PPT
Human Horsepower


Developer Notes

Goals

Understand Power

Introduce efficiency

Concepts & Skills Introduced

	Area
	Concept

	Physics
	Power

	Physiology
	Efficiency of the body


Time Required

1 class period
Warm-up Questions

Presentation

Background/History
Human Horsepower

Machines are measured in terms of horsepower, which is a measure of the energy output of the motor. It’s the amount of work done over time (work remember is force multiplied by distance and is measured in Joules). The term horsepower is used because James Watt wanted a way to describe the power of his new invention, the steam engine. Watt observed ponies lifting coal out of mines, and found that the average pony could lift about 22,000 foot-pounds (the measurement used at the time) in one minute. By increasing this number by 50 %, Watt described horsepower of his steam engine, which he felt to be more efficient than a pony, as 33,000 foot-pounds of work per minute or 550 foot-pounds in one second, and thus it has remained. The SI unit for power is a Watt and is measured in Joules per second.

A high horsepower engine has a better towing capacity than a low horsepower engine because it can expend energy more quickly. We’ve all had the experience of being stuck behind a car towing something very slowly up a hill, because their horsepower isn’t high enough to tow it quickly. If your body is one kind of machine, what’s your horsepower? 

Procedure 

• 
Determine your weight in Newtons. Record in table.

• 
Measure the height of a step in the stairway leading up to the next floor.  

    REMEMBER TO BE QUIET IN THE HALLWAY!

• 
Multiply the height of the step by the number of steps up to the first landing. Record.

• 
From a standing start, walk swiftly up the stairs to the first landing while your partner times you with a stopwatch.  Record in table. 

• 
Calculate your power in both watts and horsepower.  Record. 

The conversions work this way:

(Remember Joules are a measurement of work. So the force (remember weight is a force) you moved multiplied by the distance that you moved it will give you the number of Joules.

(Dividing the number of Joules by the amount of time (in seconds) it took you to do the work will give you power- in watts, which are Joules per second. 

(1 horsepower is equal to 746 watts. 

• 
Repeat procedures with other partner.

	Name
	Weight 

(N)
	Height (m)
	Time 

(s)
	Work 

(J)
	Power 

(W)
	Power 

(hp)

	
	
	
	
	
	
	

	
	
	
	
	
	
	


Questions:
1.
Compare the power generated by the lab partners to each other:

And to other kinds of machines:  

	Machine
	Horsepower rating (average for category)

	Electric toothbrush
	.08 HP

	Low-capacity clothes dryer
	.33 HP

	Household Blender
	.5 HP

	Vacuum cleaner
	1.25 HP

	Moped
	2 HP (legally cannot be more than this)

	Lawn mower
	4.5 HP

	Gasoline generator
	10 HP

	BMW police motorcycle
(used by California Highway Patrol)
	95 HP

	Ford Escort
	110 HP

	Yamaha Jet Ski
	155 HP

	Coral Viper Ski Boat
	250 HP

	Ferrari 355 F1
	375 HP

	Dodge Viper
	450 HP

	MAN Yacht Engine
	1,050 HP

	GE CT7 turboprop jet engine
	1,800 shaft HP

	Battleship Missouri
	212,000 shaft HP


2.   If you went up the stairs in half the time of a fellow student of equal weight, compare the 

amount of work and power for each of you.  Explain your answer.

3.
If the stairs were reduced by half in number, how would this affect the work and power required to climb the stairs (assume same rate of travel)?

4.
How many Calories (kilocalories) did you burn while climbing the stairs?


1 cal = 4.184 J


1 Cal = 1000 cal

5.
If a super-size order of McDonald’s fries has 610 Calories, what percentage of that did you burn to make the ascent? 
How many flights would you have to climb to burn off the whole box?
If there are about 75 fries in the box, how many fries could you eat for each trip up the stairs? 

The typical human is anywhere from 10 to 20% efficient when it comes to metabolizing food calories (kilocalories or Calories with a capital C), with the "couch potato" at the 10% end of the spectrum and the world class athlete at the 20% end.  Now at first you may think that 20% efficiency isn't very good, but that's 100% more efficient than the guy eating chips and watching Sponge Bob all day long.  But where do all those Calories go?  If your daily diet is 2000 C, then about 1500 of those Calories go to maintaining body functions (temperature control, breathing, heart rate, etc.). That only leaves 500 C to do mechanical work. Unfortunately, only about 20% of that number will actually do work external to your body with the remainder being transformed and lost as heat.

Questions:  

6.  
If all the food Calories you consumed in a day could be used to do work, how much work 
could you do?  Assume a daily caloric intake of 2500 Calories and fill in the first row of 
table 2:

•
Calculate, in Joules, how much work you could potentially do if all these Calories were used. 

•
3/4 of these Calories go to maintaining body functions.  How much work could be accomplished with the left over Calories if none were lost to heat?

•
Knowing that you are only 10 - 20 % efficient, how much work could you accomplish if you were a well-trained athlete or a couch potato? 

TABLE 2

	
	Total 

Potential

Work
	Total

Work if no

heat loss

after 75% is lost to other processes
	Actual Work 

if 10%

efficient
	Actual Work 

if 20% 

efficient

	2500-Calorie 
diet in joules


	
	
	
	

	Fry Calories converted to
 joules
	
	
	
	


    7. 
Remember how many flights of stairs you had to climb to burn off your fries?  
How many flights would you have to climb if you are 10% efficient? 
How many fries could you really eat per trip up the stairs? 

(Hint: use the second row of the table to help you, and remember that only the Calories remaining in the actual work column can be used to do the work of moving up the stairs).
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