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Abstract

In this paper, the longest amount of time a candle could take to burn is calculated using a previously

determined burn rate for a taper candle and by finding the tallest a candle could possibly be. This

amount of time was found to be approximately 5.92 years for a candle of height 1100 m, restricted

by the availability of oxygen in the surrounding atmosphere.

Introduction

Prior to the development of spring-driven
clocks in the 15th Century, time was kept
through other means, including the burning of
a candle with notches added at regular intervals
to indicate how many hours have passed since its
lighting. Another use of the form of timekeep-
ing involved nails being added along the length
of the candle, such that it would fall after a set
amount of time and fall onto a metal plate to act
as a rudimentary alarm clock. Naturally the pri-
mary limitation of this method is that the alarm
duration can only last as long as the height of
the candle used allows. As such it seems sensi-
ble to ask what is the longest duration an alarm
of this nature could last on Earth?

Theory

The initial challenge we encounter when ap-
proaching this problem is that a candle’s ability
to burn is heavily dependent on the oxygen con-
centration of its environment. Obviously as an
extension of this there is also then a maximum
altitude for burning a candle, above which a can-
dle could no longer be burnt. To find this height
we can use the Barometric Formula [1] for air

density, shown in Eq.(1),
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where p is air density, T is temperature, h is
altitude, L is the temperature lapse rate, g is ac-
celeration due to gravity, M is molar mass, R
is the molar gas constant, and a subscript zero
denotes a variable’s value at sea level. This and
the fact that Oxygen concentration changes pro-
portionally with air density linearly as in Eq.(2),
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where (2 is Oxygen concentration. Substitut-
ing Eq.(1) into Eq.(2) and rearranging for h gives

Eq.(3) below.
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A candle that burns at a constant rate loses
height at a constant rate B ms~'. One material
that could have been used in these old fashioned
alarm clocks is stearin, obtained from animal fats



and vegetable oils, which for a standard taper
candle diameter of 2.22 cm at sea level has a
rate By = 2.31 cm hour™! [2]. While this burn
rate is naturally affected by oxygen concentra-
tion, its effect on the burning of candle wax has
been shown to have a linear relationship [3], e.g.
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Since this burn rate can be defined, with ¢ rep-
resenting time, as
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We can manipulate this relationship and sub-
stitute Eq.(4) to find that
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where p is the same expression given in Eq.(1)
and Agpge 1s the maximum altitude to be found
in the analysis.

Results

The minimum oxygen concentration required
for a candle wick to burn is 17.8% [4]. Using the
set of values, hg = 0 m, Ty = 288 K, L = 0.0098
Km~! [5] , Q = 17.8%, Qo = 21%, g = 9.81
ms~2, M = 0.0290 kgmol™! and R = 8.314
Nmmol 'K~ a value of 1100 m can be obtained
from Eq.(3), as the highest altitude where a can-
dle can therefore be burned.

The definite integral shown in Eq.(6), now us-
ing our new value for A, = 1100 m, can be
evaluated to 1200 m (the full integral is far too
long to include here so will be excluded for conve-
nience). Therefore the total time for the candle
to burn is this value divided by By, as shown in
Eq.(6), resulting ¢ = 51900 hours = 5.92 years.

Discussion

Several things could be taken into considera-
tion to further the accuracy of this result, such
as the fact that a colder ambient temperature
as you move up the atmosphere will unavoidably
cause the candle wax to melt, and hence be burnt

off, at a slower rate such that the total burn time
of 5.92 years will increase. However, as the tem-
perature lapse rate quoted, L = 0.0098 Km™!, is
expected to be mostly constant on the scale we
have found to be working in, the temperature
change from sea level to hj,q. is only approxi-
mately 11°C and so it was decided that it would
not have a significant affect on the time taken to
melt and burn the candle wax.

The wind would also of course affect the tem-
perature of the wax even further, but for the sake
of this paper we have assumed the candle expe-
riences no wind or external force. This is simply
because it would defeat the whole idea since it
would cause the flame to be extinguished, as well
as likely causing the candle to topple over due to
its high center of mass relative to the diameter
of its base.

The value we have obtained here is very likely
to never have an impact on real life since people
are unlikely to require a candle to burn for 5.92
years, let alone construct a taper candle of height
1100 m.

Conclusion

In conclusion, the longest physically possible
candle alarm clock, though likely not the most
physically viable, takes up 1100 m of height and
lasts 5.92 years in total. So while modern tech-
nology can fulfil the need for an alarm clock of
this duration much easier, if you are feeling old
fashioned you can start a really tall alarm clock
when this paper was written and be alerted just
in time for Halloween 2028!
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