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Electric CurrentElectric Current

dt

dQ
I =

 The presence of electric field leads to a force on a freeThe presence of electric field leads to a force on a free
charge:charge:

 The motion of charges leads to an The motion of charges leads to an electric currentelectric current::

 SI unit: SI unit: Coulomb/second  Coulomb/second  == Ampere Ampere
 1 A = 1 C/s1 A = 1 C/s

EqF
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=

 The same current can beThe same current can be
produced by motion of produced by motion of positivepositive
charge charge oror negative charge. negative charge.
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Current: microscopic viewCurrent: microscopic view

Avqn
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Current can be related to the drift velocity of moving charges:

n is the number of free
charges per unit volume.

Define current density:

dvqn
A

I
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Or in vector form
dvnqJ
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Example 25.1: how fast is the electron drifting ?Example 25.1: how fast is the electron drifting ?

 An 18-gauge copper wire of 1.02 mm in diameter
carries a current of 1.67 A. Determine
 Current density in the wire
 Drift velocity of free electrons

(Assume that one electron per Cu atom is free to move.)

a) A = πr2 = 8.17 x 10-7 m2

     J = I / A = 1.67/8.17 x 10-7 = 2.04 x 106 A/m2

b) The mass of one Cu atom is 63.5 u. The mass density of Cu 
     is 8.9 x 103 kg/m3. So the number density of electrons is 
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More current ...More current ...

 Question:Question: If the electrons move so slowly If the electrons move so slowly
through the wire, why does the light go onthrough the wire, why does the light go on
right away when we flip a switch?right away when we flip a switch?

 So in the wire, electrons moveSo in the wire, electrons move
(drift) very slowly: on the order of(drift) very slowly: on the order of
0.1 mm/s0.1 mm/s.  Thus, to move .  Thus, to move 1 meter1 meter
they need about they need about 3 hours 3 hours !!

 Because the electric field inside the wire travels much faster

Electric field travels at the speed of light!
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ConcepTestConcepTest 25.1 25.1(post) Electric currentsElectric currents
 If you have a battery, a lightIf you have a battery, a light

bulb, and only one wire,bulb, and only one wire,
which is the correct way  towhich is the correct way  to
light the bulb?light the bulb?

(1) (3)(2)

(1) case 1
(2) case 2
(3) case 3
(4)   all are correct
(5)   none are correct
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Resistance andResistance and
ResistivityResistivity
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ResistivityResistivity

 The electric field is directly proportional to the current density in the wire.
 ρ is called resistivity

 a measure of how much resistance there is for a charge in
a material

 SI unit: V.m/A = Ω. m

JE

!!
!=

 A perfect conductor has zero resistivity. A perfect insulator has infinite
resistivity

 The reciprocal of resistivity (1/ρ) is called conductivity.
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Temperature dependence of Temperature dependence of ResistivityResistivity
 The resistivity of a material depends on temperature.

[ ])(1)( 00 TTT !+= "##



Phys 2435: Chap. 24, Pg 11

ResistanceResistance

JAI = ELV = JE !=

 Consider a piece of wireConsider a piece of wire
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IRV =

Resistance

Ohm’s Law
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Same temperature dependence as ρ

SI unit: 1 V/A = 1 Ω (ohm)
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Color Coding for ResistorsColor Coding for Resistors

 first two bands are digits
 the 3rd band is power-of-ten multiplier
 the 4th band is the precision

 no 4th band means 20% uncertainty, silver 10%, gold 5%

yellow-violet-orange-silver means
47x103 Ω, give or take 470 Ω.

 What is resistance of the resistor shown in the picture?
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ConcepTestConcepTest 25.2 25.2(post) OhmOhm’’s laws law
 You You doubledouble the  the voltagevoltage across across

a certain conductor and youa certain conductor and you
observe the observe the currentcurrent increases increases
fourfour times.  What can you times.  What can you
conclude?conclude?

(1) Ohm Ohm’’s law is obeyed since thes law is obeyed since the
current increases when V increasescurrent increases when V increases

(2) OhmOhm’’s law is not obeyeds law is not obeyed
(3) This has nothing to do with OhmThis has nothing to do with Ohm’’ss

lawlaw
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Electromotive ForceElectromotive Force
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Electromotive Force (Electromotive Force (emfemf))

 To sustain a current flow, there must be a source that can convert other
forms of energy into electric potential energy
 batteries
 electric generators
 solar cells
 …

 The voltage such a source produces is called an emf, denoted by ε.
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Terminal voltage: (perfect)

(internal resistance)
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Simple CircuitsSimple Circuits

Idealized Voltmeter:
infinite resistance

Idealized Ammeter:
zero resistance

capacitor
----| |----
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Energy and Power in Electric CircuitsEnergy and Power in Electric Circuits
 The work done to move charge dQ = I dt across a

potential difference of  Vab is dW = Vab dQ = Vab I dt.
Therefore the power delivered is

ab
IVP =

R

V
RIIVP
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For a pure resistor that obeys 
V=IR, one can write
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Example: power counting in a circuitExample: power counting in a circuit

 Power of energy conversion in the battery is ε I= 12 x 2 =24 W
 Power loss in the internal resistor is I2 r = 4x2 = 8 W
 Power output of the battery is 24-8 = 16 W
 Power loss in the outside resistor is I2 R = 4x4 = 16 W
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ConcepTestConcepTest 25.3 25.3(post) emfemf
• The picture shows an open circuit.

What’s the reading on the Voltmeter
and Ammeter? (1) Vab=12 V, I=0 A

(2) Vab=0 V, I=6 A
(3) Vab=12 V, I=6 A
(4) Vab=0 V, I=0 A
(5) None of these
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ConcepTestConcepTest 25.4 25.4(post) Power LinesPower Lines

            For long wires, the resistanceFor long wires, the resistance
of power lines becomesof power lines becomes
significant.   To transmitsignificant.   To transmit
maximum power, is it bettermaximum power, is it better
to transmit to transmit high V, low Ihigh V, low I or or
high I, low V high I, low V ??

a)  high V, low Ihigh V, low I

b)  low V, high Ilow V, high I

c)  makes no differencemakes no difference


