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Optics, Electricity & Magnetism 
Lecture 3

Today’s Concepts:
 A) The Electric Field

B) Continuous Charge Distributions
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1. Course website: https://www.sfu.ca/phys/121/1264/

2. Tutorial, Achieve Prelecture and Bridge, iClicker, 
their grades are not counted in the first week

3. Online Achieve homework will be counted, but the 
deadline will be postponed to May 16 (Sat) 1159pm

https://www.sfu.ca/phys/121/1264/
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In electrostatics, 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 particle Q

   

Superposition  

Field points toward negative and
away from positive source charges.
(field direction – imagine a positive 
test charge)
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Example: electric field of a point charge

Postive Q Negative Q
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Two equal, but opposite charges are placed on the x axis.  The positive charge is 
placed to the left of the origin and the negative charge is placed to the right, as 
shown in the figure above.
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Bridge 1
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E

E

Bridge 2

- x components are the same
- y components are the same in magnitude, 

but opposite in direction
- By Pythagorean theorem, the total fields are 

same in magnitude

+Q

+Q

+Q

-Q

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

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 negative y-axis.

x

y

q1 q2
(-a,0) (a,0)

(0,d)

Which of the following statements is true:

A) Both charges are negative
B) Both charges are positive
C) The charges are opposite
D) There is not enough information to tell how the charges are related

Two Charges

!
!
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+ +
Both positive: 
y-component always points up

_+
Opposite charge: 
x-component does not vanish

_ _

Both negative: 
y-component always points down
We just need x-component to vanish
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A) to the left B) to the right C) stay still D) other

Bridge 3

A positive 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.
1) How will the test charge move immediately after being released?
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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 direction of the electric field 
at point P, the unoccupied corner of the 
square?
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l = Q/L

Summation becomes an integral (be careful with vector nature)

WHAT DOES THIS MEAN ?

r

Continuous Charge Distributions

Line charge Example:

charges

pt for E

dq = l dx
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dE

Integrating (summing) over all charges (dq)

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

Linear (l = Q/L)    Coulomb/metre
Surface (s = Q/A)  Coulomb/metre2

Volume (r = Q/V) Coulomb/metre3

What has more net charge?
A)   A sphere w/ radius R= 2 meters and volume charge density r = 2 C/m3

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

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

Some Geometry
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!
!
" !"#$%&'& π= !"#$%&'()*+

!π=

!"#A%&'()*+ π!=

!
!
" !"#A πρρ == !" !"#A πσσ ===64/3 𝛑 C =32 𝛑 C



Phys 121: Optics, Electricity & Magnetism  Lecture 3, Slide 13

10)

Bridge 4

Point A: in the middle, E field from both lines 
cancel each other
Point B: E field from both lines are pointing up

<latexit sha1_base64="6mI9rUGS+Xup17aF5dBpOHJeUO0=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiuCpJEe1GKIjgsoJ9QBPKZDJph04ezEyEErPwV9y4UMStv+HOv3HaZqGtBwYO59zDvXO8hDOpLOvbKK2srq1vlDcrW9s7u3vm/kFHxqkgtE1iHouehyXlLKJtxRSnvURQHHqcdr3x9dTvPlAhWRzdq0lC3RAPIxYwgpWWBubRzZUTCEyy+hg5XOd8nGciH5hVq2bNgJaJXZAqFGgNzC/Hj0ka0kgRjqXs21ai3AwLxQinecVJJU0wGeMh7Wsa4ZBKN5vdn6NTrfgoiIV+kUIz9Xciw6GUk9DTkyFWI7noTcX/vH6qgoabsShJFY3IfFGQcqRiNC0D+UxQovhEE0wE07ciMsK6DqUrq+gS7MUvL5NOvWZf1Oy782qzUdRRhmM4gTOw4RKacAstaAOBR3iGV3gznowX4934mI+WjCJzCH9gfP4ApQuV2Q==</latexit>

E =
2k�

r
E field from uniform, infinitely long  line charge:
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Example
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Charge is uniformly distributed along 
the x-axis from the origin to x = a.   
The charge density is l C/m.  What is 
the x-component of the electric field 
at point P: (x,y) = (a,h)?
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dq = l dx

We know:
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*See also Tipler Sec. 22-1
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Calculation

We know:
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Charge is uniformly distributed along 
the x-axis from the origin to x = a.   
The charge density is l C/m.  What is 
the x-component of the electric field 
at point P: (x,y) = (a,h)?
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<latexit sha1_base64="RbPW2iPmAiLBb/k1HVQOjqToaWg=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KomIeiyK4LGC/YA2lM1m2i7dbOLuplBC/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXJIJr47rfzsrq2vrGZmGruL2zu7dfOjhs6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4O/WbI1Sax/LRjBP0I9qXvMcZNVZqhZ0Rsuxu0i2V3Yo7A1kmXk7KkKPWLX11wpilEUrDBNW67bmJ8TOqDGcCJ8VOqjGhbEj72LZU0gi1n83unZBTq4SkFytb0pCZ+nsio5HW4yiwnRE1A73oTcX/vHZqetd+xmWSGpRsvqiXCmJiMn2ehFwhM2JsCWWK21sJG1BFmbERFW0I3uLLy6RxXvEuK97DRbl6k8dRgGM4gTPw4AqqcA81qAMDAc/wCm/Ok/PivDsf89YVJ585gj9wPn8AJaeQCw==</latexit>
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q1
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We know:

cosq DEPENDS ON x!

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

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

!"#

Calculation
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Charge is uniformly distributed along 
the x-axis from the origin to x = a.   
The charge density is l C/m.  What is 
the x-component of the electric field 
at point P: (x,y) = (a,h)?
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Exercise for student:
Change variables:  write x in terms of q

Result:  obtain simple integral in q

Observation

Note that our result can be rewritten 
more simply in terms of q1.
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Charge is uniformly distributed along 
the x-axis from the origin to x = a.   
The charge density is l C/m.  What is 
the x-component of the electric field 
at point P: (x,y) = (a,h)?
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Final thoughts

1. Tutorial starts this week.

2. Set up Achieve and iClicker ASAP

3. We will go over Ch22: Electric Flux and Field Lines in 
1130am class.

4. Online homework due this Sat (May 16) 11:59pm.

5. Please complete Ch22: Gauss’s Law prelecture and 
bridge before Friday 8am.


