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Departures of early
liquid-in-glass thermometers

In a recent paper we have discussed the
error due to non-linearity of early thermom-
eters calibrated at the freezing and boiling
temperatures of water. Mercury thermome-
ters have a very small departure from linear-
ity of £0.11 degC in the temperature range
—20 to 100°C. Due to this small bias, mercury
thermometers are usually used as a refer-
ence for weather purposes. The departure
of an alcohol thermometer from a mercury
thermometer is parabolic, and the maxi-
mum departure is reached at 50°C, with an
underestimate of around —6 degC (Camuffo
and della Valle, 2016). Alcohol thermome-
ters, especially the famous Réaumur (1732)
type, were popular in the eighteenth and
nineteenth centuries, and may have caused
a consistent underestimate of the summer
temperatures, especially in central and
southern Europe, where upper tempera-
tures may reach 30-40°C.

In this paper we consider the potential
error of linseed oil thermometers that

were built in the UK under the authorita-
tive influence of Isaac Newton. Although
Newton did not write about thermometer
technology, except for the choice of the
reference points (Newton, 1701), we can
benefit from comments left by Desaguliers
(1744), who built a number of oil ther-
mometers following Newton'’s directives. A
strong advantage of linseed oil was its high
boiling point (343°C) and the possibility of
it being used at relatively high tempera-
tures compared to alcohol (which boils at
80°C). The most negative factor was that
the oil adhered to glass, making it difficult
to take readings.

A quantitative evaluation of the non-
linear behaviour of linseed oil was made
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Figure 1. Departure of alcohol thermometers

(red line) and linseed oil thermometers (blue

line) from readings taken with mercury ther-

mometers, according du Crest (1765).

by du Crest (1765). He put three thermom-
eters, one each filled with alcohol, mercury,
and linseed oil, in a pot of water at boiling
temperature. He then made a complete
temperature cycle by slowly cooling the
pot to freezing temperature and returning
it again to boiling point. He used the alco-
hol thermometer as a reference and noted
the readings of each of the thermometers
each time the reference column changed
by 5 degC. He expressed readings in Celsius
but in an unusual form, with the degrees
and fractions given in sexagesimal parts (i.e.
in minutes and seconds).

Looking at the du Crest (1765) results in
Figure 1, we see that the cooling part of
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Figure 2. Departure of linseed oil thermometers
from readings taken with mercury thermom-
eters (blue line) in the meteorological range

0-50°C (test conducted by du Crest (1765)).
Green line: linear interpolation.
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the cycle was executed well, while the heat-
ing part of the cycle was performed with
the mercury and linseed oil thermometer
exposed to the warm air from the heater,
resulting in inaccurate temperature read-
ings (i.e. around 150°C in boiling water).
For this reason De Luc (1772) and others
repeated the test, but unfortunately only
used mercury and alcohol, disregarding lin-
seed oil thermometers.

As linseed oil thermometers are rare and
the physical properties of the aged oil have
changed, we are forced to rely on the du
Crest experiment (Figure 1), where the verti-
cal axis represents the difference between
readings taken with a mercury thermom-
eter, used as a reference, and the other two
thermometers, which were filled with alco-
hol and linseed oil, respectively. The plot
is not symmetrical, and this suggests that
some of the heat from the experimental
apparatus may have escaped, negatively
affecting even the cooling phase, though in
a limited way. However, the interval 0-50°C,
which is the most relevant temperature
range for meteorological purposes, seems
to be unaffected by major errors, because
the departures in this interval are consistent
with similar experiments made by De Luc
(1772) and Wildt (1825). In particular, De Luc
compared 12 alcohol thermometers with a
mercury reference (Camuffo and della Valle,
2016).

The result is that the linseed oil thermom-
eter was less linear than mercury (whose
departure lies within £0.1 degC), but more
linear than an alcohol thermometer. The
departure of a linseed oil thermometer
from a mercury thermometer accounts for

a —1 degC underestimate at 40°C (Figure 2).
In Figure 2 the best-fit interpolation indi-
cates a —0.025 degC/°C mean rate. The
bias of an alcohol thermometer was some
5 times greater.

Conclusions

Linseed oil was soon abandoned as a ther-
mometric liquid for practical reasons, espe-
cially because it stuck to the sides of the
glass tubes in cold weather and moved too
slowly under sudden changes of tempera-
ture (Stewart, 1837). Although its depar-
ture from linearity was larger than that
of mercury, it could have reached a —0.5
degC maximum underestimate of the UK
summer temperature, considering that the
July/August average is 16.2°C (Met Office,
2012). This bias was much smaller than in
the case of Réaumur alcohol thermometers.
The expansion of linseed oil was tested in
the eighteenth century using known mix-
tures of boiling and cold water in various
proportions (Taylor, 1724); once the accu-
racy of this instrument was established, it
was used for laboratory experiments, in
particular.
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Water seems ordinary when pouring from
our taps and falling from the sky, but in
reality it is a profoundly strange substance,
crucial to our survival and to life on Earth,
shaping the world we live in.

In The Water Book, Alok Jha takes the
reader on a double journey. First, we join
him on his 2013 Antarctic adventure aboard
the scientific research vessel Akademik
Shokalskiy. He tells us of the importance
of water in the ice fields, icebergs and
weather systems of the Southern Ocean.
The parallel voyage is scientific, begin-
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human civilisations, and finally jetting off
into space in search of water as the key to
possible life elsewhere in our solar system
and beyond.

De Luc JA. 1772. Recherches sur les
modifications de 'atmosphére contenant
I'histoire critique du barométre et du ther-
mometre Printed by the author: Geneva,
Switzerland.

Desaguliers JT. 1744. A Course of
Experimental Philosophy, Volume 2 Innys
and Longman: London.

Met Office. 2012. England 1981-2010
averages. https://data.gov.uk/dataset/uk-
climate-averages (accessed 21 September
2016).

Newton I. 1701. Scala graduum caloris:
calorum descriptiones et signa. Philos.
Trans. 22: 824-829.

Réaumur RA. 1732. Régles pour constru-
ire des thermomeétres dont les degrés soi-
ent comparables et qui donnent des idées
d’un chaud et d'un froid qui puissent étre
rapportés a des mesures connues Hist.
Acad. R. Sci. MCCCXXX: 452-507.

Stewart CS. 1837. Thermometers. The
Naval Magazine 2: 186-188.

Taylor B. 1724. An account of an experi-
ment made to ascertain the proportion
of the expansion of the liquor in the ther-
mometers with regard to the degrees of
heat. Phil. Trans. 32: 291.

Wildt JCD. 1825. Neue vergleichung des
quecksilber- und weingeist thermometers,
nach beobachtungen und berechnungen.
Archiv. fiir die Gesammte Naturlehre 6:
299-301

Correspondence to: Dario Camuffo
d.camuffo@isac.cnr.it

© 2017 Royal Meteorological Society
doi:10.1002/wea.2909

Book review

The book alternates between these two
journeys, returning time and again to Jha's
Antarctic voyage. Sometimes this works,
sometimes not, but overall the book is
well-structured, in four parts. In Part |, The
Hydrosphere, Jha looks in detail at the ori-
gins of water and clearly explains the hydro-
logical cycle, global weather systems, ocean
currents and the thermohaline circulation.
In Part I, The Biosphere, he examines the
chemistry and biology of water and life.
This section is the least successful, since
the attempt to explain different molecu-
lar structures without the aid of diagrams
becomes confusing. | feel the book comes
to life best in Part lll, The Cryosphere, when
Jha steps out onto the ice-floes and visits
the huts left by Douglas Mawson’s 1912
scientific expedition. Here we learn of the

Royal Meteorological Society

€ *ON ‘ZL *|OA '£10T YRl — Jayream I 13]3WOWIAY} [10 PIISUI| UOMAN BYL

85



