
MTH 254 Technology Lab 5: Tangent Planes via the Gradient Vector

Name:

Exercise 1 In this technology lab you are going to design your own level surface and then program
in, via sliders, the tangent plane and normal line to any point on the surface by sliding around the
inputs for the point.

IMPORTANT: Save your work in GeoGebra as you go so as to not accidentally lose your progress!

a. Graph a level surface of your own design in GeoGebra. Do something interesting! It doesn’t
need to be completely crazy but see if you can come up with an equation in three variables
that is at least more interesting than one of the six standard level surfaces we’ve covered in
this class. What equation did you settle on? Write it here!

b. Solve for z in your equation and program in the function in two variables. You’ll probably
want to hide the original graph so that you’re not showing both at the same time. If your z
was squared, solve for z using only the positive square root for this exercise. If you want the
extra challenge of creating two functions, one for when z ≥ 0 and one where z < 0, you’re
welcome to take on that challenge, but it is not necessary for our purposes here. Show your
work here!

c. Now create 2 sliders with increment of 0.1 and then program in a point using the slider letters
for your x and y coordinates and using the function you put in from the last step for your z
coordinate. For example, if your sliders are a and b, and your function is f(x, y), then your
point should be P = (a, b, f(a, b)). You should now be able to adjust your sliders and watch
the point move along the gridlines of your surface!

d. Now, set your original equation, from step (a) above, equal to zero. Let this be F (x, y, z).
Find the gradient vector for this function and show your work here!
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e. Okay, you are now going to program this vector in, but insted of using x, y, or z, you are going
to put in your slider letters for x and y and you’ll put in your function from step (b) above,
with your slider letters as inputs, for z. For example, if your gradient vector function was
〈2x + y, x + 2y,−2z〉, your sliders are named a and b, and your function from (b) is f(x, y),
you should program into GeoGebra “Vector((2a+b,a+2c,-2f(a,b))).”

f. In GeoGebra, in the next input, turn your gradient vector into a unit vector. You may hide
these from view as they will start from the origin and are not needed to be seen.

g. Program in a vector that starts at the point you have programed in, and points in the direction
of the unit vector you programmed into the previous step.

h. The next step will give us our tangent plane, but you need to program it in using the slider
letters and the function used for the z-value so there’s no quick slick way to get GeoGebra to
do this. I was hoping we could use the dot product but ran into a wall. Look at what you have
for the components of your gradient vector. I, for example, have 〈2b + c, b + 2c,−2f(b, c)〉.
This is before making it a unit vector. Let’s recall that the equation of a plane is

Fx(x− x0) + Fy(y − y0) + Fz(z − z0) = 0.

Use this fact to program in your plane equation in terms of your slider letters. When you’re
finished you should be able to move your sliders and have your point, unit vector from the
point, and the tangent plane at that point all move in unison! Show any work you did here!

i. Finally, we want to program in the normal line to the surface through our moving point.
Remember that the normal line is a line that is perpendicular to the surface so it has the
same direction as the normal vector to the plane. Now, you have the direction of this line
via the gradient vector and you have a point on the line. Work out the parametric equations
for this line and put them here. Then program it in using your slider letters and z as your
function from (b) using the curve command in GeoGebra. As you move your sliders this
normal line should move with everything too!

j. Save your work as a ”Public” file and get a share link. Write the link down here! Now
scan the work you have here and upload it to D2L. Please write of the links to your
GeoGebra work here so I can type it in and look at it! Thanks!
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