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Electric Fields and Forces on Charges

. e : - h ite ch h
electric field = force per unit positive charge (recall that opposite charges attract eac

other and like charges repel each other) E = F
Electric field strength is a vector quantity, ¢
It is always directed: Where:
-away from a positive charge o E=electric fieldstrength (NC™)
-towards a negative charge o F=-electrostatic forceonthecharge(N)

o Q=charge(C)
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* Note: theforcewillalways be parallel to the electric field lines
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Point Charge Approximation

For a point outside a spherical conductor, the charge of the sphere may be considered to be a point chage at its
centre

-->a uniform spherical conductor = charge is distributed evenely

the electric field lines around a_spherical conductor are therefore identical to those around a point charge

The field lines are radial and the direction

FIELD LINES "AWAY FIELD LINES' TOWARDS
FROM CENTRE OF THE CENTRE OF depends on the charge of sphere:
THE CONDUCTOR THE CONDUCTOR

-sphere conductor is positively charged = fields
lines are directed away from the centre of the
sphere
-sphere conductor is negatively charged, the
field lines are directed towards the centre of the
sphere

(**gravitational force is always attractive, whilst
electrostatic forces can be attractive or

POSITIVELY CHARGED NEGATIVELY CHARGED .
SPHERICAL CONDUCTOR SPHERICAL CONDUCTOR repulSIve )




Electric Field Lines

Electric field lines are directed from positive to negative

Therefore, the field lines must be pointed away from the positive charge and towards the negative charge

A radial fields(non-uniform fields) spreads evenly in all directions

Around a point chage:
-if charge is +, field lines are radially outwards

-if charge is -, field lines are radially inwards
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NON-UNIFORM E FIELD

uniform electric field = same electric
field strength throughout the
field(represented by equally spaced
field lines)

non-uniform electric field = varying
electric field strength throughout
-stronger field = field lines closer
together
-weaker field = field lines further
apart



Electric Field Strength

- Where:
o E=electric fieldstrength (V m-)

o AV =potential difference between the plates (V)
o Ad=separation betweenthe plates(m)

(if one parallel plates is
earthed, it has a voltage of
Ov)

(this equation can be used to calculate E of a
uniform field between two charged parallel
plates. Cannot be used to find the E around a
point charge(since this would be a radial
field=non-uniform field)
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Electric Field of a Point Charge in free space
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e Where:
o Q=thecharge producingthe electric field(C)
o r=distancefrom the centre of the charge (m)
o g =permittivity of free space (Fm™)

o Asthedistance fromthe chargerincreases, Edecreases by a factor of 1/r?

(inverse square law relationship)



Motion of Charged Particles

If a charged particle remains still in a uniform electric field, it will move parallel to the electric field lines)

If a charged particles is in motion through a uniform electric field(between two charged parallel plates), it will
experience a constant electric force and travel in a parabolic trajectory

| | (note that neutron(no charge)

® /\ T e \L PARTICLE experiences no force in an electric
iﬁiﬁ?ﬁ%&% \ F field and therefore travel straight
2\ / \/ / \1 through the plates undeflected)
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L+ 3 B Ay, B . . Factor affect deflection:
' /' 1.Mass - the greater the mass = the smaller the
| | 0 deflection vice versa
O Iy T i 2.Charge - the greater the magnitude of charge =
— : . 2 , the greater the deflection vice versa
A NEG,;WE ;HAHGE W'.LL— THA‘;E-EL T;WARD; THE_POSI'ITH_VE PLATE 3.Speed - the greater the speed of particle = the

smaller the deflection vice versa



Coulomb’s Law

-all charged particles produce an E-field around it

Coulomb’s Law = the electrostatic force between two point charges is proportional to the product of
the charges and inversely proportional to the square of their seperation

0,0, _KGG,

Coulomb equation Fe= 5 (Z
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Where:
o Fg=-electrostatic force between two charges (N)
o Qiand Q,=two pointcharges (C)
o gq=permittivity of free space
o r=distancebetweenthecentre of thecharges(m)

the 1/r*2 is called the inverse
square law:
this means when a charge is x2 as
far as away from another, the F
between them reduced by 1/4

if Fis + = repulsive force
if Fis - = attractive force



Electric Potential

Electric potential at a point = work done per unit positive charge in bringing a small test charge from infinity to

the point
Electric potential is scalar(so no direction)

However, you will still see electric potential with a positive or negative sign. This is because the electric
potential is:
-positive when near an isolated positive charge
-negative when near an isolated negative charges
-zero at infinity

When a test charge moves closer to a negative charge, its electric potential decreases
When a test charge moves closer to a positive charge, its electric potential increases

-->To find the potential at a pint caused by multiple charges, add up each potential seperately



The electric potentialin the field due to a point chargeis defined as:

0 Kka
V= 4n€0r‘ r

Where:
o V =theelectric potential (V)

o Q=thepointcharge producingthe potential (C) R e
o gp=permittivity of free space (Fm™) SPHERE, THE POTENTIAL

. . V IS CONSTANT
o r=distancefromthecentre of the pointcharge(m)

INVERSE LAW REDUCTION
IN POTENTIAL WITH
INCREASING DISTANCE

For a positive charge:
-r decreases = v increases
-this is because more work has to be done on a positive
test charge to overcome the repulsive force
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For a negative charge:
-r decreases = v decreases
-this is because less work has to be done on a positive test
charge since the attractive force will make it easier




Electric Potential Gradient e

o E=electric field strength (Vm™)
o AV =changein potential (V)
o Ar=displacementin the direction of the field (m)

also electric field at a point = negative of electric potential gradient at that point

recall that electric field = force per unit positive charge

The potential gradient is defined by the equipotential lines: these demonstrate the electric potential in an
E-field and are always drawn perpendicular to the field lines
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Electric Potential Energy of Two Point Charges

Electric potential energy, Ep = work done in bringing a charge from infinity to that point

The electric potential energy of a pair of point charges Qiand Q2 is defined by:

_ 0,0, _ ka,a,
P 4me,yr r

Where:
o E,=-electric potential energy (J)
o r=separation of the charges Q;and Q,(m)

o : The changein potential energy from a charge Q;at a distancer, from the centre of charge
o gp=permittivity of free space (Fm™)

Qo toadistanceryis equalto:

. . . . . . ﬂEp= %lﬁ l - l):KQfaz L":‘T‘"TJ)
This equation is defined by the work done in moving ey " T B
point Charge Q2 from |nf|n|ty towards a pOint Charge Ql The changein electric potential AV is the same, without the charge Q;
O 7 1%
AV= == Bl e
The work doneis equal to: dmey \ 1 ”2) [rl f?.)

W=va recall that at

— infinity, V=0 so
o W=workdone(J) Ep:O

o V=electric potential due to a point charge (V)
o Q =Chargeproducingthe potential (C)




