
Problems 
 
5.1.   Cloudy air consists of dry air, water vapor, and cloud droplets. In a particular 

cloud volume, there are 200 droplets per cubic centimeter, all of the same size, 
with a radius of 10 μm. The temperature is 10oC and the pressure is 80 kPa. 
Determine the following properties of the cloud: 
(a) The mass of cloud water per unit volume. 
(b) The mass of water vapor per unit volume. 
(c) The mass of dry air per unit volume. 
(d) The mean distance between the droplets. 

 



5.2    An airplane flies through an isolated cumulus cloud to make microphysical 
measurements with a raindrop spectrometer probe having a cross-sectional 
area of 20 cm2. The cruising speed is 80 m/s and a horizontal traverse through 
the cloud core takes about 2 min. Assume that the cloud shape can be roughly 
approximated by a cylinder having a depth of 4 km. Under these assumptions, 
compute the fraction of the cloud volume that is actually sampled during a 
traverse. 

 
5.3    Estimate the liquid water content from the observed cloud droplet size spectra 

plotted in Fig. 5.9 by adding the contributions of water content from the 
different size classes. 



 
5.4   It is often useful to have a simple analytic expression with few free parameters 

that closely fits the empirical average droplet size distribution. A convenient 
representation, suggested by Soviet cloud physicists A. Kh. Khrgian and I. P. 
Mazin, is n(r) = Ar2exp(-Br), where n(r)dr is the number of drops per unit 
volume in the radius interval between r and r + dr, and A and B are parameters 
(Borovikov et al., 1963). Express A and B in terms of total droplet 
concentration and the average radius. Also find the dependence of A on the 
liquid water content. 

 
5.5   Measurements of temperature and liquid water content in clouds contain some 

degree of uncertainty because of instrumental errors. When analyzing data on 
the Paluch diagram, it is useful to establish the “error bar” of a (Q, θq) data 
point in terms of uncertainties in the observed variables. Consider the 
measurements of an air sample to be –10oC, 60 kPa, and 1 g/m3 for 
temperature, pressure, and liquid water content, respectively.  Compute the 
(Q, θq) data point for these measurements. Compute the effect of an 
uncertainty in temperature of 0.5oC (without changes in pressure and liquid 
water content) on the (Q, θq) point. Also find the effect of an increase in liquid 
water content of 0.2 g/m3 (without changing temperature and pressure). 
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