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Electric	
  Charge	
  -­‐	
  A	
  property	
  of	
  matterElectric	
  Charge	
  -­‐	
  A	
  property	
  of	
  matter

 Matter	
  is	
  made	
  up	
  of	
  two	
  kinds	
  of	
  electric	
  charges	
  (positiveMatter	
  is	
  made	
  up	
  of	
  two	
  kinds	
  of	
  electric	
  charges	
  (positive
and	
  negative).and	
  negative).

 Like	
  charges	
  repel,	
  unlike	
  charges	
  attract.Like	
  charges	
  repel,	
  unlike	
  charges	
  attract.
 Charge	
  is	
  neither	
  created	
  or	
  destroyed,	
  but	
  it	
  can	
  moveCharge	
  is	
  neither	
  created	
  or	
  destroyed,	
  but	
  it	
  can	
  move

around.around.
 Because	
  of	
  the	
  strong	
  attraction	
  between	
  opposite	
  charges,Because	
  of	
  the	
  strong	
  attraction	
  between	
  opposite	
  charges,

they	
  are	
  often	
  found	
  together.they	
  are	
  often	
  found	
  together.
 Matter	
  with	
  an	
  equal	
  balance	
  is	
  called	
  Matter	
  with	
  an	
  equal	
  balance	
  is	
  called	
  neutralneutral..

–– Examples:	
  atoms	
  and	
  molecules	
  at	
  room	
  temperatureExamples:	
  atoms	
  and	
  molecules	
  at	
  room	
  temperature
–– Although	
  atoms	
  and	
  molecules	
  are	
  neutral,	
  theirAlthough	
  atoms	
  and	
  molecules	
  are	
  neutral,	
  their

interactions	
  and	
  propensity	
  to	
  form	
  bonds	
  are	
  due	
  tointeractions	
  and	
  propensity	
  to	
  form	
  bonds	
  are	
  due	
  to
the	
  attraction	
  of	
  their	
  internal	
  chargesthe	
  attraction	
  of	
  their	
  internal	
  charges
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Foothold	
  idea:Foothold	
  idea:
CoulombCoulomb’’s	
  Laws	
  Law

   

r
Fq→Q =

kCqQ
rqQ

2 r̂q→Q

kC = 9 ×10 9  N-m2 / C2



Summary	
  of	
  Coulomb’s	
  Law

•  Charges exert forces on each other
Opposite signs attract
Like signs repel
Force decreases with distance squared

•  Mathematically expressed as Coulomb’s Law 



Coulomb’s	
  Law

#2   q2

#1   q1

r
r̂2→1

The force due to charge #2
on charge #1

 

r
F2on1 =

Kq1q2
r2

r̂2→1

r̂2→1 is a unit vector pointing away from #2 (the charge
making the force) along a line passing through #1 (the charge
experiencing the force).

When stated this way all signs and directions are taken care of!
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Making	
  Sense	
  of	
  CoulombMaking	
  Sense	
  of	
  Coulomb’’s	
  Laws	
  Law

 Changing	
  the	
  Changing	
  the	
  testtest	
  charge	
  charge

   

r
F2→1 =

kCq1q2

r 2 r̂2→1

 Changing the Changing the sourcesource charge charge

 Changing the distanceChanging the distance

 Use Subscripts!Use Subscripts!

 Specifying the directionSpecifying the direction

_



#2   q2

#1   q1

r

r̂1→2

The force due to charge #1
on charge #2

Newton’s third law: action-reaction

r̂ reverses sign

 

r
F1on2 =

Kq1q2
r2

r̂1→2 = -
r
F2on1



What	
  is	
  	
  What	
  is	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  ?	
  	
  	
  	
  ?

1.1. Vector	
  length	
  1,Vector	
  length	
  1,
dimension	
  lengthdimension	
  length

2.2. Scalar	
  length	
  1,Scalar	
  length	
  1,
dimension	
  lengthdimension	
  length

3.3. Vector	
  length	
  1,Vector	
  length	
  1,
dimensionlessdimensionless

4.4. Scalar	
  length	
  1,Scalar	
  length	
  1,
dimensionlessdimensionless

5.5. DonDon’’t	
  knowt	
  know

2/20/14 8Physics 132 Ve
cto
r	
  l
en
gt
h	
  1
,	
  d
im
en
sio
n	
  .
..

Sc
ala
r	
  l
en
gt
h	
  1
,	
  d
im
en
sio
n	
  l
...

Ve
cto
r	
  l
en
gt
h	
  1
,	
  d
im
en
sio
nle
ss

Sc
ala
r	
  l
en
gt
h	
  1
,	
  d
im
en
sio
nle
ss

Do
n’t
	
  kn
ow

20% 20%20%20%20%

  r̂1→2



Two	
  small	
  objects	
  each	
  with	
  a	
  net	
  charge	
  ofTwo	
  small	
  objects	
  each	
  with	
  a	
  net	
  charge	
  of
Q	
  (positive)	
  exert	
  a	
  force	
  of	
  magnitude	
  F	
  onQ	
  (positive)	
  exert	
  a	
  force	
  of	
  magnitude	
  F	
  on
each	
  other.	
  We	
  replace	
  one	
  of	
  the	
  objectseach	
  other.	
  We	
  replace	
  one	
  of	
  the	
  objects
with	
  another	
  whose	
  net	
  charge	
  is	
  4Q.	
  Thewith	
  another	
  whose	
  net	
  charge	
  is	
  4Q.	
  The
original	
  magnitude	
  of	
  the	
  force	
  on	
  the	
  Qoriginal	
  magnitude	
  of	
  the	
  force	
  on	
  the	
  Q
charge	
  was	
  F;	
  what	
  is	
  the	
  magnitude	
  of	
  thecharge	
  was	
  F;	
  what	
  is	
  the	
  magnitude	
  of	
  the
force	
  on	
  the	
  force	
  on	
  the	
  QQ	
  now?	
  now?

A.A. 16F16F

B.B. 4F4F

C.C. FF

D.D. F/4F/4

E.E. otherother
2/20/2014 9Physics 132
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What	
  is	
  the	
  magnitude	
  of	
  the	
  forceWhat	
  is	
  the	
  magnitude	
  of	
  the	
  force
on	
  the	
  4Q	
  charge?on	
  the	
  4Q	
  charge?

A.A. 16F16F

B.B. 4F4F

C.C. FF

D.D. F/4F/4

E.E. otherother
2/20/2014 10Physics 132
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Movement	
  of	
  ChargesMovement	
  of	
  Charges
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Can	
  Charges	
  Move?Can	
  Charges	
  Move?
 InsulatorsInsulators

–– Charges	
  are	
  bound	
  and	
  cannot	
  move	
  around	
  freely.Charges	
  are	
  bound	
  and	
  cannot	
  move	
  around	
  freely.
–– Excess	
  charge	
  tends	
  to	
  just	
  sit	
  there.Excess	
  charge	
  tends	
  to	
  just	
  sit	
  there.

 ConductorsConductors
–– Charges	
  can	
  move	
  around	
  throughout	
  the	
  object.Charges	
  can	
  move	
  around	
  throughout	
  the	
  object.
–– Excess	
  charge	
  redistributes	
  itself	
  or	
  flows	
  offExcess	
  charge	
  redistributes	
  itself	
  or	
  flows	
  off

 Solid:	
  	
  Electrons	
  moveSolid:	
  	
  Electrons	
  move
 Fluid:	
  	
  Charged	
  atoms	
  moveFluid:	
  	
  Charged	
  atoms	
  move

 Unbalanced	
  charges	
  attract	
  neutral	
  matter
(polarization)



When	
  two	
  objects	
  with	
  the	
  same	
  sign	
  ofWhen	
  two	
  objects	
  with	
  the	
  same	
  sign	
  of
charge	
  but	
  different	
  magnitudes	
  are	
  putcharge	
  but	
  different	
  magnitudes	
  are	
  put
near	
  each	
  other,	
  they	
  acceleratenear	
  each	
  other,	
  they	
  accelerate

A.A. with	
  the	
  same	
  acceleration.with	
  the	
  same	
  acceleration.

B.B. With	
  different	
  acceleration	
  -­‐	
  With	
  different	
  acceleration	
  -­‐	
   Larger	
  chargeLarger	
  charge
has	
  higher	
  acceleration.has	
  higher	
  acceleration.

C.C. With	
  different	
  acceleration	
  With	
  different	
  acceleration	
  ––	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
Smaller	
  charge	
  has	
  higher	
  acceleration.Smaller	
  charge	
  has	
  higher	
  acceleration.

D.D. Not	
  enough	
  informationNot	
  enough	
  information

2/20/14 13Physics 132

wi
th
	
  th
e	
  s
am
e	
  a
cc
ele
ra
tio
n.

W
ith
	
  di
ffe
re
nt
	
  ac
ce
ler
at
ion
	
  -­‐.
..

W
ith
	
  di
ffe
re
nt
	
  ac
ce
ler
at
ion
	
  –	
  
	
  	
  	
  	
  
	
  

No
t	
  e
no
ug
h	
  i
nf
or
m
at
ion

25% 25%25%25%



Addition	
  of	
  forcesAddition	
  of	
  forces
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Superposition	
  -­‐	
  Forces	
  add

#2   q2

#1   q1

Charges making force: q1,
q2, q3, etc.

#3   q3
test charge   q

 

r
Fon q =

r
F1on q +

r
F2on q +

r
F3on q + ...

all are proportional to q

 

r
Fon q = q

r
E

Definition of Electric Field



In the figure are shown four arrangements of charge.  Each
charge has the same magnitude, but some are + and some
are -. All distances are to the same scale. In which
arrangement would the magnitude of the force felt by a
positive test charge placed at P be the largest?

A.A. AA

B.B. BB

C.C. CC

D.D. DD

E.E. You	
  canYou	
  can’’tt
telltell

1/23/13 16Physics 132
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Compare	
  the	
  magnitude	
  and	
  direction	
  of	
  theCompare	
  the	
  magnitude	
  and	
  direction	
  of	
  the
net	
  force	
  exerted	
  on	
  Qnet	
  force	
  exerted	
  on	
  Q

A.A. Same	
  magnitudeSame	
  magnitude
B.B. Same	
  directionSame	
  direction
C.C. Same	
  magnitude	
  andSame	
  magnitude	
  and

directiondirection
D.D. Same	
  magnitude,Same	
  magnitude,

opposite	
  directionopposite	
  direction
E.E. Neither	
  sameNeither	
  same

magnitude	
  nor	
  samemagnitude	
  nor	
  same
directiondirection
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A test charge (labeled A test charge (labeled qq) is placed in a situation in) is placed in a situation in
which it feels the electrical force from three otherwhich it feels the electrical force from three other
charges (of opposite sign to it) labeled A, B, and C.charges (of opposite sign to it) labeled A, B, and C.
(The charges are on a uniform grid as shown and(The charges are on a uniform grid as shown and
the positions are to scale.)  Which ofthe positions are to scale.)  Which of
the following combinations ofthe following combinations of
forces has the greatest magnitude?forces has the greatest magnitude?

2/20/14 18Physics 132
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1. F A on q

2. F B on q + F C on q

3. F A on q +  F B on q + F C on q

4. Not enough information

Whiteboard,
TA & LA



A test charge (labeled A test charge (labeled qq) is placed in a situation in) is placed in a situation in
which it feels the electrical force from three otherwhich it feels the electrical force from three other
charges (of opposite sign to it) labeled A, B, and C.charges (of opposite sign to it) labeled A, B, and C.
(The charges are on a uniform grid as shown and(The charges are on a uniform grid as shown and
the positions are to scale.)   What is the following?the positions are to scale.)   What is the following?
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magnitude of (F B on q + F C on q)

/ magnitude of (F A on q )

Whiteboard,
TA & LA



Electric	
  fieldsElectric	
  fields
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Foothold	
  idea:Foothold	
  idea:
Electric	
  Forces	
  and	
  FieldsElectric	
  Forces	
  and	
  Fields

When	
  we	
  focus	
  our	
  attention	
  on	
  the	
  electric	
  force	
  on	
  a	
  particularWhen	
  we	
  focus	
  our	
  attention	
  on	
  the	
  electric	
  force	
  on	
  a	
  particular
object	
  with	
  charge	
  qobject	
  with	
  charge	
  q00	
  (a	
  	
  (a	
  ““test	
  chargetest	
  charge””)	
  we	
  see	
  the	
  force	
  it	
  feels)	
  we	
  see	
  the	
  force	
  it	
  feels
depends	
  on	
  qdepends	
  on	
  q00..

Define	
  quantity	
  that	
  does	
  not	
  depend	
  on	
  charge	
  of	
  test	
  objectDefine	
  quantity	
  that	
  does	
  not	
  depend	
  on	
  charge	
  of	
  test	
  object
““testtest””	
  charge	
  -­‐>	
  	
  charge	
  -­‐>	
  Electric	
  Field	
  EElectric	
  Field	
  E

E	
  is	
  defined	
  everywhere	
  in	
  space	
  not	
  just	
  in	
  places	
  where
charges	
  are	
  present



Electric	
  Field
defined	
  at	
  every	
  point	
  in	
  space	
  !

 

r
E(rr) =

Kqj
rj
2

qj
∑ r̂j

#2   q2

#1   q1

#3   q3

r2

r̂2

At each point in space we can define a vector,
such that the force on a charge q located

at the point is:
 
r
E

 
rr

 
r
F = q

r
E(rr)

Concept of a “field” is important.

Think about the temperature in this room
Temperature is a scalar field.  T (

rr)



Foothold	
  ideas:Foothold	
  ideas:
FieldsFields

 A	
  A	
  field	
  field	
  is	
  a	
  concept	
  we	
  use	
  to	
  describe	
  anything	
  that	
  exists	
  atis	
  a	
  concept	
  we	
  use	
  to	
  describe	
  anything	
  that	
  exists	
  at
all	
  points	
  in	
  space,	
  even	
  if	
  no	
  object	
  is	
  present.all	
  points	
  in	
  space,	
  even	
  if	
  no	
  object	
  is	
  present.

 A	
  A	
  fieldfield	
  can	
  have	
  a	
  different	
  in	
  magnitude	
  at	
  different	
  points	
  can	
  have	
  a	
  different	
  in	
  magnitude	
  at	
  different	
  points
in	
  space.	
  	
  (and	
  if	
  itin	
  space.	
  	
  (and	
  if	
  it’’s	
  a	
  vector	
  field,	
  direction).	
  Examples:s	
  a	
  vector	
  field,	
  direction).	
  Examples:
temperature,	
  wind	
  speed,	
  wind	
  directiontemperature,	
  wind	
  speed,	
  wind	
  direction

 A	
  A	
  gravitationalgravitational,	
  ,	
  electric,	
  or	
  magnetic	
  fieldelectric,	
  or	
  magnetic	
  field	
  is	
  a	
  force	
  field.	
  is	
  a	
  force	
  field.
Fields	
  allow	
  us	
  to	
  predicts	
  the	
  force	
  that	
  a	
  test	
  object	
  wouldFields	
  allow	
  us	
  to	
  predicts	
  the	
  force	
  that	
  a	
  test	
  object	
  would
experience.	
  	
  Texperience.	
  	
  The	
  field	
  does	
  not	
  depend	
  on	
  what	
  test	
  objecthe	
  field	
  does	
  not	
  depend	
  on	
  what	
  test	
  object
is	
  used.is	
  used.
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A Field has a value at a position in space “ r “



Generalizing	
  a	
  function

f(x)

x

In Calculus and Analytical
Geometry Class you learned
about functions.

f(x) :  for each value of x the
function returns a value for f

What if the function depends on more than one variable x?

Example:    T(x, y, z)   Temperature at different points in this room.

T(x, y, z)  is called a scalar field


