
MTH 264, Final Exam, Fall 2023 Name __________________________________________ 
 
Instructions: Work the problems below as directed. Show all work. Clearly mark your final answers. Use 
exact values unless the problem specifically directs you to round. Simplify as much as possible. Partial 
credit is possible, but solutions without work will not receive full credit. 
 
Part 1: These questions you will submit answers to in Canvas. Show all work and submit the work with 
Part 2 of the exam. But you must submit the answers in Canvas to receive credit. Each question/answer 
will be listed separately. The Canvas question will refer to the number/part to indicate where you should 
submit which answer. The questions will appear in order (in case there is an inadvertent typo). Correct 
answers will receive full credit with or without work in this section, but if you don’t submit work and 
clearly label your answers, you won’t be able to challenge any scoring decisions for making an error of 
any kind. 
 

1. Find the area of the region bounded by the graphs of 𝑓(𝑥) =
1

1+𝑥2 , 𝑔(𝑥) =
1

2
𝑥2.   Sketch the 

region.  (10 points) 
 
 
 
 
 
 
 
 
 
 
 

2. Find the volume of the solid of revolution generated by revolving the region bounded by the 
graphs 𝑦 = 𝑥2, 𝑦 = 4𝑥 − 𝑥2 around the line 𝑥 = 4.  You may use any method appropriate.  
Sketch the graph of the region and clearly indicate which method you are using. (10 points) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



3. Find the arc length of the graph of 𝑥 =
1

3
√𝑦(𝑦 − 3) on the interval in y, [1, 4]. (8 points) 

 
 
 
 
 
 
 
 
 
 
 

4. Find the area of the surface of revolution generated by the graph 𝑦 = √4 − 𝑥2 over the interval 
[-1, 1] revolved around the x-axis. (10 points) 

 
 
 
 
 
 
 
 
 
 
 
 
 

5. Find the work done in lifting a 10 ton satellite from the surface of the moon to a height of 1,000 
miles.  The weight given is the weight of the satellite on the moon.  Assume that the radius of 

the moon is 1100 miles. (Gravity: 𝐹 =
𝐶

𝑥2) (10 points) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



6. For the integral∫
1

√𝑥
𝑑𝑥

3

1
, first calculate the number of subdivisions n that will be needed to have 

an Error using Simpson’s Rule of less than or equal to 0.001, and then calculate the value of the 
integral using that method.  (16 points) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

7. Determine whether the series ∑ 3 (−
6

7
)

𝑛
∞
𝑛=0  converge.  And if so, to what. (8 points) 

 
 
 
 
 
 
 
 
 
 
 
 
 

8. For the series ∑
𝑛+10

10𝑛+1
∞
𝑛=1  explain which test you would use and why to determine the 

convergence or divergence.  Then determine which it does.  (12 points) 
 
 
 
 
 
 
 
 
 
 
 



9. Perform three steps of Euler’s method on the differential equation 𝑦′ = 𝑒𝑥𝑦, starting at (𝑥, 𝑦) =
(0,1). Use Δ𝑥 = ℎ = 0.2. What is your estimate for 𝑦3? (10 points) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

10. Determine whether the polar conics below are circles, ellipses, parabolas or hyperbolas.  What is 
the eccentricity of each graph.  (5 points each) 

a. 𝑟 =
3

1+2 cos 𝜃
 

 
 
 
 
 
 

b. 𝑟 = 5 cos 𝜃 
 
 
 
 
 
 

c. 𝑟 =
1

4+3 sin 𝜃
 

 
 
 
 
 

d. 𝑟 =
1

1−cos 𝜃
 

 
 
 
 
 



11. Plot the set of parametric equations 𝑥 = 3 cos 𝑡 , 𝑦 = 7 sin 𝑡. Clearly label its orientation. 
Rewrite the parametric equations as a single vector-valued function. (10 points) 

 
 
 
 
 
 
 
 
 
 
 

12. Find the area of one petal of the graph 𝑟 = 3 cos 2𝜃.  (10 points) 
 
 
 
 
 
 
 
 
 
 

 
Part 2: In this section you will record your answers on paper along with your work. After scanning, 
submit them to a Canvas dropbox as directed. These questions will be graded by hand.  
 
 

13. Integrate using an appropriate method. (12 points each) 

a.  ∫ 𝑥√𝑥 − 4𝑑𝑥 
 
 
 
 
 
 
 

b.  ∫ cos5 𝑥 sin2 𝑥 𝑑𝑥 
 
 
 
 
 
 
 
 
 



 

c.  ∫
𝑥3

√𝑥2−25
𝑑𝑥 

 
 
 
 
 
 
 
 
 

d.  ∫
𝑥2−1

𝑥3+𝑥
𝑑𝑥 

 
 
 
 
 
 
 
 

14. Determine if the infinite series converge or diverge.  Explain your reasoning, and which test you 
used to determine it.  (10 points each) 

a. ∑
2𝑘

(2𝑘+1)!
∞
𝑘=1  

 
 
 
 
 
 
 
 
 

b. ∑ (
2𝑘+1

𝑘+1
)

𝑘
∞
𝑘=1  

 
 
 
 
 
 
 
 
 
 
 



15. Determine if the alternating series converges conditionally, absolutely or diverges.  Explain your 
reasoning.  (8 points each) 

∑
(−1)𝑘

√𝑘 + 1

∞

𝑘=1

 

 
 
 
 
 
 
 
 
 
 

 

16. Rewrite the expression 𝑦 =
𝑥4

(𝑥2−1)3 as a power series.  (12 points) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

17. To what value (if any) does the geometric series ∑ (−4)𝑛5−𝑛∞
𝑛=0  converge? If it fails to converge, 

explain why.  (6 points) 
 
 
 
 
 
 
 
 
 
 

18. Find lim
𝑥→0

𝑒𝑥−1

𝑥
 using a power series. (8 points) 

 
 
 



 

19. Find the solution to the initial value problem 𝑦′(𝑥) =
√𝑥

7𝑦
, 𝑦(0) = 2.  (6 points) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

20. Given the differential equation 
𝑑𝑦

𝑑𝑥
= 𝑦(5 − 𝑦)(2 − 𝑦).  Sketch the phase plane for the equation 

and use that information to graph the key features of the direction field such as the equilibria 
(steady state solutions) and the sign of the slope in each region.  Label each equilibrium as 
stable, unstable or semi-stable.  (12 points) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

21. Solve the separable differential equation (1 + 𝑥2)𝑦′ − 2𝑥𝑦 = 0. (10 points) 

 
 
 
 
 
 
 
 
 



 

22. Find the slope of the tangent line to the graph 𝑟 = 1 + 3 cos 𝜃 when 𝜃 =
𝜋

4
.  You may use the 

formula 
𝑑𝑦

𝑑𝑥
=

𝑓′(𝜃) sin 𝜃+𝑓(𝜃) cos 𝜃

𝑓′(𝜃) cos 𝜃−𝑓(𝜃) sin 𝜃
.  [Hint: to write the line, you may do it in rectangular 

coordinates, but you will have to convert the point on the polar graph to rectangular as well.]  
(8 points) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

23. Find the area of the region common to the circle 𝑟 = 2 cos 𝜃, and 𝑟 = 2 sin 𝜃.  Sketch the 
region.  (12 points) 

 
 
 
 
 
 
 
 
 
 


