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In an alternate or future
(or distant past) reality
with only slightly differ-

ent universal constants, matter
would not cohere, and only
disaggregate gases would fill
the void.  Happily, that is not
the case in our universe, where matter can
cohere, forming natural solids and liquids
under a variety of environmental conditions.

The very fact that we are here gives
“solid” evidence that cohesion is not an
anomaly but the rule—at least in this
particular corner of the space–time contin-
uum. But gaining an understanding of the
why of the phenomenon of coherence of
liquids and solids has not been an easy
task. Speculated upon by Greek philoso-
phers, it was not until the coming of the
Enlightenment that real progress began.

Even so, that progress was more spec-
ulative than experimental until gravita-
tional theory, atomism, and finally quan-
tum theory evolved to deal with the
phenomena involved in cohesion. Thus,
the history of cohesion is in part the histo-
ry of physics itself. So it is no surprise that
author J. S. Rowlinson, a respected liquid-
state theorist in his own right, organizes
most of his story by focusing on three major
historical figures: Newton, Laplace, and van
der Waals—who set the stage for the
modern “resolution” of the problem in
quantum theory. 

Sir Isaac Newton is the most impor-
tant initial figure in the development of
modern cohesion theories. Newton applied
mathematical analysis to the study of the
most fundamental aspects of nature. It was
a natural next step to try to extend his
theories of forces (especially action at a
distance) and his mode of mathematical
analysis to the study of cohesion. Newton
examined the potential interactions

between chemical entities in the famous
Query 31 of his Principia, beginning: “Have

not the small particles of bodies
certain powers, virtues, or
forces by which they act at a
distance, not only upon rays
of light . . . but upon one
another for producing a great
part of the phenomena of
Nature?” 

Such thinking became the
prelude not only to modern
atomism but also to the idea
of forces between chemical
entities as the explanation

for capillarity, solidity, and other aspects
of cohesion. The historical frustration with
the metaphysical implications of action
at a distance would create a philosophical
divide that put Newton’s supporters and
detractors on opposite sides of the divide
on theories of cohesion—those who
believed in attractive and repulsive “forces”
and those who required mechanical contact
directly or through a plenum as a neces-
sary explanation.

Laplace takes center stage next with
his analysis of the phenomenon of capil-
larity—critical to the study of cohesion.
Water, mercury, oil, and other liquids
demonstrate the cohesive ability to rise
in glass tubes or between plates. Trying
to understand and model this behavior
involved Laplace not only in the complex
mathematical analysis of meniscus shape
and angle, but also in the estimation of

chemical “affinities” that attract one part
of a substance to another. Laplace would
not “solve” the problem, by any means,
but he would establish a research frame-
work.

Ultimately, van der Waals would provide
an acceptable and predictable mathemat-
ical model for cohesive forces in the mid-
19th century. It was not until the early
20th century, however, that quantum theo-
ry would provide a “physical” model of
what was occurring to create such forces—
electron orbitals, spins, and cooperative
atom interactions.

In all these periods, a host of minor
and major figures—few of whom would
initially be thought to be associated with
the problem—also filled the stage, perhaps
too much so for the casual reader. 

Rowlinson has a greater theme for his
book than that of “merely” analyzing the
scientific program of studying cohesion.
He uses this history to demonstrate that
science is truly the “art of the soluble”
and that there is a fashion in research
driven not just by social forces, but by the
perception of what research is worthwhile
because of its ability to move “forward”.
In Kuhnian terms, rather than being the
basis for “revolutionary science”, this would
provide justification for the pursuit of
“normal science”—that part of science
that does not rely on the need for “break-
throughs” but provides a range of contin-
uous progress for the average career scien-
tist. As detailed by Rowlinson, the problem
of cohesion moved in and out of favor
because of the perception of each gener-
ation of scientists of the chance of “solv-
ing it”. 

Cohesion, for all its virtues, is not a
casual read, and certainly not a popular
telling of the saga but a mathematically
dense, highly documented treatise on a
narrow, although amazingly important,
scientific subject that, though resolved
to apparent causes, has not by any means
been completely “solved” as to its math-
ematical subtleties and complexities. Scien-
tists in the field and historians of science
will find much to admire in this book. 

Mark S. Lesney ◆
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