Calculus III Section 4-6: Triple Integrals in Cylindrical Coordinates

Question 5

A solid annular cylinder is described by
1 <z?+9°% <4, 0<2<3,

and has density p(z,y,2) = /22 + y? + 2.
Tasks

1. Find its mass using cylindrical coordinates.
2. Find its average density.

3. Compare the average with the density range.
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Calculus III Section 4-6: Triple Integrals in Cylindrical Coordinates

Question 5 — Solution

Strategy. The annular cylinder becomes a rectangular box in (r, 6, z), while the density becomes r + z.

Step 1: Mass The bounds are 0 < 0 <2m, 1 <r <2, and 0 < z < 3. Therefore
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M=/ / /(r+z)rdzdrde
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Step 2: Average density The volume is (22 — 12)(3) = 97. Hence

M 55
pavg:V:E~

Verification On the solid, 1 < r + z < 5, and 55/18 & 3.06 lies strictly in that range. The units of M/V
are density units, as required.
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