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THE B INGHAM MEDAL, 1964 
P r o f e s s o r J o h a n n e s M . Burge r s , R e s e a r c h P r o f e s s o r 

of t h e U n i v e r s i t y of M a r y l a n d will r ece ive t h e B i n g h a m 
A w a r d for 1964. H e has b e e n m a k i n g o u t s t a n d i n g con-
t r i b u t i o n s to ou r k n o w l e d g e of t h e f low of c rys t a l l i ne 
solids as wel l as to gene ra l rheo logy for a l m o s t t h i r t y 
years . H i s c o n t r i b u t i o n s to t h e t h e o r y of rheo logy ap -
p e a r e d in t h e " F i r s t and S e c o n d R e p o r t s on Viscos i ty 
a n d P l a s t i c i t y " wh ich w e r e p u b l i s h e d in 1935 and 1938 
respec t ive ly . In add i t i on to p r e p a r i n g severa l c h a p t e r s 
for t h e s e books h e ed i t ed a n d supe rv i sed t h e whole 
p ro j ec t . 

H i s c o n t r i b u t i o n s to ou r u n d e r s t a n d i n g of t h e b e h a v i o r 
of i m p e r f e c t i o n s in c rys ta l s a n d of t h e e f f e c t of dis loca-
t ions in p las t i c f low a r e f u n d a m e n t a l to t h e s u b j e c t a n d 
a re recognized by t h e n a m i n g of t h e ' B u r g e r s C i r cu i t ' 
in l a t t i ce t h e o r y a n d t h e ' B u r g e r s V e c t o r ' in d is locat ion 
t heo ry . H e was t h e f i r s t to p r o p o s e t h e sc rew d is loca t ions 
in con t r a s t to e d g e d is loca t ions ( B u r g e r s d i s loca t ions ) 
a n d in 1939 h e d e v e l o p e d a d i s loca t ion m o d e l of gra in 
bounda r i e s . H e h a s m o r e r e c e n t l y wr i t t en , w i th his 
b ro the r , a su rvey of t h e s u b j e c t wh ich is C h a p t e r 6 
of V o l u m e 1 of E i r i ch ' s 'Rheo logy . ' 

D r . B u r g e r s was bo rn in A r n h e m , N e t h e r l a n d s , J a n u -
a r y 13, 1895. H e rece ived a P h D in m a t h e m a t i c s a n d 
phys ica l sc ience a t L e i d e n in 1918, h o n o r a r y doc to r s 
deg rees a t t h e U n i v e r s i t i e L i b r e in Brusse l s in 1948 
a n d in Po i t e r s , F r a n c e in 1950. H e was p ro fes so r of 
a e r o d y n a m i c s a n d h y d r o d y n a m i c s a t t h e T e c h n i c a l U n i -
ve r s i ty of D e l f t , N e t h e r l a n d s , f r o m 1918 to 1955. H e 
has been a f f i l i a t e d w i t h t h e fo l lowing soc ie t ies : A m e r i c a n 
Associa t ion f o r t h e A d v a n c e m e n t of Sc ience , P h y s i c a l 
Soc ie ty , I n s t i t u t e of A e r o n a u t i c a l Science , A m e r i c a n 
Soc i e ty of E n g i n e e r i n g E d u c a t i o n , W i l d e r n e s s Soc ie ty , 
R o y a l A e r o n a u t i c a l Soc ie ty of G r e a t B r i t a i n , R o y a l 
I n s t i t u t e of E n g i n e e r i n g , N e t h e r l a n d s a n d t h e Se i smology 
Soc ie ty . 

T h e a w a r d will b e g ran t ed d u r i n g t h e a n n u a l m e e t i n g 
of t h e Soc ie ty of R h e o l o g y a t t h e M e l l o n I n s t i t u t e , 
O c t o b e r 26-28, 1964. T h e f u l l p r o g r a m , inc lud ing ab -
s t r ac t s is g iven in t h i s bu l l e t in s t a r t i ng on Page 2. 

SOCIETY OF RHEOLOGY WINTER 
MEETING 1965 

Time and Place of Meeting. T h u r s d a y a n d F r i d a y , 
J a n u a r y 28-29, 1965, a t t h e M i r a m a r H o t e l - M o t e l on 

t h e Ca l i fo rn i a Coas t in S a n t a B a r b a r a . M e m b e r s h i p in 
t h e Soc ie ty of R h e o l o g y is no t a p r e r e q u i s i t e fo r p a r t i -
c ipa t ion . T h e W e s t Coas t G o r d o n C o n f e r e n c e on P o l y -
m e r s will b e he ld in t h e s a m e ho te l t h e w e e k days 
fo l lowing t h e W i n t e r M e e t i n g of t h e Soc i e ty of R h e o l o g y . 
D r . R a l p h M i l k o v i c h , G e n e r a l T i r e a n d R u b b e r C o m -
p a n y , Akron , Ohio , is c h a i r m a n f o r t h e G o r d o n C o n f e r -
ence. 

Presentation. T w o copies of a 100-200 word a b s t r a c t 
a re d u e by D e c e m b e r 1, 1964, to M r . R o g e r S. P o r t e r , 
add res s be low. N o d rawings a r e to b e s u b m i t t e d , a n d 
symbo l s should b e m i n i m i z e d a n d f u l l y d e f i n e d w h e r e 
necessary . A c c e p t e d p a p e r s will b e gene ra l ly s chedu led 
for 30 m i n u t e s inc lud ing discussion. A b s t r a c t s a re re-
v iewed by t h e P r o g r a m C o m m i t t e e for genera l c o n t e n t , 
o r ig ina l i ty , r e l e v a n c e to Soc ie ty p u r p o s e s , a n d t e c h n i c a l 
c h a r a c t e r as a basis fo r a c c e p t a n c e . 

Publication. If a u t h o r s des i re , p r e s e n t e d p a p e r s will 
b e r ev iewed by t h e ed i to r fo r pub l i c a t i on in t h e T r a n s -
ac t ions of t h e Soc i e ty of R h e o l o g y . A u t h o r s a r e urged 
b u t no t r e q u i r e d to s u b m i t m a n u s c r i p t s to t h e T r a n s -
ac t ions . T h e d e a d l i n e is J a n u a r y 29 for s u b m i t t i n g 
m a n u s c r i p t s to P ro fe s so r R a y m o n d R . M y e r s , C h e m i s t r y 
D e p a r t m e n t , L e h i g h U n i v e r s i t y , B e t h l e h e m , P e n n s y l -
van ia . 

Accommodations and Facilities. H o t e l a c c o m m o d a t i o n s 
m a y be p u r s u e d ind iv idua l ly or b y J a n u a r y 1, 1965, fo r 
t h e M i r a m a r H o t e l - M o t e l t h r o u g h C h a r l e s C. S u r l a n d , 
a d d r e s s be low. 

S p e a k e r s will b e p r o v i d e d wi th a b l a c k b o a r d and 
2-inch b y 2- inch a n d 3* inch by 4.1 inch s l ide p ro j ec to r s . 
If o t h e r fac i l i t ies such as m o v i e p r o j e c t o r s a r e r e q u i r e d , 
t h e local a r r a n g e m e n t s c h a i r m a n , C h a r l e s C. S u r l a n d , 
should be no t i f i ed by J a n u a r y 1, 1965. 
ROGER S. PORTER, G e n e r a l C h a i r m a n , W i n t e r M e e t i n g . 

Ca l i fo rn i a R e s e a r c h C o r p o r a t i o n , 576 S t a n d a r d A v e -
nue , R i c h m o n d , C a l i f o r n i a 94802 . 

THOR SMITH, ex-off icio, Soc i e ty of R h e o l o g y E x e c u t i v e 
C o m m i t t e e , S t a n f o r d R e s e a r c h I n s t i t u t e , M e n l o P a r k , 
Ca l i fo rn i a . 

C H A R L E S C . S U R L A N D , L o c a l A r r a n g e m e n t s , D e p t . 4 5 2 0 , 

A e r o j e t - G e n e r a l C o r p o r a t i o n , P . O. Box 1947, Sac ra -
m e n t o 9, Ca l i fo rn i a . 

NICHOLAS W . TSCHOEGL, S t a n f o r d R e s e a r c h I n s t i t u t e , 
M e n l o P a r k , Ca l i fo rn ia . 

ROBERT F . FEDORS, J e t P r o p u l s i o n L a b o r a t o r y , P a s a d e n a , 
Ca l i fo rn i a . 
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10:00 a .m. -12 :15 p.m. S E S S I O N A — 

M e l t F low Audi to r ium 

C h a i r m a n : M r . R o b e r t F . Wes tove r 

"A Molecular Mechanism For Polymer Extrudate 
Swelling," T . W. HUSEBY and C. G. GOGOS*, Bel l 
T e l e p h o n e Labora tor ies , Incorpora ted , M u r r a y Hill , 
New Je r sey 

Var ious c o n t i n u u m theor ies of viscoelastic mate r ia l s 
have p red ic t ed t ha t ex t ruda tes issuing f r o m a die will 
swell, and th i s p h e n o m e n o n is well known exper imen-
tally. One such c o n t i n u u m theory has been fo rmu la t ed 
by P a o in t e rms of re laxat ion t imes which can be 
eva lua ted i n d e p e n d e n t l y in o ther tests. Since re laxa-
tion t imes a re qua l i t a t ive ly unders tood in t e r m s of 
molecular mechan isms , t he swelling of ex t ruda tes can 
be given a molecular in te rp re ta t ion . W e have found 
t ha t t he p h e n o m e n o n or ig inates f r o m e n t a n g l e m e n t 
and those molecular mot ions charac ter ized by relaxa-
tion t imes in the t e rmina l zone of the viscoelastic 
spec t rum. 

E x t r u d a t e swelling has been associa ted also wi th t h e 
capac i ty of ma te r i a l s to s tore energy. S ince s tored 
energy is also re la ted to re laxat ion t imes, the re m u s t 
exist a func t iona l re la t ion be tween s tored energy and 
swelling. For th i s same reason t h e r e m u s t also exist 
a re la t ion be tween swelling and recoverable s t ra in . 
W e have also p resen ted in this p a p e r some da ta con-
cern ing this la t te r re la t ion. 
* P r ince ton Univers i ty , P r ince ton , N e w J e r s e y 

"Steady State Melt Flow Behavior of Polyethyl-
ene Blends," N O B U Y U K I N A K A J I M A a n d P A T R I C K S . 

L. WONG, W. R. Grace and Co., Cl i f ton , N. J . 

T h e s teady s ta te me l t f low behavior cover ing six 
decades of shear r a t e was s tudied for var ious t ypes of 
po lye thy lene and their blends. T w o ins t rumen t s were 
used. T h e K e p e s cone and p l a t e cons is tometer meas-
ures viscosities a t low shear r a t e a t t he range f r o m 
10 3 to 1 sec 1 . H i g h shear da t a were ob ta ined f r o m a 

gas dr iven capi l la ry viscometer . T h e shear stress a t 
capi l la ry wall was calcula ted by the m e t h o d proposed 
by Bagley and t h e shear ra te a t t he wall was ob ta ined 
a f t e r Rab inowi t sch . A special e f f o r t was m a d e to 
observe the change in low shear f low behavior of a 
resin due to an addi t ion of gels, high ends or 
low ends of molecular weight d is t r ibut ion . Addi t ion 
of low ends u p to 20 pe rcen t does no t a l t e r t he 
" s h a p e " of the viscosity shear r a t e f low curve ap -
preciably . B u t wi th an addi t ion of high ends, t he 
" shape" of the flow curve changes considerably. W i t h 
an addi t ion of gels, t he flow curve a t low shear rises 
r ap id ly as shear r a t e decreases. An inf lec t ion was ob-
served followed by a " t a i l -up" a t low shear range. 

"The Effect of Pressure Losses in the Barrel on 
Capillary Flow Measurements," A. P . METZGER and 

J . R . K N O X 

M e l t f low da t a ob ta ined f r o m capi l lar ies hav ing 
cons tan t l ength- to-d iameter ratios, b u t d i f f e ren t d iam-
eters, do not lie on a single curve. A t cons tan t shear 
r a t e the a p p a r e n t viscosity decreases wi th capi l la ry 
d i ame te r . T h i s d i amete r e f fec t has been in t e rp re t ed 
by some inves t iga tors as an indicat ion of s l ippage 
along t h e capi l lary wall. T h i s pape r p resen ts da t a 
which d e m o n s t r a t e t ha t , if correct ions are m a d e for 
p ressure d r o p in the r h e o m e t e r barre l , t he flow curves 
coincide. Al though i t has been recognized t h a t pres-
sure losses in the barre l can have a s ignif icant inf lu-
ence on mel t index values, i t has usua l ly been as-
sumed t ha t t hey a re negligible in high shear measure -
men t s . However , if re l iable flow curves a re to be 
ob ta ined , t h e barre l losses can not b e ignored. F u r -
the rmore , t h e va lue of losses can be used to calcu-
la te the shear stress in t h e barre l and thus extend the 
range of the measu remen t s . 

"Polymer Melt Flow Behavior in the Barrel of a 
Capillary Rheometer," N. P . COOK, F . J . FURNO and 
F . R. ElRiCH*, M a r b o n Chemical , Wash ing ton , W. Va. 

A s tudy was m a d e of the flow p a t t e r n s in a capil-
lary rheomete r ba r re l to d e t e r m i n e if the re were any 
p h e n o m e n a which migh t a f f e c t viscosi ty de t e rmina -
tions. T h e rheomete r ba r re l was loaded wi th layers of 
several d i f f e ren t colors of the s a m e plas t ic . Var ious 
pe rcen tages of the init ial charge were e x t r u d e d 
th rough the capi l lary using no rma l t echn iques a t var i -
ous shear ra tes and t empera tu r e s . A t the end of each 
test , t he ma te r i a l remain ing in t h e ba r re l was f rozen 
and r emoved as a plug. T h e plugs were then sect ioned 
and a flow d iag ram was cons t ruc ted by measu r ing t h e 
colored layers. 

Al though the expected laminar f low was observed, 
u p w a r d f low a t t he wall and channe l ing a t t he center 
were also ev ident . T h e s e p h e n o m e n a were no t ed even 
when only a smal l por t ion of the charge had been 
ex t ruded th rough the capi l lary. T h e p a p e r p resen ts 
these f indings in detai l , p i c tu r ing t h e f low p a t t e r n s 
observed and i l lus t ra t ing the e f f ec t s of t e m p e r a t u r e 
and shear rate. 
* Brooklyn Po ly techn ic Ins t i tu te 



1 0 : 0 0 a . m . - 1 2 : 1 4 p .m. S E S S I O N B — 
T h e r m o d y n a m i c s and C o n s t i t u t i v e R e l a t i o n s : I. 

C o n f e r e n c e R o o m 
C h a i r m a n : D r . Lou i s J . Z a p a s 

"Elasticity in the Thermodynamics of Perfect 
Elastic Fluids," B . B E R N S T E I N , E . A . K E A R S L E Y a n d 

L. J . ZAPAS, N a t i o n a l B u r e a u of S t a n d a r d s , W a s h -
ing ton , D . C. 

T h e t h e o r y of p e r f e c t e las t ic f l u i d s dea l s wi th t h e 
n o n - e q u i l i b r i u m t h e r m o d y n a m i c s of a v isco-e las t ic 
m a t e r i a l u n d e r f i n i t e d e f o r m a t i o n s . A f e a t u r e of t h e 
t heo ry which expresses t h e f lu id n a t u r e of t h e m a t e r i a l 
is t h a t local t h e r m o d y n a m i c e q u i l i b r i u m c a n n o t p re -
vail w h e n shea r s t resses a re p r e sen t . A p r inc ip l e of 
t i m e - t e m p e r a t u r e supe rpos i t i on is p a r t of t h e t heo ry . 
Cons i s t ency wi th the second law of t h e r m o d y n a m i c s 
fol lows f r o m f a d i n g m e m o r y a n d pos i t ive h e a t con-
duc t iv i ty . T e m p e r a t u r e increases w h e n work is d o n e 
on t h e m a t e r i a l a n d dec reases w h e n work is d o n e by 
t h e m a t e r i a l a d i a b a t i c a l l y a n d isochor ical ly . T h e 
t h e o r y s eems to b e in a g r e e m e n t w i th v i scos i ty - t em-
p e r a t u r e d a t a a n d wi th e x p e r i m e n t a l resu l t s on s i m p l e 
ex tens ion w i th d i f f e r e n t his tor ies . 

I t is shown t h a t a p e r f e c t e las t ic f lu id b e h a v e s as 
an e las t ic m a t e r i a l wi th a s t r a in e n e r g y whose f o r m 
d e p e n d s on p a s t h is tory . A t a n y i n s t a n t o n e m a y de-
f i n e fo r ce - f r ee con f igu ra t i ons of a v o l u m e of t h e 
ma te r i a l . T h e s e fo r ce - f r ee con f igu ra t i ons a re those 
which for given e n t r o p y m a k e t h e i n t e r n a l ene rgy s ta -
t i o n a r y or for given t e m p e r a t u r e m a k e t h e f r e e ene rgy 
s t a t i ona ry . In genera l t h e fo r ce - f r ee c o n f i g u r a t i o n s 
v a r y w i th t ime . T h i s is cons i s t en t w i th t h e p h e n o m -
enon of t i m e - d e p e n d e n t recovery . 

"On the Thermodynamics of Materials with Grad-
ually Fading Memory," BERNARD D . COLEMAN, M e l l o n 
I n s t i t u t e , P i t t s b u r g h , P a . 

T h i s p a p e r is c o n c e r n e d wi th t h e t h e r m o d y n a m i c s of 
m a t e r i a l s fo r w h i c h t h e spec i f i c H e l m h o l t z f r e e ene rgy , 
t h e s t ress t ensor , t h e spec i f ic e n t r o p y , a n d t h e h e a t 
f lux vec to r e a c h d e p e n d on t h e h i s to ry of t h e de-
f o r m a t i o n g rad i en t , t h e h i s t o r y of t h e t e m p e r a t u r e , 
a n d t h e p r e s e n t v a l u e of t h e t e m p e r a t u r e g rad ien t . 
A t h e o r y s t a r t i n g wi th such gene ra l c o n s t i t u t i v e as-
s u m p t i o n s is c e r t a i n l y c o m p a t i b l e w i th t h e p r i n c i p l e 
of equ ip re sence . A s s u m i n g on ly t h a t t h e f u n c t i o n a l s 
in t h e c o n s t i t u t i v e e q u a t i o n s h a v e t h e s m o o t h n e s s 
p r o p e r t i e s r e q u i r e d by t h e p r i n c i p l e of f a d i n g m e m -
ory, necessa ry a n d su f f i c i en t cond i t i ons a r e f o u n d for 
t h e f u n c t i o n a l s to b e c o m p a t i b l e w i th t h e second law. 
A m o n g t h e consequences of t h e second law is an al-
g o r i t h m which e n a b l e s one to ca l cu l a t e the s t ress and 
t h e e n t r o p y w h e n t h e f r e e ene rgy f u n c t i o n a l is k n o w n . 
I t also fo l lows f r o m t h e second law t h a t a l t h o u g h t h e 
hea t f lux can d e p e n d on t h e t e m p e r a t u r e g rad i en t , t h e 
f r e e ene rgy , s t ress , a n d e n t r o p y canno t . T h i s las t 
conclus ion is, however , ve ry sens i t ive to t h e smoo th -
ness p o s t u l a t e s b e h i n d t h e p r i n c i p l e of f a d i n g m e m -
ory. 

"Shocks and Acceleration Waves in Materials with 
Memory," BERNARD D. COLEMAN, M e l l o n I n s t i t u t e , 
P i t t s b u r g h , P a . a n d M O R T O N E . G U T I N , B r o w n U n i -

vers i ty , P r o v i d e n c e , R . I. 

W e p r e s e n t h e r e a o n e d i m e n s i o n a l t h e o r y of wave 
p r o p a g a t i o n in m a t e r i a l s o b e y i n g t h e gene ra l non-
l inea r c o n s t i t u t i v e a s s u m p t i o n s laid down in t h e p r e -
v ious p a p e r " O n the T h e r m o d y n a m i c s of M a t e r i a l s 
w i th G r a d u a l l y F a d i n g M e m o r y . " A s s u m i n g t h a t t h e 
c o n s t i t u t i v e f u n c t i o n a l s h a v e t h e s m o o t h n e s s p r o p e r -
t i es r equ i r ed by t h e p r i n c i p l e of f a d i n g m e m o r y , and 
m a k i n g use of t h e r e s t r i c t i ons wh ich t h e r m o d y n a m i c s 
p l aces on those func t iona l s , exp l ic i t f o r m u l a e a r e de-
r ived for t h e ve loc i ty of shocks a n d acce l e ra t ion waves . 
T h e s e f o r m u l a e gene ra l i ze t h e k n o w n express ions for 
e las t ic ma t e r i a l s . W e also ob t a in a gene ra l i za t ion of 
t h e H u g o n i o t e q u a t i o n a n d show t h a t even w h e n t h e r e 
a re m e m o r y e f f e c t s the i n s t a n t a n e o u s j u m p in t h e 
e n t r o p y across a shock is t h i r d o rde r in t h e shock 
s t r eng th . Us ing t h e f a c t t h a t t h e C l a u s i u s - D u h e m 
i n e q u a l i t y r equ i r e s t h a t t h e j u m p in e n t r o p y be posi-
t ive , we f i n d convex i ty cond i t i ons on t h e s t r e s s - func -
t iona l fo r the ex i s tence of shocks. 

"Thermodynamics and the Possibility of Long 
Range Interaction in Elastic Materials," MORTON E . 
GURTIN, B r o w n U n i v e r s i t y 

In th i s p a p e r we cons ide r m a t e r i a l s fo r which t h e 
stress, t h e i n t e rna l ene rgy , t h e h e a t f lux , a n d t h e 
t e m p e r a t u r e a t a given po in t d e p e n d on t h e p r e s e n t 
c o n f i g u r a t i o n of t h e body as well as the p r e s e n t en-
t r o p y d i s t r i b u t i o n over t h e e n t i r e body . W e p r o v e 
t h a t c o n s t i t u t i v e e q u a t i o n s of t h i s t y p e a r e c o m p a t i b l e 
w i th t h e f i r s t two laws of t h e r m o d y n a m i c s on ly if 
t h e y r e d u c e to t h e c o n s t i t u t i v e a s s u m p t i o n of a s i m p l e 
m a t e r i a l . 

1 : 4 5 - 5 : 0 0 p .m. S E S S I O N C — 
D y n a m i c Viscos i ty A u d i t o r i u m 
C h a i r m a n : D r . T . G . F o x 

"The Dynamic Melt Viscosity of Polyolefins," 
B R Y C E M A X W E L L a n d R . P . C H A R T O F F , P r i n c e t o n 
Unive r s i t y , P r i n c e t o n , N . J . 

A m e t h o d has been d e v e l o p e d for m e a s u r i n g t h r e e 
o r thogona l forces in a p o l y m e r m e l t s u b j e c t e d to shear . 
D a t a will be p r e s e n t e d showing the r e l a t i o n s h i p of 
t h e s e fo rces to shear r a t e for a ser ies of po lyo le f ins . 

I t has been f o u n d poss ib le to m e a s u r e t h e ou t -o f -
p h a s e or v iscous force whi le v a r y i n g t h e shear r a t e 
in two d i f f e r e n t i n d e p e n d e n t m a n n e r s : ( 1 ) by va ry -
ing t h e t i m e scale of a p p l y i n g a given m a g n i t u d e of 
shear d e f o r m a t i o n , ( 2 ) by va ry ing t h e m a g n i t u d e of 
shea r d e f o r m a t i o n for a given t i m e scale of app l i ca -
t ion. M e t h o d n u m b e r o n e resu l t s in t h e usua l non- l in-
ea r r e l a t i onsh ip b e t w e e n shea r s t ress a n d shear r a t e 
for p o l y m e r mel t s . M e t h o d n u m b e r t w o resu l t s in a 
l inear r e l a t i onsh ip b e t w e e n shea r s t r ess a n d shear 
r a t e t h u s m a k i n g it poss ib le to d e t e r m i n e a s ingle 
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va lue of t h e coe f f i c i en t of v iscosi ty for a n y given t i m e 
scale of a p p l i c a t i o n of shea r s t ra in . B y v a r y i n g t h e 
t i m e scale of s t ra in a p p l i c a t i o n , it has been f o u n d 
poss ib le to m e a s u r e p o l y m e r m e l t v iscosi t ies f r o m 
es sen t i a l l y t h e zero shea r r a t e viscosi ty to t h e d i sen-
t ang led viscosi ty . 

"Polyethylene Melt Viscosity—Shear Rate-Tempera-
ture Superposition," R O B E R T A . M E N D E L S O N , R e -

sea rch D e p a r t m e n t , P l a s t i c s Div i s ion , M o n s a n t o 
C o m p a n y , T e x a s Ci ty , T e x a s 

T h e s t e a d y - s t a t e m e l t v iscos i ty of p o l y e t h y l e n e has 
been s tud i ed for a ser ies of s a m p l e s of b o t h h igh 
dens i t y a n d low dens i t y m a t e r i a l ove r a b r o a d range 
of t e m p e r a t u r e a n d of shea r r a t e . In t h e case of low 
dens i t y p o l y e t h y l e n e t h e s a m p l e s cove red a wide r a n g e 
of m o l e c u l a r w e i g h t d i s t r i bu t ions . M e l t v iscosi ty 
m e a s u r e m e n t s w e r e m a d e us ing a cap i l l a ry ex t rus ion 
r h e o m e t e r a n d a c a p i l l a r y w i th L / D = 6 6 . 7 , for wh ich 
it w a s d e m o n s t r a t e d t h a t end co r rec t ions were neg-
l igible. O v e r a f o u r d e c a d e shea r r a t e r a n g e a n d 
t e m p e r a t u r e f r o m 120°C to 3 0 0 ° C a shear r a t e - t e m -
p e r a t u r e s u p e r p o s i t i o n was a p p l i c a b l e us ing a r b i t r a r y 
r e f e r e n c e t e m p e r a t u r e s . A s ingle set of s h i f t f a c t o r s 
for a given r e f e r e n c e t e m p e r a t u r e was gene ra l for all 
low dens i t y p o l y e t h y l e n e s a m p l e s r ega rd less of 
m o l e c u l a r we igh t d i s t r i bu t i on , and a second set was 
gene ra l fo r all of t h e high dens i t y po lye thy l enes . F o r 
low d e n s i t y p o l y e t h y l e n e t h e e x p o n e n t , or " a c t i v a t i o n 
ene rgy" , was 11.3 k c a l / m o l e , whi l e for high dens i ty 
p o l y e t h y l e n e it was 6.3 k c a l / m o l e . 

"Yield-Stress Master Curves for Various Polymers 
Below Their Glass Transition Temperatures," JEROME 
J . LOHR, A m e s R e s e a r c h C e n t e r , M o f f e t t F i e ld , Ca l i -
fo rn ia 

Yie ld - s t r e s s m a s t e r c u r v e s a r e p r e s e n t e d for po ly-
( m e t h y l m e t h a c r y l a t e ) , p o l y s t y r e n e , po lyv iny l chlo-
r ide a n d m y l a r . T e n s i l e y ie ld s t ress m e a s u r e m e n t s w e r e 
ca r r i ed ou t a t s t ra in r a t e s va ry ing f r o m 0 .003 to 300 
min ' and t e m p e r a t u r e s v a r y i n g f r o m 15°C a b o v e T g , 
t h e glass t r a n s i t i o n t e m p e r a t u r e , to T g - 125°C. T h e 
y ie ld (o r , in t h e b r i t t l e range , f a i l u r e ) s t resses h a v e 
been s h i f t e d to c o n s t r u c t a y ie ld-s t ress m a s t e r c u r v e 
in a m a n n e r s imi la r in c o n c e p t to t h a t of t h e s t ress-
r e l axa t ion m a s t e r curve . T h e s e m a s t e r c u r v e s cover 
f r o m 12 to 18 d e c a d e s of s h i f t e d s t ra in r a t e . T h e 
m a s t e r c u r v e for each m a t e r i a l has a cha rac t e r i s t i c 
s lope which l eads to a s i m p l e e q u a t i o n r e l a t i n g y ie ld 
s t ress to s t ra in r a t e and t e m p e r a t u r e a n d is a p p l i c a b l e 
for t e m p e r a t u r e s f r o m T g to T g - 100°C. T h e t e m -
p e r a t u r e - d e p e n d e n t s h i f t fac tors , a T , of each m a t e r i a l 
were d e t e r m i n e d for b o t h y ie ld s t ress and s t ress re-
laxa t ion over the s u b j e c t t e m p e r a t u r e range . C o m -
par i son of these re su l t s shows t h a t in t h e duc t i l e 
r ange of each m a t e r i a l t h e s h a p e of t h e a T cu rves ob-
t a ined f r o m yie ld s t ress a n d s t ress re laxa t ion m e a s u r e -
m e n t s is e s sen t i a l ly iden t ica l ; however , t h e cu rves 
d i v e r g e in t h e t e m p e r a t u r e r a n g e whe re t h e m a t e r i a l 
fa i l s in a b r i t t l e m a n n e r . A t e n t a t i v e e x p l a n a t i o n for 
th i s p h e n o m e n o n is o f f e r e d . 

"Viscoelastic Properties of Monodisperse Polysty-
rene," A . V . T O B O L S K Y , J . J . A K L O N I S a n d G . A K O V A L I , 

P r i n c e t o n U n i v e r s i t y , P r i n c e t o n , N . J . 

T h e v iscoe las t ic p r o p e r t i e s of f i v e m o n o d i s p e r s e 
p o l y m e r s a m p l e s of p o l y s t y r e n e r ang ing in m o l e c u l a r 
w e i g h t b e t w e e n 80 ,000 a n d 270 ,000 w e r e s t ud i ed a n d 
a c c u r a t e va lues of ?/t, J e , r m a n d E m w e r e o b t a i n e d . 
I t is shown t h a t t h e d e p e n d e n c e on m o l e c u l a r w e i g h t 
of t h e s e q u a n t i t i e s is v e r y d i f f e r e n t f r o m t h a t p r e -
d i c t ed by t h e R o u s e - B u e c h e T h e o r y or b y t h e F e r r y 
L a n d e l W i l l i a m s m o d i f i c a t i o n of th i s t heo ry . 

"On Liquids, Polymers, and Time - temperature 
Superposition," D . O . M I L E S , G . C . K N O L L M A N , A . S . 

H A M A M O T O , a n d G . C . N O R S T R O M , L o c k h e e d R e s e a r c h 

L a b o r a t o r i e s , P a l o Al to , Ca l i fo rn i a 

S t u d i e s on p u r e l iquids can yie ld r e su l t s of cons id-
e r a b l e s ign i f i cance to p o l y m e r phys ics . T h e s impl i c i ty 
of a l iquid ( in d i sp l ay ing no m e a s u r e a b l e e n t r o p y 
behav io r , f o r e x a m p l e ) a n d i t s n a r r o w e r d i s t r i b u t i o n 
of re laxa t ion t i m e s r e l a t i ve to a p o l y m e r s ignif ies t h a t 
t h e re laxa t ion process can b e s tud i ed m o r e conven i -
e n t l y in a l iquid t h a n in a p o l y m e r . T h e r e l axa t ion 
m e c h a n i s m in l iqu ids is p r e s e n t l y r e g a r d e d as an 
ene rgy s to rage process , w h e r e a s in p o l y m e r s i t is 
p a r t l y an e n e r g y s to rage process a n d p a r t l y an 
e n t r o p y e f f e c t . D y n a m i c shear m o d u l i da t a a r e p re -
sen t ed for bo th r e p r e s e n t a t i v e l iqu ids a n d p o l y m e r s 
to i l l u s t r a t e t h e s imi la r i t i e s in t h e r e s p e c t i v e re laxa-
t ion processes . I t is shown t h a t i n so fa r a s re laxa t ion 
b e h a v i o r is conce rned , t h e l iquid s t a t e m a y b e v i e w e d 
as a specia l case of t h e p o l y m e r s t a t e . As an i l lus t ra -
t ion of a c o n t r i b u t i o n to p o l y m e r phys i c s d e r i v e d f r o m 
s tud i e s in t h e l iquid s t a te , w e p ropose a m o d i f i c a t i o n 
of t h e f a m i l i a r t i m e - t e m p e r a t u r e supe rpos i t i on r o u t i n e 
such t h a t d y n a m i c d a t a can b e t r e a t e d in a m o r e 
rea l i s t ic fash ion t h a n he re to fo re . T h e a f o r e m e n t i o n e d 
l iquid a n d p o l y m e r d a t a a re u t i l i zed to d e m o n s t r a t e 
t h e m o d i f i e d a p p r o a c h . F ina l ly , some poss ib i l i t i es a re 
d i scussed for o b t a i n i n g add i t i ona l ins ight r ega rd ing 
t h e r e l a t i onsh ip s exis t ing b e t w e e n p o l y m e r a n d l iqu id 
s ta tes . 

"Time-Dependence of Recovery Mechanisms in 
Amorphous Polymers," P . S. THEOCARIS, P e n n s y l v a n i a 
S t a t e Un ive r s i t y , S t a t e College, Pa . , a n d CHR. HADJI-
JOSEPH, A t h e n s N a t i o n a l T e c h n i c a l U n i v e r s i t y , 
A thens , G r e e c e 

T r a n s i e n t r ecovery t e s t s in s i m p l e t ens ion w e r e 
p e r f o r m e d in a ser ies of c ross- l inked h igh p o l y m e r s 
in p u r e a n d p las t i c i zed s ta tes . T h e s e t e s t s fo l lowed 
e i t h e r a c reep or a s t ress - re laxa t ion t y p e of loading . 
T h e m e c h a n i c a l a n d op t ica l cha rac t e r i s t i c f u n c t i o n s 
of t h e m a t e r i a l s were d e t e r m i n e d . D i f f e r e n t t i m e s of 
load ing w e r e a p p l i e d co r r e spond ing to a s t a t e of 
t r a n s i e n t c o m p l i a n c e and r e l axa t ion m o d u l u s . 

S t r a i n and b i r e f r i n g e n c e cu rves ve r sus log t i m e f o r 
va r ious loading s t eps a n d t i m e pe r iods showed t h a t 
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r ecove ry f r o m n o r m a l s t resses ove r p ro longed pe r iods 
of t i m e fo l lowed a l oga r i t hmic law i n d e p e n d e n t l y of 
t h e p r e v i o u s h i s to ry of loading. T h e l i nea r i t y of var i -
a t ion of t h e r e l a t i ve r e t a r d a t i o n a n d of t h e s t ra in w i th 
t i m e was e s t ab l i shed a n d t h e i n f l u e n c e of p las t i c i ze r 
w a s d e t e r m i n e d . 

1 : 4 5 - 5 : 0 0 p .m. S E S S I O N D — 
G e n e r a l P a p e r s C o n f e r e n c e R o o m 
C h a i r m a n : D r . I. M . K r i e g e r 

"Cold-Drawing of Glassy Polymers," S. L . COOPER1, 
W . W H I T N E Y " , N . S . S C H N E I D E R 1 , R . D . A N D R E W S 2 , 

S. J . KURTZ' a n d G. LANGFORD:1, M a s s a c h u s e t t s Ins t i -
t u t e of T e c h n o l o g y , C a m b r i d g e , M a s s . 

' D e p t . of C h e m i c a l E n g i n e e r i n g ; ^Text i le Div is ion , 
D e p t . of M e c h a n i c a l E n g i n e e r i n g ; "Dept . of M e t a l l u r g y . 

P o l y s t y r e n e , a l t h o u g h n o r m a l l y a b r i t t l e p o l y m e r , 
will show n e c k i n g a n d d r a w i n g w h e n t ens i l e s p e c i m e n s 
a r e e x t e n d e d a t c o n s t a n t s t r a in ra te , p r o v i d e d t h e 
p o l y m e r has b e e n p r e - o r i e n t e d ( b y s t r e t ch ing a b o v e 
t h e glass t r ans i t i on t e m p e r a t u r e , a n d qu i ck ly q u e n c h -
ing to f r e e z e in t h e o r i en t ed s t a t e ) . P r e - o r i e n t a t i o n 
m a k e s co ld -d rawing poss ib le for th i s p o l y m e r by 
ra i s ing t h e t ens i l e s t r e n g t h to a v a l u e h igher t h a n t h e 
y ie ld s t ress a t wh ich neck ing can in i t i a t e . T h e d r a w i n g 
of p o l y s t y r e n e has been s tud i ed a t a s ingle f ixed 
s t ra in r a t e as a f u n c t i o n of t e m p e r a t u r e ( f r o m r o o m 
t e m p e r a t u r e to 9 0 ° C ) a n d d e g r e e of p r e -o r i en t a t i on , 
us ing b i r e f r i n g e n c e as an index of t h e degree of or ien-
t a t ion . As o r i en t a t ion increases p rogress ive ly f r o m 
zero, s a m p l e s show b r i t t l e f r a c t u r e , duc t i l e f r a c t u r e , 
and f i na l l y s t e a d y - s t a t e d rawing . T h e d r a w ra t io , or 
ex tens ion p r o d u c e d in t h e d r a w i n g process , shows a 
m a r k e d dec rease f r o m roughly 2 0 0 % to 4 0 % as t h e 
p r e - o r i e n t a t i o n increases . T h i s b e h a v i o r would b e 
c o m p a t i b l e w i t h t h e c o n c e p t of a p o t e n t i a l d e g r e e of 
ex t ens ib i l i t y of t h e m o l e c u l a r cha ins which is p a r t i a l l y 
used u p b y t h e p re -o r i en t a t i on . D r a w i n g p r o d u c e s an 
inc rease of b i r e f r i ngence , a n d t h e b i r e f r i n g e n c e of 
d r a w n s a m p l e s is roughly cons t an t , i n d e p e n d e n t of t h e 
in i t ia l p r e - o r i e n t a t i o n a n d d r a w ra t io . 

P o l y ( m e t h y l m e t h a c r y l a t e ) will n e c k a n d d r a w in 
t ens i l e e x p e r i m e n t s in ce r t a in r anges of t e m p e r a t u r e 
a n d s t r a in r a t e . N o p r e - o r i e n t a t i o n is r equ i r ed , in 
c o n t r a s t to po ly s ty r ene . T h e y ie ld s t ress a n d s t eady -
s t a t e d r a w i n g s t ress a r e b o t h d e p e n d e n t on s t r a in 
r a t e a n d t e m p e r a t u r e : t h e va lues i nc rease w i th in-
c reas ing s t r a in ra te , a n d show a l inea r dec rease w i th 
t e m p e r a t u r e wh ich e x t r a p o l a t e s to ze ro s t ress a t 
a b o u t t h e glass t r ans i t i on t e m p e r a t u r e of t h e p o l y m e r . 
T h i s s a m e b e h a v i o r is obse rved for po ly s ty r ene . T h e 
e f f e c t of m o l e c u l a r weight on t h e d r a w i n g b e h a v i o r 
h a s been inves t iga t ed over a s ix-fold r a n g e (v iscos i ty 
a v e r a g e M W = 200 ,000 to 1 ,200 ,000) ; t h e d r a w i n g 
b e h a v i o r shows n o d e p e n d e n c e on molecu la r we igh t . 
T h e e f f e c t of cross- l inking has also been inves t iga t ed 
a n d aga in no e f f e c t is seen excep t fo r a s l igh t s h i f t vs. 
t e m p e r a t u r e w h i c h would co r r e spond to an inc rease 
of a f ew degrees in t h e glass t r ans i t i on t e m p e r a t u r e . 

T h e p h e n o m e n o n of co ld -d rawing is s o m e t i m e s 
desc r ibed as a p rocess of "sol id s t a t e f low." H o w e v e r 
t h e lack of d e p e n d e n c e on m o l e c u l a r we igh t or cross-
l ink ing c lear ly i nd i ca t e s t h a t t h i s " f l o w " c a n n o t b e of 
t h e t y p e o b s e r v e d in t h e m o l t e n p o l y m e r , i nvo lv ing 
c o o p e r a t i v e m o t i o n s of m o l e c u l a r s egmen t s . 

"Flow of Power-Law Fluids in Rectangular Ducts," 
S T A N L E Y M I D D L E M A N , U n i v e r s i t y o f R o c h e s t e r , 

R o c h e s t e r , N .Y . 

T h e e q u a t i o n s gove rn ing p r e s s u r e f low a n d d r a g 
f low of t h e power law f lu id in c h a n n e l s of r e c t a n g u -
lar cross sect ion h a v e been solved. A p p l i c a t i o n is 
m a d e to t h e ca lcu la t ion of wall e f f e c t s a n d d ie charac-
te r i s t ics for screw ex t rude r s . I t is shown t h a t t h e 
N e w t o n i a n wal l co r rec t ions usua l ly used in e x t r u d e r 
ca l cu la t ions can lead to c o n s i d e r a b l e e r ro r for m a r k -
ed ly n o n - N e w t o n i a n m e l t s in d e e p f l igh ted screws. 

"The Stretching of a Viscous Tube Over a Conical 
Mandrel," R . A . W E S S L I N G a n d T . A L F R E Y , J R . , P l a s -

t ics D e p a r t m e n t R e s e a r c h L a b o r a t o r y , T h e D o w 
C h e m i c a l C o m p a n y , M i d l a n d , M i c h i g a n 

T h e d e f o r m a t i o n of a cy l indr ica l v iscous m e m -
brane , by s t r e t ch ing i t ove r a conical m a n d r e l , has 
been ana lyzed . T h e m a t e r i a l is a s s u m e d to b e an 
i ncompres s ib l e N e w t o n i a n f lu id w i th s u f f i c i e n t t ens i l e 
s t r e n g t h to s u p p o r t t h e m e m b r a n e s tresses. T h e ana ly -
sis is car r ied o u t fo r a s t e a d y - s t a t e s t r e t c h i n g ope ra -
t ion in wh ich t h e m o t i o n of t h e t u b e is o p p o s e d by 
s l id ing f r i c t ion . 

T h e p r o b l e m is d e v e l o p e d in t e r m s of a m a t e r i a l 
ve loc i ty f ie ld ; s t r a in r a t e s a r e w r i t t en as f u n c t i o n s 
of t h e i n s t a n t a n e o u s ve loc i ty g rad ien t . T h e s t ress re-
la t ions for a N e w t o n i a n f lu id c o m b i n e d wi th t h e 
e q u a t i o n of e q u i l i b r i u m lead to a non - l i nea r d i f f e r -
en t i a l e q u a t i o n f o r t h e ve loc i ty as a f u n c t i o n of t h e 
r ad i a l coord ina te . B o u n d a r y cond i t ions a r e f ixed by 
spec i fy ing t h e in i t ia l a n d f ina l veloci t ies . 

A n a l y t i c a l so lu t ions a r e o b t a i n e d for t h e case of 
c o n s t a n t f r i c t ion coe f f i c i en t a n d an exponen t i a l de -
p e n d e n c e of viscosi ty on rad ia l d i s tance . T h e condi -
t ions for m e m b r a n e s t ab i l i t y ( n o b u c k l i n g ) and for 
u n i f o r m s t r e t c h i n g a re e s t ab l i shed . 

T h e p a t t e r n of b iaxia l s t r e t c h i n g ca lcu la t ed f r o m 
th i s ana lys i s is s t rong ly d e p e n d e n t on t h e b o u n d a r y 
cond i t ions as wel l a s t h e viscosi ty and f r i c t ion . T h e 
resul ts , us ing an e q u i v a l e n t se t of va r i ab l e s a n d 
b o u n d a r y condi t ions , a re c o m p a r e d to t h e e las t ic solu-
t ion which w a s given in a p r e v i o u s c o m m u n i c a t i o n . 
( P a p e r p r e s e n t e d a t t h e W i n t e r M e e t i n g , Soc. of 
R h e o l o g y ( 1 9 6 4 ) . ) 

"Instability in the Flow of Synthetic Latex Disper-
sions," J O H N G . B R O D N Y A N a n d E . L L O Y D K E L L E Y , 

T h e R o h m a n d H a a s R e s e a r c h L a b o r a t o r i e s , S p r i n g 
House , P e n n s y l v a n i a 

In t h e w o r k r e p o r t e d h e r e t h e t r ans i t ion f r o m 
l a m i n a r to t u r b u l e n t f low w a s i nves t i ga t ed as a 
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f u n c t i o n of v o l u m e f r a c t i o n of t h e d i spe r sed p h a s e f o r 
a n u m b e r of s y n t h e t i c la t ices . S i n c e two i n s t r u m e n t s , 
a con icy l indr ica l v i s c o m e t e r a n d a h igh-p ressu re capi l -
l a r y v i scomete r , w e r e used a n d t h e R e y n o l d s n u m b e r 
d e p e n d s s t rong ly on t h e g e o m e t r y of t h e i n s t r u m e n t , a 
n o r m a l i z e d R e y n o l d s n u m b e r w a s used t o c o m p a r e 
t h e d a t a . 

I t was f o u n d t h a t t h e use of a d i spers ion viscosi ty 
gives a R e y n o l d s n u m b e r wh ich dec reases w i th in-
c reas ing v o l u m e f r a c t i o n . H o w e v e r , if one uses t h e 
v iscos i ty of t h e c o n t i n u o u s m e d i u m , i.e., wa te r , t h e 
R e y n o l d s n u m b e r increases by a f a c t o r of a b o u t t h r e e . 
T h i s r e su l t is ve ry s imi la r to some resu l t s r e p o r t e d 
on t h e l a m i n a r - t o - t u r b u l e n t t r ans i t ion for so lu t ions of 
po ly ( ac ry l i c a c i d ) in wa te r . 

"Randomly Distributed Rough Particles In Concen-
trated Suspensions," T . W . GILLIS, L o c k h e e d P r o p u l -
sion C o m p a n y , R e d l a n d s , C a l i f o r n i a 

V a r i a t i o n a l m e t h o d s h a v e r e c e n t l y been success fu l ly 
used to o b t a i n t h e b o u n d s of t h e a p p a r e n t v iscosi ty 
17* of a suspens ion of solid pa r t i c l e s in a l iqu id 
m e d i u m of viscosi ty ij, w h e r e t h e p a r t i c u l a t e g e o m e t r y 
is r andom. 1 E x p e r i m e n t a l c o n f i r m a t i o n of t h i s t e ch -
n i q u e is s o m e w h a t h a m p e r e d howeve r by t h e non-
G a u s s i a n n a t u r e of m o s t p a r t i c u l a t e m a t e r i a l s ob-
t a i n e d by c o m m i n u t i o n . 

A p r a c t i c a l m e t h o d of o b t a i n i n g r a n d o m l y dis t r i -
b u t e d s y s t e m s by c o m b i n i n g s k e w e d ( n o n - G a u s s i a n ) 
d i s t r i b u t i o n s is d e m o n s t r a t e d . 

T h e a p p a r e n t v iscos i t ies of c o n c e n t r a t e d suspens ions 
of severa l r a n d o m a n d s k e w e d c o m b i n a t i o n s a re com-
p a r e d . T h e suspens ions t e s t ed w e r e : A m m o n i u m 
p e r c h l o r a t e — P B A N ; A l u m i n u m — P B A N ; A m m o n i u m 
p e r c h l o r a t e — A l u m i n u m — P B A N . ( P B A N r e f e r s to 
p o l y b u t a d i e n e - a c r y l o n i t r i l e . ) Sol ids v o l u m e f r a c t i o n s 
r a n g e d f r o m 0 .528 to 0.700. T h e pa r t i c l e s r a n g e d 
in size f r o m 2 . 5 ^ to 3 2 5 ^ . U p to f o u r m o d e s w e r e 
used . All r a n d o m suspens ions w e r e f o u n d to b e 
l im i t ed a t t h e lower b o u n d of p e r f o r m a n c e by t h e 
W e i s s b e r g - P r a g e r i n e q u a l i t y : 1 

T h e s e d i m e n t a t i o n v o l u m e s of t h e s a m e c o m b i n a -
t ions in h e a v y - g r a d e m i n e r a l oil a r e c o m p a r e d . I n all 
cases, t h e r a n d o m d i s t r i bu t i ons exh ib i t ed t h e la rges t 
s e d i m e n t e d v o l u m e s . 
'Weissberg , H . L. , P r a g e r , S., "Viscos i ty of Concen-
t r a t e d S u s p e n s i o n s of S p h e r i c a l Pa r t i c l e s , " P a p e r p re -
sen t ed a t t h e 4 t h I n t e r n a t i o n a l Congress on Rheo logy , 
B r o w n U n i v e r s i t y , A u g u s t 1963 

"Rheological Properties of 1,3,5-Tri-a-Naphthyl Ben-
zene," D . J . PLAZEK a n d J . H . MAGILL, M e l l o n Ins t i -
t u t e , P i t t s b u r g h , P a . 

T h e viscous a n d v iscoelas t ic to r s iona l c reep p r o p -
e r t i e s of 1 ,3 ,5 - t r i - a -naph thy l b e n z e n e ( T N B ) h a v e 
been s tud i ed a t t e m p e r a t u r e s b e t w e e n 24° a n d 2 0 0 ° C . 
T N B is a n o n p o l a r smal l mo lecu l e t h a t can b e supe r -
cooled w i th r e l a t i ve ease t h r o u g h t h e f r e e z i n g po in t , 
197.2°C, to f o r m a glass a t 70°C. T h i s inves t iga t ion 
e x t e n d s t h e ea r l i e r cap i l l a ry m e a s u r e m e n t s of Mag i l l 
a n d U b b e l o h d e . D i l a t o m e t r i c m e a s u r e m e n t s h a v e been 

m a d e in t h e region of t h e glass t e m p e r a t u r e , T g , in-
c lud ing those of i so the r ma l v o l u m e con t rac t ion 
s l ight ly be low T g . Crys ta l l i za t ion ra tes , m e a s u r e d 
opt ica l ly , a re also r e p o r t e d . 

7 : 3 0 - 9 : 4 5 p .m. S E S S I O N E — 
G e n e r a l P a p e r s R o o m 355 
C h a i r m a n : Dr . B . M a x w e l l 

"Dynamic Mechanical Properties of Synovial Fluid," 
R . R . M Y E R S a n d S . N E G A M I , L e h i g h U n i v e r s i t y , 

B e t h l e h e m , P a . a n d R . K. WHITE, M.D . , O r t h o p e d i c 
R e s e a r c h Associates , Al len town, P a . 

D y n a m i c viscosi t ies a n d e las t ic i t ies of synovia l 
f l u i d s a s p i r a t e d f r o m h u m a n k n e e j o in t s w e r e de t e r -
m i n e d b y m e a n s of a to rs iona l p e n d u l u m r h e o m e t e r , 
a n d w e r e co r re l a t ed w i th t h e t y p e of pa tho log ica l 
condi t ion exis t ing in t h e jo in t . A l t h o u g h t h e f lu id is 
e s sen t i a l ly a l iquid in all of t h e cases s tudied , con-
f i gu ra t i ona l r e l axa t ions t a k e p lace over a long e n o u g h 
t i m e span to d e v e l o p a res i l ien t r e sponse to s t resses 
e n c o u n t e r e d in t h e jo in t . H y d r o c o r t i s o n e i n j ec t i on 
t e n d s to increase bo th viscosi ty and e l a s t i c i ty of syno-
via l f lu id in ce r t a in t y p e s of m a l a d y . T h e degree of 
c o m p l e x a t i o n of h y a l u r o n i c acid, t h e m a i n cons t i tuen t , 
w i th p r o t e in a f f e c t s t h e m e c h a n i c a l p r o p e r t i e s to a 
s ign i f i can t ex ten t . 

"An In Vitro Investigation oi Ciliated Activity," C. 
E . MILLER, F.S.C. , M a n h a t t a n Col lege, Bronx , N e w 
Y o r k a n d H . GOLDFARB, M o n t e f i o r e H o s p i t a l , Bronx , 
N e w Y o r k 

Di seases of t h e r e s p i r a t o r y t r a c t m a y b e r e l a t e d 
to t h e a l t e r e d rheologica l p r o p e r t i e s of t h e r e s p i r a t o r y 
t r a c t m u c u s a n d to t h e a l t e red c i l i a ry shea r ing capa -
bil i t ies . F l o w curves a r e p r e s e n t e d showing t h a t m u c u s 
h a s visco-elast ic , t h ixo t rop ic p r o p e r t i e s a n d has dis-
c re t e y ie ld po in t s . M e c h a n i c a l mode l s of cil ia con-
s t r u c t e d to p e r f o r m osc i l la tory mo t ions c o m p a r a b l e to 
those in vivo a re s t ud i ed as shea r ing e l e m e n t s in a 
mod i f i c a t i on of T h e H o p p m a n n - M i l l e r R o t a t i o n a l 
F l u i d F l o w G e n e r a t o r . A desc r ip t ion of t h e s e m o d i -
f i ca t ions is p r e s e n t e d w i th specia l a t t e n t i o n b e i n g 
g iven to t h e des ign of specia l c ams n e e d e d to ca r ry 
o u t t h e p r o p e r osci l la t ion of t h e s i m u l a t e d cilia. 
P a r t i c l e p a t h l ines of f low a re p r e s e n t e d for t h e 
m e c h a n i c a l cilia osci l la t ing in a n d o u t of p h a s e . 
L i n e a r ve loc i ty of smal l pa r t i c l e s i n j e c t e d in to t h e 
f low is m e a s u r e d as a f u n c t i o n of t h e f r e q u e n c y of t h e 
osci l la tors a n d t h e v iscos i ty of t h e l iqu id . T h e d a t a of 
t h e p r e s e n t inves t iga t ion a re co r re l a t ed w i th k n o w n 
f low p a t t e r n s a n d t h e ac t ion of cil ia in vivo. 

"Theory Relating Lifetime Statistics to Molecular 
Processes in the Fatigue Fracture of Fibrous Poly-
mers," D U S A N C . P R E V O R S E K a n d J O H N C . W H I T W E L L , 

T e x t i l e R e s e a r c h I n s t i t u t e a n d D e p a r t m e n t of C h e m i -
cal Eng inee r ing , P r i n c e t o n Un ive r s i t y . 

T h e t heo ry p r e s e n t e d in th i s p a p e r is based on two 
a s s u m p t i o n s : 1) t h a t m o s t of t h e sca t t e r of l i f e t imes 
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in a f a t i g u e e x p e r i m e n t is assoc ia ted wi th t h e r a n d o m 
processes l ead ing to r u p t u r e , and 2 ) t h a t t h e e f f e c t 
of s t ress h i s to ry on f r a c t u r e r a t e can b e a p p r o x i m a t e d 
b y a t i m e - d e p e n d e n t s t r e s s -concen t ra t ion f ac to r . 

I t is shown t h a t t h e dens i t y f u n c t i o n s for l i f e t i m e s 
de r ived f r o m t h e express ion for t h e r a t e of b r i t t l e 
f r a c t u r e in o r i e n t e d p o l y m e r s can b e a p p l i e d to 
f a t i g u e of f i b e r s in cycl ic long i tud ina l t ens ion . T h e 
c h a n g e s in p r e d i c t e d d i s t r i bu t i ons resu l t ing f r o m a 
change in cycl ic s t ress or f r e q u e n c y a r e in a g r e e m e n t 
wi th e x p e r i m e n t . D i s t r i b u t i o n s a p p r o x i m a t e d t h r o u g h 
t h e use of an e m p i r i c a l t i m e - d e p e n d e n c e of t h e s t ress-
c o n c e n t r a t i o n f ac to r s u p p o r t t h e h y p o t h e s i s t h a t e a r l y 
f a i l u r e s m a y occur p r e f e r e n t i a l l y a t p re -ex i s t ing de-
fects , whi le f a i l u r e a t longer t i m e s p r o b a b l y occurs 
a t de f ec t s f o r m e d as a r e su l t of m e c h a n i c a l ac t ion . 

"Energy Dissipation of a Cohesive Soil by the Fourier 
Transformation of Stress Relaxation Response," 
R O B E R T L . K O N D N E R a n d M I C H A E L M . K . H O , T e c h -

nological I n s t i t u t e , N o r t h w e s t e r n U n i v e r s i t y , E v a n -
ston, 111. 

T h e ene rgy d i s s ipa t ion of a cohes ive soil is o b t a i n e d 
by t h e F o u r i e r t r a n s f o r m a t i o n of s t r ess re laxa t ion 
t es t da t a . E n e r g y d iss ipa t ion is expressed in t e r m s 
of t h e loss t a n g e n t . T h e soil r e s p o n s e is non-
l inear . B e c a u s e of the d i f f i c u l t y in o b t a i n i n g a 
m a t h e m a t i c a l express ion to a d e q u a t e l y f i t t h e re laxa-
t ion da t a ove r t h e en t i r e t i m e scale of i n t e re s t , 
an a p p r o x i m a t e m e t h o d of e v a l u a t i n g t h e t r ans -
f o r m is used . T h e r e l axa t ion r e s p o n s e f u n c t i o n s a re 
a p p r o x i m a t e d by s t r a igh t l ine s e g m e n t s to f o r m 
a p iece-wise c o n t i n u o u s re la t ion . B y us ing a l a rge 
n u m b e r of s t r a i g h t l ine segment s , t h e e r ro r b e t w e e n 
t h e a c t u a l a n d a p p r o x i m a t e t r a n s f o r m a t i o n can b e 
m a d e negl ig ib le . T h e s e g m e n t s lopes w i th cor-
r e s p o n d i n g v a l u e s of t i m e a r e u s e d in a d ig i t a l c o m -
p u t e r p r o g r a m to e v a l u a t e t h e t r a n s f o r m . T h e resu l t s 
c l ea r ly i n d i c a t e a d e c r e a s e of loss t a n g e n t w i t h in-
c reased a p p l i e d s t r a in level . F o r c o n s t a n t s t r a in level , 
t h e v a r i a t i o n of loss t a n g e n t as a f u n c t i o n of m o i s t u r e 
c o n t e n t is no t c l ea r ly d e f i n e d . T h e loss t a n g e n t ve r sus 
l oga r i t hm of t i m e re la t ion g ives a cha rac t e r i s t i c s ingle 
bell s h a p e d i s t r i b u t i o n f o r each s t r a in level . 

7 : 3 0 - 9 : 4 5 p .m. S E S S I O N F — 

T h e r m o d y n a m i c s a n d C o n s t i t u t i v e R e l a t i o n s . I I . 
C o n f e r e n c e R o o m 

C h a i r m a n : D r . B. B e r n s t e i n 

"A Thermodynamic Analysis of Deformable Media," 
STEPHEN W . TSAI, P h i l c o R e s e a r c h Labora to r i e s , N e w -
p o r t Beach , C a l i f o r n i a 

T h e n a t u r e of t h e m e c h a n i c a l cons t i t u t i ve e q u a t i o n 
is still t h e "miss ing l i nk" in t h e f o r m u l a t i o n of con-
t i n u u m mechan ic s . M a n y f o r m s of t h e equa t ion h a v e 
b e e n p r o p o s e d based o n : a ) i n t u i t i v e a r g u m e n t s ; b ) 
p l a u s i b l e p r inc ip les ; or c ) genera l i za t ion of t h e l inear 

theory . A l t h o u g h t h e n a t u r e of t h e c o n s t i t u t i v e e q u a -
t ion is r e s t r i c t ed by a set of p r inc ip l e s of mechan ic s , 
no spec i f i ca t ion of t h e f o r m of t h e e q u a t i o n is m a d e . 

T h e p r e s e n t w o r k is c o n c e r n e d wi th t h e d e r i v a t i o n 
of t h e m e c h a n i c a l cons t i t u t i ve e q u a t i o n of d e f o r m a b l e 
m e d i a f r o m t h e p r inc ip l e s of r eve r s ib l e a n d i r revers -
ib le t h e r m o d y n a m i c s . T h e p r e s e n t w o r k e x t e n d s t h e 
c o n c e p t on decompos i t i on of s t ress and s t ra in in to 
t h e r eve r s ib le a n d the i r r eve r s ib l e c o m p o n e n t s . F r o m 
t h e p r inc ip l e s of t h e r m o d y n a m i c s , t h e r e l a t i o n s h i p s 
b e t w e e n t h e r eve r s ib l e and i r r eve r s ib l e c o m p o n e n t s of 
bo th s t ress and s t ra in can b e e s t ab l i shed , f r o m which 
a gene ra l c o n s t i t u t i v e e q u a t i o n can be de r ived . F o r 
i so t rop ic m e d i a , t h e genera l e q u a t i o n is spec ia l i zed 
in an expl ic i t f o r m , con t a in ing also t h e exac t f o r m 
of t h e h ighe r o rde r t e rms . T h e r e s u l t i n g e q u a t i o n 
p r o v i d e s a u n i f i e d desc r ip t ion of m u c h of t h e well-
known b e h a v i o r of d e f o r m a b l e m e d i a . 

"A Unified Derivation of Constitutive Relations for 
Irrecoverable Deformation," CHARLES A. BERG, M a s s a -
c h u s e t t s I n s t i t u t e of T e c h n o l o g y , C a m b r i d g e , M a s s . 

In t h e fo l lowing, c o n s t i t u t i v e r e l a t ions a r e de r ived 
for i so t rop ic m a t e r i a l s in wh ich local t h e r m o d y n a m i c 
e q u i l i b r i u m o b t a i n s and for wh ich t h e i n t e r n a l e n e r g y 
of each e l e m e n t d e p e n d s only u p o n t h e v o l u m e a n d 
t e m p e r a t u r e of t h e e l e m e n t . T h e bas i s of t h e de r iva -
t ion is t h e p r i n c i p l e t h a t t h e m a t e r i a l possesses a 
n o n - n e g a t i v e e n t r o p y p r o d u c t i o n f u n c t i o n which de-
p e n d s u p o n t h e r a t e s of d e f o r m a t i o n . T h i s p r i n c i p l e 
a f f o r d s a u n i f i e d p r o c e d u r e for t h e de r i va t i on of con-
s t i t u t i v e r e l a t ions wh ich d e s c r i b e a f a m i l y of t y p e s 
of i r r e c o v e r a b l e d e f o r m a t i o n i n c l u d i n g non - l i nea r 
viscosi ty, p l a s t i c i ty a n d v i scop las t i c i ty . T h e p r o c e d u c e 
possesses expos i to ry a d v a n t a g e s in t h a t m e c h a n i c a l 
a n d t h e r m o d y n a m i c c o n s i d e r a t i o n s p r e d o m i n a t e ove r 
such p u r e l y k i n e m a t i c c o n s i d e r a t i o n s as i so t ropy . 
M o r e o v e r , t h e p r o c e d u r e o f f e r s an a v e n u e b y w h i c h 
to o b t a i n c o n s t i t u t i v e r e l a t i ons to d e s c r i b e m a t e r i a l 
b e h a v i o r m o r e c o m p l i c a t e d t h a n t h a t cons ide red he re . 

"Correlations of an Elastic Fluid with Experiments," 
LOUIS J . ZAPAS, N a t i o n a l B u r e a u of S t a n d a r d s , W a s h -
ington, D . C. 

A spec ia l case of a s i m p l e e las t ic f lu id is p r e s e n t e d 
a n d c o m p a r e d w i th e x p e r i m e n t a l d a t a . W i t h t h e in-
t r o d u c t i o n of a spec i f ic s t ra in p o t e n t i a l f u n c t i o n i n t o 
a r e c e n t t h e o r y of an e las t ic f lu id , a c o n s t i t u t i v e 
e q u a t i o n has been o b t a i n e d invo lv ing t h r e e m a t e r i a l 
p r o p e r t i e s . T h e d a t a used f o r c o m p a r i s o n wi th t h e o r y 
w e r e o b t a i n e d on c ross - l inked a n d unc ross - l inked 
p o l y m e r s in large un iax ia l a n d b iaxia l d e f o r m a t i o n s 
and t h e a g r e e m e n t is ve ry encourag ing . 

F o r ce r t a in cases, e.g. so lu t ions of p o l y m e r s or 
me l t s , t h e behav io r in s i m p l e shea r can b e p r e d i c t e d 
f r o m t h e d y n a m i c m e a s u r e m e n t s a t s m a l l d e f o r m a -
t ion . T h e c o m p a r i s o n wi th a v a i l a b l e d a t a is v e r y 
good. 
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"Polynomial Constitutive Equations ior Viscoelastic 
Materials with Large Initial Deformation," K . C. 
V A L A N I S a n d R . A . S C H A P E R Y , S c h o o l o f A e r o n a u t i c a l 

a n d E n g i n e e r i n g Sc iences , P u r d u e Un ive r s i t y , L a -
f a y e t t e , I n d i a n a 

T h e c o n s t i t u t i v e e q u a t i o n s of v iscoelas t ic ma te r i a l s , 
fo r t h e specia l class of d e f o r m a t i o n s cons is t ing of smal l 
d y n a m i c d i s p l a c e m e n t s s u p e r p o s e d on la rge s t a t i c de -
f o r m a t i o n s , a re de r ived . T h e de r i va t i on is based on a 
" p o l y n o m i a l f o r m u l a t i o n " of a gene ra l c o n s t i t u t i v e 
e q u a t i o n for such ma te r i a l s , a s opposed to p r e v i o u s 
d e r i v a t i o n s by o t h e r a u t h o r s [1 ,2 ,3 ] which w e r e based 
on f u n c t i o n a l f o r m s of t h e c o n s t i t u t i v e equa t ions . 

I t is f o u n d tha t , fo r t h i s class of d e f o r m a t i o n s , t h e 
p o l y n o m i a l and f u n c t i o n a l f o r m s a r e e q u i v a l e n t in as 
f a r a s t h e i n c r e m e n t a l s t a t e of s t ress is l inear ly re-
l a ted to t h e h i s tory of i n c r e m e n t a l d e f o r m a t i o n 
t h r o u g h twe lve re laxa t ion func t i ons . T h e s e f u n c t i o n s 
will, in genera l , d e p e n d on t h e in i t ia l d e f o r m a t i o n . 

T h i s f o r m u l a t i o n a f f o r d s a d i rec t c o m p a r i s o n wi th 
t h e a l t e r n a t i v e f o r m u l a t i o n which m a k e s use of t he r -
m o d y n a m i c s of i r r eve r s ib l e p rocesses t h a t m a y b e re-
g a r d e d as smal l d e v i a t i o n s f r o m an e q u i l i b r i u m s t a t e 
[ 4 ] . T h i s c o m p a r i s o n r e su l t s in ce r t a in r e s t r i c t ions 
on t h e n u m b e r a n d c h a r a c t e r of the re laxa t ion 
f u n c t i o n s . 

P o l y n o m i a l c o n s t i t u t i v e e q u a t i o n s can p r o v e of 
g r ea t u t i l i t y in cases of m a t e r i a l s w i th a smal l n u m -
be r of r e l axa t ion t imes , a n d / o r w h e r e t h e m a t e r i a l 
b e h a v i o r is of i n t e r e s t in a r e s t r i c t ed t i m e r ange . I n 
th i s e v e n t on ly a smal l n u m b e r of t e r m s need b e 
r e t a i n e d in t h e e q u a t i o n t h u s r educ ing it f r o m an 
in tegra l to a d i f f e r e n t i a l f o r m which is eas ier to t r e a t 
by s t a n d a r d ana ly t i ca l m e t h o d s . 

In a second p a r t of th i s p a p e r , S t r e s s - s t r a in - t em-
p e r a t u r e e q u a t i o n s gove rn ing t h e l inear r e sponse of 
p r e s t r a i n e d v iscoelas t ic m e d i a to t r a n s i e n t t e m p e r a -
tu re s a r e d e v e l o p e d f r o m m a t h e m a t i c a l and t h e r m o -
d y n a m i c p r inc ip les . 

A c o n s t i t u t i v e e q u a t i o n , in p o l y n o m i a l fo rm, is 
f i rs t g iven for in i t ia l ly i so t rop ic v iscoelas t ic m a -
te r ia l s s u b j e c t e d to smal l t i m e d e p e n d e n t t e m p e r a -
t u r e c h a n g e s in t h e p r e s e n c e of la rge s ta t ic d e f o r m a -
t ions. A p a r t i c u l a r p o l y n o m i a l f o r m in t h e o b j e c t i v e 
t i m e - d e r i v a t i v e s of s tress, s t ra in and t e m p e r a t u r e is 
a s s u m e d which, in t h e i so the rma l case, can b e m a d e 
e q u i v a l e n t by a l imi t ing process to t h e f u n c t i o n a l 
f o r m of C o l e m a n and Noll [1 ] , 

T h e resu l t ing c o n s t i t u t i v e e q u a t i o n is such t h a t t h e 
s t ress s t a t e a t a po in t is u n i q u e l y r e l a t ed to t h e de-
f o r m a t i o n and t e m p e r a t u r e t h r o u g h twe lve " m e c h a n i -
ca l " and t h r e e " t h e r m a l " re laxa t ion func t ions . Bio t ' s 
1.4] t h e r m o d y n a m i c c o n s t i t u t i v e equa t ion for i so ther-
ma l b e h a v i o r of m a t e r i a l s is a p a r t i c u l a r case of t h e 
o n e given here . 

1. B. D . C o l e m a n and W. Noll , R e v i e w s of M o d e r n 
Phys ics , 33, 239-249 ( 1 9 6 1 ) . 

2. A. C. P i p k i n a n d R . S. Riv l in , Arch. R a t . M e c h . 

Anal . , 8, 297-308 ( 1 9 6 1 ) . 

3. G . Lianis , Un . of W a s h i n g t o n , D e p t . Aero . Eng . , 
R e p o r t 63-4 ( 1 9 6 3 ) . 

4. R . A. S c h a p e r y , J o u r n a l A p p . Phys ics , 35, 1451-
1465 ( 1 9 6 4 ) . 

5. M . A. Bio t , J . App l . Mech . , 26, 393 -400 ( 1 9 5 9 ) . 
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N e t w o r k P o l y m e r s A u d i t o r i u m 

C h a i r m a n : D r . D . J . P l a z e k 

"Mechanical Losses and Network Structure in Cross-
Linked Rubbers," J O H N D . F E R R Y , R A Y A . D I C K I E , 

R A L P H G . M A N C K E , a n d E T S U J I M A E K A W A , D e p a r t -

m e n t of C h e m i s t r y , U n i v e r s i t y of Wiscons in , M a d i s o n , 
Wiscons in 

Viscoe las t ic p r o p e r t i e s of c ross- l inked r u b b e r s re-
vea l slow re laxa t ion m e c h a n i s m s wi th r e l axa t ion t i m e s 
m u c h too long to a t t r i b u t e to con f igu ra t i ona l r e a r -
r a n g e m e n t s wi th in ind iv idua l n e t w o r k s t r a n d s on t h e 
basis of p r e s e n t m o l e c u l a r theor ies ; t h e source of 
t hese m e c h a n i s m s is c u r r e n t l y be ing sough t in severa l 
l abora to r ies . W e h a v e m e a s u r e d d y n a m i c p r o p e r t i e s 
of n a t u r a l r u b b e r s a n d p o l y b u t a d i e n e s cross- l inked 
wi th su l fu r a n d d i c u m y l peroxide . T h e loss modu lus , 
loss compl i ance , a n d loss t a n g e n t a re h ighe r a t low 
f r e q u e n c i e s t han would b e p r ed i c t ed f r o m t h e B u e c h e 
or R o u s e - M o o n e y theor ies , r e f l ec t ing some v e r y slow 
re laxa t ion processes . T h e m a g n i t u d e of t h e loss t an -
gen t increases wi th dec reas ing dens i t y of cross- l ink-
ing; increases w i th increas ing p ropo r t i on of loose 
s t r and ends (i.e., dec reas ing ini t ia l m o l e c u l a r we igh t 
p r io r to v u l c a n i z a t i o n ) ; a n d is h igher for s u l f u r t h a n 
for d i cumyl pe rox ide vu l can i za t e s u n d e r c o m p a r a b l e 
condi t ions . T h e poss ib le roles of f r ee -end s t r ands and 
s t r and e n t a n g l e m e n t s in th i s behav io r a r e discussed. 

"Dilatometry of Cured Gum Elastomers," W . E . 
WOLSTENHOLME, U. S. R u b b e r C o m p a n y , W a y n e , 
N e w J e r s e y 

T h e v o l u m e changes t h a t occur d u r i n g un id i r ec t iona l 
s t r e t ch ing of vu lcan ized g u m e l a s t o m e r s were m e a s -
ured wi th a wa te r - f i l l ed s t r e t ch ing d i l a t o m e t e r c a p a b l e 
of m e a s u r i n g v o l u m e changes of 10 ° cc in a t h e r m o -
s t a t t e d wa te r b a t h m a i n t a i n e d at 35° or 0 ° C to ± 
.015°C. M e a s u r e m e n t s were m a d e on f ive g u m stocks 
w i th e l a s t o m e r s of n a t u r a l r u b b e r , ch lo roprene , po ly-
i sobu ty lene , and two n i t r i l e - b u t a d i e n e po lymers . 

"Mechanical Behavior of Polymers and Adhesive Joint 
Strengths. I. Amine-Cured Epoxy Resin," ARMAND 
F . L E W I S a n d W A L L A C E B . R A M S E Y , P l a s t i c s a n d 

R e s i n s Div is ion and C e n t r a l R e s e a r c h Divis ion , 
Amer i can C y a n a m i d C o m p a n y , S t a m f o r d , C o n n e c t i c u t 

T h e bu lk mechan ica l p rope r t i e s of a typ ica l t h e r m o -
se t t i ng a d h e s i v e resin a r e examined in view of meas -
u red adhes ive jo in t s t reng ths . S t a t e of cu re a n d 
t e m p e r a t u r e a re used to vary the rheological s t a t e of 
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t h e resin whi le t h e c h a n g e s in s t a t e a r e obse rved by 
m e a s u r i n g d y n a m i c m e c h a n i c a l p rope r t i e s , t ens i l e 
s t ress -s t ra in b e h a v i o r of b u l k s p e c i m e n s as well a s 
shea r a n d f l exura l s t r eng ths . In an in i t ia l ana lys i s no 
d i rec t co r re la t ion b e t w e e n b u l k m e c h a n i c a l p r o p e r t i e s 
and a d h e s i v e j o i n t s t r e n g t h s is o b s e r v e d . H o w e v e r , 
if t h e in i t ia l po r t ion of t h e t ens i l e s t ress-s t ra in c u r v e 
for t h e b u l k resin in t h e glassy s t a t e is r e g a r d e d as 
be ing iden t i ca l to t h e s t ress-s t ra in b e h a v i o r wh ich 
t h e resin u n d e r g o e s in an a d h e s i v e t ens i l e j o i n t d u r i n g 
f r a c t u r e , t h e d a t a show t h a t t h e a r ea u n d e r t h e s tress-
s t r a in c u r v e b e t w e e n s t ress e q u a l to ze ro a n d s t ress 
e q u a l to t h e adhes ion t ens i l e s t r e n g t h ( A T S ) m a y be 
i n t e r p r e t e d as t h e a d h e s i v e j o i n t f r a c t u r e ene rgy , U a . 
I l l u s t r a t i ng th is , a p lo t of A T S vs. ( E U a ) V a , w h e r e 
E is t h e e l a s t i c m o d u l u s ( s l o p e of s t ress -s t ra in c u r v e 
a t 0 % e l o n g a t i o n ) , y i e ld s a s t r a i g h t l ine as p r e d i c t e d 
by t h e G r i f f i t h f r a c t u r e t heo ry . T h e n a t u r e of f r ac -
t u r e in t h e t r ans i t i on zone a n d r u b b e r y region of t h e 
p o l y m e r is d i scussed in v iew of th i s resu l t . 

"The Relation of the Small-Strain Loss Compli-
ance to the Ultimate Elongation Capability of an 
Amorphous Elastomer," ROBERT F . LANDEL, J e t 
P r o p u l s i o n L a b o r a t o r y , Ca l i fo rn i a I n s t i t u t e of T e c h -
nology, P a s a d e n a , C a l i f o r n i a 

I t will be shown t h a t t h e u l t i m a t e t ens i l e e longa-
t ion f | l of an a m o r p h o u s g u m e l a s t o m e r can be 
r e l a t ed to t h e e n e r g y d i s s ipa ted , e(¡, u n d e r smal l 
s t ra in d y n a m i c condi t ions . F o r a l i nea r ly v iscoelas t ic 
m a t e r i a l , h = " V p j / 3 "V J " w h e r e J " is t h e shea r 
loss c o m p l i a n c e . If j is sens ib ly c o n s t a n t , t h e t i m e 
d e p e n d e n c e of f | ) should be t h e s a m e as t h a t of J " . 
F o r a real , non - l i nea r m a t e r i a l , howeve r , t h e t i m e 
d e p e n d e n c e of t h e s e t w o q u a n t i t i e s will n o t b e iden-
t ical , b u t n e v e r t h e l e s s t h e y should b o t h m a x i m i z e a t 
t h e s a m e t i m e va lue . T h i s is c o n f i r m e d by s tud ies 
on t h r e e S B R e l a s t o m e r s and by l i t e r a t u r e d a t a on 
c a r b o x y - t e r m i n a t e d b u t a d i e n e a n d b u t y l e l a s t o m e r s 
a n d an epoxy resin . T h e d e p e n d e n c e of th i s m a x i m u m 
v a l u e of f h on cross l ink dens i t y is i n t e r p r e t e d w i th 
t h e a id of t h e t heo r i e s of M a r v i n and B u e c h e for t h e 
v iscoelas t ic b e h a v i o r of c ross l inked sys tems . 

"The Statistical Distribution of Ultimate Properties 
of an SBR Elastomer as a Function of Cross-Link 
Density," R O B E R T F . F E D O R S a n d R O B E R T F . L A N D E L , 

J e t P r o p u l s i o n L a b o r a t o r y , C a l i f o r n i a I n s t i t u t e of 
T e c h n o l o g y , P a s a d e n a , Ca l i fo rn i a 

F i v e s a m p l e s of su l fu r - cu red S B R were p r e p a r e d w i th 
cross- l ink dens i t i e s wh ich var ied by a f a c t o r of 20. 
F i f t y s p e c i m e n s of each s a m p l e w e r e t e s t ed at 
5 " / m i n . a t 23°C , a n d t h e s ta t i s t i ca l d i s t r i bu t i ons of 
t h e b r e a k i n g s t r e n g t h a n d b r e a k i n g s t r a in w e r e de t e r -
m i n e d as a func t i on of t h e cross- l ink dens i ty . T h e 
d i s t r i bu t i ons w e r e a d e q u a t e l y desc r ibed by e x t r e m e 
v a l u e s t a t i s t i c s t hough t h e n u m b e r of s p e c i m e n s was 
too smal l to p r o v i d e a c lea r -cu t choice b e t w e e n a 
W e i b u l l and d o u b l e e x p o n e n t i a l d i s t r i bu t ion . T h e 
d o u b l e exponen t i a l f o rm was e m p l o y e d , so t h a t t h e 

c u m u l a t i v e d i s t r i b u t i o n f u n c t i o n <I> is given as 

<l>(x) = 1 - e x p [ —exp | ( S / y X o ) (x - x * ) J ] 

w h e r e x r e p r e s e n t s e i t h e r or F ; x„ i nd i ca t e s t h e 
m a x i m u m v a l u e of t h e d i s t r i b u t i o n a n d x* t h e m o s t 
p r o b a b l e va lue ; y a n d § a r e p a r a m e t e r s of t h e 
d i s t r i b u t i o n of f laws. T h e v a l u e of o-* pas ses t h r o u g h 
a m a x i m u m a n d e* dec reases m o n o t o n i c a l l y w i th in-
c reas ing "Ke, as n o r m a l l y obse rved w h e n only s ingle 
s p e c i m e n s of a p o p u l a t i o n a re b roken . T h e q u a n t i t y 
Sye» also decreases w i th inc reas ing y e , t h r o u g h less 
r a p i d l y t han whi le S/y<7" increases m o n o t o n i c a l l y 
and a p p a r e n t l y does no t pass t h r o u g h a m a x i m u m . 
T h e s e d e p e n d e n c i e s a r e d i scussed in t e r m s of var ious 
theor ies of u l t i m a t e p r o p e r t i e s . 

"Some Experimental Observations On The Stored 
Energy Function For Small Values of Strain Invari-
ants," A N T H O N Y S A N M I G U E L , J O I E P I E R C E J O N E S , 

ROBERT F . LANDEL, J e t P r o p u l s i o n L a b o r a t o r y , Ca l i -
fo rn ia I n s t i t u t e of Techno logy , P a s a d e n a , C a l i f o r n i a 

In o rde r to e v a l u a t e t h e s tored e n e r g y f u n c t i o n , W, 
for e l a s t o m e r i c ma te r i a l s , b iaxia l e x p e r i m e n t s m u s t 
b e m a d e . P r e v i o u s biaxial t e s t e r s d e v e l o p e d a t th i s 
L a b o r a t o r y h a v e consis ted of an i n f l a t e d cy l inder de-
vice ( R e f . 1) a n d a b iaxia l shee t t e s t e r ( R e f . 2 ) . 
A second shee t t e s t e r has now been d e v e l o p e d which 
a p p l i e s u n e q u a l , i n d e p e n d e n t loadings to t h e t w o 
p r inc ipa l axes of t h e sheet . 

T h e m a x i m u m s t r a in c a p a b i l i t y of t h e t e s t e r is 
5 0 % for a 6 " by 6 " by 0 . 1 " shee t . T h e s p e c i m e n 
is g r i p p e d by smal l p ins pass ing t h r o u g h r e in fo rced 
holes. A s e l f - c o m p e n s a t i n g c ross -s t re tch ing m e c h a n i s m 
a l igns t h e gr ips in o rde r to m a i n t a i n a r e a s o n a b l y 
h o m o g e n e o u s s t ra in f ie ld . 

S o m e p r e l i m i n a r y resu l t s a re p r e s e n t e d for a po ly-
u r e t h a n e e l a s tomer . T h e s e resu l t s a r e a n a l y z e d wi th -
ou t m a k i n g t h e a s s u m p t i o n t h a t t h e e l a s t o m e r is in-
compress ib l e , a f a c t which m o d i f i e s t h e ana lys i s of 
mu l t i - ax i a l or la rge s t ra in behav io r . In pa r t i cu l a r , 
t hese r e su l t s show t h a t t h e t e r m 5 W / 5 L , w h e r e . I s is 
t h e t h i r d s t ra in i nva r i an t , has a s ign i f i can t v a l u e 
in t h e r ea lm of smal l s t ra in inva r i an t s . 

T h e resu l t s f r o m t h e b iaxia l shee t t e s t e r a re also 
shown to b e cons i s t en t w i th t h o s e o b t a i n e d f r o m an 
in f l a t ed cy l inder of t h e s a m e ma te r i a l . F ina l ly , t h e 
va r i a t ion of t h e pa r t i a l de r iva t i ve s of t h e s to red en-
ergy, W, w i th r e spec t to t h e t h r e e s t r a in i n v a r i a n t s 
is d iscussed . 

1. S A N M I G U E L , A . a n d R . H . S I L V E R , "A Normal-In-

cidence Reflective Polariscope for Viscoelastic Meas-
urements," p r e s e n t e d to t h e Soc ie ty for E x p e r i m e n t a l 
S t r e s s Analysis , Sa l t L a k e Ci ty , U t a h , M a y 1964. 

2 . B E C K E R , G . W . a n d R . F . L A N D E L , "An Apparatus 

for Biaxial Stress Relaxation Measurements of Rub-
ber-Like Materials Under Large Deformations," p r e -
sen t ed to the Div is ion of H i g h P o l y m e r Phys ic s , 
P h i l a d e l p h i a , P e n n s y l v a n i a , M a r c h 1964. 
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G e n e r a l P a p e r s C o n f e r e n c e R o o m 
C h a i r m a n : M r . R . F . K r a t z 

"The Time-Dependent Visible Dichroism of Dyed 
Polymer Films," R . Y A M A D A , Y . S H I N D O , K . K A W A I 

a n d R . S. STEIN, P o l y m e r R e s e a r c h I n s t i t u t e , U n i v e r -
s i ty of M a s s a c h u s e t t s , A m h e r s t , Mass . 

T h e c h a n g e s in v is ib le d ichro ism, b i r e f r i n g e n c e , 
a n d m o d u l u s a re s i m u l t a n e o u s l y obse rved for dyed 
p o l y m e r f i l m s such as po lyv iny l a lcohol a n d nylon—6, 
d u r i n g re laxa t ion a t c o n s t a n t l eng th a n d d u r i n g v ib ra -
t iona l s t ra in . R e s u l t s a r e i n t e r p r e t e d acco rd ing to t h e 
m e t h o d of C h a p p e l in wh ich t h e d i ch ro i sm r a t i o 
[ ( D - l ) / ' ( D + 2 ) ] is a s s u m e d p r o p o r t i o n a l to t n e or i-
e n t a t i o n f u n c t i o n of t h e a m o r p h o u s reg ions whi le t h e 
b i r e f r i n g e n c e is p r o p o r t i o n a l to t h e t o t a l o r i e n t a t i o n 
of bo th c rys t a l l i ne a n d a m o r p h o u s regions. M e a s u r e -
m e n t s on congo-red d y e d n y l o n - 6 i n d i c a t e t h a t t h e 
c rys t a l l i ne o r i e n t a t i o n dec reases w i t h t i m e a n d in-
c reases wi th f r e q u e n c y , whe rea s t h e a m o r p h o u s o r ien-
t a t ion increases w i th t i m e a n d d e c r e a s e s w i th f r e -
q u e n c y a t shor t t imes . T h e d a t a a r e bes t i n t e r p r e t e d 
in t e r m s of a d i s t r i b u t e d c rys ta l d e f e c t mode l whe re 
t h e in i t ia l s t r a in is t r a n s m i t t e d t h r o u g h a c o n t i n u o u s 
c rys t a l l i ne m a t r i x a n d s u b s e q u e n t r e l axa t ion resu l t s 
in a re laxa t ion of t h i s c rys t a l l i ne o r i e n t a t i o n w i th a 
r ed i s t r i bu t ion of s t ra in r e s u l t i n g in inc reased a m o r -
p h o u s o r i e n t a t i o n . 

"Rheo-Optical Studies of Polymers," W . R . HAAF 
a n d D . G. LEGRAND, G e n e r a l E l e c t r i c R e s e a r c h L a b -
ora to ry , S c h e n e c t a d y , N e w Y o r k 

M o s t s tud ies a n d theor ies of t h e m e c h a n i s m s of s t ress 
r e l axa t ion in p o l y m e r s a b o v e t h e i r glass t r ans i t i on 
sugges t c o n f i g u r a t i o n a l c h a n g e s of p o l y m e r mo lecu l e s 
as t h e p r i m a r y cause . In r e c e n t rheo-op t i ca l s t ud i e s 
of p o l y e t h y l e n e , we o b s e r v e d t h a t dens i t y f l u c t u a t i o n 
changes occur , wh ich a p p e a r e d to b e d i r ec t ly r e l a t e d 
to t h e re laxa t ion of stress.1 W e h a v e f o u n d f r o m re lax-
a t i o n s tud ies of l ight s c a t t e r i n g a n d b i r e f r i n g e n c e t h a t 
s imi la r p h e n o m e n a occur in po lyv iny l ch lo r ide a n d 
po lys ty r ene . T h e s e s tud ies sugges t t h a t n o t on ly con-
f i gu ra t i ona l b u t dens i t y changes wh ich occur d u r i n g 
re laxa t ion m u s t b e e x p l a i n e d in a n y t h e o r y for re laxa-
t ion of d e f o r m e d p o l y m e r s . 

W e will p r e s e n t r e su l t s of ou r s t ud i e s on p o l y e t h y -
lene, po lyv iny l ch lo r ide a n d p o l y s t y r e n e . 
1 L e G r a n d , D . G. a n d H a a f , W . R., J . Po ly . Sci. C, 
5, 153-161 ( 1 9 6 4 ) . 

"Experimental Study of the Flow of Two-Phase Sys-
tems At High Temperature," D . R . AXELRAD, M c G i l l 
Un ive r s i t y , M o n t r e a l , Quebec . 

T w o - p h a s e s y s t e m s cons is t ing of a ha rd pa r t i c l e 
p h a s e which is d i spe r sed in a sof t m e t a l b i n d e r h a v e 
been inves t iga t ed by t h e a u t h o r bo th ana ly t i ca l ly a n d 
e x p e r i m e n t a l l y . P r e v i o u s p u b l i c a t i o n s w e r e c o n c e r n e d 
wi th t h e f o r m u l a t i o n of t h e s t r e s s -de fo rma t ion re la -
t ion of such m a t e r i a l s w h e n s u b j e c t e d to cons t an t loads 
in an i so t h e rma l t e m p e r a t u r e f ie ld ; t h i s p a p e r dea ls 

w i th t h e desc r ip t ion of t h e a p p a r a t u s e m p l o y e d for t h e 
p e r f o r m a n c e of m e c h a n i c a l t e s t s ( u n i - a x i a l ) on speci-
m e n s of t h e s e ma te r i a l s . I n pa r t i cu l a r , a n e w p h o t o -
e lec t r i c -op t ica l m e t h o d is desc r ibed in s o m e de ta i l , 
wh ich has been used for t h e d i r e c t m e a s u r e m e n t of 
d e f o r m a t i o n s in t h e high t e m p e r a t u r e f ie ld ( u p to 
2 0 0 0 ° C ) . 

T h e s t r a i n - t i m e g r a p h s o b t a i n e d f r o m s h o r t - t i m e 
c r e e p t es t s of some of these m a t e r i a l s a re given and 
f u t u r e d e v e l o p m e n t s to ob t a in m o r e e x p e r i m e n t a l 
da t a on t h e m i c r o - m e c h a n i c s invo lved a r e ind ica t ed . 
S u c h da t a will be r e q u i r e d for a m o r e p rec i se f o r m u -
lat ion of t h e the rmo- rheo log ica l b e h a v i o r of such 
ma te r i a l s . 

"Viseoelastic Relaxation Mechanism of the Polyphos-
phorylamides," A . E I S E N B E R G a n d L . T E T E R , D e p a r t -

m e n t of C h e m i s t r y , U n i v e r s i t y of Ca l i fo rn ia , Los 
Ange les 

T h e p o l y p h o s p h o r y l a m i d e s , t h e r e p e a t u n i t of which 

P 
- P - O -

CH :1 - N - C H 3 

a re s u b j e c t to r a n d o m reo rgan iza t ion a n d b o n d in te r -
change a t e l eva t ed t e m p e r a t u r e s , b u t in solut ion a t 
low t e m p e r a t u r e s t h e y b e h a v e l ike p e r f e c t l y n o r m a l 
o rgan ic po lymers . T h u s , in t h e glass t r ans i t i on region, 
t h e f low o r re laxa t ion m e c h a n i s m m a y be e i t h e r bond 
i n t e r c h a n g e or m o l e c u l a r s l ippage . As a r e su l t of an 
inves t iga t ion of t h e v i seoe las t ic p r o p e r t i e s of th i s 
m a t e r i a l of d i f f e r e n t P : N ra t ios ( t h e r e f o r e of dif -
f e r ing cha in l e n g t h s ) by t h e t e c h n i q u e of s t ress re-
laxa t ion i t is conc luded t h a t t h e re laxa t ion m e c h a n i s m 
is m o l e c u l a r s l ippage . 

"Stress Dependence of Poisson's Ratio and of the 
Softening Temperature of Plastics," LAWRENCE E . 
NIELSEN, M o n s a n t o C o m p a n y , S t . Louis , Mi s sou r i 

Po i sson ' s ra t io was m e a s u r e d on a v a r i e t y of p las -
t ics as a f u n c t i o n of load u p to 4 0 0 0 psi . Po i sson ' s 
ra t io gene ra l ly r e m a i n e d c o n s t a n t or dec reased s l ight ly 
w i th load. H o w e v e r , w i th c r azed po lyb lends , t h e ra t io 
d ras t ica l ly dec reased w i th b o t h load a n d t i m e ; t h e 
v a l u e dec reased f r o m 0.35 to 0.15 in some cases. 
T h e low v a l u e can b e exp la ined by t h e f o r m a t i o n 
of c racks p e r p e n d i c u l a r to t h e d i rec t ion of t h e ap -
p l ied tens i le s t ress . 

I t has been shown t h a t t h e lower ing of t h e h e a t 
d i s to r t ion or so f t en ing t e m p e r a t u r e w i th s t ress of 
mos t p las t ics can no t b e exp la ined by t h e lower ing 
of t h e glass t r ans i t i on t e m p e r a t u r e d u e to an in-
c reased v o l u m e because Po i sson ' s r a t i o is less t h a n 
0.5. In s t ead , t h e lower ing of t h e so f t en ing t e m p e r a t u r e 
can b e exp la ined in t e r m s of t h e s h a p e of t h e m o d u l u s 
versus t e m p e r a t u r e curve . T h e n e w theo ry agrees 
q u i t e well w i th t h e e x p e r i m e n t a l va lues . M a t e r i a l s 
wi th low modu l i a n d a b road so f t en ing r a n g e h a v e a 
h e a t d i s to r t ion t e m p e r a t u r e which is s t rong ly d e p e n -
d e n t u p o n t h e load. 
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"Kinetic Interpretation of Non-Newtonian Flow," 
R . S . B R O D K E Y , D A L E A . D E N N Y , a n d H . T . K I M , 

D e p a r t m e n t of C h e m i c a l E n g i n e e r i n g , Ohio S t a t e 
U n i v e r s i t y , C o l u m b u s , O h i o 

A gene ra l t heo re t i ca l a p p r o a c h to t h e r a t iona l i za -
t ion of O s t w a l d - t y p e f low b e h a v i o r has been deve l -
oped . I t is b a s e d on t h e a s s u m p t i o n t h a t a r eve r s ib le 
chemica l or phys ica l c h a n g e is t a k i n g p lace , t h e ex-
t e n t of wh ich is i nd i ca t ed by a c h a n g e in t h e viscosi ty . 
T h e m e t h o d s of chemica l k ine t i c s a re used to r e n d e r 
t h e t heo ry q u a n t i t a t i v e . T h e t h e o r y is d i r ec t ly app l i c -
a b l e to p u r e ma te r i a l s , e.g. p o l y m e r me l t s , wh ich ex-
h ib i t O s t w a l d b e h a v i o r w i th or w i t h o u t t h ixo t rop i c 
e f fec t s . I t has been m o d i f i e d for use w i th two-com-
p o n e n t sys t ems , e.g. w a t e r so lu t ions of po lymers . W h i l e 
a s a t i s f ac to ry cor re la t ion of d a t a has been o b t a i n e d 
for t h e t w o c o m p o n e n t s tud ies , t h e r e su l t s fo r p u r e 
ma te r i a l s , t hough encourag ing , m u s t r e m a i n t e n t a t i v e 
un t i l r e l i ab l e t i m e - d e p e n d e n t d a t a can be o b t a i n e d . 

1 : 4 5 - 4 : 0 0 p .m. S E S S I O N I — 
V i s c o s i t y - S t r u c t u r e R e l a t i o n s A u d i t o r i u m 
C h a i r m a n : Dr . E . A. Col l ins 

"The Dependence of the Zero Shear Melt Viscosity 
and the Related Friction Coefficient and Critical 
Chain Length On Measurable Characteristics of Chain 
Polymers," T . G . F o x , M e l l o n I n s t i t u t e , P i t t s b u r g h , P a . 

E m p i r i c a l r e l a t ionsh ips wh ich a p p e a r to a p p l y gen-
era l ly r e l a t i n g t h e N e w t o n i a n viscosi ty c o e f f i c i e n t of 
c o n c e n t r a t e d a m o r p h o u s p o l y m e r s y s t e m s to t h e ave r -
age d i m e n s i o n s of t h e p o l y m e r coil a n d to t h e v o l u m e 
a v a i l a b l e to t h e c h a i n s a r e i nd i ca t ed by s y s t e m a t i c 
s t ud i e s on wel l c h a r a c t e r i z e d f lex ib le cha in p o l y m e r s . 
A v a i l a b l e JT-Z-T d a t a for a w i d e v a r i e t y of wel l de-
f i n e d l inear a n d b r a n c h e d p o l y m e r s a n d p o l y m e r -
d i l uen t m i x t u r e s a r e wel l r e p r e s e n t e d by th single 
e q u a t i o n 

/ X \ a 

7/ = 4.8 X 10s ( 1 
V 4 .7 10 13 / 

a = 3.4 for X > 4 . 7 X 1 0 1 5 

a = 1.0 f o r X < 4 .7 X 10 15 

H e r e X = ^ ^ <I>,( w h e r e is t h e u n p e r -

t u r b e d m e a n - s q u a r e r a d i u s of gyra t ion of t h e m a c r o -
molecules , v a t h e v o l u m e p e r cha in a t o m , a n d <I>i t h e 
v o l u m e f r a c t i o n of p o l y m e r ; va lues of t h e f r i c t i o n 
f ac to r p e r cha in a t o m , f , c o m p u t e d f r o m viscos i ty d a t a 
by th i s e q u a t i o n a g r e e w i t h i n d e p e n d e n t l y d e t e r m i n e d 
va lues in t h e l i t e ra tu re . T h i s r e su l t c o n f i r m s B u e c h e ' s 
t h e o r y for t h e viscosi ty of sho r t cha ins a n d s u p p o r t s 
h is t h e o r y for t h e viscosi ty of long cha in m a c r o m o l e -
cules. A t t e m p t s to p r o v i d e a s ingle genera l r e l a t ion -
sh ip to expres s f - T d a t a for d i f f e r e n t sys tems , over 
w i d e r anges of t e m p e r a t u r e and s t ruc tu r e , i nc lud ing 
t h e t y p e a n d c o n c e n t r a t i o n of d i l uen t p r e s e n t , h a v e no t 
been successfu l . 

"A Comparison of Some Flow Properties of Linear 
and Tetrachain Branched 'Monodisperse' Polystyrene," 
D . P . W Y M A N a n d W . J . F R A Z E R , M a r b o n C h e m i c a l 

Divis ion , B o r g - W a r n e r C o r p o r a t i o n , W a s h i n g t o n , W e s t 
Vi rg in ia and L . J . ELYASH, M e l l o n I n s t i t u t e , P i t t s -
b u r g h 13, P a . 

A ser ies of l inea r a n d t e t r a c h a i n b r a n c h e d s ta r -
t y p e p o l y s t y r e n e s wi th n a r r o w cha in l eng th d i s t r i bu -
t ions a n d m o l e c u l a r w e i g h t s r ang ing b e t w e e n 1 - 5 X 
10" w e r e p r e p a r e d by an ion ic p o l y m e r i z a t i o n t ech -
n iques . M e l t v iscos i t ies of t h e s e p o l y m e r s w e r e m e a s -
u red a t v a r y i n g shea r r a t e s in a cap i l l a ry r h e o m e t e r . 
At c o m p a r a t i v e l y low shear r a t e s ( 0 - 5 0 sec " ') a t e t r a -
cha in s t a r - t y p e p o l y m e r e x h i b i t e d a s ign i f i can t ly lower 
v iscos i ty t h a n a l inear p o l y m e r of t h e s a m e to ta l 
m o l e c u l a r we igh t . As t h e r a t e of shea r was increased , 
however , t h e l inea r and b r a n c h e d p o l y m e r s of t h e t o t a l 
m o l e c u l a r w e i g h t showed ve ry nea r ly t h e s a m e m e l t 
viscosi t ies . N o t on ly did v iscos i ty a p p e a r to b e inde-
p e n d e n t of b r a n c h i n g a t h igh shea r ra tes , b u t it also 
t e n d e d to b e c o m e i n d e p e n d e n t of m o l e c u l a r we igh t in 
t h e r a n g e 1 - 5 X 105. M e l t v iscos i ty d a t a for bo th t h e 
l inea r a n d b r a n c h e d n a r r o w d i s t r i b u t i o n p o l y m e r s 
w h e n p l o t t e d in t h e f o r m of r e d u c e d viscosi t ies vs a 
f u n c t i o n of s h e a r r a t e ( a s sugges ted by B u e c h e ) fel l 
u p o n o n e " m a s t e r c u r v e " . 

"Solution and Bulk Properties of Branched Polymers," 
G . C . B E R R Y . 

S o m e e x p e r i m e n t a l a n d theore t i ca l s t ud i e s on t h e 
so lu t ion a n d b u l k p r o p e r t i e s of m o d e l b r a n c h e d 
p o l y m e r s will be r ev i ewed . In pa r t i cu l a r , t h e solut ion 
a n d b u l k viscosi t ies of c o m b - s h a p e d po lyv iny l ace-
t a t e s a n d of s t a r - s h a p e d p o l y s t y r e n e s of k n o w n s t ruc -
t u r e s will be discussed. O t h e r solut ion p r o p e r t i e s will 
also b e cons ide red b r i e f ly . T h e o r e t i c a l ca l cu la t ions 
p e r t i n e n t to t h e u n d e r s t a n d i n g of these p r o p e r t i e s will 
b e a l l u d e d to as r equ i r ed . 

B u e c h e ' s ca lcu la t ion for t h e m e l t v iscosi ty rj of 
b r a n c h e d c h a i n s w i th i n t e r c h a i n e n t a n g l e m e n t y ie lds 
t h e r e su l t V h r / v g 3 B , whe re g < 1 is t h e ra t io of 
t h e rad i i of b r a n c h e d a n d l inear chains . E x p e r i m e n t s 
on m o d e l s t a r - shaped b r a n c h e d p o l y s t y r e n e c o n f i r m 
th is r e su l t whe rea s s tud i e s on m o d e l c o m b - s h a p e d 
a n d r a n d o m l y b r a n c h e d p o l y m e r s do no t . T h e l a t t e r , 
in f ac t , y ie ld 77 b f / r j ^ > 1 for some s t ruc tu res . 
Poss ib l e reasons for th i s d i f f e r e n c e will be cons idered . 

Ce r t a in ca lcu la t ions p r e d i c t t h a t t h e ra t io f e ( g ) = 
^ ^ b r ^ ^ I ^ ^ q a p p r o x i m a t e l y g' / j fo r some s t a r - shaped 

s t ruc tu res , in a p p r o x i m a t e a g r e e m e n t w i th e x p e r i m e n t . 
R e s u l t s on cer ta in mode l c o m b - s h a p e d po lymer s , how-
ever , do no t ag ree w i th th i s resul t . In pa r t i cu l a r , fo r 
t hese s t r uc tu r e s f ( g ) = [ ? ? ] b r / [ ? 7 ] ^ in good so lven t s 
is a p p r o x i m a t e l y g'A, b u t f e ( g ) is nea r l y g s a. 
Poss ib l e reasons for t h e d i f f e r e n c e b e t w e e n f e ( g ) 
fo r s ta r a n d c o m b - s h a p e d p o l y m e r s will be d i scussed 
in t e r m s of the d i f f e r e n c e s in t h e s e g m e n t dens i t y 
d i s t r ibu t ion f o r t hese s t ruc tu re s . 
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"The E f f e c t of Branching on the Melt Rheology of 
Polyethylene," L . B O G H E T I C H a n d R . F . K R A T Z , R e -

sea rch D e p a r t m e n t , K o p p e r s Co., Inc. , M o n r o e v i l l e , 
P e n n s y l v a n i a 

L i n e a r a n d b r a n c h e d e t h y l e n e p o l y m e r s w e r e ex-
a m i n e d in a c a p i l l a r y r h e o m e t e r w i t h cap i l l a r i e s of 
L / D r a t i o s in excess of 60 a n d a t t e m p e r a t u r e s of 
175° t o 2 5 0 ° C . T h e p o l y m e r s se l ec ted h a v e t h e fo l low-
ing c h a r a c t e r i s t i c s : i d e n t i c a l n u m b e r - a v e r a g e m o l e c u -
lar we igh t s ; w e i g h t - a v e r a g e m o l e c u l a r w e i g h t s of 
120,000 to g r e a t e r t h a n 1 ,000 ,000; a n d b r a n c h i n g of 
nil t o t w e n t y b r a n c h e s p e r mo lecu l e . T h e u sua l cor-
r ec t i ons fo r s h e a r s t ress a n d s h e a r r a t e a r e cons ide r ed 
fo r t h e i r s i gn i f i cance a n d e f f e c t on t h e c a l c u l a t e d 
viscosi t ies . T h e c o r r e c t e d v iscos i t ies a r e e x p r e s s e d as 
f u n c t i o n s of t e m p e r a t u r e a n d s h e a r s t ress . T h e e m -
p i r i ca l c o r r e l a t i o n s of m o l e c u l a r we igh t , b r a n c h size, 
a n d b r a n c h f r e q u e n c y ( o r i n t e r - b r a n c h cha in l e n g t h ) 
wi th t h e p a r a m e t e r s of t h e v i scos i ty f u n c t i o n s a r e 
d i scussed in t h e l i gh t of e n t a n g l e m e n t t h e o r y a n d 
r e l axa t ion p h e n o m e n a . I t is c o n c l u d e d t h a t t h e e f f e c t s 
of long- a n d s h o r t - c h a i n b r a n c h e s on m e l t f l ow a r e 
o b s e r v a b l y d i f f e r e n t a n d d i s t i n g u i s h a b l e . 

1 : 4 5 - 4 : 0 0 p .m. S E S S I O N J — 

H y d r o d y n a m i c s of Viscoe las t i c F l o w 

C o n f e r e n c e R o o m 
C h a i r m a n : D r . J . L. W h i t e 

"Approximate Constitutive Equations for Viscoelastic 
Flows," A. C. PIPKIN, B r o w n U n i v e r s i t y 

C o n s t i t u t i v e e q u a t i o n s for v a r i o u s t y p e s of visco-
e las t ic f low a r e d iscussed . T h e a p p r o x i m a t e c h a r a c t e r 
of t h e s e e q u a t i o n s is e m p h a s i z e d . I t is p o i n t e d o u t 
t h a t t he cho ice of t he c o n s t i t u t i v e e q u a t i o n t o be used 
in a g iven f low p r o b l e m d e p e n d s s t r o n g l y on t h e t y p e 
of p r o b l e m cons ide red , a n d n o t m e r e l y on t he phys i ca l 
p r o p e r t i e s of t h e f lu id . I t is shown t h a t t h e i n s t a b i l i t y 
p a r a d o x f o u n d b y C o l e m a n , D u f f i n , a n d M i z e l can 
be i n t e r p r e t e d as an e r ro r of a p p r o x i m a t i o n . 

"Effect of Dilute Polymer Solute on the Boundary 
Layer," F . W. BOGGS 

T h e r e d u c t i o n of f lu id r e s i s t a n c e in p i p e s t h r o u g h 
t he use of p o l y m e r i c a d d i t i v e s ha s been k n o w n fo r 
s o m e t i m e , a n d ha s b e e n t h e s u b j e c t of n u m e r o u s 
s tud ies . ' - R e c e n t l y , i n t e r e s t ha s g r o w n in t he pos s ib l e 
use of th i s e f f e c t t o r e d u c e f l u i d d rag . T h i s p a p e r 
a ims t o exp la in s o m e of t h e s e e f f ec t s . 

I t is shown t h a t t h e second o r d e r f lu id l eads t o an 
e q u i v a l e n t of t h e O r r - S o m m e r f e l d e q u a t i o n which d i f -
f e r s p r e d o m i n a n t l y in t h e v isc id so lu t ion . T h i s mod i -
f ied viscid so lu t ion l eads t o d i f f e r e n t cond i t i ons of 
s t ab i l i t y fo r t h e b o u n d a r y l ayer . 

I t is a lso shown t h a t t h e t u r b u l e n t f ie ld is mod i -
f i ed . In p a r t i c u l a r , in t h e e q u a t i o n of e n e r g y t r a n s f e r 
b e t w e e n w a v e n u m b e r , t e r m s a r e p r e s e n t in t h e second 

d e r i v a t i v e s of t h e R e y n o l d s s t ress . T h i s l eads t o im-
p o r t a n t d i f f e r e n c e s in t h e u l t i m a t e d i s t r i b u t i o n of 
e n e r g y b e t w e e n w a v e n u m b e r s in t h e t u r b u l e n t f ie ld . 

B o t h of t h e s e e f f e c t s w o u l d l ead o n e t o e x p e c t 
i m p o r t a n t d i f f e r e n c e s in t h e s t r u c t u r e of t h e b o u n d a r y 
l a y e r of d i l u t e p o l y m e r so lu t ions , p a r t i c u l a r l y w h e r e 
t h e ve loc i ty g r a d i e n t s a r e la rge . 

1. D o d g e , D . W . a n d M e t z n e r , A. B., A m . In s t . C h e m . 
Eng . , 5, No . 2, p . 189 

2. F a b u l a , A. G. , P r e s e n t e d a t t h e F o u r t h I n t e r n a -
t i o n a l C o n g r e s s on R h e o l o g y , B r o w n U n i v e r s i t y 
1963. 

"Unsteady Flow Of An Oldroyd Fluid In A Circular 
Tube," I R W I N E T T E R a n d W . R . S C H O W A L T E R , D e -

p a r t m e n t of C h e m i c a l E n g i n e e r i n g , P r i n c e t o n U n i v e r -
s i ty , P r i n c e t o n , N e w J e r s e y 

S o l u t i o n s t o t h e e q u a t i o n of m o t i o n h a v e b e e n o b -
t a i n e d fo r a v i scoe las t i c f l u i d w h i c h o b e y s t h e O l d r o y d 
" t h r e e - c o n s t a n t " c o n s t i t u t i v e e q u a t i o n 

A, = 2 77. 

w h e r e 

i j + A ; 
S t " | - 8 t 

T i j = i j - c o m p o n e n t of t h e s t r e s s t e n s o r 

¿ j j = V2 ( v j j + v j j ) = t h e i j - c o m p o n e n t of t h e 

g r a t e of d e f o r m a t i o n t e n s o r 
— = t h e c o n v e c t e d t i m e d e r i v a t i v e 
St 

Vn,X1,X2 = c o n s t a n t s 

T h e so lu t ions a p p l y t o a f l u i d a t r e s t w h i c h a t ze ro 
t i m e is s u b j e c t e d t o 

( i ) a s t e p c h a n g e in p r e s s u r e g r a d i e n t 
or ( i i ) a s inuso ida l ly v a r y i n g p r e s s u r e g r a d i e n t . 

F r o m t h e s e r e su l t s o n e can p r e d i c t t h e r e s p o n s e of 
t he f lu id to a n a r b i t r a r y t i m e - d e p e n d e n t p r e s s u r e 
g r a d i e n t . C u r v e s a r e p r e s e n t e d which show how t h e 
f low of a v i scoe las t i c f lu id , when s u b j e c t e d to a s t e p 
c h a n g e in p r e s su re , can o v e r s h o o t t h e f i na l s t e a d y - s t a t e 
f low. A m p l i t u d e a n d p h a s e r e l a t i o n s h i p s b e t w e e n d i f -
f e r e n t v a r i a b l e s a r e p r e s e n t e d fo r a s i nuso ida l l y v a r y -
ing p r e s s u r e g r a d i e n t . 

C o m p a r i s o n s a r e m a d e w i t h a v a i l a b l e e x p e r i m e n t a l 
d a t a . 

"Finite Deformations Under Pressurization In An In-
finitely-Long, Thick-Walled, Elastic Cylinder Ideally 
Bonded To A Thin Elastic Case," J . H . BALTRUKONIS 
a n d R . N . VAISHNAV, T h e C a t h o l i c U n i v e r s i t y of 
Amer ica , , W a s h i n g t o n , D . C. 

U s i n g t h e t e n s o r - a n a l y t i c a p p r o a c h of G r e e n a n d 
Z e r n a , an expres s ion r e l a t i n g t h e i n t e r n a l p r e s s u r e in 
an in f in i t e ly - long , hol low, e l a s t i c cy l i nde r w i t h a t h in 
e las t i c cas ing to t h e g e o m e t r y of t h e cy l i nde r in t h e 
s t r a i n e d a n d u n s t r a i n e d s t a t e s ha s been de r ived . As-
s u m p t i o n of i n c o m p r e s s i b i l i t y is m a d e . T h e s t r a i n s in 
t he e las t i c case a r e a s s u m e d to b e i n f i n i t e s i m a l , 
whereas , as long a s t h e y a r e c o n s i s t e n t w i t h t h e a b o v e 
r e q u i r e m e n t , no r e s t r i c t ion is p l a c e d on t he m a g n i t u d e 
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of t h e s t r a ins in t h e cy l inder . T h e re su l t is spec ia l ized 
for t h e case of a M o o n e y m a t e r i a l fo r wh ich expres -
sions of s t resses a n d s t r a ins in t h e cy l inder a re also 
p r e s e n t e d . In t h e l a t t e r case, an add i t i ona l res t r i c t ion 
is p l aced on t h e m a g n i t u d e of t h e s t r a ins in t h e 
cy l inder ; n a m e l y , t h a t of b e i n g w i th in t h e l imi t s of 
va l id i ty of t h e M o o n e y express ion for t h e s t ra in 
ene rgy f u n c t i o n . T h e resu l t s of t h e ana lys i s a r e ap -
pl ied in t h e solut ion of a p rac t i ca l p r o b l e m and , in 
th i s case, t h e d i sc repanc ies b e t w e e n f i n i t e and in-
f i n i t e s ima l s t r a in t heo r i e s a r e discussed. 

W E D N E S D A Y , O C T O B E R 28 

9 : 0 0 a . m . - 1 2 : 1 5 p .m. S E S S I O N K — 

P h y s i c s a n d M e c h a n i c s of R a n d o m M e d i a . I. 
A u d i t o r i u m 

C h a i r m a n : Dr . Z. H a s h i n 

"Statistics ol Random Media," H . L. FRISCH, Bel l 
T e l e p h o n e L a b o r a t o r i e s , I n c o r p o r a t e d , M u r r a y Hi l l , 
N e w J e r s e y 

W e b r i e f ly ske tch t h e re la t ion b e t w e e n r a n d o m 
m e d i a a n d ce r t a in s tochas t ic processes . In pa r t i cu l a r , 
w e d e v e l o p t h e f u n d a m e n t a l i d e n t i t i e s sa t i s f ied by 
" t w o - p h a s e " r a n d o m m e d i a cor re la t ion and p robab i l i -
t y d e n s i t y f u n c t i o n s a n d give a p p l i c a t i o n s of t h e i r 
use in physics . W e then cons ider t h e ques t ion of whe-
t h e r a given cons i s t en t sub - f ami ly of p r o b a b i l i t y den-
sit ies m a y b e e x t e n d e d to ob t a in a s tochas t i c p rocess 
c h a r a c t e r i z i n g t h e r a n d o m m e d i u m . I n th i s connec-
t ion we d e f i n e and discuss " s y m m e t r i c " r a n d o m m e d i a . 
F i n a l l y , w e r ev i ew ce r t a in a spec t s of t h e " s ta t i s t i ca l 
g e o m e t r y " of r a n d o m subdiv i s ions of space in to crys-
ta ls , r a n d o m p a c k i n g s of spheres , pe r co l a t i on p rocesses 
in r a n d o m c rys ta l s a n d r a n d o m p l a n e n e t w o r k s . 

"Statistical Theory of Flow Through Porous Media," 
A D R I A N E . S C H E I D E G G E R , U n i v e r s i t y o f I l l i n o i s , U r -

b a n a , 111. 

T h i s p a p e r discusses t h e var ious a t t e m p t s a long t h e 
l ines of s ta t i s t i ca l m e c h a n i c s t h a t h a v e been m a d e 
to exp la in cer ta in p h e n o m e n a occu r r i ng in f low of 
f lu ids t h rough porous m e d i a . T h e l a t t e r concern pa r -
t i cu la r ly processes of mix ing of misc ib l e p h a s e s du r -
ing t h e i r passage t h r o u g h a p o r o u s m e d i u m . 

T h e s ta t i s t i ca l t heo r i e s t h a t can b e p r o p o s e d a r e 
based on t h e fo l lowing theo re t i ca l m o d e l s : R a n d o m 
w a l k of i nd iv idua l f lu id par t i c les , q u a s i - t u r b u l e n t f low 
ana logy , ana logy wi th t h e r m o d y n a m i c s , and , f ina l ly , 
genera l s ta t i s t i ca l m e c h a n i c s . In all cases, o n e ends 
u p wi th e q u a t i o n s t h a t a re ve ry s imi la r to a d i f f u s i v i t y 
or a B u c k l e y - L e v e r e t t e q u a t i o n . 

"The Viscosity of Suspensions," S T E P H E N P R A G E R , 

U n i v e r s i t y of M i n n e s o t a , M i n n e a p o l i s , M i n n e s o t a , H . 
L. WEISSBERG, O a k R i d g e Gaseous D i f f u s i o n P l a n t , 
O a k R i d g e , T e n n e s s e e 

If B r o w n i a n mot ion of t h e s u s p e n d e d pa r t i c l e s is 
ignored , t h e b e h a v i o r of a suspens ion can b e ap -
p roached , a t leas t fo r low r a t e s of shear , f r o m t h e 
s t a n d p o i n t of t h e c reep ing f low N a v i e r - S t o k e s e q u a -
t ion. H e r e t h e p r i n c i p l e of m i n i m u m ene rgy diss ipa-
t ion m a y be app l i ed to f u rn i sh lower b o u n d s on t h e 
viscosi ty b o u n d s which r e m a i n val id even at h ighe r 
concen t r a t ions . 

T o t a k e Brown ian mot ion in to accoun t , s o m e s imp-
l i f ica t ion m u s t b e m a d e e l sewhere , if t h e p r o b l e m is 
to r e m a i n t r a c t a b l e . F o r example , one m a y t r e a t t h e 
s u s p e n d e d pa r t i c l e s as po in t s wh ich in t e rac t wi th one 
a n o t h e r t h rough cen t r a l forces . T h e N a v i e r - S t o k e s 
e q u a t i o n m u s t t h e n be rep laced by a m a n y - p a r t i c l e 
d i f f u s i o n e q u a t i o n , a n d t h e m a t h e m a t i c a l f o r m of 
t h e p r o b l e m c h a n g e s c o m p l e t e l y . N e v e r t h e l e s s , va r i a -
t iona l m e t h o d s once m o r e tu rn ou t to be use fu l , and 
o n e can ob t a in u p p e r and , in ce r t a in cases, also lower 
b o u n d s on t h e viscosi ty . 

1 : 4 5 - 5 : 0 0 p.m. S E S S I O N L — 

Phys ic s and M e c h a n i c s of R a n d o m M e d i a . II . 
A u d i t o r i u m 

C h a i r m a n : Dr . S. P r a g e r 

"Statistical Continuum Theories," by MARK BERAN, 
T o w n e School , U n i v e r s i t y of P e n n s y l v a n i a 

T h e r e a r e p resen t ly a large n u m b e r of p r o b l e m s 
in c o n t i n u u m phys ics t h a t m a y b e t r e a t e d f r o m a 
s ta t i s t ica l po in t of view. In th i s p a p e r w e shal l d iscuss 
w h a t is m e a n t by t h e s ta t i s t i ca l so lu t ion to a con-
t i n u u m p r o b l e m . W e shall in i t ia l ly use t h e n a t u r e of 
t h e s t ress and s t ra in f ie lds in a he t e rogeneous m a t e r i a l 
as an example . W e shal l t hen e m p h a s i z e t h e essen t ia l 
s imi la r i ty of all s ta t i s t ica l c o n t i n u u m theor ies . T h e 
m o r e d e v e l o p e d s ta t i s t i ca l c o n t i n u u m theor ies l ike t h e 
s ta t i s t ica l t heo ry of t u r b u l e n c e and t h e t h e o r y of 
pa r t i a l cohe rence will b e c o m p a r e d to t h e s ta t i s t ica l 
t heo ry of he t e rogeneous ma te r i a l s . F o r t h e he t e ro -
geneous m a t e r i a l p r o b l e m w e shall de r ive t h e h i e r achy 
of s ta t i s t ica l m o m e n t e q u a t i o n s f r o m t h e e q u a t i o n s 
of e las t i c i ty for m e d i u m wi th v a r i a b l e e las t ic p r o p e r -
ties. W e conc lude w i th a discussion of i t e ra t ion p ro -
cedures used in solving t h e s ta t i s t ica l m o m e n t 
equa t ions . 

"Dielectric Constants, Permeabilities, and Conductivi-
ties ol Random Media," W I L L I A M F U L L E R B R O W N , 

JR., U n i v e r s i t y of M i n n e s o t a 

A m a t e r i a l p r o p e r t y is o f t en descr ibed by a p ropor -
t iona l i ty f a c t o r b e t w e e n a solenoidal vec tor ( e l ec t r i c 
or m a g n e t i c induc t ion , e lec t r ic c u r r e n t d e n s i t y ) and 
an i r ro t a t iona l vec tor ( f i e ld i n t e n s i t y ) ; in an isotropic 
d ie lec t r ic , for example , D = e E. O f t e n o n e wishes 
to ca l cu l a t e t h e e f f e c t i v e e fo r a r a n d o m m i x t u r e 
of two h o m o g e n e o u s ma te r i a l s , w i th cons t an t s «, and 
e., f i l l ing v o l u m e f r a c t i o n s p, and p> T h e r e a re exac t 
f o r m u l a s for t h e cases of b o u n d a r i e s all para l le l or 
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all p e r p e n d i c u l a r to t h e f ie ld , a n d an a p p r o x i m a t e 
f o r m u l a for s p h e r e s 1 in a m a t r i x 2 w i th p, < < 1. 
F o r a s ta t i s t i ca l ly i so t rop ic r a n d o m m i x t u r e w i th a r b i -
t r a r y p „ m a n y a p p r o x i m a t i o n s of u n k n o w n r e l i ab i l i t y 
h a v e been p r o p o s e d . R e c e n t l y t w o r igorous r e su l t s 
h a v e been de r ived . ( 1 ) A series expans ion in ere-> 
requi res , bes ides p „ a d d i t i o n a l s ta t i s t i ca l i n f o r m a t i o n , 
d e p e n d e n t on t h e p r o b a b i l i t i e s p ( » ) 1 2 . . .n of f i n d i n g 
n po in t s r„ r„ . . . , r all s i m u l t a n e o u s l y in m a t e r i a l 1. 
( 2 ) G i v e n only e„ e.,, a n d p ( l ) , ( = p , = 1 — p . , ) ; 

W e can s t a t e t h a t e' < e < e", w h e r e e a n d e" a r e 
ca l cu l ab l e and a t t a i n a b l e . T h e p r e s e n t p a p e r r ev iews 
these r igorous theor ies and p r e s e n t s closer bounds , 
based on a d d i t i o n a l i n f o r m a t i o n d e p e n d e n t on p(2>,„ 
and p ( ! ) i a 

"Elasticity of Random Media," Zvi HASHIN, T o w n e 
School , U n i v r s i t y of P e n n s y l v a n i a 

R a n d o m e las t ic m e d i a a r e d e f i n e d as m a t e r i a l s in 
wh ich t h e s t ress -s t ra in law a t a n y po in t is g iven by 
t h e H o o k e ' s law of c lass ical l inear e l a s t i c i ty w h i l e t h e 
e las t ic m o d u l i of t h e b o d y a r e r a n d o m s p a c e f u n c -
t ions. A t t e n t i o n is r e s t r i c t e d to t h e case w h e r e t h e 
e l a s t i c modu l i a r e s t a t i s t i ca l ly h o m o g e n e o u s func t i ons . 
In t h e m o s t i m p o r t a n t case of a m i x t u r e of s eve ra l 
d i s c r e t e u n i f o r m p h a s e s these f u n c t i o n s a re p i ecewise 
cons t an t . T h e p r e s e n t w o r k is p r i m a r i l y c o n c e r n e d 
wi th t h e p red ic t ion of t h e m a c r o s c o p i c e l a s t i c p r o p -
e r t i e s of such m e d i a on t h e bas i s of p h a s e g e o m e t r y 
a n d p h a s e e las t ic m o d u l i . T h e p u r p o s e h e r e is to re-
v i ew ex i s t ing w o r k and a lso to d iscuss n e w resu l t s 
wh ich a r e as y e t u n p u b l i s h e d . A gene ra l d iscuss ion 
of t h e de f in i t i on of e f f e c t i v e e las t ic m o d u l i is g iven. 
A t t e n t i o n is also given to t h e m e a n i n g of a m a c r o -
scopic t heo ry of e las t i c i ty of r a n d o m m e d i a a n d t h e 
p r e s e n c e of coup le s t ress e f f e c t s is p o i n t e d ou t . S e v -
era l classes of r a n d o m m e d i a a r e d e f i n e d on t h e bas i s 
of p h a s e geome t ry , t h e m o s t i m p o r t a n t b e i n g sus-
pens ions , m u l t i p h a s e m a t e r i a l s a n d po lyc rys ta l s . T h e 
c o n c e p t of s ta t i s t i ca l i so t ropy or o t h e r s ta t i s t i ca l 
s y m m e t r y is d e f i n e d . T h e t h e o r y of p r e d i c t i o n of e f -
f e c t i v e e las t ic m o d u l i of d i l u t e sphe r i ca l p a r t i c l e 
suspens ions is d iscussed, i nc lud ing a n e w r e s u l t f o r 
coup le s t ress cons tan t s . P r i n c i p l e s of v a r i a t i o n a l 
b o u n d i n g m e t h o d s a r e o u t l i n e d s ince t h e s e h a v e p r o v e d 
to b e p o w e r f u l tools in t h e t h e o r y of e f f e c t i v e e las t ic 
behav io r . A p p l i c a t i o n a n d resu l t s a r e d iscussed f o r 
f i n i t e s t a t i s t i ca l ly i so t rop ic spher ica l p a r t i c l e s u s p e n -
sions a n d t r an sve r se l y i so t rop ic f i b e r r e i n f o r c e d m a -
ter ia l s . R e s u l t s of b o u n d i n g m e t h o d s for m u l t i p h a s e 
m a t e r i a l s of a r b i t r a r y p h a s e g e o m e t r y a r e d iscussed 
a n d c o m p a r e d wi th e x p e r i m e n t a l resul t s . A t t e n t i o n is 
t h e n d i r ec t ed to t h e t heo ry of p red ic t ion of e f f e c t i v e 
e l a s t i c m o d u l i of po lyc rys t a l l i ne agg rega te s in t e r m s 
of s ingle c rys ta l modu l i . K n o w n resu l t s fo r cub ic con-
s t i t u t i n g c rys ta l s a r e d iscussed a n d c o m p a r e d w i th 
e x p e r i m e n t . N e w resu l t s fo r po lyc rys t a l l i ne m i x t u r e s 
a r e given. 

1 : 4 5 - 5 : 0 0 p .m. S E S S I O N M — 

E x p e r i m e n t a l N o n l i n e a r Viscoe las t ic F l o w 

C o n f e r e n c e R o o m 
C h a i r m a n : D r . M . H . B i r n b o i m 

"Recoil of Viscoelastic Fluids," N . N . KAPOOR, E . A. 
B R U M M , J . W . K A L B , a n d A . G . F R E D R I C K S O N , U n i -

ver s i ty of M i n n e s o t a , M i n n e a p o l i s , M i n n e s o t a 

Reco i l of a n u m b e r of v i scoe las t ic f lu ids in a p i p e 
h a s been s t ud i ed . F l o w w a s in i t i a t ed b y a p p l i c a t i o n 
of a p r e s s u r e d i f f e r e n c e across t h e p ipe ; w h e n f low 
was f u l l y deve loped , t h e p r e s s u r e d i f f e r e n c e w a s 
r e m o v e d . B o t h f low a n d recoil w e r e r eco rded on 
m o v i e s by us ing a s i m p l e t r a c e r t e c h n i q u e . Osci l la-
t o r y recoi l was f o u n d in a so lu t ion of a l u m i n u m 
d i l a u r a t e in t o l u e n e ; th i s is in q u a l i t a t i v e a g r e e m e n t 
w i th t heo ry . H o w e v e r , t h e t h e o r y n e e d s to b e rev i sed 
w i th m o r e rea l i s t i c b o u n d a r y a n d in i t ia l condi t ions . 

"Rheological Analysis of Elastomers with the Mooney 
Shearing Disk Viscometer," J A M E S L . W H I T E , N O B O R U 
T O K I T A . 

M o o n e y ' s shea r ing d isk v i s c o m e t e r [ I n d . E n g . 
Chem. , Ana l . Ed . , 6, 147 ( 1 9 3 4 ) , R u b b e r Age , 61, 
567 ( 1 9 4 7 ) , P roc . In t . R u b b e r Conf. , pg . 368, W a s h -
ing ton ( 1 9 5 9 ) ] is o n e of t h e m o s t i m p o r t a n t a n a -
ly t ica l r e sea rch a n d p rocess con t ro l i n s t r u m e n t s f o r 
e l a s tomer s . I n t h i s p a p e r a n e w m e t h o d is d e v e l o p e d 
f o r c o m p u t i n g t h e shea r s t ress a n d shea r r a t e of 
m a t e r i a l s f r o m d a t a o b t a i n e d on t h i s i n s t r u m e n t . I n 
add i t i on , t h e non- l inea r v iscoelas t ic b e h a v i o r of 
e l a s t o m e r s in t h e v i s c o m e t e r is a n a l y z e d wi th specia l 
e m p h a s i s u p o n n o r m a l s t ress e f fec t s . E x p e r i m e n t a l 
d a t a f o r n a t u r a l r u b b e r , S B R a n d p o l y i s o b u t y l e n e a r e 
d iscussed . 

"Evaluation oi Constitutive Equations: Results Ob-
tained at High Deformation Rates," A. E . UEBLER 
a n d A. B . METZNER, U n i v e r s i t y of D e l a w a r e , N e w a r k , 
D e l a w a r e 

T h i s p a p e r r e p o r t s da t a o b t a i n e d on so lu t ions of 
p o l y i s o b u t y l e n e in deca l in a t shea r r a t e s b e t w e e n 
a b o u t 104 a n d 1 < 3 x 1 0 < s e c ^ a p p r o x i m a t e l y a decade 
h ighe r in shea r r a t e t h a n p r e v i o u s l y r e p o r t e d . U n d e r 
t h e s e cond i t ions t h e s t ress d i f f e r e n c e ( P u — P 2 2 ) w a s 

f o u n d to b e n e a r l y a l inear f u n c t i o n of shea r r a t e T 
a n d w a s a p p r o x i m a t e l y f i f t e e n t i m e s g r e a t e r in m a g -
n i t u d e t h a n t h e shea r s t ress for a 1 % so lu t ion . 

C o m b i n i n g t h e p r e s e n t e x p e r i m e n t a l r e su l t s w i th 
o t h e r d a t a p r ev ious ly a v a i l a b l e a t h igh shea r ra tes , 
t h e e q u a t i o n : 

p„ — p,.a = K„ r o-25 
was f o u n d to d e s c r i b e t h e n o r m a l s t resses f o r p o l y m e r 
c o n c e n t r a t i o n s C b e t w e e n 1.0 a n d 5 . 0 % a n d shear 
r a t e s b e t w e e n 104 a n d 10° sec . 1 , w h e r e k„ is a p r o p o r -
t i ona l i t y cons t an t . C o n f i d e n c e i n t e r v a l s a r e g iven. 

T h e a b o v e resu l t s w e r e c o m p a r e d w i th t h e t r e n d s 
p r e d i c t e d by f o u r c o n s t i t u t i v e equa t ions . T h e e q u a -
t i ons of C o l e m a n a n d N o l l and of E r i c k s e n w e r e 
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f o u n d to b e c o n s i s t e n t w i t h t h e p r e s e n t r e su l t s ; t h o s e 
of O l d r o y d a n d of W h i t e a n d M e t z n e r w e r e n o t un le s s 
t h e s p e c i f i c p a r a m e t e r s a p p e a r i n g in t h e s e l a t t e r 
e q u a t i o n s a r e p e r m i t t e d t o v a r y w i t h d e f o r m a t i o n 
r a t e . 

"The Rotating-Sphere Elastoviscometer," K . WALTERS, 
S o c o n y - M o b i l Oi l Co., D a l l a s , T e x a s 

C o n s i d e r a t i o n is g iven t o t h e f low of a " s i m p l e " 
f l u i d d u e to a s p h e r e i m m e r s e d in i t r o t a t i n g s lowly 
a b o u t a ve r t i c a l d i a m e t e r . E x p r e s s i o n s a r e o b t a i n e d 
for t he s t r e a m f u n c t i o n ( w h i c h d e s c r i b e s t h e s t r e a m -
l ine p r o j e c t i o n s on a n y p l a n e c o n t a i n i n g t h e axis of 
r o t a t i o n ) a n d also t h e c o u p l e a c t i n g o n t h e s p h e r e . 
T h e s e exp re s s ions a r e g iven in t e r m s of c o n s t a n t s 
u sua l l y d e d u c e d f r o m v i s c o m e t r i c m e a s u r e m e n t s . 

"Measurement oi P^-P.a in Axial Annular Flow," C. 
R . SHERTZER, D e p a r t m e n t of C h e m i c a l E n g i n e e r i n g , 
U n i v e r s i t y of D e l a w a r e , N e w a r k , D e l . 

In th i s d e v e l o p m e n t , i t is s h o w n h o w d a t a o n t h e 
d i f f e r e n c e in r a d i a l t h r u s t s a t t h e i n n e r a n d o u t e r 
wal ls of an a n n u l u s , c o n t a i n i n g a v i scoe las t i c f l u i d in 
l a m i n a r ax ia l f low, m a y b e i n t e r p r e t e d t o y i e l d t h e 
n o r m a l s t r e s s d i f f e r e n c e P22-P33 w i t h o u t r ecour se t o 
a n y a s s u m p t i o n s . R i v l i n ' s o r ig ina l sugges t ion ( 1 ) 
t h a t such d a t a cou ld y i e l d t h i s n o r m a l s t ress d i f f e r -
ence was i m p l e m e n t e d b y H a y e s a n d T a n n e r ( 2 ) , 
w h o o b t a i n e d v a l u e s f o r P22-P33 b y a s s u m i n g t h a t t h e 
q u a n t i t y v a r i e d as t h e shea r r a t e r a i s ed t o s o m e 
e m p i r i c a l l y d e t e r m i n e d p o w e r . 

H e r e it is d e m o n s t r a t e d t h a t b y c a r e f u l a p p l i c a -
t ion of a s t a n d a r d m a t h e m a t i c a l t e c h n i q u e , t h e a p -
p r o p r i a t e s t ress e q u a t i o n of m o t i o n m a y b e i n t e g r a t e d 
t h e n d i f f e r e n t i a t e d t o g ive a r i go rous expres s ion f o r 
P-J-P33 d i r ec t ly . T h e r e s u l t r e q u i r e s t h a t a n i t e r a t i v e 
m e t h o d b e u s e d to c o n v e r g e on t h e f i n a l (P22-P33)-
vs - shea r r a t e co r r e l a t i on . T h e n e c e s s a r y a n n u l a r f l ow 
p a r a m e t e r s a r e o b t a i n e d f r o m t h e w o r k of F r e d e r i c k -
son a n d B i r d ( 3 ) . 

( 1 ) R . S. R i v l i n , J . R a t i o n a l M e c h . Ana l . 5, 179 
( 1 9 5 6 ) 

( 2 ) J . W . H a y e s a n d R . I. T a n n e r , p a p . No . 53, 4 t h 
In t . C o n g . R h e o l . 

( 3 ) A. G . F r e d e r i c k s o n a n d R . B. B i r d , I E C 50, 
3 4 7 ( 1 9 5 8 ) 

"Study of Flow Induced in Visco-Elastic Liquid by a 
Rotating Cone," W . H . HOPPMANN, I I , a n d C. N . 
BARONET, R e n s s e l a e r P o l y t e c h n i c I n s t i t u t e 

P r e l i m i n a r y to a c o m p r e h e n s i v e s t u d y of t h e p r o p e r 
e q u a t i o n s of m o t i o n of a r o t a t i n g v i sco-e las t ic l iqu id , 
an e x t e n s i v e se r ies of p h o t o g r a p h s of l ines of f l ow 
has b e e n o b t a i n e d . T h e l iqu id s t u d i e d was polyiso-
b u t y l e n e d i s so lved in ce t ane . T h e f low v i sua l i za t ion 
was o b t a i n e d b y m e a n s of a d y e w h i c h was i n j e c t e d 

in to t h e l iqu id in a s y s t e m a t i c m a n n e r . In a d d i t i o n 
t o t h e p i c t u r e s of t h e f l ow p a t t e r n s , m e a s u r e m e n t s 
of t o r q u e a n d t h r u s t w e r e m a d e on t h e c o n e a t v a r i o u s 
a n g u l a r ve loc i t ies . T h e p h o t o g r a p h i c s t u d y was l i m i t e d 
t o t h e case of a cone of v e r t e x a n g l e 110° . T h e 
t o r q u e a n d t h r u s t m e a s u r e m e n t s w e r e d e t e r m i n e d f o r 
c o n e s w i t h v e r t e x a n g l e s of 176°, 160°, a n d 110° . 

T h e s p e e d r a n g e of t h e e x p e r i m e n t s w a s z e r o t o 
one r e v o l u t i o n p e r second . T h e c o n c e n t r a t i o n s of t h e 
so lu t ions of p o l y i s o b u t y l e n e in c e t a n e r a n g e d f r o m 5 % 
to 1 0 % b y w e i g h t . T h e p o l y i s o b u t y l e n e was v i s t a n e x 
in t h e m o l e c u l a r w e i g h t r a n g e 64 ,000 to 81,000. Al l 
e x p e r i m e n t s w e r e c o n d u c t e d in t h e t e m p e r a t u r e r a n g e 
22 °C to 21°Q. T h e t o r q u e a n d t h r u s t w e r e m e a s u r e d 
on t h e r o t a t i n g cone w i t h t h e a i d of e spec i a l l y de-
s igned t r a n s d u c e r s w h i c h a r e f u l l y d e s c r i b e d . 

T y p i c a l p i c t u r e s of f low a r e p r e s e n t e d a long w i t h 
c u r v e s showing i n t e r e s t i n g r e s u l t s f o r t h r u s t a n d 
t o r q u e a s f u n c t i o n s of a n g u l a r ve loc i ty . T h e h i g h e r 
c o n c e n t r a t i o n s show wel l d e f i n e d m a x i m a . 

R E G I S T R A T I O N , W I N T E R M E E T I N G 

M I R A M A R H O T E L - M O T E L 

S a n t a B a r b a r a , C a l i f o r n i a 

S e n d r e q u e s t b e f o r e J a n u a r y 1, 1965, t o : 

M r . C h a r l e s C. S u r l a n d 

D e p a r t m e n t 4 5 2 0 

A e r o j e t G e n e r a l C o r p o r a t i o n 

P . O. B o x 1947 

S a c r a m e n t o 9, C a l i f o r n i a 

N a m e 

A f f i l i a t i o n 

A d d r e s s 

D a t e s : A r r i v a l D e p a r t u r e 

N u m b e r of P e r s o n s A d u l t s C h i l d r e n 

N u m b e r of B e d r o o m s a n d T y p e of B e d s 

D e s i r e d : 

P l e a s e enc lose p r e r e g i s t r a t i o n f e e only . S o c i e t y of 

R h e o l o g y m e m b e r $3 , N o n m e m b e r s $6 , 

O n e y e a r i n t r o d u c t o r y S o c i e t y m e m b e r s h i p p l u s regis-

t r a t i o n $12 
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