
#0 Mu Bowl 
MA National Convention 2019 

#0 Alpha Ciphering  
Let 
 

 

𝐴 = lim
௫→଴

ቆ
𝑥 − 𝑥ଷ

𝑥ଶ + 2𝑥
ቇ 

 

𝐵 = lim
௫→ஶ

൬1 −
5

𝑥
൰

ଷ௫

 

 

𝐶 = lim
௫→ஶ

ቆ
3𝑥ଶ + 𝑥 − 1

2𝑥ଶ − 𝑥ଷ + 7
ቇ 

 

𝐷 = lim
௫→ஶ

ቀඥ𝑥ଶ + 2𝑥 − ඥ𝑥ଶ − 𝑥ቁ 

 

Find  
஺஽

஻ା஼
. 
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ቆ
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௫→ஶ
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5

𝑥
൰

ଷ௫

 

 

𝐶 = lim
௫→ஶ

ቆ
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#0 Alpha Ciphering  
Let 
 

𝐴 =
𝑑

𝑑𝑥
[𝑒ି௫ cos(𝑥ଶ)]|௫ୀ଴ 

 

𝐵 =
𝑑

𝑑𝑥
[𝑥(𝑥ଶ + 1)ଶ(𝑥ଷ + 2)ଷ]|௫ୀଵ 

 
 

𝐶 =
𝑑

𝑑𝑥
ൣ(𝑥 + 1)௫యିଵ൧ห

௫ୀଵ
 

 

 

𝐷 =
𝑑

𝑑𝑥
ቈ

tanଶ(𝑥)

𝑥 + sin(𝑥) + 1
቉ቤ

௫ୀ଴

 

Find 𝐴 + 𝐵 + 𝐶 + 𝐷. 
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#0 Alpha Ciphering  
Let 
 

𝐴 =
𝑑

𝑑𝑥
[𝑒ି௫ cos(𝑥ଶ)]|௫ୀ଴ 

 

𝐵 =
𝑑

𝑑𝑥
[𝑥(𝑥ଶ + 1)ଶ(𝑥ଷ + 2)ଷ]|௫ୀଵ 

 
 

𝐶 =
𝑑

𝑑𝑥
ൣ(𝑥 + 1)௫యିଵ൧ห

௫ୀଵ
 

 

 

𝐷 =
𝑑

𝑑𝑥
ቈ

tanଶ(𝑥)

𝑥 + sin(𝑥) + 1
቉ቤ

௫ୀ଴

 

Find 𝐴 + 𝐵 + 𝐶 + 𝐷. 
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#0 Alpha Ciphering  
Let 

𝑓(𝑥) =
1 − 𝑥ଶ

𝑎
 

 
𝑔(𝑥) = 𝑎(𝑥ଶ − 1) 

 
 
for a positive real constant 𝑎.   
 
Find the minimum possible area of the finite region bounded by 𝑓(𝑥) and 𝑔(𝑥). 
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#0 Alpha Ciphering  
Let 

𝑓(𝑥) =
1 − 𝑥ଶ

𝑎
 

 
𝑔(𝑥) = 𝑎(𝑥ଶ − 1) 

 
 
for a positive real constant 𝑎.   
 
Find the minimum possible area of the finite region bounded by 𝑓(𝑥) and 𝑔(𝑥). 
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#0 Alpha Ciphering  
Let 

 

𝐴 = lim
௡→ஶ

෍
1

𝑘 + 𝑛

௡

௞ୀଵ

 

 

 

𝐵 = lim
௡→ஶ

ෑ ൬1 +
𝑘

𝑛
൰

ଶ
௡

௡

௞ୀଵ

 

 

𝐶 = lim
௫→଴

4 arctan(1 + 𝑥) − 𝜋

𝑥
 

 
 

 

𝐷 = lim
௫→଴

arctan(𝑥) − 𝑥

𝑥ଷ
 

Find 𝐴 + ln(𝐵) + 𝐶 + 𝐷. 
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#0 Alpha Ciphering  
Let 

 

𝐴 = lim
௡→ஶ

෍
1

𝑘 + 𝑛

௡

௞ୀଵ

 

 

 

𝐵 = lim
௡→ஶ

ෑ ൬1 +
𝑘

𝑛
൰

ଶ
௡

௡

௞ୀଵ

 

 

𝐶 = lim
௫→଴

4 arctan(1 + 𝑥) − 𝜋

𝑥
 

 
 

 

𝐷 = lim
௫→଴

arctan(𝑥) − 𝑥

𝑥ଷ
 

Find 𝐴 + ln(𝐵) + 𝐶 + 𝐷. 
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#0 Alpha Ciphering  
Let 

𝑓(𝑥) = 𝑥௫ା௫ೣశೣೣశೣ⋰

 
 

𝑔(𝑥) = ඨ4𝑥ଶ + ට4𝑥ଶ + ඥ4𝑥ଶ + ⋯ 

 
If 

 

𝐴 =
𝑑

𝑑𝑥
[𝑓(𝑥)]௫ୀଵ 

 

 

𝐵 =
𝑑

𝑑𝑥
[𝑔(𝑥)]௫ୀଵ 

 
 

𝐶 = න(ln(𝑓(𝑥)) − 𝑓(𝑥) ln(𝑥)) 𝑑𝑥

ଶ

ଵ

 

 

 

𝐷 = න 𝑥 𝑔(𝑥) 𝑑𝑥

ଵ

଴

 

 
Find 𝐴 + 17𝐵 + 4𝐶 + 96𝐷. 
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#0 Alpha Ciphering  
Let 

𝑓(𝑥) = 𝑥௫ା௫ೣశೣೣశೣ⋰

 
 

𝑔(𝑥) = ඨ4𝑥ଶ + ට4𝑥ଶ + ඥ4𝑥ଶ + ⋯ 

 
If 

 

𝐴 =
𝑑

𝑑𝑥
[𝑓(𝑥)]௫ୀଵ 

 

 

𝐵 =
𝑑

𝑑𝑥
[𝑔(𝑥)]௫ୀଵ 

 
 

𝐶 = න(ln(𝑓(𝑥)) − 𝑓(𝑥) ln(𝑥)) 𝑑𝑥

ଶ

ଵ

 

 

 

𝐷 = න 𝑥 𝑔(𝑥) 𝑑𝑥

ଵ

଴

 

 
Find 𝐴 + 17𝐵 + 4𝐶 + 96𝐷. 
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#0 Alpha Ciphering  
Let 

 

𝐴 = න ൬𝑥ଷ +
1

𝑥ଶ
൰  𝑑𝑥

ଶ

ଵ

 

 

 

𝐵 = න 𝑥 sin(𝑥ଶ)  𝑑𝑥

ඥగ/ଷ

଴

 

 
 

𝐶 = න (cos(𝑥) + sin(𝑥))ଶ 𝑑𝑥

గ/ସ

଴

 

 
 

 

𝐷 = න
1

𝑥ଶ + 2𝑥
 𝑑𝑥

ଶ

ଵ

 

 
 

Find 
஺ା஼ା௘మವ

஻
. 
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#0 Alpha Ciphering  
Let 

 

𝐴 = න ൬𝑥ଷ +
1

𝑥ଶ
൰  𝑑𝑥

ଶ

ଵ

 

 

 

𝐵 = න 𝑥 sin(𝑥ଶ)  𝑑𝑥

ඥగ/ଷ

଴

 

 
 

𝐶 = න (cos(𝑥) + sin(𝑥))ଶ 𝑑𝑥

గ/ସ

଴

 

 
 

 

𝐷 = න
1

𝑥ଶ + 2𝑥
 𝑑𝑥

ଶ

ଵ

 

 
 

Find 
஺ା஼ା௘మವ

஻
. 
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#0 Alpha Ciphering  
Consider the polynomial 

𝑝(𝑥) = 𝑟𝑥ଷ + (1 − 𝑟)𝑥ଶ − 𝑟ଶ𝑥 + (𝑟 + 1)ଷ 
 
where 𝑟 is a real number changing at a constant rate of +2 units per second. 
 
In units per second, let: 

 
𝐴 be the rate of change of the sum of the roots 
when 𝑟 = 3 

 
𝐵 be the rate of change of the product of the 
roots when 𝑟 = 3 

 
Find 𝐴 − 𝐵. 
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#0 Alpha Ciphering  
Let 

 

𝐴 = න
𝑥ଶ଴ଵଽ

𝑥ଶ଴ଵଽ + (2020 − 𝑥)ଶ଴ଵଽ
 𝑑𝑥

ଶ଴ଵଽ

ଵ

 

 

 

𝐵 = න
1

cos(𝑥) + sin(𝑥) + 2
 𝑑𝑥

గ/ଶ

଴

 

 
 

𝐶 = න
𝑥 − 1

ln(𝑥)
 𝑑𝑥

ଵ

଴

 

 

It turns out that 2𝐴 + 𝐵 + 𝐶 = 𝑝𝑞 + ඥ𝑝 arctan൫ඥ𝑝൯ − ඥ𝑝 arctan ቀ
ଵ

√௣
ቁ + ln(𝑝) for a prime number 𝑝. 

Find 𝑞. 
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#0 Alpha Ciphering  
Let 

 

𝐴 = න
𝑥ଶ଴ଵଽ

𝑥ଶ଴ଵଽ + (2020 − 𝑥)ଶ଴ଵଽ
 𝑑𝑥

ଶ଴ଵଽ

ଵ
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1
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 𝑑𝑥

గ/ଶ

଴

 

 
 

𝐶 = න
𝑥 − 1

ln(𝑥)
 𝑑𝑥

ଵ

଴

 

 

It turns out that 2𝐴 + 𝐵 + 𝐶 = 𝑝𝑞 + ඥ𝑝 arctan൫ඥ𝑝൯ − ඥ𝑝 arctan ቀ
ଵ

√௣
ቁ + ln(𝑝) for a prime number 𝑝. 

Find 𝑞. 
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#0 Alpha Ciphering  
Let 𝑅 denote the finite region bounded by the 𝑥-axis and the curve 𝑦 = 3 − 3𝑥ଶ. 
 
Let 𝐴 be the area of 𝑅. 
 
Let 𝐵 be the volume of the solid formed when 𝑅 is rotated about the 𝑥-axis. 
 
Let 𝐶 be the volume of the solid formed when 𝑅 is rotated about the line 𝑥 = 1. 
 
Let 𝐷 be the volume of the solid formed when 𝑅 is rotated about the line 𝑦 = 𝑥 − 1. 
 

Find 
஼

஺

஽

஻
. 
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#0 Alpha Ciphering  
Let 𝑅 denote the finite region bounded by the 𝑥-axis and the curve 𝑦 = 3 − 3𝑥ଶ. 
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஼

஺

஽

஻
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#0 Alpha Ciphering  
Let 𝐿 represent the line tangent to the curve 𝑥ଶ𝑦 − 𝑥𝑦ଶ − 𝑥 + 𝑦 = −1 at the point (1,2). 
 

Let 𝑀 represent the line tangent to the curve ൜
𝑥(𝑡) = 𝑒௧ − 2𝑡

 𝑦(𝑡) = 𝑡ଶ − ln (𝑡 + 1)
 at 𝑡 = 0. 

 
If (𝐴, 𝐵) is the point of intersection between 𝐿 and 𝑀, find 𝐴 + 𝐵. 
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#0 Alpha Ciphering  
Let 𝐿 represent the line tangent to the curve 𝑥ଶ𝑦 − 𝑥𝑦ଶ − 𝑥 + 𝑦 = −1 at the point (1,2). 
 

Let 𝑀 represent the line tangent to the curve ൜
𝑥(𝑡) = 𝑒௧ − 2𝑡

 𝑦(𝑡) = 𝑡ଶ − ln (𝑡 + 1)
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#0 Alpha Ciphering  
Let 

 

𝐴 = න 𝑒௫ arctan(𝑥 + 1)  𝑑𝑥

଴

ିଵ

 

 

 

𝐵 = න sec(𝑥) tanଶ(𝑥)  𝑑𝑥

గ/ଷ

గ/ସ

 

 
 

𝐶 = න secଷ(𝑥)  𝑑𝑥

గ/ଷ

గ/ସ

 

 
Find 𝐴 + 𝐵 + 𝐶 + 𝐷. 

 

𝐷 = න
𝑒௫

𝑥ଶ + 2𝑥 + 2
 𝑑𝑥

଴

ିଵ
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#0 Alpha Ciphering  
Let 

 

𝐴 = න 𝑒௫ arctan(𝑥 + 1)  𝑑𝑥

଴

ିଵ

 

 

 

𝐵 = න sec(𝑥) tanଶ(𝑥)  𝑑𝑥

గ/ଷ

గ/ସ

 

 
 

𝐶 = න secଷ(𝑥)  𝑑𝑥

గ/ଷ

గ/ସ

 

 
Find 𝐴 + 𝐵 + 𝐶 + 𝐷. 

 

𝐷 = න
𝑒௫

𝑥ଶ + 2𝑥 + 2
 𝑑𝑥

଴

ିଵ
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#0 Alpha Ciphering  
Let 𝑓(𝑥) = 3𝑥ସ − 2𝑥ଷ + 𝑥ଶ − 𝑥 + 2. 
 
If  

𝐴 = 𝑓(2) 
 

𝐵 = 𝑓ᇱ(2) 
 

𝐶 =
𝑓ᇱᇱ(2)

2!
 

 

𝐷 =
𝑓ᇱᇱᇱ(2)

3!
 𝐸 =

𝑓(ସ)(2)

4!
 𝐹 =

𝑓(ହ)(2)

5!
 

 
Find 𝐴 + 𝐵 + 𝐶 + 𝐷 + 𝐸 + 𝐹. 
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#0 Alpha Ciphering  
Let 𝑓(𝑥) = 3𝑥ସ − 2𝑥ଷ + 𝑥ଶ − 𝑥 + 2. 
 
If  

𝐴 = 𝑓(2) 
 

𝐵 = 𝑓ᇱ(2) 
 

𝐶 =
𝑓ᇱᇱ(2)

2!
 

 

𝐷 =
𝑓ᇱᇱᇱ(2)

3!
 𝐸 =

𝑓(ସ)(2)

4!
 𝐹 =

𝑓(ହ)(2)

5!
 

 
Find 𝐴 + 𝐵 + 𝐶 + 𝐷 + 𝐸 + 𝐹. 
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#0 Alpha Ciphering  
Let 𝑓(𝑥) = 4𝑥ଷ − 2𝑥 + 2019.  Let 𝑅 be the finite region bounded by 𝑓(𝑥), the 𝑥-axis, 𝑥 = 1, and 𝑥 = 3. 
 
Let 𝐴 be the value obtained when the area of 𝑅 is approximated using a Left-handed Riemann Sum with 
8 equal subintervals. 
 
Let 𝐵 be the value obtained when the area of 𝑅 is approximated using a Right-handed Riemann Sum 
with 8 equal subintervals. 
 
Let 𝐶 be the value obtained when the area of 𝑅 is approximated using the Trapezoidal Rule with 8 equal 
subintervals. 
 
Let 𝐷 be the value obtained when the area of 𝑅 is approximated using Simpson’s Rule with 8 equal 
subintervals. 
 
Find 𝐴 + 𝐵 − 2𝐶 + 𝐷. 
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#0 Alpha Ciphering  
Let 𝑓(𝑥) = 4𝑥ଷ − 2𝑥 + 2019.  Let 𝑅 be the finite region bounded by 𝑓(𝑥), the 𝑥-axis, 𝑥 = 1, and 𝑥 = 3. 
 
Let 𝐴 be the value obtained when the area of 𝑅 is approximated using a Left-handed Riemann Sum with 
8 equal subintervals. 
 
Let 𝐵 be the value obtained when the area of 𝑅 is approximated using a Right-handed Riemann Sum 
with 8 equal subintervals. 
 
Let 𝐶 be the value obtained when the area of 𝑅 is approximated using the Trapezoidal Rule with 8 equal 
subintervals. 
 
Let 𝐷 be the value obtained when the area of 𝑅 is approximated using Simpson’s Rule with 8 equal 
subintervals. 
 
Find 𝐴 + 𝐵 − 2𝐶 + 𝐷. 
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#0 Alpha Ciphering  
Let 𝐴 = 2019 if the statement  

“There exists 𝑐 ∈ (1,3) such that the slope of the tangent line to 𝑓(𝑥) =
ଵ

௫ିଶ
 at 𝑥 = 𝑐 is −1” 

is true, or −2019 if it is false. 
 
Let 𝐵 = 2020 if the statement  

“A function may only cross its oblique asymptote a finite number of times” 
is true, or −2020 if it is false. 
 
Let 𝐶 = 2021 if the statement  

“There exists a function that is continuous and differentiable  
everywhere, but has a second derivative nowhere” 

is true, or −2021 if it is false. 
 
Find 𝐴 + 𝐵 + 𝐶. 
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#0 Alpha Ciphering  
Let 𝐴 = 2019 if the statement  

“There exists 𝑐 ∈ (1,3) such that the slope of the tangent line to 𝑓(𝑥) =
ଵ

௫ିଶ
 at 𝑥 = 𝑐 is −1” 

is true, or −2019 if it is false. 
 
Let 𝐵 = 2020 if the statement  

“A function may only cross its oblique asymptote a finite number of times” 
is true, or −2020 if it is false. 
 
Let 𝐶 = 2021 if the statement  

“There exists a function that is continuous and differentiable  
everywhere, but has a second derivative nowhere” 

is true, or −2021 if it is false. 
 
Find 𝐴 + 𝐵 + 𝐶. 
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#0 Alpha Ciphering  
Let 

 
𝐴 be the area contained within the curve   

(௫ିଶ)మ

ସ
+

(௬ାଵ)మ

ଽ
= 1 

 

 
𝐵 be the area contained within the curve        

|𝑥| + |𝑦| = 20 
 

 
𝐶 be the area contained within the polar curve 

𝑟ଶ = 3sin (2𝜃) 
 
Find 𝐴 + 𝐵 + 𝐶 + 𝐷. 

𝐷 be the area contained within the polar curve 
𝑟 = 1 − cos (𝜃) 
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#0 Alpha Ciphering  
Let 

 
𝐴 be the area contained within the curve   

(௫ିଶ)మ

ସ
+

(௬ାଵ)మ

ଽ
= 1 

 

 
𝐵 be the area contained within the curve        

|𝑥| + |𝑦| = 20 
 

 
𝐶 be the area contained within the polar curve 

𝑟ଶ = 3sin (2𝜃) 
 
Find 𝐴 + 𝐵 + 𝐶 + 𝐷. 

𝐷 be the area contained within the polar curve 
𝑟 = 1 − cos (𝜃) 

 
 



 


