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Defining an Electric Field ,

Your notes

Defining an Electric Field

= Anelectric fieldis defined as aregion of space in which a charged particle experiences a
force

= Hence, electric fields are a type of force field

= The charged particle could be stationary or moving, and will experience an electric force
inthat field

= Allcharged particles create their own electric fields

= These fields exert an electrostatic force, Fg on other charged particles

A
4

The electrostatic force between two charges
= Like charges (positive and positive, or negative and negative) repel each other
= This means the force on each charge are away from the other charge
= Opposite charged (positive and negative) attract each other
= This means the force on each charge is towards the other charge

= The size of the force changes with distance

LARGE REPULSIVE FORCE
WHEN CHARGES ARE CLOSE

O @1
e Qs
S -

REPULSIVE FORCE DECREASES
AS CHARGES MOVE FURTHER APART
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Arepulsive force decreases with distance ,

Your notes

o

Examiner Tips and Tricks

Electric fields are slightly different in that a charged particle will experience aforcein
this field whetherit's stationary ormoving. Don't get this mixed up with a magnetic
field, where a charged particle only experiences a force if it's moving.
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Electric Field Strength 4

Your notes

Electric Field Strength

The electric field strength at a pointis defined as:
The force per unit charge acting on a positive test charge at that point

The electric field strength can be calculated using the equation:

olm

Where:
= E=electric field strength (NC™)
= F=electrostatic force onthe charge (N)
= @ =charge(C)

Itisimportant to use a positive test charge in this definition, as this determines the
direction of the electric field

Recall, the electric field strengthis a vector quantity, it is always directed:
= Away from a positive charge
= Towards a negative charge

This directionis also denoted by the direction of the electric field

FIELD LINES ARE
DRAWN PERPENDICULAR
TO THE CHARGE

FIELD LINES FIELD LINES
DIRECTED \ / DIRECTED
AWAY FROM ¥ TOWARDS
A POSITIVE / \ A NEGATIVE
CHARGE CHARGE

POSITIVE POINT NEGATIVE POINT
CHARGE CHARGE

Electric field lines are directed away from a positive point charge and towards a negative

point charge

(—
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s
Worked Example Your notes

Acharged particle is in an electric field with electric field strength 3.5 x 104N C™!
where it experiences aforce of 0.3 N.

Calculate the charge of the particle.

Answer:
Step 1: Write down the equation for electric field strength

E =

olm

Step 2: Rearrange for charge Q

Q:

milm

Step 3: Substitute in values and calculate

0.3
 — -6 —
Q=S 57=8571x10°=86x10°C2s

=

Examiner Tips and Tricks

While the defining equation for electric field strength, E= F/Q is defined for a positive
test charge, itis stilluseable for negative chargesin an electric field. You will find that,
if you substitute a negative chargeinfor Q, the electric field strength E is also
negative. This simply means that the vectorrepresenting the field pointsin

the opposite direction than it would for a positive charge, as you should expect.
Make sure you caninterpret the direction of electric field lines for your exam!
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Electric Force between Two Charges 4
Your notes

Electric Force between Two Charges

Allcharged particles produce an electric field around them

= This field exerts a force on any other charged particle withinrange
= The electrostatic force between two charges is defined by Coulomb’s Law

= Recallthat the charge of a uniform spherical conductor canbe considered as a
point charge atits centre

= Coulomb’sLaw states that:

The electrostatic force between two point charges is proportional to the product of
the charges and inversely proportional to the square of their separation

= Theforce Fgbetween two charges as expressed by Coulomb's Law is given by the
equation:

_1Q
£ Amggr2
< r ~,
i 7
| |
+Q > <

The electrostatic force between two charges is defined by Coulomb’s Law
= Where:
= Fr=electrostatic force between two charges (N)
= Qjand @, =two pointcharges (C)
= o= permittivity of free space
= r=distance between the centre of the charges (m)
= Thel/r?relationis called the inverse square law

= This means that when the separation of two charges doubles, the electrostatic force
between them reduces to (¥2)2 = Va of its original size

= gpisaphysical constant used to show the capability of a vacuum to permit electric fields

= |f Qrand Q are oppositely charged, then the electrostatic force Fgis negative
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= Thiscanbeinterpreted as an attractive force between Q;and Q- ,
= |If Qand @ are the same charge, then the electrostatic force Fgis positive Your notes

= Thiscanbeinterpreted as arepulsive force between @and Q;

o

Worked Example

An alpha particle is situated 2.0 mm away from a gold nucleus in a vacuum. Assuming
they are point charges, calculate the magnitude of the force acting on each of the
charges.

Atomic number of helium =2

Atomic number of gold =79

Charge of anelectron=1.60x10"C
Answer:

Step 1: Write down the known quantities

= Distance,r=2.0mm=2.0x10"3m
The charge of one proton = +1.60 x 10719 C

An alpha particle (helium nucleus) has 2 protons

= Charge of alphaparticle, @1=2x1.60x1077=+3.2x10°°C
The gold nucleus has 79 protons

= Charge of gold nucleus, @, =79 x1.60 x 10717 = +1.264 x 1077 C
Step 2: The electrostatic force between two point charges is given by Coulomb’s
Law

21
£ Amggr2

Step 3: Substitute valuesinto Coulomb's Law

32x 1079 x (1.264 x 1077
F.= ( )712 j 5 =9.092.x 102'=9.1 x 10?' N (2 s.f.)
(4t x 8.85x 10 %) x (2.0 x 107%)

=

Examiner Tips and Tricks

Rememberto always square the distance, rbetween the charges!

Always look out for unit prefixes when substituting values into an equation. Check
whetherthe charge has been convertedinto Cinstead of nC or uC, or the distance in
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l mm to mto get a force F of newtons, N. ,

Your notes
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Electric Field due to a Point Charge 4

Your notes

Electric Field due to a Point Charge

= The electric field strength describes how strong orweak an electric field is at that point
= Apoint charge produces aradial field
= Acharge sphere also actslike a point charge

= The electric field strength E at a distance rdue to a point charge Q in free spaceiis
defined by:

__Q
 4rmegrd

= Where:
= @ =thepointcharge producing the radial electric field (C)
= r=distance from the centre of the charge (m)
" g =permittivity of free space (Fm™)
= Thisequationshows:
= FElectric field strengthin aradial field is not constant

= Asthedistance fromthe charge rincreases, E decreases by a factor of 1/r2

= Thisis aninverse square law relationship with distance

= This means the field strength E decreases by a factor of four when the distanceris
doubled

= Note: this equationis only for the field strength around a point charge since it produces
aradial field
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4

Your notes
N N/
<—(+)—> >——)—<
A4 /N
POSITIVE POINT NEGATIVE POINT
CHARGE CHARGE

Positive and negative point charges and the direction of the electric field lines
= The electric field strengthis a vector Its directionis the same as the electric field lines

= |fthe chargeisnegative, the E field strengthis negative and points towards the
centre of the charge

= |fthe chargeis positive, the E field strengthis positive and points away from the
centre of the charge

= Thisequationis analogous to the gravitational field strength around a point mass

= Theonly differenceis, gravitational field lines are always towards the mass, whilst
electric field lines can be towards or away from the point charge

= The graph of Eagainstrforachargeis:

% RELATIONSHIP

THE CHANGE IN ELECTRIC POTENTIAL
AV IS THE AREA UNDER THE GRAPH

&

The electric field strength E has a 1/r? relationship

= The key features of this graph are:
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= Thevaluesfor E are all positive ,
* Asrincreases, E againstrfollows a1/r? relation (inverse square law) Your notes
= Theareaunderthis graphis the change in electric potential AV

= The graphhasasteep decline asrincreases

o

Worked Example

Calculate the strength of the electric field at a distance of 2 m away from an electron,
and state its direction.

Answer:

Step 1: Write out the equation for electric field strength

~_Q
" 4megr?

Step 2: Substitute quantities for charge, distance and permittivity of free space

= Thechargeonanelectron@=-1.6x10""C
= Thedistancer=2m

= Permittivity of free space £5 = 8.85 x 10712

= Therefore:

~1.6x10-19
S  4mx(8.85% 10-12) x 2

5= -3.6x1071ONC!

Step 3: State the direction of the field

= Thenegative signindicates the electric field is directed towards the electron

o

Examiner Tips and Tricks

Remember to square the distance in the electric field strength equation! Don't get
this mixed up with the electric force between two charges equation, which has two
charges (Q) in the equation, whilst the equation for Eonly has1Q, whichis the one
producing the electric field.
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Electric Field & Potential ,

Your notes

Electric Field & Potential

= Apositive test charge has electric potential energy due toits positionin an electric field
= The amount of electric potential energy depends on:
= The magnitude of charge

= The value of the electric potential in the field

®| e

-
A

Work is done on a positive test charge Q to move it from the negatively charged plate A to
the positively charged plate B. This means its electric potential energy increases

= Electric potentialis defined as the amount of work done per unit of charge at that point

= Astronger electric field means the electric potential changes more rapidly with
distance as the test charge moves throughit

= Hence, therelationship between the electric field strength and the electric potential is
summarised as:

The electric field strength is proportional to the gradient of the electric potential
= Thismeans:

= |f the electric potential changes very rapidly with distance, the electric field strength
islarge

= |f the electric potential changes very gradually with distance, the electric field
strengthis small
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= Anelectric field can be definedin terms of the variation of electric potential at different ,

pointsinthe field:
Your notes
The electric field at a particular point is equal to the gradient of a potential-distance

graph at that point
= The potential gradientin an electric field is defined as:

The rate of change of electric potential with respect to displacement in the direction
of the field

= The graph of potential Vagainst distance r for a negative or positive chargeis:

lGRAPH OF ELECTRIC POTENTIAL |

|

L RELATION

r(m)

4.0 ';J
JE ~ 1 RELATION

The electric potential around a positive charge decreases with distance and increases
with distance around a negative charge

= The key features of this graph are:
= ThevaluesforVare all negative for a negative charge
= Thevalues for Vare all positive for a positive charge

= Asrincreases, Vagainstrfollows a1/rrelation for a positive charge and -1/rrelation
foranegative charge

= The gradient of the graph at any particular pointis the value of E at that point
= The graph has ashallowincrease (or decrease) asrincreases

= The electric potential changes according to the charge creating the potential as the
distancerincreases fromthe centre:

= [fthe chargeis positive, the potential decreases with distance
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= |fthe chargeis negative, the potentialincreases with distance ,

o

Worked Example

Your notes

An electric field is set up between two pairs of oppositely charged plates, set Xand
setY.

A graph showing how the electric potential V varies with distance d is shown for both
setXandsetY.

V/V

0.5 d/m

State and explain which set creates the largest electric field strength.
Answer:
Step 1: Recall the relationship between electric field strength and electric potential

= Theelectric field strengthis proportional to the gradient of the electric potential
Step 2: Interpret the gradient of the potential-distance graph

= SetXhasalargergradientthansetY

VIV
X/
: LARGER GRADIENT
! ELECTRIC
|
| AV FIELD
y STRENGTH
|
|
|
|
|
|
0.5 d/m

Step 3: State and explain the conclusion

= SetXcreatesalargerelectric field strength
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= Thisis because the gradient of the potential between the platesis largerthanitis ,
forsetY
Your notes

o

Examiner Tips and Tricks

Remember that whether the electric potentialincreases or decreases depends on
the charge thatis producing the potential!
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Electric Field between Parallel Plates ,

Your notes

Electric Field between Parallel Plates

= The magnitude of the electric field strengthin a uniform field between two charged
parallel platesis defined as:

o<

= Where:
» E=electric field strength (Vm™)
=V =potential difference between the plates (V)

= d=separationbetweenthe plates(m)

» The electric field strength is now defined by the units Vm™!
= Therefore, the units Vm™' are equivalent to the units N C™!
= The equation shows:

= The greaterthe voltage (potential difference) between the plates, the stronger the
field

= The greater the separation between the plates, the weaker the field

= Remember this equation cannot be used to find the electric field strength around a
point charge (since this would be aradial field)

= Thedirection of the electric field is from the plate connected to the positive terminal of
the cellto the plate connected to the negative terminal
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POTENTIAL DIFFERENCE ,
+| _ BETWEEN THE PLATES

Your notes

|
|| /
v
E
ELECTRIC FIELD LINES
\ ARE DIRECTED FROM THE
PLATE CONNECTED TO
> THE POSITIVE TERMINAL
d TO THAT CONNECTED TO
SEPARATION M THE NEGATIVE TERMINAL
OF THE PLATES

The E field strength between two charged parallel plates is the ratio of the potential
difference and separation of the plates

= Note: if one of the parallel platesis earthed, it has a voltage of OV

o

Worked Example

Two parallel metal plates are separated by 3.5 cm and have a potential difference of
7.9KkV.

Calculate the electric force acting on a stationary charged particle between the
plates that has acharge of 2.6 x 1071° C.

Answer:
Step 1: Write down the known values

= Potential difference, V=7.9kV=7.9 x 103V
» Distance betweenplates,d=3.5cm=3.5x102m
» Charge,@=2.6x1071°C
Step 2: Calculate the electric field strength between the parallel plates

E=

o<

3
= % =2.257 x 105V m"

Step 3: Write out the equation for electric force on a charged particle
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F=QE ,
Step 4: Substitute electric field strength and charge into electric force equation Your notes
F=QE=(2.6x10719)x(2.257 x10% =5.87x 100N =5.9x 100N (2 5.f.)
\
>
Examiner Tips and Tricks
Remember the equation for electric field strength with V and d is only used for parallel
plates, and not for point charges (where youwould use E = F/Q)
\
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Electric Potential for a Radial Field ,

Your notes

Electric Potential for a Radial Field

Electric Potential Energy

= |nordertomove a positive charge closer to another positive charge, work must be done
to overcome the force of repulsion between them

= Similarly, to move a positive charge away from a negative charge, work must be
done to overcome the force of attraction between them

= Energyistherefore transferred to the charge that is being pushed upon
= This meansits potential energy increases

= |fthe positive chargeis free to move, it will start to move away from the repelling charge
= Asaresult,its potential energy decreases backto O

= Thisis analogous to the gravitational potential energy of amassincreasing asitis being
lifted upwards and decreasing as it falls

= Theelectric potential at a pointis defined as:

The work done per unit charge in bringing a positive test charge frominfinity to that
point

= FElectric potentialis a scalar quantity
= Thismeansitdoesn’t have a direction

= However, you will still see the electric potential with a positive or negative sign. This is
because the electric potential is:

= Positive around anisolated positive charge
= Negative around anisolated negative charge
= Zero atinfinity

= Positive workis done to move a positive test charge from infinity to a point around a
positive charge and negative work is done to move it to a point around a negative
charge. This means:

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

= Whena positive test charge moves closer to a positive charge, its electric potential
increases
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WORK NEEDS TO BE V INCREASES V=0 AT oo ,
DONE TO PUSH THE .+ (VERY FAR AWAY) Your notes
POSITIVE TEST CHARGE

TOWARDS ANOTHER
POSITIVE CHARGE e* V DECREASES

THE TEST CHARGE WOULD
NORMALLY MOVE AWAY FROM
THE POSITIVE CHARGE DUE TO
ELECTROSTATIC REPULSION

THE TEST CHARGE

WOULD NORMALLY V DECREASES K/ER% A;_AI:X;\WAY)
MOVE TOWARDS / o'

THE NEGATIVE CHARGE

DUE TO ELECTROSTATIC =

ATTRACTION . V' INCREASES

WORK NEEDS TO BE DONE
TO PULL THE POSITIVE
TEST CHARGE AWAY FROM
THE NEGATIVE CHARGE

The electric potential V decreases in the direction the test charge would naturally move in
due to repulsion or attraction

Electric Potential due to a Point Charge

= The electric potential in the radial field due to a point charge is defined as:

Q

" dnegr

= Where:
= V/=theelectric potential (V)
= Q=thepoint charge producing the potential (C)
" &= permittivity of free space (Fm™)
= r=distance from the centre of the point charge (m)
= Thisequation shows that for a positive test charge:

= Asthedistancerfromthe charge Q decreases, the potential Vincreases (becomes
more positive)
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= Thisisbecause more work has to be done on the positive test charge to overcome ,

the repulsive force of @
Your notes

= Foranegative test charge:

= Asthedistance fromthe charge rdecreases, the potential V decreases (becomes
more negative)

= Thisisbecauseless work has to be done on the negative test charge since the
attractive force becomes stronger the neareritgetsto @

= Unlike the gravitational potential equation, the electric potential can be positive or
negative, because Q canbe positive or negative

= The electric potential varies accordingto1/r

= Note, thisis different to electric field strength, which varies according to 1/r2

o

Worked Example

The electric potential at adistance rfromaprotonis V.

What is the value of the electric potential at a distance three-times farther?
Answer:

Step 1: Write the equation for electric potential

= The electric potentialis given by the equation:

Q

41Tsor

Step 2: Write the transformed equation for a distance three times as large

= The charge Q remains constant (due to the proton)
= The potential Vbecomes V'

= Thedistancerbecomes 3r

= Hence the transformed equation becomes:

Q 1 Q 1
V' = S -
41T80(3r) 34me,r 3

Step 3: Write a conclusion

= Therefore, when the distance from a charge Q gets three timeslarger, the value
of the electric potential decreases by afactor1/3, because the potential is
inversely proportional to distancer

o
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Examiner Tips and Tricks ,

1 Your notes
= Electric potential Visinversely proportional to radial distance, V ?

= Electric field strength Eis inversely proportional to radial distance squared,

1
Ex ?
= Make sure youremember these variations and that you can describe themin
words!
One way to remember whether the electric potential increases or decreases with
respect to the distance from the charge is by the direction of the electric field lines.
The potential always decreases in the same direction as the field lines and vice versa.
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Representing Radial & Uniform Electric Fields /

Your notes

Using Field Lines & Equipotential
Diagrams

Electric field lines

= Fieldlines are usedtorepresent the direction and magnitude of an electric field

= |nanelectric field, fieldlines are always directed from the positive charge to the
negative charge

= |nauniform electric field:
= the fieldlines are equally spaced at all points
= electric field strengthis constant at all pointsin the field

= theforce acting on atest charge has the same magnitude and direction at all points
inthe field

= |naradial electric field:

= the fieldlines are equally spaced as they exit the surface of the charge but the
distance between themincreases with distance

= theelectric field strength decreases with distance from the charge producing the
field

= the magnitude of the force acting on a test charge decreases with distance

Electric field around a point charge

= Around apoint charge, the electric field is radial and the lines are directly radially inwards
oroutwards

= |fthe chargeis positive (+), the field lines are radially outwards

= [fthe chargeis negative (-), the field lines are radially inwards
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FIELD LINES ARE
DRAWN PERPENDICULAR
TO THE CHARGE

4

Your notes

FIELD LINES
DIRECTED

A POSITIVE

FIELD LINES
DIRECTED \ /
AWAY FROM /@\

CHARGE

TOWARDS
A NEGATIVE
CHARGE

POSITIVE POINT
CHARGE

NEGATIVE POINT
CHARGE

Electric field lines around a point charge are directed away from a positive charge and
towards a negative charge

= Aradial field spreads uniformly to (or from) the charge in all directions, and the strength
of the field isindicated by the spacing of the field lines

= The electric field is stronger where the lines are closer together

= The electric field is weaker where the lines are further apart

= This shares many similarities to radial gravitational field lines around a point mass

= Since gravity is only an attractive force, the field lines will look similar to the negative
point charge, whilst electric field lines canbe in either direction

Electric field around a conducting sphere

= Whenaconducting sphere becomes charged, the electric field around it is the same as
it would be if all the charge was concentrated at the centre

= This means that a charged sphere can be treated in the same way as a point charge

in calculations

CHARGES ARE EVENLY
DISTRIBUTED ON THE +
SURFACE OF THE

SPHERE

INSIDE THE SPHERE,
THE ELECTRIC
FIELD IS ZERO

OUTSIDE OF THE SPHERE,
THE ELECTRIC FIELD BEHAVES
IN THE SAME WAY AS IT
DOES FOR A POINT CHARGE

Electric field lines around a charged conducting sphere are similar to the field lines around
apoint charge
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= Note: fieldlines are always perpendicular to the surface of a conducting sphere ,
Electric field between two point charges Your notes
= Fortwo opposite charges:
= the fieldlines are directed from the positive charge to the negative charge

= thecloserthe charges are brought together, the stronger the attractive electric
force betweenthembecomes

STRONGER FIELD THE ELECTRIC
WHERE LINES ARE FIELD |S DIRECTED
CLOSER TOGETHER FROM THE POSITIVE

TO THE NEGATIVE
POINT CHARGE

WEAKER FIELD
WHERE LINES

ARE FURTHER
APART

The electric field lines between two opposite charges are directed from the positive to
the negative charge. The field lines connect the surfaces of the charges to represent
attraction

= Fortwo charges of the same type:

= the fieldlines are directed away from two positive charges or towards two negative
charges

= thecloserthe charges are brought together, the stronger the repulsive electric
force between thembecomes

= thereis aneutral point at the midpoint between the charges where the resultant
electric forceis zero

AT THE
NEUTRAL
POINT, THE

_ELECTRIC
“&" FIELD DUE
TO BOTH
® =)

CHARGES
IS ZERO
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The electric field lines between two like charges are directed away from positive charges ,
or towards negative charges. The field lines do not connect the surfaces of the charges to
represent repulsion Your notes

Electric field between two parallel plates

= When a potential difference is applied between two parallel plates, they become
charged

= Theelectric field between the platesis uniform

= The electric field beyond the edges of the plates is non-uniform

FIELD LINES DIRECTED FROM
THE POSITIVE TO NEGATIVE PLATE

E [ THE FIELD LINES
g2 ARE EVENLY
~ | sPACED

THE ELECTRIC FIELD
STRENGTH IS THE
SAME AT ALL
POINTS BETWEEN
THE PLATES

R T S S SR S

AT THE EDGES, THE ELECTRIC
FIELD IS WEAKER AND
NON-UNIFORM

Electric field lines between two parallel plates are directed from the positive to the
negative plate. A uniform electric field has equally spaced field lines

Electric field between a point charge and parallel plate
= The field around a point charge travelling between two parallel plates combines
= the field around a point charge

= the field between two parallel plates
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4

Your notes

+

|

1
(Fr+r+++r++4)

The electric field lines between a point charge and a parallel plate are similar to the field
between two opposite charges. The field lines become parallel when they touch the plate

Equipotential diagrams

= Equipotential lines (2D) and surfaces (3D) join together points that have the same
electric potential

= Theseare always:
= perpendicular to the electric field lines in both radial and uniform fields
= represented by dotted lines (unlike field lines, which are solid lines with arrows)
= anequal distance from the source charge

= Equipotential surfaces can be drawn to represent a fixed electric potential foranumber
of scenarios, such as

= forapointcharge
= fortwo ormore charges
= between two oppositely charged parallel plates
Equipotential surface for a point charge
= |naradial field, such as around a point charge, the equipotential lines:
= are concentric circles around the charge

= become progressively further apart with distance
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| RADIAL E FIELD |

EQUIPOTENTIAL
LINES /E ELECTRIC FIELD LINES q\

EQUIPOTENTIAL LINES {-4 TI-?IS MEANS
ARE FURTHER APART —THE POTENTIAL
IS LOWER

NO WORK IS DONE AS A
CHARGE MOVES ALONG
EQUIPOTENTIAL LINES

Equipotential lines for a radial electric field are concentric circles which increase in radius
and are perpendicular to the field lines

= |f achargedconducting spherereplaced a point charge, the equipotential surface
would be the same

Equipotential surface for multiple charges

= The equipotential surfaces for a dipole (two opposite charges) and for two like charges
are shown below:

The equipotential surface for multiple charges can be obtained by drawing curves which
are perpendicular to the field lines

= Anequipotential surface between two opposite charges can be identified by a central
line atapotentialof OV

= Thisisthe point where the opposing potentials cancel

= Anequipotential surface between two like charges can be identified by aregion of
empty space between them

= Thisisthe point where the resultant fieldis zero

4
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Equipotential lines show that the potential has the greatest value near the charge and
decreases with distance

Equipotential surface between parallel plates

= |nauniform field, such as between two parallel plates, the equipotential lines are:
= horizontal straightlines
= parallel

= equally spaced

| UNIFORM E FIELD |

N R R O A R N R I _>‘HEQUIPOTENTIAL LINES
I - ARE EQUALLY SPACED

THIS MEANS THE

VvV Vv YV VYV / \>/ N/ N/ POTENTIAL GRADIENT
IS CONSTANT

The equipotential lines for a uniform field are evenly spaced parallel lines which are
perpendicular to the field lines

= The spacing between equipotential lines indicates the strength of the electric field
= Thisisbecause they represent potential gradient

= Hence, equally spaced equipotential linesindicate aregion of constant electric field
strength

o

Worked Example

Sketch the electric field lines between the two point charges in the diagram below.

4
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Answer:

= Electric fieldlines around point charges have arrows which point radially
outwards for positive charges and radially inwards for negative charges

= Arrows (representing force on a positive test charge) point from the positive
charge to the negative charge

N

3

A
|

o

Worked Example

In the following diagram, two electric charges are shown which include the electric
fieldlines
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(a) Draw the lines of equipotential including at least four lines and at least one that
encircles both charges

(b) By considering the field lines and equipotentials from part (a), state what can be
assumed about the two charges

Answer:
Part (a)

= Thelines of equipotential need to be perpendicular to the field lines at all times
= Theselines are almost circular when they are near the charges

=  Andwhen moving out further the lines of equipotential cover both charges.

= Thelines of equipotential can be seen below
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Part (b)

= |tcanbeassumed that both charges are positive since the field lines point
outwards.

= |tcanalsobeassumed that the charge onthe left has alarger charge than the
charge ontheright since:

= |thasagreaterdensity of fieldlines

= |thasalargersphere of influence shown by the lines of equipotential

= The point of zero electric field strength between the two charges is closer to
therightcharge

o

Examiner Tips and Tricks

Always label the arrows on the field lines! The lines must also touch the surface of the
source charge or plates and they must never cross.

The distinction between radial and uniform fields is animportant one, remember:

= aradial field is made up of lines which follow the radius of a circle

= auniform field is made up of lines which are a uniform distance apart
When drawing equipotential lines, remember that they do not have arrows since they
have no particular direction and are not vectors.
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