
Electricity & Magnetism  
Lecture 2: Electric Fields

Today’s	
  Concepts:	
  
	
   A)	
  The	
  Electric	
  Field	
  

B)	
  Con9nuous	
  Charge	
  Distribu9ons
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Your Questions 

! Please	
  -­‐	
  Is	
  it	
  possible	
  to	
  make	
  the	
  homework	
  due	
  
before	
  the	
  next	
  class	
  instead	
  of	
  the	
  next	
  day?	
  For	
  
example,	
  Wednesday's	
  homework	
  would	
  be	
  due	
  on	
  
Friday	
  before	
  class?	
  
! no,	
  but	
  there’s	
  a	
  2nd	
  deadline	
  at	
  95%	
  

! Can	
  you	
  explain,	
  in	
  more	
  detail,	
  the	
  aSrac9ve	
  
(Coulomb)	
  force	
  between	
  protons	
  and	
  neutrons	
  and	
  
how	
  it	
  works.	
  Also,	
  what	
  is	
  the	
  "strong	
  force"?	
  	
  

! Can	
  we	
  go	
  over	
  some	
  examples	
  related	
  to	
  the	
  
superposi9on	
  principle	
  in	
  class,	
  please	
  and	
  thank	
  you.	
  

! Why	
  is	
  there	
  a	
  liSle	
  r	
  with	
  a	
  hat	
  at	
  the	
  end	
  of	
  the	
  
coulomb	
  force	
  formula?	
  



Your Comments and Questions

! Will	
  Coulombs	
  law	
  ever	
  be	
  used	
  on	
  objects	
  that	
  aren't	
  
point	
  par9cles?	
  If	
  so,	
  are	
  we	
  to	
  assume	
  the	
  centre	
  is	
  
where	
  the	
  charge	
  is	
  located?	
  
! yes	
  

! Electricity	
  is	
  a	
  topic	
  I	
  struggled	
  with	
  in	
  high	
  school	
  
physics.	
  What	
  are	
  some	
  good	
  resources	
  besides	
  the	
  
textbook	
  to	
  understand	
  this	
  topic	
  (Preferably	
  ones	
  
which	
  use	
  analogies	
  to	
  explain).	
  

! I	
  dont	
  get	
  anything.	
  Please	
  help	
  
! Conceptual	
  Physics	
  —	
  HewiS

http://www.conceptualphysics.com/81-90.html


If	
  there	
  are	
  more	
  than	
  two	
  charges	
  present,	
  the	
  total	
  force	
  on	
  any	
  
given	
  charge	
  is	
  just	
  the	
  vector	
  sum	
  of	
  the	
  forces	
  due	
  to	
  each	
  of	
  the	
  
other	
  charges:

+q1 −> −q1 Þ direc9on	
  reversed

Coulomb’s Law (from last time)
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In	
  the	
  diagrams	
  below,	
  the	
  magnitude	
  and	
  direc9on	
  of	
  
the	
  electric	
  field	
  is	
  represented	
  by	
  the	
  length	
  and	
  
direc9on	
  of	
  the	
  blue	
  arrows.	
  Which	
  of	
  the	
  diagrams	
  
best	
  represents	
  the	
  electric	
  field	
  from	
  a	
  nega%ve	
  
charge?	
  



3	
  equal	
  –	
  charges	
  are	
  at	
  the	
  corners	
  of	
  	
  an	
  equilateral	
  
triangle	
  

Where	
  is	
  the	
  E	
  field	
  0?	
  The	
  black	
  line	
  is	
  1/2	
  way	
  
between	
  the	
  base	
  and	
  the	
  top	
  charge.	
  

A. Above	
  the	
  black	
  line	
  

B. Below	
  the	
  black	
  line	
  
C. on	
  the	
  black	
  line	
  

D. nowhere	
  except	
  infinity	
  

E. somewhere	
  else	
  

Electric Field PhET

Electric Field Line Applet

http://phet.colorado.edu/en/simulation/charges-and-fields
http://www.sfu.ca/phys/141/applets/Efield_Lines.html




The	
  electric	
  field	
  E	
  at	
  a	
  point	
  in	
  space	
  is	
  simply	
   
the	
  force	
  per	
  unit	
  charge	
  at	
  that	
  point.	
  	
  

Electric	
  field	
  due	
  to	
  a	
  point	
  charged	
  par9cle	
  

	
  	
  	
  	
  

Superposi9on	
  	
  

E2

E3

E4

E
Field	
  points	
  toward	
  nega9ve	
  and	
  
Away	
  from	
  posi9ve	
  charges.

“What	
  exactly	
  does	
  the	
  electric	
  field	
  that	
  we	
  calculate	
  mean/represent?	
  “
“What	
  is	
  the	
  essence	
  of	
  an	
  electric	
  field?	
  “

Electric Field

q4

q2

q3
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Two	
  equal,	
  but	
  opposite	
  charges	
  are	
  placed	
  on	
  the	
  x	
  axis.	
  	
  The	
  posi9ve	
  
charge	
  is	
  placed	
  to	
  the	
  lec	
  of	
  the	
  origin	
  and	
  the	
  nega9ve	
  charge	
  is	
  
placed	
  to	
  the	
  right,	
  as	
  shown	
  in	
  the	
  figure	
  above.	
  

What	
  is	
  the	
  direc9on	
  of	
  the	
  electric	
  field	
  at	
  point	
  A?	
  

o	
  Up	
  
o	
  Down	
  
o	
  Lec	
  	
  
o	
  Right	
  
o	
  Zero

CheckPoint: Electric Fields1
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Two	
  equal,	
  but	
  opposite	
  charges	
  are	
  placed	
  on	
  the	
  x	
  axis.	
  	
  The	
  posi9ve	
  
charge	
  is	
  placed	
  to	
  the	
  lec	
  of	
  the	
  origin	
  and	
  the	
  nega9ve	
  charge	
  is	
  
placed	
  to	
  the	
  right,	
  as	
  shown	
  in	
  the	
  figure	
  above.	
  

What	
  is	
  the	
  direc9on	
  of	
  the	
  electric	
  field	
  at	
  point	
  A?	
  

o	
  Up	
  
o	
  Down	
  
o	
  Lec	
  	
  
o	
  Right	
  
o	
  Zero

CheckPoint Results: Electric Fields1
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Two	
  equal,	
  but	
  opposite	
  charges	
  are	
  placed	
  on	
  the	
  x	
  axis.	
  	
  The	
  posi9ve	
  
charge	
  is	
  placed	
  to	
  the	
  lec	
  of	
  the	
  origin	
  and	
  the	
  nega9ve	
  charge	
  is	
  
placed	
  to	
  the	
  right,	
  as	
  shown	
  in	
  the	
  figure	
  above.	
  

What	
  is	
  the	
  direc9on	
  of	
  the	
  electric	
  field	
  at	
  point	
  B?	
  

o	
  Up	
  
o	
  Down	
  
o	
  Lec	
  	
  
o	
  Right	
  
o	
  Zero

CheckPoint: Electric Fields2

Electricity	
  &	
  Magne9sm	
  	
  Lecture	
  2,	
  Slide	
  7

A

Bx
+Q −Q



Two	
  equal,	
  but	
  opposite	
  charges	
  are	
  placed	
  on	
  the	
  x	
  axis.	
  	
  The	
  posi9ve	
  
charge	
  is	
  placed	
  to	
  the	
  lec	
  of	
  the	
  origin	
  and	
  the	
  nega9ve	
  charge	
  is	
  
placed	
  to	
  the	
  right,	
  as	
  shown	
  in	
  the	
  figure	
  above.	
  

What	
  is	
  the	
  direc9on	
  of	
  the	
  electric	
  field	
  at	
  point	
  B?	
  

o	
  Up	
  
o	
  Down	
  
o	
  Lec	
  	
  
o	
  Right	
  
o	
  Zero

CheckPoint Results: Electric Fields2
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A

Bx
+Q −Q

Polarization Demo



CheckPoint: Magnitude of Field (2 Charges)

In	
  which	
  of	
  the	
  two	
  cases	
  shown	
  below	
  is	
  the	
  magnitude	
  of	
  the	
  electric	
  field	
  at	
  
the	
  point	
  labeled	
  A	
  the	
  largest?	
  

o	
  Case	
  1	
  
o	
  Case	
  2	
  
o	
  Equal

+Q

+Q

+Q

−Q

A

A

Case	
  1 Case	
  2
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In	
  which	
  of	
  the	
  two	
  cases	
  shown	
  below	
  is	
  the	
  magnitude	
  of	
  the	
  electric	
  field	
  at	
  
the	
  point	
  labeled	
  A	
  the	
  largest?	
  

o	
  Case	
  1	
  
o	
  Case	
  2	
  
o	
  Equal

“The	
  upper	
  lec	
  +Q	
  only	
  affects	
  the	
  x	
  direc9on	
  in	
  both	
  and	
  the	
  lower	
  
right	
  (+/-­‐)Q	
  only	
  affects	
  the	
  y	
  direc9on	
  so	
  in	
  both,	
  nothing	
  cancels	
  
out,	
  so	
  they'll	
  have	
  the	
  same	
  magnitude.	
  ”	
  

CheckPoint Results: Magnitude of Field (2 Chrg)

E

E
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CheckPoint: Magnitude of Field (2 Charges)

In	
  which	
  of	
  the	
  two	
  cases	
  shown	
  below	
  is	
  the	
  magnitude	
  of	
  the	
  electric	
  field	
  at	
  
the	
  point	
  labeled	
  B	
  the	
  largest?	
  

o	
  Case	
  1	
  
o	
  Case	
  2	
  
o	
  Equal

+Q

+Q

+Q

−Q

A

A

Case	
  1 Case	
  2
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CheckPoint: Magnitude of Field (2 Charges)

In	
  which	
  of	
  the	
  two	
  cases	
  shown	
  below	
  is	
  the	
  magnitude	
  of	
  the	
  electric	
  field	
  at	
  
the	
  point	
  labeled	
  B	
  the	
  largest?	
  

o	
  Case	
  1	
  
o	
  Case	
  2	
  
o	
  Equal

+Q

+Q

+Q

−Q

A

A

Case	
  1 Case	
  2
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CheckPoint: Magnitude of Field (2 Charges)

In	
  which	
  of	
  the	
  two	
  cases	
  shown	
  below	
  is	
  the	
  magnitude	
  of	
  the	
  electric	
  field	
  at	
  
the	
  point	
  labeled	
  B	
  the	
  largest?	
  

o	
  Case	
  1	
  
o	
  Case	
  2	
  
o	
  Equal

+Q

+Q

+Q

−Q

A

A

Case	
  1 Case	
  2
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Two	
  charges	
  q1	
  and	
  q2	
  are	
  fixed	
  at	
  points	
  (-a,0) and	
  (a,0) as	
  shown.	
  
Together	
  they	
  produce	
  an	
  electric	
  field	
  at	
  point	
  (0,d) which	
  is	
  directed	
  
along	
  the	
  nega9ve	
  y-­‐axis.

x

y

q1 q2
(−a,0) (a,0)

(0,d)

Which	
  of	
  the	
  following	
  statements	
  is	
  true:	
  

A)	
  Both	
  charges	
  are	
  nega9ve	
  
B)	
  Both	
  charges	
  are	
  posi9ve	
  
C)	
  The	
  charges	
  are	
  opposite	
  
D)	
  There	
  is	
  not	
  enough	
  informa9on	
  to	
  tell	
  how	
  the	
  charges	
  are	
  	
   

	
  	
  related

Clicker Question: Two Charges
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CheckPoint Results: Motion of Test Charge
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A	
  posi9ve	
  test	
  charge	
  q	
  is	
  released	
  from	
  rest	
  at	
  distance	
  r	
  away	
  from	
  a	
  charge	
  
of	
  +Q	
  and	
  a	
  distance	
  2r	
  away	
  from	
  a	
  charge	
  of	
  +2Q.	
  	
  How	
  will	
  the	
  test	
  charge	
  
move	
  immediately	
  acer	
  being	
  released?	
  

o	
  To	
  the	
  lec	
  
o	
  To	
  the	
  right	
  
o	
  Stay	
  s9ll	
  
o	
  Other

“The	
  force	
  is	
  propor9onal	
  to	
  the	
  charge	
  divided	
  by	
  
the	
  square	
  of	
  the	
  distance.	
  Therefore,	
  the	
  force	
  of	
  
the	
  2Q	
  charge	
  is	
  1/2	
  as	
  much	
  as	
  the	
  force	
  of	
  the	
  Q	
  
charge.	
  “

“Even	
  though	
  the	
  charge	
  on	
  the	
  right	
  is	
  larger,	
  it	
  is	
  
twice	
  as	
  far	
  away,	
  which	
  makes	
  the	
  force	
  it	
  exherts	
  
on	
  the	
  test	
  charge	
  half	
  that	
  as	
  the	
  charge	
  on	
  the	
  
lec,	
  causing	
  the	
  charge	
  to	
  move	
  to	
  the	
  right.”	
  

The	
  ra9o	
  between	
  the	
  R	
  and	
  Q	
  on	
  both	
  sides	
  is	
  1:1	
  
meaning	
  they	
  will	
  result	
  in	
  the	
  same	
  magnitude	
  of	
  
electric	
  field	
  ac9ng	
  in	
  opposite	
  direc9ons,	
  causing	
  q	
  
to	
  remain	
  s9ll.	
  



E
x

= k

 
q

d2
� q
�p

2d
�2 cos

⇡

4

!

Electric Field Example

Calculate	
  E	
  at	
  point	
  P.

d

P

d

A) B) C) D)
Need	
  to	
  
know	
  d

Need	
  to	
  
know	
  d	
  &	
  q

E)

What	
  is	
  the	
  direc9on	
  of	
  the	
  electric	
  field	
  
at	
  point	
  P,	
  the	
  unoccupied	
  corner	
  of	
  the	
  
square? −q +q

+q
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More About r̂

~r12
θ1

2

r̂12

y

x

ĵ

î ~r
12

=r
12

cos ✓ ˆi + r
12

sin ✓ ˆj

r̂
12

=
r

12

cos ✓ ˆi + r
12

sin ✓ ˆj
r

12

r̂
12

= cos ✓ ˆi + sin ✓ ˆj



For example

~r12
(1,2)

(5,5)

r̂12

θ

~r
12

=4

ˆi + 3

ˆj

r
12

=
p

4

2 + 3

2 = 5

cos ✓ = 4

5

sin ✓ = 3

5

r̂
12

=
r

12

cos ✓ ˆi + r
12

sin ✓ ˆj
r

12

r̂
12

= 4

5

ˆi + 3

5

ˆj



λ = Q/L

Summa9on	
  becomes	
  an	
  integral	
  (be	
  careful	
  with	
  vector	
  nature)

“I	
  don't	
  understand	
  the	
  whole	
  dq	
  thing	
  and	
  lambda.”	
  

WHAT	
  DOES	
  THIS	
  MEAN	
  ?

Integrate	
  over	
  all	
  charges	
  (dq)

r	
  is	
  vector	
  from	
  dq	
  to	
  the	
  point	
  at	
  which	
  E	
  is	
  defined	
  

r

dE

Continuous Charge Distributions

Linear	
  Example:

charges

pt	
  for	
  E

dq = λ dx
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Clicker Question: Charge Density

Linear	
  (λ =	
  Q/L)	
  	
  	
  	
  Coulombs/meter	
  

Surface	
  (σ = Q/A)	
  	
  Coulombs/meter2	
  

Volume	
  (ρ	
  =	
  Q/V) Coulombs/meter3

What	
  has	
  more	
  net	
  charge?.	
  	
  

A)	
  	
  	
  A	
  sphere	
  w/	
  radius	
  2	
  meters	
  and	
  volume	
  charge	
  density	
  ρ	
  =	
  2	
  C/m3	
  

B)	
  	
  	
  A	
  sphere	
  w/	
  radius	
  2	
  meters	
  and	
  surface	
  charge	
  density	
  σ	
  =	
  2	
  C/m2	
  

C)	
  	
  	
  Both	
  A)	
  and	
  B)	
  have	
  the	
  same	
  net	
  charge.

“I	
  would	
  like	
  to	
  know	
  more	
  about	
  the	
  charge	
  density.”	
  

Some	
  Geometry

Electricity	
  &	
  Magne9sm	
  	
  Lecture	
  2,	
  Slide	
  16



10)

CheckPoint: Two Lines of Charge
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Two	
  infinite	
  lines	
  of	
  charge	
  are	
  shown	
  below.	
  

Both	
  lines	
  have	
  iden9cal	
  charge	
  densi9es	
  +λ	
  C/m.	
  Point	
  A	
  is	
  equidistant	
  from	
  both	
  
lines	
  and	
  Point	
  B	
  is	
  located	
  a	
  above	
  the	
  top	
  line	
  as	
  shown.	
  

How	
  does	
  EA,	
  the	
  magnitude	
  of	
  the	
  electric	
  field	
  at	
  point	
  A,	
  compare	
  to	
  EB,	
  the	
  

magnitude	
  of	
  the	
  electric	
  field	
  at	
  point	
  B?	
  
oEA	
  <	
  EB	
  
o	
  EA	
  =	
  EB	
  
o	
  EA	
  >	
  EB 



10)

CheckPoint: Two Lines of Charge
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Two	
  infinite	
  lines	
  of	
  charge	
  are	
  shown	
  below.	
  

Both	
  lines	
  have	
  iden9cal	
  charge	
  densi9es	
  +λ	
  C/m.	
  Point	
  A	
  is	
  equidistant	
  from	
  both	
  
lines	
  and	
  Point	
  B	
  is	
  located	
  a	
  above	
  the	
  top	
  line	
  as	
  shown.	
  

How	
  does	
  EA,	
  the	
  magnitude	
  of	
  the	
  electric	
  field	
  at	
  point	
  A,	
  compare	
  to	
  EB,	
  the	
  

magnitude	
  of	
  the	
  electric	
  field	
  at	
  point	
  B?	
  
oEA	
  <	
  EB	
  
o	
  EA	
  =	
  EB	
  
o	
  EA	
  >	
  EB 

Since point A is located inside both lines, the 
electric field at point A will be canceled out 
=> E_A = 0, while at point B, the electric will 
be added up => E_A < E_B 



Prelecture Question

A)	
  

B)	
  

C)	
  

D)	
  

E)

What is the electric field at point a?

Please go over question 3 from the prelecture if you 
could, and give some incite on the 



“How	
  is	
  the	
  integra9on	
  of	
  dE	
  over	
  
L	
  worked	
  out,	
  step	
  by	
  step?”	
  

Clicker Question: Calculation

A) B) C) D) E)

What	
  is	
  	
  	
  	
  	
  	
  	
  	
  ?	
  

Charge	
  is	
  uniformly	
  distributed	
  along	
  
the	
  x-­‐axis	
  from	
  the	
  origin	
  to	
  x	
  =	
  a.	
  	
  	
  The	
  
charge	
  density	
  is	
  λ	
  C/m.	
  	
  What	
  is	
  the	
  x-­‐
component	
  of	
  the	
  electric	
  field	
  at	
  
point	
  P:	
  (x,y)	
  =	
  (a,h)?

x

y

a

h

P

x

r

dq = λ dx
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We	
  know:



Clicker Question: Calculation

We	
  know:

What	
  is	
  	
  	
  	
  	
  	
  	
  	
  ?	
  

	
  A) 	
  B) 	
  C) 	
  D)

Charge	
  is	
  uniformly	
  distributed	
  along	
  
the	
  x-­‐axis	
  from	
  the	
  origin	
  to	
  x	
  =	
  a.	
  	
  	
  The	
  
charge	
  density	
  is	
  λ	
  C/m.	
  	
  What	
  is	
  the	
  x-­‐
component	
  of	
  the	
  electric	
  field	
  at	
  
point	
  P:	
  (x,y)	
  =	
  (a,h)?

x
a

P

x

r

θ1 θ2

θ2

dq = λ dx

h

y
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k� cos ✓
2

Z 1

�1

dx

(a � x)

2 + h

2

k� cos ✓
2

Z
a

0

dx

(a � x)

2 + h

2

We	
  know:

cosθ2 DEPENDS	
  ON	
  x!

Clicker Question: Calculation

What	
  is	
  	
  	
  	
  	
  	
  	
  	
  ?	
  

	
  A) 	
  B)

	
  	
  C) none	
  of	
  the	
  above

Charge	
  is	
  uniformly	
  distributed	
  along	
  
the	
  x-­‐axis	
  from	
  the	
  origin	
  to	
  x	
  =	
  a.	
  	
  	
  The	
  
charge	
  density	
  is	
  λ	
  C/m.	
  	
  What	
  is	
  the	
  x-­‐
component	
  of	
  the	
  electric	
  field	
  at	
  
point	
  P:	
  (x,y)	
  =	
  (a,h)?

x
a

P

x

r

θ1 θ2

θ2

dq = λ dx

h

y
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We	
  know:

Clicker Question: Calculation
Charge	
  is	
  uniformly	
  distributed	
  along	
  
the	
  x-­‐axis	
  from	
  the	
  origin	
  to	
  x	
  =	
  a.	
  	
  	
  The	
  
charge	
  density	
  is	
  λ	
  C/m.	
  	
  What	
  is	
  the	
  x-­‐
component	
  of	
  the	
  electric	
  field	
  at	
  
point	
  P:	
  (x,y)	
  =	
  (a,h)?

x
a

P

x

r

θ1 θ2

θ2

dq = λ dx

h

y
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What	
  is	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  ?	
  

	
  A) 	
  B) 	
  C) 	
  D)



E

x

(P) = k�

 
1 � hp

a

2 + h

2

!

We	
  know:

Calculation

What	
  is	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  ?	
  

x
a

P

x

r

θ1 θ2

θ2

dq = λ dx

h

y
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Charge	
  is	
  uniformly	
  distributed	
  along	
  
the	
  x-­‐axis	
  from	
  the	
  origin	
  to	
  x	
  =	
  a.	
  	
  	
  
The	
  charge	
  density	
  is	
  λ	
  C/m.	
  	
  What	
  is	
  
the	
  x-­‐component	
  of	
  the	
  electric	
  field	
  
at	
  point	
  P:	
  (x,y)	
  =	
  (a,h)?

E

x

(P) = k�

Z
a

0
dx

a � x

p
(a � x)2 + h

2



E

x

(P) =
k�

h

 
1 � hp

h

2 + a

2

!
E

x

(P) =
k�

h

(1 � sin ✓1)

E

x

(P) =
k⇥

h

Z ⇤/2

�
1

d� cos �

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Exercise	
  for	
  student:	
  

Change	
  variables:	
  	
  write	
  x	
  in	
  terms	
  of	
  θ

Result:	
  	
  obtain	
  simple	
  integral	
  in	
  θ

Observation

Note	
  that	
  our	
  result	
  can	
  be	
  rewriSen	
  
more	
  simply	
  in	
  terms	
  of	
  θ1.

Charge	
  is	
  uniformly	
  distributed	
  along	
  
the	
  x-­‐axis	
  from	
  the	
  origin	
  to	
  x	
  =	
  a.	
  	
  	
  
The	
  charge	
  density	
  is	
  λ	
  C/m.	
  	
  What	
  is	
  
the	
  x-­‐component	
  of	
  the	
  electric	
  field	
  
at	
  point	
  P:	
  (x,y)	
  =	
  (a,h)?

x
a

P

x

r

θ1 θ2

θ2

dq = λ dx

h

y
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