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2-3 Electric-field vector of a pol

Follow Example
21.6 to see the
vector nature of the
electric field. Use
Figure 21.19 at the
right.
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Example 21.6 Electric-field vector ’f

point charge

A point charge g =
tric-field vector at the field point x = 1.2 m, y =

IDENTIFY and SET UP: We must find the electric-field vector E

due to a point charge. Figure 21.19 shows the situation. We use Eq.

8.0 nC is located at the origin. Find the elec-
1.6 m.

{(21.7); to do this, we must find the distance r from the source point
§ (the position of the charge g, which in this example 1s at the ori-

21.19 Our sketch for this problem.
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gin ) to the field point P, and we must obtain an expression for
the unit vector r = #/r that points from S to P.

EXECUTE: The distance from Sto P is
r=Vxl+yl= "v":{].Z m)® + (—1.6 m)*> = 2.0 m

The unit vector r is then

X+ .‘j

r
r r
(1.2 m)i + (—1.6 m)j
20 m

r

= 0.607 — 0.80]

Then, from Eq. (21.7),
. 1 q.
E —f,r

direq -

(—8.0 X 1077 C)

(9.0 X 10°N-m?/C?) (0.601 — 0.807)

(2.0 m)?
(—11 N/C)i + (14 N/C)j
EVALUATE: Since ¢ is negative, E points from the field point to the

charge (the source point), in the direction opposite to r (compare
Fig. 21.17¢). We leave the calculation of the magnitude and direc-

IS

tion of E to you (see Exercise 21.36).
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 Field of a charged line segment

* Electron in a uniform field
* The electric field on an oil drop
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u u
(@) A water molecule, showing positive charge
‘ ! C rI C I p O ‘ ! : ; as red and negative charge as blue
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An electric dipole is
a pair of point
charges having
equal but opposite
sign and separated
by a distance.

Figure 21.30 at the
right illustrates the
water molecule,
which forms an
electric dipole.
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Force and torque on a dip'@;f?} |
7
l

Figure 21.31 below left shows the force on a dipole In
an electric field. -

electric dipole moment

(torque on an electric dipole, in vector form)
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Electron in a uniform field

Example 21.7 requires us to find the fort
charge that is in a known electric field:
example using Figure 21.20 below.
The thin arrows represent
the uniform electric field.

o 1




Example 21.7 Electron
uniform field

When the terminals of a battery are connected to two parallel con-
ducting plates with a small gap between them, the resulting charges
on the plates produce a nearly uniform electric field E between the
plates. (In the next section we’ll see why this is.) If the plates are
1.0 cm apart and are connected to a 100-volt battery as shown in
Fig. 21.20, the field is vertically upward and has magnitude

21.20 A uniform electric field between two parallel conducting
plates connected to a 100-volt battery. (The separation of the
plates is exaggerated in this figure relative to the dimensions of
the plates.)

The thin arrows represent
the uniform electric field.

1.0 cm

100V

E = 1.00 X 10* N/C. (a) If an electron (charge —¢ = —1.60 X
1077 C, mass m = 9.11 X 107! kg) is released from rest at the
upper plate. what is its acceleration? (b) What speed and kinetic
energy does it acquire while traveling 1.0 ¢m to the lower plate?
(c) How long does 1t take to travel this distance?

IDENTIFY and SET UP: This example involves the relationship
between electric field and electric force. It also involves the rela-
tionship between force and acceleration, the definition of kinetic
energy, and the kinematic relationships among acceleration, dis-
tance. velocity, and time. Figure 21.20 shows our coordinate sys-
tem. We are given the electric field, so we use Eq. (21.4) to find the
force on the electron and Newton’s second law to find its accelera-
tion. Because the field is uniform, the force is constant and we can
use the constant-acceleration formulas from Chapter 2 to find the
electron’s velocity and travel time. We find the kinetic energy
using K = _lJ,anE.




Solution

ENECUTE: (a) Although E is upward (in the +y-direction), F is
downward (because the electron’s charge is negative) and so F,
is negative. Because F is constant, the electron’s acceleration is
constant: -

(—1.60 x 107" C)(1.00 .

Fy  _oF ) 10* N/C)

m m

ay =

9.11 X 10! kg

1.76 x 10'°

5 P
S myjs”

(by The electron starts from rest, so its motion is in the
y-direction only (the direction of the acceleration). We can find the

electron’s speed at any position v using the constani-acceleration
) . . 3 . .

Eq. (2.13), v,” = vy, + 2a,(y — vg). We have vy, = 0 and
1.0 % 10

vg = O.soaty = —1.0cm = “ m we have

- . | W G ! ¥
The velocity is downward, so v, = —5.9 X 10" m/s. The elec-
tron’s kinetic energy 1s

2 1

K =1mv?=109.11 x 107" kg)(

=1.6x107""7]
(c) From Eq. (2.8

vy

=34 %1075

EVALUATE: Our results show that in problems concerning sub-
atomic particles such as electrons. many quantities—including
» dif-
ferent values from those typical of everyday objects such as base-
balls and automobiles.

acceleration, speed, kinetic energy, and time—will have ve
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Adrop of R =2.76um has 3
excess electrons, p = 920kg/m3

F ZgﬂR?’pg =(3e)E=F,

9

~ 47R% pg
Oe

E =1.65x10°N/C







