METR 5223: Atmospheric Radiation

Line shape and average

transmittance over v So .
3: Y=_L,+B,
dx.,
Lecture for Spring 2009, v0.3
Prof. Brian H. Fiedler
School of Meteorology, University of Oklahoma
Schwarzschild equation:
dL,
= _kVpaLV + kt/paBu
ds
Define optical path ., The solution for an isothermal layer of temperature T :
F L,(xv) = L,(0)e™ + B,(T) (1 — ™)
X (s) = /kl,(s’)pa(s')ds' 4:
or

S0

or sometimes L,(x») =L, (0)r, + B,(T) (1 —1,)

o (s) = kV/pa(s’)ds’ =ku

S0



Consider

kV:S.f(l/)

where S is the line strength and f f(v)dv =1. One
example is the Lorentz line:
_ 1
Fv) = T2+ (v —1p)?

or
1 1

f(y)_WH(W

Thus the Lorentz line can be written:

0% 1
k,=S5—
v T2 4 (v — 1p)?
I
-y (v - w)?
We see that:
S
kmax = or S = kmaxﬂ’y
™

For x, << 1,

l—e™ =y, =ku
B, (1 — e_X”) = B, k,u

For f(v) concentrated near vy,

V=2 v=r3
/ B, (v, Tk, udv = B, (v, T)Su / fdv = B, (v, T)W
v=r1 V=r1

with equivalent width W = Su.

A narrow example line:
S, =1.0 x 10" Hz m? kg™*
Voe = 2.0 x 10" Hz

Ye = .001 x 10" Hz

A standard mass path to apply:
e = 0.1 kg m™2

(We will explore with u in multiples of u,)



Red: k, in standard line. Blue: with y=2y,
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Red: Downward Spectral Irradiance
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Is average emittance proportional to /7 and /u?
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2.0

1.0

0.0

40 60 80 100
uju,

Equivalent Width vs. Average Emittance

vy

/Bl,(u, T)(1—7,)dv

v1

v

= BV(VO,T)/(I—T,,) dv

v1

= BV(Z/O,T)W
= B,(v,T)(va —11)(1—T7,)



Equivalent width and weak-line limit theory

1x10%0
Equivalent width for y=y, (red) and y=2v, (blue) "

2.5% 10

/ 8x10°

2.0 10" 0
| 610 =

1.5x 10" W (Hz) /
W (Hz) 4x10°

17: LOx10% 19: /
/ 2% 10°

5.0x 1010
/

0.8
0 20 40 60 80 100 uju,
uju,
Weak line theory: W = Su
Equivalent width and strong—line limit theory
25x10% / . .
/ Explanation for strong line theory: W = 2/Suvy
2x10 — Let z = v — 1.
1510 1
W (Hz) % XV:kyu:Sliz U
Tyt T
1.x10%
18: / 20: For what z is x, = 17
5. %1010 1
V 1=57 4
0 .
0 20 40 60 30 100

ufu,

1
xr = ﬁ\/ Suy~ W
Strong line theory: W = 2y/Suy
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