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L o c a t i o n : C l a r e m o n t is 24 mi le s eas t of P a s a d e n a and 
40 mi le s f r o m t h e L o s Ange les I n t e r n a t i o n a l A i r p o r t . 
T e c h n i c a l Sessions of t h e m e e t i n g will b e he ld in t h e 
B a x t e r Sc ience L a b o r a t o r y Bui ld ing , a t 11 th a n d C o l u m -
bia A v e n u e . 

T h e C l a r e m o n t Inn ( 1 5 rooms a v a i l a b l e ) is w i th in 
wa lk ing d i s t ance of t h e m e e t i n g a u d i t o r i u m . R e s e r -
va t ions can also b e m a d e at t h e H o l i d a y Inn in M o n t -
clair ( t ax i f a r e f r o m t h e H o l i d a y Inn to t h e C l a r e m o n t 
Inn is a b o u t $ 1 . 0 0 ) . A n o t h e r n e a r b y m o t e l is t h e U p -
lander . P e r s o n s a r r iv ing a t t h e Los Ange les I n t e r -
n a t i o n a l A i r p o r t can t a k e a l imous ine f r o m t h e A i r p o r t 
to t h e H o l i d a y Inn in M o n t c l a i r . If you dr ive , p l ease 
s tay a t t h e H o l i d a y Inn . 

P a p e r s 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 of T h e So-
c ie ty can be p u b l i s h e d in T r a n s a c t i o n s of T h e Soc ie ty 
of R h e o l o g y . T w o copies of m a n u s c r i p t s should b e s en t 
to T h o r L. S m i t h , 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 , to a r r i ve b e f o r e F e b r u a r y 17. I t is 
a n t i c i p a t e d t h a t t h e v o l u m e of t h e T r a n s a c t i o n s which 
con ta ins t h e s e p a p e r s will a p p e a r b e f o r e t h e e n d of 
1964. 

P ro fe s so r L e o n a r d D a r t of t h e C l a r e m o n t M e n ' s 
Col lege is in cha rge of local a r r a n g e m e n t s . 

NOTICE OF ANNUAL MEETING 
October 26-28, 1964 

T h e 35 th a n n u a l m e e t i n g of the Socie ty will be he ld 
a t t h e 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 e n n s y l v a n i a on 
O c t o b e r 26-8, 1964. 

C o r r e s p o n d e n c e r ega rd ing t h e submiss ion of p a p e r s 
should be c o n d u c t e d wi th P r o g r a m C h a i r m a n Kr i ege r , 
whose addres s a p p e a r s below. 

SOCIETY OF RHEOLOGY OFFICERS 
1964-1965 

President 

JAMES T . BERGEN, A r m s t r o n g Cork C o m p a n y , 
L a n c a s t e r , P a . 
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ROBERT S. MARVIN, R h e o l o g y Sect ion , 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 i n g t o n 25, D . C. 

Secre tary-treasurer 

JOHN C. MILLER, Union C a r b i d e P las t i c s C o m p a n y , 
B o u n d Brook , N . J . 

Editor 

R A Y M O N D R . M Y E R S , D e p a r t m e n t o f C h e m i s t r y , 

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 . 

Committee Chairmen, 1964 

Program 

IRVIN M . KRIEGER, D e p a r t m e n t of C h e m i s t r y , C a s e 
I n s t i t u t e of Techno logy , C leve land 6, Ohio 

Bingham Award 

J O H N D . F E R R Y , D e p a r t m e n t o f C h e m i s t r y , U n i -

vers i ty of Wiscons in , M a d i s o n , Wise. 
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ARMAND F . LEWIS, S t a m f o r d R e s e a r c h L a b o r a -
tories, A m e r i c a n C y a n a m i d C o m p a n y , S t a m f o r d , 
Conn . 

EXECUTIVE COMMITTEE 

T h i s c o m m i t t e e is composed of t h e o f f i ce r s p lus 
I m m e d i a t e P a s t C h a i r m a n F e r r y a n d two m e m b e r s 
e lec ted a t l a rge : T h o r L. S m i t h , P r o p e l l a n t R e s e a r c h 
& D e v e l o p m e n t , 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 , Calif . , and H e r s h e l M a r k o v i t z , 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 . 
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RHEOLOGY BULLETIN 
Raymond R. Myers , Editor 

Department of Chemistry 

Lehigh University 

Bethlehem, Pa. , 18015 

PROGRAM 
WINTER MEETING 

THE SOCIETY OF RHEOLOGY 
February 3-4, 1964 

C L A R E M O N T U N I V E R S I T Y C E N T E R 

B A X T E R S C I E N C E L A B O R A T O R Y 

11th 8s C o l u m b i a Avenue , C l a r e m o n t , C a l i f o r n i a 

8 : 1 5 - 8 : 4 5 R e g i s t r a t i o n 

8 : 4 5 - 8 : 5 0 O p e n i n g of M e e t i n g 

T h o r L. S m i t h , 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 

8 : 5 0 T e c h n i c a l Session 
C h a i r m a n , R o g e r S. P o r t e r , 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 , R i c h m o n d , Ca l i fo rn i a 

9 : 0 0 - 1 0 : 0 0 

I N V I T E D L E C T U R E . "A Discussion of the Molecu-
lar Theories of Viscoelastic Behavior of Rubberlike 
Polymers," ROBERT S. MARVIN, 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 i n g t o n , D . C. 

T h e R o u s e t heo ry of t h e v iscoelas t ic b e h a v i o r of 
r u b b e r l i k e p o l y m e r s in shea r has been m o d i f i e d to 
inc lude e n t a n g l e m e n t e f fec t s , and t h e i n f l u e n c e of 
mo lecu la r we igh t on th i s behav io r has been s tud i ed 
( M a r v i n a n d Oser , J . Res , N B S , 66B, 171, ( 1 9 6 2 ) ; 
Oser and M a r v i n , ib id , 67B, 87 ( 1 9 6 3 ) ) . T h i s 
t heo ry is b a s e d on a mode l , t h e f o r m of wh ich can 
b e shown to b e o n e of t h e severa l e q u i v a l e n t f o r m u -
la t ions for l inear v iscoelas t ic behav io r . I t is a molec-
u la r t heo ry in t h e sense t h a t i ts p a r a m e t e r s can be 
o b t a i n e d f r o m t h e molecu la r weight , t h e e n t a n g l e m e n t 
mo lecu la r weight , and t h e m o n o m e r i c f r i c t ion coef-
f ic ien t . If a p p r o p r i a t e a v e r a g e s can b e de f ined , and 
if our c u r r e n t ideas re la t ing viscosi ty to e n t a n g l e -
m e n t s a n d f r e e v o l u m e a re correct , t he m o d e l should 
p r ed i c t t h e behav io r of p o l y m e r s wi th a d i s t r ibu t ion 
of mo lecu la r weights . 

T h e s a m e t y p e of m o d e l should p r e d i c t v iscoelas t ic 
r e sponse in d i l a t a t i on . In th i s case, e n t a n g l e m e n t s 
a re no t e x p e c t e d to p l ay a role, nor i ndeed do w e 
expec t t h a t t h e whole of even r a t h e r shor t p o l y m e r 

cha ins would p a r t i c i p a t e in c o o p e r a t i v e mo t ions . T h e 
f o r m u l a t i o n for b u l k c o m p l i a n c e i n t r o d u c e s bo th t h e 
h igh a n d low f r e q u e n c y l imi t ing compl i ances as 
p a r a m e t e r s . T h e ro le of t h e mode l h e r e is p r i m a r i l y 
o n e of r e la t ing t h e i n f l u e n c e of t i m e , t e m p e r a t u r e , 
and p re s su re in t h e t r ans i t i on region b e t w e e n t h e s e 
two l imi t s to t h e m o n o m e r i c f r i c t ion coef f i c ien t . 

1 0 : 1 5 - 1 0 : 4 5 

"The Intrinsic Viscosity of Coiling Macromolecules," 
ROBERT ULLMAN, Sc ien t i f i c L a b o r a t o r y , F o r d M o t o r 
C o m p a n y , D e a r b o r n , M i c h i g a n 

T h e in t r ins ic viscosi ty of coi l ing molecu les h a s been 
ca lcu la t ed us ing t h e K i r k w o o d - R i s e m a n a d a p t a t i o n 
of t h e Oseen a p p r o x i m a t i o n . F o u r d i f f e r e n t m o d e l s 
of cha in s e g m e n t d i s t r i bu t ion w e r e t r e a t e d : ( 1 ) A 
G a u s s i a n coil; ( 2 ) an exc luded v o l u m e m o d e l of 
K u r a t a a n d Y a m a k a w a ( J . P h y s . Soc. J a p a n 13, 78 
( 1 9 5 8 ) ) ; ( 3 ) a coil expans ion m o d e l sugges ted by 
P e t e r l i n ( J . C h e m . P h y s . 23, 2464, ( 1 9 5 5 ) ) ; a n d 
( 4 ) an exc luded v o l u m e m o d e l d e d u c e d f r o m t h e 
m a c h i n e c o m p u t a t i o n of W a l l a n d E r p e n b e c k ( J . 
C h e m . P h y s . 30, 634 ( 1 9 5 9 ) ) . In all cases t h e p a r -
t i a l ly f r e e d r a i n i n g coil w a s t r e a t e d . T h e m a t h e -
m a t i c a l so lu t ion of t h e p r o b l e m has been ca r r i ed o u t 
on an I B M 704 C o m p u t e r . 

T h e K i r k w o o d - R i s e m a n p r o c e d u r e used in these 
ca lcu la t ions d e p e n d s u p o n t h e a s s u m p t i o n t h a t t h e 
de ta i l ed B r o w n i a n m o t i o n of a p o l y m e r mo lecu l e m a y 
be r ep l aced by t h e a v e r a g e ve loc i ty of t h e p o l y m e r 
segments , a n d t h a t t h e h y d r o d y n a m i c in t e r ac t ion 
t ensor m a y be r ep l aced by i ts a v e r a g e over-a l l d i rec-
t ions. T h e e f f e c t of t hese a p p r o x i m a t i o n s on t h e in-
t r ins ic viscosi ty of a rigid rod mo lecu l e is l ike ly to b e 
g rea te r t h a n for coi l ing molecules , a n d t h e ca lcu la -
t ion can be ca r r i ed out . I t is shown t h a t t h e ca lcu-
l a t ed in t r ins ic viscosi ty of a r igid rod m o l e c u l e is 
u n a f f e c t e d by t h e B r o w n i a n m o t i o n a p p r o x i m a t i o n , 
and is r educed a t m o s t by a f ac to r of 1 5 / 1 6 by us ing 
a d i rec t iona l a v e r a g e of t h e h y d r o d y n a m i c in t e r ac t ion 
t ensor in t h e govern ing equa t ions . 

1 0 : 4 5 - 1 1 : 1 5 

"The Hydrodynamic Behavior of Fully Acetylated 
Guaran," J O S E P H V . K O L E S K E a n d S H E L D O N F . 

KURATH, T h e I n s t i t u t e of P a p e r Chemis t ry , A p p l e t o n , 
Wiscons in 

T h e gua ran mo lecu l e is a h igh m o l e c u l a r we igh t 
po lysaccha r ide consis t ing of a /3-1, 4 - l inked m a n -
nose m a i n chain w i th an a-1, 6 - l inked ga lac tose 
side g roup on eve ry o the r m a n n o s e un i t . T h e vis-
cosity a n d l ight s ca t t e r ing b e h a v i o r has b e e n inves t i -
ga ted in t h e we igh t a v e r a g e D. P . r a n g e of 171 to 
12,400. Ana lys i s of t h e v i scos i ty -molecu la r we igh t 
behav io r in t e r m s of t h e h y d r o d y n a m i c t h e o r y of 
K u r a t a a n d Y a m a k a w a ind ica te t h a t a t h igh m o l e c u l a r 
we igh t s t h e p o l y m e r is n o n d r a i n i n g and t h a t exc luded 
v o l u m e e f f e c t s a r e u n i m p o r t a n t . E q u i v a l e n t b o n d 
leng ths ca l cu la t ed f r o m in t r ins ic viscosi ty a n d f r o m 
l ight sca t t e r ing ind i ca t e t h a t i t is neces sa ry to dis-



t inguish b e t w e e n t h e h y d r o d y n a m i c and l ight scat -
t e r ing rad ius -o f -gyra t ion . T h e F l o r y coe f f i c i en t cal-
cu l a t ed on t h e bas i s of t h e l ight s ca t t e r ing rad ius -of -
gyra t ion is less t h a n t h e r ecen t t heo re t i ca l v a l u e of 
<f> = 4.20 x 1 0 " a n d decreases w i th dec r ea s ing 
m o l e c u l a r we igh t . W h e n t h e h y d r o d y n a m i c r ad ius 
of gyra t ion is u sed t h e F l o r y coe f f i c i en t is f o u n d to 
be, (<J>) = 4 . 2 8 ± 0.67 x 1022, in good a g r e e m e n t 
w i th t heo ry . 

1 1 : 1 5 - 1 1 : 4 5 

"Melt Viscosities of Multi-Chain Polybutadienes," 
G E R A R D K R A U S a n d J . T . G R U V E R , P h i l l i p s P e t r o l e u m 

C o m p a n y , Bar t l e sv i l l e , O k l a h o m a 

T h e in t roduc t ion of one or two long cha in b r a n c h e s 
in to p o l y b u t a d i e n e mo lecu l e s to f o r m t r i -cha in or 
t e t r a - c h a i n molecu les , r e spec t ive ly , l eads to p r o f o u n d 
c h a n g e s in rheologica l behav io r . At low m o l e c u l a r 
we igh t s t h e N e w t o n i a n v iscos i ty is dec reased r e l a t i ve 
to a l inea r p o l y m e r of t h e s a m e m o l e c u l a r weight , in 
a g r e e m e n t wi th t h e work of F o x a n d Al len on poly-
s t y r e n e s a n d F l o r y and S c h a e f g e n on po ly (e-capro-
l a c t a m s ) . A t m o l e c u l a r we igh t s exceed ing 60,000 
( t r i - c h a i n ) or 100,000 ( t e t r a - c h a i n ) t h e N e w t o n i a n 
viscosi ty r ises r a p i d l y a b o v e t h e co r r e spond ing v a l u e 
for a l inea r p o l y b u t a d i e n e . H o w e v e r , n o n - N e w t o n i a n 
b e h a v i o r of t h e b r a n c h e d p o l y m e r s b e c o m e s m o r e 
p r o n o u n c e d t h e h ighe r t h e m o l e c u l a r weight , so t h a t 
a t m o d e r a t e to h igh shear r a t e s t h e v iscos i ty of t h e 
b r a n c h e d p o l y m e r s is u n i f o r m l y lower t han t h a t of 
l inea r p o l y m e r s of iden t i ca l m o l e c u l a r weight . 

1 1 : 4 5 - 1 2 : 1 5 

"The Flow of Moderately Concentrated Polymer 
Solutions in Water," F . RODRIGUEZ a n d L. A. 
GOETTLER,* G e e r L a b o r a t o r y for R u b b e r a n d P las t ics , 
School of C h e m i c a l E n g i n e e r i n g , Corne l l Un ive r s i t y , 
I t h a c a , N e w Y o r k 

T h e f low cu rves for f o u r wa te r - so lub le , non- ionic 
p o l y m e r t y p e s h a v e been cha rac t e r i zed us ing ro ta -
t i ona l v i s c o m e t e r s p r i m a r i l y . M o l e c u l a r we igh t a n d 
solut ion c o n c e n t r a t i o n v a r i a t i o n s gave a to ta l of 
t w e n t y - f i v e curves . P o l y a c r y l a m i d e , po ly ( e t h y l e n e -
o x i d e ) , h y d r o x y e t h y l cel lulose, a n d m e t h y l cel lulose 
w e r e s tud ied . A t w o - p a r a m e t e r m o d e l t h a t gives a 
good f i t to t h e d a t a ove r f i v e decades of shea r - r a t e is: 

log ( r j r ) 
log ( 7 / r ) o 

= 0 .68 - 0.32 erf 
Log (T-y) - log B 

2.27 V ~ T 

I n t h i s e q u a t i o n , 7)r is t h e r e l a t i ve v iscos i ty ; Vto, 
t h e s a m e a t zero shea r - r a t e , e r f , t h e e r ro r f u n c t i o n ; 
( r - f 0 , t h e r a t e of e n e r g y d i ss ipa t ion ; and , B, the v a l u e 
of (r-J-) a t t h e in f l ec t ion p o i n t of t h e f low curve . 
F u r t h e r m o r e , B is i n d e p e n d e n t of concen t r a t i on . 

Monday Afternoon, February 3, 1964 
C h a i r m a n , R . 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 

1 : 4 5 - 2 : 4 5 

I N V I T E D L E C T U R E . "Mechanical Behavior of High 

Polymers," G . W. BECKER,* P h y s i k a l i s c h - T e c h n i s c h e 
B u n d e s a n s t a l t , B raunschwe ig , G e r m a n y 

• P r e s e n t a d d r e s s : J e t Propuls ion L a b o r a t o r y , Cali-
fo rn ia I n s t i t u t e of Technology, P a s a d e n a , Cal i forn ia 

A c o n c e n t r a t e d su rvey will be given of inves t iga-
t ions which h a v e been ca r r i ed ou t in t h e G e r m a n 
P h y s i k a l i s c h - T e c h n i s c h e B u n d e s a n s t a l t d u r i n g t h e 
last f ew years . Bes ides some genera l i nves t iga t ions 
of t h e v iscoelas t ic behav io r of po lymer s , t h e non-
l inea r b e h a v i o r of f i l led a n d c rys ta l l ine m a t e r i a l s 
as wel l a s t h e e las t ic p r o p e r t i e s of f o a m s will be 
t r e a t e d . T h e o r e t i c a l de sc r ip t i ons of t h e resul ts , 
wh ich h a v e been e x t e n d e d b y new da ta , will be 
d iscussed . 

2 : 4 5 - 3 : 1 5 

"Analysis and Interrelation of Stress-Strain-Time 
Data for Asphalt Concrete," K. E . SECOR, Civi l E n -
g inee r ing D e p t . , Ch ico S t a t e College, Chico, Calif . , 
g inee r ing Dep t . , Chico S t a t e Col lege, Chico, Ca l i fo r -
n ia , and C. L . MONISMITH, Civi l E n g i n e e r i n g D e p t . 
a n d I n s t i t u t e of T r a n s p o r t a t i o n a n d T r a f f i c E n g i n e e r -
ing, Un ive r s i t y of Ca l i fo rn ia , B e r k e l e y , Ca l i fo rn i a 

T e s t d a t a a r e p r e s e n t e d for an a s p h a l t conc re t e 
sub jec t ed to c reep , s t ress - re laxa t ion a n d c o n s t a n t r a t e -
of -s t ra in in compress ion a t 40° F . B e c a u s e of t h e 
e x t r e m e d i f f i c u l t y in o b t a i n i n g a p e r f e c t s t e p - f u n c -
t ion i n p u t of s t ra in in t h e re laxa t ion tests , it was 
necessa ry to accep t a n d u t i l i ze d a t a exh ib i t i ng s o m e 
va r i a t ion of s t ra in wi th t ime . T h e re laxa t ion mod-
u l u s - t i m e r e l a t i onsh ip was o b t a i n e d f r o m these re-
sul ts by m e a n s of a n u m e r i c a l app l i c a t i on of t h e 
supe rpos i t i on p r inc ip le . T h e s ame n u m e r i c a l t e ch -
n i q u e used to r e d u c e the re laxa t ion t es t da t a was e m -
p loyed to c o m p u t e a s imi la r r e laxa t ion m o d u l u s - t i m e 
r e l a t i onsh ip f r o m t h e resu l t s of t h e c o n s t a n t r a t e -o f -
s t ra in tests . A n o t h e r n u m e r i c a l p r o c e d u r e was u t i -
l ized to i n t e r c o n n e c t tes ts va lues for c r e e p c o m p l i a n c e 
vs. t i m e to p r o v i d e a th i rd re laxa t ion m o d u l u s - t i m e 
re la t ionsh ip . B o t h n u m e r i c a l so lu t ions no ted above 
were accompl i shed wi th the a id of an I B M 7090 
c o m p u t e r . A c o m p a r i s o n of the resu l t s fo r t h e re laxa-
t ion m o d u l u s vs. t i m e de r ived f r o m t h e t h r e e d i f f e r e n t 
t e s t s showed a cor re la t ion su f f i c i en t ly s a t i s fy ing to 
w a r r a n t c o n t i n u e d s tudy a long such lines. 

3 : 3 0 - 4 : 0 0 

"Solid Propellant Dynamic Properties and Their 
Effect on Vibration Response of Model Solid Pro-
pellant Structures," G . J . KOSTYRKO, A e r o j e t - G e n e r a l 
Corpora t ion , S a c r a m e n t o , Ca l i fo rn i a 

T h r e e t y p e s of v ib r a t i on t es t s h a v e been i m p r o v e d 
and a p p l i e d to t h e l abo ra to ry m e a s u r e m e n t of t h e 
d y n a m i c m e c h a n i c a l p r o p e r t i e s of solid rocke t pro-
p e l l a n t s over t h e r a n g e of 0.1 to 300 cps. T h e s e in-
c lude a f r ee -v ib ra t ion reed tes t , f r e e - v ib r a t i on tors ion 
tests , a n d a fo rced-v ib ra t ion d isc tes t . C o m p u t e r 
t echn iques , based on l inear v iscoelas t ic theory , h a v e 
been dev ised or i m p r o v e d to y ie ld c o m p l e x e la s t i c 
modu l i a n d loss t angen t s . B o t h t e m p e r a t u r e a n d 
f r e q u e n c y i n f luence d y n a m i c p rope r t i e s . T h e Wil-
l i a m s - L a n d e l - F e r r y t i m e - t e m p e r a t u r e supe rpos i t i on 



pr inc ip le is app l i c ab l e . T h e r e l a t ionsh ip b e t w e e n 
r e d u c e d r e sonance f r e q u e n c y and t e m p e r a t u r e is 
p roposed as a f u n d a m e n t a l and u s e f u l p r o p e r t y of a 
ma te r i a l . T h i s r e la t ionsh ip , o b t a i n e d f r o m tes t s on 
l abora to ry spec imens , a p p e a r s to be a p p l i c a b l e to t h e 
p red ic t ion of t h e e f f e c t of t e m p e r a t u r e changes on 
t h e d y n a m i c response of miss i les . 

4 : 0 0 - 4 : 3 0 

"On The Behavior of Second-Order Fluids in Non-
steady Simple Shearing Flows," B. D . COLEMAN, R . 
J . D U F F I N , a n d V . J . M I Z E L , M e l l o n I n s t i t u t e a n d 

C a r n e g i e I n s t i t u t e of Techno logy , P i t t s b u r g h , P a . 

W e he re d iscuss ques t ions of un iqueness , s tab i l i ty , 
a n d ex i s tence for the pa r t i a l d i f f e r e n t i a l e q u a t i o n 
desc r ib ing the ve loc i ty f ie ld of a second-order f lu id 
engaged in a n o n s t e a d y s i m p l e shea r ing f low in a 
channe l w i th m o v i n g boundar i e s . A s s u m i n g t h a t t h e 
coe f f i c i en t y of t h e second R iv l i n -Er i cksen tensor , 
in the cons t i t u t i ve e q u a t i o n for t h e stress, is nega t ive , 
w e ob t a in t h e o r e m s of t h e fol lowing t ype . T h e ini t ia l 
v a l u e p r o b l e m wi th spec i f i ed b o u n d a r y va lues has, in 
genera l , a t mos t o n e b o u n d e d so lu t ion . F o r c h a n n e l s 
of su f f i c i en t ly smal l w id th w e have a s t ronger and 
s o m e w h a t su rp r i s ing r e su l t : T h e r e is a t mos t o n e 
b o u n d e d solut ion for each p re sc r ip t ion of ve loc i t ies of 
t h e b o u n d a r i e s regardless of initial conditions. T h i s 
l a t t e r resul t , when c o m b i n e d wi th some o b s e r v a t i o n s 
on ex i s tence of b o u n d e d and u n b o u n d e d solut ions , im-
pl ies t h a t all ex is t ing so lu t ions of b o u n d a r y v a l u e 
p r o b l e m s a r e uns t ab l e . 

4 : 3 0 - 5 : 0 0 

"The Recursive Theory of Slow Viscoelastic Flow, 
Applied to Three Basic Problems of Hydrodynamics," 
W. E . LANGLOIS, I B M R e s e a c h L a b o r a t o r y , San 
Jose , Ca l i fo rn i a 

T h e f low-f ie ld a n d stresses, cor rec t to t h e th i rd 
o rde r , a re ca l cu la t ed for t h ree bas ic p r o b l e m s of 
viscoelas t ic f l ow: t h e Po i sev i l l e p r o b l e m ; hel ical f low 
in an a n n u l u s ; to rs iona l f low b e t w e e n discs. T h e slow 
f low e q u a t i o n s a re set ou t in genera l t ensor no t a t i on , 
t hen specia l ized to cy l indr ica l po la r coo rd ina t e s and 
to spher ica l po l a r coord ina tes . 

Tuesday Morning, February 4, 1964 
9:00- 12:15 

C h a i r m a n , P . J . Bla tz , Ca l i fo rn i a I n s t i t u t e of Techno logy 

9 : 0 0 - 1 0 : 0 0 

I N V I T E D L E C T U R E . "Rheological Aspects of Poly-
mer Adhesion," D . H . KAELBLE, C e n t r a l R e s e a r c h 
L a b o r a t o r y , M i n n e s o t a M i n i n g a n d M a n u f a c t u r i n g 
C o m p a n y , S t . P a u l , M i n n e s o t a . 

T h e a d h e s i v e p r o p e r t i e s of p o l y m e r s a r e r e l a t ed 
to t h e i r chemica l compos i t ion , s t ruc tu re , and f r e e 
vo lume . M e a s u r e a b l e va lues of s u r f a c e f r e e ene rgy 

a r e co r r e l a t ed wi th cohes ive e n e r g y dens i ty . I n f l u -
ence of s u r f a c e roughness in inc reas ing t h e a p p a r e n t 
su r f ace ene rgy a n d adhes ion of low ene rgy su r f ace s 
is r ev iewed . T h e cond i t ions of m o l e c u l a r r e laxa t ion 
a n d f low which p e r m i t app l i c a t i on of the t h e r m o d y -
n a m i c cr i te r ia to b o n d i n g a re descr ibed . T h e in-
f l u e n c e of t e s t m e t h o d s on a p p a r e n t s t r e n g t h of 
a d h e s i v e jo in t s is s u m m a r i z e d . T h e r e l a t ions of 
p o l y m e r s t r u c t u r e to cohes ive p r o p e r t i e s a r e dis-
cussed. T h e cohes ive and jo in t s t r e n g t h p r o p e r t i e s of 
e l a s t o m e r s a n d t h e r m o s e t resins a r e c o m p a r e d in 
co r r e spond ing s t a tes of n e t w o r k e n t r o p y a n d molecu-
lar f r ee vo lume . T h e in te r fac ia l adhes ive p r o p e r t i e s 
of p o l y m e r s a r e r e l a t ed to cohes ive p r o p e r t i e s in 
t e r m s of rheological and s t r u c t u r e concepts . 

1 0 : 1 5 - 1 0 : 4 5 

"Tensile Creep of Polystyrene at Elevated Tempera-
ture," H . K A R A M a n d J . B E L L I N G E R , T h e D o w C h e m i -

cal 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 tens i le c r e e p behav io r of p o l y s t y r e n e w a s 
s tud ied a t e l eva t ed t e m p e r a t u r e of 70°C-240°C . T h e 
p a p e r will desc r ibe in de ta i l e x p e r i m e n t a l t e c h n i q u e s 
and a p p a r a t u s to ob t a in t h e zero shear viscosi ty of 
the p o l y m e r in th i s t e m p e r a t u r e range. D a t a will 
b e c o m p a r e d wi th s imi la r i n f o r m a t i o n o b t a i n e d by 
o t h e r e x p e r i m e n t a l t echn iques . Poss ib le e x p l a n a t i o n s 
for t h e d i sc repanc ies in t h e two sets of d a t a a re 
discussed. T h e p a p e r will ind ica te , howeve r n o t in 
de ta i l , how o n e can ob ta in m e l t e las t ic i ty , c r e e p 
f u n c t i o n and compl i ance func t i on of an a m o r p h o u s 
p o l y m e r in t h e t e m p e r a t u r e r a n g e of 70°C to 2 4 0 ° C 
by c r e e p e x p e r i m e n t s . 

1 0 : 4 5 - 1 1 : 1 5 

"Degree of Immobility — An Atomistic Approach to 
the Viscosity of Concentrated Suspensions," T . W . 
GILLIS, Lockheed P ropu l s ion Co., R e d l a n d s , Ca l i f . 

A rev iew of t h e a tomis t i c i n t e r p r e t a t i o n s of t h e 
viscosi ty of c o n c e n t r a t e d suspens ions is m a d e . T h e 
degree of i m m o b i l i t y of the suspend ing m e d i a is 
shown to be a func t i on of the d e g r e e of d ispers ion 
and su r f ace ene rgy of the solids. T h e layer of im-
mobi l i zed l iquid is shown to b e l im i t ed by t h e p rox-
imi ty of t h e s u s p e n d e d pa r t i c l e s to each o the r . B o t h 
a q u e o u s a n d n o n a q u e o u s suspens ions a r e t r e a t e d . 

1 1 : 1 5 - 1 1 : 4 5 

"The Measurement of Propellant Rheology," JOHN 
H E P W O R T H , E . B . C H R I S T I A N S E N , a n d S . T . H O L -

BROOK, T h i o k o l C h e m i c a l Corp. , W a s a t c h Div. , 
B r i g h a m Ci ty , U t a h 

T h e need for no t on ly a cons i s ten t a n d a c c u r a t e 
viscosi ty m e a s u r e m e n t , b u t t h e necess i ty for a corre-
la t ion b e t w e e n these m e a s u r e m e n t s a n d t h e successful 
cas t ing of rocke t m o t o r s is discussed in th i s p a p e r . 
Severa l i n s t r u m e n t s a re desc r ibed for use in m e a s u r -
ing p r o p e l l a n t rheological p rope r t i e s . B o t h t h e ad -
v a n t a g e s and d i s advan t ages a r e given a long wi th t h e 
impl i ca t ions de r ived f r o m these a d v a n t a g e s or dis-
advan tages . Rheo log ica l da t a of p r o p e l l a n t a n d 

4 



high-so l id -con ta ined s lurr ies a re p r e s e n t e d f r o m t h e 
fo l lowing rheologica l i n s t r u m e n t s : ( 1 ) B r o o k f i e l d 
v i s come te r ; ( 2 ) m o d i f i e d S e v e r s ex tens ion r h e o m e t e r ; 
( 3 ) t u b e - f l o w v i s come te r ; ( 4 ) i n t e r n a l o r i f i ce vis-
c o m e t e r ; a n d ( 5 ) m o d i f i e d B r a b e n d e r P l a s t o g r a p h -
t y p e v i s come te r . 

1 1 : 4 5 - 1 2 : 1 5 

"Flow of Gelling Materials in a Uniform Layer on a 
Vertical Plane," F . J . F I S C H E R a n d P . R . P A S L A Y , 

M e c h a n i c a l E n g i n e e r i n g Dep t . , R i c e Un ive r s i t y , H o u s -
ton , T e x a s 

In t h i s p a p e r t h e m o t i o n of a gene ra l class of 
ge l l ing m a t e r i a l s w a s i nves t i ga t ed u n d e r a p a r t i c u l a r 
phys ica l c o n f i g u r a t i o n . T h e gel l ing m a t e r i a l was 
h y p o t h e s i z e d to b e a B i n g h a m t y p e body of cons t an t 
v iscos i ty a n d v a r i a b l e cr i t ica l shea r s t ress . T h e f o r m 
of t h e t i m e - p a s t d e f o r m a t i o n d e p e n d e n t cr i t ica l shea r 
s t ress has been p r o p o s e d by S l i ba r a n d P a s l a y and 
i n c o r p o r a t e s an e x p o t e n t i a l m e m o r y f u n c t i o n , wh ich 
" w e i g h t s " c u r r e n t d e f o r m a t i o n r a t e s m o r e heav i l y 
t han those occur r ing a t a p r e v i o u s t ime . T h e gene ra l 
c o n s t i t u t i v e e q u a t i o n s used in t h i s s t u d y w e r e also 
p r o p o s e d ear l ie r by S l i ba r a n d P a s l a y and in essence 
i n f e r t h a t no m o t i o n wi th in t h e b o d y is p e r m i s s i b l e for 
v a l u e s of t h e s q u a r e roo t of t h e q u a d r a t i c i n v a r i a n t 
of t h e r e d u c e d s t ress t ensor less t h a n t h e cr i t ica l shea r 
s t ress . 

T h e phys ica l c o n f i g u r a t i o n t r e a t e d is t h a t of a 
u n i f o r m l aye r of t h e p r o p o s e d m a t e r i a l e x t e n d i n g 
ove r an i n f i n i t e ve r t i ca l p l ane . H e n c e , t h e s t ress 
f ie ld is a f u n c t i o n of t h e m a t e r i a l dens i t y a n d layer 
t h i ckness only. T h e s t e a d y - s t a t e solut ion w a s f o u n d 
for i n c i p i e n t f low a n d t h e necessa ry a n d su f f i c i en t 
c r i t e r i a for so l id i f i ca t ion of t h e f low was d e t e r m i n e d . 

Tuesday Afternoon, February 4, 1964 
C h a i r m a n , A. S a n Migue l , J e t P r o p u l s i o n L a b o r a t o r y 

1 : 4 5 - 2 : 1 5 

"Stretching of Elastic Tubes Over Rotationally 
Symmetric Mandrels," R . A. WESSLING a n d T . 
ALFREY, JR., 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 

A n ana lys i s of t h e s t r e t ch ing of cy l indr ica l t u b u l a r 
e las t ic m e m b r a n e s ove r ro t a t i ona l ly s y m m e t r i c m a n -
dre l s has b e e n ca r r i ed ou t . T h e e q u a t i o n of equ i l ib -
r i u m is d e v e l o p e d by o b t a i n i n g a fo rce b a l a n c e on an 
e l e m e n t of t h e t u b e . F o r c e s ac t ing on t h e e l e m e n t 
a r e m e m b r a n e stresses, n o r m a l fo rces exe r t ed by t h e 
m a n d r e l on t h e tube , a n d t a n g e n t i a l forces a r i s ing 
f r o m t h e f r i c t iona l r e s i s t ance to mot ion . T h e 
e q u a t i o n is f o r m u l a t e d in t e r m s of ex tens ion ra t ios 
for c o n v e n i e n c e in hand l ing n o n l i n e a r m a t e r i a l p r o p -
er t ies . T h e t u b e is a s s u m e d to be p e r f e c t l y e las t ic . 
T w o t y p e s of m a t e r i a l p r o p e r t i e s a r e c o n s i d e r e d : 
H o o k e a n e las t i c i ty for smal l d e f o r m a t i o n s and 
M o o n e y - R i v l i n e las t i c i ty for la rge d e f o r m a t i o n s . 

T h e genera l ana lys i s has been a p p l i e d to t h e case 
of a conical m a n d r e l . T h i s sys t em is geomet r i ca l ly 
s i m p l e b u t r e t a in s all t h e essen t ia l f e a t u r e s of t h e 
gene ra l case. T h e ana lys i s leads to a d i f f e r e n t i a l 
e q u a t i o n in t h e ex tens ion rat ios . An exac t so lu t ion 
can b e o b t a i n e d by a s s u m i n g C o u l o m b i c f r i c t ion a n d 
H o o k e a n e las t i c i ty . T h e M o o n e y - R i v l i n t h e o r y leads 
to a d i f f e r e n t i a l e q u a t i o n which can only b e solved 
n u m e r i c a l l y . T h e resu l t s w e r e c h e c k e d e x p e r i m e n -
ta l ly . A r u b b e r t u b e w a s pu l l ed slowly ove r a 
T e f l o n cone a n d t h e resu l t ing biaxial s t r e t c h i n g was 
m e a s u r e d . T h e d a t a w e r e p l o t t e d in ex tens ion ra t io 
" space . " A theo re t i ca l t r a j e c t o r y w a s p lo t t ed us ing 
t h e m e a s u r e d f r i c t ion coe f f i c i en t and m a t e r i a l p r o p -
e r t i e s of t h e r u b b e r . T h e resu l t s a r e in good agree-
m e n t . 

2 : 1 5 - 2 : 4 5 

"Composite Viscoelastic Cylinders," R . L. TAYLOR 
a n d D. D . MILLERICK, U n i v e r s i t y of Ca l i fo rn ia , 
B e r k e l e y , C a l i f o r n i a 

T h i s p a p e r is conce rned wi th a x i s y m m e t r i c de-
f o r m a t i o n s of compos i te , th ick-wal led c i rcular cyl in-
de r in p l a n e s t ra in . T h e cy l inder cons idered is 
a s s e m b l e d f r o m a f i n i t e n u m b e r of concen t r i c ele-
m e n t s b o n d e d toge the r to f o r m a cont inuous , com-
pos i t e a s semblage . T h e ana lys is cons ide rs each 
e l e m e n t a l cy l inder ind iv idua l ly ; thus , m a t e r i a l p r o p -
e r t i e s m a y change f r o m one e l e m e n t to t h e nex t . 
P r o c e e d i n g f r o m t h e e q u i l i b r i u m a n d s t ra in-d i sp lace-
m e n t equa t ions , and a d o p t i n g cons t i t u t i ve e q u a t i o n s 
a p p r o p r i a t e for isotropic, l inear viscoelas t ic solids, 
t h e d i s p l a c e m e n t s a t t h e b o u n d a r i e s of each e l e m e n t 
a re d e t e r m i n e d for un i t s t e p p re s su re s app l i ed in-
d e p e n d e n t l y to each b o u n d a r y . Such d i s p l a c e m e n t s 
c o n s t i t u t e i n f l uence f u n c t i o n s for a r b i t r a r y p re s su re s 
app l i ed to t h e b o u n d a r i e s of each e l e m e n t . S a t i s f y i n g 
t h e e q u i l i b r i u m a n d t h e con t i nu i t y condi t ions a t e ach 
of t h e i n t e r f a c e s be tween e l e m e n t s leads to a s y s t e m 
of s imu l t aneous , l inear in tegra l e q u a t i o n s which a r e 
ana logous to t h e M a x w e l l - M o h r e q u a t i o n s o b t a i n e d in 
e las t ic analys is . T h e solut ion of these e q u a t i o n s 
y ie lds t h e p r e s s u r e s a t each i n t e r f ace and , subse-
q u e n t l y , t h e s t resses t h r o u g h o u t t h e cyl inder . Dis-
p l a c e m e n t s m a y be ca lcu la t ed d i rec t ly f r o m these re-
sults . An i l l u s t r a t i ve n u m e r i c a l e x a m p l e is inc luded 
to d e m o n s t r a t e t h e m e t h o d . 

2 : 4 5 - 3 : 1 5 

"Biharmonic Solution of Certain Integro-Differential 
Equations of Linear Viscoelasticity," ALEXANDER S . 
ELDER, Bal l i s t ics R e s e a r c h Lab . , A b e r d e e n P r o v i n g 
G r o u n d s , M d . 

A s t ress f u n c t i o n for l inear ly viscoelas t ic solids is 
deve loped . If body forces and iner t ia l t e r m s a r e 
neg lec ted , t h e s t resses m a y b e expressed in t e r m s of 
M a x w e l l s t ress f unc t i ons . T h e d i s p l a c e m e n t s a r e 
expressed d i rec t ly in t e r m s of h a r m o n i c f u n c t i o n s 
t h r o u g h an ex tens ion of t h e N e u b e r - P a p k o v i t c h t he -
ory. Axia l ly s y m m e t r i c s t resses and s t r a ins a r e given 
in t e r m s of a s ingle b i h a r m o n i c func t i on T h e ana lys is 



does n o t i nvo lve b o u n d a r y cond i t ions a n d is va l id 
for p r o b l e m s involv ing m o v i n g loads a n d m o v i n g 
boundar i e s . T h e t heo ry m a y b e used to f o r m u l a t e 
s t ress ana lys i s p r o b l e m s in t e r m s of Vo l t e r r a i n t eg ra l 
e q u a t i o n s us ing c r e e p or re laxa t ion f u n c t i o n s as t h e 
ke rne l . T h e in tegra l e q u a t i o n s govern ing t h e s t resses 
in a v iscoelas t ic p r o p e l l a n t gra in s u b j e c t e d to t h e 
c o m b i n e d e f f e c t s of i n t e r n a l p r e s s u r e a n d erosion a r e 
de r ived . 

3 : 3 0 - 4 : 0 0 

"A Linear Viscoelastic Stress Function for Problems 
Involving Torsion Free Axisymmetry," JAMES R. 
C L E M E N T S a n d T E R R E L L M . J O N E S , T h i o k o l C h e m i c a l 

Corpora t ion , A l p h a Divis ion , H u n t s v i l l e , Ala. 

A stress f u n c t i o n d e v e l o p e d by S o u t h w e l l fo r 
l inear e las t ic p r o b l e m s involv ing tors ion f r e e ax isym-
m e t r y has p r o v e n itself to b e wel l su i ted for f in i t e 
d i f f e r e n c e solut ions in t h e solid p r o p e l l a n t i ndus t ry . 
Such solut ions h a v e been used in con junc t i on w i th 
t h e e las t ic -v iscoelas t ic co r r e spondence p r inc ip l e to 
d e v e l o p so lu t ions for l inear viscoelas t ic p r o b l e m s 
hav ing t h e s a m e b o u n d a r y condi t ions . A l inear 
viscoelas t ic e q u i v a l e n t to t h e Sou thwe l l s t ress f u n c -
tion is p r e s e n t e d . S u c h a s t ress f u n c t i o n could a l low 
the d i rec t solut ion of a v iscoelas t ic p r o b l e m w i t h o u t 
r esor t ing to a p p r o x i m a t e L a p l a c e t r a n s f o r m inve r se 
t e chn iques . I t is shown t h a t t h e s t resses de r ived f r o m 
t h e viscoelas t ic s t ress f u n c t i o n sa t i s fy t h e e q u i l i b r i u m 
equa t ion and t h e s t ress e q u a t i o n s of c o m p a t i b i l i t y 
for l inear v iscoelas t ic m a t e r i a l . T h e cons t i t u t i ve 
e q u a t i o n s a re expressed in t h e f o r m of l inear S t i e l t j e s 
convolu t ion in tegra ls . T h e resu l t s a r e i l l u s t r a t ed b y 
app l i ca t i ons to specia l cases. 

4 : 0 0 - 4 : 3 0 

"Thermodynamics of Polymer Solutions," P . J . BLATZ, 
Ca l i fo rn 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 , Cal i f . 

T h e h e a t of mix ing of a p o l y m e r w i th a so lven t 
is a sens i t ive f u n c t i o n of t h e concen t r a t i on of po ly-
mers . T h e t h e r m o d y n a m i c p r ed i c t i on of th i s be-
hav ior d e p e n d s on t h e f o r m of t h e h e a t of i n t e r ac t ion . 
F o r r a n d o m mixing, we h a v e 

[ X / ( N v , — X ) ] [ X / ( N v , — X ) ] = 1 ( 1 ) 

w h e r e X is t h e n u m b e r of p o l y m e r - s o l v e n t in t e rac -
t ions in a quas i - c rys ta l l ine la t t ice , N is t h e t o t a l n u m -
ber of l a t t i ce po in t s , vx a n d v2 a r e r e spec t ive ly t h e 
v o l u m e f r ac t i ons of so lven t and p o l y m e r . So lu t ion 
of E q . ( 1 ) leads to t h e H i l d b r a n d - S c a t c h a r d expres -
s ion: X = Nviv 2 which w a s used by F l o r y a n d H u g -
gins in t h e i r s ta t i s t ica l t r e a t m e n t of p o l y m e r solut ions . 
F o r quas i - chemica l mixing, w e h a v e : 

[ X / ( N v i — X ) ] [ X / ( N v i — X ) ] = 

e x p ( — 2 B l 2 V , / z k T ) ( 2 ) 
wh ich leads to 

X ~ 2 N v , W ( l + B ) ( 3 ) 

B" = 1 + 4 v , v « ( n 2 — 1 ) , and n = exp ( B i ^ / z k T ) 

whe re B u is t h e cohes ive ene rgy dens i t y of t h e 

mix tu re , V, is t h e mo la l v o l u m e of so lvent , a n d z is 
t h e l a t t i ce n u m b e r . I t is shown t h a t E q . ( 3 ) leads 
to an expess ion for t h e h e a t of mix ing which p red i c t s 
fa i r ly well t h e da t a p r e s e n t e d by T r e l o a r on t h e h e a t 
of d i lu t ion of r u b b e r b y b e n z e n e . 

4 : 3 0 - 5 : 0 0 

"Some Observations on the Sorbtion of Moisture by 
Elastomeric Propellant Binders," J . C. PoTTS, Aero-
j e t - G e n e r a l C o r p o r a t i o n , S a c r a m e n t o , Ca l i fo rn i a 

As p a r t of a s t udy of t h e e f f e c t of m o i s t u r e on 
solid p rope l l an t s , t h e sorb t ion i s o t h e r m s of six b inders , 
m a d e f r o m a v a r i e t y of c o m m e r c i a l ma te r i a l s , h a v e 
been d e t e r m i n e d a t room t e m p e r a t u r e . T h e X. i 
i n t e r ac t ion p a r a m e t e r s a n d t h e co r r e spond ing h e a t s 
of d i lu t ion h a v e been ca lcu la ted . All six i s o t h e r m s 
a re concave u p w a r d . In t h e low so lub i l i ty r a n g e 
i s o t h e r m s of th i s s h a p e a re no t wel l r e p r e s e n t e d b y 
t h e F l o r y - H u g g i n s e q u a t i o n so t h e use of a semi 
empi r i ca l e q u a t i o n which f i t s t h e m all is sugges ted . 

SOCIETY OF RHEOLOGY 
ANNUAL BUSINESS MEETING 

Brown University 
August 29, 1963 

1. T h e m e e t i n g was ca l led to o rde r a t 5 : 0 0 P . M . b y 
P r e s i d e n t F e r r y w i th a p p r o x i m a t e l y 50 m e m b e r s 
p r e sen t . T h e m i n u t e s of t h e p rev ious a n n u a l 
bus iness m e e t i n g w e r e a p p r o v e d as p r i n t e d in t h e 
1963 S p r i n g Bu l l e t in . 

2. T h e I n t e r i m R e p o r t of the S e c r e t a r y - T r e a s u r e r w a s 
p r e s e n t e d ( p u b l i s h e d e l sewhere in t h i s B u l l e t i n ) . 
T h e S e c r e t a r y - T r e a s u r e r e s t i m a t e d t h e de f i c i t th i s 
y e a r to b e s u b s t a n t i a l l y less because t h e cost of t h e 
T r a n s a c t i o n s was lowered . 

3. P r e s i d e n t F e r r y a n n o u n c e d t h a t b y E x e c u t i v e C o m -
m i t t e e ac t ion t h e Soc i e ty will sponsor t h e W e s t 
Coas t M e e t i n g in C l a r e m o n t , Ca l i fo rn ia , F e b r u a r y 
3-4. T o p r o v i d e pub l i c a t i on for p a p e r s p r e s e n t e d 
a t t h e second R e g u l a r M e e t i n g , a second i ssue of 
t h e T r a n s a c t i o n s will b e p u b l i s h e d n e x t yea r . 

4 . W . R . Wi l l e t s sugges ted t h a t w i th t h e compl i ca t ions 
of two m e e t i n g s a n d two T r a n s a c t i o n s t h e du t i e s of 
t h e S e c r e t a r y - T r e a s u r e r should b e d iv ided b e t w e e n 
t w o off ices . 

5. T w o sugges t ions w e r e m a d e f r o m t h e f loor w i t h 
r e spec t to pub l i ca t i ons po l i cy : 1) t h a t m o r e s t r in-
gen t r e q u i r e m e n t s on a u t h o r s could k e e p t h e 
n u m b e r of pages down; a n d 2 ) t h e ove r f l ow f r o m 
t h e t echn ica l m e e t i n g s could b e f o r w a r d e d t o 
Rheo log ica Ac ta for pub l i ca t ion . 

6. J . H . E l l i o t p r o p o s e d changes in t h e C o n s t i t u t i o n 
a n d B y - L a w s which will s i m p l i f y t h e Soc ie ty o p e r a -
t ion a n d d e f i n e two m e m b e r s h i p classes in t h e 
S o c i e t y : R e g u l a r m e m b e r s a n d S u s t a i n i n g m e m -
bers . R e g u l a r m e m b e r s h i p will be res t r i c t ed to 
ind iv idua ls . I t w a s m o v e d , s econded a n d vo ted to 



p r e s e n t t h e c h a n g e s to t h e m e m b e r s h i p b y m a i l 
ba l lo t . 

7. P r e s i d e n t F e r r y a n n o u n c e d t h a t b e c a u s e of Cons t i -
t u t i o n a l r e s t r i c t ions on e lec t ions p r o c e d u r e , t h e 
e lec t ion resu l t s would no t b e c o m p l e t e un t i l O c t o b e r 
1. ( E l e c t i o n resu l t s a p p e a r on p a g e 1 ) . 

V i c e P r e s i d e n t J . T . B e r g e n p r e s e n t e d a p r o p o s e d 
c h a n g e in t h e C o n s t i t u t i o n which will p r o v i d e some 
f l ex ib i l i ty in t h e e lec t ion p r o c e d u r e . I n s t e a d of 
f ixed da tes , i.e., M a y 15, t h e C o n s t i t u t i o n will b e 
c h a n g e d so t h a t ba l lo t s will b e r e t u r n e d a spec i f i ed 
n u m b e r of d a y s b e f o r e t h e A n n u a l bus ines s m e e t i n g . 
I t was m o v e d , s econded a n d v o t e d to s u b m i t t h e 
p r o p o s e d change to t h e m e m b e r s h i p b y m a i l ba l lo t . 

8. T h e fo l lowing reso lu t ions w e r e p r e s e n t e d b y J . T . 
B e r g e n a n d w e r e vo ted b y a c c l a m a t i o n : 

R e s o l v e d : T h a t t h e Soc i e ty of R h e o l o g y recog-
n ize g r a t e f u l l y t h e i n d i s p e n s a b l e c o n t r i b u t i o n s in 
fac i l i t i e s a n d serv ices m a d e to t h e F o u r t h In t e r -
n a t i o n a l Congress on Rheo logy , b y t h e A d m i n i s t r a -
t ion , F a c u l t y a n d S ta f f of B r o w n Un ive r s i t y . 
G r a t i t u d e is to b e e x t e n d e d to B a r n a b y C. K e e n e y , 
P r e s i d e n t of t h e U n i v e r s i t y , and to R . B r u c e L i n d -
say, D e a n of t h e G r a d u a t e School , f o r t h e i r p e r s o n a l 
c o n t r i b u t i o n to a m o s t e n j o y a b l e a n d f r i e n d l y eve -
n i n g on t h e occasion of t h e Congress B a n q u e t . 
W e f u r t h e r reso lve t h a t t h i s express ion of g r a t i t u d e 
b e du ly c o n v e y e d to t h e s e i nd iv idua l s b y t h e P r e s i -
d e n t of t h e Soc ie ty . 

R e s o l v e d : T h a t in recogni t ion of t h e p r e s e n t a -
t ion of a l l p h a s e s of t h e F o u r t h I n t e r n a t i o n a l 
Congress of R h e o l o g y , t h e Soc i e ty of R h e o l o g y 
h e r e b y o f f e r s i t s g r a t i t u d e a n d c o n g r a t u l a t i o n s t o : 
R . S . M a r v i n a n d R . S. R i v l i n , as co-cha i rmen , 
a n d to t h e i r assoc ia tes se rv ing on t h e va r ious 
C o m m i t t e e s f o r th i s Congress . T h e g r a t i t u d e of t h e 
Soc i e ty is e x t e n d e d for t h e m a n y h o u r s of c a r e f u l 
p l a n n i n g a n d e f f o r t wh ich w e r e essen t ia l to t h e 
success of t h e Congress ; i t s c o n g r a t u l a t i o n s a r e 
s incere ly o f f e r e d on behal f of t h e m e m b e r s who 
h a v e b e e n so wel l a n d so m e m o r a b l y e n t e r t a i n e d 
in e v e r y respec t , in t h e course of t h e Congress 
i tself . I n recogni t ion the reo f , i t is d i r ec t ed t h a t t h i s 
r e so lu t ion b e i nc luded in t h e m i n u t e s of t h e So-
c ie ty a n d t h a t t h e P r e s i d e n t b e d i r ec t ed to f o r w a r d 
s u i t a b l e copies the reof to t h e co -cha i rmen of t h e 
Congress . 

9. E d i t o r E . H . L e e e x p l a i n e d t h e p u b l i s h i n g po l i cy 
f o r t h e I n t e r n a t i o n a l Congress . I t is expec ted t h a t 
f i v e covers will m a k e u p V o l u m e V. N u m b e r 1 will 
b e a t y p i c a l T r a n s a c t i o n s a n d will b e s en t to m e m -
ber s of t h e Soc i e ty n o t a t t e n d i n g t h e Congress . All 
f i v e covers, i nc lud ing two on b iorheology , will b e 
s en t to all a t t e n d e e s of t h e Congress . T h e cost 
of t hese v o l u m e s was i nc luded in t h e reg i s t ra t ion 
fee . 

10. T h e r e b e i n g n o f u r t h e r business , t h e m e e t i n g was 
a d j o u r n e d . 

J O H N C. M I L L E R 
Secretary-Treasurer 

SOCIETY OF RHEOLOGY 
REPORT OF SECRETARY-TREASURER 

For 1963 
1. T h e d i s b u r s e m e n t s for 1963 a r e fa i r ly wel l es-

t ab l i shed and can be cons ide red n e a l y cor rec t . 
N o de f i c i t is e x p e c t e d for 1963 because t h e p r i ce 
of t h e 1963 T r a n s a c t i o n s w a s less t h a n t h e p r i ce 
for 1962 V o l u m e a n d only one Bu l l e t i n was p r i n t e d 
th i s year . T h e sav ings f r o m these t w o i t e m s a re 
e s t i m a t e d to be $600. 

T h e e s t i m a t e d b u d g e t for 1964 inc ludes a second 
v o l u m e of t h e T r a n s a c t i o n s to b e p u b l i s h e d la te in 
1964. I t is e x p e c t e d t h a t th i s v o l u m e p lus an 
e x p a n d e d Bu l l e t i n will u s e m o s t of t h e d u e s in-
c rease e f f e c t i v e in 1964. 

2. M E M B E R S H I P 

T h e p r e s e n t m e m b e r s h i p of t h e Soc ie ty is a b o u t 
600. T h i s is a su f f i c i en t n u m b e r to g ive t h e 
Soc ie ty two m e m b e r s on t h e G o v e r n i n g B o a r d of 
A I P . A r m a n d F . Lewis is respons ib le for ou r 
m e m b e r s h i p c a m p a i g n s . 

3 . P U B L I C A T I O N S 

O n e issue of t h e R h e o l o g y Bu l l e t in a n d Vol. V I I 
of t h e T r a n s a c t i o n s has been p u b l i s h e d a n d s en t 
to m e m b e r s in good s t and ing . 

4. W E S T C O A S T R E G I O N A L M E E T I N G 

T h e W e s t Coas t Reg iona l M e e t i n g was he ld on 
J a n u a r y 3 1 — F e b r u a r y 1, 1963 a t t h e She l l 
D e v e l o p m e n t C o m p a n y , E m e r y v i l l e , Ca l i fo rn ia . 
T h o r S m i t h a n d P a u l B l a t z deve loped the pro-
g r a m . T h e m e e t i n g fac i l i t ies were a r r a n g e d by 
t h e She l l D e v e l o p m e n t C o m p a n y . S ix teen p a p e r s 
w e r e p r e s e n t e d , t h r e e inv i t ed p a p e r s a n d 13 con-
t r i b u t e d pape r s . T h e m e e t i n g was f inanc ia l ly se l f -
s u p p o r t i n g . 

5. 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 O N 

R H E O L O G Y 

T h e Soc i e ty of R h e o l o g y was t h e hos t Soc ie ty 
for t h e F o u r t h I n t e r n a t i o n a l Congress he ld a t 
B r o w n Un ive r s i t y , P rov idence , R . I. A u g u s t 25 to 
A u g u s t 30. A n n o u n c e m e n t s of t h e Congress w e r e 
s en t to all m e m b e r s of t h e Soc ie ty . P r o g r a m s w e r e 
also s en t t o all m e m b e r s in t h e Soc ie ty in Augus t . 
R . S. M a r v i n a n d R . S. R iv l i n w e r e co -cha i rmen 
f o r t h e o rgan iza t ion of t h e Congress a n d P r o f . 
R i v l i n was in c h a r g e of t h e local a r r a n g e m e n t s . E . 
H . L e e is t h e E d i t o r f o r t h e Congress ; A. L . C o p l e y 
t h e E d i t o r a n d C h a i r m a n of t h e S y m p o s i u m on 
Biorheo logy . 

6. A N N U A L M E E T I N G O F T H E S O C I E T Y O F 

R H E O L O G Y 

T h e A n n u a l M e e t i n g for 1963 was c o m b i n e d 
wi th t h e F o u r t h I n t e r n a t i o n a l Congress . 

7. E X E C U T I V E C O M M I T T E E M E E T I N G S 

T h e E x e c u t i v e C o m m i t t e e m e t twice t h i s yea r , 



on F e b r u a r y 15 and on Augus t 25. T h e m a j o r 
topics for discussion were the organizat ion of the 
In t e rna t iona l Congress and t h e publ ica t ion of 
p a p e r s p resen ted a t t he Congress. O the r topics 
were the def in i t ion of m e m b e r s h i p classes and the 
Annua l M e e t i n g for 1964. 

C H A N G E S IN T H E B Y - L A W S O F T H E CON-

S T I T U T I O N 
T h e following changes in t h e By-Laws were 

voted on b y the m e m b e r s h i p and passed by a 
m a j o r i t y of those voting. 

Art ic le I I I 

Sect ion 1 will now r e a d : 

R e g u l a r m e m b e r s of the Society shall pay annua l 
dues of $10.00 in advance . E a c h m e m b e r shall be 
en t i t l ed to subscr ip t ion to the off icial publ ica t ions 
of the Society. 

Section 2 pa rag raph 1 will now r e a d : 

Sus ta in ing m e m b e r s shall pay dues of $25.00 
annua l ly as a m i n i m u m , payab l e in advance and 
shall be en t i t l ed to the off ic ia l publ ica t ions of the 
Society. 

9. E L E C T I O N O F O F F I C E R S 

T h e repor t of the Nomina t i ng C o m m i t t e e was 
publ i shed in the Spr ing Bul le t in . N o addi t ional 
nomina t ions were received by the Secre ta ry-Treas -
urer. Bal lo ts were sent ou t in J u n e wi th a r eques t 
to re turn t h e m by Augus t 1, a l though bal lots m a y 
be received unt i l October 1, 1964. T h e Elec t ion 
Commi t t ee , J . B. Wlkens and F . P a d d e n repor ted 
the following off icers e lec ted : 

P re s iden t : 
Vice-Pres iden t : 
E d i t o r : 
Sec re t a ry -Treasu re r : 
Execu t ive C o m m i t t e e 
Member s - a t -La rge : 

J . T . Bergen 
R . S. M a r v i n 
R . R . M y e r s 
J . C. Mi l l e r 
T . L. S m i t h 
H . M a r k o v i t z 

10. A M E R I C A N I N S T I T U T E O F P H Y S I C S 

All mail ings, dues collection, etc., were done by 
the Amer ican In s t i t u t e of Physics in 1963. 

Dr . Mi l l e r a t t e n d e d t h e mee t ing of the Govern ing 
Board on M a r c h 16, 1963. T h e mee t ing of the 
Corpora t ion was held in F e b r u a r y and the Society 
was rep resen ted by proxy ( E l m e r Hutch i s son and 
M a r y J o h n s o n ) . 

An e f fo r t to pu rge and obta in u p to d a t e mail-
ing lists of t he Societ ies resul ted in some a p p a r e n t 
loss in m e m b e r s h i p for the Society. 

r icular and somet imes correspondence is delayed 
because of o the r responsibi l i t ies . T h e Secre ta ry-
Treasu re r wishes to acknowledge the cooperat ion of 
his C o m p a n y m a n a g e m e n t in provid ing minor ex-
penses, faci l i t ies and secretar ia l he lp necessary to 
Society operat ions. T h e Sec re t a ry -Treasu re r also 
wishes to acknowledge t h e cooperat ion of t h e Exec-
u t ive Commit tee , commi t t ee cha i rmen and t h e 
American In s t i t u t e of Physics . 

R e s p e c t f u l l y s u b m i t t e d 

J O H N C. M I L L E R 

Secre tary-Treasurer 

Estimated Expenses for 1963 

Balance D e c e m b e r 31, 1963 

Income f r o m D u e s 

T O T A L 

Disbursements 

A. I. P . Charges 

Bul le t in ( 1 ) ...... 

T O T A L 

Balance December 31, 1963 

Estimated Budget 1964 

Balance December 31, 1963 

Income 
630 m e m b e r s a t $10.00 

Disbursements 

Bul le t ins 

Transac t ions 

A I P Charges 

U. S. Na t iona l C o m m i t t e e on Theore t i ca l 

and Appl ied Mech . 

Ed i to r ' s E x p e n s e 

M e m b e r s h i p C o m m i t t e e 

Misce l laneous 

$ 4,400 

3,600 

$ 8,000 

P r o g r a m s for In te rna t iona l Congress 

Transact ions , Vol. V I I 

U. S. C o m m i t t e e on Theore t i ca l and 

Appl ied M e c h 

M e m b e r s h i p C o m m i t t e e 

Elec t ion 

550 

365 

300 

2,100 

100 

100 

55 

$ 3,570 

$ 4,400 

$ 4,400 

6,300 

$10,700 

$ 1,200 
3,600 

900 

100 

300 

100 

100 

A C K N O W L E D G M E N T S 

T h e Secre ta ry -Treasure r ' s dut ies are extra cur- Ba lance D e c e m b e r 31, 1964 

$ 6,300 

$ 4,400 


