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Terms to Know: power, Joule heating, direct current, alternating current, rms, short circuit

Learning Objectives from the beginning of the chapter in OpenStax College Physics
20.4. Electric Power and Energy
• Calculate the power dissipated by a resistor and power supplied by a power supply.
• Calculate the cost of electricity under various circumstances.

20.5. Alternating Current versus Direct Current
• Explain the differences and similarities between AC and DC current.
• Calculate rms voltage, current, and average power.
• Explain why AC current is used for power transmission.

20.6. Electric Hazards and the Human Body
• Define thermal hazard, shock hazard, and short circuit.

20.4 Electric Power and Energy
Recall from first semester that Power = Work / Time  .  We can calculate a power rating for an element in an electrical circuit using   Power = I V   where P is the power (in Watts),  I is the current (in amps) in the element and V is the potential difference (in volts) across the element.  You should understand how the textbook derives the P=IV relationship.  This relationship is reasonable.  If I is higher than there are more electrons per second moving past a point in the element and more collisions are occurring.  If V is higher than the electrons will be in a region of higher potential difference, higher E, and they will have higher KE when they collide with atoms in the element.

If the material is ohmic we can substitute V = IR  to produce P = I2R  .

“Joule heating” refers to the process of raising the temperature of a conductor by passing an electric current through the conductor.  The power deposited in the conductor multiplied by time is equal to the energy deposited in the conductor.  From first semester we know   energy = mass * specific heat * change in temperature.  In some situations Joule heating is desired: toaster, electric blanket, etc.  In some situations Joule heating is a danger: extension cord, household wiring, etc.

The Cost of Electricity
Power = Energy / time   so Energy = Power * time

Utilities charge for the energy delivered to a home or business.  Utilities tell customers how much energy they consumed by reporting the kilowatt-hours (kWh) consumed.  The cost of electricity varies from state to state.  A typical value is around 10 cents/kWh.

Q1. Why is there a push to switch from incandescent bulbs to fluorescent or LED lights?
20.5 Alternating Current versus Direct Current
Direct current (DC) is current in which the electrons only move in one direction.

Alternating current (AC) is current in which the electrons alternate the direction of motion.

Q2.  Why would electrons alternate their direction of motion in a wire?

V = V0 sin(2π ft)        I = I0 sin(2π ft)    f is the frequency and V0  and  I0 are the peak values.

We can still use V = I R at any instant of time.

To compare DC and AC circuits it is common to use the root-mean-square (rms) values for the AC circuit.    Irms = I0 / sqrt(2)       Vrms = V0 / sqrt(2)  

The average power in the AC circuit is Pave = Irms   Vrms    and   Vrms = Irms R  

Why Use AC for Power Distribution?
There was a major competition between Edison (favored DC) and Tesla (favored AC) when electrical power became available to consumers at the end of the 1800’s.  

Q3, TRUE or FALSE  Joule heating of long distance ( > 100 miles) transmission lines is undesirable.

Joule heating depends on the square of the current. ( P = I2R )   The power delivered P = I V.  There is an easy way (discussed in a future chapter) of changing V for AC electricity.  AC electricity is used for our power grid because the Joule heating is smaller than the Joule heating for a DC power grid.

20.6 Electric Hazards and the Human Body
You should be aware that overheated wires can start a fire.

Why are fuses or circuit breakers used in homes?

You should be aware that electrical currents in the body can disrupt muscle action and heartbeats.

How can you avoid receiving an electrical shock?

In a short circuit the resistance of the circuit is near 0.  The current value becomes large. And the Joule heating becomes large.

20.7 Nerve Conduction–Electrocardiograms
You should read this section if you have a health related career field.

ANSWERS   ……………………..

Q1.  Incandescent bulbs have hot wires inside.  Most of the electrical energy goes to the infrared portion of the spectrum.  Only 2% of the energy becomes visible light.  Fluorescent bulbs convert about 20% of the electrical energy into visible light. (http://en.wikipedia.org/wiki/Fluorescent_lighting#Luminous_efficacy).

Q2.  When the potential difference across the wire reverses, the electric field reverses direction and the velocity of the electrons reverses direction.  In the USA this happens 60 times a second for our electrical power.  Our electrical power is known as “60 cycle” power.

Q3.   True    Joule heating is waste heat.  The wires heat up but no useful work is done for the consumer.  The energy used to heat the transmission wires is wasted.
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