HW4

Due November 2, 2012
Two Parts

PART 1
Problem 4.1. Do a qualitative analysis of the following non-linear, autonomous, DE:

dx/dt = x (4 – x2) (4 + x).

Proceed as follows:
a) Sketch out the function  f(x) = x (4 – x2) (4 + x) in the (x, f) plane. This sketch doesn’t have to be very accurate, but should be qualitatively correct.

b) List the equilibria (fixed points) of the differential equation. For each equilibrium, say whether it is stable or unstable.

c) Sketch out the trajectories of x(t) in the (t, x) plane. 
You should solve this problem with pencil and paper. After you’re done, check your results, by programming the DE into First-order DEs with direction field (code). Do so only after you’ve solved the problem with pencil and paper. Turn in your own sketch, not the plot produced by the computer!
Problem 4.2. Same as above, but for:

dx/dt = x (4 – x2) (4 + x) (1 – x) .

Problem 4.3. Same as above, but for:

dx/dt = x (4 – x2) (4 + x) / (1 – x) .

In the case of problem 4.3, pay particular attention to the behavior around x = 1. The numerical simulations may be misleading there. Explain why, and make sure you draw the correct solution.
PART 2
Study numerically the differential equation that describes the dynamics of a passive neuron’s membrane potential, V(t), driven by an injected current, I(t). Note that this is a first-order linear DE. This neuron does not have a spiking mechanism.

You will have to write the code to do this study. You can cut and paste into
First-order DE (code). Make sure you insert the parameters and the driving current correctly into the code. Use the following parameters:

R = 20e6;       % membrane's resistance       [Ohm]
C = 1e-9;       % membrane's capacitance      [F] 
V_rest = -.07;  % resting potential           [V]
Set the initial value of V  to 0. Make sure you set the discretization time appropriately.

You will be asked to investigate the behavior of this passive neuron for two different types of injected current. For each type of current, choose various, biologically meaningful, parameter values. For each experiment, produce a plot of the injected current and a plot of the membrane potential using the subplot command. Write a short summary of your findings. 
Problem 4.4. Drive the neuron with a constant current of amplitude I_injected. Start current injection at t = 200msec (i.e., from t = 0 to t = 200 msec, the injected current is 0). Investigate this model for different values of I_injected.  Make sure you work in a biologically plausible range of values. Should this range be measured in amps, milliamps, microamps, nanoamps, picoamps? Also, make sure you set the length of the recording period appropriately, from 0 to a suitable value larger than 200msec.

Problem 4.5. Drive the neuron with sinusoidal currents of various frequencies and amplitudes. The amplitude should be in roughly the same range as for Problem 4.4. The frequency should be in the range of 1 to 1000Hz. In each case, make sure you choose the relevant length of observation period in your display. What can you conclude from your experiments? How does this passive neuron “respond” to the stimulation?

Problem 4.6 (OPTIONAL). Based on your observations in Problem 4.5, characterize the passive-neuron response to a sinusoidal current of different amplitudes and frequencies as accurately and as completely as possible.  Pay attention to the lag (or phase) of the response relative to the driving current. Note that this is a non-autonomous first-order linear DE. It actually has an analytical solution…
