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Lecture 09: 02/13/2024
 Announcements

Homework extended
First exam – one week (2/20)
Sample test – in recitation … longer than real thing

 Last Time
Gauss’s law
Field of symmetrical charge configurations

 Today
     Some review

Gauss’s law
More about flux and dot products
Fields and conductors
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What have we learned?
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What have we learned?

Waves
Wavelength, frequency, speed

Relation between tension/mass and speed on 
a string.
Standing waves.

Charges and Fields
Coulomb’s law … calculating forces 

between charges, getting the vectors right
Electric field, superposition
Electric field lines
Gauss’s law
Flux
Field of a line
Field of a plane
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=E⋅A

Φ=E⃗⋅A⃗=|⃗E||A⃗|cosθ
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‘Member dot products?’

They convert two vectors to a scalar.
They are zero when the vectors are 
perpendicular.

A⃗⋅B⃗=|A⃗||⃗B|cosθ
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A⃗⋅B⃗=|A⃗||⃗B|cosθ
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a⃗⋅b⃗=axbx+ayby+azbz
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a⃗⋅b⃗=axbx+ayby+azbza⃗⋅b⃗=axbx+ayby+azbz ĵ⋅̂j=1 î⋅̂j=0
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(A) 200 k̂

A⃗=10 î+20 k̂ E⃗=3 ĵ+10 k̂

What isΦ?

(B) 230

(C) 10 î+3 ĵ+200 k̂

(D) 200

(E) 213
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Gauss’s law

“The total flux through any closed surface is 
equal to the enclosed charge over epsilon 
naught”.

Φtotal=∫ E⃗⋅d A⃗=
qenclosed

ϵ0
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What about a hollow sphere?

∫ E⋅d A=
qenclosed

0
E×(SurfaceArea)=

qenclosed
ϵ0



  

What about a hollow sphere of charge?



  

Gaussian logic trick
    No charge inside
    No net flux



  

Gaussian logic trick
    No charge inside
    No net flux
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Field line views



  

What about a hollow sphere of charge?
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Charged wire problem
A wire is 70 meters long and has a total charge of 35 
picocoulombs.
What is the total flux through a cylinder 3-m long 
centered on the wire?
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Simple Case I:  Long (infinite) Wire

E×(SurfaceArea)=
qenclosed

ϵ0
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Gauss’s law for simple cases

“The total flux through any closed surface is 
equal to the enclosed charge over epsilon 
naught”.

E×(SurfaceArea)=
qenclosed

ϵ0
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Simple Case I:  Long (infinite) Wire

E×(SurfaceArea)=
qenclosed

ϵ0
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Simple Case II:  Large (infinite) Plane

E×(SurfaceArea)=
qenclosed

ϵ0



  

Relation between symmetry and
Electric Field

Imagine an infinite plane of charge. 



  

Relation between symmetry and
Electric Field

Because you can't tell what direction 
you are facing, the field must be ONLY
Perpendicular to the plane.



  

How large is this
 area?

[A]  Floor tiles (4'x6')
[B]  Painting (12”x18”)
[C] Warehouse (60'x90')
[D] Airfield (1000'x1500')
[E] Not enough
Info, can't tell



  



  



  

Electric field of a plane of charge

Because you ALSO can't tell how far 
away you are from the plane, the field 
cannot change magnitude.  It must be 
constant.



  

Electric field of a plane of charge

E×(SurfaceArea)=
qenclosed

ϵ0



  

Electric field of a plane of charge
E×(SurfaceArea)=

qenclosed
ϵ0
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Infinite Plane I

A square plate is 10 meters on a side and 
you are 10 cm away from its middle.  The 
electric field magnitude is 16 N/C.   What is 
the approximate electric field if you move 20 
cm away? (A)   4  N /C

(B)   8  N /C

(C)   12  N /C
(D)   16  N /C

(E)   32  N /C
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Infinite Plane II

A square plate is 10 meters on a side and 
you are 100 m away from its middle.  The 
electric field magnitude is 16 N/C.   What is 
the approximate electric field if you move 
200 m away? (A)   4  N /C

(B)   8  N /C

(C)   12  N /C
(D)   16  N /C

(E)   32  N /C
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Infinite Plane III

A square plate is 10 meters on a side and 
has a total charge of 8.85  mC.  You are 1 cm 
away from its middle.  What is the electric 
field magnitude?   

(A)   8.85×10−5  N /C

(B)   4.43×10−5  N /C

(C)   5.00×106  N /C

(D)   1.00×107  N /C

(E)   1.00×108  N /C
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Infinite Plane III

A square plate is 10 meters on a side and 
has a total charge of 8.85  mC.  You are 1 cm 
away from its middle.  What is the electric 
field magnitude?   



  

E⃗= σ
2ϵ0

k̂ E=


2 r 0
r E=

Q
4 r20

r



  

What about a solid sphere of charge?



  

What about a solid sphere of charge?



  

What about a solid sphere of charge?



  

What about a solid sphere of charge?
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Gauss's law is a generalization of Coulomb's law

∫ E⋅d A=
qenclosed

0



  

∫ E⋅d A=
qenclosed

0

4π r2E=
qenclosed

ϵ0

E=
qenclosed
4π ϵ0

1
r2

E=
kq
r2

Gauss's law is a generalization of Coulomb's law



  

Gauss's law is a generalization of Coulomb's law

E×(SurfaceArea)=
qenclosed

ϵ0

Φtotal=∫ E⃗⋅d A⃗=
qenclosed

ϵ0
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Next Class:

Electric potential … What’s a volt anyway?



  

Relation between symmetry and
Electric Field

If you can't tell where you are with 
respect to a charge distribution

Then the electric field direction cannot 
give you a hint.



  

Relation between symmetry and
Electric Field



  

Relation between symmetry and
Electric Field



  

Relation between symmetry and
Electric Field



  

Relation between symmetry and
Electric Field



  

Relation between symmetry and
Electric Field



  

Relation between symmetry and
Electric Field

The ONLY field consistent with 
symmetry of an infinitely long cylinder 
points radially outward.
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