Steven A. Jones

BIEN 501 Physiological Modeling

Final Exam

May 19, 2004


Circle the most correct answer to each question.  An answer is considered to be “correct” if it is within 1% of the correct answer.

1. The negative sign in Fick’s law of diffusion means:

a. mass flux is in the direction of decreasing concentration.

b. mass flux is opposite the direction of decreasing concentration.

c. nothing.  It is an arbitrary sign convention.

d. velocity and flux are in opposite directions.

e. none of the above.

2. In the model of platelet NO synthesis, the boundary condition at the wall is 
[image: image30.bmp], meaning:
a. Flux of NO is zero.

b. Flux of NO is a step function in time.

c. NO concentration is constant near at the wall.

d. NO concentration is finite, but non-zero at infinite distance from the wall.

e. None of the above.

3. The term shown below:


[image: image2.wmf]yz

N

x

A

áñ


Represents:

a. the mass flux of species A that is variable in the y and z direction and uniform in the x direction

b. the molar flux of species A that is variable in the x direction and uniform in the y and z directions

c. the mass flux of species A that is variable in the x direction and uniform in the y and z directions

d. the molar flux of species A that is variable in the y and z directions and uniform in the x direction

e. none of the above

4. To express the boundary condition that flux of ATP through a wall at x=0 is constant, one writes:

a. 
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d. 
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e. none of the above

5. Given a section of tissue modeled by a Krogh cylinder with three regions. The inner region represents a capillary, the second region represents interstitial tissue, and the third region represents an area of metabolizing tissue. Consider the metabolizing tissue region. In this region there is a second order metabolism reaction, diffusion in the radial direction and diffusion in the z-direction. The correct “shell” for this region is:
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6. In the platelet synthesis reaction, the Laplace transform was used to:

a. Reduce the number of variables.

b. Transform the time variable.
c. Reduce the partial differential equation to an ordinary differential equation.

d. Make the problem more difficult.

e. None of the above.

7. Transport of nitric oxide (NO) and ADP are fundamentally different because:

a. The diffusion coefficients are vastly different.

b. ADP is released, whereas NO is synthesized.

c. ADP is a platelet inhibitor, whereas NO is a platelet activator.

d. a and c.

e. none of the above.

8. In calculating Womersley flow, the solution in response to an arbitrary pressure gradient waveform was:

a. constant in time

b. the sum of the solutions to the individual Fourier components of the waveform.

c. the product of the solutions to the individual Fourier components of the waveform.

d. unrelated to the solution to a single sinusoid.

e. none of the above
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Given the case where Gas A dissolves into Liquid B as shown in the figure. Liquid B is in a glass container. As it diffuses, A also undergoes an irreversible first-order chemical reaction: 
[image: image7.wmf]AB
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. Realistic boundary conditions are:
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a. at z = 0 
NAz  = 0

b. [image: image29.wmf]2
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b. at z = L  
NAz  = 0
c. c. at z = 0 
cA = 0

d. d. at z = L
cA =cAo
e. both (a) and (c)

f. both (b) and (d)

g. both (b) and (c)

h. both (a) and (d)

i. none of the above

j. (a), (b), (c), and (d)

10. Given the same information from problem 9. Instead of a first-order reaction consider a zero order reaction. The differential equation for the molar concentration of A for this situation is given by:

a.
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e. 
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f. 
none of the above

11. Forced convection is:

a. Generally an increase in heat transfer as a result of the fluid moving past an object.

b. The basis for the “wind chill factor.”

c. Accounted for in engineering analysis by the heat transfer coefficient.

d. All of the above.
e. None of the above.

12. Free convection occurs when:

a. Thermal conductivity of a solid body is not constant.

b. The heat from a body reduces the density of a fluid causing the fluid to move as a result of buoyancy.

c. The fan you are using to cool yourself was given to you as a gift.

d. Temperature is constant throughout the region of interest.

e. None of the above.

13. In order to keep warm, you put on a coat. The sleeves of the coat are one-inch thick and 2.5 feet long with an inside radius of 3 inches. The insulation in the coat sleeves helps to keep your arms warm. The temperature outside is 2 oF and your body temperature is 98 oF and the thermal conductivity of the insulation is given by [k = 0.12 + 0.000045 x T ](where T is in oF and k will have units of Btu/h-ft-oF). The heat transfer rate (Q dot) of the insulation is given by the following equation.
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The heat transfer rate for the insulation is (considering only heat flow in the radial direction and Ar is the surface area of the shell):

a. 182 BTU/hr

b. 641 BTU/hr

c. 12,700 BTU/hr

d. 1,340 BTU/hr

e. None of the above

14. In applying the Reynolds transport theorem: 
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 to conservation of mass, the quantity “B” is:

a. mass

b. momentum

c. energy

d. density

e. none of the above

15. Given a mass transport system of two regions divided by a semi permeable membrane. cIA x=0 > cIIA x=L2.  Shortly after Species A begins to diffuse, which of the following is/are true:


a. NIA|x = L1  = NIIA|x = L1

b. NIA|x = L1  ≠ NIIA|x = L1

c. cIA|x = L1  = cIIA|x = L1

d. cIA|x = L1  ≠ cIIA|x = L1

e. both (a) and (c)
f. both (b) and (d)
g. None of the above
16. In applying the Reynolds transport theorem 
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 to conservation of mass, the quantity 
[image: image16.wmf]b

 is

a. mass

b. density

c. mass per unit mass (=1)

d. flux of momentum

e. none of the above

17. The Reynolds transport theorem states that:

a. Production of some amount of a given property (e.g., mass, momentum) is balanced by a loss of that property through the surface of a control volume and loss of the total amount of that property in the control volume.

b. Production of a property is balanced by influx of that property through the surface and depletion of that property within the sample volume.
c. Flux is proportional to concentration gradient.

d. Mass is always conserved.

e. None of the above.

18. The energy equation in the form 
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 is similar to the equation for species conservation in the form:
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In transport of energy, thermal conductivity has the same role as what quantity in the transport of a mass species?

a. Density

b. Concentration

c. The product of density and diffusion coefficient

d. Planck’s constant

e. None of the above

19. In the energy equation of the form:
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the quantity 
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 is:

a. Flux of heat.

b. Absorption of heat by a viscous medium.

c. Production of heat through the action of viscosity.

d. Production of heat through a chemical reaction with rate constant 
[image: image21.wmf]m

.
e. None of the above.

20. Given a model of an electrocautery probe tip. All but the tip is insulated. Region I is heated such that it appears to be a uniformly distributed heat source, S. As a first approximation you are to assume that no radial or angular gradients exist. The surface at z = 3.5 is held at T0. The differential equation for Region II is given by:
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