MATH METH CAT 1A 8
Starting Point 2 — Blood flow

The mathematical concepts and techniques which might be required for this task include:
functions — domain, sketch graphs
trigonometry
calculus — rules for differentiation, application to minimum problems

trigonometric functions

While any other prescribed concepts and techniques are acceptable, the above are considered particularly
appropriate, and may feature in the test which will follow this task.

The circulatory system of a human body comprises blood vessels of different radii and lengths with the radii
generally decreasing as the distance from the heart increases. Blood flows from the heart through larger blood
vessels to smaller blood vessels.
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The efficiency of the flow of blood through a single blood vessel is related to the loss of energy due to friction
in that blood vessel. This loss of energy in certain blood vessels can be approximately modelled by a function
of the form

where E gives the energy loss of the flow of blood in joules, and r and [ are the radius and length of the blood
vessel, respectively, measured in millimetres. k is a positive constant whose value depends on different
characteristics of the blood.

Throughout this investigation take k = 9 which is the normal value for a typical person. This function may be
used for blood vessels with radii in the range of 2 mm to 15 mm and lengths of up to 30 mm.

a. Choose several representative values for the radius of a blood vessel. Sketch a graph of the relationship
between E and [ for each of these values. Similarly choose several representative values for the length of
a blood vessel and sketch a graph of the relationship between E and r for each of these values. Discuss the
key features of each of the two families of graphs, and the differences between the families.
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b.  Throughout the circulatory system, blood vessels are constantly branching. At a branch point the total loss
of energy can be shown to be related to the branch angle ABC, of size 6 radians.

e [1 — p radius: r,

The total loss of energy, E
energy losses

e @S blood flows from one vessel into another is given by the sum of the

kl  kl
Elotal = El +E2 =_.11,+_i
f £

where E| is the energy loss in the first (larger) blood vessel and E, is the energy loss in the second
(smaller) blood vessel.

i. Choose a set of values fora, b, r, and r,, where a and b may take any real value between 10 and 25
(inclusive) and r, < r,. For this set, express [, and [ in terms of 6 and hence express E ,asa
function of 6, clearly stating the domain.

ii.  For the values chosen in i., determine the angle which would result in minimum total energy loss.
iii.  Draw the graph of vour function and discuss the key features.

c. i.  Retain the values of r and r, used in b.i. For each of several pairs of values for a and b, determine
the angle for which the total energy loss is a minimum. Comment on your results.

ii.  Investigate how the angle for minimum total energy loss is related to the radii of the two blood
vessels. Discuss whether your result is valid for all values of @ and b.
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