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The plane containing the directlion of the incldent
beam of radiation andthe direction of obasaervation
dsfines the plane of observation. In the cess of
natural (i.e. unpalarized) incident beam the Intensity
of the acattered radlation In the plana of observation
Is generally expressad by two Intensity functlons,
1,.and I; , for the two cases of the electric vector
vibrating perpendicular and parailel, respectively, to
the plane of observation. These Intenslty functions
are glven by

I,~{Tu(0)]? (1)
and
I[|-'IT9.(0)|’ ’ (2)

where T () andT, (0) are the scattering amplitude
functlons. The scattering angle, 0, ia defined as the
angle between the direction of the scattering and the
propagation veator of the incident radlation. We have
ugad the letter T In place of S for the amplllude func-
tions In order to avoid confusion with the symbol S.
for the Riccetl-Bessel functlon, Somewhat expliclt
forms for T1 () and Ty (@) are

« (2n+1
T (0) = E‘lm { eom(p) +bara() } . (3)
M

© (2n11)
Ty (0) = YY) { boma{) 18umal) } . (4)

n=1

where it =Cos 0, 7ra and 74, omitting the argument, z,
ere polynomlals of real varlable u only; they are, In
fact, related to the assoclated Legendre polynomlala
and thelr derlvatlves, The quantitles a, and b, are the
so-called Mle coefflclents (sea van de Hulst, p. 123).
The functions m, and 7, can be evaluated In a stralght-
forward manner fromthe followlng recurrence relations

#(2n —1)n t.;.l—n«..z ' )

Te=Nl wa~ (N +1) moa (6)
with 70=:0.0 and 7= 1.0,

=

The amplitude functiona T, (0) and T3 (0) deter-
mine the intensity- and state of polarization of the
soettered radlation In any direction speolfled by angle
0. The radiation Incident on the sphare may have
an arbitrary Intenslty and state of polarization,

Qaenerally, the scattered radiation (s elliptically polari-
zed, even Ifthe Incident beam has linear polarization,
bacause Ti (0) and Tz (0) are complex quantities with
differing pheases. The scattered light is linearly polarl-
zed when the plane of obaervation ie parellel or
perpendicular to the directlon of the elactric vector in
the primary beem of light. However, Rayleigh acat-
tering (x < <1) afforda the speclal case In whioh the
acattered light la lineary polarized for any arbitrary
direction of observatlon In azlmuth as well as letltude.

The acattered baam In any directlon in the plane
of observation has Intenslty T at a distance r from the
soatterer;

I=I, (1L + I1j) J2k%2 7

where [,= Intenslty of the incident beam of radlation,
The degree of polarization of the scattered beam Is
glven by

I!--l”
TN ITE (8}

The total forward extinctlon efflciency, Q. |8 defined
as the extinction oross seation, Cext, por unlt geome-
trical cross sectjon of the ephere,

Cont

Qa:l' ‘ﬂ'n’ . (B)
Using the fundamental extlnotlon formula (van de
Hulst, 1957, p. 31), one abtaina
4

Qo= 35 Ao {T (09} . (10)
in the caee of homogeneous, lsotroplc and smooth
spherea, the scattering amplitude functions are [den-
tioal for the forward directlon (0= 0°), l.e. T; (0°)=
T1 (0°) =T (0°}. Thia Is the case ofthe highest symme-
try implying that the extinction s independent of the
state of polarization of the Incldent light. Thus we
have for §~0°

1
T{0)=5 2 (2n +1) {&a+ by}

(11)
n=1
Camblining {10) and (11) one obtalns
Qo= 5 ), @+ Re {mtbe} . (12

n=1
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The tatal scattering effleiency is glven by

Ques ,-'*:; E @n+1) {[aaf 2 + [ba]2}  (13)
n=1
If " =0, Quxt~=Ques a0d Qupy=0.0.

Finally, the absorption efficlency, Q... obtalned
from the law of conservation of energy, Is given by

O-Ibl=0l\.l._'0vlﬂ. (14)
The albedo Is eimply defined by
Qeca
albedo = o (16)

These and othar quantities like sfflolenay for radiation
pressure, asymmetry feotor, backscattering cross sec-
tion, Stokes perameters of the scattered radistlon,
etc., can be computed without difflcuity once the Mie
coefflcients a,andb,are made avallable. One may
congult van de Hulst (19887) for further detalis about
these guantlties.

3, A Simple Representation of the Mle
Coefficlents

The numarical evaluation of the Mie coefflclents
(see van de Hulst, p, 123} can be considerably
facliitated If they are reprasented as follows :

An(z) ~ m Bn(j)

B = Aa(@) Ga(x) — m Ha(n) (19)
: m An(z) — Ba{x)
ba = () Gn() — Halm) (17)
whera
S'u(2)
Ag(z) = Sa (2) (18)
%
Ba{x) = 8 (%) (19)
— ‘ﬂ x
Ga(x) = —LLs.. o (20)
Ha(%) = ‘S—'{E)L @)
and where
ta{x} = Sa(x) + /Cu(x) (22)

S (x) and C, (x) are the Rlocatl-Bessel functions
defined by

8@ = (%) 4,4, @ (23)

X\
et ==~ (FIN, 00 (24)
where J, + j and N, + § are the spherlcal Bessel
and Neumann functlona respactively. Note thatn ls
an Integer including zaro.

The two logarithmic derivatives, A,(z) and B,(x)
fn aquatlons (18) and (19), and the two ratios In
equations (20) and (21) are essentially the four
quantitiea to bae evaluated numerically, The first two
of these and portions of the last two are datermined
In & very indirect manner by using the method of
contlnued fractions discussed by Brouwer and
Clemence (1981). These authors have shown a
method of derlving acocurately the higher Integral
orders of Besssl functions of real argument, It was
further extended to complex varlable by Shah (1967)
In connaction with the scattering of EM waves by an
Infinite clrcular cylinder at oblique Incidence. We
have developed here a simllar procedure for evaluating
the Riccati-Bessel function S,(z) and simultanaously
Ita logarithmic derlvative A,(z) In Just one downward
recursion, This holds for S,(x) and Ba(x) also,
Furthermore, If neceasary, one can compute the
epherical Bessel funotlons as by-products from the

deflnltion (23) without an additional downward
recursion.

It may be mentloned that A,(z) given In equatlon
(18) is a logarithmic derivative firet Introduced by
Infeld (1947) and subsequently used by Aden (1961)
to compute Its value by upward recurslon. Un-
fortunately, the upward recurslon for A,(z), Sa(z) or
Ju+i(2) could become unstable, especially for n> >z.
Recently Kattawar and Plass (1987) have chosen
almost the same numetrical scheme of Aden with the
difference that they apply a downward recursion on
a |ogarithmio derivative. However, they seem to
obtain another logarithmlc derivative [G,(x) in thelr
notation] by an upward recursion. Now thelr G, (x)
is & composlte funotion of S, (x) and Cn(x) both, In
practice, the numarical evaluation of these functions
ls stable if one uses downward recursion on S, (x)
end an upward recursion on C,(x). Therefore, It is
advisabie to avold the use of upward recursion on
such compoaite funations, partioularly for large vaiues
of n andfor x.  Also, Kattawar and Plass perform
separately downward and upward reoursions on
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Ja+i{x) and N +}(x), respectively. This means
unnecessary extra wark In the computation of S,(x).

The present procedurs Is independently developed
end has nothing In common with other methods
except for the well-known speclal functlons and thelr
recursions. The objective Is to get rid of the Inherant
truncation errors and avold Indiscrate use of the re-
curslon relations, The function A,(z) has been cb-
tained as a by-product In the derlvation of the higher
orders of S,(z), as explained in the naxt sactlon.
We do notrequire an additional recursiononJ,+3(x)
at all,

4, Numerlcal Procedure

The Riccati-Bessel functlons, S,{x) and C,(x),
aallsfy the following recurrence relatlons:

S0 () - 20501 (0) - Sual@) (26)
with
S,(2) - slnz (284)
Si(2) - ‘—'1-;-'3-# cosz (26b)
W)= =TS () + S (1) 27)
Ca (%) 2n_;1 Cra(x) — Caa(x) , (28)
with
C,(x) -~ cosx (298)
Cr (%) = °—‘:‘°—’E +s8inx (28b)
C'a(¥) = —~2Ca (%) + Cout (%) (30)

The argument, z, may be elther real or complex.

Woe dofine a set of coafficlents P, and Q, In the
case of S, (z} and Ra In tha case of 8, (x) as follows :

S.(z)_ aQ
S @ 81
M__ -Rn (32)
5,1 (%)
From (25) one obtains
Si8) _20=1 Sa(a) )

Sl Tz Sl

Substituting from equation {31) this reduces to

1 2n-1
Pn-l +/Q n-l-

- (Pa+ Q) (34)

Letz=y, + /vy andy = |z|%, where y, = xm’' and

ys = —xm'. Deflne
(2n—1)ys
ay = “_7—' “ T (35)
(2n—1) y2
B = —y t & . (386)
Now one obtalns, after some algebra,
Pot = 37
wl an’ + ﬂl’ ) ( )
and
Qn-l = a.a_:ﬂ-g . (38)
Similarly,
Rodl = s 39
ot T Gao1) - xR, (39)

The equations {36-39) are usad to carry out down-
ward recursions which provlde the coefficlenta (P, ,
Q. ) andR; of all necessary orders for arguments z and
x, regpactively. Inltlally, the starting value N forn|s
assumad sufflclontly [arge, preferably much larger than
the [argest z or x enticipatod, sothat Py, Qy and Ry 0an
be set equaltozerointhefirat instance. Then equa-
tlons (37, 38 and 39) are used to calcuiate Pu., Qu-1
and Ru.1, respectively. These downward recursions
are carrled out successively tlll one obtalns Py, Q, and
Ri. The ooefflolents P, Qn, Rashould be stored by
troating them as dimensloned varlables Intha computer
program., The Initlal guess of N, however, may be
varled and experimented upon to derlve the related
Beasel functions of orders greater than zarc, The
argument of course would have the largest value
likely to bs encountered In practice. N ls raised suc-
casslvely untll the desired accuracy la achleved; thia
happans when ralging N higher than a certaln value
does not affect the acouracy anymore. A comparlson
with the published tabies of Bessel funocticns may be
helpful In the beginning. Thus let us suppose that
the coefflcients P,, Q, andR, are computed forn = N,
N-1,----3, 2, 1. Thaecosfflcients P,,, Q, and R, may
be required to be stored up to ordera N, (<N). The
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mannar In which N and N, have bean selected smplirl-
cally |8 explained In the [ast sectlon,

The higher orders of S,(z) and S, (x) are obtalned
from the definltlons of ths coefficlents themaelvaes as
follows :

Re {8n (z) }~PrnRe{8s(2) }~Qulm{ a1 (z) }, (40)
Im { 8n (z) }=PaIm {8 s (z) } FQ Ra {80 (2) }, (41)
8a (X) = Ru 8p.1 {X) (42)

The starting values of the functlons 8, (z) and
8. (x) are adopted according to equation (28a). For-
tunately for our purposes, the computations from
squatiana (40) and (41) need not ba done et all
bacauee the logarithmlo darlvatives A, (z) and Ba (x)
can be expressed directly in tarms of the coefflciants
P» and Q, as follows :

M) = (Pa+i0)" -2, (43)

1 n
By (X) = (RT - (;) ' (44)
So far we have shown howto avaluate two of the
four quantities eagential for the calculation of Mle
coofficients. The rsmaining functions, Ga(x) and
H. (x), are treatad In what follows.

From aquations {19-22) we have

Ga(¥) =1 + /S (: (45)
¢\
He () = Ba(8) + 1 50 (46)

Notlce that S, (x) and By, {x), appearing In equations
(46) and (46}, have already besn made available in
equations (42) and (44), reapectively, and hence
they save some time of computation. It remains to
compute C, (x) andC_ (x}. Here the upward recursion,
88 In the case of Neumann functlons, Is found to be
stable. Tha method consists of computing C. (x) and
C1 (x) flrst from thalr definitlons [equationa (294, b)].
Then the higher orders of C,(x) and C,(x) can be
evaluated with the help of equations (28) and (30),
respectively. Howaever, some simplification mey be
aocomplished by the following method. Divlding
equations (28) end (30) by C,—, we obtain (omitt-
Ing the ergument)

6. A. 8hah
> - - L@ (48)
Deflne: 1, gﬂi'—'- (49)

The atarting value for n = 1 In equation (49) la
1 = Co/C, and can be evalugted easlly with the help
of equations (29a, b). Equatlons (47) and (48)
reduce to new pairs of recurrence relatlons,

no. st (50)
g;"—_‘— 1 -3 (,1_-) (51)

Tha next step Is to compute rq from equation (60) and
then Cq Is obtained from the definition In equation
(49). Initlally, C'x (x) le avallable diractly bscause C,
and 1 have been known. Now C,(x) can be
ovaluated from equatlon (61). The process can be
continued up to the desired ordar, N. k 3 clear that
. has been useful In the computetion of both C,
andC'n. The program statements may be sultably
arranged to avoid dimenslon varfabes from G, and
C’s and posslbly S, (x) and S, (z) as waell.

Another method of deriving Ca 8 to employ the
Wronskian relation

.. 2
Nedpt1 = Nptidy = ﬁ (62)
Using the definitions of S, and C, in terms of Jo+i
and N+ , respectively, one obtalns

cn = Rn cu-l — ;31—

ns1

(63)

where R, I8 given by equation (32). It may be recalled
that R, and 8, for all ordera (n=1) have been calculat-
edpreviously. Therefore, with C, as the only starting
functlon, one can darlve C,forn=1 from equation
(62). Use Is made of equatlon (30) to obtain C’,.
This apparently elegant method of obtaining C, with
the eid of the Wronskian relation turned cut to be
somewhat |ess accurate comparad tothe one describ-
ed previously. The difference occurred In the sixth
signilcant digit while working with 8-digit storage of
numbers in IBM 1620 1ID,
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This completes the easantials for the calculations
of Mle cosfflclents.

6. Results and Discusslon

The results for extinction, total scattering, absorp-
tion and back scattering efflclencies, albedo, asym-
metry factor, radiation pressure and angular Intenslty
functlons foi vatlous Iindexes of refraction, agree with
tho evalleble sources In the Iliterature. It has been
found that the calculations are correct to at least flve
gignificant digits whilo working with 8-diglt pre-
clsion. An example, form 1.6- 0.0/and x 23.1
and 23.2, has been glven for tho extinction efficlency
in Table 1. These computations have been done on
an IBM 1620 11D computor, Tho flrst column repre-
sents the precislon of the floating point numbers
stored In and carried out from the memory core aroa
for aveluating the arithmetlc expressions.

Teblo 1. Tast case of extinction by a sphore
Index of Rofraction. m 1.6- 0.0/

" Preclsion Extinction Efflolonoy: Caxe (X)
(Daoimaldigite) Que (x  23.1) Qox; (x - 23.2)
8 2,4627872 2618401%

10 2 40226837 2.518491086
1 2.4622603154 2.6164910884
12 2 46226831772 2,61849106577

18 2.4822883171240436

2,81684019502681802

Pravious calculations (Penndorf, 1966) form 1.6
—~0.0/, parformed on an IBM 7080 computor, glve
Qevi~2.482268316 for x-23.1 and Q.-2.618481911
for x=23.2. Theso values of Q..\ agresupto 10 and
8 signlificant digits, respoctively, with thoso of Table1,
A survey of the Ilterature does not show eny compara-
tive results for elther a real or complex index of refrac-
tlon. Therefore, it Is difficult to assess the accuracy
of the higher precisionin Table 1. However, chosing
the 18-digit preclelon as standaid, one can find
out the correct numbsr of slgnificant digite at iower
pracision. This I8 Indicated by a flag before which
all the digits are bellaved to be correct, It can be
cono{uded from Table 1 that the computer program
MIEHISS, glven In Appendices A and B must be op-
erated at a precision of at least thres digits higher
then the numbr of correct significant digts deslred.

Some Interesting results on resonance in the
extinstion due to small metalllo partlcles are shawn In
Flgure 1. A notlceable feature In each of the ourves

for sodium, potassium, and calcium Is the prominent
flrst maximum In Qew.  The minima are much shall-
ower compared to tho maxima., The peakse racur at
neerly regular Intervals, Ax ~ 0.7 for Na, K and Ca,
The moan value of Q.. is far above the case of
dielactric dirty ice (m = 1.33-0.0B6/) sven up to
falrly lsrge values of x. The empiltudes of the
successivo maxima decrease with Inciease In x and
the curves spproach the usual extinctlon efficlency
at rather large velues of x. A more dramatic slze-
dopandant rosonance effect has baon plotted In Figure
2. Thoindex of refractlon, m = 0.003636 —1.41776

/, roughly coiresponds to that suggested by Unsold
(1864) in connectlon with the unidentifled diffuse
intorstellar absorption band at 14430. [t may also
be mentionad that Q... tends to zéro as x — 0 for all
the curves in Figures 1 and 2. We wonder If these
and similar slze-dependent resonance effects can
explaln certaln structures in the Interatallar extincticn
and polarization,

T ] (] ]
§IZE YO WAVELIMTH PARAMETER X

Flg. 1 Theoratloal axtinction efficlenolen, Qaxt ve. slze-to-

wavalength paramatet, x r- 2—';:’ + showing slze- dependent ra-

sonanos affect by small metalllo partioles.

The computer program, MIEHISS (Mle theory of
scattering by & homogsneous lsotropic amooth
gphere), I8 based on the numerlcal techniques
deacribed In sectlons 3 end 4. In orderto gain some
idea about ite range of valldity we have given some
general reaults on sundry phyalcal quantities [n Table
2, They are pressnted only for seleated values of x
and m. However, thay have an important purpoas to
serve. The optimization of the program for specific
applications In a glven m-x domain (8) may render

. the program more efficlent, The author would antl-

cipate that some users might llke to meke appropriate
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EXTINCTION EFFICIENCY Qgy
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SIZE TO WAVELENGTH PARAMETER X

Plg. 2 Comparison of Mia osloulstions of Qe for particles
of sodlum and for a hypothstical materlal representing the
absorption within the unidantified interstellar band at A44:30

changes after preliminary experimentetion. There-
fore, Table 2 would certeinly ald In checking out any
modifications one might Introduce In the present
computer program MIEHISS. The angular scattering

functlons are also avallable from the program
MIEHISS but we have preferred to omit them here
for apace saving. Nota that all the results in Table
2 hava been obtalned by employlng single preclsion
on a CDC-36800 computer. Some Indlces of refraction
In Table 2 have been chosen following the work of
van de Hulst (1967) and Deirmendjian (1969). The
time taken for the entire calculations In Table 2 Is
approximately 16 minutes, Including compllstion,
executlon, and print output.

Some physlcal laws of scattering and precision
can at once be visuallzed from Table 2. For instance,
Raylelgh's law of scattering, for m* - 0, shows up [n
that Q.. varles as the fourth power of x (or size or
Inverse wavelength) for x <1. An addition of a
small Imaginary part (m") reveals that the absorption
contr|butes predominantly to Qe for x < 1, and that
Qa.: and Qups are proportional to x as long as x ls
sufficlently gmeall compared to unlty. An interasting
feature of the backscattering efficiency, Quack, I8 that
It attaina nearly & constant vaiue starting with and
beyond sufficlently large x, provided that m” Is non-
zero. This happens for x ~ 100 In Table 2. The
exact value of x can be found from more extensive
caloulations. Herman and Bsttan {1961) have re-
ported that the Iimiting value of Qg... for large values
of x can be expresged in terms of the Fresnel reflec-
tion coefficient for perpendleular Incidence of the
slectromagnetic wave. Deirmendjian (1968) has
verifled almost perfect validity of this fact which can
be written symbollcally es

IIm

- (54)

o [m=1]?
- { Qbul (mrx) } [m
The preaent calculatlons in Table 2 strongly conform
to squation (64); though Its analytical proof, using
Mie ooefficlants, remalns obacure so far,

A closer look at Table 2 further Indicates that
albado, asymmetry factor (< cos § >), and radlation
pressure behava In a fashlon simllar to the case of
Quack for large values of x. Here one may notice
that the condition, m"#0, sesms to be relaxed to
some extent, The asymptotic values of Q,, and
< cog 0 > for real indices of refraction glven by
Debya {1909) begin to be almost satlsfled for
x 7 100,

Some unusuallylerge values of the backsocettering
officlenoy, Obeck, may be noted for real Indloes of
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refraction (e.g., m = 1,33, 1.6, 1.8, 2.0, 4.0, 5.0,
etc.) and certain large values of x> >1. This appears
to hold also for weakly absorbing spheres {m*< <1),
A maximum value of Qpuw ~ 38 for x - 60.0 and
m - 1,78 - 0,0024/ (Ice apheres llluminated by micro-
waves) has been raported by Herman and Batten
{1861). It is gratlfying thet the calculations for the
same set of parameters, using our program (MIEHISS),
glves Qpacx  38.68; moreover, Qu.. conforms to
aquetlon (64) asymptotically for very large valuas of x,
Wo feel that the large values of Qua.i for certaln very
large values of x and predominantly real m, as are
avidenced In Table 2, could speek of an important
factor in LIDAR and RADAR backscattering ex-
psriments and some physical phenomena.

The extinctlion efflclancy for vary large values of
X, and index of refractlon In the range, 1.0 Sm <2,
can be oalculated on the basls of the best approximate
formula suggested by van de Hulst (1967, p. 264) :

Quet ~2.041.84X-18 | Im[ { 1(}(}*—‘4";-’)‘1 V' %I):] (56)
where p 2x {(m—1). Here the contribution due to
ripple has been Ignored. Sampla calculations bassd
on equation (66) have been compared wlth the Mia
theory results In Table 2. It has been found that
equation (66) ia a reasonable approximation in that It
givea errors much less than 1% in most cases, The
complex Index of refractlon seems to be admisslble in
aquation (66), It may be Interesting to inquire about
the valldity of equation (65) In the (x — p) plane for
a glven tolerance of accuracy of Qq...

8. Conoclusion

It may be useful to give some practlegl hints [n
concluglon. Nommally, one needs the Mie serles to
be summed up to acartaln order N, which Is usuallya
few parcent larger than the particuler value of x, For
Inetance, If x ~ 2000, N, ~ 2064 or less depending
on m’, m" and the propesed acouracy, Wa havo set
the maximum value of N, 10 be Ny, mix = 2100 assur-
Ing a safe margin for all valuae of alze to wavelength
paramatet In the range x £ 2000 Irrespective of the
order at which downward recurslons are started.

Thus we have
X < 2000.0 ,

No: mRx = 2100 )

Ne = Ky |z] + KoX + Ka . (66a)

No  IENo< N, maa
No = 1 (56b)

N,. e If No > No, mac

The downward recurslons for P, , Q, and R, are
started at the highest order given by

(678)

No | Ksx + Ky, fm* = 0
(57b)

No | Kix 1 Ke, Ifm* ¥ O

At preaent the following velues have been adopted
for varlous constants in an empirical manner :

1-m' #fm" <1
Ko { .

fm' > 1,
Ki : 1.01, K2~ B60.0, Ky —0.76,
K¢ = 60,0, K3 = 0.76, Ks = 50.0.

Tha constants, Ky (1 - 0 to 8), can be optimized after
caraful oxperimantation In order to further sconomize
machlne time and storage. The cosfflclents P,, Q,,
and R, would have to be stored from n = 1 to N.;
this also epplles for the Mie coefflcients, a, and b,
if ono la Interested In angular intenslty functions.

The comblnatlons of x, m* and m” should be
such that N., caloulated according to equation (66b),
doas not exceed the number of memory words pro-
vided for each of the dimensloned variables. For
example, In Appendix B, the value of No, the highest
order coefflclents storod, must be less than 2100,
The value of x oan vary typlcally from 10 to 2000.0.
If x > 2000, It le advlsable to Increase the argument
of the dimensloned varlables, provided the computer
memory dosa not overflow. Similarly, it would bes
convenlent to reduce the argument of the dimanalened
variables if one I8 concerned with the use of moderate
values of X << 2000, The program MIEHISS gan
be operated for any finite value of pure real, pure
imaglnary or complex Index of refraction. However,
a simllar program oan be written down for the per-
feotly conducting case, m =eon, The starting equa-
tions for the corresponding Mie coeffloients are far
mare simplifled becauss they contaln the Rilocati-
Bensel functlons and thelr derivatives of real variable
only.
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Appendix A

" Explanation of some FORTRAN words in the Computer Program MIEHISS

':R,':';z“ E%ﬂgp Meanling or Equivalence in the text
NMAX Arguments of the dimensloned varlables, Pn, Qn, Rn. &n and bn

218
X Slza-to-wavelength parameter, X = e
AMU1 Real pert of the Index of refractlon, m
AMU2 Absolute value of the Imeginary part of m. Thus m = AMU1 —/AMU2
NYY {66a) N’
NX (66b) No
N (67a, b) N
CX (29a) Co (x)
c() (29hb) Ci (x)
SX (26h) So ()
ca (49) r = Co (x)/Cy (x)
Qc (60) Subsequently QC and CQ are used to acoommodate the recursion

relatlon
PJN1 PJN1, QJN1 and RJN1 are the values of the coefflolents Pp. Qn, Rn;
QJN1 and In the firat instant they are eet to zero fon == N for starting
RJN 1 downward recurslons In equations (37), (38) and (39). PJN, QJN,
PJN (37) RJN sre the sama coefflalants for one lower order.
QJN (38)
RJN (39)
JN Current order of the coefficlents P,, Q, and Rn. These coefficlents
are stored If JN < NMAX,
CN = NS n, current order of the Mle cosfflolents
§(NS) 8a{x) }
Riccatl-Bessel funotions.
C(NS) Calx)
DCX C'a(x)
ZR1, ZI (49) Real and Imaglnary parts of A, (z)
X1 (44) Ba(x)
ZR2, Z12 (46) Real and Imaginary parts of G,{x)
ZR3, ZI3 (48) Real and Imaginary parte of H,(x)
ARNS, AINS (16) Real and Imaginary parts of a,
BRNS, BINS (17) Real and Imaglnary parts of bs
TEST Current contribution to axtinction relatlve to the total extinction
Quantities fellowing atatement Number 20 ;

QEXT (12) Extinction efficlency
QABS (14) Absorption efficlency
ALBED (1) Albedo
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53:,’3" ﬁ%‘:n“g:r" Meaning or Equivalence in the Text

ASYM * Asymmetry factor, <coa (0)>.

QPR . Radiation pressure.

QBAK . Efficlency for back scattering.

NN Highest order upto which the Mis coefflalants have been considered
depending on the acouracy presoribed. |If TEST <10 forn - NN,
then the Mie series |s terminated at n=NN.

THETA Scattering angle 0 In degrees,

§S1, 882 (1) (2) Angular Intensity functions 1. (0) and I}y (0), respectively.

88 Just preceding statement number 160, it represents the avarage
angular intensity function.

POLAR (8) Degree of polarization,

* See van de Hulst (1857).
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