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ven on a cold day, a bit of sunshine can make a tremendous
difference. People will say things like ‘It is supposed to be

15°C according to the forecast, but in the sun it’s at least 25’. Al-
though this may contain some truth in terms of heat balance, it
is, strictly speaking, nonsense. There is no such thing as ‘tem-
perature in the sun’. How would one measure that? Different
types of thermometers hanging in the sun would give widely
different readings, depending on construction, optical proper-
ties and the like. The only decent definition of air temperature
is derived from the mean kinetic energy of the molecules: ½
m<v2> = 3⁄2 kT. Radiation has nothing to do with it.

But measuring the kinetic energy of the molecules in a gas di-
rectly is not exactly a piece of cake. Therefore we use an indirect
way: the thermometer. It’s easy to use, but not always reliable.
The problem is the low thermal conductivity of air. This makes
the thermal contact between the air and the thermometer very
poor. As a consequence, the influence of radia-
tion is hard to suppress. If the thermometer
is in the sun, forget a reliable measure-
ment. But even in the shade, indirect ra-
diation will cause our thermometers to
be slightly optimistic. No wonder that
meteorologist have strict rules for deter-
mining the temperature: thermome-
ters must be placed inside
well-ventilated casings, which are
painted white, placed 1,5 meter
above the ground, etcetera. If you think
about it, it’s almost a miracle that air temper-
atures are accurately measured at all.

Wind is another source of misunderstanding, if it comes to
temperature. Obviously, if the wind blows around our body (or,
in fact, around any object that is heated above ambient temper-
ature), the heat losses by conduction will increase. The reason is
that the insulating layer of air – normally a few mm thick – will
become thinner once the wind blows. The effect is the same as
if the air temperature were lower. That seemingly lower tem-
perature is often called the ‘wind chill’ factor. Although this is a
widely known concept, many people are still missing the point.
An example is the journalist who concluded, using the wind
chill table, that the water in his car’s radiator would freeze well
above the freezing point, if only the wind would blow…..

If we think about it, wind chill is an ill-defined concept. For
one thing, it depends upon the clothing that we wear. For exam-
ple, in the limit of infinite insulation, wind would not bother us

at all, and the wind chill factor would become
meaningless. All we can say for sure is

that any correction for wind must as-
ymptotically reach a limiting value if
the wind speed goes to infinity. Con-
sider bare skin: eventually, our skin

would assume the air temperature, and
the heat losses would be limited only by

conduction inside our own body. Not an
appealing prospect, if it freezes outside.
Sun and wind: both make the concept of

temperature a bit fuzzy. Thank heaven that
kinetic theory provides us physicists with a

reliable definition.
Come rain or shine. �
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because they must fit into the hearing aid. They usually do not
show a DIw higher than 3 dB.

The hearing glasses offer several user modes for different
acoustic environments. In situations where a high directivity is
not needed, a reduced directivity can be chosen by the wearer
at will. In this mode the user can listen more easily to sounds
from all directions, which is safer in traffic, and is also preferred
for listening to music.

in conclusion
Hearing glasses provide the innovative answer to the demand
from society for a highly directional hearing aid. It represents
the result of a long-time research effort, carried out at the Lab-
oratory of Acoustical Imaging and Sound Control of Delft Uni-
versity of Technology. Use is made of optimized beam forming

by microphone arrays that are placed in the temples of a pair of
spectacles. The signal processing is carried out with dedicated
low-energy DSP-chips. The hearing glasses yield an effective
directivity index up to 8 dB, which makes understanding
speech much easier under noisy conditions. These hearing
glasses have been on the market since April 2006 and are man-
ufactured by the Dutch company Varibel. �
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