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Summary  
 
To many, Rheology is a relatively new science, which only really came into prominence 
in the second half of the 20th century. This is an oversimplification and some of the 
concepts encountered in rheology go back to antiquity. 
 
In this chapter, we shall survey the way the field has developed by moving 
progressively through the decades (and indeed, centuries). Not surprisingly, work 
carried out in recent decades demands most attention. 
 
Only major subjects are singled out for review and particular emphasis is given to the 
scientists (many with truly international reputations) who have graced the field and 
made significant contributions of lasting significance. 
 
1. Introduction 
 
To some, Rheology is a relatively new science, which only came into prominence 
following the end of the Second World War. However, in one sense, it can be 
considered to be a very old science, with roots in antiquity. 
 
Notable amongst those who have (inadvertently) popularized some of the concepts 
which are now recognized as “rheological” are the Greek philosopher Heraclitus and the 
Jewish prophetess Deborah. 
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Interestingly, the famous dictum of the former “panta rhei” (everything flows) has been 
taken as the motto of the (American) Society of Rheology. 
 
Deborah has given her name to an important non-dimensional number, which is based 
on an Old Testament scripture from the Book of Judges Chapter 5, verse 5: “The 
mountains flow before the Lord”. The basic idea is that everything flows, even the 
mountains, if you wait long enough! Marcus Reiner (1964) did more than anyone else to 
popularize these ideas and we can do no better than to quote some of his thoughts on the 
subject: “Deborah knew two things. First that the mountains flow, as everything flows. 
But, secondly, that they flowed before the Lord and not before man, for the simple 
reason that man in his short lifetime cannot see them flowing, while the time of 
observation of God is infinite. We may therefore well define as a non-dimensional 
number, the Deborah number, 
 

timeof relaxation timeof observation .
e

D =   
 
The difference between solids and fluids is then defined by the magnitude of

e

D . If your 
time of observation is very large, or, conversely, if the time of relaxation of the material 
under observation is very small, you see the material flowing. On the other hand, if the 
time of relaxation is larger than your time of observation, the material, for all practical 
purposes, is a solid … . It therefore appears that the Deborah number is destined to 
become the fundamental number in rheology, bringing solids and fluids under a 
common concept. The greater the Deborah number, the more solid the material; the 
smaller the Deborah number the more fluid it is.” 
 
It is readily conceded by the vast majority of workers in the field that the Deborah 
number concept is of significant importance in rheology. 
 
As we shall see, other important rheological concepts were studied through the centuries 
and long before the formal introduction of the term Rheology in 1929. This coincided 
with the founding of the American Society of Rheology in Washington DC and the 
formal definition of Rheology is invariably associated with Professor E. C. Bingham of 
Lafayette College, Easton, Pa., who was one of the three organizers of the 1929 
meeting, the others being Marcus Reiner of Israel (already referred to) and G. W. Scott 
Blair of the U.K. A convenient definition of Rheology, which would be generally 
accepted, is: “The science of the deformation and flow of matter”. 
 

 
 

Figure 1. E.C.Bingham, M.Reiner and G.W.Scott Blair. 
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Many famous scientists can be considered to have carried out rheological research 
before that 1929 meeting, especially in the 19th century, but space will allow no more 
than a cursory mention of some of the more important developments. Any reader who is 
particularly interested in them is encouraged to read the extensive text, running to 250 
pages, entitled “Rheology, An Historical Perspective” written by the present author in 
collaboration with R.I. Tanner (Tanner and Walters 1998). That text emphasizes the 
roles of two famous British scientists, Isaac Newton and Robert Hooke, in setting the 
boundaries of the modern science of Rheology. 
 
So far as solid-like behavior is concerned, Hooke introduced his famous linear law 
relating stress and strain in 1678.  
 
Nine years after the publication of Hooke’s work, Newton (1687) discussed steady 
shear flow in a fluid and in the Principia is his famous hypothesis: “The resistance 
which arises from the lack of slipperiness of the parts of the liquid, other things being 
equal, is proportional to the velocity with which the parts of the liquid are separated 
from one another”. This “lack of slipperiness” is what we now call “viscosity”. 
 
The works of Hooke and Newton set the boundaries of “classical elasticity” and “fluid 
dynamics”. However, as we shall see, Rheology goes far beyond these special cases 
and, by common consent, excludes them. 
 
Usually, rheologists are concerned with materials lying between the classical extremes 
and a rheological glossary has emerged with such terms and expressions as 
“viscoelasticity” and “non-Newtonian fluid mechanics”. We shall discuss these and 
some of the other concepts in later sections. 
 
2. Early Departures from the Classical Extremes 
 
The first clear experimental departure from the classical extremes introduced by Hooke 
and Newton is contained in the work of Wilhelm Weber on silk threads (Weber 1835, 
1841). He applied a tensile load to a silk fiber and noticed an immediate (elastic) 
extension; this was followed by a continued slow extension with time. Removal of the 
load led to an immediate extension. This kind of behavior was already well known in 
metals, but, to Weber’s surprise, it was found that the silk fiber eventually recovered its 
original length. 
 
The response observed by Weber is now seen as being consistent with that expected of a 
viscoelastic solid. 
 
So far as fluid-like materials are concerned, an influential contribution came from the 
pen of the famous British scientist, James Clerk Maxwell (Maxwell 1867, 1868). He put 
forward a (linear) equation relating stress σ  and strain γ  of the form: 
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Figure 2. James Clerk Maxwell. 
 

,d d
dt dt
σ γσ λ η+ =  (1) 

 
Where t  is the time, λ  a time constant (known as the relaxation time) and η  is the 
viscosity. 
 
When 0λ = , we have “Newtonian” behavior and as λ  becomes so large that the first 
term on the left-hand side of Eq. (1) can be neglected in comparison to the second, we 
essentially have “Hookean” elastic behavior. 
 
Rheologists use the term “elastico-viscous liquid” or simple “elastic liquid” to describe 
materials that satisfy Eq. (1). This so called “Maxwell fluid” has been surprisingly 
influential as the years have progressed and, today, one often sees references to the 
UCM (Upper-Convected Maxwell) model, which is based on Eq. (1), suitably 
embellished with a 20th century non-linear continuum mechanics. 
 
Equation (1) may be compared and contrasted with the simplest equation for a 
viscoelastic solid, named after the British scientist Lord Kelvin (see Thomson 1865, 
1878) and appropriately called the Kelvin model or sometimes the Kelvin-Voigt model. 
This has a rheological equation of state of the form: 
 

,dG
dt
γσ γ η= +  (2) 

 
Where G  is a material constant. 
 
Equations (1) and (2) set the boundaries of the research field known as “Linear 
Viscoelasticity”. This continues to be an important area of rheological research and two 
issues merit our attention. 
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First, the simplest extension of the Maxwell Eq. (1) for an elastic liquid is provided by 
the so-called Jeffrey’s model, with equations which are usually expressed in the form: 
 

2

1 0 2
2

,d d d
dt dt dt
σ γ γσ λ η λ

⎡ ⎤
+ = +⎢ ⎥

⎣ ⎦
 (3) 

 
where 

0 1

,η λ and 
2

λ are material constants. 
 
This model has a prominent place in the historical development of the science of 
rheology. For example, Jeffreys (1929) applied the equation to interpret problems 
associated with the earth’s crust. Later, Fröhlich and Sack (1946) showed that, within 
the linearity constraint, a dilute suspension of elastic spheres in a viscous liquid may be 
expected to obey Eq. (3) and Oldroyd (1953) did the same for a dilute emulsion. 
 
A non-linear version of Eq. (3), first introduced by Oldroyd in 1950 and called the 
Oldroyd B model, has had a very important influence in recent years, especially in the 
field of Computation Rheology (see later). 
 
The second issue which merits attention relates to the introduction of “mechanical 
models” in the early years of the 20th century (see, for example, Poynting and Thomson 
1902). These have proved to be a popular way of characterizing linear-viscoelastic 
response, without the need to go into the accompanying mathematics in detail. In these 
models, Hookean deformation is represented by a spring and Newtonian flow by a 
dashpot, and the procedure involves the association of force, extension and time in the 
models with stress, strain and time in the materials. 
 
Returning briefly to the 19th century, an important and influential work of 
generalization, which can incorporate both solid-like and liquid-like responses, was 
provided by another famous scientist, Ludwig Boltzmann (see, for example, Boltzmann 
1874, 1877, 1878). He introduced an integral constitutive equation, which generalized 
all previous work on non-classical materials. 
 

 
 

Figure 3. Ludwig Boltzmann. 



UNESCO – 
EOLS

S

SAMPLE
 C

HAPTERS

RHEOLOGY- Vol. I - History of Rheology - Kenneth Walters 
 

©Encyclopedia of Life Support Systems (EOLSS) 
 

So, in summary, we can say that, by the turn of the 20th century, there was a general 
acknowledgement of the existence of materials which could not be classified as 
Hookean solids or Newtonian fluids. Furthermore, a general framework existed to 
describe the linear behavior of such materials.  
 
- 
- 
- 
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