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C o n o id a l d is p e r s iò n s  Classification o f d is p e r s e d  s y s te m s  &  th e ir  g e n e r a l c h a r a c te r is tic s
,  

s iz e

&  s h a p e s  o f c o  끄 o id a l p a r tic le s c la s s ific a tio n  o f c o u o id s  &  c o m p a r a tiv e  a c c o l ln t o f th e ir
r

g e n e r a l p r o p e r tie s O P tic a l k in e tic  &  e le c tr ic a l p r o p e r tie s E ffe c t o f e le c tr o ly te s
,  

c o a c e r v a tio n
,

p e p tiz a tio n  &  p r o te c tiv e  a c tio n

S E L E C T E D  D E F ıN  IT IO N S

C o llo id a l d is p e r s io n  It is .  H e te r o g e n e o u s  s y s te m  c o n s is t o f d is p e r s e d  p h a s e  a n d d is p e r s io n

m e d ítım  in  w h icłi th e  p a r tic le  s iz e  o f d is p e r s e d  p h a s e  r a n g e s  fr o m  l n m  to  l p m

M o le c u la r  d is p e r s io n s  It is  th e  d is p e r s io n  in  w h ic h  th e  s iz e  o f p a r tic le  is  le s s  th a n  1 n m

C o llo id a l d is p e r s io n s  T h e s e  a r e  th e  d is p e r s io n  in  w h ic h  th e  s iz e  o f p a r tic le  is  fr o m  1 n m  to

0 5  p m

o a r s e  di sp e r s i on s �

p m

L y o p h ilic  c o llo id  If th e  d iśp e r s e d  p h a s e  in te r a c t to  a  g r e a t E x te n t w ith  th e  d is p e r s io n

m e d iu m
,  
th e n  c o llo íd  is  c a lle d  a  Iy o p h ilic  c o llo id

L y o p h o b ic  c o llo id s  If th e  d is p e r s e d  p h a s e  h a s  little  o r  n o  a ffin ity  to  in te r a c t w ith  d is p e r s io n

m e d iu m
,  
th e n  c o llo id  is  c a lle d  a  Iy o p h o b ic  c o llo id

p e p tiz a tio n  It is  th e p r o c e s s  in  w h ic h  a g g r e g a te s  a r e  b r e a k  in to  c o 11o id a ı s iz e  p a r tic le  in  th e

p r e s e n c e  o ŕ  p e p tiz in g  a g e n t

C ritic a l M ic e lle  C o n c e n tr a tio n (C M C ) T h e  c o n c e n tr a tio n  a t w h ic h  m ic e lle s  b e g in s  to  fo r m

Tjm d a ll E ffe c t W h e n  a  b e a m  o f lig h t is  p a s s  th r o u g h  a  c o llo id a l s o lu tio n
,  
th e  p a th  o f lig h t

g e ts  illu m in a te d T h is  p h e n o m e n o n  is  k n o w n  a s  T y n d a ll E ffe c t

B r o w n ia n  m o v e m e n t T h e  c o n tin u o u s  c o m s io n s  b e tw e e n  th e  c o 11o id a 1 p a r tic le s  a n d

m o le c u le s  o f d isp e r s io n  m e d iu m  p r o d u c e  z ig z a g  m o v e m e n t o f c o llo id a l p a r tic le s  w h ic h  is
k n o w n  a s  B r o w n ia n  m o v e m e n t

E le c tr o p h o r e s is

e le c h ic  fie ld

D o n n a n  e ffe c t It d e s c r ib e  th e  b e h a v io u r  o f c h a r g e d  p a r tic le  n e a r  s e m i p e r m e a b le  m e m b r a n e

th a t s o m e tim e  fa n s  to  d is tr ib u te  e q u a lly  a c r o s s  th e  tw o  s id e  o f m e m b r a n e T h is  is  d u e  to  th e

p r e s e n c e  o f d iffe r e n t c h a r g e d  s u b s ta n c e  w h ic h  a r e  u n a b le To  p a s s  th r o u gh  m e m b r a n ę a n d
th e r e fo r e  th e y  c r e a te  u n e v e n  e le c ? c a l c h ? g e

S e d im e n ta tio n  p o te n tia l It is  th e  p o te n tia l d iffe r e n c e  d e v e lo p  w h e n  p a r tic le s  s e ttle  u n d e r
th e  in flu e n c e  o f g r a v ity It is  r e v e r s e  o f e le c tr o p h o r e s is

0

T h e s e  a r e  th e  d is p e r s io n  in  w h ic h  th e  s iz e  o f p a r tic le  is  g r e a te r  th a n  0 5

T h e  m o v e m e n t o f c o llo id a l p a r tic le s  th r o u g h  a  liq u id  u n d e r  th e  in flu e n c e  o f
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□ � 囵 IZ E  &  S H A P E S O F  ċ O L L O ID A L P A k T IC IAĦ
'

ı2 İ  P A R T IC L E  S ıZ E

Tłte  c o lo u r  o f c o llo id a l d is p e r s io n s  is  a ffe c te d  b y  th e  s iz e  o f th e  p a r tic le s  p r e s e n t If  th È

p a r tic le s  in  a  r e d  g o ld  s o l a r e  la r g e  in  s iz e
,  

th e  d is p e r s io n   o c c u r s  o n  a  b lu e  c o lo u r W h ile

A n tim o n y  a n d  a r s e n ic  tr is u lfid e s  c h a n g e  fr o m  r e d  to  y e llo w  a s  th e  p a r tic le  s iz e  is  d e c r e a s e d

B a s e d  o n  th e  s iz e  o f th e  d is p e r s e d  p h a s e
, 

th r e e  ty p e s  o f d is p e r s e d  s y s te m s  a r e  g e n e r a lly

c o n sid e r e d

M o le c u la r  d is p e r s io n s  T h e  s iz e  o f p a r tic le  in  c a s e  o f m o le c u la r  d is p e r s io n  is  le s s  th a n  1

n m T h e y  a r e  in v is ib le  in  e le c tr o n  m ic r o s c o p e T h e y  c a n  p a s s  th r o u g h  u ltr a filte r  a n d

s e m ip e r m e a b le  m e m b r a n e T h e y  u n d e r g o  r a p id  d iffu s io n E x a m p le s  : o x y g e n  m o le c u le s ,

o r d in a ry  io n s
,  g lu c o s e

C o llo id a l d is p e r s io n s  T h e  s iz e  o f p a r tic le  in  c a s e  o f c o 11o id a l d is p e r s io n  is  fr o m  1 n m  to

0 5 p n T h e y  a r e  d e te c te d  b y  u ltr a m ic r o s c o p e T h e y  c a n  p a s s  th r o u g h  filte r  p a p e r  b u t d o  n o t

p a s s  s e m ip e r m e a b le  m e m b r a n e T h e y  d iffu s e  v e r y  s lo w ly  E x a m p le : c o llo id a 1 s ilv e r  s o ls ,

n a tu r a l a n d  s y n th e tic  p o ly m e r s
,  
c h e e s e

,  
b u tte r

,  je lly ,  p a in t
,  
m ilk

,  
s h a v in g  c r e a m ,  

e tc

(c) C o a r s e  d is p e r s io n s  : T h e  s iz e  o f p a r tic le  is  g r e a te r  th a n  o 5 p m T h e y  a r e  v is ib le  u n d e r

m ic r o s c o p e T h e y  d o  n o t p a s s  th r o u g h  n o r m a l filte r  p a p e r T h e y  d o  n o t d ia ly ż e

th r o u g h  s e m ip e r m e a b le  m e m b r a n e T h e y  d o  n o t d iffu s e E x a m p le  : G r a in s  o f s a n d
,  

m o s t

p h a r m a c e u tic a l e m u ls io n s  a n d  s u s p e n s io n s
,  
r e d  b lo o d  c e lls

1 2 2  P A R T ıC L E  S H A P E

T h e  s h a p e  o f c o u o id a l p a r tic le s  is  a ls o  im p o r ta n t O n  e x te n d in g  th e  p a r tic le ,  
th e  s p e c ific

s u r fa c e  a ls o  g e t in c r e a s e d  a n d  th e r e fo r e  th e r e  w ill b e  g r e a te r  o p p o r tu n ity  fo r  a ttr a c tiv e  fo r c e s

to  e s ta b lis h  b e tw e e n  th e  p a r tic le s  o f th e  d is p e r s e d  p h a s e  a n d  th e  d is p e r s io n  m e d iu m O th e r

p r o p e r tie s  s u c h  a s  flo w
,  

s e d im e n ta tio n
, 

a n d  o s m o tic  p r e s s u r e  a r e  a ls o  a ffe c te d  b y  c h a n gin g

in  th e  s h a p e  o f c o llo id a l p a r tic le s P a r tic le  s h a p e  is  a ls o  r e la te d  to  p h a r m a c o lo g ic a l a c tio n

E  Ų  ß
(a ) S p h e re  (b) S h o rt ro d s  a n d (c ) O b la te  e ııip s o id s

a n d glo b u le s  p ro la te  e lıip s o id s  a n d fla k e s

(d ) L o n g ro d s

a n d th re a d s

F ig u r e  1 1 S h a p e  o f c o llo id a l p a r tic le

8 1
(e ) L o o s e ly c o ile d (f) B ra n c h e d th re a d s

th re a d s
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i H
T h e y  a r e  p r e p a r e d  b y  d isp e r s io n  m e th o d  a n d c o n d e n s a ń o n  m e th o d s

(a) D isp e r s io n  m e th o d s in  th is  m e th o d  c o a r s e  p a r tic le s  a r e  r e d u c e d  in  s iz e D is p e r s io n

(1) By  th e  u s e  o f h igh in te n sity  u ltr a s o n ic  g e n e r a to r s  w ith  tr e q u e n c ıe s  m  e x c e s s  o 1 L u
,  
u u u

r

y

cy cle s  p e r  s e c o n d

: 
(2) B y p r o d u c tio n  o f a n  e le c tr ic  a r c  w ith in  a  liq u id D u e  to  h e a t g e n e r a te d  b y  th e  a r c

,

s o m e  o f th e  m e ta l o f th e E le c tr o d e s  is  d isp e r s e d  a s  y a p o r
,  

w h ic h  c o n d e n s e s  to  fo r m

c o llo id a l p a r ticle s

(3) M illin g a n d  grin d in g p r o c e s s e s  c a n  b e  u s e d B u t th e ir  e ffic ie n c y  is  lo w
(4) ' " ills is  a is a  u s e d  in  w h ic h  th e  m a te r ia l is  s h e a r e d b e tw e e n  tw o  r a p id ly

r o ta tin g p la te s s e t clo s e  to g e th e r
l5) Pepàñont is  th e  p r o c e s s  in  w h ic h  a g g r e g a te s  a r e  b r e a k  in to  c o 11o id a l s iz e  p a r ū c ıein  th e  p re s e n c e  o f p e p tiz in g a g e n t P e p tiz in g a g e n t m a y  b e  h q u id

,  
e le c tr o ly te s  a n dn o n  e le c tr o ly te s

į ș
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(b ) C o n d e n s a tio n  M e th o d T h is  m e th o d  in v o lv e  h igh  d e g r e e  o f in itia l s u p e r s a h ır a tio n

a n d  th e n  th e  fo m i a tio n  a n d  g r o w th  o f n u c le i s u p e r e a tu r a tio n  c a n  b e  a c h ıe v e d  b y

c h a n g e  in  s o lv e n t o r  r e d u c tio n  in  te m p e r a tu r e o th e r  c o n d e n s a tio n  m e th o d s  d e p e n d

o n  a  c h e m ic a l r e a c tio n , 
s u c h  a s  r e d u c tio n , 

o x id a tio n ,  
h y d r o ly s ls , 

a n d  d o u ble

d e c o m p o s itio n

İ 3 3  A S S O C ıA T IO N  C O  L L O ıD S

T h e y  a ï e  a ls o  c o n s id e r e d  a s  A m p h ip h illic  c o llo id s A t lo w  c o n c e n tr a tio n s , 
th e  a m p h ip h i\e s

e x is t s e p a r a te ly A s  th e  c o n c e n tr a tio n  is  in c r e a s e d , 
a g g r e g a tio n  o c c u r s  o v e r  a  n a r r o w

c o n c e n tr a tio n  r a n g e T h e s e  a g g r e g a te s  a r e  c a lle d  m ic e u e s

iľ  rėu p

H y d r o p h iıic  
" h e a d g r o u p

M ic e lıe
S p h e ric a ı m ic e lle C ylin d ric a  \ m ic e  \ \ e

In v e rs e  m ic e  \ \ e

M ic e lıe

F ig u r e  1 2  s h a p e  o f A s s o c ia tio n  c o n o id s

c  o n  c  e  n  tr a ti on(C ţ c ? B e lo w  th e  c M c
,  

s " fa c e  a c tiv e  a g e n ts  u n d e r g o  a d s o r p tio n  a t

w a te r  in te rfa c e w ith  in c r e a s in g th e  c o n c e n tr a tio n  o f s u r fa c ta n ts , 
m o le c u le s  g e t a c c u ]

fo r m a tio n  ta k e  p la c e  in  th e  b u lk  p h a s e ,  
a n d  th e r e fo r e  th e  fr e e  e n e r gy o f th e  E

ŕį Ţ$
ıiil§£ãï

tį ı

r g

m ic e \te

th e  a ir

J m u la te d

s a tu r a te d

m ic e lle s

sy s te m  is

fo r m a tio n  ta k e  p la c e  ın  th e  D u I N  ľ

r e d u c e d
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ROPERTIERTIESS o F  c o  �

1 4 1 0 P T IC A L  P R O P E R T \ E s

a T y n d a ll e ffe c t T y n d a ll,  
in  1869 ,  

o b s e r v e d  th a t w h e n  a  b e a m  o f ligh t is  p a s s  th r o u g h

a  c o llo id a l s o lu tio n
,  
th e  p a th  o f ligh t g e ts  illu m in a te d T h is  p h e n o m e n o n  is  k n o w n  a s

T y n d a 】1 E ffe ď T h e  lig h t is  s c a tte r e d  d u e  to  p r e s e n c e  o f p a r tic le s  in  c o llo id a l s o lu ū o n

th e  in te n s ity  o f th e  s c a « e r e d  ligh t is  r e la te d  to  th e  ? fe r e n c e  b e tw e e r  th e  r e fr a c tiv e

in d iċ e s  o f th e  d is p e r s e d  p h a s e  a n d  th e  d is p e r s io n  m e d iu m
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L ig h t s o u rc e
T ru e  s o lu tıo n 1

D a rk b a c kg ro u n d

F 18 u r e 1 3  F a ra d a y  W d a ll e ffe c t

b E le dM o n  M ic r o s c o p e  n l e  e le c tr o n  m ic r o s c o p e  is  u s e fu l to  y ie ld  a c h ıa l p a r tic le s

p ic tu r e s T h e y  a r e  u s e d  to  o b s e r v e  th e  s iz e
,  
s h a p e ,  

a n d  s b u c h ır e  o f c o llo id a l p a r tic le s

T h e  m a in  fe a h ır e  o f e le c tr o n  m ic r o s c o p e  is  its  h ig h  r e s o lv in g  p o w e r

c  m tr a m ic r o s c o p e  W h e n  a n  in te n s e  lig h t b e a m  is  p a s s e d  th r o u g h  th e  5 0 1 a g a in s t a

d a r k  b a c k g r o u n d  a t r ig h t a n g le s  to  th e  p la n e  o f o b s e r v a tio n T h e  p a r tic le s  w ill

a p p e a r  a s  th e  b r ig h t s p o ts  w h ic h  c a n  b e  o b s e r v e d  a n d  c o u n te d

L ig h t S c a « e r in g  It is  u s e d  to  g e t in fo r m a tio n  o n  th e  s h a p e  a n d  s iz e  o f p a r tic le s

S c a tte rin g  c a n  b e  d e s c r ib e d  in  te r m s  o f th e  h ır b id ity ,  
T T h e  tu r b id ity  c a n  b e

c a lc u la te d  fr o m  th e  in te n s ity  o f d r e  s c a tte r e d  lig h t It is  a ls o  u s e d  to  d e te r m in e  th e

m o le c u la r  w e ig h t o f th e  c o llo id  b y  u s in g  fo llo w in g  e q u a tio n

T  M

w h e r e

T  is  th e  tu r b id ity

c  is  th e  c o n c e n tr a tio n  o f s o lu te  in  9 /c m 3  o f s o lu tio n
,

M  is  th e  m o le c u la r  w e ig h t

B  is  a n  in te r a c tio n  c o n s ta n t

H  is  o p tic a l c o n s ta n t fo r  a  p a r tic u la r  s y s te m

A  p lo t o f H c / T  a g a in s t c o n c e n tr a tio n  g iv e  a  s tr a igh t lin e  w ith  a  s lo p e  o f 2B T h e

in te r c e p t o f w h ic h  is  1/M

糟
蹋L 4 2  K ıh 压了 ıc  p R O p E R TıE S

T h is  p r  叩  e r ty  r e la te d  to  th e  m o tio n  o f p a r tic le s

a B r o w n ia n  M o tio n  T h e r e  a r e  c o n tin u o u s  c o m s io n s  b e tw e e n  th e  c o 11o id a ı p a r ticle s

a n d  m o le c u le s  o f d isp e r s io n  m e d iıım  w h ic h  a r e  in  c o n s ta n t m o tio n T h is  p r o d u c e

z ig z a g  m o v e m e n t o f c o llo id a l p a r tic le s  w h ic h  is  k n o w n  a s  B r o w n ia n  m o v e m e n t

D u e  to  v e ry  s m a ll s iz e  p a r titie s
,  
th e  m o tio n  o f th e  m o le c u le s  c a n n o t b e  o b s e r v e d T h e

团 团 ■ ■ 团
团 团 ■

，
ダ* 園周一――加国鑼職驪

. ， .
户团团团团团团团团国

C o ılo d a ı p a rtlc ıe

e c e tte rın g  th e  Iıg h t

d
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o f th e  v ie c o
e k y  e

M m M g  a g
e n ts  e u c h  a e  g ly c e rin  d e c r e a e e e  a n d  fin  \

B ro w ıu a n  m o v e m e n t

/ 

/ il

F ig u r e i 4  B r o w n ia n  ın o v e m e n t o f C o u o id a l P a r tic le s

h  m s io n  T h e  p a r tic le  d iffu s e  fr o ın  a  r e g io n  o f M g h e r  c o n c e n tr a tio n  to  lo w e r

A c c o r d in g  to  F ic k s  fir s t la w Th e  a m o u n Ļ  d q ,  
o f s u b s ta n c e  d iffu s in g  in  tim e

,  
d t

,

a c ro s s  a  p ia n e  o f a r e a ,  
S

,  
is  d ir e c tly  p r o p o r tio n a l to  th e  c h a n g e  o f c o n c e n tr a tio n

,  
d c

,

w ith  d is ta n c e  tr a v e lle d ,  
d x It is  e x p r e s s e d  a s

d q - D s  i d r

.  

(1 2 )

W h e r e

D  is  th e  d iffu s io n  c o e ffic ie n t

T h e  m e a s u r e d  d ifń rs io n  c o e ffic ie n t is  u s e d  to  d e te r m in e  th e  m o le c u la r  w e ig h t o f s p h e ń c a l

m o le c u le s
,  
by  u s e  o f th e  fo llo w in g  e q u a tio n

R ?  14 n N
D  =  

m i q 3 M v
Z

(1 3)

w n e r e

M  is  m o le c u la r  w e ig ht

R  is  m o 】a r  g a s  c o n s ta n t

N  is  A v o g a d r o  n u m b e r

r  is  r adiu s  o f sp h e ric a l p a r tic le

M p H Y s  ı c A L  P ı  
d



Scanned by CamScanner

t \

赵 衡 癸 酉
比

尔

ĝ " §g

c o L L O ID A L D ıS P E R S ıo N S  ıı 3 l  3 g

l , \ '

.

.

、

·

吋

.

削

陜

弘
軌

M  

W
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O a m o tlc  p r e ıa ıır e iTT \e  o 8 m o tic  p r e s e u r e ,  
ń

,  o f a  d ilu te  c o llo ld a l s o lu tio n  i8  d e s c r ib e d
b y  th e  v a n t H o ff e q u n tio in

Ħ =  R T  
(1 4 )

W h e r e

c s  
is  th e  g r a m s  o f s o lu te  p e r  lite r  o f s o lu tio n

M  is  th e  m o le c u la r  weigt
T  is  a b s o lu te  te m p e r a tu r e

R  is  m o ta r  g a s  c o n s ta n t

T h is  e q u a tio n  c a n  b e  u s e d  to  c a lc u la te  th e  m o le c u la r  w e ig h t o f a  c o llo id  in  a  d ilu te  s o lu tio n

d S e d im e n ta H o n T h e  r a te  o f s e d im e n ta tio n  is  g iv e n  b y  S to k e s
'
s  la w

v =  

2 r  
2  (p p o ) g

9 T1o

(1 5 )

M

w n e i e

g  is  th e  a c c e le r a tio n  d u e  to  g r a v ity

v  is  v e lo c ity

p  is  d e n s ity  o f s p h e r ic a ı p a r tic le

p o  is  d e n s ity  o f m e d iıım

1 10  is  v is c o s ry

W n e n  th e  p a r tic le s  s e ttle  o n  th e  b a s is  o f th e ir  m o le c u la r  w e ig h t
,  
th e  fo u o w in g  e q u a tio n  is

u s e d  to  d e te r m in e  m o le c u la r  w e ig h t (M )

M  (1 6)

w n e r e

T .  
is  a b s o lu te  te  呷  e r a tu r e

R  is  m o ta r  g a s  c o n s ta n t

D  is  ? fu s io n  c o e ffic ie n t

p o  is  d e n s ity  o f m e d iu m

v  
ı is  th e  p a r tia l s p e c ific  v o lu m e

e V ie c o s iiy v is c o s ity  is  th e  r e s is ta n c e  to  flu id  to  flo w  u n d e r  a n  a p p lie d  s tr e s s E in s te in

d e s c r ib e  a n  e q u a tio n  o f flo w  to  d ilu te  c o llo id a l d is p e r s io n s  o f s p h e r ic a l p a r ticle s

w ïıe re

7ïo  is  th e  v is c o s ity  o f th e  d is p e r s io n  m e d iu m

17 is  th e  v is c o s ity  o f th e  d is p e r s io n  w h e n  th e  v o lu m e  fr a c tio n  o f c o llo id a l p a r tic le s  p r e s e n t is

甲

r£i tţ
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m o le c u la r  w e igh ts o f p °ly m e  r s  (1 8 )
A c c o rd in g  

to  th e  M  h  k  e q u a tio n ,  
ininsic v is c o s ity  【17] 

is  u s e d  to  c a lc tıla te  th e

[r] =  K M   ·

K  m d  a  a r e  c o n s ta n ts  c h a r a c te ris tic  o f th e  p a r tic u la r  p °ly m e r s o lv e n t s y s te m

S O LV ED  P R O B LE M

◆  c ıłla ūe  m o lm a r  w e ls h t o f c e llu lo s e a c e ta te  fr a c tio n  w h e n  th e  v a lu e  o f c o n s ta n t K = 5  x

l s  a n d  a - 12 9 a t 2 5oc T h e  in tr in s ic  v is c o s ity  W a s  fo u n d  to  b e  1 2 0

S o ıu d o n

fr】] = K M 。

: ) ţ

1 4 3  E LE C T R IC A L P R O P E R T I ES

T h e  p r o p e r tie s  o f c o llo id s  is  to  c a r r y  c h a r g e s  o n  th e  s u r fa c e  o f a  p a r tic le  e ith e r  b y  io n is a tio no r  by  a d s o rp tio n

a  Ele c in o p h o r e s is

c a lle d  E 1e c tr o p h o r e s is O n  a p p ly in g  e le c tr ic  fie ld  a c r o s s  th e  c o llo id a l s o lu tio n
,  
th e  c o llo id a 1

electrophores
O p p o site ly  c h a rg e d  e le c tr o d e Th is  p h e n o m e n o n  is  k n o w n  a s

d O l L
Şr*

;

lo g  [r】] =  lo g  K + a x  Ţ  · g M

lo g  (1 2 0) =  lo g  (5 × 10 5i +  1 Ż9 1o g  M

o r  lo g  M  =  lo g  (1 2 0) lo g  (5 × 10 5) / 1 2 9

lo g  M  =  0 079 + 4 3 0 1 / 1 2 9

lo g  M  =  3 3 95

M - A n tilo g  (3 3 95 ) =  24 83 13 3

A n s w e r 24 83 13 3
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C o u n te rL ıo n  c lo u d

◆ 司
E x

F i8 u r e l 5 E le c tr o p h o r e s ie
T h e  r a te  o f m ig r a tio n  o f p a r tic le  is  o b s e r v e d  b y  m e a n s  o f a n  u ltr a m ic r o s c o p e T h e  r a te  o f
m o v e ın e n t o f s in g le  c o llo id a l p a r tic le  is  d ir e c tly  r e la te d  to  z e ta  p o te n tia l T h e  s ig n  a n d
ın a g n ih ıd e  o f th e  z e ta  p o te r itia l in  a  c o llo id a l s y s te m  is  e x p r e s s e d  b y  th e  fo llo w in g  e q u a tio n

ç =  .  
4  

· (9 × 10  4 ) (1 9 )

Çis  z e ta  p o te n tia l

v  is  th e  v e lo c ity  o f m ig r a tio n  in  a n  e le c tr o p h o r e s is  tu b e  o f a  d e fin ite  le n g th  in  c m
,

q  is  th e  v is c o s ity  o f th e  m e d iu m
,

E  is  th e  d ie le c tr ic  c o n s ta n t o f th e  m e d iu m
,

E  is  th e  p o te n tia l g r a d ie n t
. .  

In  v o lts / c m

T h e  te r m  v / E  in  th e  e q u a tio n  is  k n o w n  a s  th e  m o b ility

b Tl e c lıic  D o u b le  L a y e n

h  th is  e a r y ,  
a t th e  fh s t la y e r  c h a r  吕 e  i.  P .  N e d  to  th .  p ' "icl" b y  s itu a tin g  io n s

w M ch  a re  a d s o rb e d  p "ferenLiauy a t im m ' " b l ° p o in ts  a n d  th e  s e c o n d  la y e r  c o n s is ts  o f

d u fu șe d  m o b ile  io n s M e  c h a r g e  p r e s e .  t o n  b o th  th e  la y e r s  a r e  e q " l T h ĵs  Łw o la y e r

a n a n g e ' " Ł d e v e lo p  z e ta  o r  E le c tr o k in e tic  p o te n tia l

罾
Ħ

匣
：

F l吕u r e l .  
6 E le c tric  d o u b le  la y e r
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c h a p m a n  d iffb s e  d o u b le  la y e r H is  th e o ry  s ta
te s  th a t io n s  d o  h a v e  fiń ite  s Ľ z e

,  
s o  c a n n o tlo u o w s  th e  B o ltz m a n  d is trib u d o n

a pp ro a c h  th e  s u rfa c e  c lo s e r  th a n  a  fe w  n m   s te m  a ls o  ş u p p °s e d  th a t it is  p o s s ib le  th a t s o m e

C  D o ıu ım  M e m b m n e  ¢  It d e s c rib e  th e  b e h a v io u r  o f c h a r g e d  p a r tic le  n e a r  s e m i

m e m b ra n e T his  is  d u e  to  th e  p r e s e n c e  o f d iffe r e n t c h a r g e d  s u b s ta n c e  w h ic h  a r e

u n a b le  to  p a s s  th r o u g h  m e m b r a n e  a n d  th e r e fo r e  th e y  c r e a te  u n e v e n  e le c tr ic a l c h a r g e

Th is  is  la io w n  a s  D o n n a n  e ffe c t

F o r  e x a m p le  s u p p o s e  o n  o n e  s id e  o f a  s e m ip e r m e a b le  m e m b r a n e
,  

s o d ilım  c h lo r id e  is p la c e d

in  s o lu tio n  a n d  o n  th e  o th e r  s id e  o f m e m b r a n e  a  n e g a tiv e ly  c h a r g e d  c o llo id  to g e th e r  w ith  iķ

c o u n te r io n s  R N a +  is  p la c e d T h e  s y s te m  is  in  e q u ilib r iu m  a n d  th e  v o lu m e s  o f s o lu tio n  o n

th e  tw o  s id e s  o f th e  m e m b r a n e  a r e  c o n s id e r e d  to  b e  e q u a l

O u ts id e  (o ) In s id e  (i)

N a
+  

N a
+

C I C ı

A s  th e  p rin c ip le  o f e s c a p in g  te n d e n c ie s  s ta te s  th a t T h e  c o n c e n tr a tio n  in  d ilu te  s o lu tio n s  o fs o d iu m  c hlo rid e  m u s t b e  th e  s a m e  o n  b o th  s id e s  o f th e  m e m b r a n e S o

In  c a s e  ofelectroneutrty, o n  th e  o u tsid e
'

ï
: "

A n d  o n  th e  in s id e  (1 1 1)

O n  s u bs titu tin g  e q 1 11 a n d  12 in  e q ľ 1.. .  G e t

giv e s th e  ra tio  o f C o n c e n tr a tio n s  o f th e  d iffu s ib le  a n io n  o u ts id e  a n d  in s id e  th e

◆
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H ig u c h i ın o d ifie d  th e  D o n n a n  m e m b m a n e  e q m b r itım ,  
e q u a tio n H e  in c lu d e d  p o ly e le c tr o ly te

s o d iu m  c a r b o x yın e th y lc e llu lo s e  fo r  e n h a n c in g  th e  a b s o r p tio n  o f d r u g s  s u c h  a s  s o d itım

s a lic y la te  a n d  p o ta s s im  b e n z y lp e n ic lu in

a n to n  

] 

【D ] a t e q u ilib r iu m
,  a n d  [R ]  P  X £ .  N t th e  c o n c e n tr a tio n  o f s o d iu m

c a r b o x y m e th ylc e llu lo s e  a t e q u ilib r itım ıin e n  e q u a tio n  w ill b e

T h e  a d  

Jof
.  p ° e l.  c  tr  o  ly

'
.  To . ' " m .  d

-, a n i
.

.

.
.  u 1 d  e n h  

4

. .

d iffu s io n  o f th e  d r u g  o u t o f th e  c h a m b e r Ķ

S O L V E D  P R O B L E M

E x e r c is e  1 2

A s  p e r  D o n n a n  M e m Ĺb r a n e   e ffe c t
,  
C a ıc u la te  th e  r a tio  o f s a lic y la te  o n  th e  tw o  s id e s  o f M e

m e m b r a n e  a t e q u ilib r iu n ı
,  
if th e  e q u ilib r iu m  c o n c e n tr a tio n  o f i a r b o x y e th ylc e llu lo s e   i8  2 1

x  10 2  g  e q u iv a le n tllite r  a n d  th e  e q u ilib r iu m  c o n c e n tr a tio n  o f M a g n e s iu n ı s a lic y la te  is  7 0

x  1 0 3 g  e q u iv a le n t/lite r

A n s w e p  2

d   O th e r s  E 1e c tr o o s m o s is  is  o th e r  m e th o d  fo ŕ  g e ttin g th e  z e ta  p o te n tia l b y  m e s lir in g

th e  r a te  o f flo w  o f liq u id  th r o u gh  th e  p lu g  u n d e r  s ta n d a r d c o n d itio n s S e dim e n ta tio n

p o te n tta l is  th e  p o te n tia l d iffe r e n c e  d e v e lo p  w h e n  p a r tic le s  s e ttle  u n d e r  th e  in fıu e n c e

o f g r a v ity It is  r e v e r s e  o f e le c tr o p h o r e sis T h e  s tr e a m in g p o te n tia ı is  p o te n tia l o c c m s

d u e  to  fo r c in g  a  liq u id  to  flo w  th r o u g h  a  p lu g  o r  b e d  o f p a r tic le s
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Ĺ Ĺ  È H

T he r e a f e  t w o  
m e e s D r  īc o n o u

w h ic h  e
a c h  Ł Ż

, M %  Whd p a rd c  e  a r e  p ro v ide d  w lth e l
: 

4

六

气
니

爿

了

A  to  this  th e o ry ,  
d is ta n c e  b e tw e e n  tw o  c o u o id a l p a r ū c le e c ts  th e  b e h a v io tır  o f

perticle Th is  th e o ry  is  a ls o  u s e d  to  m e a s u r e  th e  amount o
f e le c tr o ly te  u s e d  to  p r e c ip ita te  o r

s ta biliz e  a  c o llo id

(a ) w ħe n  ataction b e tw e e n  tw ò  m a g n e ts  o r  p a r tic le s  p  r e  d  0  a  te ,  
th e n  th e  p a r tic le  w ill

o  n  b e tw e e n  tw o  m a g n e ts  o r  p a r tic le s  p r e d o m in a te
,  

th e n  th e  p a r tic le  w ill

re m a in  h id iv id u a lly  d isp e r s e d

L e ts e x p la in  th is  th e o ry  w ith  th e  h e lp  o f d ia g r a m  o f p o te n tia l e n e r g y  V s  interpartic1" j

d is ta n c e

J  : i
t

Ĵ

Elgıu e

/// °.
'
.

M in im u m  a ttra c tio n

1
.  T P o te n  Ĥ al e n  e  qw  v 8  i n  tepà 

e  d i 8  ta n  c e
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»  Ħ

c o L L O ıD A L  D ıS P E R S IO N S

(1 ) m w  m in im u m  If th e  p a r tic le s  n r e  v e ry  c lo s e  to  e a c h  o th e r  th e n  th e  o rb ita ls  o n

s ıır fa c e  o v e r la p s  a n d  fo r m  s tr o n g  b o n d T h is  c a u s e  r a p ıd  in c r e a s e  in  p o tm tia l e n e r g y  

th is  is  n im a ry  m in im u m

L e ts  c o n s id e r  th e  e ffe c t o f e le c tr o ly te In  th e  a b s e n c e  o r  r e m o v a l o f e le c tr o ly te s ,  
th e

in te rp a r tic le  r e p u ls io n  d e c r e a s e d  to  s u c h  e x te n t th a t c o a g tıla tio n  o c c u r s T h e  p a r tic le  d e p o s it

a t th e  b o th D m  a s  h a rd  c a k e T h is  b e h a v io u r  is  correepid to  p rim a ¢ m in im u m  in  D L V O

th e o ry

イニム イ ニ
0  0

L y o p h o b ic  c o llo id s

F ig u r e  1 8  In  a b s e n c e  o f e le c tr o ly te s

2) S e c o n d a r y m i ni mu m  W h e n  d i st an c e  b e t we e n  ·he  p a r t icl es  a r e ' ar g e . a r t icl es �

e x p e r ie n c e  a ttr a c tiv e  fo r c e  a n d  a g g r e g a te s  a r e  fo r m e d T h is  is  s e c o n d a r y  m in im tım

L e ts  c o n s id e r  th e  e ffe c t o f e le c tr o ly te O n  a d d itio n  o f e x c e s s  o f e le c tr o ly te s
,  

th e  ū o c c u le

fo m ıa tio n  ò c c tır T h is  b e h a v io u r  is  c o r r e s p o n d  to  s e c o n d a r y  m in im u m  in  D L V O  th e o r y

 Q�

庶· 与。
.吾 一 白弓瓮曰

E x c e s s  o f

Ly o p h o b ic c o llo id s  e le c tro lyte s  Fıo c c u la tio n u n s ta b le

a c c u m u ıa tio n  o f e le c tro ly te s

(s e c o n d a ry m in im u m )

F ig u r e  1 9 0 n  a d d itio n  o f e x c e s s  o f eıe c tr o ıy te s

Th e  a c c u m u la tio n  o f o p p o s ite  c h a r g e d  iö n s  to  ly o p h o b ic  c o llo id s   r e d u c e s  th e  z e ta

p o te n fia l b e lo w  its  c ritic a t tta lu e T h e  c ritic a l p o te n tia l fo r  fin e ly  d is p e r s e d  o iı d r o p le ts

in  w a te r  is  a b o u t 4 0 m illiv o lts
,  
th is  h igh  v a lu e  s ig n i g r e la tiv e ly  g r e a t in s ta b ility

A c c o r d in g to  S cìtu tz e H a rdy r u le
" T h e  p r e c ip ita tin g p o w e r  in c r e a s e s  r a p id ly w ith  tile

v a le n c e  o r  c h a rg e  o f th e  io n s
"

E ffe c t o f e le c u o ly te  o n  L y o p h illic  c o llo iq

L y o ph o b ic  c o llo id s a r e  th e rm o d y n a m ic a lly  s ta b le B u t p a r tic le s  u n d e r g o  a g g r e g a tio n
,

c o a g u la tio n  o r  p r e c ip ita tio n T h is  is  d u e  to  fo llo w in g r e a s o n

D ıa lys la

C o a g u ıa tio n s e ttle   

·

a t b o tto m u n s ta b ıe

(p rim a ry m in im u m ) 
E ıe c tro \y te s

 Ū Đ �
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団 山 W  o u t o f c o llo id a l p a r d c le s  o c c u r .

: T h e  a d d id o n  o f n o ń s o lv en t e u c h  a e  a lc o h o l to  h y d r o p h ilic  c o llo id s

o f p a r tic le s .  
W n en  s m a ll a m o u n t o f eleclytee a r e  a d d e d

t h e  c o a g u 】a tio n  p o w e r  in  ly o p h illic  c o llo id  is  g iv e n  b y  H o ffm e is te r  Se ń e s Th e

p o w e r  is  d ep e n d  o n  th e  liy d ra tio n  o f th e  io n  a n d  h e n c e  to  its  c a p a c ity  to
m o le c u le s  o m  th e  c o llo id a l p a r tic le s S e v e r a l a n io n s  o f th e  H o fm e is te r  s e r ie s

o ıd =  o f pÆ c ip ita  山唱 p o w E R  a re

L S 2  C O A C E R V A T ıO N

W n e n  tw o  o p p o s ite  c h a rg e d  h y d r o p h ilic  c o llq id s  a r e  m ix e d
,  
th e n  th e r e  w ill b e

◆  c  L v I v  r ım  la y e r ľ tie  ç o ılo id r ic h  la y e r  is  k n o w n  a s  c o a c e r u a te T h is  e Ţ
is o e le c tr ic  p o in t) is  p o s itiv e ly  c h a r g e d  w h ile  a c a c ia c a r r ie s  a  n e g a ū v e  c h a rg e W h e ll

It is  th e  p r o c e s s  in  w h ic h  a g g r e g a te s  a r e  b r e a k  in to  c o llo id a l s iz e  p a r tic le  in  th e  p r e s e n c e  o f
r e ip o n s ible  fo r  th e  fo r n ia tio n o f s ta b le  d is p e r s io n  o f c o llo id a l p a r tic le s  in  d is p e r s io n ŢO n  a d d iti

:p e r s io nO n  a d d itio n  o f e le c tr o ly te  to  a  fr e sld y  p r e c ip ita te d  s u b s ta n c e
,  

th e p a r tic le s
P r o d u c e  c o llo id d  s iz e  p a r ticıe R A  +°   

a d s o r b  o n e

1 5
.  
3  P E P T ıZ A T ıo N J  ;
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n ı ı n ıD A ı D ıs P E R S IO N S .

N  u y »

p  P  r o  d . . i in e  c o llo id s  th a t a ıe  u s e d " "  · o ' " c ' " is

p o s itiv e ly  L a rg e  q u a n ııty  o f

c h a rg e d  s ta b le  hyd ro p hılıc

c o łlo id

F is u r e  1 1 0 1 p r o te c đv e  c o llo id

T h e  p r o te c tiv ė  a b nity  o f c o llo id s  is  m e a s u r e d  as G o ld  nL ıb  ė r
.  

G o ld  n m b e r  is  d e fin e d  a s

n u Jm b e r  o f m iu ig r a m  o f p r o te c ti+ e  c o llo id  r e q u ir e d  in  1 o  d  o f r e d  g o ld  s o l to  p r e v e n t th e

c h a n g e  in  c o lo r  fr o ın  r e d  to  v io le t o n  a d d itio n  o f l m l o f 1o %  s o lu ū o n  o f s o d im  d nlo ń d e H

th e  g o ld  n u ın b e r  is  le s s  th e n  th e  p r o te c ū v e  a c tio n  w ill b e ın o r e

T a b le  1 3  G o ld  n u m b e r  O f fe w  p r o te c tiv e  c o llo id s  a r e

ro ie c iiv e  c o llo id s  
G o ld n u m b e r

Acacia =  o '" 2

T r a g a c a n th  

=
G e l a  

0 0 0 5 0 0 1
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2 1 R H E O L O G Y

R h e o lo gy N e w to n ia n  s y s te m s
,  
Ia w  o f flo w

, 
k in e m a tic  v is c o s ity ,  

e ffe c t o f te m p e r a tu r e
,  

n o n

N e w to n ia n  sy s te m s
,  p s e u d o p la s tic

,  
d ila ta n ts

,  p la s tic
,  
th ix o tr o p y ,  

th ix o tr o p y  in  fo r m u la ti«m ,

d e te r m in a tio n  o f v is c o s ity ,  
c a p illa ry ,  

fa llin g  Sp h e r e
,  
r o ta tio n a l v is c o m e te r s

S E L E C T E D  D E F IN IT IO N S  Þ

R h e o lo g y  It is  th e  s c ie n c e  o f th e  flo w  o f a  m a te r ia l

N e w to n ia n  flu id  T h e  flu id  w h ic h  o b e y s  N e w to n
'

s  la w  o f v is c o s ity  a r e  c a u e d  N e w to n ia n

flu id

N o n N e w to n ia n  flu id  T h o s e  liq u id  w h ic h  d o  n o t o b e y  N e w to n
'
s  la w  o f v is c o s ity  is  te r ın e d

a s  N o n N e w to n ia n  flu id

R a te  o f s h e a n  It is  d e fin e d  a s  c h a n g e  in  v e lo c ity  b e tw e e n  tw o  p la n e s  o f liq u id  w h ic h  is
s e p a r a te d  b y  d is ta n c e

S h e a r  s tr e s s  : It is  th e  r a tio  o f s h e a r  fo r c e  to  c r o s s  s e c tio n a l a r e a  r e q u ir e d  to  b r in g  th e  flo w

V is c o s ity  o r  d y n a n ıic  v is c o s ity  It is  d e ń n e d  a s  r e s is ta n c e  p r o v id e d  to  a  la y e r  o f liq u id  w h e n

it m o v e s  o v e r  a n o th e r  la y e r  o f liq u id

K in e ın a tic  v is c o s ity  It is  d e fin e d  a s  th e  r a tio  o f d y n a m ic  v is c o s ity  to  th e  d e n s ity  o f th e  flu id

Ħ a s tic  v is c o s ity  It is  d e e d  a s  th e  s h e a r in g  fo r c e  g r e a te r  th a n  y ie ld  v a lu e  is  r e q u ir e d  to
in d u c e  r a te  o f s h e a r

T h ix o tr o p y  It is  d e fin e d  a s  is o th e r m a l a n d  c o m p a r a tiv e ly  s lo w  r e c o v e r y  o f a  s y s te m  w h o s e

c o n s is te n c y  is  lo s t th r o u g h  a p a r t s h e a rin g Ł/

R h e o p e x y  It is  a  p h e n o m e n o n  in  w h ic h  g e l fo rm a tio n  ta k e s  p la c e  m o r e  r e a d ily  w h e n  g e n d y
s h a k e n  o r  o n  r e g u la r  m o v e m e n t

2 1 IN T R O D U C T IO N

R h e o lo gy  is  a  G r e e k  w o rd  R h e o  m e a n s
' to  flo w

'
a n d  lo g o s  m e a n

'
s c ie n c e

' R h e o lo g y  is  th e
sc ie n c e  o f th e  flo w  o f a  m a te r ia l It a p p lie s  to  liq u id s

, s o lid s  a n d  s e m i s o lid s It a ls o  a p p lie s  to
th e  s u b s ta n c e  w h ic h  h a v e  c o m p le x  m ic r o  s tr u c tu r e s  s u c h  a s  s u s p e n s io n

,  m u d s ,  slu d g e s  e tc
T he  te r m  rh e o lo gy  w a s  in v e n te d  b y  B in g h a m  a n d  C r a w fo rd T h e  te m  a ls o  d e s c rib e
d e fo n ııa tio n  o f B o iid e

R h e o lo gic  p r o p e r tie 8  o f a  p h a r m a c e u tic a l s y s te m  in flu e n c e  th e  s e le c tio n  o f p r o c e s s in g
e q u ip m e n t d u rin g  th e  m a n u fa c tu rin g o f d o s a g e  fo rm  a n d  a ls o  h a n d lin g  o f d n ıg s  a t th e  tiın e

国曲■目
t s ¢ca覧置 !ı为
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? R Ï

T ė  Ħo w  b e h a v io m  o f liq u id s  h a v e  g r e a t iın p o r ta n c e  in p h a ım a c y T h e  cıaeeifition o f

m a ter ia l a c co ıd in g  to  typ e s  o f flo w  a n d  d e fo m a tio n  ie  d iv id e d  in to  tw o  c a te 8 o r ie a  fl

N e w to n ia n  a n d  n o n N e w to n ia n  s y s te ırıs T h e  flu id  w h ic h  o b e y s  N e w To n
'
8  la w  o f v is c o s ity

is  m e d  a s  N e w to n lın  a u ld  a n d  th o s e  liquid w h ic h  d o  n o t o b e y  N e w to n
'
8  la w  o f v is c o s ity

is  te rın e d  a s  N o n N e w to n la n  flu id .

N e 1M o m

F ig u r e 2 1 C la s s ific a tio n  ö f flu id

2 .  
2 .  

1  N EW rO N 'S  LAw  O F vıs c o s lT Y H Ì

Th is  la w  s ta te s  th a t 
" T h e  sh e a r  s tr e s s  in  flo w in g  flu id  is  d ir e c tly  p r o p o r tio n a l to  th e  r a te  o f

sh e a r
" 3�

M a th e m a tic a lly :
:

o r

w n e r e

d v /d r  is r a te  o f s h e a r

R a te o f s h e a r  is  d e fin e d  a s  ch a n g e  in  v e lo c ity  (d v ) b e tw e e n  tw o  p la n e s  o f liqu id w hich is

ï X X . ' " " e  to  c r o s s  s e c tio n a l a r e a  (F
' /A ) r e q u jr e d to brin g

ĥ  e į
t ı

\

2 2 N E W T O N LA N  F L U ID

rl is  c o n s ta n t
ı 
w h ic h  is  c o e ffic ie n t o f v is c o s ity  o r  v is c o s ity  o r  d y n a m ic  v is c o s ity

T  is  s h e a r  s tr e s s
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iļ iį jï iiiiìov台北öM.  n】ae,  b f u q u iãr  · ?ėicg, 
į

F ix e d  S u rfa c e

F ig u r e 2 2 il o w o f flu id  th r D u g h flx e d s m a c e

'
°:ćąf

la y e r  is  d e n o te d  b y  r T h e  】a y e r o f tiqd w h ic fi  is  in  c a in tä ċ t w ith  fix e d  s lır fa c e
,  
th e y  h a v e

z e r o  v e k ) c ity A s  w e  m o v e  a w a y  fr o ın  fix e d s tır fa c e  th e  v e lo c ity  o f flu iq g o e s  o n in c r e a s in gT  =  r} D V /

o r n
T

(2 3 )

園
固

く

Th e  u n it o f v fs c o s ity  is  N e w to n  s e c  m 2

1 p o is e  =  1/ 10  N e w to n  s e c  m 2  

o r  P o is e

u n it o f v fs c o s íty  is  d y n e s e c o n d  p e r  s q u a r e  c e n tim e tr e  (d y n e  s e c  c m 2)

T h e  te r m  p o is e  is  g iv e n  o n  n a m e  o f F r e n c h  p h y s ic ia n  Je a n  L o u is  M a r ie  p o is e u ille T łie  c g s

S O L V E D  P R O B L E M

�

: Ī

EXeàe '

2 1 H o w  to  d e te m in e  th e  r a te  o f s h e a r  a n d  s h e a ū n g  s tæ s s  o f tlıe  o il h a v in s$ " " " o is e T h e  o il is  r u b b in g  w ith  v e lo c ity  o f 20  c ın /s  a n d  th ic k n e s s  o f film  is

S o lu tio n   

R ä te  o f s h e a r - d v / d r - 2 0 / 0 0 1 - 2 0 00 s 1

O r  T  =  2 0 d y n e  c m 2

A n s w e r - 2 0 d y n e  c m 2

A  flu id
,  w h o s e  v is c o s ity  d o e s  n o t c h a n g e  w ith  th e  r a te  o f d e fo r m a tio n  o r  sh e a r  s ta in

,  
is  c a lle d

: 
Ne1ivtoi flu id T h e  P lo t o f N e w to n ia ii liq u id  is  a  s tr a igh t lin e T h e  s lo p e  o f w h ic h  is

ł : Ť

Ja io w n  a s  fuidiqr w h ic h  is  e q u a l to  r e c ip r o c a l o f v is c o siv

É§ 

:
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F ig ıu le  2 3 R h e o g r a m  io r  N e w to ıtia n  liq \ıid

n ß 
deıed 

a s  M e  r a d o  o f d y n a m ic  v i c o  ity  (ï ]) o  th e  d e n  ity  (P  °f th e  fıu id : 3ăį

lľ ! ģ " "
(2 6)

一

发了囂 . .  s i ty .  M 2/.  A n d  C  G S u n i t is .  To k e . . .  c e n tis to k e s

:

I 
S O L V E D  P R O B LE M

E x e r cia e  2 2 D e te m in e  k in e m a tic  v is c o s ity  o f liq u id h a v in g  v is c o s ity  o f th a t liq u id  a t 25o
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ŕ ŕ 0 83 - 0 662 c e n tis to k e s
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r e q u ir e d  to  initia n o w  b e h w e e n  m o le c ııle s

9
$

șt T Iś te m þe r a tu i e

r 2 :ţ N O N  N l(W ıO N IA N  l ï 团圆
A  flu id  in  w h ic h  s h e a r  ś e s s  is  n o t p r o p o r tio n a l to  s h e a r  s tr a in T h e s e  flu id s  d o e s  n o t fo llo w

N e w to n
'
s  la w  o f v is c o s ry N o n  N e w to n ia n  flu id  fo u o w  th r e e  ty p e  o f b e h a v io rrr  s u c h  a s

p la s tic  flo w P s e u d o p la s tic  flo w  a n d  d ila ta n ts  flo w

İ  P LA S T IC  F L O W

Ţ 
T h eT h e  m a te r ia l w h ic h  fo u o w s  p la s tic  flo w  a r e  c a lle d  B in g h a m  b o d ie s F 1o c c u la te d  s y s te m  a r e

e x a m p le  o f p la s tic  flo w O n  a p p ly in g  s h e a r  s tr e s s  in itia u y  flo c c u le s  w ill n o t b r e a k  a n d  th e y
w ill m o v e  a w a y  fr o m  e a ċ h  o th e r W ħe n  s h e a r  s tr e s s  w ill b e  m o r e  th a n  y ie ld  v a lu e

,  
th e n

;ş p a r tic le  w ill b r e a k  a n d  a c t a s  in d iv id u a l p a r tic le T h e s e  p a r tic le  w ill fo u o w  N e w to n ia n  H o w

t h e  a m o tın t o f s h e a r  s tr e s s  a r e  r e q u ir e d  to  b r e a k  th e  flo c c u le s  is  c a lle d  )ï ie ld  v a lu e  (f)

し

国
の
二

の
」

口

の

丽
ご

S h e a rin g s tre s s

F ig u r e  2 4  R h e o g r a m  fo r  p la s tic  n ıa te ria l

T h e  r h e o g r a n l fo r  p la s tic  m a te r ia l s h o w s  th a t th e  c u r v e  d o e s  n o t p a s s  th r o u gh  o r ig in  b u t  it

in te r s e c t th e s h e a r in g  s tr e s s A x is  a t a  p a r tic u la r  p o in t w h ic h  is  y ie ld  v a lu e T h e  s lo p e  o f

w h ic h  is  c a lle d  m o b ility  a n d  r e c ip r o c a l o f m o b ility  is  c a lle d  p la s tic  v is c o s ity  (U ) P la s tic

v is c o s ity  is D e ń n e d  a s  th e  s h e a r in g fo r c e  g r e a te r  th a n  y ie ld  v a lu e  is  r e q u ir e d  to  in d u c e  r a te  o f

sh e a r

U  =  (F f) / G

W h ,p r p

f iseld v a lu e  (d y n e  c m
2)

F  is  s h e a rin g  s tr e s s

G  is  r a te  o f sh e a r

覈
薩

一

胃
寒

峭
一

每
一

\

(2 8)
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l ï ils  is  a n  q u a tio n  fo r  s tr a ig h t U n e
p 2ıé 

\

D ila ta n t flo w  is  e x h ib ite d  b y  s u s p e m io n  c o n tàin in g  m o r e  th a n  5 0 %  d e flo c c u la te d  p a r tic le s

F o r  e x a ın p le  c o m  s ta r c h  in  w a te r  W h e n  c o m  s ta r c h  m o le c u le  is  a d d e d  in to  w a te r T h e

q u a n d ty  o f c o m  s ta r c h  is  m o r e  th a n  v o lu m e  o f w a te r O n  a p p ly in g  s h e a r  s tr e s s  s u d d e n ly ,  
th e

p a r tic le s  b tın c h  u p To g e th e r  a n d la r g e  v o id s  a ls o  d e v e lo p e d  th e r e S in c e  th e  a m o m t o f

v e h ic le  is  c o n s ta n t W ith  ń ır th e r  iń c r e a s e  in  s h e a r  r a te  th e  p a r tic le s  s h o w s  in c r e a s e  r e s is ta n t

to  flo w  a n d  th e  m a te r ia l b e c o m e  m o r e  v is c o u s  a n d  a tta in  s o lid  p a s te  lik e  c o n s is te n w   

Tħe r e fo r e  it is  c a lle d  s h e a r  th ic k e n  加吕 a y s te ın

: : :

S h e a rin g  s tre s s

吕re 2 6  R h e o g r a m  fo r  d ila ta n ts  m a te ria l 
: ą 4

T F U X O T R O

It is  d e fin e d  a s  isotheral a n d  c o m p a r a tiv e ly  s lo w  r e c o v e r y o f a  s y s te m  w h o s e  c o n s is te n c y  is

lo s t th r o u g h  s h e a r in g

E x a  呷  le  o f p s e u d o p la s tic  s y s te m  s h o w in g  th ix o tr o p y  in c lu d e  H P M C (h y d r o x yl p r o p y l

ın e thy l c e llu lo s e ) in  w a te r In itia lly  H P M C  fo r m  r a n d o m  n e tw o rk  o f h y d r a te d  e lo n g a te d

p a r tic le  i e  G e l A n d  v is c o s ity  g e t in c r e a s e d O n  a p p lic a tio n  o f s h e a rin g s tr e s s  th e s e  p a r tic le s

a lig n  th e iń s elv e s  p a r a lle l to  th e  d ir e c tio n  o f flo w  a n d  in te rp a r tic le  a ttr a c tio n s  a r e  b r o k e n

T h e n  g e i ge t c o n v e r te d  in to  5 o l a n d  v is c o sity  g e t d e c rėa s e s O n  r e m o v a l o f s h e a r in g  fo r c e s
,

a g a in  ge l ï ie tw io rk is  r e fo r m e d  a n d  v is c o s ity  a ls o  in c r e a se s
,  

n o t immediatey b u t a fte r  s o m e

tim e  la g

į Ï Ĺ.
.

i
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T h e  s p u r  v a lu e  r e p r e s e n ts  a  s h a ip  p o in t o f S tr u c tu r a l b r e a k  d o w n  a t a  lo w s h e a r  r a te  in  th e

u p c tır v e  E x a m p le  is  p r o c a in e  p e n ic illin  g e l in  In tr a  m u s c u la r  in je c tio n
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2 5 2  o s T W A L D  Vıs c O M ET EŤ
Tħis js   

USedtodetermineĥthjd,maticand d y n a m ic v is c o s itie s

: 

e t

X t h .  B o d y  

E  T  IıIĮ M ıN A T Į O N  0 1 V IS 
a s

e t e r s  a r e  u s e d  to  d e t e e  v is c o s ity V is c o m e te r s  a f e

1 C a p illa ry  v is c o ın e te r

Z  F a u in g  Sp h e r e  v is c o ın e te r

3 R o ta tio n a l v is c o m e te r s

2 S ı C A p ıLL A R Y  v ıs c o M ET E R

a o s tw a ld  v is c o m e te r  (n a m e d  a fte r  W ilh e lm  O s tw a ld ,  
18 5 3 1 9 3 2 ,  

o n e  o f th e  m ajor

b U b b e lo h d e  v is c o m e te r  (n a m e d A fbe r  L e o  U b b e lo h d e ,  
1 8 77 1 9 6 4

,  
a n o th e r  notab1

G e m ia n  C h e m is t)
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o s tw a ld   v is c o m e te r  is  fix e d  to  a  s ta n d  in  v e r tic a l p o s itio n H u id  (u n d e r  te e t) is  s u c k e d

th r o u ig h b u lb u p to  th e  le v e l a b o v e  th e  u p p e r  m a r k  A T h e n  n u id  is  a llo w e d  to  flo w  d o w n

tın til it r e a c h e s  to  m a r k  A N o w  s ta r t th e  s to p  c lo c k w n e n  flu id  r e a c h e e  th e  ır ia r k  B
,  
s to p  th e

c lo c k T in e  tim e  r e q u ir e d  fo r  th e  flu id  to  H o w  fr o m  o n e  m a r k  to  a n o th e r  is  m e a s w e d T h e

e  o f
, 
flo w   o f liq u id  u n d e r  te s t is  c o m p a r e d  w ith  tip e  r e q u * e d  fo r  a  liq u id  o f k n o w n

v is c o s ity  (w a te r )  ï

D e riv a d o n

S u p p o s e  rı1 a n d  112  a r e  th e  v is c o s itie s  o f th e  u n k n o w n  a n d  th e  s ta n d a r d  liq u id s ,

r e s p e c d v e ly ,  p 1a n d p 2  a r e  th e  r e s p e c tiv e  d e n s itie s  o f th e  liq u id s
,  

a n d  tl a n d  t2  a r e  th e

r e s p e c tiv e  flo w  tim e s  in  s e c o n d s
,  

th e  a b s o lu te  v is c o s ity  o f th e  u n k n o w n  ıiq u id
,  q r ,  

is

d e te r m in e d  b y  s u b s titu tin g  th e  e x p e r im e n ta l v a lu e s  in  th e  e q u a tio n
i \  (

Tı2  P 2
t
2

T h e  r a tio  o f rı1 / n2 is  c a lle d  r e la tiv e  v is c o s ity  o f liq u id  u n d e r  te s t

T h e  liq u id  flo w in g  th r o u g h  a  c a p illa r y  h ıb e  is  b a s e d  o n  P o is e u iııe
'

s  ıa zo

1tr  
4  
t h p

; : l
n  =  

8 1 v

(2 1 2 )

w h e r e

r  is  th e  r a d iu s  o f th e  in s id e  o f th e  c a p illa ry ,

t is  th e  ū m e  o f flo w
,

A p  is  th e  p r e s s u r e  h e a d  in  d y n e / c m 2 u n d e r  w h ic h  th e  liq u id  H o w s ,

1 ís  th e  le n g th  o f th e  c a p illa r y ,  
a n d

V  is  th e  v o lu m e  o f liq u id  flo w in g

T h e  r a d iu s
,
le n g th

,  
a n d  v o lu m e  o f a  g iv e n  c a p illà r y  v is c o ın e te r  a r e  in v a ń a n ts S o  a b o v e

e q u a tio n  c a n  th e n  b e  w r itte n  a s  

n - K t A p (2 13)

w h e r e
Ę  S

K  is  c o n s ta n t

T h e  p r e s s t? e  h e a d  A p  d e p e n d s  o n  d e n sity  th e  p o f Th e  liq u id  b e in g m e a s u r e d ,  
th e

tw o  a rm s  o f th e  v is c o m e te r S u p p o s e  th e  le v e ls In  th e  c a p illa r y a r e  k e p t c o n s ta n t fo r  a lla c c e le r a tio n  o f g r a ? w  (c o n s ta n t v a iu e ),  a n d  th e  d iffe r e n c e  in  h e igh ts  o f liqd le v e ls  in  th e

iqu i ds . o  the  vi sc o s i ties  of  the  ·n k n o w n . r id the  st an d a r d  liqu i ds  ca n  be  wr itten  as  (

2. 4)�

l l 
=  K

'
t
i P i
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æi 
T v  u

T lz  
=  K

'

'
2  P 2 

Q 1S)

D iv id e  b o th  e q u a tio n s ,  
w e  g e t

T12  P 2
ı
2

2 .  
5 3  U B B E L O H D E  V ıs c o M ET E R

It is  a ls o  c a lle d  r u a p e n d e d le v e l v is c o m e te r It is  u s e d  fo r  M g h e r  v is c o s ity  c e llu lo sic  p o ly m e r

s o lu tio n s

Fıg tın  1 12  U b b * lo h d   · v k ìD ın ¢t¢r

T h is  c o n s is ts  o f a  r e w w o l r  o n  o n e  s id e  a n d  a  m « a s u r in  吕 b m  w ith c a p u ıa r y  o n  th e  o th e r A

liq u id  is  加内 o d u c e d  in to  th e  re s e r v o ir  a n d  th e n  s u c k e d  th r o u g h  h e  c a p iııa ry  a n d

m e a s u rin g  b u lb T h e  liq u id  is  a u o w e d  Io  tr a v e l th ro u g h  th e  m e a s tłrin  吕 b u ib  a n d  th e  tim e

r e q u ir e d  fo r  th e  ıiq u ld  to  c ro e s  tw o  c a lib ra te d  m iırıcs  ls  a  m e a s u re  o f th e  v is c o s ity T he

U b b e lóh d e  d e v ic e  h a s  a  th ird  a r m  e x tm d in  吕 fr o m  th e  e n d  o f th e  c a p illa ry  a n d  o p e n in  吕 to

a trn o s p h e re In  th is  w a y ,  
th e  p r e ss w  h e a d  d e p e n d s  o n ly  o n  a  fix e d  h e ig h t a n d  n o  lo n  吕 e r  o n

th e  to ta l v o lu m e  o f liq u id

B x ¢r clıe  2 4

A t 2o oc  th e  tim e  r e q u ir ed  fo r  flo w  o f w a  a n d  o rg a n ic  liq u id  th r o u g h  O s tw a ld  v is c o m e te r

is  4 5 s e c  a n d  18 s e c  re s p e c tiv e ly s u p p o s e  d e n s ity  o f w a te r  a n d  liq u id  a r e  o 99 82  a n d  1 17

9 / m l r e s p e c tiv e ly N e  v is c o s iy  o f w a te r  a t 2 o oc  is  1 oo 2  c e n tip o is e c a lc tıla te  v is c o s ity o
f

o rg a n ic  liq u id  a t 2o oc
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sd bıin n

ı
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Tız P a
t
a

v is c o sity  o f w a te r  (ı1t) =  1 002 c e n tlp o ls e

v is co s ity o f o rg a n ic  liq u id  (n2 ) =  ?

d e n sity o f w a te r  (pı) =  0 998 2 8 /m l

d e n sry  o f o r g a n ic  liq u id  (p2) =  1 17 9 /m l

tiın e  re q u ir e d  fo r  flo w  o f w a te r  (tı) =  45 s e c

tim e  r eq u ir eď  fo r  flo w  o f o rg a n ic  liq u id  (l2) =  18 s e c

1 0 0 2 ×l 17 ×18
l 2 

=

0 9 9 82  × 4 5

中 =  0 469 c e n tip o is e

A n s w e r - 0 469 c e n tip o is e

2 &  4  FA L LıN G  S P H E R E  V IS C O M ET E R

It is  c a lle d  a s  H o e p p le r  fa llin g  sp h e r e  v is c o m e te r T h is  v is c o m e te r  is  b a s e d  o n  th e  p rin c ip le

o f S to k e s
' ıa w

M e ıh o d

T his  typ e  o f v is c o m e te r  c o n s is ts  o f a  c ylin d ric a l gla s s  tu b e  fille d  b y  th e  liq u id  tın d e r

in v e s ū g a tio n T h e  tu b e  is  e n c lo s e d  b y  c o n s ta n t te m p e r a tu r e  ja c k e t in  w h ic h  w a te r  is

cir c u la te d  a r o u n d  th e  tu b e A  gla s s  o r  s te e l b a ll is  a llo w e d  to  fa ll d o w n T h e  fa llin g  tim e  is

r e c o rd e d T h e  v is c o s ity  o f a  N e w to n ia n  liq u id  is  th e n  c a lc u la te d  fro m

rl =  t (S b S ï) B  (2 17)

■
酬

v i' " Ľ
c o n s ta n t

te m p e ra tu re  

b a th

W

aww a te rr

F ig u r e  2 13 H o e p p le r  fa llin g  s p h e r e  v is c o ın e te r
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A s  th e  m

s ta tio n a r y

m e r  w a ll

to  r o ta tė

rp n t (v )

v a lu e s ,  
v i

w h e r e  K

N e w to m ia n  a n d  n o n Newtonian flu id s T h e  in s tn ım e n t is  d iv id e d  in to  tw o  m a jo r  c a te g o rie s  
2 5 7  c t

i¢= iı n

¡!

R o ta iıo n a l v ıa c o m

C o n e  a n d P la te
C u p a n d B o b

v ıs c o m e te r v is c o m e te r

(E x F e rra n ti s h irıe y

: Į F lB u r e  2 1 5 C U P  a n d  B o b  V ie c o m e te r

I  M

ı :k  
a   
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§ŝ . : ż à
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夕 虿
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a§@ Ħ @ @ ËŞ? § Į   
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ęL A  
B O F  P H Ę ıc A L  P H A  

l;

n s  m t fo r a  P a rtic u la  r b a  1

M o r e  a c c u r a te , 
lo w  tim e c o n s u m in g  a n d  a  m o r e  u se r

' ic a tio n s 

o f m e a su rin g v is c
o sity in  a la b o r a to ry  e ı' " ı- - - - - - _

Į ; iãĄ ĝș
. . .  N o T A TIO N A _ vıs cÓM ETE R S  

ç 1 1r e m e n t o f v is c o s ity  fo r  b o th
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姻

A s  \  n a ın e  in d ic a te s
,  c u p  a n d  b o b  v is c o m e te r  c o n s is t o f c e n tr a l c y lin d ric a l b o b  a n d

s ta tio n a ry  c u p T h e  s a m p le  is  s h e a r e d  in  th e  sp a c e  b e tw e e n  th e  o u te r  w a ll o f a  b o b  a n d  th e

in n e r  w a ll o f a  c u p A  k n o w n  w e ig h t (w ) o f s a m p le  i8  u s e d D e te r m in e  th e  tim e  ta k e n  b y  b o b

to  ro ta te  fo r  s p e c ific  n u m b e r  o f tim e s  a n d  c o n v e r t it in to  rp m  (r e v o lu tio n s  p e r  m in u te ) T h e

rp m  (v ) v a lu e  is  c o n s id e r e d  a s  sh e a r  r a te  w h ile  w e igh t (w ) a s  s h e a r s tr e s s B y  lıs in g  th e s e

v a lu e s ,  
v is c o s iy  o f ın a te ria l (ı1) c a n  b e  c a lc u la te d  b y

し ン

R o ta tin g c o n e

园
s ta tio n a ry pıa te

F ig u r e  2 1 6 C o n e  a n d  P la te  v is c o in e te r

V
LP

It c o n sis t o f fla t s ta tio n a r y  p la te  a n d  a  w id e  a n g le  r o ta tin g  c o n e  is  p la c e d  c e n tr a lly  a b o v e  it

th e  s a m p le  is  p la c e d  a t c e n tr e  o f s ta tio n a ry  p la te  a n d  th e n  it is  r a is e d  in to  th e  p o s itio n  tın d e r

th e  c o n e A s  a  r e s u lt th e  s a m p le  is  s h e a r e d  in  n a r r o w  g a p  b e tw e e n  s ta tio n a r y  p la te  a n d

r o ta tin g c o n e Th e  r a te  o f s h e a r  in  rp m  is  in c r e a s e d  o r  d e c r e a s ėd T h e  to r q u e  p r o d u c e d  o n  th e

c o n e  is  m e a s tır e d T h e  v is c o s ity  in  c a s e  o f c o n e r la te  v is c o m e tėr  is  m e a s u r ėd  b y

w h e re

T  is  to r q u e  r e a d in g

V  is  rp m

K  is  in s h r u n e n t c o n s ta n t

P ia a a c  v la c o s ity  is  c a lc u la te d  b y

U  =  K
V

斗 ン ド

w h e r e  K  is  in s tn ım e n t c o n s ta n t

2 5 7  C O N E  A N D  P LA T E  V IS C O M ET E R

R a d ia n s ls e c

(2 20)
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U  A  T E X T  B O O K  O F  P H Y S ıC A L  P  H  A  R  M  A  C  gTI  · Iı

Y ie ld  v a lu e  is  c a lc u la te d  b y

f  =  K
f  

x T
f  (2 21)

W h e r e

T f - to r q u e  a t th e  s h e a r in g  s tr e s s

K f =  in s tr u m e n ta l c o n s ta n t

E x e r c is e  2 .  
5

T h e  fo llo w in g d a ta  w a s  c o lle c te d  w h e n  a n  e m u ls io n  w a s  a n a ly z e d  in  th e  c o n e  a n d  p la te
v is c o m e te r .

T - 10 0  rp m ,

T f =  2 0  a t z e r o  r p m

v  (rp m ) =  3 0 0  rp m

K  =  1
.  
2 2 6

C a lc u la te  p la s tic  v is c o s ity

S o fu tio n
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E FO R M A TIO N O F S O U D S

D e fo rm a tio n  o f s o lid s  : P la s tic  a n d  e la s tic  d e fo r m a tio n
,  
H e ck e l e q u a tio n

,  
S tr e s s

,  
S tr a in ,  

E la s tic

M o d u lu s

s E L E C T E D  D E F IN  ıT IO N S

H o o k e
'
s  L a w  T h is  la w  s ta te s  th a t

,  
In  a n  e la s tic  m e m b e r  s tr e s s  is  d ir e c tly  p r o p o r tio n a l t(

th e  s tra in  w ith in  e la s tic  lim it

P o is s o n
'
s  r a tio  W h e n  a  m a te r ia l is  lo a d e d  w ith in  e la s tic  lim it th e  r a tio  o f la te r a l s tr a in  to

lin e a r  s tr a in  r e m a in  c o n s ta n t T h is  p h e n o m e n o n  is  c a lied  P o is s o n s  r a tio

E la s « c  d e fo r m a tio n  It is  th e  p r o c e s s  in  w h ic h  th e  m a te r ia l r e t u r n  to  its  o r ig in a l s h a p e  w h e n

fo r c e  is  r e m o v e d

P la s tic  d e fo r m a tio n  It is  th e  p r o c e s s  in  w h ic h  th e  m a te r ia l d o e s  n o t re t ur n to  its  o r ig in a l
sha p e  w h e n  fo r c e  is  r e m o v e d

C r e e p p r o g r e s s iv e
,  p e r m a n e n t d e fo r m a tio n  u n d e r  c o n s ta n t lo a d  is  c a lle d  c r e e p

@ r I N T R O D U C T

rmat ion m e a n s  c h a n g e  in th e  s iz e  a n d  sh a p e  o f a n  o bje c t W h e n  lo a d s  a r e  a p p lie d  to  ab o d y ,  s o m e  d e fo r m a tio n  w ill o c c u r  r e s u ltin g  to  a  c h a n g e  in  d im e n s io n L e ts  d is c u s sthe  d e fo m a tio n  o f s o lid e  in  te r m s  o f th e  c o n c e p ts  o f s tr e s s  a n d  s tr a in

/

行
旨

手
-
门

に

鬥

铮

國
學

团
团
찍

D e fo m la tio m  It is  d e fin e d  a s  c h a n g e  in  th e  s iz e  a n d  s h a p e  o f a n  o bje c t

S tr e s s  (o ) 1t is  th e  fo r c e  p e r  u n it a r e a  th a t a p p lie s  to  a n  o bje c t to  d e fo T m  it

T e n s ile  s tr e s s it is  d e fin e d  a s  te n s ile  fo r c e  a c tin g  p e r  u n it a r e a  o f th e  b o d y

C o m p r e s s iv e  s tr e s s  It is  defined a s  c o m p r e s s iv e  fo r c e  a c tin g  p e r  u n it a r e a  o f th e  b o d y

Sh e a r  s tr e s s  : It is  d e fin e d  a s  s h e a r  fo r c e  a c tin g p e r  u n it a r e a  o f th e  b o d y

T e n s ile  s tr a in  It is  d e fin e d  a s  r a tio  o f in c r e a s e  in  le n g th  to  o r ig in a l le n g th  o f b a r

C o m p r e s s iv e  s tr a in  It is  d e fin e d  a s  r a tio  o f d e c r e a s e  in  le n g th  to  o r ig in a l le n g th  o f b a r

E la s tic  M o d u lu s  It is  th e  r a tio  o f s tr e s s  to  s tr a in
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\  (o )  
·  Fo tc e  / A fe a

Irs  u n itb  N m
J  o r  P a

W T ï p E O F s
TR ES S

Th a e  a re  thıe e  type  o f s W s s

Th a e

1 D iıe c t s tlres s

1 m  a u e as  T he s e  s tre s s e s p r o d u c e d  u n d e r  d ir e c t lo a d in g  c o n d itio n  i e Fo r c e  w ill
3 C o m bin e d s tre s s

&  T e m ile  s tr e s s  It is  d e fin e d  a s  te n sile  fo r c e  a c tin g  p e r  u n it a r e a  o f th e  b o d y It is  th a t

fo rc e  w ill b e  in  lin e  w ith  th e  a x is  o f m e m b e r T h e  te n s ile  s tr e s s  is  th e  r a tio  o f c h a n getyp e  o f fo rc e  w h ich  p r o d u c e  e x te n s io n  o r  e lo n g a te  th e  d im e n s io n  o f th e  b o d y M e s e

b c o m p r e s s iv e  s in e s s  It is  d e fin e d  a s  c o m p r e s s iv e  fo r c e  a c tin g  p e r  u n it a r e a  o f th ė

b o d y In  th is  th e  fo r c e s  a p p lie d  is  o p p o s ite  to  e a c h  o th e r It is  th a t ty p e  o f fo r c e  w h ich

c o m p re s s  th e  d im e n s io n  o f th e  b o d y

c  S h e a r  s tr e s s  It is  d e fin e d  a s  sh e a r  fo r c e  a c tin g  p e r  u n it a r e a  o f th e  b o d y  W h e n  w e

a p p lie d  lo a d  o n  th e  s u rfa c e  o f th e  b o d y D u e  to  th is  b o d y  d e v e lo p  s o m e  r e s is tiv e

fo r c e  w h ic h  is  p a r a lle l to  e a ch  s u r fa c e  b u t o p p o s ite  to  d ir e c tio n  o f fo r c e  a p p lie d

2 In d ir e c t s tr e s s  Th e s e  s tr e s s  o c c u r  d u e  to  to r q u e  p r o d u c e d  in  th e  b o d y

:

@ M I N
S tr a in  (t) is  th e  m e a s u r e  o f th e  a m o u n t o f d e fo rm a tio n If th e  b a r  h a s  o r ig in a l le n g th  (L ) a n d

Str a in  (e) =  A  し / L
lt h a s n o u n it (3 2 )

3 3 İ  TYP E O F S TR A ıN

Z  C o m p r eııiv e  ıtr a in  It is  d e fin e d  a s  ra tio  o f d e c r e a s e  in  le n g th  to  o r ig in a l le n g th  o f

ba r

3 吕ht a r  ıtr a ln  T he  s tr a in  p r o d u c e d b y s h e a r  fo r c e  is  c a u e d  s h e a r  s tr a in

:  

四  

W


