
MAT 17C - DISCUSSION #2, Mount Davis

In this worksheet, we use topographical maps to help understand the geometrical
interpretation of partial derivatives and directional derivatives.

Mount Davis – Part I

Consider mythical Mount Davis. (It sits right near town, but can only be found
by the light of a full moon on February 30). Intrepid explorers/cartographers have
constructed a detailed topographical map of the mountain – You have been provided
with copies of this map (see maps at the end of the worksheet). Note that the center
of town, indicated by a asterisk (*) on the map, lies 5 miles south and 2 miles west
of the peak of Mount Davis.

1(a). Suppose you start at the center of town, and you walk in a straight line to a
spot 1 mile due north. Estimate your elevation change, and then approximate the
average slope between the two points. (Indicate the units you are using here and
throughout worksheet.)

1(b). Suppose you are standing in the center of town, and look to the north. What
would be a reasonable estimate of the steepness of the slope of the mountain at this
point in this direction? How could you get a better estimate of this value?



2(a). Now suppose you start at the center of town, and walk in a straight line to a
spot 1 mile east. Approximate the average slope between the points.

2(b). Suppose you are standing in the center of town, and look to the east. What
would be a reasonable estimate of the steepness of the slope of the mountain at this
point in this direction? How could you get a better estimate of this value?

3. Which is greater: The slope in the north-south direction at the center of town or
the slope in the east-west direction at the center of town?



Mount Davis – Part II

Now we will take a more mathematical perspective. Suppose that the topography of
Mount Davis can be modeled by a function, z = f(x, y), where z is elevation in feet,
and the (x, y) coordinate indicates location with distances in miles. The origin (0, 0)
has been placed at the peak of Mount Davis, and the center of town is at (−2,−5).
Let’s look at the mountain again and ask similar question to those in Part I, but use
mathematical notation and terminology. While you are doing this, try to link the
mathematical concepts to topography discussed in Part I.

You have been provided with a visualization of the mountain described by the func-
tion z = f(x, y) as a contour plot (see the plot at the end of the worksheet).

1(a). Based of the contour map of z = f(x, y), what is the difference in z between
(−2,−5) and (−2,−4)? What is the average slope of f(x, y) between (−2,−5) and
(−2,−4)? (Think about the formula that you used to compute the average slope in
terms of f(x, y).)

1(b). Suppose that ∆y is a small number. Provide a formula to estimate the slope
of f(x, y) at the point (−2,−5) in the y-direction.

1(c). How does your formula from question 1(b) relate to the partial derivative of
f(x, y) with respect to y at the point (−2,−5)?



2(a). Based of the contour map of z = f(x, y), what is the difference in z between
(−2,−5) and (−1,−5)? What is the average slope of f(x, y) between (−2,−5) and
(−1,−5)?

2(b). Suppose that ∆x is a small number. Provide a formula to estimate the slope
of f(x, y) at the point (−2,−5) in the x-direction.

2(c). How does your formula from question 2(b) relate to the partial derivative of
f(x, y) with respect to x at the point (−2,−5)?

3. Based on the contour plot, which is greater: the partial derivative of f(x, y) with
respect to y at (−2,−5) or the partial derivative of f(x, y) with respect to x at the
origin?



Note that the geometrical interpretation of the partial derivative of f(x, y) with
respect to x (or with respect to y) is the “instantaneous slope” in the x-direction (or
in the y-direction). Use this geometrical interpretation of the partial derivatives and
the contour plot of f(x, y) to answer the following questions.

4(a). What is a point where ∂f
∂x

= 0, but ∂f
∂y
6= 0? (There are many possible answers.)

4(b). What is a point where ∂f
∂y

= 0, but ∂f
∂x
6= 0? (There are many possible answers.)

4(c). What is a point where ∂f
∂y

= 0 and ∂f
∂x

= 0?



Mount Davis – Part III

Now let’s do a few calculations. The function that models the height of Mount Davis
at any point is given by z = f(x, y) = 100− x2 − 2y2.

1. What is ∂f
∂y

? What is this at the point (−2,−5)?

2. What is ∂f
∂x

? What is this at the point (−2,−5)?

3. Compare to your answers to question 1 and 2 to the appropriate questions from
Part I and Part II.



Code to plot “Mount Davis”

If you want to, you can use R/R-Studio to graph the function z = f(x, y) describing
the profile of Mount Davis as a contour plot (as provided).

x = seq(-6,6,0.1)

y = seq(-7,5,0.1)

topo = function (x,y) { 100 - x^2 - 2*y^2}

z = outer(x,y,topo)

contour(x,y,z,nlevels=12,labcex=1.2,main="Mathematical Map of Mount Davis")

... and click on run code.

To plot the surface plot of z = f(x, y), include the following command at the end of
your code

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

... and click run again.



To
po

gr
ap

hi
ca

l M
ap

 o
f M

ou
nt

 D
av

is

N

2 
m

i




