
CAAM/NEUR 415: EXAMINATION #2
December 1, 2011

1 Answer the following questions (total 27 points):

1. Name one type of cortical neuron besides the ubiquitous cortical pyramidal cell;
name one region of the brain (central nervous system) besides the cortex; name one
chemical neurotransmitter besides acetylcholine. (3 points)

2. Give a plausible mechanistic reason for the occurrence of short term synaptic depres-
sion. (1 point)

3. If a neuron requires the integration of 8 synaptic inputs without forgetting them
before spiking and if those inputs are Poisson distributed, how variable will its output
spike train be? Give an expression for the coefficient of variation of its interspike
interval. What do you expect the value of its Fano factor to be, for long time
intervals? Briefly justify your answer. (2 points)

4. Briefly explain the two main characteristics of the Ih current and their role in the
bursting of thalamic relay neurons. (3 points)

5. Briefly explain two major simplifications made in the leaky integrate-and fire neuron
model relative to the properties of real neurons. (2 points)

6. Briefly explain why Fourier transforms are relevant to the characterization of visual
neurons in the retina, LGN and V1. (2 points)

7. Briefly explain in your own words, what the autocorrelation function measures, what
the power spectrum measures, and what the relation between the two is. (3 points)

8. Briefly describe the filtering carried out by thalamic LGN relay neurons when they
process time-varying luminance changes. Briefly explain how this relates to the
temporal statistics of natural scenes. (4 points)

9. You characterize with small dot stimuli a new type of retinal ganglion cell. Its
receptive field has two circular ON regions, each 2 degrees in diameter. Their centers
are located on a horizontal line, 4 degrees apart. It also has a large, weaker OFF
region, square in shape and 10 degrees wide. Its center is located exactly between the
centers of the ON regions. Its spontaneous activity is fairly high, 60 spk/s. Design a
stimulus that will optimally excite the cell and one that will optimally suppress its
activity. You can use a sketch to answer the question. (3 points)

10. Briefly describe the Hubel-Wiesel model of complex cells and how it could explain
the phase invariance of their responses to sine-wave grating stimuli. (2 points)
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11. You test a subject on a weak light flash detection task. The stimulus is presented at
random in one tenth of the trials and the subject detects it with 90 percent accuracy.
When no stimulus is present the subject’s false alarm rate is 50 percent. What is
the subject’s average error rate? (2 points)

2 Theory and practice of Fourier transforms (total 22 points)

1. Compute analytically the continuous Fourier transform of the function

f(x) =
1

2a
1(−a,a)(x).

Express the result in terms of trigonometric functions (e.g., sine, cosine, etc...). (5
points)

2. In the following, set a = 1/(2π). Argue that f̂(0) = 1. (2 points)

3. Show directly that f̂(ω) is even by using the formula you derived in 1. (2 points)

4. Why is this expected, given the definition of f(x)? (2 points)

5. Similarly, what can you say about the real and imaginary part of f̂ given the definition
of f? (1 point)

6. Plot the function f̂(ω). (1 point)

7. Use the Matlab function fft to check your results numerically by plotting f̂(ω)
based on the discrete Fourier transform of f(x). (5 points)

8. Explicitly give the Nyquist frequency ωNyquist associated with your discretization and
the discretization step dω in the frequency domain. (4 points)

3 Detection of moving stimuli by simple cells (total 24 points)

We model a simple cell’s receptive field in one spatial (x) and one temporal (t) dimension
as a linear filter, f(x, t) = g(x)h(t). The spatial part of the receptive field is given by

g(x) =
1√
2πσx

e−x2/2σ2
x cos 2πkxx,

with kx = 4.2 cycles/deg, σx = 0.1 deg. The temporal receptive field is

f(t) =
1√
2πσt

e−(t−t∆)2/2σ2
t cos 2π(t− t∆),

where t∆ = 86 ms, σt = 31 ms, kt = 7.5 cycles/s.
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The cell’s response, R(t), to a visual stimulus, s(x, t), is given by R(t) = ⌊Rlinear(t)⌋,
where ⌊·⌋ denotes half-wave rectification and

Rlinear(t) =

∫ ∫ t

0

f(x, t0)s(x, t− t0)dt0dx. (1)

1. Plot the spatial receptive field g(x). Use a sampling step dx of 0.004 deg and 128
points centered around 0 deg. (1 point)

2. Plot the temporal receptive field h(t). Use a sampling step dt equal to 1 ms and 256
points starting at t = 0. (1 point)

3. Compute the response of the cell to a first stimulus s(x, t) such that s(x, t) =
λ0 sin(2πηxx − 2πηtt) for 0 ≤ t ≤ 0.5 s and s(x, t) = 0 for t < 0, t > 0.5 s. Use
ηx = 4 cycles/deg, ηt = 8 cycles/s and λ0 = 250 (spk/s)/(deg·s). Plot both Rlinear(t)
and R(t). Hint: use 2048 points centered around t = 0 and dt = 1 ms. If eq. 1 is
correctly implemented the maximal firing rate (maximum of R(t)) should be equal
to approx. 60 spk/s. If not, scale your result by a constant factor λ so as to have
this maximal value (60 spk/s) before proceeding to point 5 below. (4 points)

4. What do you think the response of the model cell to a stimulus drifting in the opposite
direction than s(x, t) will be and why? (2 points)

5. Feed R(t) for t > 0 through an inhomogeneous Poisson process and compute the
distribution of the number of spikes over 1000 trials. Plot an histogram of this
distribution and compute the mean number of spikes per trial. (8 points)

6. Repeat 3 and 5 for a second stimulus with ηx = 4 cycles/deg and ηt = 5 cycles/s.
Hint: If you used a scale factor λ as explained in the hint of 3 above, use the same
value for λ here as well. (2 points)

7. Based on a threshold number of spikes generated by the model cell, which decision
rule would you use to distinguish the two stimuli? (2 points)

8. Compute and plot the probability of correct detection as a function of the probability
of false alarm based on the decision rule of 7. (2 points)

9. Compute the associated minimum error rate under the assumption that the two
stimuli are presented with equal probability. (2 points)

4 LIF model of spike frequency adaptation (total 28 points)

Spike-frequency adaptation is a phenomenon by which the firing rate of a neuron decreases
during a current injection pulse. It is often mediated by a potassium conductance, gAHP ,
that is calcium-dependent. We want to study a model of spike frequency adaptation based
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on a modification of the leaky integrate-and-fire model. We assume that the subthreshold
membrane potential satisfies the following differential equation:

C
dV

dt
= −(V (t)− Vr)

R
+ I − gAHP [Ca2+](t) (V (t)− VK).

In this equation C = 0.5 nF is the membrane capacitance, R = 40 MΩ is the mem-
brane resistance, Vr = −70 mV is the resting membrane potential, VK = −80 mV is
the potassium reversal potential, I is the injected current, gAHP = 0.015 µS/µM is the
calcium-dependent potasium conductance and [Ca2+] is the intracellular calcium concen-
tration (µM). Once the membrane potential reaches threshold, Vth = −54 mV, a spike
is generated, the membrane potential is reset to its resting value and the intracellular
calcium concentration is incremented by 0.2 µM:

if V (t) = Vth then V → Vr and [Ca2+] → [Ca2+] + 0.2.

Between spikes, the calcium concentration relaxes exponentially towards 0 with a time
constant τCa = 150 ms:

d[Ca2+]

dt
= − [Ca2+]

τCa

.

The initial values of V (t) and [Ca2+] are Vr and 0, respectively.

1. Assume first that gAHP = 0 (i.e., passive model without spike frequency adapta-
tion) and compute the membrane time constant from the parameters given above.
(2 points)

2. Derive from the formula for the firing rate of the leaky integrate-and-fire neuron
given in the book the minimum current (Ithres) needed for the passive model to fire
and the current required for the passive model to fire at 200 spk/s (Imax). (3 points)

3. Plot the f − I curve for the passive model between Ithres and Imax. (2 points)

4. Simulate current injection in the passive model during 1 second for 10 equally spaced
current values between Ithres and Imax. Compute the corresponding mean firing rate
(total number of spikes during the 1 second current pulse) and compare with the value
obtained in 3 above. Use your preferred integration method (for example forward
Euler with a small time step, 0.05 milliseconds). (3 points)

5. Add the adaptation conductance (gAHP ) and the calcium dynamics to the model and
repeat the simulations of the previous step. Plot the resulting spike trains for three
current values. (9 points)

6. Plot the mean firing rate (total number of spikes during the 1 second current pulse)
and the initial firing rate (the inverse of (t2 − t1) where t2 is the time of the second
spike and t1 the time of the first spike) as a function of current between Ithres and
Imax. Plot also the final firing rate (the inverse of (tlast − tlast−1), where tlast is the
time of the last spike and tlast−1 the time of the next to last spike). (8 points)
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