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Change in Date of Issue 

E R E A F T E R the Bulletin will be dated March, June, September, and December instead of 

February, May, August, and November. This change has been made for the following reasons: 

1. September permits more details of the coming A n n u a l Mee t i ng t han does Augus t . 
2. December covers the Annua l Meet ing sooner than February (the November deadl ine does not permit coverage). 

H 

T 

Revision of the Constitution and By-Laws of the Society of Rheology 

•HE necessity for changes in the constitution and by-laws of the Society have been presented 

- in past issues of the Bulletin and at the 1946 meeting. After a quantity of correspondence and 

two meetings, the president of the Society and the committee appointed to draw up proposals for 

this purpose offer the suggestions presented in this number for your judgment. The present constitu-

tion and by-laws may be found in the May, 1946 issue (Bingham Memorial Edition) of the Rheology 
Bulletin. New members who do not have access to that number may obtain a copy of the constitution 

and by-laws from the secretary. A ballot to indicate your approval or disapproval of the suggested 

changes will be found on the last page of this issue. 

If you disapprove of any or all of the proposals, please submit your own proposals to replace those 

you disapprove. Those proposals that a majority of the members does not approve will be stricken 

from the amendments until a majority agreement is reached—provided the ballots of a majority of 

the members are accompanied by suggested changes. . 
Those members not voting will be counted as favorable to all the proposed amendments printed 

in this issue. . . . 
If the proposed amendments are accepted by the members, the complete, revised constitution and 

by-laws will be published in the September number of the Bulletin. 

Committee on Constitution and By-Law Amendments, 

T U R N E R A L F R E Y , J R . 

R. B. Dow 
W . H . M A R K W O O D , J R . , Chairman 
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Suggested Revision of the Constitution and By-Laws 

of the 

Society of Rheology 

CONSTITUTION 

Article I—Name 

D o not change present s ta tement . 

Article II—Purposes 

Present s ta tements adequa te , except for (b ) which should 

read: " B y sponsor ing pub l i ca t ions designed to increase a n d 

d issemina te knowledge of rheo logy . " 

Article I I I—Membership 

Subs t i t u t e " pu rposes " for " ob j e c t s " in first sentence. 

De le te : " w i t h the endorsement of two act ive member s . " 

I n last sentence, replace "Ar t i c l e I I " by "Ar t i c l e I I I . " 

Article IV—Officers 

O m i t : " P u b l i s h i n g E d i t o r " ; also: " A d o p t e d P i t t sbu rgh 

December 27, 1933." Change : Secretary to Secretary-

Treasurer. De le te a l l of present Sect ion 2. See Art ic le V 

below. C h a n g e Sect ion 3 to Section 2. 

Article V—Executive Committee 

Rep lace Art ic le V by the present Section 2 of Ar t ic le IV . 

Present Art ic le V to become Art ic le V I I I , w i th revisions. 

Added Articles 

Article VI—Meetings 

" A n a n n u a l meet ing of the Society for the purpose of 

ho ld ing technical sessions or sympos ia , a n d to t ransact 

business shall be set each year by the Execu t ive C o m m i t t e e 

which shall a n nounce the t ime a n d place a t least six m o n t h s 

prior to the meet ing . Add i t i ona l technica l meet ings m a y 

be held as shall be determined by ma j o r i t y vo te of the 

Execu t ive C o m m i t t e e . " 

Article V I I - Reports 

" T h e Secretary-Treasurer of th is Society shall report 

a nnua l l y in wr i t i ng to the membersh i p a t the A n n u a l Meet-

ing in respect to the act iv i t ies a n d the financial cond i t i on 

of the Society. Pub l i ca t i on of the abstracts of these reports, 

set t ing for th the per t inen t facts a b o u t the operat ion of the 

Society , shal l satisfy the requ i rements of the membersh ip . 

" T h e Execu t i ve C o m m i t t e e shall have the a u t ho r i t y to 

make a n y o ther reports i t considers adv isab le , or as m a y 

be requested by a leg i t imate agency or ins t i tu t ion , or as 

m a y be required by the civi l l aw . " 

Article VIII—Amendments to Constitution 

Change " two-th i rds v o t e " in present Art ic le V to read: 

" M a j o r i t y vo t e . " 

S t r ike o u t all fo l lowing " t o the m e m b e r s h i p " a n d a dd 

"a f te r the members a t t e nd i ng a regular meet ing of the 

Society, or the Execu t ive C o m m i t t e e have voted to s u b m i t 

such a m e n d m e n t s to letter ba l lo t . T h e votes on the amend-

men t s shall be canvassed w i t h i n n inety clays after their 

or ig in . Sa id a m e n d m e n t s shall become effective immedi-

ate ly upon certif ication of app rova l by the Secretary-

Treasurer to the Execu t ive C o m m i t t e e . " 

BY-LAWS 

Article I—Duties of Officers and Executive Committee 

Rep lace present Art ic le I w i t h : 

Section 1 

" T h e President of the Society shall exercise general care 

and supervis ion over the affairs of the Society sub ject to 

the direct ion a n d app rova l of the Execu t ive Comm i t t e e , 

a n d shall d o a n d perform all acts usual ly inc ident to the 

office of President . 

" T h e President shall preside as C h a i r m a n a t the meet-

ings of the Execu t ive C o m m i t t e e , except t h a t in the ab-

sence of the Pres ident a C h a i r m a n pro tempore shall be 

chosen by the C o m m i t t e e . " 

Section 2 

" T h e F i rs t a n d Second Vice Presidents shal l take prece-

dence in their respective order. I f for a n y reason, the office 

of Pres ident shall become vacan t , the Vice Presidents shall 

succeed in office accord ing to r ank . 

" T h e y shal l , under the direction of the President , oversee 

the func t ion ing of such commi t tees as m a y be act ive in 

the Soc ie ty . " 

Section 3 

" T h e Secretary-Treasurer shall keep the records of the 

Society, i nc lud ing m inu tes of a l l meet ings, a ppo i n tmen t s , 

commit tees , a n d membersh i p files. 

" H e shall be responsible for the correspondence of the 

Society in regard to its o rd ina ry a n d general ma t te rs of 

business. 

" H e shall prepare a n a n n u a l repor t of the act iv i t ies of 

the Society in accordance w i t h Art ic le V I I of the Con-

st i tu t ion . 

" H e shall be responsible for the pr in t ing , d i s t r i bu t i on , 

a n d collection of letter ba l lots wh ich m a y be presented to 

the membersh i p for vote . I n par t icu lar , he shall be charged 

w i t h the issuance a n d receipt of the bal lots for the member-

ship vo te on officers as defined in Ar t ic le I V of the By-Laws 

a n d for the issuance a n d t abu l a t i on of ba l lots on proposed 

a m e n d m e n t s to the Cons t i t u t i on a n d By-Laws as specified 

in Art ic le V I I I of the By-Laws, respect ively. 

" H e shall receive a l l mon ies of the Society a n d deposi t 

the same in a recognized b a n k in the n a m e of the Society . 

" H e shall be the d isburs ing officer of the Society a n d 

shal l sign a l l checks a n d vouchers for expense incurred by 

the Society upon au tho r i z a t i on of the Execu t i ve C o m m i t t e e . 



" H e shal l g ive bond for the f a i t h fu l d ischarge of his 

dut ies, to the extent as m a y be required b y the Execu t i ve 

C o m m i t t e e . 

" H e shall prepare an a nnua l report on the s ta te of the 

finances of the Society in accordance w i th Ar t i c le V I I of 

the C o n s t i t u t i o n . " 

Section 5 

" T h e E d i t o r shall be responsible to the Execu t ive Com-

mi t tee for carry ing o u t the pub l i ca t ion pol icy of the 

Society . 

" H e shall have the technical d irect ion of the Society 's 

pub l ica t ions , as defined in Ar t ic le V I of the By-Laws . " 

Section 6 

a . T h e present Sect ion 1 of Ar t ic le I V . Change last 

sentence to read : " A l l rules a n d regulat ions so m a d e shall 

t e rm ina te w i t h the expirat ion of tenure of office of the 

officers responsible for p r omu l g a t i n g t hem , unless con-

t inued b y i ncoming officers cons t i t u t i ng the succeeding 

Execu t i ve C o m m i t t e e . " 

b . T h e present Sect ion 7 of Ar t ic le I I , w i t h the fo l lowing 

a dd i t i o n : " T h e Vice Presidents shall succeed the Pres ident 

as s t ipu la ted in Sect ion 2 of Art ic le I of the By-Laws . " 

c. " T h e Execu t ive C o m m i t t e e shall have au t ho r i t y to 

recommend the acceptance of gifts or memor ia ls for the 

Society, p rov id ing a ma j o r i t y vo te of the C o m m i t t e e 

aff irms the ac t ion . Such gifts shal l be accepted by the 

Society upon a ma jo r i t y vo te of the membersh i p in at-

tendance a t a regular meet ing of the Society unless opposed 

by a ma j o r i t y of the whole Society as represented by their 

personal ly appo in ted proxies a t the next regular meet ing 

af ter offer of said gift . 

" T h e Execu t ive C o m m i t t e e shall au thor i ze all expendi-

tures a n d shall no t create a n y indebtedness beyond the 

means of the Society, nor disburse funds for purposes non-

essential to the business or purposes of the Society. 

" I t shal l de termine the d a l e a n d place of the a nnua l 

meet ing a n d a n y o ther meet ings of the Society which shall 

be called in accordance w i t h Art ic le V I of the Cons t i t u t i on . 

" T h e Execut ive C o m m i t t e e shall hold regular meet ings, 

preferably semiannua l l y , to consider the business of the 

Society, such meet ings to be called by the Secretary in 

accordance w i t h previous act ion of the C o m m i t t e e on au-

thor izat ion of the President , or on wr i t ten request of a 

ma jo r i t y of the C o m m i t t e e members . 

"No t i ces of meet ings of the Execu t ive C o m m i t t e e shall 

be g iven to each membe r a t least ten clays prior to the da te 

of the meet ing . 

" A ma j o r i t y vo te of the Execu t ive C o m m i t t e e shall 

govern, except where otherwise prov ided . 

" T h e Execu t ive C o m m i t t e e shall have the power to over-

rule or mod i f y the ac t ion of a n y officer of the Soc ie ty . " 

Article I I—Dues and Privileges 

Rep lace present Ar t ic le I I w i t h : 

Section 1 

" R e g u l a r members of the Society shall pay a nnua l dues 

of $4.00, payab l e in advance , if resident of the Un i t e d 

States or C a n a d a , or $4.40 if resident elsewhere. E a c h 

m e m b e r shal l be ent i t led to subscr ip t ion to the official 

pub l i ca t ions of the Soc i e t y . " 

Section 2 

" Sus t a i n i ng members shall p ay dues of $25.00 a n n u a l l y 

as a m i n i m u m , payab l e in advance , a n d shall be ent i t led 

to subscr ipt ions to the Journal of Applied Physics a n d the 

Review of Scientific Instruments, in add i t i on to the official 

pub l i ca t ions of the Society. 

" A sus ta in ing m e m b e r m a y a ppo i n t a representat ive to 

act for i t a t meet ings of the Soc ie ty . " 

Section 3 

" R e g u l a r a n d susta in ing members of the Society in good 

s t and i ng shall be elected to corresponding membersh i p in 

the Amer i c an I ns t i t u te of Physics w i t h o u t p a y m e n t of 

add i t i ona l dues . " 

Section 4 

T h e present Sect ion 3-A of Art ic le I I w i t h the change 

" c o m i n g y e a r " to " cu r ren t y e a r " a n d w i t h the fol lowing 

add i t i o n : " M e m b e r s de l i nquen t in dues three m o n t h s af ter 

the official da te of renewal shall be declared suspended a n d 

their names removed f rom the official roster of the Society. 

Suspended members m a y be reinstated wi th in a period of 

two years b y p a y m e n t o f back dues ; thereafter, appl ica-

t ions for re ins ta tement shall be referred to the M e m b e r s h i p 

C o m m i t t e e . " 

Article I I I—Membership Committee 

Rep lace present Art ic le I I I w i t h : T h e present Section 4 

of Ar t ic le I I w i t h the insert ion of " a t least" before " t h r ee . " 

Article IV—Nominating Committee 

Rep lace present Ar t ic le I V w i t h : T h e present Section 5 

of Ar t ic le I I , except for the fo l lowing changes: 

1. F i r s t pa ragraph , replace " t h ree m e m b e r s " by " a t 

least ten membe r s . " 

2. F i rs t pa ragraph , second sentence, change " n i n e 

m o n t h s " to read "s ix m o n t h s . " 

3. F i rs t paragraph , last sentence, change "s ix m o n t h s " 

to read " f o u r m o n t h s . " 

4. Second pa ragraph , first sentence, replace " t h r e e " w i t h 

" t w o . " 

Article V—Representatives 

Section 1 

" A s a M e m b e r Society of the Amer i can I ns t i t u te of 

Physics the Society shall be ent i t led to n om i n a t e cand ida tes 

for d irectorship on the Gove rn i ng Boa rd of the Ins t i t u te , 

to the n u m b e r of a n d unde r the c ircumstances au thor i zed 

b y Art ic le V I I I of A m e n d m e n t N o . 1 of the Cons t i t u t i on 

of the Amer i c an I n s t i t u t e of Physics I ncorpora ted . 

" O n the basis of a membersh i p census the Society shall 

elect one director to the Gove rn i ng Board of the Amer i c an 

I ns t i t u te of Physics w h o shall be the Pres ident of the So-

ciety , or his officially appo i n t ed representat ive. 

" W h e n the membersh i p of the Society a t t a i ns such a 
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n u m b e r as to en t i t le i t to more directors on the Gove r n i n g 

Boa rd of the Ame r i c a n I n s t i t u t e of Physics they shall be, 

in order, the Secretary-Treasurer, the Ed i t o r , the First 

Vice President , a n d the Second Vice Pres ident or proxies 

appo i n t ed b y the Pres ident in their absences. 

Section 2 

" T h e terms of office of directors represent ing the Society 

on the Gove rn i ng Board of the Amer i c an I n s t i t u t e of 

Physics shall be set for two year periods, concurrent w i t h 

their terms of office in the Soc ie ty . " 

Section 3 

" T h e President shal l a p p o i n t the Society 's representat ive 

to the Counc i l of the Amer i c an Associat ion for the Ad-

vancemen t of Science, o n the basis of i ts membersh i p as a n 

Aff i l iated Society of Sect ion B , Physics, of the A . A . A . S . 

" T h e President shal l a p p o i n t a n official representat ive 

of the Society t o a t t e n d technica l meet ings , i naugura t i ons 

or ded icat ions . U p o n r ecommenda t i on of the President , the 

Execu t i ve C o m m i t t e e shal l de te rm ine the expense allow-

ance of official representat ives . " 

Article VI—Publications 

Section 1 

"Techn i c a l papers presented to the Society for publ ica-

t ion shal l , a f ter a pp rova l b y the ed i tor , be subm i t t ed by the 

ed i tor to a j ou rna l recognized b y the Society as an official 

organ of the Society for pub l i ca t i on in such j o u r n a l . " 

Section 2 

" T h e Society shal l pub l i sh or choose a pub l i ca t i on wh ich 

shall off icial ly con ta i n news of the Soc ie ty a n d o ther mat-

ters of rheological in teres t . " 

Section 3 

" T h e Ed i t o r shall have the a u t ho r i t y to a p p o i n t assist-

ing, con t r i bu t i ng , a n d pub l i sh i ng editors to be responsible 

for the deve lopmen t of the different aspects of the publ ica-

tions of the Soc ie ty . " 

Article VII—Affiliated Sections 

T h e present Sect ion 1 of Ar t ic le I . 

Article VII I—Amendments 

" T h e By-Laws m a y be amended b y ma j o r i t y vo te of the 

members re tu rn ing a letter ba l l o t a f ter the members at-

tend ing a n y regular meet ing of the Society, or the Execu-

t ive C o m m i t t e e , have vo ted to s u b m i t the proposed amend-

m e n t to letter ba l lo t . T h e votes on the a m e n d m e n t s shall 

be canvassed w i t h i n n ine ty days af ter their or ig in . Sa id 

a m e n d m e n t s shall become effective immed i a t e l y upon cer-

t i f icat ion of a pp rova l b y the Secretary-Treasurer to the 

Execu t i ve C o m m i t t e e . " 

Bingham Memorial Award 

Although the Executive Committee has been 

working diligently on the steps required for the 

foundation of an annual award in rheology, it is 

unlikely that the Society will be in a position to 

award a medal in 1947, but not entirely incon-

ceivable. One will definitely be awarded in 1948, 

however. 

President Fair has worked hard in obtaining 

information from various medal designers and 

manufacturers and in soliciting contributions 

from the members of industry interested in the 

advancement of the science. To date a particular 

designer and manufacturer have not been se-

lected, but probably will be in the near future. 

As of May 13 approximately $1500 had been 

received. It is estimated that about $2500 will be 

required to make the project indefinitely self-

sustaining. 

The Executive Committee has not yet ap-

pointed an award committee although it has a 

large number of members under consideration, 

none of whom are members of the Executive 

Committee. 

Dono r s to the f und as of M a y 13 are: 

M r s . E . C . B i n g h a m 

Barrett D iv i s i on , A l l i ed Chem ica l a n d D y e 

Bristol-Meyers C o m p a n y 

Ca rb i de a n d Ca rbon Chemica l s Corpora t i on 

Celanese Corpora t i on 

Co r n i n g Glass C o m p a n y 

G u l f O i l C o m p a n y 

Hercules Powder C o m p a n y 

I n terchcmica l Corpora t ion 

J ohns-Manv i l l e C o m p a n y 

Koppe r s C o m p a n y 

A . D . L i t t l e C o m p a n y 

M o n s a n t o Chem i c a l Company-

S tanda rd O i l C o m p a n y of N e w Jersey 

Swan-F inch O i l Corpora t i on 

T h e Texas C o m p a n y 

Un i t ed San i t a ry Corpora t i on 



Society of Rheology 

Treasurer's Report—1946 

B a l a n c e on h a n d D e c e m b e r 31, 1945 $530.81 

INCOME 

M e m b e r s h i p dues $578.00 

B a c k dues 12.00 

590.00 

Subsc r i p t i ons to Bu l l e t i n 85.80 

B a c k sales of Bu l l e t i n 143.01 

228.81 

Reg i s t r a t i on A n n u a l M e e t i n g 134.00 

T o t a l $952.81 

EXPENSE 

Bu l l e t i n 

M a y issue $164.98 

A u g u s t issue 109.01 

N o v e m b e r issue 110.39 384.38 

22.83 

24.53 

20.28 

23.18 

90.82 

A I P 1 5 % assessment (1945 m e m b e r s h i p ) 62.10 

M i sce l l aneous 

S t a t i o n a r y 17.50 

Pos tage 7.57 

M e m b e r s h i p cards 7.25 

Loss on foreign s u b s c — ; .50 

P r o g r a m expense 1.95 

M r s . E . C . B i n g h a m 9.52 

A n n u a l M e e t i n g ( H o t e l P e n n s y l v a n i a 

a n d p a r t y ) 90.98 135.27 

T o t a l $672.57 

N e t B a l a n c e 1946 $280.24 

T o t a l cash on h a n d Decembe r 31 $811.05 

A m e r i c a n I n s t i t u t e of Phys i cs ove rhead , 

c u r r en t expense, m a i l i n g 

F i r s t q u a r t e r 

Second q u a r t e r 

T h i r d q u a r t e r 

F o u r t h q ua r t e r 

Nomination of Officers for the Two-Year Term 1948-1949 

For President W . F . FAIR , J R . 

For First Vice President H . M . SPURLIN 

For Second Vice President R . N . TRAXLER 

For Secretary-Treasurer E . K . FISCHER 

For Editor W . H . MARKWOOD, J R . 

NOMINATING COMMITTEE 

R . B . D o w , Chairman 

A . NADAI 

H . K . NASON 

R . S. SPENCER. 



British Rheologists Club 

NOMENCLATURE 

LAST spring the editor of the Rheology Bulletin received a copy of the 

following committee report from England. It is believed to be as complete 

a discussion of rheological nomenclature as appears anywhere in the literature. 

As such, it is of prime importance to all members of the Society, which is the 

reason for its publication here. You may find that some of the concepts differ 

from your own. Consequently, criticism and discussion are welcome and will 

be published in a later Rheology Bulletin as well as forwarded to our British 

colleagues. This report is reprinted through the courtesy of Professor G. W. 

Scott Blair, editor of the bulletin of the British Rheologists Club. 

The Meaning and Use of Certain Rheological Terms 

Report by the Committee of the British Rheologists' Club 

D R . M A R D L E S , R . A . E . 

1. GENERAL INTRODUCT ION 

I n a n y discussion of nomenc la ture , certa in difficulties 

are con t i nua l l y recurring. O f these the mos t serious are 

p robab ly (1) the use of the same term in different senses in 

different sections of a science, a n d (2) the use of terms 

wh ich have a general or qua l i t a t i ve everyday mean i ng , as 

well as a q u an t i t a t i v e scientif ic significance. Nomenc l a t u r e 

in rheology encounters no t on ly these general diff icult ies, 

b u t a lso ano ther k i n d of di f f icul ty character ist ic of a newly 

developed subject , n ame ly , t h a t m a n y of the p henomena 

w i t h wh ich it is concerned a re themselves f requent ly no t 

suff iciently well understood to be u n amb i guou s l y defined 

a n d classified. 

Th i s paper is a n a t t e m p t to clarify certa in terms a n d 

concepts, to po i n t o u t the na t u re of a n y confus ion wh i ch 

m a y have a t t ended their usage, a n d when possible, to sug-

gest means whereby such confus ion m a y be avo ided . A t 

the present stage it wou ld be too m u c h to hope for finality 

or completeness, a n d the suggest ions p u t forward are in-

tended ma i n l y to prov ide a basis for fur ther discussion a n d 

deve lopmen t . 

I n the selection of terms, the C o m m i t t e e r ecommend the 

adop t i on of the fo l lowing three gu id i ng pr incip les: 

principle 1— Te rms should be related as direct ly as 

possible to phenomena wh i ch are observable (or in pr inc ip le 

observable) , ra ther t h an t o theoretical construct ions or 

ana ly t i ca l in terpreta t ion of phenomena . 

Principle 2 . — W h e n e v e r possible, terms should be ei ther 

self-explanatory, or designed to convey some ind ica t i on of 

their m e a n i n g (direct ly or e tymolog ica l ly ) . 

Principle 3.—Words c o m m o n l y emp loyed in an every-

day or semi-scientific sense shou ld n o t be g iven a quan t i t a-

t ive conno ta t i on . They m a y , however, be reta ined as qual i-

ta t i ve terms when they can be shown to fulfil l a def in i te 

need. 

I t is emphas ized t ha t these are on ly guiding principles, 

no t abso lu te rules, a n d there m a y wel l be except ional cases 

in wh i ch the choice of su i tab le terms m a y be governed br-

other considerat ions. Thus , for example , the term " H o o k e a n 

e las t i c i ty " is just i f ied by the a lmos t universal f ami l i a r i ty 

w i t h Hooke ' s law, so t h a t i t is in effect self-explanatory, 

even though it does no t con fo rm l i teral ly w i t h the second 

of our principles. Aga in , terms l ike force a n d energy, t hough 

used in a loose sense in everyday speech, have nevertheless 

a well-defined quan t i t a t i v e mean i ng in mechanics . Th is 

doub le usage does not appear to lead t o confus ion, because 

of the wide difference between the general a n d the scientific 

mean ings . 

O the r cases m a y be quo ted , however, in wh i ch the posi-

t ion is no t so h a p p y . T w o such cases are wor t hy of special 

cons iderat ion : 

(a) Consistency 

W i t h regard to the word consistency t he (Amer i can ) 

Society of Rheo logy have proposed two usages, (1) quali-

ta t ive ly , as " t h e resistance to de f o rma t i on , " a n d (2) quan-

t i t a t i ve ly , as " t h e ra t io of shear stress to rate of shea r , " ' 

when this ra t io is no t cons tan t . 

T h e C o m m i t t e e feel t ha t the use of the te rm in these two 

different senses is a source of confus ion, a n d propose t h a t 

i t shou ld be restricted to the first, or qua l i t a t i ve usage. 

(b ) Stiffness 

T h e term stiffness has been used no t on ly in a qua l i t a t i ve 

sense, mean i ng r ig id i ty or resistance t o de fo rma t i on , b u t 

also in several dif ferent q uan t i t a t i v e senses, viz. (1) as re-

ciprocal of, " m o b i l i t y " i n B i n g h a m flow, (2) as the quan-

t i t y cons tan t in the N u t t i n g equa t ion , by Bu i s t a n d Sey-

mou r , (3) as r ig id i ty modu l u s , or closely-related q u a n t i t y . 

W h i l s t d r aw i ng a t t en t i on to the present posi t ion, the 

C o m m i t t e e d o no t feel ab le to recommend a so lut ion to the 

dif f iculty w i t h o u t fu r ther discussion. 

2. SYSTEMS OF CLASSIFICATION 

Terms canno t be considered in isolat ion, on accoun t of 

the relat ions wh ich they bear one to ano ther . I n ev i t ab l y , 
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therefore , n o m e n c l a t u r e imp l i es s o m e sy s t em of classifica-

t i on . I n th is sect ion we cons ider s o m e of t he sys tems of 

c lass i f ica t ion w h i c h h a v e been p u t f o r w a r d . 

( a ) T H E BRITISH RHEOLOGISTS' CLUB'S 

" T A B L E OF DEFORMATIONS" 

A s cheme of c lass i f icat ion was p u t f o rwa rd b y t h e B . R . C . 

o r i g i n a l l y in 1942, a n d in a mod i f i e d a n d mo re c o n v e n i e n t 

f o r m la ter in t he s a m e year . T h e la ter f o r m is r ep roduced 

in F i g . 1. [ T h i s figure was n o t received—Ed.~\ Based 

gene ra l l y o n t h e p r i nc ip l es e n u n c i a t e d i n t h e p reced i ng 

sec t ion , t h i s s c heme is large ly se l f-exp lana tory . I t is w o r t h 

n o t i n g t h a t o n l y deformations a re d e a l t w i t h ; n o a t t e m p t 

w a s m a d e t o i n t r o d u c e real ma t e r i a l s or t ypes of m a t t e r . 

T h i s l i m i t a t i o n a p p e a r e d to be a d v a n t a g e o u s , a t least in a 

first a t t e m p t , i n t h a t i t a v o i d e d t h e d i f f i cu l t y t h a t a real 

m a t e r i a l is gene ra l l y c a p ab l e o f a d i ve r s i t y o f t ypes of 

b e h a v i o r a c c o r d i n g to t he c o n d i t i o n s u n d e r w h i c h i t is 

e x a m i n e d (e.g. , p i t c h , g lass, r u b b e r ) . 

Btimes' variation of the Table 

A c i r cu l a r layout : of t he B . R . C . T a b l e has been p roposed 

b y B i lmes . H i s a r r a n g e m e n t i nvo l ves n o i n t r i ns i c d e p a r t u r e 

f r o m t h e o r i g i n a l c lass i f ica t ion , b u t m a y h a v e a d v a n t a g e s 

i n a m o r e ef fect ive p i c to r i a l p r e sen t a t i o n o f t h e re l a t i onsh i ps 

be tween t he types of d e f o r m a t i o n . 

( b ) RE INER 'S SYSTEM OF CLASSIFICATION 

A r a t h e r d i f ferent a p p r o a c h has been suggested b y 

Re i ne r . I n h is s y s t e m a n u m b e r of charac te r i s t i c " b o d i e s " 

a r e def ined . These " b o d i e s " a r e def ined i n t e rms of the i r 

l a w of d e f o r m a t i o n , so t h a t i n effect t he de f i n i t i ons m a y be 

regarded as de f i n i t i ons o f t ypes of d e f o r m a t i o n . T h e fol low-

i n g five f u n d a m e n t a l bod ies a re d i s t i n g u i s h e d : 

E . Eticlid solid. A per fec t ly r ig id (i.e., n o n-de f o rmab l e ) 

b o d y . P . Pascalian liquid. A per fec t ly non-v iscous fluid. 

H . Hooke solid. A b o d y w h i c h g ives a H o o k e a n e las t ic 

d e f o r m a t i o n . 

S T . V . St. Venant body. A b o d y cha rac te r i zed b y t h e 

exis tence of a y i e l d stress ( a n d w h i c h p r e s u m a b l y b e h a v e s 

l i ke E a t lower stresses a n d l i ke P a t h i ghe r stresses). 

N . Newtonian liquid. A bod} ' w h i c h is c a p a b l e o f a New-

t o n i a n v iscous d e f o r m a t i o n . 

T y p e s E a n d P h a v e n o real c o u n t e r p a r t s i n rheo logy , 

a n d need n o t b e f u r t h e r cons idered . T h e r e m a i n i n g th ree 

m a y be c o m b i n e d in v a r i o u s w a y s t o p r o d u c e m o r e c o m p l e x 

types of d e f o r m a t i o n . T h e th ree p r i n c i p a l de r i ved types a re : 

M . Maxwell liquid. T h i s is represented H a n d N in series. 

( S p r i n g a n d d a s h p o t in series.) T h i s is a specia l case of the 

B . R . C . V iscoe las t i c d e f o r m a t i o n . 

B . Bingham body. De f i n ed as S T . V a n d N in series. T h i s 

is e q u i v a l e n t t o t he B . R . C . B i n g h a m p las t i c d e f o r m a t i o n . 

K . Kelvin solid. De f i ned as H a n d N i n para l le l . ( S p r i n g 

a n d d a s h p o t in para l l e l . ) T h i s is a specia l case of t he B . R . C . 

Non- i dea l c o m p l e t e l y recoverab le d e f o r m a t i o n . 

B y f u r t h e r c o m b i n a t i o n s be tween t h e f u n d a m e n t a l a n d 

de r i ved types st i l l m o r e c o m p l i c a t e d proper t ies m a y be 

represented . T h e proper t ies of a l l these bod i es m a y be 

represented by m e a n s of rheo log ica l e qua t i o n s , t he p a r am-

eters in w h i c h co r respond to t he v a l u e s of ce r t a i n phys i c a l 

c on s t a n t s . 

I t is n o t p roposed here t o m a k e a n y j u d g m e n t o n t h e 

re l a t i ve v a l u e of Re i ne r ' s a n d t h e B . R . C . schemes , b u t i t 

m a y n o t be o u t o f p l a ce t o m a k e s o m e reference t o t h e 

u n d e r l y i n g d ivergences in t h e respect ive m e t h o d s of ap-

p roach . W e observe , firstly, t h a t Re i ne r ' s sys tem is based 

o n t h e a s s u m p t i o n t h a t t h e b e h a v i o r o f a g i ven s y s t em can 

be represented in t e r m s of a n u m b e r o f e l emen t s , e a ch 

o b e y i n g a s imp l e l aw . T h i s theore t i ca l a n a l y t i c a l a p p r o a c h 

is in c on t r a s t t o t h e emp i r i c a l a p p r o a c h of t he B . R . C . , 

represented P r i n c i p l e (1) . S e c o n d l y , Re i ne r ' s t e r m s a re n o t 

se l f-exp lana tory , b u t are a l l assoc ia ted w i t h t he n a m e s of 

o r i g i n a l i nves t i ga to rs . 

(c) T H E NOMENCLATURE OF THE DUTCH SCHOOL 

Burgers , Saa l , a n d B i e n z e n o h a v e pub l i s hed ( in D u t c h ) 

a r a t he r c o m p r e h e n s i v e repo r t en t i t l e d " B a s i s for a N o m e n -

c l a t u r e o f D e f o r m a t i o n s , " 1 w h i c h a t t e m p t s to cove r t h e 

who l e r ange of t y p e s o f d e f o r m a t i o n . I t is h a r d l y poss ib le 

t o c o n v e y a n a d e q u a t e i dea of t he scope of t h i s wo rk in 

s u m m a r y f o rm , b u t i t m a y b e sa id t h a t t h e m e t h o d of ap-

p r o a c h is i den t i ca l in p r i nc i p l e w i t h t h a t a d o p t e d b y t he 

B . R . C . , t h o u g h t he re is n a t u r a l l y s o m e d i f ference in em-

phas i s a n d i n de t a i l ed t e rm i n o l o gy . T h e f o l l ow ing t a b l e 

c o n t a i n s a l ist o f t he p r i n c i p a l t ypes of d e f o r m a t i o n con-

s idered , t oge the r w i t h t h e m o s t nea r l y c o m p a r a b l e B . R . C . 

types . 

Types of Deformation 

D U T C H SYSTEM N E A R E S T B . R . C . E Q U I V A L E N T 

AO Completely elastic deformation TIdeal elastic deformation 
TNon-ideal completely recov-

erable 
AlaT Thresholdless limited deforma- Non-ideal completely recover-

tion able 
A16T 
BlaT Plastic limited deformation Plasto-elastic deformation (?) 
Bl&T 
A2 Thresholdless creeping defor- Non-Newtonian viscous flow 

mation (d%/dt continually de- (special case) 
creasing) 

B2 Plastic creeping deformation Non-Bingham plastic flow 
(idt/dt continually decreas- (special case) 
ing) 

A3 Thresholdless constant speed Newtonian How 
deformation (dt/dt const.) 

B3 Plastic constant speed defor- Bingham flow 
mation (dt/dt const.) 

A4 Thresholdless accelerating de- Non-Newtonian viscous flow 
formation (dt/dt increasing) (special case) 

B4 Plastic accelerating deforma- Non-Bingham plastic flow 
tion (dt/dt increasing) (special case) 

T h e genera l s im i l a r i t y be tween t he t w o sy s t ems is ap-

p a r e n t f r o m th is t ab le . A p a r t f r o m t h e a c t u a l t e rms used , 

t he ch ie f d i f ference is t h a t t he D u t c h s y s t em c o n t a i n s 

r a t he r m o r e s ubd i v i s i o n s of t h e flow g r o u p , a n d r a t he r 

fewer of t h e e last ic g r o u p t h a n t h e B . R . C . c lass i f icat ion . 

W e t u r n n o w to t he cons i de ra t i on o f ce r t a i n t e r m s a n d 

p h e n o m e n a in g rea ter de ta i l . 

3. STRESS, STRAIN, A N D RELATED 

QUANTITIES 

S ince stress a n d s t ra in are f u n d a m e n t a l q u a n t i t i e s in a l l 

rheo log ica l m e a s u r e m e n t s , i t m a y be wel l t o beg in t he 

d iscuss ion b y a cons i de ra t i on o f t he i r de f i n i t i on . 

O n th is s ub j e c t a fa i r ly c o m p l e t e sys tem of de f i n i t i ons is 

1 The club is indebted to Mr. P'tan Have, for assistance in the transla-
tion of this paper. 
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prov ided b y the classical theory of elast ici ty. In a pp l y i ng 

the results of th is theory in the field of rheology, however, 

i t is i m p o r t a n t to d is t ingu ish between proposi t ions wh ich 

are true for de fo rmat ions of a ny magn i t u de a n d those wh ich 

are va l i d on ly in the l im i t i ng case of sma l l de format ions . 

I n this pa rag raph the po in t of v iew adop ted is t ha t wh i ch 

has been expounded in Love 's Mathematical Theory of 

Elasticity. S o m e of the more detai led ma t hema t i c a l exposi-

t ions are g iven in the Append ix . 

Before def in ing stress, it is necessary to consider t ract ion . 

Traction 

Traction is defined as the force per un i t area ac t ing 

across a specified p lane wi th in a body or a t the surface of 

a body . T h e componen t s of th is force respectively per-

pend i cu l a r a n d paral lel to the p lane considered are termed 

the normal a n d tangential tract ions. 

Stress 

Stress. T h e comp le te specification of the stress a t a 

po in t 0 w i th i n a body involves a knowledge of the t ract ion 

across a l l p lanes passing t h rough 0. I n par t icu lar , if the 

tract ions across a set of three m u t u a l l y perpend icu lar 

p lanes t h rough 0 are g iven, then the tract ions across a ny 

other p lane m a y be ca lcu la ted . T h e tract ions on the three 

m u t u a l l y perpend icu lar planes, resolved i n t o no rma l a n d 

t angen t i a l componen t s , yield the six components of stress 

with respect to a g iven coord inate system. 

Notes 

(1) Trac t i on is a vector q u a n t i t y . Stress, be ing related to 

six vector componen t s as defined above is a tensor q u a n t i t y . 

(2) Some au thors (e.g., Mo r l ey , Strength of Materials, 

a n d Southwel l , Theory of Elasticity) use the te rm stress in 

the sense of b o t h tract ion a n d stress as defined by Love . 

Thus , if a bar is loaded in s imp le tension, the load per u n i t 

area of cross section is referred to as the "stress." Th is 

a m b i g u o u s usage is a source of confus ion , a n d shou ld be 

avo ided . 

(3) T h e stress a t a l l po in ts of a b ody a t rest or in un-

accelerated m o t i o n is de termined solely by the app l i ed 

forces. I t is no t , therefore, a func t ion of the mater i a l . 

Shear stress is of par t icu lar impor tance in rheology. I t is 

defined as a system of two equa l t angen t i a l tract ions ac t ing 

on p lanes a t r i gh t angles to one ano ther . I n these planes 

there is n o no rma l t ract ion . 

N o t e t h a t the impo r t ance of d is t ingu ish ing between 

stress a n d tract ion is here appa ren t . I n p lanes other t h an 

those on wh i ch the no rma l tract ion vanishes there wi l l be 

b o t h n o rma l a n d tangent ia l tract ions, v a ry i ng in m a g n i t u d e 

w i th the d irect ion of the p lane ; a n d de te rm ined in magni-

t ude by the direct ion a n d m a g n i t u d e of the shear stress. 

Strain 

Strain. T h e concept of strain involves a compar i son 

between two states, (a) t he unde fo rmed , a n d (b) the de-

formed. I n a homogeneous stra in (i.e., one wh i ch is the 

same a t all po in ts of a b o d y ) a sphere is t ransformed in 

general to a n ellipsoid w i t h three unequa l axes. T h i s is 

k nown as the strain ellipsoid. Converse ly , i t is possible to 

find a par t i cu la r ell ipsoid in the uns t ra i ned body wh i ch is 

t ransformed on de format ion i n t o a sphere. T h e or ig inal 

el l ipsoid is cal led t he reciprocal strain ellipsoid. 

T h e general homogeneous stra in m a y be defined in terms 

of the pr inc ipa l axes of either the stra in ell ipsoid or the 

reciprocal strain el l ipsoid. 

S t ra in , l ike stress, is a tensor q u an t i t y , a n d m a y be 

represented in terms of six componen ts . (See append ix . ) 

Simple shear 

S imp l e shear is a t ype of strain in wh ich every po in t of a 

body is displaced parallel to a g iven l ine by an a m o u n t 

propor t iona l to its d is tance f rom a fixed p lane con t a i n i ng 

t ha t l ine. T h e m a g n i t u d e of the shear is the ra t io of the 

d isp lacement of a po in t to its d istance from the fixed p lane. 

Notes 

(1) I n a small shear strain the pr inc ipa l axes of the stra in 

ell ipsoid m a k e an ang le of 45° w i th the direct ion of sl iding. 

I n a large shear this is no longer true. 

(2) The unstrained state. W h i l s t ma t hema t i c a l l y a n y 

state has an equa l c la im to be regarded as the unst ra ined 

state, there m a y be physical reasons for preferring a par-

t icular state to represent the state of zero strain. A n ideal ly 

elastic rubber , for example , is isotropic in one a n d on ly one 

state, a n d it is na tu ra l l y s implest to consider th is to be the 

unst ra ined state. A New ton i a n fluid, on the other h and , is 

isotropic after a n y de format ion , and there is no reason for 

choosing a n y part icu lar state in preference to ano ther as 

uns t ra ined state. 

(3) The magnitude of "strain." T h e general strain re-

quires six numbers for its specif ication. I n special cases, 

however, the strain m a y be represented b y fewer than six 

numbers . I n these s impler cases the classical componen t s 

of strain m a y no t be the most appropr ia te for the specifica-

t ion of the a m o u n t o f strain. Shear stra in , for example , 

m a y be represented by a single parameter , the a m o u n t 

of shear. 

T h e type of strain undergone by a ba r in s imple tension 

canno t , in general , be represented by a single number , b u t 

requires the specif ication of a t least two parameters ( length 

a n d thickness). I f , however, we are concerned on ly w i t h 

the change in length , we m a y call this, for our immed i a t e 

purpose, the " s t r a i n , " wh i ch m a y be measured or def ined 

in a n u m b e r of ways , viz. 

( i ) Engineering strain. Def ined as (l—lo)/lo. Th i s is the 

s implest measure to a d o p t when the strain is smal l . I t 

is a lso frequent ly used in a n empir ica l manne r when 

the strain is large. 

(ii) Natural strain (Hencky ) . Def ined as ln(///0 ) or dl/lo. 

This is l ikely to be useful in t h e case of a ma ter i a l 

wh ich rema ins unchanged in its propert ies du r i ng 

de format ion . 

(¡ii) Extension ratio, or ///». Th is is par t icu lar ly useful in 

large elastic de format ion , on accoun t of its direct con-

nect ion w i th the stra in el l ipsoid. 

( d ) Elastic Moduli and their Reciprocals 

T h e three pr inc ipa l modu l i are: 

(i) For s imp le tension ( length I increased to l+dl) 

N o r m a l t ract ion 
Y o u n g s M o d u l u s = — 

±1/10 

(i i ) Fo r s imp le shear ( l ine n o rma l to p lane of sl ide rotated 

t h rough angle <f>). 
Tangen t i a l t ract ion 

R i g i d i t y M o d u l u s = — 
tan</> 

Reciprocal, Shear Coefficient. 
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( i n ) F o r hyd ro s t a t i c compress ion ( v o l u m e V r educed 

b y ± V). 

M o d u l u s of Compress i on (or B u l k M o d u l u s ) 

H y d r o s t a t i c pressure  

= ±V/V 

Reciprocal, Coef f ic ient of Compress i b i l i t y , 

( i v ) I n a d d i t i o n , we h ave in t h e case of s imp l e tens ion . 

R e l a t i v e la tera l c on t r a c t i o n 
Po isson 's ra t i o = ———; : 77 ~ 

Re l a t i v e l o n g i t u d i n a l ex tens ion 

Notes 

(1 ) T h e de f in i t i on of R i g i d i t y . M o d u l u s is v a l i d fo larger 

s t ra ins . T h e r e m a i n i n g three q u a n t i t i e s a b o v e are n o t de-

fined for large s t ra ins . 

(2 ) T h e use of t h e t e rms " t a n g e n t " a n d " s e c a n t " 

m o d u l i , (dS/da- a n d S/a) b y L a z a n a n d Yo rg i a d i s m a y be 

conven i en t in s ome cases. " E l a s t i c c o m p l i a n c e " (A l f rey ) 

for shear coeff ic ient , has t h e d i s a d v a n t a g e t h a t t h e t y p e of 

s t ra ins is n o t i n d i c a t ed in t h e t e rm . There is n o t h i n g t o be 

sa id , however , for the c o m m o n usage in r ubbe r t echno logy 

of t h e expression " m o d u l u s a t (say) 300 percen t extens ion , 

w h e n w h a t is m e a n t is " fo rce per u n i t area of the u n s t r a i n ed 

ma te r i a l a t 300 percen t ex t ens i on . " 

4. VISCOSITY 

Viscosit ies range f r o m a b o u t 10 for l i q u i d h e l i um t o 

a b o u t 10 for glass a t 500°C , w i t h m a n y c o m m o n l i qu i ds 

such as wa te r (10) a n d go lden s y r u p (102) o c c u p y i n g posi-

t i ons near t h e m i d d l e of t h e range . I n h y d r o d y n a m i c s t h e 

v iscos i ty o f a l i q u i d , even t h o u g h numer i c a l l y sma l l , may-

be of g rea t s igni f icance in d e t e r m i n i n g t h e t y p e of flow, 

n a m e l y , whe t he r i t is s t r eam l i ned o r t u r b u l e n t . Th i s in-

fluence is recognized in t h e so-called R e y n o l d s N u m b e r , 

i n v o l v i n g v iscos i ty , w h i c h in a cer ta in sense measures t h e 

h y d r o d y n a m i c a l scale of a n y g i ven field of m o t i o n . 

( a ) NEWTONIAN LIQUIDS 

N e w t o n , w h o a t t r i b u t e d v iscos i ty in fluids t o "de fec tus 

l u b r i c i t a n t i s " or i n t e rna l f r i c t ion , " a t t r i t u s , " c lear ly def ined 

v iscos i ty in t e rms of the t a ngen t i a l t r ac t ion 5 a n d t h e 

ve loc i ty g r ad i en t du/dx in a s imp l e shear. H i s e qu a t i o n is 

S=rjdu/dx. 

T h e u n i t of v iscos i ty , y, is then t h a t v iscos i ty w h i c h corre-

sponds t o u n i t stress w h e n t he ve loc i ty g r a d i e n t is u n i t y , 

a n d is ca l led t h e Poise. I t s rec iproca l , t h e u n i t of fluidity, 

is k n o w n as t h e Rhe ( B i n g h a m ) . 

F r o m N e w t o n ' s e q u a t i o n , v iscosi ty (rj) has d imens i ons 

M L 1 ! ' 1 . 

Relaxation and orientation times 

Poisson a n d M a x w e l l c o m p a r e d a l i q u i d w i t h a n elast ic 

sol id in w h i c h t h e e last ic reac t ion is c on t i n uou s l y dissi-

pa t ed . I f X is t h e t ime t a k en for a n i n s t an t aneous l y app l i ed 

stress t o fa l l t o \/e of i ts i n i t i a l v a l u e ( under cons t an t 

s t r a i n ) , a n d n is t h e r i g id i ty m o d u l u s , then the fo l l ow ing 

re la t ion m a y be shown t o ho l d : 

TJ = W X X 

or v i scos i ty— r ig id i ty X t i m e of re l axa t i on . 

T h e M a x w e l l m o d e l of a l i q u i d , a n d t h e t ime o f re l axa t i on 

def ined thereby , p rov ides a n a t u r a l i n t e rp re t a t i on of t h e 

v iscos i ty of l i qu i ds w h e n these a re a pp r o a ched f r om t he 

sol id state . I f , on t h e o t he r h a n d , we a p p r o a c h t h e l i q u i d 

s t a t e f r om the basis of t h e gaseous s ta te , we a re led t o 

regard v iscos i ty as a d i f fus ion process ar i s ing f r o m t he 

transfer of m o m e n t u m be tween molecu les in d i f ferent pa r t s 

of t h e flowing l i qu i d . 

Maxwe l l ' s m o d e l is m a t h e m a t i c a l l y e q u i v a l e n t t o a 

sp r i ng a n d d a s h p o t in series. I n a n a l t e r n a t i v e sys tem , 

compr i s i ng a spr ing a n d d a s h p o t in para l le l , t he a p p l i c a t i o n 

of a stress causes a n a s y m p t o t i c a p p r o a c h to a final l i m i t i n g 

d e f o r m a t i o n . T h e d e f o rma t i o n t hen fo l lows t he l aw 

a=A( 1 

T h i s m o d e l is i den t i ca l w i t h Re ine r ' s K e l v i n solid (Sect ion 

2 ) a n d is a p p r o p r i a t e as a first a p p r o x i m a t i o n t o a cer ta in 

class of non-ideal e last ic d e f o rma t i o n s , as exempl i f ied b y 

h igh-mo lecu la r sys tems . T h e c o n s t a n t M in t h e a b o v e equa-

t ion has been ca l led t h e " o r i e n t a t i o n t i m e . " 

( b ) NON-NEWTONIAN LIQUIDS 

M a n y l i qu i ds d o n o t fo l low N e w t o n ' s s imp l e l aw of flow. 

I n such cases i t is necessary t o cons ider whe the r the ra te of 

shear is d e t e rm i ned solely b y the shear stress, o r whe the r 

t i m e effects a re present . 

I f t he ra te of shear is d e t e rm i ned solely b y t h e shear 

stress, a u n i q u e re la t ion exists b e tween stress a n d ra te of 

shear . T h i s re la t ion c omp l e t e l y defines t h e proper t ies of 

t h e ma t e r i a l . Suggested equa t i o n s for such ma te r i a l s con-

ta in t w o or mo r e cons t an t s , t o w h i c h special n a m e s h ave 

been g i ven . W e d o n o t propose t o fo l low u p these sugges-

t ions in de ta i l , bul . wi l l restr ict ourse lves t o the genera l 

c o m m e n t t h a t where such non-l inear e q u a t i o n s are em-

p loyed the s y m b o l v a n d the t e rm viscosi ty shou ld n o t be 

used t o i n den t i f y t h e cons tan ts . ( I t is cons idered permis-

sible, however , t o m a k e use of the t e rm " a p p a r e n t v i s co s i t y " 

when referr ing t o t h e r ead i ng o f a pa r t i c u l a r i n s t r u m e n t , 

or in a s im i l a r emp i r i c a l sense, p rov i ded t h a t i t is m a d e 

clear t h a t t h e t e r m is n o t used in the abso l u te sense of 

N e w t o n ' s e q u a t i o n . ) 

(c) STRUCTURAL VISCOSITY 

S t r u c t u r a l v iscos i ty (or s t r uc tu re v i scos i ty ) is a special 

case of n o n - N e w t o n i a n v iscos i ty in w h i c h t h e r a t e of flow 

is d e t e rm i n ed o n l y b y t h e shear stress, b u t in w h i c h the 

a p p a r e n t v iscos i ty S/{d%/dt) fa l ls w i t h increas ing stress. 

T h e t e rm is n o t a good one , since i t imp l ies a theoret ica l 

b r e a k d o w n of s t ruc tu re , b u t i t is p r o b ab l y too wel l estab-

l ished t o be d i s con t i n ued . 

( d ) KINEMATIC VISCOSITY 

I n cases of v a r y i n g m o t i o n we are o f ten concerned n o t so 

m u c h w i t h v iscos i ty itself as w i t h t h e r a t i o of v iscos i ty t o 

the dens i ty or iner t i a of the fluid. T h e q u a n t i t y rj/d o r 

•q/i is k n o w n as t h e k i n e m a t i c v iscos i ty , a n d is measured 

in Stokes . K i n e m a t i c v iscos i ty has t h e d imens i ons of a dif-

fusion coeff ic ient , i .e., ML"1 T"1/ML"3 = L 2 r - 1 . 

I n i ndus t r i a l processes the ra te of flow of l i q u i d s such as 

p e t r o l e um m a y b e suff ic ient ly h i gh t o b e in t h e reg ion 
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where t u r b u l e n ce occurs, a n d for purposes of c a l cu l a t i on 

t h e k i n e m a t i c v iscos i ty becomes i m p o r t a n t . 

T h e C o m m i t t e e feel t h a t t h e t e rm " k i n e m a t i c v i s cos i t y " 

s hou l d be r e t a i ned , w i t h o u t , however , e l i m i n a t i n g t h e t e rm 

" v i s c o s i t y " (as h a d been suggested b y s ome a u t h o r s ) . 

(e) SPECIFIC AND INTRINSIC VISCOSITY 

T h e t e rm "spec i f ic v i s co s i t y " h a s f r equen t l y been used 

i n connec t i on w i t h so lu t i ons . I t is def ined b y t h e e q u a t i o n 

vsp=(v—v0)/v0 

where v a n d T?O are the viscosit ies of so lu t ion a n d so lven t 

respect ive ly . Specif ic v iscos i ty is a p u r e n u m b e r . 

" I n t r i n s i c v i s co s i t y " is def ined as 

?j = L i m {-qsp/c) 

where c is t h e concen t r a t i o n . A n e q u i v a l e n t de f i n i t i on is 

QSOr1) \dc / c-0 

T h e concen t r a t i on c is v a r i ous l y expressed as (a ) g per l i ter , 

(6) g per 100 cc, or (c) g per g. 

Note 

The re is s ome oppos i t i o n t o t h e use of t e rms i n v o l v i n g 

t h e word v iscos i ty for q u an t i t i e s whose d imens i on s a re n o t 

those of v iscos i ty . I f " i n t r i n s i c v i s co s i t y " is to be used , i t 

is s t rong ly r e c o m m e n d e d t h a t c b e measured i n g per g. 

5. REVERSIBLE A N D IRREVERSIBLE CHANGES 

I N CONSISTENCY 

U n d e r th is h e a d i n g wi l l be cons idered a n u m b e r of m o r e 

c o m p l e x rheo log ica l p h e n o m e n a in w h i c h t h e d e f o r m a t i o n 

is a c c o m p a n i e d b y a c hange in t h e s t a t e or proper t ies of a 

ma te r i a l . 

(a ) THIXOTROPY 

T h e clearest e x amp l e of t h i xo t rop i c behav i o r is t h a t of a 

subs t ance w h i c h changes f r o m a s ta te in w h i c h i t is a b l e t o 

resist shear ing stresses (be low a y ie ld v a l u e ) to one in w h i c h 

it is u n a b l e t o w i t h s t a n d shear i ng stresses as a resul t of t h e 

a pp l i c a t i o n of a shear , b u t w h i c h on res t ing g r a d u a l l y a n d 

comp l e t e l y re tu rns t o its o r i g i na l s ta te . T h e t e rm thixotropic 

is a l so app l i ed b y s ome a u t h o r s t o descr ibe a n y ma t e r i a l 

w h i c h suffers a loss o f cons is tency o n shear ing , a n d w h i c h 

g r a d u a l l y reverts who l l y or pa r t i a l l y to its i n i t i a l s t a t e on 

r e m o v a l of t h e shear stress. O t h e r workers h a v e app l i ed 

t h e t e rm " f a l se b o d y " t o th is second t y p e of behav i o r . 

U n f o r t u n a t e l y false body is a lso used in q u i t e a d i f ferent 

sense in t h e p a i n t i n d u s t r y , a n d t h e d i s t i n c t i on be tween the 

t w o te rms ( t h i xo t r opy a n d false b o d y ) is b y n o m e a n s 

a lways clear . 

S i nce it seems t o us t h a t t h e v a n i s h i n g of a y ie ld v a l u e 

is o n l y a special case of r educ t i on of cons is tency, we suggest 

t h a t t h e t e r m thixotropy be used t o cover a l l such t ypes of 

behav i o r , a n d t h a t t h e t e r m false body b e a vo i d ed . T h e 

proposed de f i n i t i on of t h i x o t r o py is g i ven b e l ow : 

Thixotropy is a reversible t ime-dependen t loss of con-

sistency a c c o m p a n y i n g t h e a p p l i c a t i o n of a shear , or the 

increase in t h e a m o u n t of the a pp l i e d shear. 

Notes 

( i ) T h e change of cons is tency m a y b e re la ted t o t h e 

m a g n i t u d e of the stress, or t o t h e m a g n i t u d e of t h e s t ra in . 

These classes m a y be d i s t i ngu i shed b y t h e t e rms stress-

thixotropy a n d strain-thixotropy. 

( i i ) T h e d i f ference be tween s t r uc tu ra l v iscos i ty a n d 

t h i xo t r opy lies in t h e absence of a n obse rvab l e t ime-lag in 

t h e former case. 

( b ) WORK-HARDENING AND WORK-SOFTENING 

Work-hardening is a c o m m o n l y used t e r m i m p l y i n g a 

nonrevers ib le increase of cons is tency on shear ing . Stra in-

ha r den i n g is some t imes used s y n o n y m o u s l y w i t h work-

ha rden i ng , b u t i t seems des irab le t o d i s t i ngu i sh t h e possi-

b i l i t y of e i ther t h e a m o u n t of s t ra in o r t h e a m o u n t of stress 

be i ng the d e t e rm i n i n g fac tor . W e suggest , therefore, t h e 

use o f strain-hardening a n d stress-hardening, w i t h work-

hardening as a genera l t e rm i n c l u d i n g b o t h types . Stress-

softening, strain-softening, a n d work-softening m a y b e used 

i n co r respond ing senses w h e n t he cons is tency is i r revers ib ly 

reduced on shear ing . 

T h e t e rm " r h e o d e s t r u c t i o n " has been suggested t o indi-

ca te a non-reversible loss of cons is tency on shear ing . T h i s 

t e rm is e t ymo l og i c a l l y u n f o r t u n a t e , a n d is n o t f avored b y 

the C o m m i t t e e . " S h e a r b r e a k d o w n " has been used in in-

dus t r y , e.g. , t o descr ibe t h e loss in v iscosi ty of p o l y m e r 

t h i ckened fluids w i t h use i n a i rc ra f t . 

(c ) RHEOPEXY 

T h e t e rm rheopexy h a s been app l i ed to t h e p h e n o m e n o n 

exh ib i ted b y cer ta in t h ixo t rop i c sys tems (e.g., F2O5 sols) i n 

w h i c h t h e ra te of reset t ing is accelerated b y s lowly r o t a t i n g 

t h e c o n t a i n i n g vessel. 

( d ) DILATANCY 

T h e t e r m dilatancy o r i g i na l l y i m p l i e d t h e expans ion i n t o 

a n open p a c k i n g w h i c h a s y s t em of closely p acked spheres 

m u s t necessari ly u n d e r g o when stressed, before flow c an 

t ake p lace . T h i s r e a r r a ngemen t u sua l l y i nvo l ves a n increas-

i ng resistance t o shear ing , a n d in the s imp les t case t h e 

a m o u n t of " h a r d e n i n g " w o u l d be a f unc t i on of t h e a m o u n t 

o f s t ra in . F o l l ow i ng W i l l i a m s o n a n d Hecker t ' s finding t h a t 

for corn f lour a t least , t h e concen t r a t i ons a t w h i c h the 

p h e n o m e n a occur d o n o t correspond t o c lose-packing, a 

p r o b l em in n o m e n c l a t u r e arose. S h o u l d these p h e n o m e n a 

be i nc l uded u n d e r t h e t e rm " d i l a t a n c y " i rrespect ive of 

m e c h a n i s m , or shou ld s ome o t he r t e rm (e.g., " i n v e r t e d 

p l a s t i c i t y " or " p s e u d o - d i l a t a n c y " ) be i n t r o duced ? 

S i nce i t seems dange rous to speak of d i l a t a n cy in sys tems 

wh i ch d o n o t d i l a te , a n d s ince in s ome cases, the ex ten t of 

h a r den i n g m a y be a f u n c t i o n of stress r a the r t h a n of s t ra in , 

i t wou l d seem preferab le t o speak of s t r a i n-harden ing o r 

stress-hardening in s uch cases, w i t h o u t reference t o mech-

a n i s m . Phenomeno l og i c a l l y , d i l a t a n c y is a special case o f 

s t ra in-harden ing , a n d t h e fo rmer t e rm shou ld be reserved 

for cases where a c hange of p a c k i n g is p roved . 
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6. " S P I N N B A R K E I T " 

M a n y ma te r i a l s , such as w h i t e of egg a n d adhes ive l ike 

seccot ine, can be read i ly d r a w n i n t o th reads . I n s ome cases 

these th reads c a n be ha rdened t o g i ve fibers w h i c h can be 

s p u n , b u t in m a n y ins tances th i s is n o t so. E r b r i n g , w h o 

has worked extens ive ly on th i s p rope r t y uses the t e rm 

" S p i n n b a r k e i t " for t h e p h e n o m e n o n , a n d his t e rm is n o w 

in fa i r ly c o m m o n use a m o n g Br i t i sh Rheo log i s t s (e.g., 

Pryce-Jones , C l i f t ) . T h e t e rm is c lear ly n o t suf f ic ient ly 

w ide even in t h e o r i g i na l G e r m a n , a n d is q u i t e u n s u i t a b l e 

in Eng l i s h . A t t e m p t s a t l i tera l t r ans l a t i on ( s p i n nab i l i t y , 

f ibrosi ty , e tc . ) are equa l l y unsa t i s f ac to ry . 

There w o u l d seem to be a good case for an i n t e r n a t i o na l 

word of classical or ig in . T h e first p roposa l (P i r i e ) of 

" l e p t ogenes i s " a ppea r s t o m e a n " p r o d u c i n g t h i n ne s s , " a n d 

t h e later a l t e r na t i ve ( M c C l e a n ) " n e m a t a g e n e s i s " wou l d 

be preferab le b u t for t h e c i r cums t ance t h a t Be rna l has 

a d o p t e d th i s t e rm in t h e sense of " p r o d u c i n g t h e n e m a t i c 

c o n d i t i o n . " I t a ppea r s t h a t t h e t e rm " n e m a t a p o e i c " has 

been i n t r oduced b y M c C l e a n , a n d o ther possibi l i t ies w h i c h 

h ave been discussed a re " m i t o g e n i c " a n d " c l o s m a g e n i c . " 

These last th ree a l l seem to m e a n " t h r e a d p r o d u c i n g , " in 

t h e sense of a t h read of c o t t o n , w h i c h is n o t perfect b u t 

seems t o b e t h e best we can d o a t present . I nves t i g a t i ons 

on th i s ques t i on a re c o n t i n u i n g . 

APPEND IX—THE C O M P O N E N T S OF STRAIN 

T h e s ta te of s t ra in is comp le te l y de t e rm i ned when we 

k n o w the lengths in the s t ra ined a n d uns t r a i ned states of 

cor respond ing l ines. I f dsi a n d ds a re t h e l eng ths of corre-

spond i n g l inear e lements in t h e t w o states, t h e re lat ion be-

tween ds\ a n d ds is a f u n c t i o n of the d i rect ion cosines (/, 

m, n) of ds w h i c h m a y be expressed in the f o rm 

( ^ y = (l-\-2exx)P + (l+2euy)m*+(l+2e„)n> 

-\-2evzmn-\-2ezxnl-j-2exyln 

where I, m, n a re the d i rec t ion cosines of ds. T h e compon-

en ts o f s t ra in exx • • •, eyz • • • a re f unc t i ons of t h e pa r t i a l 

d i f ferent ia ls of the c o m p o n e n t s of d i s p l a c e m e n t u, v, w of 

a p o i n t , i.e. 

au I f /au\2 /av\2 /<rw\-~\ 
«,, = — + - ( — ) + ( - ) +( —) 

ax 2 L \ax/ \ax> \ax / J 

av 
eLIU~~ 

ay 

aw 
tzz = — 

az 

aw av all all av av aw aw 
6,,, = — + - + - = — + + 

ay az ay az ay az ay az 

all 
tlx — h 

az 

= (1) 

s t ra in , l ike stress, is a tensor q u a n t i t y . 

F o r a n y homogeneous s t ra in i t is possible to find a n 

el l ipsoid w h i c h becomes a sphere on d e f o rma t i o n . This 

e l l ipsoid is cal led t h e reciprocal strain ellipsoid, a n d i ts axes 

t h e principal axes of strain. T h e q u a n t i t y ds/ds — 1 is 

ca l led t h e extens ion of the l inear e l emen t , a n d the exten-

sions of t h e axes of the rec iproca l s t ra in e l l ipso id are cal led 

the p r i nc i pa l extensions. 

SIMPLE SHEAR 

Def ined b y 

x1=x-\-ay 

yl = y 

z1 = z 

T h e p r opo r t i o n a l i t y c on s t a n t a is t h e a m o u n t of the shear , 

a n d m a y be shown to be equa l to di f ference of the t w o 

p r i nc i pa l extensions in t h e p l a ne (x, y). Mo reove r , the area 

of a f igure in t h e (x, y) p l a ne is una l t e red b y t h e shear 

s t r a i n . 

SMALL DEFORMATIONS 

W h e n the s t ra in is sma l l t h e squares a n d p r oduc t s of 

an/ax, etc . , i n (1 ) v a n i s h , a n d t h e c o m p o n e n t s of s t ra in 

t a k e on a p a r t i c u l a r l y s imp l e f o r m , i.e. 

exx = au/aX eyy — av/ay ezz = aw/aZ 

aw av au aw av all 
Gyz= b Zzx — I ~ 

ay az az ax ax ay 

BALLOT ON A M E N D M E N T S 

Please return ballot to x 

Dr. R. B. Dow 

Bureau of Ordnance, Re9d 

Navy Department, Washington 25, D. C. 

BEFORE AUGUST 15, 1947 

The amendments to the Constitution and By-Laws of the Society of Rhe-

ology given in detail in this issue of the Rheology Bulletin should be accepted 

(see discussion on page 3). 

Yes • No • 
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