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5.2 Current Density
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Which of the following statements is true regarding the current flow in a circuit?

a) Current flows only when the switch is open.
b) The orientation of the battery does not affect the flow of current through the circuit.

c) Two light bulbs connected in series will have the same brightness as a single bulb in the circuit.

d) In a parallel connection, the brightness of each bulb remains the same as a single bulb in the
circuit.

What happens when two batteries are connected in series in a circuit?

a) The potential difference is halved, and the bulb shines dimmer.

b) The potential difference remains the same, and the bulb’s brightness does not change.
c) The potential difference doubles, and the bulb shines brighter.

d) The circuit stops working due to an overload.



Electric circuits are composed of various components

1. Power Source
*Examples: Batteries, generators, solar panels.
Function:

2. Conductors
*Examples: Copper wires, aluminum wires.
Function: Provide a pathway for electric current to flow through the circuit.

3. Load

*Examples: Light bulbs, resistors, motors.

*Function: Converts electrical energy into another form of energy (light, heat,
mechanical energy, etc.).






the electric current, j, is the net charge passing a given point in a given time,
divided by that time.
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[ 1 mA of current flowing through a human body can be felt (as a tingle, usually),

(J 10 mA of current makes muscles contract to the point that the person
cannot let go of the wire carrying the current

J 100 mA is sufficient to stop the heart.



The random motion of electrons in a conductor is not a current,
, because no net charge flows



Feature Direct Current (DC) Alternating Current (AC)
. Electric current flows in one Electric current periodically changes

Definition . . . .

constant direction. direction.

Electrons flow steadily in a Electrons oscillate back and forth.
Flow of single direction.
Electrons

~= -

Batteries, solar panels, fuel Power plants, generators, and

Source

cells.

household electricity.

Applications

Used in electronic devices like

computers, phones, and LEDs.

Used in home appliances, industrial
motors, and power distribution
systems.

Curve

- - >t




Material/State Charge Carrier(s) Figure

Metals Free electrons
2919
Semiconductors Electrons and holes 999
29:3
Electrolytes Positive and negative iDns| 1591

lonized Gases

Positive ions and free electrons
(Plasma)




PROBLEM
A nurse wants to administer 80 p.g of dexamethasone to the heel of an injured soccer player.

If she uses an iontophoresis device that applies a current of 0.14 mA, as shown in Figure 25.4,
how long does the administration of the dose take? Assume that the instrument has an ap-
plication rate of 650 pg/C and that the current flows at a constant rate.




Self-Test Opportunity 25.1

A typical rechargeable AA battery is
rated at 700 mAh. How long can this
battery provide a current of 100 pA?



5.2 Current Density

the current density *‘k

the current per unit area flowing through the conductor

The current density direction the same as the positive charges (or opposite to
the direction of negative charges) crossing the plane.

The current flowing through the i — f]_’ dA
plane is
If the current is uniform and perpendicular to the plane, then J = %

Current Density Unit: A/m?



25.29 What is the current density in an aluminum wire having a radius of
1.00 mm and carrying a current of 1.00 mA?



©25.30 A copper wire has a diameter dcu= 0.0500 cm, is 3.00 m long, As
shown in the figure, the copper wire is attached to an equal length of
aluminum wire with a diameter dai=0.0100 cm
A current of 0.400 A flows through the copper wire.

a) What is the ratio of the current densities in the two wires, J,/J 1

i = 0.400 A
dcy = 0.0500 cm
‘ d, = 0.0100 cm
l Copper wire

" Aluminum wire ,l,

[,-
X
T |<— L =300m =!: L=300m
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