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Real world data

1. Here is some data collected over the past three decades comparing global surface temperatures with
the solar energy output.

(a) What kind of function best models the sun’s energy output?

(b) What kind of function best models the global surface temperature?

(c) Using the line of best fit, estimate the rate of change of global surface temperature in:

i. 1980 .............

ii. 1990 .............

iii. 2000 .............

(d) Using the line of best fit, estimate the rate of change of the sun’s energy output in:

i. 1980 .............

ii. 1990 .............

iii. 2000 .............

(e) Compare your answer’s in part (c) and part (d). Do you think this is a fair reflection of the data
presented? What if we had used a different sample rate?
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2. We now consider how global temperature compares to CO2 levels.

(a) What kind of function best models the CO2 concentration?

(b) Estimate, using tangents, the instantaneous rates of change of CO2 concentration in:

i. 1920 .............

ii. 1960 .............

iii. 2000 .............

(c) How do the answers in part (b) compare to the global temperature in those years?

(d) Do you think that it is fair to model CO2 concentration by a continuous function? Justify.
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Practice Problems

1. Arclength

(a) Find the arclength.

θ = 45◦

(b) Find Pac-man’s arclength.

θ = 330◦

2. The rubber band problem We are going to show that given a rubber band, if you stretch it by
pulling the right side to the right, and the left side to the left, then there must be a point of the rubber
band that ended up where it started - that is, there must be a fixed point!

(a) First we need to model this situation as a function f(x) from R to R. Give the rubber band a
length, and some starting coordinates in R. Then decide how much it has been stretched. In
other words, give the domain D and range R of your function.

(b) Now define a displacement function d(x) as follows:

d(x) = f(x)− x

that records how much a point has moved. We now need to find a zero of the displacement
function, that is, a point ξ in D such that d(ξ) = 0. Explain why this is an equivalent problem.



MATH 1110 Calculus Workshop 4

(c) Now use the intermediate value theorem to conclude that there must be a fixed point.

3. Antipodal Temperatures We say two points on a sphere are antipodal if they are diametrically
opposite to one another. For example, the north and the south pole are a pair of antipodal points. In
this problem we are going to argue that at any given moment in time, there always exists a pair of
antipodal points on the Earth with the exact same temperature!

(a) Consider the equator of the Earth. Justify why it might be reasonable to model the temperature
along the equator by a continuous function.

(b) Let R denote the radius of the equator. Further let m denote the point on the equator where it
is exactly midnight, and n the point where it is exactly noon. Note that m and n are antipodal
points.

•

•

m

n

Does it seems like a reasonable assumption that the temperature at n is greater than the tem-
perature at m?

(c) The temperature along the equator can be modeled by a function T (x) from [0, 2πR] to R.
Explain why.
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(d) Consider the function

A(x) =

{
T (x)− T (x+ πR) x ∈ [0, πR]
T (x)− T (x− πR) x ∈ (πR, 2πR]

Explain why this is a continuous function.

(e) What can you say about

i. A(n)

ii. A(m)

Use the intermediate value theorem to argue that the function A(x) has a zero in the domain
[0, 2πR], and explain why this completes the problem.




