
Chap 6 Exercises Outline Answers

Students
6 .1 Dissolved water impurity (by replacing surface water molecules with impurity 
molecules), water temperature (by changing the rate of evaporation), wind speed 
(slightly, by preventing the establishment of a strict equilibrium), water surface shape (by 
affecting the intermolecular forces holding a water molecule at the water surface).  Air 
pressure and quality have no effect on equilibrium vapour density.   
6.3 If there was no precipitation at all, then the Earth’s surface would be perpetually 
fog-bound, permanently cutting out all direct sunshine.
6.5 Cloud forms at very small supersaturations when the air contains condensation 
nuclei at typical realistic concentrations.  As these concentrations are reduced, the 
supersaturation required for cloud formation increases.  Smoke from a snuffed match or 
candle contaons effective condensation nuclei.  Cloud droplets form very quickly when 
supersaturation is adequate, and disappear very quickly when it is not.   Cloud droplets 
sink through still air at speeds suggesting radii of order 10 µm.
6.7 Since saturation vapour pressure over ice is considerably less than it is over 
supercooled water at the same low temperature, the ambient vapour in the dissolving 
mixed cloud is much less unsaturated for ice crystals than it is for water droplets, so that 
droplets evaporate faster.  
6.9 Lightning can be observed at night far beyond the range at which its thunder is 
audible - at ranges so great that its forks narrow path is too fine to be resolved.  In 
addition its image is often diffused by intervening cloud, leaving a flickering sheet effect.
6.11 Saturation vapour pressure over the ice cap is about 2.7 hPa; over the ocean surface 
it is about 30 hPa.   Corresponding vapour densities from ρv = es/(Rv T) are:  over the ice 
cap = 270/[(461 x (273.2 - 10)] = 2.18  x 10-3 kg m-3; and over the ocean surface = 2.25 x 
10-2 kg m-3.   A value for the Sahara estimated in this way could be unrealistically high, 
since there is too little ground moisture to maintain a saturated layer over the surface 
except on very cold nights (Ex 6.12).
6.13   From Eqn 6.4 with ρvr/ρvs = 1,  A/(r T)= B m/r3   so that r2 = T B m /A  as required.
Inserting values  r2 = 273.2  x 1.47 x 10-4 x 10-18/(3.16 x 10-7) = 1.27 x 10-13 m2, so that r = 
3.56 x 10-7 m or 0.356 µm.  When m is 10-16 kg (100 times larger) so is r2, so that r is 10 
times larger - 3.56 µm, as can be checked by repeating the whole calculation.  (This is one 
way of seeing the advantage given by droplet growth on larger condensation nuclei.)
6.15 Growth from 15 to 30 µm takes time t = A (1/r1 - 1/r2) where A = 4 ρw/(m ρ Y) = 
3.3 x 10-2 m s if m is 1 g kg-1.   If m is 3 g kg-1 the constant A is 1.1 x 10-3 m s.  In these 
conditions t = 1.1 x 10-3 ( 1/15 - 1/30) x 106  = 1.1 x 10-3/30 x (2 - 1) x 106 ≈ 37 s.  Growth 
from 30 to 500 µm takes t = B ln (r2/r1) where B =  4ρw/(m ρ 8 x 103) = 500 s for m = 1 g 
kg-1 and 500/3 = 167 s for m = 3 g kg-1.  Growth time t = 500/3 ln (500/30) = 167 x 2.13 = 
356 s.   Adding the 37 s for growth from 15 to 30 s, the total time taken to grow from 15 
to 500 µm is 393 s, or just over 6.5 minutes.  Extending the result for growth from 30 to 
500 µm, the time taken to grow from 500 to 1,000 µm is 167 ln 2 = 116 s, or only a little less 
than 2 further minutes.
6.17 A dew layer 1 mm thick lying on 1 m2 of surface has volume 10-3 m3 and mass 1 kg 
(water density being 103 kg m-3).  Since water has molecular weight 18, 18 grams contain 
about 6 x 1023 water molecules (Avogadro’s number rounded) and 1 kg contains 
(1,000/18) x 6 x 1023 ≈ 3.3 x 1025 molecules.  The implied average rate of dew deposition is 
therefore 3.3 x 1025/(60 x 60) ≈ 9.2 x 1021 molecules per second.  If we use a typical 13 hPa  
and 10 °C for vapour pressure and air temperature (Fig 6.2), the theoretical bombardment 
rate X = 103 x 6 x 1023 x 1,300/(3.46 x 8.31 x 283 x 18) = 5.3 x 1024 molecules per second.   
This is 590 times larger than the rate of aggregation of the dew layer, showing that dew 
deposition results from a very small difference between almost perfectly balanced 
counterfluxes of water deposition and evaporation.
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6.19 Sharp cloud bases are formed by very fast runway growth of droplets forming on 
large condensation nuclei as air rises above the LCL, which is kept sharp and horizontal 
by the vigorous mixing of the sub-cloud layer.  (The much lower number densities of any 
drizzle droplets falling through cloud base, makes them nearly invisible.)  The sides and 
top of the cloud are kept sharp by very fast runaway evaporation of cloud in air parcels 
desaturated by turbulent mixing with unsaturated ambient  air.  The irregular (knobbly) 
shape of the sides and tops are moving pictures of the turbulent cloudy eddies inherent in 
all of the cumulus family visually etched by the desaturation and disappearance of the 
cloudy thermals.
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