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Problem 1: Consider the following function:

y = �2x2 + 12x+ 2

Find the critical values of x. Use the second derivative test to classify the
critical points into local maximum and local minimum.
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Problem 2: Consider the following function:

y = 2x2 + 5x+ 4

Find the critical value(s) of x. Use the second derivative test to classify the
critical points into local maximum and local minimum.
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Problem 3: Consider the following function:

y = 2x3 � 17
2
x2 + 5x+ 4

Find the critical values of x. Use the second derivative test to classify the
critical points into local maximum and local minimum.
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Problem 4: Consider the following function:

y = x3 +
13

2
x2 + 4x+ 3

Find the critical values of x. Use the second derivative test to classify the
critical points into local maximum and local minimum.
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Problem 5: Consider the following function:

y =
5

3
x3 � 8x2 + 3x� 40

Find the critical values of x. Use the second derivative test to classify the
critical points into local maximum and local minimum.
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Problem 6: Consider the following function:

y =
x2

x2 + 2

Find the critical values of x. Use the second derivative test to classify the
critical points into local maximum and local minimum.
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Problem 7: Consider the following function:

y = x3 � 23
2
x2 � 36x� 45

Find the critical values of x. Use the second derivative test to classify the
critical points into local maximum and local minimum
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Problem 8: Consider the following function:

y = 5� 1
4
x4

a. Find the critical points of the function.

b. Is the function at a local maximum or a local minimum at the critical
point.
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Problem 9: Consider the following function:

y = 5� 3x5

a. Find the critical points of the function.

b. Is the function at a local maximum or a local minimum at the critical
point.
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Problem 10: Consider the following function:

y = 2 + 3x6

a. Find the critical points of the function.

b. Is the function at a local maximum or a local minimum at the critical
point.
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Problem 11: Find the determinants of the following sqaure matrices

a.

24 2 �1 3
2 0 3
1 �1 2

35 ; b. � �1 3
4 6

�
; c.

�
2 �5
�2 2

�
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Problem 12: Find the �rst and second order partial derivatives of each of
the following functions. You do not need to simplify
a.

z = 45x3 � 26y2=3 + 5x2y
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b.
z = 2x2y + 2xy2 � 3xy
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c.
z = ex

2y
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d.
z = 15x2=3y3=5 � 2x� 4y

@z

@x
=

@z

@y
=

@2z

@x2
=

@2z

@y2
=

@2z

@y@x
= @2z

@x@y
=

13



Problem 13: Find the critical points for each of the following functions.
Use the Hessian Matrix to classify them as a local maxima, minima or saddle
point.
a.

f(x1; x2) = 16x1 + 12x2 � x21 � x22
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b.
f(x1; x2) = 26x1 + 18x2 � x21 � x22
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c.
y = 16x1 + 12x2 + x

2
1 + x

2
2
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Problem 14: Yearly pro�ts for a �rm are given by

P (x; y) = �x2 � y2 + 22x+ 18y � 102

where x is the amount spent on research and y is the amount spent on
advertising. Find the values of x and y that can maximise pro�t. Find the
corresponding (maximum) pro�t.
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Problem 15: Consider a competitive �rm with the following cost function
and output price

C(y) = 1000 + 800y � 80y2 + 4y3

p = 748

where y represents output.

a. Write down the expression for the pro�t function. Find the potential
levels of output that maximize pro�t (i.e., the critical values of y)

c. Use the second derivative test to determine which of the levels of output
from part (a) above actually maximizes pro�ts.
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Problem 16: Consider a competitive �rm with the following production
function

y = 189x+ 90x2 � 3x3

where y denotes output and x denotes the single variable input that is used
in the production process. Furthermore, py = 10 and px =5130, where py is the
price per unit of the output and px is the price per unit of the input.

Find the potential levels of x that maximize output. Use the second deriv-
ative test to determine which of these values of x actually maximize output.
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