
Questions for INF-5610

November 14, 2005

Day 1.1

• Describe the structure and function of the cell membrane.

• What are the permeability properties?

• Explain how signals move through the heart.

Day 1.2

1

1.1

• What does the ”law of mass action” state?

• What assumption is it based on?

• How does this law break down if these assumptions are not met?

• How is a two-way reaction modeled mathematically?

• What is equilibrium and how is is calculated?
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1.2

• What are enzymes, and how do they work?

• How is the reaction scheme?

• Set up a mathematical model that describes the concentration changes
of the enzyme, the substrate, and the product in a catalytic reaction.

• what does reaction velocity mean, and what factors affect it?

• Explain equilibrium in this system.

Day 2.1

2.4

• What is ”Carrier-Mediated Transport”, and what different types are
there?

• What is the reaction scheme for glucose transport?

• How does one get from the reaction scheme to a mathematical model?
(Don’t write all the equations, just the principle.)

• How can one use the model to calculate an expression for the produc-
tion rate?

• What limits the production rate?

• How can one develop a model of more general transport with different
types of molecules and the transport going both ways?

2.5

• What is active transport?

• describe the reaction cycle of the sodium-potassium pump.
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Day 2.2

2.2

• Explain the conservation law for a chemical substance.

• What does Fick’s Law state?

• What factors affect the diffusion coefficient?

• Develop a model for the steady state flux through the membrane.

2.6

• What is the membrane potential?

2.6.1

• Assume Na+ and Cl− exists in equal concentrations in two containers
A and B, but that the concentration of ions in tank A is larger than in
tank B- Explain what will happen if the solutions are separated only
by a membrane that in permeable to Cl− but not to Na+.

• What is the Nersnt equilibrium potential and how does it work?

2.6.2

• How does the electrical field affect the ion flux (Planck’s equation)?

• What does the flux become when one takes into account both the
electrical field and the concentration gradient (Nernst-Planck) ?

• Develop the Nernst-Planck equilibrium potential from the Nernst-
Planck equation.

2.6.3
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• The cell membrane have properties both of a resistor and a capacitor.
What does this mean?

• How can these properties be used to formulate a mathematical model
for the membrane?

Day 3.1

3

• Flow of a type of ion through a channel depends on the membrane
potential. What property do the current-voltage relations have in
common?

• Give an example of such a relation.

3.1

• What is the difference in measurements of ”Steady-State”- and ”Instantaneous”-
current-voltage relations?

• What do the two different measurements show? (Why are they differ-
ent?)

3.5

• The conductance of a channel is not constant. In the experiments by
Hodkin and Huxley it was especially the flow of Na and K that was
significant. How did the conductance for these two channels change
with instant depolarization?

• Explain the reason for the difference.

3.5.1

• Describe a conceptual model for opening and closing of a single chan-
nel.
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• Develop a model that describes the change in the proportion of open
channels.

3.5.2

• Not all channels can be described by a single opening mechanism.
Some channels are better modeled as having two gates. Develop a
model for the change in the proportion of open channels.

• The resulting system can be approximated by one single equation.
How?

3.5.3

• To describe the Na-conductance (first rising, then falling as a result
of depolarization) one may imagine that two independent gates must
be open for there to be Na-flow. Why does such a model describe the
process (as opposed to a single port that may have several subunits)?

• Assume that gate M consists of two subunits and gate H of one sub-
unit. Name the proportions of open gates m and h. Can you give a
heuristic explanation for why m

2
· h describes the proportion of gates

through which flow may pass?

• Imagine that the membrane potential is in the resting state for a time
and then increases and then stops at a positive potential. Draw a
schematic of m(t) and h(t) during this process.

Day 4.1

4

• What is the characteristic of excitable cells?

4.1

• How dues the ion flow model look in the Hodkin-Huxleys model (HH)?
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• Calculate the equilibrium potential, i.e. the potential where the sum
of ion currents is 0.

• When the current is stronger one goes through depolarization and then
re-polarization. How is this explained in the Hodkin-Huxley model?

4.1.2

• what are ”voltage clamp” measurements?

• HH only measured total ionic current. What assumptions where made
to split the current into Na- and K-components?

• Show how these components where found.

Day 4.2

4.1.3

• The HH-model have 4 condition variables. What are they?

• In order to analyze the system it is desirable to reduce this number.
One way is to consider the slow variables as constants. Which ones
are these?

• Another way is to reduce the system to one slow and one fast variable.
How is this done?

4.2

• What is the structure of the FitzHugh-Nagumo model?

• What is its purpose?

• Draw a phase plot for the system with ”nullclines” equilibrium points
and typical trajectories. Relate this to a time/potential plot of an
action potential.

• What is needed in order to have an oscillating potential?
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4.3

• What are the differences between HH and the Beeler Reuter model
with respect to: What is modeled, degree of complexity, and charac-
teristics of the action potential.

Day 5.1

8

• Describe the structure of a neuron and its function as part of a network.

8.1

• What assumptions are the Cable Equation based on?

• Make a diagram showing how the different components in the model
are related.

• Show the connection between the axial current and the voltage?

• Explain how Kirchhoff’s law (conservation of current) may be used to
relate the transmembrane current to intra- and extracellular current.

• develop an expression that shows the relation between the transmem-
brane current and the transmembrane potential.

• What is the dimensionless cable equation?

8.2

• Why is it reasonable to use a linear expression for the source term in
the cable equation when modeling dendritic conduction?

• State some reasonable initial values and boundary conditions for the
equation.
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Day 5.2

7.2

• What are ”gap junctions”?

• What is meant by an ’effective’ diffusion coeficcient (definition) ?

• How can it be measured (make a figure).

• From the principle of conservation, set up an equation for the change
in concentration inside a cell.

• What is a reasonable boundary conditions between cells?

• Explain how one can find the relationship between the intra cellular
diffusion coefficient, the permeability between cells and the effective
diffusion.

Day 6.1

• Describe the structure of striated muscle cells.

• Describe the main features of the crossbridge-theory.

Day 6.2

• Give a quick description of the main components of the HMT-model.

• Explain how contraction models like the HMT model can be coupled
with models for cell electrophysiology.

Day 7.1

11

• Explain how signals move through the heart.
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11.1

• How are the muscle cells in the heart connected?

11.2

• How should the intra- and extracellular values in the bidomain model
be interpreted?

• Derive the elliptic equation in the bidomain model (11.23) from Ohms
law and conservation of current.

• Derive/argue the parabolic equation in the bidomain model from what
you know of the cable equation

• How can the bidomain equation be reduced to the monodomain equa-
tion?

Day 8.1

• Explain some of the challenges in doing realistic simulations using the
bidomain model.

• What is the advantage of using operator-splitting techniques to solve
the bidomain equations?

• Explain each step in the algorithms for Godunov and Strang splitting.
You may use a simplified model problem instead of the bidomain equa-
tions.

• The convergence results Godunov and Strang splitting were based on
exact solutions of each step. These steps are in reality solved numeri-
cally. What demands must the numerical solutions fulfill in order for
the convergence results to hold?

Day 9.1

• Mention some of the challenges for solving the cellmodel equations
effectively.
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• Give advantages and disadvantages of the implicit ODE solvers (com-
pared to the explicit solvers)

• The result of the operator splitting algorithms is that the bidomain
problems are split into a system of PDEs. What is the main advantage
of using the theta rule for the time discretization of the PDE system?

Day 9.2

• Give two reasons why it is interesting to study the effect of ischemia
on the EKG signal.

• The article by Cimponeriu et. al. mentions three important electro-
physiological changes in ischemical heart cells. What are they?

• Explain how these changes affect the action potential in the cells.

• Describe shortly the model used in the article for simulating electric
propagation and EKG signals.

• Explain how changes at the cellular level affects the propagation of
the action potential and the EKG signal.

Day 10.1

• Give a brief overview of the components of the circulatory system.

• Explain what is meant by the resistance of a blood vessel.

• Explain what is meant by compliance.

• What are compliance vessels and resistance vessels? Explain and give
examples.

Day 10.2

• How can the heart be modeled as a compliance vessel?

• What are the essential properties of the heart valves, and how can
they be modeled?
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• Explain how the concept of compliance and resistance vessels can be
used to derive models for the complete circulation. As an example you
may for instance consider a simplified model with three compliance
vessels; the left ventricle, the systemic arteries and the systemic veins.
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