GAUSS LAy

ALI ALZAHRANI




ELECTRIC FLUX

Electric flux ¢ is the drift of the electric field through a certain surface. Mathematically it is

defined as closed integral of the scalar product of electric field and surface area

0= 565 di
The enclosed surface is called Gaussian Surface. For uniform area, the above integral tends to be
o=E.A

The electric flux through a Gaussian surface is proportional to the electric field lines passing

through that surface.

Zero flux occurs when the surface is normal to the electric field lines.




GAUSs LAy

» Gauss law states that the electric flux over a closed surface is proportional to the total
electric charge contained in the surface, qep,.
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» The above equation suggests that the electric flux does not depend on the shape of the
surface.

»  The Gauss law can be written as

fﬁ.dﬁ):qenc

»  The unit of electric flux is N.m?/C.




APPLICATIONS OF GAUSS LAW- POINT CHARGE

Suppose we have a point charge q, the electric field at any point r from the charge can be evaluated from Gauss law

fﬁ dK — qenc
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First take a Gaussian surface ‘sphere’ of radius r
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Using the above formula with qepe = g, we get
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APPLICATIONS OF GAUSS LAW- LINE CHARGE

Suppose we have a line of charge with A, the electric field at any point r from the line can be evaluated from Gauss law

fﬁ dK _ Jenc
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First take a Gaussian surface ‘cylinder’ of radius r and length L
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Gaussian Surface

Using the above formula with qe,c = AL, we get
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APPLICATIONS OF GAUSS LAW- INFINITE SHEET

Suppose we have an infinite conducting sheet having surface charge o, the electric field at any point r from the

sheet can be evaluated from Gauss law

fﬁ dK — Qenc
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First take a Gaussian surface ‘cylinder’ of cross-section area A

Using the above formula with qen. = 0A, we get
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If the sheet is non-conducting, the electric field is
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APPLICATIONS OF GAUSS LAW- CONDUCTING SPHERE

Suppose we have a conducting sphere of radius R and charge q, the electric field at any point r from the
center can be evaluated from Gauss law

fﬁ. dK — qenc
€o

We have two region to find the electric field at, inside and outside the sphere. Let us determine the field

inside the sphere. Take a Gaussian surface ‘sphere’ of radius r. For any conducting sphere, the charge is

distributed over its surface and no charge is enclosed within it. Therefore using the above formula with

Jenc = 0, we get




APPLICATIONS OF GAUSS LAW- CONDUCTING SPHERE

Now let us determine the field outside the sphere. Take a Gaussian surface ‘sphere’ of radius r

- ~.

.

N
““““““

The charge enclosed within the Gaussian surface is q. Therefore using the above formula with qenc = g, We get

Qenc _4 E(4nr?) = a4
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Therefore, the electric field just about the surface of the sphere, r = R, is
kq
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APPLICATIONS OF GAUSS LAW- INSULATING SPHERE

Suppose we have an insulating sphere of radius R and charge q, the electric field at any point r from the center can be evaluated from
Gauss law

We have two region to find the electric field at, inside and outside the sphere. Let us determine the field inside the sphere. Take a
Gaussian surface ‘sphere’ of radius r. For any insulating sphere, the charge is distributed throughout the volume and no charge is located

over surface. Please note that the enclosed charge is not q but a part of it. Therefore we have to find this charge firstly

4
_ (Volume of Gaussian sphere\ [ 3 mr3 _ r3
ene =\ Volume of original sphere 1= 1
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Now using the Gauss law with g, = (%) q, we get




APPLICATIONS OF GAUSS LAW- INSULATING SPHERE

Now let us determine the field outside the sphere. Take a Gaussian surface ‘sphere’ of radius r. The charge enclosed within the

Gaussian surface is now q. Therefore using the Gauss law with qenc = g, we get
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SUMMARY QF LAWS-1

» Electric field at any point r due to a point charge q is

» Electric field at any point r due to a line of charge of charge A is
A
 2meyr

» Electric field at any point r due to a conducting sheet of charge o is
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» Electric field at any point r due to a non-conducting sheet of charge o is
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SUMMARY OF LAWS-2

Electric field at any point r inside a conducting sphere of radius R and charge q is
E=0

Electric field at any point r outside a conducting sphere of radius R and charge q is

Electric field on the surface of a conducting sphere of radius R and charge q is

PR

Electric field at any point r inside an insulating (solid) sphere of radius R and charge q is
__ar
~ 4meyR3

Electric field at any point r outside an insulating sphere of radius R and charge q is




WORKED EXERCISES

1. Two charges 25.9 pC and -8.2 pC are confined in a spherical surface of radius 5 cm. Calculate the net
electric flux though the surface. From this calculate the magnitude of the electric field at that point.
Solution

The electric flux is defined as

Gone  (25.9 —8.2) x 1076
=== — 2.0 x 106N. m2/C
Y e 8.85 x 10-12 m*/

The electric field can be calculated from
p=E.A
But the electric field at each point is parallel to the area section, therefore

E—(p— 2.0 x 107 = 6.4 x 10’N/C
T A 4w x 0052 /




WORKED EXERCISES

2. A certain charge Q is enclosed in a sphere of radius R. If the electric flux through the
sphere’s surface is 450 N. m? /C, calculate the charge Q,

Solution

The electric flux is defined as
— qenc — 2
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Q = gy = 8.85%x 10712 x 450 = 3 nC




WORKED EXERCISES

3. A cylinder of radius 2 cm is horizontally placed in a uniform electric field of 2000 N/C.
Calculate the net electric flux through the cylinder.

Solution

As shown above, we divided the cylinder into 3 faces. Through face 1, we note that the area is anti-parallel to the

electric field (angle is 180). Therefore
@, = E.A=EA cos180 = —EA




WORKED EXERCISES

Through the face 2, we note that the area is normal to the electric field (angle is 90). Therefore
@, =E.A =EAcos90 = 0

Through the face 3, we note that the area is parallel to the electric field (angle is 0). Therefore
Q3 = E.A =EAcos0 = EA

The net electric flux through the cylinder is

Q=@1+@,+¢p3 =—EA+0—-EA=0




WORKED EXERCISES

4. An 8-m?plate is immersed in a uniform electric field of 2000 N/C. If the plane of the plate
makes an angle of 75%with the electric field, calculate the electric flux and then find the
enclosed charge.

Solution

The electric flux is defined as

@ =E.A=EA cosf = 8x 2000 X cos 75 = 4.14 x 103 N.m?/C

The enclosed charge can be evaluated from

__Yenc

¢ = = Qone = €0@ = 8.85 X 10712 x 4,14 x 103 = 0.36 nC
0




WORKED EXERCISES

5. A metallic sphere of radius 5cm carrying a charge of g =5 pC. Calculate the magnitude of
the electric field at (i) 3 cm and (ii) 10 cm from the center.

Solution

(i) At 3 cm from the center- inside the sphere- we have qepe = 0, therefore the electric field is

E=0

(ii) At 10 cm from the center- outside the sphere- we have qepc = ¢, therefore the electric field is

ga=denc_ 9 E(4nr?) = 4
SO 30 80 \\
{ r
q kg 9x10°x5x107 L 9

= =" = 4.5 x 10°N/C
Amtegr? 12 0.12 /
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WORKED EXERCISES

6. A charges of q; =2 pC is surrounded by a conducting sphere of radius 5cm carrying a
charge of g, =5 pC. Calculate the magnitude of the electric field at (i) 3 cm and (ii) 10 cm
from the center.

Solution

(i) At 3 cm from the center- inside the sphere- we have qene = ¢4, therefore the electric field is




WORKED EXERCISES

_q kg 9x10°x2x107°
 Amegr? 1?2 0.032

=2 x 10’N/C

(ii) At 10 cm from the center- outside the sphere- we have qene = qq + 3, therefore the electric field is

s >,
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_Q1+CI2 _k(ql+qZ)_9X109X(2+5)X10_6
" 4megr? r? h 0.12

E

= 6.3 X 10°N/C




WORKED EXERCISES

7. A solid sphere of radius 5cm carrying a charge of g =5 pC. Calculate the magnitude of the
electric field at (i) 3 cm and (ii) 10 cm from the center.

Solution

3
(i) At 3 cm from the center- inside the sphere- we have g = (%) q, therefore the electric field is

qr 5x 107% x 0.03

- = = 1.08 x 107
E 4'T[£0R3 41 X 885 X 10_12 X 0053 1 08 10 N/C

(ii) At 10 cm from the center- outside the sphere- we have qenc = ¢, therefore the electric field is

S 5 X107 = 4.5 x 10°N/C .
" 4megr? 4w x8.85x 10712 x0.12 N
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WORKED EXERCISES

8. Two parallel conducting sheets carry equal but opposite surface charges of 8.85 nC/m?.

Calculate the electric field between them.

Solution
The electric field due to a conducting sheet is
o
E=—
€0

From the diagram we note that the direction of both electric fields are same, therefore the magnitude of E is

— _a+a_20_2><8.85x10‘9 — 2000 N/C
ST Y e, gy gy 885x10712 /
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WORKED EXERCISES

9. Two parallel conducting sheets carry equal surface charges of 8.85 nC/m?. Calculate the

electric field between them. . ”
. E
Solution -
The electric field due to a conducting sheet is E
o
E=—
€0

From the diagram we note that the direction of each electric field opposes the other, therefore

E=E-E=0




WORKED EXERCISES

10. Two parallel non-conducting sheets carry equal but opposite surface charges of 8.85 nC/m?. Calculate

the electric field between them.

o -0
Solution E.
—>
The electric field due to a non conducting sheet is
Ey
P
T 2¢,
From the diagram we note that the direction of both electric fields are same, therefore the magnitude of E is
o o o 885x107°
E=E +E,=—+-—=—=—-—-——""—>=1000N/C

2e, 289 & 8.85x 10712




WORKED EXERCISES

11. An electron is placed near a non-conducting sheet carrying a surface charge density of 17.7nC/m?,
Calculate the magnitude of the electric force acting on the electron.
Solution

The electric field due to a non-conducting sheet is

o  17.7x107°
25y 2Xx885x 10712

= 1000 N/C

Hence the magnitude of the electric force on the electron is

F=eE=16x10"1° %1000 = 1.6 x 10"16N




