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Section 22.1 The Electric Field

Electrostatic Forces at a Distance
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How does particle 1 “know” of the presence of particle 2? That is, since the
particles do not touch, how can particle 2 push on particle 1—how can
there be such an action at a distance?
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Electrostatic Forces at a Distance
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* The explanation is this: Particle 2 sets up an electric field at all points in the
surrounding space, even if the space is a vacuum

* If we place particle 1 at any point in that space, particle 1 knows of the presence of
particle 2 because it is affected by the electric field particle 2 has already set up at that
point.

* Thus, particle 2 pushes on particle 1, but not by touching it as you would push on a
coffee mug. Instead, particle 2 pushes by means of the electric field it has set up.
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Electric Field Vector Expression

The electric field E at any point is defined in

terms of the electrostatic force F that would
be exerted on a positive test charge g, placed

there:

F_r
q0
SI unit: N /C
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Electric Field Lines :

Electric field lines help us visualize the direction and -

magnitude of electric fields. $F
. . Positive
1. The electric field vector at any point is tangent to test charge

the field line through that point and in the same

(a)
direction.
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2. The density of field lines in that region is proportional to the magnitude

of the electric field there. A closer spacing means a larger field
magnitude

3. Electric field lines extend away from positive charge (where they
originate) and toward negative charge (where they terminate).
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The charge on the right has twice the magnitude of the charge on the left
(and opposite in sign), so there are twice as many field lines, and they point
towards the charge rather than away from it.
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* A uniform Electric field: same
magnitude and direction at every
point within the field

The electric field around a dipole



Exercise: The electric field lines surrounding
three charges are shown in the figure. The
charge at the centeris g, =-10.0 pC

__—E field lines

a) Whatis the sign of g, and q5?

b) Find q,
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Solution: (a) The electric field lines begin at g, and g5 and end at q,. The rules of

drawing electric field lines indicate that the charges q, and g, must be positive.

(b) The charge g, has 8 lines leaving it but g, has 16 lines entering it. Because 8 is
half of 16, and since the number of lines entering or leaving a charge is proportional

to the magnitude of the charge, the magnitude of g, is one-half of g, (+5 pC)

(c) By the same reasoning of part (b), the magnitude of q; is (+5 uC)

Note: When drawn correctly, an electric field diagram can reveal a wealth of

information in a concise approach.



Section 22.2 The Electric Field Due to a Charged Particle

The magnitude of the electric field E set up by a
particle with charge g at distance r from the particle is

E=_ ‘qj \ /
dre, r

* The electric field vectors set up by a positively / \
charged particle all point directly away from the
particle.

* Those set up by a negatively charged particle all
point directly toward the particle.
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If more than one charged particle sets up an electric field at a point, the
net electric field is the vector sum of the individual electric fields—electric
fields obey the superposition principle.
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There is only one point within the figures above where the field is zero. Can you find it? ,



Exercise

Two point-charges lie along the x-axis. A charge of + 6.2 uC is at the origin
and a charge of -9.5 uC is placed at a distance x = 10 cm.

What is the net electric field at:
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Exercise
A charge of 25 nC is placed on the x-axis at x = 7 m and a charge of —75 nC
is placed on the y-axis at y = 3 m. What is the magnitude and direction of

the net electric field produced at the point x = 4 m?
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Exercise (HW)

Two point-charges of equal magnitudes are 7.5 cm apart. At the midpoint of

the line connecting them, their combined electric field has a magnitude of

45 N/C. Find the magnitude of the charges.
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Solution

The charges must have opposite signs, or their electric fields would cancel out at the

point midway between them.

*E =B+ Ep=2E = 45 (but remember that electric fields are vectors)

e« 22.5=k |q] /(3.75 x 10 ?)?
Then,

lq| =3.52x1012C

17



Extra Home Practice

Find the net electric field at the origin.
Given g = +20,q9, = —20Q, and g; = —40

y
d d
: : 30°
Find the net field 2
at this empty point. | \
O %
(a)
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Section 22.6 Force on a Point Charge in an Electric Field

* If a particle with charge q is placed in an external electric field E, an

electrostatic force F acts on the particle:

aAmg + direption
- —
F =qE

pste diecte

* The force acting on the charged particle

has the same direction of E if the charge
of the particle g is positive, and has the
opposite direction if the charge q is
negative

il
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+2.80 nC OL'V

O -9.30 nC
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Exercise: A +5.0 uC charge experiences a 0.44 N force in the positive y-
direction. If this charge is replaced with a —2.7 uC charge, what force will it

experience?
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Solution:
" Find the electric field:

E=F/|q] =0.44/(5x10° )= 8.8x10% (+y) N/C
" Now, the force on the second charge is:

F=[q] E=(2.7x10°)x(8.8x10%) =23.8x107=> 0.24 (—y) N/C

** The field is exactly the same at that point regardless of
1) The sigh or

2) Magnitude of the charge that is located there.
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