California Physics Standard 5a
        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:

a. Students know how to predict the voltage or current in simple direct current electric circuits (DC) constructed from batteries, wires, resistors, and capacitors.

(Although the Standards begin the study of electricity with circuits, we feel it would better to begin with charge and field concepts.  If you concur, look first at 5e.)

Students need to know that charge is the fundamental quantity of all electrical phenomena.  Charge, like mass, is so basic it is hard to define.  There is only one kind of mass in the universe and all masses attract one another.  There are two kinds of electrical charge in the universe, called plus and minus.  Like charges repel one another and unlike charges attract one another.  The symbol usually used for electrical charge is q and the mks unit of charge is the Coulomb.  (More will be said about this in 5e.)

Electric current is a measure of the amount of charge that passes a point in a circuit per time.  Electric current is usually symbolized with an I and is defined as charge per time.  That is, I = q/t.  The unit of electric current is the ampere or amp.  If a continuous flow of one coulomb of charge passes by a point in an electric circuit every second, the current in that part of the circuit is one amp.

Electric potential difference or “voltage” is a measure of the energy per charge.  Batteries can use chemical reactions to provide energy to charges.  These energized charges can then be made to pass through light bulbs or other devices that convert this energy to some other form such as heat and light.  In the following discussions, we will make the assumption that plus charges carry the current (in what is called “conventional current”) even though electrons usually carry the current in most solids.
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atoms in the resistance material.  This causes heat energy to be released from the resistance material.  The energy provided by the chemical reactions in the battery is converted to heat energy in the resistance material.  As always, energy is conserved.  All that happens in this simple circuit is the chemical energy of the battery is turned into heat energy and is radiated out of the resistance material.  Also, exactly the same amount of charge that enters the resistance material will leave the resistance material.  Charge is also conserved and is never used up.  It is important to appreciate that the charge serves as a vehicle to transfer the energy from the battery to the resistance material and the charge itself is never destroyed. It only circulates around the circuit.
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Devices that measure current are called ammeters and are symbolized by a circle with an “A” in it.  Devices that measure voltage or potential difference are called voltmeters and are symbolized by a circle with a “V” in it.  Ammeters must always be wired in series with the device being tested.  Voltmeters will always be wired across the device under test.  Consider the circuit illustrated below that no doubt has many more voltmeters and ammeters than you would ever have in a real circuit but which is presented here for purposes of discussion.  The voltmeter V3 measures the total voltage across the battery 
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[image: image7.wmf]An excellent demonstration to present to the students, perhaps even before they do experiments individually, involves comparing current and voltage in a series and a parallel circuit.
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Select one of the rheostats, probably the one in the center, and ask the class what will happen to the current if you change this one only.  Frequently, most students will answer that only the ammeters after the selected rheostat will change.  When you change this rheostat and the students see that all ammeters change to read the same amount, you should be in a good position to discuss how the current in a series circuit is the same everywhere in the circuit.  A follow up exercise is to measure the voltage across each rheostat and show that the sum of the individual voltages will sum to equal the total potential difference across the power supply.  



any individual rheostat, it will always read the same value as the voltage across the power supply.

Be sure your students understand the meaning of “series” and “parallel” circuits.  Statements like:  “In a series circuit the current must pass through each circuit element in turn before returning to the source of potential difference” and “In a parallel circuit, the current can take alternate paths,” can help.

After current has been defined as charge per time, I = q/t, and potential difference has been defined as electrical potential energy per charge, V = PE/q, it is finally appropriate to define resistance as the ratio of the potential difference across something to the current that passes through the thing, or R = V/I.  Many devices will maintain a constant ratio of voltage to current over a wide range of values and are said to be “ohmic” (since they appear to obey Ohm’s law.)  However, many devices do not display a constant ratio of voltage to current and are called “non-ohmic”.  Although Ohm’s law works for many things, most of the interesting devices used in electronics rely on their non-ohmic behavior to produce desired results.  The Ohm is the unit of resistance and one Ohm is a Volt per Amp.  (More about Ohm’s law in section 5b.)

Activities in basic electric circuits:
Simple test of Ohm’s law:
It is very instructive to have students spend time with very simple circuits to test the validity of Ohm’s law.  This would require a continually adjustable power supply, a voltmeter, an ammeter and assorted leads for each group.


The fall in potential along a uniform wire:
An experiment that can be performed with a battery as a power supply, a voltmeter, a piece of uniform diameter nichrome (or resistance) wire taped to a meter stick, and assorted leads.  The battery should probably only be attached during measurements.


Capacitors:
Resistors dissipate electrical energy, capacitors store electrical energy.  Analogies are often made between how resistors dissipate electrical energy and how friction dissipates mechanical energy.  The capacitance of a capacitor is by definition the ratio of the charge the capacitor can store to the potential difference placed across it.  That is, C = q/V.  The unit of capacitance is the Farad and a one Farad capacitor will store a charge of one Coulomb of charge if a potential difference of one Volt is placed across it. (Since this is a rather large unit of capacitance, capacitance is often measured in micro Farads or uF.) Capacitance is not like the amount of water you can put into a jar, rather it more like the amount of air you can put into a rigid steel tank.  The amount of air you can store in the steel tank depends upon the pressure.  With a capacitor, the amount of charge you can store on the capacitor depends upon the potential difference you place across it.


 

are illustrated above.  It is instructive to cut apart a paper capacitor for your class.
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Consider a battery connected to some resistance material as illustrated on the left. The long line with the plus represents the plus pole of the battery and the short line with the minus is the negative pole.  A plus charge inside of the battery is forced to move toward the plus pole requiring that work be done.  Many plus charges are forced to move to the plus pole and then are released in the wire connected to the resistance material.  These charges then crash their way through the resistance material making many inelastic collisions with the 





�





 		       A1		         A2 





 


 			V1		V2


  V3





 			         A3	        A4





 		       A5


 	 





and, assuming all of the ammeters are perfect and have zero resistance, the voltmeters V1 and V2 will read the same as V3.  The ammeters A1 and A5 will read the same as each other and the ammeters A2 and A4  also read the same as each other.  Ammeters A1 or A5 will read the sum of A3 and A4 .  (Since A2 equals A4, either A1 or A5 would also read the sum of  A3 and A2.)





 





When discussing electric circuits, students can be helped to understand the concepts of voltage and current if you always say “current through” and voltage (or potential difference) across”.  Voltmeters are always placed across the device to be measured and ammeters must always be placed in series with the device being measured.  (Frequently ammeters are ruined when students incorrectly place them across a device being tested.  This is a particular problem with multi-meters since students will have the meter attached across a device when measuring voltage then leave it across the device and snap from the voltmeter position on the selection dial to the ammeter position, perhaps ruining the meter and maybe even the circuit’s source of potential difference.)
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In a series configuration wire several identical ammeters in series with several identical adjustable rheostats.  Before the demonstration discuss with the class how the rheostat (or adjustable resistor) works and carefully adjust them so they obviously have nearly the same resistance.  Turn on the power supply and show that the ammeters all read the same value.
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Now repeat the above demonstration only place the rheostats in parallel as illustrated on the left.  Here the currents may be different and can be adjusted to make any particular value.  The ammeter on the top will always read the sum of the individual currents.  If a voltmeter is placed across
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Resistors, pieces of pencil lead, etc. can be inserted at “X”.  Adjusting the voltage and recording the current and voltage can obtain graphs of current vs. voltage.  Probably several ohmic examples should be chosen but a properly chosen light bulb that can be made to glow brightly will make a very interesting example of a non ohmic device.
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With the nichrome wire taped to the meter stick, the voltage across the entire meter of wire is measured.  Then the probe of the meter is moved so that the potential difference across assorted smaller amounts of wire is measured.  If the total voltage remains constant, it will be observed that the ratio of the total voltage to one meter of wire will equal the ratio of the fractional voltage to the corresponding fraction of wire.  A graph of voltage vs. length of wire intercepted is instructive. 
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Capacitors often consist of metal plates separated by insulators.  Often the metal plates are thin aluminum foil and the insulator is very thin plastic or waxed paper.  This structure is then rolled up into a cylinder (like a sleeping bag) with leads attached to either plate sticking out of either end.


Other capacitors, called electrolytic capacitors, are made by chemically depositing metal and insulating layers on one another.  The symbols for a capacitor
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