
Week 1: Pre-discussion assignments

• Ensure that R/R-studio is installed on your computers/laptops.

• Bring your laptop to section.



MAT 17C - DISCUSSION #1, Functions of Two Variables

The receptive field of a sensory neuron is a region of space (e.g. the body surface,
or the visual field) in which the presence of a stimulus will alter the activity level of
the neuron. To characterize the response properties of neurons, neuroscientists often
“map” the receptive fields of neurons by quantifying the neurons’ activity levels as
functions of the position of a stimulus.

The somatosensory system is a diverse sensory system comprising the receptors and
processing centers to produce the sensory modalities such as touch, temperature,
proprioception (body position), and nociception (pain).

Here, we will consider functions that model the response properties of two different
somatosensory neurons within their receptive fields.

Problem 1

Suppose a somatosensory neuron has a receptive field that is described by the function

ν = f(x, y) = 9− x2 − y2
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where ν is the firing rate (number of “spikes” per second) of the neuron in Hz for a
stimulus at a particular position (x, y) on the subject’s finger.

(a) The firing rate of a neuron must be non-negative, i.e., ν ≥ 0. Taking this into
consideration, what is the appropriate domain of the function ν = f(x, y)? (That is,
for what values of x and y is ν ≥ 0?)

What is the range of ν = f(x, y)? (That is, what are the possible values of ν?)



(b) Determine and plot the contours of ν = f(x, y) for

(i) ν = 0 , (ii) ν = 5 , (iii) ν = 8

Plotting functions of two variables in R

The programming language R can be extremely useful for plotting functions of two
or more variables, which can sometimes be hard to do “by hand”. This is true for
both surface plots and contour plots.

Check your work in problem 1 by using R to plot the function describing the receptive
field of the somatosensory neuron. To do this type the following lines of code into
programming window,

x=seq(-6,6,0.1)

y=seq(-6,6,0.1)

f = function (x,y) {9-(x^2+(y/2)^2)}
v = outer(x,y,f)

persp(x,y,v,theta=30,phi=30)

contour(x,y,v,levels = c(0,1,2,3,4,5,6,7,8,9), xlab="x",ylab="y")

... and click on run code.

Examine your two plots (a surface plot and a contour plot). Note that only the region
in (x, y)-space that yields non-negative “ν” is within the domain of the function.



With the help of your plots, answer the following questions:

(c) Based on the contour plot that you generated, estimate the stimulus position that
elicits the highest activity level of the neuron. (Where is the function maximum?)

(d) Based on the contour plot, what position (x, y) is the neuron most sensitive to
small changes in stimulus position? (Where is the function “steepest” within the
appropriate domain?)



Problem 2

The figure below shows the contour plot of a function describing a “bimodal” recep-
tive field of a particular somatosensory neuron, where z is the activity level of the
neuron and (x, y) is the position of the stimulus.
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Figure 1: Note: contours show lines of constant z. They are spaced evenly, at increments of 0.1,
between 0 and 1 (i.e. z = 0, 0.1, 0.2, . . . , 0.9, 1).

(a) If a stimulus was at (x, y) = (2.0, 0.5), approximate the activity level of the
neuron z.

(b) If the stimulus was at (x, y) = (2.0, 0.5) and was moved slightly in the positive x
direction, would the activity level z increase or decrease? Briefly justify your answer.



(c) If the stimulus was at (x, y) = (2.0, 0.5) and was moved slightly in the positive y
direction, would z increase or decrease? Briefly justify your answer.

(d) Estimate the position(s) (x, y) at which the activity level of the neuron z is
maximal.

(e) Suppose y was fixed at 0.5 but x could vary. Based on the contour plot, sketch a
graph of the activity level of the neuron z as a function of x for this fixed value of y.



(f) Suppose x was fixed at 2.0 but y could vary. Based on the contour plot, sketch a
graph of the activity level of the neuron z as a function of y for this fixed value of x.



Extra information ...

Here’s a step-by-step description of what’s being done in the R code in problem #
1.

Generate a grid of (x, y) points for −6 < x < 6 and −6 < y < 6, with steps of 0.1.
These (x; y) points will serve as input to the function.

x = seq(-6, 6, 0.1)

y = seq(-6, 6, 0.1)

Define a function named “f”, and evaluate the function on the x, y-grid

f = function (x,y) {9-x^2-(y/2)^2}
v = outer(x,y,f)

Create a surface plot of the function

persp(x,y,v,theta=30,phi=30)

[ Question: What are do the parameters “theta” and “phi” specify? Experiment
with the values to find out.]

Generate contour plot of the function for v = 0, 1, 2, 3, 4, 5, 6, 7, 8, 9

contour(x,y,v,levels = c(0,1,2,3,4,5,6,7,8,9), xlab="x",ylab="y")

Note that you can also plot contours at 10 (or whatever number you want) undeter-
mined levels of “v” by using

contour(x,y,v,nlevels =10, xlab="x",ylab="y")


