22 Feb 08

Current, resistance, and

Moving charges

Electrical current is the rate at which charge
flows through a surface.

Though electrons are the actual moving
charges, convention dictates that we speak in
terms of the flow of positive charge (opposite

power > OFH
the direction of electron flow).
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Units : o—
1 ampere (A) = 1C/s.
Comments Resistance

Free electrons are in constant motion due to thermal
energy. Current refers to the net drift of charge over
time.

Charges are flowing in a conductor; hence, the electric field
is not zero, nor is the potential constant.

Charge carriers do not flow through a conductor
unimpeded (otherwise, their speed would continuously
increase).

If you maintain a potential difference across a
conductor, an electric field will exist within the
conductor resulting in the flow of charge.

For many materials, the current density is
proportional to the electric field. These are called
ohmic materials.

For such materials, we may show that the following
holds: AV =IR

In ohmic materials, the potential difference across a
conductor is proportional to the current through it.
The proportionality factor R is called the
resistance. Units: 1 ohm (Q) = 1 volt/ampere.




What factors into resistance?

The type of conductor and its geometry
affect the conductors resistance.
R= vk
A

The resistivity ! characterizes the type of
conductor. (Itis generally temperature
dependent.) See Table 27.1.

The length and cross-sectional area are
geometrical factors.

Example: Resistance of a wire

Determine the resistance of a copper wire
of length 1 m and cross-sectional area 1
cm?.

Suppose we stretch the wire to double its
length. How will the resistance of this
wire change?

Schematic represenation

Though wires have some resistance, in a
circuit one typically uses manufactured
resistors. In our circuit diagrams, we
will treat wires as Qdeal(i.e., having no
resistance). Resistors will have the
schematic representation:
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Power in a circuit

The battery delivers AV AVs
power to the circuit.

How does the power
delivered to individual
circuit elements depend
upon the current and

potential differences? T AV




Power and resistors

In general, the power delivered to a circuit
elementis: P =/AV.

For a resistor, we may employ Ohm@ law to
write: P = IAV = IR = (AV)?/R.

Note: Be careful with any of these equations
involving ! V! Here, ! V represents the
potential difference across the individual
circuit element! For a resistor, the
expression involving current and resistance
is always a safe bet.

Example: Light bulbs

Which incandescent light bulb designed for a
typical lamp has the higher resistance: 30
W or 60 W? Take the operating voltage to
be 120 V.

What current flows through these lightbulbs
when they are in a simple circuit?

We know that energy delivered to a
capacitor is stored in the electric field.

What happens to the energy delivered to
a resistor?




