s related 1o
arlsas from Electic ™ thargesty

Field
whech for
has |5 derivabla sulficient symmaly

Elecinc

and is
Charga
defined as J fram has many
Erargy
Elactric Force in Field Potential Gauss' Law

per Unt Charge

which can ” “'“ be Aaplications
SUch as

Calculate _
Potentiel ./ Using ot
Charge
as in tha (zaussian
casa of Line
Charge
Conducting
Sphere

Charged
Sheet
Conducting
Surfaca

as summanzed
n by Farellel
Lorentz Flales
Force Law



Electric field E

Force on a probe charge/ probe charge

Vector field

Probe charge as small as possible

Dimension = mit2 g1

S| Unit = newton/coulomb (N C-)

or volt/meter (V m™).

Field lines

Field line = a line whose tangent at each
point is parallel to the vector field at that

point 7



Electric Field E is a vector y b4
- «
w v
E(X,y,Z) = (EX(X’y’Z)’ Ey(X,y,Z), EZ(X’y’Z) - L
@ -
at any point P(x,y,z) < -
F -
¥ -
1 Q » oy 4
E created by F =
a point charge Q - - e The electric field of a point charge is
P 9 =1 4 mr radially outward from a positive charge

E=f(R)
1 6G0E+C&2
1 A0E+09 ‘."I
1T ZOE+C=2 III
. . . . 1 00E+C3
Electric field intensity from z !
o SO0E+HCE
q=1.6X10-19 C (electron) W \
GO0 E+C
2 DOE+0OE \"‘---....,___
+0 44— —_ T T T T T T T ep—
e
R [mm]




I @
E _
go dmr?

1 point charge

Emm:ZEFEﬁEHEa---

I N point charges

E—_ [ Psay

Ameg | 1

Continuous
distribution

o

Mepra tree Source

FPosatree Soace

Electric Field Line Pattexnis for Objects with Unequal Amovmds of Charge




Electric dipole moment or electric dipole

e * o Pb=gqgr
N
PZZE}:'I’:'
i=1

p = /p[r’) r' dr’

A water molecule is a polar
molecule, it has a dipole

Two point charges

N point charges

Continuous distribution of
charge




electric dipole field lines

What happens when an electric dipole is in a region of space
where there is an electric field E?

{__F:_p_E - 2




Filed, Potential, Energy

Particle property

Relationship

Field property

Force (on 1 by 2)

Electric field (at 1 by 2)

Vector 1 l f}"ﬁ'
quantity qgi4gz .. — L A
F,, — i F )= E | Kyg = I's
12 Amey T2 21 1 ql 1 41‘TE.[]. ?‘E
Relationship F 12 — — v 'L'rl 2 U].? — ql I’i? E 10 — — v L’Ji n
Potential energy (at 1 by 2) Potential (at 1 by 2)
Scalar 1 '
quantity 'L'rj_g — f?l I?E 'L;i 5 J‘ I?E

il’.:'TE.[]. T

4'}1'5.[]. T




Electric Field E (a vector) as Gradient of a Potential V (a scalar)

o
|

: : _ _:dY _ sd¥Y L dY
ik + JEy + kKE; = =y ‘15‘}" kaz

i

I
|
1
)
:u:"l‘

E = "I||,_-"'1'I.I.l'r Gradient or II"I.-_"'I

Vector field E is always perpendicular to a surface where potential
V is constant

8




Point Charge Field E, Potential V, work W

' V-V, kd}__}_' ke i

e Iy ri]-r-:z-::l




Potential: the case of a point charge

Potential V of a point charge

-
+,.‘
L]

-
---------

Vector Field E created by Q is
radially directed outward

Scalar Potential V is
proportional to 1/r

Equipotential surfaces are
sphere centred on Q

10




POTENTIAL

3 point charges

Continuous distribution

.

Adx = dQ
Linear charge
density

%
odA = d0

& rea charge
density

pdv = dQ
Yolume charje
density

11



Electric Dipole
Potential

The
potential of
g dipole ig of
most interest I3
where s> d. The
standard approximations

It

Vol -k

For cases where £33 d, this can be
approximated by

\/ = Kp €05 @

r—-E
+ +
where D=I:Id is defined
as the dipole moment.

M~

" r_-r.=dcos# ~—
e 2 i
r1+r1—"“"r‘ -
qd:; .
|- d |

12




1 field and voltage patterns
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Constant Electric Field and its Voltage

Ed =W - AV hag

q qg
E - E Cencral E - Y Conatant ficld
: definition d special case

'-*-' qﬂ‘f relationzhi ps v = Ed relationzhips

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll



Voltage Difference and Electric Field

Fl:l Mowing a charge from bottorm
Uf — Ui = = = —El:l to top alate requires work
q and ra ses woltage.

4 . Mcwing £ charge along

E d EdEDSH the slanted 1103 gives
the same change

q Tnvoltage.

Moving a charge along the
=+ curved path indicated weould
vf o Ui = = Ed require the integral to calculale,
but 171 this case would qive
the same voltage difference.




Voltage from Electric Field

Equipotential e
\‘]ine B-r- B
'*,.-?- Ye—-¥a=—|F-ds
Electric Sk A
field 1ine .r"' . This integral has the same walue along any
e

of the indicated paths between & and B



_..
Electric Field from Voltage E
4(

—+ —+ ads
dyY =-E-ds = - Eg ds Ewaluate waoltage
change dy along

the direction of ds

Es = - ﬂ ] ds, = - ﬂ
5 da along ds, or Eg 53
dyY dyY 3y
Ex = -1 F.,. = -2 EE = -
39X y dy Az

17



Gradient

Electric Potential as gradient of electrostatic field

Scalar field (e.g. Temperature) is in black and white,

black representing higher values

Its corresponding gradient is represented by arrows. 18



GRADIENT

of

.,&Eﬂ). r=(11,...,2,)

dre ! oy oz

)

—

v
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% usad 1o
calculats current

|5 the
specific

Voltage

and to express
consanyation of

arErgy in

M.ltiple Point
=harges

Sphere of
Charge
Electric
Dipole

and vellage
charnge aquals

can ba mappad
I terme of

Work per Uni:
Charge

20



