AP Physics – Power
Bif McKenzie hurried out to the field house when the final bell rang.  He was full of joy.  Rhonda Bradford, Bay City High School head cheerleader, had consented to go steady with him.  Bif reached down and touched the finger where his class ring used to rest.  His finger felt funny without the ring, which now dangled around Rhonda’s neck, his steady girl.  

“Hey, Bif, you ready to beat Central?”  Bruce Carlton, his boyhood chum, inquired.

“Those fellows don’t have a chance – we’ll murder those chaps.”  Was Biff’s rejoinder.

Bif and Bruce entered the field house and went to their lockers and began the tedious process of transforming themselves from highschool boys into gridiron warriors.  They were both starting players for the Bay City Fighting Muskrats football eleven.  They helped each other adjust the various buckles and straps for the protective gear the violent sport of football required.  They quickly donned their shoulder pads, hip pads, leather helmet, jersey, &tc.  Soon they were ready for the game.  They joined the rest of the team and sat on the benches in the field house.  Coach Carlisle came out of his office.  “Men,” he began in his manly way, “this is the moment that you’ve been working for all season.  The chance to defeat Central High and become state champions.  Are you ready?”

“Yes, Coach!” Rang out strongly from each player sounding as if it came from a single, giant, hearty throat.

Oh, dear, this pub has gone off subject again.  The Physics Kahuna apologies most sincerely.  The matter will be looked into and steps will be taken to ensure that this never happens again.

Power:  Power is simply the rate at which you do work.  Do work fast, you get a lot of work done, and you are very powerful.  If your power output is small, however, it takes a lot of time to do the work.  

In Medieval times, oxen were used to do work – plow fields, that sort of thing.  Oxen could do the work in a certain amount of time and generated a certain amount of power.  Horses could work faster, but, unfortunately couldn’t be hitched to a plow.  The hitching equipment developed for use with oxen would tend to strangle the unfortunate horse.  The way this worked was that the load from the equipment (plow) was transferred to the oxen with a wooden beam across the animal’s chest.  This worked great for an ox’s anatomy, but not so good on a horse.  It turns out that the wooden beam would squish a horse’s trachea, cutting off the poor critter’s wind.  This tended to decrease the amount of work that got accomplished if not outright killing the poor beast.  So horses were used to pull light wagons or for riding, but were not put to use by farmers to do heavy work.  Then a wonderful invention came along, the horse collar.  This was a semicircular device that went around the horse’s neck and distributed the load to the animal’s shoulders.  The critter’s neck came out through the circular part.  This meant that horses could  be used to do real, heavy work like plowing fields.  Horses are more powerful than oxen, so the work could be done faster, a farmer could cultivate a greater area, and grow more food.  More food in less time, quite a deal, in fact it was so significant that it caused enormous social change, leading to the modern world that we know.  

The equation for power is:
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You end up with a unit of a joule divided by a second.  Power is given its own unit, the watt. The symbol for the watt is W.   A watt is a joule per second.
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· It takes an engine 25 seconds to do 1 700 J of work.  How much power did it develop?

This is a really simple problem; it’s just a plug n’ chug deal.
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The watt is named after James Watt, a British engineer who perfected the steam engine.  Watt himself developed his own unit for power, one that is still in use.  This is the beloved horsepower.  The symbol for horsepower is hp.  

Both of these units are in common use in the United States of A.  Horsepower is used for cars and larger motors.  The Physics Kahuna’s Memsahib’s vacuum cleaner is advertised to be a 5.6 hp machine.   Automobile engines are typically rated between 50 hp to 350 hp.  Racecar engines produce more power, F1 race engines produce over a thousand horsepower.

The watt is often used for appliances that work off electricity – toasters, refrigerators, waffle irons, coffee makers, heaters, &tc.

Here is the conversion factor for horsepower and watts.
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Variant Power Equations:
The equation for power is: 
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This is the form of the equation given on the AP Physics Test.  We will usually drop the “avg” bit and just use:
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Recall that there are several different equations for work:
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One finds the work using these equations and then divides by time to find the power.

One equation that can be developed is:
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Of course you immediately recognized that the 
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  term is simply the velocity of the system.  Thus, substituting velocity for this term, we get:
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We know that the velocity and force must be in the same direction.  If they are separated by some angle (, we get:
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These are put together into another equation for the AP Physics Test:
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This is the second power equation that you will be supplied when you take the AP Test.

General:  Power depends on work and time.  The faster the work is done, the greater the power that was developed.  Work doesn't care about time, it only cares about a force acting, however slowly or quickly, to bring about the movement of an object.  

A powerful engine is able to do work faster than a less powerful engine.  They may well do the same amount of work, but the more powerful machine will do the work much more quickly.

· A human fly climbs up the outside of tall building to thrill the teeming hordes of earthlings below who fear he will fall to his doom.  So if the 52 kg human fly takes 18 minutes to climb a 350 m building, how much power did he develop in the climb?
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· A 47 kg bicycle rider develops 0.26 hp.  She rides the Featherlite 250 which has a mass of 2.3 kg.  Anyway, the rider must climb a 235 m hill.  How much time will this take?
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· A 15.5 kg block is pulled across a flat deck at a constant speed of 3.0 m/s with a rope.  The rope is horizontal to the deck.  The coefficient of kinetic friction is 0.330.  How much power does it take to do this?
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We can find the force of friction, once that is found we can then calculate the force.

Since the block is moving at a constant speed, the sum of the horizontal forces must be zero.

Also since it isn’t falling or rising, the sum of the vertical forces must be zero.

Up is positive as is going to the right.

x – direction:
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y – direction:      
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By definition, the frictional force is:       
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Substitute in the value for f:
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Now we can find the power it takes to do this:
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· A 1250 kg Elevator carries a maximum load of  955 kg.  A constant frictional force of 3850 N exists.  What minimum power (in hp) for the motor is needed to lift the thing at a constant speed of 3.50 m/s?

We need to find the force needed to lift the elevator.  We draw a FBD and examine the sum of the forces.  They must equal zero since the elevator will move at a constant speed.
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    the force is T, so:
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Now, for real fun, let’s do an AP Test question:

1.
The Sojourner rover vehicle shown in the sketch was used to explore the surface of Mars as part of the Pathfinder mission in 1997. Use the data in the tables below to answer the questions that follow.  

Determine answers for tests done on earth

Sojourner Data
Mass of Sojourner vehicle:


11.5kg

Wheel diameter:


0.13 m

Stored energy available:


5.4 x l05 J

Power required for driving under average conditions:
10 W

Land speed:



6.7 x 10-3 rn/s

We will calculate the answers based on the thing being on the earth.
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1.  Assume that when leaving the Pathfinder spacecraft Sojourner rolls down a ramp inclined at 20( to the horizontal. The ramp must be lightweight but strong enough to support Sojourner. Calculate the minimum normal force that must be supplied by the ramp.

2.  What is the net force on Sojourner as it travels across the earth’s surface at constant velocity? Justify your answer.

3.  Determine the maximum distance that Sojourner can travel on a horizontal earth’s surface using its stored energy.  

4.  Suppose that 0.010% of the power for driving is expended against atmospheric drag as Sojourner travels on the surface. Calculate the magnitude of the drag force.

Solution:

1.   Draw a FBD:
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2. Since the thing is moving at a constant velocity, the sum of the forces is zero.  Therefore the net force acting on the thing is zero.

3.  
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4.  
Suppose that 0.010% of the power for driving is expended against atmospheric drag as Sojourner travels on the surface. Calculate the magnitude of the drag force.
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"To demonstrate," sez she that night, "the lovin' wife I am, 


I've bought a dozen bottles of Bink's Anty-Dandruff Balm. 


'Twill make yer hair jest sprout an' curl like squash-vines in the sun, 


An' I'm propose to sling it on till every drop is done." 


That hit old Chewed-ear's funny side, so he lays back an' hollers: 


"The day you raise a hair, old girl, you'll git a thousand dollars." 





Now, whether 'twas the prize or not 'tis mighty hard to say, 


But Chewed-ear didn't seem to have much comfort from that day. 


With bottles of that dandruff dope she followed at his heels, 


An' sprinkled an' massaged him even when he ate his meals. 


She waked him from his beauty sleep with tender, lovin' care, 


An' rubbed an' scrubbed assiduous, yet never sign of hair.





Well, naturally all the boys soon tumbled to the joke, 


An' at the Wow-wow's Social 'twas Cold-deck Davis spoke: 


"The little woman's working mighty hard on Chewed-ear's crown; 


Let's give her for a three-fifth's share a hundred dollars down. 


We stand to make five hundred clear -- boys, drink in whiskey straight: 


'The Chewed-ear Jenkins Hirsute Propagation Syndicate'." 





The boys wuz on, an' soon chipped in the necessary dust; 


They primed up a committy to negotiate the deal; 


Then Missis Jenkins yielded, bein' rather in disgust, 


An' all wuz signed an' witnessed, an' invested with a seal.





They rounded up old Chewed-ear, an' they broke it what they'd done; 


Allowed they'd bought an interest in his chance of raisin' hair; 


They yanked his hat off anxiouslike, opinin' one by one 


Their magnifyin' glasses showed fine prospects everywhere. 





They bought Hairlene, an' Thatchem, an' Jay's Capillery Juice, 


An' Seven Something Sisters, an' Macassar an' Bay Rum, 


An' everyone insisted on his speshul right to sluice 


His speshul line of lotion onto Chewed-ear's cranium. 


They only got the merrier the more the old man roared, 


An' shares in "Jenkins Hirsute" went sky-highin' on the board.





The Syndicate wuz hopeful that they'd demonstrate the pay, 


An' Missis Jenkins laboured in her perseverin' way. 


The boys discussed on "surface rights", an' "out-crops" an' so on, 


An' planned to have it "crown" surveyed, an' blue prints of it drawn. 


They ran a base line, sluiced an' yelled, an' everyone wuz glad, 


Except the balance of the property, an' he wuz "mad".





The Baldness of Chewed-Ear


When Chewed-ear Jenkins got hitched up to Guinneyveer McGee, 


His flowin' locks, ye recollect, wuz frivolous an' free; 


But in old Hymen's jack-pot, it's a most amazin' thing, 


Them flowin' locks jest disappeared like snow-balls in the Spring; 


Jest seemed to wilt an' fade away like dead leaves in the Fall, 


An' left old Chewed-ear balder than a white-washed cannon ball. 





Now Missis Chewed-ear Jenkins, that wuz Guinneyveer McGee, 


Wuz jest about as fine a draw as ever made a pair; 


But when the boys got joshin' an' suggested it was she 


That must be inflooenshul for the old man's slump in hair -- 


Why! Missis Chewed-ear Jenkins jest went clean up in the air. 





 














"It gives me pain," he interjects, "to squash yer glowin' dream, 


But you wuz fools when you got in on this here 'Hirsute' scheme. 


You'll never raise a hair on me," when lo! that very night, 


Preparin' to retire he got a most onpleasant fright: 


For on that shinin' dome of his, so prominently bare, 


He felt the baby outcrop of a second growth of hair. 





A thousand dollars! Sufferin' Caesar! Well, it must be saved! 


He grabbed his razor recklesslike, an' shaved an' shaved an' shaved. 


An' when his head was smooth again he gives a mighty sigh, 


An' sneaks away, an' buys some Hair Destroyer on the sly. 


So there wuz Missis Jenkins with "Restorer" wagin' fight, 


An' Chewed-ear with "Destroyer" circumventin' her at night. 





The battle wuz a mighty one; his nerves wuz on the strain, 


An' yet in spite of all he did that hair began to gain. 


The situation grew intense, so quietly one day, 


He gave his share-holders the slip, an' made his get-a-way. 


Jest like a criminal he skipped, an' aimed to defalcate 


The Chewed-ear Jenkins Hirsute Propagation Syndicate. 


His guilty secret burned him, an' he sought the city's din: 


"I've got to get a wig," sez he, "to cover up my sin. 





It's growin', growin' night an' day; it's most amazin' hair"; 


An' when he looked at it that night, he shuddered with despair. 


He shuddered an' suppressed a cry at what his optics seen -- 


For on my word of honour, boys, that hair wuz growin' green. 


At first he guessed he'd get some dye, an' try to dye it black; 


An' then he saw 'twas Nemmysis wuz layin' on his track. 


He must jest face the music, an' confess the thing he done, 


An' pay the boys an' Guinneyveer the money they had won. 





An' then there came a big idee -- it thrilled him like a shock: 


Why not control the Syndicate by buyin' up the Stock? 


An' so next day he hurried back with smoothly shaven pate, 


An' for a hundred dollars he bought up the Syndicate. 


'Twas mighty frenzied finance an' the boys set up a roar, 


But "Hirsutes" from the market wuz withdrawn for evermore. 


An' to this day in Nuggetsville they tell the tale how slick 


The Syndicate sold out too soon, and Chewed-ear turned the trick. 





---   Robert Service
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