2.8 Gauss's Law (part 1)
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Quick review: ¢$=E-A=EAcos® 02:00

Find the electric flux for the following situations:
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Answer: ¢ = 1.2 X m(2)? x cos(0)
— 151 ¥

2
Answer: ¢ = 300 x 15 X cos(0) = 4.5 x 103 N%
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Quick review: ¢$=E-A=EAcos® 02:00

Re-order the surfaces as per the electric flux from weakest to strongest:

b
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Quick review: 02:00

Determine the electric flux of a flat square having an area of
10m? is a uniform electric field of 8000 N/C passing

perpendicular to it. ¢ =E-A=EAcosd

Answer:
¢ =E-A=EFEAcosb

Nm
= 8000 X 10 x cos(0) = 8 x 10*

LESSON: 2.8 GAUSS'S LAW



Location
of charge
inside is 00
O
- not o ®
important
)
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Size of the

shell is.
XY

important ®
| ®
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Shape is .

iImportant
(but you need
it for the area

or volume)
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Gauss’s Law:

Consider a point charge, g, positioned at the center and surrounded by a spherical surface of
the radius, r.

What is the electric field produced by this
charge at any point on this sphere?

E—k2

r2

Where the charge, q, is the charge of the point located at the center and the direction of the electric
field lines is away from the center.

Teacher: Ms. Asmaa Alhameed LESSON: 2.8 GAUSS'S LAW



Gauss’s Law:

The electric flux through any closed surface is calculated as:

Char
thx g7 T
— £0 , “J/
N> p etorth V'J) 2
— The electric flux is proportional to the net charge inside a closed gurfa% m%(.\9 X 10

Gauss’s law states that the electric flux across any closed surface is
equal to the total charge enclosed in this surface, g, divided by the

permittivity of free space, .
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Gauss’s Law:

A general form of Gauss’s law is:

Loop: double integral

(2 variables) |/

Electric field
/ % Charge inside
E.dA- 21 "
N Permittivity
constant

Area Element

e Erepresents the electric field at any point

e grepresents the net charge inside an enclosed surface
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Qg
Example: ffEaa-2

A point charge, g, is surrounded by a gaussian surface of the radius, r. Click on the tabs
below to see what happens to the electric flux through the surface if:

1. the charge is doubled
2. the radius of the sphere is tripled
3. the sphere is replaced with a cylinder

4. the point charge, g, is moved to another position inside the sphere

Answer (1): The electric - is _ to the _ the surface, the electric flux will -
Answer (2): The electric - _ on the _ So, the electric flux will -

ST
Answer (3): The electric flux - because the %

Answer (4): The electric flux depends on the charge enclosed in the surface. So, wherever the point

charge is inside the closed surface, the electric _
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Activity: find the electric flux: fle

9,

This surface surrounds a charge, ¢, so the

DA net electric flux is:
No net electric charge is enclosed in this

surface, so the net electric flux is zero. @
= -
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Activity: find the electric flux:

(0N
S
- xS e q,

7/

9

This surface surrounds two charges, gs, and

gs. So, the net electric flux will be the sum So, the total electric flux in the three

of the two charges divided by the surfaces is:

permittivity of free space:

q1 T g2 + g3
(}52924-@’3 &b =

£ €0
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Activity:

Three charged particles of charges -11 C, +5.0 C, and -8.0 C are placed in an irregular shape.
Another three charged particles are placed outside the shape, two of them are positively

charged and have a charge of 12 C and 15 C respectively, the other one is negatively charged,
and has a charge of -4.0 C.

Answer: b — Tuct 6-4-00
£0
~80C—-11C+5.0C
8.85 x 10~ * C2/N m?

qﬁz@}{ 102 Nm?/C

The negative electric flux means that the electric
field lin€s are moving toward the surface (inward)

—
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Activity: K ffraa=

¥} An electric drill of radius 2.00 mm is used to produce a hole in a hollow ﬁtjn Eﬂhductingsphere of radius
15.0 cm. Inside the hollow sphere, a charge of magnitude 14.5 uiC is found.

The electric flux through the hole is [ - Select - - ﬁ-] :

441Nm?2/C
-> Enter @\
67.3Nm?/C

249N m?/C

72.8 Nm?/C

Phole = ﬁ E-dAp.
Phole = E X Apgle

q
Phole = k ~ X MThole” ,
Tsphere @hole = 72.8 Nm /C

14.5 x 10 °C
(0.150 m)?

Fhote = 8.99 x 10 Nm?/C?* x x 7(2.00 x 1073 m)?
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Activity: Page 44 -~ 02:00

Concept Check 2.8

A cylinder made of an insulating Concept Check 2.9
material is placed in an electric

field as shown in the figure. The net
electric flux passing through the 7
surface of the cylinder is a) Tonly

b) Zwonly

The lines in the figure are electric field lines, and the circle is a Gaussian surface. For which case(s) is (are) the
total electric flux nonzero? '

c) 4,5,and6

d) 6only

1T
Jg'

a) positive.

b) negative.

I C) zero.
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Activity: -~ 02:00

According to Gauss’s law, the net electric flux crossing an open surface, not parallel to the lines of

the field, can never be Select... v .

?

T—

~_positive

/ . Since the surface is not parallel to the lines of the field, the cos # cannot be zero.
negative
Using the expression of the electric flux ¢ = EAcos @

then ¢ cannot be zero.
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Electric Flux of a Hemisphere:

\ /
\\_,J/

A positive charge, q, is placed a distance, d, above the center of a hemisphere
that has a radius, r. If the distance, d, tends to zero, find the electric flux through
the curved part of the hemisphere and the flat face.

Curved Part:

If the distance, d, is zero, all points
on the hemisphere will have a
distance, r, from the point charge.

The electric flux is:

qf’curved — /E' dA

Teacher: Ms. Asmaa Alhameed

Since the electric field points in the
same direction as the area vector,
then:

(,b curved = E A half hemisphere

LESSON: 2.8 GAUSS'S LAW

B curved = (kfz)(zﬂr?)

¢curved — kq2ﬂ-

1

curved — 2
. q
gbcurved — 250
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Electric Flux of a Hemisphere:

A positive charge, q, is placed a distance, d, above the center of a hemisphere
that has a radius, r. If the distance, d, tends to zero, find the electric flux through
the curved part of the hemisphere and the flat face.

Flat Part:

The closed surface in the flat case encloses zero charge, so the electric flux from Gauss’s law

gives:
¢'r:u.rved + ‘;ﬁ'ﬂat =0
‘;bﬂat — _‘;bcurved
‘;bﬂat — d

29
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2.8 Gauss's Law (part 2)
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Quick review:

Assume the following:
q,=4.6 uC

q; =-5.3 uC

q,=2.2 uC

1) calculate the flux through this Gaussian surface.

2) Identify the sign of the flux and the direction of flow. °

3) Identify if this is a sink or a source. Y

g,—q3  4.6X1070-5.3%x107° Nm=

T _ — _ 4
Answer: ¢ = s - sesxioz - 7.9 X 10

Its negative (most of the charge is negative charge) it’s a sink

Teacher: Ms. Asmaa Alhameed LESSON: 2.8 GAUSS'S LAW



Recap: Gauss' Law

Gauss’s law states that the electric flux across any closed surface is equal tu the tntal charge
enclosed in this surface, g, divided by the perm1ttmty uf free space, €0- |

0 #E dA = _

Teacher: Ms. Asmaa Alhameed LESSON: 2.8 GAUSS'S LAW 22




Deriving Gauss’ law from coulomb’s law:

Gauss’s Law and Coulomb’s Law

We can derive Gauss’s Law from Coulomb’s Law. To do this, we start with a positive
point charge, g. The electric field due to this charge is radial and pointing outward,
as we saw in Section 2.3. According to Coulomb’s Law (Section 1.5), the magnitude

of the electric field from this charge is
‘ F=— 14
Ameq 1

We now find the electric flux passing through a closed surface resulting from this point
charge. For the Gaussian surface, we choose a spherical surface with radius r, with the

Teacher: Ms. Asmaa Alhameed LESSON: 2.8 GAUSS'S LAW 23




Deriving Gauss’ law from coulomb’s law:

charge at the center of the sphere, as shown in_The_due to the

positive point charge (iAtersects each differential element of the [Surface of the Gauss-

ian sphere

field vector, E and the differential surface area vector, dA are parallel. The surface area

vector will always point outward from the spherical Gaussian surface, but the electric

field vector can point outward or inward depending on the sign of the charge. (EGHl8
(COSENEICERES ho EERMIPIOENRY of the electric field and the surface area element is

EedA = EdAcos0° = E dA ‘Theelectric flux in this case, ‘accofding to equation 2.14, is

@:ﬁﬁ.@:ﬁm

Because the electric field has the same magnitude anywhere in space at a distance r
from the point charge q, we can take E outside the integral:

@=ﬁ£dA=EﬁdA

LESSON: 2.8 GAUSS'S LAW

Teacher: Ms. Asmaa Alhameed

FIGURE 2.29 A spherical Gaussian
surface with radius r surrounding a charge
g. A closeup view of a differential surface
element with area dA is shown.




Deriving Gauss’ law from coulomb’s law:

'spherical surface, which is given by dA =47 Fz;Thérefo‘re, we have found from

Coulomb’s Law for the case of a point charge

- 8) fF aa|= L(am)=Z
41 eg r? | €0
o , FIGURE 2.29 A spherical Gaussian
which is the same as the expression for Gauss’s Law in equation 2.15. We have shown that ; : :
. \ : . , _ surface with radius r surrounding a charge
Gaups's Law can be derived from Coulomb’s Law for a positive point charge, but it can : . .
N o . g. A closeup view of a differential surface

also be shown that Gauss’s Law holds for any distribution of charge inside a closed surface. . .

S\ element with area dA is shown.

LESSON: 2.8 GAUSS'S LAW

Teacher: Ms. Asmaa Alhameed




Conductors:

Good conductors contain a big number of free charges that are able to move within the
material because they are not bound to any atom.

A copper atom has 29 protons and 35 neutrons in its nucleus, and 29 electrons orbiting

around.
valence electron

When the charges inside a
conductor are not moving, the
conductor is said to be in static
equilibrium.

LESSON: 2.8 GAUSS'S LAW

Teacher: Ms. Asmaa Alhameed



1- Conductors:

Static equilibrium of conductors

e Charges will reside on the surface of a conductor.
e The electric flEld at the surface of any conductor has

a magnitude of 2
‘ 6{}

* The surface charge density is greatest at sharp points
in A\
a conductor with an irregular shape.

Teacher: Ms. Asmaa Alhameed LESSON: 2.8 GAUSS'S LAW 27




Examples of electrostatic equilibrium:

+
FF e R

A component of E parallel Hannl,ecthasmr_had Theelecl:ncﬁeldmm
to the amface would e
excess charge, ﬂl&tezlsmllmnpmmtnif tnthem:faceatm_hlnmhm

i

Charpe tend s to accumulate in gres tex numbers at locations
of greatest anreature. The alectric field strength at these
locations of greatest ourvahure is larper mmagnibade.
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Activity: 02:00

Identify the direction of the field and the concentration of charge:

Positive charge Negative charge Negative charge Positive charge

Teacher: Ms. Asmaa Alhameed LESSON: 2.8 GAUSS'S LAW



Activity: 02:00

Identify the direction of the field and the concentration of charge:




1- Conductors

1398} e

l \ l E is zero
|

| ¢ is zero (inside)
Ll
(

conductor YYVYYYYY
(a) (b) c)
FIGURE 2.30 Shielding of an external electric Read the book
field (purple vertical arrows) from the inside of a page 45

conductor.
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2- Cavities (Conductors shell)

Cavity
(Conductor
shell)

There is no q
inside

g is zero
E is zero
¢ is zero (inside)

Gaussian
surface

Every point inside a conductor is shielded from an external electﬂ Read the book

field. This phenomena is known as electrostatic shielding. page 45

Teacher: Ms. Asmaa Alhameed LESSON: 2.8 GAUSS'S LAW



Conductor vs shell

E(N/C) %

1000 10 prmmmwns

» r (cm)

Teacher: Ms. Asmaa Alhameed

LESSON: 2.8 GAUSS'S LAW

E(N/C) ¢

Max E

Raaius

» r(cm)




Electric Field in a Conductor

A copper block is placed between two oppositely charged parallel
plates, as shown on the right.

Copper is a good conductor since it has one free valence electron.

+ + + + + + + +

The electric field in the copper block is zero. Watch the,:slide?show |
below to see why. - B

Two oppositely chargéd parallel plates cfeate a urﬁform electric field from the

positive plate to the negative p[ate.

+ + + + + + + +

Teacher: Ms. Asmaa Alhameed LESSON: 2.8 GAUSS'S LAW




Applications of shielding: (page: 46)

The conductor surrounding the cavitv does not have to be a solid piece of mertal;
even a wire mesh is sufficient to provide shielding. This can be demonstrated most

impressivelv by seating a person inside a cage and then hitting the cage with a light-
ning-like electrical discharge (Figure 2.32). The person inside the cage is unhurt, even

if he or she touches the metal of the cage from the inside. (It is important to realize that

severe injuries can result if anv bodv parts stick out of the cage, for example, if hands

are wrapped around the bars of the cage!)(This'\cage'is called a Faraday cage after British
physicist Michael Faraday (1791-1867), who invented it.

A Faradav cage has important consequences, probably the most relevant of which
is the fact that vour car protects vou from being hit by lightning while inside it—unless

vou drive a convertible. The sheet metal and steel frame that su¢nund the passenger

compartment provide the necessarv shielding. (But as fiberglass, plastic. and carbon fiber
begin to replace sheet metal in auto bodies. this shielding is not assured anv more.

Teacher: Ms. Asmaa Alhameed LESSON: 2.8 GAUSS'S LAW 35




Activity:

Concept Check 210

A hollow, conducting sphere is initially
given an evenly distributed negative
charge. A positive charge +q is brought
near the sphere and placed at rest as
shown in the figure. What is the direction
of the electric field inside the hollow
sphere?

Q) —

4

()

|

I e) The field is zero.

Teacher: Ms. Asmaa Alhameed

02:00

Concept Check 2.1

A hollow, conducting sphere is initially uncharged. A pusiti'-.ré charge, +q,, is placed inside the sphere, as
shown in the figure. Then, a second positive charge, +,, is placed near the sphere but outside it. Which of
the following ‘srtatements describes the net electric force on each charge?

a) Thereis a net electric force t:nn'+q|"2 but not on +q,.

7b} There is a net electric force on +g, but not on +q,.
() o °

c) Both charges are acted on by a net electric force with the +4> +q,
same magnitude and in the same direction.

d) Both charges are acted on by a net electric force with the e) There is no net electric force on
same magnitude but in opposite directions. either charge.

LESSON: 2.8 GAUSS'S LAW



Activity: -~ 02:00

A solid conducting sphere of radius 4.00 cm has a charge of 16.0 uC. A conducting Sphericalf
shell surrounds the sphere, in which the shell has a 8.00 cm inner radius, and 10.0 ,,cm'nutﬁer
radius. The spherical shell has a charge of —8.00 uC. What is the electric fielduettur at:
a.7 = 2.00cm 7 '
b.r =6.00cm

shell

c.r = 9.00cm
d.»=14.0cm

Teacher: Ms. Asmaa Alhameed LESSON: 2.8 GAUSS'S LAW



Activity: 02:00

A solid conducting sphere of radius 4.00 cm has a charge of 16.0 uC. A conducting spherical
shell surrounds the sphere, in which the shell has a 8.00 cm inner radius, and 10.0 cm outer
radius. The spherical shell has a charge of —8.00 uC. What is the electric field vector at:

a.7 = 2.00cm

b.r = 6.00 cm

c.7 = 9.00 cm

d.r =14.0cm

sketch

Teacher: Ms. Asmaa Alhameed LESSON: 2.8 GAUSS'S LAW



Activity: -~ 02:00

A solid conducting sphere of radius 4.00 cm has a charge of 16.0 uC. A conducting Sphericalf
shell surrounds the sphere, in which the shell has a 8.00 cm inner radius, and 10.0 ,,cm'uutﬁer
radius. The spherical shell has a charge of —8.00 uC. What is the electric field—uettor at:

a.7 = 2.00cm SN2\ '

b.r =6.00cm 7

c.7 =9.00cm ~ Draw a gaussian surface for every

d.r=14.0cm AN - distance, r.

The electric field can be calculated as:

Research

Teacher: Ms. Asmaa Alhameed LESSON: 2.8 GAUSS'S LAW



Activity: -~ 02:00

A solid conducting sphere of radius 4.00 cm has a charge of 16.0 uC. A conducting Sphericalf
shell surrounds the sphere, in which the shell has a 8.00 cm inner radius, and 10.0 ,,cm'nutﬁer
radius. The spherical shell has a charge of —8.00 uC. What is the electric fielduettur at:

a.7 = 2.00cm 7 '

b.» = 6.00cm

c.” = 9.00cm

d.r=14.0cm

Calculate

(a ) | The gaussian surface is inside the solid
sphere, the electric field is zero.

Teacher: Ms. Asmaa Alhameed LESSON: 2.8 GAUSS'S LAW



Activity: 02:00

A solid conducting sphere of radius 4.00 cm has a charge of 16.0 uC. A conducting spherical
shell surrounds the sphere, in which the shell has a 8.00 cm inner radius, and 10.0 cm outer
radius. The spherical shell has a charge of —8.00 uC. What is the electric field vector at:

a.7 = 2.00cm

b.r = 6.00 cm

c.r = 9.00cm
d.»=14.0cm

The magnitude of the electric field
is flowing radially outward from the

C a I C u I a te conducting sphere to the spherical shell.
—6

E =899 x 10°Nm?/C? x 22:0x10_©
(0.06 m)?

E =4.00x 10’N/C

Teacher: Ms. Asmaa Alhameed LESSON: 2.8 GAUSS'S LAW



Activity: -~ 02:00

A solid conducting sphere of radius 4.00 cm has a charge of 16.0 uC. A conducting Sphericalf
shell surrounds the sphere, in which the shell has a 8.00 cm inner radius, and 10.0 cm outer

radius. The spherical shell has a charge of —8.00 uC. What is the electric fielduettur at:
a.7 = 2.00cm '

b.r = 6.00cm
c.r = 9.00cm
d.»=14.0cm

e ——
'4". e =
-~ - ) 5
- -
S

Calculate

(C) | The electric field inside the spherical shell
is zero.

Teacher: Ms. Asmaa Alhameed LESSON: 2.8 GAUSS'S LAW




Activity:

A solid conducting sphere of radius 4.00 cm has a charge of 16.0 uC. A conducting Sphericalf
shell surrounds the sphere, in which the shell has a 8.00 cm inner radius, and 10.0 cm outer

radius. The spherical shell has a charge of —8.00 uC. What is the electric fielduettur at:
a.7 = 2.00cm ' '

b.r = 6.00cm

c.r =9.00cm ~ || The electric field is flowing (adially

utward, since the total charge enclosed at
d.r=14.0cm | oHare, : ,
r = 14.0 cmis:

Gnet = —8.00 uC + 16.0 uC

Calculate | =

The magnitude of the electric field is:

—6
7 E =18.99 x IUQNm2/02 « +8.00x10°°"C
(0.14m)?

E =3.67 x 10°N/C

Teacher: Ms. Asmaa Alhameed LESSON: 2.8 GAUSS'S LAW
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