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ilí
br

io
 d

as
 f

or
ça

s 
qu

e 
at

ua
m

 s
ob

re
 o

 m
es

m
o 

du
ra

nt
e 

o 
de

se
nv

ol
vi

m
en

to
 d

e 
ta

is
 m

ov
im

en
to

s.
 S

ob
re

 o
s 

el
é-

tr
on

s 
at

ua
m

 a
s 

se
gu

in
te

s 
m

od
al

id
ad

es
 d

e 
fo

rç
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ça
 d

e 
at

ra
çã

o;
 



 E
le

tr
ic

id
ad

e 
–

 C
on

ce
it

os
 I

ni
ci

ai
s 

V
er

sã
o 

1.
1.

1 
   

   
   

 P
ro

f.
 D

en
ny

s 
A

lv
es

, M
E

ng
. 

M
od

el
o 

at
ôm

ic
o 

20
 

b)
 

F
or

ça
 c

en
tr

ifu
ga

. 

N
o 

pr
im

ei
ro

 c
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o,
 o

s 
pr

ót
on

s 
pr

es
en

te
s 

no
 n

úc
le

o 
at

ra
-

em
 e

le
tr
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en
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s 
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ro
ns
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rç
an

do
 o
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m
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m

os
 e

m
 d

ire
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çã
o 
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re

gi
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 c
en

tr
al
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om
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 f
or

ça
 d
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at

ra
çã
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 c
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s 
el

é-
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 c
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m
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s 
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 c
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tr
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s 

na
 d
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çã
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ta

ng
en

te
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cu
rv
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 o

u 
se
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, 

pa
ra

 f
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a 
da
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ita
 d

a 
el

et
ro

sf
er

a,
 o

u 
ai

nd
a 

no
 

se
nt

id
o 

de
 e

xp
ul

sá
-lo

 d
o 
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om

o.
 

A
 a
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ia
çã

o 
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nj
un

ta
 d
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 d
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s 

fo
rç

as
, 

a 
de

 a
tr
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pa
ra

 d
en

tr
o 

e 
a 
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nt

rif
ug

a 
pa

ra
 f

or
a,

 g
er

a 
o 

eq
ui

líb
rio

 (
am
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s 

se
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nu
la

m
) 
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e 

m
an

tê
m
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 e

lé
tr

on
 d

en
tr

o 
de

 s
ua

 t
ra

je
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 n

a 
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tiv
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ór
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O

 e
lé

tr
on

 s
ó 

va
i a

lte
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r 
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a 
tr
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et

ór
ia

 o
u 
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a 
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ta
 c
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o 

o 
m
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m
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a 
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ên
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a 
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a 
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a 
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te
rn
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Q

u
an

ti
za

çã
o

 d
a 

ca
rg

a 
el

ét
ri

ca
 

 

A
s 

ca
rg

as
 e

lé
tr

ic
as

 c
or

re
sp

on
de

m
 à

s 
ca

rg
as

 i
ne

re
nt
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a 
ca

da
 c

or
po

 e
 q

ue
 s

ão
 m

úl
tip

la
s 

da
 c

ar
ga

 d
e 

ca
da

 e
lé

tr
on
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ev
ol

uç
ão

 d
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 e
xp

er
iê

nc
ia

s 
no

 c
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po
 d

a 
el

et
ric

id
ad

e 
pr

op
or
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-

on
ou

 a
 c

ha
m

ad
a 
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an

tiz
aç

ão
 d
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 c

ar
ga

s,
 g

er
an

do
 o

s 
se

gu
in

-

te
s 

va
lo

re
s 

de
 c

ar
ga

s 
el

ét
ric

as
 p

ar
a 

as
 p

ar
tíc

ul
as

 e
le

m
en

ta
-

re
s:

 

�=
� �

=
+1

,6 
× 

10
��

�  � 
, 

se
nd

o 
� �

 a
 c

ar
ga

 d
o 

pr
ót

on
 

em
 C

ou
lo

m
bs

3 .
 

�=
� �

=
−1

,6 
× 

10
��

�  � 
, 

se
nd

o 
� �

 a
 c

ar
ga

 d
o 

el
ét

ro
n 

em
 C

ou
lo

m
bs

. 

A
 a

ná
lis

e 
do

s 
va

lo
re

s 
no

s 
pe
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ite

 a
fir

m
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 q
ue
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s 

ca
r-

ga
s 

do
 p

ró
to

n 
e 

do
 e

lé
tr

on
 s

ão
 ig

ua
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 e
m

 m
ód

ul
o 

(m
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m
o 
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-

lo
r 
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 p
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 d
e 
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na
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on
tr
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 e
st

e 
va

lo
r 
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m
i-

na
m
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 d

e 
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rg
a 
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en
ta

r.
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m
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C
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M
at

em
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en
te
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od
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 d
et
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m
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 c

ar
ga

 t
ot

al
 d

e 

um
 c

or
po

 a
tr

av
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 d
a 

ex
pr
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sã

o:
 

�
=

�×
� 

O
nd

e:
 

 �
 : 

R
ep

re
se

nt
a 

a 
ca

rg
a 

to
ta

l; 

�: 
N

úm
er

o 
de

 e
lé

tr
on

s 
em

 f
al

ta
 o

u 
ex

ce
ss

o 
no

 m
at

er
ia

l 

(e
lé

tr
on

s 
in

se
rid
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 o

u 
re

tir
ad
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 d

o 
co

rp
o)

. 
N

úm
er

o 
de

 e
lé

tr
on

s 

fo
rn

ec
id

os
 (

no
 c
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o 

de
 c

ar
ga

 n
eg

at
iv

a)
 o

u 
re

tir
ad

os
 (

no
 c
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o 

de
 c

ar
ga

s 
po

si
tiv
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) 

do
 c

or
po

. 

�: 
C

or
re

sp
on

de
 a

 c
ar

ga
 e

le
m

en
ta

r:
 | �

| =
1,6

 ×
 10

��
�  �.

 

C
ha

m
ad

a 
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rg
a 
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ric
a 

fu
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l, 
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e 

é 
a 

ca
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a 
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en

te
 

em
 c

ad
a 
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ót

on
 o

u 
el

ét
ro

n.
 

N
or

m
al

m
en

te
 a

s 
G

ra
nd

ez
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 f
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ic
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 u
til

iz
ad
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 n

o 
ca

m
po
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 e

le
tr

ic
id

ad
e 

fa
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m
 p

ar
te

 d
o 

S
is

te
m

a 
In

te
rn

ac
io

na
l 

de
 U

ni
-

da
de

s 
(S

I)
, 

m
ai

s 
co

nh
ec

id
o 

co
m

o 
M

K
S

 (
M

et
ro

, 
K

ilo
gr

am
a,

 

S
eg

un
do

).
 

A
 c

ar
ga

 e
lé

tr
ic

a 
fu

nd
am

en
ta

l, 
em

 C
ou

lo
m

bs
, 

va
le

 a
pr

o-

xi
m

ad
am

en
te

 1
,6

 x
 1

0-1
9  

C
. 

(v
al

or
 m

ui
to

 p
eq

ue
no

)!
 D

aí
 t

em
os

 

qu
e,

 p
ar

a 
co

ns
eg

ui
r 

ca
rg

as
 d

e 
1 

C
ou

lo
m

b,
 é

 n
ec

es
sá

ria
 tr

an
s-

fe
rê

nc
ia

 d
e 

vá
rio

s 
el

ét
ro

ns
 e

nt
re

 c
or

po
s.

 

1 �
=

6,2
42

 ×
 10

��
 ��

���
��

� 
≅

 6,
25

 ×
 10

��
 ��

���
��

�  

1 
C

ou
lo

m
b 

de
 

ca
rg

a 
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si
tiv
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ou
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a 
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m
a 

in
te
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e 
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m
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ta
s.
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 P

ri
n

cí
p

io
s 

d
a 
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ro
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tá
ti
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 E
le

tr
oe

st
át

ic
a 

es
tá

 
fu

nd
am

en
ta

da
 

em
 

do
is

 

pr
in

cí
pi

os
 b

ás
ic

os
, a

 s
ab

er
: 

 

�
 

1°
 P

rin
cí

pi
o:

 a
tr

aç
ão

 e
 r

ep
ul

sã
o;

 

�
 

2°
 P

rin
cí
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o:

 c
on

se
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aç
ão

 d
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 c
ar

ga
s 

el
ét

ric
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8.
1.

 
P

ri
n

cí
p

io
 d

a 
at

ra
çã

o
 e

 r
ep

u
ls

ão
 

 

A
fir

m
a 

qu
e 

ca
rg

as
 d

e 
m

es
m

o 
si
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l s

e 
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le
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 c
ar
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s 
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ig

u
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tr
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 r

ep
u
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n

tr
e 

ca
rg
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lé
tr

ic
as

. D
is

p
o

n
ív

el
 e

m
: 

<
 

h
tt

p
:/

/w
w

w
.b

ra
si

le
sc

o
la

.c
o

m
/f
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ic
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o

s-
ti

p
o

s-
ca

rg
a-

el
et

ri
ca

.h
tm

 >
. 

A
ce

ss
o
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m
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21

/0
5/

20
12
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8.
2.

 
P

ri
n

cí
p

io
 d

a 
co

n
se

rv
aç

ão
 d

e 
ca

rg
as

 e
lé

tr
ic

as
 

 

N
um

 s
is

te
m

a 
el

et
ric

am
en

te
 i

so
la

do
 a

 s
om

a 
al

gé
br

ic
a 

da
 q

ua
nt

id
ad

e 
to

ta
l d

e 
ca

rg
as

 p
er

m
an

ec
e 

co
ns

ta
nt

e.
 S

is
te

m
as

 

el
et

ric
am

en
te

 i
so

la
do

s 
sã

o 
aq

ue
le

s 
qu

e 
nã

o 
tr

oc
am

 c
ar

ga
s 

el
ét

ric
as

 c
om

 o
 m

ei
o 

ex
te

rn
o.

  

P
os

ic
io

na
nd

o 
de

nt
ro

 d
e 

um
 s

is
te

m
a 

el
et

ric
am

en
te

 i
so

-

la
do

, d
ua

s 
es

fe
ra

s 
m

et
ál

ic
as

 id
ên

tic
as

 (
m

es
m

as
 d

im
en

sõ
es

) 
A

 

e 
B

, 
nu

m
 p

rim
ei

ro
 m

om
en

to
 c

ar
re

ga
da

s 
co

m
 c

ar
ga

s 
el

ét
ric

as
 

� �
  

e 
 �

" 
e 

em
 s

eg
ui

da
 e

st
ab

el
ec

en
do

-s
e 

o 
co

nt
at

o 
en

tr
e 

as
 

m
es

m
as

, v
er

ifi
ca

re
m

os
 u

m
a 

m
út

ua
 tr

oc
a 

de
 c

ar
ga

s 
el

ét
ric

as
. 

D
ur

an
te

 o
 c

on
ta

to
 e

nt
re

 a
s 

es
fe

ra
s 

a 
ca

rg
a 

to
ta

l 
se

rá
 

di
st

rib
uí

da
 

un
ifo

rm
em

en
te

 
na

 
su

pe
rf

íc
ie

 
ex

te
rn

a 
da

s 
du

as
, 

um
a 

ve
z 

qu
e 

am
ba

s 
sã

o 
id

ên
tic

as
. 

A
pó

s 
a 

se
pa

ra
çã

o 
fís

ic
a 

ca
da

 e
sf

er
a 

fic
a 

co
m

 p
ar

te
s 

ig
ua

is
 d

a 
ca

rg
a 

to
ta

l4  
em

 f
un

çã
o 

de
 p

os
su

ír
em

 a
s 

m
es

m
as

 d
im

en
sõ

es
. 

A
 s

om
a 

se
rá

 a
lg

éb
ric

a,
 

lo
go

 d
ev

em
os

 le
va

r 
em

 c
on

si
de

ra
çã

o 
o 

si
na

l d
as

 c
ar

ga
s.
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 c
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i c

or
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de
r 

à 
m
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m
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 c
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F
ig

u
ra

 8
- 

E
xe

m
p

lo
 d

o
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ri
n

cí
p

io
 d

e 
co

n
se

rv
aç

ão
 d

as
 c

ar
g
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 e

lé
tr

ic
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D

is
p

o
n

ív
el

 e
m
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h
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p

:/
/d
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40

.4
sh

ar
ed
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o

m
/d

o
c/

O
E
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U
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p
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vi
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p
n

g
 >
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A
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/0
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12
. 

A
nt
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 d
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co

nt
at

o:
 

E
sf

er
a 

A
: 

C
ar

ga
: 

� �
; 

E
sf

er
a 

B
: 

C
ar

ga
: 

 �
" 

e 
 C

ar
ga

 t
o-

ta
l: 

 ∑
�

=
� �

+ 
� "

; 

A
pó

s 
o 

co
nt

at
o:

 

E
sf

er
a 

A
: 

C
ar

ga
: 

�′ �
=

% &
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(
"
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E

sf
er

a 
B

: 
C

ar
ga

: 
 �

′ "
=

% &
'%

(
"

; C
ar

ga
 to

ta
l: 

 ∑
�

=
�′ �

+ 
�′ "

 

P
el

o 
pr

in
cí

pi
o 

da
 

co
ns

er
va

çã
o 

te
re

m
os

: 
� �

+
 � "

 =
�′ �

+ 
�′ "

, 
ou

 s
ej

a,
 n

um
 s

is
te

m
a 

is
ol

ad
o 

a 
so

m
a 

al
gé

br
i-

ca
 d

as
 c

ar
ga

s 
é 

a 
m

es
m

a 
an

te
s 

e 
de

po
is

 d
o 

co
nt

at
o.

 

O
 p

rin
cí

pi
o 

da
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se

rv
aç

ão
 d

as
 c

ar
ga

s 
el

ét
ric

as
 f

ic
a 

ev
id

en
ci

ad
o 

pe
lo

 f
at

o 
de

 q
ue

 a
 s

om
a 

al
gé

br
ic

a 
da

s 
ca

rg
as

 

an
te

s 
e 

de
po

is
 d

o 
co

nt
at

o 
va

i p
er

m
an

ec
er
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 m

es
m
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on

fo
rm

e 
já

 c
ita

m
os

 a
s 

ca
rg

as
 e

lé
tr

ic
as

 s
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ed

id
as

 

em
 C

ou
lo

m
bs

. O
s 

pr
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ci
pa

is
 s

ub
m

úl
tip

lo
s 

do
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ou
lo

m
b 

sã
o:

 

�
 

M
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ul
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b:

 )
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�
 

M
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 +�

=
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� ;

 

�
 

N
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 ��
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�
 

P
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ou

lo
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=
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��
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fe
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nv
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ve
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o 
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an

s-

fe
rê

nc
ia

s 
de
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lé

tr
on

s 
en

tr
e 

co
rp

os
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H
á 

pr
oc

es
so

s 
en

vo
lv

en
do
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 p

ró
to
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 e
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ec

ifi
ca

m
en

te
, 

qu
e 

sã
o 
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 d

om
ín

io
 d

a 
F

ís
ic

a 

N
uc

le
ar
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no

 e
nt

an
to
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ta

is
 e

ve
nt
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 n

ão
 f
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ar

te
 d
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 o
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et

i-

vo
s 
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st

e 
cu

rs
o.

 

9.
 E

st
ad

o
s 

el
ét

ri
co

s 
d

a 
m

at
ér

ia
  

 

od
em

os
 c

la
ss

ifi
ca

r 
os

 c
or

po
s 

em
 f

un
çã

o 
de

 

su
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 c
ar
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