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THE RANKINE PRESSURE THEORY IN THE LIGHT OF KINEMATICS OF GRANULAR MEDIUM

THEORIE DE POUSSEE DE RANKINE VUE DU POINT DE LA CINEMATIQUE DU MILIEU SANS COHESION 

TEOPMfl ÆABJIEHMfl P9HKMHA C T04KI1 3PEHMA KMHEMATMKM CbliiyHEfi CPEflbl

T . JESK E, T. PRZED ECK I , Techni cal  U n iversi t y o f  i ài z (Poland)

SYNOPSI S

The paper  I s ai mi ng at  answer i ng t he quest i on 

st r uct i ng a Ki nemat i o sol ut i on cor r espondi ng 
assumpt i on

a)  negl ei bl e vol ume changes,

b)  of  mot i on of  t he r et ai ni ng wal l .

Af t er  t he gener al  f or mal  aspeet  of  t he pr obl em 

l oci t y f i el d obt ai ned on model  r esear ches was 

f i el d was oonst r uot ed i n aooor dance wi t h t he 

an assumpt i on of  t he ooaxi al i t y  of  pr i nci pal  

a di st r i but i on of  hor i zont al  pr essur e on t he 

pr essur e obt ai ned i n t hi s way i s si mi l ar  t o 

on a l ar ge soal e but  di f f er ent  f r om t he Ranki n,

I NTRODUCTI ON

The Ranki ne pr essur e t heor y i s one of  t he 

ol assi cal  exampl es of  basi c st at i c sol ut i ons 

( i n st r ess)  of  t he pl ast i c i t y  t heor y appl i ed 

t o t he soi l  mechani cs.

Two oases ar e di scussed i n t he t heor y:  pas ­

si ve ear t h pr essur e and aot i ve ear t h pr essu­

r e;  bot h at  an assumpt i on of  const ant  di r ec ­

t i on of  pr i noi pal  st r ess wi t hi n t he whol e 

r egi on of  t he sol ut i on.  The sol ut i ons ar e 

based onat ao i d  assumpt i on t hat  t her e exi s t s  

a scheme of  mot i on composed of  a si ngl e sl i de 

ooext ensi ve wi t h t he boundar y l i ne of  t he 

r egi on of  pl ast i c st r ess.

The t asks ooul d be put  al t er nat i vel y i n f or m 

of  a ki nemat i o sol ut i on( see E. H.  Davi s 1963)  . 

The wor k of  gr avi t y f or oes and t he wor k done 

al ong t he sl i de l i ne ar e oal oul at ed and not h

whet her  t her e exi st s a possi bi l i t y  of  oon-  

exaot l y  t o t hat  of  St at i o by Ranki ne,  at  an

have been di seussed,  e- det ai l  anal ysi s of  ve-  

oar r i ed out .  On a basi s of  t hese a vel oci t y 

ear l i er  t heor et i cal  ascer t ai nment s . Then,  usi ng 

di r ect i ons of  st r ess and t he r at e of  st r ai n,  

r et ai ni ng wal l  was f ound. A  di agr am of  t he 

t he r esul t es of  model  r esear ohes oar r i ed out  

ant i c i pat i ons.

ar e oompar ed t o t he wor k  of  t he r eaot i on 

f or oe on t he r et ai ni ng wal l  on a gi ven di s ­

pl acement  of  t he wal l .  Whej i  const r uct i ng t hat  

ki nd of  sol ut i on a f l ow r ul e shoul d be as­

sumed.  For  an obvi ous r eason of  phi s i oal  cha­

r act er  ( see T.  Jeske 1968)  t he noncoaxi al  

f l ow i s r ej eot ed of  t he ooaxi al  r ul es t he 

most  convi nci ng seem t o be t he r ul es of  non­
associ at ed t ype ( see E. H.  Davi s 1968)  of  zer o 

or  mi ni mum di l at anoy . The associ at ed r ul e can 
gi ve a ki nemat i o est i mat e t hat  di f f er s f r om 

st at i c sol ut i ons.

The non- associ at ed r ul e of  zer o di l at anoy 

gi ves an est i mat e whi oh i s i n aocor danoe wi t h 

t hat  of  st at i c,  but  i n oase of  an aot i ve 

pr essur e t he soheme of  k i nemat i c sol ut i on 

t hat  i s i n aooor danoe wi t h st at i o Ranki ne 

sol ut i on does not  seem t o be ki nemat i c r eal ;
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t hi s  l e shown i n Fi g.  1.  The r i gi d zone as 

shown on f i g.  1b oan not  t ake pl aoe i n r eal i ­

t y .  Henoe I n oase of  t he ( pA>bl em)  on an 

aot l ve ear t h pr essur e,  e?en at  an adml t i ngof  

Rank i ne as s umpt i ons , t he pr obl em of  oompl et e,  

admi ss i bl e k i nemat i c  as wel l  as s t at i c  sol u­

t i on st i l l  s t ands open.  I n t he paper  t her e 

has  been suggest ed a sol ut i on of  t he pr obl em 

based on an anal ys i s  of  r eal  v el ooi t y  f i el d 

obt ai ned by  way  of  ex per i ment .

^discont inuity l i r ^

V .

igid zone
tp v  

« - 2  “ f

r i gid  zor><z

a)  Pass i ve pr essur e oase b)  Aot l ve pr essur e
case

Fi g.  1.  Vef cooi t y f i el ds  based on Rank i ne so­
l ut i on

The anal ys i s  i s pr eoeded by  a di scuss i on of  

some gener al  pr oper t i es  of  t he v el oc i t y  f i el d 

and t he s l i di ng l i ne -  r egar ded as t he l i nes 

of  s t r ong di scont i nui t y  i n t he vel ooi t y f i el d.  

The f i nal  par t  of  t he paper  i s devot ed t o 

t he oons t r uot l on of  t he sol ut i on i n s t r esses .  

Ki nemat i oal ,  geomet r i cal  and dynami oal  r el a ­

t i ons  of  t he v el oc i t y  f i el d and t hei r  oonse-  

quenoes .

The pr obl em i s bei ng exami ned i n t he pl ane 

f l ow oondi t i on.  The onl y  t hi ng poss i bl e t o 

def i ne i n t he exper i ment  i s t he di spl acement  

of  t he par t i ol es ,  t hat  i s el ement s  of  t hei r  

pat h.  I n or der  t o cons t r uot  a t heor et i cal  

sol ut i on t her e ought  t o be t he char ac t er i s t i cs  

of  t he vel ooi t y  f i el d t o di sposal  and an en ­

vel ope our ve of  t hose -  t hat  i s di scont i nui t y  

l i ne.  So,  t o use f ul l y  and i nt er pr et  oor r ect -  

l y  exper i ment al  dat a i t  i s neoessar y  t o r e­

member  some gener al  pr oper t i es  oonoer ni ng 

t hese conoept s  and t he r el at i on bet ween t hem.  

I t  i s assumed,  t hat  t he mot i on i s of  s t eady 

char aot er .  I t  was  admi t t ed,  mor over ,  t hat  t he 

di spl acement  wi l l  be so smal l  i n compar i son 

wi t h i ni t i al  pos i t i ons  of  t he par t i ol es ,  t hat  

t he pr obl em can be cons i der ed i n i t s i ni t i al  

geomet r y .

On acoount  of  quas i - s t at i onar y  char aot er  of  

t he f l ow t he pat hs  of  par t i c l es  and t he 

s t r eam l i nes  ar e gi ven by  t he equat i ons

x
dx

2
dz ( 1 )

The equat i ons  of  t he v el oc i t y  f i el d of  an 

assumpt i on of  non- assoc i at ed f l ow r ul e ar e 

of  t he f or m:

T x  + ot g 2 e T ¥  + c t s  2 e \ f
3 Tz
" 5T

+ si n V  ooseo 20  +

( 2 )

+■ si n V ooseo 20^ - ^ -

I n t hese equat i ons  by  Q i s denot ed t he angl e 

bet ween ^  and t he ax i s  z,  and t he angl e V'  

denot es  dy l at anoy  meas ur ement . I t  i s assumed 

t hat  t he pos i t i ve di r eot i on of  t he z ax i s  i s 

or i ent ed down.  The equat i ons  ( 2)  ar e hy per ­

bol i c  and t hei r  char ac t er i s t i cs  ar e gi ven by  

t he dependenc i es:

I I  - t g[ e  ± ( f -  j v j  (?)

Ther e ooour  r el at i ons  al ong t he ohar aot er i s -  

t i os

oos V  du*  + ( v *  -  u *  si n t y )  d6 = 0 

oos V  d v*  -  (u *  -  v *  s i n V  ) d Ô = 0

( 4)
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wher e u denot es  t he t angent i al  component  of  

t he pr oj ec t i on of  vel oc i t y  veot or  on t he 

f i r s t  ohar ac t er l s t i oal  di r ec t i on and v** a 

cor r espondi ng pr oj ec t i on on t he second cha-  

r ac t er i s t i oal  di r ec t i on.

I n t he l i ght  of  t hese r el at i ons  ( 1)  and ( 4)  

i t  i s poss i bl e t o not i oe t hat  t he s t r eam l i ­

nes  ( pat hs)  ar e ooex t ens i ve wi t h one of  t he 

di r ec t i ons  of  t he char ac t er i s t i cs  onl y  when 

V  = 0 and t he char ac t er i s t i cs  ar e r eot l l i neal  

or  ar e composed of  s t r ai ght  l i nes and oi r cum-  

sor i pt i ons  f ami l i es .  I n t he r emai ni ng cases 

t he pat hs  of  par t i ol es  and t he di r ec t i ons  of  

t he char ac t er i s t i cs  ar e not  ooext ens i ve.  The 

vel ooi t y  f i el d i n whi oh t he equat i ons  ( 2)  ar e 

val i d i s separ at ed f r om t he r i gi d zone,  and 

i n r eal i t y  f r om t he r egi on cont ai ni ng el a ­

s t i c - pl as t i c  def or mat i ons  by t he di soont i nui -
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t v  l i ne,  or  o t h e r wi s e  b y  t he so c a l l e d  s l i de 

l i ne .  The  l i ne i s  s ub j eo t  t o s ome d y n ami c  

l i mi t a t i o n s  ( of .  T. Y.  Thoma s  1961 ) .  The l i ­

mi t a t i o n s  ar e r e s u l t e d  f r o m t he e q u a t i o n s  of  

t he c o n s e r v a t i o n  of  mo me n t u m and t he  e q u a ­

t i on  of  c o n s e r v a t i o n  of  ma s s .  Ac c o r d i n g  t o 

t he d e n o t a t i o n s  i n Fi g .  2 t he e q u a t i o n s  ma y  

be  wr i t t e n  as  f o l l o ws .

n n j '  f  ( t f , n -

f e s n ] *  ?  t f m - G) I V S] ( 5

?1 -  »I  -  ? 2 Wj .  -  G)

I n t he e q u a t i o n s  ( 5 ) t he b r a o k e t s  me a n  a j ump 

of  q u a n t i t y  at  t he p a s s i n g  t he d i s c o n t i n u i t y  

l i ne .  Fr o m t hes e  e q u a t i o n s  r es u l t  s ome i m­

po r t an t  c ons equ e n c e s ;  as  t he s t r es s  f i e l d  

ough t  t o be c on t i nuous ,  so t he l e f t  hand  

s i des  ( 5) - ]  2 ar e  e<l ua l  't 0  z e r o . On t he d i s ­

c o n t i n u i t y  l i ne  t he q u a n t i t i e s  [ v "] o r  [ v sl  

a n d  [ v n ]  ar e  n ° t'  e q u a l  t o  z er o ,  so t he quan ­

t i t i e s  i n t he  p a r a t h e n s i s  ought  t o be  equal  

t o  z e r o .  Thes e  q u a n t i t i e s  wi l l  be  eq u a l  t o 

z e r o  when  G v e l o c i t y  of  p r o p a g a t i o n  o f  d i s ­

c o n t i n u i t y  l i ne and v^  v e l o c i t y  of  pa r t i c l e s  

i n t he r eg i on  ou t s i de  t he f l o w z one ar e  equa l  

t o  z e r o .  I n t he a n a l y z e d  c o n d i t i o n s  a f o r c ed  

s h i f t  of  t he  d i s c o n t i n u i t y  l i ne  t ak es  p l aoe  

at  t he edge  of  t he r e t a i n i n g  wa l l .  As  a r e ­

s u l t  of  t h i s  t he  s l ope  of  t he  d i s c o n t i n u i t y  

l i ne  t o t he h o r i z o n t a l  l i ne  hav e  t o i nc r eas e  

i n c ompar i s on  t o  t he  s l ope of  t he s t r eam l i ­

ne  . So i t  i s  s een  t hat  t he d i s c o n t i n u i t y  l i ­

ne augh t  t o be  c o n v e x  i n t he  d i r eo t i on  t o 

t he r eg i on  ( 2)  Fi g .  2.

I n d e p e n d e n t l y  f r o m t he abov e  me n t i o n e d  c on ­

d i t i o n s  t he r e g i o n  ( 1)  Fi g .  2 i n i t s  l o we r  

par t  c annot  be  r i g i d  i n r e a l i t y . I n t he a n a ­

l y s e d  b o u n d a r y  c o n d i t i o n s  o n l y  a pa r t  of  d i s ­

c on t i n u i t y  l i ne a d j a c e n t  t o t he f r ee  s ur f ac e  

c an be mo t i o n l e s s  and  s epar a t e  t he e n t i r e l y  

r i g i d  z one f r o m t he z one of  mo t i o n . Th i s  e l e ­

me n t  of  d i s c o n t i n u i t y  l i ne  ough t  t o hav e  a 

s t r a i gh t - l i ne  s hape i f  t he  s t r eam l i nes  ar e 

s t r a i g h t - l i n e . An  e x p e r i me n t a l  p i c t u r e  of  

v e l o c i t y  f i e l d  .

I n o r d e r  t o get  a p i c t u r e  of  v e l o c i t y  f i e l d  

gone mo d e l  i n v e s t i g a t i o n s  wer e  p e r f o r me d .  As

mo d e l  me d i u m s ome un i f o r m,  mi d d l e - s i z e d  s and 

o f  an i n i t i a l  d e n s i t y  c o r r e s p o n d i n g  t o t he 

b u l k  d e n s i t y  ~ 1 . 55  G/ c m̂  wa s  us ed.  An  i n ­

t e r n a l  f r i c t i o n  ang l e  c o r r e s p o n d i n g  t o  t he 

c r i t i c a l  v o i d  r a t i o  f ov  was  33° .  The ex pe r i ­

me n t  was  c a r r i ed  out  wi t h  t he d i s p l a c e me n t  

r a t e of  t he  r e t a i n i n g  wa l l  Ca 0 . 25  c m/ s ec .  

Pa l l e r n s  of  t he  v e l o o i t y  f i e l d  wer e  o b t a i n e d  

b y  c o mp a r i n g  d i s p l a c e me n t s  as  me a s u r e d  wi t h  

t he  p h o t o g r a mme t r y  me t h o d  at  a k nown t i me 

s c a l e .  The me t h o d  us ed t he r e  was  t ha t  s ugges t ­

ed by  R.  Bu t t e r f i e l d  and o t he r s  ( 19 7 0 ) .

v 2 and  v-|  den o t e  t he  p a r t i ó l e  v e l o c i t i e s , G 
d e n o t e s  v e l o c i t y  of  d i s c o n t i n u i t y  l i ne

Fi g .  2.  Ge o me t r i c a l  r e l a t i o n s  on t he d i s c o n ­
t i n u i t y  l i ne

Fi g .  3 . Ex p e r i me n t a l  v e l o c i t y  f i e l d

HI



Dur i ng an anal ysi s of  t he obt ai ned r esul t s 

t her e was t aken i nt o account ,  besi des t he 

t heor et i cal  pr emi ses ment i oned above,  a ap ­

pr oach suggest ed by W. G.  Par i seau ( 1961) .  On 

t he basi s of  t he st r eam l i ne a shape of  one 

of  t he f ami l y char act er i s t i cs was est i mat ed.  

As  i n t he exper i ment  some sl i ght  changes i n 

t he vol ume wer e obt ai ned af t er  t he phenomenon 

of  t he f l ow oocur ed. Ther e was assumed,  when 

t he r esul t s wer e bei ng anal ysed,  t hat  t he 

angl e ^  = 0 .

The achi eved i n t he exper i ment  pi c t ur e of  t he 

vel oc i t y  f i el d i s shown i n Fi g.  3•  I n a con­

si der abl e par t  of  t he zone t he pat hs of  t he 

par t i c l es ( st r eam l i ne)  ar e st r i ght - l i ne and 

i nol l ned t o t he hor i zont al  l i ne ca 45° .  

Hawi ng i n mi nd some dynami c dependenci es 

f ul f i l l ed al ong t he di scont i nui t y l i ne t he 

shape of  i t  was r epr oduced;  at  f i r st  i t  i s 

st r ai ght - l i ne and t hen convect  upwar ds;  i n 

i t s bot t om par t  i t  i s dear l y  devi ded i nt o 

t wo zones of  di f f er ent  vel oc i t y  di spl acement s 

i n t he di r eot i on of  i t s t angent .  No di st i not  

di scont i nui t i es i n t he vel ooi t y  f i el d near  

t he poi nt  of  oont act  wi t h t he r et ai ni ng wal l  

•were st at ed.  Thi s does not  oont r adl ot  t he 

pr evi ous st at ement s,  as t he vel ooi t y  Jump of  

t he t angent  t o t hi s  l i ne has t o f ade near  

t he wal l  edge. The det er mi ni ng of  t he shape 

of  di scont i nui t y l i ne and t he knowl edge of  

t he st r eam l i ne al l owed t o const r uct  a t heo­

r et i cal  vel oc i t y  f i el d;  i t  i s shown i n Fi g.  4.  

The pl ast i c  vel oc i t y  f i el d got  i n t hi s way 

consi st s of  f our  di st i nct  zones bor der ed by  

f r ee sur f ace,  wal l  edge and t he di scont i nui t y  

l i ne.  The t hr ee zones ar e i n mat hemat i cal  

sense a boundar y pr obl em of  Cauchy t y pe, one 

pr obl em of  Ri emann- Gour sat  t ype . The vel ooi ­

t y  vect or s shown i n Fi g.  4,  cal cul at ed on t he 

base of  char act er i st i c net  and a boundar y 

condi t i on,  ar e consi st ent  wi t h t he f i el d got  

i n t he exper i ment  what  i ndi cat es t he cor r ect  

admi t t ance of  t he char act er i st i c net  of  t he 

vel oci t y f i el d.

Pl ast i c  St r ess Fi el d
A posi t i on of  pr i nci pal  di r ect i ons of  a t en­

sor  of  def omat i on r at e i n t he f l ow zone was 

def i ned on t he gr ound of  ear l i er  est abl i shed 

char act er i st i cs of  t he vel oci t y f i el d.  They

3 23

Fi g.  4.  Theor et i cal  vel oc i t y

“ I— I— ( t i l l  . I *  

+  +  +  f  f  f  

t  *  r  t  f  /

+  +  + + ■  y  

f  + ■ +  y

+  y  

/

Fi g.  5 . Pr i nc i pal  st r ai n di r ect i ons



3/ 23

ar e shown i n Fi g.  5.  Knowl edge of  pr i nc i pal  

di r ec t i ons  of  t he def or mat i on r at e and t he 

assumpt i on of  coax i al i t y  of  s t r esses  and t he 

def or mat i on r at e made i t  poss i bl e t o get  t he 

char ac t er i s t i cs  of  t he pl as t i c  s t r ess  f i el d;  

al l  of  t hem ar e gi ven by  t he equas i ons

g - t  ( 6)

The f ol l owi ng di f f er ent i al  r el at i ons  ar e f ul ­

f i l l ed al ong t he char ac t er i s t i cs

cos Ÿ  dp + 2 ( p si n *P ) ¿ 0  =

= -  ¡ f  s i n ( 0  -  ^  + | )  sec ( 0 + Ï  -  | )  dz

( 7)
cos' f  dp -  2 ( p si n^P)  d 0  =

= si n ( 0^+ ^  -  t j ) sec ( © -  dz

, Si  + 63 + &Z 
i n whi c h p » - - - ^—  = - - - 5- - - •
St r esses  al ong t he r et ai ni ng wal l  wer e de ­

f i ned us i ng t he r el at i ons  ( 7)  •

Fi g.  6.  A par t  of  s t r ess char ac t er i s t i cs  
f i el d and di s t r i but i on of  hor i zont al  pr essur e

A net  of  s t r ess  char ac t er i s t i cs  and a di a ­

gr am of  hor i zont al  pr essur e ar e shown on 

Fi g.  6.  The di agr am i s i n accor dance wi t h 

t he dat a quot ed i n bi bl i ogr aphy  ( c f . K.  Te-

r zaghi  1943) ,  t he dat a wer e got  f r om l ar ge 

scal e model  r esear ches ;  t hi s  conf i r ms t he 

t he r i ght ness  of  t he adopt ed met hod of  sol v ­

i ng t he pr obl em.  I t  pr oved t o be,  i ndepend­

ent l y ,  t hat  hot  onl y  el as t i c  sol ut i on ( see 

L.  Fi nn 1963)  but  al so a consequent  use of  

pl as t i c i t y  t heor y  gi ves  ac ur v i l i neal  di agr am 

of  pr essur e on t he di spl ac i ng r et ai ni ng wal l .

CONCLUSI ONS

1 . I n t he l i ght  of  t he per f or med anal ys i s  of  

sol ut i on by Rank i ne f or  a pr obl em on an 

ac t i ve pr essur e i s a s t at i c sol ut i on and 

I s not  r eal  f r om t he k i nemat i oal  poi nt  of  

v i ew.

2.  The pr esent ed i n t he paper  cons t r uc t i on of  

t he s t r ess f i el d based on exper i ment al  

pi ot ur e of  t he v el oc i t y  f i el d gi ves  r e­

sul t s  whi ch ar e i n accor dance wi t h some 

ear l i er  exper i ment al  meas ur ement s  i n t he 

r ange of  pr essur es  ex i s t i ng beyond t he 

r et ai ni ng wa l l .

3 . Because a cor r ect  f r om t he k i nemat i c  poi nt  

of  v i ew sol ut i on pr ovi des pr essur es  smal l ­

er  f r om t he ant i c i pat ed by Bank i ne t heor y,  

t he l ast  gi ves  a saf e es t i mat e.

4.  Used i n t he paper  met hod of  f i ndi ng s t r ess 

f i el d suggest ed by  Par i seau,  and f ounded 

on t he obser vat i on and anal ys i s  of  v el o ­

c i t y  f i el d,  can be af f ec t i ve i n compar i son 

wi t h a whol y  t heor et i cal  sol ut i on f ounded 

on r ul es  of  conser vat i on and t he Pr andt l -  

Beuss  equat i ons  anywher e wher e a poss i bi ­

l i t y  of  di s t i not  def or mat i ons  ar e admi t t ­

ed.  Then t her e ex i s t s  oer t ai nt y  of  appear ­

i ng a zone i n whi ch st r ess f i el d as wel l  

as f i el d of  def or mat i on r at e ar e of  hyper -  

bol i o char aot er .

BEFEBENCES

But t er f i el d B. ,  Har kness  B. M.  and Andr ews  

B. Z. ,  ( 1970)  " A s t er eophot ogr ammet r i c  met hod 

f or  measur i ng di spl acement  f i el ds" ,  Geot ec h ­

ni que 20,  No 3.  308- 314.



3/ 23

Dav i s  E . H. ,  " Theor i es  of  pl as t i c i t y  and t he 

f ai l ur e of  soi l  masses " ,  Soi l  Mechani c s  Se­

l ec t ed Topi cs,  I . K.  Lee -  edi t or ,  But t er -  

wor t hs ,  London,  ( 1968) .

Fi nn W. D. L. ,  " Boundar y  val ue pr obl ems  of  

soi l  mechani os "  Pr oc  . A. S. C. E. ,  vol .  89,  S. M.  

5 ( 1963) .
Je. ske' T. ,  " On t he k i nemat i cs  of  a gr anul ar  

medi a i n t he case of  l i mi t  equi l i br i um st at e 

under  pl ane s t r ai n condi t i ons" ,  Ar ch.  Mech.  

St os . 20,  2,  ( 1968)  .

Par i seau W. G. ,  " Gr av i t y  f l ows  of  i deal l y  pl a ­

s t i c mat er i al s  t hr ough s l ot s" ,  Tr ansac t i ons  

of  t he ASME,  Jour n.  of  Engng.  f or  I ndust r y ,  

May  ( 1969)  .

Ter zaghi  K. ,  " A f undament al  f al l acy  i n ear t h 

pr essur e comput at i ons" ,  Jour nal  of  Bos t on 

Soc . C. E.  nr  4,  ( 1936)  .

Thomas  T. Y. ,  " Pl as t i c  f l ov;  and f r aot ur e i n 

sol i ds" ,  Academi c  Pr ess ,  New Yor k ,  ( 1961) .

154


