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SN2 FORCE BETWEEN TWO POINT CHARGES

Two point charges, g; = +25nC and ¢, = —75nC, are sepa-
rated by a distance r = 3.0 cm (Fig. 21.12a). Find the magnitude
and direction of the electric force (a) that g, exerts on ¢, and
(b) that g, exerts on g.

SOLUTION

IDENTIFY and SET UP: This problem asks for the electric forces
that two charges exert on each other. We use Coulomb’s law,
Eq. (21.2), to calculate the magnitudes of the forces. The signs of
the charges will determine the directions of the forces.

EXECUTE: (a) After converting the units of r to meters and the
units of ¢, and ¢ to coulombs, Eq. (21.2) gives us

1 g4
41T€0 r2

Flon2=

[(+25 X 1079C)(=75 X 1079 C)|
(0.030 m)?

= (9.0 X 10°N-m?%/C?)

= 0.019N

The charges have opposite signs, so the force is attractive (to the
left in Fig. 21.12b); that is, the force that acts on g, is directed
toward ¢, along the line joining the two charges.

21.12 What force does g, exert on g,, and what force does g,
exert on ¢,? Gravitational forces are negligible.

(a) The two charges  (b) Free-body diagram  (c) Free-body diagram

for charge ¢, for charge ¢,
9 92 Fiooo @ Q1 Fyyp
=
(b) Proceeding as in part (a), we have
1 |04 _ _
F20nl =——4 2 _FlonZ_O-OIgN
TEY r

The attractive force that acts on ¢, is to the right, toward ¢,
(Fig. 21.12¢).

EVALUATE: Newton’s third law applies to the electric force. Even
though the charges have different magnitudes, the magnitude of
the force that g, exerts on g, is the same as the magnitude of the
force that g, exerts on ¢, and these two forces are in opposite
directions. |
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NI IARE VECTOR ADDITION OF ELECTRIC FORCES IN A PLANE

NOILNT0S

Two equal positive charges ¢g; = ¢ = 2.0 uC are located at
x =0,y =030m and x = 0,y = —0.30 m, respectively. What
are the magnitude and direction of the total electric force that g,
and g, exert on a third charge Q = 4.0 uCatx = 040 m,y = 0?

SOLUTION

IDENTIFY and SET UP: As in Example 21.3, we must compute the
force that each charge exerts on Q and then find the vector sum
of those forces. Figure 21.14 shows the situation. Since the three
charges do not all lie on a line, the best way to calculate the forces
is to use components.

21.14 Our sketch for this problem.

Y
ql =20 /.LC

Y ) G
~

0.30m

EXECUTE: Figure 21.14 shows the forces i:'l on 0 and i:‘z on @ due to
the identical charges ¢, and g,, which are at equal distances
from Q. From Coulomb’s law, both forces have magnitude

Fiorzong = (9.0 X 10° N+ m?/C?)

< (4.0 X 1076C)(2.0 X 107%C)

> = 029N
(0.50 m)

The x-components of the two forces are equal:

0.40 m
(FI or2on Q)x = (FI or2on Q)Cosa — (0'29 N) 0.50 m

= 0.23N

From symmetry we see that the y-components of the two forces are
equal and opposite. Hence their sum is zero and the total force F
on Q has only an x-component F, = 0.23 N + 0.23 N = 0.46 N.
The total force on Q is in the +x-direction, with magnitude 0.46 N.

EVALUATE: The total force on Q points neither directly away from
g, nor directly away from ¢,. Rather, this direction is a compro-
mise that points away from the system of charges g, and g,. Can
you see that the total force would not be in the +x-direction if g,
and ¢, were not equal or if the geometrical arrangement of the
changes were not so symmetric?
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NI JRPARN ELECTRIC-FIELD VECTOR FOR A POINT CHARGE

A point charge ¢ = —8.0 nC is located at the origin. Find the
electric-field vector at the field point x = 1.2 m,y = —1.6 m.

SOLUTION

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. (21.7); to do this, we must find the distance » from the source
point S (the position of the charge ¢, which in this example is at
the origin O) to the field point P, and we must obtain an expres-
sion for the unit vector 7 = 7/r that points from S to P.

21.19 Our sketch for this problem.

EXECUTE: The distance from S to P is
r=Vx+y'=V(12m)* + (-1.6m)?> = 20m

The unit vector 7 is then

. F xi+y]
r=-—=
r r
(1.2m)7 + (—=1.6 m)J . .
— = L. - 80
o 0.60z — 0.80y
Then, from Eq. (21.7),
- I 4.
E = —
47T6() rzr
(—8.0 X 107°C)

= (9.0 X 10° N-m?/C?) (0.607 — 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 7 (compare
Fig. 21.17c). We leave the calculation of the magnitude and direc-
tion of E to you (see Exercise 21.30).
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DN W FIELD OF AN ELECTRIC DIPOLE

NOILNT0S

Point charges ¢ = +12nC and ¢, = —12 nC are 0.100 m apart
(Fig. 21.22). (Such pairs of point charges with equal magnitude
and opposite sign are called electric dipoles.) Compute the electric
field caused by ¢, the field caused by ¢,, and the total field (a) at
point a; (b) at point b; and (c) at point c.

SOLUTION

IDENTIFY and SET UP: We must find the total electric field at vari-
ous points due to two point charges. We use the principle of super-
position: E = E, + E'g. Figure 21.22 shows the coordinate system
and the locations of the field points a, b, and c.

EXECUTE: At each field point, E depends on E. and E‘z there; we
first calculate the magnitudes £ and E, at each field point. At a
the magnitude of the field E;, caused by g, is

1 ail

2

E, =
la 471'60 r

12X 10°°C

= (9.0 X 10° N+ m?/C?
( /c) (0.060 m)?

= 3.0 X 10*N/C

21.22 Electric field at three points, a, b, and ¢, set up by
charges ¢, and ¢, which form an electric dipole.
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We calculate the other field magnitudes in a similar way. The
results are

E,, = 3.0 X 10*N/C
E,, = 6.8 X 10*N/C
E,. = 6.39 X 10°N/C
E,, = 6.8 X 10* N/C
Ey, = 0.55 X 10 N/C

Es. = E;. = 6.39 X 10° N/C

The directions of the corresponding fields are in all cases away

from the positive charge g; and roward the negative charge g».
(a) At a, E,, and E,, are both directed to the right, so

E, = E i + E»i = (9.8 X 10°N/C)?

(b) At b, E,, is directed to the left and E,, is directed to the
right, so
E, = —E\pi + Exi = (—6.2 X 10*N/C)i

(c) Figure 21.22 shows the directions of El and Ez at ¢. Both
vectors have the same x-component:

E\ox = Ezer = Ejccosa = (6.39 X 10°N/C) ()

=246 X 10°N/C

From symmetry, £, and E,, are equal and opposite, so their sum
is zero. Hence

E. = 2(2.46 X 10°N/C)i = (4.9 X 10°N/C)7

EVALUATE: We can also find E‘c by using Eq. (21.7) for the field
of a point charge. The displacement vector 7| from g, to point ¢ is
Fi = rcosal + rsinaj. Hence the unit vector that points from ¢,
to point ¢ is 7| = F|/r = cosal + sinaj. By symmetry, the unit
vector that points from g5 to point ¢ has the opposite Xx-component
but the same y-component: r, = —cos @l + sin aj. We can now
use Eq. (21.7) to write the fields Elc and Egc at ¢ in vector form,
then find their sum. Since ¢ = —¢; and the distance r to c is the
same for both charges,

I q. | .
AP o

——nt  0n
4meq 12

E, =
2 4’71'60 r2

E‘czﬁlc +

1 - ~
= ——(qn + q@n)

4aregr
q1 ~ ~
= ro—r
41’?601’2( : 2)
I q
= “—(2cosai
47TEO r ( )

12X 107°C .
(%)

= 2(9.0 X 10° N+-m?/C? :
( /) (0.13m)2 "

= (4.9 X 10°N/C)7

This is the same as we calculated in part (c).
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Fig. 24-3 Electric field lines (purple) and cross sections of equipotential surfaces (gold) for (a) a uniform electric field. (b)
the field due to a point charge, and (c) the field due to an electric dipole.
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