Summary Page week 1

charges + - opposite attract like repel
Cancelation/screening

K
F= Q12Q2 Coulombs Law

r vector sum of forces

Superposition Principle — solution (A+B)= solution (A)+ solution (B)
- F -
FE =__ Electric field g+ (+ test charge)

U+
E Field Lines

E Field behavior in/at-surface-of metals

Z E AA= Yinsice  Gausses' Law K = L
i _
surf €, A €,
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Electrostatics (stationary charges)

Back drop Newton's famous work on gravity
- attractive force at a distance - F =G(mim2)/R2

electrostatic forces

* [ ' - L4 '
° Lgmetnmes attractlveJ. Eometlmes repulsive ! /

——d]

dua Fay 1733 _ 2 Kkinds of electricity
*rubbed amber — Ben. Franklin assigned
opposite signs to 2 Tyfes

*rubbed glass -+ of electricity !!

* + & - charges leads to attractive & repulsive forces

unlike charges attract (attractive force)

<8

like charges repel (repulsive force)

<—® (=
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* + & - charges leads to notion of "cancellation"

o charge does not disappear !! } '
charge close together '"screen" or hide each others
fresence

* __quantity of charge  Q [measured in Coulomb = C]

Millikan QOil drop experiment (1906)
added small charges to oil drop & found smallest units of Q

Q(electron, e-) = -1.6 (10)-19 C

Q(proton, pt) = +1.6 (10):19 C

AG#ually ] < 'S _)_u:&
IO)‘ GC = | MK C

u}u//'/ use L;_\J

micro coulomb
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Examples

F:fowl (duetog,) E=forceon g, (dueto q,)

4, op
-6 C +4 C

F=F by Newton’s 3’rd Law (and later, Coulomb’s Law)

F=force on q, (dueto q,)

<« ———
d: d,
+6 C +4 C

F=force on q, (due to q,)

Note: forces along straight line between charges i



e All matter contains + & - charges : organized in Atoms

BYOIIE s BaRDy & e = charge on electron & proton
Example Li  _ cparge = smallest unit of charge
in ;""s = 1.6 (10)** Coulombs (C)

Nucleus (very smany VVhere does charge come from?
3 protons (heavy) p*

+ charqge
* Net charge on_an object ("cancellation” ) fdnei = Qe- + Qp+2
neutral object + charged object - charged o

Qnet = 0 more protons more electrons

* when + & - charges become separated & charge on object
—— — . E—— "crea!—_.;qti

===, -
.7

p —

- . R
-
-

an_sg:g- n—ti_n—n of clmrg_- e =

The total charge of an isolated system can not change.

charge can be moved around but sum is constant.

http://phet.colorado.edu/sims/html/balloons-and-static-electricity/latest/balloons-and-static-electricity_en.html  1-2



Electrostatic force

2 point charges

d,
Nm’
c=8.99 (10 =7
C 2

£, =8.85 (10

e Force depends on magnitude of both charges
(0,9, like m;m,in Newton’s Gravity)

e Force decreases with distance like|1/r?
(again like Newton’s Gravity)

e [orce acts along straight line between point charges
(again like Newton’s Gravity)

e Force very big 10%° bigger than Gravity
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Note: le- | ~ -16(10)®C
or 1C . ~—~ 6.3 (10) B e

Consider the He nucleus: ﬁ r About 105 m

What is the repulsion force between protons?
kg® _8.99(10)° [1.6 (10)™°T [Nn#][ez
r? (10™)7 r

F = |

F ~ 230 N repulsive

Strong nuclear force (see end of sem.) balances this
repulsion.
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Example Forces and directions on Q, &Q,

\%rzlm |

o F, . F, | — ¥ L gef.

- - = +4(10)°C

Ql %1;?()3 c Q2 ++(4 u)C
" 9(10)° [ 6(10)° |[4(10)®] Nm" CC
0, 800 [a0 a0 Mo

r
= 216(10)N in magnitude signs come from + definition

—1=Fon1 que 1o o= +-216N (attractive = toward other charge)
= =F o2 que 10 1= ~-216N (attractive = toward other [1] charge)

Force reaction force pair NEWTON’s 31 LAW
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It two one-second collections of 1 Coulomb each were concentrated at
points one meter apart. the force between them could be calculated from
Coulomb's Law. For this particular case. that calculation becomes

C(OxX10"N w1 CHACKIC)
Im"

F=9x10"N)1UUb/!445N)]11on!120001b)=1.01 Million tons'

A =9¢10’N

It two such charges could indeed be concentrated at two points a meter
apart, they would move away from each other under the influence of this
enormous force. even if they had to rip themselves out of solid steel to do
sO!

http://hyperphysics.phy-astr.gsu.edu/hbase/electric/elefor.ntml#cl
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« Implicit - Superposition Principle From Newton's Laws
-Force between any 2 point charges - given by Coulombs Law

- To get force on any point charge, Q, due to a collection of

other charges {Qi, Q2, Q2, ..}
One adds up Coulombs law forces (like vectors) for pairs

Q&Q1, Q&Q2, Q&Qa,..
_typical charges in the 106 C = micro C = p C ,range

Net force — superposition of forces due to individual charges

#

1et F 7, 1-5



Example: 3 co-linear charges
Consider force on Q,

= K Q,} & - 9! [ vat] C5wt] v
e 3m - °z”—, q} )

(Ot B
e F‘——-—-o-———? ® 3 -
Q, ! Q,. -4 Q, = M N-‘-L %5 MV=F |attmetin
—-3uUC +5ul - 4uc 04 3 doward 3
= Nz"{“
B, =K@ _ 9'[30*1[sw*] wpge 77T T
'3 (3 Sl
1 ’ /
. /
= -135(t0) | — Hructiva, 1
09 i [ 1§ W 5‘/ c';owu/ I :
to kit ! Consider
--------------------- total force Fon Q,
I.SN 45N

¢ ._g__g + direction def.

q
e
Q,

16 F = (f‘f.ﬁ"d.f)ﬂf = + 34 toright
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Electric Field = Force per unit charge

divide universe in 2 parts [we only care abou@ qo

a collection of charges {Ql, Q2, ...} exert net force F on
K ? l : ,LD charge qo
/ ‘ h
e B

F

< anly
collection of charges create E & qo comes along and feelsF

Even if qo had not come along the electric field would be
sitting there in space waiting for any charge that eventually/
1-7
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Electric field of one point charge

o. ... F . __, ,,,,f = kK f
= = L 7TesT kapr
h;.s e E'bo f = }L
L E = kpg |
rl—

maghnitude ! E; k f.

rl
Direction = direction of force on + test charge !
on straight line between points

Group of point charges:
add electric fields of point charges like vectors !!
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Example: E at point, P, between 2 point charges E = k%

”
3000 m 2000 m
€ >P< > + g k
””””” o <—o0 > @ > T
01 -~ op A
-3C test _4C E,|=8.99 (10)° 5
3 Charge (2000)

E,|=8.99 (10)°

4 3
(3000)° Nm2 C N =8.99-?(10)

=8.99-3—32(10)3 C° m* C [E,| =8.99(10)° N/C

[E,|=3(10)° N/C

—»

E=E,+E, =[-|E,|+|E, I X
E=E,+E, =[-3+8.99] (10)° & N/C
E=5.99 (10)° & N/C

last slide 9/6/17 lec 1-8a



Vector addition of E fields: use symmetry to simplify when possible

Q. Electric field at center
(place + test charge at center) homework problem help

cancel

+ 1 \ T 7]
! \ 1 .
| \ | L
1 1 ! i
1 \ ,
1 \ s 4
& , s ’
& 1 1 s v’
1 \ .
1 \ v

cancengjﬂ

T~ S~

E=kJ
= 'Fg q’s the same r’s the same = E’s the same

E fields cancel so EM:O
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Vector addition of E fields: symmetry continued R
homework problem help

Q. Electric field aE center -al2

q ' q : a/ Zi 4 50//’ r

S
d . eovoy, 9 1 4527 2
Ey = kF Sln(45 )—kF—Z

su\;:\)\é\r\ivrﬁi:,)ose simEiIarIy -y direction
E . =4E  (-9)
V 2k, v 2By e 4

Y M 1-9.1



E Field Lines

e direction =
force direction

- = on + test charge
Ly (away from +)
/ 1 (toward -)

e line density a field magnitude

repulsive

1-10
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Meta/
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Static (no charge motion) condition

For M.,;la/
| O e (c.hrgn.)‘f'““' b Slow

" D“M
@ all char ?e.(;f‘h " o)

Sar Sace

A »
= -.,,-Jo. wetfel = O
R t:hﬁ'c cond Tioms )

B B sidd of sarface o3
| )'va"'u/ 'S _.L #fk.’"’&b{

[ fu?‘/’-‘c. ‘Fi Jd

—0O glectons §4,,  CT=0) tay——

LE" SJNJ e ne f/n‘l.
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€= 7‘7_——‘ s
e ne ,l/«t
‘b-ro

1-11.1

— o inderion c-hr,., "cIuMJ

- o ubbslanced surface char
- Lerea tes polanieghion ‘5'""&.'

o -

_ __Ep
- —_ 3

_ E

_ S ,

‘h‘f‘&[-efcg'[-f;r.- Sidd n metal = 0//
E"’ ["‘2 @S e"av?. ne7 G’/vw[usl

++++++++++++++++



O e (c.lmr?n-) Fhee fr flow

B all char ?‘e—(’of:f‘ou“‘ JoAions) <:> ‘

Jo_ wetul =
Csfsﬂc CO-J ""‘U) v
@ § f:'c/j

m,ﬁ/ 'S

®

F;,. Mc,;la/

: 3

Sar Sace

“l 5«,1"‘“’. 0'}
_L #ﬂ;}ut‘&u

@ E concentrate at sharp points
(low radius of curvature)

1-11.2

R minimize force (energy)

_ "i

W
would cause motion

(violates static)

for
later

o0 flat plane

Electric field constant
Electric field 1L surfacel!!!!




E concentrate at sharp points (low radius of curvature)

J

can move can ttmove
apart apar |
_decrease (surf. contains
density

enough E

can actually

rip charges

from surface
1-11.3






+ pulled off
Van de Graff generator b%n

continuous charge accumulation !!

sharp points — big electric field

rubber belt drained :
- static charge induced on inside of rubber belt [

+
+ charge left on n I Belt
rubber belt p
[ +
4+ + +
A 3
+
- charge on i
o
+
+

sharp points — big electric field
charge transferred

i

1-11.5 = Ground Insulator




Electric Flux
* Electric Flux, (PE ; through a surface of area, A

\Y‘*

SAI‘AC'L C"'h V""’)
‘.f;‘“' ﬁflq A_)

1

uss's Law

Larger field, larger flux

1-11.6



Gauss’s Law

The net electric flux (Pg) through any closed surface is

directly proportional to the net electric charge (Q) enclosed by
that surface. .

(PE Q|n5|de

|
inside !
1= @
|
80 :
Gau’) Lﬁd
Spu;a/
5ur‘§ace_
any Sphare
Gaash‘an
5ul'€la
_— f = E‘J‘
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bt Charge. (Gaurs's kaw Appleations coit)

—
= — — o —— “-‘

('V'i!-‘ a.’/ 70 a} P A an‘j ‘m.!

| ‘ot‘ce on }’

% C‘u/mw‘; qu/

l
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Surface charge density & E field for metal

Electric field L surface!!!!
EL Electric field constant

air
[ ———., A =surface area
Q=tot._~7
surface metal ~ Q
charge G = A

o units C/m?

Q. What is relation between E and ¢ ?
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Electric field above charged metal surface

(pill box shape)

Gassian surface A op
sidei\éj

Q=tot._-27~ -~~~ -
surface d

charge

D

E=0 in metal
E || side in air

through
Gauss/ w




Consider 2 // plates connected to charge reservoirs.

Jian
oa Y, ‘;.;..f'%"““c"

Ie 1. The E field, by symmetry, must
JE ' BY: .
Y run straight across the gap.
12 PE
7 ES 2. Apply Gauss's Law
# = e / *
Ve sncloed charoe o § =0 | =P 'S = constart in Gap
T_ s ” }\ v j ) -*:\ / -
FE 1. P A ) A
LR R 3. Metal Plates
s A, S . B
\ 2 - : - t - E- - i—!‘t
}‘r:. l" ,/J | ~ ,'/ 5 /(‘\’. ‘: L 1
L "4 =7 3




hollow spherical shells: R; (charge + Q) and R, (charge —Q hollow spherical shells: R; (charge + Q) and R, (charge —Q).

Region1l r <R, -
Q,=0=E =0
"
L ’ \

3 F}aus.smn s.urfaces Region 3 r >R,

with r in region 1,2 & 3
3 Gaussian surfaces E dnr® =0 = E3 =0
withrinregionl1,2 & 3 80

hollgw spherical shells: R; (charge + Q) and R, (charge —Q).

Region2 R, <r <R,

k, It 1° = +Q

3 Gaussian surfaces

with r in region1,2 & 3 1-15a-b-c




hollow spherical shells: R, (charge + Q) and R (charge —Q).

Regionl r <R,

Q, =0 =E,=0

Region2 R, <r <R,

Lk, At 1° = +Q
g
U+Q

2
dne r

J Gaussian surfaces

Region3 <
withrinregion1,2 & 3 5 %,

1-15d summary c
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00 line o% charge otdesty ) (&)

EL o /'o,p
Gauss's Law application

ws fin il
Az, Zres 7
' '&}'lf\rﬂ'h

L =9 b p E A= Quy

“ fo

(."’P Vo'db\/) -

E @ared) = O4)
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A ) Frad Solce on @
&a

$cr 3 c-lnar?n, Cuou colinnagl
R,= LSuc k' - on 7.47‘ Fhaaglc
3ME ) \:""’ Brute force electric force vector addition
o L. e, T AR, = |- FbuC
&L = +50uC r SA A
~&~
F32 = 9 (/o)q & 65‘(10)“6_‘] l:s'o(/q)"’j_ 29ar50 (/0)"
3® T c.09
= 2128 = 326N = F wway Brem
.0 __ 7: ~
vl Ces o1 $6 (ra5®) o>
R, = 149 L ~ So3s0 (v
(.6)* 036
2-5.”" g - J‘vvaﬁd L
.36 I¥0 NV F‘;l
will asr’a Ao/no/aﬂ

: ab’o[u/ﬁr
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