
Chapter 11      Exercise Outline Answers
 

Student 
11.1 They turn to stay within the small lateral range of the rising thermal whose 
updraft supports them by offsetting or exceeding their natural sinking speed through still 
air.  Birds may flap little or not at all if the updraft is strong enough.  (They must have a 
sense of altitude or updraft.  Pressure, visual, greater turbulence in updraft?)
11.3 They appear below the general lifting condensation level because the supbcloud 
layer is being patchily moistened by evaporation of precipitation from the nimbostratus.  
In fact the patchiness of mechanically driven updrafts in the main subcloud layer (which is 
often sheared in the strong winds associated with an active front) often adds to the 
patchiness in vapour content to produce characteristically tattered cloud fragments.
11.5 It has been strongly scattered upwards and laterally away from the cloud by the 
considerable depth of dense, highly reflective cloud, greatly reducing the amount of 
diffuse sunlight emerging downwards from cloud base.
11.7 When the aircraft accelerates downward at gravitational g (9.8 m s-2), passengers 
are effectively floating on their seats (or the aisle if unwisely attempting to walk in these 
conditions).  If the downward acceleration is greater than this the seat or floor will 
accelerate away from the freely falling passengers, who will rise to the cabin ceiling as if 
thrown.  Serious injury and even death has resulted.  Weaker accelerations cause nausea 
and spill drinks.    
11.9 Use dQ = m Cp dT in the form dT = dQ/(m Cp), with m = 1 kg and Cp = 1,000 J K-1 
kg-1.   In (a) dQ = 10-3 x 2.5 x 106 = 2.5 kJ, so that dT = 2.5 x 103/1,000 = 2.5 °C.  In (b)
dQ = dQ = 10-3 x 0.43 x 106 = 430 J, so that dT = 430/1,000 = 0.43 °C.  In (c) dQ = 10-3 x 
2.93 x 106 = 2.93 kJ, so that dT = 2.93 x 103/1,000 = 2.93 °C (the sum of a) and b)).
11.11 If there is a temperature inversion of 1 °C per 50 m (i.e. 2°C per 100 m), the 
vertical potential temperature gradient ∂θ/∂z is about 3 °C per 100 m (since an isothermal 
atmosphere has a potential temperature gradient of about 1 °C per 100 m - Box 5.5).  The 
Brunt-Vaisala time period P is 2π/N, where N  =  [(g/θ) ∂θ/∂z]1/2 ≈ [(10/275) x 3/100]1/2 =
0.033 s-1.  We have P = 190 s (just over 3 minutes).
11.13 The rule of thumb is that the high troposphere wavelength in km is about 0.72 V, 
when the wind speed V is in m s-1.   From 50 = 0.72 V, we have V ≈ 70 m s-1, which is 
typical of a strong polar front jet core.  In a more convectively stable atmosphere, the 
Brunt-Vaisala period will be shorter, and so will the wavelength for the same flow speed.
11.15 Prepare a structured description (including diagrams, formulae and numerical 
values) of the respective increases and decreases of the bulk buoyancy of an air parcel by 
liberation of latent heat as cloud forms, as air density increase with vapour condensing to 
a cloud burden (and the reverse processes when cloud evporates), finishing with a 
description of the effects of these buoyancy changes in and around a small cumulus cloud. 
11.17 Mix 1 kg of 1 °C warmer cloudy air with 1 kg of cooler cloud-free air, and note 
that the mixture will be 0.5 °C warmer than the original ambient air, to the extent that the 
cloudy and cloud-free air have the same bulk specific heat capacities.  However the 
consequent evaporation of 1 g of cloud water extracts 10-3 x 2.5 x 106 = 2.5 kJ from the 2 
kg of mixed air, so that its temperature falls by dQ/(m Cp) = 2.5 x 103/(2 x 1,000) = 1.25 
°C.  The final temperature of the mixture is therefore 0.75 °C colder than the original 
cloud-free air, and 1.75 °C colder than the original cloudy air.

According to Box 11.1, the buoyancy deficit arising from a 2.5 °C evaporative 
cooling of cloud water is offset by the buoyancy of extra vapour and the loss of cloud 
burden, leaving a net buoyancy loss equivalent to a cooling of 2.1 °C.  In the present case, 
the 50:50 mixing reduces this to an equivalent cooling of 1.05 °C.  As a result, the cloudy 
air suffers a total buoyancy loss equivalent to a cooling of 0.5 + 1.05 = 1.55 °C, whereas 
the cloud-free air value is equivalent to a cooling of - 0.5 + 1.05 = 0.55 °C. 
11.19 From Eqn B6.6c the general expression for the rate of radial growth by collision 

                                                                                        chap 11                                                                                         p 1

McIlveen: Fundamentals of Weather and Climate 2e



and coalescence of a spherical collector as it falls at speed Vt through ambient air with a 
specific mass m of suspended collectables is dr/dt = m ρ Vt/(4 ρw), where ρ is air density 
and ρw is the density of the (watery) collector.   In Ex 6.20 Vt is regarded as the rate of 
fall dz/dt of the collector (z increasing downward from some datum level) through the 
ambient air, giving dr = [m ρ/(4 ρw)] dz  after cancelling the dt terms on each side (which 
removes complications arising from different regimes of Vt).  Since integration along the 
collector’s fall is now trivial, the ∆r = [m ρ/4 ρw] ∆z and the fall distance ∆z needed for a 
certain growth ∆r is given by ∆z = 4 ρw  ∆r/(m ρ).   With the values assumed in the 
question, a hailstone needs a fall of 40 km (= 4 x 103 x 5 x 10-2/(10 x 10-3 x 0.5)) to grow to 
a radius of 5 cm.   Note that the distance fallen through the ambient air is much greater 
than the cloud top height if the updraft is comparable with the fallspeed of the collector, 
as is the case in the severe local storms which produce such giant hail.  Folded hail 
trajectories (Fig 11.21) obviously achieve the same thing. 
11.21 The time taken for the aircraft to take up the downward 20 m s-1 is 500/300 = 1.67 
s.  If the downward acceleration is steady during this adjustment then its value is
given by (change in vertical speed)/(time taken) = 20/1.67 ≈ 12 m s-2.  Since this is greater 
than gravitational g (≈ 10 m s-2), unstrapped passengers will fall freely, accelerating 
downward at 10 m s-2 relative to the Earth, but upward at 2 m s-2 relative to the aircraft.
When the aircraft’s downward acceleration stops (because it is now moving steadily 
downward with the sinking air) airborne passengers fall freely back into their sinking 
seats.  When the pilot eventually zeros the aircraft sink rate it must be climbing at 20 m s-1 
through the sinking air, and during the time taken to achieve this (much longer than the 
initial 1.67 s bump) passengers will feel a gentle downward push into their seats as the 
plane decelerates downwards which dies when the plane achieves level flight.  If it then 
suddenly flies out of the downdraft into air which is neither rising nor falling, the plane  
will accelerate upwards by 20 m s-1 in 1.67 s (i.e. at 12 m s-2 again), and passengers will feel 
their weight more than doubled during the upward bump, returning to normal and then a 
little below normal as the pilot brings the plane back to horizontal flight. 
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