
Erectrostatics
* Forcesa static interactions of electrically charged particles

Begin by jumping into some examples,
break it down throughout.

Coulombs Law

Describes fore acting on charge from other changes

in the system/nearby
& important

* Like charses repel , opposites attract

9, - charse of particle (
S -

- chase of particle 2

k- constant斷 riz-distance between charges
F - unit vector from point

1 to point 2

Formula describes force _
doublheak this

exerted on charge 2 by
charge ¢

Note or Notation:2 = Force exerted on chase 2 by chase

* unit rector does not indicate direction of force on it's own

L need to consider sign of each chase

↳ just live along which force is exerted



Location/position of each particle
_

9 (4 ,
4) can be denoted wh rector

_

⑨
T = <1 ,

27 = (2) Q : Official notation
a

)t " for position #
/ ㅢ

Particle ?
_

| "
「 2 =< 4

,47 =[] ↳ specifiz varable

I should use?

Vector pointing from 9, to g2 is Fin t * Ithink .

riz =ris

=( - [] = (3)
Arithmetic is important ...

Quick note on rector arithmetic. _
add 2 vectors - tip to toil Ff = Lliz) n - (4

. 47

Ʃ

rtri =[{ } +[出 ] = [3] n

5
, + re = [3]

tip of in to toil of
, rif

* same if you do into e tip of i
,

to tal of me

Subtract 2 rectors -> add the negative

Fc-F ,
= Fz + (r,

,
) - equivalentexpressions

This is the Was I like to do ractor subtraction

Negative of a vector just flips it

so subtracting is adding the flipped
Vector↳<2

..
2 F - r = 〈←1

,
4> -<1

.
2) =<3

,
2)



Adding the negative is more for visualizing rector subtraction

← ra -tirtri)

:ra
First we find the negative of

→

-= (= 1
,

- 27 drr
Then add to F2

, tip to tail

o tii
iri= <3

,
27

Returning to electrostatis problem...

_ * '2-r ; -
r

_ 9 (4 ,
4) #

i points from
, to Fi

I1 .
2) Fn ↳ force from , acting on a

_

ㅣ …

Take result of rector subtraction

_ 5) position it accordingly
q

_ . ↳ it . it does NOT start at orisin
rin

-a-」-2

-
_

ㅣ … Gan)
r

.

、 I endsot
ir= <3

.
27 toil of r2

Length & Unit Vector

IFiel - magnitude/length of rector Fiz

Fi2-unit rector pointing in direction

of Fiz (from
,

(91) to (1)



Magnitude : IVI =NV Since we are working in 2-d space

Generally
, if FERR then

Unit rector: =F 1心にet…+

_ Consider... *COulomb Constant*a

9 . =+2µ C
K=8.9 ×109i

9
.

=+ 1nc

Couldve

0
ri = <3

,
27 pinked better

example
_ r ↑=γ .z≡+㎡ 三⑬

ㅣ …

* Force acting in 2 directions so need to find X$y components
F12 x王

a
、 Fa = 片icoso θ= tan

- '(支
T}

고

⑧
θ T Fy = FusingE , 3

Good thing I'm starting from section 11
.

I don't have the fundaments down as

well as I thought.

- Going to walk through what I believe correct process is before
checking notes. Going to do more formalized problem.

System consists of 2 charses. 2, = + LUC qu = +imC
Position of each particle is : F = <1

.37 = <4
,

5).
Find magnitude of force between the two charges & direction of free

each exerts on the other.

Magnitude of force only requires distance between particles
_

·
5) is also necessors (1 believe for calculating Fx Fy

_ E π iz . i-ri = <4
,
57 - < 1

.
33 = <3

,
27

-  ·
‰に 「に=13 に同

_

IFil = Fi=gal d
Notive MAGNITODE of fom doentn

about sign of charges
or

( core

unit rector. related ?
1 ㅣ ㅣ ( ㅣ

2
* Magnitude of electric static fore is

* IEl inverely proportionalproportional to magnitude of product
of 2 charges (larger magnitude to distance between

charse-larser masnitude force 2 charges



Fn == (

8 .99× 109)(L . O×1o℃
sn'

= 0
.

0041 N

Magnitude of fore should

F
.z

= 4 . 1 ×1
O 3

N always be positive

Now break down component-wise

*make sure calculator

Otant() is in degrees

·

iism =tan- " (言)
Lum

To
sm

θ밤 33
.
70

Fix = FirCose = (4 .

1x10
- N)cos(33 .

7% = 0
.
0034 = 3

.
4x10N

Fizy = Fusmo = (7 .
(x10"N)sin (33 .

7 % = 0
.

00227 = 2
.

3x10- N

rFiry= 2
.

3 × 10
-
→

N &both X &y force in positive

된 · =るり× 10-
”

N

direction

· (0 Fq = F
层
. +Fy =(2

. 3 x 10^) ^+( 7. µ× 10
-3) p

* Note - if a
,
$ ar had opposite signs the would be

attracted to one another.

Magnitude of force would be sarre but direction

would be different

Could calculate direction of force on g ,
but

going to more on instead



Now consider a system of point charges .

3 or more

#Superposition Principle - (in context of Coulomb's Lowl

↳ Total force Fret acting on a particle is the sum of

individual forces from other charges in system

^ Consider system of point changes
._

_ 9o 9o = + 20nC 9
,

= -30nC qz =+ 2SnC

_ =< 3,52, =< 1
,
22 = (6.

2)

→
_

Find total force, Fret
,

exerted on 9-
_

_

·
Es

Fret = Fo + Ero & superposition principle
·" □

9
,

For change Go in system
wI n other changes

Calculate each force individually Total force on go is

·อ r =σ℃r =<③
.
s> - <1

.
0>=<2

,
δ)

sum of individual forces

F. ?
‰ Sm 15oに r

10
=で+sz社 Thy= ‰

2
θ= tan

" (골) ≈ 68 .

20

↓Don'tNeedoue
.

* Shouldn't have it

1F0
に F10= 器

= (
8
.9 <×、 ω*)(2p / = 1

.86 × 10
-w

Fox = F
10 Cos θ = ( 1 .

86 × 10
- +

N ) Cos (68.
2) = 6 .

91 × 10
-8

Fo
,=

F 0smθ= ( 1 .8①× 10
-

7 N ) 5n (68. 2
)= 1 ,て 3 ×10

-7

This gives magnitude but we can adjust to get direction as well

direation

F
=KE^ .

。

n

강,"명<,×겨
* Need to incorporate direction right away .

I know 20 is It &

& isI so fore onGo will be TOWARDS 9 ·

So both x >

components of fire should be negative.

rio = (蛋)π+ [长 )p=< 一蛋,一层)



*Could have left

F.
=
K. ! J[「들) + 나(×] No (t) & had force

negative ?

= ( 1. 86×
(0

->N)([管 ) ^+ ()j]

F = (- 6 .

91 x10-8) y + 7- 1
.

73x10
-5)y

9 ->
same magnitude as before only

we now included correct directionLg
,
exerts 6

.

91X10
.

PN of fre on do in nesativce
X-direction

173 x10 N at free on 20 ∞ negative
y -direction

Confirm total Magnitude checks out

Fo : Fiog'-9 ixo 8
'

+(11, scxuo-
n √

* KEY TAKEAWAY-> MAKE SURE YOU PAY ATTENTION TO SIGNS

o{ 0
r=
rδ -^τ=<3

,
S7 - <6

,
2) =<-3

,
37

I think doing

래ㅣ 3E

θ=4so

「i
。

= 感響= ( 一店)の + ()5 F =に 。

en ‰= 品
w no obs values

&) Original unit

Vector would

3 make 자
=
( A.99 × ( 09)() J([試)+(六) easier

= ( 2 .
497 a(o

->)([高) , ^+(
÷)}

。 = (- 1
,

77 ×10
-
7) i + ( 1

.

77 × 10
-7 )j

Can confirm bylooking of diagram. Both do $22 are positive so

force on So will se awa from In so in negative x & positive

directions



e
*= F =

[[- 6 .9( × 10 - “)
i+ ( - 1. 73× 、 0 -

3
)0 }+ [A7マ×0 o-

>Jix
(1 .77×기j]

Frit = o =

( -2 , 96 × ( 0 ~
)i + ( 4.0 × 109)j5

Can find magnitude i) direction longle

IEに FXtF= oxso-7) +(

= 2 : 6 × 10
-7

∅t
θ= tan” (o.)と - 0 .90Fa

This is part I feel I make mistakes,
but it does checkout

Consider angle of measuring direction of force from + x direction

中 = 15一田 = 180.
93

Okay nevermind. Mo tris is a bit rusty but I'm going to

break this down

I guessE is being measured in opposite direction

Consider unit circle
& 0 ธ

Degrees increase as you go counterclockwise

isso
So considering - X axis aso measuring

& clockwise should result in 1-) angle

I guess my question is just how I should

presen my answer

270 & I just need to be aware the signs of

O can be weird,

* Important thing is I am explicitI stay* should
hav

= ( sot
beer. θ

Uconsistent w/ which directions / indicate

If force rector looked like as positive

-
taxt) = + o

Can say 0
. 93 : above - X axis

result would have
or 179

.
070 from + x axis

been greater Istandad unit circle convention)
than 150-


