
Chapter 4 Exercises  Outline answers

Student
4.1 From the equation of state for air (Eqn 4.1), density is directly proportional to 
pressure while temperature is constant.  So if the parcel pressure halves so does its 
density.   If in addition the parcel temperature falls, Eqn 4.1 shows that parcel density 
increases above the value we have just estimated, since density and temperature are 
inversely proportional.  As a result the air density will fall by less than half, making the 
first answer an underestimate of final parcel density.
4.3 The conditions are: hydrostatic equilbrium in the air column (i.e. static air), 
uniform air temperature throughout the column, and uniform air composition ( 
otherwise the specific gas constant for air will vary with height).  (The first and last 
conditions are very well met throughout the turbosphere.)
4.5     In the barotropic zone, isobars and isotherms are parallel by definition, and 
horizontal according to the question. In the baroclinic zone, by definition isotherms and 
isobars are not parallel.  Since the isobars are horizontal according to the question, the 
isotherms slope down toward the cold side of the zone because colder isotherms 
overlie warmer ones in almost all of the troposphere.  The horizontal isobars are 
untypical; more usually, surface pressure increases across the baroclinic layer, e.g. from 
the warm sector into the succeeding cold air (Ch 12.3), but the upward slope of the 
isobars is much less than the downward slope of the isotherms.
4.7 A typical trace shows air pressure moving continuously up and down, sometimes 
doming upwards by 20 hPa or for several days or longer, but more often dipping 
sharply downward by more than this, and returning as sharply within a day or so.  
The horizontal line representiing the mean pressure over a month or more loses both 
this variability and its pronounced asymmetry, which matches the asymmetry of the 
associated weather conditions.
4.9 From Eqn B4.3d the thickness (z2 - z1) between upper level 2 and lower level 1 is  
given by   He [ln (p1/p2)]   where He is the exponential scale height which is 7,000 m by 
the question.  For the lowest layer listed, the term in [   ] is ln (10/7) ≈ 0.3567, so that z2 
- z1 = 7,000 x 0.3567 = 2,497 m.  In the same way thicknesses of successive overlying 
layers are 2,355 and 3,576 m.   Note that according to these figures the thickness of the 
1,000 to 500 hPa layer is 4,852 m, which agrees with the binary scale height (= 0.693 He, 
Ch 4.4) to within rounding errors, as it must. 
4.11 As justified by basic trigonometry and a simple diagram, air flowing round the 
world at latitude 30° covers a distance of 2 π R cos 30, which is 34,662 km, taking R to 
be 6,370 km.  Moving at 40 m s-1 this would take 866,550 s which is slightly over 10 
days.  Again a simple diagram demonstrates that the meridonal surface arc between 
latitudes 10 and 30° has length 2 π R x 20/360 = 2,224 km.  If this is covered at  2 m s-1, 
the time taken is nearly 12.9 days.
4.13 At latitude 50°, a point on Earth’s surface describes a circle of radius 2 π R cos 50 
in a sidereal day.  Taking R to be 6370 km, this distance is 25,727 km, and covering this 
in 23 hours 56 minutes requires an E’ward speed of 6.37 x 106/86,160 ≈ 298 m s-1.  A 
strong polar front jet stream could have a W’ly speed of about 70 m s-1, which is nearly 
one quarter of the E’ward tangential speed of the local Earth’s surface.  The tangential 
speed of a point on the Equator is 464 m s-1 (for a short cut divide the speed at 50 
°latitude by cos 50).  Using V2/R, the centripetal acceleration is 0.034 m s-2, which is 
0.35% of 9.8 m s-2.
4.15 From Box 5.5, an atmosphere’s dry adiabatic lapse rate is given by g/Cp, so that 
the Martian value is 3.8/900 = 0.43 °C per 100 m.  At an air temperature of 220 K, the 
decadal scale height of the Martian atmosphere is about 2.3 R T/g = 2.3 x 189 x 220/3.8 
≈ 25 km (Box 4.3).   If air temperature lapses at over 4 °C per km, the effective air 
temperature at middle levels will be roughly 13 x 4 ≈ 50° lower than surface 
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temperatures, i.e. 170 K, and the corresponding decadal scale height will be about 19.5 
km.

The Martian dry adiabatic lapse rate is less than half the terrestrial value of about 
1°C per 100 m, while its decadal scale height is 20 to 50% larger than the terrestrial 16 
km, because of a bigger percentalge variation in T.  Since there is no ice or dry-ice 
cloud, the ‘dry’ adiabatic lapse rate value should prevail when it is well stirred (Chs 5.9 
& 5.10).
4.17   Using the method of Box 4.4,  m (Ω R cos 25) R cos 25 = m (U + Ω R cos 5) R cos 
5.  Cancelling m R and rearranging      U = Ω R [cos2 25/cos 5 - cos 5] = 464 [- 0.1717] = 
- 79.8 m s-1, using the 464 m s-1 value for Ω R from NN 4.8.  The negative E’ward 
speed means that the flow is W’ward.  If you have entered U as negative in the 
original equation (recognizing that it is going to be  W’ward), then it will come out 
positive.  This is a powerful low level jet stream, quite unlike the observed E’ly 
component of only a few m s-1, because the heavy E’ward torque by friction with the 
underlying surface continually adds W’ly angular momentum to the air, nearly 
cancelling the build-up of E’ly flow relative to the surface as the air migrates 
equatorward.  Since the resulting gentle E’ly is comparable with the equatorward 
speed, the resultant flow is NE’ly in the N hemisphere and SE’ly in the S.

Repeating these calculations for air moving poleward from rest on the Earth’s 
surface at latitude 40°, conservation of angular momentum gives a W’ly wind speed U = 
Ω R [cos2 40/cos 60 - cos 60] = 313 m s-1.  This is much greater than typical maximum 
speeds of about 75 m s-1 in polar front jet streams, and shows that angular momentum 
is not conserved in a single flow like that in the upper troposphere in lower latitudes.  
In fact the middle latitudes are a dominated by continual conflict between air masses 
moving poleward and equatorward.  A repeat of the calculation for air moving from 
60° to 40° produces an E’ly of 204 m s-1, whose mixing with the slightly faster W’lies 
produced in poleward air currents gives a resultant W’ly which is much closer to the 
observed W’ly jet streams there.
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