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Gauss’s Law

The electric flux through any closed surface Is equal to the net charge inside the surface divided

by €. that is:

q

=QFE.dA=—
PE f c. ;

* Where g denotes the charge inside the surface and the circle the integral

sign Indicates that the integration is over a closed surface.

 Consider a positive point charge g surrounded by two closed surface S1 is spherical, whereas
S2 and S3 1s irregular (above figure). Coulomb’s Law tell us that the magnitude of the electric

field is constant everywhere on the spherical surface and given as:
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Since the electric field direction is radial, we can evaluate the flux through S1 as:

1
¢p = $EdA=EA = @p = (4mr?) =2

4meor

The figure below shows the number of the field lines crossing
S1 is the same as that lines crossing S2, that is the flux through

the two surfaces are equal and independent of their shape.

If the charge exists outside a closed surface, the electric field
line entering the surface must leave that surface. Hence, the
electric flux through that the surface is zero. We must be able
to choose a hypothetical closed surface (Gaussian surface)

such that the electric field over its surface iIs constant.




This can be achieved if the following remarks are satisfied:

1. The charge distribution must have a high degree of symmetry.

2. The Gaussian surface should have the same symmetry as that of the charge distribution.
3. The point at which E Is to be evaluated should lie on the Gaussian surface.

4. If E i1s parallel to the surface or zero at every point then

(p=fE.dA=O

5. If E Is perpendicular to the surface at every point, and since E Is constant then
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Example 1: Find the electric field at distance r from a point charge Q.
Sol.
Choose the Gaussian surface as sphere of radius r see figure below.

E n

q

o

We clear that E and dA are parallel and E is constant over the surface.
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Example 2: What’s the field around a charged spherical shell?

Consider spherical surface centered on charged shell

Outside:

Ooup = fﬁ’ dA = EA = E(47r?)

By applying Gauss law:

Pout :Eg = E(4-1T1‘2) = ?

o

Inside: charge within surface =0

(pin=0 il E=0




Example 3: Find the electric field at distance r from an infinite line charge of uniform density A.

Sol.

Gaussian surface are select a circular cylinder of radius (r) with high (h) and coaxial with the line

charge see figure below.

The cylinder has three surfaces; the integral in Gauss’s Law has to b

(o}

¢ E.dAcos90 + ¢, E.dAcos90 + § E.dAcos0 = 4

Eo

(o}




For the symmetry of the system, E iIs parallel to both bases furthermore it has a constant

magnitude and directed radially outward at every point on the curved surface of the cylinder.

EA = E(2nrh) =Ei
q=Ah
2 2
E = = E=2K-
2TTTr Eo T

If the wire is not too long it’s the ends will be closed to any Gaussian surface. Since the electric

field at closed to the ends is not uniform it will impossible to many the integral of Gauss’s Law.
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Example 4: Find the electric field E due to non-conductor infinite plane with uniform surface
charge density o.
Sol.

We select Gaussian surface as a small cylinder whose axis is perpendicular to the plane and

whose ends have an area A see figure below.

%E.dAcosO+j{>E.dAcos90+§E.dAcosO = !

(o]

a b c
EA+ EA = 1
q = cA

oA o

Eo 2 Eo



Example 5: Shows a Gaussian surface in the form of cylinder of radius R immersed in a
uniform electric field E. With the cylinder axis parallel to the field. What is the flux ¢ of the

electric field through this closed surface?

Gaussian
surface

We can find the flux ¢ through the dA

Gaussian surface by iIntegrating the

scalar product E.dA over that surface.

We can do the integration by writing the

flux as the sum of three terms integral
over the left cap a, the cylindrical

surface b, and the right cap c.
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I Ia Ib Ic

For all points on the left cap, the angle 6 between E and dA is 180° and the magnitude E of the
field is uniform. Thus, [ E.dA = [ EdA (cos 180) = —E [ dA = —EA

A = mR?, similarly for the right cap, where 6 = 0 for all points,

fﬁ.d2=fEdA(coso)=EjdA=EA

Cc

Finally, for the cylindrical surface, where the angle 6 = 90 at all points,

jE’.dZ= jEdA (cos 90) = 0
b

S0, o =—EA+0+EA=0
The net flux is zero because the field lines that represent the electric field all pass entirely

through that Gaussian surface, from the left to the right. ST
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Example 6: An electric charge +Q Is uniformly distributed throughout a non conducting solid

sphere of radius a. Determine the electric field everywhere inside and outside the sphere.
Sol.

The charge distribution is spherically symmetric with the charge density given by:

Q Q

P=y~ (4/3)ma3

Where V is the volume of the sphere. In this case, the electric field E is radially symmetric and
directed outward. The magnitude of the electric field is constant on spherical surface of radius

r. the regions r < a and r = a shall be studied separately.

; 3 3))| DR. AHMED ALMURSHEDI




We choose our Gaussian surface to be sphere of radius » < a as in the figure below a.

The flux of gaussean surface is: 7 \,\ - //

e, T \\.‘ ! \ ‘|-| E

& e ""“, o
§ 5. = £ = EGamr) At &
S Gaussian surface (a) Gsi‘l'l;;:?cn (b)

Gaussian surface for uniformly charged solid
spherefor (@) r < aand(a)r > a
With uniform charged distribution, the charge enclose is:

3
4+ . r
Qenc = | pAV =pV =p|(onr’ | =Q—
3 a
: __ Yenc
From Gauss law: Pp ="
p 4 Q r > 4 ’“‘-1?';,
E(4mr?) = —(=mrd E = : r<a \
€, \3 4TT€E,Q &3 }))| DR. AHMED ALMURSHEDI




Case2:r=>a

In this case Gaussian surface is a sphere of radius r = a as showing in the figure (b). Since
the radius of Gaussian surface Is greater than of the radius of sphere all the charge is
enclosed In our Gaussian surface q.,. = Q with the electric flux through the Gaussian

surface given by ¢ = E(4nr?) and from Gauss law:

r>a

Q Q
2 = — =
E(4mr?) = . = E py—:
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Problem 1: What is the strength and direction of the electric field 3.74 cm on

the left hand side of a 9.1 uC negative charge?
Sol.

E=(9.0x10° N -m2/C2)(9.1x106C)/(3.74x102m)?2
E=58552x10"N/C

Which way would a test charge (they are always positive) move when placed on the left hand

side of a negative charge ? It would be attracted toward it and therefore to the right.

E=59x10"N/C; tothe right

5 'z:i’.v‘:"mm-@ﬁ
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Problem 2: At what distance from a negative charge of 5.536 nC would the
electric field strength be 1.90 x 10° N/C ?

Sol.
k q q
E=2 = =%
\
2
9 x 10° N'CT (5.536 x 102 C)
d =
N 1.9 x 105 N/C

d=1.6194x10"%2m
d=1.6cm
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Problem 3: There are three charges g1, g2, and g3 having charge 6 C, 5 C and 3 C enclosed In

a surface. Find the total flux enclosed by the surface.

Sol.
Total charge Q: Q=9gl+g2+qQ3
Q=6C+5C+3C = 0Q=14C
The total flux: p=—-= p=—"— = @=1584Nm?/C

Therefore, the total flux enclosed by the surface is ¢ = 1.584 N m? /C
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Problem 4: Find the electric flux in a cylinder having length 5 cm, radius 2 cm having
electric field intensity 2 N/C.
Sol.
¢op=FEA = @=EQ2mnurl
@=2N/C2m % 0.02m x 0.05m)
@ =0.0125 Nm?/Cc 1

Therefore, the electric flux in a cylinder is 0.0125 Nm?/C~ 1.
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Problem 5: Determine the electric flux for a Gaussian surface that contains 100 million

electrons.

Sol.

‘P:Ec>

~ 100x10° (1.6x10719)
- 8.85x1012

¢ = @=1.8Nm?/C
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Problem 6: A uniformly charged solid spherical insulator has a radius of 0.23 m. The total

charge in the volume is 3.2 pC. Find the E-field at a position of 0.14 m from the center of
the sphere.
Sol.

- q
b= (4neoR3> "

3.2 x 10712
E = 0.14

4 1€ (0.23)3

E=0.331N/C
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H.W

1) A uniformly charged disk of radius 35cm carries charges with a density of
7.9x10% C/m2. Calculate the electric field on the axis of the disk at (a) 5cm, (b) 10cm, (c) 50cm,
and (d) 200 cm from the center of the disk.

2) Two 2uC point charges are located on the x-axis. One Is at x=1m, and the other is at x=-1m.
(a) Determine the electric field on the y-axis at y=0.5m. (b) Calculate the electric force on a -
3uC charge placed on the y-axis at y=0.5m.

3) A uniformly charged ring of radius 10cm has a total charge of 75uC. Find the electric field

on the axis of the ring at (a) 1cm, (b) 5cm, (¢) 30cm, and (d) 100 cm tmg\ the center of the ring.
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