
ES265 - Problem Set 2 - Due Tues 12th Feb 2019

General Advice Problems are divided into S(mall), M(edium) and L(arge). Small problems
shouldn’t take you more than a couple of minutes. You should not (generally) need to use calculators
- this is an order-of-magnitude class!

More than any other class you’ve taken, process is much more important than the answer.
There’s also no right or wrong process in many cases. Thus, be very explicit about assumptions
and your thought process (i.e. more text than in a normal problem set). In fact, a good answer will
look a lot more like a textbook (or even an essay) than it will a typical problem set. You might
even want to type them for legibility if your handwriting is marginal. Also, the more you estimate
and the less you look up, the better. Working together is encouraged. And do think about your
final answer and whether it’s reasonable.

PROBLEM 1 How long does a body in a library take to cool? [S]

PROBLEM 2 The Moss Landing power plant produces about 1 GW electricity, and the heat
output must be comparable. The turbine fluid has to be cooled by exchanging heat with pumped
ocean water. What’s the minimum flow rate of water required (m3/s)? Taking environmental effects
into account, what’s a more likely flow rate? [S]

PROBLEM 3 a) Hairless apes cool by some combination of radiation and conduction. Devise
a dimensionless ratio which describes which of these processes is more important.

b) For many mammals the main role of hair is probably to increase the thickness of the air
boundary layer. How thick does this boundary layer need to be for radiation to dominate? [M]

PROBLEM 4 Mercury’s distance to the Sun (0.4 AU) varies by ±10% over its year. How
does the mean surface temperature vary over a year? (For simplicity just assume that Mercury is
spinning rapidly). [S]

PROBLEM 5 The London Underground (subway) gets really hot in summer time. Two
possible causes are: 1) heat emitted by passengers. 2) frictional heat generated by the trains
braking. Estimate the mean rate of heat production at a station for these two processes (in W).
[M]

PROBLEM 6 Asteroids which form early enough may have been heated by 26Al decay. Assume
this has a total heat output of 3 MJ/kg and that it decays completely over 3 Myr.

a) For an asteroid 30 km in radius, determine whether heat conduction is important over the
lifetime of 26Al.

b) Use your result to estimate the temperature increase at the centre of the asteroid.
c) For a similar asteroid 3 km in radius, determine how hot the centre of this asteroid gets.
Asteroid orbits can be affected by absorption and reradiation of sunlight (photons carry mo-

mentum).
d) Estimate how long it takes for the orbit of a 3 km radius asteroid at 1 AU to be significantly

affected by this process.

PROBLEM 7 Devise an S-class order of magnitude question (and provide an answer).
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