
CHAPTER I I

EINSTEIN’ S THEORY

Macroscopic thermodynamics (3) is  known not to  base on atomic 

model in  d e riv in g  i t s  p r in c ip le s . Microscopic thermodynamics explains a 

phenomenon on the  basis o f s ta t is t ic a l  mechanics and E in s te in ’ s theory 

(1) demanded th is  molecular s ta t is t ic a l  p ic tu re . E inste in  f i r s t  

showed th a t, in  molecular k in e tic  theory o f heat aspect ; solute 

molecules d isso lved in  a l iq u id  and small suspended p a rtic le s  in  the 

l iq u id  behave id e n t ic a lly  in  producing osmotic pressure (11) a t great 

d i lu t io n ,  where as pure thermodynamics cannot g ive th is  re s u lt.

Next, he derived the d iffu s io n  c o e ffic ie n t o f suspended 

p a r t ic le s  D o f spherica l shape o f radius a in  liq u id , on the basis th a t, 

the d if fu s io n  o f these p a rtic le s  comes about by the irre g u la r pushing 

action  o f the l iq u id  molecules on the p a rtic le s . He obtained the

where k is  the Boltzmann’ s constant, R the un iversa l gas constant, N 

the Avogadro Number, the v is c o s ity  o f l iq u id  and T the temperature 

o f l iq u id .

Because o f the s ta t is t ic a l  nature o f Brownian motion, he 

derived fo r  f ( x , t )  the s ta t is t ic a l  d is tr ib u tio n  o f number o f p a rtic le s  

per u n it  volume a t p o s itio n  X and time t .  Let the liq u id  has น]ไi t  cross

re la tio n

se c tio n a l area perpendicular to  the x -a x is , from the d iffu s io n  equation.
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T > t  3 X 2
He obtained

* - %  ท

where ท is  the to ta l  number o f small suspended p a rtic le s . The 

d is tr ib u t io n  f ( x , t )  perm itted him to  ca lcu la te  the mean square 

displacement in  x -d ire c tio n  as

only the  tra n s la to ry  motion. He used more general method to  develop 

the form ula fo r  the tra n s la tio n a l and the ro ta tio n a l movement in  a 

s in g le  discussion. The mothod is  supposing oc to  be a measurable 

parameter o f a system which is  in  thermal equilib rium . Pure 

thermodynamics gives no reason why should not remain constant, where 

as molecular k in e t ic  theory o f heat can explain the necessary change

the parameter p( changes s im ila r ly  to  a heavy sphere in  viscous f lu id .

where B is  the m o b ility  o f the system w ith  respect to  oc , ^  the change 

in  o( and the p o te n tia l o f fo rce  acting  on the p a rtic le . He obtained 

by the laws of s ta t is t ic s ,  the re la tio n

La ter, he generalized the previous re su lts  which considered

o f CK ‘ He assumed th a t under the in fluence o f the force

A  =  - 6  ( t > § /  s / ) t

- , %
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process. This is  the required general formula fo r  the tra n s la to ry  and 

ro ta tio n a l motion of a suspended p a r t ic le . For the tra n s la to ry  

motion, from ท ,

ro o t mean square tra n s la to ry  displacement o f the p a r t ic le .  We can see

as fo r  the ro ta tio n a l motion, the corresponding formula becomes

mean square angular displacement o f the p a r t ic le . He concluded from 

these re s u lts  th a t the thermal ro ta tio n  o f the p a r t ic le  decreased, 

w ith  increasing a, much fa s te r  than the tra n s la to ry  motion.

In  the next chapters, we w i l l  concern more general and rigorous 

analysis using Langevin and Fokker-planck equations in  obta in ing the 

average displacement and v e lo c ity  of Brownian p a r t ic le .

h -
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m o b ility  fo r  ro ta tio n a l motion and the root
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