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Lecture 07: 02/06/2024
 Announcements

There are only 9 problems tonight (I vanished one!)

 Last Time
 Electric field

    More examples of vector addition for E-field 
    Electric field lines

 Today
Electric field lines
Flux
Gauss’s law



2



  

Electric Field Lines
A way of getting intuition for the fields caused by 
a few charges (without calculating)
Helpful for thinking about “flux”

Positive charges “emit” field lines.
Negative charges “absorb” field lines.
Field lines begin at + charge and end at infinity or 
negative charge.
The tangent to an electric field line gives direction 
of field
Electric field lines do not cross
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Field line views
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Field line views
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https://icphysweb.z13.web.core.windows.net/simulation.html

https://academo.org/demos/electric-field-line-simulator/

https://phet.colorado.edu/sims/cheerpj/electric-hockey/latest/electric-hockey.html?
simulation=electric-hockey

electric_field_hockey

academo_field_line_sim

icphysweb_field_line_simulator

https://phet.colorado.edu/sims/cheerpj/electric-hockey/latest/electric-hockey.html?simulation=electric-hockey
https://academo.org/demos/electric-field-line-simulator
https://icphysweb.z13.web.core.windows.net/simulation.html
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Positive charges “emit” 
field lines.

Negative charges 
“absorb” field lines.

Field lines begin at + 
charge and end at 
infinity or negative 
charge.

The tangent to an 
electric field line gives 
direction of force

Electric field lines do not 
cross
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(A)   'a' and 'b'

 Which of these sketches are possibly correct?

(B)   'a' and 'c' and 'e'

(C)   'b' and 'e' and 'f'

(D)   'a' and 'e' and 'f' and 'g'

(E)   'a' and 'e' 
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The tangent to an 
electric field line gives 
direction of field



  

Which set of field lines matches the charges shown?
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What is flux?

Flux – flow – like water through a hose,
or electric field lines through a surface.

=E⋅A



  

What is flux?

Flux – flow – like water through a hose,
or electric field lines through a surface.

=E⋅A
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 If E⃗=19 î  N/C,  What is Φ through this 2 x 3 m rectangle?

(A) 114  N m2
/C

(B) 114 î  N /C

(C) 114  N /C

(D) 38  N /C

(E) 19 î  N /C

=E⋅A
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‘Member dot products?’
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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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Work was a dot product!

W=F⃗⋅Δ r⃗=|⃗F||Δ r⃗|cosθ



  

=E⋅A

Φ=E⃗⋅A⃗=|⃗E||A⃗|cosθ
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Given E=10 N/C

s= 2 m

Flux through

C and A is?

Flux – Cube “a”

(A) 10 ,  0  N m2
/C

(B) 4 ,  4  N m2
/C

(C) 0 ,  40  N m2
/C

(D) 28.8 ,  0  N m2
/C

(E) 40 ,  0  N m2
/C



  

Given E=10 N/C

s= 2 m

Flux through

C and A is?

Flux – Cube “b”

(A) 10 ,  0  N m2
/C

(B) 4 ,  4  N m2
/C

(C) 0 ,  40  N m2
/C

(D) 28.8 ,  0  N m2
/C

(E) 40 ,  0  N m2
/C
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∫ E⃗⋅dA⃗=
qenclosed

ϵ0

Gauss’s law

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

WTF?



35



36



37

Epsilon_Naught

E=k
q
r2

E=
1

4πϵ0

q
r2
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Gauss's law is a generalization of Coulomb's law



  

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

∫ E⋅d A=
qenclosed

0

4π r2E=
qenclosed

ϵ0

E=
qenclosed
4π ϵ0

1
r2

E=
kq
r2
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Next Class:

How to use Gauss’ law to calculate electric fields
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