Electricity & Magnetism

Lecture 3

Today’s Concepts:

A) Electric Flux
B) Field Lines

Gauss’ Law

Can you pronounce your hame one more time in class?
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Your Comments

“What is E subnot o, and what does it represent?”
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The concept about Gauss law(how the formula was formed) was difficult for me. | would like to know

Time on Homework: Question 1 (N = 843)

05

more about the flux and Gauss law in depth.

What is the difference between flux and electric flux?

PLEASE explain flux better

the prelecture just vomited so many new equations at me
and i'm scared now :(

The homework takes a long time, but most of that time isn't actual
thought. It's more a matter of plugging in way too many numbers.
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Are we going to go more in-depth with how to calculate Gauss' Law, or should we be

expected to apply it at this point?

Why do sometimes in the videos the equal signs have three lines instead of two?
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Electric Field Lines

_. Direction & Density of Lines
represent
Direction & Magnitude of E

Point Charge:
Direction is radial
Density oc 1/R?
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CheckPoint 3.1
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“ql has a greater number of lines leaving the charge than g2.”
Simulation

10 Electricity & Magnetism Lecture 3, Slide 5


http://courses.physics.illinois.edu/phys212/simulations/dipole_potential.html

CheckPoint 3.3

A. Q; and Q, have the same sign
3. Q, and Q, have opposite signs

C. Not €nough Info

Field LInes from Two Point Charges: Question 3
(N = 850)
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“Although we don't know the direction of the lines, we know lines
must leave from one charge and enter in another.”
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CheckPoint 3.5

A |E;| > |Eg
B. |E4| = |E
\Not enough info
Field LInes from Two Point Charges: Question 5
(N = 850)
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“b is greater than a because the lines are closer
together at b.”
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Point Charges
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What charges are inside the red circle?
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Electric Field lines

Which of the following field line pictures best represents the electric field from two Y
charges that have the same sign but different magnitudes?
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http://courses.physics.illinois.edu/phys212/simulations/dipole_potential.html

Electric Flux “Counts Field Lines”

When the flux = 0. | don't understand why the flux through the surface of the rod is zero and
the flux through the barrel = some number/ equation.

Can you give us a clear, (D S — j E . d A Representing the area of
simple definition of what a surface as a vector in
flux is? \ S y order to take the dot
Y product.
Flux through Integral of E.dA
surface S on surface S
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CheckPoint 1 H
-y
[ J
- _ y An infinitely long charged rod has uniform o]
A) “twice the charge twice the flux charge density A and passes through a
B) “flux = E * 2pi * R * L. In case 1, R/L are cy!lnder (gra).(). The cylinder in Case 2 has
normal; in case 2, we have 2R and 1/2 L. twice the radius and half the length compared
The product is the same in both cases, so with the cylinder in Case 1.
the flux is the same.
C) “radius us squared so it would be 4
times .5 which is 2 which is greater than
1 so case 2 is twice the size of case 1”
L ] L/2
Flux from Uniformly Charged Rod: Question 1
(M = 851)
80
g " | Case 1 Case 2
E 40 |
3 z D, = @, ®, =1/20, none
20
o (B) 9 )
. 1.2
A B C D
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CheckPoint 1 (Hard way)
anwer : go rougn an example wnere we nave 1o actually 1ina € surTtace integral

I would like to see how that works.”
Definition of Flux:

®= [E-dA
surface

E constant on barrel of cylinder
E perpendicular to barrel surface
(E parallel to dA)

®=E j dA
barrel Case 1 Case 2
= EAbarrel ONEION D, = D, D, =1/20, none
(A) (B) (C) (D)
RESULT: GAUSS’ LAW
Casel Case 2 ® proportional to charge enclosed !
Avarre = 27tSL A, = (27 (2s)L/2 = 27sL
A 1 o

El = E2 - @@
27 ,S 27e,(25)
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Direction Matters:

M
T
M

For a closed surface,
dA points outward

m.
T\
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Direction Matters:

Can flux through a flat plane be negative? What would that represent?

M
M

For a closed surface,
dA points outward

m.
T\

27 Electricity & Magnetism Lecture 3, Slide 14



32

Trapezoid in Constant Field

ty E =E,X :

Label faces:

1:x=0

2:Z7=+a

3:X=+a

4: slanted

X
Define @, = Flux through Face n dA E.dA <0
4 /\ E

Al ®,<0 A ®,<0 A)  ®;<0 A) ®,<0
B) ®;=0 B) ®,=0 B) ®,=0 B) ®,=0
C) @ >0 ) @,>0 C) @3>0 ) @,>0
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37

\ 4

Label faces:
1:x=0
2:7=+a
3:X=+a
4: slanted

Define ©, = Flux through Face n

@ = Flux through Trapezoid
Add a charge +Q at (—a, a/2, a/2)

How does Flux change?
Note (-6 < -4) sign matters

A) @, increases A) @, increases A) @ increases
B) @, decreases B)  ®;decreases B) @ decreases
C) @, remains same C) @, remains same C) @ remains same
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Gauss Law

ﬁ
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40

% of Students

A
@, increases

B

®. decreases

CheckPoint 2.3

@ How does flux through entire
surface change as charge is
moved from center toward

edge”?

Flux from Point Charge Through Surfaces of
Sphere: Question 3 (N = 850)
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“The same amount of field lines are being

2.8

5.2

A

produced and pass through the shell because

the size of the charge did not change.”
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CheckPoint 2.1

dA
@ How does flux through red
surface element dA change as
charge is moved from center
toward edge”?
dB
1 - 2
A B C
dd, increases d®d, decreases dd, stays same
ddg decreases ddg increases ddg stays same
T ohers: Quastion 1 (2850 “As dA is closer to the charge, the
” strength of the electric field at dA
Lo increases, thus making the flux
g increase.On the flip side, dB is
s moved further away from the
“ charge, decreasing the strength of
the electric field and flux at dB.”

L=}
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Think of it this way:

The total flux is the same in both cases (just the total number of lines)

The flux through the right (left) hemisphere is smaller (bigger) for case 2.
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Things to notice about Gauss Law

Qenclosed

©,= [ E-dA= ;
closed 0

surface

I

If Qcrcioseq 1S the same, the flux has to be
the same, which means that the
integral must yield the same result for

any surface.

45 Electricity & Magnetism Lecture 3, Slide 21



Things to notice about Gauss Law

Q enclosed

E

jéd&:
0

In cases of high symmetry it may be possible to bring E outside the
integral. In these cases we can solve Gauss Law for E

EJ‘d A = Qenclosed

€0

Q enclosed
Ag

E =

0

So - if we can figure out Q.. .eq @aNd the area of the
surface A, then we know E!

This is the topic of the next lecture.
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