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THE BINGHAM MEDAL, 1958 

The Bingham Medal of the Society of Rheo logy for 

1958 wil l be awarded to Rona ld S. R iv l i n , Professor 

and Chairman of the D i v i s i on of App l ied Mathemat ics 

at Brown Univers i ty . The award ceremonies wi l l be 

held after the dinner on November 5 at the annual 

meet ing of the Society . Professor R i v l i n wi l l be in-

troduced by Professor E. H. L e e , the former Cha i rman 

of the D i v i s i on of App l i ed Mathemat ics at Brown. 

Professor R i v l i n w a s educated at St. J o h n ' s Col-

lege , Cambr idge, where he received a B. A. degree 

in 1937 in Mathemat ics and Phy s i c s , fol lowed by the 

M. A. degree in 1939 and the D. Sc. in 1952. 

From 1937 to 1942 he was a Research Phys i c i s t 

at the Research Labora tor ies of the Br i t ish General 

E lec t r i c Co . in London . From 1942-44 he held the 

pos i t ion of Sc ien t i f i c Off icer in the Telecommunica-

t i ons Research Es tab l i shmen t in Malvern, Eng l and , 

which was part of the Ministry of Aircraft Product ion . 

Dur ing the year 1946-47 he was a V i s i t i ng Sc ient is t 

at the Nat iona l Bureau of Standards in Washington. 

Dur ing the period 1947-52 Professor R iv l i n was a 

Research Sc ien t i s t in charge of a group at die Davy-

Faraday Laboratory at the Royal Ins t i tu t ion in London , 

and a l so acted as research supervisor at the Br i t i sh 

Rubber Producers ' Research Assoc i a t i on laborator ies 

in Welwyn Garden C i ty . From 1952-53 he was a full-

t ime consu l tan t wi th the Mechan ics D iv i s ion of the 

Nava l Research Laboratory in Washington. 

In 1953 the meda l i s t went to Brown Universi ty; he 

ha s been a Professor of Appl ied Mathemat ics there 

s ince that t ime, and assumed the dut ies of Char iman 

of the D iv i s ion th is year. In 1953 he was e lected a 

Fe l l ow of the Washington Academy of Sc iences , and 

during the current year was elected a Fe l low of the 

AAAS. 

Professor R i v l i n h a s done work in the f ie ld of 

e lectr ic c ircui t theory, and has a l so made s ign i f i can t 

contr ibut ions re lat ing to op t i ca l refraction and x-rays. 

But he i s probably best known for h i s work on elast ic-

ity theory in the range of h igher s tra ins , where the 

usua l l inear e las t i c i ty l aws , which describe behavior 

in the range of smal l s tra ins , are no longer adequate . 

He i s currently extending t h i s work to inc lude the 

phenomena of v isco-e las t ic i ty in the region of higher 

(or f in i te , as contrasted to i n f i n i tes ima l ) strains. 

RHEOLOGY ABSTRACTS 
A new rheology abstract journa l , " R h e o l o g y Ab-

stracts : A Survey of World L i t e r a t u r e " , h a s recent ly 

begun pub l ica t ion . Volume 1, Number 1 was i ssued 

for May, 1958. It i s be ing pub l i shed by Pergamon 

P ress , L t d . for the Br i t i sh Society of Rheology. An 

attempt is being made to ach ieve reasonably complete 

coverage; a team of abstractors is covering more than 

110 journa l s ( i nc lud ing our own Transact ions) . Ab-

stracts are grouped under seven top ic head ings (Theo-

ret ica l ; Instruments and Techn ique ; Metals and Other 

So l ids ; Po lymers , E las tomers and V i s coe l a s t i c Ma-

ter ia l s ; P a s t e s and Suspens ions ; L i q u i d s ; and Gen-

eral) , and a sub ject index wi l l be publ ished year ly . 

The subscr ip t ion pr ice i s £ 2 per vo lume of 4 i s sues . 

The U. S. address of Pergamon Press i s 122 Eas t 

55th Street, New York 22, N .Y . 

THE ANNUAL FALL MEETING—1958 
The 1958 Annual Meeting of the Society wi l l be 

held from Wednesday, November 5, through Fr iday, 

November 7, at the Frank l i n Inst i tu te , 20th and Park-

way, Ph i l a de l ph i a 3, Pennsy l van i a . L o c a l arrange-

ments are being hand led by Mr. Edmund The len of the 

Frank l in Inst i tu te , who is a l so serving as Cha i rman of 

the Pub l i c i t y Committee. A l l techn ica l sess i ons wi l l 

be in the Lecture I l a l l of the Inst i tute . Society mem-

bers can most convenient ly use the entrance on Winter 

Street, between 20th and 21st Streets. 

The of f ic ia l hotel for the meeting wi l l be the new 

Sheraton, at Pennsy l v an i a B lvd . and 17th Street, 

wh ich is about f ive b l ocks from the F'ranklin Inst i tu te . 

A block of rooms is reserved there for the Society, 

and members should write d i rect ly to the hotel for 

reservat ions , ment ion ing the Society of Rheology . The 

Robert Morris Hote l , at 17th and Arch Streets, across 

the street from the Sheraton, has somewhat less ex-

pens ive rooms. 

Return of the advance registrat ion cards, which 

were sent out wi th an announcement of the program 

on October 1, wi l l be very helpfu l to the organ iza t ion 

committee, and members who have not done so are 

encouraged to do th fs as soon as poss ib le , i nd i ca t i ng 

whether or not they w i l l be a t tend ing the Wednesday 

night dinner. A letter to Edmund The len at the F'rank-

l in Inst i tu te is suggested for c a ses where reg is tra t ion 

cards may have been m is l a i d . Reg is t ra t ion for the 
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R H E O L O G Y B U L L E T I N 

R. D. Andrews, Jr., Editor 

P l a s t i c s Research Laboratory 

Room 7-006, M.I.T. 

Cambridge 39, Mass. 

meet ing or any part of it is $2.00 for members and 

$3.00 for non-members. There i s no registrat ion 

charge for wives , and they are cord ia l ly inv i ted , par-

t icu lar ly to the soc i a l events on Wednesday evening. 

Charges for the banquet are $3.50 per person. Checks 

for both registrat ion and banquet should be made out 

to The Frank l in Inst i tu te . 

There have been some minor changes and adjust-

ments in the program s ince the mai l not ice above; the 

program which fo l lows in th is Bu l le t in should there-

fore be taken as the de f i n i t i ve vers ion . 

PROGRAM FOR FALL MEETING 
Al l sess ions in Lec ture Room un less otherwise 

ind icated . T ime a l lowed for presentat ion of papers: 

30 min. 

Wednesday Morning, Nov. 5 

9:00 Reg is t ra t ion beg i n s in P lanetar ium Lobby of 

Frank l in Ins t i tu te . 

10:45 Open ing Remarks by Dr. J .H . D i l l on , Pres ident 

of the Society , Lec ture Ha l l . 

11:00 D i s cu s s i o n of Third Annua l Congress of Rhe-

o logy held at Bad Oeynhausen , Germany, Sep-

tember 23-30, 1958» 

Chairman: Robert S. Marvin 

Wednesday Afternoon, Nov. 5 

1:30 Rheo logy Standards and P r i nc i p l e s 

V ISCOS ITY O F N - H E X A D E C A N E 

A . B . BESTUL and R . C . H A R D Y , National Bureau of 

Standards, Washington 25, D. C. 

Attempts to prepare high-purity n-hexadecane from 

commercia l cetane by s imp le laboratory procedures 

were unsuccess fu l . Frac t iona l d i s t i l l a t i on at reduced 

pressure, of mater ia l prev ious ly treated wi th s i l i c a 

ge l , produced a few smal l f ract ions of about 99 .5 mole 

per cent purity. The k inemat ic v i s cos i t i e s of the 

or ig ina l mater ia l and of the fract ion of h ighest purity, 

99.63 mole per cent , were found to be the same, 4 .4635 

c s at 20°. A l l other f ract ions had lower v i scos i t i e s . 

The v iscos i ty of NBS standard sample of n-hexad-

ecane, 99.94 mole percent , was found to be 4.4642 c s 

or 3.4540 cp at 20°C. n-hexadecane i s not l ike ly to 

be su i tab le for use as a second ca l ibra t ion standard 

for v iscometry unt i l a s imp le , eas i l y def ined rout ine 

of pur i f icat ion i s developed. 

AN A N A L Y S I S O F AN A B S O L U T E T O R S I O N A L 

P E N D U L U M V I S C O M E T E R 

E . A . K E A R S L E Y , National Bureau of Standards, 

Washington 25, D. C. 

Both the period and decrement of a ho l low spher ica l 

tors iona l pendulum f i l l ed wi th f lu id depend on the 

v i scos i ty of the f lu id , and v i s co s i t i e s have been 

measured u t i l i z i ng observa t ions o f the decrement 

[E .N. da C . Andrade and Y .S . Ch iong , Proc . Roy . 

Soc. 48, 247(1936)]. With the h igh ly developed methods 

of measur ing t ime in terva ls now ava i l ab le it appears 

that a measurement of the period might be the more 

prec ise approach. S ince no end ef fects are encounter-

ed with a sphere it should be poss ib le to develop an 

abso lu te measurement . 

Equa t i ons for the period and decrement have been 

developed and coded for an IBM 704. Several curves 

of period and decrement as a funct ion of v i s cos i t y 

have been ca lcu la ted , and with them a study has been 

made of the potent ia l accuracy and pract icab i l i ty of 

such an instrument. 

T H E T H E O R Y O F L O C K I N G M A T E R I A L S 

ARIS P H I L L I P S , Department of Civil Engineering, 

Yale University, New Haven, Conn. 

The concept of the i dea l lock ing mater ia l , wh ich 

has been introduced by Prager, i s considered for the 

case of mater ia ls which have two equat ions of s ta te , 

one for the change in vo lume and the other for the 

change in shape . Poss i b l e stress-strain re la t ions are 

d i scussed . The concepts of volumetr ic lock ing and 

of d istort ional l ock ing are introduced, and it i s shown 

by means of an example that there are c a ses in which 

these two modes of lock ing are incompat ib le over the 

same region of the body. The fundamenta l d i f ferences 

between lock ing ma ter i a l s and idea l p l as t i c mater ia l s 

are pointed out . The problem of l ock ing of a ho l low 

sphere i s d i scussed in de ta i l . 

S E C O N D A R Y STRESSES IN A N I S O T R O P I C AMOR-

PHOUS MEDIA 

C H A R L E S MACK, Research Department, Imperial Oil 

Limited, Sarnia, Ontario 

Secondary s t resses have been the subject of sever-

a l i nves t iga t ions , s i nce their presence was first dem-

onstrated by Weissenberg i n l i qu i ds under laminar 

f low. They have been assoc ia ted wi th e las t i c i ty by 

some invest igators , and wi th v i s cous effects by others . 

In these theor ies , secondary s tresses are assumed to 

ar ise from the deformation or rate of deformation in 

otherwise isotrop ic bod i es . Since most indus t r ia l ly 

important mater ia ls are not isotrop ic , a theory of 
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secondary s t resses i s g iven for an isotropic behav ior 

in general . It i s shown that non-Newtonian v i scos i ty 

i s the direct outcome of secondary s tresses , and their 

importance for the rheo log ica l behavior is d i scussed . 

In re lat ing secondary s t resses wi th non-Hookean 

e l as t i c i t y , it i s found that th is type of e l as t i c i t y is 

a lso assoc ia ted with t ime ef fects . 

STRESS A N A L Y S I S F O R L I N E A R V I S C O E L A S T I C 

M A T E R I A L S 

E . H . L E E , J . R . M . R A D O K and W . B . W O O D W A R D , 

Brown University, Providence, R. I. 

The stress d is t r ibu t ions i n v i s coe l as t i c bod ies 

exhibi t features which are in marked contrast with the 

more commonly understood ana l y s i s for e l as t i c bod i es . 

For example , under constan t surface load ing , the 

internal d is tr ibut ion of s t ress can vary widely . Meth-

ods of determining such varying stress d is t r ibu t ions 

are d i scussed , and i l l us t ra ted through part icular ex-

amp les . The t ime var ia t ion can be dealt with in some 

problem types by app l i ca t ion of the Lap l a ce trans-

form, but it i s pointed out that other types of prob-

lems fa l l ou ts ide the scope of t h i s method. The 

in f luence of the spec i f i c prescr ipt ion of boundary con-

d i t i ons on methods of so lu t i on i s d i scussed , and a 

part icu lar example i s presented for which the trans-

form method of at tack would not apply . 

V ISCOUS MOTION O F D I S L O C A T I O N S IN 

C R Y S T A L S 

J . J . G ILMAN and W. G . J O H N S T O N , General Elec-

tric Research Laboratory, Schenectady, N.Y. 

Direct observa t ions of d i s l oca t i ons in L i F crys ta ls 

show that there i s a quas i-v iscous res is tance to dis-

loca t ion mot ion . T h i s res i s tance does not invo lve 

d isJocat ion in terac t ions , but occurs for d i s l oca t i ons 

moving in dis locat ion-free reg ions of the crys ta ls . 

The v i s cos i t y i nc reases with impurity content , wi th 

neutron bombardment, and wi th decreas ing tempera-

ture. Measurements have been made over a wide 

range of d i s loca t ion ve l oc i t i e s extending from a few 

atom d i s tances per second up to 1012 atom d i s tances 

per second. 

Our microscop ic measurements of d i s loca t ion be-

havior have been app l i ed to the ca lcu la t ion of macro-

scop ic stress-strain curves wi th good resu l ts . 

5 :00 Tour of Frank l in Ins t i tu te Laborator ies includ-

ing the Rheo logy Sect ion . 

Wednesday Evening, Nov. 5 

6:00 Cock ta i l s in Frank l in Hal l Lobby . 

6:30 Dinner , i n F rank l i n Ha l l . 

7:45 Reces s 

8:00 Presenta t ion of B ingham Medal and Meda l i s t ' s 

Address , by Dr. Rona ld S. R i v l i n . Introduct ion 

by Dr. E . H. Lee . 

Fo l l owed by Smoker. 

10:30 Adjournment . 

Thursday Morning, Nov. 6 

9:00 Symposium on Resonance and Re laxa t ion 

Introduct ion — J . D . Ferry 

U L T R A S O N I C S A N D ITS USE IN R H E O L O G Y 

T . A. L I T O V I T Z , Catholic University of America, 

Washington, D. C. and Naval Ordnance Laboratory, 

White Oak, Md. 

Ultrason ic spectroscopy has demonstrated the ex-

is tence of volume v i scos i ty in most l i qu i ds and has 

shown that there are many different molecular mecha-

n i s m s respons ib le . In a l l c a ses in l i qu ids , the ab-

sorption of son ic waves has been related to re laxat ion 

processes and not to resonance ef fects . In t h i s paper, 

resonance and re laxat ion wi l l be d i scussed in re lat ion 

to the molecular b a s i s of the u l t rason ic l oss (or vol-

ume v iscos i ty ) of l i q u i d s . 

T H E R M O D Y N A M I C S O F T R A N S P O R T P R O C E S S E S 

IN L IQU IDS 

R . E . N E T T L E T O N , Rice Institute, Houston, Texas 

A number of sca lar and tensor parameters are in-

troduced, in add i t ion to the dens i ty and temperature, 

to descr ibe the loca l non-equi l ibr ium states of a very 

smal l subvolume of the l i qu id . Each parameter, e .g . 

fract ional number of mo lecu les excited in a g iven 

v ibrat iona l mode, obeys a rate equat ion , invo lv ing a 

re laxat ion t ime wh ich may be ca lcu la ted from a struc-

tural model of the l i qu i d or, in the case of thermal 

re laxat ion , wi th the aid of data on the Raman spec-

trum. If the rate equa t i ons are regarded as force-flux 

equa t i ons in the thermodynamics of irreversible proc-

esses , then they are coupled to the s t ress tensor i n 

such a way that , in accordance with the Onsager-

Cas im i r rec iproci ty theorem, the pressure i nvo lves a 

l inear sum of the a f f i n i t i es governing the rates of the 

internal irreversible processes . Use of the rate equa-

t ions to e l im ina te the re laxat ion parameters from the 

s t ress tensor y ie l ds express ions for the complex, 

frequency-dependent bu lk and shear modul i . In the 

l imit of low frequency, the bu lk and shear v i s co s i t i e s 

may be ca l cu la ted . 

M E C H A N I C A L R E S O N A N C E D I S P E R S I O N IN 

C R Y S T A L L I N E S O L I D S 

EDWIN R . F I T Z G E R A L D , The Pennsylvania State 

University, University Park, Pa. 

Measurements of the complex shear comp l i ance at 

c lose ly spaced in terva ls in the range of 100 to 5000 

cps have resul ted in the d iscovery of sharp resonance 

d i spers ions in po lycrys ta l l i ne meta ls , c rys ta l l i ne 

polymers, and s i ng l e crysta ls of var ious mater ia ls such 

a s sodium ch lor ide , copper su l f a te , and quartz . The 

resul ts ind icate that the phenomena of low frequency 



resonance d ispers ion in mechan ica l compl iance are of 

general occurrence. The data can be ana lyzed and 

fitted c lose ly by means of a genera l ized stress-strain 

re lat ion i nvo lv ing a l inear combinat ion of the stra in 

and i t s first and second t ime der ivat ives . Inc lus ion 

o f the third der ivat ive l e ads to an ant i-d iss ipat ive 

term which can be used to account qua l i t a t ive ly for a 

negat ive absorpt ion or induced emiss ion observed over 

a narrow frequency region in some mater ia ls . The 

negat ive absorpt ion seems to be connected with s ta t i c 

c l amp ing s t resses app l ied to the sample , decreases 

s lowly with t ime, and can be react ivated by restress-

ing . 

An exp lanat ion of the resonances is suggested by 

ca l cu l a t i ons of Fermi , P a s t a , and Ulam for non-linear 

sys tems in which no tendency toward equ ipar t i t ion of 

energy among modes was found. Accord ing ly it i s 

proposed that : (1) in c rys ta l l i ne so l ids , because of 

the non-linear nature of the b ind ing forces, equipart i-

t ion of energy among the var ious modes of v ibra t ion 

does not take p l ace ; ins tead energy ac tua l ly i s passed 

back and forth among re la t ive ly few of the ava i l ab le 

modes, (2) the frequency of the energy exchange, in 

contrast to the la t t i ce f requencies themse lves , may 

be very low, e .g . , in the audio-frequency range, (3) 

the observed resonance d i spers ions occur at fre-

quenc ies corresponding to these var ious acous t i c ex-

change frequencies . Th i s lack of energy equipart i t ion 

wi l l not necessar i ly be not iced in spec i f i c heat meas-

urements of so l i d s , but may have some consequences 

in other areas. 

R A D I O F R E Q U E N C Y S P E C T R O S C O P Y 

A P P L I C A T I O N S 

WILL IAM L . R O L L W I T Z , Southwest Research Insti-

tute, 8500 Culebra Road, San Antonio 6, Texas 

Radiofrequency Spectroscopy covers the heretofore 

unused port ion of the e lectromagnet ic spectrum used 

for absorpt ion spectroscopy . The measurements in-

volved are based upon the absorpt ion of radiofrequen-

cy energy by nuc le i and/or free e lectrons when they 

are s imu l t aneous ly sub jec ted to both a s teady mag-

net ic f ie ld and a radiofrequency f ie ld . The amount of 

energy absorbed w i l l g ive a quant i ta t ive ana lys i s . 

The width and shape of the absorpt ion l i ne wi l l g ive 

a measure of the chemica l and phys ica l environment 

of the nuc le i or e lectrons . The saturat ion energy w i l l 

g i ve added informat ion on internal environment. These 

measurements can be made under many dynamic con-

d i t i ons so that the chemica l and/or phys ica l changes 

can be measured as a resu l t of varying external envi-

ronment. 

It i s therefore poss ib l e to app ly these Radiofre-

quency Spectroscopy techn iques to qua l i ty control and 

measurement , as wel l a s to research, in such f i e l ds 

a s high polymers, p l a s t i c s , meta l s , petroleum pro-

duc ts , rubber, pa in t , s tarch , e tc . 

11:15 General D i s c u s s i o n 

Thursday Afternoon, Nov. 6 

1:30 V i scoe l as t i c i t y Theory and Pract ice 

SOME G E N E R A L I Z A T I O N S O F L I N E A R 

V I S C O E L A S T I C STRESS-DEFORMATION 

R E L A T I O N S H I P S 

H E R S H E L M A R K O V I T Z , Mellon Institute, Pittsburgh, 

Pa. 

Oldroyd has developed a method for genera l i z ing 

rheolog ica l equa t ions of s ta te of l imited app l i cab i l i t y 

so that they have correct invar iance properties and 

are of a un iversa l ly va l id form. In t h i s paper a general 

Maxwell body is taken as a b a s i s for various general-

i za t i ons of the Oldroyd type. These resu l ts are then 

examined for their imp l i c a t i ons with respect to the 

rate of shear dependence of the shearing and normal 

s t resses in s teady state f low. 

DYNAMIC M E C H A N I C A L P R O P E R T I E S O F CON-

C E N T R A T E D S O L U T I O N S O F POLY-N-BUTYL 

M E T H A C R Y L A T E * 

P * R . S A U N D E R S , D O N A L D M. S T E R N , S H E L D O N F . 

K U R A T H , C H A R O E N S A K O O N K I M , and J O H N D . 

F E R R Y , Department of Chemistry, University of 

K'isconsin, Madison, Wisconsin 

Measurements of the real and imaginary parts of 

the complex compl iance ( J * ) have been made on solu-

t i ons of poly-n-butyl methacrylate (molecular weight 

3 .05 x 10^) i n d iethyl ph tha la te at concentrat ions of 

30, 40, 50, and 60% by weight , us ing the F i t zgera ld 

transducer apparatus over wide ranges of frequency 

and temperature. Except for certa in anomal ies men-

t ioned be low, the method of reduced var iab les pro-

vided s ing le composi te curves with temperature shif t 

factors wh ich fo l lowed the WLF equat ion; the para-

meter a r varied from 2.2 to 2 .8 x 10"4, and for the 

50% and 60% so lu t ions , whose g l a ss trans i t ion tem-

peratures were determined refractometr ical ly as -67° 

and -46°C . , the parameter f g was 0.024. At the lowest 

temperatures and h ighest f requenc ies , the reduced 

data for the 60% so lu t ion showed an anomaly wh ich 

was tenta t ive ly iden t i f i ed as a /3 -mechanism but 

could not be separate ly reso lved . At temperatures 

and frequencies corresponding to the neighborhood of 

the maximum in J " , the reduced data for a l l four solu-

t i ons showed an anomaly l i ke that in the und i lu ted 

polymer, where the maximum sh i f t s upward and to 

lower reduced f requenc ies wi th i ncreas ing tempera-

ture. Th i s behavior can be interpreted in terms of a 

temperature dependence of the number of entanglement 

coup l ing po in ts , wi th an apparent heat of d i ssoc i a t i on 

of 2.1 kca l . in a l l so l u t i ons . Retardat ion and relaxa-

t ion spectra have been ca l cu l a ted for each so lu t ion , 

and from these the concentrat ion dependences of the 

monomeric fr ict ion coef f ic ient and other parameters 

have been obta ined . 

* Th i s work was supported in part by the Ordnance 

Corps , Department of the Army. 
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D Y N A M I C M E C H A N I C A L A N D C R E E P P R O P E R -

T I E S O F A C O N C E N T R A T E D C E L L U L O S E 

N I T R A T E S O L U T I O N 

D O N A L D J . P L A Z E K * , Department of Chemistry, 

University of Wisconsin, Madison, Wisconsin 

L o w f requency t o r s i on pendu l um and creep meas-

urements h ave been made on a s o l u t i o n of c e l l u l o s e 

n i t ra te in d i e thy l p h t h a l a t e (23 .0% by we igh t of poly-

mer) to supp lemen t p r e v i o u s l y reported work w i th a 

F i t zgera ld-Fer ry doub l e t r ansducer . T h e to rs ion pen-

du l um measu remen t s were made at tempera tures from 

-25 ° to + 3 5 ° C w i t h i n a f requency range ex t end i ng 

from 0 . 07 to 9 .0 c y c l e s per s e cond . Creep runs , a l s o 

made in t o r s i ona l shear , were made at tempera tures 

from -33° to + 6 5 ° C . At t he tempera tures where crys-

t a l l i n i t y w a s p resen t ( 5 ° C and be l ow ) , the deforma-

t i on , y , at l o ng t i m e s c a n be desc r i bed by the ex-

p ress i on „ 1 / 3 
y = yo + pt , where t i s the t ime and yQ 

and ¡3 are cons tan t s* 

In sp i te of the p r e s en ce o f c r y s t a l l i n i t y , a l l o f the 

r e s u l t s were i n dependen t of thermal h i s tory and the 

dynam i c r e su l t s at - 1 0 ° C and above cou l d be and 

were reduced to a re ference tempera ture ( T 0 = 25 C) . 

T h e necessa ry sh i f t f a c t o r s , a™-., are g i ven by 

l og a j , = -8 .48 ( T - T 0 ) / ( 166 + T - T 0 ) . At lower tem-

pera tures the d i s p e r s i o n i s a p p r e c i a b l y b roadened by 

the c ry s t a l l i n i t y . 

* P resen t add ress : Me l l on I n s t i t u t e , P i t t sbu rgh , P a . 

V I S C O E L A S T I C B E H A V I O R O F C R Y S T A L L I N E 

P O L Y E T H Y L E N E A N D P O L Y P R O P Y L E N E 

J . A . F A U C H E R , Research Department, Union Carbide 

Chemicals Co., S. Charleston, W. Va. 

A n a t tempt i s made to app l y t he theory of l i nea r 

v i s c o e l a s t i c i t y to t he c r y s t a l l i n e po lymers po lyethy-

l e ne and po l yp ropy l ene . It appea rs that t h i s can be 

d one i f s u i t a b l e r e s t r i c t i o n s are made in tempera ture 

range and amoun t o f s t r a i n . Da t a were ob t a i ned by 

t h e method o f s t r e s s r e l axa t i on . Cu r ve s at d i f fe ren t 

tempera tures c an be supe r imposed to g i ve a s i n g l e 

mas te r curve , and the sh i f t f ac to rs so ob ta i ned f a l l on 

a s t ra igh t l i n e in an A r r hen i u s p lo t . The d i s t r i b u t i o n s 

o f re l axa t i on t i m e s are c a l c u l a t e d for bo th po l ymers 

and found to be very s im i l a r . The two are compared 

w i t h amorphous po l yp ropy l ene w h o s e behav io r i s much 

l i k e p o l y i s o bu t y l e n e . 

A N A P P A R A T U S F O R M E A S U R I N G 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 O F H I G H 

P O L Y M E R S AT L O W F R E Q U E N C I E S 

R . H . S H O U L B E R G , F . H . Z I M M E R L I , and 0 . C . 

K O H L E R , Rohm and Haas Co., Philadelphia, Pa. 

A n appa ra t us i s desc r i bed for low-frequency meas-

uremen ts (0 .0004 to 1 cps ) of the dynam ic proper t ies 

of po l ymer s . T h e a pp a r a t u s i s b a s i c a l l y a mod i f i ed 

ve r s i on o f the Mor r i s son-Zapas-De Witt m a c h i n e at 

The Me l l on I n s t i t u t e [ R e v . Sc i . I n s t . , 357(1955)] . 

T h e m o d i f i c a t i o n s c o n s i s t p r i n c i p a l l y in (1) u s i n g 

re f l ec t ed l i gh t b e a m s from a mercury arc source to 

t r ace bo th inpu t and r e sponse cu rves on a pho tosens i-

t i ve f i lm , t h u s p r ov i d i ng a common t ime b a s e for re-

cord i ng w i thou t r e so r t i ng to the use of any interme-

d i a t e e l ec t r i c a l s y s t em , and (2) u s i ng a cons t an t im-

p e d a n c e network to i n dependen t l y vary the recorded 

amp l i t u d e of the i npu t and output t r aces , thus a l l ow-

i n g accura te measu r emen t s of amp l i t ude r a t i o s over 

t he ent i re f requency range w i thou t a l t e r i ng the geom-

etry o f the s p e c i m e n . T h e c a l i b r a t i o n o f the ins tru-

ment and da t a t rea tment are d i s c u s s e d , and e x a m p l e s 

o f the measu remen t s t a ken on s o l i d s a m p l e s are g i v en . 

O P E N M E E T I N G O F C O M M I T T E E O N 

C O M M U N I C A T I O N P R O B L E M S IN R H E O L O G Y 

R . R . M Y E R S (Chairman), D . R . B R O O K F I E L D , F . R . 

E I R I C H , L . S T O L O F F and R . N . T R A X L E R 

The Comm i t t e e o n C o m m u n i c a t i o n P r o b l e m s in 

R h e o l o g y , sponso red by s i x Amer i can C h e m i c a l So-

c i e t y D i v i s i o n s , t h e ASTM and the Soc i e ty of Rhe-

o logy w i l l meet i n open s e s s i o n for the pu rpose of 

e s t a b l i s h i n g and d e f i n i n g t hose broad a s p e c t s of f l ow 

conce rn i ng w h i c h no s e r i o u s d i s ag reemen t e x i s t s 

among p r a c t i c i n g f h e o l o g i s t s . 

R e commenda t i o n s w i l l be made tha t f low phenom-

ena b e desc r i bed u s i n g a broad c l a s s i f i c a t i o n of be-

hav i o r b a sed on the dependence of a pp l i e d s t r e s s S 

o n shear ra te D . A ma ter i a l whose S / D ra t io de-

c r e a se s a s D i n c r e a se s w i l l be c a l l e d v i s c o l a c t i c , 

a n d one whose S / D ra t io i n c r e a se s as D i n c r e a se s 

w i l l be c a l l e d v i s c o n a t t i c . 

R e a s o n s for adop t i on o f n e w te rm ino logy w i l l be 

g i v en , and p a r t i c i p a t i o n by Soc i e t y membersh ip be-

fore, dur ing and after the s e s s i o n i s i nv i t ed . 

4 :30 B u s i n e s s Mee t i ng 

Friday Morning, November 7 

9:00 Gene ra l P ape r s 

O N T H E T H E R M O S T A T I C S O F C O N T I N U O U S M E D I A 

B E R N A R D D . C O L E M A N and W A L T E R N O L L , Mellon 

Institute, Pittsburgh, Pa. 

T h i s paper d i s c u s s e s ma t e r i a l s i n s t a t e s of res t ; 

that i s , i n s t a t es wh i ch are a ch i e ved in the l im i t of 

very s l ow measu remen t s . When in s u c h a s t a t e , every 

ma te r i a l p o s s e s s e s a s t ra in energy f unc t i o n , and be-

h a v e s a s e i t her a per fec t f lu id or a pe r f ec t l y e l a s t i c 

s o l i d . A s t ra in energy f u n c t i o n canno t be c omp l e t e l y 

arb i t rary . I t s p o s s i b l e forms are l im i t ed by symmetry 

c on s i d e r a t i o n s ( i . e . o b j e c t i v i t y and i so t ropy ) and by 

t he second l aw o f t h e rmodynam i c s . T h e r e s t r i c t i o n s 

c aused by symmetry h ave been unders tood for some 

t ime ; i n t h i s paper we i n v e s t i g a t e the t he rmodynam ic 

r equ i r emen t s . In the cou rse of a de r i v a t i o n of t he 
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l a w s o f hyd ros t a t i c s and e l a s t o s t a t i c s from thermo-

d y n a m i c s , ce r t a i n i n e q u a l i t i e s are o b t a i n e d . T h e s e 

i n e q u a l i t i e s , w h i c h exp ress the t h e rmodynam i c re-

s t r i c t i o n s on a s t ra in energy f unc t i o n , h ave important 

i m p l i c a t i o n s when app l i ed to t he theory of f i n i t e 

e l a s t i c s t r a i n . 

T H E T E M P E R A T U R E D E P E N D E N C E O F F L O W 

B I R E F R I N G E N C E P A R A M E T E R S 

W. P H I L I P P O F F , Franklin Institute Laboratories, 

Philadelphia, Pa. 

The o r i g i n of f low b i re f r i ngence of l i q u i d s has 

been un t i l now a t t r ibu ted t o an o r i en t a t i o n ef fect 

c a u s e d pr imar i ly by the r a te of shear . However , we 

h a v e r eason to b e l i e ve tha t t h i s i s not so ; ra ther , the 

b i r e f r i ngence i s p r imar i l y c a u s e d by the s t r e s s e s in 

the l i q u i d — e s p e c i a l l y the shear s t r e s s . To dec i de 

t h i s ques t i on we have used the t e c h n i q u e a l r eady 

a pp l i e d by Cer f , n ame ly , the i n v e s t i g a t i o n of bire-

f r i ngence at d i f ferent t empera tu res . Tempera tu re in-

f l u e n c e s p r imar i l y the v i s c o s i t y . I n v e s t i g a t i o n s in a 

w i d e range of ra tes of shear and tempera tu res a l l ow 

the co r re l a t i on o f the r e s u l t s e i t he r a t c ons t an t ra te 

of shear or cons t an t s hea r i ng s t r e s s . T h e i n s t rumen t 

used i s t he same a s in our p r e v i o u s p u b l i c a t i o n s . 

The f i rst ma te r i a l , a l ow m o l e c u l a r we igh t po ly iso-

bu ty l ene ( O B o i l ) w a s i n ves t i g a t ed a t t empera tu res 

from 12 to 73 , where the v i s c o s i t y c h a n g e s by a fac-

tor of about 200. The o r i en t a t i on a n g l e i n the who l e 

range w a s exac t l y 45 . T h e degree of b i r e f r i ngence 

at cons t an t r a te o f shea r va r i ed a s the v i s c o s i t y . 

P l o t t i n g i t a g a i n s t the shear s t r e s s we got one s i n g l e 

curve g i v i ng a s t ress-op t i ca l c oe f f i c i e n t C = —975 

Brews te rs . The second ma ter i a l was a " w h i t e o i l " 

i n ve s t i g a t ed in the same range of tempera tu res . T h e 

resu l t w a s the s ame ; however , the s t r e s s o p t i c a l co-

e f f i c i en t w a s +500 Brews te r s . The th i rd ma te r i a l to 

be i n v e s t i g a t e d w a s a 2% p o l y i s o b u t y l e n e so l u t i o n in 

the same wh i t e o i l . It g a v e an o r i en t a t i o n a ng l e dif-

ferent from 45° dependen t o n the ra te of s hea r . How-

ever , the o r i en t a t i on a ng l e and the degree o f bire-

f r i ngence c o u l d be comb ined into one s i n g l e curve 

v a l i d for the d i f fe ren t tempera tures when one u sed the 

max imum shea r i ng s t r e s s a s the i ndependen t v a r i a b l e ; 

the r e s u l t s were C = —516 Brews te r s . T h e s e repre-

sen t a t i v e three runs show to our s a t i s f a c t i o n that the 

f l ow b i re f r i ngence i s p r imar i ly c a u s e d by the s t r e s se s 

i n the f l ow ing s o l u t i o n s . T h e ra te of shear necessa ry 

for the occurrence of the e f f e c t s i s de te rm ined by the 

v i s c o s i t y . 

T H E B E H A V I O R O F J E T S O F V I S C O - E L A S T I C 

F L U I D S 

F . H. G A S K I N S and W. P H I L I P P O F F , Franklin In-

stitute Laboratories, Philadelphia, Pa. 

The s t a b i l i t y of l i q u i d j e t s i s we l l known to be 

desc r i bed by the theory of R a y l e i g h w h i c h u s e s the 

dens i t y and su r f ace t ens i on of the l i q u i d a s impor tan t 

pa rameters . Fur ther i n v e s t i g a t i o n s h ave t aken i n to 

accoun t the v i s c o s i t y , the c o m b i n a t i o n o f t h e s e three 

pa r ame te r s b e i n g known a s the Weber number . How-

ever , po lymer s o l u t i o n s are now known to h ave an 

e l a s t i c i t y i n f l ow ; t he m e c h a n i s m o f b reakup o f 

s o l u t i o n s of po l ymers h a s heretofore not been inves-

t i g a t ed . We have used a cons t an t vo lume-dr iven ex-

t r u s i o n d ev i c e by m e a n s o f w h i c h the v e l o c i t y o f the 

emerg ing j e t cou ld be c a l c u l a t e d exac t l y , w h i c h g ave 

us an a d d i t i o n a l parameter a s compared w i t h the 

s t anda rd pressure-dr iven d e v i c e . A number of pu re 

l i q u i d s and po lymer s o l u t i o n s were i n v e s t i g a t e d . The 

genera l resu l t w a s tha t the " v e n a c o n t r a c t a " c a u s e s 

an i n c r e a s e of the v e l o c i t y of the free f l y i n g jet by 

abou t 20% for pure l i q u i d s , a s compared to the pre-

de te rm ined " c o n t i n u i t y v e l o c i t y . " T h i s c an be ex-

p l a i n e d by the o l d theory of H a g e n b a c h . V i s c o e l a s t i c 

po lymer s o l u t i o n s , however , s howed a d e c r e a s e o f 

v e l o c i t y a s compared e i ther to the norma l l i q u i d s or to 

the " c o n t i n u i t y v e l o c i t y . " Very p robab l y tha t dif-

ference i s c a u s e d by the e l a s t i c energy a c cumu l a t e d 

in t he j e t w h i c h a b so rb s some o f the k i n e t i c energy of 

the emerg ing l i q u i d . The q u an t i t a t i v e e v a l u a t i o n 

showed tha t we c an de termine the e l a s t i c s t r e s s of 

the l i q u i d and therefore a l s o the norma l s t r e s s by 

measu r i ng the d i f f e rence be tween the je t v e l o c i t y and 

the v e l o c i t y of the s o l v e n t . 

E F F E C T S O F D R A W I N G O N T H E M E C H A N I C A L 

B E H A V I O R O F N Y L O N 6 F I L A M E N T S 

J . H . D U S E N B U R Y , C . W U , C . J . D A N S I Z E R , and 

A. H A U S E R , Textile Research Institute, Prince-

ton, N. J. 

The ex t en s i o na l p roper t i es , b e n d i n g m o d u l i , and 

t o r s i ona l modu l i h a ve been de te rm ined for a se r i e s of 

ny lon 6 f i l amen t s r ang i ng in draw r a t i o from 1.00 to 

5 .48 . T h e ex t en s i o na l p rope r t i e s were measu red w i t h 

an Ins t ron tes te r ; the bend i ng and t o r s i ona l modu l i 

were measured w i t h a n e l e c t r o s t a t i c v i b r o scope . Bo th 

the ex t en s i o na l and bend i ng modu l i i n c r e a s e smoo th ly 

w i th i n c r e a s i n g draw ra t i o , whe rea s the t o r s i ona l 

m o d u l u s i s e s s e n t i a l l y i ndependen t o f the draw ra t i o . 

T h e s e f i n d i n g s are in good agreement w i t h t hose re-

por ted p rev i ous l y for two o ther mel t-spun f i l amen t s : 

ny lon 66 and Dacron . The a c t u a l v a l u e s observed for 

the ny l on 6 modu l i , however , are abou t 2 / 3 the cor-

respond i ng v a l u e s observed in the c a s e of ny lon 66. 

Dur i ng l oad-ex tens ion expe r imen t s the f i l amen t s of 

l ower draw r a t i o were observed to go through re la t ive-

ly l o ng pe r i ods o f ex tens i on w i thou t a pp rec i a b l e 

c h a n g e s in l o ad ; they were , i n e f f e c t , be i ng cold-

drawn under t he tes t c o n d i t i o n s . The v a l u e s observed 

for the r a t i o of the bend ing modu l u s to three t imes the 

t o r s i ona l modu l u s s ugges t that there i s no p re fe ren t i a l 

o r i en t a t i on in the undrawn f i l a m e n t s and that t hese 

f i l amen t s exh ib i t i n c r e a s i n g mo l e cu l a r o r i en t a t i on 

w i th respec t to the f i l amen t a x i s as the extent of 

d raw ing i n c r e a s e s . T h e s e v i e w s are in genera l agree-

ment w i t h the r e s u l t s o f x-ray d i f f r ac t i on s t u d i e s car-

r ied out on the same ma t e r i a l s . 
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A M E T H O D O F G E N E R A L I Z I N G THE E F F E C T O F 

T E M P E R A T U R E A N D R A T E ON THE STRESS-

STRAIN C U R V E S O F N Y L O N 

J O H N B. M ILES , Chemstrand Corporation, Decatur, 

Ala. 

It has been found poss ib l e to cons iderab ly s impl i fy 

the descr ipt ion of the stress-strain curve of nylon as 

a funct ion of temperature and of the rate of elonga-

tion. The stress-strain curves obta ined at a constant 

rate of e longat ion in the range of temperature from 21^C 

to 150°C can be accurate ly represented by one master 

curve with the un i ts a long the s t ress ax is mul t ip l ied 

by a constant wh ich depends on the temperature. 

Thus the s t ress P i s g iven by 

P = f(e) x g(T) 

where e and T are the strain and temperature, respec-

t ive ly , and f(e) i s a funct ion of e on ly , and g(T) of T 

only. The temperature funct ion, g(T) , has been deter-

mined over th is temperature range. 

A s im i la r type of re la t ionsh ip has been found for 

different rates of e longat ion at constant temperature 

in the range from 0.2 to 200% e longat ion per minute . 

The charac ter i s t i cs of the master curve, f(e), are 

d i s cussed , with poss ib l e interpretat ion in terms of the 

mechanism of deformat ion. 

G L A S S B E AD-POLY V I N Y L C H L O R I D E C O M P O S I T E S 

U N D E R L A R G E D E F O R M A T I O N S 

T H O R L . SMITH, Jet Propulsion Laboratory, California 

Institute of Technology, Pasadena, Calif. 

The mechan ica l propert ies of f ive compos i tes con-

ta in ing up to 60% by volume of g l a s s beads (40-80 

microns) embedded in a po lyv iny l chloride-dioctyl 

sebacate resin were s tud ied under large deformat ions. 

E longated ring-like spec imens were extended in a 

d i latometer at 0°, 25° and 5 0 ^ and the vo lume in-

crease was measured a s a funct ion of extens ion . At 

sma l l ex tens ions , the volume remained cons tan t , but 

above a c r i t i c a l extens ion or y ie ld po int , the volume 

increased due to the formation of vacuo les around the 

beads. Above the yie ld po int , P o i s s o n ' s rat io (de-

f ined in terms of Hencky stra in) was ca lcu la ted from 

the rate of volume change wi th extens ion a n d was 

found to be independent of extens ion and temperature 

but t o decrease l i near ly wi th the volume fract ion of 

g l a s s . The yie ld point var ied with the temperature 

and var ied wi th the volume fract ion of beads as pre-

dicted by a theoret ica l equat ion . Some stress-strain 

data for the compos i tes are a l so presented and are 

d i s cussed in re lat ion to the d i la tometr ic data and the 

vacuo le formation wh ich resu l t s from fa i lure of the 

adhes ive bonds between the res in and g l a ss beads . 

Friday Afternoon, November 7 

1:30 Adhes ion ; D ispers ions 

T H E O R Y A N D ANALYS IS O F P E E L ADHESION 

DAV ID H. K A E L B L E , Central Research Dept., Min-

nesota Mining and Manufacturing Co., St. Paul, 

Minn. 

An idea l i zed type of tens i l e peel i s defined wh ich 

subs t an t i a l l y represents real sys tems in the range of 

low peel forces. The theory app l i es to the steady-

state unbonding of (a) a f lex ib le and a r ig id member 

and (b) two f lex ib le members. Fa i l u re interface propa-

gat ion i s d i scussed i n t e rms of two stress mechan i sms . 

The first i s boundary c l eavage which i nvo lves com-

pression-tension bond s t ress , and the second bound-

ary shear invo lv ing bond s t ress in s imp le shear. The 

theory i s general with respect to the str ipp ing ang le , 

and a def in i t ion of work of peel is deve loped which is 

independent of th is var iab le . Exper imenta l confirma-

t ion of theory i s provided by photograph ic s tud ies of 

the peel process. A new experimental dev ice i s de-

scribed which permi ts prec ise measurement of peel 

force over a wide range of control led ang les of pee l , 

rate and temperature. Bonds invo lv ing both soft 

v isco-elast ic inter layers and no inter layer are evalu-

ated and d i scussed in terms of the theory. 

P O L Y E T H Y L E N E A D H E S I V E J O I N T S 

J . J . B I K E R M A N , Massachusetts Institute of Tech-

nology, Cambridge 39, Mass. 

Po lye thy lenes as adhes ives are su i t ab le mater ia ls 

to test the va l i d i t y of the two r iva l theor ies (of ad-

hes ive jo in ts ) emphas iz ing either molecular adhes ion 

or weak boundary layers . Our exper iments seem to 

dec ide in favor of the latter hypothes is . Polyethy-

lenes , from which subs tances apt to produce weak 

boundary layers were removed, adhered to meta l s 

and g l a s se s , and the breaking s t ress of the j o i n t s was 

c lose ly related to the breaking stress of the polyethy-

lene in bu lk . Th i s was true both for butt j o i n t s rup-

tured in tens ion and for peel ing . Because the stress-

strain curves of some po lye thy lenes can be represented 

by an equat ion of the form: s t ress = (s t ra in ) " , the 

pee l ing force was ca lcu la ted for such systems; how-

ever, the theory assumes no p l as t i c i t y wh i le almost 

al l po lye thy lenes flow in the adhes ion tes ts . 

F O U R S E P A R A T E " R E G I M E S O F F L O W " OR 

SYSTEMS O F B L O O D R H E O L O G Y * 

W I L L I A M H . D U N H A M , F A N N H A R D I N G D U N H A M , 

and M E L V I N H. K N I S E L Y , Department of Anat-

omy, Medical College of South Carolina, Charles-

ton, S. C. 

Blood f low patterns resu l t ing from different prop-

ert ies of c e l l s , comb ina t ions of c e l l s , and p lasma , 
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dur ing hea l t h and d i s e a s e have not been thorough ly 

a n a l y zed . At l eas t four reg imes of f low are known: 

1. Newton ian f l ow , wh i ch c o n s i s t s of a pa rabo l i c 

ve l o c i t y d i s t r i bu t i on of a homogeneous f l u id around 

the ax i s of f low. T h i s o c cu r s when p l a sma a l one 

f l ows through a cy l i n d r i c a l v e s se l . 

2. P o i s e u i l l i a n f l ow , the common ly desc r i bed f low 

pa t te rn , wh ich c o n s i s t s of a l ternate concen t r i c cyl in-

ders o f c e l l s suspended i n p l a sma , and p l a s m a , 

r ad i a l l y symmet r i ca l around the a x i s of the v e s se l . 

The above two reg imes of f low occur dur ing hea l t h 

when b lood c e l l s are not agg l u t i na ted ; dur ing d i s e a s e 

b lood c e l l s of ten agg lu t i na te in to m a s s e s h av i n g dif-

ferent s i z e s and d i f ferent degrees of in terna l r i g i d i t y . 

The fo l l ow ing two t y p e s of f l ow somet imes occur dur-

ing d i s e a s e : 

3. P l u g f l ow; t h i s i s a p l a s t i c f low dur ing wh ich 

the " y i e l d v a l u e " of the m a s s e s h a s been exceeded 

at their bounda r i es . 

4 . G r av i t a t i o n a l l y layered f l ow , a s seen w i th the 

observer l ook ing ho r i zon t a l l y , wh i ch c o n s i s t s o f 

severa l l ayers of se t t l ed , s t a t i ona ry , a n d / o r s l i d i n g 

ce l l u l a r c on s t i t u en t s , o f ten agg l u t i n a t ed , of d i f ferent 

s i z e s , s h a p e s , d e n s i t i e s and e l a s t i c propert ies . And 

above t hese there i s of ten a layer o f mov ing p l a s m a 

con t a i n i ng s u spended sma l l p a r t i c l e s such a s sma l l 

mas se s , free erythrocytes and l eukocy tes . T h i s f low 

i s not r ad i a l l y symmet r i ca l around the ax i s of the ves-

se l . 

Be tween b ranch i ngs , segmen t s of a r te r ies and of 

ve i n s are t runcated cones , not cy l i nde r s . ( Je f fo rds 

and K n i s e l y , 1956) 

Saunders and Kn i s e l y (1954) found tha t the maxi-

mal i n terna l d i ameters to wh i ch the termina l mesen-

ter ic a r ter io les can d i s tend a s they are impac ted w i th 

m a s s e s of s l u dge are: for hams te rs and m i ce , 9 micra ; 

for r a t s and r abb i t s , 8 m icra ; for ca ts , 11 m icra ; and 

for dogs , 10 m ic ra . T h e s e are the narrowest v e s s e l s 

of the vascu l a r sys tem . 

The above four separa te reg imes of f low w i l l be 

cons idered in terms of the forces of the p l a sma , in-

f l uenced by the v e s s e l w a l l s , a c t i ng on the su r f a ces 

of the s u spended pa r t i c l e s . 

The lecture w i l l be i l l us t ra ted by lantern s l i d e s 

and mot ion p i c tu res taken through a ho r i z on t a l l y a imed 

m i c roscope . As far a s we know, r heo l og i s t s have not 

ord inar i ly used ho r i zon ta l l y a imed m i c roscopes to 

s tudy the f low of s u s p e n s i o n s . 

The w a l l s o f sma l l l i v i ng b lood v e s s e l s are near ly 

t ransparent , wh i ch permi ts d irect observa t ion of the 

behav ior of pa r t i c l e s in " f l o w i n g " s u s p e n s i o n s . 

* Supported by U . S . P . H . S . Gran t 11-1683. 

T H E V I S C O S I T Y O F E L L I P S O I D S IN 

C O N C E N T R A T E D S O L U T I O N S 

J . B R O D N Y A N , Research Laboratories, Rohm & Haas 

Co., Philadelphia, Pa, 

Kuhn and K u h n ' s 1 theory for the v i s c o s i t y of e l l i p-

s o i d s in d i l u t e s o l u t i o n s h a s been extended to con-

centra ted s o l u t i o n s us ing Mooney ' s f unc t i ona l method . 

From the a va i l a b l e exper imenta l d a t a the c o n s t a n t s 

i nvo lved were c a l c u l a t e d and found to be w i t h i n 2% 

of the t heo re t i c a l v a l u e s . The dependence of the rela-

t ive v i s c o s i t y on vo lume f rac t i on i s seen to agree 

wi th the exper imenta l r e s u l t s presented by Y a n g 2 . 

*W. Kuhn and H. Kuhn , He lv . Ch im . Ac t a . 28, 97 (1945); 

W. Kuhn , H. Kuhn and P . Buchner , Ergeb . exakt . 

Na t u rw i s s . 25, 1 (1951) . 
2 J . T . Y a n g , J . Amer . Chem . Soc . 80, 1783 (1958). 

T H E " E F F E C T I V E " S O L I D V O L U M E - V I S C O S I T Y 

R E L A T I O N S H I P O F R I G I D S P H E R E S V E R S U S T H E 

D I M E N S I O N S O F T H E M E A S U R I N G I N S T R U M E N T 

S T E W A R T R . O G I L B Y , Research Division, Goodyear 

Tire & Rubber Co., Akron, Ohio 

A v i s cos i t y-so l i d s r e l a t i o n sh i p tha t i s based upon 

the ef fect of the so l i d phase in a l t e r i ng t he " e f f e c-

t i v e " d imens i ons of the measur i ng instrument i s pro-

posed . 

The " e f f e c t i v e " so l i d vo lume f rac t ion h a s been 

found to vary wi th the ra t io be tween the shea r i ng area 

of the instrument and the d iameter of the s o l i d parti-

c l e s r e l a t i ve to the vo lume of samp le under shear . The 

absorpt ion or in terac t ion fo rces at the so l i d- l i qu id 

in ter face af fect the " e f f e c t i v e " so l id-volume fract ion 

Vf£ in d irect re l a t i on to the s p e c i f i c su r f ace of the 

so l i d phase and the amount o f shear . 

Two s imp le equa t i ons are used to re la te the sol id-

vo lume fract ion (V) to the " e f f e c t i v e " so l id-vo lume 

fract ion over a range of shear that s hows both pseudo-

p l a s t i c and d i l a t an t f low. 

A M E C H A N I S M F O R NON-NEWTONIAN F L O W IN 

S U S P E N S I O N S O F R I G I D S P H E R E S 

I R V I N M. K R I E G E R and T H O M A S J . D O U G H E R T Y , 

Case Institute of Technology, Cleveland, Ohio 

A mechan i sm for non-Newton ian f low behav ior 

b a s e d on shear-induced separa t i on of doub l e t s i s pro-

posed and deve loped semi-quan t i t a t i ve ly . T h e result-

ant v i s c o s i t y vs . shea r s t ress r e l a t i o n sh i p i s iden-

t i c a l in form w i th tha t of W i l l i amson , and con t a i n s a 

s i n g l e d imens i ona l parameter . T h e equa t i o n i s ap-

p l i e d s a t i s f a c t o r i l y to da ta of Maron et a l . on synthet-

i c rubber l a tex and po lymer so l u t i ons . Dependence 

of h igh and low shear v i s cos i t y l i m i t s on concentra-

t i on i s descr ibed by a somewhat nove l semi-theoreti-

cal equa t i on . 
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