
Math 100 – worksheet 10 –

Growth – Linear Versus Exponential

1. Let us do exercise 29 on p.480.

Human population in the year 2000 was about 6 billion and was increasing with a doubling
time of 50 years. Suppose population continues this growth pattern from year 2000 into the
future.

• Extend the following table, showing the population at 50-year intervals under the scenario,
until you reach the year 30000. Use scientific notation.

Year Population

2000 6× 109

2050 12× 109 = 1.2× 1010

2100 2.4× 1010

• The total surface area of Earth is about 5.1 × 1014 m2. Assuming that people could
occupy all this area (in realty, most of it is ocean), approximately when would people be
so crowded that every person would have only 1 m2 of space?

• Suppose that, if we take into account the area needed to grow food and to find other
resources, each person actually requires about 104 m2 of area to survive. About when
would we reach this limit?

• Suppose that we learn to colonize other planets and moons in our solar system. The total
surface area of the worlds in our solar system that would potentially be colonized (not
counting gas planets such as Jupiter) is roughly five time the surface area of Earth. Under
the previous assumption (i.e. about 104 m2 of area for everyone to survive), could the
humanity fit in our solar system in the year 3000? Explain.



2. For the parable about grains of wheat on a chessboard, we have to calculate both the amount
of grains on the next square and the total amount of grains on the boards at every moment.
Table 8.1 on page 475 of the book gives some values, and the pattern is easy to see. Namely,
while the

nth square has 2n−1 grains,

all the squares from 1 to n together have 2n − 1 grains.

• Check that manually (calculate the total amount of grains on the board) for the first few
values of n (1, 2, 3, and 4).

• Let us try to explain why this pattern persists. If square number n really has 2n−1 grains,
which we know is true for some small values of n, then how many grains we would expect
the square number n+ 1 to have?

• Let us check that this is indeed the case. Square number n+1 has twice more grains than
the preceding square number n. Thus, it indeed has

2× 2n−1 = 2n

as expected. Should we really calculate further in order to conclude that this pattern
persists? Why or why not?

• What about the total number of grains? Again, for small values of n we know that squares
from 1 up to n have a total of 2n − 1 grains. How much do we expect for the total for
squares from 1 up to n+ 1?

• Let us check that this total meets our expectations. We add one square, its number is
n+1, and we already know that it has 2n grains to add to our total. We thus can calculate

2n − 1 + 2n = 2× 2n − 1 = 2n+1
− 1

as expected. Should we really calculate further in order to conclude that this pattern
persists? Why or why not?
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