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SOLUTIONS 

(1)  

 (a) 𝑦 = 44𝑥 − 24  (b) 𝑦 = 440𝑥 − 420  

 (c) 𝑦 = 440𝑥 − 440 (d) 𝑦 = 440𝑥 − 460 (e) NOTA 

SOLUTION 

𝑑

𝑑𝑥
(20𝑥22)]

𝑥=1
= 440(1)21 = 440 → 𝑦 − 20 = 440(𝑥 − 1) → 𝑦 = 440𝑥 − 420.  𝐵  

(2)  

 (a) 10   (b) 
21

2
  

 (c) 11   (d) 
23

2
   (e) NOTA 

SOLUTION 

𝑥23 = 𝐴𝑥2 − 𝐴 + 1 → 𝑥23 − 1 = 𝐴(𝑥2 − 1) → 𝑥 = 1.  Further, 23𝑥22 = 2𝐴𝑥 at 𝑥 = 1 → 𝐴 =
23

2
.  

𝐷  

(3)  

 (a) 2𝑎3 − 2𝑎7 + 𝐶  (b) 2𝑎7 − 2𝑎3 + 𝐶   

 (c) 𝑎3 − 𝑎7 + 𝐶  (d) 𝑎7 − 𝑎3 + 𝐶  (e) NOTA 

SOLUTION 

𝑑𝑀 = −
2

𝑎3
𝑑𝑎 → ∫𝑎5(7𝑎4 − 3) (−

2

𝑎3
) 𝑑𝑎 = ∫−14𝑎6 + 6𝑎2 𝑑𝑎 = 2𝑎3 − 2𝑎7 + 𝐶.  𝐴  

(4)  

 (a) 
𝜋

2
   (b) 𝜋  

 (c) 
3𝜋

2
   (d) 2𝜋   (e) NOTA 

SOLUTION 
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When 𝑥 ≥ 2, 𝑦 = √1 − (𝑥 − 3)2.  When 0 ≤ 𝑥 < 2, 𝑦 = √1 − (𝑥 − 1)2.  When −2 ≤ 𝑥 < 0, 𝑦 =

√1 − (𝑥 + 1)2.  When 𝑥 < −2, 𝑦 = √1 − (𝑥 + 3)2.  These are four semicircles of radius one, 

so the total area is 2𝜋.  𝐷  

(5)  

 (a) −360   (b) 360   

 (c) −
1

360
   (d) 

1

360
   (e) NOTA 

SOLUTION 

𝑑

𝑑𝑥
(20𝑒2𝑥)]

𝑥=ln (3)
= 40𝑒2 ln(3) = 40𝑒ln(9) = 40(9) = 360.  So the normal slope is −

1

360
.  𝐶  

(6)  

 (a) 
931013

(108−98)2
  (b) 

931012

(108−98)2
  

 (c) 
941013

(108−98)2
  (d) 

941012

(108−98)2
   (e) NOTA 

SOLUTION 

(1) (
9

10
)
3
(
1

10
) + (2) (

9

10
)
11
(
1

10
) + (3) (

9

10
)
19
(
1

10
) +⋯ = (

9−5

10−4
)∑ 𝑛 (

9

10
)
8𝑛

∞
𝑛=1 = (

104

95
) 

98

108

(1−
98

108
)
2 =

93

104
(1016)

(108−98)2
=

931012

(108−98)2
.   𝐵  

(7)  

 (a) −2022   (b) −1011  

 (c) 1011   (d) 2022   (e) NOTA 

SOLUTION 

∫
ln (𝑥)

2022𝑥2+𝑥+2022
𝑑𝑥

∞

0
.  Let 𝑥 =

1

𝑢
→ 𝑑𝑥 = −

𝑑𝑢

𝑢2
.  ∫

ln(
1

𝑢
)

2022

𝑢2
+
1

𝑢
+2022

(−
𝑑𝑢

𝑢2
)

0

∞
= −∫

ln(𝑢)

2022+𝑢+2022𝑢2
𝑑𝑢

∞

0
.  If 

the integral is the negative of itself, it must be zero.  𝐸  
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(8)  

 (a) ∫ √𝜃2 + 901 𝑑𝜃
2𝜋

0
  (b) ∫ √𝜃 + 30 𝑑𝜃

2𝜋

0
  

 (c) ∫ √60𝜃 + 2 𝑑𝜃
20𝜋

0
  (d) ∫ √𝜃2 + 60𝜃 + 901 𝑑𝜃

20𝜋

0
 (e) NOTA 

SOLUTION 

𝑟 = 30 when 𝜃 = 0 and 𝑟 → 𝑟 + 2𝜋 as 𝜃 → 𝜃 + 2𝜋.  Therefore 𝑟(𝜃) = 𝜃 + 30.  Therefore the 

arc length is ∫ √𝑟2 + 𝑟′2𝑑𝜃
20𝜋

0
= ∫ √𝜃2 + 60𝜃 + 901 𝑑𝜃

20𝜋

0
.  𝐷  

(9)  

 (a) 125   (b) 250  

 (c) 500   (d) 1000   (e) NOTA 

SOLUTION 

Let (𝑥0, 0) be the point the Flash is at.  Then 𝐷2 = (𝑥 − 𝑥0)
2 + (√𝑥)

2
= (𝑥 − 𝑥0)

2 + 𝑥 →

2𝐷𝐷′ = 0 = 2(𝑥 − 𝑥0) + 1 → 𝑥 = 𝑥0 −
1

2
→ 𝐷 = √

1

4
+ 𝑥0 −

1

2
= √𝑥0 −

1

4
 will be the distance from 

the curve to the Flash’s location.  Therefore 
𝑑𝐷

𝑑𝑡
=

𝑑𝑥0
𝑑𝑡

2√𝑥0−
1

4

=
1000

2√4
= 250.  𝐵  

(10)  

 (a) 
3 ln(20)

ln(6)−ln(5)
  (b) 

1

3
ln (

5

2
) 

 (c) 
3 ln(20)

ln(5)−ln(2)
  (d) 

1

3
ln (

6

5
)   (e) NOTA 

SOLUTION 

𝑑𝑇

𝑑𝑡
= 𝑘(𝑇 − 𝑇0) → ln(𝑇 − 𝑇0) = 𝑘𝑡 + 𝐶 → 𝑇(𝑡) = 𝐶𝑒

𝑘𝑡 + 𝑇0.  The ambient room temperature 

𝑇0 = 40 so 𝑇(𝑡) = 𝐶𝑒𝑘𝑡 + 40.  Cap starts at -20 so 𝑇(0) = −20 = 𝐶 + 40 → 𝐶 = −60.  Finally 

after three hours Cap has warmed 10 to -10.  That means −10 = 40 − 60𝑒3𝑘 → 𝑘 =
1

3
ln (

5

6
).  

Therefore Cap will reach 37 when 37 = 40 − 60𝑒𝑘𝑡 → 𝑘𝑡 = ln (
1

20
) → 𝑡 =

ln(
1

20
)

1

3
ln(

5

6
)
=

3 ln(20)

ln(6)−ln(5)
.  𝐴  
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(11)  

 (a) (𝑒2022 − 1)ln (2022)  (b) 2022  

 (c) ln (2022)   (d) 𝑒2022 − 1  (e) NOTA 

SOLUTION 

Let 𝑓(𝑥) = (1 +
2022

𝑥
)
𝑥
.  Therefore 𝑓(2022𝑥) = (1 +

1

𝑥
)
2022𝑥

.  Now, in general 
1

𝑎

𝑑

𝑑𝑏
𝑓(𝑎𝑏) =

 
𝑑

𝑑(𝑎𝑏)
𝑓(𝑎𝑏) =

1

𝑏

𝑑

𝑑𝑎
𝑓(𝑎𝑏).  So ∫

𝑓(2022𝑥)−𝑓(𝑥)

𝑥
𝑑𝑥

∞

0
= ∫ ∫

1

𝑥

𝑑

𝑑𝑦
𝑓(𝑦𝑥)𝑑𝑦

2022

1
𝑑𝑥

∞

0
=

∫ ∫
1

𝑦

𝑑

𝑑𝑥
𝑓(𝑥𝑦)𝑑𝑦

2022

1
𝑑𝑥

∞

0
= ∫ ∫

1

𝑦

𝑑

𝑑𝑥
𝑓(𝑥𝑦)𝑑𝑥

∞

0
𝑑𝑦

2022

1
= ( lim

𝑥→∞
𝑓(𝑥) − lim

𝑥→0
𝑓(𝑥)) ∫

𝑑𝑦

𝑦

2022

1
=

(𝑒2022 − 1)ln (2022).  𝐴  

(12)  

 (a) −
√5
3

5
   (b) −

√25
3

25
  

 (c) −
√5
3

25
   (d) −

√25
3

5
   (e) NOTA 

SOLUTION 

By similar triangles we know that 
ℎ

𝑟
=
200

50
= 4 → ℎ = 4𝑟 →

𝑑ℎ

𝑑𝑡
= 4

𝑑𝑟

𝑑𝑡
& 𝑉 =

1

3
𝜋𝑟2ℎ =

4

3
𝜋𝑟3.  

Therefore 
𝑑𝑉

𝑑𝑡
= 4𝜋𝑟2

𝑑𝑟

𝑑𝑡
.  The initial volume is 𝑉 =

1

3
𝜋(502)(200) =

500000𝜋

3
 so half that will be 

250000𝜋

3
=
4

3
𝜋𝑟3 → 𝑟 = 5√5

3
→

𝑑𝑉

𝑑𝑡
= −𝜋 = 20𝜋√25

3 𝑑𝑟

𝑑𝑡
→

𝑑𝑟

𝑑𝑡
= −

1

20 √25
3 →

𝑑ℎ

𝑑𝑡
= −

1

5 √25
3 = −

√5
3

25
. 𝐶     

(13)  

 (a) 
𝜋

6
   (b) 

𝜋

4
  

 (c) 
𝜋

3
   (d) 

𝜋

2
   (e) NOTA 

SOLUTION 

lim
𝑛→∞

∑
𝑛

𝑘2+𝑛2
𝑛
𝑘=1 = lim

𝑛→∞
∑

1

𝑛

1

(
𝑘

𝑛
)
2
+1

𝑛
𝑘=1 = ∫

𝑑𝑥

𝑥2+1

1

0
= [arctan (𝑥)]0

1 =
𝜋

4
.  𝐵  
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(14)  

 (a) 
1

𝑒2
   (b) 

1

𝑒
  

 (c) 𝑒   (d) 𝑒2   (e) NOTA 

SOLUTION 

The area of R is given by ∫
𝑑𝑥

(𝑥+1)2
∞

0
= [−

1

𝑥+1
]
0

∞
= 1.  Therefore we need 

1

2
= ∫ 𝑏−𝑥𝑑𝑥

∞

0
=

[
1

ln(𝑏)
𝑏−𝑥]

0

∞
= −

1

ln(𝑏)
→ ln(𝑏) = −2 → 𝑏 =

1

𝑒2
.  𝐴  

(15)  

 (a) 
𝜋

2
   (b) 

𝜋

6
  

 (c) 
𝜋2

2
   (d) 

𝜋2

6
   (e) NOTA 

SOLUTION 

∫
𝑥

𝑒𝑥−1
𝑑𝑥

∞

0
= ∫

𝑥𝑒−𝑥

1−𝑒−𝑥
𝑑𝑥

∞

0
= ∫ ∑ 𝑥𝑒−𝑛𝑥∞

𝑛=1 𝑑𝑥
∞

0
= ∑ ∫ 𝑥𝑒−𝑛𝑥𝑑𝑥

∞

0
∞
𝑛=1 = ∑ [−

1

𝑛
𝑥𝑒−𝑛𝑥 −∞

𝑛=1

1

𝑛2
𝑒−𝑛𝑥]

0

∞
= ∑

1

𝑛2
∞
𝑛=1 =

𝜋2

6
 𝐷  

(16)  

 (a) 
1

69
   (b) 

1

61
  

 (c) 69   (d) 61   (e) NOTA 

SOLUTION 

𝑑

𝑑𝑥
[𝑓−1(𝑥)]|

𝑥=22
=

1

𝑓′(𝑓−1(22))
.  Clearly 𝑓(1) = 22 so 

1

𝑓′(𝑓−1(22))
=

1

𝑓′(1)
=

1

60(14)−9(12)+10(1)
=

1

61
.  𝐵  

(17)  

 (a) 3𝑥2 sin(𝑥66) − 2𝑥 sin(𝑥44)  (b) sin(𝑥44) − sin(𝑥66)  

 (c) sin(𝑥66) − sin(𝑥44)   (d) 2𝑥 sin(𝑥44) − 3𝑥2 sin(𝑥66)  

 (e) NOTA 
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SOLUTION 

𝑑

𝑑𝑥
∫ sin(𝑡22) 𝑑𝑡
𝑥2

𝑥3
= 2𝑥 sin(𝑥44) − 3𝑥2 sin(𝑥66).  𝐷  

(18)  

 (a) 20   (b) 22  

 (c) 24   (d) 26   (e) NOTA 

SOLUTION 

𝐷′(1) + 𝑀′(2) = 𝐿′(𝑅(1))𝑅 ′(1) + 𝐿′(2)𝑅(2) + 𝐿(2)𝑅′(2) = 𝐿′(3) ∗ 4 + (−1)(2) + (1)(6) = (5)(4) +

4 = 24.  𝐶  

(19)  

 (a) 6   (b) 7  

 (c) 8   (d) 9   (e) NOTA 

SOLUTION 

∫ 𝑓(𝑥)𝑑𝑥
0

−12
= 6 → ∫ 𝑓(𝑥)𝑑𝑥

12

0
= −6 since 𝑓(𝑥) is odd.  Now ∫ 𝑓(𝑥)𝑑𝑥

22

−6
= 22 = ∫ 𝑓(𝑥)𝑑𝑥

6

−6
+

∫ 𝑓(𝑥)𝑑𝑥
22

6
= ∫ 𝑓(𝑥)𝑑𝑥

22

6
.  Finally ∫ 𝑓(𝑥)𝑑𝑥

6

−12
= 10 = ∫ 𝑓(𝑥)𝑑𝑥

−6

−12
+ ∫ 𝑓(𝑥)𝑑𝑥

6

−6
= ∫ 𝑓(𝑥)𝑑𝑥

−6

−12
.  

So ∫ 𝑓(𝑥)𝑑𝑥
12

6
= −10.  Thus ∫ 𝑓(𝑥)𝑑𝑥

22

0
= ∫ 𝑓(𝑥)𝑑𝑥

22

6
+ ∫ 𝑓(𝑥)𝑑𝑥

12

0
− ∫ 𝑓(𝑥)𝑑𝑥

12

6
= 22 − 6 −

10 = 6.  𝐴  

(20)  

 (a) 4140   (b) 2025  

 (c) 2205   (d) 270   (e) NOTA 

SOLUTION 

Let 𝑥 be the height of the mouse from the ground.  Then, to move a small height 𝑑𝑥 will result in an 

amount of work 𝑑𝑊 = 4𝑑𝑥 + 2𝑥𝑑𝑥 → 𝑊 = ∫ (4 + 2𝑥)𝑑𝑥
45

0
= [4𝑥 + 𝑥2]0

45 = 180 + 2025 = 2205.  

𝐶  
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(21)  

 (a) log2(11)  (b) log22(2)  

 (c) log2(22)  (d) log11(2)  (e) NOTA 

SOLUTION 

𝐴 = 22𝑒𝑘𝑡 → 1 = 22𝑒𝑘 → 𝑘 = − ln(22) →
1

2
= 𝑒

−ln(22)𝑡1
2 → − ln(2) = − ln(22) 𝑡1

2

→ 𝑡1
2

=
ln(2)

ln(22)
=

log22(2).  𝐵  

(22)  

 (a) 0   (b) 𝑒23  

 (c) 𝑒46   (d) 23   (e) NOTA 

SOLUTION 

lim
𝑥→23

𝑒𝑥−𝑒23

𝑥−23
=

𝑑

𝑑𝑥
[𝑒𝑥]𝑥=23 = 𝑒

23.  𝐵  

(23)  

 (a) 
1

2022!
   (b) 

1

2018!
  

 (c) 
1

1011!
   (d) 

1

1009!
   (e) NOTA 

SOLUTION 

𝑥4𝑒𝑥
2
= 𝑥4∑

(𝑥2)
𝑛

𝑛!
∞
𝑛=0 = ∑

𝑥2𝑛+4

𝑛!
∞
𝑛=0 .  The 2022nd derivative at x=0 will be the coefficient of 

𝑥2022 → 2022 = 2𝑛 + 4 → 𝑛 = 1009 → The answer is 
1

1009!
.  𝐷  

(24)  

 (a) 
33

49
   (b) 

33

94
  

 (c) −
33

49
   (d) −

33

94
   (e) NOTA 

SOLUTION 
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𝑦4𝑥3 + 𝑥2 − 14𝑦 = 22 → 4𝑦3𝑥3𝑦′ + 3𝑦4𝑥2 + 2𝑥 − 14𝑦′ = 0 → 𝑦′ =
−3𝑦4𝑥2−2𝑥

4𝑦3𝑥3−14
→ 𝑦′(3,1) =

−3(9)−2(3)

4(27)−14
= −

33

94
.  𝐷  

(25)  

 (a) 1   (b) 𝑥1011  

 (c) √2𝑥1011  (d) 
1

2
𝑥2022   (e) NOTA 

SOLUTION 

𝑑

𝑑

(

 
 
 
 

𝑑

𝑑(
𝑑

𝑑(
𝑑
𝑑(⋱)

[𝑥2022])
[𝑥2022])

[𝑥2022]

)

 
 
 
 

[𝑥2022] =
𝑑

𝑑𝑢
[𝑥2022] = 2022𝑥2021

𝑑𝑥

𝑑𝑢
= 𝑢 → 2022𝑥2021 = 𝑢

𝑑𝑢

𝑑𝑥
→

𝑥2022 =
1

2
𝑢2 → 𝑢 = √2𝑥1011.  𝐶  

 

(26)  

 (a) 2 + ln (
3

2
)  (b) 6 − ln(2)  

 (c) 2 + ln (
2

3
)  (d) 4 + ln(3)  (e) NOTA 

SOLUTION 

∫
√1+22𝑥

𝑥
𝑑𝑥

8/22

3/22
→ 𝑢 = √1 + 22𝑥 → 𝑥 =

𝑢2−1

22
→ 𝑑𝑥 =

𝑢

11
𝑑𝑢 → ∫

√1+22𝑥

𝑥
𝑑𝑥

8/22

3/22
= ∫

2𝑢2

𝑢2−1
𝑑𝑢

3

2
=

∫ 2 +
2

𝑢2−1
𝑑𝑢

3

2
= ∫ 2 +

1

𝑢−1
−

1

𝑢+1
𝑑𝑢

3

2
= [2𝑢 + ln|𝑢 − 1| − ln|𝑢 + 1|]2

3 = 6 + ln(2) − ln(4) − 4 −

ln(1) + ln(3) = 2 + ln (
3

2
).  𝐴  

(27)  

 (a) 
9

196𝜋
   (b) 

9

49𝜋
  

 (c) 
3

196𝜋
   (d) 

3

49𝜋
   (e) NOTA 

SOLUTION 

𝑉 =
4

3
𝜋𝑟3 →

𝑑𝑉

𝑑𝑡
= 4𝜋𝑟2

𝑑𝑟

𝑑𝑡
→

3

4𝜋(49)
=
𝑑𝑟

𝑑𝑡
=

3

196𝜋
.  𝐶  
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(28)  

 (a) 
160

3
   (b) 

80

3
  

 (c) 120   (d) 60   (e) NOTA 

SOLUTION 

∫ 20√2𝑥𝑑𝑥
2

0
= 20√2 [

2

3
𝑥
3

2]
0

2

= 20√2 (
2

3
) (2√2) =

160

3
.  𝐴  

(29)  

 (a) 4.70   (b) 4.69  

 (c) 4.65   (d) 4.60   (e) NOTA 

SOLUTION 

√22 ≈ √25 − 3(
1

2√25
) = 5 −

3

10
= 4.70.  𝐴  

(30)  

 (a) 0   (b) 1  

 (c) 2   (d) 3   (e) NOTA 

SOLUTION 

Divergent since the terms 

do not limit to zero 

Conditionally Convergent via 

alternating series test. 

Absolutely convergent 

(Taylor series for e^x) 

Absolutely convergent via 

Sterling’s approximation & 

the ratio test. 

Absolutely convergent via 

the root test 

Diverges via Raabe’s test 

Since tan(𝜃) =
2022

2023
, diverges 

via the p-test 

Convergent via the ratio 

test 

Diverges since there is a 

term dividing by zero 

Conditionally convergent via 

alternating series, and the 

integral test diverges when 

negatives are removed. 

Absolutely convergent via 

the p-test. 

NA 

4-3=1.  𝐵  

 


