
Math 558 Modeling Lecture 1: The Back of the Envelope.

It is the mark of an educated mind to rest satisfied with the degree of precision which the nature of the
subject admits and not to seek exactness where only an approximation is possible.

-Aristotle

Problem 1. How many piano tuners are there in the Champaign-Urbana area? Hint: Start by estimating
how many pianos. How frequently do they need to be tuned?

Problem 2. Around 1757, before his interests turned towards fomenting revolution, Benjamin Franklin
did a series of experiments on oil layers on water. He found that a given amount of oil, when pured onto
water, would spread to a certain area but no further. In his own words

I fetched out a cruet of oil and dropped a little of it on the water.

I saw it spread itself with surprising swiftness upon the surface

Thoughnot more than a teaspoonful, produced an instant calm over a

space several yards square which spread amazingly and extended itself

gradually till it reached the lee side, making all that quarter of the

pond, perhaps half an acre, as smooth as a looking glass.

a) From Franklin’s description estimate the size of the molecules of the oil that he used for his experi-
ments.

b) Olive oil is a mixture of many different fats and fatty acids, but a typical molecule is a chain of
15-25 carbon atoms. Use this and part a) to estimate the size of a carbon atom.



Problem 3. A decent amateur bicyclist has a power output of something like 250 watts (250 J/s). Assume
that main source of drag is wind drag on the human, and that drag is proportional to the square of velocity.
Estimate the drag coefficient of a human and use this to estimate the terminal velocity of a human (without
a parachute) falling through the air.

Note: The power required to keep an object moving at speed v against a drag force F is F · v. Keep
careful track of units in this one or you are lost.

Problem 4. a) What is the approximate density of the Earth, in g/cc.

b) The distance from New York to Seattle is about 2800 miles. Use this and the results of a) to estimate
the mass of the Earth.

Problem 5. Suppose that this classroom was sealed so as to be airtight. How long could we survive on
only the air in the room?



Some Rough Numbers

• Density of water: 1 g/cc

• Density of iron: 8 g/cc

• Density of silicon 2.3 g/cc

• Density of air: 1.2 g/m3

• Density of granite: 2.4 − 2.81 g/cc

• Radius of carbon atom: 1.5 Å = 1.5 × 10−10 m

• Energy density of coal: 3 × 108 J/kg

• Energy density of milk: 3 × 107 J/kg

• Energy density of beer: 2 × 107 J/kg

• Sound speed in air: 330 m/s

• 1 tsp = 5 ml

• 1 hectare = 104 m2 ≈ 2.5 acres

• 1 year ≈ π × 107 s

• Population of Urbana-Champaign: 1.2 × 105 people

• Area of Urbana-Champaign: 90 km2

• Gravitational constant: G = 6.67 × 10−11 N · m2/kg2


