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Abstract: 

Scholars in the rhetoric of science have called for more attention to the contexts of scientific writing to better 

understand rhetors and audiences (Ceccarelli 2001; Fahnestock 2009). This approach is useful for analyzing the 

writing of 19th-century American scientists and their audiences because of then common undergraduate 

courses in rhetoric, which college-educated individuals would have had as a shared educational experience. 

Noted for devising a system to determine phase change states in matter, Josiah Willard Gibbs was considered 

to be a singular intellect in the 19th-century. His prose was criticized for being difficult to read, but he often 

referred to “simplicity” in his papers, suggesting that issues of presentation were a primary concern for him. 

This article contextualizes Gibbs’ scientific arguments within the rhetorical concepts operating in the 19th-

century and taught in the college courses of the time. Indirect values are utilized in scientific rhetoric and help 

to develop an understanding of potential connections between rhetorical education and scientific argument. 

 

Keywords: rhetoric of science, indirect values, 19
th

-century America, simplicity, style 

 
Motto: “The power of rigorous deductive logic in the hands of a 

mathematician of insight and imagination has always been one of 

the greatest aids in man’s effort to understand that mysterious 

universe in which he lives. Without the presence of this power, the 

experimental discoverer might wander in the fields and pick the wild 

flowers of knowledge, but there would be no beautiful garden of 

understanding wherein the mind of man can find a serene delight” (- 

F.G. Donnan, “The Influence of J. Willard Gibbs on the Science of 

Physical Chemistry” delivered in September 1924). 

 

Motto: “I had no sense of the value of time, of my own or others, 

when I wrote it” (-Josiah Willard Gibbs on his “On the Equilibrium of 

Heterogeneous Substances”- quoted in William H. Cropper’s Great 

Physicists: The Life and Times of Leading Physicists from Galileo to 

Hawking [110]). 

 

 

Introduction: The Ordered Garden of Theoretical Science 

In his 1924 speech “The Influence of J. Willard Gibbs on the Science of Physical Chemistry” for the 

centenarian celebration of the Franklin Institute in Philadelphia, F.G. Donnan credits Josiah Willard 

Gibbs (1839-1903) with what has long been considered a standard compliment for a scientist - that 

of “imagination” (483). Scientists often credit scientific imagination as a positive attribute, and this 

speech offers a standard formula for its expression. Donnan lists the accomplishments of Gibbs and 

the lack of immediate understanding in the American scientific establishment as proof of his far 

reaching imagination and insight, which were capable of creating a metaphorically verdant (and 

ordered) garden space, so the future experimentalist could fruitfully work. Later in the speech, 

Donnan credits Gibbs’ imaginative power with creating the theoretical foundations for the lucrative 
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industrial science in the late 1800s and early 1900s. By comparing this lofty image to Gibbs’ terse 

reflection on his own writing, we can see a fundamental tension between content and form in 

scientific writing. Donnan values the work of Gibbs - his theories - but Gibbs feels that his writing 

wasted the time of his readers - he could have written something clearer or simpler. Donnan sees 

value in the theories’ products, but Gibbs laments their presentation. The praise of Gibbs’ scientific 

labor obscures several important elements of the communicative aspect of scientific work, which 

point to the centrality of rhetorical awareness in scientific prose construction, and highlights the 

constraints placed on science writers, when writing for an audience unfamiliar with the necessary 

background knowledge to understand their theoretical work. 

Indeed, the rhetoric of science scholars calls for scholarship that recognizes the contextual nature 

of scientific texts and their reception. Ceccarelli argues that “rhetorical criticism always treats texts 

as a convergence of discursive opportunities and material constraints” (316). Later on, she reasons 

that rhetorical scholars are particularly well suited to investigating the relationships between texts 

and audiences (Ceccarelli 320). Fahnestock claims that “a historical approach within the rhetoric of 

science would look specifically for the influence of contemporary rhetorical theory on the practices 

of scientists and the expectations of their audiences who were trained in that theory” (“Natural 

Science” 184). I’d like to borrow and augment her call to envision a more realistic reader and 

investigate the rhetor’s perceived relationship with an idealized rhetor-text-reader relationship (as 

understood through the rhetorical textbooks of the time). Similar to Fahnestock’s investigation of 

figures in Rhetorical Figures in Science, this article investigates the role of common 19
th

 century 

understandings of style and explicates Josiah Willard Gibb’s texts within that framework, to better 

understand the rhetorical choices made by scientific rhetors when addressing audiences on an 

unfamiliar and complicated topic. 

One element for rhetoricians to consider, then, is the role of values present in scientific 

arguments that are not directly related to the usual values of scientific work. In a re-examination of 

Alan Gross’ seminal work in The Rhetoric of Science and Starring the Text, Nathan Crick explains that 

rhetoricians need to rethink the role of rhetorical scholarship by focusing on the moments when 

decision makers must “make practical judgments without other arts or systems to guide them” (26). 

In lieu of data or other evidence, judgments must be made through using what values are at hand 

that help undergird the larger practice of science and policy. Gregory Morgan outlines how William 

Whewell, noted philosopher of science in the 19
th

 century, valued coherence as an aesthetic value of 

a theory that demonstrated beauty within a theory (6). Simplicity and brevity in scientific 

argumentation are, then, marks of the aesthetic qualities of the argument that signify the presence 

of coherence, the much desired effect of scientific theorizing. In “Direct and Indirect Roles for Values 

in Science”, Elliot distinguishes between normative values associated with epistemology and other 

indirect values that, while not central to doing accepted experimental or theoretical practice, affect 

the choice of theories and use of evidence (317). In particular, I am interested in exploring the role 

of “indirect values” of presentation in Gibbs’ efforts to advocate for the adoption of a new graphic 

model, which showed a more fine-grained relationship between datapoints. These indirect values 

have correlations in rhetorical training and practice in the 19
th

 century, and constitute a shared 

understanding of presentation. 

Relying upon disciplinary knowledge and formal rhetorical training to advocate for his theories, 

Gibbs’ prose demonstrates how rhetorical interventions are necessary for crafting coherent 

arguments; those rhetorical interventions are, in turn, not seen as rhetorical, but part of the labor of 

science. As James Berlin explains, 19
th

 century New Rhetoric taught that “[l]anguage and things are 

considered separate, but the discussion of style - perspicuity, energy, vivacity, and the like - becomes 

central because of the importance of language to reproducing the content of experience in the 

minds of the audience” (8). As Bitzer explains, the Scottish New Rhetoric argues that inferring and 

advocating - theorizing and presenting - are two different acts existing on a sliding scale of activity. 

Whately’s formulation of the act of inferring and the act of advocacy exists on a scale of activity with 
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“the philosopher”, who infers on one side and the advocate, who presents arguments on the other 

(Bitzer 314). In the case of 19
th

 century scientists, making arguments for and evaluating the labor of 

their work, this scale can blur the lines between the lonely labor of theorizing and the public labor of 

presenting. Since a major facet of the 19
th

-century scientific article was theorizing on the basis of and 

connection between natural facts, theorizing itself, the “tightness of fit between nature and its 

symbolic representation”, became an object of discussion for scientists (Bazerman 33). Simplicity 

and brevity were two methods used to ensure a fit between nature and symbol, and two methods 

which Gibbs used to construct an argument for his theoretical coherence, which Andrew Pickering 

argues, comes from using the “plastic resources of practice” (279). A scientist’s labor is then twofold: 

he or she must first craft the mathematical and theoretical scientific work and then convince others 

of its efficacy. In particular, coherence, as arrived at through arrangement in an argument, is a value 

that many scientists, past and present, accept as having an effect on evaluations of Gibbs’ 

theoretical work. The coherence of his papers arguments is a direct demonstration of his capability 

to judge both his field and his heterogeneous audience appropriately. 

This article gives a brief history of J. Willard Gibbs with an emphasis on his university training; 

sketches a brief overview of the academic culture of science in Gibbs’ life; delineates Whately’s 

specific discussion of elegance, perspicuity, and the metaphor as markers of his inductive rhetoric 

and as formal elements in a mechanistic conceptualization of the mind; examines two articles and 

one abstract, as illustrations of Gibb’s potential uses of his rhetorical training; and finally, explores 

how Gibbs’ rhetorical labor of crafting coherent arguments is evaluated when his theoretical science 

is celebrated
1
. Tracing the rhetorical training Gibbs was exposed to does not create a causal link; 

rather, it helps us conceptualize potential avenues for Gibbs to connect with the indirect, extra-

empirical values (such as coherence) in common use during his lifetime. These connections are 

important ways of reconceiving the rhetoric of science and the historical connections it may have 

had with a 19
th

-century culture of rhetoric. 

 

J. Willard Gibbs: From Mechanical Engineer to Physical Chemist 

Josiah Willard Gibbs was a physical chemist, trained as an engineer, responsible for producing 

equations that plot states of matter as it undergoes transformation from a gas to a liquid to a solid. 

He was born in New Haven, Connecticut, on February 11, 1839 and, with the exception of his post-

graduate work completed in Europe, spent his entire life and career at Yale in New Haven; he was 

awarded his Ph. D. in Engineering in 1863 by The Sheffield Scientific School. He then spent three 

years as a tutor in Mathematics and Latin, and in 1866 sailed for Europe to spend three years in 

post-graduate studies in Paris, Berlin, and Heidelberg. Gibbs’ undergraduate training at Yale included 

instruction in rhetoric using Richard Whately’s Elements of Rhetoric (Yale University). The third term 

of the sophomore year at Yale, between the years 1850 and 1871, required that all students read 

Elements of Rhetoric, except for section IV “On Elocution”. Yale, like many American universities at 

the time, had not yet adopted the German model of higher education with its specialized disciplinary 

focus. Students were taught a liberal arts tradition aimed at creating a citizenry with a breadth of 

knowledge and ability to act civically. Rhetoric was a foundational part of this training. 

 

Richard Whately’s Elements of Rhetoric and Elegant Composition 

Richard Whately’s (1787-1863) Elements of Rhetoric was first published in 1828 and is counted as 

one of the more widely distributed and influential rhetorics in 19
th

-century America. Golden and 

Corbett explain it was the only one of the three Scottish New Rhetoric books published in the 1800s, 

and by the time the book had reached its seventh and final revision in 1846, Elements had been 

                                                 
1
The exact terms that Gibbs and Whately use to reference elements of the text do not match exactly. As will be 

demonstrated, Gibbs references “simplicity” and “brevity” in a fashion that clearly suggests he thinks of them 

as the same elements of argument as Whately’s “elegance” and “perspicuity”. 
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revised and expanded beyond its original scope and length (273-274). While not every university 

student was exposed to this particular book, many students used rhetoric textbooks that took it as 

their inspiration. Jean Ferguson Carr, Stephen Carr, and Lucille Schultz report that Whately’s 

Elements of Rhetoric, along with other rhetorics, had ten or more editions printed in the years 1831-

1865 (49). The longevity of Whately’s project speaks to the presence of his concepts of style in 19
th

-

century writing. Its presence in so many rhetoric and composition courses throughout 19
th

-century 

America ensured that Whately’s approach permeated composition instruction throughout the 

century. Instead of inventing topics for discourse, Whately encouraged students to manage the 

factual material they had found, so as to persuade the audience
2
. Whately’s perspicuity, energy, and 

elegance are variations of simplicity and brevity as modes of presentation and descriptors of 

relationships between facts. By adhering to Whately’s dictates, a writer can arrange the 

presentation of arguments in such a way as to elicit a desired response from the audience. 

Stylistic elements drive the choice of appropriate arrangement in Whately’s rhetoric, but these 

elements are not to impinge on the content of the argument; the elements are central to 

presentation and are not substantive. He introduces his Elements of Rhetoric explaining to his 

readers: “The process of investigation must be supposed completed, and certain conclusions arrived 

at by the process, before he begins to impart his ideas to others in a treatise or lecture; the object of 

which must of course be to prove the justness of these conclusions” (Whately 5). For Whately, 

rhetoric’s primary function is arrangement. In “Consistency in Richard Whately: The Scope of His 

Rhetoric”, Lois J. Einhorn explains that while Whately often seems to give contradictory or unclear 

instructions as to the scope and point of his rhetoric, he clearly demonstrates that he is concerned 

with managerial rhetoric. This managerial rhetoric takes already perceived truths and explains the 

best methods for managing their arrangement in argument. In particular, Whately discusses the 

functional aspects of style that are central to “conveying thoughts” (Einhorn 93). The three parts of 

perspicuity, energy, and, above all, elegance are addressed at length in Whately’s textbook. Each 

element of style is explained through its effect on argumentative composition. 

 

Elegant Arrangement in Whately 

In Elements, elegance is the most complicated of the three items, and Whately spends 

considerable time in “Of Elegance” discussing the importance of the appropriate type of 

presentation. Although he explains to the reader that “On the last quality of Style to be noticed, - 

Elegance or Beauty, - it is the less necessary to enlarge” (Whately 328), the chapter is the only place 

that specifically details how to balance the three elements of style - perspicuity, energy, and 

elegance - when presenting an argument. Although elegance in the textbook refers to poetic 

language, he believes this chapter is the appropriate place to discuss the rhetor’s duty to deploy 

stylistic elements that best support his argument. “Part 3” of Elements is divided into three chapters: 

“Of Perspicuity”, “Of Energy”, and “Of Elegance”. Each chapter builds upon the one before it, but 

perspicuity and energy are discussed separately in “Part 3”. However, they play a central role in 

Chapter 3 “Of Elegance” in a way that elegance does not in the preceding two chapters. Indeed, the 

final line of “Part 3” (and, coincidentally, the final line of the text as taught in Gibbs’ undergraduate 

years, when the course in rhetoric explicitly ignored the final section of the book “Part 4: On 

Elocution”) warns students: 

 

He [the rhetor] should carefully study Perspicuity as he goes along; he may also, though more 

cautiously, aim, in like manner, at Energy; but if he is endeavouring (sic) after Elegance, he will 

hardly fail to betray that endeavour (sic); and in proportion as he does this, he will be so far from 

                                                 
2
Elements of Rhetoric defines a clear path from evidence to presentation. Johnson (1991) suggests that 

Whately extends his project started with Elements of Logic and seeks to create a “‘regularity of system’ in the 

procedures for the discovery and arrangement of arguments” (Johnson 51). 
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giving pleasure, to good judges, that he will offend more than by the rudest simplicity (Whately 

338). 

 

Whately spends most of the chapter on elegance cautioning students from the overuse of stylistic 

flourishes that would complicate their presentation and unduly confuse the audience, and he 

culminates these warnings with this final admonition - advising students to consider all of the 

elements of style. Whately’s understanding of elegance highlights the belletristic nature of this 

element of style, but he just as clearly instructs readers to use their judgment in knowing when and 

how to use elegance in their writing. Elegance, then, points to the judgment in a way that 

encompasses all other elements of style in Whately’s rhetoric, placing them in service to effectively 

arranged arguments. 

In this culminating section of Part 3, Whately incorporates his prior discussions of perspicuity and 

energy into a discussion of elegance. When a rhetor is considering elegance, he or she is really 

making an informed choice between clarity and ornamentation; the most successful forms of 

elegant prose strike a balance between the two. This balance is even more important because the 

rhetor must strike it in the context of “having something to say” (Whately 329). It is this difference 

between research and presentation that the rhetor must consider. For instance, he explains that 

metaphors may be “striking” and “apt” for the argument and “conducive to Energy of expression” 

but a metaphor may also “have no intrinsic beauty” (Whately 328). Indeed, he warns readers that 

they must avoid the appearance of being too polished, for it will reduce the “force of what is said” 

(Whately 329). Ultimately, the rhetor must choose based on the content being presented and the 

audience’s taste and level of understanding. Scientific writers are especially burdened in this regard 

in Whately’s text, precisely because they must contend with many of the presentational choices that 

Whately sees as part of style. The scientist must be clear, excite the imagination of the audience, and 

consider language choice wisely. 

Whately gives more focused instructions when it comes to scientific writing and professional 

ethos. The philosopher and orator combine in the example of the scientific writer and demonstrate 

the centrality of stylistic considerations to all argumentation. In this example, perspicuity becomes 

central to scientific argumentation, because it bridges the gap between the philosopher and the 

orator. For him, a lucid prose style is the central goal of the scientific writer: 

 

Perspicuity is required in all compositions; and may even be considered as the ultimate end of a 

Scientific writer, considered as such. He may indeed practically increase his utility by writing so 

as to excite curiosity, and recommend his subject to general attention; but in doing so, he is, in 

some degree, superadding the office of Orator to his own; as a Philosopher, he may assume the 

existence in his reader of a desire for knowledge, and has only to convey that knowledge in 

language that may be clearly understood (Whately 331, emphasis original). 

 

Whately distinguishes between the two activities of research and presentation - the Philosopher 

and the Orator - in order to highlight the importance of choosing the most appropriate style. 

Choosing a style for one’s presentation is a matter of professional identity. Whately makes it clear 

that the scientist is no orator. The content alone should be enough to excite the reader, but 

Whately’s instructions imply that the scientific writer still has choices to make, when it comes to the 

effect his writing will have on the audience. These choices, according to Whately’s instructions, do 

affect the outcome of the presentation - the reception of the scientific content. The arrangement of 

words and the arrangement of data are working to create the most efficient argument possible. The 

choice also reflects the presentation values and commitments of the scientist. 

 

 



Gabriel Cutrufello, ”Speaking to New Scientific Communities: Indirect Values in Scientific Argument 

and Josiah Willard Gibbs’ Simplicity and Coherence”.                                                                    

Community and Communication from a Synchronic and Diachronic Perspective (Part I) 

 

HyperCultura, Vol 4, no 2/2015                                                                                                     Page 7 

 

Gibbs’ Publishing History, His Audience, and the State of Physical Chemistry in 19
th

-Century 

America 

In the 1870s, Gibbs published two important papers in The Connecticut Academy of the Arts and 

Science’s Transactions of the Connecticut Academy. Mary Ellen Ellsworth explains that The 

Connecticut Academy was a regional institution that drew its membership from local colleges and 

did not often have the chance to engage in international scholarship
3
. Gibbs’ first paper “Graphical 

Methods in the Thermodynamics of Fluids”, published in 1873, articulated a new geometrical 

method for charting thermodynamic energy in different bodies of matter, but did not find a suitable 

audience for its work in the local academy
4
. The limited distribution of the Transactions 

demonstrates a typical dilemma for the 19
th

-century American scientific rhetor. The intended 

audience is twofold - the immediate readers will be a local or regional audience, but the larger 

audience of disciplinary peers may not have easy access to the work. Although Gibbs’ audience was 

other mathematicians, the members of the Connecticut Academy and his colleagues at Yale, the 

immediate readers of his first public work, could not follow the content of his argument. 

 

Apprehending Gibbs’ Simplicity 

For Gibbs, simplicity, as a function of both representation and presentation, is a primary concern 

in his argument. He explains in “Graphical Methods in Thermodynamic Fluids” that his choice of 

method is “to be determined by considerations of simplicity and convenience” (Gibbs 49). For Gibbs, 

simplicity and convenience are the intersection of his prior experience with mathematical 

engineering and the ease with which mathematics can present certain types of data. In an effort to 

persuade his audience of its efficacy, Gibbs veers away from mathematical models and describes the 

process in prose: 

 

The fact, that the different states of a fluid can be represented by the positions of a point in a 

plane, so that the ordinates shall represent the temperatures, and the heat received or given out 

by the fluid shall be represented by the area bounded by the line representing the states through 

which the body passes, the ordinates drawn through the extreme points of this line, and the axis 

of the abscissas, - this fact, clumsy as its expression in words maybe, is one which presents a 

clear image to the eye, and which the mind can readily grasp and retain (53). 

 

He highlights the ease with which the mind will imagine both the graphic representation and the 

actual physical event. Although he does not mention simplicity by name here, it is present as the 

unspoken opposite of “clumsy”. Gibbs argues that even though the reader must frame the image 

(there is no illustration in this section of the essay), it is easily comprehensible. 

In “Graphical Methods”, the success of Gibbs’ representational strategy hinges on the audience 

understanding his model as a series of points plotted on a plane, representing an infinitesimally 

small series of changes in order to create a record of imperceptible events: “Now if we associate a 

particular point in a plane with every separate state, of which the body is capable, in any continuous 

manner, so that states differing infinitely little are associated with points which are infinitely near 

each other, the points associated with states of equal volume will form lines” (“Graphical Methods” 

                                                 
3
See Mary Ellen Ellsworth’s (1999) A History of the Connecticut Academy of Arts and Sciences 1799-1999. She 

explains that The Connecticut Academy of Arts and Sciences functioned similarly to other early scientific 

gatherings - it was comprised mainly of gentlemen scholars who collected and shared work on local flora and 

fauna. The Connecticut Academy existed in a continuum of such institutions in 19
th

-century America. 
4
In reality, hardly anyone understood Gibbs’ work at the time of its publication; the limited understanding had 

more to do with his audience's training and the mode of disseminating his article, than with a lack of vision on 

the part of Gibbs' peers. Verrill (1925) notes that even the committee of professors who agreed to publish his 

works in the first place was at as much of a loss as other scientists of the era as to the content of Gibbs’ work 

(42). 
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43). Perspicuity, which Gibbs calls brevity, then, is a method by which he satisfies both the 

mathematical and the rhetorical demands by shortening his complex reasoning into something 

useful for a mathematician audience
5
. As he sets his terms and outlines the basic functioning of this 

representational method, he clearly references concerns of ambiguity in his terminology and seeks 

to balance concerns with ambiguity with his interest in presenting a convenient form of 

representation. 

For Gibbs, the pseudo-heuristic concepts “simplicity” and “brevity” often appear within the text 

as commentary on his presentation. This appearance suggests that providing his audience with 

insight into his deliberations over presentation of material supports a professional, scientific ethos 

that exceeds just the presentation of technical skill: 

 

For the sake of brevity, it will be convenient to use language which attributes to the diagram 

properties which belong to the associated states of the body. Thus it can give rise to no 

ambiguity, if we speak of the volume or the temperature of a point in the diagram, or of the 

work or heat of a line, instead of the volume or temperature of the body in the state associated 

with the point, or the work done or the heat received by the body in passing through the states 

associated with the points of the line. In like manner, also we may speak of the body moving 

along a line in the diagram, instead of passing through the series of states represented by the 

line (Gibbs, “Graphical Methods” 44). 

 

Gibbs invokes brevity to explain a choice in descriptive language. He explicitly acknowledges the 

representational function of his work and implicitly points his audience to an understanding of the 

writing tasks he undertakes on their behalf. Because Gibbs understands that the potential audience 

for this piece may not understand the representational connections he makes, he includes these 

deliberations in the prose in order to demonstrate his faculty for judgment. Described above is a 

complex relationship between two representational systems; the diagrammatic system describes 

changes in volume or temperature, but these results, which are already inscribed in the language of 

the diagram, must be re-inscribed in prose. Recognizing the possible resulting confusion from this 

double inscription, Gibbs resorts to calling on brevity as a reason for his representational choice. 

Gibbs’s representational concerns are almost exclusively about convenience, brevity, and simplicity. 

Brevity and simplicity help achieve “convenience”, and they generate a sense of coherence in the 

argument. As Gibbs shortens long, complex terms, he hopes to demonstrate the efficacy of his 

argument. In the example above, he conducts an act of representational equivalence arguing that his 

method of representation will create a two dimensional graph representing a three dimensional 

change. Brevity erases the gap between the representation and the natural phenomena. By stating 

that brevity, an argumentative concern, is the reason for the shift in language, Gibbs can make the 

representative model stand for natural phenomena. Furthermore, he demonstrates the persuasive 

power of rhetorical arrangement - of appropriately ordering and representing the argument one 

needs to make. 

Gibbs’ writing also demonstrates the difficulties faced by many theoretical scientists in 

communicating their work in the 19
th

 century. As the 19
th

-century scientific rhetors theorized about 

abstract concepts, the scientific article reflected this by turning towards more abstract language and 

verb usage (Gross et al. 123). He attempts to make his argument intelligible by moving the 

                                                 
5
This facet of his writing is also considered to be one of the more vexing problems with reading his work. 

Martin Klein (1983) reports that many mathematicians, including Einstein, found his terse writing difficult. 

Klein attributes Gibbs’ brevity to his lack of colleagues at Yale. Forced to work in relative disciplinary solitude, 

Gibbs would work out the problems of his work alone, and his writing reflected only the presentation of the 

completed idea rather than a series of articles working on a problem. Klein also reports that Gibbs rarely (if 

ever) shared his work in progress with his graduate students as well; he explains Gibbs was noted for being “of 

a retiring disposition” and not prone to discussing his work (150). 
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theoretical conversation between the world of the mechanical and the world of the theoretical to 

introduce the new concept of entropy in chemical systems. The states of transfer that he is 

attempting to describe and theorize are on an infinitely small level, inaccessible to the naked or 

aided eye. He describes a mechanical system of two processes - the ones that retard motion like 

friction and the ones that increase change like heat or energy. He goes on to illuminate what those 

forces look like in a mechanical system and then begins to explain the relationship between those 

forces in a chemical system: 

 

The condition which we have supposed is therefore sufficient for equilibrium, so far as the 

motion of masses and the transfer of heat are concerned [friction and the second law of the 

thermodynamics], but to show the same is true in regard to the motions of diffusion and 

chemical or molecular changes, when these can occur without being accompanied or followed 

by the motions of masses or the transfer of heat, we must recourse to considerations of a more 

general nature (Gibbs, “Equilibrium” 59). 

 

Gibbs is describing a mechanical construct that demonstrates a state of equilibrium between 

forces that retard work and forces that promote work. When matter changes state, it does not 

exhibit the mechanical signs observable in heretofore-familiar systems; instead, Gibbs is required to 

resort to “considerations of a more general nature”. This is the first move from the mechanical world 

to the theoretical world in Gibbs’ work. The generality of Gibbs’ work is often cited as a key to its 

eventual adoption, and it is the underlying reasoning behind the use of mathematical models in 

scientific work. In effect, Gibbs is arguing for the adoption of his mathematical system through a 

more fundamental adoption of the efficacy of mathematics to solve this particular set of problems. 

The already agreed upon aesthetic components of mathematics are thus transferred to his 

overarching argument in this paper. Mathematics’ ability to shorten and to model is used 

synonymously with his own argument to suggest that he could more effectively eliminate his dense 

prose by substituting purer mathematical models. The small community of mechanical engineers in 

the United States would have understood his mathematics (to an extent), if not the thermodynamic 

implications. 

Gibbs insists on the simplicity of understanding even though it does not exist for most of his 

audience, and, in doing so, he echoes the standard advice found in Whately’s text that explains that 

simplicity is always preferable when crafting an argument. This is not to say that Gibbs achieves 

simplicity in his argument, but that his continual discussion of it suggests that he understood the 

power of “simplicity” as a part of the style of argument. Indeed, as we saw in Whately’s “Part III: 

Style”, it is in the style of presentation that logical arguments are molded for consumption by the 

audience. Gibbs takes many opportunities to try and convince his audience of the simplicity of his 

argument, only to demonstrate through the technical complexity of his mathematics that his work is 

far from simple. And, we must also remember that Gibbs is not only arguing for the usefulness of his 

mathematical formula, but also for a still contested mode of understanding the natural world. 

Mathematical interventions into abstract and non-observable phenomena were only recently being 

adopted for widespread use in 19
th

-century science. All of these exigencies must be considered when 

thinking about the aesthetic claims Gibbs makes and the ultimate reception of his work. 

 

Coherence and Aesthetics in Scientific Rhetorical Labor 

Nineteenth-century scientists, much like their counterparts today, were responsible for crafting 

convincing arguments and demonstrating their judgment for an audience. Creating coherence is the 

primary labor of theoretical scientists, and one that draws upon their ability to arrange materials in 

their arguments relying upon direct and indirect values of scientific practice. Theories are coherent 

narratives that have predictive power and are useful for understanding certain classes of problems. 

Simplicity and brevity were used to craft theoretical arguments and advocate for their acceptance; 
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both of these rhetorical elements speak to the supposed coherence of the theory, but both 

elements are also functions of arrangement of argument. In this sense, we can argue that coherence 

is obtained through a strategic deployment of the elements of the article, paper, or treatise. The 

theory, as commonly understood by philosophers of science, never exists outside of language; it is 

always presented in a paper, an article, or a treatise - there are always prefatory materials, 

examples, et cetera. For all intents and purposes, the theory is embedded within a written structure 

dependent on the then current understandings of what constitutes successful writing. For all of its 

mathematical complexity and (ultimately useful) ability to predict the behavior of substances, Gibbs’ 

theories exist within a matrix of language and representation produced in accordance with standard 

conceptions of writing practice at the time. Without bridging the gap of communication using 

indirect values associated with communication, Gibbs would have had difficulty communicating with 

a newly forming scientific community, whose own values were not yet fully formed. The graphic 

representations were useful to the mathematician, but the written composition was also directed at 

the non-mathematicians that were also part of the scientific audience. 

 

Conclusion 

The two evaluations of his writing described at the beginning of this article shed some light on 

different aspects of Gibbs labor as a scientist. Donnan’s nod towards the imagination demonstrates 

the ways in which Gibbs’ theoretical work is valued as an imaginative act with arrangement at the 

center of its activity; indeed, the garden has long been considered the image of ordered nature in 

literature and cultural imagination. Gibb’s critique of his own writing suggests a critical link between 

the ways in which scientific arguments are evaluated as arguments and the ways in which the 

Scottish New Rhetoric enumerated rules for evaluating the efficacy of an argument. These rules, in 

turn, support aesthetic evaluations of the scientific labor of argument and an estimation of the ethos 

of the writer. Gibbs was clearly concerned with the presentation arrangement of his theoretical 

work; the ways in which he arranged the content of his articles and his presentation of theories, 

examples, and analogies were the driving force behind the consent his arguments demanded. 

Lacking a shared lexicon of discipline specific terminology, scientists fell back on other shared values 

deciding whether or not to undertake the expensive enterprise of publishing and disseminating his 

work. Once it was established in the larger world, scientists with discipline specific knowledge could 

begin to judge the accuracy of his work. That fact notwithstanding, the non-scientific shared values 

of argumentation seemed to have been a powerful factor in Gibbs’ construction of his work, but it is 

even more important for placing his work into a larger context of a culture of science that values 

something more than the theoretical efficacy of abstract, scientific labor. 
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