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1 Question 2

“Derive (3.23) using (3.22), (3.19) and the ideal gas law.”(Hartmann, 2016, p. 93)

1.1 Solution

BRI AL, AT A5 1S LR Hartmann (2016)7 ().

1.1.1 Brief Review: Lambert—Bouguer—-Beer Law of Extinction

H Lambert-Bouguer—Beer JHIERE (law of extinction)

dF = —FpM_k s ds, ds = —sec6 dz (1.1)
2
dF
7= pM, ks secO dz. (1.2)
Xz Nz =z BIKR EF 2z = +oo B3, 15
F = F, exp(—tsech), (1.3)
HH Fy, 0 ZHAL
+00
T :=J pM ks dz (1.4)
z
BN R N F BB (optical depth) . H (1.3) 15
dF = —F sec@dr, (1.5)

MITIRYCER (Absorption rate)

— —F, exp( 0) seco 3
dZ = 0 exp T SecC secC dZ.

T2 25 RSP T PRS0 P 7 2R A

(1.6)

1.1.2 A Special Case: Isothermal Plane-parallel Atmosphere in Hydrostatic

Balance
FEAR SRS T
p = pRT (1.7)
AN VAR Wi
dp = —pg dz (1.8)
3
dp dp dz
S (1.9)
Hrp
H:=RT/g (1.10)
HNAREHFRE (scale height) . X (1.10) WTFEM (z=0) B&EEz=2z8%, 7
p = psexp(—z/H), (1.11)
p = psexp(—z/H). (1.12)
B (112) RN (1), AB5E My, kaps JHHL, 13
T = kapsMapsH exp(—z/H), (1.13)
NI
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dt = —tdz/H. (1.14)
Ko(L14) RN (L6, 17
dF  Fy
E=F‘[exp(—‘[sec9)sec9. (1.15)
Gy dF /dz (FEN T R ED AERKME, R,
A
d dF 1
O=Eln5=;—sec9, (1.16)
3 In(dF /dz) HIME—5F &
T = Traxabs ‘= €0S0, (1.17)
MR dF /dz 1E © = cos 0 AbHURKME. ¥ (1.17) RN (1.13) BiZEm KE mhi T m
Z = Zmaxabs ‘= HIn(ky,sM,psH sec ) (1.18)
b, B (111D Bz RN
cosf
P = Pmaxabs = psm' (1.19)
Horp
Pas = MapPs (1.20)

“is the density of the absorber at the surface.” (Hartmann, 2016, p. 64)

2 Question 1

“Suppose a gas that absorbs solar radiation has a uniform mixing ratio of 1 g kg™! and an
absorption cross-section of 5 m? kg™!. At what altitude will the maximum rate of energy absorption
per unit volume occur? Assume an isothermal atmosphere with 7= 260 K, and a surface pressure
of 1.025 x 10° Pa, and that the Sun is directly overhead.”(Hartmann, 2016, p. 93)

2.1 Solution

¥ (1.7) (1.10) RN (1.18) 5

RT Ds
Z = Zmaxabs = ?ln (kabSMagsec 9) , 2.1

N 6 = 0 FIELAAR S
Zmaxabs = 30091 (m). (2.2)
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