California Physics Standard 5c                 Send comments to:  layton@physics.ucla.edu
5.  Electric and magnetic phenomena are related and have many practical applications.         As a basis for understanding this concept:

c. Students know any resistive element in a DC circuit dissipates energy which heats the resistor. Students can calculate the power (rate of energy dissipation) in any resistive circuit element by using the formula Power = (potential difference IR) times (current I) = I2R.
(Note:  This is the first time the standards mention power. We feel that power should have been introduced with energy and previously we added a “new” section 2i to correct this.   We also feel that concepts related to electricity are best introduced first with the idea of charge and the electric field.  For this reason, section 5e. should be presented first.  Below is a more detailed discussion of how electrical energy is transferred in circuits.)

How electric fields do work on charges and transfer energy.

Understanding how electric fields act on charges is the key to understanding electric circuits.  The field exerts a force on charges, if the charge moves as a result of this force; work is done on the charges hence energy is transferred to the charge.  As an example of this process, consider a simple circuit consisting of a battery and a piece of resistance wire.  The chemical energy in the battery is to be transferred to the resistance wire, which, in turn, releases energy in the form of heat.  Let’s examine in detail how the chemical energy in the battery is transferred to the wire.
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Inside of the wire, the charges collide with the atoms in the wire inelastically, releasing heat.  (Note:  In this discussion we have discussed all currents as the motion of plus charges.  This is consistent with standard practice and is also the convention of the California Standards. We will always assume the direction of current is the direction plus charges flow even if electrons, or negative charges are actually flowing in the opposite direction.) 

Think of the charges as vehicles that transfer energy.  The charges themselves are never used up (they are conserved!)  In the battery, the chemical reactions act to move the charges against the electric field giving them electrical potential energy.  When the charges move with the electric field inside of the wire, they are constantly slamming into the atoms of the wire, which converts this potential energy into heat.  The charges return to the battery where they receive energy only to release this energy again the next time they round the circuit.  Chemical energy is converted to heat energy.  Both charge and energy are conserved—energy simply changes from chemical energy to heat energy.  This is exactly what happens in a simple battery and bulb circuit.  As well as heat, the bulb also converts some of the energy from the battery to visible light energy.

Power in Electrical Circuits
Power is, by definition, work or energy per time.  That is, P = W/t or Energy/t.  When we look at the definition of electric potential difference (or voltage), V = PE/q, and the definition of electric current, I = q/t, we see that the product of current and voltage is power.  That is, P (electric circuit) = IV.  This very useful result allows us to measure power in an electric circuit with a voltmeter and an ammeter!  The unit of power is the watt and one watt is a joule/sec.  A watt also equals a volt times an amp.  Using Ohm’s law we can write two other expressions for the power dissipated by a resistor:  

P = IV but V = IR so P= I2R .  Also, from I = V/R, P = V2/R.  This means you can easily determine the power dissipated by a resistor by measuring the current through it or the voltage across it.

Activities involving power in electrical circuits.

The power developed by a small electric motor.

Earlier in our section 2i we describe an experiment to measure the power of a small electric motor. (Copied on the next page.)  This might be a better place to perform this experiment. 

The energy produced by a light bulb or a length of resistance wire.

An experiment is described in section 3a, which was intended to measure the mechanical equivalent of heat or the “Joule equivalent.”  In this experiment we assumed the power printed on the bulb was a “given”.  With are new knowledge of power in electric circuits this experiment could be performed using an ammeter, a voltmeter and a resistor instead of a light bulb.  It is suggested that the experiment be done with a low voltage DC power supply and either a power resistor or a length of nichrome (resistance) wire carefully wound and shaped to fit into the Styrofoam cup.  Care should be taken not to allow the wire to touch and melt the cup, etc. (More discussion of this on the next page.)

The power of assorted electrical appliances used around the home.
Give students an assignment to discover the power, voltage, and current requirements of assorted appliances used around their home.  In most cases the voltage will be about 120 volts but the current will probably have to be computed using the stated power of the appliance.  Also have them estimate the average length of time the appliance is used per month to discover the energy used.  Help them to understand that a Kilowatt-hour is a unit of energy and that it equals 103 X 60minutes./hour X 60sec./minute = 3.6 X106 joule.  Have them try to discover how much energy is used in a monthly electric bill. 
Measuring the efficiency of a small electric motor.

(Copied from 2i.)



Activity to measure the relationship between work and heat.




When the switch is closed, an electric field now appears in the wire, also in a downward direction.  However, now that there is a conduction path, charges begin to move around the circuit.  Inside of the battery they receive energy from chemical reactions as they are lifted against the electric field.  





A small electric motor that operates on around 3V DC can be used to measure its power efficiency.  A small pulley can be made using a short section of dowel with two circles of cardboard glued to either end.  This pulley can be drilled along its axis to enable a tight fit to the motor shaft.  Using a piece of thread with a bent paperclip on the lower end, a few washers can be hooked to the paperclip and the weight adjusted to enable the motor to pull the washers up at a constant speed.  By measuring the time and distance the washers are lifted in a single run, together with the voltage and current through the motor windings, the power into the motor can be computed (P = VI)* as well as the output power (P = Wh/t).  The weight of each washer will have to measured and adjustments will have to be made to find the correct load to have a constant power in.  Students can experiment with different loads perhaps to find an optimum efficiency.


[Since Voltage = Work/Charge and Current(I) = Charge /time, it follows that their product = power.]
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First we show the circuit before the wire is attached to the battery.  The top plate of the battery is charged plus and the bottom plate minus.  This means the electric field inside of the battery is directed downward.  The chemical reactions inside of the battery separated the charges making the top pole plus and the bottom pole minus.  As long as the switch is open, the charges are held in this separated position.
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Now that the students understand that the product of current and voltage equals power, the experiment previously discussed in Section 3a. can be better understood.  Rather than using a light bulb, you could use a resistor or even a section of resistance wire that has been formed into a coil.  Constructing the apparatus is not too difficult but the coil (or resistor) should be attached to bolts that pass through the wood top so excess heating will not occur near the wood.  Also, the coil should be mounted so it will not touch the sides of the Styrofoam cup while being heated.  The volume of water used should be measured, the current and voltage during the run, as well as the change in temperature of the water.  From the time of the run the total energy placed into the water can be determined.  With the volume of the water and the temperature change, the number of calories put into the water can be computed and the Joule equivalent can be determined.
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