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from an equal charge in vacuum, repels it with a force of 8.9874 X 10%newtons
Tormuta {(14.3) holds only for Lwo charged paiticles in vacuuny; that is, for two
ch}m;ged particles in the absence of any other chaige o1 matter ({gnéf Section 16.6)
Note-that, according to Be. (14 2), we eikpress K, in N m? C 36y m” kg s72 c*

Tor practical and computational reasons, it is more converient to express K, in
the form \\ AR - .
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where the new phys\mal constant &g is called thg"tiwuum permittivity. - According to
the value assigned tc‘ﬁ.{{g, it has the value. ;fj
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Aceordingly, we shali normal?}w’{ité Eq (14 3) in the form
Lo : ’ 5, ’
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When using Eq. (}}/g), we must incluc *e\"-c,he charges ¢ and ¢’ with theix signg. A
negative value of B corresponds to attracton and a positive value corresponds to
repulsion, i ' ™,

EXAMPLE 1 : Gi’véa the charge at'i'angém<m\t f Fig 14-6, where gl =415 X
1073 C, g2/ =05 X 1072 C, gg = 02 X 1078 C,Nend AC = [2m, BC = 05m,
find the refultant force on chaige g3 ' . _

Solution: Th'e'for'c'é Fy between ¢1 and gz is repulsive, while the Force Fz between ¢z
and g4 is attn;i.c;_tive,.f- Their respective values, when we use EgqN14 8), are - '

= BB a5 X 10°N, P = _92gs_ ﬂx 10° N

dar e daregts
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Therefore the fesu_lta.lif.'_im'ce iy

P F = 406 X 10°N°

14.4 Eleciri Field #42- (447 Obs; boldfce letbers donste. Veitats.

Any region where an electric chargée experiences a force is called an electric fleld:
The force is due to the presence of other charges n that region. For example, &
charge g placed in a region where theic are other charges ¢, ¢2, g3, &6C (g 14-T)
experiences a foree I == Iy + Iy 4 Fy 4+ -, and we say that it is in an eleetric
field produced by .the chaiges ¢z, 02, 45, - (The chaige ¢ of course also exeitls
forees on. gy, ¢s, 43, - - » bub we are not concerned with them now.) Since the force
that each charge qu, gs, g3, = produces on the charge ¢ is propoltional to ¢, the

14 4)

Fig. 14-6. R
due to g1 and

resultant forc
an electric fie

The sniens |
placed at tha :

The electric
the fundame
Note that,
the charge ht
the direction
region where
to move the
ing in a char

Electrie fiek

Positive churg

Negative charg °

Let vs wri
duced by th
say, using T |
such that ¥
that the elec :
veetor form, -

whete u, is
is along this :




(14 4

F

¥ 10° newtons
- s, for two
Mection 16.6).
W kg s C2
B cxpress K, in

(149

n o
1,1

i ¢ According o

3 kels? O
(14 5)

4 (14.6)

L
H bheir gigns, A
I orzesponds to

21 =115 X
;; BC == Oé}m,
; Fg between qo
IS

L

N 10°

ot A et P i oo
s - edin- L o e R

3
f" electric fleld.
#i'01 example, a

getc. (g 14-7) -

Yis in an electric

15¢ also excils
4 Since the force
ftional o g, the

14 4) Bleciric field 443

g 143

. r
A - T2

Flg 14-7. Resultant electnc field at P
p;oduced by sevex__ai chgrges_

Flg 14—6 Resultant electnc fowe on, qg
due to g1 and gz S

tesultant force F is also’ pmpmtmnal to.g.” Thus the force on & pal ticle placed in
an electric field is proportional to the cha.z ge of the par ticle. f_j_f"% ? above

The intensity of the elechic field at i pomt is equal to the fome per unit charge
placed at that point. The symbol 1s g Thelcfom

=¥ o F% q8 o o (14.7)

The electiic field intensity & is expxessed in newtons/coulomb or N G~ 1 » Of, using
the fundamental units, m kg s 72 C71

Note that, in view of the definition (14 7), if ¢ is positive, the foxce F acting on
the charge has the same direction as the field &, but if ¢ is negatwe, the force F has
the direction opposite to & (Fig. 14—8)} Therefore if we apply an electzic field to a
region where positive and negative particies or ions are present, the field will tend
to move the positively and negatively charged bodies in opposite directions, resuil-
ing in a chaige sepalatmn an effect, sometlmes called polazmatwn
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Let us write Bq. {14.6) in the form F = ¢ (q/‘LTrEg?’ 3 ThlS gives the force pro-
duced by the charge g on the charge ¢ placed a distance 7 ‘from g We may also
say, using Eq. (14.7), that the electiic field & at the point where ¢ is placed is
such that ¥ = ¢’&. Therefore, by compa,nng both expressions of F, we conclude
that the electric field at a distance » fzom a point chaige gis & = qf4megr®, o1 in
vector form,

Lleetrie ficld C.C! mm

Positive chaige : -
Fig. 14-8. Direction of the force produced
by an electric field on a positive and a
nega.tlve chaige.

&= -———471_2 s T o (14 8)

whete u, is the unit vector in the 1adm1 ducctlon awaLy | hom the charge ¢, since F
is along this dnectmn Tixpression _(1_4:.8)_ is valid both for positive and negative
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Figf' 14—9 Electtic field pfgdﬁ'c:éﬂ by a positive and a negative charge.
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charges, w1th the direclion of & 1ela.t.1ve to u, given by the sign of ¢. Thus & is
“directed away from a positive charge and toward a negative chaige. In the coi-
responding formula for the glawtatlonal field (Eq. 13.15), the negative sign was
wiitten exphcﬁ‘.ly because the gxawtatmnal interaction is always attractive. Tig-
we 14-9{a) mdmates the electric field near a positive charge, and Fig. 14-9(b)
shows the. electnc ﬁeld neal a negatlve chaige fiy 49 a8d above
Just a5 in'the case of a gmwtntmnal field, an electnc field may be represented by
lines of fowe, which aré lines that, at each point, are tangent to the direction of
the electuc field at the point. The hnes of force in Fig, 14—10(3,) depiet the electric
field of a posﬂ:lve charge, and those in Fig. 14-10(b) show the electrie field of a
ncgatlve cha}:ge They are st1a1ght lmes passmtr through the charge. /

Fig. 14=10. Lines of force and equipotentizl surfaces of the electric field of a positive
and a negative sharge.
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