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SOCIETY OF RHEOLOGY 
Executive Committee Meeting 

March 15, 1971 

Executive Committee Present: H. Markovitz, R. 
Myers, F. Eirich, R. Coulehan, J . Miller, E. Collins. 

Others Present: M. Birnboim 

1) Minutes were approved as distributed by mail. 
2) A brief summary on the Win te r Meet ing in 

Salt Lake City reported 56 registrants. 
3) R. Coulehan presented prel iminary plans for 

charter fl ight to Europe. The Committee suggested that 
August 26 to September 16, 1972 were the best dates 
because of a biorheology symposium which m a y overlap 
the International Congress. 

4) Dr. Koch, Director of AIP, presented the new 
concepts in information retrieval which A I P is currently 
working on. Dr. Koch also reported that A I P Journals 
are working on a two track system to get 85% of the 
page charges honored. 

5) Dr . Koch reported that 50% drop in physics 
P h D production is occurring. 

6) J. L. Whi te reported some details on the local 
arrangements for the Knoxville Meet ing in the Fall. 

7) M. Birnboim presented the results of a Short 
Course Committee to develop a course for the Knoxville 
Meeting. After some discussion a motion to supply $100 
for expenses for a tutorial program of 2 to 3 hours be-
fore the meeting was made. The motion was amended 
for $200. The motion passed unanimously. 

8) The two track system was discussed for the 
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HOW BASIC CAN PROCESS 
RHEOLOGY BE? 

J . R . A . P E A R S O N 

Department of Chemical Engineering 
University of Cambridge 

Text of an invited lecture to be given at the 1971 Fall 
Meeting of the Society of Rheology, 26-28 October, 
Princeton, N.J., U.S.A. 

Synopsis: 
This talk considers what a rheologist in the process 

industries does, can and should measure; how and how 
accurately he does or should do it. 

An industrial rheologist studies the behaviour of 
materials under strain (usually large amplitude strain) 
in order to predict or explain (i) flow patterns in equip-
ment and (ii) the physical state of the resulting output; 
he is usually interested in the interrelations between (i) 
and (ii). This involves the equations of motion and 
energy as well as rheological equations of state. Current 
emphasis on homogeneous 'memory' fluid models, ad-
mirable for some academic purposes, is only partially 
relevant for many industrial situations, including those 
of the polymer industry; in particular, a complete pre-
occupation with the measurement of difference of norm-
al stresses in viscometric flow or dynamic viscosity in 
small amplitude disturbances is indefensible. Many ma-
terials exhibit gross physical changes during processing 
that are not reasonably covered by mathematical formu-
lations that neglect microscopic behaviour. 

The conclusion is that a detailed analysis, experi-
mental and theoretical, of specific processes, including 
all the relevant factors, is the most profitable activity for 
industry. Rheologists can help with this as examples will 
show. 

I was invited to discuss, in this talk, the relation-
ship between rheological theories, rheological experi-
ments and commercially important processes which de-
pend upon the rheological properties of the material 
processed. In particular, I was asked to consider which 
in m y view were the most useful measurements to make, 
what problems were involved, and what had so far been 
achieved in applying these measurements. I accepted the 
invitation because I think that there is still a need to 
point out the large gap that exists between the approaches 
and findings of pure rheologists on the one hand and the 
rheological problems of the process industries on the 
other. It is these latter which are the province of many 
applied rheologists. 

I intend to persuade you, if I can, that industrial 
rheologists should direct most of their attention to direct 
investigation of industrial processes. The tendency to 
look for fundamental problems, though admirable in aca-
demics, and necessary for the long term development of 
any subject, is characteristic of too many workers sup-
posedly applying existing knowledge, and is leading to a 
waste of effort which neither advances knowledge nor 
satisfies employers. The present need is for a pragmatic 
approach. 

Practitioners of applied hydro- and aero-dynamics 
have had, over the years, many spectacular successes in 
explaining in detail the behaviour of water and air 
flows; as a result the disciplines attract excellent stu-

dents, are well represented academically, and are well 
supported institutionally and industrially; they are 
now classical activities and have contributed in consider-
able measure to our present technologies. The numbers 
of workers involved are such that there is no sharp di-
vision between the pure and applied branches of the sub-
jects. 

Rheology as a discipline covers such a wide range 
of materials of differing rheological behaviour that it 
would be ridiculous to expect a similar situation to exist 
in general. However, it might have been hoped that in a 
limited number of fields of prime commercial impor-
tance, such as flow of polymer melts, concentrated poly-
mer solutions or aqueous suspensions, greater progress 
would have been made. In practice, engineers and tech-
nologists have evolved processes that work, but usually 
with little knowledge or understanding of the kinematic 
and stress fields that arise. As a result processes are us-
ually poorly controlled and satisfactory operating condi-
tions difficult to predict. In an attempt to understand 
the flow processes involved, engineers turn for help to 
the rheologists and are usually disappointed. Why is 
this? Where does the fault lie? These are the questions 
that I would now like to consider. 

A most important point, too often forgotten, is that 
both the processes and the materials are complex. Any-
body wishing to understand and control a particular flow 
situation cannot expect in general to be provided with 
simple explanatory theories, calling only for a limited 
number of simple measurements that need be made to 
evaluate relevant parameters. The fact that a change of 
scale, a change of material, or an improvement in output 
and quality is imperative on commercial grounds, does 
not make its achievement any easier. As a result, work-
ers have tended to adopt one of two policies: the first 
has been to retreat into a study of fundamental rheology; 
the second has been to place total faith in a strictly 
limited number of arbitrary concepts and measurements 
which force an apparent simplicity on the problem in 
hand. Each approach has its successes. The first is how-
ever an acceptance of temporary defeat in an applied 
sense; the latter depends for its success on individual in-
tuitive skill. Unfortunately the two approaches have pol-
arized and give little help to each other. 

The majority of the papers on fluids accepted for 
presentation at this meeting come into the category of 
pure (rather than applied) rheology. By this I mean 
that they deal either with idealized materials (e.g. those 
obeying a simple equation of state) or idealized situa-
tions (such as viscometric flow or sinusoidal strain). 
Predictably, almost all are the result of research in uni-
versities or other academically inclined institutions. Col-
lectively, they represent a definite advance along what is 
now a fairly well established set of paths, with an over-
whelming inclination towards polymer melts and solu-
tions. Only a few refer to what are problem areas in the 
process industries (e.g. die swell, melt flow instability, 
non-uniform extentional flow). 

The next point to consider is how far attempts to 
characterize a real material rheologically can be suc-
cessful and how useful such characterizations can be. A 
mathematical approach to fluid flow uncovers the basic 
simplicity of viscometric flows (yielding the viscometric 
functions) and small amplitude sinusoidal flows (lead-
ing to the dynamic viscosity functions). Further ex-



amples are provided by the constant stretch history flows 
achieved in Maxwell's orthogonal rheometer and the ex-
tensional rheometer and by the superposition of periodic 
and viscometric flows. For all these rheological behaviour 
is expressed in terms of a finite number of rheological 
functions (of the deformation tensor). Provided the kine-
matic flow fields can be achieved for long enough and 
the relevant components of the stress tensor can be 
measured, directly or indirectly, these functions can in 
principle be evaluated. In general, however, knowledge 
of these functions does not specify uniquely the be-
haviour to be expected in other flow conditions. Only 
when specific rheological equations of state (constitutive 
equations) have been proposed can such measurements be 
used to help specify a material completely. Unfortunate-
ly, real materials displaying pronounced elastic and non-
Newtonian behaviour do not seem to be adequately des-
cribed by simple equations of state. For example, stress 
relaxation and retardation seem to require characteriza-
tion that is additional to the material functions men-
tioned above. This is in a sense a great disappointment, 
and profoundly important, because it means that, f rom 
our present continuum mechanical viewpoint, polymer 
melts and concentrated polymer solutions, even when 
apparently homogeneous, are very complex. It means 
that our hopes of extending classical Newtonian fluid 
mechanics by the use of a limited number of simple con-
stitutive equations to cover most flows of importance 
have now largely faded. We are still a long way from 
being able to say that only determination and a large 
enough computer are needed for significant advances in 
prediction of flow patterns. 

It must also be mentioned that the actual measure-
ment of the various material functions mentioned above, 
although in principle possible, is not always easy to carry 
out. Certainly, it proves difficult to provide a single in-
strument (or small number of instruments) that will give 
accurate results for a large range of materials. Compli-
cations arise because (i) material time scales varying 
from less than a millisecond to a day or more are en-
countered (sometimes with the same material if it is sub-
ject to large temperature changes spanning a phase 
change) (ii) stresses of interest may range from 1 to 10« 
N / m 2 (iii) deformation rates may vary from 10~ 4 to 
103 s e c - 1 . Thus (1) Purely mechanical difficulties arise 
in instrument design if sensitivity has to be balanced 
against robustness and this is usually the case. (2) Tem-
perature control problems become severe if the material 
under investigation is very viscous and relatively large 
deformation rates are involved: the heat that is generated 
within the material leads to significant temperature 
gradients, which complicate the interpretation of results. 
(3) It is always difficult to achieve sufficiently closely 
the flow patterns (i.e. deformation histories) to which 
theory refers. This problem is complicated by the fact 
that strong elastic or non-Newtonian forces can lead to 
secondary flows that cause more than slight inaccuracies: 
the regions in which departure from the desired flow 
pattern occurs can thus become dominant rather than in-
significant. (4) Unless the flow pattern is both uniform 
and steady (a situation that cannot in practice be 
achieved in an instrument of finite size) the forces 
measured are not direct multiples of the desired func-
tions; in most cases they involve integration over a range 
of deformation rates—the range that arises in any ex-
periment within the apparatus—and so numerical dif-

ferentiation is needed to extract the required rheological 
functions. This introduces fur ther inaccuracies. 

Suppose, however, that we can make accurate ob-
servations and so determine a wide range of material 
functions. How far can these results be used predictive-
ly? Let us consider an obvious example: if we have made 
observations on viscometric flows, then we can predict 
the stresses that arise in other viscometric flows. Thus 
from a knowledge of the torque needed to achieve rotary 
flow in a Couette (concentric cylinder) viscometer at 
various rates of rotation, we can determine what flows 
will arise if an axial pressure gradient is imposed also 
in the same apparatus—provided of course that entry 
and exit effects can be neglected. (This is the case of 
helical flow.) By use of the lubrication approximation, 
we can predict approximately the flow in shallow closed 
channels of slowly varying depth. Indeed for highly 
shear sensitive and relatively inelastic fluids, these 
methods have been very useful. But it should be noted 
that only the viscosity function is important in these 
analyses. The two normal stress difference functions en-
ter only passively into the analysis; the stress field due 
to them is not supposed to affect the flow pattern, and 
their only effect is to change the normal forces on the 
retaining walls of the channel. Unless these forces are 
significant—and they can only be so in general if the 
normal stress differences are large compared with the 
viscosity—then the normal stress differences, so difficult 
to measure, are not of engineering importance. If they 
are important, then the arguments used to interpret the 
relatively complex boundary value problem in terms of 
viscometric flow break down, and so no application is 
possible. To take a second example, knowledge of the 
dynamic viscosity function can be used directly in study-
ing the propagation of shear waves through an elastic 
fluid. Thus inertial effects can be added to purely rheo-
logical ones to provide a significant predictive result. A 
third example is provided by the class of pure shear (or 
extensional) flows. Even some of the simplest constitu-
tive equations predict rather unusual behaviour in pure 
axisymmetric extension. For example the Maxwell model 
(for a uniformly extending filament) predicts a singu-
larity in tensile stress as a function of rate of extension. 
Others, however, predict nothing unusual. This has sug-
gested the measurement of extensional viscosity (only 
a well defined function for a fluid subjected to uniform 
and steady extensional flow), and indeed it has been 
possible to do so for very viscous materials. For less vis-
cous materials, an approximate realization of the neces-
sary flow field has been achieved from which estimates 
of the extensional viscosity have been obtained. It has 
been found that in all cases, the ratio of extensional to 
simple shear viscosity has increased with deformation 
rate—for a Newtonian fluid the ratio is constant at 3. In 
cases of relatively inviscid solutions the ratio can rise by 
2 or more factors of 10; this leads to a very pronounced 
effect in changing the pattern of converging or sink-like 
flows so that high rates of extension are not achieved. 
As yet, the accuracy of the measurements made and the 
range of extension rates studied is limited. Nevertheless 
the results indicate a large increase in stress for rapid 
extensional flows. Several workers have tried to apply 
these observations to predict or understand the behaviour 
of a spinning threadline (a molten filament). Here in-
ertia, drag and surface tension forces can be relevant, and 
so if the relevant rheological behaviour of the material 



can be studied under simpler conditions, a significant 
application of these results could be made. Results so far 
indicate that the rates of change of extension rate in the 
threadline are themselves important in determining the 
threadline tension; thus, the spinning threadline is now 
treated as a feasible experimental flow capable of yield-
ing rheological information, rather than as a means of 
testing the applicability of theoretical predictions. 

If we look more widely at the flows that arise in 
practice, we find that significant departures from simple 
shear or simple extension arise. These mean that the de-
formation histories of individual fluid elements are not 
easily described: within the time scale of the fluid, the 
fluid elements are subjected to varying deformation rates 
(both in type and magnitude). In a crude sense relaxa-
tion and retardation effects are necessarily involved. Al-
though precise experiments can be carried out to measure 
stress relaxation after a long period of continuous uni-
form shear, or stress retardation and overshoot after in-
stantaneous application of uniform shear, these in them-
selves cannot be simply generalized to cover the three-
dimensional histories that arise in practice, for example 
in non-uniform channel flows. In the case of primarily 
extensional flows the extent to which a small component 
of vorticity will affect the observed large increase in ex-
tensional viscosity has not been investigated. Thus, for 
example, we are left in considerable doubt about the pre-
cise behaviour of elastic fluids in rapidly converging (as 
in the entrance to die lips or to spinnarets) or diverging 
flow (as in the die swell region beyond a die or spin-
naret) . I have avoided here discussion of the relation-
ships between axisymmetric and two-dimensional exten-
sion—or, as some would put it, of the role of the 'third 
invariant' of the rate of deformation tensor in the rheo-
logical specification of a material. Observations so far 
made suggest that significant differences can occur be-
tween materials. 

In addition, we are sometimes faced with the unex-
pected occurrence of secondary flows or flow instability, 
in which the imposed symmetry of the boundary is not 
matched by the field. Thus uniaxial flow in a straight 
pipe of elliptic cross-section, possible with a Newtonian 
fluid, is not possible with certain non-linear fluids. This 
can be regarded as caused by the influence of the differ-
ing (unbalanced) normal stresses that would arise if a 
uniaxial flow were instantaneously achieved. Also, we 
find that two-dimensional rectilinear flow in the channel 
formed between two long and wide parallel plates placed 
close together can develop roll vortices, above certain 
flow rates, that are analogous to the 'Taylor vortices' 
that arise in concentric cylindrical viscometers above a 
certain Reynolds (Taylor) number. With hightly elastic 
fluids the instability leading to secondary flow is due, 
not to inertia, but to normal forces. These effects are 
probably related to many of the observations on elastic 
turbulence (melt fracture), but the factors leading to 
'flow defects' are still far from well understood. 

So much for kinematics and the possible prediction 
of flow fields. Let us now turn to the relationship be-
tween rheological measurement, rheological theories and 
the initial and final properties of processed materials. 
The key factor here is structure. Let us take an example: 
the utility of many rigid plastics is critically dependent 
on their crystalline morphology. Recent experiments 
have demonstrated conclusively that this morphology is 

profoundly affected by both stress and temperature con-
ditions at the time of crystallization. In the case of solu-
tions, rapid elongation or shear has been shown to in-
crease the rate of crystallization to such an extent that 
it can completely alter the nature of the process. In the 
case of melts, we find firstly that the actual crystalline 
melt point can be significantly changed (differences of 
the order of 10°C) by the absolute isotropic pressures 
met in processing equipment, particularly injection 
moulding, secondly that the rate of cooling determines 
crystallite size and lastly that molecular orientation 
caused by shear during the final stages of cooling leads 
to frozen-in orientation in the solid article. Moreover, 
these variations in material conditions lead to variations 
in rheology, and so can lead to critically important in-
teractive effects during the final stages of cooling. Al-
though in principle these effects can be included in form-
al theories, none so far advanced takes explicit note of 
them. 

In practice the control of heat generation within and 
of heat flow into and out of the material being processed 
is regarded as the most important factor in the tech-
nology of plastics processing. So much so that many tech-
nologists tend to regard rheological behaviour as merely 
an interesting but tedious by-product of making mater-
ials from high polymers. They will admit that only con-
trolled deformation will yield the products they need. 
However because they understand the deformation pro-
cesses less thoroughly than those of heat transfer on the 
one hand and chemical structure on the other, they have 
tended to seek changes in the resultant product more by 
control of polymer structure and temperature history 
than by control of deformation history. There are, of 
course, exceptions to this general statement, though even 
the exceptions make it clear that control of rheological 
factors is largely indirect. At a very elementary level, it 
is galling for the pure rheologist to find that the Bra-
bender Plastograph is still favoured by many practical 
men to characterize a new P.V.C. or rubbery material— 
galling to the purist because what goes on in such a 
'measuring' device is too complex for him to unravel, 
being at once unsteady, non-uniform, temperature de-
pendent and liable to involve chemical change; yet it is 
attractive to the practical man just because it does com-
bine those several factors, which he knows are simul-
taneously relevant in processing. Moreover, he can point 
out with some justice that the purist is still a long way 
from solving some of the problems arising from the fac-
tors taken separately, let alone in combination. 

Mention of structure leads us to multi-phase and 
disperse systems. Here we meet another present restric-
tion of the a priori mathematical approach, which so far 
has tended to consider homogeneous systems. Many dis-
perse systems cannot be regarded as homogeneous: not 
only are the length scales of individual particles not suf-
ficiently small with respect to flow length scales, but also 
particle migration effects caused by flow can make the 
material non-uniform, i.e. the ratio of components can 
vary within the flowing material. Add to this the pos-
sibility that micro-structure (such as degree of agglomer-
ation) can be irreversibly affected by thermal or shear 
history, and we have a very complicated situation in-
deed. The examples one can choose to illustrate this com-
ment are as diverse as the systems selected. The flow of 
blood down arteries and capillaries can only be explained 



in terms of the movement of individual (and deform-
able) red blood cells; gross measurements of viscometric 
functions are totally, and not unexpectedly, inadequate 
to predict such behaviour. Dry blend P.V.C. powder fed 
to a single screw extruder and formed into pipe retains 
in practice, as can be verified by viewing microscopical-
ly, a granular structure that is inherited from the poly-
merization vessel. Thus its behaviour in the extruder is 
never that governed by the rheology of a 'pure' P.V.C. 
melt; indeed the more carefully the dedicated rheologist 
purifies his samples of material to obtain fundamental 
parameters to characterie P.V.C., the further he may get 
from the really important processing factors. The indus-
trial rheologist who avoids this by starting with P.V.C. 
powder as supplied to the extruder finds to his chagrin 
that its rheological behaviour on its first pass through a 
capillary rheometer may differ significantly from that 
on its second, even though in both it has been at a con-
trolled temperature, above the 'melting' point. 

This brings me back to the question I used as a title: 
How basic can process rheology be? You will have 
guessed m y answer by now: at the present state of 
knowledge, only slightly so or not at all. Nor should it 
be otherwise on either scientific or technological 
grounds, and I hope to explain why. This is not meant 
as a recommendation to unalloyed empiricism: on the 
contrary, it is a plea to those concerned with processing 
that rheological considerations cannot usefully be sep-
arated from other factors; it is an acknowledgement that 
the coupling between rheological behaviour, heat trans-
fer and chemical or physical state is close. For this rea-
son I see the main concern of an applied rheologist in 
industry as the process itself; at this level, his work 
becomes specific, not fundamental. He should concern 
himself with observing, and measuring, velocity, pres-
sure and temperature fields on and within the material 
being processed. If he can simultaneously measure the 
local material structure or state, this too should be done. 
If he must theorize, let him theorize about the process 
he is observing, let him build a mathematical model 
based not only on rheological equations of state, but also 
on the conservation equations—of mass, momentum and 
energy—and any kinetic equations of material change 
that are relevant. In general such systems of equations 
will be far too complex to handle; his skill will there-
fore lie in selecting the correct approximation to employ, 
whether geometrical or physical. Some of his simplifica-
tions can be based right from the start on the size of 
relevant dimensionless quantities; for example, if all 
Reynolds numbers are small, then inertia can be neglect-
ed; if all Deborah numbers are small, then elastico-
viscous effects can be dealt with in terms of the local 
deformation field; if Peclet numbers are very high, con-
duction effects can either be neglected altogether or else 
confined to directions normal to stream lines. Some can 
be based on his direct observations; an example of this 
is provided by the entry flow to a sharp edged die, where 
an essentially irrotational flow arises for elastic fluids, 
leaving trapped vortices of recirculating fluid in the 
corners. Some can be introduced a posteriori as a result 
of detailed numerical calculations. In short, let him adopt 
the traditional approach of an inquiring engineer.1 

What I have suggested is not without its own weak-
nesses and difficulties: indeed, I must in fairness show 
what benefits might follow from its adoption. The prin-

cipal advantage to be gained is that of bridging the gap 
between present pure rheologists and present process 
technologists. In doing this, a great deal of interesting 
and important information on the behaviour of real ma-
terials in bulk should become available to academic 
workers in sufficiently detailed form for them to make 
use of it. One of the difficulties at present is that pre-
dictions for process flows, however speculative, based on 
existing knowledge cannot in most cases be compared 
with precise measurements on processes, because the lat-
ter do not exist. A better supply of detailed data on cur-
rent processes would encourage a more useful selection 
of 'boundary-value problems' for solution. 

Another, rather indirect, advantage might result 
Within industry, it is often the case that research is car-
ried out on plant or apparatus separate from produc-
tion or even development equipment. Technologists con-
cerned with the latter are expected to adopt a different 
approach from full-time specialists like rheologists; so 
the young graduate rheologist, often well grounded in a 
range of disciplines (typically he may be a Ph.D. in 
chemical engineering) is put to work on topics that are 
neither immediately relevant nor of long-term import-
ance. Often he deliberately turns away from the full 
process problem to study, with suitable objectivity, one 
aspect of it, as much as anything on grounds of scientific 
respectability, then, all too often, he is withdrawn from 
that almost closed environment, is required to adopt a 
more 'commercial' attitude, and suffers a form of mental 
'conversion' which somehow manages to perpetuate the 
gap between learning and practice. If, instead, this same 
young graduate could be allowed to investigate actual 
production processes, I believe that significant improve-
ments in productivity and quality could be attained more 
easily and cheaply than at present, while the transition 
from investigator to manager could be less traumatically 
induced. 

I do not expect to have convinced all my audience 
of m y thesis, though I hope that I shall not be misin-
terpreted. I do not wish to imply that pure rheologists 
are following the wrong path: far from it. I would how-
ever echo the view that perhaps more time should be 
spent in studying what has already been discovered than 
in trying to add to the paper contributions on the sub-
ject. Nor do I wish to imply that nowhere is science be-
ing usefully applied to processing problems; if it were 
not for several outstanding examples of cooperative in-
vestigations spanning many disciplines, undertaken in the 
main by large companies, then I would feel less confi-
dent in recommending such an approach here. But more 
than anything, I think that studying real problems is 
more satisfying than inventing paper ones, and that 
working on a problem that is of direct interest to one's 
colleagues brings the sort of stimulus and recognition 
that most of us need and appreciate. 
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Transactions and a motion to make the page charges 
honoring at 70% and not to apply the concept to papers 
already accepted. The motion was seconded. The motion 
passed with 6 voting yes, 1 abstaining. Interscience will 
do the sorting into two tracks. 

9) E. Collins reported that to do a good rheological 
survey, i.e., to poll all the rheologists and tabulate the 
data would cost $1000. After discussion, it was decided 
this is too expensive. A small survey of Society mem-
bers will be undertaken by mailing the questionnaire 
with a Bulletin. 

10) A motion was passed to hold the regular Winter 
Meeting in 1972 jointly with the Division of High 
Polymer Physics if possible. 

11) A motion was passed to delay the official "An-
nual Meeting of 1972" until January 1973 so that it 
should not be too soon after the Sixth International 
Congress of Rheology which will meet in September 
1972. The invitation to hold this meeting in Canada 
was accepted. 

12) The Annual Meeting of 1973 will be held in 
October 1973 at a site to be selected after consultation 
with various members who have issued invitations in the 
past. 

13) The meeting was adjourned at 3:30 p.m. 

Respectfully submitted, 
John C. Miller 
Secretary 

SOCIETY OF RHEOLOGY 
Report of the Secretary — 1970 

Publication Charges: 
It was reported last year that the page charge col-

lection has fallen to about 40% of the total number of 
pages. The situation has not improved in Volume 13 and 
14 where the total number of pages was 802 with only 
354 pages paid. This change from 74% collection of 
charges to 40-50% is a serious drain on our finances. 

Membership: 
The membership has increased only slightly since 

last year to a total of 789. Our increase in membership 
from 1966, 750 members. This represents an increase of 
6% over the past 4 years. A new membership chairman 
has been appointed — Mr. Glenn E. Fulmer. 

Publications: 
Three issues of the Rheology Bulletin were pub-

lished and sent to the membership. Volume 14 of the 
Transactions of the Society of Rheology was published 
in four parts. 

Meetings: 
Two technical meetings were held in 1970. One at 

the University of California, February 2-4. The program 
chairman was Prof. N. Tschoegl. The second meeting 
was held at Princeton University October 26-28. The 

program chairman was Dr. A. P. Metzger and the ar-
rangements were made by Prof. W. R. Schowalter. 

The Executive Committee met twice during the 
year, in Pittsburgh on March 9, 1970 and at Princeton 
on October 25. 

Relations with American Institute of Physics: 
All mailings, dues, collections, and accounting funds 

were made by AIP. 

The American Institute of Physics has reached a 
financial crisis in supporting the Society-Member pro-
grams. Some of these programs are 

1) History of Physics 
2) Public Relations 
3) Society Services 
4) Physics Today 
5) Education and Manpower 

The AIP estimates these programs cost $8.50 per 
member and presently all Societies pay $1.00 per mem-
ber. The difference has been made up in the past by 
NSF or publication revenues from AIP Journals. To 
review the situation and make recommendations to the 
Governing Board of AIP, a committee which consists 
of one member from every society has been appointed. 
The Society of Rheology representative is Dr. R. S. 
Marvin. 

Acknowledgments: 
The Secretary is grateful for the cooperation of the 

Society officers, committees, and the American Institute 
of Physics. 

The Secretary is grateful for minor services and 
expenses supplied by the Union Carbide Corporation 
necessary to the performance of his duties. 

Respectfully submitted, 
John C. Miller 
Secretary 

SIXTH INTERNATIONAL 
CONGRESS ON RHEOLOGY 

The 1972 International Congress will be held in 
Lyon, France, September 4-9. A charter flight will be 
organized by R. Coulehan. 

The first circular for the Sixth International Con-
gress on Rheology to be held at Lyon, France, Septem-
ber 4-8, 1972, has been sent separately to all members. 
The second circular will be sent directly to all who 
request it from the Organizing Secretary, Dr. C. 
Smadja, Boite Postale no 1, 69 - Lyon-Mouche, France, 
before November 1, 1971. In addition to the program 
outlined in the first circular, a special symposium on 
biorheology is being planned by Dr. A. L. Copley, Presi-
dent of the International Society of Biorheology, and 
and others, which will be designated as the First Inter-
national Congress on Biorheology. An instrument ex-
hibit may be included. Dr. Smadja would welcome in-
quiries and suggestions about possible participants in 
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such an exhibit. 

Titles and abstracts should be submitted before 
March 1, 1972. 

T h e Czechoslovakian rheologists expect to hold a 

conference on September 11-14 (af ter the 6th Congress) 
in Prague covering general principles of rheology. This 
conference will be an interdisciplinary discussion of 
flow, viscoelasticity, plasticity and fracture, with em-
phasis on theoretical aspects. 

AMERICAN INSTITUTE OF PHYSICS INCORPORATED 
for SOCIETY OF RHEOLOGY 

Statement of Receipts and Disbursements 
Year Ended December 31, 1970 

Balance in Account — Janua ry 1, 1970 

RECEIPTS (January 1 - December 31, 1970) 
Dues Collections: 
Miscellaneous Income: 

Fall Meeting, 1970 - Union Carbide Contribution 
Interest on U.S. Government Bond* 
Winte r Meeting, 1970 

Total Receipts 
D I S B U R S E M E N T S (January 1 - December 31, 1970) 

Total Disbursements 

Balance in Account, December 31, 1970 

200.00 
90.00 

360.92 

Charge for Dues Billing and Collection $ 450.44 
Maintenance of Member Record File 650.92 
Financial Handl ing Charge - 1970 65.01 
Member Society Dues - 1970 775.00 
Spring Bulletin: 

Print ing Expense 188.00 
Ballot Mail ing: 

Postage 1.94 
Winte r Meeting 728.14 
Fall Meet ing 611.66 
August Bulletin 219.25 
Editorial Expenses 1,200.00 
Communications, Administrative, Brochure, and Directory 517.32 
Transactions - Subscription Expense 1,952.13 
Transactions (Schedule A) 2,666.31 

$15,942.00 

9,539.03 

650.92 
$26,131.95 

10,026.12 

$16,105.83 

TRANSACTIONS OF THE SOCIETY OF RHEOLOGY 
Statement of Income and Expense (Schedule A) 

Year Ended December 31, 1970 
I N C O M E 

Publication Charges (Volume 13 # 4 , 14 # 1 - 4 ) $ 4,155.00 
Reprint Sales (Volume 13 # 4 , 14 # 1 - 4 ) 1,321.71 

Total Income $ 5,476.71 
E X P E N S E 

Publishing Expense $ 6,505.98 
Pr in t ing Reprints (Wiley) 1,321.71 
Order Handl ing Charge 315.33 

Total Expense $ 8,143.02 
Net Income or (Expense) ($2,666.31) 

* Bingham Fund: $1,000.00 U.S. Government Bond (Reinvested) 6 % - Due M a y 15, 1975. 
Apri l 15, 1971 R. E. Coulehan 


