
Chapter 3  Exercise Answers

Students
3.1 Gravity pulls each molecule downwards according to its mass.  Ballistic motion 
between elastic molecular collisions keeps air inflated against gravity and mixes 
molecules very quickly on the scale of distances between consecutive collisions of 
individual molecules, but more and more slowly on larger scales. Gross movement of 
air parcels and larger masses keeps air mixed on larger scales.  Absorption and 
emission of packets of solar and terrestrial radiation selectively alter the motion of 
individual molecules.  Chemical and physical reactions modify molecules during some 
collisions between individual molecules, and between molecules and solid or liquid 
aggregates.  (In fact this is a level 2 question when answered without technical terms.) 
3.3 Denitrification is the return of molecular nitrogen to the atmosphere after having 
been chemically or biologically locked into the ground, oceans or biomass.  The residence 
time of a molecular component within an active system is the average length of time its 
individual molecules remain within the system between consecutive entry and exit.   
Respiration is the highly regulated oxidation of food by which a living organism maintains 
its energy supply.   Photosynthesis is the process by which living organisms build their 
body tissues by synthesis of water and carbon dioxide using energy from incident 
sunlight.
3.5 Because at and above cloud base large nuclei are selectively consumed by becoming 
condensation nuclei for cloud formation and then precipitated to the surface later by 
subsequent rain-out.
3.7 The experiment shows that the pressure under 10 m of water is 1 atmosphere.  The 
total pressure at the bottom of the pool is 2/10 +1 = 1.2 atmospheres, and on the ocean 
floor 4,000/10 + 1 = 401 atmospheres.
3.9 Mass of accessible air in lungs = volume x density = 4 x 10-3 x 1.2 = 4.8 x 10-3 kg, i.e. 
4.8 grams.  With atmospheric O2 specific mass 0.231, the lungs will contain at most 0.231 x 
4.8 ≈ 1.11 g.  Actual values in the lungs are reduced by rapid absorption into the blood 
stream. 
3.11 According to the ratio of the atomic weight of C and the molecular weight of CO2, 
260 units of CO2 corresponds to 260 x 12/44 = 71 units of C.  The residence time of 
carbon in the terrestrial biosphere is given by capacity/(rate of throughput) = 2,800/71 ≈ 
39 years.  Note that units must be harmonised.
3.13   If 97% fills the basins to 4 km, then the remaining 3% would add another 4,000 x 
3/97 = 124 m if they flowed into the same basins.  Since only three quarters of this is in 
the ice caps, their melting would raise sea level by 93 m (see also Ex 14.19).
3.15 As we rise through the level of maximum ozone density ρoz, upward increase of ρoz 
switches over to upward decrease.   Since air density ρa decreases upward throughout 
the height zone, and specific mass s = ρoz/ρa, s will still be increasing at the height where 
ρoz, peaks, showing that maximum s must occur at a slighly higher level.  The argument is 
clarified in calculus notation.
3.17 Typical seasonal rise is 7 ppmv in 6 months, compared with 369 - 338 = 31 ppmv in 
20 yr (1.6 ppmv per year, total amount in 1990 is 354 ppmv).  So the seasonal rate of rise is 
2 x 7/1.6 ≈ 9  times the background rate of rise over 20 years.  Atmospheric CO2 mass is 
about 2,500 Gt (NN3.4), so that the seasonal rise is (7/354) x 2,500 ≈ 50 Gt or 50,000 Mt, 
cf 250,000 Mt quoted in the text.  But what we see in Fig 1.7 is actually the resultant 
change in the atmospheric reservoir, which is leaking CO2 quickly into solution in the 
oceans, and leaking back to the biosphere by ongoing respiration by plants. 
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