
Calculus III Section 4-9: Surface Area

Question 1

Find the area of the part of the plane
z = 2x− y

lying above the rectangle 0 ≤ x ≤ 3, 0 ≤ y ≤ 2.

Tasks

1. Derive the graph surface-area factor from tangent vectors.

2. Evaluate the surface area.

3. Verify by interpreting the constant area scale.
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Calculus III Section 4-9: Surface Area

Question 1 – Solution

Strategy. Parametrize the graph by its projection and use the tangent-parallelogram area scale.

Step 1: Derive the element For a graph z = f(x, y),

r(x, y) = ⟨x, y, f(x, y)⟩, rx = ⟨1, 0, fx⟩, ry = ⟨0, 1, fy⟩.

rx

ryP

dS ≈ |rx × ry| dx dy

Thus
|rx × ry| = | ⟨−fx,−fy, 1⟩ | =

√
1 + f2

x + f2
y .

Step 2: Apply to the plane Here fx = 2 and fy = −1, so

S =

∫ 3

0

∫ 2

0

√
1 + 22 + (−1)2 dy dx =

√
6(3)(2) = 6

√
6 .

Verification Every small projected area is enlarged by the same factor
√
6. Since the rectangle has area

6, the surface area must be 6
√
6.
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