AP Physics  - Electric Circuits, DC
Circuits are classified by the type of path that the electricity follows as it goes around the circuit.  There are two types of circuits - series circuits and parallel circuits.  In a series circuit there is only one path.  All the circuit components are in line, connected by the conductor, so that all the electrons flow through each component.  A parallel circuit offers different paths – some of the electrons can go this way and some go a different way.
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Series Circuits:  Here’s a simple series circuit with three resistors; R1, R2, and R3.  When the electrons leave the battery (opposite the direction of the current), they all go through the first resistor they encounter.  Then all of them go through the next one and the next one.  Then they all go back into the battery.

The current is the same at every point in the circuit.

Each resistor has a potential difference across it.  

The voltage, current, and resistance in a series circuit behave according to the following rules.  

Rules For Resistance in Series:
1. The current in every part of the circuit is the same.

2. The total resistance in the circuit is equal to the sum of all the resistances.

3. The voltage provided by the voltage source is equal to the sum of all the voltage drops across each of the resistors

Mathematically:


[image: image65.wmf]R

V

1

R

m


I = I1 = I2 = ( ( ( = In 


[image: image2.wmf]12

n

VVVV

=++×××+

 

On the AP Physic Test, the equation for series resistance is given as:
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This simply says that the total resistance is the sum of the individual resistances.

No equations for voltage and current are given.  You’ll have to remember that the current is the same at every point in the circuit and the voltage drops add up to the total voltage provided by the voltage source.

Time to do the odd problem.

· Find (a) the total resistance and (b) the current in the circuit to the right.

(a) To find the total resistance, we simply add up the three resistances.
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(b)  Find I:   
V = IR,          
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That was a phun problem, may I have another?   You  bet.
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Figure out (a) the current and (b) the total voltage in this circuit.

(a) Find current through R1 :
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This is the total current.

(b)   We can use Ohm’s law to find the voltage.  First we find the total resistance.
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R = 45.0 ( + 75.0 (
= 120.0 (
V = IR

V = 0.267 A (120.0 A)
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Parallel Circuits:  Parallel circuits offer the current more than one path.
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The current, I, comes to the junction between R1 and R2 and splits.  Some of the current goes through R1 and some goes through R2.  If you add up the current in each leg, I1 and I2, their sum would equal I.

Each leg of the parallel circuit sees the same electric potential, V.

Imagine a 12 V car battery.  You drive two vertical rods into the soft lead electrodes of the battery.  The potential difference across the electrodes and now the rods is 12 V.  You clip the leads of a light bulb onto the vertical rods.  The voltage drop across the bulb (which acts like a resistor) is 12 V.  The metal rod and the wire leads for the bulb have essentially no resistance and 
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there is no potential difference from one spot to the other in a short length of conductor – we discussed this before.  Only the bulb has a potential difference.  Next, we add a second bulb.  But what have we done to change the voltage drop?  Nothing!  Each of the bulbs sees a voltage difference of 12 V.  Each side of the two bulbs are connected together and have to be a the same potential. We could even add a third bulb.  In fact we could add as many bulb as we like.  Each would see a voltage drop of 12 V.

Rules for Parallel Circuits:

1. The voltage drop is the same across each leg of parallel circuit.

2. The total current is the sum of the currents through each leg.

3. The total resistance is less than the resistance of any one branch.  The reciprocal of the total resistance is equal to the sum of the reciprocals of the resistance of each branch.

The equation to find the total resistance:
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Which basically means:
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To find the total current:



I = I1 + I2 + ( ( ( + In  

  And, of course, the voltage is the same for all legs in the parallel circuit.
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Ohm's law applies separately to each branch.

· Look at this circuit: find (a) the total resistance, (b) total current, and (c) the current through each leg.
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(b) 
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(c) To find the current through each leg, we use Ohm’s law for each branch:
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Combination Circuits:  Sometimes we have a circuit that has components in series with one another and components that are in parallel.  We call these combination circuits.  To solve problems, we merely simplify things by finding the equivalent circuit.  Basically you take all the resistances and, by adding the series ones and solving the parallel ones, you end up with one equivalent resistor.  You basically are finding the total resistance for the entire circuit.  This is what you do when you find the total resistance of a parallel circuit, isn’t it?

Equivalent Circuits:  The idea here is to take a complicated circuit that has series and parallel components and work through the thing finding and adding various resistances until you end up with a single equivalent resistance that has the same value of resistance as the entire circuit.



[image: image55.wmf]55

W

W

24 V

85

R

R

1

2

R

3

35

W

Here’s a simple example -  this circuit has two resistors in parallel.

Using the parallel resistance equation, we can calculate the total resistance, which is the equivalent resistor.

Here are some other examples:
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What is (a) the total resistance and (b) the total current?

(a)  The first resistor is in series with the other two resistors that are in parallel.  So we have to add the first resistor’s resistance to the resistance for the parallel part of the circuit.
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(b) Use Ohm’s law to find the current since we know the voltage and the total resistance.
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Here’s another lovely circuit.  Find the total voltage.

We know the current that goes through R3 – we’ll call it I3.  We also know the values of all the resistors.  We can calculate the total resistance.  But how do we find the current?  
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We can find the voltage drop across R3 using Ohm’s law.
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We also know that the same voltage drop will exist on the other leg of the parallel segment of the circuit.  We know that the equivalent resistor must drop this same voltage and we know the value for this resistor, good old R123.  So using Ohm’s law we can find the current through the parallel segment.  Since it is in series with R4, this current must be the total current.
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Now we can use Ohm’s law to find the voltage supplied by the battery.  We have found the total resistance and the total current.
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· You have three 75 W bulbs that you will use in a household circuit – so figure 117 V.  What type of circuit (series or parallel) would give you the greatest brightness (assume that the bulbs that operate with the greatest power are the brightest).
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Let’s look at a series circuit first.

We know that one bulb will operate at 75 W.  Using this, we can figure out the resistance of the bulb.

Power is:
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Ohm’s law is:
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We can solve Ohm’s law for I:  
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We plug this into the equation for power and solve for R, this will give us the bulb’s resistance.
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The resistance doesn’t change – it’s pretty much constant, no matter how much potential difference we apply.  Now we can find the power developed by each bulb in the series circuit.

We’ll  find the total resistance and then the total current.  This is the same current for each bulb, so we can use it to find the power consumed by a bulb.
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The voltage drop for a bulb is:
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The power is:
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So in a series circuit with three other bulbs, the 75 W bulb is really an 8.8 W bulb.  So it’s not so bright.

Now let’s look at the same three bulbs in a parallel circuit.

The voltage drop for each bulb, since they are in series, is 117 V.  Therefore each bulb produces 75 W and is as bright as it was designed to be.

So the bulbs are brightest in the parallel circuit.

House are wired so that all the lights and the things you plug in will be in parallel.  This way each item has a voltage drop of 120 V.

· What happens to the current when you add a resistor R to (a) a series circuit and (b) a parallel circuit?  The series circuit has two identical resistors R.  The parallel circuit also has two of the same resistors R in parallel.
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Series Circuit:  In a series circuit, the total resistance is the sum of the resistances.  When you add a third resistor you end up changing the resistance from 2R to 3R.  The current is equal to:
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When the resistance is increased, the current gets smaller.  It goes from:
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Parallel Circuit: Let’s look at the total resistance for a parallel circuit.
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The current is:
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When we add a third resistor:
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So the current becomes:
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The current gets bigger with each extra resistor.

Measuring Current, Voltage, and Resistance:  Measuring these values is done with an appropriate meter.  Specifically, the voltmeter, ammeter (current meter), and Ohmmeter (resistance meter).

These are simple to use. Usually they are combined together into a thing called a multimeter.

Measuring Voltage:  Let’s start with the voltmeter.  The voltmeter has a huge internal resistance.  To use the thing, you place it in parallel with the thing you want to read the voltage of.  (Ugh, what a wretched sentence.)

[image: image61.wmf]R

V

V

Let’s look at a simple circuit with a single load (in this case, a resistor).  

The voltmeter is placed in parallel with the load – our single resistor.
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The voltmeter, because it’s in parallel with the resistor has the same potential difference across it as does the resistor, correct?    It has a huge resistance – millions of Ohms worth, so the current that goes through it is very very small and the equivalent resistance of the parallel circuit we’ve formed (which is what we are measuring) is essentially the resistance of the single resistor.  Don’t believe the old Physics Kahuna (good, you should doubt everything!)?  Let’s attach some representative numbers to the thing and see what happens.

Let R1 be 35.0 ( and Rm (the resistance of the meter) be 5.50 M(.  The voltage is 12.0 V. Let us calculate the equivalent resistance of the parallel circuit and the current through each of the legs (this would be I1 and Im).

Okay, let’s figure out the equivalent resistance:
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So the equivalent resistance is simply the resistance of the lone resistor!

We know the voltage drop is the same for each resistor, so we can find the current.

The current before the meter was placed into the circuit was:
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You can see that the current is still the same after adding the meter (since the equivalent resistant hasn’t essentially changed).

The current through the 35.0 ( resistor is 0.343 A.  The current through the meter is:
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This value is so small that we can ignore it – it is insignificant.

So when we add a voltmeter, we don’t change anything in the circuit.  The voltage is the same, the current is the same, and the resistance is the same.  The reading for the voltage drop is a correct one.

Measuring Current: To measure current we put the ammeter in series with the circuit.  We know that the current in a series circuit is the same at all points in the circuit.  So we can accurately measure the current.  The resistance of the ammeter is very very small so that the voltage drop it causes is so small that it too is insignificant.

Measuring Resistance: To measure the resistance of a component or of a circuit you have to remove the items of interest from the circuit.  Then you hook in your Ohmmeter.  You place it in parallel with the components of interest.  The Ohmmeter makes its own little circuit.  It provides a small current at a given volume, measures the current, and gives you the resistance for the circuit.
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Dear Doctor Science, 


Which will do less damage, plugging a 110 volt appliance into a 220 volt circuit, or plugging a 220 volt appliance into a 110 volt circuit?


-- Bryan Osborn from London, England





Dr. Science responds:


Either is capable of ending life as we know it. That's why they make the plugs different, so they won't fit. But there's always somebody who will go to great length to overcome the safeguards built into the system. Tell me, did you stuff matchheads into electrical conduit as a youngster, and then crimp both ends? I bet you have a secret gripe against the Underwriters Laboratory, and are trying to prove them wrong so you can cop some cheap self-esteem at somebody else's expense. Well 


sir, you're the one who's going to be held responsible when your hometown is just a memory.





Dear Cecil:


It pains me to see that my adopted state of Wisconsin is about to turn its back on 150 years of sanity and bring back the death penalty. My question is, supposing we elect not to go the wimpy route of killing off our capital offenders via lethal injection but instead fry 'em or gas 'em in a more manly manner, where would we get the equipment? Is there an "Old Sparky Electric Chair Manufacturing Co." or a "Green Glow Gas Chamber Company"? 


--Scott Custis, Madison, Wisconsin 





Cecil replies:


Interesting question, bizarre answer--and one that shows you the kind of people you deal with when you get back into the execution business.





The electric chairs and such of generations past were largely homemade affairs, and it showed--often you could obtain equally humane results by setting the guy on fire. After a few grisly incidents following the resumption of executions, prison wardens began looking around for somebody who knew what he was doing. They found what they wanted (they thought) in Boston engineer Fred Leuchter. As revealed in a 1990 story in the Atlantic, Fred A. Leuchter Associates had become Death 'R Us, the U.S.'s only commercial supplier of execution equipment. A prison guard's son who had become fascinated by the machinery of death, Leuchter would rehab your old electric chair, make you a new one, or if you preferred sell you a lethal injection system ($30,000), gallows ($85,000), or gas chamber ($200,000).





Unmentioned in this and similar media accounts was the fact that Leuchter was also one of the scientific mainstays of Holocaust denial. In 1988, on the strength of his supposed expertise in gas chambers, Leuchter had been hired by neo-Nazi Ernst Zündel to examine the gas chambers at the Auschwitz death camps. Zündel, a German national living in Canada, was then in the process of being retried under Canada's "false news" law for claiming that the Holocaust was a myth. (His first conviction had been overturned on 








appeal).  Zündel wanted Leuchter to find evidence that the Auschwitz gas chambers could not have been used to kill Jews. Leuchter obliged, producing what is now known as the Leuchter Report and testifying at the trial. Among other things he claimed that only minimal traces of lethal gas could be found in what was left of the Auschwitz execution chambers.





Little credence was given to Leuchter's testimony at the trial. Nonetheless his report was widely disseminated among Holocaust deniers and was (and I suppose still is) commonly cited by them as proof that the Holocaust was a Zionist fabrication.





The Leuchter Report proved to be its author's undoing. During the trial it came out that Leuchter had had little technical training, did not have a degree in engineering, and had no formal credentials as an engineer. The state of Massachusetts accused him of practicing engineering without a license and in 1991 he agreed to cease and desist.  His execution consulting business, already in trouble once his efforts on behalf of the Holocaust deniers became known, evaporated completely.  He blames Jewish antidefamation groups and it's safe to say they hastened his demise.





Leuchter's strange story was the subject of a 1999 documentary by filmmaker Errol Morris called  Mr. Death: The Rise and Fall of Fred A Leuchter, Jr. The film consists mostly of interviews with Leuchter, in which he comes across as an oddball who got sucked into the Holocaust denial movement and was ultimately destroyed by it. 





While no one would claim that death-penalty advocates overlap to any significant degree with the neo-Nazis, the Leuchter business can't help but increase one's queasiness at the spectacle of state-sponsored executions. 


--CECIL ADAMS








The Ballad of Hard-Luck Henry


Now wouldn't you expect to find a man an awful crank 


That's staked out nigh three hundred claims, and every one a blank; 


That's followed every fool stampede, and seen the rise and fall 


Of camps where men got gold in chunks and he got none at all; 


That's prospected a bit of ground and sold it for a song 


To see it yield a fortune to some fool that came along; 


That's sunk a dozen bed-rock holes, and not a speck in sight, 


Yet sees them take a million from the claims to left and right? 


Now aren't things like that enough to drive a man to booze? 


But Hard-Luck Smith was hoodoo-proof -- he knew the way to lose.








'Twas in the fall of nineteen four -- leap-year I've heard them say -- 


When Hard-Luck came to Hunker Creek and took a hillside lay. 


And lo! as if to make amends for all the futile past, 


Late in the year he struck it rich, the real pay-streak at last. 


The riffles of his sluicing-box were choked with speckled earth, 


And night and day he worked that lay for all that he was worth. 


And when in chill December's gloom his lucky lease expired, 


He found that he had made a stake as big as he desired. 


One day while meditating on the waywardness of fate, 


He felt the ache of lonely man to find a fitting mate; 





A petticoated pard to cheer his solitary life, 


A woman with soft, soothing ways, a confidant, a wife. 


And while he cooked his supper on his little Yukon stove, 


He wished that he had staked a claim in Love's rich treasure-trove; 


When suddenly he paused and held aloft a Yukon egg, 


For there in pencilled letters was the magic name of Peg. 


You know these Yukon eggs of ours -- some pink, some green, some blue -- 


A dollar per, assorted tints, assorted flavors too. 


The supercilious cheechako might designate them high, 


But one acquires a taste for them and likes them by-and-by.





Well, Hard-Luck Henry took this egg and held it to the light, 


And there was more faint pencilling that sorely taxed his sight. 


At last he made it out, and then the legend ran like this -- 


"Will Klondike miner write to Peg, Plumhollow, Squashville, Wis.?" 


That night he got to thinking of this far-off, unknown fair; 


It seemed so sort of opportune, an answer to his prayer. 


She flitted sweetly through his dreams, she haunted him by day, 


She smiled through clouds of nicotine, she cheered his weary way. 


At last he yielded to the spell; his course of love he set -- 


Wisconsin his objective point; his object, Margaret. 





With every mile of sea and land his longing grew and grew. 


He practised all his pretty words, and these, I fear, were few. 


At last, one frosty evening, with a cold chill down his spine, 


He found himself before her house, the threshold of the shrine. 


His courage flickered to a spark, then glowed with sudden flame -- 


He knocked; he heard a welcome word; she came -- his goddess came. 


Oh, she was fair as any flower, and huskily he spoke: 


"I'm all the way from Klondike, with a mighty heavy poke. 


I'm looking for a lassie, one whose Christian name is Peg, 


Who sought a Klondike miner, and who wrote it on an egg."








The lassie gazed at him a space, her cheeks grew rosy red; 


She gazed at him with tear-bright eyes, then tenderly she said: 


"Yes, lonely Klondike miner, it is true my name is Peg. 


It's also true I longed for you and wrote it on an egg. 


My heart went out to someone in that land of night and cold; 


But oh, I fear that Yukon egg must have been mighty old. 


I waited long, I hoped and feared; you should have come before; 


I've been a wedded woman now for eighteen months or more. 


I'm sorry, since you've come so far, you ain't the one that wins; 


But won't you take a step inside -- I'll let you see the twins." 





---- Robert Service
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