12 December 2012

Ed Eloranta

Department of Meteorology
University of Wisconsin
1225 West Dayton Street
Madison, WI 53706

Ed:

Given recent interest in my PhD Thesis (Shipley, 1978) and your posting of it to the internet, | am
providing you with errata and notes from my copy of the document. After the fog cleared, it looks like |
went through the derivation in June 1979 and found typos and a few improvements to the formulae.

Some of what follows is an expansion of equations where we normally state “it follows that.” Please
feel free to post this with the thesis hyperlink.

Regards,

A

Scott T. Shipley
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and where

R-R ﬁpenetration depth to the location of the backscat-
C .
tering event, where R and RC are the ranges

from the lidar to the backscattering event location
and the scattering medium boundary, respectively

u dimensionless penetration depth, u==x/(R—RC)
where 0 <x < (R-R_)
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a(u) spatial structure of the fraction of the total
scattered energy which is defined by the forward

scattering phase function R-R
c
T optical penetration depth, 1 = f B(u)du where
B is the optical extinction coeffi- 0
cient
p(u) spatial structure of the optical extinction coef-
ficient about its mean value, p(u) = B(u)-fR-RC)/T

Yy receiver half width field of view

L lateral separation between the lidar transmitter
and receiver optical axes

<9§> mean square angle for backscattering by the atmos-
phere at range R

<9§>u mean square angle for forward scattering by the
atmosphere at the dimensionless penetration depth
u
<@%> mean square angle of the transmitter beam pattern
no( ) modified Bessel function (cf. Abramowitz and Stegun
(1965), Eq. 9.6.16).

When the lidar system is coaxial such that L =0 , then

Eq. 3.36 reduces to the relatively simple result e ’
N-1 _ = ]J'l”
it ?
‘Tl—l a(u;)p(u;) D2 i{/ MP[ L&
4, -5 {1-exp[—2 ]} (3.38)
N CN*<0¢>Dy

Note that the integrands ‘QN of Eqs. 3.36 and 3.38 are

independent of the ordering of the scattering events.

The single scatter signal contribution for a non-

coaxial lidar is
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When the lidar transmitter and receiver optical axes are

coaxial, then L=0 and Eq. 3.39a reduces to

P(m) R
bR = o T ey z[ SRNAR' - (1-expl- L1} (3.39b)
= : exp|- ! "1eil-exp|- .

1 2R P ! P <e§>

The Neumann solution [Eqs. 3.35-3.39] is identical to the
ray tracing theory of section 3.1 for the return signal
of a coaxial monostatic lidar, particularly to Eq. 3.2
for isotropic backscattering and to Eq. 3.10 for double
scattering with no transmitter beam divergence. This
Neumann solution is given in a form for scattering phase
functions which are characterized by single Gaussian func-
tions. The solution can be generalized to multi-Gaussian
phase functions by incorporating the appropriate combina-
tions of a(ui), <®§>u. and <e§> into the formulae for
i
4,

The general solution for multiple scattering can be

significantly simplified when the components P are

n,m

related to P by Eq. 3.4. A test of Eq. 3.4 was

n+m, 0
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®(m>y .
(_iﬂﬁﬂ—_ = 1) . The coefficients N
function of the dimensionless receiver field of view

72 in Figs. 3.2 and 3.3, and in Table 3.1. The average
<P (Tr)>N

value of the backscatter phase function IO is

A are given as a

then a complicated function of the remaining solution
parameters such as phase function anisotropy and spatial
inhomogeneity of the scattering medium. The value of
the average backscatter phase function is examined in
chapter 4.

The general formula for the contribution of multiple
small angle scattering to the return signal of a coaxial

monostatic lidar 1s

> 1 Y1 UN-2
N _ N-1
Bt T Jdulj duz...J duy ,d (3.35)
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Oy *“N-1 R = f u, 1 351 k=541 <®§> j 'k
(3.37a)
N-1 <© >ui RR,
DN(ul,...,uN_l) =1+ _Z 5 (1- x ui) (3.37b)
i=1 <Ob>
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Xl Y
for 1<%<n and xn+1=R—RC (B. 5¢)
*1
DO,O,O = exp[-J B (x)dx] (B.5d)
0

The symbols € and ¥ ' are used to represent the

parameter sets [p,q,n,z] and [p,q,n',z'] , respectively.

From Eq. 3.23

A Yt 2.2, 2
1 (0,8) = —5 exp{-y (n"+c")+J (np+Lq)R_} (B.6a)
2m

From Eq. 3.24a

Xy

io(xlxD = 30(0,3) eXp{-J de+§(np+§q)x1} (B.6b)
0

~ Y+ Yo 0.0 000 .2 2.4
i (xq,€) = 22— exp{- 22— (n"+5%)+j (np+zq)A }
o X1 272 5300 Bo.0.0 0,0,0

tB.6c) v

From Eqs. 3.24b and 3.24c
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