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1 Question 1

Draw Fig. 6.7 for the Southern Hemisphere using the same coordinate axes. Make sure that
what you draw transports heat and momentum toward the South Pole. (Hartmann, 2016, p. 192)

1.1 Solution

u >0, u <o, u” >0,
v <0, v >0, v <0,
T >0. T <0. T >0.

Figure 1.1 Schematic of the streamlines (black with arrows) and isotherms (colors) associated
with a large-scale atmospheric disturbance in mid-latitudes of the Southern Hemisphere. Arrows
along the streamline contour indicate the direction of wind velocity. The streamlines correspond
approximately to lines of constant pressure, since the winds are nearly geostrophic. The signs of the
deviations of the wind components and temperature from their zonal average values are shown with
asterisks to illustrate that the NW=SE tilt of the streamlines indicates a southward zonal momentum
transport, and the westward phase shift of the temperature wave relative to the pressure wave gives a
southward heat transport. (Hartmann, 2016, p. 169)
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2 Question 2

Derive (6.19) from (6.15) and (6.13). (Hartmann, 2016, p. 192)

2.1 Definitions and Basic Properties of Time- and Zonal Average

-2 x 1) (BIR) BFEFEE SO

1 At
X = E x dt, 2.1)
W24 At BUERS, N EFET () R Tékﬁ? 5E X o %of HLIF )2 () f A% B
x'=x—-7X, (2.2)
JES)
X' =x—x=x—-x=0. (2.3)
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X 0sT=% 2.4
E = =2 X =X. ( . )
H (22) & (24) 15
xy=+x)Yy+y)=xy+x'y'. (2.5)
iF-223% x HIZEEF8 e
1 21
[x] = ), xdA, (2.6)
WA HE T [ REMHE T E X x XTﬁﬁqui@ I A
x*=x—[x], 2.7
ks
[x*] =[x — [x]] = [x] - [x] = 0. (2.8)
547 BRI (8] 3 (S AN [ é%mﬂFi’JEl’J%xﬁ (2 6) %HET[ | AT A, M
[xy] = [([x] + x)([y] + y")] = [x][y] + [x"y"]. (2.9)
e AP BT 54 W T A8k, B
[x] = [x], (2.10)
ks
X =x—[x]=%—[x] =% — %] =%, (2.11)
[x'] =[x = x] = [x] = [x] = [x] — [x] =:[x], (2.12)
B () 5 () ARSHRE, () 5[] TRy
2.2 Solution
i mE’J % H
=[xy +x'y'| =[xy + [x'y'] = ED] + [x*y*] + [x'y']. (2.13)

Mx=v, y= M = (Qacos<p +w)acosp, My =u'acose, y* =u*acosgp, RN (2.13)
AR
[vM] v](Qacosg + [u])acos g + ([v*u*] + [v’_u’])a cos . (2.14)
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