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Coulomb’s LawCoulomb’s Law
Q QMathematically,Mathematically, 1 2

2
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k is a proportionality constant k is a proportionality constant 
In SI units, k has the value In SI units, k has the value 

k = 8.988 x 10k = 8.988 x 1099 N mN m22/C/C22

Charges produced by rubbing ordinary objects Charges produced by rubbing ordinary objects g p y g y jg p y g y j
(a comb or plastic ruler) are in the µC range(a comb or plastic ruler) are in the µC range
( 1 µC = 10( 1 µC = 10--66 C ) C ) ( µ( µ ))

Remember, Coulombs must be used in the Remember, Coulombs must be used in the 
equationequation

Remember that force is a Remember that force is a vector vector quantityquantity
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Coulomb’s Law
The proportionality constant k can also be written 
in terms of the permittivity of free space:in terms of      , the permittivity of free space:
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Vector Nature of Electric ForcesVector Nature of Electric Forces
Two point charges are Two point charges are 
separated by a distanceseparated by a distanceseparated by a distance separated by a distance 
rr
The like chargesThe like chargesThe like charges The like charges 
produce a repulsive produce a repulsive 
force between themforce between them
The force on qThe force on q11 is equal is equal 
in magnitude and in magnitude and 
opposite in direction to opposite in direction to 
the force on qthe force on q22

4



Vector Nature of ForcesVector Nature of Forces

Two point charges are Two point charges are 
separated by a distanceseparated by a distanceseparated by a distance separated by a distance 
rr
The unlike chargesThe unlike chargesThe unlike charges The unlike charges 
produce a attractive produce a attractive 
force between themforce between themo ce bet ee t eo ce bet ee t e
The force on qThe force on q11 is is 
equal in magnitude and equal in magnitude and q gq g
opposite in direction to opposite in direction to 
the force on qthe force on q22
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The Superposition PrincipleThe Superposition Principle

The resultant force on any one charge equals The resultant force on any one charge equals 
the vector sum of the forces exerted by the the vector sum of the forces exerted by the 
other individual charges that are present.other individual charges that are present.

Remember to add the forcesRemember to add the forces vectoriallyvectoriallyRemember to add the forces Remember to add the forces vectoriallyvectorially
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Superposition Principle ExampleSuperposition Principle Example

The force exerted by The force exerted by yy
qq11 on qon q3 3 is is FF1313

The force exerted by The force exerted by 
qq22 on qon q33 is is FF2323

The The total forcetotal force exerted exerted 
on qon q33 is the vector sum is the vector sum 
of of FF1313 and and FF2323
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Coulomb’s law strictly applies only to point 
chargescharges.
Superposition: for multiple point charges, the forces on 
each charge from every other charge can be calculatedeach charge from every other charge can be calculated 
and then added as vectors.
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Electric force on electron by protonElectric force on electron by proton..
Determine the magnitude of the electric force Determine the magnitude of the electric force 
on the electron of a hydrogen atom exerted byon the electron of a hydrogen atom exerted byon the electron of a hydrogen atom exerted by on the electron of a hydrogen atom exerted by 
the proton (Qthe proton (Q22=+e) that is its nucleus.  =+e) that is its nucleus.  
Assume the electron “orbits” the proton at its Assume the electron “orbits” the proton at its 
average distance of r=0.53x10average distance of r=0.53x10--1010m. m. 

1 2 1 21 Q Q Q QF k= =Using Coulomb’s law

19
1 1.602 10Q e C−= − = − ×

2 2
04

F k
r rπε

= =Using Coulomb s law

The charges are: 19
2 1.602 10Q e C−= + = ×and

So the magnitude of the force is

1 2Q QF k
( )( )19 19

9 2 2
1.6 10 1.6 10

9 0 10
C C

N m C
− −× ×

×1 2
2

Q QF k
r

=
( )( )

( )210
9.0 10

0.53 10
N m C

m−
= × ⋅

×
88.2 10 N−= ×

Which direction? Toward each other…
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Which charge exerts greater force?Which charge exerts greater force?
Two positive point charges, QTwo positive point charges, Q11=50=50μμC and C and 
QQ22=1=1μμC are separated by a distance LC are separated by a distance LQQ22=1=1μμC, are separated by a distance L.  C, are separated by a distance L.  
Which is larger in magnitude, the force Which is larger in magnitude, the force 
that Qthat Q11 exerts on Qexerts on Q22 or the force that Qor the force that Q22
exerts on Qexerts on Q ??exerts on Qexerts on Q11??

1 2
12

Q QF k=What is the force that Q1 exerts on Q2? 12 2F k
L

What is the force that Q1 exerts on Q2?

What is the force that Q2 exerts on Q1? 2 1
21 2

Q QF k=

Therefore the magnitudes of the two forces are identical!!

21 2L

Well then what is different? The direction.

Which direction? Opposite to each other!

What is this law? Newton’s third law, the law of action and reaction!!
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Electrical FieldElectrical FieldElectrical FieldElectrical Field

Maxwell developed an approach to Maxwell developed an approach to p ppp pp
discussing fieldsdiscussing fields
AnAn electric fieldelectric field is said to exist in theis said to exist in theAn An electric fieldelectric field is said to exist in the is said to exist in the 
region of space around a charged region of space around a charged 
bj tbj tobjectobject
When another charged object enters When another charged object enters 
this electric field, the field exerts a this electric field, the field exerts a forceforce
on the second charged objecton the second charged object
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Electric FieldElectric Field

A charged particle, with A charged particle, with 
charge Q, produces an charge Q, produces an 
electric field in the electric field in the 
region of space aroundregion of space aroundregion of space around region of space around 
itit
A smallA small test chargetest charge qqA small A small test chargetest charge, q, qoo, , 
placed in the field, will placed in the field, will 
experience a forceexperience a forceexperience a forceexperience a force

q= ⋅F E
12
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Electric FieldElectric Field
Mathematically,Mathematically,

=
FE

Use this for the magnitude of the fieldUse this for the magnitude of the field
oq

Use this for the magnitude of the fieldUse this for the magnitude of the field
The electric field is a vector quantityThe electric field is a vector quantity
The direction of the field is defined to be The direction of the field is defined to be 
the direction of the electric force that would the direction of the electric force that would 
be exerted on a small positive test charge be exerted on a small positive test charge 
placed at that pointplaced at that point
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The Electric Field
For a point charge:
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The Electric Field

h l f ldForce on a point charge q in an electric field:

Superposition principle for electric fields:
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Direction of Electric FieldDirection of Electric Field
The electric field The electric field 
produced by aproduced by aproduced by a produced by a 
positive charge is positive charge is 
directed away fromdirected away fromdirected away from directed away from 
the chargethe charge

A i iA i iA positive test A positive test 
charge would be charge would be 

ll d f thll d f threpelled from the repelled from the 
positive source positive source 
hhchargecharge
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Direction of Electric FieldDirection of Electric FieldDirection of Electric FieldDirection of Electric Field
The electric field The electric field 
produced by a produced by a 
negative charge is negative charge is 
directed toward the directed toward the 
chargecharge

A positive test A positive test 
charge would be charge would be gg
attracted to the attracted to the 
negative source negative source gg
chargecharge
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More About a Test Charge and More About a Test Charge and 
The Electric FieldThe Electric Field

The test charge is required to be a The test charge is required to be a 
small chargesmall charge

It can cause no rearrangement of the It can cause no rearrangement of the 
charges on the source chargecharges on the source charge

Th l i fi ld i h hTh l i fi ld i h hThe electric field exists whether or not The electric field exists whether or not 
there is a test charge presentthere is a test charge present
Th S i i P i i l bTh S i i P i i l bThe Superposition Principle can be The Superposition Principle can be 
applied to the electric field if a group of applied to the electric field if a group of 
charges is presentcharges is presentcharges is presentcharges is present
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Problem Solving StrategyProblem Solving StrategyProblem Solving StrategyProblem Solving Strategy
UnitsUnits

When using k charges must be in CoulombsWhen using k charges must be in CoulombsWhen using k, charges must be in Coulombs, When using k, charges must be in Coulombs, 
distances in meters and force in distances in meters and force in NewtonsNewtons
If values are given in other units, they must beIf values are given in other units, they must beIf values are given in other units, they must be If values are given in other units, they must be 
convertedconverted

Applying Coulomb’s Law to point chargesApplying Coulomb’s Law to point chargespp y g p gpp y g p g
Use the superposition principle for more than Use the superposition principle for more than 
two chargestwo charges
Use Coulomb’s Law to find the individual forcesUse Coulomb’s Law to find the individual forces
Directions of forces are found by noting that like Directions of forces are found by noting that like 
charges repel and unlike charges attractcharges repel and unlike charges attractcharges repel and unlike charges attractcharges repel and unlike charges attract
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Problem Solving StrategiesProblem Solving Strategies

Calculating Electric Fields of point Calculating Electric Fields of point 
chargeschargesgg

The Superposition Principle can be applied The Superposition Principle can be applied 
if more than one charge is presentif more than one charge is presentg pg p
Use the equation to find the electric field Use the equation to find the electric field 
due to the individual chargesdue to the individual charges
The direction is given by the direction of The direction is given by the direction of 
the force on a positive test chargethe force on a positive test charge
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QUICK QUIZ 3

A test charge of +3 µC is at a point P where the 
l t i fi ld d t th h i di t d telectric field due to other charges is directed to 

the right and has a magnitude of 4 × 106 N/C. If 
th t t h i l d ith 3 C hthe test charge is replaced with a –3 µC charge, 
the electric field at P
( ) h th it d b t h di ti(a) has the same magnitude but changes direction, 
(b) increases in magnitude and changes direction, 
( ) i th(c) remains the same, or 
(d) decreases in magnitude and changes direction.
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QUICK QUIZ 3 ANSWERQUICK QUIZ 3 ANSWER

(c). The electric field at point P is due to 
charges other  than the test charge. g g
Thus, it is unchanged when the test 
charge is alteredcharge is altered. 
However, the direction of the force this 
field exerts on the test change isfield exerts on the test change is 
reversed when the sign of the test 
h i h dcharge is changed.
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QUICK QUIZ 4

A Styrofoam ball covered with a conducting 
i t h f 5 0 10 3 k d hpaint has a mass of 5.0 × 10-3 kg and has a 

charge of 4.0 μC.  
Wh l i fi ld di d d illWhat electric field directed upward will 
produce an electric force on the ball that will 
balance the weight of the ball?
(a) 8.2 × 102 N/C( )
(b) 1.2 × 104 N/C
(c) 2 0 × 10-2 N/C(c) 2.0 × 10 N/C    
(d) 5.1 × 106 N/C 23



QUICK QUIZ 4 ANSWERQUICK QUIZ 4 ANSWER

(b) Th it d f th d(b). The magnitude of the upward 
electrical force must equal the weight of 
the ball. That is: qE = mg, so

C1004
)m/s 80.9)(kg 100.5(

6

23

−

−

×
×

==
q

mgE
C100.4 ×q

1 2 × 104 N/C= 1.2 × 104 N/C
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Electric Field LinesElectric Field Lines

A convenient aid for visualizing electric A convenient aid for visualizing electric 
fi ld tt i t d li i ti ifi ld tt i t d li i ti ifield patterns is to draw lines pointing in field patterns is to draw lines pointing in 
the direction of the field vector at any the direction of the field vector at any 

i ti tpointpoint
These are called These are called electric field lineselectric field lines and and 
were introduced by Michael Faradaywere introduced by Michael Faraday
These lines start on a positive charge and p g
end on a negative charge.
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Electric Field LinesElectric Field Lines

The field lines are related to the field byThe field lines are related to the field byThe field lines are related to the field byThe field lines are related to the field by
The electric field vector, The electric field vector, EE, is tangent , is tangent 
t th l t i fi ld li t h i tt th l t i fi ld li t h i tto the electric field lines at each pointto the electric field lines at each point
The number of lines per unit area The number of lines per unit area pp
through a surface perpendicular to the through a surface perpendicular to the 
lines is proportional to the strength oflines is proportional to the strength oflines is proportional to the strength of lines is proportional to the strength of 
the electric field in a given regionthe electric field in a given region
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Electric Field Line PatternsElectric Field Line Patterns

Point chargePoint charge
The lines radiate The lines radiate 
equally in all equally in all 
directionsdirections
For a positive source For a positive source 
h th li illh th li illcharge, the lines will charge, the lines will 

radiate outwardradiate outward
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Electric Field Line PatternsElectric Field Line Patterns

For a negativeFor a negativeFor a negative For a negative 
source charge, source charge, 
the lines will pointthe lines will pointthe lines will point the lines will point 
inwardinward
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Electric Field Line PatternsElectric Field Line Patterns

An electricAn electric dipoledipoleAn electric An electric dipoledipole
consists of two consists of two 
equal and oppositeequal and oppositeequal and opposite equal and opposite 
chargescharges
The high density ofThe high density ofThe high density of The high density of 
lines between the lines between the 
charges indicatescharges indicatescharges indicates charges indicates 
the strong electric the strong electric 
field in this regionfield in this regionfield in this regionfield in this region
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Polar molecule: neutral overall, but charge 
not evenly distributed
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Electric Field Line PatternsElectric Field Line Patterns
Two equal but like point Two equal but like point 
charges charges 
At t di t fAt t di t fAt a great distance from At a great distance from 
the charges, the field the charges, the field 
would be approximatelywould be approximatelywould be approximately would be approximately 
that of a single charge of that of a single charge of 
2q2q
The bulging out of the The bulging out of the 
field lines between the field lines between the 
charges indicates thecharges indicates thecharges indicates the charges indicates the 
repulsion between the repulsion between the 
chargescharges
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Electric Field PatternsElectric Field Patterns

Unequal and unlikeUnequal and unlikeUnequal and unlike Unequal and unlike 
chargescharges
Note that two linesNote that two linesNote that two lines Note that two lines 
leave the +2q charge leave the +2q charge 
for each line thatfor each line thatfor each line that for each line that 
terminates on  terminates on  --qq
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Rules for Drawing Electric Field Rules for Drawing Electric Field 
LinesLinesLinesLines

The lines for a group of charges mustThe lines for a group of charges mustThe lines for a group of charges must The lines for a group of charges must 
begin on positive charges and end on begin on positive charges and end on 
negative chargesnegative chargesg gg g

In the case of an excess of charge, some In the case of an excess of charge, some 
lines will begin or end infinitely far awaylines will begin or end infinitely far away

The number of lines drawn leaving a The number of lines drawn leaving a 
positive charge or ending on a negative positive charge or ending on a negative 
h i ti l t th it dh i ti l t th it dcharge is proportional to the magnitude charge is proportional to the magnitude 

of the chargeof the charge
N t fi ld li h thN t fi ld li h thNo two field lines can cross each otherNo two field lines can cross each other
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Conductors in Electrostatic Conductors in Electrostatic 
EquilibriumEquilibriumEquilibriumEquilibrium

When no net motion of charge occurs within a When no net motion of charge occurs within a 
conductor the conductor is said to be inconductor the conductor is said to be inconductor, the conductor is said to be in conductor, the conductor is said to be in 
electrostatic equilibriumelectrostatic equilibrium
An isolated conductor has the following properties:An isolated conductor has the following properties:An isolated conductor has the following properties:An isolated conductor has the following properties:

The electric field is zero everywhere inside the conducting The electric field is zero everywhere inside the conducting 
materialmaterial
A h i l t d d t idA h i l t d d t idAny excess charge on an isolated conductor resides Any excess charge on an isolated conductor resides 
entirely on its surfaceentirely on its surface
The electric field just outside a charged conductor is The electric field just outside a charged conductor is j gj g
perpendicular to the conductor’s surfaceperpendicular to the conductor’s surface
On an irregularly shaped conductor, the charge On an irregularly shaped conductor, the charge 
accumulates at locations where the radius of curvature ofaccumulates at locations where the radius of curvature ofaccumulates at locations where the radius of curvature of accumulates at locations where the radius of curvature of 
the surface is smallest (that is, at sharp points)the surface is smallest (that is, at sharp points)
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Property 1Property 1

The electric field is zero everywhere The electric field is zero everywhere 
i id th d ti t i li id th d ti t i linside the conducting materialinside the conducting material

Consider if this were Consider if this were notnot truetrue
if there were an electric field inside the if there were an electric field inside the 
conductor, the free charge there would conductor, the free charge there would 
move and there would be a flow of chargemove and there would be a flow of charge
If there were a movement of charge, the If there were a movement of charge, the 
conductor would not be in equilibriumconductor would not be in equilibrium
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Property 2Property 2

Any excess charge on an isolated Any excess charge on an isolated 
conductor resides entirely on itsconductor resides entirely on itsconductor resides entirely on its conductor resides entirely on its 
surfacesurface

A direct result of the 1/rA direct result of the 1/r22 repulsion repulsion 
between like charges in Coulomb’s Lawbetween like charges in Coulomb’s Law
If some excess of charge could be If some excess of charge could be 
placed inside the conductor, theplaced inside the conductor, theplaced inside the conductor, the placed inside the conductor, the 
repulsive forces would push them as repulsive forces would push them as 
far apart as possible, causing them to far apart as possible, causing them to a apa t as poss b e, caus g t e toa apa t as poss b e, caus g t e to
migrate to the surfacemigrate to the surface 36



Property 3Property 3
The electric field just The electric field just 
outside a charged outside a charged 

d t id t iconductor is conductor is 
perpendicular to the perpendicular to the 
conductor’s surfaceconductor’s surfaceconductor s surfaceconductor s surface

Consider what would Consider what would 
happen it this was not happen it this was not 
truetruetruetrue
The component along The component along 
the surface would the surface would 
cause the charge to cause the charge to 
movemove
It would not be inIt would not be inIt would not be in It would not be in 
equilibriumequilibrium
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