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Electric fields

e Electric fields surround charged
particles.

e Field lines show the direction that
positive charges move.

e Electric fields are vector quantities -
with a magnitude and direction.

* Electric fields point from higher to lower
potential; from positive to negative
charges.

 The density / closeness of field lines is a

representation of the strength of the
field.

 The Van De Graff generator causes a
charge build-up and hairs will repel each
other, following the field lines.
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Electric field lines - between plates

* Electric field lines will run straight between two charged plates
(such as inside a capacitor).

* Field lines will point from higher to lower potential.
* From positive to negative, positive to zero or zero to negative.

* A greater potential difference / charge on the plates causes a
stronger electric field.
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Electric field lines around particles

* Electric field lines will run straight out of a single point
positive charge.

e The field lines will run in towards a negative charge.
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Electric field between charged particles

* Electric field lines will run between opposing charges, from
positive to negative.

* There will be a strong field (more lines) directly between the
charges.

* Field lines will never cross; the lines will be pushed closer
together by like charges.
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Coulomb’s law

* A Coulomb of charge is the charge of 6.24x1072 electrons.

[t is defined from measures of electric current.

e The charge of one electronis 1.60x10-1° C.

* Coulomb’s law describes the force between two charged particles.
(It is a similar relation to Newton’s law of gravitation.)

e The force between charges increases with the magnitude of charges.
* The force between charges decreases with the square of distance.

* Like charges will repel, opposing charges will be attracted.

* The constant (k) is related to the permittivity of free space;
how easily electric fields can pass through a vacuum (or air).

F:kq'lqz k= - #9.0$10° N /C
2
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Calculating with Coulomb’s law

* Two positive point charges of 5nC and 30UC are placed at a distance
of 40 cm.

 What is the magnitude of the force between the two charges?

Q ) 0.40m "

5.0x10°C

A30x10-eC
)(5><1o-9 C)(3x10°C)
(4.0x10"'m)°

F=0.0084N=84x10"N

(This is small force usually acting over very small masses.)

F=(9.0x10°NnY /C
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Electric field strength

* The strength of an electric field (E) is defined as the force (F) per unit
of charge.

* Around a point charge Q, the field strength is:

Q
E=k—
r2

* For example, at a distance of 30cm from a particle with a (negative)
charge of15nC:

e Q=15x10"°C,r=0.30m, k = 9.0x10° N m2/ C=2,

(9.0x10°Nm?/C?)(15x107°C)
(0.30m)°

E=1500N/C (towards the particle)

E
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Electric field strength

* The strength of an electric field is also equivalently defined as the
difference in electrical potential over a distance.

* If two plates at OV and 12V are placed 1cm apart, then the electric
field between them will be:

12V ,

E—=—
A d
0.01m . 12V
0.01m
\ 4 ¢ \ 4 \ 4 \ 4 \ 4
02 E=1200V /m
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Electric fields & work

* Work can be done on or by an electric field depending on how a charged
particle moves against or in the direction of the field.

+ Stored potential
energy in the field does
work on the particle
moving with the field.

Work is done on the field
when a particle is forced
to move against it.
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Electric fields & work

* The strength of an electric field (E) is defined as the force (F) per unit
of charge?q)

* This is equivalent to the difference in electric potential (V) over
distance (d).

* Work = Force x Distance
 The work done on a charged particle moving against the field is qV.

q d
F V
—=—  Fd=qV
q d *
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Speed of charged particles in electric fields

. zflmoeéeoc&ron is accelerated from rest through a potential difference of

* What is its speed after this acceleration?
* (Electron charge: q = 1.6x10-19C, mass = 9.1x10-3kg)

Find the kinetic energy Find the speed from
(work done). kinetic energy.
W= qV E =1mV2

k
2
~ ~19 3
W=(1.6x10""C)x(1.0x10°V) o 2E, |2qV
W=E, =1.6x10""°J Nm \om

L [2x( 6x107'°))
9.1x10™° kg

v=1.9x10"m/s
(~ 5% of the speed of light - Relativity will start to be a factor!)
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