MA 123 Spring 2026 Exam 3

Elementary Calculus 04/16/26

Student ID #: 9

Name:

You may remove the formula sheet and multiplication table, but do not remove any other pages from
the exam. You have two hours to do this exam. No books, notes, or calculators may be used.

Absolutely no cell phone use during the exam is allowed.

The exam consists of 2 short answer questions and 18 multiple choice questions. Answer the short answer
questions on the back of this page, and record your answers to the multiple choice questions on this page.
For each multiple choice question, you will need to fill in the circle corresponding to the correct answer.

For example, if (a) is correct, you must shade

@ ) () @

It is your responsibility to make it CLEAR which response has been chosen. You will not get credit

unless the correct answer has been clearly marked on this page.

GOOD LUCK!

3.() () (© @ (o)
1. ® (@ @ ()
5.() () (9 @ (o)
6.(2) () () @ ()
7.() ® (© @ ()
8.() () (0 @ (o)
9.(2) () () @ (o)
10.(a) () (0 @ ()
1) ® (@ @ ()

12.(a) () (0 (@) ()
13.() () (0 @ (o)
14.(a) & (9 @ (o)
15.(a) () () @ (o)
16.(a) () () @) (o)
17.(a) () () @ ()
18.(a) (® () @ (o)
19. () () (0 @ (&)
20. () () (o) (@) (o)



Short Answer Questions

FEach question is an opportunity to earn 5 points. Points are earned on the clarity and correctness of your
work, not merely on having a correct answer somewhere.

1. Sketch the graph of a continuous function y = f(z) which satisfies the following properties:
f(6) =5, f'(z) >0 on (—00,4), f'(r) < 0on (4,00), f"(x) < 0 on (—o0,4) and f”(xz) > 0 on
(4, 00).

H N W s Ot N 0o ©

2. Let x and y be two positive numbers such that x + 6y = 24. Complete the parts below to determine
the greatest possible product x - y.

(a) Write the objective function.

(b) Write the constraint.

(c) Use the constraint to rewrite the objective function as a function of one variable.

(d) Determine the critical values of the objective function and perform an appropriate number line
test to determine the greatest possible product x - y.



Name:

Multiple Choice Questions

Clearly mark your answer on the cover page of this exam for credit.

3. The following is the graph of the derivative, f’(x), of a function f(x). Determine all intervals on
which the original function f(x) is increasing.

y = f/(x)

Possibilities:
(a> (_007 _4) U (17 6)

4. Suppose the derivative of g(t) is ¢’ (t) = t(t> + 9)(t — 5)2. Determine the value of ¢ in the interval
[—70,70] where g(t) takes on its minimum value.

Possibilities:
(a) 0

(b) 5

)

(c) =70

(d) —3
)

(e) 70




5. Suppose the derivative of g(t) is ¢’ (t) = t* —8t3. Determine all values of ¢ where g(t) has an inflection
point. You may assume ¢(t) is defined for all ¢.

Possibilities:
(a) 8

6. A person is constructing a box out of two different types of metal. The metal for the top and bottom,
which are both square, costs $7 per square foot and the metal for the sides costs $23 per square foot.
The person wants to minimize the cost to construct the box, which must have a volume of 50 cubic
feet. What is the objective function for this optimization problem? In the answer choices below, C'
denotes cost and V denotes volume.

Possibilities:
(a) V =z




7. Determine all critical values of the function f(z) = 2x% + 823 — 1622.

Possibilities:
(a) =7 and 0

8. Suppose h'(z) < 0 on the interval (3,6). Which of the following statements must be true?

Possibilities:

(a) h(x) is concave up on the interval (3,6)

(b) h(x) is concave down on the interval (3, 6)
h(x) is increasing on the interval (3, 6)

d) The graph of h(x) lies below the z-axis on the interval (3,6).

)
()
()

)

(e) h(x) is decreasing on the interval (3,6)




9.

Let f(z) = 2% — 62% — 36x + 79. Determine all intervals on which f(z) is concave down.
Possibilities:

(a) (2,00)

(b) (=

(©) (=

(d) (=00,2)
(e) (=

00, —2) U (6, 00)

2,6)

00, 00)

10.

A farmer has 750 feet of fencing and wants to construct a rectangular pen with partitions as shown
in the diagram below. The farmer wants to enclose the largest possible area. Which of the following
is a constraint for this optimization problem? In the answer choices below, A denotes area.

f T {

Possibilities:
(a) x+y =750




11. The graph of y = f(z) is given below. At which of the labeled points does f(z) attain a local

maximum?
6 —
Possibilities:
(a) A only
(b) C only
(¢c) Aand C
(d) B only |
-6 —
(e) Band C
—4
—5
—6

12. Consider the point labeled A on the graph of the function y = f(x). Use the graph to determine the
signs of f" and f” at A.

48 4
Possibilities: 40 |
(a) f/=0and f"=0 3o |
(b) f/>0 and f” <0 24 y= f(z)
(¢c) f/<0 and f”" >0 a
8 .
(d) f/>0and f”" >0 | | | | | | | ‘
73/2A —1 1 2 3 4 5 Je 7
(e) f/<0 and f" <0 i
—16 |
24
—-32 I
—40 |

—48 ¥




13. Which of the following would indicate that a function h(z) is concave down on the interval (3,6)7

Possibilities:

(a) h(z) > 0 on the interval (3,6)

(b) A”(z) > 0 on the interval (3, 6)

(¢) h'(x) <0 on the interval (3,6)

(d) A”(x) < 0 on the interval (3,6)
)

(e) h'(x) > 0 on the interval (3,6)

14. Suppose the derivative of g(t) is ¢’ (t) = t? — 8¢ — 48. Determine all intervals on which g(t) is concave
up.

Possibilities:
(a) (_007 _4) U (127 OO)




15. Determine all intervals on which the function f(z) =

Possibilities:
(a) (—00,5)

is increasing.

(z—5)?

16.

Given the function f(z) = {
T+ 4

Possibilities:
(a) 81

(b) 261

c) 60

)

()

(d) 141
)

(e) 177

7 ifz<3
ifx>3

9
evaluate the definite integral / f(x)dx.
0




8 8
17. Suppose / f(z)dx = 11. Determine the value of / (3f(x) —2) du.
1 1

Possibilities:
(a) —23

18. The graph of y = f(x) is given below. The numbers shown represent the geometric area of each
region. Evaluate the definite integral
1
/ flz)dz.
3

Possibilities:
(a) 243

211 131

=
N

99




19. The graph of y = f(z) shown below includes a semicircle and a straight line. Evaluate the definite

3
integral / f(z) dx.
—4

Possibilities:
(a) m—12

! I I I
[ T T T T

-7 6 -5 -4 -3 -2 -1

20.

17

17
If f(z)dz = 36 and /
1 5

Possibilities:
(a) 60

(b) —60

c) 12

(
(d) —12

)
)
)
)

(e) 72

5
f(z)dx = 24, then determine / f(z)dx.
1







Exam 3 Formulas

If f(z) = ¢, then f’(z) = 0 for any constant c.

If f(x) = 2™, then f'(x) = na™ L.

[cf(z)] = cf’(x) for any constant c

=
~—
8
~—
p=§
8
P
I
i
—~
=
N—
Ne}
—~
=
N~—
+
=
8
~—
b\
D
~—

If f(xz) =e€", then f'(z) = €".

If f(z) =1In(x), then f'(z) = é

/acf(x)dz+/cbf(z)dx_/abf(z)do:

b b
/ kf(x)dx = k/ f(z) dx for any constant k

/baf(x)darz—/abf(a:)dx

/a " [f@) + (o) de = / ' fla)dn & / ) da

Acircle = 7.(.7,2

1
Atriangle = §bh
Arectangle =bh

1
Atrapezoid = §(b1 + b2)h

V.

rectangular solid —

lwh
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       𝑉   rectangular solid    =  𝑙  𝑤  ℎ  


       𝐴   trapezoid    =    1  2   (    𝑏  1   +    𝑏  2   )  ℎ  


       𝐴   rectangle    =  𝑏  ℎ  


       𝐴   triangle    =    1  2   𝑏  ℎ  


       𝐴   circle    =  𝜋    𝑟  2   


       ∫  𝑎  𝑏     [  𝑓  (  𝑥  )  ±  𝑔  (  𝑥  )  ]       𝑑  𝑥  =    ∫  𝑎  𝑏   𝑓  (  𝑥  )    𝑑  𝑥  ±    ∫  𝑎  𝑏   𝑔  (  𝑥  )    𝑑  𝑥  


       ∫  𝑏  𝑎   𝑓  (  𝑥  )    𝑑  𝑥  =  −    ∫  𝑎  𝑏   𝑓  (  𝑥  )    𝑑  𝑥  


   𝑘 


       ∫  𝑎  𝑏   𝑘  𝑓  (  𝑥  )    𝑑  𝑥  =  𝑘    ∫  𝑎  𝑏   𝑓  (  𝑥  )    𝑑  𝑥  


       ∫  𝑎  𝑐   𝑓  (  𝑥  )    𝑑  𝑥  +    ∫  𝑐  𝑏   𝑓  (  𝑥  )    𝑑  𝑥  =    ∫  𝑎  𝑏   𝑓  (  𝑥  )    𝑑  𝑥  


     𝑓  ′   (  𝑥  )  =      1  𝑥   


   𝑓  (  𝑥  )  =   ln   (  𝑥  ) 


     𝑓  ′   (  𝑥  )  =    𝑒  𝑥  


   𝑓  (  𝑥  )  =    𝑒  𝑥  


       [  𝑔  (  𝑓  (  𝑥  )  )  ]   ′   =    𝑓  ′   (  𝑥  )    𝑔  ′   (  𝑓  (  𝑥  )  ) 


       [        𝑓  (  𝑥  )     𝑔  (  𝑥  )     ]   ′   =        𝑔  (  𝑥  )    𝑓  ′   (  𝑥  )  −  𝑓  (  𝑥  )    𝑔  ′   (  𝑥  )     (  𝑔  (  𝑥  )    )  2     


       [  𝑓  (  𝑥  )  𝑔  (  𝑥  )  ]   ′   =    𝑓  ′   (  𝑥  )  𝑔  (  𝑥  )  +  𝑓  (  𝑥  )    𝑔  ′   (  𝑥  ) 


       [  𝑓  (  𝑥  )  ±  𝑔  (  𝑥  )  ]   ′   =    𝑓  ′   (  𝑥  )  ±    𝑔  ′   (  𝑥  ) 


   𝑐 


       [  𝑐  𝑓  (  𝑥  )  ]   ′   =  𝑐    𝑓  ′   (  𝑥  ) 


     𝑓  ′   (  𝑥  )  =  𝑛    𝑥    𝑛  −  1   


   𝑓  (  𝑥  )  =    𝑥  𝑛  


     𝑓  ′   (  𝑥  )  =  0 


   𝑓  (  𝑥  )  =  𝑐 


       1    𝑥  𝑛     =    𝑥    −  𝑛   


     𝑥  𝑛   =    𝑥    1  /  𝑛   


       𝑉   rectangular solid    =  𝑙  𝑤  ℎ  


       𝐴   trapezoid    =    1  2   (    𝑏  1   +    𝑏  2   )  ℎ  


       𝐴   rectangle    =  𝑏  ℎ  


       𝐴   triangle    =    1  2   𝑏  ℎ  


       𝐴   circle    =  𝜋    𝑟  2   


       ∫  𝑎  𝑏     [  𝑓  (  𝑥  )  ±  𝑔  (  𝑥  )  ]       𝑑  𝑥  =    ∫  𝑎  𝑏   𝑓  (  𝑥  )    𝑑  𝑥  ±    ∫  𝑎  𝑏   𝑔  (  𝑥  )    𝑑  𝑥  


       ∫  𝑏  𝑎   𝑓  (  𝑥  )    𝑑  𝑥  =  −    ∫  𝑎  𝑏   𝑓  (  𝑥  )    𝑑  𝑥  


   𝑘 


       ∫  𝑎  𝑏   𝑘  𝑓  (  𝑥  )    𝑑  𝑥  =  𝑘    ∫  𝑎  𝑏   𝑓  (  𝑥  )    𝑑  𝑥  


       ∫  𝑎  𝑐   𝑓  (  𝑥  )    𝑑  𝑥  +    ∫  𝑐  𝑏   𝑓  (  𝑥  )    𝑑  𝑥  =    ∫  𝑎  𝑏   𝑓  (  𝑥  )    𝑑  𝑥  


     𝑓  ′   (  𝑥  )  =      1  𝑥   


   𝑓  (  𝑥  )  =   ln   (  𝑥  ) 


     𝑓  ′   (  𝑥  )  =    𝑒  𝑥  


   𝑓  (  𝑥  )  =    𝑒  𝑥  


       [  𝑔  (  𝑓  (  𝑥  )  )  ]   ′   =    𝑓  ′   (  𝑥  )    𝑔  ′   (  𝑓  (  𝑥  )  ) 


       [        𝑓  (  𝑥  )     𝑔  (  𝑥  )     ]   ′   =        𝑔  (  𝑥  )    𝑓  ′   (  𝑥  )  −  𝑓  (  𝑥  )    𝑔  ′   (  𝑥  )     (  𝑔  (  𝑥  )    )  2     


       [  𝑓  (  𝑥  )  𝑔  (  𝑥  )  ]   ′   =    𝑓  ′   (  𝑥  )  𝑔  (  𝑥  )  +  𝑓  (  𝑥  )    𝑔  ′   (  𝑥  ) 


       [  𝑓  (  𝑥  )  ±  𝑔  (  𝑥  )  ]   ′   =    𝑓  ′   (  𝑥  )  ±    𝑔  ′   (  𝑥  ) 


   𝑐 


       [  𝑐  𝑓  (  𝑥  )  ]   ′   =  𝑐    𝑓  ′   (  𝑥  ) 


     𝑓  ′   (  𝑥  )  =  𝑛    𝑥    𝑛  −  1   


   𝑓  (  𝑥  )  =    𝑥  𝑛  


     𝑓  ′   (  𝑥  )  =  0 


   𝑓  (  𝑥  )  =  𝑐 


       1    𝑥  𝑛     =    𝑥    −  𝑛   


     𝑥  𝑛   =    𝑥    1  /  𝑛   


       𝑉   rectangular solid    =  𝑙  𝑤  ℎ  


       𝐴   trapezoid    =    1  2   (    𝑏  1   +    𝑏  2   )  ℎ  


       𝐴   rectangle    =  𝑏  ℎ  


       𝐴   triangle    =    1  2   𝑏  ℎ  


       𝐴   circle    =  𝜋    𝑟  2   


       ∫  𝑎  𝑏     [  𝑓  (  𝑥  )  ±  𝑔  (  𝑥  )  ]       𝑑  𝑥  =    ∫  𝑎  𝑏   𝑓  (  𝑥  )    𝑑  𝑥  ±    ∫  𝑎  𝑏   𝑔  (  𝑥  )    𝑑  𝑥  


       ∫  𝑏  𝑎   𝑓  (  𝑥  )    𝑑  𝑥  =  −    ∫  𝑎  𝑏   𝑓  (  𝑥  )    𝑑  𝑥  


   𝑘 


       ∫  𝑎  𝑏   𝑘  𝑓  (  𝑥  )    𝑑  𝑥  =  𝑘    ∫  𝑎  𝑏   𝑓  (  𝑥  )    𝑑  𝑥  


       ∫  𝑎  𝑐   𝑓  (  𝑥  )    𝑑  𝑥  +    ∫  𝑐  𝑏   𝑓  (  𝑥  )    𝑑  𝑥  =    ∫  𝑎  𝑏   𝑓  (  𝑥  )    𝑑  𝑥  


     𝑓  ′   (  𝑥  )  =      1  𝑥   


   𝑓  (  𝑥  )  =   ln   (  𝑥  ) 


     𝑓  ′   (  𝑥  )  =    𝑒  𝑥  


   𝑓  (  𝑥  )  =    𝑒  𝑥  


       [  𝑔  (  𝑓  (  𝑥  )  )  ]   ′   =    𝑓  ′   (  𝑥  )    𝑔  ′   (  𝑓  (  𝑥  )  ) 


       [        𝑓  (  𝑥  )     𝑔  (  𝑥  )     ]   ′   =        𝑔  (  𝑥  )    𝑓  ′   (  𝑥  )  −  𝑓  (  𝑥  )    𝑔  ′   (  𝑥  )     (  𝑔  (  𝑥  )    )  2     


       [  𝑓  (  𝑥  )  𝑔  (  𝑥  )  ]   ′   =    𝑓  ′   (  𝑥  )  𝑔  (  𝑥  )  +  𝑓  (  𝑥  )    𝑔  ′   (  𝑥  ) 


       [  𝑓  (  𝑥  )  ±  𝑔  (  𝑥  )  ]   ′   =    𝑓  ′   (  𝑥  )  ±    𝑔  ′   (  𝑥  ) 


   𝑐 


       [  𝑐  𝑓  (  𝑥  )  ]   ′   =  𝑐    𝑓  ′   (  𝑥  ) 


     𝑓  ′   (  𝑥  )  =  𝑛    𝑥    𝑛  −  1   


   𝑓  (  𝑥  )  =    𝑥  𝑛  


     𝑓  ′   (  𝑥  )  =  0 


   𝑓  (  𝑥  )  =  𝑐 


       1    𝑥  𝑛     =    𝑥    −  𝑛   


     𝑥  𝑛   =    𝑥    1  /  𝑛   


       𝑉   rectangular solid    =  𝑙  𝑤  ℎ  


       𝐴   trapezoid    =    1  2   (    𝑏  1   +    𝑏  2   )  ℎ  


       𝐴   rectangle    =  𝑏  ℎ  


       𝐴   triangle    =    1  2   𝑏  ℎ  


       𝐴   circle    =  𝜋    𝑟  2   


       ∫  𝑎  𝑏     [  𝑓  (  𝑥  )  ±  𝑔  (  𝑥  )  ]       𝑑  𝑥  =    ∫  𝑎  𝑏   𝑓  (  𝑥  )    𝑑  𝑥  ±    ∫  𝑎  𝑏   𝑔  (  𝑥  )    𝑑  𝑥  


       ∫  𝑏  𝑎   𝑓  (  𝑥  )    𝑑  𝑥  =  −    ∫  𝑎  𝑏   𝑓  (  𝑥  )    𝑑  𝑥  


   𝑘 


       ∫  𝑎  𝑏   𝑘  𝑓  (  𝑥  )    𝑑  𝑥  =  𝑘    ∫  𝑎  𝑏   𝑓  (  𝑥  )    𝑑  𝑥  


       ∫  𝑎  𝑐   𝑓  (  𝑥  )    𝑑  𝑥  +    ∫  𝑐  𝑏   𝑓  (  𝑥  )    𝑑  𝑥  =    ∫  𝑎  𝑏   𝑓  (  𝑥  )    𝑑  𝑥  


     𝑓  ′   (  𝑥  )  =      1  𝑥   


   𝑓  (  𝑥  )  =   ln   (  𝑥  ) 


     𝑓  ′   (  𝑥  )  =    𝑒  𝑥  


   𝑓  (  𝑥  )  =    𝑒  𝑥  


       [  𝑔  (  𝑓  (  𝑥  )  )  ]   ′   =    𝑓  ′   (  𝑥  )    𝑔  ′   (  𝑓  (  𝑥  )  ) 


       [        𝑓  (  𝑥  )     𝑔  (  𝑥  )     ]   ′   =        𝑔  (  𝑥  )    𝑓  ′   (  𝑥  )  −  𝑓  (  𝑥  )    𝑔  ′   (  𝑥  )     (  𝑔  (  𝑥  )    )  2     


       [  𝑓  (  𝑥  )  𝑔  (  𝑥  )  ]   ′   =    𝑓  ′   (  𝑥  )  𝑔  (  𝑥  )  +  𝑓  (  𝑥  )    𝑔  ′   (  𝑥  ) 


       [  𝑓  (  𝑥  )  ±  𝑔  (  𝑥  )  ]   ′   =    𝑓  ′   (  𝑥  )  ±    𝑔  ′   (  𝑥  ) 


   𝑐 


       [  𝑐  𝑓  (  𝑥  )  ]   ′   =  𝑐    𝑓  ′   (  𝑥  ) 


     𝑓  ′   (  𝑥  )  =  𝑛    𝑥    𝑛  −  1   


   𝑓  (  𝑥  )  =    𝑥  𝑛  


     𝑓  ′   (  𝑥  )  =  0 


   𝑓  (  𝑥  )  =  𝑐 


       1    𝑥  𝑛     =    𝑥    −  𝑛   


     𝑥  𝑛   =    𝑥    1  /  𝑛   



