Electric Flux

1. Electric Flux Definition
Electric Flux is the amount of electric field going across a surface.
The electric field lines look like lines of a “fluid”. So, you can

imagine these lines are flowing (even though nothing is really
flowing). The word FLUX roughly means FLOW.

flux=@ = EAcos@ Area Vector A: the direction is perpendicular with the surface
AT Lo inition: QE =F- A=EACosO

4 E is Electric Field Strength

4 A is the surface area

4 0 is angle between E and 4 (| with the surface)
4 Unit: Nm?/C

| Ay~
@ = EA A, = Acosd so dg = EA, = EA cosd
Electric Flux @
Definition Electric Flux is the amount of electric field going across a surface
Magnitude @Pp=E- A=EA=EA Cosb

Vector / Scalar

Unit

Base Unit
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2.

>

Electric Flux Characteristic

Flux is proportional to the density of flow:

\AAAI

Flux is proportional to the area within the boundary of flow: E%

Flux varies by how the boundary faces the direction of flow:
/ ?

When surface is perpendicular with the flow (8 = 0), the flux has the maximal value @ = EA.

v

B S8 Maximum ¢

v

6=0

When surface is parallel with the flow (6 = 90°), the flux has the minimal value @g =0

a
>

G—— © - %0 Minimum ¢

—_— >

Electric Flux of un-uniform electric field and not flat surface

Any area can be divided up into n number of small elements of
surface area AA. _—/:>/
Each area is sufficiently small to be considered flat and the E-fieldis
uniform over this small area. —E _— _7)//
Then : — A
. . /
®E=E1'A1+E2'A2 +E3'A3+...+ +En'An — \
—_— _ F — iy
= 211[ E A e E e
R S
Integral expression: =
Q)E = fE - dA
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4. Practice

-
1. A uniform electric field E = 8000 N/C passing through a flat square L :
area A = 10 m?. Determine the electric flux. : -
[
2. Asolid ball with 0.5 meters radius has 10 uC electric charge in its center. A
Determine the electrical flux pass through the solid ball.
v
Question 3-5:
The cone is located in the uniform electric field.
3. What's the electric flux through the corn base area? A
R
4. What's the electric flux through the lateral portion (slanted sides) of the ET T T [ \ T
corn?

5. What's the net electric flux through the corn?

6. A cylinder with radius R is located in a uniform electric field E,
where the axis of the cylinder is parallel to the electric field. e

What’s the flux through the cylinder surface?

7. Acorn lines in a uniform electric field E. What’s the electric flux
entering the cone?
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Answer:

1. 8x10*Nm?/C
1.13 x 106 Nm?/C
nR%E
nR%E
0
0
RHE

NoubkwnN
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Gauss Law

1. Flux due to point charge inside a closed surface

Q1: A point charge q is located the center of a closed sphere with radius r, what’s the flux pass through

this sphere surface?

e The electric field generated by point q is everywhere

perpendicular to the surface. Point charge

e E has the same magnitude at every point:
=X __ a
r2 4TTE)T?
e The flux pass through the sphere is:
@E = # E " dA = EAsphere= EX4’TR2

Then: @f = 4

€0

Q2: Another sphere with a larger radius, and a point charge q is located at its
center. What's the flux pass through the large sphere surface?

e Every field line pass through the smaller sphere also passes through
the large sphere. Herse the flux through the two sphere is the same.

=4
Pf = =

Q3: A point charge q is located inside an arbitrary shape, what’s the flux pass
through the shape surface?

e Every field line pass through the sphere also passes through any
arbitrary shape surface. Herse the flux through any closed surface is
the same.

=4
Pf = =

Conclusion:

The flux due to point charge inside a closed surface:

» Independent of radius, size and shape.

> Decided by the inside charge.

> @E=¢ﬁE . d_A:i
€0
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2. Flux due to charges outside of a closed surface )[ /[ E

A point charge located outside a closed surface. The number of lines X B < >\ e

entering the surface equals the number leaving the surface. ”'*-\i_ % . '

\ IN A 2 |

N '/"(X"/.‘,e "'»j"

Conclusion: é?’e\ o

. . s PA
The net flux due to charge outside a closed surface is always 0, Field line” ===

. entening surface N i fnld ons
because the enclosed charge is 0. S
caving surface

3. Gauss Law

The total of the electric flux out of a closed surface is equal to the charge enclosed divided by
the permittivity.

—_—

Op=dfE - dA = Lenclosed

€0

Gauss' law is a powerful tool for the calculation of electric fields when they originate from charge
distributions of enough symmetry to apply it.

4. Gaussian surface

A Gaussian surface (sometimes abbreviated as G.S.) is a closed surface in three-dimensional space
through which the flux of a vector field is calculated.
» Gaussian surfaces are usually carefully chosen to exploit symmetries of a situation to simplify
the calculation of the surface integral.
> If the Gaussian surface is chosen such that for every point on the surface the component of
the electric field along the normal vector is constant, then the calculation will not require
difficult integration.

Spherical surface

1‘ )
\f./‘ \\:/‘J Sphere \\/}
Y L ¢l Conducting : 1 with . i
Point . ® > sphere <+ — uniform =— —
charge L : i charge .
N Py A donsity &
N N N

A spherical Gaussian surface is used when finding the electric field or the flux produced by any of the
following

e apoint charge

e auniformly distributed spherical shell of charge

e any other charge distribution with spherical symmetry

The spherical Gaussian surface is chosen so that it is concentric with the charge distribution

The flux out of the spherical surface S is:

Q)E =# E " Eq\ = E X Aspherez E471'R2
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Cylindrical surface
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A cylindrical Gaussian surface is used when finding the electric field or the flux produced by any of the
following:

e aninfinitely long line of uniform charge

e aninfinite plane of uniform charge

e aninfinitely long cylinder of uniform charge

E
E MT Cylindrical Gaussian surface

] A
F+ F + + 4+ Fr+r+r+) «—Q—>
“JIN*

The flux out of the cylinder consists of the three contributions:

Op=fbE - dA=[f " E-dA+[[  E-dA+[[" E -dA

> Electric field E is parallel with the base, so the flux passing the base surfaces is 0;

> Electric field E is perpendicular with the side and magnitude is equal every point at side surface,
so the flux passing the side surfaces is E x 2rirL; (ris the radius of base and h is the height of

cylinder)
So, @y = E2nrL

Common Gaussian surface

x.toz Line
\ o charga___,,---"‘-:‘_
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charge ( ' —_—T charge
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Yo
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Applications of Gauss' Law

1. Uniformly Charged Sphere

A sphere of radius R has a uniform volume charge Q. Find the electric field at a point P outside the
sphere (r = R) and at a point P inside the sphere (r <R).

1) For points outside the sphere, we can draw a large,
spherical surface (Gaussian Surface) concentric with
the sphere.

e The Gaussian Surface area A = 4nr?
e The enclosed charge is Q

Op= PE - dA=E dnr=—>

€o
Gaussian
Then, E = 1 2 (@) sphere
Amey 12
2) For points inside the sphere, we can draw a spherical surface '/
(Gaussian Surface) smaller than sphere. £ 7 P Gaussian
. _ g/ l’/ » |
e The Gaussian Surface area A = 47’ E | p sphere
e Theenclosed charge is NOT Q L' ‘
Q 4 or? N
Qenclosed = pV = gnR3 X ET[I’3 = PE O

(b)

p is volume charge density (charge per unit volume)

Op = @ F - @l £ = Lenciose

€o

Q

Then, E = 3
4'71'80 R

Conclusion: E

» The electric field inside the sphere increases
linearly with the radius, because the amount
of the charge enclosed by the Gaussian
surface increases with the volume.

» The electric field outside of the sphere
decreases with the radius, because the
amount of the included charge remains the
same but the distance increases.

» The electric field is maximal at the sphere
surface.

|
|
I
|
|
|
|
|
|
|
|
|
I
I
|
|
|
T
bt R

-+— |nside charge —»-e+—— Qutside charge —»
distribution distribution
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2. Uniformly Charged Cylinder

An infinite cylinder of radius R has a uniform linear charge density A (charge per unit length). Find the

electric field at a point P outside the cylinder (r = R).

For points outside the cylinder, we can draw a
large, cylindrical surface (Gaussian Surface) with
radius r and length L, and concentric with the
charged cylinder.

) @Ezﬁﬁ'dj=ff5ldef'ﬂ=E2an

e The enclosed charge Qenciosed = AL

@ = #E . ﬂ_ Qenclosed
E= _—

€o

AL A
E2nrl= — = E=
&o 2TEGT

3. Uniformly Charged Sheet

Gaussian
surface

The field is tangent to
the surface on the ends.

The flux is zero.

The field is perpendicular to

the surface on the cylinder wall.

An infinite sheet has a uniform area charge density o(charge per unit area). Find the electric field.

We can draw a cylindrical surface (Gaussian Surface)

with radius r and length L, and perpendicular with
the sheet.

e Electric field E is parallel with the side, so the
flux passing the side surfaces is O;

e Electric field E is perpendicular with the base
and magnitude is equal every point at base
surface, so the flux passing the base surfaces
is: Op = E X 2Apase = E21177

e The enclosed charge Qenclosed = OApase = OTTI?
®E - @ E . d_A‘ - Qen;l)osed

2

= EF=
&o 280

E2nr’ =
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Practice

- —
1. A closed surface, in the shape of a cylinder of radius R and Length L, is ——
placed in a region with a constant electric field of magnitude E. The total __,_R[__——L—/
electric flux through the cylindrical surface is e
/
(A)EmMR?  (B) zero (C)E2mR L (D) E mRL (E) E mRL
2. Which of the following represents the electric field due to an infinite charged sheet G
with a uniform charge distribution o.
(A) zero (B)o (C) 0/2& (D) 20/&0 (E) o/&0
3. Two large parallel sheets charged with equal but opposite charges. What is the +G 5
electric field in the space between the sheets?
(A) zero (B) o/€&o (C) 20/& (D) 6/2& (E)o

4. Two conducting concentric spherical shells are shown right. The electric field
due to the charged shells is presented by field lines. What is the charge on the \ /
outer shell if the inner shell is charged with a positive charge Q.

(A)-2Q  (B)-Q (Co (D)Q (E)2Q '—

5. Which of the following statements about conductors under electrostatic conditions is true?
(A) Charge placed on the conductor always spreads evenly throughout the entire volume.
(B) Charge placed on the conductor always spreads evenly over the surface.
(C) The charge surface density is always a constant.
(D) The electric field at the surface of a conductor is tangent to the surface.
(E) The electric field at the surface of a conductor is perpendicular to the surface.
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6. The net electric flux through a closed surface
(A) depends on the size of Gaussian surface
(B) depends on the shape of Gaussian surface
(C) is zero if only negative charges are enclosed by the Gaussian surface
(D) is zero if only positive charges are enclosed by the Gaussian surface
(E) is zero if the net charge enclosed by the Gaussian surface is zero

7. A conducting sphere of radius R carries a charge Q. Another conducting sphere has a radius R/2, but
carries the same charge. The spheres are far apart. The ratio of the electric field near the surface of the
smaller sphere to the field near the surface of the larger sphere is most nearly

(A) 1/4 (B)1/2 (€)1 (D)2 (E) 4

Questions 8-9
Two concentric, spherical conducting shells have radii a and b and charges Q; and Qg, as shown below.
8. In the region where r < a, the electric field is proportional to

(A) Qu/r? (B) (Qu + Qu)/b? (C) zero Qi

(D) Qi/a+Qy/b  (E) Qi/a*+ Qu/b?

Q2

9. In the region a < r < b the electric field is proportional to
(A) Qu/r’ (B) (Q1 + Q2)/r? (C) zero
(D) Qi/a + Qy/b (E) (Q+Qa)/r

10. A solid nonconducting sphere of radius R has a charge Q uniformly distributed throughout its
volume. A Gaussian surface of radius r with r < R is used to calculate the magnitude of the electric field
E at a distance r from the center of the sphere. Which of the following equations results from a correct
application of Gauss's law for this situation?

(A) E(47R?) = Q/eo (B) E(4nr?) = Q/eo (C) E(47r?) = (Q°r)/(e447R)

(D) E(4nr?) = (Qr’)/(e.R%) (E) E(4nr?) =0

11. A sphere of radius R has positive charge Q uniformly distributed throughout its volume. Which of the
following is the electric field inside the sphere r < R?
(A)O (B) kar/R? (C) ka/r?

(D) kQ/R? (E) kQ/r
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12. A sphere of radius R has positive charge Q uniformly distributed throughout its volume. Which of the
following is the electric field outside the sphere r > R?
(A)O (B) kQr/R3 (C) ka/r?

(D) kQ/R? (E) kQ/r

13. There’s a positive point charge Q inside the cube, and the external

uniform electric field E is perpendicular to the shaded area. The side V/
of cube is a. what’s the total electric flux through the shaded area? —— /%
(A) Q/eo (B)O E T Qo ///4
a 7/
(C) Q/68o (D) Q/6¢, + Ea? i 74

14. Gauss's law provides a convenient way to calculate the electric field outside and near each of the
following isolated charged conductors EXCEPT a
(A) large plate (B) sphere (C) cube (D) long, solid rod (E) long, hollow cylinder

Questions 15-16

The diagram right shows 2 oppositely charged parallel plates each with a uniform electric field E.

15. What is the magnitude and direction of the electric field at point A? R ]

(A) E to the left (B) E to the right (C) zero no direction

(D) 2E to the right (E) 2E to the left A B
+ 0 - .

16. What is the magnitude and direction of the electric field at point B? 4 -

(A) E to the left (B) E to the right (C) zero no direction - -

(D) 2E to the right (E) 2E to the left

17. A uniform electric field E with magnitude 3.0 x 10° N/C passes through a
disk of radius 0.2 m 30° above the normal line as shown right. Approximately
what is electric flux through the disk?

(A) 0 Wb (B) 60mv3 Wh (C) 30mv3 Wb

(D) 20mv/2 Nm?/C (E) 80mv/5 Wb
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Questions 18-20

The figure right shows a cylindrical distribution of charge Q with radius R and constant charge density p.

(Assuming L>>R)

18. Which of the following is the electric field inside the cylinder? R/
pT P
(A) & (B) 26 (C) zero
PR pr
(D) £ (B) ;2

19. Which of the following is the electric field outside the cylinder?

R? r r R
(A) 2~ (B)% (Qzero (D)7 (E)
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Answers
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