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eThis new Dover edition, firstpublished in 1956, is an
unabridged.and unalteredrepublication
ofthetranslationfirst:published in 1926.It is published through
specialarrangmentwith Methuen and Co.,Ltd., and the estate ofAlbert
Einstein.

Manufactured in the United'StatesofAmerica.
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INVESTIGATIONS ON THE THEORYOF THE BROWNIAN MOVEMENT

ION THE MOVEMENT OF SMALL PARTICLES

SUSPENDED IN A STATIONARY LIQUID

KINETIC THEORY OF HEATDEMANDED BY THE MOLECULAR-

IN this paper it will be shown that accordingto the
molecular-kinetic theory ofheat, bodiesof microscopically-visible
size suspended in aliquid will perform movements ofsuch
magnitude

that they can be easily observed in a microscope,

on account of the molecular motions of heat.It ispossible that
the movements to be discussedhere are identical with the so-called
Brownianmolecular motion; however, the informationavailable to me
regarding the latter is so lacking

in precision, that I can form no judgment in thematter(I).

If the movement discussed here can actuallybe observed (together
with the laws relating to
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2 THEORY OF BROWNIAN MOVEMENTit that one would expect to find),
then classicalthermodynamics can no longer be looked upon

as applicable wth precision to bodies even ofdimensions
distinguishable in a microscope : anexact determination of actual
atomic dimensions

is #en possible. On the other hand, had theprediction of this
movement proved to be in-

correct, a weighty argument would be provided

against the molecular-kinetic conception of heat.

3 I. ON THE OSMOTIC PRESSURE TO BE ASCRIBEDTO

THES

USPENDEDPARTICLES

Let z grm-molecules of a non-electrolyte bedissolved in a volume
V* forming part of aquantity of liquid of total volume V. If
thevolume V* is separated from the pure solventby a partition
permeable for the solvent butimpermeable for the solute, a
so-calledosmoticpressure, 9, is exerted on this partition,
whichsatisfiesthe equation

$V*= RTz . (4when V*/zis sufficiently great.

On the.other hand, ifsmall suspended particlesare present in the
fractional volume V* in placeof the dissolved substance, which
particles are alsounable to pass through the partition permeable
to

the solvent : according to the classical theory of

MOVEMENT OF SMALL PARTICLES 3thermodynamics-at least when the
foreofgravity(which does not interest us here) is ignored-we

would not expect to find any force acting on the

partition ; for according to ordinary conceptionsthe free
energyof the system appears to beindependent of the position of the
partition and

of the suspended particles, but dependent only

on the total mass and qualities of the suspended

material, the liquid and the partition, andon thepressure and
temperature. Actually, for the cal-

culation of the free energy the energy and entropyof the
boundary-surface (surface-tension forces)should also be considered;
these can be excludedifthe size and condition of the surfaces of
contact

do not alter with the changes in position of thepartition and of
the suspended particles under

consideration.

But a different conception is reached from

the standpoint of the molecular-kinetic theory ofheat. According
to this theory a dissolved mole-

cule is differentiated from a suspended body

soZeZy by its dirhensions, and it is not apparentwhy a number of
suspended particles should not

produce the same osmotic pressure as the same

number of molecules. We must assume that thesuspended particles
perform an irregular move-ment

-

even if a very slow one-in the liquid, on
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1 8 THEORY OF BROWNIAN' MOVEMENTBy eliminating D we obtain

This equation shows how )C,depends on T,k , andP.We will
calculate how great &is for one second,

ifN is taken equal to 6.10~3in accordance with thekinetic theory
of gases, water at 17"C. is chosenas the liquid(K =1-35 IO-^), and
the diameter ofthe particles -001mm. We get

&=8*10-~cm. =0.8,~.The mean displacement in one minute would
be,

therefore, about 6p.On the other hand, the relation found can
be

used for the determination ofN . We obtainI RTha2 3wkP'N = - *
-

It is tobe hoped that some enquirer may succeedshortly in
solving the problem suggested here,

which is so important in cqnnection with thetheory of Heat.
(13)

Berne, May , 1905.(Received, IIMay , 1905.)

II

ON THE THEORY OF THE BROWNIANMOVEMENT

SOON after the appearance of my paper(*)on the movements of
particles suspendedin liquids demanded by the molecular theory
ofheat, Siedentopf (of Jena) informed me that heand other
physicists-in the first instance, Prof.Gouy (of Lyons)-had been
convinced by directobservation that the so-called Brownian
motion

is caused by the irregular thermal movements ofthe molecules of
the liquid.(t)

Not only the qualitative properties of the

Brownian motion, but also the order of magnitude

of the paths described by the particles correspond

completely with the results of the theory. I willnot attempt
here a comparison of the slenderexperimental material at my
disposal with the

(*)A. Einstein, Ann. d . Phys. , 17, . 549,1905.(t)M.Gouy,
Jouyn.de Phys. ( z ) ,I, 61, 1888.19




                        

                                                    
LOAD MORE
                                            

                

            

        

                
            
                
                    
                        Related Documents
                        
                            
                        

                    

                    
                                                
                                                                                              
                                    
                                        
                                            
                                                
                                            
                                        

                                        
                                            WL 12 eins

                                            
                                                
                                                    Category: 
                                                    Documents
                                                

                                            

                                                                                    

                                    

                                

                                                                                                                            
                                    
                                        
                                            
                                                
                                            
                                        

                                        
                                            Physics 2225 Brownian Motion Purpose  Observe Brownian...

                                            
                                                
                                                    Category: 
                                                    Documents
                                                

                                            

                                                                                    

                                    

                                

                                                                                                                            
                                    
                                        
                                            
                                                
                                            
                                        

                                        
                                            Eins Magazin

                                            
                                                
                                                    Category: 
                                                    Documents
                                                

                                            

                                                                                    

                                    

                                

                                 
                                                                                               
                                    
                                        
                                            
                                                
                                            
                                        

                                        
                                            EINS Vision

                                            
                                                
                                                    Category: 
                                                    Documents
                                                

                                            

                                                                                    

                                    

                                

                                                                                                                            
                                    
                                        
                                            
                                                
                                            
                                        

                                        
                                            Hydrodynamically Coupled Brownian Dynamics: A coarse-grain.....

                                            
                                                
                                                    Category: 
                                                    Documents
                                                

                                            

                                                                                    

                                    

                                

                                                                                                                            
                                    
                                        
                                            
                                                
                                            
                                        

                                        
                                            EINS Education [Introducation]

                                            
                                                
                                                    Category: 
                                                    Education
                                                

                                            

                                                                                    

                                    

                                

                                 
                                                     

                                                
                                                                                              
                                    
                                        
                                            
                                                
                                            
                                        

                                        
                                            Fractional Brownian motion: stochastic calculus and ... ·....

                                            
                                                
                                                    Category: 
                                                    Documents
                                                

                                            

                                                                                    

                                    

                                

                                                                                                                            
                                    
                                        
                                            
                                                
                                            
                                        

                                        
                                            Brownian and fractional Brownian stochastic currents via...

                                            
                                                
                                                    Category: 
                                                    Documents
                                                

                                            

                                                                                    

                                    

                                

                                                                                                                            
                                    
                                        
                                            
                                                
                                            
                                        

                                        
                                            Corporate CFOs EINs

                                            
                                                
                                                    Category: 
                                                    Documents
                                                

                                            

                                                                                    

                                    

                                

                                 
                                                                                               
                                    
                                        
                                            
                                                
                                            
                                        

                                        
                                            Brownian motion calculus

                                            
                                                
                                                    Category: 
                                                    Economy & Finance
                                                

                                            

                                                                                    

                                    

                                

                                                                                                                            
                                    
                                        
                                            
                                                
                                            
                                        

                                        
                                            A Brief Introduction to Brownian Motion on a Riemannian...

                                            
                                                
                                                    Category: 
                                                    Documents
                                                

                                            

                                                                                    

                                    

                                

                                                                                                                            
                                    
                                        
                                            
                                                
                                            
                                        

                                        
                                            Cahiers eins

                                            
                                                
                                                    Category: 
                                                    Documents
                                                

                                            

                                                                                    

                                    

                                

                                 
                                                     

                                            

                

            

        

            



    
        
            	Powered by Cupdf


            	Cookie Settings
	Privacy Policy
	Term Of Service
	About Us


        

    


    

    
    
    

    
    
    

    
    
    
    
    
    















