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PHY 1202

Lecture 06 Review

 In Lecture 6, we learnt that the common passive electrical component
Capacitor is used to store static electric potential energy.

 One can construct a capacitor by simply placing two conductors
(plates) in isolation.

 A charged capacitor is a capacitor with equal magnitude but opposite
charges, +q and –q, on its plates.

 The capacitor stores the electric potential via the charges that it
stores.

 From Lecture 5, we realize that the two plates of the capacitor are at
different electric potentials, so there is a potential difference across
the capacitor.

 The potential difference between the two plates V is a function of the
amount of charges q on the plates and the geometry of the plates.
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Lecture 06 Review
 In fact, there is linear relationship between q and V, where 𝑞𝑞 =
𝐶𝐶𝐶𝐶.

 The proportionality constant C is called the capacitance of the
capacitor. Note that C depends only on the plates geometry.

 From the relationship of charge and potential, one can see that
the higher the capacitance, the more charges that the
capacitor can store for the same amount of potential
difference.

 The amount of energy stored by the capacitor is the same as
the amount of energy needs to separate these charges. Thus,
more charges means more energy store.

 We also studied the parallel plates capacitor in depth, which
has a uniform electric field across the two plates.
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 We derived the formulations for capacitors in series and in
parallel.

 When one inserts a dielectric between the plates of the
capacitor, it increases the capacitance of the capacitor due
to the induced dielectric dipoles.

 The induced dipoles create a microscopic electric field that
is in the opposite direction of the initial field. The weaker E
field means more charges are needed to create the same
potential difference across the plate.

 The addition of the dielectric allows the capacitor to store
more charges or more energy.
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Lecture Outline

 Chapter 26/27, D Halliday, R Resnick, and J Walker, 
“Fundamentals of Physics” 9th Edition, Wiley (2005).

 Current and Resistance
– Electric current
– Current density and drift velocity
– Resistance and resistivity
– Ohm’s law
– Power in electric circuits
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26.2: Electric Current:  the most common example

a. A loop of conducting wire is in electrostatic 
equilibrium. Because the entire loop is at 
the same potential there is no movement of 
charge within the loop. 

b. If a battery is added to the loop imposes an 
electric potential difference between the 
terminals of the battery, positive charges 
will move from the positive terminal to the 
negative terminal and resulting in a 
movement of charges. 

c. This movement of charges is referred to as 
current i.

In fact, the free electrons (conduction electrons) in an isolated length of copper wire are 
in random motion at speeds of the order of 106 m/s. But they move in all directions and 
there is no net transport of charge and thus no current through the wire. 
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26.2: Electric Current:

The current i through the conductor has 
the same value at planes aa´, bb´, and 
cc’ because the same amount of charges 
flow through these planes over the same 
time interval.

dt
dqi =

∫ ∫==
t
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0

If i(t) is known, we can calculate the 
total amount of charges that passes 
through a cross-section in a time interval 
from 0 to t : 

Electric current i is defined as the time 
rate of flow of electric charges

Unit for electric current:

1 ampere = 1 A = 1 coulomb per second = 1 C/s
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26.2: Electric Current, Conservation of Charge, and Direction of Current:

The relation i0 = i1 + i2 is true at junction a
no matter what the orientation in space of 
the three wires. Currents are scalars, not 
vectors.

The current arrow which is shown next to 
the wire is only indicating the direction 
that of flow for the positive charges along 
the wire (conductor), it is not showing a 
direction in space.

If currents are vectors, then the magnitude 
of i1 and i2 will depends on their 
orientations with i0 !!!
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Example:
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26.3: Current Density:

The magnitude of current density, J, is equal to the current per unit area
through any element of cross section. It provides the localized view of the 
current flow, the total current flow is.

Current density, J, is a vector quantity, if the current is uniform across the 
surface and parallel to dA, then J is also uniform and parallel to dA, and then

Here, A is the total area of the surface.
The SI unit for current density is the ampere per square meter (A/m2).
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26.3: Current Density:

Figure 26-4 shows how current density can 
be represented with a similar set of lines, 
which we can call streamlines. 

The current, which is toward the right, makes 
a transition from the wider conductor at the 
left to the narrower conductor at the right. 
Since charge is conserved during the 
transition, the amount of charge and thus the 
amount of current cannot change. 

However, the current density changes—it is 
greater in the narrower conductor.
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26.3: Current Density, Drift Speed:

What really happens with an electric 
current flowing in a conducting wire?

Positive charge carriers drift at 
speed vd in the direction of the 
applied electric field E. By 
convention, the direction of 
the current density J and the 
sense of the current arrow are 
drawn in that same direction.

a. Thermal agitation from heat will cause 
movement of charges in a conductor even 
in the absence of current flow, however, 
this type of movements is random and 
without a prefer direction. 

b. When a potential difference is setup in the 
conductor so there is a current through it,  
these charges will migrate or drift in the 
direction of the electric field. Although 
there is still random motion within their 
movement, but there is a net drift with a 
drift speed vd in the direction of the 
electric field. 
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26.3: Current Density, Drift Speed:

Let us assume that these charge carriers all move with the same drift speed vd and 
that the current density J is uniform across the wire's cross-sectional area A. The 
number of charge carriers in a length L of the wire is nAL, where n is the number 
of carriers per unit volume. The total charge of the carriers in the length L, each 
with charge e, is then 

( )enALq =∆

Because the charge carriers all move along the wire 
at the same speed vd, the time required to move all 
these charges over the length of wire L is

dv
Lt =∆
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26.3: Current Density, Drift Speed:

We can relate the drift velocity to the electric current density from 
the definition of current flow 
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Example, Current Density, Uniform and Nonuniform:
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Example, Current Density, Uniform and Nonuniform, cont.:
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26.4: Resistance and Resistivity:

How fast can the charge carriers move down a block of material depends on the 
geometry and the material properties.
Resistance is a measure used to determine the ease of flow of charges. Similar to 
capacitance, it’s value is associated with the object.
We determine the resistance between any two points of a conductor by applying a 
potential difference V between those points and measuring the current i that 
results. The resistance R is then

The SI unit for resistance that follows from Eq. 26-8 is the volt per ampere. This 
has a special name, the ohm (symbol Ω):

In a circuit diagram, we represent a resistor and a resistance with the symbol .
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26.4: Resistance and Resistivity:

The resistivity, ρ, of a resistor is defined as:

This is a local property.
The SI unit for ρ is Ω m.

The conductivity σ of a material is the 
reciprocal of its resistivity:

Similar to resistance R, which relates voltage 
V and current i, resistivity ρ is used to relate 
electric field E and current density J.
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26.4: Resistance and Resistivity, Variation with Temperature:

The relation between temperature and resistivity for copper—and for metals in general—
is fairly linear over a rather broad temperature range. For such linear relations we can 
write an empirical approximation that is good enough for most engineering purposes:
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26.4: Resistance and Resistivity, Calculating Resistance from Resistivity:
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Example, A material has resistivity, a block of the material has a resistance.:
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26.5: Ohm’s Law:

Ohm's law is an assertion that the current through
a device is always directly proportional to the
potential difference applied to the device.

A conducting device obeys Ohm's law when the
resistance of the device is independent of the
magnitude and polarity of the applied potential
difference.

A conducting material obeys Ohm's law when the
resistivity of the material is independent of the
magnitude and direction of the applied electric
field.
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26.6: A Microscopic View of Ohm’s Law:

When we apply an electric field to a metal sample, the electrons modify their random 
motions slightly and drift very slowly—in a direction opposite that of the field—with an 
average drift speed vd. 

The motion of the conduction electrons in an electric field E is thus a combination of the 
motion due to random collisions and that due to E. When we consider all the free 
electrons, their random motions average to zero and make no contribution to the drift 
speed. Thus, the drift speed is due only to the effect of the electric field on the electrons. 

The grey lines show an electron moving 
from A to B, making six collisions en
route. The green lines show what its path 
might be in the presence of an applied 
electric field E. Note the steady drift in 
the direction of -E. (Actually, the green 
lines should be slightly curved, to 
represent the parabolic paths followed by 
the electrons between collisions, under the 
influence of an electric field.)
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26.7: Power in Electric Circuits:

Charge dq moves through a decrease in potential of
magnitude V, and thus its electric potential energy 
decreases in magnitude by the amount

The power P associated with that transfer is the rate 
of transfer dU/dt, given by

The unit of power is the volt-ampere (V  A).
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Example, Rate of Energy Dissipation in a Wire Carrying Current:
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26.8: Semiconductors:

Pure silicon has a high resistivity and it is effectively an insulator. However, its resistivity can be 
greatly reduced in a controlled way by adding minute amounts of specific “impurity” atoms in a 
process called doping.

A semiconductor is like an insulator except that the energy required to free some electrons is not quite 
so great. The process of doping can supply electrons or positive charge carriers that are very loosely 
held within the material and thus are easy to get moving. Also, by controlling the doping of a 
semiconductor, one can control the density of charge carriers that are responsible for a current. 

The resistivity in a conductor is given by: 

In a semiconductor, n is small but increases very rapidly with temperature as the increased thermal 
agitation makes more charge carriers available. This causes a decrease of resistivity with increasing 
temperature. The same increase in collision rate that is noted for metals also occurs for 
semiconductors, but its effect is swamped by the rapid increase in the number of charge carriers.

For Advanced Standing Students
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26.9: Superconductors:
In 1911, Dutch physicist Kamerlingh Onnes 
discovered that the resistivity of mercury absolutely 
disappears at temperatures below about 4 K .This 
phenomenon is called superconductivity, and it 
means that charge can flow through a 
superconducting conductor without losing its 
energy to thermal energy.

One explanation for superconductivity is that the 
electrons that make up the current move in 
coordinated pairs. One of the electrons in a pair 
may electrically distort the molecular structure of 
the superconducting material as it moves through, 
creating nearby a short-lived concentration of 
positive charge. The other electron in the pair may 
then be attracted toward this positive charge. Such 
coordination between electrons would prevent them 
from colliding with the molecules of the material 
and thus would eliminate electrical resistance. New 
theories appear to be needed for the newer, higher 
temperature superconductors.For Advanced Standing Students
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吴茂昆教授 Prof. Maw-Kuen Wu
who made the historic discovery of 

superconductivity above 77 K in 
YBCO in 1987

https://en.wikipedia.org/wiki/Yttrium_barium_copper_oxide
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