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CHAPTER V 

PHYSICAL 

SYNTHESIS 

Summary of the Principles Derived 
from Physical Science 

The dominant part which the aerodynamics of drop

let nuclei plays in the dynamic spread of airborne 

contagion, within and between population groups, is

the theme of the second part of this book. Let it 

suffice to say here that this role fits the dynamic pat

tern suggested by a statistica/ analysis of epidemics 

of contagious diseases. The mode of generation, their 

buoyancy in air, their dispersion through indoor at

mospheres, and their implantation in the lung when 

breathed-all adapt droplet nuclei for a leading part 

in the great drama of airborne contagion. 

EvrnENCE assembled from the theory of atom
ization, stroboscopic photographs, direct measurement, settling velocity 
and sieve analysis of droplet nuclei, as well as the presence of naso
pharyngeal organisms in occupie1 indoor atmospheres, shows that one 
mode of formation governs the size range of droplets expelled in violent 
expiratory processes. Considerable energy is expended in rupturing co
hesive forces in the atomization of liquids because enormous increase 
of surface tension is generated. This depends upon the amount of new 
surface created; the surface of an ordinary drop of water (1/20 ml.) 
is multiplied four hundred times by atomization. 

True "atomization," in the etymologica! sense that no smaller drops 
can be formed from this liquid by this method, may be regarded as 
complete when the average diameter approaches 10 microns. This aver
age size is approached as jet velocities approach 300 m./sec.; higher 
velocities are unable to impart the energy necessary to meet the rapidly 
increasing requirement for surface tension. At lower velocities water 
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droplets vary in size-averaging more than 10 microns in diameter. 
Nature employs this principle for freeing the respiratory system from 

objectionable matter. By converting liquid matter to airborne "droplets," 
violent expiratory processes sweep the linings of the respiratory tract 
with the outgoing air stream. Sneezing attains the critica! velocity of 
100 meters per second, and coughing or even loud pronunciation of 
hard consonants attains velocities sufficient to "atomize" most of the 
liquid swept from the linings of the nose, mouth, throat, and bronchial 
tubes. Thus, we may assert that the diameter of most droplets expelled 
by violent expiratory processes does not greatly exceed 10 microns, and 
numerous independent studies made during the last twenty years cor
roborate this assertion. 

Atomization intensifies the phenomenon of evaporation and conden
sation which Raoult's law defines as the rate of molecular exchange 
between a liquid and a vapor at the surface of the liquid. Because the 
surface area of an atomized liquid is enormous in proportion to its 
volume, most droplets expelled by violent expiratory processes evaporate 
in mid-air, within a fraction of the time required to fall to the ground 
or to reach an exposed surface. 

Since respiratory droplets are not pure liquid, when they evaporate 
they leave residues of nutrient substances in which respiratory parasites 
may have developed. Though large compared with a bacterium, such a 
residue ( called a drop let nucleus), is small compared with the drop let 
from which it was derived. The surface area of a droplet nucleus is far 
greater in proportion to its volume than the surface area of an atomized 
droplet. Surface friction therefore offers greater resistance to the fall 
of a nucleus through the air. 

The friction of a body moving through a viscous medium is defined 
by Stokes' law of viscosit�; resistance is proportional to surface area 
of the body and the velocity at which it passes through the medium. 
A particle falling through air will _settle at uniform velocity after the 
acceleration due to gravity has been compensated by the friction of the 
air. This settling velocity then measures the surface friction in terms of 
weight or gravitational pull. 

Since the weight of matter is not altered by subdivision, settling 
velocity is proportional to surface area or the square of the diameter of 
the particle. This gives us an aerodynamic dimension, or natural unit, 
in which to express the aerodynamic properties of airborne particles. 
Though the aerodynamic dimension of a droplet nucleus is very small 
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