


. After finishing this
I should be able to:

Define the electric field and explain what
determines its magnitude and direction.

Write and apply formulas for the
electric field intensity at known
distances from point charges.

Discuss electric field lines and the
meaning of permittivity of space.

Write and apply Gauss's law for fields around
surfaces of known charge densities.




Above earth, we say there 1s
a gravitational field at P.

Because a mass m experiences a
downward force at that point.

No force, no field; No field, no force!

The direction of the field 1s determined by the force.




YA and B above
the earth—just

Note that the force F is real, but
the field 1s just a convenient way
of describing space.

The field at points A or B might

be found from:

If g 1s known at

every point above

the earth then the The magnitude and direction of
force F on a given the field g 1s depends on the
mass can be found. weight, which 1s the force F.




¥ Electric Field

1. Now, consider point P a
distance r from +Q.

2. An electric field E exists
at P if a test charge +q
has a force F at that point.

3. The direction of the E is
the same as the direction of
a force on + (pos) charge.

4. The magnitude of E 1s
given by the formula:




Force on +q 1s with
field direction.
_

Force on -q 1s
against field

direction.

ﬁ
Electric Field Electric Field

The field E at a point exists whether there 1s a
charge at that point or not. The direction of the
field 1s away from the +Q charge.




Field Nea

Force on +q 1s with
+q @ HE tield direction.
Fir b .
Force on -q 1s

@ against field
direction.

Electric Field m—> Electric Field

Note that the field E in the vicinity of a negative
charge —Q 1s toward the charge—the direction that a
+q test charge would move.




The magnitude of the electric field intensity at a
point in space 1s defined as the force per unit
charge (N/C) that would be experienced by any
test charge placed at that point.

Electric Field
Intensity E

The direction of E at a point 1s the same as the
direction that a positive charge would move IF
placed at that point.




SEMBIERSAF-2 NC charge is
distance r from a
arge. If the charge
ces a force of 4000 N
s the electric field
Intensity E at point P?

First, W.e note that the direction of Electric Field
E 1s toward —Q (down).

E:F: 4000 N E=2x10122N/C
g 2x10°C Downward

Note: The field E would be the same for any charge
placed at point P. It 1s a property of that space.




S chslEaANConstant E field of 40,000 N/C
'd between the two parallel
at are the magnitude and
of the force on an electron that

passes horizontally between the plates.c
|+ + + + + + + + +

The E-field is downward, F o
and the force on e is up. o foE

F
E=—; F=¢qLt - - - - - ]

q

F=qE=(1.6x10"C)4x 10" X)

F=6.40 x 101> N, Upward




der a test charge +q placed
at P a distance r from Q.

The outward force on +q 1s:

kQq

2
r

F =
The electric field E is therefore:

:F:kQ,q%f2
g 4

E




SchblEERWNat is the electric field
point P, a distance of 3 m
gative charge of —8 nC?

First, find the magnitude:

C2

kO (9x10° Y28 x 10°C)
— 2 —

r (3 m)°
E = 8.00 N/C

The direction is the same as the force on a positive
charge if it were placed at the point P: toward —Q.

£ = 8.00 N, toward -Q




The resultant field E in the vicinity of a number
of point charges 1s equal to the vector sum of the
fields due to each charge taken individually.

der E for each charge.

Vector Sum:

E=FE,+LE,+ L,




SEMBIEEREING the resultant field at point A
> NC charge and the +6 nC
anged as shown.

E for each q 1s shown
with direction given.

- (9x 10" ¥)(3 x 107°C) L _Ox 10" X15)(6 x 10°C)

C

(3 m)” . (4 m)

L,

Signs of the charges are used only to find direction of E




Nm® )3 x 107C)

C

(3 m)*
- (Ox 10° No2y(6 x 10°C)

C2

(4 m)°

E, =3.00N, West E, =3.38 N, North

Next, we find vector resultant Eg




Example 4. ( Find the resultant field at
g vector mathematics.

E, =3.00 N, West
E, =3.38 N, North

Find vector resultant E,

3.38 N
3.00 N

E=\(3.00N)’+(338N)? =452 N; tan¢ =

®» =48.4°Nof W; or O = 131.6°

Resultant Field: E, = 4.52N; 131.6°




Electric Field Lines are imaginary lines drawn in
such a way that their direction at any point 1s the
same as the direction of the field at that point.

/
> B

Field lines go away from positive charges and
toward negative charges.




1. The direction of the field line at any point is
the same as motion of +q at that point.

2. The spacing of the lines must be such that they
are close together where the field 1s strong and

far apart where the field 1s weak.




wo equal but Two 1dentical
opposite charges. charges (both +).

Notice that lines leave + charges and enter - charges.

Also, E 1s strongest where field lines are most dense.




The Dg

Gauss’s LLaw: The field E at any point in space 1s
proportional to the line density ¢ at that point.

Gaussian Surface Line density ©




Line Densif

e field near a positive point charge q:

magine a surface (radius r) surrounding q.

Radius r E 1s proportional to AN/AA and
is equal to kq/r? at any point.

Gaussian Surface Define €, as spacing constant. Then:

1

=& E Where g, 18: Ey = -
T




The proportionality constant for line density 1s
known as the permittivity €, and it 1s defined by:

C2
Ak N-m°

e = _g85x10"

Recalling the relationship with line density, we have:

%zé‘oE or AN =¢,EAA

Summing over entire area
: : : N = ¢ EA
A gives the total lines as: 0




SEbEEENWrite an equation for finding
ber of lines NV leaving a
Sitive charge q.

Radius r Draw spherical Gaussian surface:
AN =g,EAA and N =¢,EA
Substitute for E and A from:

— qz; A =47xr°
dir

r

Total number of lines 1s equal to the enclosed charge q.




Gauss’s Law: The net number of electric field
lines crossing any closed surface in an outward
direction 1s numerically equal to the net total
charge within that surface.

N =Yg, EA=2q

If we represent q as net enclosed
positive charge, we can write
rewrite Gauss’s law as:




S.cBlERSPHow many electric field
hrough the Gaussian surface

Gaussian surface

First we find the NET
charge >.q enclosed
by the surface:

2q=(H+8-4-1)=+3 uC

N =X¢,EA=2qg

N =+3 uC = +3 x 10° lines




Example 6. plid sphere (R = 6 cm) having
5 uC is inside a hollow shell (R
3ving a net charge of —6 uC. What
ctric field at a distance of 12 cm
e center of the solid sphere?

Draw, Gaussian sphere at
radius of 12 cm to find E.

Gaussian surface

N =X¢& EA =Yg

2q=(+8-6)=+2 uC
)>
e AE=q ; E=—1
E,A
Yq +2 x 10°C

E — —
g,(4zr®)  (8.85 x 1072 NmLy(477)(0.12 m)




( What is the electric field
e of 12 cm from the center of the

[ Gaussian surface

radius of 12 cm to find E.
N =2 EA=2q

2q=H#8-6)=+4+2 uC
2

8OAE :qnet; L :—q
E,A

SRR, | £= 1.25 MN/C
E,(4rr”)




Charge on

Gaussian Surface just
inside conductor

would move until they
come to rest. Then

from Gauss’s Law . . . Charged Conductor

Since charges are at rest, E = 0 inside conductor, thus:

N=Xe,EA=YXqg or 0=2xg

All charge is on surface; None inside Conductor




SEhblEAaUse Gauss's law to find the E-
ltside the surface of a conductor.
ace charge density ¢ = g/A.

der g inside the
pilibox. E-lines through
all areas outward.

YEAE =¢q

E-lines through sides
cancel by symmetry.




Find the field just outside
if c = g/A = +2 C/m-.

that side fields

el and 1nside
field 18 zero, so that

Surface Charge Density

b 12X 10°C/m’
8.85 x 107 N/, £ =226,000 N/C




Equal and opposite charges.
Field E, and E, to right.

Draw Gaussian pillboxes
on each 1nside surface.

Gauss’s Law for either box
gives same field (E;, = E,).




Field due to A; and A,
Cancel out due to
symmedtry.

YEAE =g

EA=L. A=QrrL




SEBERIPE Electric field at a distance of
A line of charge is 5 x 10* N/C.
linear density of the line?

P A

EFE=5x10*N/C r=15m

A=27(8.85x 10" <)(1.5 m)(5 x 10*°N/C)

Nm

A=4.17 uC/m




Outside is like
charged long wire:

Gaussian surface




SCBERERING concentric cylinders of radii 3
ner linear charge density is +3
outer is -5 uC/m. Find E at distance

E =
277, (0.04 m)

£ =1.38 x 10° N/C, Radially out




Example 8 (Cg Next, find E at a distance of
center (outside both cylinders.)

an outside of
poth cylinders.

At A,

2TE 1
- (+3-5)uC/m
27€,(0.075 m)

E

£ =5.00 x 10> N/C, Radially inward




The Electric Field _F _kQ N
-T2
q

i Units are —
Intensity E: p C

The Electric Field < kO
Near several charges: E= 27 Vector Sum

Gauss’s LLaw for

Charge distributions. € q, O

q
A







