
Chapter 1   Exercises Outline answers 
Notice to students.  The following answers are outlined in just enough detail for 

you to follow the theoretical rationale and calculation; they are NOT meant to be 
models for presentation in course work and exams.  Where I think the theoretical 
rationale may need clarification (occasionally even adding to the main text) I have 
added that.  In other cases I have assumed that you can see why I am doing what I 
am doing, sometimes just from the numerical values showing in the arithmetic.  If I 
have bored you in some places and baffled you in others, I apologize: we all differ 
personally in these respects.

Student
1.1 16/100,000 = 1.6 x 10-5 ~ 10-5

1.3 Sketch using rough values from zero height unless specified: troposphere to 16 km, 
PBL (aka ABL) to 300 m, stratosphere 16 - 50 km, free atmosphere to 100 km, 
stratopause 50 km, 10 - 16 km
1.5 Vectors: wind velocity, gravitational force.  Scalars: temperature, wind speed, 
pressure.  NB Air pressure gradient force on a real or imaginary surface is a vector, 
having direction normal to the surface towards it.
1.7 Measure the page distance x for 150 km in the horizontal, and the page distance y 
for 15 km in the vertical.  The vertical scale on the page has clearly been expanded by the 
ratio 10 y/x.   To cancel this expansion, the vertical page height y will have to be divided 
by 10 y/x, becoming x/10.
1.9  F/M = a, so F = M a = 1,000 x 10-4 = 0.1 N (about 1% of the weight of a kilogram 
mass at sea level).  If your “weight” (strictly mass) is 80 kg, your true weight is  9.8 x 80 =             
784 N, and the force on the tonne of air is 100 x 0.1/784  of your weight, i.e. about 0.013 
% of your weight.
1.11 The solar system formed because a supernova exploded nearby.

cause as first cause
Air is in motion because of the throughput of solar energy.

cause as A affects B but B does not affect A 
Pressure gradients cause the air to move.

cause as relation (A affects B and B affects A)
Air is transparent because it absorbs and scatters little sunlight.

cause as restatement - tautology
Last night got very cold because there was so little cloud

partial cause (why was there little cloud, why did its absence have this 
effect?)

In the course of any day you will probably hear several more meanings in domestic use.
1.13 A belt of rain will move in from NW Ireland in association with the weakening of 
the anticyclone over the British Isles.   Note that “in association with” is clumsy, but 
replacing it with “as an anticyclone weakens” could imply priority or even cause.  The 
wide range of meanings of “because”, and equivalent terms, reflects and maintains 
confusion in statements about the physical and human worlds, as does the range of 
meanings of “explanation”.
1.15 It is degraded to heat by viscous friction within the atmosphere (and oceans) and 
between air (and water) and land surfaces (Ch 9).  The appearance of such heat, almost 
like a heat source, can seem like an egg laying a chicken.  Consult Ch 9.8.
1.17 I (and others in the class) assumed that the atmosphere moved as a block (except 
for slow air at the bottom), so that the wind would be the same at all heights, and the 
thunderstorm would move with the wind.  In a strongly sheared flow however, surface 
winds and upper level flow can differ in both in strength and direction.  An 
unrecognized presupposition can easily determine a conclusion, as when Kelvin assumed 
no heat production inside the Earth.
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