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De!nição de corrente elétrica

Carga elétrica que atravessa uma seção reta do !o condutor 
por unidade de tempo.

i =
dq

dt

Unidades: C/s = A (Ampère)

Current and Resistance 

6.1 Electric Current 

Electric currents are flows of electric charge. Suppose a collection of charges is moving 
perpendicular to a surface of area A, as shown in Figure 6.1.1. 

Figure 6.1.1 Charges moving through a cross section. 

The electric current is defined to be the rate at which charges flow across any cross-
sectional area. If an amount of charge ∆Q passes through a surface in a time interval ∆t, 
then the average current Iavg is given by 

Iavg =
∆Q (6.1.1)
∆t 

The SI unit of current is the ampere (A), with 1 A = 1 coulomb/sec.  Common currents 
range from mega-amperes in lightning to nano-amperes in your nerves. In the limit 

t 0,∆ →  the instantaneous current I may be defined as 

I = dQ (6.1.2)
dt 

Since flow has a direction, we have implicitly introduced a convention that the direction 
of current corresponds to the direction in which positive charges are flowing. The flowing 
charges inside wires are negatively charged electrons that move in the opposite direction 
of the current. Electric currents flow in conductors: solids (metals, semiconductors), 
liquids (electrolytes, ionized) and gases (ionized), but the flow is impeded in non-
conductors or insulators. 

6.1.1 Current Density 

To relate current, a macroscopic quantity, to the microscopic motion of the charges, let’s 
examine a conductor of cross-sectional area A, as shown in Figure 6.1.2. 
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De!nição de corrente elétrica

Carga elétrica que atravessa a seção reta A por unidade de tempo.

i =
dq

dt
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FIGURE 4.1
(a) A swarm of charged particles all moving with the
same velocity u. The frame has area a. The particles
which will pass through the frame in the next At sec
are those now contained in the oblique prism (£>). The
prism has base area a and altitude u At cos 6, hence
its volume is au At cos 0 or a • u At.

ELECTRIC CURRENT AND CURRENT DENSITY
4.1 An electric current is charge in motion. The carriers of the
charge can be physical particles like electrons or protons, which may
or may not be attached to larger objects, atoms or molecules. Here we
are not concerned with the nature of the charge carriers but only with
the net transport of electric charge their motion causes. The electric
current in a wire is the amount of charge passing a fixed mark on the
wire in unit time. In CGS units current will be expressed in esu/sec.
The SI unit is coulombs/sec, or amperes (amps). A current of 1
ampere is the same as a current of 2.998 X 109 esu/sec, which is
equivalent to 6.24 X 1018 elementary electronic charges per second.

It is the net charge transport that counts, with due regard to
sign. Negative charge moving east is equivalent to positive charge
moving west. Water flowing through a hose could be said to involve
the transport of an immense amount of charge—about 3 X 1023 elec-
trons per gram of water! But since an equal number of protons move
along with the electrons (every water molecule contains 10 of each),
the electric current is zero. On the other hand, if you were to charge
negatively a nylon thread and pull it steadily through a nonconducting
tube, that would constitute an electric current, in the direction oppo-
site the motion of the thread.

We have been considering current along a well-defined path, like
a wire. If the current is steady—that is, unchanging in time—it must
be the same at every point along the wire, just as with steady traffic
the same number of cars must pass, per hour, different points along
an unbranching road.

A more general kind of current, or charge transport, involves
charge carriers moving around in three-dimensional space. To
describe this we need the concept of current density. We have to con-
sider average quantities, for charge carriers are discrete particles. We
must suppose, as we did in defining the charge density p, that our scale
of distances is such that any small region we wish to average over
contains very many particles of any class we are concerned with.

Consider first a special situation in which there are n particles
per cm3, on the average, all moving with the same vector velocity u
and carrying the same charge q. Imagine a small frame of area a fixed
in some orientation, as in Fig. 4Aa. How many particles pass through
the frame in a time interval Atl If At begins the instant shown in Fig.
4.1(3 and b, the particles destined to pass through the frame in the next
At sec will be just those now located within the oblique prism in Fig.
4.16. This prism has the frame area as its base and an edge length u
At, which is the distance any particle will travel in a time At. Particles
outside this prism will either miss the window or fail to reach it. The
volume of the prism is the product base X altitude, or au At cos 0,
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Fluxo e o vetor densidade de corrente elétrica 

As partículas que passam por dS em dt são, apenas, as que estão contidas no 
prisma oblíquo de base dS e aresta vdt.

O volume deste prisma é dado por 

+

d~S

~v

d~̀= ~v dt

dV = dS vdt cos(✓)

Considere que os portadores de carga se movimentam com velocidade média ~v
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Densidade de corrente elétrica

Considere que a densidade de carga por unidade de volume é ⇢

dq = ⇢dV = ⇢ dS vdt cos(✓) = ⇢ d

~

S · ~v dt

i =
dq

dt
= ⇢~v · d~S

Portanto,  

De!nimos o vetor densidade de corrente elétrica  ~j = ⇢~v

Consequentemente, a corrente elétrica que atravessa a área in!nitesimal d~S

i =

Z

S

~j · d~SA corrente que "ui através de uma área S é dada por 

di = ~j · d~S
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Vetor densidade de corrente 

Chamando de n a densidade (número) de portadores por unidade de volume 

densidade de portadores 

O vetor densidade de corrente elétrica pode ser reescrito como  

⇢ = nq

densidade de carga carga dos portadores

~j = n q ~v

Generalização

~j =
X

i

niqi~vi
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Conservação de carga 

d~S

IS =

I

S

~j · d~S
dq

dt
|S =

I

S

~j · d~S

d~S

A carga total dentro de um volume V delimitado por uma superfície fechada S 

q =

Z

V
⇢ dV ) dq

dt
=

Z

V

✓
@⇢

@t

◆
dV

Saturday, October 26, 13

A conservação de carga impõe que:  
I

S

~j · d~S = �dq

dt

carga que sai do volume V 
por unidade de tempo

Variação da carga 
no volume V
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Equação de continuidade

Utilizando o teorema de Gauss: 

I

S

~j · d~S = �
Z

V

✓
@⇢

@t

◆
dV

Conservação de carga

(o que sai corresponde a redução dentro)

r · ~F =
@F

x

@x

+
@F

y

@y

+
@F

z

@z

Equação de continuidade

r ·~j = �@⇢

@t
Forma local

I

S

~F · d~S =

Z

V
r · ~F dV
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Conservação de carga

Current and Current Density

• current density (same for all wires for given E; units          ):

• conservation of charge     ...of electron current     ....of 
conventional current, even at junctions: 

I = ei = nevdA I = JA

A/m2

Lei dos nós 

Soma das correntes que entram é igual a soma das correntes que saem  
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Condutividade elétrica e a Lei de Ohm

A aplicação de um campo elétrico em um condutor causa o aparecimento de 
uma corrente elétrica.   

~j = � ~EPara campos elétricos relativamente pequenos  

Condutividade elétrica do material

j é linearmente proporcional 
ao campo aplicado E

dV = VA � VB = ~E · d~̀= E d`

iS =

I

S

~j · d~S = jS = �E S ) E =
i

�S
) dV =

i

�S
d`

onde    V =
1

�

`

S
i = ⇢

`

S
i ⇢ =

1

�

Resistividade elétrica do material

Why Does Current Flow?y
If an electric field is set up in a conductor, chargep , g 
will move (making a current in direction of E) 

Note that when current is flowing, the conductor is 
not an equipotential surface (and Ei id  � 0)! 

8 

not an equipotential surface (and Einside � 0)! 

`

S
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Condutividade elétrica e a Lei de Ohm

obtemos:   R = ⇢
`

S
Escrevendo   V = VA � VB = Ri

Lei de Ohm

 
 

Ohmic and Non-Ohmic Resistors  An ohmic resistor is one in which the value of the resistor 
does not change over a fairly wide range of applied voltages and currents. A graph of voltage 
vs. current for an ohmic circuit is shown in Figure 4. Since the ratio of voltage to current is 
fixed, the resulting plot is linear, i.e., it is a straight line that follows the relationship 

bmxy � (the point, slope, intercept formula for a straight line).   

Non-ohmic resistors are also referred to as non-linear because a plot of voltage vs. current 
for such a resistor will not be a straight line (Figure 5.). In this case a linear fit of the data 
points obtained while measuring voltage and current won’t work and a curved exponential fit of 
the data will be necessary. Such resistors have a non-constant resistance to current flow. 

Voltage vs Current for an Ohmic Resistor
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Voltage vs Current for a Non-Ohmic Resistor
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Nota: a  resistividade depende da temperatura ⇢ = ⇢0 [1 + ↵(T � T0)]
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Resistividade e condutividade elétrica de alguns materiais 

Material 
Resistivity ρ 

( Ω⋅m ) 
Conductivity σ 

1(  m)−Ω ⋅  
Temperature 

Coefficient α ( C)−1° 
Elements 

Silver 
81.59 10−× 76.29×10 0.0038 

Copper 81.72 10−× 5.81 107× 0.0039 

Aluminum 82.82 10−× 73.55×10 0.0039 

Tungsten 85.6 10−× 71.8×10 0.0045 

Iron 810.0 10−× 71.0×10 0.0050 

Platinum 810.6 10−× 71.0×10 0.0039 
Alloys 

Brass 7 10−8× 71.4×10 0.002 

Manganin 844 10−× 70.23×10 51.0 10−× 
Nichrome 8100 10−× 0.1 107× 0.0004 

Semiconductors 
Carbon (graphite) 

53.5 10−× 42.9×10 −0.0005 

Germanium (pure) 0.46 2.2 −0.048 

Silicon (pure) 640 31.6 10−× −0.075 
Insulators 

Glass 
10 1410 −10 14 1010 10− −− 

Sulfur 1015 10−15 

Quartz (fused) 1675×10 1.33 10−18× 

6.3 Electrical Energy and Power 

Consider a circuit consisting of a battery and a resistor with resistance R (Figure 6.3.1). 
Let the potential difference between two points a and b be V V  V− > 0∆ =  b a . If a charge 

∆q is moved from a through the battery, its electric potential energy is increased 
by ∆ = ∆ ∆  U  q V . On the other hand, as the charge moves across the resistor, the potential 
energy is decreased due to collisions with atoms in the resistor. If we neglect the internal 
resistance of the battery and the connecting wires, upon returning to a the potential 
energy of ∆q  remains unchanged. 

Figure 6.3.1 A circuit consisting of a battery and a resistor of resistance R. 
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Efeito Joule 

Para transportar uma carga dq através de uma d.d.p. V é necessário dispender 

uma quantidade de energia dW = dq V

dq = idt ) dW = idtV ) dW

dt
= iV

Potência = quantidade de energia dispendida por unidade de tempo  

P = V iV = Ri P = Ri2 P = V 2/R

dP = idV

Como   ) ou   ou   

Se a corrente for constante  

Unidades: Watt = 1V A  
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Resistência elétrica: modelo

• Na presença de um campo elétrico     os portadores de carga são acelerados 
por uma força             . 

• Resistência elétrica ocorre devido a espalhamentos eletrônicos com impurezas 
e/ou irregularidades no material; quanto mais são espalhados maior a resistência 

~E
~F = q ~E

~E

~F = q ~E
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Modelo

• Imediatamente depois de uma colisão, a direção e sentido da velocidade do 
portador é aleatória. 

• Imediatamente antes de uma colisão o portador terá adquirido uma quantidade 
de movimento 

tempo entre colisões 
sucessivas 

tempo médio entre 
colisões sucessivas 

velocidade média adquirida 
pelos portadores em função 

do campo aplicado 

�~p = q ~E�t

⌦
~v dc
j

↵
= 0

m~v ac
j �m~v dc

j = q ~Etj

⌧

)
mh~vi = m

N

X

j

~vj = q ~E

0

@ 1

N

X

j

tj

1

A
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Condutividade

velocidade média é proporcional 
ao campo aplicado 

Sendo assim, 

h~vi = q⌧

m
~E

~j = nq h~vi ) ~j =

✓
nq2⌧

m

◆
~E

No entanto, 

~j = � ~E ) � =
nq2⌧

m

Mas, 

condutividade é proporcional ao 
tempo médio entre colisões 

Figure 6.1.2 A microscopic picture of current flowing in a conductor. 

Let the total current through a surface be written as 

& & 
I = ∫∫ ⋅dJ A  (6.1.3) 

& 
where J is the current density (the SI unit of current density are A/m2 ). If q is the charge 
of each carrier, and n is the number of charge carriers per unit volume, the total amount 
of charge in this section is then ∆ =Q q nA  ( ∆x) . Suppose that the charge carriers move 
with a speed vd ; then the displacement in a time interval ∆t will be ∆ =  ∆ , whichx v td 

implies 

I = ∆Q = nqv A (6.1.4)avg d∆t 

The speed vd at which the charge carriers are moving is known as the drift speed. 
Physically, vd is the average speed of the charge carriers inside a conductor when an 
external electric field is applied.  Actually an electron inside the conductor does not travel 
in a straight line; instead, its path is rather erratic, as shown in Figure 6.1.3. 

Figure 6.1.3 Motion of an electron in a conductor. 

& 
From the above equations, the current density J can be written as 

& 
J = & nqvd (6.1.5)  

& 
Thus, we see that J and & vd point in the same direction for positive charge carriers, in 
opposite directions for negative charge carriers. 
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Resistividade

Nos metais, 

Medindo-se a resistividade                    

e o livre caminho médio  

carga eletrônica 

q = �e ; m = me

massa eletrônica 

⇢ =
1

�
=

me

ne2⌧
podemos estimar                     ⌧

` (espaço percorrido em média entre duas colisões)   

` = vF ⌧

velocidade de Fermi  Cu (T~300K) ` ⇡ 102a0

espaçamento atômico   
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Carga na interface

Solution: 

The resistance R of a conductor is related to the resistivity ρ by R / , where l= ρl A  and A 
are the length of the conductor and the cross-sectional area, respectively. Since the cable 
consists of N = 7 copper wires, the total cross sectional area is  

A N r  2 = N π d 2 

= 7 
π (0.073cm) 2 

= π 
4 4 

The resistance then becomes 

−6 8ρl (3 10  Ω⋅cm  )(  3  10 cm  
4

× × )
R = = = 3.1 10 Ω×

A 7π (0.073cm )2 
/ 4 

6.5.2 Charge at a Junction 

Show that the total amount of charge at the junction of the two materials in Figure 6.5.1 
is ε0 I(σ 2 

−1 −σ1 
−1) , where I is the current flowing through the junction, andσ1 and σ 2 are 

the conductivities for the two materials. 

Figure 6.5.1 Charge at a junction. 

Solution: 

&
In a steady state of current flow, the normal component of the current density J  must be 
the same on both sides of the junction. Since J = σ E , we have σ E = σ E1 1  2 2  

or 

E2 = 



σ1  E1 
 σ 2  

Let the charge on the interface be qin , we have, from the Gauss’s law: 

& & 
⋅ d = (E  E A  ) = qin�∫∫ E A  −2 1 

S ε0 

or 
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Dois condutores com condutividades distintas e com mesma área de seção reta 

Continuidade da corrente elétrica:  i1 = i2 = I ) j1A1 = j2A2 ) j1 = j2 = J

J = �E ) �1E1 = �2E2 ) E2 =
�1

�2
E1

Usando a Lei de Gauss:  (E2 � E1)A =
qint
✏0

) qint = ✏0E1A(
�1

�2
� 1)

Como J =
I

A
) E1 =

I

A�1
) qint = ✏0I(

1

�2
� 1

�1
)
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