Name:
Investigation #10

Your Stair Climbing Power
Safety First!

Be very careful when climbing stairs.  Do not run up the stairs, but walk at a rapid rate, and hold onto the handrails.  If you become tired, out of breath, or experience any other symptoms of discomfort, do not continue with the procedure.  If you are unable to climb stair for health reasons, tell your teacher and participate by timing another student who is able to do so.

Skills: Predict, Measure, Record Data, Calculate, Cooperative Learning, Compare and Contrast.

Background Information:  Work equals force times the distance through which the forces acts.  Force is expresses in newtons (N) and distance is expressed in meters (m).  Work is expressed in newton-meters, or joules (J).

The rate at which work is done is called power.  Power equals work divided by time.  If work is in joules (J) and time is in seconds (s), power is expressed in joules/second (J/s).  One J/s is the same as 1 watt (1W), a unit named after British scientist James Watt, inventor of the steam engine.  To find out how the power of his engine compared to that of a horse, Watt measures how fast an average horse could do work.  He found the answer and expressed the amount of work performed per second as a horsepower.  One horsepower, expressed in modern metric units, equals 746J/s or 746W.

Problem:  How much power do you use when climbing the stairs?

Goals:  In this investigation, you will measure the time it takes to climb a set of stairs.  Using this time and your weight, you will be able to calculate your power output.

Prediction:  Carefully read the investigation before stating your prediction.  Predict how your power output compares to that of an average horse.  Give your prediction in fraction or decimal form.  Remember to give the reasons for your prediction.

________________________________________________________

________________________________________________________
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Materials:  Bathroom scale, Metric ruler, stairs (at least 2 flights high), stopwatch or watch that indicates seconds.

Procedure:
1. Measure.  Work with a partner. Use the bathroom scale to weigh yourself.  Convert pounds to newtons by multiplying pounds by 4.45.

2. Measure.  Measure the height of one stair step, in centimeters.  Convert to meters by dividing by 100, and record the result.

3. Count the number of steps you will be climbing- and multiply this by the height of a step to find the total height, in meters.  Record this number.
4. Climb the stairs as quickly as you can without running, while your partner times you  Record the time in seconds (and tenths of a second, if a stopwatch is used.)
5. Record Data.  After resting for a few minutes, carry out a second climb by repeating procedure step 4.  Rest again, and carry out a third climb.  Average the three times and record this number.  Then change roles with your partner and repeat the procedure.

Data Table
	Weight in Newtons
	
	Your Force

	Height of one step (cm)
	
	

	Number of steps
	
	

	Total Height of Stairs (m)
	
	Your Distance

	Time of Climb 1 (s)
	
	T1

	Time of Climb 2 (s)
	
	T2

	Time of Climb 3 (s)
	
	T3

	Average Time (s)
	
	TA


Observations:
1. Were the three climbing times roughly the same, or did they vary considerably?____________________________________

____________________________________________________

2. Did you feel as if you exerted the same effort on each climb?  Explain. ___________________________________________

_____________________________________________________

_____________________________________________________
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Analysis:

1. Calculate:  For each climb, calculate your work in climbing the stairs.  To do so, multiply the total height of the stairs by your weight in newtons.  Express your answer in Joules (J).




Remember: Work = F x D
2.   Calculate.  Calculate your power output in each climb.  To do so, Divide the work by your time (work can be found in question 1).  Express your answer in watts (W).  What was your average power output for all of the climbs? 




Remember: Power = Work/time


 
T1


T2


T3


TA
3.   If you had climbed more slowly, how would the work have been affected?  How would the power output have been affected?  Explain your answer.
4. Compare your power with other students.  Did all of the students who climbed the stairs in the same amount of time have the same power output?  Explain your answer. (extra credit)
5. Calculate your horsepower.  To do so divide the average power output you calculated, in watts, by 746, the number of watts in 1 horsepower.
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Conclusions:
1. (a) How does your power output in climbing the stairs compare to the power output of a typical horse?  Such a horse could maintain its typical power output for hours.  (b) How long could you have maintained your power output if you had to continue to walk quickly up many flights of stairs without resting?

(a)

(b)

2. (a) How does your power output in climbing the stairs compare to the power output of a 100-watt light bulb?  If your power could have been harnessed and the energy converted to electricity, how many 100-watt light bulbs could you have kept burning during your climb?  (c) Why is it good that we can always rely on generators to provide us with power?

(a)

(b)

(c)
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