel before turning around?

E:ZWi B/c electron is Since force pointed
. negatively charged,  in opposite
fe «—@— = 3x10%s electrical force is direction, electron
g pointed in opposite  Slowly loses speed
> direction and turns around
2Fe-c|SE| e=1.6x 107",
p3E:ma > a=5  E-25m,

R Me= 7.0 2 107" ks
[.6 xlo 0
A= 7?]:05 W - 3,51 4]0 m/s?

2
D= = 3,50 410% p/52 Vi = Vit2a0x
Vi= dxloSms Ax= 1|34,
\{=Qrys
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Electron moving with velocity of 3x10/6 m/s at 37 degrees with the
horizontal enters a uniform 500 N/c vertical electric field. How high
does electron rise? How far does electron travel before it comes back

to starting height

Fe- e 2E
ma=e2k
I 901x107'g = )6x10™" (500)
o R=§.78 x 10" pas?
=
P Ve Vix=Vigos 37+ 2.'71]0c mss
H V/y:V,' 51'n37: ).S’xl()‘m/s
Vi
Max heighr: Vey=Viytat
V;y :Wy + Loy () x 1.8 x10° = ].S’xlD‘-&?gxw‘y
0= (1gx10°) - 2(8.78,1°) 9 E= Y. 1x107%s

A?R‘Olﬁm
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Electric Forces and Newtons Laws

A charged 0.5kg ball falls with a constant velocity in a uniform vertical
electric field. The charge on the ball is -4nC. Determine the magnitude
and direction of the Electric Field.

Lonst V=4 =0mss*

L 2=

17 -kx10 fe = F

O 1o

(-7x10') 3B =, 5(4.9)
SE=1.299 x16' %, Sour)

Fs

The charged pendulums of mass 50g each, hang. Determine charge on
pendulums and the tension in the string. Assume they carry same
charge

}"}: .05’(9 T)( M T}inj?:
L= Jy=Teres37=

SF-0 2Fr=0 fs=m9:=.49n
T)('-Fe T7=f5

% b
Klsind7:3.00 0% Teasd7 = 0
Fe = KMi/r = ki’/ri 1 3,o7uo“¢ T:-élfv

W= Leindl =1z, 4%
feco Bt 10'017
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A 20kg box carrying a charge of -2mC slide down a 53 degree ramp, in
the presence of a 600 N/c electric field pointing down the incline.
Coefficient of friction between box and ramp is 0.2. Determine
acceleration of box.

M=)6ks Fo=9.%m=17¢w fe=1E~ 2w
V=2 F3y= Focos 53 110060
£ = €000 F9u = Fosin53=156,50
{=.002¢
IF =0 Fri- g Fn 2Fi=ma
Fos 502 109w Fer: . 20096) = 23.6w [3u-F -Fe= va
120.74 = 204
A=C.06mys?

Hydrogen atom consists of a proton in the nucleus and an electron

orbiting nucleus in an orbital radius of .053nm. What is orbital velocity of
electron?

O i =.053x107m 2 Frad = Fe
M=4.1x10"" ks ne o keg
Fe e= .6 x |o"1p vz:lkcl/mr
9 ~19\%
@ Vz=7xm (1.€x10 )/].]]xla-” (,aﬁ}uo"’)

V=206%10¢ m)s
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Electric Potential and Potential Energy

«  When charge moves in electrical field, it experiences electrical force,
and work is done.

Consider a charge g moving in uniform electric field from point A to B:

P Fedk
¢ Fe o8 < WeTFc‘E& '—FeAxLo.S@ :CLEDX

>

* In general, the work done by conservative force = -(change in PE)q

Consider falling object of mass m which falls from height h

NPEs=-Ws= ~m3)

FB Cd ‘9 S] = I/&r | 7 ; + charges lose PE when they move along E field
AFEE = ’\/\/e - - quAJ - — charges gain PE

Ws= FsAycos@= pah
DY=\'1l

*Important Note: PE is a scalar quantity, when we calculated changed in
PE, we must use sign of the charges.

Electrical Potential and Potential Difference

+ If a charge g moves from point A to B in an electrical field, and it
experiences a change in electrical PE, then we can define a quantity
called potential difference (DELTA_V), or change in electrical potential

AV :AP&/‘K (J/‘>j6bl|95/éol{lomé sr (V) volts

[,Vs-Va = At each point in space has a value of V associated with it
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+ At any region of space, we can draw an equipotential plot where all
points on an equipotential line or surface have the same Electric
Potential

TN ¢ Arrows = E-fields

LS S ¢ Curved lines = Equipotentials

DI Ll L oL - E-Field vectors always perpendicular

T A==~ SEFT to equipotentials

W e« E-Fields always point from regions of

higher potential towards regions of
lowers potentials

Ex. Uniform E-Fields:

oo : Arfe:—WCf'iEAx
AV:AFEC/f - -Eox s E —'—ﬂv/ﬂx

v

>
&
-
o

Y

Ex. Calculate magnitude of electric field in a parallel plate apparatus
whose plates are 5Smm apart and have potential difference of 300V
between them

Dy =300V NAV:z-Enx
Dx- Gxip >, 300 = -E(5x[07)
E: ? =d :GO,OOGV/H


https://goodnotes.com/

Ex. In a thunder storm, the air must be ionized by a high voltage before
a conducting path for a lightning bold can be created. An E-field of
about 1,000,000 V/m is required to ionize air/ What would the
breakdown voltage in air be if a thundercloud were 3.5km above
ground and the electrical field between the cloud and the ground were
uniform? You may assume that the cloud and the ground together act
like a set of parallel plated

F=lgo0000"/n  fyy=-Epx = -3.5x107V
A,:%SO&W)

Ex. Two parallel plates are charged up so that potential difference between
them is 100V. Find:
a) the PE lost by an electron when it strikes the positive plate if its
released from rest at negative plate
b) the speed of the electron (mass 9.11e-31kg) when is strikes plate
c) the PE gained/lost by a proton when it is moved 3mm away from the
positive plate, assuming that the full distance between plates is
50mm

o) Av=looY, 1:-L4x 1077 ¢ Ny =24 > oo A > ppEe=-l.gat07” ]

L) Vi=0n/s, ple = 2.1 X107 ks
2 Wn. - ® <- E-forces are conservative
Wi + K& + PEe; = KEf + PEe¢
PE;-PE¢ = Vamv}
- APEe = Voyavy
LEx10™7 = Ta(gal xi6 ) V¢
Vg :5.72 x [06ps
C) Ox:5«x lD-2rv\ > AV = (08V, E:-Av/ﬁx Potential diff between + plate and a point 3mm from it:
‘o E:—Iod/s*w_; = -2000Ym - [E| = 2000 Vm Ay: = EOX - - 2060X 3;”0--_?_: e

€:-1.1dx 10 ¢
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An electron starts from rest at point P.

. How fast is it moving when reaching
) point Q
N W)L Vesl2v AfEe-qaV
. > Np:=.6v  AOfE--L6x1077 ()

)| MV=,3V =4 5x107

OB + PEes = ke + PR

-OPEe =/zmVE
Y. 8x107%- Va(71 x ") \/f1
Ve = 3.24¢ 5 105 mss
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Class notes for Electrical Potential Energy (9/16/24)

> —_— .
/b’;-’ = We:Fe.A)(
Eq,é Fe - APEe ?AUEZ'We:"Fe/A—;{aoséT-T_EIA_:,cosﬁ
>M, Ve

\V/

Electric Potential: V

A V - A UE/q/

+  When a particle follows its equipotential line, its change in potential
energy stays 0 throughout the line, almost like moving a book at the

same height and its gravitational PE stays the same.
+ E-Field vectors are ALWAYS perpendicular to equipotential lines

E=*%%,

AVa:-64-(-2.3)~-Y.6vV
AX/\-‘_?'7["'

El= 2%, = 91.2 V/m

I
/\/\’_\ FE § kia/ri
_kip o
—————— -O-;Jr-l-ll-l_u.____. JW- “1 -!)[‘ 6350

@V\K_J — JW :‘ki&/‘\t-ar
= Ax
2

*force is constantly changing so we break w q I -k Qg
displacement into smaller chunks of SJVE = Sk:f? e > We= k‘l Q oL

o Iy . 041

:’kgﬂ, kO% WE' kh"(/ﬁ /f) T

fa

displacement, d_r
' SAVes-We = kBT _KBL . ¢ ka
® = = \ l)E A

r

n
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Conservative Forces:

1) When an object moves under influence of a conservative force, the
work done by said force is path independent
+ Ex. Cw depends only on initial and final positions

2) When an object returns to its starting position, Wc must be 0.

3) Zl/\/L t 2 Woe = kEf‘kEf

- T T
2BVt W = KEe - KE; AT Y
ZUci =2 Uce ¢ 3 Wae = kKEf- KFEi \ -

Ur

U 4 A
fe:"5 7 zxafr (F)7
k®e ()7
:K@(/O_:?

\

i

Unit Vector Notes:

~>

QA
I

—>

o

A A
:—\)IJ:

s
| l

A
)

f=o

~>
>

N
. J -
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1eV (electron volt)

+ 1eVis the Ue of an electron when it passes through potential
difference of 1V

+ 1.6e-19 in Joules
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Capacitors and Circuits

Capacitance (C):

Amount of charge it can hold

A
J
[ = QAV
€Es A
c=")
=_ 0 -8
E T Ee -Eo(-\
0\/43%_6{,
E.:8.85x0" Clip

Alt Formulas:

Ue= QY
U(: I/Q CA\/Z

[z Q/M

*Always keeps the same proportion
Measured in Farads (F)

__\\—O_—J_
F =

o~ - Charge/unit area on a plate of capacitor

o’ = Q\/A
£.:8.85%0" C

>
N

Qve

—_—

R

|

E:A
o

bd
pe
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J

Asymptotic behavior:

+ |av,

F

[
™

Dielectric:

+ An object you put in between the capacitor (ex. Insulator)
+ The capacitor polarizes particles in the object causing an

opposite E-field

+ In other words a dielectric will weaken field of capacitor

é >Pormitivity of drelectric
. &
P;‘elé’év‘(‘u const, k':—é—o

[/:5% H é:kéo%
AV,,rLWMNz
o || & Series
/F7M -
' 7 bw
Ay,
& _4Q
(e1= 5 BV =7,
Q.8 .02

Leg,

-
W
.ll‘\l\3
mn ‘_

* when the capacitor is initially uncharged, and
just begins to charge (immediately after the
switch is closed), the capacitor acts like a bare
Capacitor wire (no resistance)(charge flows freely)

—— -« After the switch has been closed for a long time,
the capacitor is fully charged and acts like an
open switch (no current flows in the circuit).
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=P

=

Al sllr sl Ay
i Capacitance Capacitance

1.00x10" F 1.00x10"% F

Parallel

Quick Overview:

) QR Q
—]e e«
Series

A |

L I T
Cd’_(L( T, +Cz>
OV =4V, tAVat AV

(=%,

- (e
> 1=
T @l—o{——‘al*‘&z
Rist = C&‘LAVL
Qroy = Ci8V (3 A
Ces V= AV (leéz)
Cﬁ,: C\+Cs
Log = ZIC.'
&
Q,
Cq
Q,
Parallel
=
Q|
-
Oy
Cet= Civla +Cs
A\/IZAVI. :‘AV3

(= Q/Av
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Ex.

¢ | |2eF (2| \40F a) Find equivalent capacitance
| | | | of the combination

Ly b) Find individual potential

- difference and charge for each

1 | T f capacitor

Q) [23 = C2+C3: IO//'F_' é) ato+: C<%A\/ = ?07//é
Ce‘(:(i'_+z|:’+%4_) :}'52’4/{‘ Q= Bi3= By = 20.70¢

29.7
NS¢ = =5 = Io.35vy
o=, 25 2

2.57v

"

AVis = &17@3 :?’f’oi = 297V
ODVi = AV = OVey = 2.07V

Qo =DOVal, = 9.07(%) = §.280C
Ry =ovsds = 2.87€) 2 (2.42 ¢
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C 3
|‘i s
| I F
Gt ¢ Wt
| |
!
| Av=[2sy
Cys
= | .
| ==
Ut
Ciy
|
| Av=12sy
Csys Z(ZI?q *le")_( = fsut
Ciz = (1‘71—’5‘")— = |.334F

|

5
/&7//#

1l

=
O 2wt & W

| Av=12sy

£3L(_— [3+CH:€f—>~_7—/lF

AV =119y

a\z = (upVie = (586
Bans = C3veDus = D104 C  NVo= pV = (OV

Quz iz Q= 59.6s¢
QH—Q; = 5170,,&
AOVi=7 = 1.8V
AV, = -—5 = 3.9V

Vs = 8 2L = gov

Cet = Cays+C1a = S. 83,1
Qust = Cer (OVD Z699.6 4
A\/IZ:A‘/Jl(g = [28v

& _
AV3‘1:C30 =60V

Qa VA 3(0,4/L

Qu=LuxAVu= |800C
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More Circuits (Resistors and Current):

Current (1):
- Defined as the rate of flow of charge past a cross section of a wire
A Br=Vs )t
Q‘F:I‘l: 2 V= Adx = Avpe
L ‘\ >\ Valyme
Q=1env
l_ T'A—f N = Electron per unit volume
Q4 ]-_ o LP\ A = Cross section Area
: = .28 _d&
AI:-TOI ) A,:TAAL— i _’t— —[dﬂ\/ Q_-T_EIIA \/JA'{'.
1= T=%esmoin

+  The battery:
- Provides/Gives potential energy to the charges as they move through

The Resistor:

L=lensth ——~ T
| \ 1L A
P\,’D\pfﬂ\ \ I:é‘L .o' KO(T[«‘ , RO(X
ﬂ: [fesistiviiy - _/\NL &
i R=P4-
K (-(;) £ = (esistivity

Ohms Csnductivity >0~ = '/,a

+ Electrons dont just smoothly pass through a wire
« The electrons collide with the electrons in the copper atom (held on

the outside), and have tons of collisions with them, ‘zig-zagging’

their way through the wire
- The Drift Velocity (mm/s) is the the average vector the electrons

follow


https://goodnotes.com/

Electric Fields

Electric Field Due to a Point Charge:

= Kk
E:r‘1

Electric field due to a continuous amount of point charge:

Line of finite charge:

Ex. Along the line x N

| T |
)0 )
L,+Q

« Positive dQ causes an electric field dE

- _J_‘L = =t = L
R

> \=47
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Symmetry b K- LomPonents €qual Z offosite
L~ *

,/y_ ~ o

P \\ wcuT canee| out

-2

J
L)+Q I)L/\r\/g/_\/—\/a
A
IJE{:20’E7
JE=24Ecosh
- . 2kd8
J[ ) Jq—x )’rx1

QE SZK)\idx)/l

Ya

E = 21(’\) j[jl%ﬁ)%
0

—}:mn@fwx -J:fhan@
x=)1a06 =) |+1—an8)

/x:JS€L19J9 “)7sec’s

Jsec'0JB  _ 2 (S48 _ (L
E =26\ JQ “sectf) =2k M )(me’s = 2Kk\0" Jipd®
:T)‘Jﬁosa)@ =[F*si08) = [5 ,X—’LTJ]:Z

>

_k8
f= 1=
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Ex. No Symmetry at all ,p/

L
)-8

J A= \x

S

r=J(xri) '+ 2° *de kAJdx
2 JE. = (xt9)*s 2 cos@ = zzc;cl@ L
_ 2 KX d« }
r‘ = $n@ JEY = (X')‘)) 22 S'OQ 2 (se @ Sl'/\@
JTX:ZLDf@
Jx = 2(-¢570)08
-k 2 B
e R =2
e _k)\ 19 g
JEy = 2122:1@h sing = ~KE208 Jo
& (8]
fIEc=§-chmegy  fif, oKz,
8, s >
—KA e
=\ =5>— ¢ /\
E Ez 51"@]& F :T(C‘95@1 [959>

E/‘ = % (Sif)@, —§;001>
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Electric Potential:

n-9 nla

V= -2k X g 58 d8
n-e

’
" ese (st ane)

V= -2k X g (¢scOrtans) 46
n-6

U=EC5eBtrorh
Ju=-(t2®cotd-c5:8) /O

n/ly

J
V= oakx |
n-0
V(2K A {n(tse 6 Feot®) %
[ n ({5 c ]n-e
V= -2kxRa(cse6-<0r8)
V= —le\ﬁn(j‘lﬁ—-rf—é";ll‘>
.. L
vV =-2kA fa —r'J L)
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Conversions:

-Jv
VRO EES!

V.
oV
..E:—JT

'T—h‘nll
my

Ex. Ring of Charge

Duesd

AN
7 N
1 N
| )’ N
|

Jad& ZE}:D

20E=2dEy=2)Esqp - HEL - koA

*plausible to pick two diametrically opposite charges

_kd k 48
‘JE '_r_PL—'{(’rr’

&, JR 1) (R*+y*) %
Llky
E‘_ =) (’RITY )A JQ *use q/2 b/c we are doing half ring (diametrically opposite)
o
r.kar
E T (R r)”
av_ KB k{4
A TR

- 2k
v Ty gJQ
_AX Q.
v TRt X
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Ex. Semi Circle of charge

?JE/=O ZJE:ZJELDS@
b e
Ja=dsh A
Js=1€98 JE=-22 Swm’p
JQ=R JB)
2k \
F kil _ k€48 _ K IO) 2= [‘ e
J - 2 - K’l - K ZF i 2
—-—F‘
kN s
V=g
fk/\J:
K
Rk )
V K
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Ex. Disk of Charge

_ 9
O =i - Je-oJA
JE—““: | Ji=c/Duardr
T (rrexv)? E ____________________
JE_K)(O’lef‘JP Yorts R
= 1x’) %
g )( ’ Jb(‘-?r )r
E=20kser 5(}77)(1)3’1/;“ Art)%n
K_R_ dy
F = nkxo 5(,,()%2—&
Fu
E—ﬂkjdf L(’/z
EF= [/‘kaoJ ‘7,/—;:1-;;;}5
F_ _ 224K xy Ink r
= = R X
______________________ 2 K
: (1)
ki :
WVepgem T T
Jv - k2200 de Y=7 +x
T du=2rdr
o du
e LJ“ dr 20
V= ) I
2l
/=K lae | Te
J
V=kno (B =>V= [2hno )t = Jao (B -) - ?—2@(@1-0
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Gauss's Law

@‘- EE = BAcss®

For complex areas
i0s = ?'AJAQ
@B - SS B (JA

For clsed surface:

Os - OF-in

Gauss's Law:

Electric flux passing through any closed surface equals the charge of
that closed surface divided by electrostatic constant

§§>E JA = &“"‘

*. .
For Gravity g2 E-field lines ,’(
~ enter and exit the ‘
@ 3 surface therefor q > A
X =

o= £ 344 =~ cmen,
those cancel
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Gaussian Surface Ex.

+ Find E-field using flux. We can make an imaginary surface to calculate
+  We want E to be perpendicular to surface so cosine becomes one

+  We also want E to be constant everywhere

+ Sphere meets this quota

= E-Yar?

Gaussian Surface should pass through the point
The angle between the E field and surface should be zero or 90
E-field should be constant over surface

A= (B JF
—~

Dot - floduc |
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Uniformly Charged Sphere Ex.

+&, K

F).nﬂ’
E FO/‘ f‘<‘en)ﬁ:f;,f‘>fo

< Re 5 Use sphere within a sphere as Gaussian surface

e §;S F Qene %o
En

Q  %r2
@€0L= QrZ(:

“Yar'E = &ﬁ:.
“YnrE ‘éQK%

Qr
SR

(GD

>R, ; Same as before but larger sphere En
Oc = E4nr Er = %
Qene = Q E=far
r =Ko ] E ;;
Erer =L E‘%é ¢ v
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Insulating Sphere Ex.

r<k,)
Ten. = SJ

©

Tene = S e Y I

Cer) = Cen
@E:§§EJZ

Tene

Charge volume density changes due to changing radius so
we need to break up into increments

(= 32
dv =Y P

S p) Yae? e

01 = 0(F)

£ 4

AN
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You have to integrate from where
POTENTIAL is zero, which would be at

infinity
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Conducting Sphere:

+ Surface is an equipotential

* Net field inside the conductor is zero since particles can freely move

+ There is E field on the surface though and that E-field is orthogonal
to surface

€ crik,)
E=0

Because this is
located in the body of
the conductor
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Line of Charge Ex.

Gaussian Surface = Cylinder

Whichever point your trying to find

N = = Qe E-field of, make a cylinder about
Y, N" g E-dt= "¢, that point where the distance from
— ) thg rod to the point is radius of
WY cylinder
cars
_—8 (/e
A’”E M from 1 te I

2
&?na < )\L
The amount of rod enclosed in the (2 n
cylinder is simply the cylinders height A \/ - _ o= ( A
L [Edr= | s
A Y, e
Elarh = &~ E 1147
\ 0=
E’ - 24 éo r
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Infinite Cylinder of Charge Ex.

Using a function for Charge Density:

P=Cr
rea)
Qene . O} 3
Elur), = .° F b= . r
V=2arh)r . ’
dél:f’év E-;jér;

18 = C02urh )y
J@ = 22 Cr”)»/r

'l
Q= 2L gr;z)f
&=—u3°)’ P
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Guass’s Law if Dielectric is used and Not Free Space:

}éE )—’ Qene _ Bene
s gh = 2 T ke,
¢ db
Dielectsre
(onst,

—_—

E i J:' CI(’CT{')'L 2%'
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Cylindrical Capacitor:

Q]

Both the outer hollow cylinder and inside cylinder are
conductors and therefor field inside them is zero

There is only a field in between the cylinders, so we make
the Gaussian cylinder in between there

acLrel)

E Bdn =E2arh

E2ark- %eio

Q
E = 21l €y

D >~
1)
)" k\g

n
S
N

if dielectric is
added, simply add
the k term

If dielectric is only
there for certain
parts; piece-wise
integral

-®In(r) ]“

ALLE, b
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Infinite Sheet of Charge/Pill Box example)

0 :AQPP& s
E ¥ = 2E4
~ /
fwo
/J\ O\ T en)(ql,f
\\ + J.,,/ on
¢ ------ /J// 2E4 = %

(o4
E =2

DV=E(r-2)
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Slab of charge ex.

Lnsite Slab F

f&f‘ﬂ'&”] )'VU/.)e 5/4’:

2
A~
\ \fr_,' : E O
R
‘ b 22,
N,
V) % A = fa 2A £ Ve = Ben
PA-ZZ‘—GW
. an- fA%
E(z)-—*
£=C2% ¢

2) z>2,
F(2) 227 = PA 2=
en
Fezy =

@em:j{o/y
)V:ﬁa)z

242,) 2>2,)
Qoo &(ﬁzz’“g)/l/z ")
Fay =45+
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Non-uniform Infinite Slab of Charge

_____ P(z) =C3?
/Z;'::
- =
AT
2] ¢ | |zf>J
J
== ne LZ: 2
F-0A Qee,, /f%‘—e[LZ/ﬁsz
264 = 2 E=56
IV =Al>
-
. ZE/(: 2 052 K
et
E- 5—0
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Metallic Cylinder with Cylinder of charge in Center Ex.

/Vl(”f"\”!'L ;, Conduc ror ", JE=0

Qow + Qin = A,
aobﬁ _&I = Q;
Qour = Q, + 2,
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Parallel Plate Capacitor (Conducting_Plates):

/V

&

,
pl A
Ir
6-sycf
E=0
a X
A - &4
AL,
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Parallel Plate Capacitor With Dielectric Slab:

a_ A _ =)
// :
/ AV=Eo Xt 8¢ F.(d-x~R)
/ Avz €.+ (L)
% /L £,
K
A
J
T
—/ . @E‘ JA = &(nnc
:g_"_;a f Acessz + E. /} = M
Eo = W )
%f. —foA{’f%A\:OJZA\
—L/t:/lj:\)d—x_ ovind = E L Eq (72‘-1)
If dielectric is metallic, K is
J infinity and 1/k drops

Why does
sigma induced
have to be less
than that of

lates? -
p EM e Eo -

If the dielectric is metal it
essentially acts as another
capacitor
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