
Problems 
 
6.1.  The following table, from Friedlander (1977, p. 9), gives the times required for 

the concentration of aerosol particles of 0.1 μm diameter to decrease by 
coagulation. Listed are the times for the concentration, initially equal to N0, to 
fall to one-tenth that value. 

 
N0(cm-3) 108 107 106 105 

t1/10 2min 20min 3.5h 35h 
 
Show that these data are consistent with the following formula for the reduction 
of aerosol concentration by coagulation: 

2kN
dt
dN
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   solve for the value of k from the data. 

 
 
 
 
 



6.2.  A haze droplet is activated to form a cloud droplet when the ambient saturation 
ration exceeds the critical value S* and the droplet radius exceeds r*. At this 
point the original condensation nucleus may be assumed to be completely 
dissolved in the droplet. Prove that, for a given hygrosocopic material and a 
fixed temperature, the concentration of the solution when r = r* is stronger for 
small condensation nuclei than for large ones. Evaluate the concentration, in 
units of mass of salt per unit mass of water, for sodium chloride nuclei ranging 
from 10-19 to 10-14 g. 

 
 
 
 



 
6.3  Consider two cloud droplets, one formed on a sodium chloride nucleus of mass 

10-16 g, the other on an ammonium sulfate nucleus of the same mass. Calculate 
the critical size r* and saturation ration S* for each droplet, assuming a 
temperature of 280 K. For any radius r, let S1(r) denote the equilibrium saturation 
ratio of the droplet formed on sodium chloride and S2(r) denote the equilibrium 
saturation ratio of the droplet formed on ammonium sulfate. For r > r*2, the 
activation size of the ammonium sulfate droplet, show that (S2-S1) and S2/S1 
decrease monotonically with increasing r to the limits 0 and 1, respectively. 

 
6.4  A given population of aerosol particles may be approximated as a Junge 

distribution extending from 0.1 μm to 10 μm in diameter. That is,  
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    If the total volume of these aerosols is 10-9 cm3 per cm3 of air, solve for the 
number density of aerosols in cm-3 and their total surface area in cm2/ cm3. 

 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



6.5  In an Aitken nucleus counter, an air sample is drawn into a chamber, humidified, 
and suddenly expanded. The expansion creates a high value of supersaturation, 
activating the nuclei with thresholds below this value. Suppose the air is initially 
saturated at temperature T0 and expands adiabatically into a volume Ω times 
larger than the initial volume. Neglecting any condensation during the expansion 
process, solve for the supersaturation as a function of the initial temperature T0 
and the expansion ratio Ω. Show that the supersaturation is approximately 220% 
for an expansion ratio of 1.2 and an initial temperature of 15oC. 

 



6.6  Thermal gradient diffusion chambers are used to establish an experimental 
environment with a known and precisely adjustable level of supersaturation for 
studies in heterogeneous nucleation of the liquid phase. Such a chamber is 
indicated schematically below. 

 

    The top and bottom surfaces are kept moist at temperatures T2 and T1, 
respectively, with T2 > T1. The temperature difference across the chamber is thus 
T2 - T1 and the vapor density difference is vapor density difference is ρv(T2)- 
ρv(T1), where ρv(T) denotes the saturation vapor density at temperature T. In a 
steady state, heat and vapor flow from the warm upper surface to the cool bottom 
surface and the profiles of temperature and vapor density are linear. That is , the 
temperature gradient is (T2 - T1)/H and the vapor density gradient is [ρv(T2)- 
ρv(T1)]H, and both are constant for 0 < x < H. 
(a) In the steady state, prove that the chamber is supersaturated at all positions x 

such that 0 < x < H. 
(b) Show that if the temperature difference is small [(T2 - T1) << T1], the 

maximum supersaturation is located approximately midway between the 
upper and lower surfaces. 

(c) Assuming T1 = 273 K, solve for the maximum supersaturation as function of 
T1 over the range 273 K < T2 < 283 K. 

 
 
6.7  An air sample contains aerosol particles of sodium chloride with sizes ranging 

form D0 to Dmax and distributed according to the Junge form of problem 6.4. 
Nucleus counts are taken in a thermal-gradient diffusion chamber by observing 
the number of droplets that are activated as a function of the supersaturation. If 
Dmax >> D0, show that the number of activated droplets is related to 
supersaturation by N∝ s2. 

 
6.8  The terminal velocity (settling speed) of a spherical aerosol particle of diameter 

D is given to good approximation by Stokes Law, 
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    where ρp is the density of the particle and μ is the dynamic viscosity of the air 



(see Table 7.1, p. 103). Derive an expression for the rate of sedimentation of 
aerosol material from the air in units of mass per unit area and time. For the 
aerosol sample of problem 6.4, assume a density of 2 g/cm3 and calculate the 
sedimentation rate in units of μgm-224h-1. 

 

 
 
 
 
 
 
 
 
 
 
 
 



6.9  Over the temperature range from –20oC to +20oC laboratory data indicate that 
the surface tension of water varies inversely with temperature. The data can be 
accurately approximated by the formula σ = c1T + c2, where c1 = -1.55 × 10-4J 
m-2K-1 and c2 = 0.118 J m-2, with T in K. Use this expression for σ in (6.1) and 
solve for the droplet size that must be exceeded if es(r) is to increase with 
increasing temperature. Show that all embryonic water droplets exceed this size. 

 

 
 
 
 
 



6.10  Cloud droplet begin to form on a population of condensation nuclei as the 
saturation ratio is gradually increased, with temperature held constant. The 
nuclei have the same chemical composition but a broad range of sizes. Droplets 
are activated with radii r* = 0.5 μm when the supersaturation reaches 0.15%. 
Droplets continue to be activated as the supersaturation is raised to 1%. Solve 
for r* corresponding to a supersaturation of 1%. Also solve for the temperature. 
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