Who killed Mr. Potato?

1. [Maximum mark: 32]
In the following investigation we will determine when a potato was removed from an oven
using Newton’s Law of Cooling.
You arrive at a room at midday 12:00 to discover a potato on the kitchen counter. The
ambient room temperature is 75 degrees Fahrenheit. You take the following measurements:
Time after 12:00 (t minutes)

Temperature of potato
(T degrees Fahrenheit)

0
30
60
90
120

133
116
104
98
91

(a)

Difference between potato’s
temperature and ambient
room temperature (𝑇! )
58
41
29
23
16

If 𝑇! is the difference between the temperature of the potato and the ambient room
temperature in Fahrenheit, at time 𝑡 in minutes then Newton’s Law of Cooling gives
the following relationship for the rate of change of 𝑇! over time:
𝑑𝑇!
= −𝑘𝑇!
𝑑𝑡
Show that the solution to this differential equation is:
𝑇! = 𝐴𝑒 !!"

(b)

(i)

[4]

By using the measurements when t = 0 and t = 120, find a value for 𝐴 and 𝑘.
[4]

(ii)

The initial temperature of the potato immediately after being taken out of the
oven is known to have been 194 degrees Fahrenheit. Use your model to
predict to the nearest minute when the potato was removed from the oven.
[4]
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(c)

An alternative method to find 𝐴 and k is to find the regression line of ln T! on t.
Show that the equation:
Can be written as:

𝑇! = 𝐴𝑒 !!"
𝑙𝑛 𝑇! = 𝑙𝑛 𝐴 − 𝑘𝑡

[1]

(ii)

Use the values in the table to find the equation of the regression line of 𝑙𝑛 𝑇! on t.

(iii)

Hence find a different estimate for 𝐴, 𝑘. State the correlation coefficient and comment
on this value.

[3]

[4]
(iv)

Use your model to predict to the nearest minute when the potato was first removed
from the oven. Which method of finding 𝐴, 𝑘 is likely to be more accurate?
[4]

(d)

We can use a modified version of Newton’s law of cooling which includes an extra
exponential term to account for an initial, more rapid cooling of the potato.
𝑑𝑇!
= −𝑘𝑇! − 5𝑘𝑒 !!"
𝑑𝑡
The solution to this differential equation is:
𝑇! = 𝐶𝑒 !!" − 5𝑘𝑡𝑒 !!"

(i)

Verify that this is a solution to the differential equation.
[3]

(ii)

Using your value of k from (c iii) and the measurement of 𝑇! when t = 0, find C and
hence find a different prediction for when the potato was first removed from the oven
to the nearest minute.
[4]

(ii)

Compare your 3 predictions for the time the potato was first removed from the oven.
[1]
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