
O Electric fields

* Changes

* Forces

* Field lines/Flux
* Energy

⑧ capacitance
* Parallel plates

* Circuit combinations

* Energy and dielectrics



What are charges ?

· Forces between charges

F-F -

⑦ ⑦ Repel
# F
- (- 2

⑦ ⑦ Attract

·Charge conservation



Quiz
Three objects : A , B ,

C

Data :

A & B -attract

BBC - repel

Question : which statements are true

(a) A & C have same sign /of charge)

(b) A & I have opposite sign
(2) A

,
B
,
I have same sign

(d) One is neutral

(e) Need more experiments



Coloumb's Law

Force

F = (2)( = (F)

& &2

⑧ ·
r = In- l

+
R =

45E
= 9x109N . m2/ch

Es = 8 .9x10-
*

/(N .mz)

2 = 1 . 6 x10-19 C

hence = =

10-19
= 6. 25x10e



Example

9 = 10 electrons = - 10 e

& = 2 protons = + ee

-

= (1 , 1
,
0) m↑

E = (1 ,
0

,
0) m

Find IFl = F

F = Kle =
ale

IF-E I 1m2

&= 94109
Nom Ze

= 9x109 N 20x(1 : 6x10-1()2
-

ca&
= 4 . 6x102N



Example - Hydrogen Atom

9 = electron = -e

2 = proton
= + 2

r = 5 . 3x10-11

Fe = 12 = 000
= 8.

2x108

Eg = G Mm = 000 = 3 . 6x10-4N

Fe/ty = 2x1039

* Coulomb & gravity appear to
follow the same 'inverse-square
Force' law

* How do they differ ?



Coulomb Force Vector

Fanc==
12

F2 =
- Fir

-
-E

9
,



Quiz

Data

A = + 2MC
B = + GuC

Question - which is true

G) Fr = - 3 A

(b) Fr = - EBA

(2) 3 Fr = - Fra

(d) Far = 3 FBA

(e) Far = Fra

(f) 3 Far = FBA



Example

188 L

a

·
&------ E

· Two identical changes are in equilibrium
as shown

· Both mass m = 3. 00 x 102 lg
L = 0 . 150 m

0 = 3. 00
%

· Find charge , q



--q
= 1 2(sinO mytang-

↑ K

which sign ?

q = 4 . 42x108C

Questions
· What if one charge was 39 ,

does 0=0?
· What if one mass was 3m ?

L ⑳ L·
39 ---

-- E



ElectricField Vector

F= = k2Q
Fr

(F = mg)
↳-Q & o
⑤

-
⑦->

%->
E = 1 F (which ir ?



# from multiple charges

ECr) =E S (d=
Ir-r

i

= superposition principle

↑F

⑦ ⑦



Example
Find E at point P

··--------

~

·
O
Ga

() Find E
,
E

E=2 I
↑

E=
↑ = ·
Ez
M

=

-b



E =&
42

I

ME = k
-

↑ =

·Vi= -b =

-

(2) q = 19 , 1

E = E
,

+ Ez q =
- 192)

- & (19-E)
+ r(1+)

() Evaluate for a = b
, 19

,
1 = 1921

= 2



Electric Field Lines

·
I > IEBt

· Direction

- W

M-+ H⑦ ⑦

-H Y17



Adding Field Lines

14 V
⑦ ⑭⑦

↑

&1-
①- ⑤

SY⑦-⑦-S-

· Inverse square law ?



E-field of various objects
(Qualitative

--> · E = xQxTex
X-

-

L
->

R

-> X

O E = RQx)3⑧O
->

->
One

IR = X
Ig

->

-
- & E = 25k o

->

-> (l-rx)* ]
Question R- & ? (1->0 ? )



Gauss' Law [Brief]

Electric flux

= Eat = Er

= EA cos O

·
Gauss Law

& of field fines
&

①



Mini Workshop

Coulomb's Law

() . Two protons in a nucleus are

separated by a distance

Tz = 2x10- m

· Find /Fil ,
the magnitude of

the Coulomb force,

· Data : 9 = % = 1 . 6 x10
+*

C

k = 8 .99x109N .m/c



(2) Charge 'A' exerts a force

of 2 . 62mN to the right on charge
'B' When they are 13 0 7 mm apart.
IB' moves away

from 't' making
the distance 17. 7 mm .

What

vector force does it exert on 'A ?

[M = 10
- 6]

(3) A molecule of DNA is

2 .
17
um long. Each end becomes

"Ionized" negative change on one

end and positive the other
,
with

change 19t . 1 . 6 X01C.

The molecule is a spring-shape and
compresses 1 % of its length · Find
the spring constant (Hint F = kx)



(4) Three point charges are arranged
as Shown

1

Origin

" +5nC t Gn(

-
3

0. 3 m

folm
-3nC

Find (a) magnitude ,
and (b) direction

of the Coulomb force on the particle
at the origin .



ElectricField Lines

(5) The figure below shows the

electric field lines for two charges
9 ,
and 92

(a) Es 19
. /9211 or 19/921 ??

(b) What are the signs of g, 192 ?

s-

D



(6) Consider two charges as

shown
. Find the point where the

electric field vanishes

-29 +q

·
- a · 9

· >x



Electric Energy
(voltage)

· Previously : Force of an electric

field is F = gE

· Now : Energy of an electric

field is

Du =
- F -d (= - w)
A

=
- qgE - d5

A



Example
E = constant

=>

-A
-

Au = -gSEds
A

Here El1d5 · Eed5 = EsdX

Au = -qg
P

Fodx
A

== qFo (B-A)
= - gFod

Energy
- charge x field x disp.-

w
Force



Electric potential
= voltage

· Electric potential
DV = Du

Example
E = constant

#A
· Proton released from rest at point A
in a constant electric field

· Find an expression for its velocity
at point B



Example
B A Av = 12 volt

it↳
· Battery creates charged plates & therefore

an electric field ,
E

·What is the magnitude of E ?

solution

AV = A
-

-Ed
E = - D

d

Magnitude IEI = 1



Extra Comments

V = scalar

E = vector = (Ex
, Ey, Ez)

E
Y

=-

Ey - -
Ez - 000

-



Electrical Circuits

um D
R

C

SV

&



Capacitance

* Parallel plates

* combinations Circuits)
- parallel
-series

* Energy stored

* Dielectrics us Metal Slab



Capacitance/Capacitor

Fla
&i

·Parallel plate capacitor
-stores energy
- common circuit element

· Capacitance 'C'
- Experiments found that

ak AV

- Given a DV
,
how much charge

is on the plates ?



· Capacitance 'C'
- Experiments found that

ak AV

- Given a DV
,
how much charge

is on the plates ?

- c=

· other objects have capacitance

=88 ⑳t -

-



· Parallel Plate Capacitor
- Q

T E= -DF-> A v = Ed -②

c=

C = E

Application

-
movable plate#
kt

- insulator



Combinations of Capacitors

· Circuit diagrams/symbols

+ i -a open

- closed

Capacitor Battery switch

· Parallel Combination

114 Ceq
L

Q ,

*
-

fr ↓ -

+
-

AV
Av



· Parallel Combination
AV,

alla" Ceq
L

#
It ↓ -

AV
Av

(i) Av = AV = AV

->
E

· Why ? ① ->

AV
,

->

-
· charges in a metal (wire) AVz

redistribute /move) to can cel

electric fields



(ii) Qtot = Q , + Q2

= CAV ,
+ GAV

= ( + 2) DV

= Leg AV

· More intuitively

=T ↳
Ceq= (A+A



Parallel Combination

Ceq
= 2 + 22 + 0 0.



· Series Combination

⑰
-

+

r = E+
+

7 =

*
a ft

+ -



(i) charges

Echarge = o

11-11

·
+

-

(i) voltages
DV = AV + AV

r
7/
a



(ii) Equivalent capacitance
Leg

·
+ -

Av = Av , + AV = +
= a(( + ()
=

Q/Ceq

Note : Ceg14

Ceq((



Summary

Parallel Combination

Ceq
= 2 + 22 + 0 0.

Ceg) C , (2

Series Combination

↓

Ceq
= + + 0 ..

Leg <2 , 22



Quiz

Find the equivalent capacitance
between 'd'and 'b' for the combination

of capacitors shown
I

4

a I 6

3

b

1o
2



EnergyStored in a

Capacitor

Q -Q

-
Potential Energy

u = zQAV = EC(AV)2

Parallel Plate
General

DV = Ed

C = to A/d 3 u = t

U = tE(Ad)



Quiz

· Two capacitors G and C (4)()
are charged to the same initial

potential difference DVi· The

charged capacitors are removed

from the battery and their plates are
connected with opposite polarity as shown.

· The switches ! and 's; are then

closed as shown (right).
Qui [I Qi [

+ -

- -H ob

I / I I

# %
-

Qui Que C2

(a) Find AU between ' and 'b' after
switch is closed

(b) Energy stored before and after



Capacitors with Dielectrics

*
c

Dielectric

- t - +G G ⑰E # E# - +w

· Dielectric = insulating material
Iglass , rubber, hBN

, air)

· Dielectric reduces the electric potential
or field ; "screens" Coulomb



Capacitors with Dielectrics

Dielectric

- t*
c

E G # ⑰ E##

· Avo -> AV =
AV
= < AVo

t = dielectric constant

·

C= -=
· tY/ ↓ V < AVo

C) Co


