
Problem 1: Consider the function f (x, y) = ln(1 + 4x2 + 3y2) and the point
P = (34,−

√
3).

a. Find the gradient field ∇f (x, y) of f (x, y) and then evaluate it at P .
b. Find the angles θ (with respect to the x-axis) associated with the directions

of maximum increase, maximum decrease, and zero change.
c. Write the directional derivative at P as a function of θ; call this function
g(θ).

d. Find the value of θ that maximizes g(θ) and find the maximum value.
e. Verify that the value of θ that maximizes g corresponds to the direction

of the gradient vector at P . Verify that the maximum value of g equals
the magnitude of the gradient vector at P .
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Problem 2: Consider the function f (x, y) = x2 + y2 and and the point
P = (2, 3).

(a) Find the unit vector that points in direction of maximum decrease of the
function f at the point P .

(b) Calculate the directional derivative of f at the point P in the direction of
the vector ~u = 〈3, 2〉.

Page 2



Sohail Farhangi Math 2153 Recitation Handout for 10/21/2021

Problem 3: Below is a contour plot of some function z = f (x, y) along with
4 vectors.

Figure 1. Contour plot of z = f(x, y).

Which of the vectors in the above plot could possibly be a gradient vector of
the function f (x, y)? Please circle all that apply.

(A) (B) (C) (D)
None of the vectors could possibly be a gradient vector for f (x, y).
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Problem 4: Determine all critical points of the function f (x, y) = x3−y3+xy,
then classify each of the critical points as a local maximum, local minimum, or
saddle point.
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Problem 5: Show that the second derivative test is inconclusive when applied
to the function f (x, y) = x4y2 at the point (0, 0). Show that f (x, y) has a local
minimum at (0, 0) by direct analysis.
H int: The product of 2 negative numbers is positive.
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Problem 6: Consider the function f (x, y) = 3+x4+3y4. Show that (0, 0) is a
critical point for f (x, y) and show that the second derivative test is inconclusive
at (0, 0). Then describe the behavior of f (x, y) at (0, 0).
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