
Page 1 of 2   SC/BIOL 2090.02 — Current Topics in Biophysics 22 September 2011 

ASSIGNMENT ONE (TWO QUESTIONS) 
deadline: 30 September 4:30 pm at 229 Farquharson 

 
Question One. Biological Scaling within the mammalian clade. 

How large would a human have to be to boil (that is, achieve an internal 

temperature of 100º Celsius)? 

 

Hints 

• It has something to do with joules sec–1 (Watts) 

(metabolic heat generation) and radiant energy 

(heat loss by radiation). 

 

• Simplifying the geometry (to either cylinders, 

rectangles or even squares) may be very helpful. 

 

• Please ignore convective and evaporative heat 

loss (they will introduce significant complications).  

 

• You may have to consider issues like heat 

capacity and conductivity, use values for water 

(which is similar enough to human tissue).  

 

• It will be simpler to ignore heat transfer via the 

cardiovascular system (and breathing), although 

blood flow does affect heat mixing — which you may want to invoke. 

 

Guidelines 
I expect that students may wish to work together on the assignment, that is fine, but be 

sure that your assignment is in your own words. Remember that you have to explain your 

answers with sufficient clarity, so that a non-physicist like Dr. Lew will understand them. 

He often finds diagrams helpful and is obsessed with ensuring that the units work, so 

showing the units is obligatory. Excessive length is not encouraged. 
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Question Two. Tensile strength of water. 

One technique used to measure the tensile strength of water was a Z-shaped 

tube mounted on a rotating plate. 

 The force required to ‘break’ the 

water column at the center can be 

calculated from the angular 

velocity, radius, water density, 

and the area of the tube lumen. 

The data are shown in the figure. 

Maximal tensile strength is about 

280 bars, equivalent to 28 MPa. 

Source: Briggs, LJ (1950) 

Limiting negative pressure of 

water. Journal of Applied Physics 

21:721–722. 

 

 

 

 

• Provide a formal derivation of the equation used to calculate the tensile 

strength. 

• Predict the effect of doubling the lumen (the inside of the tube) diameter. 

• Explain why the tube is Z-shaped (Briggs used an angle of 140º). 

• Provide an explanation(s) for the peculiar temperature dependence of the 

tensile strength of water. 

• Predict the tensile strength of another liquid (the molecular weight should 

be similar to water) — with a rationale. 

 

Guidelines 
I expect that students may wish to work together on the assignment, that is fine, but be 

sure that your assignment is in your own words. Remember that you have to explain your 

answers with sufficient clarity, so that a non-physicist like Dr. Lew will understand them. 

He often finds diagrams helpful and is obsessed with ensuring that the units work, so 

showing the units is obligatory. Excessive length is not encouraged. 
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Pradiant(cube)

Pradiant(rectangle)

For a cube of human volume, a =0.4.
Thus, our net metabolic production is
less than radiant heat loss. If we
relied solely on radiant heat loss,
we would not boil unless our volume
was increased about 7–fold.

A rectangle is reasonably close to a match for 
human radiative area (size and shape).
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