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Name:_________________________  Student ID:_____________________ 
 

There are three questions. You must complete all of them.  Ensure that you show your 

work (that is, equations, calculations and units). Excessive length is not encouraged. 

 

QUESTION ONE 

The mass of a normal human heart is about 400 grams.  If the height of 

the human is increased to the height of the tallest tree (that is, from 

about 2 to 100 meters): 

 

• Calculate the heart size required to pump blood an additional 98 

meters in height. Show your work with clarity.   

 

• Would changes in the internal diameters of the arteries and veins 

and/or the heart beat rate affect the required heart size? Explain. 

 

You may (or may not) need to know that human blood pressure is 16 

kPa (systolic) and 10 kPa (diastolic, this declines to 5.3 kPa in the 

head). Actually, blood pressure is remarkably invariant among 

mammals, averaging 12.9 kPa. The human heart beats at a rate of 72 

min–1. Our hearts pump a body mass (about 70 kg) of fluid every 10 

minutes (1 ! 10–4 m–3 s–1). Artery and capillary radii are 2.0 mm and 

0.003 mm, respectively. Please assume that arteries and capillaries are 

strong enough to withstand any internal pressure without rupturing.  

 

QUESTION TWO 

What is a Poise? Explain its physical meaning and relation to force. Remember that Dr. 

Lew is not a physicist, and he believes that units are important. 

 

QUESTION THREE 

Consider a two chamber heart, controlled by 

valves A, B and C, as shown in the diagram. 

 

• Show the location and directionality of the 

valves that would allow flow from left to right 

as Chamber A contracts, followed by Chamber 

B contraction while Chamber A was re-filling.  

 

• Could valves A, B and C be replaced by a 

valve-less system to control flow direction? 

Explain. 
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Viscosities (and other data) for various liquids (and air)  
 

Fluid Density, !  

(kg • m–3) 

Viscosity, "  

(Pa • sec) 

(kg • m–1 • sec–1) 

Viscous critical 

force (fcritical) (N) 

Air 1 2 • 10–5 4 • 10–10 

Water 1000 9 • 10–4 8 • 10–10 

Olive Oil 900 8 • 10–2 7 • 10–6 

Glycerine 1300 1 8 • 10–4 

Corn Syrup 1000 5 3 • 10–2 

 

 

Nota bene. The viscous critical force, fcritical = "2/!, is a measure of the force required to 

shift from laminar flow to turbulent flow. It depends on viscosity and density, but is not a 

dimension-less number (like the Reynolds Number Re). 

 

Nota bene. Kinematic viscosity is sometimes used, and is equal to "/!  (with units of m2 

sec–1). 

 

Nota bene. Two other units are sometimes used to describe viscosity. One is the poise 

(with cgs units of g cm–1 sec–1). The other is the stoke, for kinematic viscosity (with cgs 

units of  cm2 sec–1). 
 

Source: Philip Nelson. Biological Physics. pp. 165.  

 










