MIDTERM EXAM
BioE 153

2:00 pm, November 13, 2003

NAME: ! Jo/q\l'rm

ID NUMBER:

Prob. 1 Prob. 2 Prob. 3 Prob. 4 Total
Max =30 Max =25 Max =25 Max = 20 Max = 100

Remember to work the problems out clearly and completely — so that I can understand

what you are doing. :

The problems are designed so that you can answer them all in the space below the

problem.

Here are some equations that may be helpful.

: = =
Poissons ratio: b = Sransverse
g!onga’mdmaf
; ; du .
Shear Stress in a fluid flow = #-(*j;
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1. Find the forces on your ankle joint as you lift your heel just off the ground. Assume
that your foot can be modeled as a single rigid structure and that your ankle can be
modeled as a single hinge. You can also assume that your leg is vertical and that the
downward force at the front of your foot is straight down.

L
= 2-D force of your Achilles tendon ¥
=2.D fi Leg
Fy = 2-D force of your foot e
= JOUL TGSy Tendon %

@ = the angle of your Achilles tendon P
Ly = the length of your foot in front

L, = the distance between the joint and the
tendon

Heel

A. Find the components of force (F; and F,) on your ankle joint. -—

B. What happens to the joint forces if you bend forward at your ankle?
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2. Consider a rubber bar in 2-dimensions that you magically pull from one side as shown
in the figure.

A. If you pull the end a small distance, 8, what happens to the width of the bar
assuming that the Poisson’s ratio, v, is greater than zero?

B. Assume that the rubber is incompressible, show that v = %.
- First, write down what it means for the material to be incompressible,
- Second, draw a picture of the bar when you pull on it, and then
- Third, Solve the problem for displacements that are very small (.8/L << 1)
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3. Inartificial liver systems, researchers are trying to attach liver cells to the walls of
rectangular flow channels through which blood can be pumped to clean out toxins.
One of the big problems is to make the channels small so that there is a lot of surface
area for the cells while still moving the flow through at a reasonable rate. This
increases fluid forces on the cells which can tear them off. Using the simplified model
below, consider the forces are on a rectangular liver cell.

Flow =—p
/Liver Cell

a) Draw the velocity profile in the channel ahead of the cell assuming that the flow is
fully developed (i.e. is not changing).

b) Using your drawing, show where the maximum shear stress occurs in the flow?
¢) How does increasing the flow rate increase the shear force on the cell?

d) Without solving the problem mathematically, describe how you could estimate
the shear force on the liver cell (1-2 sentences).
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4, Consider the food chain modeled below in the figure on the left. A more complex
food web can be created by adding an omnivore (e.g. it eats anything) as shown on the
right. Assume that the system is materially closed, i.e. it is in a sealed jar.

a) Assume that you want to model the dynamics of the closed ecosystem using
conservation of mass. What would you model and what would the units of the
variables?

b) How many 1™ order differential equations would you have for the food chain?

¢) Assume that you decide to add in an omnivore as shown on the right. Would
the resulting system be more stable? Why?
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