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THE RHEOLOGY LEAFLET 
W i t h th i s n u m b e r , the R h e o l o g y Leaf le t m a k e s its b o w t o ou r 

m e m b e r s . F u r t h e r n u m b e r s will be i ssued f r o m t i m e t o t ime as occa-
sion w a r r a n t s - a n d the f i n a n c e s of T h e Soc ie ty of R h e o l o g y p e r m i t . 
T h e Edi tor of the Soc ie ty w o u l d be glad of s u g g e s t i o n s as t o t he con -
t e n t of f u t u r e n u m b e r s . He w o u l d app rec i a t e , too , n e w s i t ems tell-
ing of the ac t iv i t ies of rheo log i s t s f o r pub l i ca t ion . A d d r e s s : W h e e l e r 
P . D a v e y , Schoo l of C h e m i s t r y and Phys ics , T h e P e n n s y l v a n i a S t a t e 
Col lege, S t a t e Col lege , P e n n s y l v a n i a . 

A WORD FROM OUR PRESIDENT 
Since 1932, w h e n the J o u r n a l of R h e o l o g y ceased pub l i ca t i on , 

t he Soc ie ty of R h e o l o g y has had 110 m e d i u m f o r p u b l i s h i n g gene ra l 
n e w s i t ems of in te res t t o rheo log is t s . A n n o u n c e m e n t s of m e e t i n g s , 
of course , h a v e been p u b l i s h e d ; b u t in add i t ion t o such of f ic ia l busi-
ness t h e r e a r e a l w a y s m a n y o t h e r m a t t e r s wh ich o u g h t t o be ci rcu-
lated a m o n g o u r m e m b e r s . T h e s e m a t t e r s are no t i m p o r t a n t in t h e m -
selves, t a k e n ind iv idua l ly ; b u t t a k e n col lec t ive ly t h e y c o n s t i t u t e t he 
l ife b lood of the Socie ty , and are neces sa ry to its ac t iv i ty and g r o w t h . 

A p p a r e n t l y , t h e n , we need in the Soc ie ty s o m e n e w s y , goss ipy 
little j o u r n a l to s u p p l e m e n t o u r pub l i ca t ion of sc ien t i f ic p a p e r s in t he 
J o u r n a l of Appl ied Phys ics . In o rde r to m e e t this need the E x e c u t i v e 
C o m m i t t e e has au tho r i zed t he l a u n c h i n g of the R h e o l o g y Lea f l e t . It 
is h o p e d tha t y o u will all send in sugges t ions , c o n t r i b u t i o n s , and n e w s 
i tems, and t h u s he lp the Edi tor to m a k e the Leaf le t jus t w h a t y o u 
w a n t it t o be. MELV1N M O O N E Y . 

OUR LAST MEETING 
T h o s e of y o u w h o a t t e n d e d o u r m e e t i n g in t he Hotel P e n n s y l -

van ia in N e w York , O c t o b e r 29-31 , 1936, will r e m e m b e r it as o n e of 
t he mos t success fu l m e e t i n g s we ever had . T h e big c r o w d of p h y s -
icists f r o m the col leges and f r o m the i ndus t r i e s ; t he jo in t m e e t i n g s on 
phys ics and phys ic i s t s in i n d u s t r y s p o n s o r e d by T h e Amer i can Insti-
t u t e of Phys i c s ; t he s i m u l t a n e o u s m e e t i n g s of t he f o u n d e r societ ies 
of t he Ins t i t u t e ; t he very i n t e r e s t i ng p r o g r a m of ou r o w n Soc ie ty of 
R h e o l o g y ; t he jo in t d i n n e r of all t he f i ve f o u n d e r socie t ies of t he 
A m e r i c a n Ins t i tu te of Phys i c s ; all t hese m a d e an impres s ion which 
will no t soon be f o r g o t t e n . 
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THE SOCIETY OF RHEOLOGY 
T h e Soc ie ty of R h e o l o g y is d e v o t e d to t he s t u d y of t he f l o w and 

d e f o r m a t i o n of m a t t e r . T h e b r e a d t h of t he s u b j e c t is such as t o 
b r ing in to o u r m e m b e r s h i p m e n of m a n y f i e lds of spec ia l iza t ion . T h e 
s t u d y of t he viscosi t ies of f l u i d s u n d e r v a r i o u s c o n d i t i o n s of t e m p e r a -
tu re , p r e s su re , and r a t e of f low, a t t r a c t s m e n f r o m the a spha l t , r u b b e r , 
glass , pa in t , and p e t r o l e u m and lubr ica t ion i ndus t r i e s ; t h e s t u d y of 
t he elast ic a n d plast ic p r o p e r t i e s of sol ids b r i n g s in m e n f r o m t h e 
me ta l a n d r u b b e r g r o u p s as well a s t he theore t i ca l ly inc l ined m e c h a n -
ical e n g i n e e r s ; t he s t u d y of the moldab i l i t y of p las t ics and " m o l d e d 
c o m p o u n d s " a t t r a c t s still a n o t h e r g r o u p . And t h e n t h e r e a re t he 
col lege p ro fe s so r s , the p r o f e s s o r of phys ics , the p r o f e s s o r of phys ica l 
c h e m i s t r y , t he p r o f e s s o r of m e t a l l u r g y and t he p r o f e s s o r of ce ramics . 
W h a t g r o u p h a s y o u r Edi tor missed in the a b o v e ? W h e n y o u h a v e 
t h o u g h t it all ove r , m a k e a list of t he o m i s s i o n s and send it t o t h e 
E d i t o r — h e will q u o t e y o u in t he n e x t issue. 

It t u r n s o u t t ha t all these m e n are no t in s e p a r a t e g r o u p s a f t e r 
all. T h e f u n d a m e n t a l p r inc ip les beh ind the i r w o r k are s t r ik ing ly 
s imilar , e v e n t h o u g h t he app l i ca t ion of t he p r inc ip les m a y fall in 
w ide ly d i f f e r e n t f ie lds . Each g r o u p of o u r m e m b e r s can he lp t h e 
o t h e r g r o u p s , and each m e m b e r will f i nd t ha t t h e so lu t ion of t he 
o t h e r f e l l o w ' s p r o b l e m s he lps h i m in his o w n w o r k . 

R h e o l o g y p a p e r s w h i c h are of a r e sea rch n a t u r e o r w h i c h s h o w 
s t r i k ing indus t r ia l a p p l i c a t i o n s of phys ica l p r inc ip les a re pub l i shed 
in the J o u r n a l of Appl ied Phys ics . If y o u h a v e n ' t seen a c o p y of 
th i s m o s t i n t e r e s t i n g m o n t h l y j o u r n a l y o u h a v e missed a real t r ea t . 
T h e r egu l a r subsc r ip t ion r a t e is $ 7 . 0 0 . S ince t he Soc ie ty of R h e o l o g y 
is o n e of t he f i ve f o u n d e r socie t ies of t he A m e r i c a n Ins t i tu t e of 
Phys ics , o u r fu l l m e m b e r s rece ive t he J o u r n a l of Appl ied Phys i c s as 
pa r t of the i r r e t u r n fo r their a n n u a l d u e s of $ 6 . 0 0 . If y o u are n o w a 
subscr ibe r b u t d o n ' t b e l o n g t o T h e Soc ie ty of R h e o l o g y , b e t t e r jo in , 
and ge t y o u r J o u r n a l of Appl ied P h y s i c s t h r o u g h t he Soc ie ty of 
Rheo logy . 

TO OUR COLLEGE STUDENT MEMBERS 
Assoc ia te m e m b e r s of t he Soc ie ty of R h e o l o g y p a y a n n u a l d u e s 

of $ 2 . 5 0 . T h i s inc ludes a subsc r ip t i on t o t he R e v i e w of Sc i en t i f i c 
I n s t r u m e n t s . Associa te m e m b e r s h i p is espec ia l ly a d v a n t a g e o u s t o 
col lege s t u d e n t s spec ia l i z ing in p h y s i c s a n d phys ica l c h e m i s t r y and 
the i r app l ica t ions , because its l ow d u e s are p u r p o s e l y a d j u s t e d t o t he 
col lege s t u d e n t ' s pu r se . E v e r y s t u d e n t shou ld t h i n k of his l i fe w o r k 
as a p ro fe s s ion , a n d not m e r e l y as a job . He o w e s it to his p r o s -
pec t ive p r o f e s s i o n t o s h o w his p r o f e s s i o n a l sp i r i t by j o i n i n g a p ro-
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fession. i l soc ie ty in te res ted in his m a j o r s u b j e c t . O f t he f i ve f o u n d e r 
societ ies of the A m e r i c a n Ins t i tu t e of Phys ics , the Soc ie ty of Rhe-
o logy is t he o n l y o n e which has m a d e a special r a te , ( a s soc i a t e m e m -
b e r s h i p ) , ava i lab le to s t u d e n t s . It is h o p e d t h a t , in so do ing , t he 
Soc ie ty of R h e o l o g y m a y he lp y o u to cu l t i va t e a real p r o f e s s i o n a l 
spir i t . E m p l o y e r s say t ha t a phys ic i s t o r chemis t w h o h a s n ' t e n o u g h 
p r o f e s s i o n a l spiri t to join his p r o f e s s i o n a l soc ie ty i sn ' t w o r t h h i r ing . 
H o w a b o u t it? Are t h e y r i gh t ? Inc identa l ly , we h o p e t ha t as o u r 
s t u d e n t m e m b e r s g r a d u a t e f r o m col lege and the i r f inanc ia l c o n d i t i o n s 
i m p r o v e , t h e y will b e c o m e fu l l m e m b e r s of the Soc ie ty of R h e o l o g y 
and , besides, will join s o m e of t he o t h e r f o u n d e r societ ies of t he 
A m e r i c a n Ins t i tu t e of Phys ics . 

A m e m b e r s h i p app l i ca t ion b l ank is inc luded on t he last page . 
H o w a b o u t g e t t i n g y o u r f e l l ow s t u d e n t t o fill it o u t a n d send it in 
n o w ? If he is a m e m b e r of the phys ics h o n o r socie ty , S i g m a Pi 
S i g m a , and s e n d s his app l ica t ion t h r o u g h the S i g m a Pi S i g m a na t iona l 
e x e c u t i v e s ec re t a ry , the na t iona l o f f i c e will p a y $ 2 . 0 0 t o w a r d s t he 
f i rs t y e a r ' s d u e s . Appl ica t ion b l anks and fu l l i n s t r u c t i o n s are in t he 
h a n d s of e v e r y local c h a p t e r s ec re t a ry of S i g m a Pi S i g m a . Ask h i m 
a b o u t t h e m . 

SUSTAINING MEMBERS 
W e wish t o e x p r e s s o u r d e e p app rec i a t i on of the s u p p o r t g i v e n 

by o u r s u s t a i n i n g m e m b e r s . T h e y a r e : 

Bell Telephone Laboratories, New York City, 
The Chemical Foundation, New York City, 
Koppers Products Co., Pittsburgh, Pa., 
U. S. Rubber Products, Inc., Passaic, N. J. 

A TRIBUTE TO OUR RETIRING EDITOR AND SECRETARY 
P r o f e s s o r E u g e n e C . B i n g h a m , Head of t he C h e m i s t r y D e p a r t -

m e n t of L a f a y e t t e Col lege , w h o has b e e n ed i to r of t h e Soc ie ty of 
R h e o l o g y c lear f r o m the b e g i n n i n g , h a s res igned b e c a u s e of o r d e r s 
f r o m his phys i c i an . W e all real ize h o w m u c h t i m e a n d e f f o r t D r . 
B i n g h a m h a s c o n t r i b u t e d t o w a r d t he success of t h e Soc ie ty of Rhe-
o logy . H e r e is w i s h i n g h i m speedy r e s to r a t i on t o hea l t h a n d m a n y 
y e a r s t o w o r k f o r t he a d v a n c e m e n t of R h e o l o g y . 

D r . A. S t u a r t H u n t e r , of t he Resea rch L a b o r a t o r y of t h e R a y o n 
Div i s ion of E. I. d u P o n t d e N e m o u r s and C o m p a n y , w h o has been 
sec re ta ry of t he S o c i e t y of R h e o l o g y s ince t h e Soc ie ty w a s f o u n d e d , 
h a s been compe l l ed to res ign a f t e r a s eve re i l lness. W e all a p p r e -
c i a t e d e e p l y D r . H u n t e r ' s c o n s t a n t a n d t i re less se rv ice t o t he Soc ie ty 
of R h e o l o g y and h o p e t ha t he will s o o n r e c o v e r all his f o r m e r s t r e n g t h 
a n d v igor . D r . H u n t e r c o n t i n u e s h i s se rv ices t o t he Soc ie ty of R h e -
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o logy by b e i n g a m e m b e r of t he B o a r d of E d i t o r s of T h e J o u r n a l of 
Appl ied Phys ics . 

A QUESTION 
W o u l d y o u be in te res ted f r o m t i m e t o t i m e in b ib l i og raph ie s of 

t he c u r r e n t l i t e r a tu re in R h e o l o g y ' W o u l d y o u l ike t o see such a 
b ib l i og raphy in each issue of the R h e o l o g y L e a f l e t ? If so w r i t e t h e 
Edi tor at o n c e : 

W h e e l e r P . D a v e y , Edi tor , 
Soc ie ty of R h e o l o g y , 
Schoo l of C h e m i s t r y a n d Phys ics . 
T h e P e n n s y l v a n i a S t a t e Col lege , 
S t a t e Col lege , P e n n s y l v a n i a . 

REPORT OF THE COMMITTEE ON DEFINITIONS 
AND NOMENCLATURE 

C o m m e n t s a n d c r i t i c i sms c o n c e r n i n g t he f o l l o w i n g r epo r t will 
be w e l c o m e d , w h e t h e r c o m i n g f r o m m e m b e r s or n o n - m e m b e r s of 
t he Soc ie ty . T h e y shou ld be addres sed to P r o f . E. C . B i n g h a m , 
L a f a y e t t e Col lege , Eas ton , P a . 

A REPORT ON RHEOLOGICAL DEFINITIONS AND 
NOMENCLATURE SUGGESTED FOR DISCUSSION 

Foreword 
In t he f o l l o w i n g r epo r t by t he C o m m i t t e e on D e f i n i t i o n s and 

N o m e n c l a t u r e , an a t t e m p t is m a d e to d e v e l o p a c o m p l e t e , logical a n d 
se l f -cons i s ten t s y s t e m of c lass i f ica t ion of m a t e r i a l s a c c o r d i n g t o the i r 
rheologica l p rope r t i e s . It is i n t e n d e d t h a t t he s y s t e m shall p rov ide 
a c lass i f ica t ion fo r all conce ivab le t y p e s of b e h a v i o r of ma te r i a l s in 
d e f o r m a t i o n . T h e s y s t e m has been d e v e l o p e d on t he bas is of c u r r e n t 
u s a g e t o t he e x t e n t p e r m i t t e d by logic and se l f - cons i s t ency . 

T h e c lass i f ica t ion a n d the a c c o m p a n y i n g d e f i n i t i o n s h a v e b e e n 
d e v e l o p e d in t e r m s of idealized m a t e r i a l s to w h i c h ac tua l ma te r i a l s 
c an be c o m p a r e d . In o t h e r words , ideal t y p e s of b e h a v i o r and de fo r -
m a t i o n are pos tu l a t ed wh ich are suscep t ib l e of exac t d e f i n i t i o n a n d 
c lass i f i ca t ion . Actua l ma te r i a l s can then be descr ibed in t e r m s of t h e 
ideal t y p e s t o w h i c h the i r b e h a v i o r a p p r o x i m a t e s . It shou ld be b o r n e 
in m i n d tha t an ac tua l m a t e r i a l wi th rheo log ica l p r o p e r t i e s coincid-
ing exac t ly wi th t hose of a s ingle ideal ized m a t e r i a l is t he excep t ion 
r a the r t h a n t he rule . In a p p l y i n g t o ac tua l ma te r i a l s t he q u a n t i t a -
t ive d e f i n i t i o n s fo r idealized mater ia l s , g r ea t c a u t i o n m u s t be u s e d . 

It is r ecogn ized tha t the c lass i f ica t ion of a pa r t i cu l a r m a t e r i a l 
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m a y s o m e t i m e s d e p e n d u p o n t he m e t h o d of m e a s u r e m e n t . T h i s is 
pa r t i cu l a r ly t r u e as appl ied t o the prec is ion a t t a ined . T h e recogn i -
t ion of a m e a s u r a b l e "y ie ld s t r e s s , " f o r e x a m p l e , m a y d e p e n d u p o n 
t he prec is ion of the m e a s u r e m e n t and u p o n the d u r a t i o n of the test 
T h e s e u n c e r t a i n t i e s in t he c lass i f ica t ion of ma te r i a l s resu l t f r o m the 
fac t tha t it is s o m e t i m e s e i ther imposs ib le c r u n i m p o r t a n t t o de te r -
m i n e f o r ac tua l m a t e r i a l s s o m e of the cha rac te r i s t i c s w h i c h can be 
theore t ica l ly d i s t ingu i shed . 

In this s y s t e m of c lass i f ica t ion and de f in i t i ons , o n l y shearing-
s t r a ins a n d s t resses a re of in teres t , and the re la t ions invo lved are 
expres sed wi th r e f e r e n c e to s imp le shea r . M a n y of the c o n c e p t s de-
f ined here in t e r m s of s imp le s h e a r are closely re la ted to those usua l ly 
d e f i n e d by e n g i n e e r s in t e r m s of m o r e c o m p l e x t y p e s of d e f o r m a -
t ion, such as those ar i s ing in t ens ion and c o m p r e s s i o n tes ts . T h e s e 
d e f o r m a t i o n s , whi le i n v o l v i n g s i m u l t a n e o u s s h e a r s in th ree d i m e n -
s ions and h e n c e ana ly t ica l ly c o m p l e x , a re o f t e n easier to p r o d u c e 
e x p e r i m e n t a l l y t h a n a s imp le shear . T h e y , t h e r e f o r e , s e rve a s a 
basis f o r m a n y u s e f u l and pract ica l c o n c e p t s a n d d e f i n i t i o n s in t he 
f ield of e n g i n e e r i n g . W h e r e an ana lys i s of the f u n d a m e n t a l b e h a v i o r 
of t he ma te r i a l in d e f o r m a t i o n is r equ i red , these e n g i n e e r i n g tes ts m a y 
be reduced to a c o m b i n a t i o n of shears , and descr ibed in t e r m s of the 
c o n c e p t s used in this r epo r t . 

A gene ra l re la t ion b e t w e e n s t ra in and s t ress app l ies to a n y po in t 
w i t h i n a mate r ia l , and , e x c e p t in e x t r a o r d i n a r y c i r c u m s t a n c e s , these 
v a l u e s will v a r y at d i f f e r e n t po in t s . T h e q u a n t i t i e s i n v o l v e d in these 
r e l a t i ons a p p l y i n g to ind iv idua l p o i n t s w i th in the ma te r i a l c a n n o t be 
o b s e r v e d di rect ly . O b s e r v a b l e q u a n t i t i e s such as e f f l u x - r a t e , p res -
sure , etc., can be o b t a i n e d by i n t e g r a t i n g t he basic po in t r e l a t i ons 
and can t h e n be c o m p a r e d w i t h the v a l u e s o b t a i n e d e x p e r i m e n t a l l y . 
It is, h o w e v e r , a l w a y s poss ible , at least f o rma l ly , t o devise exper i -
m e n t s and m e t h o d s of ana lys i s by w h i c h the f u n d a m e n t a l re la t ion-
sh ip can be c o m p l e t e l y d e t e r m i n e d f r o m e x p e r i m e n t a l da ta . 

A l t h o u g h all ma te r i a l s exhib i t the iner t ia e f f e c t s associa ted wi th 
acce le ra t ion of the m a s s e l e m e n t s w i th in the mate r ia l , t hese e f f e c t s 
are ignored as be ing i r re levant in the c lass i f i ca t ion and d e f i n i t i o n s 
g i v e n be low. It shou ld be no t ed tha t t u r b u l e n c e and re la ted hyd ro -
d y n a m i c a l p rope r t i e s b e l o n g in this c a t e g o r y . 

Classification 
T h e c lass i f ica t ion of idealized t y p e s of ma te r i a l s is in t e r m s of 

the i r b e h a v i o r u n d e r load, or the re la t ion b e t w e e n s t ra in and s t ress . 
T h e s t r e s s at a n y po in t w i th in a ma te r i a l is a f u n c t i o n of the s t r a in 
and its t i m e de r iva t ive , or ra te of s t ra in . In all ma te r i a l s the s econd 
t i m e de r i va t i ve of s t ra in is e f f e c t i v e in a c c o r d a n c e w i t h t he iner t ia 
e f f e c t . As no ted above , this e f f e c t is i gnored in these d e f i n i t i o n s as 
c o m m o n t o all ma te r i a l s . 
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In add i t ion to t he i n s t a n t a n e o u s v a l u e s of t he s t ra in a n d r a t e of 
s t ra in , t he s t ress m a y d e p e n d o n t he pr io r s t ra in or d e f o r m a t i o n his-
t o r y of t he m a t e r i a l . S u c h d e p e n d e n c e u p o n t h e pr io r s t ra in is re-
ga rded f o r c o n v e n i e n c e as a s e c o n d a r y charac te r i s t i c , m a t e r i a l s b e i n g 
classif ied p r ima r i l y by t he re la t ion b e t w e e n s t r e s s and i n s t a n t a n e o u s 
s t r a in or ra te of s t ra in w i t h o u t r e g a r d to w h e t h e r or n o t th i s re la t ion-
sh ip is a f f e c t e d by t he pr io r s t r a in . 

W h e n m a t e r i a l s a re c lass i f ied acco rd ing t o the i r b e h a v i o r u n d e r 
a s h e a r i n g s t r e s s s y s t e m , t he usua l c lass i f i ca t ion is in to f l u i d s a n d 
solids, f l u ids i n c l u d i n g t h e t w o sub-c lass i f i ca t ions , ga se s a n d l iquids . 
Fluid: 

A f lu id is a s u b s t a n c e w h i c h u n d e r g o e s c o n t i n u o u s d e f o r m a t i o n 
w h e n s u b j e c t e d t o a n y s y s t e m of f i n i t e s h e a r i n g s t ress . 

A solid is a s u b s t a n c e w h i c h u n d e r g o e s p e r m a n e n t d e f o r m a t i o n 
o r r u p t u r e on ly w h e n s u b j e c t e d t o a s y s t e m of s h e a r i n g s t resses w h i c h 
exceeds a ce r ta in m i n i m u m va lue . 

Classes of Fluids: 
As s ta ted above , f l u ids inc lude ga se s a n d l iquids . T h e d is t inc-

t ion b e t w e e n a gas a n d a l iquid d e p e n d s u p o n t he b e h a v i o r u n d e r 
h y d r o s t a t i c p r e s s u r e c h a n g e s . T h e prec ise n a t u r e of this d i s t i nc t ion 
and i ts d i s a p p e a r a n c e a b o v e t he cri t ical t e m p e r a t u r e a re c o m p l i c a t e d 
m a t t e r s wh ich a r e a d e q u a t e l y d i scussed in t he s t a n d a r d t ex t b o o k s . 
It is u n n e c e s s a r y t o r epea t such a d iscuss ion he re , especia l ly in v i e w 
of t he f a c t t ha t t he basis f o r rheologica l c l a s s i f i ca t ions and d e f i n i t i o n s 
is t he b e h a v i o r u n d e r s h e a r i n g s t resses , as c o n t r a s t e d w i t h u n i f o r m 
p re s su re s . 

All ga se s are s imi la r in the i r rheologica l p rope r t i e s , o b e y i n g t he 
e q u a t i o n : 

i l . I p 
d r q ( S e e S u m m a r y ) 

Classes of Liquids: 
( a ) A Simple ( N e w t o n i a n ) Liquid is o n e in w h i c h t he r a t e of s h e a r 
is p r o p o r t i o n a l to t he s h e a r i n g s t ress , i .e . : 

( b ) A Complex ( N o n - N e w t o n i a n ) Liquid is o n e in w h i c h t h e r a t e 
of s h e a r is no t p r o p o r t i o n a l t o t he s h e a r i n g s t ress . In gene ra l a c o m -
p lex l iquid o b e y s t he r e l a t i o n : 

Solid: 

Gases: 

( S e e S u m m a r y ) 

I r > ° » F > ° (See S u m m a r y ) 
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Classes of Solids: 
( a ) A Plastic Solid is o n e w h i c h d o e s n o t d e f o r m u n d e r a shear -
ing s t ress unt i l the s t ress a t t a i n s a crit ical va lue (yield s t r e s s ) , w h e n 
t he solid d e f o r m s so readi ly or so qu ick ly tha t , excep t f o r iner t ia 
e f f e c t s , the s t ress neve r exceeds the yield s t ress . 

£ - 0 , 0 < F < F 0 

e > 0, ¿ 1 > o, F - F ( S e e Summary) d r ® 
R e d u c t i o n of the s h e a r i n g s t r e s s be low the yie ld s t ress resu l t s 

in the r a t e of d e f o r m a t i o n van i sh ing . No r e c o v e r y t a k e s p lace . 

( b ) An Elastic Solid is o n e f o r wh ich the s h e a r i n g s t r a in is a s ingle-
va lued f u n c t i o n of the s h e a r i n g s t ress fo r all v a l u e s of the s h e a r i n g 
s t ress b e l o w the r u p t u r e s t ress ( s h e a r s t r e n g t h ) . Symbol i ca l ly , 

c » f ( F ) > o , > 0 , 0 < F < F ^ (See S u m m a r y ) 
(c) A special case of an elast ic solid is the Hookian Solid f o r w h i c h 
t he s h e a r i n g s t ra in is p r o p o r t i o n a l t o the s h e a r i n g s t ress fo r all v a l u e s 
of t he s h e a r i n g s t ress b e l o w the r u p t u r e s t ress . Symbo l i ca l ly , th i s 
m a y be expres sed by the r e l a t i o n : 

e « 1 F , 0 < F < F« , (See S u m m a r y ) 
R e d u c t i o n of the s h e a r i n g s t ress to ze ro r e su l t s in the s t ra in 

van i sh ing . T h e r e is n o p e r m a n e n t set in an elast ic solid. 
( d ) An Elastico-Plastic Solid is o n e wh ich o b e y s t he law of an 
elast ic solid f o r v a l u e s of the s h e a r i n g s t r e s s be low the cri t ical s t ress 
c o r r e s p o n d i n g t o t he elast ic l imit in shear , and d e f o r m s plas t ica l ly 
w h e n t he s h e a r i n g s t r e s s exceeds tha t va lue . Symbol i ca l ly , th i s m a y 
be expres sed by t he r e l a t i ons : 

e - f(F) > 0 , H > 0 f 0 < F < F C 

(See S u m m a r y ) 
e > S > F * F c 

R e d u c t i o n of the s h e a r i n g s t r e s s t o ze ro resu l t s in an i m m e d i a t e 
r ecove ry . T h e p e r m a n e n t d e f o r m a t i o n is equa l t o t he plast ic de-
f o r m a t i o n u n d e r g o n e . 
( e ) An Elastico--Viscous Solid is o n e w h i c h o b e y s t he l a w s of an 
elas t ic solid f o r v a l u e s of the s h e a r i n g s t ress be low the cri t ical s t r e s s 
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cor responding; to the elast ic l imi t in shea r and d e f o r m s c o n t i n u o u s l y 
at a r a t e of s h e a r w h i c h is a f u n c t i o n of the shea r ing stress, w h e n t h e 
s h e a r i n g s t r e s s exceeds tha t va lue . Symbol i ca l ly , th i s m a y be ex-
pressed by t he r e l a t i ons : 

e = f (F) > 0 , g r > 0 , 0 < F < F C 

(See S u m m a r y ) 
e > I F > F > F c 

R e d u c t i o n of the shea r ing s t ress to ze ro resu l t s in a r e c o v e r y 
w h i c h p roceeds at a c o n t i n u o u s l y dec reas ing rate . A f t e r an in f in i t e 
r ecove ry t ime, n o p e r m a n e n t d e f o r m a t i o n r e m a i n s . 
( f ) A Plastico-Viscous Solid is o n e f o r wh ich n o d e f o r m a t i o n o c c u r s 
fo r v a l u e s of the s h e a r i n g s t ress be low the yield s t ress and , f o r v a l u e s 
of t he s h e a r i n g s t r e s s a b o v e t ha t va lue , d e f o r m s c o n t i n u o u s l y at a r a t e 
of shea r w h i c h is a f u n c t i o n of the s h e a r i n g s t ress . Symbol i ca l ly , th i s 
m a y be expres sed by the r e l a t ions : 

e - o , o < F < f 0 (See S u m m a r y ) 
C > 0 , g > o , F > F 0 

Reduc t ion of the s h e a r i n g s t ress to a va lue b e l o w the yield 
s t ress r e s u l t s in the ra te of shea r van i sh ing . No r e c o v e r y t a k e s place. 

Prior Strain: 
T h e c lass i f ica t ion g i v e n a b o v e is w i t h o u t regard t o p r io r s t r a in . 

W h e n t he t e r m s d e f i n e d a b o v e are used w i t h o u t qua l i f i ca t ion , it is 
impl ied tha t t he s t ress-s t ra in re la t ion is i n d e p e n d e n t of the s t r a in 
p r ev ious ly e x p e r i e n c e d . Mater ia l s f o r wh ich t he s t ress-s t ra in rela-
t ion is d e p e n d e n t on pr io r s t ra in shou ld be descr ibed as Thixotropic 
or Strain Hardening in t he senses in w h i c h these t e r m s are d e f i n e d 
be low . 
General Remarks: 

Again it shou ld be no t ed tha t ac tua l m a t e r i a l s s e l d o m yield Theo-
logical c u r v e s w h i c h exac t ly coinc ide w i t h t h e idealized d i a g r a m s 
w h i c h h a v e been e m p l o y e d in th i s repor t . H o w e v e r , n o gene ra l 
re la t ion exis t s wh ich will descr ibe the rheologica l behav io r of all 
m a t e r i a l s and it t h u s s e e m s necessa ry to resor t t o these ideal ized classi-
f i ca t ions . It is h o p e d tha t t h e y will s e rve at least f o r t he a p p r o x i -
m a t e c a t a l o g i n g of t he grea t n u m b e r of ac tua l ma te r i a l s . 
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Definitions 
Descriptive Definitions: 

Consistency is t he r e s i s t ance t o f l o w of a ma te r i a l . (See Q u a n -
t i t a t ive D e f i n i t i o n s ) . 

Plasticity is t ha t p r o p e r t y of a b o d y by v i r t u e of w h i c h it r e t a i n s 
a f r a c t i o n of its d e f o r m a t i o n a f t e r r educ t i on of t he d e f o r m i n g s t r e s s 
to zero . 

Elasticity is t ha t p r o p e r t y of a b o d y by v i r t ue of w h i c h it re-
cove r s its o r ig ina l size a n d s h a p e a f t e r d e f o r m a t i o n . 

A mate r ia l , solid o r l iquid, m a y exhib i t Thixotropy, t ha t is, t h e 
f o r m of i ts rheologica l c u r v e ( r a t e of shea r vs. s h e a r i n g s t ress ) m a y 
d e p e n d on t he p r e v i o u s e x t e n t a n d d u r a t i o n of shearing" d e f o r m a t i o n . 
S u c h t h i x o t r o p i c m a t e r i a l s a re usua l ly of the c o m p l e x l iquid or t he 
p las t i co-v i scous solid types . T h e ac t ion of s h e a r i n g a t h i x o t r o p i c 
ma te r i a l r e su l t s in r e d u c i n g the s h e a r i n g s t ress neces sa ry f o r a g i v e n 
r a t e of shea r . 

S o m e mate r i a l s , n o t a b l y t hose of t he e las t ico-plas t ic type , exhib i t 
an e f f e c t k n o w n as Strain Hardening, w h i c h is, in a sense , t he i n v e r s e 
of t h i x o t r o p y , i. e., yield s t ress inc reases w i t h inc reas ing ly s h e a r i n g 
s t r a in . 

Mate r i a l s fo r w h i c h the s t ress-s t ra in c u r v e o b t a i n e d w i t h increas -
ing s t ress does n o t co inc ide w i t h t he c u r v e o b t a i n e d w i t h dec r ea s ing 
s t ra in a r e said t o exhib i t Hysteresis a n d a r e k n o w n as Hysteretics. 
Elast ic sol ids s h o w n o hys t e re s i s w h e r e a s all o t h e r t y p e s of sol ids 
s h o w it in v a r y i n g a m o u n t s . T h e c lass i f i ca t ion " h y s t e r e t i c " is m o s t 
u s e f u l wi th r ega rd to m a t e r i a l s w h i c h are p r e d o m i n a n t l y e las t ic ; i.e., 
e las t ico-plas t ic and e las t ico-v iscous solids. 

Quantitative Definitions: 
F r o m an ana ly t ica l po in t of v iew, t he s imples t t y p e of d e f o r m a -

t ion w i t h o u t v o l u m e c h a n g e is t h e s imp le shea r . It is c o n v e n i e n t a n d 
logical , t he r e fo re , t o t a k e t he s imp le shea r as t he basic t y p e of d e f o r -
m a t i o n a n d t o base u p o n it o u r d e f i n i t i o n s of t h e p r i m a r y q u a n t i t a -
t ive rheologica l p rope r t i e s . T h i s pol icy s e e m s jus t i f i ed f r o m a prac-
tical s t a n d p o i n t a lso s ince all t he ana ly t i ca l ly m o r e c o m p l e x b u t ex-
p e r i m e n t a l l y s i m p l e r t y p e s of ' d e f o r m a t i o n s can b e r e so lved i n t o 
s imple shea r s . A s imp le shea r is a d e f o r m a t i o n in w h i c h t he m a t e -
rial at a n y po in t has m o v e d para l le l t o a f i xed l ine in a r e f e r e n c e p l a n e 
by an a m o u n t w h i c h is p r o p o r t i o n a l t o t he d i s t ance of t h e po in t f r o m 
the p l ane . S u c h a d e f o r m a t i o n is s h o w n in F i g u r e 1, t he fu l l l ines 
s h o w i n g t he init ial s h a p e and t he do t t ed l ines t he f ina l shape . O O is 
t he f i xed l ine in the r e f e r e n c e p l ane , P is t he or ig ina l pos i t i on of a 
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p o i n t in t he body , a n d P ' its pos i t i on a f t e r d e f o r m a t i o n . T h e e x t e n t 
of t he s h e a r or s h e a r i n g s t ra in , £ , is d e t e r m i n e d by t he ra t io of t he 
d i sp l acemen t , ds, to t he d i s tance , dr of t he po in t , P, f r o m O O . T h u s 
c « d s / d r . T h e ang le a is k n o w n as t he ang le of s h e a r (a = t a n ~ * 
d s / d r ) . If t he s h e a r is c o n t i n u o u s t he r a t e of shea r ( d v ' d r ) is s i m p l v 
t he t ime ra t e of c h a n g e of the q u o t i e n t d s / d r . 

C o m p l e x s h e a r s a re poss ible , i n v o l v i n g t w o o r m o r e s imp le 
s h e a r s t a k i n g place s i m u l t a n e o u s l y in th ree o r t h o g o n a l s u r f a c e s ; b u t 
t h e y need n o t be cons ide red f o r p r e s e n t p u r p o s e s , and in w h a t f o l l ows , 
t h e w o r d " s h e a r " is t o be t a k e n a s s i g n i f y i n g a s i m p l e s h e a r on ly . 

T h e Consistency of a m a t e r i a l is t he ra t io of t h e s h e a r i n g s t r e s s 
t o t he r a t e of shea r . 

T h e Viscosity of a s imple l iquid is t he c o n s t a n t r a t io of s h e a r i n g 
s t ress t o t h e r a t e of shea r . T h e uni t of v iscos i ty in t he C . G . S 
called the Poise. 

T h e t e r m " v i s c o s i t y " is app l ied o n l y t o s imp le l iquids . H o w -
ever , t he a d j e c t i v e " v i s c o u s " is n o t so l imi ted in i ts a p p l i c a t i o n ; a n d 
it will be no t ed in t he d e f i n i t i o n s g i v e n a b o v e t ha t t he t e r m s "e las t ico-
v i s c o u s " and " p l a s t i c o - v i s c o u s " are n o t l imi ted t o m a t e r i a l s w i t h a 
s t ra igh t - l ine rheologica l d i a g r a m . 

T h e Fluidity of a s imp le l iquid is t he rec iproca l of t he v iscos i ty . 
T h e un i t of f lu id i ty in t he C . G . S . s y s t e m is called t he R h e . 

In t he special case w h e r e t he r a t e of s h e a r is a l inear f u n c t i o n 
of t he s h e a r i n g s t ress w i t h a pos i t ive i n t e r cep t on t he s t ress axis, t he 
M o b i l i t y m a y be de f ined by t he e q u a t i o n : 

w h e r e d v / d r is t he r a t e of shear , g is t he yield stress, and F is t h e 
s h e a r i n g s t ress . 

T h e Elastic Limit In Shear of a solid is t he m a x i m u m d e f o r m a -
t ion t ha t is elast ic a n d is t he m i n i m u m d e f o r m a t i o n t h a t r e su l t s in 
r u p t u r e , o r in a p e r m a n e n t s h e a r d e f o r m a t i o n . 

T h e Shear Strength of a solid is the m i n i m u m v a l u e of t h e shea r -
ing s t ress at w h i c h m a c r o s c o p i c r u p t u r e occurs . 

T h e Shear Modulus of Elasticity ( m o d u l u s of r ig id i ty ) of an 
elast ic solid is t h e c o n s t a n t r a t io of s h e a r i n g s t ress t o s h e a r s t r a in f o r 
v a l u e s of t he shea r s t r a in b e l o w the e las t ic l imit in shea r . 

Rheological Diagram 
It is r e c o m m e n d e d tha t , w h e r e v e r poss ible , p u b l i s h e d d a t a on 

c o m p l e x l iqu ids shou ld inc lude n o t o n l y t he d i rec t ly o b s e r v e d q u a n -
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t i t ies such as p res su re , t i m e of e f f l u x , e tc . ; b u t , in add i t ion , t h e cal-
cu la ted basic q u a n t i t i e s . T h e p r e f e r r e d c u r v e shou ld be e i the r con -
s i s tency , f lu id i ty , or r a t e of s h e a r p lo t t ed aga in s t s h e a r i n g s t r e s s ; r a t h e r 
t h a n e f f l u x r a t e aga ins t p r e s s u r e or r a t e of r o t a t i o n a g a i n s t t o r q u e . 
Rheological Curve or Rheological Diagram a re s u g g e s t e d as sho r t con -
v e n i e n t t e r m s f o r c u r v e s of t h e s e p r e f e r r e d t ypes . 

Summary Of Rheological Nomenclature 

P ds 

8 
r 

d s / d t 
d v / d r 

F 
e - d s / d r 

F c 

3D 
n 
a v-Ffil dr 

dr 

/ / / / / / / / 
*/ / / / 

0 0 
Figure 1 Simple Shear 

L i n e a r d i s p l a c e m e n t paral le l to d i rec t ion of d e f o r m a t i o n . 
L inea r c o o r d i n a t e in t he p l a n e of t h e d e f o r m a t i o n a n d n o r m a l 
t o d i rec t ion t o d e f o r m a t i o n , 

l i nea r ve loc i ty . 
Ra te of S h e a r . 
S h e a r i n g s t ress , 
s h e a r s t r a in . 
Cr i t ica l s h e a r i n g s t r e s s at e las t ic l imi t in shea r . 
Yield s t ress . 
S h e a r i n g s t ress at r u p t u r e ( s h e a r s t r e n g t h ) . 
C o e f f i c i e n t of v iscos i ty . 
S h e a r m o d u l u s of e las t ic i ty ( m o d u l u s of r ig id i ty ) 
C o e f f i c i e n t of mob i l i t y . 
C o n s i s t e n c y . 
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1 . Gases 
= 1 F d r rj 

(a) P l a s t i c 
£ - 0, 0 < F < F 0 

e > 0 , > 0 , 5 * F 0 

(b) E l a s t i c 
e = f ( F ) > 0 , 0 < f < f o o 

(c) Hookian 
C - i F, 0<F<F, oo 

2 . Liquids 

(a ) Simple (Newtonian) 

d r rj 
(b) Complex (Non-Newtonian) 

g > 0, F > 0 
3, S o l i d s 
(d) E l a a t i c o - P l a s t i c 

£ « f (F ) > 0 , 0 < F < F C 

e > 0 , F=F C a r 
(e ) E l a s t i c o - V i s c o u s 

e = f ( F ) > 0 , 0 < F < F c 

e > 0 ' | i > 0 » y > F c 

( f ) P l a s t i c o - V i s c o u s 
£ - 0 , 0 < F < F 0 

£ > 0 , g > 0 , F > F q 

- 12 -



REPORT OF COMMITTEE ON NOMINATIONS 
T h e C o n s t i t u t i o n of t he Soc ie ty p r o v i d e s t h a t o f f i c e r s shall be 

elected b i a n n u a l l y by a le t te r bal lot of t he m e m b e r s h i p T h e B y -
l aws p r o v i d e t h a t c a n d i d a t e s be n o m i n a t e d by a n o m i n a t i n g c o m -
m i t t e e a p p o i n t e d by t h e p re s iden t , a n d t ha t t h e s e n o m i n a t i o n s be 
p i jb l i shed n ine m o n t h s in a d v a n c e of t he e lec t ion . 

T h e n e x t e lect ion will t ake p lace in a d v a n c e of t he a n n u a l m e e t -
ing f o r 1 9 3 7 , . w h i c h will be held p r o b a b l y in O c t o b e r . At t he l a s t 
m e e t i n g , P r e s iden t M o o n e y a p p o i n t e d a n o m i n a t i n g c o m m i t t e e con -
s is t ing of Miss C o b b , D r . S h e p p a r d and Dr . Lillie, C h a i r m a n . T h e 
list of c a n d i d a t e s p r e p a r e d by this c o m m i t t e e is g i v e n be low . 

T h e B y - l a w s f u r t h e r p rov ide t ha t add i t iona l n o m i n a t i o n s be re-
ce ived u p o n the pe t i t ion of th ree ac t ive m e m b e r s u p to s ix m o n t h s 
b e f o r e t he e lec t ion . S u c h n o m i n a t i o n s will, t h e r e f o r e , be a c c e p t e d 
by t he s e c r e t a r y f o r inc lus ion in t he bal lot if ma i l ed t o h i m pr io r t o 
M a y 1st of this y e a r . In a c c o r d a n c e w i t h t he By- laws , ba l lo t s will be 
mai led to all m e m b e r s th ree m o n t h s in a d v a n c e of t he e lec t ion . 

T h e C o m m i t t e e on N o m i n a t i o n s s u b m i t s t he f o l l o w i n g s la te f o r 
t he 1 9 3 7 e l ec t i on : 

F o r P r e s i d e n t : 
M. M o o n e y , U. S. R u b b e r P r o d u c t s , Inc. 

F o r Vice P r e s i d e n t s : ( V o t e fo r T w o . C a n d i d a t e s rece iv ing h igh-
est and second h ighes t n u m b e r of v o t e s to be f i r s t a n d 
second vice p res iden t s , r e s p e c t i v e l y ) : 

A. S. H u n t e r , d u P o n t C o m p a n y 
E. C . B i n g h a m , L a f a y e t t e Col lege 
W . H. Herschel , B u r e a u of S t a n d a r d s 
J . H. Di l lon , F i r e s t o n e T i r e & R u b b e r C o m p a n y 

F o r Ed i to r s : ( V o t e f o r T w o . Edi to r and Assoc ia t e Ed i to r t o be 
chosen as a b o v e ) : 

W . P . D a v e y , P e n n s y l v a n i a S t a t e Co l l ege 
E. O . Kraemer , d u P o n t C o m p a n y 
VV. H. Fu lwei le r , W a l l i n g f o r d , Pa . 
R. N. T r a x l e r , Ba rbe r Aspha l t 

Fo r S e c r e t a r y - T r e a s u r e r : 
R. L. Peek , J r . , Bell T e l e p h o n e Labora to r i e s . 

C o m m i t t e e on N o m i n a t i o n s , 

H. R. LILLIE, C h a i r m a n . 
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THE SOCIETY OF RHEOLOGY 

T h e Soc ie ty of R h e o l o g y w a s f o u n d e d in 1 9 2 9 t o f u r t h e r t he 
s t u d y of the d e f o r m a t i o n and f l o w of m a t t e r . T h i s p u r p o s e h a s been 
i n t e rp r e t ed in t he b roades t sense , as c o v e r i n g t y p e s of d e f o r m a t i o n 
r a n g i n g f r o m the v i s c o u s f l o w of f lu ids , t h r o u g h the plast ic f l o w of 
so f t s u b s t a n c e s , t o t he elast ic d e f o r m a t i o n of solids. R h e o l o g y m a y 
be r e g a r d e d as t he sc ience w h o s e indus t r ia l app l i ca t ion c o n s t i t u t e s 
t he f ield of m a t e r i a l s t es t ing . 

P a p e r s dea l i ng w i t h R h e o l o g y are p r e s e n t e d t o t he Soc ie ty at 
its a n n u a l m e e t i n g s , and a r e pub l i shed in t he J o u r n a l of Appl ied 
Phys ics . All m e m b e r s of the Soc ie ty rece ive the R h e o l o g y Leaf le t , 
w h i c h is issued a t i r regula r in te rva ls , and which tells w h o is w h o and 
w h a t is w h a t in R h e o l o g y . T h e y rece ive add i t iona l p u b l i c a t i o n s ac-
c o r d i n g t o the i r c lass of m e m b e r s h i p , as indica ted on t he app l i ca t ion 
b lank a p p e a r i n g o n t he page f o l l o w i n g . 

M e m b e r s h i p is f o r t he c a l e n d a r y e a r and n e w m e m b e r s rece ive 
t he i ssues of the j o u r n a l pub l i shed pr io r to the i r app l i ca t ions . A f t e r 
S e p t e m b e r 1, app l i ca t ion m a y be m a d e , if desired, f o r m e m b e r s h i p 
to s tar t J a n u a r y 1 of t he y e a r f o l l o w i n g . 

T h e Soc ie ty of R h e o l o g y is o n e of t he m e m b e r socie t ies of t h e 
A m e r i c a n Ins t i tu t e of Phys ics , a n d i ts m e m b e r s a re en t i t l ed t o s u b -
scr ibe t o t he f o l l o w i n g add i t iona l j o u r n a l s pub l i shed by t he Ins t i tu te , 
at t he r a t e s s h o w n : 

Domestic Foreign 
Phys ica l R e v i e w 
R e v i e w s of M o d e r n Phys i c s 
J o u r n a l of the O p t i c a l Soc ie ty of A m e r i c a - . . . 
R e v i e w of Sc ien t i f i c I n s t r u m e n t s 
J o u r n a l of t h e Acous t ica l Soc ie ty of A m e r i c a 
J o u r n a l of C h e m i c a l Phys i c s ._. 
A m e r i c a n Phys i c s T e a c h e r : 

£ 1 5 . 0 0 $ 1 6 . 5 0 
. 3 . 0 0 3 . 4 0 

6.00 6.60 
1 .50 2 . 0 0 
6.00 6.60 

„ 1 0 . 0 0 1 1 . 0 0 
3 . 0 0 3 . 3 0 
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APPLICATION 
Mr. R. L. P e e k , J r . , S e c r e t a r y 
T h e Soc ie ty of R h e o l o g y 
Bell T e l e p h o n e Labora to r i e s , Inc. 
4 6 3 W e s t S t ree t 
N e w York , N e w York 

I h e r e b y , a p p l y f o r m e m b e r s h i p in t he Soc ie ty of Rheo lo j ry f o r 
t h e y e a r a s f o l l o w s : 
[ ] S u s t a i n i n g m e m b e r s h i p ( i n c l u d i n g s u b s c r i p t i o n s t o b o t h J o u r n a l 

of Applied Physics and R. S. I. $25.00 or more 
[ ] R e g u l a r m e m b e r s h i p ( i n c l u d i n g subsc r ip t i on t o J o u r n a l of 

App l i ed P h y s i c s ) $ 6 . 0 0 ( f o r e i g n , $ 6 . 5 0 ) 
[ ] Assoc ia te m e m b e r s h i p ( i n c l u d i n g subsc r ip t i on t o R e v i e w of 

Sc i en t i f i c I n s t r u m e n t s ) $ 2 . 5 0 ( f o r e i g n , $ 3 . 0 0 ) 
P lease also e n t e r m y s u b s c r i p t i o n f o r t he f o l l o w i n g add i t iona l 

per iod ica l s pub l i shed by t h e A m e r i c a n Ins t i tu t e of P h y s i c s : 

at $ 

at $ 
I enc lose $ t o c o v e r t he a b o v e . 

(Pleas© print) 

( N a m e ) 

(Title) 

(Corporation or School) 

< N o - ) (Street) 

(City and State) 
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