
Relay Test – Answers and Solutions              ______2019 MANational Convention 
 
Question 0 
 
A: 2𝑥 + 5 = 11, so 𝑥 = 3.  𝐴 = 3  
 

B: cos
గ

஺
= cos

గ

ଷ
=

ଵ

ଶ
 .  𝐵 =

ଵ

ଶ
 

 
C: 𝑓ᇱ(𝑥) = 8𝑥 + 3.  𝑓ᇱ ቀ

ଵ

ଶ
ቁ = 8 ቀ

ଵ

ଶ
ቁ + 3 = 7.  𝐶 = 7  

 
 
 
 
 
 
 
 
 
 
 
 
Question 1 
 
A: (logଶ 16)(logସଽ 7) + (logହ 1331)(logଵଵ 625) = 4 ቀ

ଵ

ଶ
ቁ + ቀ

୪୭୥ ଵଷଷଵ

୪୭୥ ହ
ቁ ቀ

୪୭୥ ଺ଶହ

୪୭୥ ଵଵ
ቁ 

 = 2 +
ଷ ୪୭୥ ଵଵ

୪୭୥ ହ
ቀ

ସ ୪୭୥ ହ

୪୭୥ ଵଵ
ቁ = 2 + 3(4) = 14.  𝐴 = 14  

 
B: 𝑦 = 𝑥ଶ − 14𝑥 − 72 = (𝑥 − 18)(𝑥 + 4).  Zeros are 18 and −4, so the positive  
 difference of the zeros is 18 − (−4) = 22.  𝐵 = 22  
 
C: 𝑥(𝑡) =

ଵ

ଵଶ
𝑡ଷ +

ଵ

ସ
𝑡ଶ + ln 𝑡.  𝑣(𝑡) = 𝑥ᇱ(𝑡) =

ଵ

ସ
𝑡ଶ +

ଵ

ଶ
𝑡 +

ଵ

௧
 .   

 𝑎(𝑡) = 𝑣ᇱ(𝑡) =
ଵ

ଶ
𝑡 +

ଵ

ଶ
− 1/𝑡ଶ.   

 𝑎(22) =
ଵ

ଶ
(22) +

ଵ

ଶ
−

ଵ

ଶଶమ
= 11 +

ଵ

ଶ
−

ଵ

ସ଼ସ
= 11 +

ଶସଶ

ସ଼ସ
−

ଵ

ସ଼ସ
= 11

ଶସଵ

ସ଼ସ
. 

 𝐶 = 11
ଶସଵ

ସ଼ସ
  𝑜𝑟 

ହହ଺ହ

ସ଼ସ
 

 
 
 
 
 
 



Question 2 
 
A: 𝑦ଶ − 20𝑥 − 4𝑦 + 304 = 0 →   𝑦ଶ − 4𝑦 + 4 = 20𝑥 − 304 + 4. 
 So, (𝑦 − 2)ଶ = 20(𝑥 − 15).  The vertex is at (15, 2).  The parabola opens to the right,  
 and the distance from the vertex to the focus is ଶ଴

ସ
= 5, so the focus is at  

 (15 + 5 , 2) = (20, 2). 2𝑝 + 5𝑞 = 2(20) + 5(2) = 40 + 10 = 50.  𝐴 = 50  
 
B: The center is (1, 50) and the major axis is 2𝑎 = 50, so 𝑎 = 25.  The area of the ellipse is 
 𝑎𝑏𝜋 = 25𝑏𝜋 = 100𝜋, so 𝑏 = 4.  The coordinates of the endpoints of the minor axis are 
 (1, 50 ± 4), so 𝑟 = 50 − 4 = 46 and 𝑠 = 50 + 4 = 54.   𝐵 = 54  
 
C: The side of the square cross-section is 𝑥 + 𝑘, so the area of the cross-section is 
 (𝑥 + 𝑘)ଶ = 𝑥ଶ + 2𝑘𝑥 + 𝑘ଶ.  The volume of the solid is found by  

 ∫ (𝑥ଶ + 2𝑘𝑥 + 𝑘ଶ)𝑑𝑥
௞

଴
= ቂ

௫య

ଷ
+ 𝑘𝑥ଶ + 𝑘ଶ𝑥ቃ

଴

௞

=
௞య

ଷ
+ 𝑘ଷ + 𝑘ଷ = 54.   

 So, ଻
ଷ

𝑘ଷ = 54, and 𝑘ଷ =
ଵ଺ଶ

଻
.  𝐶 =

ଵ଺ଶ

଻
 

 
 
 
 
 
Question 3 
 

A:  12.3଺ = 1(6ଵ) + 2(6଴) + 3(6ିଵ) = 6 + 2 +
ଵ

ଶ
=

ଵ଻

ଶ
.  𝐴 =

ଵ଻

ଶ
  𝑜𝑟  8.5  

 

B: If 𝑋 = ቂ
1 2
3 𝑘

ቃ, then 𝑋ିଵ =
ଵ

௞ି଺
ቂ

𝑘 −2
−3 1

ቃ = ቎

௞

௞ି଺
−

ଶ

௞ି଺

−
ଷ

௞ି଺

ଵ

௞ି଺

቏ and 𝑋் = ቂ
1 3
2 𝑘

ቃ.  So, the  

 row-2 column-2 entry of 𝑋ିଵ𝑋் is − ଷ

௞ି଺
(3) +

ଵ

௞ି଺
(𝑘) =

ଵ଻

ଶ
.   

 So, ௞ିଽ

௞ି଺
=

ଵ଻

ଶ
→ 2𝑘 − 18 = 17𝑘 − 102 → 84 = 15𝑘 →   𝑘 =

଼ସ

ଵହ
=

ଶ଼

ହ
.  𝐵 =

ଶ଼

ହ
  

 

C: Integrate to get 𝑦 =
௫య

ଷ
−

௫ఱ

ହ
+ 𝐾.  Using the initial condition, ଶ଼

ହ
=

଼

ଷ
−

ଷଶ

ହ
+ 𝐾.   

 So, 𝐾 =
ଶ଼

ହ
−

଼

ଷ
+

ଷଶ

ହ
=

଼ସିସ଴ାଽ଺

ଵହ
=

ଵସ଴

ଵହ
=

ଶ଼

ଷ
.  When 𝑥 = 1, 

  𝑦 =
ଵ

ଷ
−

ଵ

ହ
+

ଶ଼

ଷ
=

ହିଷାଵ

ଵହ
=

ଵସଶ

ଵହ
.   𝐶 =

ଵସଶ

ଵହ
 

 
 
 
 
 



Question 4 
 

A: ௗ

ௗ௫
ቀ𝑓൫𝑔(𝑥)൯ቁ = 𝑓ᇱ൫𝑔(𝑥)൯𝑔ᇱ(𝑥), so at 𝑥 = 3 this is  

 𝑓ᇱ൫𝑔(3)൯𝑔ᇱ(3) = 𝑓ᇱ(2)𝑔ᇱ(3) = 8(6) = 48.    

 ௗమ

ௗ௫మ
൫𝑥ଶ 𝑔(𝑥)൯ =

ௗ

ௗ௫
൫𝑥ଶ 𝑔ᇱ(𝑥) + 2𝑥 𝑔(𝑥)൯ = 𝑥ଶ𝑔ᇱᇱ(𝑥) + 2𝑥𝑔ᇱ(𝑥) + 2𝑥𝑔ᇱ(𝑥) + 2𝑔(𝑥).  

 At 𝑥 = 3 this is 9(4) + 2(3)(6) + 2(3)(6) + 2(2) = 36 + 36 + 36 + 4 = 112. 
 The sum of these values is 112 + 48 = 160.  𝐴 = 160  
 
B: |⌊160⌋| = 160 = 32(5) = 2ହ(5).  The total number of positive integer factors is 
 (5 + 1)(1 + 1) = 6(2) = 12.  𝐵 = 12  
 
C: 1 + 𝑖√3 = 2𝑐𝑖𝑠 ቀ

గ

ଷ
ቁ, so this is 2ଵଶ𝑐𝑖𝑠 ቀ

ଵଶగ

ଷ
ቁ = 2ଵଶ = 4096.  ⌊|4096|⌋ = 4096.   

 The sum of the digits is 4 + 0 + 9 + 6 = 19.  𝐶 = 19  
 
 
 
 
 
 
 
Question 5 
 

A: 𝑓(1) = 1 + 1 = 2.  𝑓ᇱ(𝑥) = 2𝑥 +
ଵ

ଷ
𝑥ି

మ

య , so 𝑓ᇱ(1) = 2 +
ଵ

ଷ
=

଻

ଷ
.  Equation of the tangent 

 line is 𝑦 − 2 =
଻

ଷ
(𝑥 − 1) → 𝑦 =

଻

ଷ
𝑥 −

ଵ

ଷ
.  If 66 = 𝑥ଶ + √𝑥

య , then by inspection 𝑥 = 8.  On 

 the tangent line, when 𝑥 = 8, 𝑦 =
଻

ଷ
(8) −

ଵ

ଷ
=

ହହ

ଷ
.  𝐴 =

ହହ

ଷ
 

 

B: The polygon has ቔହହ

ଷ
ቕ = 18 sides, so there are 18 interior angles with measures of 𝑘,  

 𝑘 + 1, 𝑘 + 2, … , 𝑘 + 17.  So, 𝑘 + 𝑘 + 1 + 𝑘 + 2 + ⋯ + 𝑘 + 17 = 360.  This is  

 18𝑘 +
ଵ଼

ଶ
(0 + 17) = 360, so 18𝑘 + 153 = 360.  𝑘 =

ଶ଴଻

ଵ଼
=

ଶଷ

ଶ
.  𝐵 =

ଶଷ

ଶ
  𝑜𝑟  11.5  

 
C: The 𝑥 −intercepts will occur at multiples of ଶగ

ଶଷ
 , which for the interval given is at  

 𝑥 = 0,
ଶగ

ଶଷ
 ,

ସగ

ଶଷ
 , … ,

ସସ

ଶଷ
 , 2𝜋.  There are 24 𝑥 −intercepts.  𝐶 = 24  

 
 
 
 
 
 



Question 6 
 

A: This area is ∫ ቀ2 − 𝑥 −
ଵ

√ଵି௫మ
ቁ 𝑑𝑥

ଵ/ଶ

଴
= ቂ2𝑥 −

ଵ

ଶ
𝑥ଶ − arcsin 𝑥ቃ

଴

ଵ/ଶ

= 1 −
ଵ

଼
−

గ

଺
 

 =
଻

଼
−

ଵ

଺
𝜋.  𝑃 + 𝑄 =

଻

଼
−

ଵ

଺
=

ଶଵିସ

ଶସ
=

ଵ଻

ଶସ
.  𝐴 =

ଵ଻

ଶସ
 

 
B: This can be written as ௫

ଵା஺
= 𝐴, so ௫

ଵା
భళ

మర

=
ଵ଻

ଶସ
.  ଶସ௫

ସଵ
=

ଵ଻

ଶସ
, so 𝑥 =

଺ଽ଻

ହ଻଺
.  The sum of the  

 numerator and denominator is 697 + 576 = 1273.  𝐵 = 1273  
 

C: 𝑘 = 1 + 2 + 7 + 3 = 13.  sin ቀ
ଵଷగ

ଷ
ቁ + sin ቀ

ଵଶ଻ଷ

ଷ
ቁ =

√ଷ

ଶ
+

√ଷ

ଶ
= √3.  𝐶 = √3  

 
 
 
 
 
 
 
 
 
 
Question 7 
 
A:  Separate into lim

௫→ஶ

ଷ௫

௫
+ lim

௫→ஶ

ଶ

௫
+ lim

௫→ஶ

ଶୱ୧୬ ௫

௫
= 3 + 0 + 0 = 3.  𝐴 = 3  

 
B: Approximating ∫ (𝑥 ln 𝑥)𝑑𝑥

ଷ

ଵ
 using a right Riemann sum with two equal subintervals 

 gives 1(2 ln 2 + 3 ln 3) = ln 4 + ln 27 = ln 108.  𝐵 = 108  
 

C: 𝑠 = 1 + 0 + 8 = 9.  108 =
ଽ

ଵି௥
 , so 108 − 108𝑟 = 9, so 𝑟 =

ଽଽ

ଵ଴଼
=

ଵଵ

ଵଶ
.  𝐶 =

ଵଵ

ଵଶ
 

 
 
 
 
 
 
 
 
 
 
 
 



Question 8 
 
A: 𝐯 ∙ 𝐰 = 2(7) + (−5)(−6) + 4(−9) = 14 + 30 − 36 = 8.   

 𝐯 × 𝐰 = อ
𝐢 𝐣 𝐤
2 −5 4
7 −6 −9

อ 

 = 𝐢൫(−5)(−9) − (−6)(4)൯ − 𝐣൫2(−9) − 7(4)൯ + 𝐤൫2(−6) − 7(−5)൯ 
 = 69𝐢 + 46𝐣 + 23𝐤.  Final answer is 8 + 69 − 46 − 23 = 8.  𝐴 = 8  
 

B: 𝑓(𝑥) = 8√𝑥.  Average rate of change on [0, 8] is ଼√଼ି଴

଼ି଴
= √8. 

 𝑓ᇱ(𝑥) =
଼

ଶ√௫
=

ସ

√௫
 .  So, ସ

√௖
= √8 →   4 = √8𝑐 → 16 = 8𝑐 →   𝑐 = 2.  𝐵 = 2  

 
C: Looking for the first 3 terms of (2𝑥 − 1)଺, which are  

 ቀ
6
0

ቁ (2𝑥)଺ + ቀ
6
1

ቁ (2𝑥)ହ(−1) + ቀ
6
2

ቁ (2𝑥)ସ(−1)ଶ = 64𝑥଺ − 6(32)𝑥ହ + 15(16)𝑥ସ. 

 This is 64𝑥଺ − 192𝑥ହ + 240𝑥ସ.  Sum of these coefficients is 64 − 192 + 240 = 112. 
 𝐶 = 112  
 
Question 9 
 

A: The constant term of the expansion is ቀ6
2

ቁ (𝑥ଶ)ଶ ቀ
ଶ

௫
ቁ

ସ

= 15(2ସ) = 2ସ(3)(5).  The 

 number of positive integer factors of this term is  
 (4 + 1)(1 + 1)(1 + 1) = 5(2)(2) = 20.  𝐴 = 20  
 
B: The particle changes direction at 𝑡 =

ଶ଴

ଵ଴
= 2 and 𝑡 =

ଶ଴

ହ
= 4.  𝑣(𝑡) = 𝑡ଶ − 6𝑡 + 8. 

 ∫ 𝑣(𝑡)𝑑𝑡
ଶ

଴
= ቂ

௧య

ଷ
− 3𝑡ଶ + 8𝑡ቃ

଴

ଶ

=
଼

ଷ
− 12 + 16 =

ଶ଴

ଷ
 , so the particle has travelled ଶ଴

ଷ
 units 

 from 𝑡 = 0 to 𝑡 = 2. 

 ∫ 𝑣(𝑡)𝑑𝑡
ସ

ଶ
= ቂ

௧య

ଷ
− 3𝑡ଶ + 8𝑡ቃ

ଶ

ସ

=
଺ସ

ଷ
− 48 + 32 −

ଶ଴

ଷ
= −

ସ

ଷ
 , so the particle has travelled 

 another ସ
ଷ
 units from 𝑡 = 2 to 𝑡 = 4.  This is a total of ଶ଴

ଷ
+

ସ

ଷ
=

ଶସ

ଷ
= 8 units travelled in 

 the first 4 seconds. 

 ∫ 𝑣(𝑡)𝑑𝑡
ହ

ସ
= ቂ

௧య

ଷ
− 3𝑡ଶ + 8𝑡ቃ

ସ

ହ

=
ଵଶହ

ଷ
− 75 + 40 − ቀ

଺ସ

ଷ
− 48 + 32ቁ =

ସ

ଷ
 , so the particle 

 travelled another ସ
ଷ
 units from 𝑡 = 4 until 𝑡 = 5.  The total distance travelled is  

 8 +
ସ

ଷ
=

ଶ଼

ଷ
.  𝐵 =

ଶ଼

ଷ
 

 

C: Slope between ቀ1,
ଶ଼

ଷ
ቁ and (ଶ଼

ଷ
, 𝑘) is 

ቀ௞ି
మఴ

య
ቁ

మఴ

య
ିଵ

=
ଷ௞ିଶ଼

ଶହ
.  So, ଷ௞ିଶ଼

ଶହ
=

ଶ଼

ଷ
, making  

 9𝑘 − 84 = 700 →   9𝑘 = 784 → 𝑘 =
଻଼ସ

ଽ
.  𝐶 =

଻଼ସ

ଽ
 


