Gauss’ Theorem
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Area vector: An area element dS can be represented as ds.

It is defined as a vector whose magnitude is dS and its ///
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direction is unit vector 71 perpendicular to surface dS. /
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Electric Flux:
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Flux is proportional o the density of flow.
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Flux wvaries by how the boundary faces the direction of flow.
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Flux is proportional to the area within the boundary.
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Electric flux is defined total number of electric field lines that normally pass

through that surface. It is represented by  ®p. ] &g
\ Eds & oot
So electric flux through small area dS is given by, -??— JS . > |
dd, = EdS cos 8 = E.dS - bew® l;éo

For a whole surface S due to an electric field E, total electric flux is given by,
Op = gﬁsﬁ.df = §ﬁ5§d§c059
SI unit of Electric Flux is Nm2C-1

Dimensional formula of @ is [M1L1T~2][L%] [AlT1 IML3T—3A471] S

Statement of Gauss’ theorem:

. . 1.
[t states that total electric flux over the closed surface S in vacuum is = times J_
0 Q
the total charge(Q) contained inside S. €
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Proof of Gauss’ theorem
Let us consider a spherical surface of radius r, electric flux through a surface
element dS is given by

dd, = E.dS = E dS Cos6

dor = EdS (8= 0)
Q
41e r2 ds
Therefore, total electric flux through the spherical surface is

() —fdcl) —f - QdS
E_S E_S4TL'EOT'2
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by = — O dS
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~ Gaussian Surface and its properties:
A gaussian surface is an arbitrary (imaginary) closed surface in 3-
dimensional saxfaee through which flux of vector field is calculated.
Shece
Examples: Sphere, cylinder, cube......etc.
not valid: disc surface, square, circle......

Properties:

1. Itshould be closed surface so that the clear
distinction can be made between points that 9
are inside or outside the surface.

2. This surface must pass through the point where @
electric field is to be calculated. \
I
A ?
3. Surface must have shape according to symmetry i +
1 +
of the source. So that field is normal to the surface +
at each point and constant in magnitude. ‘ DBK eClass

Physics 12
Mr. Hemant Kumar



4. For a system of charge the Gaussian surface should
not pass through any discrete charge. It is because
electric field at the location of any charge is not well
defined. However, the Gaussian surface can pass through
a continuous charge distribution.

Gauss' theorem is useful in computing the electric field due to system of

charges or symmetrical continuous distribution of charge. ;
|
| ,\%
Application of Gauss' theorem:

i) Electric field due to an infinite line of charge o Y(/Z@H =

Let A be the linear charge density and P be the point

N\
at which the electric intensity has to be calculated. +26 @.—-—a
> -
Let us draw a coaxial Gaussian cylindrical surface of & + 35 E
length 1 and radius r, through point P, *
1.
- @A// /
+

DBK eClass
Physics 12
Mr. Hemant Kumar



>
37

Thus, for any area element dS taken on surface both the electric field vector 4| R
E and area vector dS are along the same directioni.e.0 =0 T 7 @ ’E
therefore, n
E.dS=F dS Cosd = E dS M )
! - B e
Hence electric flux through curved surface of cylinder is, :
Op = fﬁ.d§ =F %dS = E(2mrl) - A T
S S +
|
now, the flux through the plane end of the surface is Zero,
ie. Op = 0 (- FEand d—Sjis perpendicular at plane end)
Total flux through the gaussian surface is:
CI)E = CI)EC-I_CDEP = E(Z'T[T'l) """"""""""" (1)
using Gauss' theorem,
Dr=2 e (ii)
€o
where, Q is total charge, Q = Al BE;@S'?;S

Mr. Hemant Kumar



from eq (i) and (ii)
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ii)Electric field due to a uniformly charged spherical shell

Let us consider a spherical shell of radius R with center at O.
Let the charge +q is distributed uniformly over the surface
of the shells, and have surface charge density o.

To calculate electric field at point P which is at r distance
from centre O, we need to draw a spherical Gaussian
surface Si.
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a) electric field outside the spherical shell
now, According to Gauss' theorem,

q
b, = —
E = e
- - q
— E.dS=—
= i‘ €o
_ i .. o a? ; . P
> 9555 ds = - ( "Eand d 'S are in same direction)
q
o pfas=?
> g €0
= E(4nr?) =1
€0
Hien, — R
ﬁ (4megr?) | _ ()
and, = 1
ATTR?

, OR? )
. = > | e (ii)
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b) electric field on the surface of the shell (r=R)

putting r= Rin Eq (ii), we can write

c) If point P is inside the spherical shell

Gaussian surface for inside the spherical shell contains(encloses) no

charge,
Therefore,

i.e. q=0
E=0.

/N

ey — c— - -

. - m om ™ = = em = oy

\Ug

!

DBK eClass
Physics 12
Mr. Hemant Kumar



iii)_Electric field due to infinite plane sheet of charge

Let us consider a thin infinite plane sheet having

charge +q. Let o be the surface charge density of T b ox

the sheet. T P _i
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To calculate electric field intensity at P, distant r o S l _: =7 N m
from sheet. P /_/_/ n
Let us imagine a cylinder of cross-section area ds e - 7
around P of length 2r. X
AtPandQ, E and i are parallel to each other,
i.e.8 =0°
so, electric flux at P,
®g, = E.dS =E dS Cos 0° = E dS
Similarly, at Q
CDEQ == E dS
DBK eClass
Physics 12

Mr. Hemant Kumar



and, on curved surface area of gaussian cylinder E is perpendicular to dS
so electric flux at curved surface area is,

Gp. = EdS Cos90° =0
hence total electric flux over entire surface of cylinder is

CI)E == CI)EP =+ CI)EQ =+ CDEC

by = 2E dS - (1)
According to gauss theorem,
E— €o ds
as
Or, P = GE —————————————————————— (ii) g = Ds
5 i
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Que 15: Two charges of + 25 X 10—9C and -25 X 10_9C are placed 6 m apart.
Find the electric field at a point 4m from the centre of the electric dipole

(i) on axial line (ii) on equatorial line.
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Que 16: A charge q is placed at the centre of a cube of side L. What is the
electric flux passing through each face of the cube?
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Que 17: Two charges of magnitudes -2Q and +Q located at point (a,0) and (4a,0),
respectively. What is the electric flux due to these charges through a sphere of
radius 3a with its center at origin?
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Que 18: Intensity of electric field at a perpendicular dlstance 0. 5m from an infinitely

long line charge having linear charge density ()\) is 3.6 X 10° Vn m. Find the value
of M.




Que 19: An infinite line charge produces a field of 9 X 104 N C'at a distance
of 2 cm. Calculate the line charge density.( »)

-- Same as Que 18----
do it yourself




Que 20 : A point charge +104 C is at a distance 5 cm directly above the
centre of a square of side 10 cm. What is the magnitude of the electric flux
through the square?
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