Note: For some reason the California Standards do not discuss power in the context of mechanics.  When they get to electrical circuits, power is considered (Standard 5c), but students should realize that power is a concept that has more applications than just in the study of electricity.  For this reason, we have added the following standard here.

I**  Work, power and efficiency.

Students should know that power is the rate of doing work or expending energy.  Students should not confuse the concepts of power and energy and should be able to compute the efficiency of various processes.

Note the following quotation from a widely distributed publication from a large US warehouse store, made in July 2008:

"Operating nearly 400 warehouses in the United States requires a tremendous amount of energy--1.9 billion kilowatts last year, to be exact."

Energy would be measured in kilowatt-hours and power would be measured in kilowatts.  You could guess what they might have meant but it’s hard to know for sure.  Why be “exact” when the units are wrong?
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The power of automobile engines is usually measured in horsepower, or HP.  Horse power is a British unit originally developed by James Watt to help people understand how the power of the newly developing steam engines compared with the old standard, the horse.  The British unit of work is the foot pound and Watt’s measurements suggested that the average horse could lift 550 pounds one foot per second.  Today the definition of the horsepower is 550 ft lbs/sec and this equals 756 watts (or about ¾ kilowatt).

Measuring a student’s power.

[image: image2.wmf]A simple exercise that students seem to have a lot of fun doing is to have them run up a flight of stairs of known vertical height while being timed to measure their power.

obtained to compute an individuals power.


Students usually prefer finding out their power in units of HP but these can be easily converted to kilowatts.  Almost always the heavier students develop the most power much to the disappointment of the smaller, faster students.  Finally, make sure you choose the time and place to do this activity so it will not disturb other classes.

Efficiency.

The essential definition of efficiency is the ratio of what you get out of a system over what you put into the system.  For example, the efficiency of an automobile engine could be the ratio of the mechanical energy output of the engine over the corresponding energy stored in the fuel that was burned in the engine during the same length of time.  Another example would be the efficiency of an electric motor.  This could be the ratio of the power the motor delivers in lifting a weight to the electrical power required to make the engine lift this weight.  Obviously, the units of the output and input must be the same.   Students often confuse “power” with “efficiency” and this can easily lead to confusion about what it takes to be “energy efficient”, etc.  Although the following lab exercise would more appropriately performed after an introduction to electricity, it could also be used at this time to start students to thinking about the meaning of electrical and mechanical power.

Measuring the efficiency of a small electric motor.



Power related to force and velocity.
From the definition of power it is easy to show that an object moving at constant speed against a constant opposing force will require a power equal to the product of the force and the speed.  [ Since P = W/t = Fd/t = F (d/t) = F(Velocity)].  This simple relationship will help students to appreciate why a car uses more fuel at higher speeds, particularly since the force of air drag increases with velocity.  Having students solve problems that relate to this simple fact might encourage them to consider the fuel saving advantage of traveling at lower speeds.
Power = energy or work/time     Power is measured in watts.   1watt = 1joule/second.
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The student will start from rest and run up the stairs while another student measures the time.  If the weight of the running student is W, the height of the stairs, h, the time to run the stairs, t, then the power developed will be P = Wh/t.  If W is in pounds, h in ft. and t in seconds, then the power will be in foot pounds/sec.  Dividing this by 550 will give the power in horsepower.
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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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