
January 2021 Regional – Calculus Individual 

Assume the domain and range of all functions are limited to real numbers. The 
questions are not listed in order of difficulty, question 𝑛 may be easier than 
question 𝑛 − 1 so don’t spend too much time on any one question. NOTA means 
“None of the Above”.  

Good luck and have fun! 
 
 

1) Evaluate 𝑓!(3) − 𝑓(3) given that 𝑓(𝑥) = 𝑥" + 2𝑥# − 8𝑥 + 10. 
 

A) 41           B) 31          C) 0      D) 10     E) NOTA 
 

2) Connor likes geometry a lot and wants to find an approximation for √𝜋. Find 
the tangent line approximation for √𝜋 using the function 𝑓(𝑥) = √𝑥 and the 
point (3, √3). 

 

A) $√"
&
+ √"

#
      B) $√"

&
+ "√"

#
       C) $√"

"
− √"

#
       D) $√"

'#
+ √3       E) NOTA 

 
3) Find the slope of the curve 𝑥"(𝑦# − 1) + 7 cos 𝑥 + 26𝑦 = 2 at the point        

7$
#
, 18. 
 

           A) 0                B) #(
$!)*

               C)  − #(
$!)*

          D) #
$
                   E) NOTA 

 
      4)  Evaluate lim

+→-"
(1 + #

+
)+.	 

 
           A) 1                B) 𝑒                    C) 𝑒#                  D) 2                   E) NOTA 
       

5) Arnav didn’t like Connor’s approximation of √𝜋 and wants to find it another 
way. Arnav decided to use Newton’s Method once to find 𝑥' given the function 
𝑓(𝑥) = sin(𝑥#)	and initial guess 𝑥- = 1. What is his approximation? 
 
A) 1 + '

#
tan 1      B) 1 − 2 cot 1     C) 1 + tan 1       D) 1 − '

#
tan 1    E) NOTA 
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6) A solid right cylinder is changing in a unique way. At every instant of time, 
the diameter of the base is increasing at a rate of 5	𝑓𝑡/𝑚𝑖𝑛 and the height is 
decreasing at a rate of 2	𝑓𝑡/𝑚𝑖𝑛. Find the rate of change of the volume of the 
cylinder (in cubic feet per minute) when the radius is 4 inches and the height is 
1 foot. 
 

       A) 8𝜋                     B) −12𝜋             C) #(
.
𝜋              D) '"

.
𝜋             E) NOTA 

 
7) I travel along the x-axis. It is known that my position for any time 𝑡 > 0 is 
𝑥(𝑡) = 𝑡" + 2𝑡# − 3𝑡 + 4. For what values of 𝑡 is my speed increasing? 

 

      A) 70, /#)√'"
"

8       B) 7/#)√'"
"

, ∞8      C) 7/#)√'"
"

, "
#
8     D) 70, "

#
8      E) NOTA 

 
8) Carol and Michelle are having an argument with each other about a calculus 
question. They were asked to find 𝑓′(0) given the function  

𝑓(𝑥) = K𝑥
# sin L

1
𝑥
M , 𝑥 ≠ 0

0, 𝑥 = 0
 

Carol believes that 𝑓′(0) exists, but Michelle believes that it doesn’t. Who is 
correct, and if Carol is correct, what is 𝑓′(0)? 

 
      A) Carol, 0          B) Carol, −1            C) Carol, 2          D) Michelle   E) NOTA 
 

9) Kev decides that he also wants to approximate √𝜋; this time with Euler’s 
Method with three steps. He will use 01

0+
= '

#√+
 with initial point (1,1). If he 

breaks the interval [1, 𝜋] into [1,2] ∪ [2,3] ∪ [3, 𝜋], what is his approximation 
for 𝑦(𝜋)? 

 

      A) '()"√#)#$√"/&√"
'#

      B) '()"√#)#√"
'#

      C) &/$√#)#√#
*

      D) √𝜋      E) NOTA 
 

10) I need to build a Norman window for my new house. This type of window is 
in the shape of rectangle with a semicircle on top of it. I bought a weak wire to 
build the window, and as a result, I need to put wire along the outside as well as 
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along the side where the semicircle and rectangle meet. If I bought 20 feet of 
wire, what’s the area of the largest window I can build (in squared feet)? The 
picture below is an example of this Norman window. 

 
 
 
 
 
 
 
         A) #--

$)*
                  B) #--

$)(
            C) '--

$)*
            D) 25(1 − $

(
)            E) NOTA 

 
11) Let us look at the function 𝑓2(𝑥) = 𝑥+#

…
 where there are 𝑛 x’s. For example, 

this means that 𝑓'(𝑥) = 𝑥, 𝑓#(𝑥) = 𝑥+, and 𝑓"(𝑥) = 𝑥+# . For every integer 
𝑛 ≥ 3, what is lim

+→-"
𝑓2(𝑥) in terms of 𝑛? 

 

         A) 𝑛 − 1             B) (/')
%&')'
#

         C) 1         D) (/')
%)'
#

        E) NOTA 
 

12) Joanne loves to take photos and is trying to find what type of camera to buy. 
Right now her camera can take 100 photos and has a quality of 3. She knows 
that for every increase in her camera quality by 0.5, she can take 8 fewer photos. 
How many photos will her camera be able to take if she tries to maximize 
(#	𝑜𝑓	𝑝ℎ𝑜𝑡𝑜𝑠	 × 𝑞𝑢𝑎𝑙𝑖𝑡𝑦)? Assume that both variables are continuous. 
 

        A) 74                   B) 87                 C) 92            D) 98.375               E) NOTA 
 

13) We are given a triangle 𝐴𝐵𝐶 with angle 𝐴 fixed at 60°. Also let 𝑡 be 
measured in seconds. At 𝑡 = 0, 𝐴𝐵 = 5	𝑚, and 𝐴𝐶 = 4	𝑚. If the rate of change 
of 𝐴𝐵 and 𝐴𝐶 is 2	𝑚/𝑠, what is the rate of change of the area of the triangle at 
𝑡 = 1 (in square meters per second)? 
 

       A) '"
√*"

                  B) '"√"
#

               C) ''√"
#

            D) .
#
                  E) NOTA 
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14) Consider the function 𝑓(𝑥) = 𝑥" + 3𝑥 + 7, and let 𝑔(𝑥) = 𝑓/'(𝑥). What is 
𝑔!(21)? 
        A) 1326            B) '

'5
            C) '

##
           D) '

'"#&
            E) NOTA 

 
For questions 15-17, use the information given in the table below. Assume 𝒇, 𝒈 
are continuously differentiable everywhere. 
x 0 1 2 3 
f(x) 2 0 2 6 
g(x) 3 1 5 0 
f’(x) 5 -7 2 18 
g’(x) 3 3 4 -1 

 
  15) What is 0

0+
(𝑓(𝑔(𝑥)) evaluated at 𝑥 = 0? 

           A) 54           B) 25           C) −18         D) 15         E) NOTA 
 

  16) Evaluate 0
0+
76(#)
7(#)

8. 

           A) − #
#5

           B) #
#5

             C) '
#
               D) 0            E) NOTA 

 
17) Find the relationship between 𝐴 = ∫ 𝑓!(𝑥)𝑑𝑥"

- , 𝐵 = 𝑅", and 𝐶 = 𝐿" where  
𝑅", 𝐿" are the right and left Riemann sums of 𝑓′(𝑥) over the interval [0,3] with 3 
subintervals of equal length respectively.  

       A) 𝐴 < 𝐵 < 𝐶     B) 𝐶 < 𝐴 < 𝐵    C) 𝐶 < 𝐵 < 𝐴    D) 𝐵 < 𝐴 < 𝐶    E) NOTA 
 

 18) Daniel is trying to build the perfect block. He needs the block (a rectangular 
prism) to have a total surface area of 100	𝑚# and have a square base. What 
should he make the area of the square base (in square meters) to maximize the 
volume of the block? 

      A) 5-
"

         B) 5-√"
"

        C) '--
"

        D) 25        E) NOTA 
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19) Surya sees Daniel’s block and wants to try something of his own. He wants 
to make a box to have a total surface area of 100	𝑚# and have a square base. 
However, this time, the box will be open (not have a top face). What should he 
make the area of the square base (in square meters) to maximize the volume 
enclosed by his box? 

      A) 5-
"

         B) 5-√"
"

        C) '--
"

        D) 25        E) NOTA 
 

20) Find the value(s) of 𝑐 that satisfies the Mean Value Theorem for Derivatives 
for the function 𝑓(𝑥) = ln(𝑥#) + 𝑥 on the domain [1, 𝑒#]. 

  A) 8
()'
#

       B) 8
(/'
#

        C) #
8/#

        D) 8
(±'
*

        E) NOTA 
 
21)  Find the product of the maximum and minimum value of 𝑒+(/$+)' on the 
interval [−1,2]. 

   A) 𝑒")$/
)(

*          B) 𝑒:/$       C) 𝑒#)$/
)(

( /
)!

*        D) 𝑒#/
)(

(        E) NOTA 
 
22) Find the average value of the derivative of 𝑓(𝑥) = sin 𝑥 tan 𝑥 sec 𝑥 over the 

interval n0, $
*
o. 

   A) $
*
        B) *

$
       C) *

$
− 1      D) 1 − $

*
       E) NOTA 

 

23) Given that 𝑓(𝑥) = ∫ (𝑥 + 𝑡#)"𝑑𝑡+(

- , what is 𝑓′(1)? 

   A) 16       B) 8        C) '-(
5

        D) &(
5

          E) NOTA 
 
24) Greeshma wants to find a function which has the property that the slope of 
the normal line to the function at 𝑥 = 1 is exactly √𝜋. Which of the following 
functions works for Greeshma? 

    A) √𝜋	𝑥 − 1          B) 𝑒/
#√)
(        C) sin	(− '

√$
𝑥 + '

√$
)         D +

√$
       E) NOTA 

 
25) Jackson and Logan are working together. Their goal is to find all of the 
inflection points of the function 𝑓(𝑥) = 𝑥* + 3𝑥" + 2𝑥# + 𝑥 − 15. What is the 
sum of the 𝑥-coordinates of the inflection points? 
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      A) "
#
         B) − "

#
         C) /.

*
        D) 3         E) NOTA 

 
 26) Which of the following statements are true about the function 𝑓(𝑥) = ;<=+

+
? 

 I: The function has two asymptotes, one horizontal and one vertical. 
 II: The function is continuous everywhere. 
 III: lim

+→-
𝑓(𝑥) = 1. 

 IV: The function satisfies the equation 𝑓′(𝑥) − '
+
[𝑥𝑓(𝑥)]! + 6(+)

+
= 0. 

 
          A) III, IV        B) II, III, IV      C) I, III, IV        D) IV        E) NOTA 
 

     27) Evaluate the limit: lim
2→>

(2
%"')(2)')%

2%"'
)2. 

 
          A) 0        B) 1        C) 𝑒         D) 𝑒8          E) NOTA 
 
     28) Evaluate lim

+→-
'/?@;+
+(

		 

         A) 0          B) '
#
        C) 1        D) 2          E) NOTA 

 
29) Max needs help studying for his calculus test, so Flora decided to give him 
a problem as practice. He needs to identify the following theorem as precisely 
as possible: 

“If a function has a local extremum at some point and is differentiable at that 
point, then the function’s derivative at that point must be zero.” 

What is the name of this theorem? 
 

     A) Fermat’s Theorem     B) Rolle’s Theorem		  C) Extreme Value Theorem 
D) Fundamental Theorem of Calculus     E) NOTA 

 
30) Congratulations on reaching the end of the test. Compute the value of the 

expression  lim
A→-

6(/')A)
A

 where 𝑓(𝑥) = 𝑥" + 𝑥. 

        A) 1           B) 2          C) 3           D) 4          E) NOTA 
 


