
Chapter 5 Outline answers

Students
5.1  In the rigid container, all the heat input goes into warming the air (making its 
molecules fly about faster etc - see Ch 9).  In the slack plastic bag however, the same 
amount of heat is divided between this and expanding the air against the surrounding 
unheated air.  Since the temperature rise is smaller in this case, the amount of heat to raise 
the air temperature by 1 °C is larger, so that Cp > Cv.

5.3  Dew and frost deposition depletes the vapour content of the overlying air.  It 
happens on relatively cool ocean surfaces, but of course the dew is invisible!  It happens 
on frozen surfaces, adding frost to the ice, especially to sharp points and edges on leaves 
etc.  
5.5   Actual air at 1,000 hPa cools considerably when taken to 600 hPa, air at 700 hPa cools 
a little, at 600 hPa it stays the same, at 300 hPa it warms some, at 100 hPa it warms a lot.
So actual temperatures are higher than Tibetan potential temperatures at 1,000, 700, equal 
to at 600, and lower than at 300 and 100 hPa.
5.7   Wet bulb temperature is slightly below air temperature (by small evaporative 
cooling).  The rest are above air actual temperature: first wet bulb potential temperature, 
then potential temperature, and finally equivalent potential temperature. The last three are 
obvious on an aerological diagram.
5.9  Using q ≈ 0.622 e/p (Eqn 5.6), saturation q at 15 °C = 0.622 x 17/1,000 ≈ 0.0106 or 10.6 
g kg-1, saturation q at 10 °C = 0.622 x 12.3/1,000 ≈ 0.00765 or nearly 7.7 g kg-1.  At the 
dew point (10 °C) the 15 °C air is saturated, and therefore must contain 12.3 hPa of 
vapour.  Its RH at 15 °C is 100 x 12.3/17.0 ≈ 72.4%. 
5.11  From Eqn 5.10  q(15) = qs(10) - (Cp/L) (15 - 10) = 7.7 x 10-3 - [1,000/(2.5 x 106)] x 5
= (7.7 - 2.0) x 10-3 = 5.7 x 10-3 or 5.7 g kg-1. From Eqn 5.6, this specific humidity 
corresponds to a vapour pressure e = p q/ε  = 1,000 x 5.7 x 10-3/0.622 = 9.2 hPa.  From Ex 
5.9 the saturation vapour pressure at 15 °C is 17.0 hPa, so that the relative humidity is (by 
an obvious extension of Eqn 5.5)  100 x 9.2/17.0 ≈ 54%.   Beware of the two ways of 
expressing specific humidity - plain ratio or g per kg.   Formulae like Eqns 5.6 and 5.10 
should always be expressed in basic units, converting practical units to basics, as here.
5.13  Using Eqn 5.15 with T = 273.2 - 37.0 = 236.2 K, and p = 300 hPa, potential 
temperature = 236.2 x (1,000/300)0.286 = 236.2 x 1.411 = 333.3 K or 60 °C.  Follow the 
saturated adiabat on Fig 5.7 up to the asymptotic equivalent potential temperature of 61 
°C, and down to 1,000 hPa to the wet bulb potential temperature of 20 °C.  Potential and 
equivalent potential temperatures are nearly the same, because nearly all the vapour has 
been condensed out of the air in reaching the cold, high troposphere.
5.15   From 22 °C at 750 hPa (just off the edge of the tephigram), decompress dry 
adiabatically until the trace intersects the saturated adiabatic leading down to 17 °C at 750 
hPa.  This is the saturation point of the decompressing cabin air (about 700 hPa).  Follow 
the saturated adiabatic from this point to the 400 hPa level, where the temperature is 
about - 10 °C, which is the temperature the cloudy cabin air would reach as cabin pressure 
reached external air pressure.  Continued input of heat by the cabin heating system, 
repressurisation by the plane diving to lower level, and perhaps loss of vapour and cloud 
through the open door, would thin the fog quite quickly.
5.17   Without stirring, the temperature inversion is spread fairly uniformly through the 
300 m depth.  As warmer cloud bases cover the sky, the surface warms a little by 
exchange of terrestrial radiaion.   As the wind gets up, mechanical stirring imposes a 
nearly dry adiabatic temperature profile, considerably warming the surface air (and 
surface), considerably cooling the top of the stirred layer and sharpening the temperature 
inversion just above it.   The potential temperature profiles are like the actual temperature 
profiles, but rotated clockwise so that the dry adiabatic layer is a vertical line on the 
graph.  
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