Study Questions for Biophysics: A Physiological Approach
Chapter 3

1. Describe how scalar-to-vector transitions occur in physiological systems.

2. What do the terms in the following equation stand for?  Which parts were used by Onsager in his analysis of systems?  Why could the part not used by eliminated?
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3. Why do metal objects feel colder than wooden objects of the same temperature?

4. Some biophysical systems are thermodynamic; some are phenomenological.  How do they differ?

5. Why was the existence of molecules such as kinesin suspected in neurons long before their discovery?

6. Why are nitrogen bubbles produced when a deep sea diver surfaces to quickly?

7. Why is diffusion an important variable in determining the size of a muscle twitch relative to a muscle tetanus?

8. What is unusual about the movement of transcription factors along a chromosome?

9. What is the logic behind why, if a molecule such as kinesin exists, that there must be a molecule such as dynein?

10. In the diagram of dynein rotation, why is there is strain step before the swivel step?
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11. The Smoluchowski Equation is used to calculate a second order rate constant for the collision frequency between two molecules.  Consider the collision of a peptide-sized transcription factor with an entire chromosome.  Under these conditions, the Smoluchowski equation could be significantly simplified.  What simplifications could be made (explain your reasoning) and what would be the final form of the useful equation under these conditions.

12. We discussed linear and nonlinear flow, where Lo was the equilibrium coefficient and LJ was the flow-dependent coefficient, and showed the diagram for friction changes as a function of flow.  For a fixed number of red blood cells, with case A having normal RBC’s, and case B having rigid cell membranes which cannot deform like normal RBC’s, explain what would happen  to the friction as the flow rate increased..

13. We discussed emphysema and its effect on oxygen transport.  In its early stages, emphysema patients do not need to breathe pure oxygen, but in the later stages they do.  What quantitative, physiological measurements would be important in determining when a patient should be put on pure oxygen?

14. In a well known Christmas movie, a boy’s tongue is stuck to the pole in cold weather.  It would not stick at temperatures above 0C, and would absolutely stick at absolute zero.  Since there must be a pole temperature above which the tongue would not stick, and below which it would, how would you calculate this pole temperature?  You may wish to consider that heat transfer is a type of diffusion.

15. The Onsager Equation for both equilibrium and non-equilibrium situations is
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.  First, describe what this equation tells us, including which part is the equilibrium and which part is the non-equilibrium section.  Then, using the U-shaped diagrams we often employed to show approach to a minimum free energy, describe (1) how this equation’s parts would fit onto that diagram, and (2), where the transition from equilibrium to non-equilibrium state would occur.
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