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Electric Field

Electric field is said to exist in the region of space around a charged object: The
source charge.
Concept of test charge:

* Small and positive

* Does not affect charge distribution
Electric field: (SI unit: N/C)
_ F

E=—
q

Existence of an electric field is a property of its source.

Presence of a test charge is not necessary for the field to exist.
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0
Direction is radial: outward for +|Q| ‘/

inward for -|Q|
Magnitude: constant on any spherical
shell

Flux through any shell enclosing Q is
the same: E A, = EA;
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The electric dipole is a good model of many molecules, such as hydrochloric acid (HCI). H
WV
Example 23.6 Electric Field Due to Two Charges HCI

Charges g, and g, are located on the x axis, at distances a and b, respectively, from the
origin. (a) Find the components of the net electric field at the point P, which is at position (0, y).
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(B) Evaluate the electric field at point P in the special case that g1=g2 and a=Db.
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(C) Find the electric field due to the electric dipole when
point P is a distance y >> a from the origin.
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Electric Field due to a Group of Individual (€3
Charge '
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Electric Field of a Continuous Charge
Distribution

A
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In many cases, we have a continuous distribution of charge
rather than a collection of discrete charges.

Find an expression for dg:

dg = Ad/for a line distribution

dg = odA for a surface distribution

dg = pd\V/for a volume distribution
Represent field contributions at P
due to point charges dq located in
the distribution. Use symmetry,

. _J' X
dE =

<4

dre. -

Add up (integrate the contributions)
over the whole distribution, varying
the displacement as needed,

E= j dE
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Example 23.8 The Electric Field of a Uniform Ring of Charge

A ring of radius a carries a uniformly distributed

positive total charge Q. Calculate the electric field dq
+

due to the ring at a point P lying a distance x from 1 I,/\‘P“‘\\
. . . [ B ™
its center. Calculate the electric field due to the T N,
ring at a point P lying a distance x from its center |k [ B ‘\\
along the central axis perpendicular to the plane +"" R ;;\ )
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# Y The perpendicular component of the

) H N field at P due to segment 1 is
-~} . dEq canceled by the perpendicular
* T
I 4 — e To component due to segment 2.
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Physics For Scientists And Engineers 6E By
Serway And Jewett, page 722

What If? Suppose a negative charge is placed at the center
of the ring in Figure 23.18 and displaced slightly by a
distance x << a along the x axis. When released, what type of
motion does it exhibit?
40
et x << a E =—>x F:—k‘q"“x

% Q

a’ ' a’

Because this force has the form of Hooke’s law, the motion will be simple harmonic!
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Example 23.9 The Electric Field of a Uniformly Charged Disk

A disk of radius R has a uniform surface charge density o. //1(,

Calculate the electric field at a point P that lies along the R\

central perpendicular axis of the disk and a distance x from \,-’

the center of the disk. . L P
dq = 2mor d

kex oy dr) 4+ Physics For Scientists And Engineers 6E By

( ,
(x2 + r2)%/2 Serway And Jewett, page 722

To obtain the total field at P, we integrate this expression over the limits r=0 to r = R, noting that x is a

constant. ] ) o
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0 to give us the near-field approximation:
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= 2wk,0 (1 * ) In the next chapter we shall obtain the same result for the
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Electric Field Lines

RHH

O The density of lines through surface A is greater than the density of lines through ~

surface B. Therefore, the magnitude of the electric field is larger on surface A than

on surface B. S~

E&“a H\x

O Furthermore, the fact that the lines at different locations point in different Physics For Scienti__s;c?Amd Ené)ineers 6E By

directions indicates that the field is nonuniform. Serway And Jewett, page 723
O The number of lines leaving +2q is twice the number

terminating at -q. Hence, only half of the lines that leave the

positive charge reach the negative charge. The remaining

ha!f .termmate on a negative charge we assume to be at ey @ \9 i

infinity.
[ At distances that are much greater than the charge

separation, the electric field lines are equivalent to those of

a single charge +q. Physics For/Scientists And Engineers 6E By
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Example 23.10 An Accelerating Positive Charge

A positive point charge q of mass m is released from rest in a uniform electric field E directed along the x 54
axis. Describe its motion. i

Solution: We can apply the equations of kinematics in one dimension

Xp= X; + vt + mth " E —
U= + at
9 2qE
::JJ,r = v;~ T 2a(xf— x;) ) v = 2axp= ( - ) X + -
o= gat” = an a -
+ ————— +
The speed of the particle is given by, i g |-
= al = ie’
! m + _
The kinetic energy of the charge after it has moved a distance Ax:
T | X > —

2¢E )
= Lo = Lo (255 ) Ax = 4K
K= gmuf” = gm ( m Ax = qLAx Figure 23.25 (Example 23.10) A positive point charge gin a

uniform electric field E undergoes constant acceleration in the
Il. Way: We can also obtain this result from the work—kinetic dllectlﬂn of the field.

_ . Physics For Scientists And Engineers 6E By
energy theorem because the work done by the electric force is: Serway And Jewett, page 726
F,Ax = gEAxand W= _‘\K
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Suppose an electron of charge e is projected horizontally into the region between two oppositely charged
flat metallic plates.
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Hence, the trajectory is a parabola.  After the electron leaves the field, the electric force vanishes
and the electron continues to move in a straight line in the
direction of 9.
Note that we have neglected the gravitational force acting on the electron. This is a

good approximation when we are&gglgng.v\fjr} Btf)nmqum% Ba gci



Example 23.11 An Accelerated Electron
An electron enters the region of a uniform electric field as shown in Figure with 9; = 3 X 106—and E = 200

The horizontal length of the plates is /=0.1m.
(A) Find the acceleration of the electron while it is in the electric field.

eE (1.60 X 10719 C) (200 N/C)
J

Q4 = —— _ —
M, ] 9.11 X 1073 kg

= —351 X l{JHJ mf*r

(B) If the electron enters the field at time t=0, find the time at which it leaves the field.
{ 0.100 m B
[ = = : = 3.33 X 10
v, 3.00 X 10°m/s
(C) If the vertical position of the electron as it enters the field is y;= 0, what is its vertical position

when it leaves the field?

V= ln' 12 = ——(% 51 X 1012 qu )(% 2 % 108 5)2

= —0.0195m= —1.95cm
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The Cathode Ray Tube

LK $F

L

The cathode ray tube (CRT) is commonly used to obtain a visual display of electronic information in oscilloscopes, rada

systems and old television systems. The CRT is a vacuum tube in which a beam of electrons is accelerated and deflected
under the influence of electric or magnetic fields.

In an oscilloscope the electrons are deflected in various directions by two sets of plates placed at right angle to each other

in the neck of the tube. The placing of positive charge on one X or Y plates and negative charge on the other creates
an electric field between the plates and allows the beam to be steered from side to side.
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J.J. Thomson used results from cathodm_g_t_i:)_e aratf/s ibe (commonly
abbreviated CRT) experiments to discover the electron.
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Summary - Continued

q

e At adistance r from a point charge g, the electric field due to the charge is f =’ !
A . . . . . . £

where 7 is a unit vector directed from the charge toward the point in question. The r?
directed radially outward from a positive charge and radially inward toward a negative charge.

r

* The electric field due to a group of point charges can be obtained by using the superposition principle.

That is, the total electric field at some point equals the vector sum of the electric fields of all the charges:

E =1 %r

i1
* The electric field at some point due to continuous charge distribution is:

- " dg
E = ffﬁJ ff

e

where dq is the charge on one element of the charge distribution and r is the distance from the element to
the point in question.
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