
PHY321F CP: Problem set 1
Handed out: March 24 2004. Hand in: Apr 13 2004

1. A function f(x) is defined on a grid of points xi with a separation ∆x. Find ap-
proximations to the derivative and second derivative that use the points xi−1, xi and
xi+1. Start with a Taylor expansion of f(x ±∆x). Determine the accuracy of your
approximation.

2. The temperature T of a hot fluid in a container can be described as a function of
time by Newton’s law of cooling:

dT

dt
= −r(T − Ts)

where Ts is the temperature of the surroundings and r is a cooling constant.

(a) Write a program to solve this equation numerically, and determine the cooling
curve for a cup of black coffee with initial temperature 93.2◦C and r = 0.0287 per
minute, over a time interval of half an hour. The temperature of the surroundings
is 21.4◦C. Your accuracy at each step should be better than 1%.

(b) Addition of milk to the coffee cools the coffee by 5.5◦C, but does not change r.
You can only drink the coffee if it is below 72◦C. If you are in a hurry to drink
the coffee, is it better to add the milk first or not?

(c) Find an analytical solution to the equation in part (1).

3. [It seems to be widely believed by first year students that Galileo showed that two
object dropped will hit the the ground at the same time. G was well aware of
air resistance, and didn’t make this statement. The belief it seems is difficult to
eradicate.]

Salviati: [. . . ] On the other hand, the variation of speed in air between balls of
gold, lead, copper, porphyry, and other heavy materials is so slight that in a fall
of 100 cubits a ball of gold would surely not outstrip one of copper by as much as
four fingers. Having observed this I came to the conclusion that in a medium totally
devoid of resistance all bodies would fall with the same speed. ( G. Galilei, Dialogues
concerning Two New Sciences, 1638).

How wide are Galileo’s fingers?

The drag force is of magnitude F = 1
2
CAρv2. A is the cross sectional area and air

density ρ = 1.17 kg/m3. The drag coefficient C varies with Reynolds number R
according to
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and R = ρvL/η where η is the viscosity of air (1.85 × 10−5 Pa s), and L is a
characteristic length (take the square root of the area, or perhaps the diameter of
the ball).

Assume a reasonable diameter for each ball, say 3 cm, and take g = 9.81 m/s2.

[Note also that the tower of Pisa is not mentioned!]
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