Answers to Population Growth Assignment
1.
Contrast the implications for the population of the world….

a. Under Scenario 1, P = 1.75, so using the Rule of 70 (approximate doubling time formula), Tdouble ≈ 70 / 1.75 = 40 years.  The exact formula is Tdouble = log(2) / log(1+r) and here r = 0.0175, so Tdouble  = 39.95 or about 40 years.

Under Scenario 2, P = 1.4 so the Rule of 70 yields Tdouble ≈ 70/1.4 = 50 years.  The exact formula with r = 0.014 gives Tdouble = 49.85 or about 50 years.  As described in Unit 8B of Using and Understanding Mathematics, the approximate formula works best for growth rates of 15% or less.
b. Under Scenario 1 there’s a doubling every 40 years and under Scenario 2 there’s a doubling every 50 years, hence:
	SCENARIO 1
	
	SCENARIO 2

	t
	Pt
	
	t
	Pt

	0
	6.6 B
	
	0
	6.6 B

	40
	13.2 B
	
	50
	13.2 B

	80
	26.4 B
	
	100
	26.4 B

	120
	52.8 B
	
	150
	52.8 B

	160
	105.6 B
	
	200
	105.6 B

	200
	211.2 B
	
	
	


Note: I did not do any rounding in this table, as each part is an intermediate step in the next doubling period’s calculation.  Do not round during intermediate steps!

c.
Using the Pt = P0 * (1+r)t formula with t = 200, we get:


Scenario 1:
   P200  = 6.6 B persons * (1 + 0.0175)200




= 212.0 B persons





= 2.1 * 1011 persons


Scenario 2:
   P200  = 6.6 B persons * (1 + 0.014)200 





= 106.4 B persons





= 1.1 * 1011 persons

Note: I rounded these values to two significant digits since the initial population value we start with (6.6 B) is clearly an estimate to two significant digits.

d.
The growth rate in Scenario 1 is just 0.35 percentage points bigger than that in Scenario 2 (1.75% versus 1.4%),  but the effects of this difference are quite large, even just 200 years into the future.  
In Scenario 1, with the larger growth rate of 1.75% annually, the population doubles every 40 years, so it doubles five times in 200 years (200/40 = 5).  Thus the population 200 years into the future is 32 (25) times larger than it was initially; it grows from 6.6 B to 212 B.

In Scenario 2, with an annual growth rate of 1.4%, the population doubles less frequently – every 50 years – so it doubles four times (200/50 = 4).  The population 200 years hence is 16 (24) times larger than it was initially (growing from 6.6 B to 106 B).  

So in Scenario 1, with what appears to be just a slightly smaller growth rate, the population end up being twice as large as in Scenario 2 (since there’s one more doubling).
2.
Check to ensure that students have selected two countries that meet the criteria indicated.  Here’s a solution for a sample case for which Country A starts with a smaller population and grows at a faster rate than Country B.
Let the population in Country A start at 15,000 persons (or thousands of persons) and let the population grow at a rate of 2.3% per year.  Let the population in Country B start at 20,000 persons (or thousands of persons) and let the population grow 1.8% per year.  Then, we have PtA = 15,000 (1.023)t and PtB = 20,000 (1.018)t.
When will the population in Country A just surpass the population in Country B?  To answer this we set PtA = PtB and solve for t.  This is a great exercise in the use of logs.
  

 15,000 (1.023)t = 20,000 (1.018)t
          3 (1.023)t = 4 (1.018)t
              

  log[3 (1.023)t] = log[4(1.018)t]

    log(3) + t log(1.023) = log(4) + t log(1.018)

       t log(1.023) – t log(1.018) = log(4) – log(3)

       t [log(1.023) – log(1.018)] = log(4) – log(3)





t = [log(4)  – log(3)] / [log(1.023) – log(1.018)]





t = 0.1249/.00213 = 58.7 = about 59 years.

3.
See UUM for factors and limitations.

