Abstract
Scientific revolutions have not only significantly broadened our knowledge underlying
physical laws and natural patterns, but also shifted the cultural paradigm through which science
is understood and practiced. These paradigm shifts, as Thomas Kuhn denoted them, are
facilitated through changes in language, because language is the only method of articulating –
and thereby establishing— truth, according to Friedrich Nietzsche and Michel Foucalt. Steven
Shapin analyzed the progression of these linguistic changes in global scientific revolutions and
Bruno Latour categorized them in the local laboratory setting. One of the most recent
revolutions in science, the discovery of the double helix by James Watson and Francis Crick,
altered the understanding and application of genetics. James Watson’s personal account of this
discovery, the Double Helix, makes the point to change the general perception of science as
intellectual labor to innovative play. However, he does not portray his discovery in the scientific
elegance that it deserves as the culmination of nearly a century of research and the marriage of
quantum physics and biology. This thesis explores the paradigm shifts that developed with each
scientific revolution, how they led to the double helix, and finally, the paradigm shift of the
“Structure-Function Relationship” that accompanied this discovery.

How the Double Helix Modified the Social Perspective of Science
On February 28, 1953, Francis Crick and James Watson “cracked the genetic code” by
solving the structure of the double helix. Two months later, their ground-breaking paper titled
“A Structure for Deoxyribose Nucleic Acid” was published in Nature. Whereas this piece of
literature became famous and ultimately won the duo (along with Maurice Wilkins) the Nobel
Prize in 1962, Watson’s own account of the discovery – his personal narrative, The Double
Helix, published in 1968 – established the more infamous account of the story. While feminists
ardently attacked Watson for his negative portrayal of Rosalind Franklin as a woman scientist,
geneticists, molecular biologists, and biochemists critiqued his depiction of “the scientist” as
inaccurate and highly stereotypical. The narrative works through a strange juxtaposition of his
research as the logical outcome of the inquisitive and competitive nature of science and the
serendipitous outcome of the diminutive child’s play with the molecular models. In one thread
of the narrative, the structure was solved by assiduous labour; yet in another, their research
undercut the necessity of complicated instruments, technologies, and data because they were
playing with toys. Moreover, Watson litters the narrative with personal anecdotes and word play
about sex. Once again, he tries to undermine his own scientific research – he was studying how
bacteria reproduce – by integrating social taboos into his narrative. In doing so, he elevates
himself as an intellectual deviant who is too smart for the majority of society and one of the few
who are sharp enough to compete in the race to discover to double helix (a competition that he
make rhetorically analogous to the Space Race) as well as a suave, young, rebel who not only
has the audacity to dismiss the research methods of old bags (Linus Pauling), but also on
occasion dismiss research work for a social life (unlike the stereotypical scientist). He presents
himself as a hero. His assertion is not only the he (and his partner, Crick) overcame the

“witchcraft of biochemistry” performed by Rosalind Franklin, but also that he has truly
accomplished a remarkable feat that transforms molecular biology on a variety of fronts.
Jose Van Dijck’s criticism of The Double Helix as well as the 1963 cover story in
Newsweek emphasizes the drastic effect that the discovery made on popular culture. Placing the
discovery in its historical context, the “genetic code” was a product of “war-time obsessions”
and “the most important, though least noticed, consequence of the widespread distribution of the
code metaphors was that it turned the gene into a palpable entity... analogous to the atom in
nuclear physics” (Van Dijck 37). As a result of this metaphor to a linguistic code, genetics was
“rhetorically separated from its tainted precursor eugenics” (38). Nonetheless, although
Watson’s narrative alters the perception of the science of molecular biology through his rhetoric,
the account is insufficient in developing a place for the D/double H/helix in scientific culture,
especially as a marker of a revolution in science. Not only did the discovery of the structure of
DNA alter the understanding and future tools of molecular biology, but it also changed the
language through which science is performed, interpreted, and transformed.
Yet, this is only one recent example of how a revolutionary scientific discovery directly
shifts the language of science. This paper explores the evolution of scientific language
contextualized by the history of scientific revolutions. We first recognize the process by which
science becomes the language of “truth” and how this concept changes as science develops. Not
only does scientific knowledge itself proliferate, but also does the language, which
simultaneously becomes more specific, yet also more elaborate. These analyses will expound
upon the impact of the double helix – as one of the most recent global revolutions in science – on
changing the scientific paradigm and elucidate the inadequacies (or rather, injustice to science)
of Watson’s own account of this discovery.

The Language of Scientific Progress
Regarding science as a cultural phenomenon, revolutions seem to mark the steppingstones of progress and suggest that human knowledge is arriving at an ultimate “truth.” Thomas
Kuhn counters this perception with the claim that these general notions regarding scientific
revolutions miss the actual science behind them that “revolutions,” in the sense that the term is
commonly perceived, are instead socially constructed markers. Kuhn replaces the term
“revolutions” with “paradigm shifts,” asserting that each revolution initiates from a recognition
that a currently working paradigm no longer functions as feasible explanation for certain
observations. The result is a new perspective in science that must explain the old and the new.
A scientific revolution is not a dash of previous understandings of phenomena, but rather, the
derivation of the old understanding into a new perspective, an expression of the old laws in a
new language.
Kuhn casts the shift from Newtonian mechanics to Einstein’s relativistic and quantum
mechanics as the most recent revolution (101-108). The terms of “space,” “energy,” “time,” and
“mass” that defined the world in Newton’s era are given new meaning through quantum
mechanics. Contrary to popular belief, quantum mechanics did not overturn Newtonian
mechanics. Instead, it simply redefines the world under which Newtonian mechanics functions.
What arises from this example is the relationship between scientific observations and scientific
paradigms. They are mutually dependent on each other to define the rules and boundaries of
science. While paradigms establish the working notions under which observations can be
explained, observations likewise limit the scope of the paradigm itself. Newtonian mechanics
defined the world in terms of macroscopic continuous properties. It took the observations made
by astronomers and gave a new language – through Newton’s laws and equations – with which

these observations could be discussed. However, observations of subatomic particles placed
Newtonian mechanics in its own place in physics. Quantum mechanics did not argue that
Newtonian mechanics was wrong; instead it presented the insufficiency of Newtonian mechanics
for high-energy particles, which are more accurately described as waves.
This example, and the many others that Kuhn presents, suggests that science can never be
“wrong.” Each time a paradigm shift occurs, the observations are contextualised differently, so
that “after a revolution scientists work in a different world.” (124). These revolutions do not
occur overnight, and in fact, much work is required to compact the ideas and thought
experiments during the “crisis” that arose from observational anomalies. In addition, Kuhn
mentions that in order for a new paradigm to take over, scientists working under the old
paradigm must eventually die. Only once the competing paradigm is set in its place in science
can a new paradigm take its place, and “normal science” under the new paradigm proceeds.
It is during these periods of normal science that progress occurs. Researching under a
new paradigm, solutions and applications in the laboratory validate the new paradigm.
Furthermore, old and new paradigms become compartmentalised in the culture through
education. In the teaching of science, the old paradigms become the stepping-stones up to the
modern theory. Students (the public, not necessarily students of science) can only obtain a
compacted version of the various theories, experiments, and ideologies of each set of paradigms.
(167). There are no complications of a worldview. Instead, the science is made neat and tidy in
the textbook, and students perform facsimiles of classic laboratory and thought experiments to
validate the new paradigm for themselves. Unlike the periods of crisis, there is a teleological end
in the classroom, and that is the newly established paradigm itself. After each paradigm shift,
science continues as normal science – compacting the problems and solutions of previous

paradigms and newly established one into textbooks, and researching under the new paradigm.
In the classroom, there is no debating it. Paradigm becomes truth.
One well-established paradigm is the Central Dogma of Biochemistry that is deeply
grounded and was revolutionized by the discovery of the double helix. Yet, The Double Helix,
as an account of the workings toward a revolution in the biological sciences, does not entirely
capture the science of its time. Reading the narrative with the foreknowledge of the structure of
DNA, Rosalind Franklin’s precious x-ray crystallography pattern for B-form DNA, and the terms
for Watson-Crick base pairs makes the account not only less spectacular, but also reduces the
science from knowledge to information and mere fact. This partly expected. A reader’s prior
insight into the results will deconstruct the foundations they were built upon. According to
Kuhn, science works in this way. Readers of The Double Helix can only perceive the science in
a post-revolutionary mindset under the new paradigm. Although Kuhn places scientific
discoveries as the foundation for paradigm shifts and elaborates on the normal science that takes
place to validate and expand upon the original discovery, he does not explain what happens to
the discovery itself. As the event that created the existing paradigm shift, the discovery is not
“dead” like the previous discoveries of old paradigms. Instead, it becomes fact.
To a certain degree, the normal science that proceeds from a revolution allows fact to
equal truth. However, this process of creating “truth” through science is not purely a scientific
phenomenon, but also a linguistic one. In Laboratory Life, Bruno Latour describes the research
process as a series of exchanges between “literatures” or “texts.” These primary texts are
initially acquired from machines or programs as data or quantitative text, eventually “translated”
into figures that visually summarize the findings, then finally abstracted into concepts that must
be expressed through written language (Latour 45-63). This series of “translations,” however,

fails to acknowledge the uncertainties or ambiguities that are addressed during the process of
translation. Latour suggests that the “inscriptions” that are produced are always treated as
statements of truth, that the documents obtained from various machines actually reflect reality. It
is the scientists’ job to interpret and translate the original inscriptions. The only implication of
doubt that Latour places on the process of inscription that he describes is the use of quotes
around scientific jargon. That something is “isolated” is only conditional, certainty of the
isolation of a substance can only be determined by other machines and additional inscriptions.
Even the central dogma of “structure-function relationship” is demarcated by quotes. Although
this relationship establishes the overarching goals of the lab, the demarcation of this paradigm
questions the validity of the science. There seems to be no limit to the extent that structure can
motivate function. Furthermore, function must be extrapolated from the structure or the structure
must fit to the function.
Latour refers to this structure-function relationship as the “mythology” of the laboratory
because in addition to extrapolation from the “inscriptions,” laboratory work relies heavily on
previously published material from other research institutions:
The beliefs that are central to the mythology are noncontroversial and taken for
granted, and only enjoy discussion during the brief guided tours of the laboratory
provided for visiting laymen. In the setting, it is difficult to determine whether
the mythology is never alluded to simply because it is remote and unimportant
remnant of the past or because it is now a well-known and generally accepted
item of folklore … daily concerns focussed on a different set of specific cultural
values which … appeared to constitute a distinct culture (or “paradigm”). Our
criteria for identifying this specific culture is not simply that a specialty represents

a subset of a larger discipline. … Instead, we use culture to refer to the set of
arguments and beliefs to which there is a constant appeal in daily life and which is
the object of all passions, fears and respect. (55)
For Latour, “paradigm” refers to the culture and identity of a particular research lab rather than
Kuhn’s notion of a specific framework of thought that defines a particular science. Kuhn’s
paradigms are macroscopic, substantiating the overall foundational concepts in a discipline
whereas Latour’s “paradigm” is microscopic. Instead, the large framework that Kuhn considers
as paradigm, Latour denotes as mythology. The paradigms that Kuhn described – such as
physical laws, Darwin’s Theory of Evolution, and Medelian genetics – go unchallenged until
new, unsuspected observations are discovered in the process of normal science that are not
explained by these precedents. They are mythologies in the sense that the methods performed to
prove these theories are only addressed and recounted in textbooks and referenced commonly in
published papers (and sometimes the reference is primarily due to convention). These are stories
told to children as they develop their own [science] culture. After the revolution, these stories
are merely simplified models. Like fantasy, these models do no account for fluxes that
complicate the natural world. There is no friction or air resistance for falling objects, no human
modification to the environment, no gene-masking or epigenetics. The certainties that were
previously established are accepted, but still questioned in normal science. Thus, Latour presents
them as mythologies, because the laboratory is at work trying to refine the previous ideas.
Included in these mythologies is the assumption that all the machines work as predicted
and the inscriptions that are produced are accurate. Yet, unlike the fundamental paradigms, the
instruments are addressed on a regular basis because they are the main tools to visualize and
analyze units on the cellular level:

It is clear, then, that some items of equipment are more crucial to the research
process than others. Indeed the strength of the laboratory depends no so much on
the availability of apparatus, but on the presence of a particular configuration of
machines specifically tailored for a particular task. … A whole range of
inscription devices, variously used to make points in different subfields, have
been assembled in one place. (65)
Their function is not taken for granted at any moment. Rather, the inscriptions they produce are
closely examined. As research proceeds to refine science, it also advances the quality of the
equipment and technology used to understand it. However, Latour remarks that although the
machine itself and its function are critical to the laboratory, the theories and engineering of such
devices can be nearly completely mythological to the researcher because the equipment was
developed from other fields. Thus, although the scientists can understand the inscriptions
produced, they may only have a general knowledge of the mechanisms of the instrument. So
long as the instrument is faithful to the lab and produces the desired results, the technique and
mechanism are not questioned.
These questions on the construction of “truth” through language and science are
articulated by Nietzsche in his essay On Truth and Lies in the Immoral Sense, in which he argues
“it is originally language which works on the construction of concepts, a labour taken over in
later ages by science” (52). Thus, science is an extension of language in its ability to establish
truth. Truth, of course, is malleable. For Nietzsche, it is merely an artefact of language:
What then is truth? A movable host of metaphors, metonymies, and
anthropomorphisms: in short, a sum of human relations which have been

poetically and rhetorically intensified, transferred, and embellished, and which,
after long usage, seem to a people to be fixed, canonical, and binding. (49)
Under these parameters, truth is assigned by language. Metaphors, metonymies, and
anthropomorphisms – these tropes – in their fundamental form are speech acts. The formulation
of such language is the act of creating truth.
Michel Foucault, in the second chapter of The Order of Things, expounds upon the role
of language in constructing truth by presenting the logical relationships that exists behind them.
The first of these is convenientia: that things are considered similar and comparable solely based
on the convenience of their physical location to each other. Next, he argues that from
convenientia, nonadjacent things can share properties due to aemulatio, in which their
characteristics precede them and the things themselves are merely a representation or projection
of the abstract properties. Thus, the barrier of distance is broken, and one thing that occupies one
space can represent another from another space. From here, the initially disparate things can be
considered analogous, in which “convenietia and aemulatio are superimposed” (21). The last
step of logic is rather an abstraction, for the things themselves are no longer considered in their
objective form, but rather, are considered under sympathies, and transformed into an abstraction.
Essentially, Foucault has uncovered the language properties behind logical syllogisms.
Syllogisms create truth by a progression of language, and science is heavily based upon these.
Science indeed works through all of the tropes that Nietzsche described, especially for
explaining phenomena that are only observable through instruments and comprehensible after
interpretation of data. In the earliest approaches to understand the natural world, phenomena
were attributed to anthropomorphised events. Thunder and lightning were caused by angered
gods; winter was the result of Demeter’s annual loss of her daughter Persephone to Hades; fire

was a gift given to mankind by Prometheus; and rare, dangerous creatures were mistaken for
unnatural monsters. On the spectrum of philosophy, these “truths” are now deemed mere
mythology. However, these mythic attributes have been prominent throughout the history of
scientific inquiry. Although certain scientific observations were understood in the manner that
the results were easily reproducible, the theories that led to the applications were often still
unknown. In the seventeenth century, for example, Robert Boyle had constructed a suction
pump to draw up water. He was able to create this device based on knowledge of the function of
his tools (the pipe, a seal, etc.). These are the parts that were directly observable using the five
senses. To account for the means by which the water rose up the pipe, philosophers could only
hypothesize that it was due to “water’s abhorrence of a vacuum, its attempt to rise up to prevent
a vacuum form forming at the top” (Shapin 38).
These examples indicate that science or “truth” is limited by the language or method
through which it is told. Even the attempt at quantification of the observation of the suction
pump reinforced the theory that vacuum resulted from a property of water known as
“abhorrence,” a human attribute. The height to which the water – or other liquid – would rise in
the pipe became a measure of the liquid’s “abhorrence” to vacuum. It was not until physical
properties of fluids such as density and pressure were articulated through mathematical
relationships that the phenomenon could be explained and applied further. Therefore, science –
as n extension of language – has limitations in its ability to assign truth. As Steven Shapin
indicates in his book The Scientific Revolutions, language – Nietzsche’s metaphors, metonymies,
and anthropomorphisms – transcends the physical boundaries of the natural world, but it also
limits it:

A mechanical metaphor for nature meant, as all metaphors accepted as legitimate
do, that our understanding of both terms changes through their juxtaposition. The
rightness of a metaphor is not subject to proof. (Shapin 37)
Science cannot be used to assess the extent of truth until it is given a language to provide it
proof. The syllogisms and metaphors are entirely logical, but are only “true” based on their
juxtapositions. There must exist underlying criteria to justify the metaphors:
It is therefore a knowledge that can, and must, proceed by the infinite
accumulation of confirmations all dependent on one another. … It was not
because people believed in such relations that they set about trying to hunt down
all the analogies in the world. But there was a necessity lying at the heart of their
knowledge: they had to find an adjustment between the infinite richness of a
resemblance introduced as a third term between signs and their meaning, and the
monotony that imposed the same pattern of resemblance upon the sign what it
signified. (Foucault 30 -31)
It is the unification of signs to analogies through mathematics – the language of science – that
creates truths and makes it possible to distinguish universal truths from “truths” that are only
described by metaphor.

Mathematization, Corpusculianism, and Chemistry
This process of mathematization emerged from quantization. Although quantum
mechanics and the atomic model are recent developments in science, the notion that quantized
matter makes up and is responsible for the intrinsic properties of the macroscopic world was an
old theory that became re-popularized in the seventeenth century. Shapin asserts that this
philosophy of Corpusculianism resulted from the invention of the microscope. With the ability
to visualize the structures that composed the natural world, philosophers adopted the belief that
these smaller bodies were “small Machines of Nature” that imparted their properties to the larger
material and thus was cause of primary qualities (i.e. shape, size, texture, and motion), which
then produced secondary qualities (colour, temperature, and taste). The advent of the
microscope also led to further explanation of the nature through quantification. Repeating
patterns of the microscopic structures imparted the materials with their primary qualities.
Geometries and patterns in movement, the “micromechanisms,” could be generalised through
mathematical expressions derived from quantitative observation, thus eliminating subjectivity.
However, there was still no explanation for the existence of such common geometries in nature,
and once again, logical reasoning brought the argument of “truth” back to an anthropomorphic
figure. Mathematical laws were justified by repeated experimentation and observation. These
objective truths however could still only be attributed to subjective interpretation and
justification for a God. Thus, science remained limited as a language and by language. (Shapin
47-61).
Whereas Shapin argues that mathematization was primarily a stepping stone towards
fine-tuning “truth,” ultimately mathematization altered the language of science and therefore
altered the perception of “truth” formulated by science. Mathematization led to the first

scientific revolution that is often credited to Isaac Newton with the publication of Principia. In
this document, Newton made famous his Laws of Motion and Law of Gravitation. These Laws
not only mathematically expressed universal phenomena, but also revolutionized the language of
scientific expression. Newton’s most famous Law that is foundation for physics is the Second
Law of Motion that relates force an object exerts as the product of the mass of the object with the
acceleration of the object in the direction of the force

, where force and acceleration are

vector quantities (having magnitude and direction). This mathematical statement is a definition.
Force is an arbitrary property that previously had only subjective denotations because it is a
physical sensation. Yet, in this equation, it can be quantified by intrinsic properties of motion,
i.e. the mass and acceleration of an object.
Essentially, the equation creates a metaphor between the physical sensation of force and
the intrinsic properties of the moving object. The equation says, “Force is mass multiplied by
acceleration.” Because force is the abstract concept, but mass and acceleration can be quantified,
force is the tenor and mass and acceleration compose the vehicle. To completely justify this
metaphor, both mass and acceleration must be proven as quantifiable observables. Mass (in
Newton’s time) was the amount of “stuff” belonging to an object and was commonly represented
by measurements on a scale. He defined acceleration as the second derivative of displacement,
or the change in the change of displacement over a period of time (that is, acceleration is the
change in speed over a period of time). The mathematical metaphor indeed alters the
understanding of the elements on both sides of the equation. Force becomes transformed from a
subjective sensation to a quantifiable physical observable; mass and acceleration become
intrinsic to the definition of force. Through his Laws of Motion that metaphorically and
mathematically transformed the subjective to the objective, Newton’s “new science was rendered

perfect by creating for it a substratum divorced from the realms of the local, the bounded, and the
subjective” (Shapin 62).
However, Newton’s Laws of Motion only provided truth in the form of certainty and not
causes (Shapin 63). Although mass, space, and time are the underlying quantifiable observables
that cause force according to Newton’s Laws, Newton nevertheless recognised that these
components had no cause themselves, but were instead, absolute. By publishing his Laws being
based on “absolutes” in Principia, Newton truly removed the anthropomorphic character from
the cause of science (though not from science itself), separating science from mythology in the
discipline of philosophy. This set the paradigm for the workings of science until the twentieth
century. Research, applications, and technological developments that rely on Newton’s Laws
enhanced their definition. The significant paradigm established by his scientific revolution was
not the discovery of universal laws of motion, but rather the acceptance of absolute time, space,
and inadvertently, absolute mass, and this paradigm was set by metaphor and author function.
By the middle of the twentieth century, these absolutes no longer prevailed. Einstein’s
Theory of Relativity and the advent of Quantum Mechanics not only relegated Newtonian
mechanics under new parameters with limitations, but also changed the consideration of
Newton’s “absolutes” to become relative. Space and time were theorized to be able to bend as a
result of gravity (mass). Furthermore, mass was no longer a measure of the amount of “stuff” of
an object, but rather, became analogous to a type of energy. This was derived from the particlewave duality theory of light that transformed scientific understanding of particles from physical
“things” to waves (which carry energy) that represented collapsible probability distributions. All
of these new theories were proven by observations that led to a new set of equations. However,
to justify the new equation, they had to be universal and hence, account for Newtonian

mechanics as well. Until this time, Newtonian mechanics had never been contested, and it did
not need to be. For most physical phenomena, Newtonian mechanics are entirely true.
Therefore, the new equation had to encapsulate these previously justified truths as well. What
ensued from this second revolution was the Law of Complementarity that required the newly
developed universal laws to still incorporate what was previously known and deemed truth.
New models complied with the Law of Complementarity often upon analysis under
hyperbolic conditions. “Absolute” time and space may have been transformed in paradigm the
shift to “relative” time and space, but the old model prevailed under circumstances in which
values became negligibly small when compared with other values. Essentially, the new models
demonstrated that the natural observable world actually functions under a hyperbolized subset or
“microgenre” of larger universal laws. “Absolute” time/space, as Newton perceived them,
instead became proper time/space for an observer’s reference frame, and the dilated
time/contracted space for the reference frame being observed. Hendrik Lorentz proposed the
contraction of space for the observer according to

. (For length contraction, L is

observed length (i.e. single dimensional space) L0 is proper length or length of the moving object
from the moving object’s reference frame, v is the velocity of the moving object, and c is the
speed of light ~ 3.0*10^8 m/s.) The Lorentz transformation was later applied to time as well to
demonstrate time dilation from the observer’s perspective according to

.

(Similarly, for time dilation, Δt is the observed change in time, Δt0 is the proper change in time
or change in time of the moving object from the moving object’s reference frame, v is the
velocity of the moving object, and c is the speed of light.) These equations appear similar, but
the underlying difference is that for objects moving close to the speed of light (the fastest speed

possible), the observed length of the object decreases from its proper length and the observed
change in time during the motion increases from its proper change in time. However, these
observations are only valid at speeds that are unachievable for macroscopic objects. Instead,
macroscopic objects in the natural world move at speeds so slow compared to the speed of light,
that they become negligible. Scientists hyperbolize these speeds to practically zero in
comparison to the speed of light, and with these parameters, the observed length and time are
equivalent to the proper length and time, satisfying what was previously deemed “absolute”
space and time.
Therefore, the means by which science is revolutionized is via these alterations in
language. Not only do they alter the “truths” that are known by establishing new physical laws,
but also create a new understanding of the relationship of scientific thinking and the language
through which it is expressed. Through Newton’s revolution emerged a mathematical system
that removed subjectivity in science by the use of “absolutes” in mathematical metaphors or
scientific laws. The revolution of quantum mechanics and relativity contested these “absolutes”
by the establishment of new laws, but also qualified the original perceptions by hyperboles in
mathematics. Additionally, anthropomorphic devices re-emerged during this second revolution,
for though Newtonian mechanics had divorced anthropomorphic subjectivity from scientific
cause, it did not remove it from scientific language altogether.
Science was still often articulated through human experience, though not accepted as
truth in that manner. For instance, although objects fall due to gravity, this could also be
explained as objects desiring to exist in their lowest potential energy state. The objective
scientific cause of potential energy is combined with the anthropomorphic desire of the object.
However, the anthropomorphism is only used to express the phenomena, not to justify it; the

proof was still in mathematics. In quantum mechanics and atomic theory, gravitational forces
and interactions were often used to metaphorically model the abstract atomic elements
possessing their particle properties. Coulomb’s Law about electrical force

almost entirely identical to Newton’s Law of Gravitation

is

. (In Coulomb’s Law, Q1

and Q2 are the charges of objects (often particles), r is the distance between the two objects, π is
the constant that relates circumference to diameter C/d≈3.1415, and ε0 is the permittivity
constant (the resistance encountered when an electric field is formed). In the Law of Gravitation,
m is the mass of the objects, and G is Newton’s gravitational constant.) The only difference is
the property of charge rather than the property of mass. The similarity of these equations for
force indicated that mass and charge are both intrinsic properties of particles. Thus, electrons
orbit the nucleus like planets orbit the sun. Other metaphorical or anthropomorphic explanations
were accepted as well so long as they are supported by mathematical foundations: particles could
be excited to higher energy states, but for the most part, still preferred to be “lazy” in their lowest
possible quantized energy state; certain atoms, ions, or molecules do not “want” to be next to
each other because of unfavourable interactions. These expressions made it possible to imagine
a physical system invisible to the human eye. Yet, it was understood that the
anthropomorphisms actually referred to mathematical wave functions that described the
probabilities of the particle’s motion and quantization of energy levels.
As the knowledge that became available mushroomed, the metaphors and metonymies
increased. Not only did various areas of physics borrow metaphorical concepts from each other,
but also biology and chemistry used relied on physics concepts as well to metaphorically explain
phenomena in those discplines. Chemical interactions between atoms and molecules could be

described without explicit acknowledgement of quantum mechanical wave functions, but rather
by the properties of elements that are determined by the energies of valence electrons. Thus,
interactions between particles that were previously expressed as waves and molecular
mechanisms, could simply be referenced as tendencies – desires to form bonds or break bonds.
Nonetheless, the language aimns to be certain rather than subjective because underlying the
language of chemistry are mathematical models and quantifiable thermodynamic observables
such as free energy, entropy, reaction velocities, etc. Many of these anthropomorphisms that
actually refer to thermodynamic properties still use the gravitational energy model (i.e. a
catabolic reaction proceeding downhill to its lowest potential energy) that Newton first
mathematically expressed.
These thermodynamic energy models are also often used in cellular and molecular
biology to represent a particular state (set of conditions that will produce specific fates) in a cell.
Unlike physics and chemistry, biology cannot be sufficiently expressed or explained by
mathematics. Physics and chemistry treat the subject of their study objectively; at the foundation
of these disciplines, particles are governed by mathematical physical laws. However, the field of
biology is complicated by the nature that the most basic unit of biology is not a particle, but
rather a living cell that must make decisions in order for an organism to survive. Mathematical
models can only be used to predict behaviour but it cannot establish a universal law in biology.
Instead, at the crux of biological certainty is the capacity to visualize and interpret the cell
as a microcosm of the macroscopic world. Whereas the basic components of physics such as
forces, mass, potential fields, energy, etc. can only be understood conceptually rather than
visually, biology requires a visualisation of the component of life that is being studied.
Chemistry utilizes both the ability to mathematize and the ability to visualize because it deals

with physical interactions as well as materials and substances. The combination of these two
observational qualities (mathematization and visualization) can be considered characterization.
Rules and laws in chemistry are derived from understanding properties and mechanisms of
chemicals and their reactions. Purely chemical discoveries, however, rarely lead to scientific
revolutions. Although the Chemical Revolution is marked by 1789 Antoine Lavoisier’s
publication of Traité Élémentaire de Chimie (Elements of Chemistry) in which he explained
combustion by oxygen and developed the Law of Conservation of Matter, these discoveries are
now related to physics because of the Second Scientific Revolution in the twentieth century that
changed the notion of matter from simply anything with mass to a physical definition that
includes energy as well; atomic matter became part of physics rather than chemistry. This is
most prominently evidenced by the First Industrial Revolution that relied on steam power.
Although the study of fluids (liquids and gases) was once considered sub-discipline of chemistry,
it is now regarded as a sub-discipline of physics because the movement of atoms follow
mathematical equations of thermodynamics and statistical mechanics. Thus, scientific
revolutions are able to also change previously set paradigms in so drastically that the entire
definition of discipline changes.
Because discoveries in chemistry often lead to applications in physics in biology,
scientific revolutions are usually associated with physics or biology rather than chemistry. This
is due to the fact that chemistry resolves to understand structure and function relationships. The
Corpusculian model fundamentally set a chemical paradigm because it suggested that the
corpusicules caused the secondary qualities of smell, taste, colour, etc. for a substance or object.
Essentially, this philosophy related abstract qualities to a structural component such that
structure (a corpuscule) could have a function to produce these observable properties. However,

quantization and mathematization of matter eventually led this paradigm to the field of physics.
Similarly, understanding of the chemical nature of nucleotides led to a scientific revolution in the
field of biology rather than one in chemistry. Unlike the Corpusculian model that eventually fell
into a broader physical model, the chemical properties of nucleotides fit into the Central Dogma
of Biochemistry. This revolution in biology significantly enhanced the understanding of the
mechanisms of life on the molecular level. The relationship of chemistry to the fields of physics
and biology is important to the development of the language that facilitated the acquisition of
this knowledge. Chemistry at this point in history essentially allowed communication between
physics and biology because it delineated biological implications of physical models.

How the Double Helix Modified the Language of Science
Prior to Watson and Crick solving the structure of DNA, the foundational knowledge
about the mechanism of how genes are passed on from one generation to the next was from
Charles Darwin’s Theory of Evolution by Natural Selection and Gregor Mendel’s inheritance
experiments with pea plants. Just as Newton’s mathematization of physical phenomenon
provided objective explanations for these observations, Mendel’s model of genetic inheritance
created a new language to explain the (primarily) qualitative analysis and theories that Darwin
concluded. Nonetheless, mathematical modelling through probabilities in Medelian genetics
could not delineate the full extent of the mechanism of genetic inheritance. The paradigm of
Corpusculianism that connected structure with function still had to be fulfilled. The smallest
functional unit of molecular biology, the gene, had to have a structural unit in order for
Mendelian genetics to be understood on the cellular level. Mendelian genetics was already
justified by experimentation. However, it required a mechanism. Without the structural
component, the metaphor that it described was incomplete. There was no physical entity to carry
the abstraction, so the incomplete metaphor contained only the tenor of inheritance and
evolution.
To solve the structure of DNA and complete the metaphor to understand it required a
combination of tools from physics and chemistry in the laboratory. The laboratory model that
Latour delineates is one that functions during the period of normal science. Amidst research that
is revolutionary, many of the techniques and equipment are novel, developed alongside the
process of discovery. Although these discoveries rely on previous tools and knowledge, the
research proceeds to uncharted territory and the techniques that were once useful to justify set
paradigms become antiquated to substantiate or produce the newly desired data. Contrary to

normal science, there is a significant amount of guesswork and inference that takes place for a
novel discovery. For James Watson and Francis Crick, the solution of the structure of DNA
involved little quantitative data but rather, mostly modelling and puzzle-solving from previously
crafted “mythologies.” From the isolation of DNA to determination of its structure, the entire
process took nearly one hundred years. The experiments that led to Watson and Crick’s
(in)famous discovery are now canonized in nearly every biology textbook. Friedrich Miescher
first isolated DNA and characterized it as a phosphorus-containing substance in 1868, calling it
“nuclein.” In the late 1940’s, Oswald T. Avery, Colin MacLeod, and Maclyn McCarty realized
that DNA carried genetic material after infecting a nonvirulent strain of bacteria with DNA from
a virulent strain and observing that the nonvirulent strain had transformed. The hypothesis that
DNA was the molecule of genetic information was confirmed by Alfred D. Hershey and Martha
Chase in 1952 after they radioactively labelled DNA and protein to repeat the
Avery/MacLeod/McCarty experiment and found that only the one injected with the DNA had
transformed to become virulent.
The most significant contribution, however, was from Erwin Chargaff in the 1940’s.
Chargaff and his colleagues posited four important observations about the four DNA bases,
Adenosine, Thymidine, Cytidine, and Guanosine:
1. The base composition of DNA generally varies from one species to another.
2. DNA specimens isolated from different tissues of the same species have the
same base composition.
3. The base composition of DNA in a given species does not change with an
organism’s age, nutritional state, or changing environment.

4. In all cellular DNAs, regardless of the species, the number of adenosine
residues is equal to the number of thymidine residues (A=T), and the number
of guanosine residues is equal to the number of cytidine residues (G=C).
From these relationships it follows that the sum of the purine residues equals
the sum of the pyrimidine residues; that is, A+G=T+C. (Lehninger 278)
Yet according to James Watson in The Double Helix, Chargaff’s conclusions did not present
itself as enlightening observations. Watson’s account of the discovery of the structure of DNA
also reveals another tale that is not commonly told in textbooks. The key to the structure of
DNA had been its ability to copy itself with fidelity. Essentially, Watson and Crick had to solve
a puzzle within a puzzle: they had to create a model of a molecule that could be a model for itself
during replication. The revolutionary aspect of their model was the antiparallel strands that
served as complementary strands to each other such that one strand was a template for the other.
However, Watson admits that the complementary strands was not a novel discovery:
This was not an original hypothesis. It had been floating about for almost thirty
years in the circle of theoretically inclined geneticists intrigued by gene
duplication. The argument went that gene duplication required the formation of a
complementary (negative) image where shape was related to the original
(positive) surface like a lock and key. The complementary negative image would
then function as the mold (template) for the synthesis of a new positive image.
(Watson 127)
In addition to physical modelling, Watson also models the desired structure on both the
common metaphor of the lock and key and positive and negative photographic images. Without
any definite data, hypothesizing through metaphors was the most useful way to envision the

required structure. Nonetheless, these metaphors only carried knowledge of the structure to an
oversimplified model. If the nucleotides were locks and keys, Watson and Crick knew nothing
about the orientation of these pieces. To formulate a viable structure they would need geometric
data from x-ray crystallography. This powerful tool could provide “the angle and radii at which
the DNA strands twisted about the central axis” (77), creating a general image of the DNA helix.
The value of x-ray crystallography was debated among the researchers, particularly
between Watson and Rosalind Franklin. Franklin, who grew the DNA crystals and imaged them
herself, (adamantly, according to Watson) advocated the use of x-ray crystallography only,
whereas Watson believed the structure could be solved by building models, almost child’s-play.
His support of a tangible method of visualizing is substantiated. The quantitative data that was
available was often misleading because the tools, techniques, and equipment used were still
rather novel in their application abilities. After Watson’s account of the circulating theory of
complementary bases, he also mentions additional theories that were later proven to be incorrect.
John Griffith, a theoretical chemist, had originally recommended to Crick to reconsider the
possibility of complementary bases, but other quantum mechanics data suggested otherwise. At
the time, Watson and Crick were not even certain about the hydrogen bond interactions between
bases. They had to rely on other fields to determine the fundamental properties that govern the
structural components. Because of the over abundance of information, it was difficult to discern
the useful data from distracting data. For their purpose, quantitative data revealed more
possibilities than fathomable. In addition to complementary bases, Watson and Crick also
fancied the notion of similar base pairings and base stacking energies hinting at the structure of
DNA.

Everything revolved around an inherent paradox in the structure-function relationship.
Without knowledge of the structure, they could not determine the mechanism of the function, yet
general function was the only source of information they had to produce a structure. Yet,
Watson and Crick’s task to solve a physical structure for DNA is actually no different from
Newton’s extrapolation of data into mathematical forms of his Laws of Motion and Law of
Gravitation, or creating the Punnet Square to represent Mendelian Genetics. These are merely
structures as well, visual representations of natural phenomena that cannot actually be visualized.
Therefore, the structure-function relationship as a paradigm spans a broader domain than just
biology because even in physics, the mathematical laws are constructions. The equations
extrapolated from statistically fit data and formulation of interactions and relationships had to
explain natural phenomena, or rather, account for specific functions – the motion of objects. The
difference between physics and biology is the final form of the structure, that is, the language in
which it is inscribed. For physics, it is a mathematical equation, a model inscribed in variables.
In biology, the final structure seems more tangible and physical because it is a shape that can be
visualized as producing the desired function, but in essence, it is no more palpable than the
mathematical equations. Compared to biology, the task of constructing mathematical laws for
physics seemed more readily possible because the language of mathematics was extremely well
developed. This was not always the case. Newton himself had to create calculus in order to
have a tool to analyze physics and give it a language for expression. Later discoveries (i.e.
electrostatics, quantum mechanics, etc.) not only had calculus as a more elegant form of
mathematical language to analyze data and express it, but also had previously established laws to
use as a model.

Watson and Crick were challenged with a variety of x-ray and quantum mechanics data
that had no specified place in their science. These tools were borrowed from other disciplines
and the extent of their applicability was still unknown. The instruments were available to them,
but the inscriptions produced by such equipment still had to be assigned value and significance.
The techniques were completely foreign; Watson considered x-ray crystallography as part of the
“witch-craft-like techniques of the biochemist”(72). Furthermore, unlike the mathematical
models available to physicists, Watson and Crick had only Linus Pauling’s protein alpha-helix as
a comparable system. Pauling’s alpha-helix set the paradigm of their approach:
I soon was taught that Pauling’s accomplishment was a product of common sense,
not the result of complicated mathematical reasoning. Equations occasionally
crept into his argument, but in most cases words would have sufficed. The key to
Linus’ success was his reliance on the simple laws of structural chemistry. The
alpha-helix had not been found by only staring at X-ray pictures; the essential
trick, instead, was to ask which atoms like to sit next to each other. In place of
pencil and paper, the main working tools were a set of molecular models
superficially resembling the toys of preschool children. (50)
Watson aggrandizes Linus’ approach and disregards the mathematics, reducing it to the
anthropomorphism of “which atoms like to sit next to each other” and the “workings…
resembling the toys of preschool children” to make his own approach more creditable. This
claim, and the model itself as the choice of expression of structure rather than the x-ray image,
delineates his scientific “culture.” It becomes his to defend and his stake to a scientific
paradigm.
He insists that modelling, as the means of expression, would be sufficient:

At least with our level of chemical intuition, there was unlikely to be any single
conformation much prettier than the rest.
… Three chains twisted about each other in a way that gave rise to a
crystallographic repeat every 28 Ä along the helical axis. This was a feature
demanded by Maurice’s and Rosy’s pictures, so Francis was visible reassured as
he stepped back form the lab bench and surveyed the afternoon’s effort.
Admittedly, a few of the atomic contacts were still too close for comfort, but,
after all, the fiddling had just begun. With a few hours’ more work a presentable
model should be on display. (89)
Indeed, this prototype was the wrong model, led astray by A-form DNA that had become
dehydrated during the crystallization process. However, Watson still acknowledges that a model
would be completely impossible without any quantitative data (the 28 A “demanded by
Maurice’s and Rosy’s pictures”). In spite of the figurative language (the anthropomorphism
“demanded,” the euphemism “too close for comfort,” and the litote “fiddling”), the foundation
for Watson and Crick’s preliminary result is still quantitative data; the paradigm of divorcing
subjectivity from science established by Newton is still satisfied despite Watson’s language and
personal “cultural” belief.
This becomes especially evident once Franklin captured B-from DNA with x-ray
crystallography. Watson’s language flourishes with quantitative data to explain the structure:
Especially important was my insistence that the meridional reflection at 3.4 Ä was
much stronger than any other reflection. This could only mean that the 3.4 Äthick purine and pyrimidine bases were stacked on top of each other in a direction
perpendicular to the helical axis. In addition we could feel sure from both

electron-microscope and X-ray evidence that the helix diameter was about 20 Ä.
(175)
Shortly afterward, the full model of complementary bases in antiparallel strands became
apparent. Nonethless, he still insists, “our past hooting about model building represented a
serious approach to science, not the easy resort of slackers who wanted to avoid the hard work
necessitate by an honest scientific career” (212). Thus, the paradigm that Watson asserts is not
simply the structure that he and Crick solved. The double helix itself is a product of Watson and
Crick’s contribution to science: the justification of the molecular model as a tool for expression
and visualization of molecular material. By solving the structure of DNA, they not only solved
the structure-function relationship problem of the gene, but also advanced the use of x-ray
crystallography and quantum mechanics techniques for the application of biology.
Furthermore, the new paradigm opened up completely new avenues of research for
molecular biology. Van Dijck argues that The Double Helix “inadvertently … is presented as an
origin story: the beginning of a promising new era in a new scientific field” (43), the latter half
of the sentence suggesting the author’s own sardonic view of the “origin story.” Despite the fact
that the double helix was the result of the work of nearly an entire century of work, the discovery
is undoubtedly a new beginning as well. It gave a new medium to discuss and experiment with
genetics because of the ability for scientists to “read” genes, interpret them, and from there, study
specific phenotypes. Yet, these studies are merely those that arise from the model of genes and
DNA as linear “codes.” The structural determination of DNA and the importance of the three
dimensional double helix also lead to other structural analyses of nucleic acids such as RNAs,
RNA-DNA hybrids, and epigenetic studies of DNA bound to histones. Structure and function

were no longer limited to proteins but rather became abundant in nucleic acids. The linear code
could be transformed and understood in a tertiary structural model as well.
Due to the new cornucopia of ways to interpret genes1, a new level of uncertainty was
also introduced to molecular biology via the discovery of the double helix. As Robert Pollack
asserts, the double helix marks the beautiful marriage of physics to biology and hence, physics to
history. Francis Crick and Max Delbrück were both physicists prior to being biologists, and
although their insight to quantum mechanics was foundational to understanding the structural
data, the most important contribution of physics to biology was the paradigm that determining
the structure of the smallest functional unit in that field could not determine the entire broader
scope of its function because quantum physics broke the “Corpusculian model”:
“In the second half of this century the adopted paradigm of physics has become
remarkably fruitful for biology, but it has not converted biology into a branch of
physics… molecular biology now confronts a new and unpredicted unctertianty, a
boundary on our ability to know the final meaning of the genes we study… Single
genes may one day be totally understood… but the overall meaning of a genome
will not be a predictable sum or product of these separate meanings.” (Pollack
153)
Just as the interaction of atoms could only be determined as far as probabilities (wave functions),
the expression of genes would too always be subject to probabilities of particular expression
factors, variation effects, recombination events, the gene pool, random chance, mutations, etc.

1

The definition of a gene is incredibly difficult to pinpoint due to the existence of various factors
that actually determine how a sequence of nucleotides that yield a structural and functional
product. The Central Dogma suggests that the final expression of a gene is the protein product,
but because phenotypes can be determined by additional factors (enhancer/repressor sequences,
protein cascades, etc), it is hard to give a precise definition.

Watson and Crick’s discovery indeed revolutionized biology, physics, and chemistry.
The achievement of course could not have been possible without fundamental knowledge,
background contributions from previous research, and technical applications from other fields.
Although this sort of collaboration supports both Kuhn and Shapin’s argument that scientific
revolutions are actually the result of a continuous spectrum of discovery, these events themselves
still marks a significant point in science history that alters the teleological paradigm of science.
The revolutionary discovery is not meant to be a teleological end, but rather a beginning. These
discoveries may indeed put previous notions to rest, proving their inadequacies and shifting the
fundamental paradigms that govern the scientific approach, but by no means do they assert
themselves to be the complete underlying answer to universal conundrums.
Instead, these discoveries are significant because they raise new questions and improve
the quality of science that is being conducted. They assert and substantiate a simplified model
and force the science community to work toward refining that model. In doing so, they alter the
language through which science is communicated. Newton eliminated subjectivity from science
by establishing his Laws of Motions through mathematics; Lavoisier advanced the notion of
Corpusculianism by conjecturing the Law of Conservation of Matter; Einstein and DeBroglie
challenged the long believed “corpusculian” or particle matter from being objective to relative;
Watson and Crick united the disciplines of physics and biology to solve the structure of the
molecule of life, lending more value to the structure-function relationship and redefining it in
terms of both physics and biology. As normal science progresses from these revolutionary
discoveries, the language of science becomes more and more eloquent and elaborate as
technology enhances the resolution of observations. These discoveries eventually become
mythologies, accepted as simplified models, but they are not what Nietzsche considers

“metaphors that have become worn out and have been drained of sensuous force, coins which
have lost their embossing and are now considered as metal and no longer coins” (49). They
remain as valuable tokens to science culture, canonized in textbooks and refined through
research.
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