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Exercise 6

The table gives the population of Indonesia, in millions, for the second half of the 20th century.

Year Population
1950 83
1960 100
1970 122
1980 150
1990 182
2000 214

(a) Assuming the population grows at a rate proportional to its size, use the census figures for
1950 and 1960 to predict the population in 1980. Compare with the actual figure.

(b) Use the census figures for 1960 and 1980 to predict the population in 2000. Compare with
the actual population.

(c¢) Use the census figures for 1980 and 2000 to predict the population in 2010 and compare
with the actual population of 243 million.

(d) Use the model in part (c) to predict the population in 2020. Do you think the prediction
will be too high or too low? Why?

Solution

Part (a)
Use an exponential model for the population.
P(t) = Pyt

Use the populations at 1950 and 1960 to construct a system of equations for the two unknowns,
Py and k.

P(1950) = Pye*(1950) = 83

P(1960) = Ppe*(190) — 100
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Divide both sides of the second equation by those of the first equation to eliminate Fj.

Poek(1960) 100
Ppek(1950) ~ 83

100
10k _ YWY
© T8
Ine'% =In @
83
100
10k = In —
183
1 100 1
k= 0 In 3 0.018633 year

Substitute this formula for k into either of the two equations to get Fj.

Poek(1950) — 83
Poe(%ln%)(l%o) — 383

83

e(lioln%)u%o)

Py= ~ 1.37818 x 10~ million

Therefore, the population model using the populations at 1950 and 1960 is

83 (
(15 In 22)(1950) €
e\ 10 83

1 9. 100
10 10 53 )t.

P(t) =

The Indonesia population in 1980 is

83

e(l—loln 199)(1950)

P(1980) = [ } e(75 10 55)1980 - 145 159 million.

Use the percent difference formula to see how far off this number is from the actual value.

145.159 — 150

1 ~ —3.22
150 x 100% 3.22737%

The model’s population in 1980 underestimates the actual value by about 3.23%.
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Part (b)
Use an exponential model for the population.
P(t) = Pyet

Use the populations at 1960 and 1980 to construct a system of equations for the two unknowns,
Py and k.

P(1960) = Pye*(190) — 100
P(1980) = Ppe*(1980) — 150
Divide both sides of the second equation by those of the first equation to eliminate F.

Poek(1980) 150
Pyek(1960) — 100

3

20k _ 9
< T3
lnemk:ln§
3

20k =1n -
1o

1. 3 .
k= 5 In ) & 0.0202733 year

Substitute this formula for &k into either of the two equations to get Fp.

Ppek1969) — 100
Poe(%ln%)(l%o) — 100

100

Po=———"—
07 (3 n3)(1960)

~ 5.53422 x 10~ 6 million

Therefore, the population model using the populations at 1960 and 1980 is

)= |00 | (Hmi)r
e( 1 (1960)
The Indonesia population in 2000 is

P(2000) = [1180] e(2018.3)2000 _ 995 miflion.
6(% In £)(1960)

Use the percent difference formula to see how far off this number is from the actual value.

225 — 214

914 x 100% ~ 5.14019%
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The model’s population in 2000 overestimates the actual value by about 5.14%.
Part (c)

Use an exponential model for the population.
P (t) = P()ekt

Use the populations at 1980 and 2000 to construct a system of equations for the two unknowns,
P() and k.

P(1980) = Pye*19%0) = 150

P(2000) = PpeF(2900) — 914
Divide both sides of the second equation by those of the first equation to eliminate F.

Poek(2000) 214

Pyek(1980) 150

107
20k __

© T

1
Ine?%% = In 107
75

107

20k = In —

"5

1. 107
=—In—~0.01 -1
k 20 n - 0.017767 year

Substitute this formula for k into either of the two equations to get Fp.

Pypet(1980) — 150

Poe(flo In 207 (1980) _ 150
150

T ) eag) ~ 90974 10~ million
e\20 75

Py =
Therefore, the population model using the populations at 1980 and 2000 is
P(t) = [1139] elm 0 )L
o0 In 75 ) (1980)
The Indonesia population in 2010 is

150

P(2010) = | ——————
( ) [6(21011117057)(1980)

} (35 10 %5)2010 o 955 608 million.

Use the percent difference formula to see how far off this number is from the actual value.

255.608 — 243

543 x 100% ~ 5.18862%
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The model’s population in 2010 overestimates the actual value by about 5.19%.
Part (d)

Using the model from part (c), the Indonesia population in 2020 is

150

P(2020) = | ———~——
( ) |:e(2101n17057)(1980)

} ¢35 10 7)2020 . 305,307 million.

This prediction is likely too high because exponential population growth is unsustainable due to
limited resources and space.
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