Calculus II1 Section 4-10: Area and Volume Revisited

Question 10

A sphere of radius R has surface-area-to-volume ratio

Determine its radius, surface area, and volume.

Tasks

1. Derive V with a spherical-coordinate triple integral.
2. Derive S by viewing the two hemispheres as graphs.

3. Use the given ratio and verify its units.
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Calculus II1 Section 4-10: Area and Volume Revisited

Question 10 — Solution

Strategy. Rebuild both standard sphere formulas from integration, then use their ratio to recover the
radius.

Step 1: Volume In spherical coordinates,

2 T R 3 4 3
V:/ / / P2 sin 6 dpdo di = 2m(2) 1 = AT
0 0 0 3 3

Step 2: Surface area For the upper graph z = v/ R? — 12, the area factor is R/v R? — r2. Its area is

T R Ry
Supper = /0 /0 i dr do = 27 R2.
Doubling for both hemispheres gives S = 47 R?.
Step 3: Use the ratio 5 i
V= 47:1:273/3 = % = % h=2

Therefore

ot |v-2]

Verification Surface area divided by volume has units of inverse length, and 3/R has those units. Substi-
tuting R = 2 reproduces the stated ratio.
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