ing the following method. First I point out the following
facts:
1. An increase in intensity of one dB is about a 25% gain

in intensity.
5
I~ )
( 4

2. A 3-dB increase doubles the intensity or a 3-dB decrease
halves the intensity.

(ixixizz)

3. A 10-dB increase raises the intensity exactly by a factor
of 10.

(2x2x2x%=10)

4. The ear can detect about a 1-dB change in intensity
regardless of the sound level. Since the ear’s response
covers 120 dB this means the ear is capable of detecting
about 120 changes in intensity. This nonlinear response
explains why when you walk away from a speaker the
sound appears to decrease slowly although the intensity
may be hundreds of times less.

The first three facts can be used to approximate any
dB change in intensity changes and vice versa as shown
below.

Example 1:

A gain of 26 dB leads to a gain of 10 dB + 10 dB +
3 dB + 3 dB. The intensity gain is then 10 x 10 x 2 x 2 =
400 gain in intensity.

Example 2:

A gain in intensity of 350 times can be broken down
to the factors 10 x 10 x 2 x 1.25 x 1.4 which is approxi-

mately 10 dB + 10 dB + 3 dB + 1| dB + a little more thap
1 dB or a total of about 25 dB.

Then in order for the students to appreciate tp,
ear’s response 1 ask them to consider a small speaker fg,
which we turn the volume up until sound is barely hearq
This gives 0 dB. We now add another speaker and increage
the volume to the same level as the first speaker The
intensity has now doubled. We are at 3 dB and three leve
of sound increase could be detected.

When we add the third identical speaker we increage
the intensity 50%. I tell them this increases the intensity
by 1.7 dB and only one sound level increase is heard.

When the fourth speaker is added we get a 339,
1-dB increase and an increase in sound level s barely
detected.

When the fifth speaker is added no increase in sound
level is detected.

I then jump to what would happen if we had 10g
speakers. In order to then detect an increase in sound Jeve
25 more speakers must be added. At 1000 speakers 250
more would be needed in order to detect a sound increase,
and so on. Finally, at the threshold of pain we have 19!2
speakers and in order to hear an increase in sound we must
add an additional 2.5 x 10"" speakers. I then ask them tq
approximate how long that would take to accomplish.

Is
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Newton's law of cooling
or is ten minufres enough fime

for a coffee break?

Chandler M. Dennis, Jr.

Pembroke State University, Pembroke, North Carolina 28372

A recent article’ used a cup of coffee to gain some
insights in cooling processes. The article gave some much
needed attention to Newton’s law of cooling. This interest-
ing and, as we shall see, easily observed phenomenon is a
much neglected topic in first year heat studies.

Newton found that, as long as the temperatures were
not too extreme, the rate of cooling of an object is directly
proportional to the differences between its temperature and
the temperature of the surrounding region. In equation
form, if

T(t) represents the temperature of an object at any
time ¢,

Ts  represents the temperature of the surroundings,

Ty represents the initial temperature of the object,
and
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K represents the temperature change constant
(measured in reciprocal seconds);

then
T(t) = Ty + (Ty - Ty)e ™ (1)

Newtonian cooling represents the combined effects of
conduction, convection and radiation. )
Unfortunately, the cooling law has a very low profile
in college physics courses. Typically, it is either completfly
omitted® or appears in the problem section of physics
texts.>"® Discussions on applications of ordinary differen-
tial equations”'! introduced me to the topic and these
texts are still the best place to find a relatively complete
discussion. ,
The rather simple experiment I am about to describe
has at least two appealing aspects for first-year students
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(and their instructors): it works and the equipment is easy
to manipulate. Each two-person group requires a stop-
watch, two thermometers, a hot cup of coffee (the machine
vendors around here love my physics sections) and a lid
for the cup.

One thermometer is required to record the ambient
temperature; the other monitors the coffee’s slow slide to
thermal equilibrium. When the thermometer is placed in the
cotfee (through a hole in the 1id), start the stopwatch and
(important) record the maximum temperature registered by
the thermometer. Consider this temperature to be the
coffee’s initial temperature [T, in Eq. (1)].

After exactly five minutes, the temperature of the
coffee is recorded and Eq. (1) is then solved for k, the
temperature change constant.

Once Kk is determined — and it usually takes about
two minutes — the students are required to predict the
coffee’s temperature at the ten minute mark. The very
accurate prediction appears on their calculator displays
with about thirty seconds to spare. The quantitative sci-
ences always win 4 convert or two after this experiment!!

The presence of a lid for the coffee cup appears to
make the cooling conditions somewhat less than true-to-
life. It is important for one to realize, however, that lid-
less heat loss is achieved through the action of two proc-
esses: Newtonian cooling (predominantly convection from
the surface) and cvaporation.!'? The ratc of convective
cooling is proportional to (T - Ts)", where T and Ty are
as previously defined and n is not generally equal to 1. For
natural convection (i.e., the situation in lidless cooling) n
ranges from 1.3 to 1.6'3; since our mathematical modeling
assumes that the cooling is directly proportional to the
tempcrature difference, that isn =1 [see Eq. (2) below], it
cannot accurately describe the temperature decrease. The
lid insures that the coffee will not cool by convection or
evaporation, and so Eqg. (1) becomes an effective tempera-
ture predictor. [It should be pointed out that Eq. (1) can
also describe the temperature slide of a lidless cup under
forced convection, since in that case n = 1}.

I have described an obscure yet potentially very
flexible experience in first-year physics. This experiment
can be beneficial to several different types of students.
As described above, it allows students in an algebra-based
course the opportunity to observe a decay similar to that
of a radioactive substance and to “‘tone up their natural log
muscles.”” The experiment could also serve as an introduc-
tion to differential equations for more advanced students.

Expressing Newton’s cooling relation quantitatively we
have

k-7 (2

With this equation as a starting point, one could
demonstrate the basic techniques for the solution of this
typical first order differential equation. Solution of this
equation results in the appearance of Eq. (1). Rush the
students to the coffee machines and then into the lab where
Eq. (1) can be examined empirically. The result of this
attack gives your students a glimpse of the relationship of
physics to reality. Finally, students with computer science
backgrounds could probably devise some graphic and
intriguing offshoots.

I should point out a possible *‘negative’” aspect of
this experiment. Students who eventually go from this lab
expericnce into the American labor force, may very well
form the tough core of a militant work-schedule revision
movement. After all, they will be well aware that manage-
ment has been short-changing labor for years: ten minutes
is definitely not enough time for a coffee break!!!
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