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Reminder

* The first mid-term exam will be on Thursday,
September 24th,

 Material to be covered is chapters 14 and 15
— Coulomb’s law

— Electric potential energy
— Electric field

— Electric potential
— Capacitors



Electrodynamics

e So far we have studied electrostatics
— Charges are unable to move

— Charges have moved so that they are in a state of
electrostatic equilibrium

 What happens when charge is allowed to move?

— What rules govern the flow of charge?



Electric Current

e We define the electric current I as the rate of flow of
net charge through a surface.

— The charge can be carried by anything that has a net
charge: electrons, ions, molecules, particles, etc...
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Current Flowing Through a Wire
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Units for current: Ampere =
second



What Drives Current Flow?

You need an electrical potential difference, for example,
a battery:

& ; A potential difference develops across
(( Battery 4_? the terminals of a battery.
- i * A battery is an electrochemical device
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Analogy to Flowing Water

High electrical Switch

High gravitational potential energy BT

potential energy

Valve

? Mozzle
constriction
Low gravitational

. @
potential energy e R |

Pump

Low electrical
potential energy

(a) {b)

Resistance to flow: the ratio of the potential
energy difference to the current flowing.



Microscopic Description

(a)
Positive ium‘ form a crystal lattice structure.
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In the absence of an electric field, the electrons
move randomly within the wire.
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Typical length scale:

a few nanometers
(1nm=10"°"m)

Net drift velocity of electron due
to applied electric field.
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In the presence of an electric ILL]d, the electrons
drift toward the higher V region.



Ohm’s Law
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The current that flows is proportional to the
potential difference across the device.

[ < AV
I =AV/R R =AV/I
Volts
Amperes

Units for resistance: Ohms =



Ohm’s Law

Analysis

The graphs / versus AV for both resistive wires are straight lines that pass through the onigin.
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What is the electrical
resistance?

oV
20 Q + -

How much current will flow?

R
E=1IR
€=1IR E 9V
. R==<=
_E_L5V I = 0364
R~ 200 =25 ()

= 0.075A =75mA

Note that £ is the potential difference of the voltage source.
I/ is the electrical potential across the device. In this case it is the same as £.
I is the current through the device.



What determines R for a wire?

A = Cross-sectional area (constant along entire length)

Units:
— Length, L (m)
— Area, A (m?)
— Resistance, R ()
— Resistivity, p ({1 - m)

Note: resistance (R) and
resistivity (p) are different!



Electrical Resistivity

Some materials, like metals, offer little resistance to
current flow. Other materials, like plastic, offers high
resistance to current flow.

Resistivity is used to quantify how much a given
material resists the flow of current.

RESISTIVITIES (Q-m), at20° C

Conductors Semi-conductors
Silver 1.6 x 10| Carbon 3.5x10°
Copper 1.7 x 108|| Silicon 25x 103
Aluminum 2.7x10%

Iron 9.6 x 10°%||Insulators

Platinum 10.5 x 10-8|| Glass 1010-10"4
Nichrome 107.5 x 10°8|| Rubber SRR

Resistivity is a property of the material.




Resistivity / Resistance

Lower resistance

Platinum

Higher resistance

Resistivity is an intrinsic
property of the material.

Resistance depends on
the resistivity of the
material and its geometry.




American Wire Gauge (AWG)

Diameter: 2.053 2.588 3.264 4.115 6.544 8.251 mm
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AWG AWG AWG AWG AWG
stranded solid

Determine the resistance of a 100
meter length of 12 AWG (2.052 mm
diameter) sold wire made of the
following materials:

a) Cu(p=170%x10"8Q" m)

. b) Al(p=2.65x10"8Q-m)

c) Fe(p=9.71x10"8 Q" m)

2.053 mm o 1m
2 1000 mm

2
Area = mR? = 7T< > = 3.31 X 106 m?

R. = L—(170><10‘8Q ) 100m 5140
cu = Peuy = L "™W331x106mz =

R, = L—(265><10—8Q ) 100m __ _ hs010
AL = Pary = L& "™ 331x106mz

L Y 100 m
Rre = pre = (9.71 X 1078 Q- m) 5 = 2.93 0




Scaling Laws

« We don't like to do long numerical calculations. We are lazy
and we make too many misteaks.

e Itis easier to scale results that we already know.

 Example: What diameter of aluminum wire do we need to get
the same resistance as 12 AWG copper wire of the same

length?
d’L
R i
W
P$/
dl
& _ |Pa
d \ Pcu
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R =pCuZ=pAlI

!/ !/ 2
A" _ (d_> _ Pa
A d Pcu
2.65x1078Q-m

\ 1.70 x 1078 Q- m

d' = (2.052mm) X 1.24 = 2.56 mm

(roughly 10 AWG)



