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P438 Assignment 2006
out: Jan 10, 2006


Assignment #1
due Tue. Jan. 17 / 2006

Join a group. Minimum group of 3-5 students. Please hand in one assignment per group,

and  list the names of all group members, and their e-mail addresses at the top of each sheet.

If you think some necessary information is missing make a reasonable assumption.

P 1-1 Staircase Olympics 

a)Determine the mechanical power output  Prun =·walk and the metabolic rate walk or each team member when walking up two flights of stairs. The height of the staircase outside Hebb10 is h=7.28m. When doing the exercise anywhere else you must measure h. What value should you take for 

b) Estimate by how much this measurement could be wrong (error estimate).

The largest possible value for Pmax  is found  by combining the largest likely value your body mass  M+ (you probably know your “bare” weight from the Doctors office, but did you have a heavy wallet in your pocket) and the shortest ∆t-. possible time.  Similarly combine the lowest likely weight M- and the longest likely time∆t+ to find a value for Pmin.  A good value for the uncertainty of your experimental results is P =  EQ \F(Pmax - Pmin,2) . 
Express your answer for the power P obtained in part (a) as P ± P.
c) Determine  P ± P for each one of your team members when running up the stairs.  

d) Estimate the mass of the muscles Mmusc used  for  running up the stairs and give the power to weight ratio X= P/Mmusc  of this muscle. (A good automobile engine generates about 1kW/kg.). Muscle mass Mmus= muscle volume  Vmusc muscle density . (Muscles have about the density of water). 

e) Make a table including all your data showing Name, M, ∆t,  Prunning, Pwalk running, walking  Vmusc Xrunning , and plot a log-log graph with body mass as the abscissa   (I) for Prunning, Pwalk running, walking and o for all these parameters.  

(II)  for X as function of body  mass. 

The TA will make a compound table for the whole class to get statistical values,

P 1-2  So sweet so mean 

A humming bird weighing M=3.9 g visits 1000 flowers daily and thereby collects nectar with an energy content of ∆H=7-12 kcal [see R. Conniff 2000] 
 (a) Take an average value of ∆H=9kcal. What is the sugar and honey content of the nectar?  (Honey has about 14/15 of the heat of combustion of sugar.) (b) Determine the metabolic rate of the little bird, and the constant a for the metabolic rate function o=aM3/4, and its mechanical power output. (c) Compare your calculated value a to the constant ao≈4 of the mouse to elephant curve, equation  (1.5), and determine the ratio r=a/ao. Should this ratio be equal to the activity factor b calculated for the staircase run? (d) What problems can you foresee for such a high metabolic rate?  (e) Calculate the specific metabolic rate =/M for the humming bird and for a 5-ton elephant. Which animal makes better use of the energy resources of the environment?
P 1-3 Hot Defences

Giant hornets like to eat bee larvae and honey.  They are so strong that they can just invade a beehive and kill the guards at the entrance and get at their favourite food. A certain strain of Japanese honey bees has found a thermodynamic defence.  They can tolerate a temperature of 47.2 °C(118°F). The hornets however can only stand 46.1°C.(115°F).  The bees have learned to raise their body temperature to 47.2°(117°F): They  humm contracting and relaxing their flight muscles, and only generate heat without producing external mechanical work,…and thereby steam the hornets in their own juice. Take a specific muscle power of p=P/M=150W/kg. Specific heat of tissue is close to that of water. Assume that the bees normally have a body temperature of 43°, and that 10 % of the body weight of a bee is muscle. 

(a) How much heat energy must be generated by each bee to reach the killing temperature?  (b) What is the heating power  of each bee?  (c) How quickly  do the bees  reach the killing temperature?

� R. Conniff, "So sweet, so mean" Smithonean Sept. 2000. p72-82
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