
Chapter 7 Outline Answers to Exercises

Students
7.1 Draw the pressure gradient components as vectors of length 5 units pointing E and 
N from a point O.  The vector sum is the diagonal of the square, pointing NE from O and 
having length √(52 + 52) ≈ 7.1 units (by Pythagoras), i.e. 7.1 hPa per 100 km.  
7.3 In (a) rotation does not affect the scale reading, since the centripetal acceleration 
has no component perpendicular to the plate of the scales.  In fact the centripetal 
acceleration is supported by the friction between feet and plate).  If the scales are tilted 
inwards (b), then the person’s centripetal acceleration is partly supported by the sprung 
plate, which reads an anomalously greater weight whose anomaly increases with rotation 
rate.
7.5 Colder air to the NW.  Stand with LH to NW, then the thermal wind is in your 
back, and there will be a SW’l flow aloft.   Warmer air to the W implies colder to E.   
Stand with LH to E (i.e. back to N) and there will be a N’ly flow aloft.  In the same way 
in the other two cases the winds aloft will be W’ly and NW’ly.
7.7 The fundamental significance of cyclonic rotation is that it is in the same direction as 
the rotation of the weather map (the tangent plane to the Earth at that location).
7.9 The train will tip when its Coriolis acceleration C exceeds 1 m s-2 (1 N kg-1 by F = m 
a).  By C = 2 Ω V, tipping occurs when V exceeds 1/(2 Ω).  Since Ω = 2 π /T and period T 
is 3 s, tipping occurs when V exceeds T/(2 π), i.e. 3/(2 π) ≈ 0.48 m s-1.   When Ω is 
doubled, T is halved and so is the critical V.
7.11 Using  f = 2 Ω sin φ  and Ω = 7.29 x 10-5 rad s-1, f values at latitudes 45 and 5° are 
1.03 x 10-4  and 1.27 x 10-5 s-1 respectively.  Inserting these values in Vg = [1/(ρ f)] ∂p/∂n, 
with ρ = 0.25 kg m-3 and ∂p/∂n = 200/(100 x 1000) = 2 x 10-3 Pa m-1, we find Vg = 77.6 m s-
1 and 624 m s-1 respectively.  The latter is grossly unrealistically large as a wind speed.

According to Box 7.7 the  horizontal pressure gradient force per unit mass can be 
written as (1/ρ) ∂p/∂n or g ∂Zp/∂n , so that ∂Zp/∂n = [1/(ρ g)] ∂p/∂n.  In the low 
troposphere at latitude 45° (and 5°), ∂Zp/∂n = (1/(1 x 10)) x 2 x 10-3 = 2 x 10-4 (a slope of 
20 m in 100 km).  In the high troposphere the slope is 4 times greater (80 m per 100 km), 
since air density is 4 times smaller.
7.13 Buoyant force per unit mass of air F/m = g ∆T/T’ where ∆T is the temperature 
excess of the parcel, and T’ is the absolute temperature of its surroundings.  In this case
F/m = 10 x (300 - 299)/299  ≈ 3.3 x 10-2 m s-2.  Substituting this for a in w2 = 2 a z, 
w2 = 2 x 3.3 x 10-2 x 1,000 = 6.6 m2 s-2, i.e. w ≈ 2.6 m s-1.   This must be too large because 
we have ignored all drag as the buoyant air forces its way through the ambient air and 
entrains some of it.
7.15 (1/A) dA/dt = D = - C = - 10-5 s-1.  Treating dt = 1 hr as a small time step (i.e. in 
which dA/A is small) (1/A) dA ≈ - C dt = - 10-5 x 60 x 60 = - 0.036  or - 3.6%.  One day 
has 24 x 60 x 60 = 8.64 x104 s, so that after 1 day - C (t2 - t1)  is   - 10-5 x 8.64 x104 = - 0.864
and A2 = A1 e - 0.864 = 0.421 or 42%.  After 2 days the exponent has doubled, so A2 =  
(0.421)2 A1 =  0.178 A1, and after 3 days A2 = 0.075 A1 (about 18 and 8 % respectively).
7.17 Initial absolute vorticity is f , since the “plate” of air is turning with the Earth’s local 
surface.  After 1 day (8.64 x 104 s) of steady convergence at 10-5 s-1, A2 = f e  0.864 = 2.373 f, 
and after 2 and 3 days of the same, the absolute vorticity is 5.63 f and 13.4 f respectively.
The relative vorticities after 1, 2 and 3 days are therefore 1.37 f, 4.63 f and 12.4 f 
respectively.   
7.19  From V22 - V12 = 2 a l, the air’s uniform linear acceleration is (802 - 402)/(1,000 x 
1,000) ≈ 5 x 10-3 m s-2.  In midlatitudes the Coriolis parameter f ≈ 10-4 s-1, so that a typical 
Coriolis acceleration in the jet entrance is 10-4 x 60 = 6 x 10-3 m s-2.  This is comparable with 
the linear acceleration, which suggests that there will be a considerable ageostrophic 
component of flow, as discussed in Ch 7.13 (i.e. a substantial angle across the isobars (or 
iobaric contours) toward lower pressure, and reduction below the geostrophic wind 
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speed).  
7.21 During conservation of angular momentum V R is conserved, so that V2 = V1 R1/R2

= 30 x 300/30 = 300 m s-1.  At cyclostrophic balance V2/R = (1/ρ) ∂p/∂R, so that ∂p/∂R = 
ρ V2/R.  Assuming ρ ≈ 1 kg m-3, in the initial position ∂p/∂R = 1 x (30)2/300 = 3 Pa m-1, 
which is 3 x 10-2 hPa m-1, whereas in the second position ∂p/∂R = 1 x (300)2/30 = 30 hPa 
m-1.  Compared with a strong synoptic scale pressure gradient of 5 hPa per 100 km, these 
are larger by factors of 600 and 600,000.
7.23 This is an urban myth woven round the Coriolis effect, inappropriately applied to 
the microscale where it is in fact totally swamped by other factors.  On the synoptic scale, 
persistent horizontal convergence produces anticlockwise rotation in the N hemisphere as 
air moves centripetally towards the middle of the convergence zone.  This happens in the 
draining handbasin too, as water converges toward the plughole, but is completely 
swamped in practice by swirling motion left after recent use and the typical strong 
asymmetry of handbasins.  For example inflow from a right hand tap will leave water 
swirling clockwise in the basin for minutes after the tap is turned off, and this residual 
clockwise rotation will be multiplied by convergence when the plug is pulled (unless the 
plug is pulled so asymmetrically as to set off anticlockwise rotation) regardless of the 
hemisphere.  The widespread anecdotes from ships crossing the equator are even more 
incredible because of the extremely small Coriolis effects there.

Discussion Topics
These should be structured by headings and subheadings, and contain labelled 

diagrams, orders of magnitude, and useful equations.  In all such work it is vital that 
information should be expressed simply and directly in your own words, and that 
technical terms should be defined so as to be understandable by a scientist who is not a 
meterologist.  Parroting and regurgitation (by cutting and pasting or more subtle 
methods) of undefined jargon can become an exercise in self deception or worse.  
Minimise the use of the passive tense and avoid pretentious verbal inflations such as “it 
should be noted that”.  If despite reading and thinking you remain unclear or 
unconvinced about some aspects, articulate rather than conceal your doubts - awareness 
of ignorance is the beginning of understanding.
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