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NUMERICAL METHODS FOR MIE THEORY O F  SCATTERING BY A SPHERE 

OHANSHYAM A. SH'AH 

A naw p m d u i o  forevaluatlng th8 baiio quenmlw wnnaotad with tim Mle thaory of acstterlng by 0 

sphan Is pmaantad. Borns indipandsnt nurnirloal teohiqued ari  davaloped to nnable one to achieve ttm 
daslmd aoouiacy. Th8 rnsthodliqune ganeral InItm8anre thatlt wofka foierbltrsry butflnite valusaof rsel. pure 
lmaplnsry oi uirnplex Indio08 of rafrwtlan and the alaetrrwivalsngth pararnnter. Sarnple caloulatloni am glven 
tor s mngn of dza-m-wivelsngth pararnsiar. for a verlety of imilcea of refraotmn. The wrnputei pmgram 1s 
givan In the Appndlr. 

1. lntroduotlon 

The theory of scatterlng of plane electromagnetlo 
waves by a homogeneoua, Isotroplc, and smooth 
ephere of arbltrary slze end lndex of refractlon was 
orlglnally presented by Mle (1908). SInce then, 
numorous appllcatlons of Mle theory have been made 
I n  amspher lc  sclences, aeroeols, collolde. planetary 
atmospherea, Interplanetary end Interstellar dust, end 
many other flelds. Some of the readlly-avallable 
numerlcel reeults o m e  from Qumprecht end Sllepce- 
vlch (1961), Penndorf (1B60). van de Hulet (1967), 
Denman et el. (1900), Delmiendllan (IBBB), and 
othera. Unfortunateb, most work In t h r  lkerature 
has been done only on real lndlces oi refractlon and 

sometlmes the slze-to-wavelength parameter, X =  

le chosen at rather largs Intewale. Bealdes, the 
publlehed work on the values of the rndlatlon para- 
meters of the euittered wave are of llmlted use In 
practlce becnuse of the dlfferences In tha values oi X 

end lndex of refrectlon, m. Therefore, It need not 
be emphaslzed that e sultably aocurate, rellable end 
t lme-mlng  methodof brlnging out the theoretloel re- 
euite fromthe Mle thsory ls of prlme lmportance so as 
t o  mske meanlngful comparlaon with the expeilments. 

The present computer-orlented numerlcal methods 
have bsen developed wlth thla vlew In mlnd. They 
are useful for arbkmry valuea of the wavelength (J), 
ths slze of the ephere (E), and Indox of refraotlon 

(m=m' -1m'). The advantagea of the preeent 
numerlcal technlquee wlll be dlacuesed In a later 
sectlon. A thorough understandlng of the Mle 
theory of saatterlng by a smooth unlform ephere Ie 
presumed. l t  wlll be assumed thet the acattered 
beam has the Same irequency es the lncldent one, 
A epeclal reference Is made to van de Hulst's (1967) 
clessla work whose notatlons have been malnly 
accepted In the baslo formulas that follow. 

2. Analytlcal Resulte f r o m  t h e  M l e  Theory 
o f  Soatterlng 

The aymbola and nolatlons heve the followlng 
meanlngs : 

A -- the wavelength of the lncldent plane electro- 
magnetlo weve, 

a : the radlus of the aphere, 

= ka ; 20 = the elze-to-wavelength parameter, 
A 

m ma - Im' = the complex lndex of refreotlon of the 
materlal of the aphere, 

z = mx. 

lt Is oustomary to exprese A end s In mlcrons. 
The derlvatlves of the epherlcal funotlone with reapect 
to the partloular argument are denoted by a prlme, 












































