
Review for Exam 3

We have our third exam next Friday, April 24. The problems on the exam will have a lot in common
with the following problems.

The problems

1. Let 𝐶 denote the curve
⃗𝑟(𝑡) = ⟨𝑡2, 𝑡⟩

where 0 ≤ 𝑡 ≤ 1 and let
⃗𝐹 (𝑥, 𝑦) = ⟨𝑦, 𝑥⟩.

Compute

∫
𝐶

⃗𝐹 ⋅ 𝑑 ⃗𝑟

2. Consider the vector field ⃗𝐹 and curve 𝐶 shown in the figure below. Is

∫
𝐶

⃗𝐹 ⋅ 𝑑 ⃗𝑟

positive or negative? Why?

3. Use Green’s theorem to compute

∮
𝐶

2𝑥 𝑑𝑥 − 𝑥 𝑑𝑦,

where 𝐶 is the positively oriented boundary of the rectangle with vertices (0, 0), (3, 0), (3, 2),
and (0, 2).



4. Let ⃗𝐹 denote the conservative vector field

⃗𝐹 (𝑥, 𝑦) = ⟨2𝑥𝑦3 + 1, 3𝑥2𝑦2 + 1⟩ .

Find a potential function 𝑓 for ⃗𝐹 and use it to compute

∫
𝐶

⃗𝐹 ⋅ 𝑑 ⃗𝑟,

where 𝐶 is a path from the origin to the point (1, 1).
5. Let

⃗𝐹 (𝑥, 𝑦, 𝑧) = ⟨𝑥, 𝑦, 𝑧2⟩.
Use the divergence theorem to compute

∫
𝑆

⃗𝐹 ⋅ 𝑑𝑛⃗,

where 𝑆 is the surface of the outward oriented unit cube.

6. Let 𝐸 denote the positively oriented ellipse 𝑥2 + 4𝑦2 = 4.

a. Set up and evaluate the integral

∮
𝐸

0 𝑑𝑥 + 𝑥 𝑑𝑦.

b. Use Green’s theorem to interpret your integral computation in terms of area.

7. The polygon shown in Figure 2 has six vertices and six edges. Thus, I guess it’s an irregular
hexagon. Its edges are at the points

(cos(𝑖𝜋/6), sin(𝑖𝜋/6)), for 𝑖 = 1 … 6.
Write down a formula for the area of the polygon in terms of the vertices.
I think it might make a lot of sense to use a summation notation here.

8. The equi-rectangular projection is the cylindrical projection defined by 𝑇 (𝜑, 𝜃) = (𝜃, 𝜑). Com-
pute the general distortion factors 𝑀𝑝 and 𝑀𝑚 for 𝑇 as functions of 𝜑 and 𝜃. Use this to explain
why the equi-rectangular projection is neither conformal nor equal area.

9. Mercator’s projection is the cylindrical projection defined by 𝑇 (𝜑, 𝜃) = (𝜃, ln(| sec(𝜑) +
tan(𝜑)|)). Compute the general distortion factors 𝑀𝑝 and 𝑀𝑚 for 𝑇 as functions of 𝜑 and 𝜃.
Use this to prove that Mercator’s projection is conformal.

10. Lambert’s equal area, cylindrical projection is the cylindrical projection defined by 𝑇 (𝜑, 𝜃) =
(𝜃, sin(𝜑)). Compute the general distortion factors 𝑀𝑝 and 𝑀𝑚 for 𝑇 as functions of 𝜑 and 𝜃.
Use this to prove that Lambert’s projection is equal area.

11. The Craig retroazimuthal projection with the standard graticule is shown in Figure 3. Is this map
conformal? State clearly exactly why or why not.
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Figure 1: A directed curve through a vector field



Figure 2: An irregular hexagon

Figure 3: The Craig retroazimuthal projection
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