P Physics  - Electric Current
Did you ever imagine what your pathetic life, grim as it already is, would be like without those little wall socket thingees you have mounted on the wall just above the deck of your house?  Know what the Physics Kahuna is talking about?  Well, he’s talking about your basic electricity!  

People have only had electricity for the past hundred years or so.  What a difference it makes in how we live.  Just about everything in the modern home works off electricity – we make light, wash dishes, clean the deck, drill holes, cook food, freeze pork chops, sew clothes, cut wood, listen to music, cool food, watch moving images, mash potatoes, dry our hair, tape TV shows for later viewing, heat air and water, manipulate bits of information  .  .  . the list goes on and on.

When we studied electric fields, we mainly dealt with charges that weren’t doing much.  You ginned up a bit of charge by rubbing a balloon with a rabbit fur, and then had fun waving the thing around, attracting bits of paper.  Great sport, but what good is it?  Can’t really do any proper work with it, can you?  Well, truth be told, static electricity was not terribly useful  (even though the Physics Kahuna loves it) - aside from a physics lab (where it was explored with great interest) it was mainly used to entertain people during lectures or as toys.

Still, static electricity, while cool and interesting in and of itself, was not terribly useful.  For one thing it was a lot of trouble.  You had to rub things or rotate things – this entailed a lot of work – and the payoff was rather pitiful – you get a lousy spark or attract a bit of fluff to a charged up rubber stick.  Big deal.

Electricity didn’t really take off and become the huge, dynamic engine of change that transformed the planet until a way was found to have a continuous flow of charge through a conductor.  What was needed was a voltage source.  

The first voltage source was what we now call the battery.  

Battery Business:  In the 1790’s Luigi Galvani found that he could remove the leg of a frog (from the frog), place it on his lab table, and make it twitch by touching it with a scalpel.  This actually happened by accident.  Kind of scary don’t you think?  A dead leg suddenly twitching?

Well, it quite caught the fancy of Galvani.  How could this be?  After a series of experiments, he found that the cause of the twitch was a flow of charge generated by two dissimilar metals – the scalpel and the metal lab tabletop.  

The word galvanized remains as a  tribute to Mr. Galvani.  One is galvanized when the muscles suddenly contract.

Alessandro Volta was inspired by this and learned to manufacture the first wet cells (the thing that led to the modern battery).  He used bits of dissimilar metals to generate electricity placed into a sequence of electrolyte bearing bowls.  The bowls were placed in a line and he connected them together with strips of metal that were half copper and half zinc.  He called this device the “crown of cups”. 







The device produced electricity continuously!  As fast as you drew the electrons off they were replaced with new ones.  Amazing!




Allesandro also developed an even better method – this one involved a stack of discs that alternated between two different metals.  Between the metal discs was a cardboard disc that had been soaked in salt water.  If the top metal disc was connected to the bottom disc with a conductor, a continuous flow of electrons through the wire and the discs resulted.  The device is called Volta's pile.  

The unit for potential difference, the volt, was named for Volta.

These primitive devices evolved into the batteries that we use today – dry cells (your basic alkaline energy cell type thing) and rechargeable batteries (nickel cadmium and lead acid batteries).

Properly speaking a battery is a collection of cells.  A single AA Duracell thingee is, to be correct about the thing, called a cell, not a battery.
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A French physicist named George Leclanche (1839 - 1882) invented the dry cell over a hundred years ago.  These cells were made up from a zinc can – the zinc acts as the cathode - and a carbon rod that serves as the anode.  The electrolyte is a paste made up of manganese oxide (MnO4), ammonium chloride  (NH4Cl), and powdered carbon.  Modern dry cells include the alkaline type dry cells.  These are constructed much the same as the older (and cheaper) zinc carbon types.  The main difference is the electrolyte.  Both use carbon rods and zinc cans.  The electrolyte in the alkaline battery is basic rather than acidic.  It turns out that the zinc can lasts longer in a basic solution.   In this type, the NH4Cl is replaced with potassium hydroxide (KOH) or sodium hydroxide (NaOH). 

Both of these cells produce approximately 1.5 V.  

The amount of charge that can be provided depends upon the size of the cell.  A large D cell can produce a greater amount of charge than can a small AAA cell.

All of these types of cells or batteries are called primary cells.  They produce electricity as long as the chemical reactions take place.  When they cease, the battery is “dead”.  At which point you go out and buy a new one.  You use them and then throw them away. 

A second major type of cell or battery is also in use, these are called secondary cells or storage cells.  These batteries, once they've been drained of current, can be recharged.  Examples would be your old automobile lead acid battery and nickel cadmium batteries used in portable electric devices.

Batteries work because of a chemical reaction that takes place within the thing.  These are known as oxidation/reduction reactions.  You will learn all about them in advanced or AP chemistry.   The name is often shortened to redox reactions.  

In a redox reaction, electrons are transferred from one reactant to the other.  The reactant that gains electrons is "reduced", and the reactant that loses electrons is "oxidized".  This causes electrons to move from one chemical substance to another.  Any movement of electrons is called an electric current.  

Electric Current: Electric current is simply the flow of electrons through a conductor.  Two things are needed for current to flow:

1. A voltage source (a dry cell will do nicely).

2. A complete path through witch the electrons may move.

The carrier of charge in a solid conductor is the electron.  Positive charge cannot move as it is tied up in the protons of the atoms, which are essentially fixed in position.

There are two different kinds of electric current; dc and ac.    dc  stands for direct current.  This is where the electrons all flow in the same direction.  ac stands for alternating current.  In an ac circuit the direction of the current changes.  We will deal mainly with dc current. 

To maintain the flow of electrons - the electric current - a constant potential difference must be maintained.  Such potential differences are produced by voltage sources.  Common voltage sources are:  dry cells, batteries, generators, magnetos, solar cells, fuel cells, and alternators – just to name a few.

The symbol for electric current is I.  (This doesn’t make a whole bunch of sense.  You have to understand, however, that this convention comes from France, so what did you expect?)

The unit for current is the ampere, which is abbreviated as A or amps.
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Electric current is defined as the rate at which the charge flows through the conductor.  The equation for current is:
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Equation for current.

I is the current in amperes, Q is the charge in Coulombs, and t is the time in seconds.

The equation given on the AP Physics Test is:
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But we’ll use   
[image: image4.wmf]Q

I

t

=

   because it’s easier to write.

The ampere is a fairly large quantity, so it is very common to use the mA.  



1 mA = 10-3 A   

· 3.25 x 1017 e- flow past a point in 0.235 s.  What is the current?

We first have to convert the number of electrons to the charge that they have in Coulombs.
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Direction of Current Flow:  This is an area of controversy.  Doesn’t seem logical that people would argue about this, but they do.  The convention that we will use is this one.  The direction of current flow is the direction that a positive charge carrier would travel in the circuit.  

Now this makes no sense at all, and wise people don’t use it.  The U.S. Navy does not use this convention; that’s how bad it is.

Anyway for us:

electricity flows in the same direction as positive charge.

The reason this is so stupid is that there is no positive charge carrier.  Only a negative charge carrier, the ubiquitous electron.

Actually, the only reason we use this stupid convention is that it is the one used on the AP Physics test.

So set your mind to using this stupid convention.

Current Flow Basics: The path that the electrons use as they flow around and around is called a circuit.  The simplest possible circuit would have a voltage source and a conductor that connects the positive and negative side of the voltage source.
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As the electrons move through the conductor, their motion is blocked somewhat by the atoms in the conductor, so the current encounters a kind of opposition to its flow.  We define this as resistance.  The unit for resistance is the Ohm.  The symbol you  ask?  Okay it is this;  (.

The thing that uses up the electricity and provides the resistance is called the load.  A load could be a light bulb, an electric motor, a solenoid, a heating coil, &tc.

The resistance of a conductor is very small, so electrons  travel through it very easily.  If it had a lot of resistance it would be called an insulator.  Many circuits have components placed in them to deliberately add resistance.  These are called resistors.

For current to flow through a resistor there must be a potential difference across it – one side is at one potential and the other side is at another potential, the electrons flow through the thing attempting to equalize the potential.  We call this voltage difference the voltage drop.

Circuit Symbols:  There are a number of standard symbols that are used when a drawing is made of a circuit.  These drawings are called schematics.  In old timey days electronic devices would come with a schematic showing how the circuit worked.  You don’t see this much these days, mainly because the circuitry today is usually shrunk down and put on a microchip.  Can’t do much to repair a broken microchip.
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The symbol for a resistor is:
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The symbol for a battery is:


The large line is the positive side of the battery and the small line is the negative side of the battery.  Where you have only a large line and a small one, you have a cell.

[image: image47.wmf]carbon rod

zinc case

paste of MnO  ,

NH  Cl, and carbon

   4

   4

   +

   -

anode

cathode

Conductors are simply straight lines.
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The symbol for a switch is: 
It is shown in an “open” position.  Which means that it has created a gap in the circuit so that current cannot flow.

Let’s look at a simple circuit.
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The circuit has a battery, a switch, and a resistor.  The resistor represents the load on the circuit.  The load is the thing in a circuit that uses up the electricity.  The load for a power plant is all the various places on the network that use the current that is produced.  The “load” in a flashlight for example is the light bulb.

The direction of current is the direction of a positive charge carrier.  This would be from the positive side of the battery to the negative side of the battery.  So the current goes up (when the switch is closed, making a complete circuit), makes a right turn, goes through the switch, then turns right, goes down, then turns left, travels right to left through the resistor, then turns right, then goes up and back into the battery.

Ohm’s Law: We now have three quantities we can measure in a simple circuit: voltage (potential difference), current, and resistance.

These three quantities are related to each other by a simple formula known as Ohm’s Law.
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A potential difference across a conductor causes current to flow.  The flow of the current is opposed by the resistance of the circuit.  The resistance “uses up” some of the energy in the current and converts it to heat.  

· A waffle iron draws 7.1 A when plugged into a 120 V circuit.  What is its resistance?
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Resistivity:  We consider short lengths of conductors to have essentially zero resistance, but this is not true for long lengths.  The resistance of a conductor is given by this equation:
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R is the resistance, (  is the resistivity of the conductor, l is the length of the conductor, and A is the cross sectional area of the conductor.  

This equation is only good for wires that have a constant cross-section.

The resistivity depends on the metal, each metal has it own value.  Generally you look the thing up when you want to do a problem.

The longer the wire, the greater its resistance will be.  What about the size of the wire; its diameter?  You can see from the equation that as the cross sectional area of the wire increases, the resistance will decrease.  So a thick fat wire will have less resistance than a very thin one will.

Interesting.  Think of it this way, in a big fat wire there are lots of paths for the electrons to go through.  In a skinny wire, there aren’t as many paths and the electrons are sort of scrunched together trying to get through, so they get held up more.  This means more resistance.

If you look at the table of resistivity values, you see that the best conductor is silver with copper coming in a close second.  Silver, great conductor that it is, is quite expensive, so copper is the conductor of choice when wiring things together.

Gold is sometimes used, not because it is the best conductor, which, from the table, you can see, but rather because it is pretty inert stuff and doesn’t react with its surroundings or corrode.   Copper is quite happy to corrode.  So electrical connections with copper wire that is exposed to the elements can corrode.  That wouldn’t happen with gold.

Here is a lovely model of electricity flowing through a circuit.

We have a coal mine which puts 100 tons of coal into each car that goes through.  The cars come in empty, they leave with coal.  The mine represents the voltage source.  Each car receives 100 tons of “potential energy”.  This is equivalent of the energy provided by a battery.

[image: image51.wmf]
The train travels along the track, which represents the conductor in a circuit.

As the cars travel along they pass through a car rate meter which measures the number of cars that pass in a minute.  This represents the current, which is the number of Coulombs of charge per second.  Here we have a rate of 5 cars/minute.

The next thing the train must travel through is a coal detector.  This is the gizmo represented by This device measures the amount of  coal in each car going in and out and measures the difference.  For the first one, the tons of coal in each car is the same going in as coming out.  This meter represents the volt meter which measures potential difference across a component.  There is no potential difference in a short piece of conductor just as there is no difference in the amount of coal in each car traveling along the straight track.

The coal arrives at a power plant.  This, the power plant, represents the load.  Each car dumps the 100 tons of coal it began with.  There is a coal mass difference across the plant of 100 tons per car.  This represents the voltage drop of the load.

After the power plant, once again there is no mass difference between the cars.  Also the car rate is still the same, 5 cars/minute.

Back at the mine, there is a mass difference as the cars go into the mine and leave the mine of 100 tons per car.  This represents the voltage drop across the battery.

What a lovely little model.  Is everything clear?  What if there were 2 power plants?

· What is the resistance of a copper wire, which has a diameter of 1.00 mm and a length of 52 m?

The resistivity of copper is 1.7 x 10-8 ((m.  All we have to do is plug and chug.
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Electrical Energy & Power:  A battery contains potential energy which, when it is discharged, is converted into the kinetic energy of the electrons.  The resistance of the circuit converts the kinetic energy of the electrons to thermal energy.  

Ever notice how warm a light bulb gets after its been switched on for a few minutes?  Toy ovens that  little girls play with actually use the heat produced by a light bulb to bake cookies.

The circuit uses up the energy provided by the voltage source.

We know that electrical potential energy is:
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The rate at which the potential energy is provided is the power:
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But   
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This gives us a simple equation for power:
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P is power, I is current, and V is the potential difference.

This equation will be provided to you on the AP Physics Test.

If we apply Ohm’s law to the power equation, we can develop a few other power equations as well.  But you won’t have these for the test, although you can easily develop them yourself.  You will have Ohm’s law to play around with, so this is a useful thing.

Here is the power equation:
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Using Ohm’s law,
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we can plug IR into the power equation for V.
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Also, from Ohm’s law
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This gives us 3 equations for Power:
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When electrons flow through a conductor, the power loss due to the resistance of the conductor is equal to 
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 This is called the 
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 or joule heating.  It can be very significant in long conductors.  For example, power lines can have very large losses of energy to the 
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When you buy electricity from the power company, you are not buying power.   You are actually buying work, i.e. they sell you energy which you do work with.  The unit that the friendly power company sells their energy in is not the joule.  They sell it by the kilowatt hour.  But what is a kilowatt hour?

Power is the rate at which work is done:  
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We can take a kilowatt hour and convert it to joules.  This should convince you that it is in fact a unit of energy. 
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· An electric heater provides 50.0 V to a nichrome wire of resistance  8.0 (.  Find the (a) current through the wire and (b) power of the device.

(a)  We can easily find the current in the wire using Ohm’s law:
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(b) Find the power:


[image: image36.wmf](

)

2

2

50.0

310

8.00

V

VVV

PIVandIsoPVW

RRR

æö

======

ç÷

W

èø




· You have a 75 W light bulb.  It goes into a 120 V circuit.  So what is (a) the resistance of the bulb and (b) the current that flows through it?

(a)  Resistance:
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(b)  Current:

[image: image38.wmf]120

0.63

190

VV

VIRIA

R

====

W







· You watch TV for 2.8 hours.  The TV is rated at 3.8 kW. If electricity costs 9.5 cents per kWh, how much did your little TV program cost you to watch?

All we need figure out is the number of kilowatt hours used up, then aply the 9.5 cents per kilowatt hour conversion factor.
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We didn’t round it off to two significant figures.  This is because you just know that the power company would never round anything off (except to round it up), the greedy blighters!

· An oven operates drawing 24.0 A on a 120 V household circuit.  If you run it for 5.0 hours, how much do it cost (at 8.0 cents a kWh)?
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Cost:
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Resistivities of Common Materials�
�
Material








Silver


Copper


Gold


Aluminum


Tungsten


Iron


Platinum


Lead


Nichrome


Carbon


Germanium


Silicon


Glass


Hard Rubber


Sulfur


Quartz


�
Resistivity


(((m)





1.59 x 10 - 8


1.70 x 10 - 8


2.44 x 10 – 8


2.82 x 10 - 8


5.60 x 10 - 8


10.0 x 10 - 8


11.0 x 10 - 8


22.0 x 10 - 8


150 x 10 - 8


3.50 x 10 5


0.46


640


1010 - 1014


1013


1015


75 x 1016
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Refrigeration and Batteries, A Public Radio Commentary by Bill Hammack�


I was walking through the hallways when a colleague motioned to me. In a very conspiratorial whisper she said "I need your help." Then added quickly "do you know what bizarre thing my husband does?" I looked away, not wishing to know, but she continued. "He stores, in the refrigerator, batteries!" 





Now, I listened carefully, because one of the most alarming things to me about marriage was to find batteries taking over the refrigerator: D batteries guarding the luncheon meat, C cells surrounding the milk, and double As scattered throughout conducting, apparently, some kind of reconnaissance. My colleague asked me "Can you as an engineer shed any light on the need for putting batteries in the refrigerator?" 





So, what does science say about batteries in the refrigerator? 





First, why would it even seem sensible to do this? It's because a battery generates a current by a chemical reaction. When the chemicals exhaust themselves, the battery dies. This reaction is only supposed to take place when the battery's being used but - and here is the inroad for the refrigerator/battery enthusiast spouse - the chemical reaction does go on even when the batteries not being used. Over time the reaction will corrode the battery, covering the end with a brown film. So, how do you stop this reaction? The answer: Lower the temperature. 





So, this means batteries stored in the refrigerator will, in theory, last longer. So far, all seems to be in favor of the refrigerator/battery enthusiast’s spouse. But, the key question is, how much longer will they last? 





Consumers Report magazine took exactly 432 double A, C and D batteries. They stored some in the refrigerator, and some at room temperatures. At the end of five years they found that indeed the refrigerated batteries had more charge, but not by much. The room temperature batteries still had 96 percent of the charge of the refrigerated ones. So, is this enough to merit filling a refrigerator with batteries? 





I suppose rational spouses could disagree, but to me it seems the answer is "no." Particularly when you consider the inconvenience of having to wait for the battery to warm up. Also, as the batteries come up to room temperature water condenses on them, which could damage electronic equipment. 





Should you present your refrigerator/battery enthusiast spouse with these cold, hard scientific facts? No, I suggest you instead follow the advice of a poet. Ogden Nash once wrote: "To keep your marriage brimming, with love in the wedding cup, whenever you're wrong, admit it; whenever you're right, shut up." So, even though science is on our side, we will forever have batteries in our refrigerators. I'd suggest that as non-refrigerator battery storing spouses, we, instead, form a support group. 
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Dear Doctor Science, 


Has a groundhog ever been struck by lightning? 


-- Perry Broz from Salina KS





Dr. Science responds:


No and it never will, either! Groundhogs are almost entirely made of neutrinos, small sub-atomic particles that repel lightning and, coincidentally, chiggers. In fact, a groundhog's idea of a good time is to go golfing during an electrical storm, standing in the tall grass of the rough and waving a nine iron in the air. If I were you, I wouldn't waste my time envying groundhogs for their immunity. They have a brain the size of a pea and subsist on a diet of worms, roots and dirt. Walk a mile in a groundhog's shoes and then see if you can let this groundhog envy thing go. And let me know how you're doing.  Dr. Science cares.








Dear Doctor Science, 


Why does electricity stay inside of batteries? 


-- Steve from The Internet





Dr. Science responds:


Electricity is an unusually fearful creature. It hides inside batteries, longing to go outside but lacking the courage to do so.  Fortunately, flashlights and portable radios give electricity the outlet it needs. The timid little electrons glow or "shout" as they leave their self-imposed cages. Of course, the batteries are eventually emptied and, like parents who are no longer needed by their offspring, they feel cold, dead, obsolete. Nowadays they have new re-chargeable batteries, but they don't really ever fully re-charge. No, their only joy is in watching electrons whoop and glow as they leave the nest. It's all downhill from there, anyway. But that's entropy for you.








Dear Cecil:


How long does it take for electricity to travel from the generator where it is produced to the light bulb at my house? -- Roberto Chevres 





Cecil replies:


As is my practice with technical questions, I convened the Straight Dope Science Advisory Board. One honorable member proposed that we figure in the inductance, capacitance, resistance, phase velocity, and for good measure the wind direction, Planck's constant, and Avogadro's number. The motion was voted down and its author shot. Another member ventured that "the signal velocity would be the speed of light divided by the square root of the dielectric constant of the insulation." Jeers from the back benches, author left in tears. Finally a junior member chirped, "Let's call it one-third the speed of light and adjourn to the refreshments." Approved by acclamation followed by a rush to the bar. So there you have it. Incidentally, while the juice as a whole moves pretty fast, the individual electrons don't. This being alternating current, they dance frantically to and fro and never get anywhere. Just like thee and me.








Athabaska Dick





When the boys come out from Lac Labiche in the lure of the early Spring, 


To take the pay of the "Hudson's Bay", as their fathers did before, 


They are all a-glee for the jamboree, and they make the Landing ring 


With a whoop and a whirl, and a "Grab your girl", and a rip and a skip and a roar. 


For the spree of Spring is a sacred thing, and the boys must have their fun; 


Packer and tracker and half-breed Cree, from the boat to the bar they leap; 


And then when the long flotilla goes, and the last of their pay is done, 


The boys from the banks of Lac Labiche swing to the heavy sweep. 


And oh, how they sigh! and their throats are dry, and sorry are they and sick: 


Yet there's none so cursed with a lime-kiln thirst as that Athabaska Dick. 





He was long and slim and lean of limb, but strong as a stripling bear; 


And by the right of his skill and might he guided the Long Brigade. 


All water-wise were his laughing eyes, and he steered with a careless care, 


And he shunned the shock of foam and rock, till they came to the Big Cascade. 


And here they must make the long portage, and the boys sweat in the sun; 


And they heft and pack, and they haul and track, and each must do his trick; 


But their thoughts are far in the Landing bar, where the founts of nectar run: 


And no man thinks of such gorgeous drinks as that Athabaska Dick.








'Twas the close of day and his long boat lay just over the Big Cascade, 


When there came to him one Jack-pot Jim, with a wild light in his eye; 


And he softly laughed, and he led Dick aft, all eager, yet half afraid, 


And snugly stowed in his coat he showed a pilfered flask of "rye". 


And in haste he slipped, or in fear he tripped, but -- Dick in warning roared -- 


And there rang a yell, and it befell that Jim was overboard. 


Oh, I heard a splash, and quick as a flash I knew he could not swim. 


I saw him whirl in the river swirl, and thresh his arms about. 


In a queer, strained way I heard Dick say: "I'm going after him," 


Throw off his coat, leap down the boat -- and then I gave a shout: 





"Boys, grab him, quick! You're crazy, Dick! Far better one than two! 


Hell, man! You know you've got no show! It's sure and certain death. . . ." 


And there we hung, and there we clung, with beef and brawn and thew, 


And sinews cracked and joints were racked, and panting came our breath; 


And there we swayed and there we prayed, till strength and hope were spent -- 


Then Dick, he threw us off like rats, and after Jim he went. 


With mighty urge amid the surge of river-rage he leapt, 


And gripped his mate and desperate he fought to gain the shore; 


With teeth a-gleam he bucked the stream, yet swift and sure he swept 


To meet the mighty cataract that waited all a-roar. 





And there we stood like carven wood, our faces sickly white, 


And watched him as he beat the foam, and inch by inch he lost; 


And nearer, nearer drew the fall, and fiercer grew the fight, 


Till on the very cascade crest a last farewell he tossed. 


Then down and down and down they plunged into that pit of dread; 


And mad we tore along the shore to claim our bitter dead. 


And from that hell of frenzied foam, that crashed and fumed and boiled, 


Two little bodies bubbled up, and they were heedless then; 


And oh, they lay like senseless clay! and bitter hard we toiled, 


Yet never, never gleam of hope, and we were weary men. 





And moments mounted into hours, and black was our despair; 


And faint were we, and we were fain to give them up as dead, 


When suddenly I thrilled with hope: "Back, boys! and give him air; 


I feel the flutter of his heart. . . ." And, as the word I said, 


Dick gave a sigh, and gazed around, and saw our breathless band; 


And saw the sky's blue floor above, all strewn with golden fleece; 


And saw his comrade Jack-pot Jim, and touched him with his hand: 


And then there came into his eyes a look of perfect peace. 


And as there, at his very feet, the thwarted river raved, 


I heard him murmur low and deep: 


"Thank God! the whiskey's saved." 





	--- Robert Service
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