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23.4 The Electric Field

O An electric field is said to exist in the region of space around a charged object—the
source charge. When another charged object—the test charge—enters this
electric field, an electric force acts on it.

O The electric field vector E at a point in space is defined as the electric force Fe
acting on a positive test charge g0 placed at that point divided by the test charge:
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Relationship Between F and E

F. =qE
* This is valid for a point charge only.

 One of zero size

* For larger objects, the field may vary over the size of the
object.

*If q Is positive, the force and the field are in the same
direction.

*If g Is negative, the force and the field are In
opposite directions.
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Electric Field, Vector Form

*Remember Coulomb’s law, between the source and test charges, can be
expressed as

F =k, oy

erz

*Then, the electric field will be
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More About Electric Field Direction

*a) ( IS positive, the force is directed away from q.

*b) The direction of the field is also away from the positive source charge.

*C) IS negative, the force is directed toward g.

«d) The field is also toward the negative source charge.

If gis positive,
the force on
the test charge
q, is directed
away from g.

For a positive
source charge,
the electric
field at P points
radially outward
from gq.
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If ¢ is negative,
the force on
the test charge
qo is directed
toward q.

For a negative
source charge,
the electric
field at P points
radially inward
toward g.



A charge gy = 7.0 uC is located at the origin, and a second

EX 4 charge g2 = — 5.0 uC is located on the x axis, 0.30 m from

the origin (Fig. 23.14). Find the elecuric field at the point £,
which has coordinates (O, O.40) .




|41 0 9.9 (10x107°C)
Ey =k = (8.99 ¥ 10°N-m%/C
1=k g = M/ C) T 040 m)?
= 3.9 X 10° N/C
92/ 0ee 9 e (50X 107°C)
Ey = k — (8.99 X 10°N-m%/C
2 =k 5 = M/ G 050 m)2

= 1.8 % 10° N/C

The vector E; has only a y component. The vector Es has an
x component given by E. cos f =.—;3Eg and a negative ¥y

component given by — Ko sin f = —%EE . Hence, we can

E"."IPI'E'S-E the vectors as
E, = 3.9 X 10°) N/C
E; = (1.1 X 10°1 — 1.4 X 10°}) N/C

The resultant field E at Pis the superposition of E; and Es:
E=E, + E;= (11X 10°% + 25 x 10°}) N/C

From this result, we find that E makes an angle ¢ of 66 with
the positive x axis and has a magnitmde of 2.7 % 10° N/C.



Two 2.00-uC point charges are located on the
X axis. One Is at x = 1.00 m, and the other Is at
X = —-1.00 m. (a) Determine the electric field
on the y axis at y = 0.500 m. (b) Calculate the
electric force on a —3.00-4C charge placed on
the y axis at y = 0.500 m.




ko [899x107)200x107° ~—(0,0.500 m)
() E= qu( | ; )=14400N/C E '/ E
r (1.12)* 200 N7 200
{f"w , g;r\‘g-'c X
E, =0 and  E,=2(14400)sin266°=129x10* N/C ~ L00m L0Om
S0 E=1,29x104} NJ/C |. FIG. P23.20

(b)  F=qE=(-3.00x10")129x10%])=| -3.86x10*j N




Electric Field Lines, General

*The density of lines through The magnitude of the
surface A is greater than through IS S OIS GBI
A than on surface B.

surface B. |
*The magnitude of the electric field { /
IS greater on surface A than B. | P
*The lines at different locations B z/ |
point in different directions. — S

* This indicates the field is -y

nonuniform. ———
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Electric Field Lines, Positive Point
Charge

*The field lines radiate outward In
all directions. TR,

the field lines are directed

* In three dimensions, the distribution iy ounar.
IS spherical. |

*The lines are directed away from \ | / /
[

o
the source charge. ! Nz

repelled away from the positive i
source charge.

Y
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A positive test charge would be /7 i\\ = /“i\\
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Electric Field Lines, Negative Point

Charge

*The field lines radiate inward in all
directions.

*The lines are directed toward the
source charge.

A positive test charge would be
attracted toward the negative source
charge.
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For a negative point charge,
the field lines are directed
radially inward.
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Electric Field Lines — Rules for Drawing

*The lines must begin on a positive charge and
terminate on a negative charge.

* In the case of an excess of one type of charge, some lines
will begin or end infinitely far away.

*The number of lines drawn leaving a positive charge
or approaching a negative charge is proportional to the
magnitude of the charge.

*No two field lines can cross.

‘Remember field lines are not material objects, they
are a pictorial representation used to qualitatively
describe the electric field.
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Electric Field Lines — Dipole

—_ The number of field lines leaving

*1ne Charges are equal and the positive charge equals the
op OOSlte number terminating at the

negative charge.

*The number of field lines leaving
the positive charge equals the
number of lines terminating on the
negative charge.
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*The charges are equal and positive.

*The same number of lines leave

Electric Field Lines — Like Charges
each charge since they are equal In
magnitude.

At a great distance, the field is | j \

approximately equal to that of a \\
single charge of 2q.
Since there are no negative charges

available, the field lines end
Infinitely far away.
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Electric Field Lines, Unequal Charges

*The pOSitiVG Charge IS twice the Two field line§ leave +2¢ for every
magnitude of the negative charge. one that terminates on —.

*Two lines leave the positive charge for
each line that terminates on the negative
charge.

At a great distance, the field would be
approximately the same as that due to a
single charge of +q.
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Motion of Charged Particles

*\WWhen a charged particle is placed in an electric field, it experiences an
electrical force.

I this Is the only force on the particle, it must be the net force.

*The net force will cause the particle to accelerate according to
Newton’s second law.
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Motion of Particles, cont

—>

F. =qE=ma
If the field i1s uniform, then the acceleration iIs constant.

*The particle under constant acceleration model can be
applied to the motion of the particle.

* The electric force causes a particle to move according to the
models of forces and motion.

*If the particle has a positive charge, its acceleration Is in the
direction of the field.

*If the particle has a negative charge, Its acceleration Is In
the direction opposite the electric field.
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Example 23.10 An Accelerating Positive
Charge

- A positive point charge g of mass m is released from rest
In a uniform electric field E directed along the x axis, as

shown in Figure 23.25. Describe its motion.

Xp= x; + vit + %.m!2 + =
vr=v; T at MRS I A

vf2 = ;2 + 2a(x;— x;)




Electron in a Uniform Field, Example

*The electron is projected horizontally

Into a uniform electric field.

*The electron undergoes a downward

acceleration.

* It Is negative, so the acceleration is
opposite the direction of the field.

*Its motion is parabolic while between

the plates.

Section 23.7

The electron undergoes a downward
acceleration (opposite E), and its motion
is parabolic while it is between the plates.
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